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Why DEA Matters Now

Bandwidth for Sl analysis is growing: Ethernet (802.03), OIF, CAe 5D5 5w € 2 1

100 50 5 20
16, NRZ 62.5 30 8 32
28, NRZ 35.7 18 14 54
32, NRZ 31.25 16 16 61
56, PAM4 35.7 18 14 54 BTc bit time for NRZ
64, PAM4 31.25 16 16 61 ST¢ symbol time for PAM4
112, PAM4 17.8571 10 32 101 RT¢ rise/fall time (G100%)
128, PAM4 15.625 10 32 108 Fn¢ Nyquist frequency
224, PAM4 8.92857 8 64 120 BW¢ bandwidth estimate is based 625 dB

448, PAM4 4.46429 4 112 239 spectrum dropoff (-20dB for 224 and higher)

A At these speeds, predicting interconnect behavior without accurate electromagnetic analysis is impos:
A But fultboard 3D EM is either not possible or computationally expensive.
A This is exactly whpecompositional Electromagnetic Analysisr DEA, is essential.

2026.EMCSIPL.ORG #IEEE _ESP26
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Why Decomposition Is the Right Physics &t

Principles of microwave circuits / edited by C.G.

icli . - Mont , R.H. Dick dEM.P [, MIT, 1948
A Interconnects arevaveguiding structuresso the most efficient uree

modeling approach ipartitioning into transmission lines + oS T v:]:
discontinuities . .
A This approach originated in microwave/mmave design and e = j:f
was adapted to PCB/PKG interconnects. le
A DEA appliesigorous field theoryto reduce problem complexity —
by following the physics of wave propagation. o -

A Partitioning enableseparation of signatiegradation factors
(IOSS, reﬂeCtIOnS, COUp|Ing), mak|ng passlfall anaIyS|S faSt and V.V Nikolskiy, T.I. Nikolskaya fiDifraction on stripline structures

Analysis of Microwave Integrated Circuitsd // RL.99 ZL 59

actionable { OH d 5% dIBHE M, 12 C. 14231458
Sa_ | \ :
o femE e
History ofdecomposition/diakopticapplications to MICs/MMICs s |7 | =

Dr
Wohl & WEYASYS  I2ANRBY 1SHRO BE Y85 i NB5YS gxyagya%&‘ AT T2 NTRRL
GAAS, Amsterdam, 1998. ]

N )]
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Why Decompositional EM Analysis Emerr

Before ~2000Digital interconnect speeds were loWwmped via models and simple transmissidime models
were sufficient and full EM analysis was rarely needed.

As data rates exceeddilGbps interconnects entereanicrowave/mm-wave spectral rangesandsimplified
models no longer correlated to measurements

Engineers adoptedeneratlpurpose 3D EM solvemesigned for RF/microwave and antenna problems
accurate, bunot optimized for PCB/PKG geometries or fast pésyout workflows.

This gap led tdecompositional electromagnetic analysis (DEA, mid 200a@g)hysicdased partitioning
method treating digital interconnects agveguiding structures composed of transmission lines and localized
discontinuities

o o Do D>

Y. Shlepnev, "Decompositional electromagnetic analysis of digital interconn20ts3,|IEEE Int. Symp.
on EMQ Denver, CO, USA 2013, pp. 5G6&8.

AT FOSNI LI NI AGA 2 yardad A LOIKNBI-O@ R OBMNR PO RF G Sy | LILISF NBER A
incorrect boundary conditions, port definitions, or use on néocalized structures

A Fultboard 3D EM analysis without partitioning is now possibldorimal domain decomposition, algebraic
matrix reduction, and HP(but remains drute-force approach with significant practical disadvantages

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.
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ACore Elements of DEA
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DEA Step 1: Identify Waveguiding Struct
& Discontinuities

Example: Pathological structure on Gi®

Kollow theactual signal propagation patand validation platform from Wild River Technology

define thewaveguiding channehround the
trace.

Adentify allchanges in reference conductof)
classify each asansmission lineor discontinuity
(e.g., vias, launches).

Metectcoupled segment®r adjacent viagor
potential crosstalk analysis.

Allow onlydominant modesbetween adjacent
domains; definevave boundariesandports.

Reference conductors are shown only
around vertical transitions (vias)

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.




DEA Step 2: Extract Transmisdiomre &
Discontinuity Models

Waveguiding channel for the pathological
link on CMR28 platform

A xtractper-unit-length RLGC / modal paramete |l
for each uniquedine crosssection (use 2D
guaststatic or 3D EM solver).

A xtractde-embedded Sparametersfor each
unique discontinuity (vias, launches, pads) usin
fast or full 3D EM solvers.

AParameterizevertical transitions(multi-vias) for
reuse across links and possible optimization.

Anclude all reference conductors inside thignal
spaceo £60dB powerflow pink boundary).

Parameterized 3D EM models
and vias

Transmission line mo
(2D or 3D EM)

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.




DEA Step 3: Build the Linear Multiport
Network Model

Wider traces with slots or L aunches
additional ref. conductors
A Connect all extractettine segmentsand
discontinuity modelsinto asingle Jos s
multiport network. s -

A Usewave ports(quasiTEM) in all directions
to ensure weldefined voltages/currents
and eliminate fixturerelated reflections. Narrow trace*

06 Feb 2025, 1411110, Sisbesion Inc

MPT(1)

A Enablefrequency-domainand
time-domainsimulation usingational

Narrow trace
compact models (RCM$#)r seamless

FD<->TD transitions.
A Reuse identical transitions and CMR28 Pathological Link
crosssectionsto accelerate analysis across 4 multiport with 2 unique mulvia geometries
multiple links. 44 transmission line segments with 13 unique ceEsgions

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.
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Why DEA Works (Physics & Efficiency) &

A Long planar traces ammputationally expensiveo solve
with brute-force 3D EM due to current singularities.

51 IL at J66 SIG(2) from JBS SIGIT] X

A DEA isolate®calized 3D discontinuitieand models long o
traces withmodal TL parameteramproving bothaccuracy _ \\\M
and SpGEd ”ﬂ 0 1'014 20 a0 F?'GHEZIU

A Decomposition separatdsss reflection, andcoupling
YSOKI YA &aYa Ttpassiall andlysigird taffeted f--
troubleshooting.

A Provides a scalable EM workflow suitabledomplex ' WMW\W

PCB/PKG interconnectgithout whole-board bruteforce TR

504

40+

simulation. T
T. [ns]

A Longrange coupling is neglectedut is possible to account.

A Not so popular because of it is inversed geometry
identification problem that iglifficult to implement on
6Swisscheesé 2 NJ aalLJ IKSUGAE 0621 NRa®

IL, RL and TDR for Ci2® Pathological Link
presentation in Simbeor SI Compliance Analyzer

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.
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ADEA Solvers

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.



DEA EM Solvers Overview

DEA utilizeswo 3D EM solversor discontinuity Soarameter
extraction andone 2D quasstatic solverfor transmission lines.

The3D EM Method of LinedoL) solver (3DML) initially modeled
both transmission lines and discontinuities.

A 2D quasistatic MoM solver (SFS) accelerates transmission line
extraction and supports broadband material models. + | !

A 3D EMTrefftz Finite Element (TFEplver (3DTF) was added In T
2015 for micromrsize HBM and interposer interconnects. _

Analysis: Multiport

opWirtualReference_
110 onlVolame) at 10 GHz; T=100 pg

BothMoLand TFE solveenalyze discontinuities with dembedded ==
ports and extract modal parameters of transmission lines. H

SIGNAL_3
0

MoLand TFE solvers usgerpolative frequency sweeg frequency
points are added to improve the quality of RCM

MoLand TFE solvers aaecelerated with the domain —_—
decomposition and distributed computin¢frequency points)

Do o Do o Do P I»

AS imglemented In Simbeor software

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.
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MoL Solver (3DML) g

Grid: 98 by 90, de=1.6675, dy=1 6575, 52 levee  DE-€Mbedded Coaxial Port

A Models use an equidistant fane mesh i
. . . Analsie I Eﬁfgerence_
alongside multiple -Axis levels adapted to thiheg ) IR etic
stackuplayers. e i g = >

ADNBSYyQa Tdzy OQiAzy 2y 13 s
using ToeplitAHankel decomposition T e (rek
A Magnetic currents are used in mostly metallize
layers, with electric currents used elsewhere. CABOL S _
- : .. « % T Aicedstrip Port
A Capacitive Absorbing Boundary Condition (CA ’}J‘z\ / Sl oy
terminates X¥plane boundaries to eliminate . |
reS O n an Ce S . 12 Feb 2025, 10:41:38, Simbernian Inc. 30 View Mode [press <E> to Edit).

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepnev, Simberian Inc.



Gric: 98 by 90, d«=1.6875, dy=1.E875, B2 levelz
SuperGrid: ProgressivelGnid, max 1dx by 1dy
Sy

Domain Decomposition MoL ~= -8 j

A Treatinglayers as separate domairsnverts problem
matrices into manageable block band matrices.

A Blockfrontal LDL algorithmsignificantly reduce both RAM
usage and solution times.

A Solution complexitgcales linearlyith the number of A,
stackuplayers.

GGF MATRIX BLOCK MAP (SIZE 35734x35734 (78228048 elem), SPARCITY 287%):

CMR28 lkunch problem matrix has block diagonals29 subsections R

and 70 blocksd NJ ¢¥5K). F e

Direct LDU factorization+9.7 GB RAMand 294s per frequency point. R
Blockfrontal LDL (tiled) algorithmreduces to-2.2GB RAMand8.4s i i umw

per frequency point. e e
Result:~35x speedup and 4x lower memoryfor the same geometry. Tlune

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.



TFE Solver (3DTF)

A Finite elements in TFE use plawave basis functions inside
the elements (similar to Ultra Weak Discontinudsbialerkin
Wave Elements).

A Unique field visualization capability (E, H, currents, power
Ft26 RSyaArAdezIXxo

A Current version uses structural adaptive meshrestricts
complexity of geometry.

A Accelerated with DBsimilar toMoL (needs wave basis
functions between domains for further acceleration)

CMR28 launch problem usésEM subdomainswith equidistant XY
mesh and adaptive-thesh.

Solves &parse system with ~4.949 variables

Requires aboud min per frequency poinbn a 20core workstation.
Memory usage is approximate8 GB RAMor this discontinuity
model.

AUCUST 3 -7 s
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Power Flow Density at 10GHz for GMP
28 launch discontinuity (animated)

#1 PowerFlow[Volume] at 10 GHz; T=100 ps; Inst. at  0.248"T;
Min=0, Max=125200 [\w/m"2];

PSR
10
TP
ROANE" 2
Hanal 75
PLANE 4

Reference
ane_ =

PLANE_5
SIGNA
PLANES

fl:ﬂ—i'o M

& S

19 Jul 2026, 11:45:00, Simberian Inc.

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepnev, Simberian Inc.
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A CMP-28-SICA Multiviall). 30ML; B:CMP-28-51CAMultivia(1).30TF; \J

MoLvs. TFE et
. [ Il
01K * *

=
CMR28 Coaxial Launch el . /’ unlocahzeid
Analysis with completely different methods o \/
Different boundary conditions (CABC vs. ABC) /“@;
Different meshing / -
Though, very similar results =T
MoL- brown *
TFE red and blue x B
### **Overall SPS Metrics** IZI 1ID EID 3|D 4ID EID
|J |J |J | OAOAI I 303 3AT OA 5 t5dzdzd 78k |_| |_| 11EEJIZE*ZZE,WQ%:‘EE,SilM:leriarunJ;i I AAAPDOAAT A |] |] Frequency. [GHz]
i i/ OAOATT 303 B3ATOA sadi "78kljli "Etoode yepd L BAAARDQAAL Algln 1 — gsp:

### **S - Parameter Similarity (SPS) Matrix**
| S -Par. | SPS (100% BW) | Rating (100% BW) | SPS (80% BW) | Rating (80% BW) |

| o - |0 - | E | CPW=8, CPWL=50, No solder mask

| *S(1,1)™ ] 95.48% | Good 196.87% | Good | MoL ¢ 2 mil vertical discretization
| *S(1,2)** | 82.71% | Acceptable | 86.88% | Acceptable |

| *S(2,1)** | 82.71% | Acceptable | 86.88% | Acceptable |

| **S(2,2)** | 92.22% | Good | 96.63% | Good |

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.




Outline

AMulti-Pass Interconnect Design Enabled by DEA
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Reference Integrity

Defects must be identified and fixed using fast, inexpensive ENEe
models prior to running costly broadband analysis.

Reference Discontinuity | Trace Impedance

High Cutout underfover Trace N899100 TOP | [(6830,55

1
2 High Cutout underfover Trace NB39100 TOP | [(6968.54
3 High Cutout underfover Trace DPS- BOTTOM | [(5605,53

A Pass 1 (Reference Integrityfocuses on finding and fixing
critical discontinuities in reference conductors as well as via

2y 435 /50,29
!'rT;'u

localization problems Electrical Rule Checking (ERC) mode. ERC: Reference.integrity violation /
A Critical violations, such as cutout in reference
conductors and vias lacking adequate reference or A —— B
stitching vias, prevent interconnect predictability and RO e [ oo | wen | " #onsemeree| |
must be eliminated immediately. — —

A Discontinuities remain predictable up to their specific
"localization frequency,"” beyond which the structures

graduallylose localization, leak energy and become
unpredictable in general

ERC: Via localization violation on BvR
validation platform

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.
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Evaluation of Localization SIPI

ACMP-26-SICA Multivia(1). 30ML: B:CMP-26-SICA Multivia(2). 30ML ”'- VY et G-- Bg | ) ”' .

Dissipated Power, [vi]
R #2 PowerFlow(Volume] at 50 GHz; T=20 ps; Inst. at  0.0518°T;
o - Min=0, Max=37310 [W/m"2];

EE?;JJ.’_—‘,HE@%B_@ nce_ g
9P ,
RRANE_2

o~ = ‘/ ’ = 30 View Mode (press <E> to Edi] -%q G NAL—3
R , PLANE 4

PLANE_5

10 20 30 a0 50 PFD @ 50GHz

06 Feb 2025, 15:18:49, Simberian Inc. Frequency, [GHz] 19Jul 2026, 15:04:14, Simberian Inc. (animated)
—# AS[L1],—2 BE[1.1].

Superlinear increase of the dissipated power indicates either loss of energy at

the boundaries (unpredictable loss of localization) or resonances (also bad) ”_-

The lost energy can be used to estimate thew@dt & S ONR &aadl £ | X LYV

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepnev, Simberian Inc.
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| Trace Impedance | Local Coupling ‘

1 High Trace to Trace DP10-. DP10+ BOTTOM | DP8+ DP6-

A Pass 2 (Impedance Continuity & Local Couplifgins
to identify and correct obvious trace and wapedance
deviations and discover local couplifgRC mode).

A Impedances are evaluated against target metrics SRS v\

a Single frequency pOint (?-g-’ the Signal NyQU?St ER¢: Local erosstalk evaluation
frequency) to address major sources of reflection. CMR28 validation platform

High Trace to Trace DPg+, DP8- BOTTOM | DP10-.DP1

# | Severity Object Victim Net(s) | VictimLayer | Aggressor

A Crosstalk is evaluated for each coupled segment.

A Pass 3 (Linkevel Crosstalk Evaluatiorfrvaluates
crosstalk caused by parallel trace coupliigast Sl
analysis mode.

StepXTK at J72.51G-J64.5I1G(D:3) fi@mx
Al — J53.81G-J57.3IG(D:2)

FSI: Crosstalk evaluation on st

A This pass utilizes coupled transmission line mode
completely avoiding the need for computationally
heavy 3D EM models.

A Also evaluates impedance with TDR

Z[o TDR at J72.51G-J64.S1G(D:3)
10+

95+

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.



DEA with 3D EM Models

A Pass 4 (3D SI Compliance Analydikjlizes 3D n
EM models for discontinuities in both frequency”
and time domains to evaluate overall losses, e

reflections and crosstalk across the signal :
b an dWi dth . 20Jul 2026, 14:00:57, Simberian Inc,

A This 3D EM analysis should only proceed o
after localization, impedance, and local Rel e
coupling problems have been identified
and corrected ¢

A While final pasgail conclusions require )
evaluating the channel with signal conditioning,
DEA effectively diagnoseshy a passive
channel might faibefore equalization is applied.

L. aQa tftl avyl
Benchmark PKG

TDR L

3D Wiew Mode [press <E> to Edit].

(A )Y

DR ) ey T

3D EM analysis is applied to disﬁontinuities |
only (Adaptive Discontinuity Selectors) o

2026.EMCSIPL.ORG #IEEE _ESP26 Y. Shlepnev, Simberian Inc.
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ADEA Accuracy and Validation
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CMPR28 Validation Platform

Y. Shlepnev, Evaluation eP8rameters Similarity with ModifiddausdorfiDistance, EPEPS2021.

Designed and Measured bVild River

Technology

Modeled with Simbeor
Guide to CMP28/32 Simbeor Kjt

CMP28 Rev. 4, Sept. 2014.

2026.EMCSIPL.ORG

#IEEE _ESP26
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Model

1 SL_SE_2inch_J6J5
2 SL SE 8inch J7)8
3 SL SE Beatty 250hm_J28J27
4 SL_ SE _Resonator_J23)24
5 SL_SE_Via_Capacitive_J18J17
6 SL_SE_Via_Backdrilled_J14J13
7 SL_SE_2inch_Capacitive_J9J10
8 SL_SE_2inch_Inductive J11 J12
9 SL DF 2inch
10 SL_DF_e6inch
11 MS_SE_2in_J1_J2
12 MS_SE_8in_J4_J3
13 MS_SE Beatty 250hm_J25 J26
14 MS_SE_Resonator_J21 122
15 MS_SE GND Voids J74 175
16 MS_SE_GraduateCoplanar_J70 _J69
17 MS_SE_Via_Inductive_J15_J16
18 MS_SE_Via_Capasitive_J19_J20
19 MS_SE_Via_Pathology J65 J66
20 MS_DF 2inch
21 MS_DF 6inch
22 MS_DF_GND_Cutout
23 MS_DF Vias

[80, 90)Acceptable90, 99)

Measurement

cmp28_strpl_2in_50o0hm_p1J6_p2J5_s2p
cmp28_strpl_8inch_pl1)7 p2J8 s2p
cmp28_strpl_Beatty 250hm_p1J28 p2J27 s2p
cmp28_strpl_resonator_pl1J23 p2J24 s2p
cmp28_strpl_via_capacitive_p1J18 p2J17_s2p
cmp28_strpl_via_backdrilled_p1J14 _p2J13_s2p
cmp28_strpl_2in_Capacitive_p1J10 p2J09 s2p
cmp28_strpl_2in_Inductive_p1J12 p2J11 s2p
cmp28_strpl_diff 2inch_J39J40J35)36_s4p
cmp28_strpl_diff 6inch_J47)48]43)44 s4p
cmp28_mstrp_2in_plJ1_p2J2
cmp28_mstrp_8inch_p1J4 p2J3
cmp28_mstrp_Beatty 250hm_p1J25 p2J26
cmp28 mstrp_resonator_plJ21 p2]22
cmp28_gnd voids_plJ74 p2J75
cmp28_graduate_coplanar_p1J70_p2J69
cmp28_mstrp_via_inductive_p1J15_p2J16
cmp28_mstrp_via_capacitive_p1J19 p2J20
cmp28_via_pathology plJ65 p2J66

cmp28 _mstrp_diff 2inch J138)37)34)33
cmp28_mstrp_diff 6inch_J46J45)42)41
cmp28_mstrp_diff gnd cutout J59J60J55]56
cmp28_mstrp_diff_vias_J49J50)51J52

; [99, 100]Excellent

Y. Shlepnev, Simberian Inc.

SPS_SE
10 GHz
97.1513
97.8176
98.3164
98.5621
94.9476
97.1172
97.7805
97.8352
95.9985
96.8208
97.9111
97.6372
96.5268
98.0708
97.6512
97.6924
96.6664
96.5088
97.2525
95.4645
95.5751
94.4506
95.6808

SPS_SE
35 GHz

92.5639
91.8262
91.7525
92.8552
91.1739
90.8311
93.0992
93.8351
91.087
93.0776
94.7303
95.3771
93.3182
94.1929
88.4187
94.4118
93.596
93.969
91.9582
93.3429
93.9318
91.4807
91.6811

SPS_SE
50 GHz

84.677
80.9387
81.1544
82.7012
82.8437
82.0804
87.3275
87.8757
83.0354
85.1746
91.8845
91.645
89.9407
90.5811
83.5582
91.4621
90.0153
90.1057
88.486
90.407
90.9123
88.7113
88.4878


https://www.wildrivertech.com/
https://www.wildrivertech.com/
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/Presentations/CMP-28_Simbeor_Kit_Guide.pdf
https://www.simberian.com/AppNotes/Shlepnev_SPS2021_rev2.pdf
https://www.simberian.com/AppNotes/Shlepnev_SPS2021_rev2.pdf
https://www.simberian.com/AppNotes/Shlepnev_SPS2021_rev2.pdf
https://www.simberian.com/AppNotes/Shlepnev_SPS2021_rev2.pdf
https://www.simberian.com/AppNotes/Shlepnev_SPS2021_rev2.pdf

CMPR28
Pathologic Link

### **Overall SPS Metrics**
i 1jlj/ OAOAT I 3
o] Ij/OAOAii 3

3AT OA
3AT OA

5 ts dzdzd
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Analysis vs. Measurement
T2ttt 20Ay 3

approach

AMeasured.cmp2i_via_pathology_p1J65_p2J66.MFP;
B:ViaPathology-JB5-J66.N843952 Simulation(1);

DBEMagnitude(S), [dB]
ote

DC‘I l"\lll

-30 11

AT ID
0 10 20 30 40 50
11 Feb 2025, 13:50:50, Simberian Inc. Frequency, [GHz]
— AS[1], —F AS[1.2]; —*F AS[21];—* AS[2.2]:
—9 BS[L1],—% B:S[1.2].

2026.EMCSIPL.ORG #IEEE _ESP26

| S -Par. | SPS (100% BW) | Rating (100% BW) | SPS (80% BW) | Rating (80% BW) |
| --- |: - |: - | - [ -
| **S(1,1)** | 89.21% | Acceptable | 92.44% | Good |
| **S(1,2)** | 92.56% | Good | 93.22% | Good |
a{ Ayl 2 NU**SEZ,@**)\QZ\IS@A) | Good |93.21% | Good |
| **S(2,2)** | 89.60% | Acceptable | 92.89% | Good |

AMeasured.cmp28_via_pathology_p1J65_p2JBE MFF;
B:ViaPathology-JB5-J66.N843952 Simulation(1);

Phase Delay. [ns] Group Delay. [ns]

Meas. — red and orange * il
Model — green and brown o

1.25

09

0.85 1
Group Delay ,

| SN~y o A mﬂa*m‘ﬁﬁ
0.8"' }‘bﬁ!ﬁ\“iﬂ \;\y \"4 74 U

- 0.75

-+ 05

075

| Phase Delay

<=
07 +— “*‘W———@:—————‘W - 0.25
‘ |

0 10 20 30 40 50

11 Feb 2025, 13:49:02, Simberian Inc. Frequency, [GHe]

———% AS[12] #— — — —© B:§[1.7] G—

Y. Shlepnev, Simberian Inc.



CMR70 Validation Platform

XTALK/0 Validation Platform from Wild River Technolog
https://wildrivertech.com/

All solutions are available in Simbeor Kit for CMP:
CMR70_Simbeor_ Kit 2025/Dec2025

https://drive.qoogle.com/open?id=1JgE62aM|KAOCHH¥S 2
HI1wCevwN|Q &usp=drive fs

Detailed descriptionA. P. Neves, K. Skytte, J. Phillipga¥osh E. Bogatin, Free signal integrity?
How understanding anisotropic materials and tolerances could increase performance at
112/224Gbps and beyond, DesignCon 2025

Used in Tutorial:

Y. Shlepnev, A. Manukovskytorial: How to Design Predictable Interconnects
for 448Gbps DesignCon 2026. Santa Clara; 2026 01 at
https://www.simberian.com/TechnicalPresentations.php

AUGUST 3-7
% 2026.EMCSIPI.ORG #IEEE _ESP26 Y. Shlepnev, Simberian Inc.
[DALLAS TEXAS 2/



https://wildrivertech.com/
https://drive.google.com/open?id=1JqE62aMjKA0CG4c-wYS2-H1wCevwNjQ_&usp=drive_fs
https://drive.google.com/open?id=1JqE62aMjKA0CG4c-wYS2-H1wCevwNjQ_&usp=drive_fs
https://drive.google.com/open?id=1JqE62aMjKA0CG4c-wYS2-H1wCevwNjQ_&usp=drive_fs
https://drive.google.com/open?id=1JqE62aMjKA0CG4c-wYS2-H1wCevwNjQ_&usp=drive_fs
https://drive.google.com/open?id=1JqE62aMjKA0CG4c-wYS2-H1wCevwNjQ_&usp=drive_fs
https://www.simberian.com/TechnicalPresentations.php

CMR70 Analysiso-Measurement Correlationi:

10

11

12

13

14

15

16

17

18

19

20

21

22

Case ID

J1J2_MSL_SE_2in
J3J4_SL_SE_2in
J5J6_SL_SE_2in
J7J8_MSL_SE_2in
J9J10_SL_SE_8in
J11J12_MSL_SE_8in
J13J14_SL_SE_60_2in
J17J18_SL_SE_60_8in
J19J20_SL_SE_40_8in
J21J22_SL_SE_CapLaunch
J23J24_SL_Beatty 50_25_50
J25J26_SL_SE_IndLaunch
J27J28_SL_Beatty_50_60_50
J31J32_MSL_SE_Via_Toolnductive
J33J34_MSL_SE_Via_Inductive
J35J36_MSL_SE_Via_Matched

J37J38_MSL_SE_Via_Capacitive

SPS Score 65GHz
89.67 (Acceptable)
94.32 (Good)
94.11 (Good)
90.68 (Good)
93.34 (Good)
90.57 (Good)
94.51 (Good)
92.44 (Good)
86.75 (Acceptable)
93.27 (Good)
94.34 (Good)
93.88 (Good)
94.34 (Good)
87.50 (Acceptable)
87.08 (Acceptable)
87.07 (Acceptable)

84.30 (Acceptable)

J39J40_MSL_SE_Via_TooCapacitive 80.03 (Acceptable)

J41J42_MSL_SL_SE_Via
J43J44_SL_SE_BalancedRes

J46J47_SL_SE_GradualCoplanar

[ SG Q3

2026 EMCSIPI.ORG

88.53 (Acceptable)
85.11 (Acceptable)

87.30 (Acceptable)

O2 YLJ NB

SPS Score 52GHz
91.47 (Good)
95.36 (Good)
95.44 (Good)
92.36 (Good)
94 28 (Good)
93.05 (Good)
95.37 (Good)
93.56 (Good)
89.30 (Acceptable)
94.33 (Good)
96.41 (Good)
94.83 (Good)
96.41 (Good)
90.47 (Good)
90.33 (Good)
90.25 (Good)
87.30 (Acceptable)
83.09 (Acceptable)
91.77 (Good)
89.66 (Acceptable)

89.92 (Good)

#IEEE _ESP26

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

'.F

Case ID
J48J49_MSL_SL_ViaFieldPath
J50J51_SL_SE_WhiskerStubs
J52J53_MSL_SE_Cap_Cutout
J54J55_MSL_SE_Cap_NoCutout
J58J59_SL_SE_RadialStub_50
J60J61_SL_SE_RadialStub_84
J62J63_MSL_ViaResonator
J64J67_MSL_SE_ViaXtalk
J69J72_MSL_Diff_2in
J73J76_SL_Diff_2in
J77J80_MSL_Diff_6in
J81J84_SL_Diff_6in
J85J88_Diff_Beatty
J89J92_Diff_PlaneCutout
J97J104_Diff_ViaTrans_Coupled
J109J112_MSL_SL_Zaxis_Xtalk
J113J114_SL_SE_Caplaunch
J115J116_SL_SE_IndLaunch
J117J118_SL_SE_Whiskers_84

J119J122_MSL_SE_ViaXtalk_L2

Sé

SPS Score 65GHz
87.68 (Acceptable)
90.82 (Good)

78.36 (Inconclusive)
70.54 (Inconclusive)
86.66 (Acceptable)
82.35 (Acceptable)
80.78 (Acceptable)
75.98 (Inconclusive)
89.16 (Acceptable)
92.92 (Good)

89.19 (Acceptable)
92.81 (Good)

88.21 (Acceptable)
87.00 (Acceptable)
82.60 (Acceptable)
69.20 (Inconclusive)
87.14 (Acceptable)
88.36 (Acceptable)
82.79 (Acceptable)

76.86 (Inconclusive)

AYVGSNBAGAYT OF 458

Y. Shlepnev, Simberian Inc.
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SPS Score 52GHz ~ SPS Score 32.5GHz
90.17 (Good)

94.78 (Good)

84.31 (Acceptable)
78.81 (Inconclusive)
92.83 (Good)

87.97 (Acceptable)
85.09 (Acceptable)  92.86 (Good)
80.90 (Acceptable)

90.86 (Good)

94.54 (Good)

92.97 (Good)

93.85 (Good)

91.49 (Good)

90.10 (Good)

85.10 (Acceptable) 92.9 (Good)

74.90 (Inconclusive) 87.75 (Acceptable)
93.42 (Good)
94.51 (Good)
93.90 (Good)

82.18 (Acceptable)

Q)¢
X




J62J6& MSL SE Via Resonator

J62/J63

IN2405894

\MSL Via Resonator (Resonant)

|Anisotropy Test

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(3)

(.5 CMP-70-SE(3) [B& NS 3D:CMP-70-SE-)62)63_MSL~aResonator

#4884 SPS Metrics by S-Parameter Element

| s-Par. |
e g
| s11 | 80.78

| s12 | 83.08

| s21 | 83.04

| s22 | 81.58

|

I ———
| Acceptable

| Acceptable

| Acceptable

| Acceptable

SPS (8e% BW) | Rating (80% BW)

|

|
85.09 | Acceptable
85.59 | Acceptable
85.53 | Acceptable
85.24 | Acceptable

* **Qverall SPS Score (100% BW):** 80.78 » **Acceptable**
* **Overall SPS Score (80% BW):** 85.09 » **Acceptable**
* **Overall SPS Score (50% BW):** 92.86 » **Good**

Note: Compare it with the results obtained with Cadence Clarity in
20 dzy

d CNE S

G2t SNI yOSa

Ve

aAdy Lt AYyGSINRGeK

DesignCon 2025

AUGUST 3-7 ARQ

)

2026.EMCSIPL.ORG

#IEEE _ESP26

SPS (50% BW)

92.86
93.11
93.e8
92.88

O2dzZ R AYONBI &S

Rating (5@% BW) |

LIS NJF

Y. Shlepnev, Simberian Inc.

"CMP-70_J62 J63 MICROSTRIP ANISOTROPIC RESONATOR.S2P"

17 Jan 2026, 09:08:29, Simberian Inc.

Link/Net Browser

Net
N2405894

3D Yiew Mode [press <E» ta Edit)

DALLAS,TEXAS )

(N~



J62J68& MSL SE Via Resonator

|Anisotropy Test

~2% shift in resonance;
No Anisotropy

\MSL Via Resonator (Resonant)

J62/J63  |N2405894
Solution .\CMP-70_Simbeor_Kit 2025\Dec2025\CMP-70-SE(3)
Ak eas CMP-70_J62 JE3 MICROSTRIP AMISOTROPIC RESOMATOR. MFP;
B:JB2I63 _MS5SL_‘iaResonator M 2405834, Simulation[1];

A:Meas CMP-Y0LIE2 JE3 MICROSTRIP AMISOTROFIC RESOMATOR MFP:
B.JE2I63_MSL_ViaFResonator N2405894. Simulation(1];
DB agnitude(5). [dB
gnitude(3). [46] Z. [Ohm]
T T
B0 T
.‘I |:| .
£:Meas. CMP-P0_JE2 JE3 MICROSTRIP ANISOTROPIC RESONATOR.MFP:
B:JE62I63_MSL_“iaResonator. M 2405834, Simulation(1]:
'ED 7 w&: aze Delay, [ne
A:Meas CMP-70_JE2 JB3 MICROSTRIP ANISOTROPIC RESONATOR.MFP; 5|:| T Lﬁ£ % o e -'f"[ ]
B:JE2J63_MSL_WiaResonator. N2405834. Simulation(1]: i g e’ ) h 4 I Y
| || Phase Dela
20 1+ i gfy ] .
\ -34.75/ ’ N
=T }g{yﬁ}é 1337 A0+ i~
) 0.375 + 1
a0 mr | | f Vp‘fﬂ@ésgm« L
1;3 1‘3 1;1 15.2 13‘.3 1;4 15.5 E
17 Jan 2026, 09:11:39, Simberian Inc. Frequency. [GHz] 04
* AS[0.1]: ¥ 4502 ¥ &5[2.2]: !
—) B:S[1]; — B:5[1.2]; la
=0T . . : : : : . il
' ' ! ' ' ’ ’ ’ ’ ’ ’ ’ 5 1 m w4 s @ 7
40 &0 B0 fil 0125 025 0375 0.5 0.625 075 0875 17 Jan 2026, 010:37. Simberian Inc. Frequency, [GHz]
Frequency. [GHz] 47 j5n 2026, 09:10:04, Simberian Inc. Time, [ns] —k As(2—O B[
&:21.1]; &8E12.2): B:21.1]:;

20 2

10
17 Jan 2028, 09:09:42, Simbernan Inc.
—% AS[11], /% A5[1.2], — AS5[22],—2 B:S[1.1]:

—) B:S[1.2]:
Y. Shlepnev, Simberian Inc.
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L999 Ot {

https://www.packagingbenchmarks.org/

Potential »
Actual, FEM+D»
Potential »

Actual, BEM *
+ONlogN)) solve

Actual, BEM »

Nets:All nets in L3_CP_PP_CL3 _CLK3 group
(L3_CP_PP_CL3 CLK3 CLOCK,

L3 CP_PP_CL3 CLK3 DADAID17)

Decompositional Model1943 unique crossections, 40
discontinuity models. 3DSI analysis time: 58min on laptop

2026 EMCSIPI.ORG #IEEE _ESP26 Y. Shlepneyv, Simberian Inc.



