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* [ntroduction

» Bandwidth and Localization

» Design of Vias for Two Stackups
» Reality Check

* New Approach to Viahole Design
» Conclusion
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» Designing PCB and packaging interconnects for 112-224 Gbps links
presents multiple challenges

» Design of vertical transitions, or vias, being one of the most critical
elements and is the main roadblock for 448 Gbps links

» Vias dissipate and reflect signals, contribute to crosstalk noise through
both local and distant coupling

* How to approach the via analysis and design at these data rates?...
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= 3D EM for RL, IL and Local Coupling of Vias

o FEM - HFSS; FEM + DD — Clarity; BEM - HyperLynx 3D EM; FIT — CST; Simbeor — MoL,
TFE;

= 2D EM for Long-Distance Coupling of Vias
o Physics-based local via model + transmission plane model for PDN
o Power Sl, S| Wave, HyperLynx SI+PI

o Possible accuracy improvement for some geometries with near-field and far-field separation
(validated up to 100 GHz)

= Hybrid 2D + 3D EM - Local and Long-Distance Coupling
o PEEC, FEM, DGTD,...
o Still at research stage...

See references and details in the paper...
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Via Design Approaches

1) Direct optimization of everything (anti-pads, stitching vias, pads,...) — brute-force approach;
2) Physics-based approach — use of TDR in addition to RL

3) Simultaneous optimization — use of same stackup for multiple layers;

4) Domain decomposition/Zones of control — separate optimization of via sections;’

A. Carmona-Cruz, K. Scharff, J. Cedeno-Chaves, H. -D. Briins, R. J. Jeon, S. Joshi, D. De Araujo and B. Mutnury, "Codimensional
Rimolo-Donadio and C. Schuster, "Via Transition Optimization Using a Optimization of Differential Via Padstacks," 2022 IEEE 31st
Domain Decomposition Approach,"” 2019 IEEE 23rd Workshop on Signal Conference on Electrical Performance of Electronic Packaging and
and Power Integrity (SPI), Chambéry, France, 2019, pp. 1-4. Systems (EPEPS), San Jose, CA, USA, 2022, pp. 1-3.
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Figure 1. 16 Layver via PCB & Parameters
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Fig. 1. Signal via in a 11 metal layer PCB with microstrip traces: (a) Side
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OUTLINE

= Bandwidth and Localization
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Signal Bandwidth: Power Spectral Density

Example: 112Gbps PAM4, 4ps rise time fn=28GHz frq, Hz
10-inch strip line, W=12mil, H=20mil °3
Meg7 — Wideband Debye: Dk=3.17, LT=0.0011 @ 1 GHz
Copper: RR=1.4, Roughness — Huray- Bracken Model:
SR=0.14 um, RF=8.7

1E+11 2E4 3E+11 4E+11 SE+11

|1ZOGH

-20

Stimulus PSD
Response PSD

Bandwidth for IL and FEXT depends on link length — the
longer the link, the smaller bandwidth may be used

Only 2-3 Nyquist may be required for accurate analysis
Formal pulse analysis can be used for better estimate (*)

-60

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

100 | |,
(*) Y. Shlepnev, How Interconnects Work: Bandwidth for U N .M
Modeling and Measurements, Signal Integrity Journal, April 12, | | I ,|| Mll ‘ i
2022 o .. | L _ il
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Coupling and Dissipation in Balance of Power

Pout — Pin _ Preflected _ Pdissipated _ Pleaked + Pcoupled

_ 2 _ _@_Da—”_o_{l_ )
Pin - |a1| [Wt], a; = 0 ebl v leord a=5251/2~(17+20-1')
. 2 Q< I U .
P gissipatea inCludes energy absorbed Py = |52,1| P, 2 a, %12 LINK b=52"" (V=2 1),
by materials (P psmq:) @and by boundary 2 {)—D—O—“ e oorca abech
iy _ 2 2 _ ) — gi ) NXN
2
Pdissipated = PabsMat + PabsBC PdiSSiPated = (1 o Zkls'k'll ) Pin Coupled Scattering parameters:
Zow a links & PDN b=S5.aS e CNxN
2 RN I ‘
Preakea = (Zk¢1,2|5k,1| ) P; AR sy=2
2 Yo < 4 ag=0k#j
Pcoupled = Zkil,ZlSZ,kl Pink

1. Can P 4,14 be evaluated in isolation with PML boundary conditions (BC)?

2. Can P jjssipatea €Valuated for via isolated with PML BC be used as a metric of via localization and
possible coupling?

(*)Y. Shlepnev, How Interconnects Work: Reflections from Discontinuities , Simberian App Note #2022 01, January 10, 2022.
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Two 0.77mil copper planes, separated by dielectric with
Dk=3, LT=0.001

Two signal vias at 220mil (10mil diameter)
Number of stitching vias (Nstv) from 0 to 6 at about 20mil

distance from signal

4-port structure with 500hm terminations

Physics-based model with 2D analysis in Simbeor 3DTF | With PMC (750mil x 750mil Planes)
solver

With PML

(Infinite Planes)

01 Oct 2024, 11:59:58, Simberian Inc.
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SE Via Coupling — Plane Separation H=9mil

A:Praoject[1).PPw_PML_LMN. Sirmulation[1]; B:Praoject(1).PPw_PRMC_LMN Simulation[1]; C:Praject1]. PFWw_PML_SEZ]_LN.Simulation(1];
D:Praoject[1).PPw_PMC_SH2] LM Simulation[1]; E:Project{1]1.PPw_PRL_SH[4]_LM Simulation[1]; F:Project[1]. PFWwW_PMC_SE/4] LM Simulation(1];

Coupllng |S reduced by Increase G:Project1).PPw_PML_SBAE]_LM.Simulation|1); H: Project[1).PPw_PMC_SB4(E)]_ LM, Simulation(1];
DB agnitude(S], [dE]
of Nstv . INStV=0 (") . Mt
} 7 Nstv=2(<>)
. /\
Resonances in PPW affect Gl —- u.'\\ * % * ” ¥ - m
coupling . T [ :
il
E
. e
Coupling saturates as frequency -

increases (remarkable)

o1 S [ Nstv=4([)) ©
Coupling increases with plane .1 - - Tﬁ ﬂ! i N R ,JWqM bm

s
: _ VAW AT] T — Ty
separation (see Appendix) ! \ ﬂk . -W—J" S
1904 LeL.
o , A Nstv=6 (+
2 or 4 stitching vias may be not .| |4 PML n curves V=0 (+)
enough for extended bandwidth (v PMC - blue, red, black and brown
200 + 4+ . . . . . . . . . . . .
iati i 0 10 20 30 40 50 B 70 a0 a0 100 110 120
ReaIIStlcanalySIS has enormous 01 Oct 2024, 12:11:55, Simberian Inc. Frequency. [iHz]
complexity due to resonances ——% A501.3; —% BS[1.3 — CS[13) ——% D:5[1.3); —F ES[1.3]; —8 FS[1.3 ——+ G5[1.3):

—+ H:S[1.3]:

JAN. 28-30, 2025 #DesignCon 11 @ informamarkets




PPW Resonances: H=9mil

750mil x 750mil with PMC, Nstv=2
Electric field with 0.5V excitation at corner via
Minima and maxima depends on PDN geometry and all

terminations — difficult to account for realistic design

A

H3E

_Min
00 1

100 +

+30

Y, [l
0, Max=102.8 [V/m]:
0[dB]

15

45
60

.
931”: port

30 Sep 2024, 12:30:01, Simberian Inc.

field(CutPlane) at 2.434 GHz; T=410.846 ps; Peak;

A
700 1 Y. [m
#2 Efield(C
_Min=0, Max
600 o (dB]
15
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60

400 1
300 T
200 +

100 +

Mo 1 o

LAYV

d AR
-

30 Sep 2024, 12:28:04, Slhberian Inc.
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30 Sep 2024, 12:31:28, Simberian Inc.
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Coupling Reduction: H=9mil

Coupling is not sensitive to distance — defined mostly
by maxima and minima or PP resonances

Coupling increased with the number of parallel planes
and with the number of aggressors (see Appendix)

750mil x 750mil with PMC, Nstv=6
Electric field with 0.5V excitation at corner via
No need to simulate the whole board

Structured Mesh: ><:3DD, WRA00, 20, de=2. 5, dY=2 5 .dZma:-:=44. 9034 Stuctured Mesh: #5300, %:300, 21, d==2.5, dv'=2.5 dZmax=44.9034 Structured kMesh: 3300, Y:300, 221, d<=25, dv'=2.5 dZmax=44.9034
Elements: 30.000; Matices: Std: 1.080.000, Ch: 2, Final: 2. DD: 0; Elements: 90,000; Matrices: SM: 1,080,000, CM: 2, Final: 2, DD: 0; Elements: 90.000; Matrices: h4: 1,080,000, CM: 2, Final: 2, DD: 0;
Analysis: Analyzis: i Analyziz: i
A A
00+ o0ty 00Ty,
#3Efiel #2 Elfiel #1 Efiel
Bgﬁnin__ﬂ, Min=0, Min=0,
i 500 o [d 00 0 [d
15 15 15
r3n i} F30
45 45 45
G0 0 &0
400 + 400 + 400 +
300 300 T 300 +
200 + 200 + 200 +
100 + 100+ non T
[mil] [mil]
} } } t t t t t - } t } } t t } t - } } } t t t t t -
n 100 200 300 400 500 500 700 200 ] 100 200 300 400 500 00 7on 800 i 100 200 300 400 500 E00 700 800
04 Jan 2025, 13:52:31, Simberian Inc. 30 Wiew Mode [press <Ex to Edi _D4Jan 2025, 13:51:17. Simberian Inc. 30 View Mode [presz <E> to Edit). 04 Jan 2025, 135332, Simberian Inc. 30 Wiews Mode [prezz <E> to Edit).
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SE Via Dissipated Power and Stitching (H=9mil)

A:Project1].PPwW_PML_S8[2)_LM. Sirmulation(1); B:Praject(1).PPWwW_PMC_SA2_LM. Sirmulation1]; C:Project(1].PPw_PML_SET4)]LH. Sirmulation(1];
O:Project{1]1PPwW_PMC_St (4] LM Simulation(1]; E:Project[1] PPWw_PL_SEB]_LM. Sinnulation[1]; F:Project[1] PPWw_PRC_SHE]_LM Simulation(1];

2
Pdissipated = (1 —_ Zk'sk,1| ) Pin Dizsipated Power, fw't)

05+
Excitation: 1 Wt PML — green curves e
ol PMC — blue, red, brown /
Stitching vias reduce power //
dissipation (leaks)
03T i
Power dissipation for /
sufficiently localized 0z /|
structures can be evaluated /
with PML boundaries
(infinite planes) "
|:|__
IIZI 1=EI 2=D E:EI 4=IZI EiEI EIIZI ?'ED EEIZI E:D 1 IEIIZI 1; 1] 1 =2IZI
1 Oct 2024, 06:46:18, Simberian Inc. Frequency, [GHz]
— A&5[11]; —% B:S[11]; —+&1 5011 —=& D5 ——— ES[11]; ———+ F5[1.1]:
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SE Via Dissipated Power — 3D EM Model

A 2Planes-20mil. Coax. 3D TF; B:2Planes-20mil Mulivia(2fl. 2D TF; C:2Planes-20mil Multivia[46. 30 TF; D: 2Flanesz-20mil Multiia[6fL 3D TF;
2 Dissi
_ _ pated Power, [
Pdissipated - (1 Zk'sk,ll ) Pin

n7+ - - -
Dvia=8mil, Dst=domi, \StV=4 — brown x

05 +--Dap=35mil

Zap

3D EM model for estimation of
dissipated power and Dk=3, LT=0.001
comparative analysis 05+

2 Planes, H=20mil

04T

Nstv=2 -red o ke

Excitation: 1 Wt

03T

Stitching vias reduce
dissipated power and potential "?7-
coupling

014+
Simbeor 3DTF, PML
D T ? | 1 1 1 1 1 1 | | | 1 1
1] 10 20 an 40 50 G0 70 an a0 100 110 120
14 Oct 2024, 11:52:00, Simbenan Inc. Frequency, [GHz]

—# AS[11]; s B5[11]; = CE[1.1]; ——t] I5[1.1]:
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SE Via Power Flow Density, Nstv=2

10 GHz 50 GHz

Structured Mesh: X:48, Y:41, 2:28, dX=2, dY'=2 dZmax=11.8029
4, € :2§,fip | 20D
. Ly 11 ]
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DP=2% DP=22% DP=64%
Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dst=40mil, Dap=35mil, Dk=3, LT=0.001
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10 GHz

Structured Mesh: X:64,Y:53, 2:28, dX=1, dv'=1 dZmax=11.8029

Elements: 135,072; Matrices: SM: 1,620,864, CM: B0, Final: 2, DD: 0;

Analysis: Multiport

11 PowerFlow(CutPlane) at 10 GHz: T=100 pe; Peak
Mir=0, Ma#=50330 [W-/m" 21 :

0[dB]

125

-25

-375

50 : asassaas

o

4 + +
t

50 GHz

Structured Mesh: X:64, Y59, Z:28, dx=1, dv'=1 dZmax=11.8023

Elements: 135,072; Matrices: SM: 1,620,864, CM: 60, Final: 2, DD: 0;
Analysis: Mulhpor!

#2 PowerFIowICutF’lane] at 50.GH2 T =20 ps; Peak
Wir=0, Max-4544l:l IW/‘m 2.

14 Oct 2024, 15:24:02, Simberian Inc.

DP=0.15%

4 : + 4
t +

100 GHz

Structured Mesh: X:64,Y:59, Z:28, dx=1, d¥'=1 dZmaxr=11.8029

Elements: 135,072; Matrices: SM: 1,620, 884 CM: 60, Flnal 2.0D: 0;
Analysis: Multiport

il

#3 PowerFIow{EulPlane] al 100 GHz; T 10 ps; F;ea 5
Wir=0, Max=52830 Wiin°2]; -

0[dB] :

125

14 Oct 2024, 15:30:26, Simberian Inc.

DP=0.46%

4 ' +
I t

14 Oct 2024, 15:31:32, Simberian Inc.

DP=0.8%

Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dst=40mil, Dap=35mil, Dk=3, LT=0.001
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SE Vias Dissipated Power, Nstv=6

A 2Planes-20mil Coaw. 30 TF: B: 2Planes-20mil MulivialBf). 30 TF: C:5Planes-Gmil Mulivia(Bf) 30 TF: D:4Flanes-20mil. MultivialBi. 30 TF: 2 planes H=20m||
Digzipated Power, [wt] ’
Splanes, H=5mil pyiz=8mi = A0mi
: f via=8mil, Dst=40mil, \
L pla'!"es’ H.onm'l g Dap=35mil |
|
\ Dk=3, LT=0.001 |
00175 1 \\ - / ‘1
oms T \“ \ C J
‘ e \‘ b SR 7
00125 + — | X / /
Lot P 2 planes, Coaxial
) e e
00075+ \ — —==xE S ey
el Mf_;r’(_;’-’-’ PR
@ﬁ-—""—#
00025 T
. Simbeor 3DTF, PML
! 10 0 10 40 50 60 0 a0 a0 100 110 120 T A
22 Oct 2024, 12:34:06, Simberian Inc. Frequency, [GHz] L \
#  B:5[1.1]: # B:5[11]; — CE[11]; —< D[]

DP increases with number of layers NL (proportional to NL) and decrease with smaller separation H
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SE Vias Local Coupling — 2 planes, H=20 mil

& 2Planes-20. Multivia(Bf-244001). 30 TF: B: 2Planes-20.Multh/iaEf- 226001 ).30TF: C:2Planes-20.MulkiialBf)-22100(1).30TF;

D LB agnitude(S), [dB]
0 i f ; ~
ko <> ) D=60mil
e N— D=40mil p=otmil
=0 1B i ] B o N
" I I 1 | o 9 : NEXT FEXT
I o " oo d “[ M; A4 — ‘ J /
12 Oct ZEIZ:,DEW 44 Zi?S\mbeniz\nc v ’ v ¢ ¢ v v SEDV\ew MZ\S& [DVESSEEB to Edit) . T/ ” ‘ J;\ IJ \1’ : j
375‘\ 120612024, 07502, Sinbeion ! o ¥ -'I__*_F '
21 54 ___,_,..*""-—F - ﬂn-’"""'—-—E
) " "
___.-—E'-
100 1 P --‘"?—-‘_______..--E"'
12 g [
Dvia=8mil, Dst=40mil,
375 25 125 125 25 375 50 -1 25 1 E)ap=35mi|

12 Oct 2024, 07:55:59, Simberian Inc. E) k=3 , LT=O . 00 1

Dvia=8mil, Nstv=6, Dk=3, LT=0.001 __|

Dst=40, Dap=35 ;] , , , , , , | , , , , ,

Simbeor 3DTF. PML i 0w a0 40 2 E0 70 a0 a0 100 110 120

. . 12 Oct 2024, 06:40:49, Simberian Inc. Frequency. [GHz]
See other cases in Appendix ———F AS[13] ——F AS[4] ——O B5[1.3); ——& B5[4) —— TS5 ——F C5[1.4;
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Two 0.77mil copper planes, separated by 9mil dielectric
with Dk=3, LT=0.001

Differential signal vias 20mil distance (10mil diameter),
two pairs at ~220mil

Number of stitching vias (Nstv) from 0 to 8 at about
20mil distance from signal

8-port structure with 500hm terminations

Physics-based model with 2D analysis in Simbeor 3DTF
solver

With PMC (750mil x 750mil Planes)

With PML
(Infinite Planes)

I
f t t I % } f f

01 Dct 2024, 09:23:19, Simberian Inc.
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Differential Mode Coupling

A:Project1)PPW_PRL_LM Simulation[1]; B:Project{1]. PP _PMC_LM Simulation[1); C:Project1].PPW_PRL_SE2]_LM Simulation]1];
[:Project1). PP _PMC_SE/2) LM Simulstion(1]; E:Project{1).PFw_PML_S8(38)_LM. Simulation(1]; F:Project{1).PFw_PMC_SE2]_LM. Simulation(1];
D BMagritude(S), [dB]

DM coupling is reduced by of . 3
increase of Nstv Nstv=0 (*) Nstv=2 (<>)
o5 4 g ™ & Al » o
_ Y ]
Two stitching vias may be ol . H |
not enough for extended v
bandwidth 5T "TE T
il
. ) 00 - y . g = i
Common mode coupling is ¥
much worse (similarto SE) =1 e 1 \
In addlthn, there is ol ] Nabvy=Q /1)
substantial common to S D SRV O ALY
differential mode 1751+ PML - green curves
conversion PMC — blue, red, brown
200
m ! ! ! ! ! ! ! ! ! ! ! !
See more in Appendix 0 10 20 30 40 50 60 70 a0 %0 100 110 120
01 Oct 2024, 10:28:41, Simberian Inc. Frequency, [GHz]

—¥ ASmm[D1.03]; ——% B:Smm[01.03]; ——% C:Smm[D1.03]; = D:Smm[D71.03]; —+1 E:Smm[D1.03]:
——=F1 F:Smm[01.03];
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750mil x 750mil with PMC, Nstv=6

Electric field for 1V differential source at corner vias
Difficult to account in 3D EM analysis

» - hd
#1 Efield[CutPlane) at 10.4 GHz; T=96.1538 ps; Peak;

' ' » - -
452 EfieidCUlPlane) at 60GHz: T=16 6667 ps;Peak: | A N R e
Min=0, Max=294.2 [\//m]; Min=0 Max=2485 [Mdm]: Min=0, Max=3273 [V/m];
0 [dB] o 0 [dB]
! / 1 120 & |
40 5 . 40 . 40 '
|60 og-£0 |60 ;
‘80 R L . B '8
-
(3 -~ * ’ -
- -
. |
. .‘ . . ' o y .
. .. - -

' S £ ). S
e B A.n o“o‘ ¢

01 Oct 2024, 10:24:53, Simberian Inc.

h n n —
01 Oct 2024, 10:23:58, Simberian Inc

01 Oct 2024, 10:23:09, Simberian Inc

DESIGNCON EZS3
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Coupling Reduction with Stitching Vias

750mil x 750mil with PMC, Nstv=8
Electric field for 1V differential source at corner vias
Does not need 3D EM analysis of whole boards

(animated)
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Differential Mode Dissipated Power

A:Project(1).PPW_PRMC_LM. Simulation(1]; B:Project(1).PPWwW_PRL_LM. Simulation(1]; C:Project(1).PPWwW_PRL_SE2)_LM. Simulation(1];
O Praject1]PPW_PRC_SB2)_LM Simulation(1); E:Praject(1]. PFWwW_PRL_SE3)_LH Simulation(1); F:Project1]1.PPw_PRC_SE[E)_LM. Simulation(1);

2 -y
P gissipated = (1 — Xk|Skal ) Py,  DissipatedPover, [l :
035+ "y

PML - green|curves /a./

Stitching vias reduce power "1 PMC — blue, red, browr /
dissipation (leaks) Vv P

0,25 + //

Power dissipation for . yd
sufficiently localized t Nstv=2 (<>) f
structures can be evaluated .. T Wl /|
with PML boundaries U H1 Nstv=0 () e | /3 }
(infinite planes) 014 o LHTT] ol 81
i " %
0.05 + l
E E Ty —
0 . — — S — (+)\
1IIZI 2IIZI ?:IZI 4ID E:D E:D ."':IZI E;IZI E;IZI 1 IDIZI 1 ; I 1 I2IZI
01 Oct 2024, 10:49:57, Simberian [nc. Frequency, [GHz]

=% ASmm(D1.01]; =% E:Smm[D1,01]; =% C:Swm[01.01]; = D:Swmm[01.01]; =+ E:Smm[D1.01];
— — —+ FSmm[D1.01];
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Differential Vias — Dissipated Power, 3D EM

Pdissipated = (1 - Zk'sk,1|2) Py

Diff. Excitation 1 Wt

Stitching vias reduce
dissipated power and
possible leaks and coupling

Simbeor 3DTF, PML

A:TwaoPlanes Mulbivia[B8R-DPLADTF: B: TwoPlanes Mulivia[4f-DPL30TF: C:TwaPlanes Multhia[2f-DPL30TF:
Dizzipated Power, [wt]

7

0351

Dviaz8mil, Dvv=2(
Hap=35mil
Dk=3, LT=0.001

03T

02571

02+

015 1

o1 T

00s

on

m_

0 a0 90 100 110 120
Frequency, [GHz]

10 20 a0 40 A0 f
22 0ct 2024, 13:25:59, Simberian Inc.
——# ASmm[D1.01]; —= B:Smm[D1.01]; —< C:Smm[D1.01]:

W 7 (I NEIEIES
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Diff. Vias Power Flow Density, Nstv=2

10 GHz 50 GHz 100 GHz

Structured Mesh: X:50, Y:33, Z:28, dX=2, dY=2 dZmax=11.8029 Structured Mesh: X:50,'Y:33, Z:28, dX=2, dv=2 dZmax=11.8029 Structured Mesh: X5
Elements: £6,584; Matgices: SM: 733,008, CM; 56, Final: 4, DD: 0; R, . AL Tt
ents 3 SO = . B
Analysfs-‘&jf}l i SNNNNANNNNNNNS S s a A AP ILLL I
"~ ‘ - SANAN sl P A

4.

IS PRRARR Y 43 s s emnil i Cn s AAAN NS PRRPRANANAN

7,

3 s L 5B Fina- 4.00: 0 ..~ Y I AT E Efetnents BG5S 3@2 "ax=.1:302?: '/ i 7 ey
S\ S SS iy
= : - 3 o

ZZz7277 N SRR T

oz
T2XT”

§
\
\

i
i

| e i 4147
T
S i 1474

et -

3]
]
—_—4
]
! can}
¢ e -
Pk
P es.
s

N SR

N
14
(A
y
&

R A RN Ny
a T 3 2 N R
; N AR AN aaniizanyy : Ty 4 G TR N R NN LA N s \‘\\2
SNANNNSN DO O S IR ST F 1 5,2&7:2/};/ /fj' //,;Q/\-n?-\%::\ '«\\\\\\\‘\\ N \:?\]Q\X\QQ % 4 ' NN
e e S e 0 o™ e SN NN, A, g
-50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 10 1] 10 20 30 40 50 6L 50 -40 < LA -10 0 10 2l 30 0 50 60
22 Oct 2024. 13:57:41. Simberian Inc. 22 Oct 2024. 13:58:38. Simberian Inc. 22 Oct 2024. 13:53:27. Simberian Inc.

DP=0.12% DP=2.9% DP=36%

Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dvv=20mil, Hap=35mil, Dk=3, LT=0.001
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10 GHz

Structured Mesh: X:50, Y:40, Z:28, d¥X=2, dv=2 dZmax=11.8029

Elements: 77,952; Matrices: SM: 935,424, CM: 64, Final: 4, DD: 0;

Analysis: Multiport
10

[mil]

#4 PowerFlow(CutPlane) at 10 GHz; T=100, ps Peak

)

Min=0, Max=66370 [w/m"2];
0[d8] ] feraavrea

U+-15

of 45 S
-60

I # %WEFIOW[CulF%ne]at 50 GHz r-zo psi F'eak

Min;onan-szmwlmzl . .“.Z"*;'::i:""

4 4 4 4 4 }

50 GHz

Structured Mesh: X:50, 40, 2:28, dX=2, dv'=2 dZmax=11.8029

Elements: 77,952; Matrices: SM: 935,424, CM: 64, Final: 4, DD: 0;

Analysis: Multiport

100 GHz

Structured Mesh: X:50, Y40, 2:28, dX=2, dv=2 dZmax=11.8029
. Elements:77.952; Matrices; SM: 935,424, CM: 64, Final: 4, DD: O;
Analysm\ Muluport

N
<[] |

-O[dE :

. 40 =
[ RN
N U NN

t%? Pawiey Flow[tutP]ane] at 100 GHZA "l Ops Peak
MirkG, M ax—ESSSD{WIrn 21

t t t + +
50 40 10

22 Oct 2024, 14:19:49, Simberian Inc.

DP=0.13%

0 " | v 11 |
22 Oct 2024, 14:20:53, Simberian Inc.

DP=0.45%

22 Oct 2024, 14:22:00, Simberian Inc.

DP=0.84%

Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dvv=20mil, Hstv=40mil, Hap=35mil, Dk=3, LT=0.001
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» Stitching vias reduce coupling
o Suppress effect of resonances in PDN
o PML BC can be used to evaluate possible coupling
» Stitching vias reduce dissipated power
o Dissipated power (DP) can be used as a comparative measure of isolation
o Sufficiently localized vias can be simulated in isolation

= Stitching vias reduce dependency of RL/IL on PDN geometry (see
Appendix)

» Stitching vias enable analysis of vias in isolation with any boundary
conditions

WHERE THE CHIP MEETS THE BOARD

DEsiGNCoNEzm il

JAN. 28-30, 2025 #DesignCon 28 @ informamarkets
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Localize or Face Uncertainties...

Loc:allzatlonI Frequency Erequency

I
Non-Localized

Predictable with analysis in isolation Requires analysis with PDNs

Localization of any via
breaks as frequency

Any boundary conditions can be Low-impedance ABC are required grow...
used for analysis in isolation for simulation in isolation

Local coupling can be included Hybrid 2D+3D analysis is required

EASY DIFFICULT

Use Dissipated Power as the localization metric

More on localization and crosstalk in Y. Shlepnev, Tutorial — How Interconnects Work: Crosstalk Anatomy & Quantification,
Tuesday, DesignCon 2025, January 28.

JAN. 28-30, 2025 #DesignCon 29 @ informamarkets




OUTLINE

» Design of Vias for Two Stackups

DEsiGNCoNEzm il

7 JAN. 28-30, 2025 #DesignCon 30 @ informamarkets
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» Goals:
o Ensure localization up to 2xNyquist (56 GHz)
o Make sure that reflection are below target defined with polyline
o Use one via layout for two similar stackups

= Process:

o Build solution space with possible vias geometries satisfying reflection criteria
simultaneously for two stackups

o Each configuration is ranked by the distance from the reflection target — the lower
the reflection over the bandwidth of the signal, the higher the score

o Via with the highest score for two stackup modifications is selected for the
production

WHERE THE CHIP MEETS THE BOARD

DEsiGNCoNEzm il

JAN. 28-30, 2025 #DesignCon 31 @ informamarkets
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18 Layer Similar Stackups

SMT 0.7874
L1 24

M1 2.56

L2 0.55
M2 2.5

L3 1.18

L18 2.4
SMB 0.79

Stackup 1

4 3.6, 0.0195

2.98,0.0014
2.98, 0.0014

|

|

| 30200015
] 298,0.0014
! 29800014
! 298 0.0014
}  3.09,0.0018

| 2.98, 0.0014

3.06, 0.0017

2.98, 0.0014

3.09, 0.0018
2.98,0.0014
2.98, 0.0014
2.98, 0.0014
3.02, 0.0015

— o b b > — —b —b

2.98,0.0014
2.98, 0.0014

—

+ 3.6,0.0195
65.5374

SM_H_0p79_Dk 3p6 Df 0p0195 C

Tachyon100G_PrePreg_1067_74_H_2p56_Dk_2p98_Df 0p0014_C

Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C

Tachyon100G_PrePreg_1078_72_H_2p83_Dk_3p02_Df_0p0015_C
Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C
Tachyon100G_PrePreg_1067_74_H_2p17_Dk_2p98_Df_0p0014_C
Tachyon100G_Core_H_2p5 Dk_2p98_Df 0p0014_C

Tachyon100G_PrePreg_1078_67_H_2p64_Dk_3p09_Df_0p0018_C

Tachyon100G_Core_H_2p5 Dk 2p98_Df 0p0014_C

Tachyon100G_PrePreg_1035_69_H_3p74_Dk_3p06_Df_0p0017_C

Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C
Tachyon100G_PrePreg_1078_67_H_2p64_Dk_3p09_Df 0p0018_C
Tachyon100G_Core_H_2p5 Dk_2p98_Df 0p0014_C
Tachyon100G_PrePreg_1067_74_H_2p17_Dk_2p98_Df 0p0014_C

Tachyon100G_Core_H_2p5_Dk_2p98_Df 0p0014_C

Tachyon100G_PrePreg_1078_72_H_2p83_Dk_3p02_Df_0p0015_C

Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C

Tachyon100G_PrePreg_1067_74_H_2p56_Dk_2p98_Df_0p0014_C

SM_H_0p79_Dk_3p6_Df 0p0195_C

JAN. 28-30, 2025

w

N RrONDRONON
o O

Stackup 2

A 3.2,0.022

2.77,0.0014
2.77,0.0014

!

]

}  284,0.0014
}  277,0.0014
{  289,0.0018
! 277,0.0014
! 289,0.0018

2.77,0.0014

2.85, 0.0017

2.77,0.0014

2.89, 0.0018
2.77,0.0014
2.89, 0.0018
2.77,0.0014
2.77,0.0014

e e e A

2.77,0.0014
2.77,0.0014

—

x 3.2,0.022
65.2

#DesignCon

sm_H_0p5_Dk 3p2 Df 0p022 B

Tachyon100G_PrePreg_1035_75_H_2p44_Dk_2p77_Df_0p004_B

Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

Tachyon100G_PrePreg_1078_71_H_2p5_Dk_2p84_Df 0p004_B

Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B
Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p89_Df_0p004_B

Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p83_Df_0p004_B

Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df 0p004_B

Tachyon100G_PrePreg_1067_70_H_3p52_Dk_2p85_Df_0p004_B

Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

Tachyon100G_PrePreg_1078_68_H_2p46_Dk_2p89_Df_0p004_B
Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p89_Df_0p004_B
Tachyon100G_Core_1035_75 H_2p5_Dk_2p77_Df 0p004_B
Tachyon100G_PrePreg_1035_75 H_2p44 Dk_2p77_Df 0p004_B
Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

Tachyon100G_PrePreg_1035_75_H_2p44_Dk_2p77_Df 0p004_B

sm_H_0p5_Dk_3p2_Df 0p022_B

32 @ informamarkets



Best Configurations for L3

i TopVitualReferepoes
L1 E A
L2 —_—
A i
> L_! _— |
T
3 | T 1
L7
LS
L3 \
L10 |
L11 |
L12
L13
14
L15
L16
L17
(B
Stitching Via Sep| Dap | Nstv L1 Dap L2 Dap L4 Dap Stackup 1 Score | Stackup 2 Score | Combined Score
64 26| 7 34 30 30 2.429509893 2.03653299 0.31468673
64 26| 7 36 32 26 1.64567054 2.717909333 0.309837936
64 26| 7 34 30 28 0.746389116 3.987584796 0.307893391
64 26| 7 34 30 32 2.656124073 0.718457578 0.241546998

Vendor A

JAN. 28-30, 2025 #DesignCon @ informamarkets




Best Configuration for L3

Same layout in 2
similar stackups

[dB]

-15

-45

mms  Spec = -30 @5GHz; -27.5 @10GHz; -25 @15GHz; -25 @20GHz; -22.5 @25GHz; -22.5 @30GHz; -17.5 @35GHz; -17.5 @40GHz; ]

Stackup 1

—‘—‘
- s s .
‘—‘
-

’--.—_I

Stackup 2

#DesignCon

40

-50 Stitching ViaSep| Dap | Nstv | L1 Dap L2 Dap L4 Dap Stackup 1 Score | Stackup 2 Score | Combined Score
64 26) 7 34 30 30, 2.429509893] 2.03653299 0.31468673
55 | | | | | | J
5 10 15 20 25 30 35
Frequency [GHz]

Vendor A

KZ)
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Best Configurations for L8

m o el v
= WM

~Joun

w o

e et

Stitching Via Sep| Dap [ Nstv L1 Dap L2 Dap L9-L11 Dap | Sackup 1 Score | Stackup 2 Score | Combined Score
64 28 7 34 30 28 1.552131892 1.58837021 0.234384737
64 30 7 34 30 30 1.510996014 0.574953612 0.192068919
64 28 7 36 32 28 0.814770212 0.85220771 0.176486944
64 26 7 34 30 26 0.231073771 1.413085464 0.157979642

JAN. 28-30, 2025

Vendor A

#DesignCon

35
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Best Configuration for L8

-5 —

== Spec = 22.5 @5GHzZ; -20 @10GHz; -17.5 @15GHz; -17.5 @20GHz; -15 @25GHz; -15 @30GHz; -10 @35GHz; -10 @40GHz; |

Same layout in 2
similar stackups ...

Stackup 1

-15

[dB]

Stackup 2

Stitching Via Sep| Dap | Nstv L1 Dap L2 Dap L9-L11 Dap | Sackup 1 Score [ Stackup 2 Score [ Combined Score
64 28 7 34 30 28 1.552131892 1.58837021 0.234384737|
35 | \ \ | | | |
5 10 15 20 25 30 35 40

Frequency [GHz]

Vendor A

JAN. 28-30, 2025 #DesignCon @ informamarkets




Best Configuration for L17

Spec = -25 @5GHz; -22.5 @10GHz; -20 @15GHz; -20 @20GHz; -17.5 @25GHz; -17.5 @30GHz; -12.5 @35GHz; -12.5 @40GHz; ‘

20 Stackup 1

[dB]

15 20 25
Frequency [GHz]

Can we do better?

Combined Score

0.112078934

Stackup 2 Score

L18 Dap [Stackup 1 Score
0.142555438

30 0.73156839

Dap Nstv | L1 Dap
30 7| 34

Via Drill |St. Via Drill] Stitching Via Sep

Vendor B
10 10 56

#DesignCon 37 @ informa markets
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OUTLINE

» Reality Check — Cross-Sectioning and TDR

DEsiGNCoNEzm il

7 JAN. 28-30, 2025 #DesignCon 38 @ informamarkets

WHERE THE CHIP MEETS THE BOARD \

N7



Vendor A: L3

31 12.21 -5.05 11.76 -3.73 0.45
32 17.26 15.49 1.77
33 18 0.48 19.65 5.23 -1.65
34 17.52 14.42 3.1

5% ‘\i ‘»\ | TDRof 2
2 +10% \ \ /\ BRDs,
B thny MMPX
) \
Ay . \

EE=mmEmE

- —
T ]

#DesignCon
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Vendor B: L8

500hm ‘

/ TDR of 2
N / BRDs,
MMPX

470hm 4

—
-

460hm

450hm \

e

440hm

el

A

430hm

420hm

410hm

400hm

|
/
390hm 1 ’ y
|

380hm \

370hm

—
O
NE)

360hm I

——

asﬂhrl,‘l =0/

—~
I e
340h
. \ |
330hm \
320hm

017ns 018ns 0.19as 02ns 02Ins 022ns 023ns 024ns 025ns 026ns 027ns 028as 029ns O3ns 03Ins 032ns 033ns 034ns 035ns 036ns 037ns 038ns 0.3%ns Odns 04ins
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Vendor B: L8

pcb2pcn

25 4.45 3.8

JAN. 28-30, 2025 #DesignCon 41 @ informamarkets



Vendor B: L17

1 | /

w2 : 71— BRDs, MMPX

450hm 4 0

'_ AT

230hm

\ I
420hm

| =]
=
\
AN s
_—
—
—
-

410hm

NS
ey o N

400hm

——
| S

330hm

380hm \\ ) ‘/ 5 \ 0 ,/l:sc‘ 7,41-._

ATV
|
{
\
\
\
N
LONENAN
AN

AL

A
Al
)
l
\
I\\

370hm -1. 0 I \ l

360hm

o

A

ALY

[

350hm

15%
-

340hm

018ns 019ns 02ns 021ns 022ns 023ns 0.24ns 0.25ns 026ns 027ns 0.28ns 029ns 03ns 03Tns 0.32ns 033ns 0.34ns 035ns 036ns 0.37ns 0.38ns 039ns Odns 041ns 042ns 0.43ns 044ns
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Possible Explanation of Anisotropy

Misregistration and barrel whiskers increase the capacitance

el

AT -'-ﬁ_. \.a_-.-h_ ol

JAN. 28-30, 2025

#DesignCon
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Summary

Tline
vendor structure PCB Status Issues
A 5 Via_SE_Top_L3_MMPX_40 4 done L3 pad mis registration — 1.4mil
A 5 Via_SE_Top_L3_MMPX_40 13 done L3 pad mis registration — -2.45mil
A 7 Via_SE_Top_L5_ _MMPX_40 _BD20_BL6 1 done  Meas L6 void 36-6mil, 37 — 13.5, designed L6 void 28
via misregistered in X and Y direction Meas L4 void 32-18.5mil, 33 — 3, designed L5
A 7 Via_SE_Top_L5_MMPX_40_BD20_BL6 2 broken void 28
A 11 Via_SE_Top_L8 MMPX_40 l|andless_L9 2 broken via misregistered in X and Y direction . Pad shift 6mil. Apad 16 7mil. Pad on L9
A 11 Via_SE_Top_L8 MMPX_40_landless_L9 3 done  Via misregistered 3mil, Apad sizes Pad on L9
B 5 Via_SE_Top_L3_MMPX_40 15 done  Via misregistration 2.3mil
B 5 Via_SE_Top_L3_MMPX_40 22 done  Via misregistration 1mil, pad misregistration 2.6mil
B 7 Via_SE_Top_L5_MMPX_40 BD20_BL6 15 done  Apad L2 1.5mil Via 1.25 Apad L4 2.8mil Pad L5 1.1mil Apad L6 1.3mil
B 7 Via_SE_Top_L5_MMPX_40_BD20_BL6 22 done  Apad L2 1.7mil Via 1.8mil Apad L4 2mil Pad L5 3mil Apad L6 2.3mil
B 11 Via_SE_Top_L8 MMPX_40 landless_L9 15 done  Pad L8 misregistration ~2mil
B 11 Via_SE_Top_L8 MMPX_40 landless_L9 20 done  Pad L8 misregistration ~2mil
B 17 Via_SE_Top_L17_MMPX_40_landless_Bot 15 done  2.6mil misregistration on layer 4
C 17 Via_SE_Top_L17_MMPX_40 landless_Bot 2 done L4 7mil Apad misregistration
C 17 Via_SE_Top_L17_MMPX_40 landless_Bot 3 done L2, L4,L16, L17 pad 5-6mil Apad misregistration
C 17 Via_SE_Top_L17_MMPX_40_landless_Bot 4 done

Can we do better?

WHERE THE CHIP MEETS THE BOARD
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OUTLINE

* New Approach to Viahole Design

DEsiGNCoNEzm il

7 JAN. 28-30, 2025 #DesignCon 45 @ informamarkets
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Revised Viaholes Design Goals and Process

» Goals:
o Ensure localization — reduce coupling
o Make it transparent to signal — reduce reflections
o Use one via design for multiple similar stackups
o Reduce sensitivity to manufacturing variations
o Must be simple geometry

* Process
o Divide via into middle and end sections
o Design middle section as substrate integrated waveguide with minimal sensitivity to antipads
o Design end sections as TEM-to-TEM wave transitions as simple as possible

JAN. 28-30, 2025 #DesignCon 46 @ informamarkets




Single Ended Via — Middle Section
D "4

Coaxial -> Substrate Integrated .|
Coaxial Waveguide (SICW)
d2
b=Dst =595+5
Single-mode limit is
defined by mode TE11: d = Dvia
2c

fcutoff ~ 7(d + D)y s < 0.41

d

Dgp =D

-30 20 10 0 10
01 Oct 2024, 14:31:23, Simberian Inc.

Dk = 3, Dvia=8mil, Dst=40mil, s=21mil =) fiutorr = 96.4 GHz  (<AWG30)
Dk = 3, Dvia=4mil, Dst=20mil, s=7.8mil W) fcurorr ~ 199 GHz (<AWG36)

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.

JAN. 28-30, 2025 #DesignCon @ informamarkets
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D d ZnZO\/% O
. . . = ° e /:L JB
Should be similar to coaxial 2
Dst=D+——— .| ¢ DStgm=
s 1 [u . In D 095 * s O i
o X — |— —
2w \ € d
Dap =D Dvia=d Da@@g
Ae |
AZ, =~ — 2_8 * Z, 10% change in Dk -> only 5% change in Zo (or
about -32dB in RL) U1Dcl2024,143123,é|mbeV|anlnc
1 [u AD , . . :
AN ~— [—x— 1mil change in D=40mil -> only 1 Ohm change in Zo
° 2mNe D  (orabout-40dB in RL)
A7~ 1 2 N Ad 1mil change in d=8mil -> 4.3 Ohm change in Zo
o~ T o5 T 4

21T \ € d (or about -27.7dB in RL)

J. B. Preibisch, P. Triverio and C. Schuster, "Sensitivity analysis of via impedance using polynomial chaos expansion," 2015 IEEE 19th Workshop on
Signal and Power Integrity (SPI), Berlin, Germany, 2015, pp. 1-4.

A. Vardapetyan and C. -J. Ong, "Via Design Optimization for High-Speed Differential Interconnects on Circuit Boards," 2020 IEEE 29th Conference on
Electrical Performance of Electronic Packaging and Systems (EPEPS), San Jose, CA, USA, 2020, pp. 1-3.
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Middle Section as SICW — Immunity to Stackup

SICW is immune to stackup
structure changes

Nstv=6, Dvia=8mil, Dst=40mil,
Dap=35mil, Dk=3, LT=0.001

& 2Planes-20mil Multhdia(6f). 30 ML B: 4Flanes-20mil MultiialBf). 30 ML;
C:5Planes-5mil bultivdia(Bf]. 30 kL,

Z. [Ohm]

9157

51T

505 T

50T

22 0ct 2024, 12:54:070, Simberian Inc.

2 planes,
H=20mil

TDR 4 planes,
H=20mil-—
N
A~

A5 planes, e

H=5mil

004

0.06
Time, [ms]

0.m 0oz 0.03 005

—k AZ[1 1], —= BZ[1], — G201

JAN. 28-30, 2025

A 2Planes-20mil Mulitia(BF). 30ML: B:4Planes-20mil Multhfia(6f). 30k L C:5Planes-5mil MulthdialEf). 301
DB b agritude(5), [dB]

T 2 planes,
H=20mil Reflection Loss
BT
75T
4
H

110 120
Frequency, [GHz]

1] 10 20 a0
22 Ot 2024, 12:51:17. Simberian |ne.
— &:5[1.1];—= B:5[1.1];— LC:5[1.1]:

B0 ‘0 a0

#DesignCon
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Substrate Integrated TwinAx Wavegquide (SITW)

A TwoPlanes. SITwinds[3-400. 30ML; B: TwaoPlanes. SITwinde[8-38). 30 ML; C: TwaoPlanes. 51 Twinds8-36]. 30 ML
td agritudelZrmm]. [Ohm)

Oval pattern, Nstv=8 l
H=20mil, Dvv=20mil /*
Dk=3, LT=0.01 anr Hstv e
Hstv /
‘ 89 —;Li—-—__*_ /
88 T :
fE Hstv=38mil /O
B? 1 —--6'--_______1-6---‘ ij/
| Hstv=36mil s o
ol WR”H
h‘““'-)é-_____ /
: N a5 T
¥ @ LJ : : : : : : : : : :
1] 125 20 I7h a0 G225 il arh 100 1125
16 Oct 2024, 11:25:00, Simberian Ine. Frequency, [GHz]

—# AcMode[1], Patterm[+]; ——<' B:Mode[1]. Patter[+]; —— C:Mode[1], Pattem[+] ;
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Example of Middle Section as SITW

A:TwioPlanesz. Mulkiyfial3. 30ML; B: TwoPlanes. Multivia(8f-38). 20 ML; C: T woPlanes. Multivial 3f-36). 30ML;
LBMagnitudelS). [dB]

Nstv=8, Dvia=8mil, 04 e = = = 4 s * -
Hap=35mil, Dvv=20mil N ILL
Dk=3, LT=0.001 1257
Simbeor 3DML, ABC — :
1 Hstv=40mil
.;:'T[gﬁ:ianes.MuItMia[Sf-m].SDML; B: TwoFlanes Mulivia[8f-38). 30ML; C:TwoPlanes. bultvial8F-36). 30 ML; ol ,d?i_— b ><"
an sl / "]

. /'x"—'/b_
Hstv=40mil Aol ]Z
N Hstv=38mil / e

7 NS N / Hstv=2

"\
_/fé——"x/ [ BT

e

H

85 m——@,—fn" -

vS‘?tv=36mi| =

8251 él_ ! I I ! I | . | !
D005 0O 005 002 0025 003 0035 004 0045 005 0 10 20 30 40 50 &0 70 an 50 100 110 120
16 Oct 2024, 11:08:27, Simberian Ine. Time, [ns] 16 Oct 2024, 11:05:38, Simberian Inc. Frequency. [GHz]
# AZmm(D1.01]; . BZmm(D1.01]; ———& CZmm[D1.01]; —% ASmm[D1.01]; =% &Smm[D2.01]; == B:Smm{01.01]; =< B:Smm[D2.01]; —— C:Smm[D1.01];

—— C:Smm[D2.01];
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Same SITW in Different Stackups

2 Planes, H=20mil 4 Planes, H=20mil

Dvv=20mil, Hstv=40mil, Hap=35mil,
Dk=3, LT=0.001

A
| . mil)
40 +

5 Planes, H=5mil

-50 40 30 -20
22 Oct 2024, 15:08:40, Simberian Inc.
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SITW Immunity to Stackup Structure

A dPlanes-Z20mmil. Multivial3F]. 30 ML B: TwoPlanes, kMuliyia86-40). 30 kL ; C:8Planesz-20mil. MultiAa[86).30ML; D: 8Planes-Smil. b ultivial 36, 30 ML ;
E:5Planez-Smil. Multiia 36, 30kL;

DBMagnitude(S ), [dE]

Same XY-plane geometry: Dvia=8mil, Plan H=20mil _ .
Dvv=20mil, Hstv=40mil, Hap=35mil, Dk=3, 8 ANes, P 2 Planes, H=20mil

v o] et
gn_vgfgr130ML, ABC .l Vi /7*"‘\3\3 Q%Eﬁ\ ﬁ ?i
/

A:TwoPlanes. Multivia(8f-40). 30ML: B: SPlarnes-Smil. MulthialBf) 30ML: C:4Planes-20mil ultiial5. 30ML: / E \ ;/ F.
D BPlanes-20mil Multiial 2] 30ML: E:BPlanes-Bmil Multhial 2] 30ML:
Z, [Ohm]
90 + N Planac K

4 mancs, IaneS, =0T

H=20mil =20mil v \W\

875 1 )o‘%:é‘—/m \( BT ! g! A planes, 3* ‘ €3 PI
—f H=20mil M\ Zemil
. \& . H=8mil

L N
A
>
D
('I\

T o

80.75 +

SO0
a5t v = =t
... 5Planes 8 Planes, RL
H=5mil H=8mil 80+
i I TDR ——
oo oz 0w D04 0ts 00e 007 i 10 20 an 40 5] G0 1] an a0 100 110 120
22 Ot 2024, 15:38:30. Simberian Ine. Time, [ns] . .
———& AZmm[D1.D1); —— BZmm(D101]; ———# CZmmD1.01]: ———F D:ZmmD1.01]: 22 Oct 2024, 15:21:13, Simberian Inc. Frequency, [GHz]
—% EZmnlD1.01]; —# ASmm[01.01]; ——= B:5mm(01.01]; ——+ C:Smm(D1.01]; == D:Smm[D1.01];—— E:Smm(D1.01]:
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SE Via Vertical to Horizontal Transition (VHT)
Nstv=6, Dvia=8mil, Dst=40mil, Dap=35mil, Dk=3, LT=0.001

1. No pad, no trace 2. Pad + wide trace 3. No pad + wider trace
width change
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SE Via VHT: TDR & S-parameters ?77?

A dPlanesiaTaSt[1).20ML; B:4Planes ViaT oStr(4). 30 ML; E:4PIanes.ViaTDStr[E].SDML@
DBk agnitude(S], [dB]

Nstv=6, Dvia=8mil, Dst=40mil, 0 —r
Dap=35mil, Dk=3, LT=0.001

A 4Planes ViaT o5t1). 30ML; B:4Planes ViaToSti(4). 20ML; C:4Planes.iaT oS trE). 3D ML;

Z, [Ohrn]
TDR | s R

B0

A0+

sl 1. No pad, no trace
width change

N
)
£ w
LlZ
@3
[l @)
)
P)
D

B0 T l%_

0T .
e o 224, 03 S * * B0 e 0 10 2 3 4 50 B 70 & @ 100 10 120
ct L 09:35:50, Simberian [nc. ime. [pz . .
¥ AZ[11): % B[] L2 28 0ct 2024, 07:33:54, Simberian Inc. Frequency, [GHz]
—% AS1];—% A5[1.2];— B:5[.1], —— B5N.2],—+ CE[1.1]:
—+ C:5[1.21;

SICW to strip line matching the impedance is not sufficient above 90 GHz!
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Mode Transition at VHT: TEM to TEM

E-fields at 50 GHz - Coax. TEM

Structured Mesh: X:64, Y

Peak PFD at 50 GHz E-field at 50 GHz -
SICW Quasi-TEM

Elements: 151,552: Matiicas: M : G V\\\:E o

Analysis: Multiport T8

| : s il
25 |[RCUNEE - -0~ e B B 20 P 30

25 Oct 2024, 10:52:35, Simberian Inc.
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Mode Conversion at VHT: TEM to TE11

E-field at 110 GHz -
Coax. TE11

Peak PFD at 110 GHZ

ak RESNNNN Y x

tructured Mesh: X:64, Y
Elements: 151,552; Matri
bnalysis: Multiport

E-field at 110 GHz -
SICW QuaS| TE11

i

2Z. [mil]
owel.nsw[mlan-l

ih=0, Max=1 28800 W2

3
25

Y S~ 5~
25 Oct 2024, 11:01:46, Simberian In

+
b
25 0ct 2024.11:13:07. Simberian Inc.

JAN. 28-30, 2025
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ion at VHT (animated)

Convers

Mode

TEM ->TE11

Peak PFD at 110 GHz

TEM -> TEM

Peak PFD at 50 GHz

A

10,7299

1.33333, dy'=

1.33333 dZmax

Structured Mesh: X:44, Y:48, £:37, dX:

[mil]

4(PowerFlow(CutPlane) at 110 GH;

Analysis: Muliport
g
Mi

A

10,7239

1.33333 dZmax:

1.33333, dy'=

Stuctured Mesh: X449, Y148, £:37, dx

0, Max=224500 [w/im’2];

0[dB)
7.5

1

30

%, [mill

Z. [mil]

=0, Max
0[dB]

[mil]

'H[\ =}

10

-10

W 3 (I NEIEIES
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SE Via VHT: How to Reduce Mode Conversion?

Convert it back (very sensitive Taper the via (use microvias 2-side breakout (narrow
., fo geometry variations) at the transition) strips)
2. [mil]
o — ‘\’7“11“: port 1 : i &
0T+ P4 5 [mil] @' \\\\\
U?Jan-420025,09.3-23.g1,Sirnbe-lizannlnc. " ! " * 3DViejnrﬂuda[pretg<s>tu;it]. \\\

07 Jan 2025, 033328, Simberian Ine 30 View Mode (press <E> to Editl 07 Jan 2025 09:34:4F. Simberian Inc 30 Wiew Mode [press <E> to Edit)
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SE Via VHT: How to Extend Bandwidth?

Dst=20mil,
Dk = 3, LT=0.001

fcutoff ~ 199 GHz

A:4Planes MulthialBm). 30ML; B: 4Planesz WiaT oStilE]. 30kL;

Llarge
small . /

N
\VAVRYIAY
y

Z. [Ohi]

55 1

AN
AVAY,

TDR

20 30 40 50 G0 70
28 0ct 2024, 11:34:13, Simberian |ne. Time, [ps]
— AZ[11]. —+ BZ[1.1]:

JAN. 28-30, 2025

SICW with Nstv=8, Dvia=4mil,

AL
il
[

701

Smaller is better!

A 4P anes ViaT oSt(B). 3DML; B 4Planes. Multivia[Bm]. 30 ML ;
DBt agnitude(S], [dB]

| | Large: Nstv=6, Dvia=8mi
T Dst=40mil, Dap=35mil
20 \
N
a0+ e

ol ,// pd
S

/__@___,-——e-'
Small; Nstv=8, [

N
D
Dst=20mil; Da

] 10 20 a0 40 50 [=1] 70 an a0 100 110 120
25 Oct 2024, 11:25:28. Simberian Inc. Frequency, [GHz]
— &S], AS5[0.2];—— BS[11],—% BS[1.2:
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Example of Differential VHT

A TwoPlanes M ulkivial8F-36)3)_rezampled. Simulation(1]; B: TwoPlanes. Multhfia(8F- 3830 pt)_resampled. Simulation(1];
DEM agnitude(S). [dE]

Nstv=8, Dvia=8mil, 0-
Hap=35mil, Hstv=36, Dvv=20mil
Dk=3, LT=0.001

==

Simbeor 3DML, PEC o T
A: TwoPlanes. Multhia 8- 36)(3). 30 ML; B:TwoPlanes. MulthialBF-36)[30 pt). 30 ML
Z, [Ohm]
20T
01 TDR

(1
)?f\ f\ ﬁ\%: N b

- . \/

order

=4

/

a4+ 7.0y \ / A0+
(£) \
— Pad-to-Pad
Y
K p= | 1
. . . . ‘.Jdp. o . B | | | | i i i i : : : :
0015 002 0025 003 0035 004 0045 005 0 o a0 a0 40 50 E0 70 a0 a0 100 110 120
28 0ct 2024, 12:31:08, Simberian Inc. Time, [mg] 28 Oct 2024, 12:32:28, Simberian Inc. Frequency, [GHz]
—k AZmm[D2.02]; —= BZmm[D2.02]: —#k &:5mm(01,01]; ——k ASwm[D201]; ——= B:Smm[01,.01]; ——= B:Smm(D2,01];
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= \We explored theoretical approaches for designing PCB vias for 112 Gbps and path
toward 224-448 Gbps applications

» Formal metrics and critical conditions for via localization up to 120 GHz are discussed

= Direct optimization approach for two stackups showed excessive sensitivity to
manufacturing variations

= Waveguiding approach for via design with segmentation into middle and end sections is
proposed as an alternative

» Middle sections designed as substrate integrated coaxial or twin ax waveguides are
relatively independent of the stackup structure and not sensitive to geometry variations

= New approaches to vertical to horizontal transitions are also proposed

= The waveguiding approach is a work in progress and will undergo further testing in
practical scenarios for 448 Gbps applications

WHERE THE CHIP MEETS THE BOARD

DEsiGNCoNEzm il
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Thank you!

QUESTIONS?

Yuriy Shlepnev

Simberian Inc.
Shlepnev@simberian.com | www.simberian.com
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Balance of Power: Coupling and Dissipation

Pout — Pin _ Preflected _ Pdissipated _ Pleaked + Pcoupled

2 Z N !
Py = laq|* [Wt],a, =0 ‘
eb +
2 | I/l ) ]1 Port 1
Pour = |SZ,1| Pin ge
Zu ; LINK
P =|S.4]* P =
reflected — 1,1 in
f bz V2T ]2 Port 2
, o
Pdissipated = (1 - Zk'sk,1| ) Py ' % [S]
_ 2 ' Coupled
Pieakea = (Zkil,Z'Sk,ll ) Pin . inks & PDN
oN d
: =o' 1
P coupled = (Zk¢1,2|52.k| )P ink A 1, N
- /N

JAN. 28-30, 2025

#DesignCon

1 _ _
a:zzo‘l/z-(v+zo-1)

o1 ] _
bzzzo_l/z-(V—ZOJ)

abechxt
ZO = dlag{ZOI_} (S RNXN

Scattering parameters:

b=S-a SechxN
b;
Si,j :a—j
ap=0k+j

W 7 (I NEIEIES
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Localized or Not?

A:Measured C5_WIs_HIROSE_IFEW_B00HZ MFF; B:3DSI1).C5 WA_TES~_TOP_L3_SE.Simulation(1];

Z, [Ohm]
B0
A Measured (red) A f\
55T N
501 ool =
v .
Simulated (blue)
45+
ID D.=25 D=.5 D.I?E ‘II 1 .=25 1=.5 1 .I?E I2
28 0ct 2024, 1316:46, Simbenan Inc. Time, [ns]
AZ1]: B:Z[2.2];

C5 Structure from EvR-1 board (Expectation vs. Reality)

. [dB1

RL at X74.51G(2)

OX

From TDR one can make erroneous conclusion on acceptable quality of the link...
Though, dips on IL and oscillations on TDR look strange — why? — absence of localization!

JAN. 28-30, 2025
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Two 0.77mil copper planes, separated by dielectric with
Dk=3, LT=0.001

Two signal vias at 220mil (10mil diameter)
Number of stitching vias (Nstv) from 0 to 6 at about 20mil

distance from signal

4-port structure with 500hm terminations

Physics-based model with 2D analysis in Simbeor 3DTF | With PMC (750mil x 750mil Planes)
solver

With PML

(Infinite Planes)

01 Oct 2024, 11:59:58, Simberian Inc.
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SE Vias Coupling with PMC and PML - H=2miil

750mil x 750mil with PMC
and PML, increase of
Stitching Count (Nstv) from
Oto6

Coupling is reduced by
increase of Nstv

Two stitching vias may be
not enough

25 - 4 A\
A Ap / \ = = + = 4
B0+ - i \ S | ]
Al . an w%ﬂ*m%@ﬁﬁﬂ
i ””Mé!% B —— '
-150 Ah ﬁ n‘ﬁ:m:ﬂﬁ J
Nstv=6 (+)
175 17 CUurves
o ‘ed, black|and brown

A:Praoject0). PFw_PML_LM Simulation(1]; B:Project0] PP _PRC_LMN.Sirmulation[1]; C:Project(0). PPw_PML_SET2] LM Simulation(1];
D:Praject0). PFw_PMC_SE 21 LM Simulation[1]; E:Project[0).PFWw_PML_SH¢[4] LW Simulation(1]; F:Project[0]. PP _PMC_SE4)_LM Simulation(1];
G:Project{0]. PFwW_PrL_SAE]_LM. Simulation(1]; H:Project0]. PPw_PMC_SBAE)]_LM. Simulation1];
DB agnitude(S], [dE]

"TINstv=0 (*)

7'

Istv=2 (<>)

0 1n 20 a0 40 a0 B0 o a0 a0 100 110 120
01 Oct 2024, 12:08:38, Simberian Inc. Freguency. [GHz]
—_— AS3] ——% B:S50.3]; ———% 503, ——% D:51.3), ——+ E:501.3]; ——Ff1 F:5[1.3]; =+ G:5[1.3];

—+ H:5[1.3]:

#DesignCon 68
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SE Vias Coupling with PMC and PML - H=20mil

A Project[2) PFW_PML_LM Simulation[1]; B:Project(2]. PPW_PRC_LM. Simulation[1]; C:Project[2). PFwW_PML_SEA2 LM Simulation(1];
D:Project[2]. PFWwW_PMC_SA2]_ LN Simulation|1]; E:Project{2]. PFWw_PML_S041_LN Simulation[1]; F:Project[2]. PFWwW_PMC_S64]_ LN Simulation(1];
G:Project2]. PP _PRL_SEB]_LM. Simulation(1]; H:Project(2). PP _PMC_SEAE]_LM . Sinnulation(1]:

DEBMagnitude(S]. [dB] Nt —N 7*)\
a4 _ INOLV—U \‘,’

E

[ Y I=2 I< \
750mil x 750mil with PMC and VY
PML, increase of Stitching =1 1 \ : % + ¥

Count (Nstv) from 0 to 6

A0 T

Coupling increases with plane 75 Mg — 1
separation

e Nsty=4 ([

Coupling is reduced by 1254 b A Ak )ﬁ‘ﬂ apd N
increase of Nstv : AMM/WFW%
-150 T

¥
2 or 4 stitching vias is not LA PML -|green cunves
enough VV PMC - blue, red, black, brown
-200
ID 1IU 2ID ?:D fllﬂ 5IU E;D ._-':D EID SID 'IIDD 1'I|U 1I20
01 Oct 2024, 121721, Simbernian Inc. Frequency, [GHz]

—% &5[1.3]; —% B:5[1.3] ——¢ G503 ——% D03 —8 ES0.3], —8 F5[1.3] —+ G513
—+ HE[1.3]:
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SE Vias Coupling Through Parallel Planes

750mil x 750mil with PMC, increase of Plane Count from 2 to 6 (H=9mil)

A:Project{1).PPW_PMC_St/(2]_LM.Simulation(1]; B:Project(1].PPw_PMC_SH(2)_LM=5. Simulation(1]; A Project[11.PPW_PMC_SHELLM. Simulation(1]; B:Project(11.PPWwW_PMC_St(E]LLN=5. Simulation(1];
DBMagnitude(S). [dB] DB agritude(S], [4E]

1
NL=6
g-wo + *

Nst

NL=

LA
)

(@)

25T

B0 T

Ve vl

FRT

A7 T

00 +

j"% —|lll
e
Z ” /*S
—
I ——
N
4
—
|
N
<
|
o
|

Ag~ 20 */log 10(Nl!.)

1 Nstv=2 =

0 . 0 e -0 e 0 e 0 oW W W W B W ® W W F 110 E;Su

30 Sep 2024, 135341, Simberian Inc. Frequency, [GHz] 30 Sep 2024, 135218, Simberian Ine. o o requency, [GHz]
¥ AS13——© B2 ——— &5[1.3;—= B:S[1.2):

Multiple planes increase xtak, but stitching vias reduce it...
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SE Vias Coupling Through Parallel Planes

750mil x 750mil with PMC, increase of Aggressor Count from 1 to 10 (H=9mil)

#:Project{1]PPw_PRL_SEAE]LSR/[2RI_LH_PSKT Simulation(1); A:Project/1).PPwW_PML_SB/E]_LM_PSHT Simulation[1);

PSHT, [dB] DBEMagnitude(5), [dB]  PSxT, [d8] DEM agnitude(S]. [dE]
D T T D D T T T T T T D
Apgxr= 10 * lo gr)
Nagr =10
50 4 T80 A0 et ~Nstv=06 + 50
@.,_,_--@-‘_-—5-___-‘3 ——t | /. ] o:- :.
—_— e
P_gf_g,ﬁ_ :'> Victim | PSXT
laty /—QR , /
400+ ———— 00 100+ — + 100
/’_ | I b LV U 30 Sep 2024, 14:21:47, Simberian Inc. ’ .,.ﬂ-.@
/ Nagr=10 N % ot s
& o p Jw
1 Aggr. .+ Nstv=2 P s N

A0 T o — 1150 80t < T 150

Victi : K 1 Aggr

@ ICUm _ S aar.

L — 0ol . °
Nstv=6 —
-EDD T ! 1 1 ! 1 30:&92024 — SWMEMMK : : 1 T -EDD -2EID T I-\ 1 1 1 ! ! ! 1 1 1 T -2|:“:I
i 125 25 375 50 25 75 875 100 1125 0 125 25 375 50 625 75 875 100 1125
30 Sep 2024, 14:20:13, Simberian Inc. Frequency, [GHz] 30 Sep 2024, 14:19:44, Simbenan Inc. Frequency, [GHz]
— 5[] S 85[1.3] : — &5[11] ; AS[1.3]

Multiple disturbers increase xtalk, but stitching vias reduce it...
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Stitching Vias and IL & RL (H=9mil)

A:Project 11 PPW_PML_SB 2 LN Sirnulation(1]; B:Project[1].PPWwW_PMC_SE2_ LN Simulation]1]; A:Praoject1).PPWw_PML_S8(2)_LM. Simulation(1]: B:Project{1).PPw_PRC_SE 2] LM.Sirmulation(1]:
C:Project1].PFw_PML_S8(4]_ LN Simulation(1]): D:Project11.PFwW_PMC_SB/4] LM Simulation[1]: C-Project{1]. PP _PML_S6/4]_ LN Simulation(1): D:Project{11.PFW_PRC_SEA4]_LN Simulation[1]:
E:Project{1].PPW_PML_SEAE_LN Simulation(1]: F:Project1].FPw_PMC_SEAE_LM. Simulation(1]; E:Project{1). PP _PML_SE/E] LM Simulation(1]: FProject1].PPw_PMC_SBEL LM Simulation]1]:
DB agnitude(5], [dB] DB agnitude(S), [dB]
T — StV=6 (¥) o]
] Nstv=2 (<>
e T L e
11 y k"‘+ A0+ AN P A= ettt
\ e r_-l--"""'\
IL \\ RL e )
2 (<>) stv=6 (+)
24 N, Vi 24— N
Ns\t;/=4 (I Nstv=4 ([])
a4 h, a0+
PML -{green cunves w0l PML - green curves
.4 4+
PMC - blue, red, brown \ PMC —blue, red, brown
B0+
°1 1 } } } 1 | | | "M_Q é 1 1 I 1 1 I 1 1 I
125 25 75 50 B2.5 5 875 00 125 125 5 75 50 25 75 875 100 1125 125
30 Sep 2024, 14:34:47. Simberian Inc. Frequency. [GHz] oy 0ot 2024, 05:35:15, Simberian Inc. Frequency. [GHz]
— AS[21) % BS[21]; —H& CS21] —8 D520 — AS01]; — BS[1]—F CS01 —8 DS ———+ ES[L
—+ E:S[21]; ———+ F5[21]: — — —+ FSA];

Coupling to cavities causes resonances in IL and RL, but stitching vias reduce it...
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SE Via Power

10 GHz

Stuctured Mesh: X:40,Y:40, Z:28, dX=2, dY=2 dZmax=11.8029
Elements: 64,512; Matrices: SM: 774,144, CM: 32, Final: 2, DD: 0;

Analysis: Multiport
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14 Oct 2024, 12.41:56, Simberian Inc.

DP=0.24%

14 Oct 2024, 12:42:59, Simberian Inc.

DP=1.7%

14 Oct 2024, 12:43:32, Simberian Inc.

DP=11.4%

Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dst=40mil, Dap=35mil, Dk=3, LT=0.001
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Local Coupling — 3D EM, 5 planes, H=5miil

A:BPlanes-5.Multhial6f)-2x4001]. 3D TF; B:5Planes-5 MultivialBf-2x6001). 3D TF; C:5Planes-5.MultivialBf)-24100(11.30TF;

D DB agnitude(S], [dE]
«—> L. "7 ] 'D=60mil |
| ST & - D=4omi | D=60mil |
111 a1l o N - -
FEXT
A0+ — L 2y :
A — = \ S
75 %#&:
ao0 +
NEXT
a4 - - -
375 ) 25 ‘125 0 125 25 375 50 625 75 [)Vla=E;mI|’ D St=40mll,
Dvia=8mil, Nstv=6, Dk=3, LT=0.001 ., Dif?fﬂlo o1
Dst=40, Dap=35 uhhiliht Bk : :
80 a1 100 110 120
B 12 Ot 2024, 06:43:29, Simberian [no. Frequency, [GHz]
Simbeor 3DTF, PML ———% W5[13] —# AS[H 4] ——O B[ —— BS[14] —— C5[1.3]) —= T[4
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Local Coupling — 3D EM, 4 planes, H=20mil

120ct 2024, 07:5:59, Simberian Inc.

Dvia=8mil, Nstv=6 Dk=3, LT=0.001
Dst=40, Dap=35

Simbeor 3DTF, PML

o
25 -+
FEXT

B0+ OmJI : J 3 &g ;Z

/dé"" L v %—(;3
754 f w{
A0+

W/ NEXT
s | Dvia=8mil, Dst=40mil,
Dap=35mil
: Dk=3, LT=0.001

-150-——::7;‘[”\ | | D=1QOml

JAN. 28-30, 2025

A:4Planes-20 MulthialBf]-2440[1). 30 TF; B: 4Planes-20.MultivialBf]-2260[1). 30 TF; C: 4Planes- 20 MulthialBf]-241 00(1]. 3D TF;
DBMagnitudelS], [dB]

] 10 20 an 40 a0 g0 70 an a0 100 110 120
12 Oct 2024, 0E:44:14, Simbenian Ine. Frequency, [GHz]
—# AS[13]; ——k AS[14];—2 BE[.3]—= B:S[14], — CS[1.3); —F& C5[1.4):
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Two 0.77mil copper planes, separated by 9mil dielectric
with Dk=3, LT=0.001

Differential signal vias 20mil distance (10mil diameter),
two pairs at ~220mil

Number of stitching vias (Nstv) from 0 to 8 at about
20mil distance from signal

8-port structure with 500hm terminations

Physics-based model with 2D analysis in Simbeor 3DTF
solver

With PMC (750mil x 750mil Planes)

With PML
(Infinite Planes)

I
f t t I % } f f

01 Dct 2024, 09:23:19, Simberian Inc.
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Common Mode Coupling in Diff. Vias

A:Project(1).PPW_PRL_LM. Simulation(1]; B:Project11.PPw_PMC_LM . Simulation(1]; C:Project{1].PFw_PL_S8T21_LN. Simulation(1];
[:Project(1).PPW_PRMC_SE72)_LM. Simulation(1]; E:Project1).PFw_PRL_SE 8] LM, Simulation(1]: F:Project(1).PPw_PMC_S8 2] LM Simulation(1);
DBMagnitude(S), [dB]

CM coupling is of
reduced by . %
increase of Nstv 1Al I
(similar to SE) | I ' Nstv=2 (<>)

Netv /=0 (*)
INOLV=U { )

=g |

5
Two stitching vias is ™ ‘]( -1
not enough ey - -

If CM isolation is ﬁz PML | green curves

175
ngedgd — more i PMC - blue, red, brown
stitching vias is 07 | ! ! ! | | ! ! ! ! ! !
. 10 20 a0 40 R0 B0 70 20 a1} 00 110 120
req U I red 01 Oet 2024, 10:35%:09. Simberian nc. Frequency, [GHz]

—k ASmm[C1.C3]; =% B:Smm[C1.C3]; —— C:S5mm[C1.C3]; = [:5mm[C1.C3]; =——F1 E:Smm[C1.C3];
—F1 F:Smm(C1.03];
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Common to Differential Mode Coupling

Modal coupling
through PDN even
in symmetrical vias

Depends on PDN
geometry and
resonances

It is reduced by
increase of Nstv

"F1 [ Nstv=0 (%) |
25 %
A0 4+ — i 1
T ' Nstv=2 (<>)
Ao0 4+ Il Illj hlh !
¢
TI |

125 J> ﬁ/ 1 |||!_‘| IL
150 T A 1
¥‘ v PML 4 green curves

A7 T i i}

-200 1 .3

A:Project(1).PPW_PRL_LM. Simulation(1]; B:Project11.PPw_PMC_LM . Simulation(1]; C:Project{1].PFw_PL_S8T21_LN. Simulation(1];
[:Project(1).PPW_PRMC_SE72)_LM. Simulation(1]; E:Project1).PFw_PRL_SE 8] LM, Simulation(1]: F:Project(1).PPw_PMC_S8 2] LM Simulation(1);
DBMagnitude(S), [dB]

PMC — blue, red, brown

1] 10 20 30 40 50 B0 70 80 90 100 110 120
01 Ot 2024, 10:37:31. Simberian [ne. Frequency, [GHz]
=% A5mm[D1.C3]; =% B:Smm(D1.C3]; =% C:Smm[01.C3]; =% D:Smm[D1.C3] ;=& E:Smm[D1.C3]:
——+F] F:Smm[D1.C3];
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Common Mode Dissipated Power

A Project{1) PPWwW_PC_LM Simulation(1]; B:Project{1].PPWw_PML_LM Simulation(1]; C:Project{1].PPWw_FPRL_S8[2_ LM Simulation(1];
D:Project(1).PPWwW_PRC_SB2)_LM. Simulation(1): E:Project1).PPw_PML_S83)_LN. Simulation(1): F:Project(1). PPW_PMC_S8/23)_LM. Sinulation(1];
Dizzipated Power, [wt]

) —

Stitching vias ... Nstv VL Ll ! !
reduce leaks of \ Sl | i T
common mode A THA A L WL

03T

Require more
stitching vias for
ideal de-coupling

02T

01+ j I
from PDN ‘ ﬂ green curves
./ PMC - blue, red, brown
1IEI 2ID C-‘:IZI 40 E:IZI E:D o BIIZI E;IZI 1I=ZIIZI 1;IZI 1=2EI
M Oct 2024, 10:55:00, Simberian Inc. Frequency, [GHz]

—3% ASmm[C1.07]; =% B:Smwm[C1.C1]; ——% C:Smm[C1.C1]; = D:Smm[C1.C1]; = E:Smm[C1.C1]:
— — —+ F:Smr[C1.C1]:
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Differential IL &

A:Project[1].PPwW_PMC_LM.Sirnulation(1]; B:Project(1). PFW_PML_LM. Simulation(1);
C:Project1).PPWwW_PRL_SE2] LM, Simulation[1]; D:Project[1].PPwW_PMC_Ste[2] LM Sirmulation[1];
E:Project(1]. PP _PML_St8]_LM. Simulation(1]; F:Project1).PPWw_PRC_SH3)_LMN. Simulation1];

DEMagnitude(S ], [dB]

A:Project1).PPW_PMC_LM. Simulation(1); B:Project1). PPw_PL_LM. Sirmulation(1];
C:Project(1). PPy _PML_SE 2] LM, Simulation(1]; D:Project(1]. PP _PMC_SE2)_LM. Simulation(1]:
E:Project(1).PPw_PRML_SEAE]_LM. Simulation(1]; F:Project{1].PPWwW_PC_S8E]_LM. Simulation(1];
DB agritude(5], [dE]

Nstv=0 (*) T
20l \
il Nsty=2

- green curves

1 PMGC — blue, red, brown

a2t DA —~
- Ivig =gt

a 125 25 375 50 E25 75 875 100 1125

01 Oct 2024, 11:03:03, Simberian [he.
—¥ ASwm[D1,01]; =% B:Smm[01.01]; = C:Smm[01.D1];

—= [:Smm(01.01];——+ ESmm[D1.01]; — — —+ FSmm[D1.01]:

Frequency, [GHz]

PMC — &

il 125 25 avhe A0 E25 il avhe 100 1125

07 Ot 2024, 11:03:25, Simbenan Ihe. Frequency. [GHz]
—% ASmmD201]; ——¢ B:Smm[D201]; — CSmm[D2.01];

— D:Smm[D2.01]; = E:Smm[D2.01]; ———+ F:Smm{D2.01];

Coupllng to cavities causes resonances in IL and RL, but stitching vias reduce it..

JAN. 28-30, 2025
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100 GHz

4

Nstv

ty,

50 GHz

Power Flow Dens

1aS

\'

10 GHz

Structured Mesh: X;43,:37, Z:28, dx
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Elements: 64,260; Matrices: Sh: 771,120, CM: 80, Final: 4, DD: 0;

Analysis: Multiport
Min=0, Max
22 Oct 2024.14:10:34. Simberian Inc.
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Middle Section Design as SICW

2Planes-20mil TL[T]. TLSimulation(1];

Nstv=6, Dvia=8mil Magrtudeizo). Wl
) 1) e
Dstv=40mil ‘
wsh Y. [mil
Dk=3, LT=0.001 T - /
125 - I\,fj’ L /
Zo is higher than the si— @ @
target 50 Ohm in /
anticipation of additional L /
plane capacitance T
52 T ‘
51.49¢
5151 - ¥
1IIZI Z:D 1IIZID ‘I%IZI 1I2IZI
15 0ct 2024, 07:11:49, Simberian Ine. Frequency, [GHz]

———% Mode[1];
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IL of SICW

I mmune tO stacku p stru Ctu re & 2Planes-20mil Multhfia(6f. 30 ML; B 4Planes-20mil MultitviaEf). 30ML; C:EPlanes-Sril Mulivia{E 30ML;

DEMagnitude(S], [dB]

changes T . .
J ’ nsertion Loss 2 planes,
Nstv=6, Dvia=8mil, Dst=40mil, H=20mil
Dap=35mil o
Dk=3, LT=0.001 %% /
0 + 7\8\'\-.. y . hm
Simbeor 3DML, ABC / \@\\8\ Z e
oo L 1 planes, -~
H=20mil / ~
noa —t \’9\
5 planes \5\
H=5mil e
005+ —
T.:J‘\M"“'Eh——.
IIZI ‘IIIZI E:D E‘:EI 4IIZ| E:IZI E:IZI ?IIZI E\:D E;IZI 1 IIJIZI 1 ‘l 1] 1 I2IZ|
22 Ot 2024, 12:55:36, Simbernan [hc. Frequency, [GHz]

—# A521],——% BS[21];—< TSR
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Power Flow Density in SICW at 50 GHz

Structured Mesh KoB4Y59, Z:28; X2 dY=1 Wlman1].

LR
~

{3 AR i »
Elemets 135,072 Makices: SM: 1 620,864, 1M B Ripal: ¢

Analysm’\Mu f £

F

¢ e

Structured Mesh: X:50, Y:50, Z:28, dx=0.8, dv'=0.8 dZmax=11.8029 ; / ‘o
Elements: 94,192; Matrices: SM: 1,130,304, CM: 80, Final: 2, DD: 0; s :.
Analysis: Multiport e
A oy

Y, [mi S rEY

L s
1%f:‘__owerFI gt
Mire=0, Ma: ey
0[dB] i
125 ~o

-25 S
375 e o
50 N
04 B,
5+ . -
;s =

a0+ - .
54 . o
v . G

- RN

4 & LY

’20 | t ' : . | . . t v N
-20 15 -10 5 1] 5 10 15 20 s N

14 Oct 2024, 07:54:56, Simberian Inc. i iy
; o N\

< b

DP=0.42% 7 :
. O Vv 7/ ~
*, L Y

T 7

; £ £ 8 ; 4 ////r‘r‘ ‘ “

R RS AT ; \ \

14 Oct 2024,08:05:23; lrrlbdnén{né.’ ¢ Wt o X E e L B MR REAE )

JAN. 28-30, 2025 #DesignCon @ informamarkets




SE Via Vertical to Vertical Transition (VVT)

: 2Planes-20mil. CoaxT dvia1], 30ML;
Coaxial to SICW — match | anes 20 CoaiToVial 1)
DEMagnitude(S). [dB]
iImpedance and cross-sectionas o7 o—> 7 = 2 o—i———0
. |
possible IL !
1
|
25T 266
2Plates-20mil. CoaxTovial1]. 20 ML R L \ . )
53[5
Z. [0hm] /@..--"”" |
|
5T 50+ el 1 N
- Iﬁ
DR /7R :
505 4 A | TE 1 1
1
_e/ ] AT ;
50 4= Pz Lt I
, :
| | | | | | | | | taad , Tl , | I
0005 001 OmMS 002 002 003 003 004 0045 ; , , : : : : : m , ,
24 Oct 2024, 1308:54, Simberian |ne. Time, [rz] 'D 15_5 2'5 3?;_5 5ID Bé_5 ?'5 3?".5 1'00 11'2_5 1'25
= 2 221 24 Dict 2024, 12.56:34, Simberian Inc. Frequency, [GHz]

— §[1.1]——= 512
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SE Via VVT - Power Flow Density

Maintain impedance continuity and minimize discontinuities:
Provide continuous Power Flow from Coax to SICW

Peak PFD at 50 GHz

Shructured Mesh: X:68, Y:63, 2:31, dX=1, d=1 dZmax=11.8028 [~
Elemens 167.276; Matices: SM: 2,007,312, CM: 2JFirek 2.00
alym Multiport I

2. o]
#3 PowerFlow(CutPlane) at 50 GHz: T-z? P
Min=0, Max=81820 [w/m"2);

0(d8]

125

w 1 Hm
v H \[“II:1

JAN. 28-30, 2025

pre:

Sfructured Mesh: .68, :63, Z:31, dX=1, diy=i dZma=118028 /' //' z“
Elements: 167.276; Malices: SM: 2.007,312/EM: 2 rop

alysws Multiport

2. {mil

Peak PFD at 100 GHz

5

Wy
m\,u

24-Oct 282-%1-4‘59‘40 Swnhenaﬂ Iﬂc PN
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