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Introduction

0 Design of PCB and packaging interconnects for data links running at
bitrates 28-32 Gbps and beyond is a challenging problem:

= It requires electromagnetic analysis over extremely broad frequency bandwidth
from DC to 40-50 GHz

= No frequency-continuous dielectric models available from manufactures
= No conductor roughness models available from manufacturers

= Boards are not manufactured as designed — large variations and manipulations
by manufacturers

= Making accurate measurements over this bandwidth is difficult

O How to design interconnects and have acceptable analysis to
measurement correlation from DC up to 40-50 GHz systematically?

= Systematic validation or benchmarking process is the key:
Making sure that interconnect analysis software is accurate, measurements done
properly and board is manufactured as designed

= CMP-28/32 channel modeling platforms is designed to illustrate and facilitate
systematic analysis to measurement validation process...
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Simbeor Kit for CMP-28/32

o CMP-28/32 Channel Modeling Platform
was developed by Wild River
Technology to promote systematic
approach to interconnect analysis to
measurement validation up to 40/50
GHz or up to 28/32 Gbps

O It contains 27 micro-strip and strip-line
interconnect structures equipped with
2.92 mm (CMP-28) and 2.4 mm (CMP-
32) connectors and can be used to
validate signal integrity simulators or
measurement technique

O Simbeor electromagnetic signal
integrity software from Simberian Inc.
was used to design the platform and is
used here to illustrate all elements of
the analysis to measurement validation
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Materials and stackup

=88 Materials: T=20[°C]....

-J "10Z_COPPER", RR=1, SR=0.4, RF=2, RM=MHCC
3% "PLATED_107Z_COPPER", RR=1, SR=0.4, RF=3.5, RM=MHCC LAMNE_2
E "Air"

"Solder_Mask", Dk=3.85, LT=0.02, PLM=WD, Dk(0)=4.64, Dk(inf)=3.4
"FR408HR_SL", Dk=3.815, LT=0.0117, PLM=WD, Dk(0)=4.27, Dk(inf)=3.55
"FR408HR_MS", Dk=3.815, LT=0.0117, PLM=WD, Dk(0)=4.27, Dk(inf)=3.55
=188 StackUp: LU=[mil], NL=8, T=93.6[mil], CSM=("Solder_Mask", 2.5[mil])

..mm 1| Signal: "TOP", T=2.25, Ins="Air", Cond="PLATED_10Z_COPPER" LANE 4
- 2] Medium: T=7.55, Ins="FR408HR_MS", DIE_003 -
..mm 3| Plane: "PLANE_2", Cond="10Z_COPPER", T=1.3, Ins="FR408HR_SL", Rough
-l 4] Medium: T=12, Ins="FR408HR_SL", DIE_005

..mm 5| Signal: "SIGNAL_3", T=1.3, Ins="FR408HR_SL", Cond="10Z_COPPER"

-l 6] Medium: T=10.6, Ins="FR408HR_SL", DIE_007

..mm 7| Plane: "PLANE_4", Cond="10Z_COPPER", T=1.3, Ins="FR408HR_SL"

- 8] Medium: T=21, Ins="FR408HR_SL", DIE_009

..mm 9| Plane: "PLANE_5", Cond="10Z_COPPER", T=1.3, Ins="FR408HR_SL"

-l 10| Medium: T=10.6, Ins="FR408HR_SL", DIE_011

.mm 11| Signal: "SIGNAL_6", T=1.3, Ins="FR408HR_SL", Cond="10Z_COPPER"

-l 12| Medium: T=12, Ins="FR408HR_SL", DIE_013

.mm 13| Plane: "PLANE_7", Cond="10Z_COPPER", T=1.3, Ins="FR408HR_SL", Rough
-l 14| Medium: T=7.55, Ins="FR408HR_MS", DIE_015

.mm 15| Signal: "BOTTOM", T=2.25, Ins="Air", Cond="PLATED_10Z_COPPER"

Stackup confirmed by board manufacturer b
Materia| mode|s Confirmed and |dent|f|ed in 16 Sep 2014, 043,42, Simberian Inc. 30 View Mode [press <E» to Edit),
Simbeor (see the material identification section)

SIGHAL 3
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CMP-28 Simbeor Kit folders

|dentification and validation of material models with single-
1_Materialldentification }/ ended and differential line segments
|

Z2_MaterialValidationDifferentia

3-Microstripsingle(D «—— Validation for microstrip single-ended structures
4 MicrostripSingle(2)
5_MicrostripDifferential(1) Validation for microstrip differential structures

6_MicrostripDifferential(2)
7_MicrostripDifferentialXTalk(3)

J

}

J

}

J

: Validation for strip single-ended and differential structures
. 8 StripSingle(1) Measured data in Touchstone format and optionally board
J

}

J

}

J

}

J

9StripSingle(2) design (brd or ODB++ files available with CMP platform only)
10_StripDifferential{1)
CMP-zZ_Rew:; / Synthesis of connector model from measured data

ConnectorModel
docs €
MicrostripDifferentiaCutOut

Supplemental docs from board manufacturer (available with
CMP platform only)

ModelsToReUse \
*1] CMP-28_Simbeor Kit_Guide.pptx Touchstone models created in Simbeor solutions for re-use
= 5 gil A e . _
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Microstrip (MS) single-ended (SE) planar
structures

TOP —red
BOTTOM — green
Just 2 layers are
visible in Simbeor
Board Analyzer

5) MS SE whiskers
(J67-J68)

3 MlcrostrlpSlngIe(1) B g S e % segment (J1-J2)

7) MS SE Multi-Z
(J31-432)

2) MS SE 8-inch _ LE S g DRI U - SR

segment (J3-J4) . T T ,4& . 3)MS SEBeatty
6) MS SE Multi-Z 7 (J25-J26)
(J29-J30) :f

o 4)MSSEStUb

. . resonator (J21-J22)

lf”f.-"'; Ba
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Microstrip (MS) single-ended (SE) structures
with discontinuities in reference conductor

o _
TOP —red ERR o (T \
Just 2 layers are TR TS o , T <———- capacitive vias

shown in Simbeor

S0 (U65-J66)
Board Analyzer .

% g)MS SE with
- ¥ _~ voids in GND

10) MS SE with N
N7 plane (J74-J73)

inductive via (J15- J16) &

~ 11) MS SE with
=8 T capacitive via
9) MS SE with o (J19-J20)
graduate coplanar - g st
section (J69-J70)

Solutlon

= z l .-J
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Microstrip (MS) differential (DF) structures

BOTTOM —green - - € . -
Just 2 layers are NG
shown in Simbeor & '
Board Analyzer

il 13) MS DF 2-inch
<d segment (J33'
e - J34-J37-J38)

14) MS DF 6-inch o o o :;

segment (J41- e o g e Ty o
J42-J45-J46) R O T BT B N

Solution: g A .
5 _MicrostripDifferential(1) -~ . Tg

l .-J
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Microstrip (MS) differential (DF) structures

TOP —red
BOTTOM - green
Just 2 layers are
shown in Simbeor
Board Analyzer

¢ 15)MS DF
—O  segment with void
& in GND plane (J55-
8 J56-J59-J60)

Solution: T o B 5 T~ 16) MS DF

6_MicrostripDifferer ﬂ%/(Z) T w7 segmentwith
o g T vias (J49-J50-

fi - Lo Ry T g R gl L J51-052)

\ r 2 ] .-J
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Microstrip (MS) differential (DF) structures

TOP —red
BOTTOM - green
Just 2 layers are
shown in Simbeor
Board Analyzer

17) MS DF X-talkk &= g
J61-J64-J71-J72)

Solution: B LR

7 Mlcrostrlleffer' 3_ \tg X ': """ . 5' , SR 2N

i .-J
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Strip line (SL) single-ended (SE) and
differential (DF) structures

SIGNAL_3 - blue
SIGNAL_6 — light blue | S
Just 2 layers are shown ||

in Simbeor Board
Analyzer

Solutions
8_StripSingle(1)

18) SL SE 2-inch

20) SL SE Beatty
segment (J15-J16)

25 Ohm (J27-J28) | S8

19) SL SE 8-inch
segment (J17-J18)

21) SL SE stub =
resonator (J23-J24 N e

> Sj = wild oy
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Strip line (SL) single-ended (SE) and
differential (DF) structures

SIGNAL_3 — blue
SIGNAL_6 —light blue |
Just 2 layers are shown | .

gyl 25) SL SE 2-inch
1 segment inductive

in Simbeor Board
Analyzer

Solution:
9 StripSingle(2)

launch (J9-J10)

24) SL SE 2-inch
segment capacitive

launch (J11-d12)
23) SL SE with
back-drilled via

(J13-J14)
22) SL SE with
capacitive via
(J17-418)
\ Simberian Wi !-"‘E 9/24/2014 © 2014 Simberian Inc. 12
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Strip line (SL) single-ended (SE) and
differential (DF) structures

SIGNAL_3 - blue
SIGNAL_6 — light blue | S
Just 2 layers are shown ||

in Simbeor Board
Analyzer

Solution: Ha s
10_StripDifferential(1) =

26) SL DF 2-inch
segment (J15-J16)

27) SL DF 6-inch
segment (J15-J16)

> Sj = wild oy
lmberlan /, 9/24/2014 © 2014 Simberian Inc. 13
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Analysis to measurement validation steps

1. Use VNA to measure S-parameters and validate quality
of the measurements

2. Get board geometry adjustments (stackup and trace
widths) from manufacturer (if any) and use consistently
in the material identification and the analysis (use cross-
sectioning if no data provided)

3. ldentify broad-band dielectric and conductor roughness
models with GMS-parameters

4. Simulate all structures with the identified or validated
material models and confirmed adjustments consistently
and compare with the measurements (no further
manipulations with data)

« . i1lAl
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Step 1: Preliminary measurement quality
estimation for single-ended structures

Folder:

.\CMP-28 Simbeor_Kit Rev4\CMP-

28 Rev4\Touchstone_ Files\1stcal _single ended

Touchstone Analyzer |

14k X

ElEEL

File name

Quality Passivity Reciprocity Causality

)

| CARepositony\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_Files\1stcal_sin... |

a cmp28_gnd_voids_p1J74_p2J75.52p

a cmp28_graduated_coplanar_p1J70_p2J69.s52p
a cmp28_mstrp_2in_p1J1_p2J2 s52p

a cmp28_mstrp_8inch_p1J4_p2J3.s2p

a cmp28_mstrp_Beatty_25ohm_p1J25_p2J26.52p
a ecmp28_mstrp_multiZ_p1J31_p2J32.52p

a cmp28_mstrp_p1J30_p2J29.52p

a cmp28_mstrp_resonator_p1J22_p2J22 52p

a cmp28_mstrp_whiskers_p1J68_p2J67.s2p

a ecmp28_strpl_2in_50chm_p1J6_p2J5.52p

a cmp28_strpl_2in_Capacitive_p1J10_p2J09.s2p
a ecmp28_strpl_2in_Inductive_p1J12_p2J11.52p
a cmp28_strpl_8inch_p1J7_p2J8.52p

a cmp28_strpl_Beatty_250hm_p1J28_p2J27 52p
a cmp28_strpl_resonator_p1J23_p2J24 s2p

a cmp28_via_pathology_p1J65_p2J66.52p

PASSED!

" Simberian
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Step 1: Preliminary measurement quality
estimation for differential and via structures

Touchstone Analyzer ‘ 1 Pb x

=& @ Folders: .\CMP-
File name Qually. Pessiviy Recprocly Causally = | 98 Simbeor_Kit_ Rev4\ CMP-

Ch\Repositon/\Simbeor\CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_| Flles\ancaI d

aCaI Thru_3p74ns_p1_p2.s2p - ---------------------------------- - ------------------------------------------ - --------------------------------- 28_R9V4\ TOUChStOne_FlleS\

Q cal.th_sprans_ps._piszp a——— 2ndcal_differential and

(@ cmp28_mstp_diff_2inch_J38.37J34J33 54p - 100 | 998 | 714 | —

& cmp28_mstip_diff_6inch_J464514241 s4p - 100 998 731 3rdcal vias 2sided

@ cmp28_mstrp_diff_gnd_cutout_J59J60J55056.54p - 100 | 998 897 - -

(D cmp28_mstrp_diff_xtalk_J57.58J53.54 s4p - 100 998 | B56

(D cmp28_mstrp_diff_xtalk_J57.J64J53.72 s4p - 100 | %98 | 772

(D cmp28_mstrp_diff_xtalk_J57J71J53J61.s4p - 100 938 | 662

(D cmp28_mstrp_diff_xtalk_J57J72J53J64 s4p - 100 999 | 678

(D cmp28_mstrp_diff_xtalk_J64.J72J58.54 s4p - 1000 938 | 679

(@ cmp28_mstrp_diff_xtalk_J71J58J61J54 s4p - 100 999 | 669

(D cmp28_mstrp_diff_xtalk_J71J72J61J64.s4p - 100 | 997 | B0 PAS S E D '

(D cmp28_mstrp_diff_xtalk_J72.J58J64.J54 s4p - 100 938 | 636

(D cmp28_stipl_diff_2inch_J39.J40J35.36 s4p - 100 %98 | 713

(D cmp28_stipl_diff_Binch_J47.48J43J44 s4p - 100 %99 783
Ch\Repositon/\Simbeor,CMP-28_Simbeor_Kit_Rev4\CMP-28_Rev4\Touchstone_Files\3rdcal_vi...

0 Cal_Thru_3p74ns_p1_p2_wias.s2p -
0 Cal_Thru_3p74ns_p1_p2_vias_rpts2p -
0 Cal_Thru_3p74ns_p3_p4_vias.s2p -
0 cmp28_mstrp_diff_vias_J49J50J51J52 s4p -
0 cmp28_mstrp_via_capacitive_p1J19_p2J20.52p -
0 cmp28_mstrp_wvia_inductive_p1J15_p2J16.52p -
0 cmp28_strpl_via_backdrilled_p1J14_p2J13.52p -
0cmp28_strp|_via_capacitive_mJ18_p2J1?.st -

©
~
&
~
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o
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Step 1: Final quality estimation with rational
compact model (RCM)

Select all files in TA and push Build RCM button on the “Model Conversion and Quality Estimation Tools”
panel (RCM options “Extrapolate to infinity” and “Extract Delay” and “Auto-adjust” are OFF)

Touchstone Analyzer |
FlEFELC]
File name Quality Passivity Reciprocity Causality
CARepositon\Simbeor\CMP-28_Simbeor_Kit_Rev\CMP-28_Rev4\Touchstone_Files\ 1stc...
@ cmp28_gnd_voids_p1J74_p2J75.52p 995 100 994 -
@ cmp28_graduated_coplanar_p1J70_p2J69.s52p 99.7 100 995 -
@ cmp28_mstrp_2in_p1J1_p2J2 s52p 995 100 997 -
(D cmp28_mstip_8inch_p1J4_p2.J3.52p 997 100 998 - PASSED!
@ cmp28_mstrp_Beatty_25ohm_p1J25_p2J26.52p 996 100 994 -
@ ecmp28_mstrp_multiZ_p1J31_p2J32.52p 996 100 993 -
@ cmp28_mstrp_p1J30_p2J29.52p 996 100 998 -
@ cmp28_mstrp_resonator_p1J22_p2J22 52p 99.7 100 997 -
(@ cmp28_mstrp_whiskers_p1J68_p2J67.s2p 995 100 998 - Quality estimation is just an example —
@ cmp25_strpl_Zin_S00hm_p1J6_p2J5s2p NN N — : all Touchstone models in Simbeor
@ cmp28_strpl_2in_Capacitive_p1J10_p2J09.s2p 995 100 995 - . .
@cmpES_strpI_Ein_Inductjve_mJ12_p2.J11.52p 995 100 994 - SOIUtlonS have pre .bUI/t RCM mo_dels
@ cmp28_strpl_8inch_p1J7_p2J8.s2p 996 100 997 _ used for TD analysis and validation!
@ cmp28_strpl_Beatty_250hm_p1J28_p2J27 52p 99.7 100 994 -
(@ cmp28_stpl_resonator_p1J23_p2J2452p il IR L - See how to do it in demo-videos #2011_01 and
@ cmp28_via_pathology_p1J65_p2J66.52p 996 100 998 - v 2011 02 at
< > http.//www.simberian.com/ScreenCasts.php...
1Al s
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Step 1: Final quality estimation with rational
compact model (RCM)

Select all files in TA and push Build RCM button on the “Model Conversion and Quality Estimation Tools”
panel (RCM options “Extrapolate to infinity” and “Extract Delay” and “Auto-adjust” are OFF)

Touchstone Analyzer |
FlEFELC]
File name Quality Passivity Reciprocity Causality
CARepositon\Simbeor\CMP-28_Simbeor_Kit_Revd\CMP-28_Rev4\Touchstone_Files\2nd...
@ ecmp28_mstrp_diff_2inch_J38J37J34J33.54p 995 100 99.3 -
(G cmp28_mstip_diff_6inch_J46.45J42J41 s4p 996 100 99.3 -
@ cmp28_mstrp_diff_gnd_cutout_J59J60J55J56.54p 995 100 99.3 -
(D cmp28_mstip_diff_xtalk_J57.58.J53J54 s4p 995 100 99.3 -
(D cmp28_mstip_diff_xtalk_J57.64J53J72 s4p 996 100 99.9 - PAS S ED!
(D cmp28_mstip_diff_xtalk_J57.71J53J61.s4p 996 100 99.9 -
(D cmp28_mstip_diff_xtalk_J57.72J53J64 s4p 996 100 99.9 -
@ cmp28_mstrp_diff_xtalk_J64J72155J54 s4p 995 100 999 -
(D cmp28_mstip_diff_xtalk_J71.58J61J54 s4p 995 100 99.9 -
(D cmp28_mstip_diff_xtalk_J71.72J61J64.s4p 995 100 99.7 -
@ cmp28_mstrp_diff_xtalk_J72J58)64J54 s4p 996 100 999 -
(D cmp28_strpl_diff_2inch_J39.40.35.36 s4p 995 100 99.8 - Qualit timation is iust |
(D cmp28_strpl_diff_Ginch_J47.48.J43J44 s4p 993 100 99.9 - uaiity estimation IS jUS. an_ exampie —
CA\Repositon\Simbeor\CMP-28_Simbeor_Kit_Revd\CMP-28_Revd\Touchstone_Files\3rd... a” Toychstone mOdeIS. In Slmbeor
& Cal_Thn_3p74ns_p1_p2_vias.s2p 95 100 994 ; Solutions have pre-built RCM models
(@ CalThru_3p74ns_p1_p2_vias_rpts2p 968 100 99.2 - used for TD analysis and validation!
a Cal_Thru_3p74ns_p3_p4_vias.s2p 97 100 995 -
cmp28_mstrp_diff_vias_J49J50J51J52 54 989 100 9938 - . .
@ cmpz8_mstp._ T ? See how to do it in demo-videos #2011 _01 and
@cmp28_mstrp_\f|a_capacmve_p1J19_p2J20.52p 996 100 992 - 2011 02 at -
acmp28_mstrp_via_inductive_m..I15_p2J16.92p 983 100 996 - — a . .
& cmp28_strpl_via_backdilled_p1J14_p2J13.52p 977 100 99.4 i http://www.simberian.com/ScreenCasts.php ...
a cmp28_strpl_via_capacitive_p1J18_p2J17.52p 934 100 99.7 -
. o
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Step 2: Board geometry adjustments

O Stackup is adjusted from data provided by manufacturer

O Single-ended width adjustments before analysis in
Simbeor Board Analyzer (to match the impedance
observed on TDR):

= Micro-strip single-ended line widths are adjusted from 14.5 to
13.5 mil

= Strip line single-ended widths are adjusted from 11.0 to 10.5 mil

O All other widths and dimensions are exactly as in the
board design (may need consistent adjustments as
follows from the validation)

« . i1lAl
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Step 3: Identify material models

O Generalized Modal S-parameters (GMS-parameters) is the best way to
identify broadband material models (patented by Simberian)
= Use TDR to verify identities of the launches and t-lines
= Use Phase Delay of GM transmission to identify/confirm dielectric constant
= Use GM Insertion Loss to identify/confirm loss tangent and roughness
O Use data from manufactured (Isola FR408HR and Taiyo solder mask) as the
starting point to identify dielectric models

O Use 2 and 8 inch strip line segments to validate FR408HR model and identify
Modified Hammerstad conductor roughness model (Solution
1_Materialldentification)

O Use 2 and 8 inch micro-strip line segments to confirm FR408HR model and
validate and identify Modified Hammerstad conductor roughness model for
TOP/BOTTOM layers (1_Materialldentification)

O Use 2 and 6 inch differential strip and microstrip line segments to
confirm/correct material models (2_MaterialValidationDifferential)

See App Notes #2014 _02 and 2014 _03 for details on identification with GMS-parameters at
http.//www.simberian.com/AppNotes.php

« . i1lAl
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Step 3: Dielectric and conductor roughness

model identification with strip line

A:Measured.sl_Binch.Simulation{1); B:Model.sl_Ginch.Simulation{1};

Magnitude(S), [dB] Phase Delay, [ns]
0 $\g . : ' ; o +1.05
| T O EET L3
I \ R +1.0375
-5 __%Ig m Tosen 201013 T et - R .|
\ﬁ=§ 4 +1.025
. i < . Measure# (stars)
I 5 - 0
¢ GM Insertion Loss el Model (circles) | 10125
\
_15 1 ‘.}%~ A 1 1
~— GM Phase Delay
00 + B it SR A ” T 0.9875
\:7-_ _'-*"-"-"-"'-*'-'Jr_—--cﬁk_—-:.":: —_;_.—:\:‘E?_ e S
5 10 15 20 25 30 35 40 A5 50
16 Sep 2014, 131351, Simberian Inc. Frequency, [GHz]
——— ASm[In1{M11In2(M1}] *— — — —; ———0 B:Sm[In1{M1},In2{M1}] 0= —— —;

Solution:
1_Materialldentification;
Simbeor SFS solver;

GM - Generalized
Modal (reflection-less);

About 35 GHz useful
bandwidth from the
measured data due to
mechanical differences;

Models are usable
up to 50 GHz!

GMS parameters computed from S-parameters measured for 2 and 8 inch strip line segments

(red and blue lines) and modeled for 6 inch strip line segment (brown and green lines):

FR408HR model: Wideband Debye, Dk=3.815 (3.66), LT=0.0117 @ 1 GHz;
Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=2;

Electromagnetic Solutions

- - i I -
 Simberian & VG 9/24/2014 © 2014 Simberian Inc.
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Step 3: Dielectric and conductor roughness
model identification with micro-strip line

A:Measured.ms_6inch.Simulation{1); B:Model.ms_6inch_em.Simulation{1);

Magnitude(5), [dB] Phase Delay, [ns]
Solution:
\ 105 1_Materialidentification;
T~ Simbeor 3DML solver;

GM - Generalized

T

+1 Modal (reflection-less);
10 4+ /
<€

4 GM Insertion Loss \K\h\ Model (circles)
15 + <y A +095

1 GM Phase Delay “4 ,
20 T \*---.t — _,g.--::@:aa,-—-——éfp' NSt 1og

=== -::::@@::ﬁ;"_% T \ Models are usable

0 5 10 15 20 25 30 35 40 45 50 up to 50 GHz!

16 Sep 2014, 13:17:01, Simberian Inc. Frequency, [GHz]
— A Sm[In1(M1),In2{M1}] #————; ——= B:Sm[In1{M1},In2{M1)] °0————;

GMS parameters computed from S-parameters measured for 2 and 8 inch micro-strip line segments
(red and blue lines) and modeled for 6 inch micro-strip line segment (brown and green lines):
FR408HR model: Wideband Debye, Dk=3.815 (3.66), LT=0.0117 @ 1 GHz (same as for strip);
Taiyo solder mask model: Wideband Debye, Dk=3.85 (3.9), LT=0.02 @ 1 GHz;

Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=3.5;

« . 1Al e
- Simberian y A 9/24/2014 © 2014 Simberian Inc. 22
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Step 3: Dielectric and conductor roughness
model identification with differential strip line

A:Measured.sl_dinch.Simulation{1); B:Model.sl_4inch.Simulation{1};

Magnitude(S), [dB] Phase Delay, [ns]
0 - ' : ' — L.
T Solution:
1971 2 Materialldentification
2.5 7 . Differential:
T - 107  Simbeor SFS solver;
] leasured (stars) 1069  GM - Generalized Modal
\ . (reflection-less);
. S\ Model (circles)!| | oes
. Odd modes: red, blue,
ey, /\ 1 067 brown and green lines;
-10 e SR Even modes: orange, light
Phase Delay \ logs Plue and green lines;
H
1257 ‘ I ooty e i o — v ,\\& Even modes — less then 1
, , ! ! It s s . 0 1065 pbs/inch difference in phase
0 5 10 15 20 25 30 35 40 45 50 delay;
1 Sep 2014, 14:04:04, Simberian Inc. Frequency, [GHz]
—— ASm[IN1(M1}In2(M1)] #————; —— A:Sm[In1(M2),In2(M2)] *— ———;
—9 B:Sm[In1{M1},In2(M1)] O ———; ——= B:Sm[In1{M2},In2(M2}] °————;

GMS parameters computed from S-parameters measured for 2 and 6 inch differential strip line
segments (lines with stars) and modeled for 4 inch diff. strip line segment (lines with circles):
FR408HR model: Wideband Debye, Dk=3.78 (3.66), LT=0.0117 @ 1 GHz — optionally strip layer
can be filled with resin with smaller Dk to have modes propagate with different speed;
Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=2;

jildd

- Simberian y A 9/24/2014 © 2014 Simberian Inc. 23
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Step 3: Dielectric and conductor roughness
model identification with micro-strip line

A:Measured.ms_4inch.Simulation{1); B:Model.ms_4inch_em.Simulation{1});

Magnitude(5), [dB] Phase Delay, [ns]
0 -
1 0.6625 Solution:
, 2_Materialldentification
25 — , )
puave.2 {065 Differential;
i Simbeor 3DML solver;
-5 4 —
ion L ith st 19937 GM - Generalized Modal
75 - rtion L : : [ Sl (reflection-less);
1 GM P Del ith circles | 1 0.625
b TP nase Delay (even o Odd modes: red, brown,
A0 17 il = £ T A _*_>_ et i I : T 06125 blue and green lines;
L TH-\tel——ef =8 " e, Even modes: orange, light
125 \ T06 blue and green lines;
GM Phase Delay (odd)
I M > loss7s  Even mode - about 1 ps/inch
| “‘@-@%Mﬁ,ﬁm@ww | | | . difference in phase delay;
0 5 10 15 20 25 30 35 40 45 50
16 Sep 2014, 141017, Simberian Inc. Frequency, [GHz]
—— ASm[In1{M1},In2(M1)] *————; ————* A:Sm[In1{M2),In2(M2}] *————;
——9 B:Sm[In1{M1},In2{M1}] 0—— ——; ———= B:Sm[In1{M2),In2{M2)] °————;

GMS parameters computed from S-parameters measured for 2 and 6 inch micro-strip line segments
(red and blue lines) and modeled for 4 inch micro-strip line segment (brown and green lines):
FR408HR model: Wideband Debye, Dk=3.815 (3.66), LT=0.0117 @ 1 GHz (same as for strip);
Taiyo solder mask model: Wideband Debye, Dk=3.85 (3.9), LT=0.02 @ 1 GHz;

Conductor roughness model: Modified Hammerstad, SR=0.4 um, RF=3.5;

. . gil Al .'
S S’mber’an : 1 : 9/24/2014 © 2014 Simberian Inc. 24
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Step 4: Simulate all 27 structures and
compare with the measurements

O Synthesize model for 2.92 mm connector with 2.4 mm adapter from
measured S-parameters

O Compute and compare S-parameters for all structures (complete
adapter-to-adapter links)

= Compare simulated and measured magnitudes and phase/group delays
in terminal and mixed-mode space up to 50 GHz

O Compute TDR from simulated and measured S-parameters and
compare for all structures

= Use rational compact models and Gaussian step with 20 ps 10-90% rise
time
0 Compute eye diagrams for 28 Gbps PRBS signals from simulated
and measured S-parameters and compare for selected structures

See demo-videos #2013 01 and 2013 _02 to see how to do post-layout analysis with
geometry adjustments in Simbeor Board analyzer

« . i1lAl
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 25
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Synthesis of connector model

O Connector model is synthesized from S-parameters measured for two pairs
of 2.4-2.92 mm adapter and 2.92 mm connectors connected back-to-back

O The model is constructed by matching measured magnitude and phase of
transmission and reflection parameters to model composed with 4 coaxial
line segments:

CTL1 CTLZ CTL3 CTLA 102
- A|01_._|O2A|O1_._IOZA|O1_._|02A|O1_._|02A -

A:Project{1).smt_2p92_kt_pair?2_s2p.Simulation{1); B:Project{1).male_male_kt.Simulation{1});

16 Sep 2014, 19:00:18, Simberian Ine. 7 [Ohm]
L]

55 +
. . . i - D
See details in Solution ﬁ I1\-/ID Rc‘fr‘:rg_sd parr]alr::eltgrs
ConnectorModel; so5 L easured. dash fines,
' ‘ Model: solid|brown line
2
Model S-parameters are saved to I?\ . VA e
connector 2p92_kt.s2p file in 5o | S S R o Soit St -
ModelsToReUse for further use;
475 +
0 0.1 02 03 0.4 05 06 0.7
16 Sep 2014, 15:05:10, Simberian . Time, [ns]
———— AINAL ———— AZ22L B:Z[1,11;
- Simberian y At !d 9/24/2014 © 2014 Simberian Inc. 26
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1) 2-inch microstrip line segment

- MS SE 2-inch segment (J1-J2)
./ Solution: 3_MicrostipSingle(1)
o Measured:

’ ::f cmp28_mstrp_2in_p1J1_p2J2.s2p
@ Selector/Project/Circuit:
s ¥ MS_SE_2in_J1_J2

Board Analyzer:

Trace width is adjusted (14.5 to 13.5 mil);
2 discontinuity selector for the launches (identical);
See also notes on next slide and in the solution;

30 Yiew Mode [prezs <E» to Edit).

16 Se |:|2D'|4151E|52 Sirmberian he

- - 1.~ -." E; 1 3' .;' N =
- Simberian HHOTRRTES 9/24/2014 © 2014 Simberian Inc. 27
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1) 2-inch microstrip line segment:
De-compositional analysis

Soard Anayzer: Trace width is adjusted in BA

Simbeor 3DML (with
wHF dispersion)

Connector + adapter
model (added) -

Connector + adapter
model (added)

Connector + Launch are also
simulated separately in
PCB/MS_ConnectorAndLaunch
for further reuse

See also solution notes for
MS SE 2-inch segment

press <Ex to Edit].

= z il Al e .'
- Simberian Vi - 0/24/2014 © 2014 Simberian Inc. 28
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1) 2-inch microstrip line segment:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_2in_p1J1_p2J2 MFP;
B:MS_SE_2in_J1_J2.MS5_SE_2in_J1_J2.Simulation{1};
Magnitude(S), [dB]

0__
-10 + - R
Reflection W p VIV

MS Launch looses the
localization at about 30 GHz:
Distance from signal via to
stitching vias is about quarter
of wavelength at 30 GHz — we
cannot expect correlation
above that frequency!

207 Though, the impedance of the
| .-; return path remains low due to
a0l y ; plenty of stitching vias.
r Measured: lines with|stars
Model: lines with circles
-40 +
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 08:55:17, Simberian Inc. Frequency, [GHz]
—— AS[1,1], —* AS[12], — ASPR1;, — AS[2.2];
——o B:S[1,1; ——= B:S[1.2];
- - II !l“ll - -l b i '_ . .
- Simberian Vit 9/24/2014 © 2014 Simberian Inc. 29
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1) 2-inch microstrip line segment:
Transmission phase and group delay

A:Measured.cmp28_mstrp_2in_p1J1_p2.J2 MFP;
B:MS5_SE_2in_J1_J2.MS_SE_2in_J1_J2.Simulation(1});

Phase Delay, [ns] Group Delay, [ns]
1
I'+09
075 + : : l
Measured: lines with stars b
Model: lines with circles G 708
07 + ¥
5, T07
Group Delay kP ]
0.65 T# i . T 0.6
>
glﬁ«-—;m = TN
™ T 05
06
i T 04
Phase Delay
0.55 11 < \ — 03
4 102
05 T
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:27:49, Simbsrian Inc. Frequency, [GHz]
—# AS[1,2] #————; — AS[2,1] ¥ ———; — B:S[12] O————;
- - I:Ii‘l " Trala . .
< Simberian ' Wiiiniv e 9/24/2014 © 2014 Simberian Inc.
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1) 2-inch microstrip line segment:

TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_2in_p1J1_p2J2 MFP;
B:MS_SE_2in_J1_J2.MS_SE_2in_J1_J2.Simulation{1};

Z, [Ohm]
HoH
5375 +
525 T Model(blue)
4
51.25 T ﬂi /U{ V}\c N
50 “%’ ..-...——F‘I
MW:%WM
4875 + \J
Measured (red and orange)
475 +
0.1|25 0.|25 0.?;75 0:5 0.6|25 0.':’5 0.8|75 1I 1.1|25 1.|25 1.3l75 1.I5
17 Sep 2014, 09:12:58, Simbsriar Inc. Time, [ns]
AT A22); B:Z[1,1];
. 2 e
< Simberian Wil 9/24/2014

N

Electromagnetic Solutions tec h no | ogy

© 2014 Simberian Inc.
© 2014 Wild River Technology LLC

Variations of impedance along
the traces visible here
indicates that either trace
width is varying or dielectric is
inhomogeneous (or both);
This is not accounted for in
the model and explains
differences in the reflection.
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1) 2-inch microstrip line segment:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.cmp28_mstrp_2in_p1J1_p2J2.EYE; B:MS_SE_2in_J1_J2.M5_SE_2in_J1_J2.EYE;

V. V]

05T

0375 1

025 1

0125 +

Eyes are on top of
each other!

0__

-0.125

025

037 + 7

0 0.01 0.02 0.03 0.04 0.05
17 Sep 2014, 09:15:54, Simberian Inc.

AV1.2];

B:V[1,2];

9/24/2014

< Simberian /, .:u

Electromagnetic Solutions tec h I"I s | 0 g y

0.06 0.07
Timelnterval, [ns]

© 2014 Simberian Inc. 32
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2) 8-inch microstrip line segment

~ MS SE 8-inch segment (J3-J4)
9 Solution: 3_MicrostipSingle(1)
=/ Measured:
. cmp28_mstrp_8in_p1J4_p2J3.s2p
- Selector/Project/Circuit:
| MS_SE 8in_J4 J3

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches are set to re-use
PCB/MS_ConnectorAndLaunch model;

See also notes in the solution;

" Simberian ,:u ivor 0/24/2014 © 2014 Simberian Inc. 33
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2) 8-inch microstrip line segment:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.MFP;
B:MS5_SE_8in_J4_J3.MS_SE_8in_J4_J3.Simulation(1);
Magnitude(S), [dB]

: “\
Transmission ﬁ
10 + \ﬁ“' fl
ﬂ; Loss of launch localization

. Reflection N

- above 30 GHz explains
additional insertion losses;
Variation of trace width and
-30 - \* dielectric properties explains
y" 1 differences in reflection losses;
10 Measured: lines with stars
) I‘ ‘ Model: lines with circles i\
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:28:40, Simberian Inc. Frequency, [GHz]
—— AS[1,1]; —* AS[1.2], —— AS[P1]; —* AS[2.2];
——o B:S[1,1]; —= B:S[12];
= = nlAdwiviar
- Simberian Wiiiniv o 9/24/2014 © 2014 Simberian Inc. 34
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2) 8-inch microstrip line segment:
Transmission phase and group delay

A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.MFP;
B:MS_SE_8in_J4_J3.M5_SE_8in_J4_J3.Simulation{1});

Phase Delay, [ns] Group Delay, [ns]
oL
S TH iy :
Measured: lines with st
Model: lines with|circles
18+
. Group Delay

% > oot
16+ j""@"“ -

157% hase Delay
g@:&:: =
=—e = : P
141 \/
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 09:30:48, Simbsrian Inc. Frequency, [GHz]
—* AS[12] #————; ————* AS[21] #=———; ———= B:S[1,2] 0————;
E = plAwiy g _ )
- Simberian ' Wiiisive 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technolog © 2014 Wild River Technology LLC
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2) 8-inch microstrip line segment:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_8inch_p1J4_p2J3.MFP;
B:MS_SE_8in_J4_J3.M5_SE_8in_J4_J3.Simulation{1});

Z, [Ohm]
56.25 +
5 +
53.75 +
=1 Model (blue)
oae ue
51 25 —_ l &m
. ‘%
Nt E/J
her =TT /
48.75 7 Measured (red and orange)
475 +
026 05 075 1 125 15 175 2 226 25 275 3
17 Sep 2014, 09:32:23, Simbarian Inc. Time, [ns]
AN 0; AFI2.2); B:Z[1.1];
- Simberian ,:u s 9/24/2014 © 2014 Simberian Inc.
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2) 8-inch microstrip line segment:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.emp28_mstrp_8inch_p1J4_p2J3.EYE; B:MS5_5E_8in_J4_J3.M5_5SE_8in_J4_J3.EYE;

v, [V]
0375
025 | Eyes are on top of
!
0125 | each other!
0 4
-0125 +
025
-0.375
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
17 Sep 2014, 09:34:3, Simberian Inc. Timelnterval, [ns]
ANL2 B:V[1.2];
- - Illi‘l "' '_._'-:-_ of . .
- Simberian HEY - 9/24/2014 © 2014 Simberian Inc. 37
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3) Microstrip 25-Ohm Beatty standard

MS SE Beatty 25-Ohm (J25-J26)
Solution: 3_MicrostipSingle(1)

Measured:

cmp28 Beatty 250hm_p1J25 p2J26.s2p
Selector/Project/Circuit:

MS_SE_Beatty 250hm_J25 J26

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches are set
to re-use PCB/MS_ConnectorAndLaunch model; _
Additional 2 discontinuity selectors added

steps (identical);

See also notes in the solution;

17 Sep 2014, 10:55:41, Simberian Inc. 30 Yiew Mode [press <E> to Edit).
- - I A ] vr. -
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3) Microstrip 25-Ohm Beatty standard:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_Beatty_25o0hm_p1J25_p2.J26 MFP;
B:MS_SE_Beatty_250hm_J25_J26.M5_SE_Beatty_250hm_J25_J26.Simulation{1};

Magnitude(S), [dB]

0 M —
.fw\qg%ransmlssmn
A0+ f\ f‘\b f\] T m\ég% “ i [E\@?
[ 4 AP Loss of launch localization
i above 30 GHz explains
27 LY | H additional insertion losses;
! Reflection V_arlatlo.n of trace. width an_d
-30 + : ] dielectric properties explains
i 1 n!) \' differences in reflection losses;
-40 T . .
Measured: lines|with stars
Madel: ques with circles
_50 T l - l l l 1 1 : 1 1 1 1
0 5 10 15 20 2 30 35 40 45 50
17 Sep 2014, 10:23:45, Simbeian Inc. Frequency, [GHz]

— AS[1,1], —* AS[1,2]; —* AS[2,1], —* AS[2.2];
—a B:S[1.1], ——= B:S[1.2]:

- = t] =l s Y 1
- Simberian & Vil ive 9/24/2014 © 2014 Simberian Inc. 39
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3) Microstrip 25-Ohm Beatty standard:
Transmission phase and group delay

A:Measured.cmp28_mstrp_Beatty_25o0hm_p1J25_p2.J26 MFP;
B:MS_SE_Beatty_250hm_J25_J26.MS_SE_Beatty_250hm_J25_J26.5imulation{1);

Phase Delay, [ns] Group Delay, [ns]
: _ [+ 1.125
Measured: lines with stars
-l Model: lines with circles .
- 0.875
0o Group Delay
' > - 0.75
Mj@/ ko foy
+ - 0.625
08 T
o] Bto5
\ Phase Dela
07T = 1+ 0375
I I I ! ! ! ! ! I I I - 0.25
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 10:32:44, Simberian Inc. Frequency, [GHz]
—# AIS[1,2] #————; ——* AIS[21] ¥ ———; —= BiS[12] 0————;
- - ": I J‘l .l \ ¥ F " . .
- Simberian y ) Wiiin v & 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technology © 2014 Wild River Technology LLC




3) Microstrip 25-Ohm Beatty standard:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_Beatty 25o0hm_p1J25 p2.J26.MFP;
B:MS_SE_Beatty_250hm_J25_J26.M5_SE_Beatty_250hm_J25_J26.Simulation{1);

Z, [Ohm]
55 +
Measured (red and orange)
50 + ==t VS N S Impedance of the
=\ >£ wider section is off
45 + = .
fsz (no adjustments);
40 + I
35 + ,
30 T ——Model(blue) \\
25 +
01 02 03 04 05 06 07 08 09 1 11 12 13 14
17 Sep 2014, 10:33:44, Simbsrian Inc. Time, [ns]
AZ[1]; AZ[2.2]; B:Z[1,1];
H H \/} ilA ’r ;:i _-" . .
- Simberian e 9/24/2014 © 2014 Simberian Inc. 41
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4) Microstrip stub resonator

MS SE Resonator (J21-J22)
Solution: 3_MicrostipSingle(1)
Measured:
cmp28_resonator_p1J21_p2J22.s2p
Selector/Project/Circuit:
MS_SE_Resonator_J21 J22

Board Analyzer:

Trace width is adjusted;
2 discontinuity selector for the launches are set to re-use
PCB/MS_ConnectorAndLaunch model,
Additional discontinuity selector is added for X-junctlon
and 2 discontinuity selectors added for open ends
(identical);
See also notes in the solution;

17 Sep 2014, 10:57:10, Simberian Inc. 30 Yiew Mode [press <E» to Edit).

- - I J‘l o L F o
- Simberian ii(iniy o 0/24/2014 © 2014 Simberian Inc. 42
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4) Microstrip stub resonator:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_resonator_p1J21_p2J22 MFP;
B:MS5_5E_Resonator_J21_J22.MS_5E_Resonator_J21_J22 Simulation{1);
Magnitude(S), [dB]

T __ Transmission |
oL < N A W[/

TN

1 3
eflection i
.30 + i | \
-40 + I : :
Measured: lines/with stars
! Madel: lines with circles
50 + |
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 10:38:13, Simbeian Inc. Frequency, [GHz]
—— AS[1,1];, —* AS[1,2], —+ AS[21, —* AS[2.2];
— B:SM,1];, —= B:S[1.2];
- - "l I J‘l -." I "_ _ ;;' LA 3 .
- Simberian e : 9/24/2014 © 2014 Simberian Inc.
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4) Microstrip stub resonator:
Transmission phase and group delay

A:Measured.cmp28_mstrp_resonator_p1J21_p2J22 MFP;
B:MS_SE_Resonator_J21_J22.MS_SE_Resonator_J21_J22 Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
3 . ) T2
i1 Measured:! lines with stars i
Model: lines with circles bl 115
Group Delay 1
0.9+ T
>
;——_aa-éz.@...@ NI N e PR MY~ s R o
0.8+
+0
&
T+ -05
+ 1
_Qa—aﬂﬂiﬁ
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:26:29, Simberian Inc. Frequency, [GHz]
—# AS[1,2] #————; — AS[2,1] ¥ ———; — B:S[12] O————;
- - I:Ii‘l " Trala . .
< Simberian ' Wiiiniv e 9/24/2014 © 2014 Simberian Inc.
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4) Microstrip stub resonator:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_resonator_p1J21_p2J22 MFP;
B:MS_SE_Resonator_J21_J22.MS_SE_Resonator_J21_J22.Simulation{1);

7, [Ohm]

60 + | | '
Measured (red and oran e)

"4
50 + h,_.__@és.~ P s o

40 +
30 T

Model (blue) ~ }
20 T \L

01 02 03 04 05 06 07 08 09 1 1.1 12 13 14
17 Sep 2014, 10:41:00, Simberian Inc. Time, [ns]
AZ[1]; AZ[2.2]; B:Z[1.1];
- - "l I J‘l -." I "_ _ .;'._ L5 3 .
- Simberian e - 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J tech I"I 0 | 0 g y © 2014 Wild River Technology LLC




5) Microstrip whiskers (short stubs)

Solution: 3 Mlcrost|p8|ngle(1)
Measured:
cmp28_whiskers_p1J68_p2J67.s2p
Selector/Project/Circuit:
MS_SE_Whiskers_J68_J67 g%

Board Analyzer:

Trace width is adjusted;
2 discontinuity selector for the launches are set to re-
use PCB/MS_ConnectorAndLaunch model,;
Additional discontinuity selectors are added for each
pair of whiskers (identical);
See also notes in the solution;

17 Sep 2014, I 30 View Mode [press <E» to Edit).

= < ldeivar '
- Simberian SHEIEE LS 0/24/2014 © 2014 Simberian Inc. 46
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5) Microstrip whiskers:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_whiskers_p1.J68_p2 J67 MFP;
B:MS_SE_Whiskers_J68_J67.MS_SE_Whiskers_J68_J67.Simulation{1);
Magnitude(S), [dB]

owﬁw .~ Transmissidn Discrepancies
. e e above 20-25 GHz
ol Reflection Py ;.@“ m

NAD Al g A U] Substantial differences in
"‘. ‘\ l ‘ i!,.* i bl & insertion and reflection loss
20 + P\ ﬁ il .” L1 'ﬂl!lli,.--f.f-i !i.l:l.‘- i Vﬂv
'SRIN sz i w
b i.,

above 20-25 GHz;
See notes for TDR;
AnR
30 + = ' v
Tty i
¢ 1 Measured: lines with s
40 +

stars

| T ! % Model: lines with circles I
ki
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 11:00:44, Simberian Inc. Frequency, [GHz]

— AS[1,1], —* AS[12; —F AS[21], —* AS[2.2];
— B:S[1,1], ——= B:5[1.2];

= : Hdeivar
- Simberian ity o 0/24/2014 © 2014 Simberian Inc. 47
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5) Microstrip whiskers:
Transmission phase and group delay

A:Measured.cmp28_mstrp_whiskers_p1J68_p2J67 MFP;
B:MS_SE_Whiskers_J68_J67.MS_SE_Whiskers_J68_J67.Simulation(1);

FPhase Delay, [ns] Group Delay, [ns]
#& | +1.125
09 T+ : -1l
Measured: lines with stars 1
Model: lines with circles
085+
+ 0.875
08 T
L 1075
Grou 5
0.75 + ik Loeos
07 + +05
F b BS
065 + ¥ 10375
S 1025
06+
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:25:31, Simberian Inc. Frequency, [GHz]
—# AS[12] #————; ——* AS[2,1] #————; —9 B:S[12] 0————;
- - I: I J‘l o 4 f ™ o . .
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/ tec h nology © 2014 Wild River Technology LLC
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5) Microstrip whiskers :
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_whiskers_p1.J68_p2 J67 MFP;
B:MS_SE_Whiskers_J68_J67.MS_SE_Whiskers_J68_J67.Simulation{1);

7, [Ohm]
55
A Measured (red and orange)
525 T /‘
AN
e e x| TRacEs on e
W’v‘/__,_.
475 \ - UNIFORM — it explains
. M the differences above
| ) 20-25 GHz
425 + U //A/
U Model (blue and green)
40 +

0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1 1.1 1.2

17 Sep 2014, 11:04:56, Simbsriar Inc. Time, [ns]
AN 0; AFI2.2); B:Z[1.1]; B:Z[2.2];
- - fl I ‘J o F L] .l." .'."-' % '--' . .
- Simberian HOTEY A+ 9/24/2014 © 2014 Simberian Inc. 49
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6) Microstrip multi-Z link 1

MS SE Multi-Z (J29-J30)

Solution: 3_MicrostipSingle(1)
Measured:
cmp28_multiZ_p1J30_p2J29.s2p
Selector/Project/Circuit:
MS_SE_MultiZ_J30_J29 g

Board Analyzer:
Only 14.5 mil trace width is adjusted;

2 discontinuity selector for the launches are set
to re-use PCB/MS_ConnectorAndLaunch model;
Additional discontinuity selectors are added for 48
all steps; =
See also notes in the solution;

17 Sep 2014, 11:16:52, Simbenan [nc. 30 Yiew Mode [press <E> to Edit).
] ] S TR
- Simberian iy o 9/24/2014 © 2014 Simberian Inc. 50
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6) Microstrip multi-Z link 1:
Magnitude of S-parameters

AcMeasured.cmp28_mstrp_multiZ_p1J30_p2J29 MFP;
B:MS_SE_MultiZ_J30_J29.M5_SE_MultiZ_J30_J29.Simulation{1);

Magnitude(S), [dB]

0 —
.~ Transmission
Q00 Y TR . |
\f Variation of trace width and
) dielectric properties explains

differences in reflection losses;
20 +
[ ] % *

Reflection

'30 T P
L . .

4 Measured:|lines with stars
Model: lines with circles

-40 T | ] ] | ] | : ] | ] ]
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 11:21:01, Simberian Inc. Frequency, [GHz]
—* AS[11], ——* AS[12]; —F AS[21] — B:5[1.1];
——o B:S[H.2];
- - I J‘l T 3 # ™ a ) )
- Simberian Wi < 9/24/2014 © 2014 Simberian Inc. 51
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6) Microstrip multi-Z link 1:
Transmission phase and group delay

A:Measured.cmp28_mstrp_multiZ_p1J30_p2J29.MFP;
B:MS5_SE_MultiZ_J30_J29.M5_SE_MultiZ_J30_J29.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]

095 T Measured; fines with stars 4 Loo
Model: lines with|circles '

09+
Group Delay T08

0.85

> \
o.sf* rﬂ’ f@ ﬁ Fo| KM% f% | v +07

0.75 + T 06

0.7 T\ < . 105
WPy W =‘==e==l“—‘“e=a=5==*=9"#@-

065 T
1 1 1 1 1 1 1 1 ] ] ] T 0.4
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 11:22:26, Simbsrian Inc. Frequency, [GHz]
—* AS[12] #————; ————* AS[21] #=———; ———= B:S[1,2] 0————;
. z il Al smgy g ] )
k< S’mberlan ' Vl__, IR A 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technolog © 2014 Wild River Technology LLC




6) Microstrip multi-Z link 1:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_mukiZ_p1J30_p2J29 MFP;
B:MS_SE_Multi/_J30_J29.MS_SE_MultiZ_J30_J29. Simulation{1);

»\Meas
At About 10% difference in
A wider lines:
About 5% in narrow lines;

&h____ No width adjustments in
[—— \%’ﬂu wider and narrower strips;

7, [Ohm]

ured (red and orange)

-

-
\\
L

50 1 — J ) v,
40 + \\ f
30 + j AL
| N
|
Model (blue and green)
0:1 0:2 0:3 0:4 0:5 0:6 O.I? 018 U.IQ 1I 1.1 1.I2 113 1.I4
17 Sep 2014, 11:23:55, Simberian Inc. Time, [ns]
AZ[11]: AT[2.2]: B:7[1,1]: B:7[2.2]:
= . sild=ivar o
- Simberian HOTE Y A+ 9/24/2014 © 2014 Simberian Inc. 53
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/) Microstrip multi-Z link 2

&= % g MSSEMulti-z (J31-432)
~ “N__="_ . Solution: 3_MicrostipSingle(1)
Measured:
cmp28 multiZ_p1J31_p2J32.s2p
Selector/Project/Circuit:
MS_SE_MultiZ_J31_J32 4

Board Analyzer:

Only 14.5 mil trace width is adjusted;
2 discontinuity selector for the launches are set
to re-use PCB/MS_ConnectorAndLaunch model;
Additional discontinuity selectors are added for
all steps;
See also notes in the solution;

17 Sep 2014, 12:18:54, mberian Ite. 30 View Mode [press <E» to Edit).

g . A =ivar
- Simberian ity o 0/24/2014 © 2014 Simberian Inc. 54
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/) Microstrip multi-Z link 2:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_multiZ_p1J31_p2J32.MFP;
B:MS_SE_MultiZ_J31_J32.MS_SE_MultiZ_J31_J32.Simulation{1};

Magnitude(5), [dB]
0 =4

51 r@\ma
Wl A
M ER
wlk V]

ission

Variation of trace width and
dielectric properties explains
differences in reflection losses;

o5 1 \~ - H6
Reflection ﬂ ]
-30 + 4
Measured: lines with stars
3 Model: lines with circles 1 I
? ] ] ] ] | | - | O | ] ]
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:21:28, Simberian Inc. Frequency, [GHz]
—— AIS[11]; ———* AS[12 —+ ASPRI, — B:S[1.1];
—o B:S[1,2];
. < nlAdwiviar o
- Simberian Yy AVHSEN 9/24/2014 © 2014 Simberian Inc. 55
Electromagnetic Solutions J/‘ technolog © 2014 Wild River Technology LLC



/) Microstrip multi-Z link 2:

Transmission phase and group delay

AcMeasured.cmp28_mstrp_multiZ_p1J31_p2J32 MFP;
B:MS_SE_MultiZ_J31_J32.M5_SE_Multi/_J31_J32.Simulation{1);

FPhase Delay, [ns]

Group Delay, [ns]

09+ : :
Measured: lines with stars
Model: lines with (circles 8 |
0.85 + A 108
081 AL 1 o7
0.75 + .
07 1% .
- 0.5
065 1
- 0.4
06 -
- 0.3

0 5 10 15 20 25 30 35 40 45
17 Sep 2014, 12:22:51, Simberian Inc.
—F AS[2] #————; —* AS[2,1] #————; —5 B:§[1,2] O————;
: . wildrivar
< Simberian Wil 9/24/2014
Electromagnetic Solutions J/ tec h no | ogy

50

Frequency, [GHz]

© 2014 Simberian Inc.
© 2014 Wild River Technology LLC
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/) Microstrip multi-Z link 2:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_multiZ_p1J31_p2J32 MFP;
B:MS_SE_MultiZ_J31_J32.MS_SE_MultiZ_J31_J32.Simulation{1};

7, [Ohm]

ol \j Measured (red and orange)
A
ANSVSENER =N
ImAma I (NN

J

Model (bJue and green)

30 T EJ{_

01 02 03 04 05 06 07 08 09 1 1.1 12 1.3 1.4

17 Sep 2014, 12:2%51, Simberian Inc. Time, [ns]
AZ[AT; AZ[22T; B:7[1,1]; B:Z[2.2];
- - f' I ﬁl ?r '-'; _ F ol o . i
- Simberian L o 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J tech I"I 0 | 0 g '&f © 2014 Wild River Technology LLC




8) Microstrip line with voids in GND plane

MS SE GND voids (J74-J75)
Solution: 4 _MicrostipSingle(2)
Measured:

cmp28 gnd_voids _p1J74 p2J75.s2p
Selector/Project/Circuit:
MS_SE_GND_Voids_J74_J75

Board Analyzer:

Trace width is adjusted;
2 discontinuity selector for the launches are set to
re-use PCB/MS_ConnectorAndLaunch model,;
Additional 3 discontinuity selectors are added
around all voids in the reference plane;
See also notes in the solution;

17 Sep 2014, 12:53: 26, Simbenan Inc. 30 View Mode [press <E» to Edit).

- - i I J‘l .l r F "
- Simberian S ViU ive 9/24/2014 © 2014 Simberian Inc. 58
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8) Microstrip line with voids in GND plane:
Magnitude of S-parameters

A:Measured.cmp28_gnd_voids_p1.J74_p2 J75.MFP;
B:MS_SE_GND_Voids_J74_J75.M5_SE_GND_Voids_J74_J75.Simulation{1);
Magnitude(S), [dB]

U 4 . .
smissi Discrepancies
.~ | Transmission

104 R ey i Not clear what causes
f ~hF hYa Xﬂ substantial differences above
P 20-25 GHz;

AN il L\M
25 1 Reflection q( i ' \

Ll

easured: lines with |stars

| \
30 ﬁ, Model: lines with circles T
: |

-35 1

5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 12:57:56, Simbeian Inc. Frequency, [GHz]
— AS[1,1], — AS[1.2], — A5 —= BiS[1,1];
— B:EN.2];

" Simberian ,:u ivor 0/24/2014 © 2014 Simberian Inc. 59
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8) Microstrip line with voids in GND plane :
Magnitude of transmission parameter

A:Measured.cmp28_gnd_voids_p1.J74_p2 J75.MFP;
B:MS_SE_GND_Voids_J74_J75.M5_SE_GND_Voids_J74_J75.Simulation{1);
Magnitude(S), [dB]

(ER—
K”"Tﬁ
5 m

A
VR Af\py || el dearunal causes @ ove
N o[ Ae/ \\}v\df 20 GHz:

/ \

Measured: lines with stars }[
30 + : : .

Model: lines with circles l
35 i

0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:17:17, Simbeian Inc. Frequency, [GHz]
—k AS[2], —+ AS[21, —© B:S[1,2];
- - Illi‘l "I_ ._' -:-_ of . .
- Simberian e - 9/24/2014 © 2014 Simberian Inc. 60
Electromagnetic Solutions J/ tech I"I 0 | 0 g y © 2014 Wild River Technology LLC




8) Microstrip line with voids in GND plane :
Magnitude of reflection parameter

A:Measured.cmp28_gnd_voids_p1.J74_p2 J75.MFP;
B:MS_SE_GND_Voids_J74_J75.M5_SE_GND_Voids_J74_J75.Simulation{1);
Magnitude(S), [dB]

U 4
5T Fa AN £\
Ay ’f
-10 T Ll é" —
w Not clear what causes
51 Y 1] B substantial differences above
Wf # 25-30 GHz;
20 + [ﬂ | 1 (!)
25111 |
50 Measured: lines with |stars 1[
Model: lines with circles !
-35 + )
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:18:26, Simbeian Inc. Frequency, [GHz]
—— AS[1,1]; —* AS[22], —= B:S[1,1, —= B:S[2.2];
- - ;l i1lAl ‘”r ,1,-‘ _ '.'- , .
- Simberian HUTEE 9/24/2014 © 2014 Simberian Inc. 61
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8) Microstrip line with voids in GND plane:
Transmission phase and group delay

A:Measured.cmp28_qnd_voids_pl1J74_p2J75.MFP;
B:MS_SE_GND_Voids_J74_J7/5.M5_SE_GND_Voids_J74_J75.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
Measured:|lines with stars Il 087
Model: lines with| circle N
C | 1075
¥ 14 10625
— 05
- 0375
— 025
- 0125
+0
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:01:34, Simberian Inc. Frequency, [GHz]
——# AS[12] #————; —* AS[21] #¥————; —= B:§[1,2] 0————;
- - I:Ii‘l "'-l_.. P ¥ . .
- Simberian y ) WiGio iyt 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technology © 2014 Wild River Technology LLC




8) Microstrip line with voids in GND plane:
TDR with 20 ps Gaussian step

A:Measured.cmp28_gnd_voids_p1.J74_p2 J75.MFP;
B:MS_SE_GND_Voids_J74_J75.M5_SE_GND_Voids_J74_J75.Simulation{1);
Z, [Ohm]

80 T

‘\\Measured (red and orange)

7o T

70 T

65

60

55 1 A

BNV ANY 1 W AN, S

Model (blue and green)

0.2 0.3 04 05 06 0.7 0.8 0.9 1 1.1 12 13

17 Sep 2014, 13:02:52, Simberian Inc. Time, [ns]
AN T; AZI2.2); B:Z[1.1]; B:Z[2.2];
E = ,.I.-J _ )
- Simberian HHST - 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J tec h I"I 0 | 0 g y © 2014 Wild River Technology LLC




9) Microstrip with gradual coplanar section

MS SE Gradual Coplanar (J69-J70)
Solution: 4 _MicrostipSingle(2)

Measured:

cmp28 graduate coplanar_p1J70_p2J69.s2
p Selector/Project/Circuit:
MS_SE_GraduateCoplanar_J70_J69

Board Analyzer:
Trace width is adjusted outside of coplanar section;
2 discontinuity selector for the launches are set to

re-use PCB/MS_ConnectorAndLaunch model;
Additional discontinuity selector is added for part

the gradual coplanar section;
See also notes in the solution;

f' | ‘,J - ” 17 Sep 2014, 12:253:18, Simberian Ine. 30 Yiew Maode (press <E» to Edit).
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9) Microstrip with gradual coplanar section:
Magnitude of S-parameters

A:Measured.cmp28_graduate_coplanar_p1J70_p2J69.MFP;
B:MS_SE_GraduateCoplanar_J70_J69.MS_SE_GraduateCoplanar_J70_J69.Simulation{1);

Magnitude(5), [dB]

0+ .
n

_ 4 %‘t—m— Y . f-f

10 Reflection g‘” L
Loss of launch localization

\_ \5\ above 30 GHz explains

207 additional insertion losses;
Variation of trace width and

501 dielectric properties explains
differences in reflection losses;

aé
-40 +
ﬂ sis Measured: lines with star
Model: lines wijth circles
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:27:50, Simberian Inc. Frequency, [GHz]
——+ AS[1,1]; —* AS[1.2] — AS[P1]; —* AS[2.2];
—— B:SH1];, —= B:S[1.2], —= B:S[22]:
- Simberian ::u ! - 9/24/2014 © 2014 Simberian Inc. 65
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9) Microstrip with gradual coplanar section:

Transmission phase and group delay

A:Measured.cmp28_graduate_coplanar_p1J70_p2J69.MFP;
B:MS_SE_GraduateCoplanar_J70_J69.MS_SE_GraduateCoplanar_J70_J69.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
T 1.25
Measured: lines with stars ! I
Model: lines with circles
095 + T
T 0.875
0.9 T
T0.75
085 +
B oo2s
08—+
1 0.5
075 +
T 0.375
0 b 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:29:22, Simberian Inc. Frequency, [GHz]
——+# AS[12] #————; ——* AS[21] #————; —o B:S[12] 0————;
- - IIIA "'-l_.. P ¥ . .
- Simberian Vit X 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/ technology © 2014 Wild River Technology LLC
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9) Microstrip with gradual coplanar section:
TDR with 20 ps Gaussian step

A:Measured.cmp28_graduate_coplanar_p1J70_p2.J69.MFP;
B:MS_SE_GraduateCoplanar_J70_J69.MS_SE_GraduateCoplanar_J70_J69.Simulation{1);

Z, [Ohm]

55 1 Measured (red and orange)

ﬂ

525 T 7\
50 + ey e r"_”'-wﬂﬂ S, . ) . )
’ A °\ Trace width is not adjusted in
\ the coplanar section;
A75 + U/ \\’
45 1 N /
N
“Model (blue and green)
42.5 T ] ] | | ] ] ] | | | ] ] ]
0125 025 0375 05 0625 075 0875 1 1125 125 1375 15 1625
17 Sep 2014, 13:30:22, Simberian Inc. Time, [ns]
AZ1T; AZ[2.21: B:Z[1.1]; B:Z[2.21;
- - ;l I -"J T ,_' _.:' 1 ) )
- Simberian Villit vy 9/24/2014 © 2014 Simberian Inc. 67
Electromagnetic Solutions J/ techno | 0 g y © 2014 Wild River Technology LLC




10) Microstrip line with inductive via

MS SE with inductive via (J15-J16)
Solution: 4_MicrostipSingle(2)
Measured:
cmp28_via_inductive_p1J15_p2J16.s2p
Selector/Project/Circuit:
MS_SE_Via_Inductive_J15_J16 g

Board Analyzer:

Trace width is adjusted,;
2 discontinuity selector for the launches are setto re- g
use PCB/MS_ConnectorAndLaunch model,
Additional discontinuity selector is added for v|a
See also notes in the solution;

I ,.nl : R ) 17 Sep 2014, 13:35:14, Simbenan nc. 30 View Mode [press <E» to Edit).
- Simberian Viilin v o) 9/24/2014 © 2014 Simberian Inc. 68
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10) Microstrip line with inductive via:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_via_inductive_p1J15_p2J16.MFP;
B:MS5_5E_Via_Inductive_J15_J16.M5_5SE_Via_Inductive_J15_J16.Simulation{1};

Magnitude(S), [dB]

ow;laj:nj
Reflection
10 4+ e e‘C O A ﬂ;

Loss of launch localization
above 30 GHz explains
additional insertion losses;

20 +
Variation of trace width and
dielectric properties explains

304 differences in reflection losses;

a_
9.

isured] lines with stars .
el: lines with|circles J;

dl IR

0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 13:38:33, Simberian Inc. Frequency, [GHz]
———* AS[1,1]; —* AS[2, — ASRI; —* AS[22]:
— B:5[11]; ———= B:S[1.2];

" Simberian Vi ;u ivor 0/24/2014 © 2014 Simberian Inc. 69
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10) Microstrip line with inductive via:
Transmission phase and group delay

A:Measured.cmp28_mstrp_via_inductive_p1J15_p2J16.MFP;
B:MS_SE_Via_Inductive_J15_J16.MS_SE_Via_Inductive_J15_J16.Simulation(1});

Phase Delay, [ns] Group Delay, [ns]
08t Measured: lines- with-stars i
. . . —+ 1
0.75 + ?
i &g 075
0.7+
T05
065 1
il +025
06 +
17 Sep 2014, 13:33:42, Simberian Inc. Frequency, [GHz]
—+ AS[12] #————; ——* AS[21] #————; —= B:S[1,2] 0————;
- - I:Ii‘l " Trala . .
- Simberian y ) Wiiiniv o 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technolog © 2014 Wild River Technology LLC
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10) Microstrip line with inductive via:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_via_inductive_p1J15_p2J16.MFP;
B:MS5_5E_Via_Inductive_J15_J16.M5_5SE_Via_Inductive_J15_J16.Simulation{1};

Z, [Ohm]
65 T
60 T !

v Measured (red and orange)
55 T

L
L e e — |

50 M Y] xﬁ:.- ﬂ’ﬁf—_ﬁ %ﬁ'ﬁ%

odel (blue)

45 T ‘
0.1 02 03 04 05 0.6 0.7 08 09 1 1.1 12 13
17 Sep 2014, 13:40:37, Simberian Inc. Time, [ns]
AN T; AZI2.2); B:Z[1.1];
- - f' I ﬁl ?r '-'; _ Fal o . i
- Simberian HHST o1 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J tech I"I 0 | 0 g '&f © 2014 Wild River Technology LLC




1 1) I\/Ilcrostrlp line with capac:ltlve via

MS SE with capacitive via (J19-J20)
Solution: 4 _MicrostipSingle(2)

Measured:

cmp28_via_capacitive_p1J19 p2J20.s2p
Selector/Project/Circuit:

MS_SE_Via Capacitive J19 J20

Board Analyzer:

Trace width is adjusted;
2 discontinuity selector for the launches are set to
re-use PCB/MS_ConnectorAndLaunch model' p
Additional discontinuity selector is added for '
See also notes in the solution; ~

17 Sep 2014, 14:13:55, Simberian Inc. 30 View Mode [press <E» to Edit).

- - I J‘l .l r F "
- Simberian SHISTEA A 0/24/2014 © 2014 Simberian Inc. 72
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11) Microstrip line with capacitive via:
Magnitude of S-parameters

A:Measured.cmp28_mstrp_via_capacitive_p1J19_p2J20.MFP;
B:MS_SE_Via_Capasitive_J19_J20.MS_SE_Via_Capasitive_J19_J20.Simulation(1};
Magnitude(5), [dB]

0 T . [l
Nransnnssmn
51 . i W Iy
Reflection .
10 1 AN Loss of launch localization
ql above 30 GHz explains
BT I additional insertion losses;
20 1 {1 Variation of trace width and
| )(\T dielectric properties explains
o5 1 L I differences in reflection losses;
30 + }
. Ik ] Measured;| lines with stars
. | | | LA | *Model: lines with circles
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 14:15:25, Simberian Inc. Frequency, [GHz]
——# AS[A1]; —* AS[12 — AS[21] —* AS[22];
——o B:S[,1] —= B:S[1.2];
- - I:Ii‘l " L L = . .
< Simberian ' Wiiiniv e 9/24/2014 © 2014 Simberian Inc. 73
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11) Microstrip line with capacitive via:
Transmission phase and group delay

A:Measured.cmp28_mstrp_via_capacitive_p1J19_p2J20.MFP;
B:MS5_5E_Via_Capasitive_J19_J20.M5_S5E_Via_Capasitive_J19_J20.Simulation{1};
FPhase Delay, [ns] Group Delay, [ns]

095 + T 1.125

00l Measured: lines with stars i
' Model: lines with|circles

7

085 T +0.875
08T +0.75
075 +
T 0.625
0.7 T
T 05
065 + &
T+ 0.375
06 T
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 14:17:00, Simbeian Inc. Frequency, [GHz]
——* AIS[1,2] #————; —* AS[2,1] #=———; — B:S[12] O0————;
E = il gy g _ )
k< S’mberlan ' Vl__, IR A 9/24/2014 © 2014 Simberian Inc.
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11) Microstrip line with capacitive via:
TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_via_capacitive_p1J19_p2J20.MFP;
B:MS_SE_Via_Capasitive_J19_J20.MS_SE_Via_Capasitive_J19_J20.Simulation(1};
Z, [Ohm]

1 Measured (red and orange)

iy S [

ST
|

45

40 +
\Ok\ Model (blue)
0.1 02 03 04 05 06 0.7 08 09 1 1.1 12
17 Sep 2014, 14:17:57, Simberian Inc. Time, [ns]
AN ; A2.2); B:Z[1.1];
- - I “l :'-": L | i' -,"-- o

- Simberian Viiin v os 9/24/2014 © 2014 Simberian Inc.
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12) I\/Ilcrostrlp line with two capacitive via

MS SE with 2 capacitive via (J65-J66)
Solution: 4_MicrostipSingle(2)
Measured:

cmp28_via_pathology p1J65 p2J66.s2p
Selector/Project/Circuit:
MS_SE_Via_Pathology J65 J66

Board Analyzer:
Trace width is adjusted;
2 discontinuity selector for the launches are set to
re-use PCB/MS_ConnectorAndLaunch model;
Additional discontinuity selectors are added for
via (identical and re-used);
See also notes in the solution;

17 Sep 2014, 14:24:03, Simberian Inc. 30 View Mode [press <E> to Edit).

- - I J‘l o L F o
- Simberian ii(iniy o 0/24/2014 © 2014 Simberian Inc. 76
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12) Microstrip line with two capacitive via:
Magnitude of S-parameters

A:Measured.cmp28_via_pathology_p1.J65_p2 J66.MFP;
B:MS5_5E_Via_Pathology_J65_J66.M5_SE_Via_Pathology_J65_J66.5Simulation{1});

Magnitude(S), [dB]

0 =4
&\—é\,\ﬂ.\v{ Transmission

N

AN
104 7

; Loss of launch localization
ﬂ !} f\@ %V %E above 30 GHz explains

additional insertion losses;

207 ¢ Variation of trace width and
\ dielectric properties explains
, differences in reflection losses;
an 4 [ Reflection
easured: lines with stars |
40 7% T Model lines withcircles 14 | " | | FI
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 14:25:27, Simbeian Inc. Frequency, [GHz]
— AS[1,1]; —* AS[1.2], — AS[21], —* AS[2.2];
——a B:S[1,1; —= B:S[1.2];
- - IIIA _.._. ¥ . .
- Simberian Vit . 9/24/2014 © 2014 Simberian Inc. 77
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12) Microstrip line with two capacitive via:
Transmission phase and group delay

A:Measured.cmp28_via_pathology_p1.J65 p2.J66.MFP;
B:MS_SE_Via_Pathology_J65_J66.MS_SE_Via_Pathology_J65_J66.Simulation(1};

Phase Delay, [ns] Group Delay, [ns]
09 + . : —1.25
Measured: lines with stars
Model: lines with [circles
T1
0.85 T4
Grou &7 ¥
e o A F® Flo7s
08 + wwmﬁ A A .- .
g |
Etos
075 1%
L {
! — 025
07
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 14:26:45, Simberian Inc. Frequency, [GHz]
—+ AS[12] #————; ——* AS[21] #————; —= B:S[1,2] 0————;
- - I:Ii‘l L 8 P ¥ . .
- Simberian y ) Wiiin v & 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technology © 2014 Wild River Technology LLC
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12) Microstrip line with two capacitive via:

TDR with 20 ps Gaussian step

A:Measured.cmp28_via_pathology_p1.J65 p2.J66.MFP;
B:MS_SE_Via_Pathology_J65_J66.MS_SE_Via_Pathology_J65_J66.Simulation(1});

7, [Ohm]

55 1 Measured(redandjorange)
ﬂ Model (blue) 3
0T % \ g, —

a0 L ﬁ&-::ag& /

35T
0125 025 0375 05 0625 075 087 1 1126 1256 137% 15
17 Sep 2014, 14:27:35, Simberian Inc. Time, [ns]
AT AZT2.2]; B:Z[1,1];
- - "l I J‘l -." I "_ _ .;' % = 3 .
- Simberian e - 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J tech I"I 0 | 0 g y © 2014 Wild River Technology LLC
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12) Microstrip line with two capacitive via:
28 Gbps PRBS, 25 ps rise/fall time

v, V]

05

0375 1

025 1

0125 +

A:Measured.cmp28_via_pathology_p1.J65 p2J66.EYE;

B:MS_SE_Via_Pathology J65_J66.MS_SE_Via Pathology J65_J66.EYE;

Eyes are on top of
each other!

2| (greer

ired (blu

0125 +
025 1|
0375 +
05T I I I I I I I
0 0.0 0.02 0.03 0.04 0.05 0.06
17 Sep 2014, 14:29:19, Simberian Inc.
AN.2); B:V[1,2];
il
9/24/2014

< Simberian /, HHEE

Electromagnetic Solutions

technology

0.07

Timelnterval, [ns]

© 2014 Simberian Inc. 80
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13) 2-inch mlcrostrlp dlfferentlal line

L - MS DF 2-inch segment (J33-J34-J37-J38)
&' Solution: 5_MicrostipDifferential(1)
- Measured:
-/ m cmp28_mstrp_diff_2inch_J38J37J34J33.s4p
e ~ Selector/Project/Circuit: MS_DF_2inch

See notes on the decomposition
in solution and on the next slide...

T8 T 0

Board Analyzer:

Single-ended trace width is adjusted after the extraction;

4 discontinuity selectors for the launches are set to re-use
PCB/MS_ConnectorAndLaunch model,;

Additional 2 discontinuity selectors are added for transitions from single-
ended to differential (identical and re-used);

See also notes in the solution;

- Simberian /i :u v ar 0/24/2014 © 2014 Simberian Inc. 81
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13) 2-inch microstrip differential line:
| De Composmonal anaIyS|s

 Gradual transition
on both ends)

Single-ended
segments

Ato-extraction "

J37.1
= o

Differential

segment
17 Sep 20147 15:13:46, Simberian Inc. Editor Mode [press <E> for Metwork Yiew).
United Connector + Launch model from See also solution notes for
PCB/MS_ConnectorAndLaunch MS DF 2-inch segment
= = Wi il A e o
- Simberian e 9/24/2014 © 2014 Simberian Inc. 82
Electromagnetic Solutions H/" t ec h nology © 2014 Wild River Technology LLC




13) 2-inch microstrip differential line:
Single-ended transmission and reflection

AcMeasured.cmp28_mstrp_diff_2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS5_DF_Zinch.Simulation{1};
Magnitude(S), [dB]

0 4 Il |
N» SE Transmission ﬂlé

A0+ % M ,
Difference in strip width and

SE Reflection E\i\&\\rw W
f M Qﬂ\ separation explains difference
| A \ \ #7% in transmission resonance;

O N N T W4

30 + AHHHE

V Variation of trace width and
\ dielectric properties explains
40 1 4 \/aﬁ differences in reflection losses;
w0 L Measured; lines |with stars \ )[
Model: lines with circles w l
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 15:22:21, Simbeian Inc. Frequency, [GHz]
—— AS[1,1; —* AS[12, —* AS[34]; —= B:S[1,1];
—0 B:S[1,2];
- - IJJ rF |
- Simberian SHOTN RS 9/24/2014 © 2014 Simberian Inc. 83
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13) 2-inch microstrip differential line:
Single-ended near and far end x-talk

AcMeasured.cmp28_mstrp_diff_2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS5_DF_Zinch.Simulation{1};
Magnitude(S), [dB]

0 4
SE FEXT
1 . e Cu— e ¢
-10 :F:_r@____-—-b— *E%E:%H
# Measured: lines with stars [~
20+ SE NEXT . , -
Model: Tines with circles \\V
-30 11 Al . ,
1 | 'iI Iy f
[l
-40 +
l
§§
50 + % T 1 l i NEXT- near end cross-talk;
. ! | | ! | | ! ! . | FEXT - far end cross-talk;
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 15:26:10, Simberian Inc. Frequency, [GHz]

— ASM 3], —* AS[MA], —= B:S[1.3], —= B:5[1.4];

plAwivg Ay

- Simberian y AHiN A 9/24/2014 © 2014 Simberian Inc. 84
> Electromagnetic Solutions JA technology © 2014 Wild River Technology LLC




13) 2-inch microstrip differential line:
SE transmission phase and group delay

A:Measured.cmp28_mstrp_diff_Zinch_J38J37J34J33.MFP;
B:MS_DF_Zinch.MS_DF_Zinch.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
1.2 ++——Measured: lines with stars |
¥ . . . ' 1.25
+ Model: lines with circles
ol Some discrepancies
Group Del T above 30 GHz
1+ &.—@»—;@Mnﬂhﬁﬂd
% T0.75
0.9 7 Phas
T05
<€
= e e L o L S e
08 +
T 0.25
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 15:28:54, Simberian Inc. Frequency, [GHz]
——% AS[1,2] #————; —— AS[2,1] #¥————; ——* AS[34] *————;
—+# AS[43] #————; —a B:S[1,2] 0-———; —— B:S[3A] 0————;
il A gy e ) )
HIliwey 9/24/2014 © 2014 Simberian Inc. 85

© 2014 Wild River Technology LLC

- Si 1 Wi
Simberian ‘ﬁr :
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13) 2-inch microstrip differential line:
SE TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff 2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS_DF_2Zinch.Simulation{1};

Z, [Ohm]
575+
5T Measure
525 +
Mﬁ Wé % Model transitions have lower
S0 T 7 N impedance due to no
'\ \/ adjustments in trace width in
475 1 4 the tapered polygonal section;
Mode
45 +
025 05 075 1 125 15 1.75 2
17 Sep 2014, 15:31:24, Simberian Inc. Time, [ns]
AZ[1,1]; AZ[22]; AZ[33]; AZ[44];
B:Z[1,1]; B:2[3.3];
- Simberian vildrivar 9/24/2014 © 2014 Simberian Inc. 86
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13) 2-inch microstrip differential line:
Differential mode transmission and reflection

A:Measured.cmp28_mstrp_diff 2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS_DF_2inch{1}).Simulation{1});

Magnitude(S), [dB]
0 £ |

| DM Transmission

ol _ ﬁ il
DM Reflection i
7&@\/\ Loss of launch localization above

o @ 30 GHz explains additional

_2[] —+ "
][ insertion losses;
Variation of trace width,

30 7 | separation and dielectric

’ |’ F H \ properties explains differences in
401} | : _ ] reflection losses;

] I Measured: lines with stars

Lv deel: lines wit‘h circles

Rl K AL LA . : . : . . . .

0 5 10 15 20 25 30 35 40 a5 50 DM — differential mode
17 Sep 2014, 15:35:52, Simberian Inc. Frequency, [GHz]

———— A:Smm[D1,D1]; ———* A:Smm[D1,02]; ———= B:Smm[D1,D1];
—— B:Smm[D1,D2];

- Simberian Ve :u IV E 9/24/2014 © 2014 Simberian Inc. 87
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13) 2-inch microstrip differential line:
Common mode transmission and reflection

AcMeasured.cmp28_mstrp_diff_2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.M5_DF_2inch{1).Simulation{1);
Magnitude(5), [dB]

07T T
+~ CM Transmission
ol N R ) H-\Hﬁ-“"ﬁ- oy N Qf
CM Reflection o % o
Loss of launch localization above
N ~ 30 GHz explains additional
20 + - wft 1 . .
insertion losses;
Variation of trace width,
504 ] separation and dielectric
] F t l( ¥ properties explains differences in
1 . . reflection losses;
Measured: lines with stars
407 Model: lines with circles l
0 5 10 15 20 25 30 35 40 a5 50 CM — common mode
18 Sep 2014, 0F:15:58, Simberian Inc. Frequency, [GHz]
——— A:Smm[C1,01]; ———* A:Smm[C1,02]; ———+* A:Smm[C2,C2];
———< B:Smm[C1,C1]; ——= B:Smm[C1,C2];
= = ;.I.»l IV =) & . )
- Simberian Vit 9/24/2014 © 2014 Simberian Inc. 88
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13) 2-inch microstrip differential line:
Mixed mode transformation

A:Measured.cmp28_mstrp_diff 2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.M5_DF_2inch{1).Simulation{1);
Magnitude(5), [dB]

20T T Measured]lines with stars NEMT
Model: lines with circles \\
30 + N
m N Difference below -30 dB — can be
40 + ] ﬁ%w{\wv v\ﬁ\ attributed to many things;
Al L 0T
60 1 - L
NAL
70 T4 — A
i V NEMT- near end differential to
80 + FEMT common mode transformation;
: , , , , , , , , , , FEMT - far end differential to
0 S 10 15 20 25 30 35 40 45 o0 common mode transformation;
17 Sep 2014, 15:3%:41, Simberian Inc. Frequency, [GHz]
A:Smm[D1,61]; —* A:Smm[D1,62]; —= B:Smm[D1,C1];
————& B:Smm[D1,C2];
- Simberian / :I:{.J' 9/24/2014 © 2014 Simberian Inc. 89
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13) 2-inch microstrip differential line:
DF transmission phase and group delay

A:Measured.cmp28_mstrp_diff 2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS_DF_2inch{1}.Simulation{1};

Phase Delay, [ns] Group Delay, [ns]
12+ | Measured: lines with star

= CGAO-CH DtCH

Model: lines with circles '

J)

T 0495

1 of +09
11 Common Mode
Group Delay j\ D
1085
1 T = I *
i ! ' 108

Differential Mode

09+
Phase Delay \ Lo
D v 0 W R A ' " 5
- = L =S RN =
08 1+ \J
0 5 10 15 20 25 30 35 40 45 50
17 Sep 2014, 15:42:07, Simberian Inc. Frequency, [GHz]
— % ASmm[D1,D2] #————; ——% A:Smm[C1,G2] *————;
— B:Smm[D1,D2] 0————; —— B:Smm[C1,C2] 0————;
- - I:Ii‘l " W o . .
< Simberian ' Wiiiniv e 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technolog © 2014 Wild River Technology LLC




13) 2-inch microstrip differential line:
MM TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff 2inch_J38J37J34J33.MFP;
B:MS_DF_2inch.MS_DF_2inch{1}.Simulation{1};

Z, [Ohm]
125 + . .
,J‘ Measured (differential mode)
100 45 V‘mﬂ:—‘,—\v___r N ~~ T T
875 T \\
. Model (differential made)
Model transitions have lower
625 | impedance due to no
adjustments in trace width in
50 + polygonal section;
Common mode modeled
375 1 and measured
o5 4 . W %ﬁ __r.
025 05 075 1 125 15 175
17 Sep 2014, 15:43:27, Simberian Inc. Time, [ns]
A:Zmm[D1,D1]; A:Zmm[D2,D2]; A Zmm[C1,C1];
A Zmm[C2,C2]; B:Zmm[D1,D1]; B:Zmm[C1,C1];
= = ;.I.»l IV =) & . .
- Simberian Vit : 9/24/2014 © 2014 Simberian Inc. 91
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14) 6-inch microstrip differential line

MS DF 6-inch segment (J41-J42-J45-J46)
Solution: 5_MicrostipDifferential(1)

- Measured:

o cmp28 mstrp_diff 6inch_J46J45J42J41.s4p
Selector/Project/Circuit: MS_DF_6inch

Board Analyzer:

Single-ended trace width is adjusted;

4 discontinuity selectors for the launches are set to re-use
PCB/MS_ConnectorAndLaunch model,;

Additional 2 discontinuity selectors are added for transitions from single-ended to
differential (identical and re-used);

See also notes in the solution;

" Simberian ,:u ivor 0/24/2014 © 2014 Simberian Inc. 92
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14) 6-inch microstrip differential line:
Single-ended transmission and reflection

A:Measured.cmp28_mstrp_diff_Binch_J46J45J42 J41 MFP;
B:MS_DF_6inch.MS_DF_6inch.Simulation{1};
Magnitude(5), [dB]

ol
\KSE Transmission SE Reflection ﬁ
10+

20 +

Difference in strip width and
separation explains difference
in transmission resonance;

Variation of trace width and
Y?\ dielectric properties explains
( \d \@\ differences in reflection losses;

30 T a0 I:E: I'.I .

40 + WF HIE

50 ;
l [ﬂ 1 Measured: lines with starsaﬂ 'L
Model: lines with circles
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 13:20:22, Simberian e, Frequency, [GHz]

— AS[1], —* AS[1.2], — AS[22], —= B:S[1.1];
—< B:SM.2];

" Simberian Vi ;u ivor 0/24/2014 © 2014 Simberian Inc. 93
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14) 6-inch microstrip differential line:
Single-ended near and far end x-talk

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_6inch.MS_DF_Binch.Simulation{1);
Magnitude(5), [dB]

0T .
Sk FEXT I\/Ieasur}ed: lines with stars i
0 lodel: lines with circ
20 +
30 + S,
40 + '.-i'-h:':i-l‘
B0 4 o9
NEXT- near end cross-talk;
FEXT - far end cross-talk;
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 13:21:53, Simberian Inc. Frequency, [GHz]
A:S[1,3]; —+* AS[14]; —* A:S[2.2], —= B:S[1.3];
—= B:5[14];
- - I‘J"-qril'-ll"x""t [ ad
- Simberian G v o 9/24/2014 © 2014 Simberian Inc. 94
Electromagnetic Solutions JA techno | ogy © 2014 Wild River Technology LLC




14) 6-inch microstrip differential line:
SE transmission phase and group delay

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_6inch.MS_DF_Binch.Simulation{1);

Phase Delay, [ns] Group Delay [ns]
19 + ' . - +25
Measured: lines with stars

.+ Model: lines with circles

18 1 . T2
Group Delay
>
N\

17 + ~ —— +15

i !

5 i
161 % 14

-
4+ I;a ']

1511 i 105
144 e = - e —— =%,

0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 13:24:28, Simbeian Inc. Frequency, [GHz]

——— AS[1,2] ¥————; ——* AS[R1] +————; —* AS[BA] *————;
——— AS[43] #————; ——=o B:S[12] o————; ——o B:S[34] 0————;

Al e

- —
-

<« Simberian &, W Ha Var 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions JA tec h nolo g '}" © 2014 Wild River Technology LLC




14) 6-inch microstrip differential line:
SE TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_6inch.MS_DF_Binch.Simulation{1);

Z, [Ohm]
60 T
Measured

55 + /

Model transitions have lower
i P = R impedance due to no

>0 r\ adjustments in trace width in

the tapered polygonal section;
Model
45 1

025 05 07 1 125 15 17 2 225 25 275 3 325
19 Sep 2014, 13:30:00, Simberian Inc. Time, [ns]

AZ[11]: AZ[22]: AZ[3.3]: AZ[AA] B:Z[1,1];
B:Z[3.3]:
= : Hdeivar
- Simberian ity o 0/24/2014 © 2014 Simberian Inc. 96
Electromagnetic Solutions J/ tec h no | 0 g y © 2014 Wild River Technology LLC




14) 6-inch microstrip differential line:
Differential mode transmission and reflection

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_Binch.MS_DF_86inch{1).Simulation(1});
Magnitude(5), [dB]

0 —+
\J\\QDM Transmission D{f’

e e

10 4
\*&. ol
) .\@\ ﬁgi j \/\* Loss of launch localization above
DM Reflection \4

20 + \ {Ma, 30 GHz explains additional
& TR insertion losses;

Variation of trace width,
%\\e\ﬂ\

separation and dielectric

-30 +
L % W \\\ properties explains differences in
. . reflection losses;
a0 4 Measured: lines with stars
Model: lines with circles \
& : :
: : : : : : : : : : ! DM - differential mode
0 5 10 15 20 25 30 35 40 45 50
19 58p 2014, 13:40:11, Simberian Inc. Frequency, [GHz]

—— A:'Smm[D1,D1]; ———* A:Smm[D1,D2]; ———* A:Smm[D2,D2];
———5 B:Smm[D1,D1]; ——= B:Smm|[D1,D2];

- Simberian /i :u v ar 0/24/2014 © 2014 Simberian Inc. 97
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14) 6-inch microstrip differential line:
Common mode transmission and reflection

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_Binch.MS_DF_86inch{1).Simulation(1});
Magnitude(5), [dB]

0——\

T CM Transmission ﬁ
10 + N
CM Reflection T ﬁw

Loss of launch localization above
30 GHz explains additional

A %\ insertion losses;

\x Variation of trace width,
Ny i i
R

20 1 -

-30 1 kI

RGO w1 F ln) i separation and dielectric
I” ' b properties explains differences in
1l [ W i \ reflection losses;
40 + 14 | Measurdd- lihes with stars
' UUUUUUU LA AV 'R ) | o VVILUTT YvidaTrT v
1 Model; lineswith circles \\
: : : : : : : : : : — CM — common mode
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 13:38:44, Simberian Inc. Frequency, [GHz]
——# A'Smm[C1,C1]; ——* A:Smm[C1,C2]; ——* A:Smm[C2,C2];
——5 B:Smm[C1,C1; ——= B:Smm[C1,C2];
- - II I “l - -l L | P ¥ . .
- Simberian Vit : 9/24/2014 © 2014 Simberian Inc. 98
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14) 6-inch microstrip differential line:
Mixed mode transformation

A:Measured.cmp28_mstrp_diff_Binch_J46J45J42 J41 MFP;
B:MS_DF_Binch.M5_DF_6inch{1).Simulation{1);
Magnitude(S), [dB]

Measured: lines with stars
Model: lines with circles NEMT ,

30 T

Difference below -30 dB — can be

-40 + attributed to many things;

50 + -

60 T

NEMT- near end differential to
common mode transformation;
FEMT - far end differential to

0 5 10 15 20 25 30 35 40 45 50 common mode transformation;
19 Sep 2014, 13:42:19, Simberian Inc. Frequency, [GHz]
A:Smm[D1,C1]; ——* A:Smm[D1,C2]; ——= B:Smm[D1,C1];
——5 B:Smm[D1,C2];

0+ ] ik

- - I “l :'-": L | i' -,"-- o
- Simberian iiCin iy ol 0/24/2014 © 2014 Simberian Inc. 99
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14) 6-inch microstrip differential line:

DF transmission phase and group delay

A:Measured.cmp28_mstrp_diff_Binch_J46J45J42 J41 MFP;
B:MS_DF_Binch.M5_DF_6inch{1).Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
o NMeasured: lines with stars
' Model: lines with circles
+1.75
Common Mode
2T Group Delay 3
i > 115
b WM*’ 3 1
e o e et sy (4
176 11— \\
: : +125
% Differential Mode
I Phase Delay
LN A AN |
g " . +1
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 13:44:39, Simberian e, Frequency, [GHz]
——# A'Smm[D1,D2] #*————; —* A:Smm[C1,C2] #————;
—% B:Smm[D1,D2] 0————; —% B:Smm[C1,C2] O————;
- - I "J o 4 & F k " . .
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc.

Electromagnetic Solutions J/ tec h nology © 2014 Wild River Technology LLC
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14) 6-inch microstrip differential line:
MM TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_6inch_J46J45J42 J41. MFP;
B:MS_DF_Binch.MS_DF_86inch{1).Simulation(1});

Z, [Ohm]
1125 + : :
A Measured (differential mode)
100 + A\ A
*‘*ﬂﬁi\& S —

875 T \

— Model (differential mode) B

Model transitions have lower
625 & impedance due to no
adjustments in trace width in
50 + polygonal section;
Commaon mode modeled

375 T and measured

25 I, '——é

025 05 075 1 125 15 175 2 225 25 275
19 5ep 2014, 13:45:48, Simberian Inc. Time, [ns]
A:Zmm[D1,D1]; A:Zmm[D2,D2]; A:Zmm[C1,C1];
A:Zmm[C2,C2]; B:Zmm[D1,D1]; B:Zmm[C1,C1];
= 3 pil Al .' \ I AP . )
- Simberian Wi ~ 9/24/2014 © 2014 Simberian Inc. 101
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14) 6-inch microstrip differential line:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.cmp28_mstrp_diff_6inch_J46.J45J42J41 EYE; B:MS_DF_Binch.MS_DF_Binch(1).EYE;

v, [V]

0.375

025 +

Eyes are on top of
0.125 4 each other!
0 €

0125 +

-025 +
0.375

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
19 Sep 2014, 13:47.45, Simberian Inc. Timelnterval, [ns]
ANMmm[D1,D2]; B:VYmm[D1,D2];
- - Illi‘l "' '_._'-:-_ of . .
- Simberian HEY - 9/24/2014 © 2014 Simberian Inc. 102
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15) Microstrip differential line with void

~m , MS DF segment with void in GND plane (J55-
7. J56-J59-J60)
~Solution: 6_MicrostipDifferential(2)
- ¥ Measured:
- cmp28_mstrp_diff gnd_cutout_J59J60J55J56.
5 is4p Selector/Project/Circuit:
‘MS_DF_GND_Cutout

Board Analyzer:

Single-ended trace width is adjusted;
4 discontinuity selectors for the launches are set to
re-use PCB/MS_ConnectorAndLaunch model,;
Additional 2 discontinuity selectors are added for
transitions from single-ended to differential
(identical and re-used from 2-inch diff line);
See also notes in the solution;

'IEl Sep 2014, 125935, Simberian Inc. 30 Yiews Mode [press <E> to Edit).

- Simberian ,:u vy 9/24/2014 © 2014 Simberian Inc. 103
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15) Microstrip differential line with void:
Single-ended transmission

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59J60J55J56. MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout.Simulation{1};

Magnitude(5), [dB]

oT | SE Transmission
over solid plane
S /

10 T

Difference in strip width and

%‘k separation explains difference
o0 4 / AT TR N in transmission;
SE | Transmission ﬁ K’\;mx
-30 T —over cutout 1 w W, %

e

40 +
Measured: I|ne with stars
Model I|res W|t C|rcles

0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 14:05:08, Simberian Inc. Frequency, [GHz]
— A5[1,2], — AS[34], —= B:5M1.2], —= B:5[3.4];

- = ] 2l ne _: Yran
- Simberian it iv o 9/24/2014 © 2014 Simberian Inc. 104
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15) Microstrip differential line with void:
Single-ended reflection

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59J60J55J56. MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout.Simulation{1};

Magnitude(5), [dB]

°7 SE Reflection over solid plane
st | %
~ SE|Reflection over cutout _ o
! . ) ¥, ¢ Difference in strip width,
7 ARV T 4| | separation and dielectric
'l i properties explains difference
15T in reflection;
20 + ‘k
'25 T & E =
30 1 j2 S
! 1! Wit f |
0 5 10 15 20 25 30 35 40 45 50

19 Sep 2074, 14:08:33, Simberian Inc.
— AS[11];, —k AS[E3], —= B:5M1], —= B:5[3.3];

« Simberian

Electromagnetic Solutions

-n-—-

OGS

Frequency, [GHz]

5 w : 9/24/2014 © 2014 Simberian Inc. 105
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15) Microstrip differential line with void:
SE TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_qnd_cutout_J59J60J55J56.MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout.Simulation{1};

Z, [Ohm]
90 +
r{ Measured: red, orange, light
80 1 blue and green;
Model:|blue and green;
70 + Model transitions have lower

impedance due to no
F adjustments in trace width in

60 + \E the tapered polygonal section;
0 1 Cace el

40
0.25 0.5 0.75 1 1.25 15 1.75 2 225 25
19 5ep 2014, 14:11:38, Simbsrian Inc. Time, [ns]
AZ[1,1]; AZ[2.2); AZ[3.3]); AZ[4A4); B:Z[1.1];
B:7Z[3.3];
- - III-'J " '_.. ™ " . .
- Simberian Vit X 9/24/2014 © 2014 Simberian Inc. 106
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15) Microstrip differential line with void:
Differential mode transmission and reflection

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59J60J55J56. MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout{1).Simulation{1};

Magnitude(5), [dB]

"] T4 .- DM Transmission |

S 7

A lea o AL A
107 w’*i"ﬂm ) erd
M% Wi gb EW‘JJ Loss of launch localization above
f EJ i nﬁﬁﬁ % 30 GHz explains additional

20714 ’ insertion losses;
' JJ Variation of trace width,
L \ separation and dielectric
30 H *‘ \x properties explains differences in

reflection losses;

40 N 1
L DM Reflectiot\ o Measured: lines with s;tarsl[
. ! | |t | | Mlodel: Iilnes wi1|th circllas ' | DM - differential mode
0 5 10 5 20 25 30 35 40 45 50

19 58p 2014, 14:13:45, Simbeian Inc. Frequency, [GHz]

——— A'Smm[D1,D1]; ———* A:Smm[D1,D2]; ——= B:Smm[D1,D1];
——5 B:Smm[D1,D2];

- Simberian y AVHISIERS '- 9/24/2014 © 2014 Simberian Inc. 107
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15) Microstrip differential line with void:
Common mode transmission and reflection

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59J60J55J56. MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout{1).Simulation{1};

Magnitude(5), [dB]

U 4
\ .~ CM Transmission
5T
104 l :Y; s fl 3 a f N /-/:5 | Loss of launch localization above
\ W 30 GHz explains additional
15+ AR _ insertion losses;
V Variation of trace width,
-20 + I | 3 separation and dielectric
Jt & \d:\/z"\v properties explains differences in
25 1 : i Ny reflection losses;
tN il \)
30 1 | i #
CM Reflection Measured: lines with StclrS\"K
A& | | | | | '# Model: lines with C|rcles| LA CM — common mode
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 14:18:08, Simberian Inc. Frequency, [GHz]
—— ASmm[C1,C1; ——* A:Smm[C1,C2]; ——* A:Smm[C2,C2];
—— B:Smm[C1,C1]; ———= B:Smm[C1,C2];
- 5 ,.IA VT o
- Simberian Vit 9/24/2014 © 2014 Simberian Inc. 108
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15) Microstrip differential line with void:
Mixed mode transformation

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59J60J55J56. MFP;
B:MS_DF_GND_Cutout. MS_DF_GND_Cutout{1).Simulation{1};

Magnitude(5), [dB]

20 1 Difference below -30 dB — can be

attributed to many things;

30 1 -

40 1

leasured: lines with

. i } NEMT- near end differential to
lodel: lines with circ

common mode transformation;
FEMT - far end differential to
common mode transformation;

50 4

0 5 10 15 20 25 30 35 40 45 50
19 Sep 2014, 14:20:4, Simbeian Inc. Frequency, [GHz]
———* A:Smm[D1,C1]; ——* A:Smm[D1,C2]; —= B:Smm[D1,C1];
B:5Smm[D1,C2];

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 109
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15) Microstrip differential line with void:
DF transmission phase and group delay

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59.J60.J55.J56.MFP;
B:MS_DF_GND_Cutout. M5_DF_GND_Cutout{1).Simulation{1};

Phase Delay, [ns] Group Delay, [ns]
Measured: fines withrstars
154+ Model: lines with circle
T15
ol Group delay is too noisy
€la T125 :
12+ y to make conclusions
.2
EEN IR
REE 4
i %'] +0.75
i Mode {05
1 __K—
k\@__ — +025
09 + 1o
rential Mode
0 5 10 15 20 25 30 35 40 45 50
19 Sep 2014, 14:25:10, Simberian Inc. Frequency, [GHz]
—k ASmm[D1,D2] #————; — A:Smm[C1,C2] #————;
—— B:Smm[D1,D2] 0————; ———— B:Smm[C1,02] 0————;
- - III-'J " 4 L L B . .
- Simberian Vit . 9/24/2014 © 2014 Simberian Inc. 110
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15) Microstrip differential line with void:
MM TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_gnd_cutout_J59.J60.J55.J56.MFP;
B:MS_DF_GND_Cutout. M5_DF_GND_Cutout{1).Simulation{1};

Z, [Ohm]

Measured (differentjal mode)

125 1 \\ /

100 | Y

; Model transitions have lower

T Model (differential mode) impedance due to no
adjustments in trace width in
polygonal section;

“ Common mode modeled

and measured N
25 T

025 0.5 0.75 1 125 15 1.75 2 225
19 Sep 2014, 14:2317, Simberian Inc. Time, [ns]
AZmm[D1,D1]; AZmm[D2,D2]; AZmm[C1,C1];
AZmm[C2,C2]; B:Zmm[D1,D1]; B:Zmm[C1,C1];

- Simberian oy :u iver 9/24/2014 © 2014 Simberian Inc. 111
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15) Microstrip differential line with void:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.ecmp28_mstrp_diff gnd_cutout_J59J60J55J56.EYE;
B:M5_DF_GND_Cutout.M5S_DF_GND_Cutout{1).EYE;

v, [V]
05T

0375 1

025 1

Eyes are on top of
each other!

0125 1

-0.125

025

037 1

-05 T

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
19 Sep 2014, 14:27:10, Simberian Inc. Timelnterval, [ns]
ANmm[D1,D2]; B:Vmm[D1,D2];

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 112
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16) Microstrip differential line with vias

- MS DF segment with void in GND plane (J55-
- J56-J59-J60)
- Solution: 6_MicrostipDifferential(2)
. Measured:
- cmp28_mstrp_diff_vias_J49J50J51J52.s4p
..~ Selector/Project/Circuit: MS_DF_Vias

Board Analyzer:

Single-ended trace width is adjusted;

4 discontinuity selectors for the launches are set to re-
use PCB/MS_ConnectorAndLaunch model,;

2 discontinuity selectors are added for transitions from
single-ended to differential (identical and re-used from )
2-inch diff line);
Additional selector created for vias (shown on the right)
See also notes in the solution; }?
19 Sep 2014, 14:42:31, Simberian Inc. 30 View Mode [press <E> to Edit),
= = ,.I.»l ar .
- Simberian e 9/24/2014 © 2014 Simberian Inc. 113
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16) Microstrip differential line with vias:
Differential mode transmission and reflection

AcMeasured.cmp28_mstrp_diff_vias_J49J50J51J52 MFP;
B:MS5_DF_Vias.MS5_DF_Vias(1).Simulation{1});
Magnitude(5), [dB]

4 | | |
0 DM Transmission
101 | DM Reflection i
Loss of launch localization above
(s 30 GHz explains additional
20 + i ’ : i .
insertion losses;
} Variation of trace width,
30+ H ! separation and dielectric
| Aﬁb properties explains differences in
reflection losses;
A0 + l I
| 1| Measured: lines with stars X
el $ W | 1| Model: lines with circles ﬁg
& | | | | | | | | | - | DM - differential mode
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 14:46:55, Simberian Inc. Frequency, [GHz]
————# A:Smm[D1,D1]; —* A:Smm[D1,D2]; ——* A:Smm[D2,D2];
——o B:Smm[D1,D1; —= B:Smm[D1,D2];
- - II I “l - -l L | P ¥ . .
- Simberian Vit : 9/24/2014 © 2014 Simberian Inc. 114
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16) Microstrip differential line with vias:
Common mode transmission and reflection

AcMeasured.cmp28_mstrp_diff_vias_J49J50J51J52 MFP;
B:MS5_DF_Vias.MS5_DF_Vias(1).Simulation{1});
Magnitude(5), [dB]

04 | M T | Measured: lines with star
Kﬁ&{ ransmission ‘Model lines with circles
NOTOT e

AT Loss of common mode
A | ¥ localization above 15-20 GHz
4% I" |k explains additional insertion

10 +

-20 T

losses;
Variation of trace width,
separation and dielectric

ol properties explains differences in
{%’v % reflection losses;
1

Reflection d \\@ CM — common mode
0 5 10 15 20 25 30 35 40 _ 45 5
19 5ep 2014, 14:50:27, Simberian Inc. Frequency, [GHz]

——# A'Smm[C1,C1]; —* A:Smm[C1,C2]; —* A:Smm[C2,C2];
——5 B:Smm[C1,C1]; ———= B:Smm[C1,C2];

30 +

40 +

- Simberian ,:u iver 9/24/2014 © 2014 Simberian Inc. 115
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16) Microstrip differential line with vias:
Mixed mode transformation

A:Measured.cmp28_mstrp_diff_vias_J49J50J51J52 MFP;
B:MS_DF_Vias.M5_DF_Vias({1).Simulation{1);
Magnitude(S), [dB]

30 +
-40 + Difference below -30 dB — can be
attributed to many things;
50 T - v
60+ v i
04k : _ NEMT- near end differential to
asured: lines with st | common mode transformation;
Model: lines with circles FEMT - far end differential to

0 5 10 15 20 o5 20 a5 40 45 50 common mode transformation;

19 5ep 2014, 14:53:31, Simbsrian Inc. Frequency, [GHz]
A:Smm[D1,C1]; ——* A:Smm[D1,C2]; —= B:Smm[D1,C1];
—— B:Smm[D1,C2];
- - "l I J‘l -." I "_ _ ;;' LA 3 .
- Simberian e : 9/24/2014 © 2014 Simberian Inc. 116
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16) Microstrip differential line with vias:
DF transmission phase and group delay

AcMeasured.cmp28_mstrp_diff_vias_J49J50J51J52 MFP;
B:MS5_DF_Vias.MS5_DF_Vias(1).Simulation{1});

Phase Delay, [ns] Group Delay, [ns]
09+ Measured: lines with stars
Model: lines with circles
+2
085 1 a Del i Differential mode is OK;
rou ela ; . . .
P )y g Discrepancies in
T % #1s e Kk el i 1 1 -
081 W ALl s AR PR common above 20 GHz;
1 ] I E
i
I . 70
075 + dé —i’
hase Delay P
%€ 1
i . 4 ; W e Ve el 1
07 A = - _,‘j:x;-ar-'\-:” B [
Differential Mode + -2
0 5 10 15 20 25 30 35 40 45 50
19 5ep 2014, 14:55:32, Simberian Inc. Frequency, [GHz]
——# A:Smm[D1,D2] #————; —* A:Smm[C1,C2] *————;
—— B:Smm[D1,D2] 0————; ——= B:Smm[C1,C2] 0————;
= 2 ,.I..-J rar . )
- Simberian Vit 9/24/2014 © 2014 Simberian Inc. 117
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16) Microstrip differential line with vias:
Differential TDR with 20 ps Gaussian step

AcMeasured.cmp28_mstrp_diff_vias_J49J50J51J52 MFP;
B:MS5_DF_Vias.MS5_DF_Vias(1).Simulation{1});
Z, [Ohm]

100 "J\ S—
6 L \Vtgd,; (differential mode) Model transitions have lower

impedance due to no
adjustments in trace width in
~ommon mode modeled polygonal section;

and measured

26 T Ea N \?/.\v .
0125 025 037 05 0625 075 0875 1 1125 125 1375

19 Sep 2014, 15:00:22, Simberian Inc. Time, [ns]

A Zmm[D1,D1]; A Zmm[D2,D2]; A Zmm[C1,C1];

A Zmm[C2,C2]; B:Zmm[D1,D1]; B:Zmm[C1,C1];

Meisured(diTerential ode)

&
:

7N\

50 +

Q)

- Simberian ,:u iver 9/24/2014 © 2014 Simberian Inc. 118
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17) X-talk in differential microstrip

nt with cross-talk (J53-J54-J57-J58-J61-J64-

Solution: 7_MicrostipDifferentialXTalk(3)
Measured:
Through Long: mp28_mstrp_diff xtalk_J57J64J53J72.s4p
- Through Short: cmp28_mstrp_diff_xtalk_J71J72J61J64.s4p
== NEXT Left: cmp28_mstrp_diff xtalk_J57J71J53J61.s4p
NEXT Right: cmp28 mstrp_diff xtalk J72J58J64J54.s4p
FEXT Left-Right: cmp28 mstrp_diff xtalk_J57J72J53J64.s4p
FEXT Right-Left: cmp28 mstrp_diff xtalk_J71J58J61J54.s4p

Selector/Project/Circuit: MS_DF_XTalk
Board Analyzer:

Single-ended trace width is adjusted;

8 discontinuity selectors for the launches are set to re-use PCB/MS_ConnectorAndLaunch model;

2 discontinuity selectors are added for transitions from single-ended to differential (identical and re-used);
2 discontinuity selectors are added for transitions to differential coupled section (identical and re-used);
PORT NUMERATION CORRESPONDENSE (DS for pins are created in this order):

Pins J53 and J57 - Port 1 and 2 (differential port 1, common port 5);

Pins J61 and J71 - Port 3 and 4 (differential port 2, common port 6);
Pins J54 and J58 - Port 5 and 6 (differential port 3, common port 7);
Pins J64 and J72 - Port 7 and 8 (differential port 4, common port 8)
See also notes in the solution;

« . i1lAl
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 119
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17) X-talk in differential microstrip:
Long section transmission and reflection

A:Measured.cmp28_mstrp_diff_xtalk J57J58J53.J54.MFP;
B:MS_DF_XTalk.MS_DF_XTalk.Simulation{1);

Magnitude(S), [dB]

o-—N)M Transmission SN \0 L

10 + H“""‘*&_ @A

DM Reflection ::Q@
00 & \l ]‘ D[%\PI . -
\\\\ Loss of launch localization above

30 T f { ¥ v 30 GHz explains additional

insertion losses;

Variation of trace width,

-40 + : : ;
. . separation and dielectric
Measured: lines with stars : : : .
1 . properties explains differences in
Model: lines with circles

reflection losses;

(L]
I

0 5 10 15 20 25 30 35 40 45 50
19 Sep 2014, 15:24:19, Simberian Inc. Frequency, [GHz]
————* A:Smm[D1,D1]; —* A:Smm[D1,D2; —* A:Smm[D2.D2];
—= B:Smm[D1,D1]; ——= B:Smm[D1,D3];

DM — differential mode

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 120
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17) X-talk in differential microstrip:
Long section TDR with 20 ps Gaussian step

AcMeasured.cmp28_mstrp_diff_xtalk_J57J58J53J54.MFP;

B:MS_DF_XTalk MS_DF_XTalk.Simulation{1};

7, [Ohm]
125 T
Measured (differential mode)
\
___-ﬁhﬂ i
100 &'&==§: & 1\ ——
T fodel(differentialmode)
Common mode modeled
50T and/measured
25 1 ity _,;: e
U.|25 0:5 0.7|'5 1I 1 .|25 1 .I5

20 5Sep 2014, 06:18:12, Simberian Inc.

< Simberian g vy
Electromagnetic Solutions J/ tec h no | ogy

A:Zmm[D1,D1];
A:Zmm[C2,C2];

A:Zmm[D2,D2];
B:Zmm[D1,D1];

9/24/2014

A:Zmm[C1,C1];
B:Zmm[C1,C1];

Model transitions have lower
impedance due to no
adjustments in trace width in
polygonal section;

© 2014 Simberian Inc. 121
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17) X-talk in differential microstrip:
Short section transmission and reflection

r Tl

A:Measured.cmp28_mstrp_diff_xtalk_J71J72J61J64.MFP: ? 0\ S 8 g

B:MS_DF XTalkMS_DF_XTalk Simulation{1); SN : -

Magnitude(S), [dB] %, ,H )
of ' - DM Transmission SN VL 1D e
10 + BN oA e o [+ : : ‘ ’

Nl TP i
ol ﬁf@f hmﬂ le‘m ' \ Loss of launch localization above

i& l U u 30 GHz explains additional
: 1 insertion losses;
40 T f Variation of trace width,
[ separation and dielectric
: : ¥ roperties explains differences in
S0 * ‘ ’Measu red: lines with stars I Eeﬂgction IossF,)eS'
, ! ! ! ' T Model; lines with circles | | ’
5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 0F:22:30, Simbeian Inc. Frequency, [GHz]
—— A:'Smm[D1,D1]; ——* A:Smm[D1,D2]; ———= B:Smm[D2,D2];
—° B:Smm[D2,D4j; DM — differential mode
- - IJJ _l ¥ 3
- Simberian SHOTN RS 9/24/2014 © 2014 Simberian Inc. 122
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17) X-talk in differential microstrip:
Short section TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_xtalk J71J72J61.J64.MFP;

B:MS_DF_XTalk.MS_DF_XTalk.Simulation(
7, [Ohm]

1%

100 ——@&m \

Measured (differential modg)

—— =N
H’f‘\”_‘f—/}
75 1 Model (differential mode)
50 1 Common mode modele
and measured
25 + A \ _

20 Sep 2014, 06:24:04, Simbernian Inc.
A:Zmm[D1,D1];
AZmm[C2,C2];

A:Zmm[D2,D2];
B:Zmm[D2,D2];

< Simberian /, .:u

Electromagnetic Solutions tec h no | ogy

01 02 03 04 05 06 07 08 09 1

9/24/2014

A:Zmm[C1,C1];
B:Zmm[C2,C2];

Model transitions have lower
impedance due to no
adjustments in trace width in
polygonal section;

© 2014 Simberian Inc. 123
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17) X-talk in differential microstrip:
Near end mixed-mode X-talk

A:Measured.cmp28_mstrp_diff_xtalk_J57.J71J53.J61.MFP;
B:M5_DF_XTalk.MS_DF_XTalk.Simulation{1};

Magnitude(S), [dB]
-10

Measured: lines with stars
PR~ _ Model: lings with circles

30 ___ 1 ‘ 7 N .j;_.__,’ -‘ he Y

40 + : H A 1],::!' \ { Elﬂl!.‘:.l r’;' :‘ i.hlw i

L ' | “fl\jl'. .Tr,' |
i I !

0 5 10 15 20 25 30 35 40 45 50

20 Sep 2014, 052731, Simbeian Inc. Frequency, [GHz]
——* A:Smm[D1,D2]; —* A:Smm[D1,02]; ——* A:Smm[C1,C2];
—— o B:Smm[D1,02]; ——= B:Smm[D1,62]; ——= B:Smm[C1,C2];

. = i1lAl --.-rrfr. ar
- Simberian UiV e! 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions JA tech I"I 0 | 0 g y © 2014 Wild River Technology LLC
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17) X-talk in differential microstrip:

Mixed-mode NEXT TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_xtalk_J57.J71J53J61.MFP;
B:MS_DF_XTalk MS_DF_XTalk.Simulation{1});

V, [V]
0.04 +
Near end Commaon to
003 T ( \1 Common mode x-talk
0.02 +
0.01 +
04+ i N
001 \
002 + k
003 4 :_.—J Measured: A lines
' Model: B |lines

0125 025 0375 05 0625 075 0875 1

20 Sep 2014, 08:30:36, Simberian Inc.
A:Vmm[D1,D2];
B:Vmm[D1,D2];

Electromagnetic Solutions

A technolog

AVmm[D1,C2];
B:Vmm[D1,G2]:

Simberian )/

AVmm[C1,C2];
B:Vmm[C1,C2];

9/24/2014

1125 125 137 15 1625
Time, [ns]

s

®

y
/.

@

Larger common mode NEXT,;
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© 2014 Wild River Technology LLC



17) X-talk in differential microstrip:
Far end mixed-mode X-talk

AcMeasured.cmp28_mstrp_diff_xtalk_J57J72J53J64.MFP;
B:MS_DF_XTalkMS_DF_XTalk.Simulation{1});

Magnitude(5), [dB]

10 T
20 + = i w-:@-_ﬂ__)w
S = LA = o S Ny
80T }Nw%;ﬁv% RN S
-40 T . .
Measured: lines with stars T
odel:|lines with circles ‘

50 +
60 T w

0 5 10 15 20 25 30 35 40 45
20 Sep 20714, 05:36:27, Simberian Inc. Frequency, [GHZ]
————* A:Smm[D1,D2]; —* A:Smm[D1,02]; —* A:Smm[C1,C2];
B:Smm[D1,D4]; ——= B:Smm[D1,C4]; ———= B:5Smm|C1,C4];

. . 1Al e "
<N S’mber’an ‘ﬁf: Il..! _\Z:" < 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J technolo g y © 2014 Wild River Technology LLC
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17) X-talk in differential microstrip:

Mixed-mode NEXT TDR with 20 ps Gaussian step

A:Measured.cmp28_mstrp_diff_xtalk_J71.J58J61.J54 MFP;
B:M5_DF_XTalk.MS_DF_XTalk.Simulation{1};

V. [V]
0.01 + d
0 f—— e e e—
001+
0.02 +
Measured: A lines
Model: B lines
0.03 + |
0.7 0.8 0.9 1 1.1 12 13 14 15 16
20 Sep 2014, 05:37.50, Simberian Inc. Time, [ns]

AVmm[D1,D2];
B:Vmm[D1,D4];

AVmm[D1,C2];
B:Vmm[D1,C4];

AVmm[C1,C2];
B:Vmm[C1,C4];

-n-—-
-

5 w : 9/24/2014 © 2014 Simberian Inc.
h nolog y © 2014 Wild River Technology LLC

- Si 1 V‘E
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18) 2-inch strip line segment

R i G R SL SE 2-inch segment (J5-J6)
Bl L e el Solution: 8_StipSingle(1)
Measured:
cmp28_strpl_2in_500hm_p1J6_p2J5.s2p
Selector/Project/Circuit: SL_SE_2inch_J6J5

Board Analyzer:

Trace width is adjusted (11 to 10.5 mil);

2 discontinuity selector for the launches (identical);
See also notes on next slide and in the solution;

« . i1lAl
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18) 2-inch strip line segment:
De-compositional analysis

Board Analyzer:

Trace width is adjusted in BA

1.
[ Simbeor SFS
5

Y oo, B :..‘-:‘-._-:.'\-.__. 3 i R
Auto-extraction SL_Launch(T) TL(T) I_/_ SL_Launch(2) J5.1

O 101 101 102 101 102
B = o

Connector + adapter o2 \/

|
model (added) Launch model

Connector + adapter
model (added)

Connector + Launch are also
simulated separately in
PCB/SL_ConnectorAndLaunch
for further reuse

- See also solution notes for
. SL SE 2-inch segment

Simbeor 3DML
H m - I A T ' = ” e Mode [press <E> ta Edi]
S S’ ber’an I: i\ LA™ 9/24/2014 © 2014 Simberian Inc. 129
Flectromagnete Solutons J tec h no | ogy © 2014 Wild River Technology LLC




18) 2-inch strip line segment:
Magnitude of S-parameters

A:Measured.cmp28_strpl_2in_50ohm_p1J6_p2J5 s2p.MFP{1);
B:SL_SE_2inch_J6J5.5L_SE_2inch_J6J5.Simulation{1);

Magnitude(5), [dB]
0 4 ! | - (L] L ] |

10

lectio

-20

-30 +

40 +

Measured: lines with star
Model: lines| with cjrcles [

3—\_‘

50+

L
ED

-60 + 1+ )]

0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 07-02:33, Simberiar Inc. Frequency, [GHz]
———* AS[11]; —* AS[1,2 —* AS21; —* A:S[22]:
— B:5[1,1]; ——= B:S[1.2];

W Hav 9/24/2014
= 10 %A

hl//'A techn:ology

« Simberian

Electromagnetic Solutions

MS Launch looses the
localization at about 30 GHz:
Distance from signal via to
stitching vias is about quarter
of wavelength at 30 GHz — we
cannot expect correlation
above that frequency!

Though, the impedance of the
return path remains low due to
plenty of stitching vias.

© 2014 Simberian Inc. 130
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18) 2-inch strip line segment:
Transmission phase and group delay

AcMeasured.cmp28_strpl_2in_50ohm_p1J6_p2J5 s2p.MFP{1};
B:SL_SE_Z2inch_J6J5.5L_SE_2inch_J6J5.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
075 T
g T 075
0.7 1 Group Delay
>
065 T o

Measured: lines with st
Model: lines with circles

06 - 025
Phase Delay
055 T 0
b )
=
J
05+ I
: +-025
5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 07:04:49, Simberian Inc. Frequency, [GHz]
——* AIS[1,2] #————; —* AS[2,1] #=———; — B:S[12] O0————;
- - I:Ii‘l " W o . .
- Simberian y ) Wiilis v e 9/24/2014 © 2014 Simberian Inc. 131
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18) 2-inch strip line segment:
TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_2in_50o0hm_p1J6_p2J5_ s2p.MFP{1);
B:SL_SE_2inch_J6J5.5L_SE_2inch_J6J5.Simulation{1);

Z, [Ohm]

Measure

d (re"l anc

oramge
J

fa -4

Variations of impedance along
the traces visible here

indicates that either trace
width is varying or dielectric is
inhomogeneous (or both);
This is not accounted for in

475 1

|
50 + ﬁ%ﬂ(\;
LN
\
\Y

45 +

the model and explains
differences in the reflection.

0125 026 037
20 Sep 2014, 07:06:31, Simberian Inc.

« Simberian

Electromagnetic Solutions

05 0625

AZ[11];

D

AZ[2.2

075 0875 1

I

technology

1126 125

B:Z[1.1];

9/24/2014

1375 15
Time, [ns]
© 2014 Simberian Inc. 132
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18) 2-inch strip line segment:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.cmp28_strpl_2in_50ohm_p1J6_p2J5 s2p.EYE;
B:5SL SE 2inch_ JB6J5.5L SE 2inch_ J6J5.EYE;

v, [V]
05

0375 1

025 1

Eyes are on top of
each other!

0125 +

-0.125 +

-0.25 T

-0.375

05+

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
20 Sep 2014, 07:07:58, Simberian Inc. Timelnterval, [ns]
ANL2T B:\v[1.2];

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 133
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19) 8-inch strip line segment

SL SE 8-inch segment (J7-J8)

Solution: 8_StipSingle(1)

Measured:

cmp28_strpl_8inch_p1J7 p2J8.s2p
Selector/Project/Circuit: SL_SE_8inch_J7J8

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches (identical and set to re-use
PCB\SL_ConnectorAndLaunch constructed with launch model from 2-
inch segment analysis);

See also notes in the solution;

« . i1lAl
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19) 8-inch strip line segment:
Magnitude of S-parameters

A:Measured.cmp28_strpl_8inch_p1J7_p2J8 s2p.MFP{1};
B:SL_SE_8inch_J#J8.5L_SE_8inch_J7J8.Simulation{1);

Magnitude(5), [dB]

0 - 1
o Lo
\ Transmission fW%
ol \&H__ @M"Mf
( Loss of launch localization
50+ —~ above 30 GHz explains
flectia K additional insertion losses;
Differences in back-drilling,
30 T X variation of trace width and
\ dielectric properties explains
{( \ff& differences in reflection losses;
A0+ . p
Measured: lines with stars
Model; lines with circles /é
50 + ¢ dr
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 08:28:24, Simberian e, Frequency, [GHz]
—— AS[11]; ———* AS[12] ———* AS[R21] ——* AS[2.2];
— B:S[1,1], — B:S[1,2];
- - I J‘l 7 _l L | = y ) )
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc. 135
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19) 8-inch strip line segment:
Transmission phase and group delay

AcMeasured.cmp28_strpl_2in_50ohm_p1J6_p2J5 s2p.MFP{1};
B:SL_SE_Z2inch_J6J5.5L_SE_2inch_J6J5.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
075 T
g T 075
0.7 1 Group Delay
>
065 T o

Measured: lines with st
Model: lines with circles

06 - 025
Phase Delay
055 T 0
b )
=
J
05+ I
: +-025
5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 07:04:49, Simberian Inc. Frequency, [GHz]
——* AIS[1,2] #————; —* AS[2,1] #=———; — B:S[12] O0————;
- - I:Ii‘l " W o . .
- Simberian y ) Wiilis v e 9/24/2014 © 2014 Simberian Inc. 136
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19) 8-inch strip line segment:
TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_8inch_p1J7 _p2J8 s2p.MFP{1};
B:SL_SE_8inch_J7J8.5L_SE_8inch_J7J8.Simulation{1);

Z, [Ohm]
56.25 +
55 +
53.75 T

525 | Measured (red and orange)

51.25 /

Variations of impedance along
the traces visible here

I .
'A‘ f____hj?/“‘“‘-——- indicates that either trace
e L _— TN width is varying or dielectric is
- RS inhomogeneous (or both);
48.75 11| Yo \ This is not accounted for in
\ the model and explains
7T Model|(blue) differences in the reflection.
025 05 075 1 125 15 175 2 225 25 275 3 825
20 Sep 2014, 08:30:46, Simberian Inc. Time, [ns]
AZ[1]; AZ[2,2]; B:Z[1,1];
- s sil Al e o
- Simberian Wi 9/24/2014 © 2014 Simberian Inc. 137
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19) 8-inch strip line segment:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.cmp28_strpl_8inch_p1J7 _p2J8 s2p.EYE;
B:SL SE 8inch J7J3.5L SE 8inch J7JS8.EYE;

W, [V]
037 T
0.25 +
0125 +
Eyes are on top of
0t each other!
-0125 +
025
-0.375 T
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
20 Sep 20714, 08:32:08, Simberian Inc. Timelnterval, [ns]
ANL2 B:V[1.2];
- - Illi‘l "' '_._'-:-_ of . .
- Simberian HEY - 9/24/2014 © 2014 Simberian Inc. 138
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20) Strip 25-Ohm Beatty standard

S e e I SL SE Beatty standard (J27-J28)
g e Solution: 8_StipSingle(1)
Measured:
cmp28_strpl_Beatty 250hm_p1J28 p2J27.s2p
Selector/Project/Circuit:
SL_SE_Beatty 250hm_J28J27

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches (identical and set to re-use
PCB\SL_ConnectorAndLaunch constructed with launch model from 2-inch
segment analysis);

Additional 2 discontinuity selectors created for steps (identical and re-used);
See also notes in the solution;

« . i1lAl
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20) Strip 25-Ohm Beatty standard:
Magnitude of S-parameters

A:Measured.cmp28_strpl_Beatty 25o0hm_p1J28 p2J27 s2p.MFP{1);
B:SL_SE_Beatty 250hm_J28J27.5L_SE_Beatty_250hm_J28J27.Simulation{1);

Magnitude(5), [dB]

0 "M/&/Qansmls&on —T—]
sl W NN NN

E
<]
P

104 fl : @ ﬁ IS ﬁ Loss of launch localization
b T% 1 ] 1 f } above 30 GHz explains
15 + — pf
20 I f? f 1 | variation of trace width and
E dielectric properties explains

additional insertion losses;
Differences in back-drilling,
o5 1 % | Wu/ | differences in reflection losses;
| ik g

=3
=

0T T Measured: lines with stars
T Reflection Model: lines with circles
5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 08:36:40, Simbeian Inc. Frequency, [GHz]

— AS[1,1], —* AS[1,2]; —* AS[2,1], —* AS[2.2];
—a B:S[1.1], ——= B:S[1.2]:

- - I J‘l 7 .l rF J
- Simberian HHOTRRTAS 9/24/2014 © 2014 Simberian Inc. 140
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20) Strip 25-Ohm Beatty standard:
Transmission phase and group delay

A:Measured.cmp28_strpl_Beatty 25o0hm_p1J28 p2J27 s2p.MFP{1);
B:SL_SE_Beatty 250hm_J28J27.5L_SE_Beatty_250hm_J28J27.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
Measured: lines with stars 11195
Model: lines with|circles
14 | 7!
, +0.875
Group Delay ol ! A
09 + > T . 1075
. '33‘ y ﬁﬁ 3 i I !
3 : ’1? Q ‘ ] ¥ ¥ | |
# % "B IJ +0.625
08 { \ i
#* \ ? ] 1os
Phase Delay 1
07| < ya) HHIF T 0375
" M*ﬂ;—-—__ W ] J—,_l__-_"\. e ﬂe
t 1025
:
#FI
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 08:38:23, Simberian Inc. Frequency, [GHz]
—# AIS[1,2] #————; ——* AIS[21] ¥ ———; —= BiS[12] 0————;
- - I J‘l 7 _l L | = y ) )
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc. 141
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20) Strip 25-Ohm Beatty standard:
TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_Beatty 25ohm_p1J28 p2J27 s2p.MFP{1};
B:SL_SE_Beatty 250hm_J28J27.5L_SE_Beatty_250hm_J28J27 Simulation{1);

7, [Ohm]
60 +

Model (blue)
/

5 +
Measured (red and orange)

50 + = _=___1 \\\dsf; /,-.==

I

———
15 -
10 +
3BT
30 -
N

25 +

01 02 03 04 05 06 07 08 09 1 11 12 13 14
20 5ep 2014, 08:40:07, Simberian . Time, [ns]

AZM1T; AZ[2.2]; B:Z[1,1];

- - I ‘J :'-‘?: '-'; .i.' '2'- 1 a . .

- Simberian Wiiias ~ 9/24/2014 © 2014 Simberian Inc. 142
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21) Strip stub resonator

s e e SL SE strip stub resonator (J23-J24)
L e e @ Solution: 8_StipSingle(1)
Measured:
cmp28_strpl_resonator p1J23 p2J24.s2p

Selector/Project/Circuit:
SL_SE_Resonator J23J24

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches (identical and set to re-use
PCB\SL_ConnectorAndLaunch constructed with launch model from 2-inch
segment analysis);

Additional discontinuity selector is created for X-junction and 2
discontinuity selectors are created for open-ends (identical and re-used);
See also notes in the solution;

r 2 il Al
« Simberian y AV 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions U‘?A technology © 2014 Wild River Technology LLC
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21) Strip stub resonator:
Magnitude of S-parameters

A:Measured.cmp28_strpl_resonator_p1J23 p2J24 s2p.MFP{1};
B:SL_SE_Resonator_J23J24.5L_SE_Resonator_J23J24. Simulation{1);

Magnitude(S), [dB]

W

Loss of launch localization
above 30 GHz explains
additional insertion losses;

A Differences in back-drilling,
variation of trace width and
dielectric properties explains

differences in reflection losses;

a0 T\ ' Measured: lines with stars

- Reflection Model: lines with circles ! !
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 08:47:50, Simbsriar Inc. Frequency, [GHz]

— AS[1,1]; —* AS[12; —F AS[2,1], —* A'S[2.2];
— B:S[1,1], ——= B:5[1.2];

- - I J‘l .l r F "
- Simberian Wiiiniv g 9/24/2014 © 2014 Simberian Inc. 144
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21) Strip stub resonator:
Transmission phase and group delay

A:Measured.cmp28_strpl_resonator_p1J23 p2J24 s2p.MFP{1};
B:SL_SE_Resonator_J23J24.5L_SE_Resonator_J23J24. Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
Measured: lines wi}h stars 15
Model: lines \with circles
09—+
Group Delay T1
> 8
0.8 +%F V}g % . v - 05
il
* lI clb
gy T0
0.7+ I
_e IJ
i Phase Delay L o5
{ e '
06 1 \JMM
-+ -1
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 08:43: 20, Simberian e, Frequency, [GHz]
——— AS[12] #————; —— AS[2,1] ¥ ———; —0 B:S[12] 0————;
- - I "J o 4 L ™ " . .
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc. 145
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21) Strip stub resonator:

TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_resonator_p1J23 p2J24 s2p.MFP{1};

B:SL_SE_Resonator_J23J24.5L_SE_Resonator_J23J24. Simulation{1);

7, [Ohm]

Measured (red|and orange)

50 L — éﬁ&m— ) I e —

40 /
Model (blue)
30 +
20 + \J
01 02 03 04 05 06 07 08 09 1 1.1 1.2 13 14
20 5ep 2014, 08:50:06, Simberian e, Time, [ns]
A1 AZ[2.2]; B:Z[1.1];
- - " I ‘J :._‘?: -_-; .5.I .;.' = . .
« Simberian ' :{u ' s 9/24/2014 © 2014 Simberian Inc.

Electromagnetic Solutions J

technology
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22) Strip line with capacitive via

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches
(identical and set to re-use
PCB\SL_ConnectorAndLaunch constructed
with launch model from 2-inch segment
analysis);

Additional discontinuity selector is created for

SL SE strip with capacitive via (J17-J18)
Solution: 9_StipSingle(2)

Measured:

cmp28_strpl _via_capacitive_p1J18 p2J17.s2p
Selector/Project/Circuit:

SL_SE_Via Capacitive J18J17

Via has stubs and small anti-pads
in PLANE_2 and Plane_7

ToF
FPLAMNE_2

GIGMNAL_3
FLAMNE_4

FLAMNE_B
GIGMNAL_B

FLANE_?

via (shown on the right); Jj B0TTOM

See also notes in the solution;

20 5ep 2014, 08:55:52, Simberian Inc. 30 View Mode [press <E» to Edi).

]
]

echnology

 Simberi witd
Simberian _ﬁ’/ *
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22) Strip line with capacitive via:
Magnitude of S-parameters

AcMeasured.cmp28_strpl_via_capacitive_p1J18_p2J17_s2p.MFP{1};
B:SL_SE_Via_Capacitive_J18J17.5L_SE_Yia_Capacitive_J18J17.Simulation(1};
Magnitude(S), [dB]

0 —-w
Reflection _
-10 —~
Loss of launch localization
s above 30 GHz explains
207 - additional insertion losses;

Variation of via geometry
explains differences in
reflection losses;

30 +H

40 ‘*z Measured: lines with stars \\r& »

] l Model: lines with Tircles ‘U{

Lol
ry %

L
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 08:58:12, Simbarian Inc. Frequency, [GHz]

— AS[1,1]; —* AS[12; —F AS[2,1], —* A'S[2.2];
— B:S[1,1], ——= B:5[1.2];

- Simberian wildriver 9/24/2014 © 2014 Simberian Inc. 148
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22) Strip line with capacitive via:
Transmission phase and group delay

A:Measured.cmp28_strpl_via_capacitive_p1J18_p2J17_s2p.MFP{1);
B:5L_SE_Via_Capacitive_J18J17.5L_SE_Via_Capacitive_J18J17.Simulation(1};

Phase Delay, [ns] Group Delay, [ns]
085 | Méasured: lines with stars T 125
Model: lines with circles 3
__1
0.8 T Group Delay i -' : :
5 W TR - 0.75 Discrepancies
075 1} LY st above 30 GHz
* ' - 05
o7 B 81025
T I3
D \ 1!
0.65 + < F haS Del y .F L0
|
=ty &=
06+ éf/ B +025
5 10 15 20 25 30 35 40 50
20 Sep 2014, 09:00:32, Simberian Inc. Frequency [GHz]
——# AS[1,2] #————; —F AS[2,1] #¥=———; — B:S[12] 0————;
- Simberian V‘ ::u 1V E 9/24/2014 © 2014 Simberian Inc. 149
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22) Strip line with capacitive via:
TDR with 20 ps Gaussian step

AcMeasured.cmp28_strpl_via_capacitive_p1J18_p2J17_s2p.MFP{1};
B:SL_SE_Via_Capacitive_J18J17.5L_SE_Yia_Capacitive_J18J17.Simulation(1};
Z, [Ohm]

60 +
55 T A
50 4 ﬁ )ﬂl ﬂ FY
J W"
45 +
Model (blue) /\\
40 +
V Measured (red and orange)
35
0:1 0.I2 0:3 0.I4 0:5 U.IB 0:7 018 0:9 1I 1.|1 1.I2 1.I3 1.I4
20 Sep 2014, 09:01:48, Simbsriar Inc. Time, [ns]
AT A22); B:Z[1,1];
. Simberian Wi 9/24/2014

D

Electromagnetic Solutions tech I"I s | 0 g y

© 2014 Simberian Inc.
© 2014 Wild River Technology LLC

Variations of via geometry
may explain additional
capacitance (off-center drilling
for instance);

150



23) Strip line with back-drilled via

SL SE strip with back-drilled via (J13-J14)
Solution: 9_StipSingle(2)

Measured:

cmp28_strpl _via_backdrilled p1J14 p2J13.s2p
Selector/Project/Circuit:
SL_SE_Via_Backdrilled_J14J13

Via barrel span is from PLANE_2
to Plane_7 (worst case back-drill)

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches
(identical and set to re-use
PCB\SL_ConnectorAndLaunch constructed
with launch model from 2-inch segment
analysis);

Additional discontinuity selector is created for
via and edited after extraction (shown on the
right); ,ﬁf

ToF
FLAMNE_Z

GIGMNAL_S

FLANE_4

FLANE_B

SIGHNAL_B

PLANE_7
OTTOM

See aISO nOteS in the SOIUtion; 20 5ep 2014, 09:06:44, Simberian Inc. 30 View Mode [presz <E> to Edit).
. . 1l A
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 151
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23) Strip line with back-drilled via:
Magnitude of S-parameters

A:Measured.cmp28_strpl_via_backdrilled_p1J14_p2J13_s2p.MFP{1);
B:SL_SE_Via Backdrilled_J14J13.5L_SE_Via_Backdrilled_J14J13.Simulation{1);

Magnitude(5), [dB]

0+ | Transmission | | _ .
é’\*’\-&m s Discrepancies
A

N
.- V| above 30 GHz

Variation of via geometry
(back-drilling) explains
. / i differences both in insertion

f _' I | i \Aj xf\ and reflection losses:
-30 + Al £ ; _ y 3
; ! ! : lIhes with stars %

-0 T !ﬂﬁ
1 1 1 1 1 ] ] ] ] ] @ l ]
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 09:11:08, Simbeian Inc. Frequency, [GHz]
— AS[1,1], — AS[1.2], —F AS[21]; —*F AS[22);
— B:S1,1], —= B:51.2];

10 T

20 +

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 152
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23) Strip line with back-drilled via:
Transmission phase and group delay

A:Measured.cmp28_strpl_via_backdrilled_p1J14_p2J13_s2p.MFP{1);
B:SL_SE_Via Backdrilled_J14J13.5L_SE_Via_Backdrilled_J14J13.Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
Measured: lines with stars § | A
0.85 + : . . I
Model: lines with circles Vo a |l
#; o P
I YV PRGN \ layvy q 11 ! L] I
0.8 T Group veiay . ) .
> L, 1075 Discrepancies
”
075 L—*—-G—Q-@——«*@V RN above 30 GHz
X vt U 105
% 4 i '
Yl
0.7 + 1&)
| 4
| R 0.25
|
0.65 + p Phase Delay Lo
06 + <4
+-025
5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 09:12:58, Simbeian Inc. Frequency, [GHz]
—# AIS[1,2] #————; ——* AIS[21] ¥ ———; —= BiS[12] 0————;
- - Id‘l .l L | S ¥ . .
- Simberian Wi X 9/24/2014 © 2014 Simberian Inc. 153
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23) Strip line with back-drilled via:
TDR with 20 ps Gaussian step

AcMeasured.cmp28_strpl_via_backdrilled_p1J14_p2J13_s2p.MFP{1);
B:SL_SE_Via_Backdrilled_J14J13.5L_SE_Via_Backdrilled_J14J13.Simulation{1);

Z, [Ohm]
575 +
55 + !
525 T Variations of via back-drilling
A ﬂ ﬂ ~ A\ and trace geometry explains
50 += ) = wf: differences;
—— | [ =T
475 + ] ﬂ‘\\ [(\ "N
45 1 Model(blue) v
Measured (red and orange)
425 +
01 02 03 04 05 06 07 08 09 1 11 12
20 5ep 2014, 09:14:00, Simberian . Time, [ns]
AZ[T; AZ[2.2]; B:Z[1.1];
- - I J'J a2 I ._' .:' L = ) )
- Simberian Wiiae - 9/24/2014 © 2014 Simberian Inc. 154
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24) 2-inch strip line with capacitive launch

el e SRR S| SE 2 in strip with capacitive launch (J9-
' et el )10

Solution: 9_StipSingle(2)

Measured:

cmp28_strpl_2in_Capacitive p1J10_p2J09.s2p

Selector/Project/Circuit:

SL_SE_Z2inch_Capacitive J9J10

Via barrel is reduced to PLANE_5;
Small anti-pads in PLANE_5 and
Board Analyzer: PLANE_7 (capacitive);
Trace width is adjusted;

2 discontinuity selector for the launches are
created and edited after extraction to account
for the back-drilling (identical and set to re-
used);

Connector models are added to linear network
after the extraction;

See also notes in the solution;

20 5ep 2014, 03:21:51, Simberian Inc 30 Wiew Mode [press <Ex to Edit)

« . i1lAl
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 155
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24) 2-inch strip line with capacitive launch:
Magnitude of S-parameters

A:Measured.cmp28_strpl_2in_Capagcitive_p1J10_p2J09 s2p.MFP{1};
B:SL_SE_Zinch_Capacitive_J9J10.5L_SE_2inch_Capacitive_J9J10.Simulation{1};
Magnitude(5), [dB]

07—~ Transmissi
Reflecu)ﬂnh ﬁ] &

Variation of via geometry
(back-drilling) explains
differences both in insertion
and reflection losses;

Measured: lines with [stars
Model: lines with circles

20 25 30 35 40 45

20 Sep 2014, 09:24:50, Simbeian Inc. Frequency, [GHz]
— AS[1,1], — AS[1.2], —F AS[21]; —*F AS[22);
— B:S[M,1], —= B:S[1.2];

- Simberian wildriver 9/24/2014 © 2014 Simberian Inc. 156
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24) 2-inch strip line with capacitive launch:
Transmission phase and group delay

A:Measured.cmp28_strpl_2in_Capagcitive_p1J10_p2J09 s2p.MFP{1};
B:SL_SE_Zinch_Capacitive_J9J10.5L_SE_2inch_Capacitive_J9J10.Simulation{1};

Phase Delay, [ns] Group Delay, [ns]
08
Mea stars Group Eela}y o 1 065
0.75 + +—Med es A -
¢hla ¥ F R da 40 06
a 1 L3 i & B U T R
BREV YR ER IS N9 L
0.7 T fk LK .[ Iy .!‘:""' E i' Ii li;,i @%fi;'é’- 3 1055
A
065 T I.I . -f Ea q ET o ?:i‘ ] =R é‘ 4 I‘q"! : r i'—* 5-: l —_— 05
. T ] g :l” |ji| 7 ] l: i T ‘i E ﬁ  § ;
v r BTG g L7 J ‘ o
| Fi |1 +0.45
0.6 T t J_
T04
055 | Phase Delay 1
- ( ( 4
—-'9-*—'-’-@-*—-—@*.__%9_6.’_“6*____@_‘_ ,; _*____Q.*.ﬁa - 035
o 5 10 15 20 25 30 3 40 45 50
20 Sep 2014, 09:25:53, Simberian Inc. Frequency, [GHz]

——* AIS[1,2] #————; —* AS[2,1] #=———; — B:S[12] O0————;

- - i I J‘l . .l F "
- Simberian S ViU ive 9/24/2014 © 2014 Simberian Inc. 157
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24) 2-inch strip line with capacitive launch:
TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_2in_Capagcitive_p1J10_p2J09 s2p.MFP{1};
B:SL_SE_Zinch_Capacitive_J9J10.5L_SE_2inch_Capacitive_J9J10.Simulation{1};

Z, [Ohm]
60 +
55 1
Measured (red and orange)
S U | ==t | | \Variations of via back-drilling
\ o and trace geometry explains
,\ differences;
45 1 \
Model (blue) v
40 1
35 T
01 02 03 04 05 06 07 08 09 1 11 12 13 14
20 Sep 2014, 09:27:47, Simberian Inc. Time, [ns]
AZ[1]; AZ[2,2]; B:Z[1,1];
p . nldwivar o
- Simberian y ) Wiiiniv o 9/24/2014 © 2014 Simberian Inc. 158
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25) 2-inch strip line with inductive launch

Board Analyzer:

Trace width is adjusted;

2 discontinuity selector for the launches are
created and edited after extraction to account
for the back-drilling (identical and set to re-
used);

Connector models are added to linear network

after the extraction;
See also notes in the solution;

] i 1A
" Simberian &, WG
Electromagnetic Solutions H/’(A technolo gy

SL SE 2 in strip with inductive launch (J11-
J12)

Solution: 9_StipSingle(2)

Measured:
cmp28_strpl_2in_Inductive_p1J12_p2J11.s2p
Selector/Project/Circuit:
SL_SE_Z2inch_Inductive J11J12

Via barrel is reduced to PLANE_5;
Large anti-pads in PLANE_5 and
PLANE_7 (inductive);

205ep 2014, 09:33:24, Simberian Inc. 30 View Made [press <E> to Edit).

9/24/2014

© 2014 Simberian Inc. 159
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25) 2-inch strip line with inductive launch:
Magnitude of S-parameters

AcMeasured.cmp28_strpl_2in_Inductive_p1J12_p2J11_s2p.MFP(1};
B:5L_SE_Zinch_Inductive_J11_J12.5L_SE_2inch_Inductive_J11_J12.Simulation{1};
Magnitude(S), [dB]

0 £
10 T
W Variation of via geometry
204 -Mn (back-drilling) explains
differences both in insertion
and reflection losses;
30 1
a0+ : .
asured: lines with stars
Model: lines with circles
'50 - ¥ il
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 09:34:37, Simberian Inc:. Frequency, [GHz]
—— AS[11]; ———* AS[12] —+ AS[RI ——* AS[2.2];
— B:S[1,1], ——= B:5[1.2];
- - "IIJ‘] " '_.__"_ o . .
- Simberian Vit . 9/24/2014 © 2014 Simberian Inc. 160
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25) 2-inch strip line with inductive launch:
Transmission phase and group delay

A:Measured.ecmp28_strpl_2in_Inductive_p1J12_p2J11_s2p.MFP{1};
B:SL_SE_Zinch_Inductive_J11_J12.5L_SE_Zinch_Inductive_J11_J12.Simulation(1};

Phase Delay, [ns] Group Delay, [ns]

Measured: lines with|stars
Model: lines with circles

- 0.65

075 1
- 0.6

Group Del:

0.7 1

- 0.55

0.65 4 THLiE 05
£y 045
0.6 1
- 0.4
0.55 -
- 035
05+
5 10 15 20 25 30 35 40 45
20 Sep 2014, 09:35:30, Simberian Inc. Frequency, [GHz]
—k AIS[12] #*————; ——* AS[2,1] ¥ ———; —0 Bi§[12] 0————;
- - I:Ii‘l "'-l_.. P ¥ . .
- Simberian y ) Whiin v © 9/24/2014 © 2014 Simberian Inc.
Electromagnetic Solutions J/‘ technology © 2014 Wild River Technology LLC
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25) 2-inch strip line with inductive launch:
TDR with 20 ps Gaussian step

AcMeasured.cmp28_strpl_2in_Inductive_p1J12_p2J11_s2p.MFP(1};
B:5L_SE_Zinch_Inductive_J11_J12.5L_SE_2inch_Inductive_J11_J12.Simulation{1};

Z, [Ohm]
55 T
4 k
" Measured (red and orange)
Agﬂ / MK\:_/:& Variations of via back-drilling
T Cr{ — ﬁﬂ — | and trace geometry explains

T =N, differences;
475 + :

Model (blue)

45 T
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1 1.1 12
20 5ep 2014, 09:37:08, Simberian e, Time, [ns]
AZ[1,1]; AZ[2.2); B:Z[1,1];
- - Illi‘l "I_ ._' -:-_ of . .
- Simberian e - 9/24/2014 © 2014 Simberian Inc. 162
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26) 2-inch strip differential line

SO SRS el S DF 2-inch segment (J35-J36-J39-J40)
EaehehencRaReRas F el Solution: 10_StipDifferential(1)
e R e Rl |\casured:
cmp28_strpl_diff 2inch_J39J40J35J36.s4p
Selector/Project/Circuit: SL_DF_2inch

See notes on the decomposition
in solution and on the next slide...

Board Analyzer:

Single-ended trace width is adjusted after the extraction;

4 discontinuity selectors for the launches are set to re-use
PCB/SL_ConnectorAndLaunch model;

Additional 2 discontinuity selectors are added for transitions from single-
ended to differential (identical and re-used);

See also notes in the solution;

« . i1lAl
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 163
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26) 2-inch strip differential line:
e-compositional analysis

(identical on both ends)

Single-ended
segments

T 281
IDG:.:JE.H___A.—G J
Differential | of L o ML) ﬁ
segment H_"%If*””_
United Connector + Launch model from See also solution notes for
PCB/SL_ConnectorAndLaunch MS DF 2-inch segment
<« Simberian & Wild Ve 9/24/2014 © 2014 Simberian Inc. 164
Electromagnetic Solutions m technology © 2014 Wild River Technology LLC




206) 2-inch strip differential line:
Single-ended transmission and reflection

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);

B:SL_DF_2Zinch.SL_DF_Zinch.Simulation{1};
*‘ﬂﬁ Discrepancies
above 30 GHz

Loss of localization and
difference in launch geometry

(back-drilling) explain
\ difference in transmission and
H \ \\ / reflection:;

Weasu red: lines with stars \

Magnitude(5), [dB]
L e S SE Transmijssion

10 + R

SE Reflection
g

Ak

'30 T .l I'I.

40 +

-50 T : : :
Model] lines with circles \ l
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 09:52:38, Simberian Inc. Frequency, [GHz]

— AS[11], —*k AS[1.2], — A5[22], —= B:5[1.1];
— B:EN.2];

- Simberian slariver 9/24/2014 © 2014 Simberian Inc. 165
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26) 2-inch strip differential line:
Single-ended near and far end x-talk

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:SL_DF_2Zinch.SL_DF_Zinch.Simulation{1};
Magnitude(5), [dB]

SE NEkT easured: lines with|stars
20718 A m odel: lines with circles
30 + % { ﬁﬁ v; géﬂﬂ ﬂ ﬁgﬂ
o
T A g iy fj\/*/\
N " u’g\/ u[} IHJ (vv 13 [J L § * m
} 2
50 T (- | SE FEXT -
| i a
o
-60 + |
1l NEXT- near end cross-talk;
FEXT - far end cross-talk;
-70 1 l l l 1 1 1 l l tb l %'ﬁ IC% 1
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 14:10:18, Simberian Inc. Frequency, [GHz]
———t AS[13]; —* AS[14], —= B:S[1.3 —= B:S[14];
o - . .i‘nl n
\ Simberian & WHOTIVET 9/24/2014 © 2014 Simberian Inc. 166
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26) 2-inch strip differential line:
SE transmission phase and group delay

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:SL_DF_2Zinch.SL_DF_Zinch.Simulation{1};

Phase Delay, [ns] Group Delay, [ns]
Measured: lines with stars 1195
115 + . — -
Model] lines with circles
11+ . :
| Discrepancies
+1
105 1 Group Delay above 40 GHz
>
1 .
% +0.75
095+ 71 J‘:
0.9+ ) i
* +— 05
0.85 1 e At .
0.8 + -
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 14:12:15, Simbeian Inc. Frequency, [GHz]
AS[12] #————; ——+ ASQ]1] +———; ——* AS[34] *————;
—# AS[4,3] #————; —= B:S[12] O————; — B:§[34] 0————;
< Simberian y AHiN A 9/24/2014 © 2014 Simberian Inc. 167
Electromagnetic Solutions JA technology © 2014 Wild River Technology LLC




26) 2-inch strip differential line:
SE TDR with 20 ps Gaussian step

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:SL_DF_2Zinch.SL_DF_Zinch.Simulation{1};

7, [Ohm]

575 1

Measured
|

55

52.5 4"7 \\\ Model transitions have lower
\

m &E impedance due to no
50 + adjustments in trace width in
G = the tapered polygonal section;
Y
475 4 Model
a5 +
025 05 0.75 1 1.25 15 1.75 2
20 Sep 2014, 141323, Simberian Inc. Time, [ns]
AZ[11]; AZ[2.2]; AZ[3.3]; AZ[AA]; B:Z[1.1];
B:Z[3.3];
- - Illi‘l "I L | ._'_-:- __ o . .
- Simberian SHE : 9/24/2014 © 2014 Simberian Inc. 168
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26) 2-inch strip differential line:
Differential mode transmission and reflection

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:5SL_DF_2inch.5L_DF_2inch{1).Simulation{1});
Magnitude(5), [dB]

o1 ' | _ DM Transmission e
-10 1 DM Reflection v
%W Loss of launch localization above
20+ ft t, 30 GHz explains additional
‘G\ﬂ insertion losses;
wld \ Variations in back-drilling, trace
“ b \ width, separation and dielectric
L ! properties explains differences in
T & | | Measured: lings with stars \J reflection losses;
Model: lines with circles
50 + T
| | T | | | | | \ | | DM — differential mode
0 5 10 15 20 2 30 35 40 45 50
20 Sep 2014, 14:15:04, Simberian Inc. Frequency, [GHz]

—— A:Smm[D1,D1]; ———* A:Smm[D1,D2]; ——= B:Smm[D1,D1];
——5 B:Smm[D1,D2];

- Simberian Vi :u Ve 9/24/2014 © 2014 Simberian Inc. 169
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26) 2-inch strip differential line:
Common mode transmission and reflection

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:5SL_DF_2inch.5L_DF_2inch{1).Simulation{1});
Magnitude(5), [dB]

0 €1 | | . . 1
CM Transmission e
WWN
10 + x
CM Reflectio
\q\\ Loss of launch localization above
20 4 - 30 GHz explains additional
G\ insertion losses;
wll Y Variations in back-drilling, trace
) 11 § width, separation and dielectric
\ properties explains differences in
-40 1 - I : ' -
T l | Measured: lines with stars i reflection losses;
Model: lines with circles
50 + ] y
] |
, , L , , , , , , .| CM — common mode
0 5 10 15 20 25 30 35 A0 45 50
20 5ep 2014, 14:17:48, Simbeian Inc. Frequency, [GHz]

—— A'Smm[C1,C1]; ——* A:Smm[C1,C2]; —* A:Smm[C2,C2];
——5 B:Smm[C1,C1]; ———= B:Smm[C1,C2];

- Simberian oy :u iver 9/24/2014 © 2014 Simberian Inc. 170
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26) 2-inch strip differential line:
Mixed mode transformation

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:5SL_DF_2inch.5L_DF_2inch{1).Simulation{1});
Magnitude(5), [dB]

I\/{easur%d: lines with stars NEM}T
=0T N}odel: lines with circles '
a0 4 : 3 Difference below -30 dB — can be
attributed to many things;
.é \
-50 + -+
60 1 14 ﬁ
7019 : ,
NEMT- near end differential to
H) common mode transformation;
, , , , , , , , . | FEMT - far end differential to
0 5 10 15 20 25 30 35 40 45 50 common mode transformation;
20 5ep 2014, 14:20018, Simbeian Inc. Frequency, [GHz]
A:Smm[D1,C1]; ——* A:Smm[D1,C2; —= B:Smm[D1,C1];
————= B:Smm[D1,C2];
. = i1lAl --.-rrfr. ar
" Simberian G v o 9/24/2014 © 2014 Simberian Inc. 171
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26) 2-inch strip differential line:
DF transmission phase and group delay

AcMeasured.cmp28_strpl_diff 2inch_J39J40J35J36 s4p.MFP{1};
B:SL_DF_2inch.SL_DF_2inch(1).Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
11 A4 | T 11
Measured: lines with stars l
.| Model: lines with circles _ " 1 Discrepancies above
' | .
Group Delay 40 GHz; _
11 > £ 109  About 5 ps difference
; due to resin between
0.95 T \S ! B TS : T 038 .
i L strips?
0.9 T Phase Delay A To7
& -
0.85 +- e & = = +06
08 T rr T 05
o 5 10 15 20 25 3 3 40 45 50
20 Sep 2014, 14:22:20, Simbsrian Inc. Frequency, [GHz]
——# A:Smm[D1,D2] #*————; ——* A:Smm[C1,C2] *————;
——9 B:Smm[D1,D2] 0————; ——% B:Smm[C1,C2] o————;
= 2 ,.I.-J rar . )
- Simberian Vit 9/24/2014 © 2014 Simberian Inc. 172
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26) 2-inch strip differential line:
MM TDR with 20 ps Gaussian step

A:Measured.ecmp28_strpl_diff 2inch_J39J40J35J36_s4p.MFP{1);
B:5SL_DF_2inch.5L_DF_2inch{1).Simulation{1});

Z, [Ohm]
1125 | : :
q Measured (differential mode)
100 1 =a=™4 Pr—— fﬁ N a L A
875 + :
Model (differential mode)
75+ Model transitions have lower
impedance due to no
625 1 adjustments in trace width in
e | polygonal section;
Common mode modeled
375 1 and measured
N
25 + A e

0125 025 0375 05 0625 0.75 0875 1 1125 125 1375 15 1625 1.75
20 Sep 20714, 14:25:15, Simbeian Inc. Time, [ns]
A:Zmm[D1,D1]; A:Zmm[D2,D2]; A:Zmm[C1,C1];
A Zmm[C2,C2]; B:Zmm[D1,D1]; B:Zmm[C1,C1];

- Simberian wildriver 9/24/2014 © 2014 Simberian Inc. 173
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27) 6-inch strip differential line

TR l SL DF 6-inch segment (J43-J44-J47-J48)
B8P Solution: 10_StipDifferential(1)

P I . . e e s i il | Moasured:

R T R R R SRR cp28 strpl_diff Ginch_J47J48J43J44.s4p

: T T e 3l Sclector/Project/Circuit: SL_DF_6inch

Board Analyzer:

Single-ended trace width is adjusted after the extraction;

4 discontinuity selectors for the launches are set to re-use
PCB/SL_ConnectorAndLaunch model;

Additional 2 discontinuity selectors are added for transitions from single-
ended to differential (identical and re-used from analysis of 2-inch segment);
See also notes in the solution;

« . i1lAl
- Simberian y AV 9/24/2014 © 2014 Simberian Inc. 174
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27) 6-inch strip differential line:
Single-ended transmission and reflection

A:Measured.cmp28_strpl_diff Ginch_J47J48J43J44 s4p MFP{1);
B:SL_DF_6inch.SL_DF_6inch.Simulation{1};
Magnitude(5), [dB]

/

above 35 GHz

Loss of localization and

"%

SE Reflection
\

-20 1 - , :
difference in launch geometry

%ﬂ\\ (back-drilling) explain

0 \ . o e Oy
.~ SE Transmission %ﬁﬁhm Discrepancies
10 + e W:ff
'%

80 T ™ difference in transmission and
\ reflection;
40 + 3 i
Measured: lines with stars\ \ /
0 | 1 u Model: lines|with circles \p
l U _I_ l l l 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 14:34:40, Simberian Inc. Frequency, [GHz]
—— AIS[11 ———* AS[1.2 ——* AS[2.2] ———= B:S[1,1];
—o B:S[1.2];
- - "IIJ‘] " '_.__"_ g . .
- Simberian Vit . 9/24/2014 © 2014 Simberian Inc. 175
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27) 6-inch strip differential line:
Single-ended near and far end x-talk

A:Measured.cmp28_strpl_diff Ginch_J47J48J43J44 s4p MFP{1);
B:SL_DF_6inch.SL_DF_6inch.Simulation{1};
Magnitude(5), [dB]

10 + .
Measureji: lines|with stars _ _
201 SE NEXT Madel: lines with circles Difference in FEXT
indicates inhomogeneity
30 - [HHHA! . of dielectric (resin
I'jd %% between strips);
40 T i iy -
A0+ . J ®/6\¥f
-60 -+
T SE FE NEXT- near end cross-talk;
70 + FEXT - far end cross-talk;
[
0 5 10 15 20 2 30 3 40 45 50
20 Sep 2014, 14:36:25, Simberian Inc. Frequency, [GHz]
AS[1,3], —+* AS[14], —= B:S[13]; —= B:S[14];
- - ;ll-'J a1 Y71 . .
- Simberian Vit Il 1w s 9/24/2014 © 2014 Simberian Inc. 176
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27) 6-inch strip differential line:
SE transmission phase and group delay

A:Measured.cmp28_strpl_diff Ginch_J47J48J43J44 s4p MFP{1);
B:SL_DF_6inch.SL_DF_6inch.Simulation{1};

Phase Delay, [ns] Group Delay, [ns]

Measured: lines wiﬂh stars
Model; lines with circles

18 1

About 7 ps difference
in phase delay due to
resin between strips?

T 1.75

Group Delay

17 1%
>

15

16 15
T 1.25
151
+1
5 10 15 20 25 30 35 40 45
20 5ep 2014, 14:38:51, Simberian Inc. Frequency, [GHz]
AS[12] #————; — AZ21] +————;, —*k A5[34] #————;
— AS[43] #————; —o B:S[12] O————; — B:§[34] 0————;
\ - - Il l ‘J 5 F |-’r . .
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27) 6-inch strip differential line:
SE TDR with 20 ps Gaussian step

A:Measured.cmp28_strpl_diff 6inch_J47J48.J43J44 s4p MFP(1);
B:SL_DF_Binch.5L_DF_Binch.Simulation{1);
Z, [Ohm]

(S AV A LA |

575 + Measured

e | | i Model impedance is
%@5@% lower by about 1 Ohm;
/l h

525 T

I

=

lode

50 +

475 1

45 +

025 05 0./ 1 120 15 1./ 2 225 25 27/ 3 325

20 Sep 2014, 14:40:36, Simberian Inc. Time, [ns]
A1 ] AZ[2.2]; AZ[3.3]; AZ[4.4]; B:Z[1.1];
B:7[3.3];
= = ,.I..-J ” - .
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27) 6-inch strip differential line:
Differential mode transmission and reflection

A:Measured.cmp28_strpl_diff Ginch_J47J48J43J44 s4p MFP{1);
B:5SL_DF_6inch.S5L_DF_8inch{1).Simulation{1});
Magnitude(5), [dB]

ol
DM Transmission e
-10 + — DM Reflection | ™= ~

s 5 Loss of launch localization above
207 £ S 30 GHz explains additional

%\ insertion losses;
=0T Variations in back-drilling, trace
width, separation and dielectric

40 + W‘ \Q\ x\ properties explains differences in

. : reflection losses;
50 L Measured: lines with stars Y /
Tt Model: lines with circles \
60 +
e oo b v ¥R ] DM - differential mode
0 5 10 15 20 25 30 35 40 45 50
20 5ep 2014, 14:42:51, Simberian Inc. Frequency, [GHz]
——# A'Smm[D1,D1]; ———* A:Smm[D1,D2]; ——* A:Smm[D2,D2];
—— B:Smm[D1,D1]; —= B:Smm[D1,D2];
- - II I “l L g _' ¥ . .
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27) 6-inch strip differential line:
Common mode transmission and reflection

AcMeasured.cmp28_strpl_diff 6inch_J47J48J43J44 s4p MFP{1};
B:SL_DF_6inch.SL_DF_86inch(1).Simulation{1);
Magnitude(S), [dB]

0 __H\
CM Transmission

20 + “"','-.'::

)
)
¢

Loss of launch localization above
30 GHz explains additional

insertion losses;
\ Variations in back-drilling, trace
At width, separation and dielectric

x \3\ / properties explains differences in
reflection losses;

f

i ..-‘ "_'i.ij-
a0 .z;'!.!_--:--.'i r" : |

40 T

=0T Measured: lines with stars
Model: lines with circles
©7T TN
0 5 10 15 20 25 30 35 40 45 50 CM—common mode
20 Sep 2014, 14:45:19, Simbsrian Inc. Frequency, [GHz]

—— A:'Smm[C1,C1]; ——* A:Smm[C1,C2]; —* A:Smm[C2,C2];
——5 B:Smm[C1,C1]; ———= B:Smm[C1,C2];
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27) 6-inch strip differential line:
Mixed mode transformation

AcMeasured.cmp28_strpl_diff 6inch_J47J48J43J44 s4p MFP{1};
B:SL_DF_6inch.SL_DF_86inch(1).Simulation{1);

Magnitude(S), [dB]

20 +
-30 +
40 +
50 + 1

60 +

-80 +

-?0 T :|I
Ii 1y

Measu

1lines v

red: lin

es witl
vith cir

1 stars
cles

NEIL\/IT

Difference below -30 dB — can be

attributed to many things;

NEMT- near end differential to

common mode transformation;
FEMT - far end differential to

0 5 10

20 Sep 2014, 14:47:06, Simberan [nc.
A:Smm[D1,C1]; —* A:Smm[D1,C2]; —= B:Smm[D1,C1];
— B:5Smm[D1,C2];

« Simberian

Electromagnetic Solutions

15

‘-/A

20 25

30

technology

35

40 45 50 common mode transformation;
Frequency, [GHz]
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27) 6-inch strip differential line:
DF transmission phase and group delay

AcMeasured.cmp28_strpl_diff 6inch_J47J48J43J44 s4p MFP{1};
B:SL_DF_6inch.SL_DF_86inch(1).Simulation{1);

Phase Delay, [ns] Group Delay, [ns]
175 1 .-
Measured: lines with stars : '
Model: lines with circles )
EAE: +2  About 7 ps difference due
k- L] L] ?
s | Group D L to resin between strips”
9'
ELMM = i
16 T¢ eiporss +15
I
155 + Pha T12
15+ ¥ T1
+0.75
0 5 10 15 20 25 30 35 40 45 50
20 Sep 2014, 14:43.08, Simbsriar Inc. Frequency, [GHz]
——# A'Smm[D1,D2] #*————; —* A:Smm[C1,C2] #————;
—% B:Smm[D1,D2] 0————; —% B:Smm[C1,C2] O————;
- - "IIJ‘] " 3 # L = . .
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27) 6-inch strip differential line:
MM TDR with 20 ps Gaussian step

AcMeasured.cmp28_strpl_diff 6inch_J47J48J43J44 s4p MFP{1};
B:SL_DF_6inch.SL_DF_86inch(1).Simulation{1);

Z, [Ohm]
1125 + . .
Measured (differential mode) s
1 i
100 A= N —

875 1 /

Model (differential mode)
75T Lower differential mode

impedance either because of

6257 trace width or separation or
. both;
Common made modeled
375 4 and measured
‘y ________—
25 L —, \—ﬁ
025 05 075 1 125 15 175 2 225 25 275
20 Sep 2014, 14:4351, Simberian Inc. Time, [ns]
A:Zmm[D1,D1]; A Zmm[D2,D2]; A Zmm[C1,C1];
A Zmm[C2,C2; B:Zmm[D1,D1]; B:Zmm[C1,C1];
- - IJJ _l ¥ 3
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27) 6-inch strip differential line:
28 Gbps PRBS, 25 ps rise/fall time

A:Measured.cmp28_strpl_diff_6inch_J47.J48J43J44_s4p.EYE; B:SL_DF_6inch.SL_DF_Binch{1).EYE;
W, [V]

0375 1

025 1

1T Eyes are on top of

each other!

0125 + R

025

037 1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
20 Sep 2014, 14:51:51, Simberian Inc. Timelnterval, [ns]
ANmm[D1,D2]; B:Vmm[D1,D2];
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Conclusion

o CMP-28 validation platform is used here to illustrate systematic
interconnect analysis to measurement validation process with
Simbeor software

o Itis shown that Simbeor software is accurate, productive and cost-
efficient solution for design of interconnects up to 50 GHz and
beyond

Less then 5 min analysis setup time per structure, simulation runs from minutes
to few hours

To feel the difference, simply try another signal integrity software and
compare results for all structures in frequency (magnitude and phase)
and in time domain

Compare the analysis setup time...
Compare the cost of the tools...
And optimize your interconnect design flow with Simbeor

O Simbeor is #1 in the price-performance!

E = 1l A
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Contacts and resources

o Wild River Technology web site and contacts:
http.//wildrivertech.com

m CMP-28/32 or newer versions

O Simberian web site and contacts www.simberian.com
m Demo-videos

= App notes
= Technical papers
= Presentations
= Download Simbeor® from and try it on your problems for 15
days
: 5 sild=ivar o
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