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Abstract

At data rates exceedinl2 Gbps, interconnects function as waveguides
where enerqy travels in the dielectric space, not merely on the traces. This
session explores the fundamental physics of signal degradation to demystify
high-speed interconnect behavior. We will examine the anatomy of material
losses, visualizing how dielectric polarization and conductor surface _
roughness dissipate energy. The discussion progresses to reflections, treating
discontinuities specifically vias as vertical waveguides with distinct

radiation properties. Finally, we analyze crosstalk through the lens of
electromagnetic field coupling and modal velocity differences. By shifting
focus from s_|mPIe circuit equations to physical field behavior, attendees will
gain the insight needed to predict performance and mitigate signal integrity
ISSues in nexieneration designs.

¢ 2026.EMCSIPL.ORG #IEEE _ESP26




Outline

Alntroduction: Signal bandwidth and degradation factors
AAbsorption: Dielectrics and conductors

AReflections: Impedance and discontinuities

ACoupling: Dissipation and crosstalk

AConclusion




Bandwidth for S| Analysis is Growing

Ethernet 802.03, OIF, PClg8, GDDR, 7X

BTG bit time for NRZ
10 50 5 20
30 8 32

100 ST¢ symbol time for PAM4

o> s u  w RTcrise/fall ime (0100%)

31.25 16 16 61 Fn¢ Nyquist frequency

s 1o 14 o BWgbandwidth estimate is based 625 dB
17.8571 10 32 101 spectrum dropoff (-20dB for 224 and higher)
15.625 10 32 108

8.92857 8 64 120

4.46429 4 112 239

Bandwidth for the analysis may be further reduced by attenuation of-high
frequency harmonics
It may be not applicabletoneas Yy R ONR aaul f 1 X

AR




Bandwidth Brickwall: PSD of Realistic Link

l fn=112GHz frg, Hz

448Gbps PAM4, 2ps rise time, PRBS9 0
5-inch strip line, W=12mil, H=20mil

Meg7 7 Wideband Debye: Dk=3.17, LT=0.001

@ 1 GHz -20
Copper: RR=1.4, Roughness 1 Huray-

Bracken Model: SR=0.14 um, RF=8.7

11 2E+11 3E+11 _ 4E+11 5E+11
Stimulus PSD

Response PSD

l224GHZ

-40
1.5-2 x Nyquist may be required for

accurate analysis

Formal pulse analysis can be used for better .60
estimate (*)

Bandwidth for NEXT (crosstalk in vias) is
practically the same as the stimulus L -
maximal possible bandwidth must be used

-80

Highfrequency harmonics are attenuated but still-100

required for accurate modeling Simbeor SDK

-120
“”““s”:%; (*) Y. Shlepnev, How Interconnects Work: Bandwidth for Modeling and Measurements , Signal Integrity Journal, April 12, 2022
2)
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Bandwidth Brickwall: PSD of l-bwss Link

448Gbps PAM4, 2ps rise time, PRBS9 l fn=112GHz frq, Hz
5-inch strip line, W=12mil, H=20mil 0
Meg7 i Wideband Debye: Dk=3.17, LT=0.001

1 2E+11 3E+11 ; E+11 5E+11
Stimulus PSD

@ 1 GHz ) 224GHz
Copper: RR=1.1, Roughness i Huray- Bracken -20 / Response PSD
Model: SR=0.01 um, RF=8.7
2-4 x Nyquist may be required for accurate -40
analysis
Formal pulse analysis can be used for better
estimate (*) 60
Bandwidth for NEXT (crosstalk in vias) is
practically the same as the stimulus L - 20
maximal possible bandwidth must be used
More on achievable losses in Presentation #2020 03
at Y. Shlepnev, In search of fundamental limits for -100
electrical interconnects , January 2020. _
Simbeor SDK
-120

m"m:%;(*) Y. Shlepnev, How Interconnects Work: Bandwidth for Modeling and Measurements , Signal Integrity Journal, April 12, 2022
)
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Signal Degradation Factors

U Absorption(dispersion) in dielectrics and conductors
(app notes 2016 01, #2021 10)

U Reflectionsfrom impedance mismatches and
discontinuities (app notes29€21 11, #2022 01)

U Leaksor dissipationinto other interconnects, common
mode, power distribution networks (PDNSs), and free
space (radiatedq source of crosstalk and EMC/EMI

U Crosstalkg interference from signals leaked from the
other interconnects (app notes2®23 04, #2024 01)

App Notes are at https://www.simberian.com/AppNotes.php

* 2026.EMCSIPLORG #IEEE _ESP26

What effects are important at a
particular data rate?

Are they accounted for by signal
integrity software?

Are they all included into
electromagnetic software?

If all effects are included, will
model correlate with
measurements?
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Interconnect Balance of Power (*)
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(®Y. Shlepnev, How Interconnects Work: Reflections from Discontinuities , Simberian App Note #2022 01, January 10, 2022.
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Absorption: The Dominant Mechanism of Signal Degradation

A All signal energy is ultimately convertado heat in

dielectrics, conductors, and terminations.
A Even with perfect matching (S11=0), absorption remains.

A At 50Gbps NRZ:
A 0.4pJbit minimum (1V, 1000hnPtot=20mW, Thit=20ps);
A2A0K 9ljdz ft AT FGA2Y O YAGABDIGH2Y

AEach2A Yy RI OF NJ 0 Splaits w0 b
A Butratio of Eed Ebitis still growing

— WO (no reflections)

C

CzZ0 WO

C

(@) 0 z°Y Wo'Qo
2F aA3dylf RSIANIRI

00Edy & %(é d—) 1 1 Qo

A Mostly absorption drives power consumption and 10
complexity.

(*) D.R. Stauffer, Progress and Challenges for Next Gened@iGhElectrical Links, Q2614



http://www.ethernetalliance.org/wp-content/uploads/2014/06/Panel-2-Speaker-2_D.-Stauffer.pdf
http://www.ethernetalliance.org/wp-content/uploads/2014/06/Panel-2-Speaker-2_D.-Stauffer.pdf
http://www.ethernetalliance.org/wp-content/uploads/2014/06/Panel-2-Speaker-2_D.-Stauffer.pdf
http://www.ethernetalliance.org/wp-content/uploads/2014/06/Panel-2-Speaker-2_D.-Stauffer.pdf
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Power Flow Density (PFDJz "5 ks" i ossoc

Power flow (Poynting vector) is energy passing through unit area in 1 sec
at 1 GHz

Structured Mesh: %55, Y:62, 219, d=0.875, dV=0.875 Zmas=39. 3428
Elements: 5 £30; Matrices: SM: 1 028 280, CM: 2. Final: 2
Analysis: Multiport ~
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PFD in Stripline: Signal Space and Absorption

Conductor interior

Peak value of power flow density [W/i2*

el

I Y A B
DEIINI L LY NENNII I TN
C L ZEZEZTTTE PAXRRECETG 3 1
a2 i i A . ‘ L WL NI NN NN

More power flows along the line closer to strip Energy passing through conductor boundary

edges at higher frequency is absorbed by the conductor
Pe |2 =30 GHz o o
L L J

Mielectric properties dominate propagation
AConductor dominates absorption
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Energy Absorbed by Materials

Dielectric polarization losses

Electronic polarization of atoms or ions (induced dipoles)

Atomic or ionic polarization of molecules (induced dipoles) ®»—@

Orientation/Distortion molecular polarization (permanent dipoles
Macro-dipoles {charges on boundaries or in lattice)

! 1 R M R e Uil >
3 e o) . o
efer)2 ]Rt‘;(f:r } :.-" il g 1 6 .

d i Y { il
1 : Incr > of rel ion tim i anviii waniii =
f,m ncrease of refaxation time I | o
0 Q
] [} - - 3 5 —
001 01 1 10 100 1x100 1x10* 1x10° 1x10® 13107 1x10® 1x10° 110" 1x10'! 1x10™ 110 pere™ 1x10” 1x10" 1x10' Y

f

Frequency, Hz

Allabsorbed energy becomes heat this is the root cause
of IO power scaling

Transmission parameters (S21) include all effects of
absorption and dispersion associated with it
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Conductor losses resistivity and roughness
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Resonant
absorption in
Nickel (~2.7 GHz)

Z(f)=
1

l K, (£)Z(f)
VAV AV LV AN

See more in Material Worktutorial - #2016 01 at www.simberian.com> Technical Presentations
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Modeling Dielectrics: Wideband Debye

Aka Djordjevic -Sarkar or Swensson -Dermer

K Dek De

£10™

= N~k f)= + — |
(1) ‘eE‘llﬂf/frk = ath= ¢ (m, - m) B(10) §10"

10™ <— Continuous relaxation poles —> 10™

.—'-"'_H_'_'_'_'

100
_.-—F""'FH_FF
N ~f L
] T
Re(l3) %1074 amutll]
= 0
. sl Attenuation Np/m
1107
. —10-/
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w0 1x1060 110t a0’ 1x10® 1107 a0t 110”110 1x10!! 1x102 1x10” pero®
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_g \
Im([;)  7x10 \'\‘\‘\_\
2mf ggi107® e
0 Phase delay, s/m T U]
_g T L)
6.4%10 - - - -
100 1x10°  1x10° 1x100  1x10%  1x10”  1x10® 1x10° 110! !l 1x10"? x10® ko™
fj Frequency, Hz

This model is defined with Dk and LT at 1 frequency point!

Other wideband model options: Havriliak-Negami
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Example:

Plane wave propagation constant

o
H
e, =3.707; De £.108m 1 4m 2 X
Re(e(10 )= 4.2; tanf 1Y = 0.02
Generalized transmission parameter for distahce
s21(w) =€ ©
0

Insertion Loss dB/m
—1x10°

20-log( |521;] }
- -2x10°

—3x10°

2101 410" g0t 8x10"! 1x10%

Frequency, Hz

Mor e I n
tutori al
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Dielectric Losses: Impact on Reach

A Dielectric attenuation grows approximately linearly  with frequency.

A At 28 GHZ (112 Gbps PAM4 N A:DielectricHighLoss. stip. 5FS; B:DielectricStdLoss. strip SFS; C:DielectricMedLoss. strip. SFS; D:DielectricLowloss. stiip. 5FS; E:DielecticUlral owLoss. stiip. SFS;
NyQUiSt): sy Highloss (LT=0.02) =" | " | Standard losg (LT=0.015)
A Ultra-low-loss dielectric A A
(LT 40.001): ~5 dB/m w5 e TP T T T 1T T Medium loss (LT=0.01)
. . ) Lo 6x1.2 mil strip|in dielectric with | | | ! | | [ | | T | ' [
A Standard FR-4: >100 dB/m okeit2 (30 Ohfm, tybical bze) FR408
essentially no usable signal S
above 20-30Gbps T T T T [ [towloss (LT=0.005)
A Dielectric selection directly 5 A | — — —
determines: At " —— ) Meg7-8
A Maximum channel reach N — ; —
A Required equalization e | | | Ultralowloss (LT=0.001)
A Overa” power per bit ]BgclzmgDagsn:'i;mhg,.ﬂn?nc 75 10 125 15 175 20 225 25 275 30 325 B 375 40 425 45 475 F'equ:'?w[GHz]
= AcMode(1): B:Mode{1); ——* C:Mode(1); —F] D:Mode{1) ——+ E:Mode[1);

A Even fultra-low-losso PCB dielectrics are still far more lossy than cable dielectrics.

AUGUST 3-7 AR




Attenuation, [dB/m] PhaseDelay, [ns/m]

Lossy Dielectrics Change o
Delay and Impedance (MR Sain
A AT

Z’_"E.Z/“"—*?‘Q’:’_————— — e 1638

e A
~ ¥ i = T—~% 1675

B—=
-
\\‘-‘
M~
e g
- ¢ Lt —— e
’\ﬂ,::.@c-:“ ) -*~——>+-—¥—--e<
* o =i 4T 67

; | T = -

\

PTTYIE
A Any dielectric must exhibit dispersion 8 this is a direct |
conseqguence of causality (Kramersi Kronig relations).

A As frequency increases: = |
A Dkdecreases Y phase velocity incr.gasies. ° 2 = = = @& &
A Impedancechanges Y refl ections and | Skomic o ——fmyo-— o=

DModel] U= — = :———+ EMode[i] T———:

AT

Magnitude(Zo), [Ohm]

A High-loss dielectrics show stronger dispersion , causing:
A Harmonic misalignment ’ Characteristic impedance
A Eye closure o || High loss (LT=0.02) | —
A Increased equalization power 5T N L -
A Accurate modeling requires wideband Debye or )ﬂr/“ ey e
. - ,.,-—-"’"'
multi -pole causal models - constant-Dk/LT models are 51 1 /{/' e ——
-physical I e e
non-physical. A
%/:}________ﬁ-ﬁ?r——* = = —
505 1 " | —
M@E _Ultra-Low lass {LT=0.001)
yl . UBDC_EJt 2019‘10:5?5;:;2;2“_%”'”& > B:Mode[1]; —% C:Mode[1; —&] gﬁ;:g[?l&]': o

Ir .~ 2026.EMCSIPL.ORC #IEEE _ESP26 —+ EModef1)
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Conductors and Roughness:
Dominant Loss Mechanism at High Frequencies

Conductor loss comes from

A Finite resistivity

A Skineffect confinementof current

A Skineffect on rough surface
At mmwave frequencies (2812GHz) surface
roughness dominates conductor loss
Even with ultralow-loss dielectrics, roughness sets
the practical lower boundon PCB attenuation.

Smooth copper + wider traces + lower Dk are
required to approach cabiigke performance

AUGUST 3-7 AR
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A:DielectricMedLoss. strip.SFS; B:DielectricUlralowloss. strip. SFS; C:CondStd. strip.SFS; D:CondLP.stip. SFS; E:CondSmooth. strip. SFS;

Attenuation, [dB/m]

50T

0717

o+t

Medium loss (LT=0.01) o |

FR408 -
6x1.2 mil strip in dielectric with -
Dk=4.2 (50 Ohm, typical size) =
"
0 5 10 15 20 25 30 35 40 45 50
06 Oct 2019, 10:36:57, Simberian Inc. Frequency. [GHz]
—k A:Mode[1]; + B:Mode[1]; # C:Mode[1]; =] D:Mode[1]; =) E:Mode[1];

Roughness models: Hur®yacken, k%, r=SR

d 6
2r2

K, =18 %RF, 3 Sé_c")(l +)
k G

R

d=(pd @B

Copper with HVLP
surface, SR=0.14um,
RF=8.7

Copper with STD/RTF
surface, SR=0.4um,
RF=2

Smooth copper

Ultra-Low loss
(LT=0.001), Meg7




Roughnes$nduced Dispersion: Causality in Action

In addition to increase of losses, conductor roughness also increases signal delay and impedance

A:CondStd. strip SFS: B:CondLP.strip. 5F5S ; C:CondSmoath. strip. SFS;

Atteration, [dB/m] PhazelDelay, [nz/m]

50 T /,El
gj Copper with HYLP surface, /Er 17
: SR9.14um, RF8.7
40 T .
¥ - o
[
m /\ /E ] T 71
/E/*,/ el
1ase delay P 1™
> /B/ 47
L~ ________..——'-"'"-":"
ﬁ iﬂL M#S*;JOE copper 1°®
,% i i i
el L\ 169
h_"*"---—..* T~ —— 3 — —g
S R o . et st 2 e gt Pt 3 T2
Iél é 1 IIZI 1 I5 2IEI 2I5 a0 3I5 4IEI 4I5
06 Oct 2019, 10:47:03, Simbernian lne. Frequency, [GHz]
—# pModell] #— — — v ———F] B:Mode[l] U— — — ;——% CMode[l] O———;
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A:CondStd. strip. 5FS; B:CondLP. ztip.5F5; C:CondSmooth. strip. 5F5;
b agnitude(Zo], [Qhm]

f

| Can be up t@ Ohm for
Bl smaller crossectionX

Copper with HVLP surface,
SR:O.14u/m, RF=8.7
\\E.___‘_HE- / Smooth coppef

5075 T Ny = = 1 - .
505 T ——al = - - —

0B Oct 2019, 10:47:23, Simberian Ine.
—# aMode[1]; = B:Mode[1]; —=' CMode[1];

Copper roughness models are identified with gidfameters from measurements

Frequency, [GHz]




Increase of Absorption and Inductance by Roughness

Cut plane along the PPW through the posts

L3

w
A

VR
AR

Parallel - plate waveguide with one ideal Magnetic field intensity [A/m]
conductor and another with 1 um Peak values at 100 GHz
Amushroomso (1.5 by 1.5 um cap, 0.5 um
stem) at 0.5 um distance AT T
&7 o & &” oo 4
srzrszes
e
&* o~ o
’L‘ 7= g
[ &‘
‘i
%

A \\

ARR

‘\ DDy
R
N

DO

-

X

04 0ct 2017, 07:23:21. Simbesian Inc.

Larger H between the  fimushrooms 0
Smaller H inside the  Aimushrooms 0

. fum]

6 65 7 75 8 85 9 a5 10
04 Oct 2017, 07:35:01, Simberian Inc. D View Mode (press <E> to Edi).

wests o 2ae Y. Shlepneyv, Unified approach to interconnect conductor surface roughness modelling, EPEPS2017

3
e
o

SIPISS 2 2026 EMCSIPLORC = #IEEE_ESP26 © 2017 Simberian Inc.

1 =)
Taly g rexss, 42U




Increase of Absorption and Inductance by Roughness

Parallel - plate waveguide with one ideal 3 cut planes along the PPW through the

conductor and another with 1 um Aimushrooms 0 arld between
Aimushroomso (1.5 by 1.5 Gumentflpy density pA/m? 2]

um stem) at 0.5 um distance Peak values at 100 GHz

04 Oct 2017, 07:36:19, Simberian Inc. 30 View Mode [press <E> to Edi

Currents are on both sides of
ficap O in opposite directions

2026.EMCSIPL.ORG #IEEE _ESP26 © 2017 Simberian Inc.




Predictability of Losses and Dispersion

A Depends on availability of frequenrcgntinuous ultrabroadband models for dielectric
and conductor roughness

A Dielectric data from laminates manufacturers can be used to construct such models with
sufficient accuracy for preliminary analysis

A Dielectric models for higher data rates and for better accuracy must be identified

A Parameters for conductor roughness models are usually not available and must be
identified
AdP_ossibI_e identification techniques with separation of dielectric and conductor loss and
ISpersion
A Identification with GMSarameters (Shlepnev, EPEPS 2Q15}-line segments
A Identification with SPP Light (Shlepnev, Choi, Cheng, Damgaci, EPER320ih&) segments

More at: Y. Shlepnev, A. Manukov3kyorial: How to Design Predictable Interconnects for 448Gbps
5S&aA 3y / 2306401 atdtps://www.simberian.com/TechnicalPresentations.php
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Outline

AReflections: Impedance and discontinuities

~ ~

Y U ”_’-l'-% f)--

hyOS [ 0&a2NLJiA2y A& dzyRSNRUG22RX (G4KS ySEG Yl 22N
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Reflections: Signal Losses and Distortion (I1SI)

A Reflection sources i
A Trace/transmission line and terminations impedance mismatch | U 0 | gu gt Vg™

A Discontinyities; vias, transitions, AC caps, cutouts in reference
LI | Yy SX - -

A Periodic discontinuitieg cut outs, fibers S g8 STFFSOG ¥ XY Y| O
A All reflections are included into transmissiop&ameter o Aa I 22

(insertion loss and delay) [@D—"‘W = ' [S] V e

AReturn Loss (RL o8]]) is usually used as a compliance & S
metric for link quality control | \/~
W ——"Y

A Effective Return Loss (ERI3Iso convenient reflection
metric in time domain

A Time Domain Reflectometry (TDR) is often used (or misused)
for impedance control

A Insertion to Reflection Loss Ratio (IRR) can be also used|for
link quality control

Ca

_<
0¢

C

AUGUST 3-7 AR
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Reflections: A Waveguiding Perspective

PCB/PK@hterconnects arepen waveguides (striplines and microstrips)
Any change in the waveguide geometrynoodal impedanceproduces reflections.

Impedance [Ohm] & 5 GHz
55

Length compensation impedance violations Connector and AC
' x : caps pads

45

Effect of reference metal on traces in BGA field

Reference discontinuity effect ————2

A°CB and Packaging tradegjuasi TEM planar waveguides

A/iasstrong discontinuities, should behort vertical waveguides

Aads, balls, stubs, nedowns, AC caphlocal discontinuities

MReflection = mismatch betweémpedancesf adjacent waveguide sections

AUGUST 3 -7 AR
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Reflection From-Line Impedance Mismatch

Z, a h a, 4 Incident Waves: Reflected Waves:
+ % P \Il /2 ) e + p
b : S v* o MR ' y (o ot O ——=( @t
sz—' bV, Z.,G v, B A c\/dT(w % t0 cd,)( 0
’ a. 0—< >0
Ha =0k j % %
(}XQ RealZo], [Ohm] Imaginary(Zo), [Ohm]
3("9 /d("gtd("g | "Q "QQ (I)(“Q m 5125 + ‘\ #-*-_—*—_“_*____*_-__*____LK____*__ ‘—-*-———-*-1“-———*__0
s | o Im(Z,)
¥ 51 + | T-1.25
Reflection: ] ] ——F 125
; ] (O &) R
Y, Y, — - —_— - 5075 T
O © tw to two(3Ac 1 a7
( S O( ®) FR408; Wideband Debye:|Dk=3.8,
- LT= :
_ 0IT Copper: RR=1.2, Causal Hammers{ad
O ©Q » NO Reflections | Rothness Model: SR=0.4, RF=2
o . | T 625

¢ 0 expl- AP

S(f’l)zﬁxp(- ap o

AUGUST 3 -7 A=
h”

0 10 20 30 40 50 60 70
20 Dec 2021, 15:14:39, Simberian Inc.

120
Frequency, [GHz]

a0 90 100 110




Reflection From Almost Matchee.ihe (Real)

5 c¢cm about 50.5 Ohm strip line segment;
FR408&; Wideband Debye: Dk=3.8,
LT=0.0117 @ 1 GHz;

Copper: RR=1.2, Causimmerstad
Roughness Model: SR=0.4, RF=2

A Project[1].2egmB0_Scm Simulation1];
M agnitude(5], [dB]
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Optimal Characteristic Impedance ..

Wideband Debye: D&, LT £.002@ 1.0e9, o
Copper0.50z, HurayBraken SR 9).1um, RF #$; i

Attenuation vs. Impedance @0 GHz

Power In for 0.1 V Out of_1m Segment;
T T

_ O T T T II
H=3mil;
H=4mil;
H=5mil;
160 Sr H=6mil; | |
32 Ohm
- H=8mil;
- - 50 H=9mil;

80 -10 H=10mil; /
= H=11mil;
@ 60+ = H=12mil;
o0
-z. % _15 — -
S 40 4 nE_

JC—UJ
=
c
L 20+ 20 - .
< 100
0 >
2 25 - .
40
56 Ohm
8 20
) 10 Zc, Ohm -30 I I I I I I I I I
H, mil 12 0 0 10 20 30 40 50 60 70 80 90 100
Zc, Ohm
DI 0 AR Y. Shlepnev, How Interconnects Wamkpedance and ReflectionSimberian App. Note #2021 11
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Reflection From Vertical Transitions (Vi

A No design or poor desigvia barrels, pads, antipads, and Examples of via design from CMP
reference changes are rarely engineered as the impedance 70 Vvalidation Platform from Wild St
controlled waveguides River Technology

A Stubs are the worst offenderopenended via stubs behave as
< &resonators driving reflection to maximal value s Ble B

GEP T Y O p

A High sensitivity:small variations ipad andantipadshape and
size or layerstackupcause large changes in via impedance \ sl A

A Large impedance deviatiomlanar-> vertical transition
produces anodal mismatch(quasiTEMIhcoaxlike
TEM/TR1)

A Higherorder mode excitation:TEL1 onset in the via cavity
creates additional reflection and leakage
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Vertical Transmons (Vias) are Major Discontinuities

01 0z 03 . 05 . 07 08
28 May 2026, 13:09:26, Simberian Inc. Time, [ns]
AZ[11]:; B:Z[1.1]: C:Z[1.1]:
D211 E:ZM.11;

Examples of via designs from GiVIl°Validation
Platform from Wild River Technology
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Waveguiding Approach to Via Design
Design vias asideband waveguideE y 20 a4 AGRNAff SR K2ftS gA0K A0A0GOKAY

1.Middle section = waveguide
1. Use SICW (substrairtegrated coaxial waveguide) or SITWwigax)
2.1 AAK ¢9mm Odzi-ed&bamtwidtth RS & Ay 3§
3.{GNRY3 t20LtAT I 0A2Y I YAYAYLI
2.End sections = TER-TEM transitions
1. Verticalto-Horizontal or to Verticalo-Verticaltransitions (VHT, VVT)
2. Simple, minimal mode conversion to TE11
3.Geometry must bestackupagnostic
1. Same XY geometry works across different layer counts
2. Verified by PFDr dissipated power metrics to minimize possible
crosstalk

Y. Shlepnev, ManukovskyWaveguiding Approach to Via Design with Bandwidth over 120 GEREPS 2025.
A.ManukovskyY. Shlepnev, J. Nutzati, A. Kuntsevych, |. PeMgrd&ochVia Design for 112 Gbps and Beyond: Theory and RedhigsignCon 2025
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Substrate Integrated Coaxial Waveguide (SICW)

Coaxial -> Substrate Integrated
Coaxial Waveguide (SICW)

0 Q¢Q F <
i m8_0O0 O >
Dap/ %

d

Single-mode limit is
defined by mode TE11:

- Q
. C W Oi 00 —/——
Q T80 ¥ |
“(Q OW- |
Dk = 3, Dvia=8mil, Dst=40mil, s=21mil m=p "Q w @ "O'0AWG30)
Dk = 3, Dvia=4mil, Dst=20mil, s=7.8mil mmp "Q 0 WO ON<AWGSSE)

E. R. Pillai, "Coax via technique to reduce crosstalk and enhance impedance match at vias in high-frequency multilayer packages
verified by FDTD and MoM modeling," in IEEE Transactions on Microwave Theory and Techniques, vol. 45, no. 10, pp. 1981-1985,
Oct. 1997.

Bozzi, M.; Georgiadis, A.; Wu, K. "Review of substrate-integrated waveguide circuits and antennas". IET Microwaves, Antennas &
Propagation, 2011 5 (8): 909.
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