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Introduction

O

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/

Measured S-parameters of 2 line segments are required to compute GMS-
parameters of line difference

Transmission lines in both segments should have substantially identical
cross-sections and connector or probe launches

In reality, both cross-sections and transitions are not identical and test
fixture may have discontinuities such as bends and vias

This app note investigates sensitivity of the GMS-based method to
variations in geometry of cross-sections and launches and presence of
discontinuities in test fixtures

Simbeor 2011 (64bit) built on Nov. 15" 2010 is used to generate the results

Simberian 11/23/2010 © 2010 Simberian Inc.
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Material parameters identification with GMS-
parameters

O

O

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 model 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

Simberian 11/23/2010 © 2010 Simberian Inc.
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Presenter
Presentation Notes
Optionally estimate and improve quality of the measured S-parameters – reciprocity, passivity, causality, symmetry



~ Generalized Modal S-parameters (GMS-
parameters) for one-conductor line

—¥— Project] Microztip. Simulation?, Mode[1] — % —
1 Attenuation, [Mp/ PhaseConstant, [rad/
1.  Compute propagation (e e Rl
10 £
nase cons
constant (Gamma) i Loo
1 T10
F(f)=a(f)+i-B(f)
01 e i / £ \ +1
. dLLEHUdUUIIM\ 1 }
T01
03 Jan 2010, 13:30:28, Simberian he. 30 Yiew Mode [press <E> to edit). 0.001 0.01 01 ’_‘ 1 10
12 Jan 2010, 13:41:07, Simbenan |nc. Frequency, [GHz]

2 CO m p ute 2X2 G M S Of ||ne Magnituml Praject]. 1 inch segment. Simulation], Sl (M1 LIn2[M1]] _.f-‘-.EIe_[S], -

segment with length dL i 5
™ 'l %,angle @12 X, 1 100
051 *\& N > JJ e
0 dL) N e *, ’ s 200
exp(-I-
GMSc = p( “«/magnitude J s
¥ " R Y \“‘T‘\‘ii 300
% 1| P1,2 ¥
. L% | L |
25 575 10 125 15 175 20
Ve ry Slmple' 12 Jan 2010, 13:20:49, Simberian Inc. Frequency. [GHz]
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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)

—#— Project.zol_1p75_s2p Simulation, 5[1,1]

0 S1 and T1 for line with length L1 - Fos ot s <

S1-5T1

0> 1 |[su/T1]] 2

5 10 15 20
12 Jan 2010, 15:40:45, Simberian 1. Frequency, [GHz]

0 S2 and T2 for line with length L2 —— g sz asmien o
Magritude(S], [dE]

| L2 | S2 T2

= 1 [S2/T2] | 2

i LI
i
L ‘:,
i 5
5 10 15 20
12Jan 2010, 15:471:11, Simberian Inc. Frequency, [GHz]

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

Simberian 11/23/2010 © 2010 Simberian Inc. 8
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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

Segment L1

1 [T1]

2

Segment L2 T2=TA-GMT -TB

1 [T2]

2

T2.T1" =TA-GMT -TA™

U

GMT =eigenvals(T2-T1")

Easy to compute!

\ Simberian

Electromagnetic Solutions

11/23/2010

T1=TA-TB

1 [TA] [TB] 2

A

gL=L2-11

1 [TA] [GMT] || [TB] 2

1
1 — e —
\ '

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

For 1-conductor line we get:

— T11 0 GMSm :[ 0 Tlljl
o[l 5] = ool
Just 1 complex function!

© 2010 Simberian Inc.


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.


ldentifying dielectrics by fitting GMS-
parameters

O Solve Maxwell's equations for 1-conductor line: < S)
0 exp(-I-dL) ' -
GMSC — —#— Project] Difference. 5 iy mfln n — % —
exXp (—F . dL) 0 - — Proigct':.1.t;5[:;r:fch JU— u|a1ti'ai1 ,“si[[ﬂém,m{hu] —a -
Magnitude(S]. [dB] Angle(S), [deg]
%\ | | |
_ [ | } 5
O Fit measured data: @ Only 1 complex function! {i T [ % ]
< : = - ‘<
3 3 h
q; T -200
0 T 4
GMSm = 11 i
Tll O 1 -300
= % | & %

24 4] A 10 1245 15 175 20
14 Mow 2010, 14:06:00, Simbenian Inc. Frequency, [GHz]

O Measured GMS-parameters of the segment can be directly fitted with
the calculated GMS-parameters for material parameters identification

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

\ Simberian 11/23/2010 © 2010 Simberian Inc. 10
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“The GMS-parameters technique is the
simplest possible

O 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)
O Needs the simplest numerical model

= Requires computation of only propagation constants
= No 3D electromagnetic models of the transitions

O 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

Simberian 11/23/2010 © 2010 Simberian Inc. 11
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Presenter
Presentation Notes
Conductor effects such as roughness, skin and proximity effects as well as high-frequency dispersion have to be appropriately accounted for in the electromagnetic model for accurate identification
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What Iif 2 lines used for identification have
non-identical cross-sections?

O Numerical experiment to investigate the consequences of the non-identity

Materials & Stackup R Strip-line with W=7 + 1 mil variation -

=-&% Materials: T=20[*C], RF=2,... 5012, [mil

~JER "Copper", RR=1, SR=0.5

A "Mat. & Core”, Dk=3.66, LT=0.0037, PLM=WD e
'Mat. & Prepreg”, Dk=3.66, LT=0.0037, PLM=\WD
" 1+ 5
=180 Stackidp: LU=[mil], ML=3, T=17.8[mi] —

- 1| Plane: "L1", Cond="Copper", T=2, Ins="Mat., & Core"
- 21 Medium: T=6.8, Ins="Mat. & Core"

. 3| Signal: "Lz", T=0.6, Ins="Mat. A Prepreq” o+ —Y[ﬁﬁn
. 4| Medium: T=8, Ins="Mat, & Prepreqg” v
= 5| Plane: "L3", Cond="Coppet”, T=0.6, Ins="Mat, & Carg"

-

30 20 A0 0 10 20 0
03 Moy 20010, 15:37:11, Simberian [ne.

Models of the launches
(all identical) \

noutT \MP” o Ju 6 inch P12 nputz From simulated S-parameters of 2
l—'— 2 —'—I.Z structures with varying strip widths
S ~ N R we extract GMS-parameters of 2-

> inch segment and compare it with

Input] MFT1 11 8inch MPTZ Irput2

e ) i 21 2l s i e 21 .
_._:.:_._ prrrd _._:.:_._ the GMS-parameters of 2-inch

b d—d & & b— —a segment computed directly

09 Mow 2010, 09:29:31, Simbenan Inc. Editor Mode [press <E> for Mebwork Wiew).

© 2010 Simberian Inc. 13
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T-line parameters

Strip-line with W=7 £ 1 mil variation
i B

o0 +Z. [mil]

0+

A [n%]
-0 20 -10 ] 10 20 oo
03 Mov 2010, 15:37:11, Simberian Inc.
Original SE Strip . SimulationT, Mode1]
Original. SE Stip "-1.Simulation, Mode[1]

Original 5E Strip w1, Simulation, kMode[1]
Magnitude[Z o). [Ohm]

5754
54,048 ¢ ;
L\ 3 6 mil
3.h3
E25 T .
u 5048 < 7 mil
eol 3 ha
4748 ¢ i
el 1 8 mil
' 9,88
10 20 40 50

03 Moy 20010, 16:42:10, Simberian he.

Simberian
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Frequency. [GHz]

Large variation of Zo and smaller
variation of propagation constant

parameters

Original. SE Strip . SimulationT, Mode1]
Original. SE Strip *-1.Simulabion, Mode[1]
Originial SE Strip w1, Simulation, kMode[1]

Attenuation, [dB/inch]
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Effect of strip width on S-parameters of the
test fixtures

== [riginal.5E B inch Simulation?, 5[1.1] == [riginal. 5E 8 inch.Simulationd, 5[1.1]

Original 5E 6 inch. Simulation, 5[1.2] Original SE 8 inch. Simulation, 5[1.2]
Qriginal. 5E & inch 1. 5imulation1, 5[1.1] Original. SE 3 inch %-1.5imulationd, S[1.
Original SE & inck W -1.SimulationT, 5[1.2] Original SE 3 inch W -1.Simulationd, 51,
Original SE B inck W+1. Simulation?, 5[1,1] Original SE 8 inch ' +1. Simulation™, 5[1.1]
Original. 5E & inch *+1.Simulation, 5[1.2] Original.5E 3 inch *+1.Simulation, 5[1.2]

]
]

1
2
1

Magritude(S). [4B] Magritude(S). [dB]  Magnitude(5). [dB] Magntudets), (]
=+ |:| T I:I

10k T-25 0T

15
20t
N 1410
wlf - 8-inch fixtures S I

R

25 30 3\ 40 45 RO
52:36, Simberian [he. Frequency, [GHz]

5 10 15 20 25 3 3/ 4D
04 Mase 2010, 05:50:39, Sirmberian ke,

Frequency, [GHz]

W1 gives about £0.5 dB difference in transmission coefficient at 50 GHz
Phases are almost the same
Reflection is mostly due to the reflection at the launches

\ Simberian © 2010 Simberian Inc. 15
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ldentical strip widths In test fixtures

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

== [riginal. 5E Strip Zin.Simulation, SmllaT k12 1]] Original SE Strip Zin Simulationd, Smiln? (M1Ln2[M1]] — % —
—=— Onginal. Binl] Sinla). Simulationd, Smlnd [M1]In2[41]] Original Binla) Sinfwf . SimulationT, Sm[ln1[M1)In2[M1])] — = —

b agritude(S ], [dE] Angle(5), [deq]

o

PEAGLEE] TERERer
"%“fz‘iiii % T
i%iiil:‘sikih HH
R b
IR HIR

| | |
g #‘ }] ¥ ] =300
3 1 p i 4
% E % § i i -350
0 5 10 15 20 25 30 35 40 45  &O 0 5 10 15 20 25 30 3/ 40 45 D
04 Moy 20010, 06:23:28, Simberian [nc. Frequency, [GHz] 04 Moy 2000, 06:30:30, Simberian Ihc. Frequency, [GHz]
The result is independent of actual width and launch construction as

long as the widths and launches are identical in the test fixtures!
2 Simberian © 2010 Simberian Inc. 16
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1 mil width difference In test fixtures

Magnitude of GM transmission of 2-inch segment (green stars) do not match GM
transmission extracted from S-parameters of 2 test fixtures (brown and blue)

== [riginal.5E Strip Zin.Simulation, SmllaTk 102 1]]
Criginal. Ginla Sinlwf 1] Simulation, Smiln1M1]In2kM1]]

Onginal Binfa ) Sinfa +1].Simulation, Sm[ln[M1]In2[M1]]
Magnitude[5]. [dB]

Original SE Strip ZinSimulationd, Smlnl (M1n2[M1]] — %= =
Criginal. Ginla] Sinlwd-1] SimulationT, Smiln1M1]I02[M1])] — ——
Orniginal. Binla] Sinfaf+1].Simulabion, Smlln[(M1]In2M1] — — =

Angle[5]. [deqg]

i
| in|6-ihch i % % 1o
w1l .
4l i 1 in 8-inch E :} .
%
i :* i 1150
el *i|1 i"
| 1200
3! % i
+ 1 4 i 1250
37 : X f 31
W in|6-ihch| | | 1 200
W-1 in 8-inch %
4}l | | | | | . | | | . . il | | . . . | 1350
0 5 10 15 20 25 30 3 40 45 A0 O % 10 15 20 2% 30 3/ 40 45 AD

04 Mow 2010, 06:52:51, Simberan Inc. Frequency, [GHz]

04 Mow 20010, 06:53: 36, Simbenan Inc. Frequency, [GHz]

Smaller width in longer test fixture -> larger insertion loss
Larger width in longer test fixture -> smaller insertion loss
Identical phases — same identified DK!

¢ Simberian

Electromagnetic Solutions

© 2010 Simberian Inc. 17



1 mil width difference In test fixtures

Magnitude of GM transmission of 2-inch segment (green stars) do not match GM
transmission extracted from S-parameters of 2 test fixtures (brown and blue)
Less sensitive to variations in shorter test fixture

== [riginal. 5E Strip 2in.Simulation, SmllaT (k11102 1]]
Criginal Binfa-1] Sinla' 1 Simulation?, Sm[lnl (M1].1n2[M1]]
Original Binfa+1] Binla]. Simulation, Smllnd[M1]LIn2[M1]]
Magnitude[5]. [dB]

Original SE Strip ZinSimulationd, Smlnl (M1n2[M1]] — %= =
Criginal. Ginfa-11 Sinfa) SimulationT, Smiln1M1]I02[M1])] — ——
Orniginal. Binla+1] Binfa]. Simulabion?, Smlln[(M1]In2M1] — — =

Angle[5]. [deqg]

W-1 in 6-ihch
n-8

W1 in|6-ihch
W in 8-inch

Iy H1d.
%’*z%}f‘* i
A il
FRREE
L i

O 5 10 15 20 2% 30 3 40 45 50
04 How 2010, 06:58:5E, Simberian [nc. Frequency, [GHz]

0 5 10 15 20 25 a0 35 40 45 AQ
04 Mow 20010, 08:03:44, Simbenan Inc. Frequency, [GHz]

Smaller width in shorter test fixture -> smaller insertion loss
Larger width in shorter test fixture -> larger insertion loss
Identical phases — same identified DK!

¢ Simberian
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2 mil width difference In test fixtures

Magnitude of GM transmission of 2-inch segment (green stars) do not match GM
transmission extracted from S-parameters of 2 test fixtures (brown and blue)

—#—— Orniginal. 5E Strip Zin.SirmulationT, SmllnTM1]1n2[M1]] Original.5E Strip Zin.Simulationd, Smllnd (M1LIn2[M1]] — %= =
Original. Binfw/-1] Sinfw+1). Simulation, Smlled [+1).In2(k1])] Criginal. Binfa/-1] Sinfw+1]. Simulationd, Smflnd (M1]In2[kM1])] — — =
Original Binfw+1] Sinla-1] Simulation, Smlled (1] In2{k1]] Original. Binla+1] Sinla-1]. Simulation, SmflnT[M1]In2[M1]] — — =
Magnitude(5]. [dB] Angle[S). [deg]
. . *
-1 in 6-ihch i %
+1 in 8-inch 1 150
14 F \ '}
E | 1100
TNV |
21 4 | T -150
4 |
i F - -200
37 % I
£l % ; | 1 -250
. - 4 I
W+1 in 6-ihch i 1
44 - - -300
W-1 in 8-inch
+-350
0 5 10 15 20 25 30 35 40 45 EO O 5 10 15 20 25 30 35 40 45 E0
04 Moy 20010, 10:18:30, Simberian [ne. Frequency, [GHz] 04 Moy 2000, 10:20: 27, Simberian Inc. Frequency, [GHz]

Larger width in longer test fixture -> smaller insertion loss
Smaller width in longer test fixture -> larger insertion loss

Identical phases — same identified DK!
Simberian © 2010 Simberian Inc. 19
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Effect of width variation on group delay

Magnitude of GM transmission of 2-inch segment (green stars) do not match GM
transmission extracted from S-parameters of 2 test fixtures (brown and blue)

——#=—— [niginal 5E Strip Zin. Simulation?, Sm{lnT (1] 102k 1]] ——#—— Onginal. 5E Stip 2in.Simulation, Sm{ln (k1] 1n2[k1]]
Original. Binla i1 Simulation . Sraflnd (k1] 102k 1])] Original. Binka-1] Sinla +1] Simulation , SmllaT (k1102 1]]
Original Binfw] Binla+1].Sirmulation?, Smllal (M1]1n2[M1]] Original. Ginka+1] Binlad-1] Simulation, SmllaT (k1102 1]]

Group Delay, [nz] Group Delay, [ng]
051 t
Green stars - exa‘ct ,
14T Brown and blue lines|- 1 mil diff. 4T Il WMM M |'|”|
Wb bl WL e Lot I :
D.E" ¥ LI | ' ]
n2t b2t T |
Green stars - lexact
Br[own and blue lines - 2 mil diff.
011t ! , ! ! ! ! ! ! ! ! o1t : , , , , ! ! ! ,
0 5 10 15 20 25 30 3/ 40 45  &O 0 5 10 15 20 25 30 35 40 45
04 Moy 20010, 10:35:54, Simberian . Frequency, [GHz] 04 Moy 20010, 10:28:06, Simberian Ihe. Frequency, [GHz]

Group delay becomes not usable for DK identification with large strip width variations!

Simberian © 2010 Simberian Inc. 20
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What if we use test fixture with variations of
W for identification of dielectric model?

% Original GinPaf) Sinpwt1].Simulationd, Sroll] (MALIR2M1]] — %= — . .
— adiusted Tr::?lgiiW:f?r‘Bv?ﬂﬁhTWSE]Stlrr?pu;rfgimulggi[currh[,Snl[lTﬂ[[h-ﬂ]]],InE[h-H]] — Wideband Debye model is used here

M agnitude[5]. [dB] Angle[5]. [deqg]

7 mil in 6-inch and 6 mil in 8-inch:

@ ~10% larger identified LT

. ||T-100 \

6.00E-03 \

T -200

5.00E-03 -

Identical widths

4.00E-03 -

£ 3|+ -300

g
=5
} Hilk } } F } S 3.00E-03 -
1] 10 20 an an a0 @ T
04 Moy 20010, 12:35:56, Simberian Inc. Frequency. [GHz] S 2.00E-03
—#—— Onginal. Binlw] Sinla'+1]. SimulationT, Sm[ln1M1)I02[M1]] — %= — /
— Adjusted Ta Binla] Binlw/+1].5E Ship Zin.Simulation, Sm{ln1 (M1 LIn2[M1]] — 1.00E-03
Magnitude[5]. [dB] Angle[5]. [deq] /
& » L L ¢ o4 0 0.00E+00 T
b k& __4. '.. ‘ 1.00E+05 1.00E+061.00E+07 1.00E+08 1.00E+09 1.00E+10 1.00E+11

i '!l :
' __ A0 Frequency, Hz

!. IEHHHHE +-200 <::| 7 mil in 6iinch and 8 mil in 8-inch:

'-!*'1'!‘;‘“ t ¥| ~7% smaller identified LT
- ili Tui'!
i 8 4300
NIEEEEEE K 4% | Identified DK is identical in all cases
0 10 20 & 40 B0 (almost same transmission phases)
04 Moy 20010, 12:40:10, Simberian he. Frequency, [GHz]
Simberian © 2010 Simberian Inc. 21
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Difference In cross-section shape will have
similar effect on loss identification

O Real cross-sections may be not rectangular or trapezoidal!

O Difference in current distribution in simulated rectangular or
trapezoidal conductor will produce different loss

= This is the major source of errors in identification of loss parameters
In case of low-loss dielectrics at high frequencies

= Not a problem in case of regular FR-4 with LT~0.02

Simberian © 2010 Simberian Inc. 22
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What if launches or connectors In test
fixtures are not identical?

O Numerical experiment to investigate the consequences of the non-identity

Materials & Stackup Simple transition to 7-mil strip-line with pad
(in L2) diameter changing from 8 to 22 mil

B BiL Materials: T= 20[°C], RF=2,. with 3.5 mil discrete
~JER "Copper", RR=1, SR= |:|5
& "Mat. & Core", Dk=3.66, LT=0.0037, PLM='WD TO — 8 mil

'Mat. & Prepreg”, Dk=3.66, LT=0.0037, PLM=\WD T1 — 11.5 mil
A T2 — 15 mil

=Ml StackUp: LU=[mil], ML=3, T=17.8[mil] T3 — 18.5 mil
- 1| Plane: "L1", Cond="Copper", T=2, Ins="Mat., & Core" T4 — 22'm"

. 2| Medium: T=6.6, Ins="Mat, & Cors"
--m 3| Signal "L2", T=0.6, Ins="Mat, & Prepreg"

. 4| Medium: T=8, Ins="Mat, & Prepreqg”
- 5| Plane: "L3", Cond="Coppet”, T=0.6, Ins="Mat, & Carg" /

Models of the launches —
different between 2 structures | g oy 2010, 1254:03. Simberian Inc. 3D View Made [press <E> to Edit).

nput] PT1 1116 inch P12/ nput2 From simulated S-parameters of 2
I_._ b4 —'—:.Z— structures with varying pad
&— & & S diameters we extract GMS-

Ipwtl o MPTI gu 8inch MPL2_ o npu2 ’ parameters of 2-inch segment and

_._:.:_._ K e P . compare it with the GMS-parameters
&—e e—e & © &—e —o of 2-inch segment computed directly
09 Mow 2010, 09:29:31, Simberian [nc. Editor Mode [press <Ex for Mebwork, Wiew).
J
Simberian © 2010 Simberian Inc. 24
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S-parameters of the launches

O The larger the diameter of the pad, the larger the reflection |S11|
and the smaller the transmission |S12| parameter

Pad diameter:
TO — 8 mil
T1—11.5 mil

—#— | aunches OF. TO Simulationd, 5[1.1] . —#— | aunches OF. TO Simulation], 5[1.2]
—=— Launches O£ T1. Simulabion, 5[1.1] T2 — 15 mil —=— Launches O£ T1. Simulabion, 5[1.2]
—— Launches Off. T2 Simulationd, 5[1.1] T3 — 18.5 mil ——— Launches Off. T2 Simulationd, 5[1.2]
—+&— Launches Of.T3.Simulation, 5[1.1] T4 — 22 mil —&— Launches Of.T3.Simulation, 5[1.2]
—+— Launches Off. T4 Simulation1, 5[1.1] —+— Launches Off. T4 Simulation1, 5[1,2]
kW agritude(S1. [] kW agritude(S], [
T4 || ' e 0
06251 i
1S11] e = S <5
05t P ] = \ ]
' /F /f Tgf,_; 037 . BT =
—/J _,-o-"""Fﬂ
0375+ %
e ] T1, 4 0857 AN g\\af
il |S12 KT4 T
025t = v i
/ *'_I_,/- Tf-’” ﬁ TO 087 g
1 vl el
0125 = & 0751
F 10 15 20 25 30 3/ 40 45 EQ 5 10 15 20 25 30 3/ 40 45 EQ
05 Moy 20010, 13:14:08, Simberian [ne. Frequency, [GHz] 05 Moy 20010, 13:14:23, Simberian [ne. Frequency, [GHz]
2. Simberian © 2010 Simberian Inc. 25
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Effect of launch pad diameter on reflection
from 8-inch test fixture

O In case of the t-line impedance close to 50-Ohm, the envelop of the
reflection parameters is mostly defined by the reflection from the transition

Pad diameter:

——— Launches O 5E 8 inch TOSimulation?, S[1,1 TO — 8 mil o
——— Launches O SE 8inch T1.Simulation] sh ,1% T1—11.5 mil — t:a:gﬂgg SFH?%!QEI?EEQ] EH H
= Launchesz Off.5E 8 inu:h T2.Simu|atiu:un1 V5[] T2 — 15 mil Launches fo.TE.SimulatiDn'Ia = J'I]
Launches 0t 5 8inch T3 Simulationt., S[1.1] T3 —18.5 mil —&— Launches Of. T3.Simulation], 5[1.1]
e Launches i SE 8 inch T4.Simulationd. S[1.1] T4 — 22 mil —+— Launches Off T4 Simulation1. 5[1.1]
anitude(S). [dR] Magnitude(S ], [dE]

D._

|:|._

T3 s
T4 N ;;P;—jE]

10t _F,\ﬁf T S ——
1

20 /'é??ﬁ;l/ﬁ?;

201 ;7 R g T

| 7

|S11] of launches

107

it

2011

e

A0+

A+

test fixtu

RO+ || g

0 E 10 15 20 25 a0 35 40 45 A0

05 Maw 2010, 13-33:47. Simberian Inc. Frequency, [GHz] o 5 1 15 0 & 3 H 4 45 5l

05 Mow 2010, 13:32:4E, Simberian [nc. Frequency, [GHz]
Behavior of 6-inch fixture is similar
Simberian © 2010 Simberian Inc. 26
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Effect of launch pad diameter on
transmission through 8-inch test fixture

O Reflective launch lead to substantial difference in the insertion loss

|S12]| of the test fixture
|S12] is not suitable for the

Launches 0 SE & inch T Simulation], S[1.2 . . ) )
Liﬂﬂihiimf_sga!ﬂihn_siﬁﬂétiﬁﬂtsh,z} material identification, even with
Launches OfF.SE 2 inch T2 Simulation?, 5[1.2] relatively gOOd IaunCheS!

Launches OF.5E 8 inch T3.Simulation1, 5[1,2]
Launches OfF.5E 8 inch T4 Simulation], 5[1.2]

kagnitude(5). [dB]

\\ |SJ{2| ok the 8-inch test fixtures
'.F'F'F F;:";E-::.
TO
07 ] JI T1 - Phases are practically
Pad diameter: M%L 'dentical
TO — 8 mil M% .
T1 — 11,5 mil iy, }% Group delays are substantially
157 T2 — 15 mil e different due to reflections
T3 — 18.5 mil T3 M“‘“‘m
T4 — 22 mil T4 %“‘m The result is similar for the 6-
! ! ! ! ! ! ! ! ! ! : inch structure
0 5 10 15 20 25 0 35 40 45 50
05 Moy 20010, 14:30:32, Simberian hc. Frequency, [GHz]
. Simberian © 2010 Simberian Inc. 27
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GMS-parameters In case of identical
launches

O Extracted GM transmission parameters of 2-inch segment are independent of the
launch geometry as long as all 4 launches on 2 test fixtures are identical

Launch with 8 mil pad: Launch with 22 mil pad:
—*— Benchmark 5E Strip 2 inch Simulation], Smiind(M1]In2(M1]] —*- — —#— Benchmark.SE Stip 2 inch.Simulation?, Sm{in1 (M1)In2(M1)] — %= —
—&— Launches O Difference TO-TO.SimulationT, Sm[lnd [M1]In2[M1] — 2 — —&—— Launches Off.Difference T4-T4.Simulation, Smllnd[M11LIn2M1])] — & —

MagniudE[S], [dB] ﬁgle{S], [dea]l Magritude(S), [dB] Angle(S], [deq]

: p *
05+ r-50 T -50
a1 +-100 1-100
45T 1150 1 180
2l +-200 2 11200
251 C el T2 1 -250
Eh /BT : s
;s & % # gk 1 350 # : 2 s 3 : 4 1 350
0 5 10 15 20 2 30 35 40 45 50 o 5 10 15 20 25 30 35 40 45 50
05 Mov 2010, 14:52:45, Simberian Ine. Frequency, [GHz] 05 Wov 2010, 14:59:08, Simberian [nc. Frequency, [GHz]
Stars — 2-inch exact, circles — computed from 2 test fixtures
Simberian © 2010 Simberian Inc. 28
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What if launches on 6-inch fixture are
different from launches on 8-inch fixture?

O Magnitude of Generalized Modal transmission looks “noisy”
O Material identification may be possible only up to 20-25 GHz

Pad diameter:

TO — 8 mil
—#—— Benchmark.5E Stip 2 inch.Simulation . SmllaT (k1102 1]] _ i
Launches Off.Difference TO-T1. Simulationd, Smflnd (M1 1LIn2[11] T 11.5 mil
Magnitude(S). [dB] —#— Launches Off. TO-T1. Simulation, 5[1.1]
# kW agnitude(5]. []
11 . Difference of S-parameters of
I | ' launches
21 il | I /
01t
at
|TO-T1|
Al Stars — 2-inch segment o5 L
Blue line — [launch TO on 6-
- inch and T1 on|8-inch fixture
- T I I:I-—
, | | , | | | , , , , 0 10 20 0 40 50
N 5 11 15 a0 a5 an a5 40 45 B0 05 Maow 2010, 16:09:10, Simberian lhc. Frequency, [GHz]
05 Moy 20010, 16:10:04, Simberian [he. Frequency, [GHz]
‘ Simberian © 2010 Simberian Inc. 29
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What if launches on 6-inch fixture are
different from launches on 8-inch fixture?

O Phase of Generalized Modal transmission looks OK up to 40 GHz
O Group Delay is “noisy” starting from about 10 GHz

Arg(GMS12)

—#—— Benchmark.5E Strip 2 inch. Simulation . Sm{ln1[M1002(MM1]]
Launches Off.Difference TO-T1. Simulationd, Smflnd (M1 1LIn2[11]

BT

r— e
A

1007

200+

-300+

0 10 20 0 40 50
09 Moy 20010, 09:58:15, Simberian . Frequency, [GHz]

Stars — 2-inch segment

—#— Benchmark.SE Stip 2 inch. Simulation, Smlalk1In2k1]]

Group Delay, [pz]

Launches Off.Difference TO-T1. Simulation, Sm{lnd[M11In2[k1]]

400 I

EEIEI*>
500 Group Delay

00T !

200+

100,

0 10 20
09 Moy 20010, 10:07:46, Simberian [he.

Blue line — launch TO on 6-inch and T1 on 8-inch fixture

Simberian

Electromagnetic Solutions
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Another pair of launches

O Generalized Modal transmission looks “noisy”
O Material identification may be possible only up to 20-25 GHz

Pad diameter:

—#—— Benchmark.SE Stip 2 inch. Simulationd, Smlln[M11In2{1]] T1-115 !T"I
Launches OFff Difference T1-T2 Simulation], Smlln[M11In2(M1]] T2 — 15 mil
Magnitude(5], [dE]

—#—— | aunches OF. TO-T1.Simulation?, S[1,1]
—=— Launches OF.T1-T2 Simulation?, 5[1,1]

I G MS 12 M agnitude(S1. []
"l 7 Difference of S-parameters of

II 0154 aunches
2T ) ' )

at | 017 " 1] /

4|/ Stars — 2-inch segment
Blue line —launch T1 on 6- ' 005y 72|
sl inch and T2 on 8-inch fixture |
0 +-a&2
0 5 10 15 20 25 a0 B 40 4 &0 0 510 15 20 25 B 3 40 45 50
05 Mov 2010, 16:19:19, Simberian Inc. Frequency, [GHz] 05 Moy 2010, 16:20:34, Simberian Inc. Frequency. [GHZ]

The smaller difference in the reflection loss, the smaller the noise!

Simberian © 2010 Simberian Inc. 31
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Another pair of launches

O Phase of Generalized Modal transmission looks OK
O Group Delay may be usable up to 20 GHz

Arg(GMS12)

—#—— Benchmark.5E Strip 2 inch. Simulation . Sm{ln1[M1002(MM1]]
Launches Off.Difference T1-T2 Simulationd, Smflnd (M1 1LIn2[11]
Angle(S), [deq]

—#—— Benchmark.5E Strip 2 inch.Simulation, Sm{ln (M1 ]In2(M1]]
Launches Off Difference T1-T2.SimulationT . Sm{lnd M1 LI02[M1]]
Group Delay, [ps]

E00 T
: | L | * Group |Dela
l il i | 5001 P y
100t |
1 1% |
1. 4001 {
200+ ' : -
! 300
1 I
11 ! 1!
| ll i | i 1 1 1 1 200+
L 18 ¥ HHa9d8 8 7 & 1
300 1 i B |
I
| | | | | | QU | | ! | !
0 10 20 a0 40 50 0 10 _ _ 20 an a0 ]
09 Maw 2010, 10:04:49, Simberian Ine. Frequency, [GHz] 03 Maw 2010, 10:05:44, Simberian Ine.

Frequency, [GHz]

Stars — 2-inch segment

Blue line — launch T1 on 6-inch and T2 on 8-inch fixture

Simberian © 2010 Simberian Inc. 32
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Another pair of launches

O Generalized Modal transmission looks “noisy”
O Material identification may be possible only up to about 15-20 GHz

Pad diameter:

T2 — 15 mil
—#—— Benchmark.5E Strip 2 inch. Simulation], Smlln1[M1]1n2(M1]] T3 —18.5 mil
Launches O.Difference T2-T3.SimulationT, Smflnd [(M1].In2[k1]] . .
Magritudels ], [dB] —#— Launches O TO-T1.Simulation, 5[1,1]

—=— Launches Off. T1-T2 Simulation?, 5[1.1]

— = Launches Off. T2-T3 Simulation], 5[1.1]
I G S 1 2 I I kagnitude(S], []
fl I

12571 Difference|of $-parameters OT
.| 216l launches
2l ‘/J:——___‘;‘;V'A
1 017t -
21 Stars = 2-inch segmen ' I '
Blue line —|launch T2 on 6- 0051
B25T p . - ; 1-T2]|
inch and T3 on| 8-inch fixture | 1
AT I g | | | | | | | | | |
0 5 1 15 20 % 30 3}/ 40 45 50 05 anzmn 155:24:11D5imb;r?anlnsu s 4Ereque4n5|:_l,l [GI5-|D2]
05 Moy 2010, 16:26:27. Simberian e, Frequency, [GHz] ’ ’ ’

The larger the difference in the reflection loss, the larger the noise!

\ Simberian © 2010 Simberian Inc. 33
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Worst pair of launches (most reflective)

O Generalized Modal transmission looks “noisy”
O Material identification may be possible only up to about 10-15 GHz

Pad diameter:
T3 —18.5 mil

—#—— Benchmark.5E Stip 2 inch.Simulation, Smflnd [M11In2[k1]] T4 —22 mil —#— Launches OF.TO-T1.Simulation, 5[1,1]
Launches Off Difference T3-T4.SimulationT, Smilnd[kM11LIn2[k11] —=— Launches Off. T1-T2 Simulation], 5[1.1]
tagritude(S1. [] — = Launches Off. T2-T3.Simulation], 5[1,1]
—+&— Launches OfF.T3-T4.Simulation, 5[1,1]
I G M%lZ I 1 Magnitude(s]. ]
- _ ol “ Difference of S-parameters OT
1151 launches
' |T3:T2]
07T ma ;Tl
1T 5# o
ne25T 1 I l :
nosT
05T
Stars -+ 2-inch|segment || TG 1-T2|
11| BlUe line — launch T3 on 6- H i S S S O O S S S
’ iNne i i 1] 5 10 15 20 25 an il 40 45 A0
InC.h and T4 on8 InCh IfIthIJre 05 Moy 20010, 16:25:43, Simberian Inhc. Frequency, [GHz]

0O 5 10 15 20 25 30 3/ 40 45 KD
05 Moy 20010, 16:28:13, Simberian [he. Frequency, [GHz]

The larger the difference in the reflection loss, the larger the noise!
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Worst pair of launches (most reflective)

O Phase becomes “noisy” above 30 GHz
O Group delay is usable only up to 5-10 GHz

Arg(GMS12)

—*— Benchmark.3E Strip 2 inch. Simulation . Sm{lr1[M1)1n(k1)] —#— Benchmark.5E Stip 2 inch Simulation, Sm{In1[M1]In2M1]]
Launches O Difference T3-T4.SimulationT, Smln1[M1]In2[k1]] Launches O Difference T3-T4.Simulation], Srflnd (M11In2[M1]]

Angle(S), [deg] Group Delay. [ps]

BO0T

5001

100t

400 1

200+

00T

a0+ 200+

100t t t ' ! !
] 10 20 an 40 A0
09 Moy 20010, 10:03:03, Simberian [ne. Frequency, [GHz]

50
Frequency, [GHz]

0 10 20 30 40
09 Moy 2000, 10:08:31, Simberian Inc.

Stars — 2-inch segment
Blue line — launch T3 on 6-inch and T4 on 8-inch fixture

Simberian © 2010 Simberian Inc. 35
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Example with acceptable difference in pad
diameters

—#— Launches OF. TO-T1.SimulationT, 5[1.1
—=— Launches DL T1-T2 Simulationd, 5[1.1
A

]
]
]
]

—#—— Benchmark.SE Strip 2 inch Simulation] . Sm{lnT(41]102(M1]] — Launches O T2-T3 Simulation, S[1
Benchmark. Difference Small. Simulation . Sm{ln[#1]In2[M1]] —&— Launches Off. T3-T4 Simulation?, 5[1.1
Magnitude(S). [dE] MagritudelS) T— Benchrmark. T-Th. Simulation?, 5[1.1]
I MS12 I Difference of S-parameters of
A\
015l launches

ch small|hoise

3.5 mil differences \ﬁ
ol P
N belcleaned "

ith fitting 005+

|Stars — 2-inch segment
Blue line — 15 mil pad on 6-jinch
and| 13 mil on 8-inch fixture

0+ :::.' - ol

0 10 20 an 40 50
: : : : : : : : ! : ! 05 Moy 20010, 16:34:37, Simberian [hc. Frequency, [GHz]
0 5 w15 20 25 30 35 40 45 AD o .
05 Moy 2010, 16:37:27, Simberian Inc. Frequency, [GHz] 2-mil difference: 13 and 15 mil

Difference of reflections from the launches should be less than 0.05 for
material identification up to 50 GHz
This measure is not practical — TDR may be used instead

Simberian © 2010 Simberian Inc. 36
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Example with acceptable difference in pad
diameters

O Phase is clean and can be used for identification up to 50 GHz
O Group Delay is usable up to 30-40 GHz

Arg(GMS12)
—— Eenchmark.S_E Strip 2 inch.SimuIatiqn'l Sm{lnT M1 LIn2[k1]]
—#—— Benchmark.5E Stip 2 inch. Simulationd . Smilat (M1 1LIn2817] Benchmark. Difference Small Simulation?, Sr{lnT (M1 1In2[M1]]
Benchrmark. Difference Small. SimulationT, Srlln[MM1]In2[1]] Group Delay, [ps]
Angle(S), [deq] GO0 T *
L 500 +
Group Delay
00T
400 +
200+ 300t
200+
3001 '
: 100t t } } y :
} } ' ' ; A 0 10 20 a0 40 G0
] 10 20 3o 40 50 03 Moy 2000, 10:15:17, Simberian Inc. Frequency, [GHz]
09 Mow 2000, 10:13:35, Simbenan Inc. Frequency, [GHz]

Stars — 2-inch segment
Blue line — 15 mil pad on 6-inch and 13 mil on 8-inch fixture

\ Simberian © 2010 Simberian Inc.
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TDR of the test fixture can provide measure

of non-identity

TDR.8in TO Simulation, £[1.1]
TDR.8in T1. Simulation1, Z[1.1]
TDR.8in T2 Simulation1, Z[1.1]
TDR.8in T3 Simulation, £[1.1]
TOR.8in T4 Simulation, Z[1.1]
TDR.8in TM.Simulation, Z[1.1]

TDRs are computed with the
rational macro-models and 20 ps
(0.1-0.9) Gaussian step

Z. [Ohm]
B T —
. Pad diameter:
' *TO — 8 mil
T1—-11.5 mil
51r—2 pairshave M =13 mil
M T2 — 15 mil
acceptable T3 18.5 mil
1251 —difference less T4 — 22 mil
than 1 Ohm
a0t
0175 02 0.225 0.25 0.275 0.3 0,325 0.35 0.375 0.4
05 Moy 20010, 16:45:35, Simberian [ne. Time, [hz]

The difference in the launch impedances should be less than 1
Ohm for material identification up to 50 GHz

| Simberian

Electromagnetic Solutions
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Overview

O Introduction

O ldentification of material parameters with
Generalized Modal S-parameters

O Sensitivity of GMS-parameters to non-identity of
Cross-sections

O Sensitivity of GMS-parameters to non-identity of
launches

O Effect of bends on GMS-parameters
O Conclusion

* Simberian  11/23/2010 © 2010 Simberian Inc. 39
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What Iif ine segments In test fixtures are not
straight?

O Numerical experiment to investigate effect of bends

Materials & Stackup Instead of straight line try to use lines with
- Jorigina multiple regular and chamfered bends (from
=IpfL Materisls: T=20[°C), RP=2,.. 5 to 15 bends per test fixture)

~JER "Copper", RR=1, SR=0.5
3 "Mat. & Core", Dk=3.66, LT=0,0037, PLM="WD

Mat. & Prepreg”, Dk=3.66, LT=0.0057, PLM=\WD

air"

=180 Stackidp: LU=[mil], ML=3, T=17.8[mi]

- 1| Plane: "L1", Cond="Copper", T=2, Ins="Mat., & Core"
- 21 Medium: T=6.8, Ins="Mat. & Core"

--m 3| Signal "L2", T=0.6, Ins="Mat, & Prepreg"

. 4| Medium: T=8, Ins="Mat, & Prepreqg”

= 5| Plane: "L3", Cond="Coppet”, T=0.6, Ins="Mat, & Carg"

Launches (a” identical) 09 Moy 20010, 12:39:19, Simberian Inc. 30 View Mode [press <E> to Edit].

From simulated S-parameters of 2

etwmmewMode[mmwm_ structures with multiple bends we

8 inch total length \ extract GMS-parameters of 2-inch
segment and compare it with the

GMS-parameters of 2-inch segment

computed directly

09 Nev 2010, 13:13:56, Simberian [ne. Metwark Wiew Mode [press <E» ta Edit).

| Simberian

Electromagnetic Solutions
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S-parameters of the bend

O Very small reflection — below -25 dB up to 40 GHz
o Small additional group delay

: Bend in 7-mil strip line (7 mil of
D |812| IS Very C|OS€ tol additional length along the strip
—o— ‘ithBends Bend Simulation, 5[1.1] center line)
wWithBends Bend. Simulation, 5[1.2] — & — 1
bl agnitude(S], [dB] Group Delay, [ps] et § i
', [mil]
a5} Reflection loss e
: e 201
< e,d_FGF’
- ‘E"“’eﬁdw T 0.7
’/er’a’ o] 107
.5|:| 1
{H 7 Hos 0t
-
:’_,-' -
sl . o 10T
b < > 105
-« | Group Delay 207
o @ T
M0 eos & e = 1 a0t . [mil]
0.4 } } } } ' ¥ } } Hioe
, , , , , , , , , , 40 30 20 a0 0 M 20 30 4
& 10 15 20 25 30 35 an 45 a0 03 Moy 20010, 125268, Simberian Inc. 30 Yiew Mode [press <E> to Edit).
09 Moy 20010, 12:46:11, Simberian Ihe. Frequency, [GHz]
Almost negligible!?
Simberian © 2010 Simberian Inc. 41
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Test fixtures for the extraction

% 6 inch straight

ﬁ 8 inch straight

996.5 993

993 6 inch 5 bends — all line segments 993 mil except first

093 996.5 .
993 and last one (996.5), with regular or chamfered bends

8 inch 7 bends — all line segments 993 mil except first
996.5 and last one (996.5), with regular or chamfered bends

- I I l I l ' 6 inch 11 bends — all line segments 493 mil except first and
last one (496.5), with regular or chamfered bends

8 inch 15 bends — all line segments 493 mil except first and
last one (496.5), with regular or chamfered bends

\ Simberian © 2010 Simberian Inc. 42
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¥, [mill

— o w
= =1

Effect of bends on 8-Inch test fixture

i}

-10

O 7 regular bends cause small resonances in reflection and
transmission and decrease group delay -

D LOO ks I i ke n Oth i n g to WO rry u p tO 20 G H Z 09 Nov 2010, 126358, SimberianInc. 30 View Mode (press <E> to Edi)

Benchmark.5E 8 inch. Simulation?, 5[1.2]
YWithBends. SE 8 inch ¥ bendz. Simulationd, 5[1.2]
M agritude(S ], [dE] k agnitude(5 ), [dB]

Benchmark.5E 8 inch.Simulation, 5[1,1]
WithBends. SE 3 inch ¥ bendz. Simulationd, 5[1.1]

o Reflection|- |S11]
.| . Transmission -| |S12] 07
51 ™,
™ ® ° 20
\ 9
1ok ant
995, 5 993
125+ ——
felale! 993 993 Q06§ 40+
Qa3 Qa3
-15--I i i i i i 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 WM 15 20 25 3 3/ 40 45 &0 0 5 WM 15 20 25 30 3/m 40 45 HQ
09 Mow 2010, 16:12:08, Simbenan Inc. Frequency, [GHz] 09 Wow 20010, 16:01:34, Simberian Inc. Frequency, [GHz]
Red lines — 8 inch straight;
Brown lines — 8 inch with 7 bends
X Simberian © 2010 Simberian Inc. 43
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¥, [mill

Effect of bends on 8-Inch test fixture

— o w
= =1

i}

-10

O 15 regular bends cause more visible resonances in reflection
and transmission and decrease group delay "
D Though’ it |Ooks Iike nothing to Worry up to 20 GHZ 09 Mov 2010, 1262:58, Simberian|nc. 30 View Mode (press <E> to Edit)

_ Benchmark._SE 3 inch.SimngtiDn'I . 501.2] Benchmark.5E 8 inch.Simulation, 5[1.1]
WithBends. SE 8 inch 15 bends. Simulation, 5[1.2] WithBends. SE 8 inch 15 bends. Simulation, 5[1.1]

Magnitude(S], [dE] b agnitude(S ], [dB]
i 1. Reflec|tion - §11 '
Transmission - |S12] 1ol |
25T \
51 H\,\
\m G @ and
75t e, /
@
0T A0+
25+ // Wh‘
5T I I l I I I l I ﬁhﬁ 40T
75y | | | | | | | ' ' — } } } - - - - | | | |
0 5 10 15 20 25 3 3 40 45 50 0 5 10 15 20 2 30 3/ 40 45 HO
09 Wow 2010, 16:14:10, Simberian [ne. Frequency. [GHz] 09 Mow 2010, 16:11:28, Sirmberian ne. Frequency, [GHz]

Red lines — 8 inch straight;
Green lines — 8 inch with 15 bends

X Simberian © 2010 Simberian Inc. 44
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¥, [mill

o
=1

Effect of bends on 8-Inch test fixture

O Group delay with bends is smaller and has spikes at
resonances . o

EEnChma[k_SE E ingh_SimmatiDn'l . S [1 ‘_2] ; 09 Nov 20110, 125258, SimberianInc. 30 View Mode (press <E3 to Edit)
WithBends. SE 8 inch 7 bendz. Simulation, 5[1.2] —+—
WithBends. SE 8 inch 15 bends. Sirmulation, 5[1.2] ——

i}

-10

Group Delay, [n=]

Red circles - 8 inch straight e ®
Brown pluses - 8 inch with 7 bends

096, 5 093

993
99z 993 996.5
993

T1.375

r1.35

r1.275

ik
E: 3 I‘ !
| i
Green crosses - i i | .
8 inch with 15 bends ' i i .
.'I gigig I ; | i 11.225
! |
0 5 10 15 20 25 0 5 40 45 5D
09 Mow 2010, 16:19:05, Simbenan Inc. Frequency, [GHz]
S Simberian © 2010 Simberian Inc. 45
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Effect of bends on GMS-parameters -

~

¥, [mill

O 6-inch straight line + 8-inch line with 7 bends

006.5

. . . — 40 30 20 10 0 W o @ 40
093 El [EEE! 996.5
|_|993 I—]m Angle of |S12]

Benchmark.SE Strip 2 inch. Simulation?, Smfln (M1)002[M1]]
WithB ends. Difference 087 bends. SinulationT . Smllnd [(M1].102[7]]
Magritude(S], [dE]

\ Transmission - |S12]|
Jt
S
"
BeE

Red lines — 2 inch ling;
4{Blue lines — 6-inch &!8-inch with | bend

LI
0 5 10 15 20 2 3 3/ 40 45 50
10 Moy 20010, 06:32:00, Simberian [ne. Frequency, [GHz]

-20

Kl %, [mill

09 Nov 2010, 126358, SimberianInc. 30 View Mode (press <E> to Edi)

Berichmark.5E Stip 2 inch. Simulation, Smlla1(M71)In2M1]] — % —
WithBends. Difference 087 bends. Sirmulationd, Smilnd (M1 LI02[M1]] — = -
Angle(S), [deq]

é- -A0
e

T-100

I

I

I ]
-150

f

+-200

T-250
+-300
101 350

50
Frequency, [GHz]

10 Moy 2010, 06:33:26, Simberian Inc.

Noise above 30 GHz and under-estimated angle and DK!
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¥, [mill

Effect of bends on GMS-parameters -

O 6-inch with 5 bends + 8-inch with 7 bends )
Q95,5 o993 a0g. g ag3 -0 il
093 9223 Q96,5 093 003 - - 09 Nov 2010, 125358, SimberianIne. 30 View Mode (press <E» to Edit),
593 293 Angle of S12
Benchmark.SE Strip 2 inch.Simulation?, Smflnl (#1)002[M1]] o ] ]
YwithE ends. Difference 547 Bends. Simulation], Smlin[M11In2(M1]] ‘Benchmark.5E Stip 2 inch. Simulation?, Smlln [M1)In2[M1]] — %= —
Magritude(S], [4B] WWithBends.Difference 557 Bends. Simulation, SmlnT[M1LIRZMT]] — » -
Angle(S), [dea)
\ Transmission - |S12] -
At P
PRE R G e Fam
(15,313 1
TRy *' I 200
Red lines — 2 inch line; \’\h i % % 4 3 II =l
3t ] AN I
Green lines — "g\ ? | a0
6-inch w 5 & 8-inch w 7 |bends W ;
} } } } } } } } } } } % T -350
0 5 10 15 20 2% 30 3/ 40 45 8D : : : : : : :
10 My 2010, 08:39:23, Simberian Inc. Frequency, [GHz] 0 5115 20 28 a0
10 Moy 2010, 06:40:58, Simberian [ne. Frequency, [GHz]

Small dips above 30 GHz and slightly under-estimated phase

Matching number of bends may be good ideal
3 Simberian © 2010 Simberian Inc. 47
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Effect of bends on GMS-parameters

O 6-inch with 11 bends + 8-inch with 15 bends

-20
30
m g

~

%, [mill

Benchmark.SE Strip 2 inch. Simulation?, Smfln (M1)002[M1]]

_ Benchme_ﬂk.SE Strip 2 inu:h.SimuIe_:tiu:-n'I,_ Smlln[M11In2[M1]] — % —
withBends Difference 11515 bends. Simulation?, Sm{ln1[M1]In2(M1]] WwithBends.Difference 11615 bends. Simulation], Smlln1(M1LInZM1)] —+4—=
Magritude(S], [dE]

Analel5], [deq]
#*
\ T
Transmission - |S12] E - 50
1t %
% 1100
2} i % 1150
i i |
?\}?\ " +-200
3
3T e + + 250
Red lines —|2 inch line; Y *
.|| Black lines 7300
) 6—i1wch w 11 & 8-inch w [15 bends -
0 & 10 15 20 25 30 3B 40 45 50 0 5 10 15 20
10 Moy 2010, 06:58:06, Simberian [ne.

25 3 B 40 45 50
Frequency, [GHz] 10 Moy 20010, 06:55: 27, Simberian Inc. Frequency, [GHz]

Larger dips above 25 GHz and under-estimated phase (and DK)

Magnitude of dips is sensitive to total number of bends and phase is

sensitive to the difference in the bend count!
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Effect of bends on GMS-parameters

¥, [mill

— o
= =1

O Group delay is smaller and more noisy for larger
difference in the bend count

Group Delay, [ps]

4001
IaT
3E0T
35T
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25T
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2001}
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— WithB ez, Difference 11815 bends. Simulation?, Smlnl #1102k 1]]

i}

-10

-20

30

%, [mill

-40 -30
09 Nov 2010, 126358, Simberian Inc.

-20 -10 o 10 20 30 40

30 View Mode [press <E> to Edit).

10 Moy 2000, 07:05:51, Simberian ne.
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Blue line - 0 and 7 bends (bad) N l
I
7 Red stars — 2-inch benchmark . ‘n
// LR | |
Black circles — / H
11 and 15 bends  Green diamonds —
5/and 7 bends (closest)
Ij 5 1=IZI ‘IIE EIIII 2=5 3=III 3=5 4=IZI 4=5 : EIIZI

Frequency, [GHz]
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What If we compensate bends with
chamfers?

O Extremely small reflection — below -30 dB up to 50 GHz!
o Small additional group delay
O |S12|is very close to 1

Chamfered bend in 7-mil strip
line (12 mil of additional length

—=— "WithBendz. Bend Simulation, 5[1.1]
withBendsz. Bend. Simulationd, 5[1.2] —& —
—— WithBendsChamf.BendChamf. Simulationd, 5[1.1]

along the strip center line)

‘Y, [mil 3 Eg,

WithBendsCharmf BendChanf. Sirmulation?, 5[1,2] —» —
kW agnitude(5], [dE] Group Delay, [pz] a5 L
ol Reflection loss ]
i < —
o 125+
= i 535 11.25
] g
_,_:’<.'—f —
A X’M Va e 3 3 0t
4 e e p e[ T 11
Group Delay 125+
> 1075
75 >
NSUSE Sy 251
o 5 —2 = T DE
506 ¢- -0 60—6= > 9| o . [mill
+ + + } + + + =
100 _ Lo 375 25 125 0 125 25 375
Simple bend — circles, chamfered — X-s - 09 Mov 2010, 13:01:46, Simberian Inc30 View Mode [press <E> to Edit).

5 10 15 20 25 30 B 40 45 50
03 Moy 20010, 1.3:02:01, Simberian Inc. Frequency, [GHz]

Negligible for sure?!

X Simberian © 2010 Simberian Inc. 50

Electromagnetic Solutions




Effect of compensation on 8-inch

128

test fixture

25

=

24 [mil]

O Nearly perfect match in magnitudes

O Group delay is smaller — difficult to guess actual signal path
Length of meandering line is measured along the center line

Berchmark.5E 3 inch. Simulation?, 5[1.1]

Benchmark.5E 8 inch.Simulation, 5{1.2]
WithBendsChamf 5E 8 inch ¥ bends. Simulation, 5[1.1]
WithBendsChamf 5E 8 inch ¥ bends. Simulation, 5[1.2]

Benchmark.5E 8 inch. Simulation?, 5[1.2] —=—
WithBendsChamf.SE 8 inch ¥ bends. Simulation, 5[1.2] —+ —

Group Delay, [nz)]

b agnitude(S), [dB]
| | | | I I T1.375
H\d\ ® * Group Delay
104 |S12] prutee e ® {135
/T
'2']-- \J | \
S11|
.3|:|-- —
LT
11.225
0 5 10 15 20 25 a0 3\ 40 45 A0 , , 12
0 45 5D

09 Moy 20010, 16:24:39, Simberian he.

Frequency, [GHz]

o 5 10 15 20 25
09 Moy 2000, 16:25:41, Simberian Inc.

0

5

Frequency, [GHz]

Red lines — 8 inch straight; Blue lines — 8 inch with 7 chamfered bends
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[

28

Effect of bends on GMS-parameters

25

O 6-inch straight line + 8-inch line with 7 chamfered bends I I
Angle of |S12]|
Benchmark.5E Stip 2 inch. Simulation, Smlln1 [M1]In2[M1]] Benchmark. 5E Stip 2 inch. Simulation?, Sm{in1(M1)In2[M1]] — % —
WithB endzChamf. Difference 07 bends. Simulation?, Sr[lnd (M1]In2(M1]] WithBendsChamf Difference 057 bends. Sirmulationd, Sl a1 [M1)In2[M1]] —&
kagnitude(5). [dB] Anglel5), [deq]
H ¥
\ Transmission| - |512] % = %
051 o @ LE!
Lt | @ %I
a4+ \\'\ % | } :* |%|*¢: +-100
iyl I L]
15t el ko
™~ 8|3 :ﬁ %h u%&@ |
Al [ o 1%y (8 |38 gy 4 o0
2 \ % : |1® |% 147 | &%
| Yo g | | %D |
“3T'Red lines — 2 inc¢h line; %k | | 3l 4l **’l 'E@
L1/Blue lings — | L+ | a0
6-inch & 8-inch with 7 bends ‘““‘w\\ % b
} } } } } } } } } !\\! } } I } } } d:l' (b }
0 5 10 15 20 25 30 5 40 45 A0 0o 5 10 40 45 A0
10 Moy 2010, 09:34:15, Simberian he. Frequency, [GHz] 10 Moy 2010, 09:26:56, Simberian he. Frequency, [GHz]

Slightly smaller attenuation (lower LT) and under-estimated angle (lower DK)!
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Effect of bends on GMS-parameters

25

. . - - 24 [mil]
D 6-InCh Wlth 5 Chamf- bends + 8-InCh Wlth 7 Chamf. bends R T T R F N R
09 Now 2010, 13:01:4E, Simbenian Inc3D View Mode [press <E> to Edit).
Angle of |S12]
Benchmark.5E Stip 2 inch.Simulation, Smfln (k1] 1n2[k1])] Benchmark.5E Stip 2 inch.Simulation, Smln1[kM1)In2[M1]] — % —
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10 Moy 20010, 09:55:40, Simberian Ihe. Frequency, [GHz] 10 Moy 20010, 09:57:24, Simberian [he. Frequency, [GHz]

Ideal attenuation and slightly under-estimated angle (lower DK)
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Effect of chamfered bends on group

128

delay |

128

25

24 [mil]

O About 6 ps difference in case of no bends in one test fixture e vk
(may Iead to about 3% dlfference In Identlfled DK) 09 Now 2010, 13:01:4E, Simbenian Inc3D View Mode [press <E> to Edit).

O Less than 2 ps difference in case of 5 and 7 chamfered bends
— acceptable for the extraction of DK (about 1% difference in
identified DK)

Benchmark SE Strip 2 inch. Simulation?, Smflal (kMT10002k1]]
WithB endsChamf. Difference 057 bendz. Simulation . SmllaT (k11102 1]]
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1] 5 10 15 20 25 a0 35 a0 45 a0
10 Mow 20010, 09:55:42, Simberian Inc. Frequency, [GHz]
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Conclusion

O Overview of material parameters identification by fitting measured
and computed GMS-parameters for single strip line is provided

O Sensitivity of the GMS-parameters method to variations in geometry
of the test fixtures is investigated with numerical experiments
= Small variations in strip width and shape in the test fixtures can cause

over or under-estimation of extracted material loss parameters (LT,
conductor and roughness parameters)

= Small variations in geometry of connectors or launches in test fixtures
can cause “noise” in GMS-parameters at high frequencies — TDR may
be used to qualify test fixtures

= Multiple bends or other discontinuities can cause noise in GMS-
parameters and under-estimation of dielectric constant

= Matching number of bends and chamfering reduces the extraction
errors

O Setting up all simulations and model building with Simbeor took
about 3 hours
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Solutions and contact

O Simbeor solution files are In the database

(keyword 2010 _03)
It contains all electromagnetic models and linear circuit
analysis both in frequency and time domains

O Send guestions and comments to
= General:
= Sales:
= Support:

0O Web site

‘é* Simberian 11/23/2010 © 2010 Simberian Inc.
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S-matrices and T-matrices

Same number of ports on

the left and right side of @ _
multiport b, 52,1
a, a, _
= < bl [T
1 o B 2 a, B T2,1
<~ —>
by b,
T1,1 = S21 S11 S S S1,1 = T1,2 'Tz_,zl

: ¥ : S2,1 = Tz_,zl
T2,2 — S2,1 S2,2 =

_Tz_,zl ) Tz 1

S1,2 = T1,1 _T1,2 'Tz_,zl 'T2,1

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

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

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

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
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