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Outline

* Introduction
* Drawbacks of the original SPP technique
* Possible modifications: SPP Light with TDT and S-parameters
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* Sensitivity to test fixture - numerical experiment
* Examples of low-cost practical model identification
* Example of model identification up to 50 GHz
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Introduction

* Design of PCB and packaging interconnects for data links
running at bitrates 30 Gbps and beyond is challenging
Boards are not manufactured as designed

Making accurate measurements from DC to 50 GHz is very difficult

Accurate modeling over frequency bandwidth from DC to 50 GHz is difficult
and even not possible in most of the EDA tools

10/24/2016

Design success “fire triangle”
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* To have consistency in modeling and o %%
manufacturing, the same technique must ) %
be used at the material model identification & ﬁ ’3'%

&

and production model validation stages
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Material models - specs

45 ~
Q——.__‘
1GHz ; IPC TM650-2.5.5.9 40
i a5 3
6-50GHz ; The method by H. Kawabata, Proceedings of the 36th European 35 (o}
. ’ —
Microwave Conference, 388-391 (2006) = o
30 ~
Typical S~
Core |Actual Thickness| cyomn Resin Typical Dk <t
Type Style Py Content 25 » W » * ~
mil mm (%) 1GHz 6GHz 12GHz | 18GHz | 23GHz | 29GHz | 34GHz | 40GHz | 45GHz | 50GHz B
2 20 0.050 1035 1 67 325 323 322 Wil a2 W il ksl 2 il 20 ' L s L —l
26 26 0.065 1078 1 59 337 333 i N 330 330 3.30 330 330 330 0 2 4 6 8 10
3 a0 0.075 1078 1 65 328 325 324 khex] 323 i3 3 i) i 323 F [G Hz] .
requency 18]
Typical E
Core |Actual Thickness|  cioth Resin Typical Df 0.025
Type Style P content C
mil mm (%) 1GHz 6GHz 12GHz | 18GHz | 23GHz | 29GHz | 34GHz | 40GHz | 45GHz | SOGHz 0.020 .9
2 20 0.050 1035 1 67 0.002 0.003 0.004 0.004 0.004 0.004 0.005 0.005 0.005 0.005 h .___’_/4 QLJ
26 26 0.065 1078 1 59 0002 | 0.003 | 0.004 | 0004 | 0.004 | 0004 | 0.004 | 0.005 | 0.005 | 0.005 ~ 0.015 o]
3 30 0.075 1078 1 65 0002 | 0.003 | 0.004 | 0.004 | 0.004 | 0.004 | 0.005 | 0.005 | 0.005 | 0.005 (] E
2 0010 - = - — n
The data above show actual values and are not guaranteed. - o
) } o
0.000 i - = = N
‘ @)

Not suitable directly for broadband modeling! Frequency [GHz]
Nothing for conductor roughness!!!
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Material models - needed

PCB dielectric models:
Wideband Debye (aka Djordjevic-Sarkar):

E |::|_()m2 +if :| Continuous-spectrum model

&(f)=&.(0) +

Requires specification of DK and LT at one

-In -
(mz - ml) ’ In(lO) loml +if frequency point (2 parameters)
. N Ag Requires specification of value at infinity and
Multl-pole Debye: 5( f ) = g(oo) + Z nf poles/residues or DK and LT at multiple frequency
n=1]4+j— points (more than 2 parameters)
fr
* PCB conductor surface roughness models:
Modified Hammerstad (2 parameters): Huray snowball (1-ball, 2 parameters):

2 2
2 AY K., =1+ N-4z-r° 1+§+ o
Ko =1+{;-arctan{l.4(gj D-(RF -1) rhu A r o2

* Parameters for the models are not available and must be identified
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Possible low-cost identification options

* Delta-L — uncertainty due to dependency on all reflections, uses
S-parameters (requires VNA + measurement skills)

* Complete de-embedding (TRL, AFR, ISD,...) — unnecessary
complicated — VNA, test fixture S-parameters are not needed,...

* |dentification with GMS-parameters — similar to SPP with the
improvements suggested here and at EPEPS’2015 (Shlepnev...)

10/24/2016
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* Short Pulse Propagation — allows both model building and
validation — standardized by IPC (IPC-TM-650 #2.5.5.12), simple,
but may be confusing...
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Step-by-Step Procedure for Short-Pulse-Propagation-Based Complex
Permittivity Extraction
A. Deutsch, T.-M. Winkel, G. V. Kopcsay, C. W. Surovic, B. J. Rubin, G. A.

Katopis, B. J. Chamberlin, R. S. Krabbenhoft, Extraction of and for printed
circuit board insulators up to 30 GHz using the short-pulse propagation

The following flowchart summarizes the extraction process:

Low frequency values are RS Ssema technique, IEEE Trans. on Adv. Packaging, vol. 28, 2005, N 1, p. 4-12.
identified separately due |[Re. Co. Guue 0550 W 3 =z ©
to TDT limitations SRR SR - = s
. o
m‘“‘T“m TDT pulse responses of 2 line 3
GammaZ signal peos ecsing: segments -> Gamma (complex S
extract aff} and fif) .
I propagation constant) r
|(}usssu:limmduﬂmkt£mmdp| =
: : G
—=—F Iterative matching of measured E
Fﬂ:ﬂmaﬁuﬂﬂﬁ
; | and computed Gamma -> =
Compare meacored and calcnlated i} and & . o
Dielectric and Roughness Models =
(@]
okt simulated TDT waveforms
I I
Generatr cansal 27}, L,
S i, ) 7 || || G _ (7)
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SPP Original: Steps 1-5

* Step 1: Select samples for the identification with TDR screening
Important step, sensitivity to the impedance variation should be investigated
e Step 2: Measure resistance of a t-line segment and capacitance of large disk at DC

Not needed - disk test can be eliminated by use of Wideband Debye model, resistance
measurement can be replaced by matching attenuation at lower frequencies

e Step 3: Measure TDT step response, identify delay and construct preliminary
transmission line model. — Not needed — eliminated by use of broadband models
* Step 4: Measure short pulse TDT for two line segments with about three to one
ratio of the lengths.
TDT step should be allowed at this step to simplify the process, can be combined with step 1.

* Step 5: Convert short pulse TDT responses into complex propagation constant
(Gamma) with windowing, Fourier transform and simple formula.

Can be improved by Gamma extraction from S-parameters

10/24/2016
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SPP Original: Steps 6-9

Step 6: Cross-section test board and take measurements of the test structures

Most important step if the accuracy is a concern, sensitivity of Gamma to the incorrect values of
the cross section should be investigated

e Step 7: With the measured dimensions, compute dielectric constant from the
disk capacitance and resistivity of conductor from resistance, both measured
at DC in step 2. — Not needed with the broadband Debye model.

* Step 8: Create transmission line model with multipole Debye dielectric model
and tune parameters in dielectric model to match the measured attenuation

and phase constant (real and imaginary parts of Gamma). —

Main material model extraction step - requires an accurate field solver and use of Wideband
Debye dielectric model and Huray or modified Hammerstad roughness

Step 9: Compute dielectric constant and loss tangent (includes roughness)

Needed only in case if the roughness model in the field solver is not reusable and has to be
converted into the effective loss tangent for other EDA tools

10/24/2016
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SPP Light with TDT

* Step a: Measure TDR and TDT step responses of line segments —
select TDT responses of two segments with the close TDR
impedances (strict guidance is needed)

* Step b: Convert TDT into short pulse response, window it and extract
Gamma following the original technique

* Step c: Optionally, cross-section the board traces and measure the
dimensions, to improve accuracy

Additional test fixtures can be considered as the alternative to the cross-
sectioning

* Step d: Use field solver to build cross-section model matching
Gamma extracted in step b) following either the original procedure

or as in GMS technique (to separate conductor and dielectric losses)
. - —
s Simberian Hewlett Packard
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SPP Light with S-parameters

* Step a: Measure S-parameters of line segments, estimate quality
and compute TDR and select two segments with the close TDR
impedances (similar to GSM-parameters)

* Step b: Convert S-parameters into the reflection-less GMS-
parameters and extract Gamma — see details at [EPEPS’2015]

* Step c: Optionally, cross-section the board traces and measure the
dimensions, to improve accuracy

Additional test fixtures can be considered as the alternative to the
cross-sectioning

* Step d: Use field solver to build cross-section model matching
Gamma extracted in step b) following either the original procedure

or as in GMS technique (to separate conductor and dielectric losses)
. - —
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Numerical experiment

8 Launches 6 mil strip line, 2 and 6 inch segments

(= pp, Materials: T=20["C],... <
- JEl "COPPER", RR=1, SR=0.5, RF=2, RM=MHCC “d E@, =]
~H "air ~
: g "FR4", Dk=4, LT=0.01, PLM=WD, Dk(0)=4.47, Dk(inf)=3.77 “l e e <

(= ' StackUp: LU=[mil], NL=7, T=49.2[mil] g 2 GND1 Q
. 1] Medium: T=1, Ins="Air" 8
i == 2| Signal: "TOP", T=2.2, Ins="Air", Cond="COPPER" T 3505
- 3| Medium: T=3.9, Ins="FR4", DIE_002 E S
..mm 4] Plane: "L2_GND1", Cond="COPPER", T=1.2, Ins="FR4" P £
- 5| Medium: T=7.5, Ins="FR4", DIE_004 .l B o
i-mmm 6| Signal: "L3_SIG", T=1.2, Ins="FR4", Cond="COPPER" OLJ
_J 7 Medium: T=7.5, Ins="FR4", DIE_006 s o
..mm 8| Plane: "L4_GND2", Cond="COPPER", T=1.2, Ins="FR4" LEs - §
- 9 Medium: T=7.5, Ins="FR4", DIE_006 \ r , : , : , P £ DA, o
s 10| Signal: "L5_SIG", T=1.2, Ins="FR4", Cond="COPPER" A e = 0 0 10 Ex e “wo —
i 25 Jun 2016, 14:36:33, Simberian Inc. 30 View Mode (piessraisio Edit). o
-] 11| Medium: T=7.5, Ins="FR4", DIE_004 ~
..mm 12| Plane: "L6_GND3", Cond="COPPER", T=1.2, Ins="FR4" . ] . ©
I 13) Medium: T=3.9, Ins="FR4", DIE_002 Dielectric: Wideband Debye, Dk=4, LT=0.01 @ 1 GHz;

..mmm 14| Signal: "BOTTOM", T=2.2, Ins="Air", Cond="COPPER"

Conductor roughness: MHCC, SR=0.5, RF=1
Modelled with Simbeor THz
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Gamma extraction from TDT - 2 and 6 inch
segments, no launches

Windowing defect at low
frequencies —wrong DC

Windowing defect at high
frequencies - oscillations st &men

Launchivf ariations_wE. TL_\WE_50.Simulation(1);
Phaselielay, [nsinch]

T 01805

roie

Launchy ariations_WwB. TL_WE_B0.Simulation(1]; 3375 +
Launchvariations_w6.TL_WE_50 Simulation(1]: Attenuation, [dBfinch] Fhagelelay, [nedinch] )ﬁ
Alteruation, [dBAinch] PhazeDelay, [ns/inch]
357 i 325 + =
T4li del - red: T o
=lne model — req, 1 !
T 018 1l = ,:, 328+
g No Windowing — Y - 2. PR T N
Lo 25T I i~ ot i
25+ Windpwihg — blu s e .
i | 2L A s . 25.Jun 20 B,15:2D:32,Simherian Inc.
2t PIIaSE D lay 1o ArTtenuatio T 0178 ——6) Mode[l] —;
AT
15+ |4.5 5
@@E% Larrs : J + 01725
| O— — & = — CE i
! \VJ Ty 1
1 g it
st T 017 15 ay 4 017
&l o

0T T 01675 T

25Jun 201060,115:18:25,Simbenanlnc. o ! Frequency, [GHz] 5 10 15 20 50
——t) Mode[l] —— 25 Jun 2016, 14:59:59, Simberian Inc. Frequency. [GHz]
——= Mode[l] #——————;
" = —
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3 test pairs with different launches

&:Launch ariations_WE. 2in_LGood. Simulation(1]; B:Launch anations_WE. Bin_LGood. Simulation(1]:

C:Laumcki anistiors W6, Zin_LOk Simulation(1]: D:Launcky atiations_ W8 Bin_ L0k, Simulation(1]: AuLaunchv/ariations_wE. 2in_ Good Simulation(1);

B:Launchiariations_ 6. Bin_LGood Simulation[1); C:LaunchY ariations_WE. Zin_LOk. Simulation(1);

E:Launchianations_WE.2in_LE ad. Simulation(1]; F:LaunchY aniations_WwE.Bin_LB ad. Simulation[1); - - ) S - : LA
G:Launcht ariations_'WE.2in_|deal. Simulation(1]; H:Launchy ariations_w6.Gin_ldeal. Simulation(1]; D'Launcwanatlons'wsfrgufci\?;?;:?thsrl[:\,]rg?giﬂcah; sa{;:ﬂ&?isoﬁ\gﬁ2m_LBad'SImU|ath[1 s (o}
Magritude(S), [4B] 2. [Ohm] =
251':'--.“.. . . Q
\ 2 inch 1 3
3____E B0+ il ~
A -N.-._._*_!__E‘ J o
401 Y T2Y .
':}M 45T
i :
£
20+
— 40+ %
—— | £
at No launch —red; stub 51 Launch 1.—green; £
— a . / . a
Launch 1)— green; p ‘ f)/ Launch 2|- blue; ©
. 0T
at Launch2/=blue; Launch 3|— black; &
I ©
Llaunch 3/— black; SJ l/(f)/ A O N S SN N N N B
} } | f f f t t f f t t 025 05 075 1 125 15 175 2 2% 25
i 5 10 15 20 25 30 35 40 45 50 55 26 Jun 2016, 11:55:14, Simberian Inc. Time, [ng]
25 Jun 2016, 14:38:54, Simberian Inc. Frequency, [GHz] AZ11); BZ[1.1%: CZ[11): D:Z[1.1);
#A500.2L + B:S[1.2]; = C:5[1.2] = D:5[1.2; = E:5[1.2]: EZ[.1 FZ0.10:
F:501.21 Bl G:5[1.2] = H:S[1.2] 14 ]
- - =
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Gamma extraction from TDT without
windowing

Launchy anations_WE.TL_WE_B0 Simulation(1];

Alttenuation, [dB finch] PhazeDelay, [hedinch]
, A:Launchyanations 'wE. 2in_LBad Pulze; (o}
¥ T-line mode| - red; ) S
Ladnch |1 — green +; , N irﬂ.*.' | 3
4 | | (EA Y 1 ~
3 Launch|2 - blue; A Lt 0.25 =)
1 ’ | l A "u' T i T 01775 =
Launch 3 — black I (01 Rl D21 Oscillations-cause g
) L . =
LT A IR o BT 10175 gl by double reflections -
Attenuation | [H A | LR Y '| V'-,l v s
.!'f””l 01 / S
’ 4'|': ] ! + 01725 ' =
il 2
'I 4 ar, |‘I-..ll D.DE—- (o}
. 'fl- ]! L =
L @\l
, | -+ 017 A
bt Phase Delay ol ] ,q“h , S
Y e u
' 1I ‘ ¥ £ I 1 ! !
L S S S R ¢ s "'“' e —C 1 01675 05 : e ;
! ' ' T ! ! ! ! J J ! 26 Jun 2016, 11:47:02, Simberian Ine. Tirne, [ns]
0 5 10 15 20 2% 30 3 40 45 RQ A1 21
26 Jun 2016, 095359, Simberian Inc. Frequency, [GHz] - 15
——) Mode[1] ——
i i —
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Windowing to eliminate double
reflections (de-embedding)

& Launchty ariations_WE. 2in_LB ad. Pulze; B:Launch ariations_\w'6.6in_LBad. Pulze;

W, [v] ©
03+ ' S
< > . . . N
Same window is used|for short S
026 1+ o
and long segments (Launch 3) =
021 — ' — '_ﬂii;ht +- 1.0*T_flight_short g
:
0.15 + =
o]
£
01+ n
=
(@]
0.05 1 C‘:')
.1 J I . N
IEI IZI.I25 IZI.I5 EI.I?E 1I 1.I25 1.I5 1.I?5 é 2.I25 2.I5 2.I?5 é 3.I25 3.I5 3.I?5 :1 4.I25 [ 16 ]
2B Jun 2016, 11:36:45, Simberian [ne. Time, [nz]
) ) AN[L2L B:v[1.2];
< Simberian Hewlett Packard

Electromagnetic Solutions Enterprise



Gamma extraction from TDT with windowing

Launch' anations_WE.TL_WE_B0. Simulation(1];
Atteruation, [dB Ainch]

PhazeDelay, [nzdinch]

35 = ¢
T-line model —red o; /O 018
341 laungh 1 = green +; .
Laungh 2 + blue x; i [
251 (i '
Launch 3 -+ black <>
2T : P p to 36 GHz 0175
Attenuation ~ @ .
. Br. ith launch 3
T 01725
‘I u
05 - Phase Delay 7%
s N 7 ! !
5 10 15 20 25 an 35 40 45 50

26 Jun 2016, 025707, Simberian Inc.
—] Maode[l] d—

< Simberian

Electromagnetic Solutions

Frequency, [GHz]
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Gamma extraction from S-parameters

Launch' anationz_%WE. TL_WE_B0.Simulation(1];

Attenuation, [dB finch] PhazeDelay, [nzdinch]
35 -
T4line mode| — red o; 1o 5
3
i Ldunch 1 — green|+; S
55— Launch 2 = blue x; T 01775 %
Launch 3 — black <>; /1
1 Just o/'se at the|stub T =
. ust noise : u =
Attenuation N 1 s
15T resonance location— £
101725 et
£
T »
NO DC defect in phase! ©
D Mal T 017 8
03 T raase weray o

5 10 15 20 25 a0 a5 40 45 a0
26 Jun 2016, 12:174B, Simberian Inc. Frequency, [GHz]

] Mode[1] E—

18 )

" . —/
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Test board with SMA connectors - TDR

LW e

B art—

A:Project(1].14INCH . MFP; B:Project{1). 3IMCH MFP;

Z, [Ohm]
1. 14 inch segment
_— 3 inch segmen \N _
PRI S
50 1 ﬂ/m ™
Pt Consistent launches;
er Over 2 Ohm impedance
variations in traces;
45T
1] 05 1 1 .=5 é 2?5 é 3.=5 e; 4?5 é
26 Jun 2016, 13:07:07, Simberian Inc. Time, [ms]
A1 B:=01.11:

< Simberian

Electromagnetic Solutions

—

Hewlett Packard
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Test board with SMA connectors -
TDT measurement

3.00E-01 S
1.20E+00 8
2.50E-01 E
o 1.00E+00 B
—
200801 | Computed from TDT
8.00E-01 .
Measured TDT and windowed impulses [E
1.508-01 \ . 6.00E-01 NS i %
< 3 inch segment ——3inch segment 5
X - 1 o]
R 14 inch segment oo <14 inch segment £
5.00E-02 2.00E-01 S
\ S
0.006400 0.00E+00 L—— (@®)
' 4.00E-08 4.20E-08 4.40E-08 4.60E-08 4.80E-08 5.00E-08 5.20E-08 5.40E-08 5.60E-08 5.80E-08 6.00E-08 160 2808 0o e 0 oEp e e
-2.00E-01
-5.00E-02
20 ]
] ] —
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Test board with SMA connectors -
S-parameters measurements

A:Project1]. 3AIMCH.MFP; B:Project{1). T4IMCH.MFF;
 agritude(S], [dB]

(Vo)
0+ y —
= | S
A0t M.~ S = =
~ e —

a0+ 5@ 3 inch segment
30T . =
14linch segment | = e £
o]
400 1 ¥ 0
I |
LT F { ©
-A0 i ¥ 8

i)
B0 + 3 @
o

1] 12 25 375 5 B25 VTR 87 10 1128 125 1375 18 1625 1FR 1875 20
26 Jun 2016, 12:57:14, Simberian [nc. Frequency, [GHz]
— A5/ AS[1.2]—F AS[2A] % A5[22, —= B:5[1.1];
—_—a BiS.2) ) BS[21] < BIS[2.2]:

2 )

" . —/
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[dentification on test board with SMAs

Identification. TLCircuwit{1).S imulation(1];

DC defect Attenuation, [dB finch] PhazeDelay, [hefinch]
Identification.TLCircuit['I].Simul‘?;:::s[‘lel]:;day' tnsdch] T ComF)leX Ga nma: + 0195 ©
—
1 o1es | T-line model — red *; S
2T T From measufred TDT = black; s S
0T W (@)
T 018 From Measured S-par. — green +; =
151 F Attenuation - g
101 1 o1es r—%
S Nl DQ defect in =
Toe - phase with TDT A Y <
ot o1 f T 0.18 0o}
26 Jun 2016, 130356, Simberian Inc. Frequency, [GHz] 05+ 8
Mode[1] #— — — ; =
Dielectric: WD, Dk=4.33, LT=0.017 @ 0.5 GHz | / Phase Delay ©

Roughness: MHCC, SR=0.3, RF=2 o+ | , R = \J: ———— L 157

I£I 275 é ?.IE ‘IIIII 1 2I.5 1I5 1 .'-':.5 2IIZI
26 Jun 2016, 12:58:39, Simberian Inc. Frequency, [GHz] 22 ]
——% Mode[1] #— ——;
5 g —
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Identification on test board with hand-held probes

Roughness

5B Materials: T=20[°C],...
3 "COPPER", RR=1, SR=0.575, RF=2.392, RM=MHCC
! c g

-€ "Insulator(1)", Dk=3.93326, LT=0.0133, PLM=WD, Dk(0)=4.46, Dk(inf)=3.69

'€ "Insulator(2)”, Dk=3.68, LT=0.013, PLM=WD, Dk(0)=4.17, Dk({inf)=3.47

=M StackUp: LU=[mil], NL=10, T=61.28[mil]

1| Signal: "TOP", T=2.1, Ins="Air", Cond="COPPER"

2| Medium: T=4.18, Ins="Insulator(1)", DIE_002

3| Plane: "L2_GND1", Cond="COPPER", T=1.25, Ins="Insulator(1)"
4| Medium: T=6, Ins="Insulator(1)", DIE_004

5| Signal: “L3_SIG1", T=1.25, Ins="Insulator(1)", Cond="COPPER"
6] Medium: T=5.38, Ins="Insulator(1)", DIE_00&

7] Plane: "L4_GND2", Cond="COPPER", T=1.25, Ins="Insulator(1)"
8| Medium: T=4, Ins="Insulator(1)", DIE_008

9| Plane: "L5_PWR", Cond="COPPER", T=1.25, Ins="Insulator(1)"
- 10| Medium: T=7.47, Ins="Insulator(1)", DIE_010

== 11| Plane: "L6_PWR", Cond="COPPER", T=1.25, Ins="Insulator(1)"
B 12| Medium: T=4, Ins="Insulator(1)", DIE_012

== 13| Plane: "L7_GND3", Cond="COPPER", T=1.2, Ins="Insulator(1)"
. 14| Medium: T=5.6, Ins="Insulator(1)", DIE_014

== 15| Signal: "L8_SIG2", T=1.2, Ins="Insulator(1)", Cond="COPPER"
. 16| Medium: T=6, Ins="Insulator(1)", DIE_016

mm 17| Plane: "L9_GND4", Cond="COPPER", T=1.2, Ins="Insulator(2)"
. 18] Medium: T=4.5, Ins="Insulator(1)", DIE_018

== 19| Signal: "BOTTOM", T=2.2, Ins="Air", Cond="COPPER"

Very inexpensive and quick!

< Simberian

Electromagnetic Solutions

Attenuation, [Mp/inch]

Line Line Fitting.L8-T ranzmizsion Line. TRSimulation;

Dielectric (WD) |

EpsEffective, ]

J Complex Gamma T8
T-line model — red;
vzt —From measured TDT = black; 155
From Measured S-par. - green;
"B Attenuation 1s
01T
T 45
0.0s + Effective Dk
rd

258 L] 7h 10 1258
18 0ct 2016, 11:38:45, Simberian Inc.

————% Mode{l] O— — —;

20
Frequency. [GHz]

Hewlett Packard
Enterprise
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Identification on CMP-28

* Dielectric: Wideband Debye dielectric model with Dk=3.8 (3.66), LT=0.0117 @ 1 GHz;| Models are usa

* Conductor roughness: modified Hammerstad model with SR=0.32 um, RF=3.3 even above 50
Complex Gamma (SPP Light with S-parameters)
Attenuation, [dB/inch] GroupDelay, [ps/inch]
Measured L redand blue lines | | 1a0 S
— ) 1 1 E
3 Model — green lines with 51.51;? —— Launch =
l—}ttenuat on +175  localization é
24 [ 1 | - | break £
E | n
+ 170 S
T = o 1 165 ©
- * - E\L:ﬂ----— e e
CMP-28 channel modelling platform from '
Wild River Technology 011 | 1 T J -+ 180

20 )

http://www.wildrivertech.com/ A
07 Jun 2015, 10:37.26, Simbetian Inc. Frequency, [GHz]
——# Mode[1] #=————;
- - Simbeor EDA Kit (complete validation process): —
<0
Simberian http://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf E::;Egﬁ;ackard
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Conclusion

* SPP technique has advantages over more complicated de-
embedding techniques or simplistic like Delta-L —
standardized, inexpensive, extendable, accurate, usable at
design and manufacturing stages,...

SPP technique can be simplified from 9 to 4 steps (SPP Light)
SPP Light with S-parameters removes reflections and extends
frequency range of SPP up to 50 GHz for PCB applications

* Further work — investigate sensitivity and improve dielectric
and conductor roughness model separation with additional
test structures
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