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1. Sl Dreams and Nightmares

2. The Inconvenient Reality of Interconnects

3. Some good practices - Towards 448 Gbps
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N, | . | Don't Believe In Fairytales
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My SI skills are
amazing
Behold my
Correlation work

It doesn’t work

that way

It Is magnificent

Veteran S| Eng
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Step One - Acknowledging the Challenge

1. Case study 1- Microstrip Geometry
2. Case Study 2- Coupon Structure
3. Case Study 3 -Probing PAD (Via)Structure
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« 10 PCBs
« Same Lot

Some Variations are
more familiar to SI
Engineers

. #\[mil
Covered in 001

Depth in Literature [2] 003

004
005
006
007
008
009
010
Max
Min
Average
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2 4 6 8
0.85 13.21 14.08 2.02
0.90 13.11 14.01 2.20
0.89 13.42 14.04 2.03
0.86 13.44 14.11 2.15
0.87 13.57 14.29 2.08
1.00 13.69 14.32 2.13
0.82 13.59 14.16 2.05
1.01 13.98 13.69 2.10
0.89 13.57 14.20 2.29
0.85 13.60 14.07 2.00
1.01 13.98 14.32 2.29
0.82 13.11 13.69 2.00
0.89 13.52 14.10 2.1

#DesignCon

10
1.81
2.05
1.77
1.94
1.86
1.90
1.91
1.84
1.92
1.86
2.05
1.77
1.89

1
5.85
5.81
5.81
5.90
5.90
5.94
5.95
5.95
5.97
6.00
6.00
5.81
5.91
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Case Study 2 -Coupon Structure

What could possibly go wrong?

Coupon Structure
NS vs EW orientation
Same Via Structure
Same PCB
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Resulted in 2Q
Impedance Difference [2]

NS —Non Spread Weave #*Fk;“;%wm:_f:__j%_”W~W:;f

EW -Spread Weave r— T I—

[ A Fr— i i hia: SOE 7P .
R 5 e et e s
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What could possibly go wrong?

Post Manufactured PCB
Reality Might Be Different
than Intended

* 10 PCB Samples
+ Same Lot

Design Reality
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Measured Gnd Pads Dimensions

DESIGNCON

FEB. 24-26, 2026

001
002
003
004
005
006
007
008
009
010
Design
AVG
Min
Max
var

1
23.91
23.46
23.07
23.23
23.37
22.62
23.10
23.28
23.42
23.23

26
23.27
22.62
23.91

1.29

2
18.91
18.08
17.93
18.62
18.50
17.79
18.63
18.33
17.71
18.56

20
18.31
17.71
18.91

1.2

3
23.44
23.28
23.13
22.77
23.39
22.55
23.48
22.92
22.52
23.68

26
23.12
22.52
23.68

1.16

4
19.12
18.47
17.66
18.57
18.53
17.93
18.25
18.08
18.17
18.81
20
18.36
17.66
19.12
1.46
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Measured Via center to Via center distance [mil]

Measured
001 39.16
002 39.62
003 41.72
004 39.07
005 39.72
006 40.74
007 39.82
008 39.30
009 39.55
010 39.71
AVG 39.84
min 39.07
max 41.72
delta 2.65
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Left via

Coupon X Y
001 -20.0 9.3
002 -16.7 8.8
003 -20.0 8.8
004 -20.2 9.9
005 -18.9 8.8
006 -185 9.9
007 -184 8.3
008 -19.2 8.7
009 -18.0 8.8
010 -20.0 94

Design  -20 10
AVG -18.99 9.07
min -20.2 8.3
max -16.7 9.9
delta 3.5

WHERE THE CHIP MEETS THE BOARD

1.6

DESIGNCON EZ3

Right via
Coupon X Y
001 19.8 9.3
002 23.0 94
003 224 9.2
004 19.8 9.3
005 209 8.7
006 222 10.2
007 215 83
008 206 9.1
009 217 94
010 19.8 93
Design 20 10
AVG 2117 9.22
min 19.8 8.3
max 23 10.2

delta

!

32 19
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Stackup 1 Stackup 2

SMT 0.7874 + 3.6, 0.0195 SM_H_0p79_Dk_3p6_Df 0p0195_C SMT 0.5 L] 3.2,0.022 sm_H_0p5 Dk 3p2 Df 0p022 B

L1 24 i L1 265 |
o 10 éssﬁ -I 2.98,0.0014 Tachyon100G_PrePreg_1067_74_H_2p56_Dk_2p98_Df_0p0014_C Eﬂz‘l gém .[ 2.77,0.0014 Tachyon100G_PrePreg_1035_75_H_2p44_Dk_2p77_Df_0p004_B

M2 1 2.98, 0.0014 Tachyon100G_Core_H_2p5_Dk_2p88_Df 0p0014_C M2 2.5 [ 2.77,0.0014 Tachyon100G_Core_1035_75 H_2p5_Dk_2p77_Df_0p004_B
EEA% é:&:’, :I 3.02, 0.0015 Tachyon100G_PrePreg_1078_72_H_2p83_Dk_3p02_Df_0p0015_C EAS;%?S :[ 2.84,0.0014 Tachyon100G_PrePreg_1078_71_H_2p5_Dk_2p84_Df_0p004_B
L5M04 o2 .I 2.98,0.0014 Tachyon100G_Core_H_2p5_Dk_2p98_Df 0p0014_C Lrgmﬂ%ﬁ . | 2.77,0.0014 Tachyon100G_Core_1035_75 H_2p5_Dk_2p77_Df 0p004_B
Lgflso 5517 .I 2.98,0.0014 Tachyon100G_PrePreg_1067_74_H_2p17_Dk_2p98_Df_0p0014_C I\LASS (]2_652 .I 2.89,0.0018 Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p89_Df_Op004_B
L?Mgsg 5 .1 298,0.0014 Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C LI\TAG0 %.5 _[ 2.77,0.0014 Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B

M7 2.64 1 3.09, 0.0018 Tachyon100G_PrePreg_1078_67_H_2p64_Dk_3p09_Df_0p0018_C M7 2.49 [ 2.89, 0.0018 Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p89_Df_0p004_B
L8M181’§5 .I 2.98, 0.0014 Tachyon100G_Core_H_2p5_Dk_2p98_Df 0p0014_C Lrﬁ'la1 5,5 '[ 2.77,0.0014 Tachyon100G_Core_1035_75 H_2p5_Dk_2p77_Df_0p004_B

L9 2.4 )i Lg 24 1

M9 3.74 ] 3.06,0.0017 Tachyon100G_PrePreg_1035_69_H_3p74_Dk_3p06_Df_0p0017_C M9 3.52 [ 2.85,0.0017 Tachyon100G_PrePreg_1067_70_H_3p52_Dk_2p85_Df 0p004_B
L10 2.4 | Lo 24

M10 2.5 I 2.98,0.0014 Tachyon100G_Core H_2p5 Dk_2p98_Df 0p0014_C M10 2.5 [ 2.77,0.0014 Tachyon100G_Core_1035_75 H_2p5_Dk_2p77_Df 0p004 B
tl;ﬂ; 1;%:64 :I 3.09,0.0018 Tachyon100G_PrePreg_1078_67_H_2p64_Dk_3p09_Df_0p0018_C :\L/I:ﬂ; ;2216 :[ 2.89,0.0018 Tachyon100G_PrePreg 1078 68 H_2p46 Dk_2p89 Df 0p004 B
L1225 1 29800014 Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C M1z 25 A 27700014 Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B
LWSO %517 -I 2.98, 0.0014 Tachyon100G_PrePreg_1067_74_H_2p17_Dk_2p98_Df_0p0014_C 1\_41143 &gg .[ 2.89,0.0018 Tachyon100G_PrePreg_1078_68_H_2p52_Dk_2p89_Df_0p004_B
L gm 04 5%’ -1 2.98, 0.0014 Tachyon100G_Core_H_2p5_Dk_2p98_Df 0p0014_C Lq,w 51 40 % 5 . ! 2.77,0.0014 Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B
M16 2.83 I 3.02, 0.0015 Tachyon100G_PrePreg_1078_72_H_2p83_Dk_3p02_Df_0p0015_C M16 2.44 | 2.77,0.0014 Tachyon100G_PrePreg_1035_75_H_2p44_Dk_2p77_Df_0p004_B
Ufm; 1 2_5 ‘I 2.98,0.0014 Tachyon100G_Core_H_2p5_Dk_2p98_Df_0p0014_C Lllﬂﬁ1 7‘I 75_5 ‘[ 2.77,0.0014 Tachyon100G_Core_1035_75_H_2p5_Dk_2p77_Df_0p004_B
L%é) 25356 ‘I 2.98,0.0014 Tachyon100G_PrePreg_1067_74_H_2p56_Dk_2p98_Df_0p0014_C kﬂ% OZEM '[ 2.77,0.0014 Tachyon100G_PrePreg_1035_75_H_2pd4_Dk_2p77_Df_0p004_B
sl.‘rJA% 20'.479 Io 3.6, 0.0195 SM_H_0p79_Dk_3p6_Df_0p0195_C L1SSM%GS,5 I-- 3.2,0.022 sm_H_Op5 Dk 3p2 Df 0p022 B

65.5374 65.2

Vias for each layer were designed to satisfy the low reflection condition for two stackups simultaneously — see details in
A. Manukovsky, Y. Shlepnev, J. Nutzati, A. Kuntsevych, I. Peleg, S. Mordooch Via Design for 112 Gbps and Beyond:
Theory and Reality, DesignCon 2025
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Vendore1 004 line_17 Via

Type Name Length (mil)
Horizontal Line 36 9.74
Horizontal Line 37 8.96
Horizontal Line 38 8.34
Horizontal Line 39 9.74
Horizontal Line 40 10.16
Horizontal Line 41 8.23
Horizontal Line 42 11.78
Horizontal Line 43 8.68
Horizontal Line 44 11.93
Horizontal Line 45 9.14
Horizontal Line 46 12.21
Horizontal Line 47 8.99
Horizontal Line 48 12.08
Horizontal Line 49 8.42
Horizontal Line 50 10.83
Horizontal Line 51 8.23
Horizontal Line 52 10.42
Horizontal Line 53 8.01
Horizontal Line 54 11.18
Horizontal Line 55 7.15
Horizontal Line 56 11.97
Horizontal Line 57 7.24
Horizontal Line 58 9.18
Horizontal Line 59 11.95
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Vendore1 003 line 17 Via

Type Name Length 4 ]
[mil] e & 36 <
Horizontal Line 36 15.00 R 4 : 3
Horizontal Line 37 4.52 o g \ 3
Horizontal Line 38 15.00 =" : W 3
Horizontal Line 39 4.25 o . < 38 >
Horizontal Line 40 1068 =
Horizontal Line 41 7.92 o | 40 ‘
Horizontal Line 42 13.11 i !
Horizontal Line 43 8.12 E s . >
Horizontal Line 44 13.37 : |
Horizontal Line 45 8.38
Horizontal Line 46 12.20 B . 42 &
Horizontal Line 47 9.52 <TP
Horizontal Line 48 12.12 = . e T
Horizontal Line 49 9.39 _';‘_ [ g
Horizontal Line 50 8.33 e My 6. a
Horizontal Line 51 11.41 48 !
Horizontal Line 52 12.78 R ,____4_—_5
Horizontal Line 53 6.82 : ' «Q—b
Horizontal Line 54 12.40 crveilil b A
Horizontal Line 55 7.39 ] | i
Horizontal Line 56 15.47 e : . 52 '
Horizontal Line 57 4.67 3 B
Horizontal Line 58 5.00 5 ] }
Horizontal Line 59 1536 i - : 54 i
= &
F 56 )
A58 5
e —
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Vendore1 002 _line 17 Via

Type Name Length (mil)
Horizontal Line 36 9.46
Horizontal Line 37 8.98
Horizontal Line 38 15.66
Horizontal Line 39 1.75
Horizontal Line 40 15.06
Horizontal Line 41 3.18
Horizontal Line 42 10.77
Horizontal Line 43 9.28
Horizontal Line 44 10.91
Horizontal Line 45 9.63
Horizontal Line 46 10.92
Horizontal Line 47 10.12
Horizontal Line 48 10.73
Horizontal Line 49 10.01
Horizontal Line 50 9.78
Horizontal Line 51 9.09
Horizontal Line 52 8.57
Horizontal Line 53 9.56
Horizontal Line 54 8.19
Horizontal Line 55 9.17
Horizontal Line 56 8.61
Horizontal Line 57 9.51
Horizontal Line 58 11.67
Horizontal Line 59 10.72
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Vendore2_015_line_11_Via

Type Name Length [mil]
Horizontal Line 25 4.45
Horizontal Line 26 16.50
Horizontal Line 27 20.14
Horizontal Line 28 11.03
Horizontal Line 29 14.10
Horizontal Line 32 8.88
Horizontal Line 33 14.41
Horizontal Line 34 10.77
Horizontal Line 35 13.22
Horizontal Line 36 11.22
Horizontal Line 37 13.15
Horizontal Line 38 16.26
Horizontal Line 39 14.56
Horizontal Line 40 10.99
Horizontal Line 41 10.51
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Vendore2 020 line 11 Via

. . 26 —_ e 27 : e
Type Name  Length [mil] - —— o8 =) | B 29 mf i
Horizontal Line 26 17.89 = > e - > - .
Horizontal Line 27 19.31 i = ! : - R
Horizontal Line 28 11.45 ' > ] .:'_ 1 i
Horizontal Line 29 13.42 [ ﬁw- 32 E " 33 - S
Horizontal Line 32 9.66 k = ] < > d L
Horizontal Line 33 14.50 ez T ] i »
Horizontal Line 34 10.78 J | i ] | :
Horizontal Line 35 13.47 P S gy ' : 35 e |
Horizontal Line 36 10.73 - —— ¢ > 4 E
. . = 5 e { : ! g
Hor!zontal L!ne 37 13.21 [ '*i :*.,, . 36 E : 37 ﬂ,‘ :m
Horizontal Line 38 17.81 = 4—>g e
Horizontal Line 39 13.56 : t : k R s
ol _— i v~ &
Horizontal Line 40 11.96 } P 38 » %39 :1
Horizontal Line 41 11.81 - - : pR—— . % |
- ] 5 40 i 2 41 s S
" e— —l
e g - — - R
-‘\ﬂ“I -

e : Mg - .
- ‘b . : i -
..:-‘ﬂ . P PP wa T B 5. -.,-w*ﬁm? 1
il .,.q . . ] e
. ; * M
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Vendore1 003 line 11 Via

Horizontal Line 26 14.71
Horizontal Line 27 20.86
Horizontal Line 28 13.91
Horizontal Line 29 11.01
Horizontal Line 30 14.86
Horizontal Line 33 10.56
Horizontal Line 34 9.71
Horizontal Line 35 14.31
Horizontal Line 36 9.61
Horizontal Line 37 14.46
Horizontal Line 38 10.46
Horizontal Line 39 12.96
Horizontal Line 40 7.96
Horizontal Line 41 7.86

[- e —— e BPI  p - WL, Gl " # e T e =
)
R Y 3
e . G : W
ey b f %
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Vendore1 002 _line_11 Via
VIA OFFSET]

Horizontal Line 26 19.64
Horizontal Line 27 17.64
Horizontal Line 28 13.63
Horizontal Line 29 12.51
Horizontal Line 32 19.26
Horizontal Line 33 5.13
Horizontal Line 34 19.39

Horizontal Line 35 6.88 ——
Horizontal Line 36 19.26 __ '
Horizontal Line 37 7.00 [y '
Horizontal Line 38 5.00 ”

Horizontal Line 39 17.26 4

Horizontal Line 40 8.26 Err g

Horizontal Line 41 8.01 :

R
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Top Gnd Thickness Top Dielectric Height Signal Trace Width
. . (< ] | o | (<P ] | .

020 20% 20% ’ 33%

035
0.20
025 2 2z s 030 2
020 2 015 3 d 025 =2
8 g 020 ®
015 3§ 010 § 1 13% 13% 015 9
010 o 0.05 o = 5o 010 =
. 2 005 : . 005
Olc,—|
03 02 -01 0 0.1 02 -7 6 5 -4 3 2 02 01 0 01 02 03 04 05 06
[mil] [%] [mil]
Bottom Gnd Thickness Bottom Dielectric Height Signal Trace Thickness
| | | |
1 < — | { <> ] | o =N |
27% 0.30 31% 31% 0.35 25% 25% 025
025 > 255 030 25
20% 020 = 025 £ 020 £
16% -
15% " 8 020 8 015 &
13% 015 3 015 B 010 £
. o
010 &« - 010 o« 005
o o % o : o .
2y A% _|4/° 0.05 2% —I4/° 2% 0.05 2%
02 -01 0 01 02 03 04 05 06 4 3 2 1 0 1 2 3 -02 -015  -01  -005 0
[mil] [%]
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Signal Trace Width

LOTA

-02 -01 0 01 02 03 04 05

DESIGNCON EZ3
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0.6

035
0.30
0.25
0.20
0.15
0.10
0.05

Probability

035

o
o
53
Probability

LOT

-02 -01 0O 01 02 03
[mil]
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05

06

035
030
0.25
0.20
0.15
0.10
0.05

Probability

LOTA

Bottom Dielectric Height

838
025
020
0.15
0.10
0.05
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Manufacturer 1 Manufacturer 2

Probability A 0T B

LOT A |'\ Design Target

>

Design Parameter
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TDR

T T
—LOTA
10 — —LOTB —
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Measure 10 Coupons Transmission line parameters (W,H,T,Dk,Df,etc.)

Build a statistical probability model of each input (STD, mean ,Variance)

Generate full factorial DOE table

Since the various input values possess distinct probabilities of occurrence, the output is weighted
based on the overall likelihood of the scenario.

ApplySame Method as the good old Jitter and BER analysis

The Blue Plot is weighted by input combination probability, while the Red Plot is unweighted
The lines are CDF

Dashed —left side CDF

Solid —right side CDF

DESIGNCON EZ3 FEB. 24-26, 2026
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Example: Input Value distributions for two parameters

//:\\ |
\\\
] b\
4 5
W [mil]
E N e N
6 65 7
S [mil]
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Expected Variation
— Dielectric Height  -/+20%
- TW -[+4um
— Copper thickness -/+30%
— Dk - 1+5%

— Df -1+5%
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# of units/Probability

Spec 1.5 [dB]

NOM :
10° avg. = 1.33 :
o 1258 2 2o 1398 :
Hundreds of units o 1o o '
E 1
- 1.198 11.499
1
10 1.182 : 1533
\‘ 1
10 1169 \1 : 156
Millions of units \ I
5 1158 1.582
— g0 T :
115 1 16
: .L |
l 1
1142 1616
" 1
10 \ 1
" 1135 1 1631
10 > + |
1
10710 | | I _
11 12 13 14 15 16 17
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oy Best

*  The optimization algorithm seeks RL values that remain well below the specification maximum

across all frequency points.

*  Aline with consistently lower average values receives a higher score than one that is very low at

8]

25

certain points but exceeds limits at others.

*  Any line that exceeds the specification at any frequency point is considered a failure. 3

40 L - - - 1 L i
5 10 15 20 25 30 35 40

*  Vias are evaluated both within their individual stackups and across all stackups collectively. Fraquency [GHz]

m— Spec =-27.5 @3GHZ -22.5 @16GHz: -17.5 @24GHz: -15 @IZGHz: -15 @40GHz.

*  The optimal via choice for the entire set of stackups may not necessarily be the best option within

a single stackup.

[dB]
i

5 10 15 20 25 30 35 40
Frequency [GHz)
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Sanmina Sanmina New SU

SMT 0.7 : 3.9, 0.02 Soldermask SMT_0.7 3 3.9, 0.02 Soldermask

L1 2.4 { L1 23 {
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. =
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R N Ll -
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Via_Top to L3 PCle 85 ohm

Via Target SIG Start Layer SIG End Layer GND Start Layer GND End Layer Inverted Layers
Impedance
85 L1 L3 L1 L18 s
A B C D E F (c] H |
SIG Via Drill SIG Via SIG Via Apad Width Apad GND Via GND Via GND Via GND Via
Pad Spacing Height Drill Pad Spacing Offset
9 17 28 61 33 8 20 86 0
Layer Type B D E Apad Shape

L1 SIG 17 N/A N/A N/A

L2 GND N/A 61 33 Diff Oblong

L3 SIG 17 N/A N/A N/A

L4 GND N/A N/A N/A N/A

L5 SIG N/A N/A N/A N/A

L6 GND N/A N/A N/A N/A

L7 SIG N/A N/A N/A N/A

L8 GND N/A N/A N/A N/A

L9 GND N/A N/A N/A N/A

L10 GND N/A N/A N/A N/A

L11 GND N/A N/A N/A N/A

L12 SIG N/A N/A N/A N/A

L13 GND N/A N/A N/A N/A

L14 SIG N/A N/A N/A N/A

L15 GND N/A N/A N/A N/A

L16 SIG N/A N/A N/A N/A

L17 GND N/A N/A N/A N/A

[T A
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The Challenges of
Predictability for 448Gbps

To repeat the simulations, we provide free Simbeor Complete license (valid
for one week after DesignCon) and free API key for Open Router (Al) :
Download “Al4SI Getting Started Kit” from www.simberian.com ->
Knowledge Base -> Simbeor Examples
https://kb.simberian.com/SimbeorExample.php?id=233

Either follow instructions provided at
how_to_activate_simbeor_ai4si_trial.txt (activation with Al)

Or use license file directly: simbeor_dc2026.lic — here is how
to use it https://kb.simberian.com/browse _item.php?id=837
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http://www.simberian.com/
http://www.simberian.com/
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https://kb.simberian.com/SimbeorExample.php?id=233
https://kb.simberian.com/browse_item.php?id=837
https://kb.simberian.com/browse_item.php?id=837

» The Challenges of Predictability for 448Gbps
* The Investigation: Establishing the Foundation for Predictability

» The Hurdles and Possible Solutions
o Unpredictability in Traces and Probabilistic Models
o Unpredictability of Vias and The Waveguiding Approach

= Conclusion
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= The Objective:

o Design interconnects that work at 448 Gbps on the first pass (Pragmatic Approach).
» The Challenge:

o What does it take to achieve this for 112-448 Gbps?

o Is it even possible to predict behavior at these datarates?
* The Reality:

o We are entering uncharted territory where standard design
approaches fail.

* The Solution:
o We cannot guess. We must build on a solid foundation:

o Analysis-to-Measurement Correlation!
(image by Nano Banana)
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1. The Bandwidth Brickwall
Measurement Gap: Equipment >110 GHz is scarce and costly.
Validation Gap: Solvers unproven in “mm-wave-territory."
Result: Flying blind at high frequencies.

2. The Manufacturing Brickwall
Tolerance Sensitivity: Tiny variations act as massive defects.

The Reality: "As-Designed" virtually never matches "As-Built."
3. The Material Models Brickwall
Roughness Dominance: Conductor roughness overtakes dielectric loss.

(image by Nano Banana)

Modeling Limits: Vendor-specific dielectric and roughness models are required.
+The Via Pitfall — conventional approach to viahole design creates unpredictable vias.
+EDA Tools Trap — unreasonable trust in un-validated 3D EM solvers.
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» Measure: Validate analysis up to the maximal frequency
you can measure — 70-110 GHz for instance.

= Extrapolate: Identify and use physics-based material
models.

= Bound: Build and apply statistical manufacturing models. (image by Nano Banana)

= Localize: Abandon conventional via design approach —
micro-vias or Waveguiding Vias (SICW, SIBW) are the
alternative.
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Bandwidth Brickwall: PSD of Realistic Link

448Gbps PAM4, 2ps rise time, PRBS9
5-inch strip line, W=12mil, H=20mil
Meg7 — Wideband Debye: Dk=3.17,
LT=0.001 @ 1 GHz

Copper: RR=1.4, Roughness — Huray-
Bracken Model: SR=0.14 um, RF=8.7

1.5-2 x Nyquist may be required for
accurate analysis

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

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

-100

-120

l' fn=112GHz frq, Hz
11

2E+11 3E+11 4E+11 5E+11

Stimulus PSD
Response PSD

-20

1224GHZ

Y

-60

-80

Simbeor SDK
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Bandwidth Brickwall: PSD of Low-Loss Link

448Gbps PAM4, 2ps rise time, PRBS9 ‘1' fn=112GHz frq, Hz
5-inch strip line, W=12mil, H=20mil 0

— Wi - Dk= = 1 2E+11 3E+11 . AEH11 5E+11
E/I@e$7GH\ZN|deband Debye: Dk=3.17, LT=0.001 Stimulus PSD

Copper: RR=1.1, Roughness — Huray- Bracken -20

Model: SR=0.01 um, RF=8.7

224GHz
l 4 Response PSD

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 ® - -80
maximal possible bandwidth must be used

More on achievable losses in Presentation #2020_03
at Y. Shlepnev, In search of fundamental limits for
electrical interconnects, January 2020.

-100

Simbeor SDK
-120
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Low-Loss 5-inch strip line, W=12mil, H=20mil
Meg7 — Wideband Debye: Dk=3.17, LT=0.001 @ 1 GHz

Real 5-inch strip line, W=12mil, H=20mil
Meg7 — Wideband Debye: Dk=3.17, LT=0.001 @ 1 GHz
Copper: 0.50z, RR=1.4, Huray-Bracken: SR=0.14 um, RF=8.7 Copper: 10z, RR=1.1, Huray-Bracken: SR=0.01 um, RF=8.7
&:Meg?_L10_Real Tline_12p5em LNG-448GHz: B:Mea?_L10_Feal Tlins_12pGem LNS-224GHz; AMeg?_L10.Tline_T2pScm LN5-448GHz: B:Meg?_L10.Tline_12pSem LNS-224GHz:
T C:Meq? L10_Real Tve_12p5cm LNG-112GHz E:Meg?_L10.Tline_12p%em LNS-112G6Hz;
W, [V V.M
| i ; J
novs 4+ M Rhia: 294 Q0/ 2T ' 48 |GHz |- 3.2Y
: bDiye—Zzz4orzZ=r0/ B| AGH 10.94
. N ue: Z— .
Red 112JHZ_15% 015+ n y 00
- Red: 112GHz — 13.7%
01T
0025 + /
0ns +
= AN £§
0 vdj Ay R]
0+ TN
2ps 0.5V |Pulse, 1ps rise/fall time 2ps 0.5V Pulse, 1ps rise/fall time
07 0725 07 0775 08 0425 085 075 07F5 075 0765 0775 078 08 0815 085
Time, [ns] 05 Jan 2026, 13:04:30, Simberian Inc. Time [ris]
B2 1] CMW2.11:

AN[21]:

04 Jan 2028, 15:01:52, Simberian Inc.
ANM[21]: BV[21]: Cv[2A]:

(*) Y. Shlepnev, How Interconnects Work: Bandwidth for Modeling and Measurements, Signal Integrity Journal, April 12, 2022
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Package (~40 WL @112 GHz) PCB ("‘ZOO*WL @ 112 GHZ)

>
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

IIII|IIII|IIII|IIII|IIII|IIII|II|I|IIII|IIII|IIII|II|I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I|II|IIII|IIII‘IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII‘IIII|IIII|IIII|IIII|IIII|IIII|III\
14 GHz

Frequency WL [mm], WL is wavelength
Dk=4 (cHyg Air WL[mm] WL/2[mm] WL/4[mm] WL/8[mm] o :
— 28GHz 14 21414 10.707 5.353 2677 1338 in dielectric c
28 10.707 5.353 2,677 1.338 0.669 A=——
- 56 GHz 56 5.353 2,677 1.338 0.669 0.335 JENT:
84 3.569 1.784 0.892 0.446 0.223 "
- 84 GHz 112 2677 1.338 0.669 0.335 0.167 _ Design Limits:
) Szeluesy P (i) WL/Z - cutoff for SIW formed by
112 GHz Dk=2 (ctz Air WL[mm] WL/2[mm] WL/4[mm] WL8[mm] via fences;
14 21.414 15.142 7.571 3.785 1.893 WL/4 - resonances, Via
1 mm = 39.37008 mil gg 12;2; ;%; ?'ggg g'gig 8'3‘712 localization (pass/fail), via fence
1 mil = 0.0254 mm . : : ' ‘ izati .
84 3.569 2524 1.262 0.631 0315 localization (WL/8);
112 2.677 1.893 0.946 0.473 0.237 About 10mil makes difference

. . . between pass and fail!
We are deep into microwave and mm wave territory

It is the Waveguide Domain ruled by the Electromagnetic Analysis!
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The Investigation:
Establishing the Predictability
Foundation

Measurements quality
Material identification
Quantifying success
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Validation Platforms to Investigate Predictability

XTALK-70 Validation Platform from Wild River Technology
https://wildrivertech.com/

All solutions are available in Simbeor Kit for CMP-70:
CMP-70_Simbeor_Kit_2025/Dec2025

https://drive.google.com/open?id=1JqE62aM{KAOCG4c-wYS2-
HlwCevwNjQ &usp=drive fs
Detailed description: A. P. Neves, K. Skytte, J. Phillips, F. Zavosh, E. Bogatin, Free

signal integrity? How understanding anisotropic materials and tolerances could
increase performance at 112/224Gbps and beyond, DesignCon 2025

Prototypes of this platform (CMP-28/32) was used in the
extensive analysis to measurement validation project:

Y. Shlepnev, Sink or swim at 28 Gbps, The PCB Design
Magazine, October 2014, p. 12-23.

(Simberian App Note #2014 _05)
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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
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
http://www.magazines007.com/pdf/PCBD-Oct2014.pdf
https://www.simberian.com/AppNotes.php

« Board analysis with materials and stackup
data from manufacturer:
create solution CMP-70-TTM and import
stackup from CMP-70-TTM.pdf,
export materials and stackup to CMP-
TTM.json

» For post-layout analysis with the data
from manufacturer
create solution CMP-70-TTM for 112Gbps
PAM4, 14ps rise time, import CMP-70.brd
and merge it with stackup from CMP-70-
TTM.json (use presets SL.preset or
MSL.preset for the analysis)
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g Solution CMP-70-TTM
Customer : WILD RIVER TECHNOLOGY LLC = - : - = = . =
Vlasystems Technolugies Curp LLC Part Num : CMP-70 @ CMP-70-TTM: C:\Users\shlep\Documents\Simbeor THz Solutions\CMP-70-TTM\
8150 Sheppard Ave E . q - fi CMP-T0
Toronto, ON, M1B 5K2 Part Rev :

Bﬁ_ Materials: T=20["C]....
Engineer : Saminder Jhawar

PR "0.250z_copper", RR=1
% "0.50z_copper”, RR=1
Cale : : A 'Taiyo_4000-HFX", Dk=3.8, LT=0.021 @ 1 GHz, PLM=WD, Dk(0)=4.74, Dk(inf)=3.33
Layer Thickness Primary Stack Description Dk / Df & "Tachyon100G_1078_75pct", Dk=2.94, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3, Dk(inf)=2.91
— 0:00% e 1k Sig (s Py HTEGR 000210 € "Tachyon100G_1:3313", Dk=3.11, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.18, Di(inf)=3.08
0.0038 [io75 - 75% NI Tachyon100G 294/0.0018 € "Tachyon100G_2:3313", Dk=3.09, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.16, Dk(inf)=3.06
Layer - 2 0.0006 1120z Mix VLP-2 € "Tachyon100G_3:3313", Dk=3.15, LT=0.002 @ 1 GHz, PLM=WD, Dk(0)=3.22, Dk{inf)=3.11
0.0050 Tachyon100G 3.11/0.0018 € “air’
Layer -3 0.0006 120z PIG VLP-2 -8 StackUp: LU=[inch], NL=10, T=0.0871[inch], TOP/BOT CSM=("Taiyo_4000-HFX", 0.0005/0.0005[inch]);
0.0109 Tachyon100G 3.09/00018 - 1| Sigm—al: “L1", T=0.002, FI="air", Cnnd:”O‘lSoz_fopper"
B . 2| Medium: T=0.0038, FI="Tachyon100G_1078_75pct"
Layer -4 0.0006 120z PIG VLP-2 = 3| Signal: "L2", T=0.0006, FI="Tachyon100G_1078_75pct", Cond="0.50z_copper"
0.0140 Tachyon100G 3.15/0.0020 B 4 Medium: T=0.005, Fi="Tachyon100G_1x3313"
Layer-5 0.0006 1/20z PIG VLP-2 mm 5| Plane: "L3", Cond="0.50z_copper", T=0.0006, FI="Tachyon100G_2x3313"
0.0109 Tachyon100G 3.09/0.0018 . 6] Medium: T=0.0109, FI="Tachyon100G_2x3313"
== 7| Plane: "L4", Cond="0.50z_copper", T=0.0006, FI="Tachyon100G_2x3313"
Layer -6 0.0006 120z PIG VLP-2 B 2| Medium: T=0.014, FI="Tachyon100G_3x3313"
0.0140 Tachyon100G 3.15/0.0020 mm 9| Plane: "L5", Cond="0.50z_copper", T=0.0006, FI="Tachyon100G_23313"
Layer-7 0.0006 1120z PIG VLP-2 B 10] Medium: T=0.0109, Fi="Tachyon100G_2:3313"
0.0109 w Tachyon100G 3.09/0.0018 mm 11| Plane: "L6", Cond="0.50z_copper", T=0.0006, FI="Tachyen100G_2x3313" [«\\
B I 12| Medium: T=0.014, Fi="Tachyon100G_3:3313"
Layer-8 0.0006 1120z PIG VLP-2 == 13| Plane: "L7", Cond="0.50z_copper", T=0.0006, Fi="Tachyon100G_2x3313"
0.0050 Tachyon100G 3.11/00018 B 14| Medium: T=0.0109, Fi="Tachyon100G_2:3313"
Layer -9 0.0006 1/20z Mix VLP-2 == 15| Plane: "L8", Cond="0.50z_copper", T=0.0006, FI="Tachyon100G_2x3313"
0.0038 Tachyon100G 2.54/0.0013 Il 16| Medium: T=0.005, Fi="Tachyon100G_1x3313"
Layer- 10 99922 Yoz 8430 HTESP 3.80/0.0210 s 17] Signal: "L9", T=0.0006, Fl="Tachyon100G_1078_75pct", Cond="0.50z_copper"

. 18| Medium: T=0.0038, FI="Tachyon100G_1078_75pct"
== 19| Signal: "L10", T=0.002, FI="air", Cond="0.250z_copper"
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Pins Net Description { Purpose Files
J1/J2 N1571421 |MSL SE 50 Ohm SE, 2 inches, L1 Identification "CMP-70_J1 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.S2P"
J3/J4 N2564054 |SL SE 50 Ohm SE, 2 inches, L2 ‘\dentmcation "CMP-70_J3 J4 STRIPLINE THRU 2 INCHES 50 OHMS LYR2.S2P"
JO/J6 N2664082 |SL SE 50 Ohm SE, 2 inches, L9 Verification "CMP-70_J5 J6 STRIPLINE THRU 2 INCHES 50 OHMS LYR9.52P"
J7/J8 N2584712 |MSL SE 50 Ohm SE, 2 inches, L10 |Verification "CMP-70_J7 J8 uSTRIP THRU 2 INCHES 50 OHMS LYR10.S2P"
J9/10 N2564058 |SL SE 50 Ohm SE, 8 inches, L2 Identification "CMP-70_J8 J10 STRIPLINE THRU 8 INCHES 50 OHMS LYR2.82P"
J11112 N1569517 |MSL SE 50 Ohm SE, 8 inches, L1 Identification "CMP-70_J11 J12 uSTRIP THRU 8 INCHES 50 OHMS LYR1.S2P"
J13/14 N2565349 |SL SE 60 Ohm SE, 2 inches, L2 Verification "CMP-70_J13 J14 STRIPLINE THRU 2 INCHES 60 OHMS LYR2.S2P"
J15/J16 N2565325 |SL SE 40 Ohm SE, 2 inches, L9 Verification no measurements
J17/J18 N2565329 |SL SE 60 Ohm SE, 8 inches, L2 |Verification "CMP-70_J17 J18 STRIPLINE THRU 8 INCHES 60 OHMS LYR2.S2P"
J19/J20 N2665373 |SL SE 40 Ohm SE, 8 inches, L9 Verification "CMP-70_J19 J20 STRIPLINE THRU 8 INCHES 40 OHMS LYR9.S2P"
J21/J22 N2563196 |SL SE Capacitive Connector Launch Pathology "CMP-70_J21 J22 STRIPLINE THRU 2 INCHES 50 OHMS LYR2 CAP LAUNCHES.S2P"
J23/J24 N2563250 |SL SE 25 Ohm Beatty Standard (Resonant) Verification "CMP-70_J23 J24 STRIPLINE BEATTY 50-25-50 OHMS.S2P"
J25/J26 N2563204 |SL SE Inductive Connector Launch Pathology "CMP-70_J25 J26 STRIPLINE THRU 2 INCHES 50 OHMS LYRZ2 IND LAUNCHES.S2P"
J271J28 N2563200 |SL SE 60 Ohm SE Beatty Standard (Resonant) |Verification "CMP-70_J27 J28 STRIPLINE BEATTY 50-60-50 OHMS.S2P"
J31/J32 N2446200 |MSL SE Transition Via (too inductive) Validation "CMP-70_J31 J32 uSTRIP SE VIA HIGHLY INDUCTIVE.S2P"
J33/J34 N2446996 |MSL SE Transition Via (inductive) ‘Validation "CMP-70_J33 J34 uSTRIP SE VIA INDUCTIVE.S2P"
J35/J36 N1673088 |MSL SE Transition Via (about matched) Validation "CMP-70_J35 J36 uSTRIP SE VIA NOMINAL.S2P"
J37/J38 N2440004 |MSL SE Transition Via (capacitive) ‘Validation "CMP-70_J37J38 uSTRIP SE VIA MODERATELY CAPACITIVE.S2P"
J39/J40 N2440222 |MSL SE Transition Via (too capacitive) Validation "CMP-70_J39 J40 uSTRIP SE VIA HIGHLY CAPACITIVE.S2P"
J411J42 N2101295 |SL SE Transition Via Validation "CMP-70_J41 J42 STRIPLINE SE VIA.S2P"
J43/J44 N2561070 |SL SE Balanced Resonator - two long stubs (Resonant) Verification "CMP-70_J43 J44 STRIPLINE BALANCED RESONATOR.S2P"
J46/047 N2561066 |MSL SE Gradual Coplanar ‘Validation "CMP-70_J46 J47 STRIPLINE GRADUATED COPLANAR COUPLED.S2P"
J48/J49 N1001839 |MSL/SL SE Via Field Pathology Pathology "CMP-70_J48 J49 STRIPLINE VIA FIELD PATHOLOGY.S2P"
J50/J51 N2560407  |SL SE Thru with Whisker Stubs (50 mil pitch, Resonant) \Calibration "CMP-70_J50 J51 STRIPLINE WHISKER STUBS 50 MIL PITCH.S2P"
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J52 N2560387 |MSL SE with 0201 Series Capacitor (with cutout) Validation "CMP-70_J52 J53 uSTRIP SERIES CAP WITH REF VOID.S2P"

J53 N1456130 |part of previous same

J54 N2539003 |MSL SE with 0201 Series Capacitor (without cutout) Validation "CMP-70_J54 J55 uSTRIP SERIES CAP WITHOUT REF VOID.S2P"

J55 N2539007 | part of previous same

J58/J59 N2564791 |SL SE Offset Radial Stub Resonator - 50mil pitch (Resonant) |Validation "CMP-70_J58 J59 STRIPLINE OFFSET RADIAL STUB RESONATOR 50 MIL SEP.S2P"
J60/J61 N2466269 |SL SE Offset Radial Stub Resonator - 84mil pitch (Resonant) |Validation "CMP-70_J60 J61 STRIPLINE OFFSET RADIAL STUB RESONATOR 84 MIL SEP.S2P"
J62/J63 N2405894 |MSL Via Resonator (Resonant) Anisotropy Test |"CMP-70_J62 J63 MICROSTRIP ANISOTROPIC RESONATOR.S2P"

J64/J65 N2772938 |MSL SE Via Crosstalk - Link1 Crosstalk "CMP-70_J64J65J66J67_uSTRIP_SE_VIA_CROSSTALK_ANTENNA_NOM-NOM.s4p"
J66/J67 N2773298 |MSL SE Via Crosstalk - Link2 Crosstalk same

J69/J70 DP1+ |MSL 100 Ohm DIFF, 2 inches, L1 Identification "CMP-70_J69J70J71J72_uSTRIP_DIFFERENTIAL_THRU_LYR_1_2_ INCHES.s4p"
JT1J72 DP1- MSL 100 Ohm DIFF, 2 inches, L1 same

J73/J74 DP3+ SL 100 Ohm DIFF, 2 inches, L9 Identification "CMP-70_J73J74J75J76_STRIPLINE_DIFFERENTIAL THRU LYR_ 9 2 INCHES.s4p"
J75/J76 DP3- |SL 100 Ohm DIFF, 2 inches, L9 same

J77/J78 DP2+ MSL 100 Ohm DIFF, 6 inches, L10 Identification "CMP-70_J77J78J79J80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.s4p"
J79/J80 DP2- MSL 100 Ohm DIFF, 6 inches, L10 same

J81/J82 DP4+ |SL 100 Ohm DIFF, 6 inches, L2 Identification "CMP-70_J81J82J83J84_STRIPLINE_DIFFERENTIAL_THRU _LYR2_6_INCHES.s4p"
J83/J84 DP4- SL 100 Ohm DIFF, 6 inches, L2 same

J85/J86 DP9+ MSL DIFF Beatty standard (Resonant) Verification "CMP-70_J85J86J87J88_uSTRIP_DIFFERENTIAL_PAIR_BEATTY s4p"

J87/J88 DP9- MSL DIFF Beatty standard (Resonant) Verification "CMP-70_J85J86J87J88_uSTRIP_DIFFERENTIAL_PAIR_BEATTY .s4p"

J89/J90 DP10+ MSL DIFF Pair with Ground Plane Cutout Pathology "CMP-70_J89J90J91J92_uSTRIP_DIFFERENTIAL_PAIR, WITH_PLANE_CUTOUT.s4p"
J91/J92 DP10- MSL DIFF Pair with Ground Plane Cutout same

J93/J94 DP11+ DIFF MSL to SL Via Transition Validation no measurements

J95/J96 DP11- DIFF MSL to SL Via Transition Validation no measurements

J97/J98 DP44+ DIFF MSL to SL Via Transition Crosstalk "CMP-70_J97J98J99J100J101J102J103J104 STRIPLINE_DIFFERENTIAL COUPLED uVv
J99/J100 DP44- DIFF MSL to SL Via Transition same

J101/J102 |DP45+ DIFF MSL to SL Via Transition same

J103/J104 |DP45- DIFF MSL to SL Via Transition same

J109/J110  |N2727243 |MSL-SL SE Z-axis crosstalk Link1 Crosstalk "CMP-70_J109J110J111J112_uSTRIP_STRIPLINE_Z-AXIS_CROSSTALK.s4p"
J111/J112  |N2727483 |MSL-SL SE Z-axis crosstalk Link2 same

J113/J114  |N2854334 |SL SE Capacitive Connector Launch Pathology "CMP-70 J113 J114 STRIPLINE THRU 8 INCHES 50 OHMS LYR2 CAP LAUNCHES.S2P"
J115/J116  |N2855260 |SL SE Inductive Connector Launch Pathology "CMP-70_J115 J116 STRIPLINE THRU 8 INCHES 50 OHMS LYR2 IND LAUNCHES.S2P"
J117/J118  |N2862910 |SL SE Through Wiskers, 84 mil pitch Calibration "CMP-70_J117 J118 STRIPLINE WHISKER STUBS 84 MIL PITCH.S2P" |
J119/J120 |N2978364 |MSL SE Via Crosstalk - Link1 Crosstalk "CMP-70_J119J120J121J122_uSTRIP_SE_VIA_CROSSTALK_ANTENNA_CAP-IND.s4p"
J121/J122 |N2978724 |MSL SE Via Crosstalk - Link2 same |
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J1/J2 N1571421 |MSL SE 50 Ohm SE, 2 inches, L1 Identification "CMP-70_J1 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.S52P"

A:Meas. CMP-70LJ1 J2 uSTRIP THRU 2 IMCHES 50 OHMS LYR1.MFP; Observations: Impedance is OK

AMeaz CMP-70_01 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.MFP; . - . . ) IL iS OFF Phase Dela iS OFF
Bu1J2_MSL_SE_2in N1571421 Simulation(1): B 1J2_MSL_SE_2inN1571421 Simulation(1]); f Yy y

DEMagnitude(s], [dB] <. [Ohm] SPS: BAD;

0 ' ' Solution CMP-70-PreQualify
#—q% 55 T
-0

+ A:Meas CMP-70_I1J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.MFF;

B:J1J2_MSL_SE_Zin N1571421 Simulation{1 |

5375 1

Phase Delay, [ns]
204 : ;
0375 T
i I

a0+ i JE !) 2 "’J lﬂ W 03625 T
A ! 1 n M"ﬂm N \ &"\ﬁ asl E 034657 < o
404 I 51.25 A Sl ] A — ¥
(l) h : WU‘(%Z'\ 0337 T

%

B0 T 1
: =0 v 0325+ 03208 ol
A r & N ey $
£0 954
’ b : ! : 4 4 ! ! 0325+
T T T T T T T 48?5 -+
10 20 an 40 50 B0 70 } } } + } t } 4 ) ; ; } I ; A ;
04.Jan 2026, 16:06:03, Simberian Inc. Frequency, [GHz] 0 0125 0.25 0375 0% 0E25 075 D&7s D4dan 2025015.07 U;DS\mbEv\as?n: o BFolacluenc:,D[EHz]
— AS[1.1];—k AS5[1.2]: ¥ A502.2]: <) EB:5[1.1]: 04 Jan 2026, 16:06: 27, Simberian Inc. Tirne, [ns] ¥ AS[1 2 — 512
—9 Bap: AZ[1]: AZ[2.2): BZ[1.1]:
| s-Par. | SPS (100% BW) | Rating (100% BW) | SPS (88% BW) | Rating (80% BwW) |
I B | :--- | z--- | =--- |
***Overall SPS Score (100% BW):** 39.08 — **Bad** |11 | e | Good | 5250 | ood |
- a . 3
***Overall SPS Score (80% BW):** 50.39 — **Bad** |5z | e | o, | 5.0 | o !
- 00! . lele]
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J3/J4 N2564054 |SL SE 50 Ohm SE, 2 inches, L2 Identification "CMP-70_J3 J4 STRIPLINE THRU 2 INCHES 50 OHMS LYR2.82P"

#:Meas.CMP-70_J3 04 STRIFLINE THRU 2 INCHES 50 OHMS LYRZMFF; #:Meas. CMP-T0_J3.J4 STRIPLINE THRU 2 INCHES 50 OHMS LYR2.MFP: Observations: Impedance is
B:J3Jd_5L SE_2in N2564054 Simulation(1]; B:J3l4 SL_SE_2inM2564054. Simulation(1]; Perfect IL |S OFF Phase
) 3

DBMagritude(S), [dB] Z. [Bhm) Delay is OFF; SPS: BAD;
D i H - )
Solution CMP-70-PreQualify

525+
0T #Mess.CMP-70_43 14 STRIPLINE THRLU 2 INCHES 50 0HMS LYR2MFF:
L Bul3l4_SL_SE_Zin N25E4054 Simulation();
Phase Delay, [re]
B1.25 + ~==
=20 : 038
1 50 T 7 ot 0378
= < g 037
1 | { j 03655 <
I ‘ 4875 T 0385 M * nd
5
A0 T[40 1Ei L 036
l 475 T . Uf; 58 ¢ I
-)r 1 I-‘- 1 1 1 3
t t t } } t t + + + + + } } } 035
10 0 a0 a0 50 B0 o 0 0125 025 0.375 05 0.625 075 0.875 A 1 20 0 a0 5 & 0
04 Jan 2026, 16:35:15, Simberian |he. Frequency, [GHz] 04 Jan 2026, 16:35:39, Simberian Inc. Time, [ns] 04.Jan 2025, 16:36:11, Simbetian Tsn,z], o Frequency, [GHz]
———k A1 ——k AS[2) AS[22); AZL; AZ[22): B2Z01.1]; ©
— B:S[11];—= B:S[1.2]: | s-Par. | SPS (10@% BW) | Rating (100% BW) | SPS (8@% BW) | Rating (8@% BW) |
| === | z--- | :--- | :--- | z--- |
* *Overall SPS Score (100% BW):** 38.02 — *Bad™ | |%& | E L |
* **Qverall SPS Score (80% BW):** 49.46 — **Bad** |53 | nm | oo | S5 | Good }
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J69/J70 DP1+ MSL 100 Ohm DIFF, 2 inches, L1 Identification "CMP-70_J69J70J71J72_uSTRIP_DIFFERENTIAL_THRU_LYR 1_2 INCHES.s4p"

J71J72 DP1- MSL 100 Ohm DIFF, 2 inches, L1 same
#:Meas. CMP-70_JE3)70J7172_uS TRIP_DIFFERENTIAL_THRU_L'YR_1_2_INCHES.MFF;
. ] B:J63/72_MSL_Difl_2in DF1. Simudation(1): &:Meas. CMP-70_JB3J7I71472_uS TRIP_DIFFERENTIAL_THRU_LYR_1_2_INCHES.MFF;
Observations: DEMagnitude(3). [dB] BLJERIT2_MSL_Diff_Zin,DP1. Simulation(1];
ot 2, [Ohm]

Impedance is Perfect;

IL is OFF; So— I |
FEXT is OFF; 10l X"\ etV W\\@\ §

TDR Delay is OFF; | \-\
SPS: BAD; o L (NI £ o

’_—H‘-‘E
FeE—p

Solution CMP-70-PreQualify =+ i —-kj A N e e N TR ?L A
| = e,
i i
.40 =4 - L %;c?_
FER
|
S0Th i i X ; X | — : . : } ' ;
0 10 w0 0 40 50 £0 70 0 0z na o7e ! 12
05 Jan 2025, 10:10:25, Simberian ne. Frequency, [GHz] 05Jan 2026, 10:10:48, Simberian Inc. Tima. [ne]
— sk AS02: S B[4 —k AS[34] BS[1.2]: el AZl22); w233, AZIAL B2
— o B B:S[1.4]; “2A:

***Qverall SPS Score (100% BW):** 60.02 — **Bad**
* **Overall SPS Score (80% BW):** 67.18 — **Bad**
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[J73174 DP3+ [SL 100 Ohm DIFF, 2 inches, L9 Identification __|"CMP-70_J73J74J75J76_STRIPLINE_DIFFERENTIAL_THRU_LYR_9_2_INCHES.s4p"
|J75176 DP3- SL 100 Ohm DIFF, 2 inches, L9 |same

A:Meas CMP-70_J73174075)76_STRIPLINE_DIFFERENTIAL_THRU_LYR_3_2 INCHES MFF;

BJ7376_SL_Dilf_2in DP3 Simulatior(1]: Aceas CMP-FOLI7AI74I78I76_STRIPLINE_DIFFERENTIAL_THRU_LYR_5_2_INCHES MFP;

Observations: DBMagnhuce(s). [B] - o B:J7276_SL_Diff_2in.DP3.Simulation(1];
. " i,
Impedance is Perfect; By e |
. _'E;"'WM@
TDR Delay is OFF; i S| IR T
IL is OFF; 257 T 5 1
FEXT: OFF;
e
SPS: BAD; , , 1
! J 525 =
275 + HHERE - B R '."""—"I"""‘ ERR A& ). B Iy T ittt
1 i k-_—'—‘_:———_
. . !
Solution CMP-70-PreQualify
B0+ Hl J10AN L __|_ F | 1 ¥ a0 T
25 T —————
475 +
ET i
‘\IEI 2IEI S:El 4IEI 5IEI EIEI ?IEI i} 025 05 0 I?E % 1 I25 1I5 1 I?E
05 Jan 2026, 10:24:47, Simberian Inc. Frequency, [GHz] 05 Jam 2026, 10:25:44, Simberian Inc. Time, [ns]
—% A5[1.2]: A:5[1.3]: AS[1 4] ——% AS[34]: B:5[1.2]: A7) A2 2] AZ[3.3]: A7[4.4]: BZ[11]:
—a B:S[1.3]: B:5[1.4]: B:Z[2.2]:

***Qverall SPS Score (100% BW):** 36.31 — **Bad**
***Overall SPS Score (80% BW):** 43.27 — **Bad**
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» The Usual Suspects:
o Bad Measurements? (VNA calibration, operator error)
o Not Accurate Analysis? (not validated solvers)

o Launch Issues? (Poor localization,
calibration or de-embedding artifacts)

o Wrong Material Models? (Datasheet Dk/Df vs. reality,
roughness)

o Manufacturing Variations? ("As-Designed" != "As-Built")

* The realization: If we do nothing or try to tune everything simultaneously,
we are just guessing (the “sink” approach).

» The Path Forward: We need a systematic approach to isolate and eliminate
uncertainties one by one (the “swim” approach).
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1. Prequalify measurements with formal quality metrics

2. ldentify dielectric and conductor roughness models
a. Select structures for material model identification and pre-qualify them
b. Identify manufacturing adjustments — cross-section geometry
c. ldentify models for dielectrics and conductor roughness

3. Run analysis for all 41 validation structures and compare with
measurements (no further adjustments)
a. Analyze: Separate Swimmers (Pass) from Sinkers (Fail)
b. Investigate the sinkers and figure out what is predictable and what is not

Y. Shlepnev, Sink or Swim at 28 Gbps - The PCB Design Magazine, October 2014, p. 12-23.
M. Marin, Y. Shlepnev, 40 GHz PCB Interconnect Validation: Expectations vs. Reality, DesignCon 2018
M. Marin, Y. Shlepnev, Systematic approach to PCB interconnects analysis to measurement validation, EMC 2018
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First introduced at IBIS forum at DesignCon 2010
Now part of IEEE Standard P370

«  Passivity Quality Measure: should be >99% YA Simbeor:
PQM:max[%(N—iPan,O}% PW, =01f PM, < 4; otherwise PW, =——— é:}).(;oom
_ PM = \/maX [eigenvals(S* (fn)S(fn))] C= 16_6
« Reciprocity Quality Measure: should be >99%
N
ROM :max{%(N—ZRWnJ,O}% S, (/)
n=l1 5 i,j
RW =01if RM, K <C; otherwise RW, _RM, —C
« Causality (Rotational?) Quality Measure: Minimal ratio of S = 77
clockwise rotation measure to total rotation measure in % n-‘:"'OSIt'V C'Otkwlse rEt'OPraround
should be > 80% -10c8] centers
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Accuracy of discrete S-parameters approximation with frequency-continuous macro-
model, passive from DC to infinity and RMSE is uses as the quality measure

I Rational Compact Model (RCM)

1 2 N .
RMSE = n}ﬁx \/ﬁz S, (n) =S, (a)n 5, (i0) = {dﬁi( Tin i Her

n=1 ﬂ ia)—pij’n ia)—p;’n
original tabulated data

n=1

Introduced in “Reflections on S-parameter Quality”
O =100 max (1—- RMSE,0)%

IBIS Summit at DesignCon 2011

Final metric (includes passivity and causality)

, : : Preliminary metrics

h;Odel Icon/Quality QggalithMetrlc IE)MOS(];:I Column color code Passivity (PQM) Reciprocity (RQM) Causality (CQM)
- good [99, ] [0, 0.01] Green — good PQM >=99.9 PQM >=99.9 CQM >= 80

@- acceptable (0.01, 0.1]

2 - inconclusive Yellow — inconclusive 99 > PQM >= 80 99 > RQM >= 80 50 > CQM >= 20

@ - bad

[2] - uncertain

Implemented in Simbeor Touchstone Analyzer...
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Acceptable Final Quality Measures for 47 files (Simbeor Touchstone Analyzer)

H 3 a
E b File name Quality Passivity Reciprocity
Fi ity P, R
e | ety frode=) D CMP-70_139 140 uSTRIP SE VIA HIGHLY CAPACITIVE.S2P 5730 i 918
C:\Repository\Simbeo\CMP-70_Simbeor_Ki arameter: 01 aCMF’ 70 441 J42 STRIPLINE SE VIA S2P % 100 921
70_J41J42 STRIPLINE SE VIA

' CMP-70_J1J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.52P

Qe

958 100 919
955 100 932

05 SHORT TO GND LYR1.52P 959 957 98.5

& CMP-70_J106 SHORT TO GND LYR2 52P %540 959 985

@ CHP-70_0107 SHORT TO GND LYRS 520 —r G5 -70_J48 J43 STRIPLINE VIA FIELD PATHOLOGY.S2P %2 100 534

) CHP-70_4108 SHORT TO GND LYR10.529 i S &P CMP-70_J5 J6 STRIPLINE THRU 2 INCHES 50 OHMS LYR9.52P %9 100 915
aClle-?:_J'\C‘iJ‘\}'.,.JTHJHE_USTRIF‘_STR PLINE_Z-AXIS_CROSSTALK s4p 9.5 98 9.8 aCMP:h Al ] S IGUME WHEHE 3] (S W L 58 o o

(P CMP-70_J11 J12uSTRIP THRU B INCHES 50 OHMS LYR1.52P %4 100 %4 @ cNP-70_152 453 uSTRIP SERIES CAP WITH REF VOID 520 i 10 i

&9 CMP-70_J113 4114 STRIPLINE THRU 8 INCHES 50 OHMS LYR2 CAP LAUNCHES.52P %5 100 9.2 C@CMP-70_154 J55uSTRIP SERIES CAP WITHOUT REF VOID 520 SEL 00 i

&) CHP-70_115 1116 STRIPLINE THRU  INCHES 50 OHMS LYR2 IND LAUNCHES 52 %67 100 9.2 (@ CHP-70_J56 uSTRIP SHORT TO GND 1INCH 52° B %53 %85

Q) CMP-70_4117 1118 STRIPLINE WHISKER STUBS 84 MIL PITCH 527 S5l 00 %06 (9 CHP-70_J57 STRIPLINE SHORT TO GND 1 INCH 527 958 %5

(D) CMP-70_411512041213122_uSTRIP_SE_VIA CROSSTALK_ANTENNA_CAPND sép %7 29 97 &P CMP-70_J58 J59 STRIPLINE OFFSET RADIAL STUB RESONATOR 50 MIL SEP.52P %9 100 9139

() CMP-70_013 414 STRIPLINE THRU 2 INCHES 60 OHMS LYR2.52 %4 100 914 P CMP-70_J50 J61 STRIPLINE OFFSET RADIAL STUB RESONATOR 84 MIL SEP.52P % 100 %06

() CHP-70_117 418 STRIPLINE THRU 8 INCHES 60 OHMS LYR2.52P %52 100 %5 & CMP-70_J62 J63 MICROSTRIP ANISOTROPIC RESONATOR 52P %2 100 518

(& CMP-70_19.J20 STRIPLINE THRU 8 INCHES 40 OHMS LYRS 52 %2 100 % P CMP-70_J64165066167_uSTRIP_SE_VIA_CROSSTALK_ANTENNA_NOM-NOM s4p 951 994 9.9

() CHP-70_121.122 STRIPLINE THAU 2 INCHES 50 OHMS LYR2 CAP LAUNCHES S2¢ %9 100 %08 &P CMP-70_J6970471072_uSTRIP_DIFFERENTIAL_THRU_LYR_1_2_INCHES s4p 8 97 %38

P CMP-70_423 424 STRIPLINE BEATTY 50-25-50 OHMS. 52P %7 100 311 P CMP-70_J7 J8 uSTRIP THRU 2 INCHES 50 OHMS LYR10.52P %3 100 928

& CMP-70_J25 26 STRIPLINE THRU 2 INCHES 50 OHMS LYR2 IND LAUNCHES S2P %7 100 91.1 &9 CMP-70_47374175476_STRIPLINE_DIFFERENTIAL_THRU_LYR_9_2_ INCHES s4p %5 999 9%.7

acmp,-:gzwgg STRIPLINE BEATTY 50-60-50 OHMS.S2P 965 100 873 aCMP-TE_J'“JTS.J‘BJEE_uSTH\P_DIFFERENTIAL_'THRU_LYH_WC-_E_\NCHES sdp 956 100 972

&P CMP-70_43 J4 STRIPLINE THRU 2 INCHES 50 OHMS LYR2.52P %59 100 915 &) CMP-70_J81J82483J84_STRIPLINE_DIFFERENTIAL_THRU_LYR2_6_INCHES s4p 59 100 976

&P CMP-70_J31 J32uSTRIP SE VIA HIGHLY INDUCTIVE.S2P %8 100 925 &P CMP-70_J85J26J87.88_uSTRIP_DIFFERENTIAL_PAIR_BEATTY s4p %56 100 %7 .
(P CMP-70_433 34 USTRIP SE VIA INDUCTIVE S2P %9 100 923 & CMP-70_J83J50451452_uSTRIP_DIFFERENTIAL_PAIR,_WITH_PLANE_CUTOUT sdp %1 97 %6 Very nO|Sy

aCMP-'C;J 35J36 uSTRIP SE VIA NOMINAL.S2P 972 100 925 J9J10 STRIPLINE THRU 8 INCHES 50 OHMS LYR2.52P 958 100 96.4
aCNIP-?j_J, 7J38 uSTRIP SE VIA MODERATELY CAPACITIVE S2P 9%.8 100 921 2 CMP-70_J57)98J95J100J101J102J103J104_STRIPLINE_DIFFERENTIAL_COUPLED_uVIA... 854 98.6 977
aCMP—T:_JJS J4DuSTRIP SE VIA HIGHLY CAPACITIVE.S2P 973 100 9.8

elements

Let’s take a close look at structures for material model identification and validation. ..
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DP3 (J73-76) and DP4 (J81-84) Severe symmetry violation — symmetric structure, but S[4,4] is

difference, that shows up on TDR
Relatively large variation of impedance along the segments

AcProject(1].CMP-70_J73I74)78I76_STRIPLINE_DIFFERENTIAL_THRU_LYR_9_ 2 IMCHES.MFP;
B:Project(1).CMP-70_181J82)83184_STRIPLINE_DIFFERENTIAL_THRU_LYR2_E_INCHES.MFP:

#:Praiect{1).CMP-70_J73) 74)75)76_STRIPLINE_DIFFERENTIAL_THRU_LYF_3_2_INCHES MFP; —
DEMagnitude(s), [d8] Anglel5]. [deg] -
.| TDR of nort 4
M e d f S 4 4 LI~ 4 BNAY 4 | rJV LIA "Ll
agn”u eo [ ’ ] 1 200 /ﬁ
10 . 56,25 S
/ 1;‘ (IS N + 150 AN \,,
| g5 T WG AN g
= Al L 72 /&f""‘f WT\ |
| r 100 b ik
[ N - P WSS
1! 5 / \
i !
\ 3 1 50 T
a0 N |I_ * |I 5 e 525 Biascsss s
I | A
* | | N 0 I
Y N ; 5125
) M i py
N 3f\/ N | k F 50 ol |
M \ ' 1,
~ ~ o | N
. 1.
50 < N : < 100 48,75 1
/ N 5 E
* 1 ! N
) Yol re 475
wll P co Nf |4 A1 i
TaoC Ul O,
1% iy } t } } . I t
i ns 1 15 2 25 3 35 4
| ! + . + + . ; + 04 Mar 2025, 14:14:40, Simberian Inc. Time, [ns]
025 o 0.25 05 075 1 1.25 15 175 2 #Z[11]: aZ2.2): 233 AZ[44] BZ[1.1] BZ[2.2]: BZ[33]:
04 Mar 2025, 141918, Simberian Inc. Frequency, [GHz] BZ[4.4];
£501.1] ; £5[2.2] ; #5023 J———k ASHA] H—— —

Cannot be used to identify copper resistivity
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Severe symmetry violation — symmetric structure, but S[3,3] and S[4,4] are different from S[1,1] and

S[2,2] at lower frequencies, that shows up on TDR as well
Relatively large variation of impedance along the segments and between the segments

#:Praject(1).CMP-70_JBA 700 71J72_uS TRIF_DIFFERENTIAL_THRU_L'YR_1_2_INCHES MFF;
BcProject1] CMP-70_JEM70)71472_uS TRIP_DIFFERENTIAL_THRU_LYR_1_2 INCHES MFP; BZ:PE:C‘]“ 1CMP-70_J72078/78)80_uSTRIP_DIFFERENTIAL_THRLU_LYR_10_8_INCHES. MFP
. m.

4 Project{1).CMP-70_JB3/ 700714 72_uS TRIP_DIFFERENTIAL_THRLU_LYR_1_2_INCHE 5.MFP; DBMagritudz(S), [46]

: , TDR of ports 3

i 4 J— B5 T
: R 7RO TS ) and 4
e

+
| |
i !
: \ : ;.g\-—mn . /
! ! . B0 T l 1 | /
P I \/ | L ¥
o | A | T" I
\ [ TN \ ] {1
RN Different Ty R
. N 1 10 i | r——
Different ™\ | | +—Asymptotes ey, T
W N 40 i b ]
Asymptotes " | R

\z

¥

= 50 1 gV

05 15 2 25 ] 05 1 15 2 25 1 5 2 1 5

05 MarIZDZE, 11:54:27, S\mbe.nan Inc. N . a.I:fquen:g,;, [GHz] 06 Mar 2025, 11.52.3;58:‘ S1im.berian Inc. . . FIT_;E:?I'_ [GHz] 06 Mar 2025, 11:56:49, Simberian Inc Tirme, [ns]
&S] s 4522 ek SAEHA H— == . 22 (331 e L AZ0 #Z[2.2]; AZ[33]; AZI4A]:
B:Z1.1]; BZ22]: BZ3.3: BZ[4.4]:

Cannot expect ideal results on MSL differential segments
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Structures for material model identification: IL and PD should be identical

DEBMagnitude(S). [dB]

A Project[1].CMP-70_JE3) 70U 7172_uSTRIP_DIFFERENTIAL_THRU_LYR_1_2_IMCHES MFF:

Phase Delay, [ps]

e L1, 2inch
251! a9 - INC 1520
251& ' 3
5..I M F 610
5+
| % ity
|
254l L soo
|
E
*
107 + 530
|
qzsf
J + 580
5173
a& ™ |1 570
&
ars
f;\* .-*: e~ TRt 580
A e ~
T4 e _ o e
l VA fufaleal 2 SR IR I "SR R I
. % Ea—- e
il T U U AR DR Y S
5 10 15 0 5 mn 5 a0 45 50 55 &0 85

24 Mar 2025, 06:32:35, Simberian Inc.

DESIGNCON EZ3

—k WE[12] H e H5[3] A ——

Frequency, [GHz]

DEMagnitude(S], [dB]

A Project(1] CMP-FO_J77J78)73IB0_uSTRIP_DIFFERENTIAL_THRU_LYFR_10_6_INCHES.MFP;

Phasze Delay, [ps]

MY, L10| 6in(:h [ 12375
“\%t\& 11225
%Q T 12125
M&M;\@\ + 1200

"
MWM% .

n
‘_%_@ca- e —— 7
.

35
ke
A% — —— —
%\'@ e e i
w \ [ o B e (T T e
' \
~@.\m
45+ =<
‘ . | T Teee e T
) 10 18 20 28 30 5 40 45

24 Mar 2025, 06:32:15, Simberian Inc.

——2 AS[1Y O—— — 9 AS[d] O———:

Cannot expect accurate identification and ideal correlation on
microstrip differential segments — source of unpredictability
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ACMP-70_011 12 USTRIP THRU 3 INCHES 50 OHMS LYR1.52P;

B:ChP-70_J113.J114 STRIPLINE THRU 8IMCHES 50 OHMS LvR2 CaP LAUNCHES S2P;
On almost all measurements — do not correlate with DEMeonituael) 1981

the electrical length of the structures - something \ ‘

longer may cause that o ” |yl wrlll!!-‘
Difficult to build RCM — lower Quality :

¥ b e
kit Al 'ill" J‘ 1'| Iy "lu i
A:Project(1] CMP-70_J81J8218384_STRIPLINE_DIFFERENTIAL_THRU_LYRZ_E_IMCHES.MFP: 15t I ﬂlj.-|.".”i=ﬂ-'1 _ Jlh I.l'mlu' ; l .,!,=".|Iu... !wauii_l'il!.ll. _ |“"
DeMagrul (6 ' Al " LT L e |
( d f ol
| R o I .l?'-i' I|' I‘(u .-'I'In ”n "I'Ilfllu 1 i ' | i
Pl ; !
1T " il I ! &
204
*'Nm"v%
A5 T o -
[ !
INW- % o5l
| i o %
ot
20+ — | -t
W’G
| “ﬂmhw W%L
1 30+ I’q i i\
251 | r l q Lﬂ:e
#*
L + } } + } + + + 475 i) 525 55 a7.5 0 B25 BS
11 M 202;21'?1 54125 4: ian| 45 o0 528 % 578 B B28 3 &5 [GHz] 11 Mar 2025, 14:54:42, Simberian Inc. Frequency, [GHz]
Ell . . Simberian ne. requency, [GHz] L ) . . . . .
AS[11]: —& A5[1.2): ¥ ASPL AS[.2); B:S[1.11: B:5[1.2];

DESIGNCON EZ3
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Expect noisy GMS-parameters at higher frequencies — that further reduces the
material model identification bandwidth (in addition to the impedance variations)
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1. The "Loss Only" Approach: Delta-L2 - extracts propagation constant (Gamma) from S-parameters.
Limitation: Evaluates loss only; no material models generated.

2. The "Overkill" Approach: Complete De-embedding (TRL, AFR, ISD): Removes fixture effects.
Limitation: Unnecessarily complicated. Output has reflections and coupling artifacts.

3. The Time-Domain Approach (SPP): Standard SPP (IPC-TM-650): The official standard.
Limitation: Low-frequency defects prevent separation of conductor vs. dielectric loss.

4. SPP-Light or Gamma-T: Use Gamma or combine it with T-resonator (EPEPS’16, DesignCon’17).
Limitation: Accurate, but resource-heavy (requires 3 separate structures).

5. The Best Option: Generalized Modal S-parameters or GMS-parameters (EPEPS’15).

Advantage: Similar physics to SPP but uses S-parameters. Similar to Delta-L2, but allows material
model identification (uses accurate t-line models).

Revelation: We never measure material properties directly. We infer them by fitting a
model to measurements — so, let’s discuss the models first...
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More in Material World...
tutorial (DesignCon’16
Aka Djordjevic-Sarkar or Swensson-Dermer

K As, _ Ag 107 44 _
g"(f):gﬁ;m »gr(f)_gm—i_(mz—ml)ln(lO) ln[lomlﬂf} Example:

PIane wave propagat|on constant

1 . . 11 m2
10" E@ Continuous relaxation poles ~=—————>> 10" =i2rf\e (f) & 1
100 il H
I
A
01 f aufilll £, =3.707; Ae = 1.108; ml = 4; m2 =13;
Re(I3) 9
Bl =il : Re(£(10%)) = 4.2; tan 5(10°) = 0.02
; sutllll Attenuation Np/m
1x10 Generalized transmission parameter for distance /:
1x107 10 S21(w)=e""
100 1107 1x10t 1107 1x10® a0’ 1x10® 1x10® 110 10! k0™ 1x0® 1x10™ ( ) ,
e Insertion Loss dB/m
72¢107° \\ e
— \\\
mm(ry) 710 9 \\__‘_\\ 20-1og{[s214])
2 g0 F1
- | Phase delay, s/m i
6.6x10 2 Y, S L e
. ~LL 3x10
6.4x10 - - - ==
100 1x10°  1x10t 1x10° 1x10®  1x10”  1x10® 1x10° 1x10® k10" 1x10™ 1x10® 1x10™ 210" a0t o't g10™ :
f]

Frequency, Hz Frequency, Hz

This model can be defined with Dk and LT measured at 1 frequency point!
Other wideband model options: Havriliak-Negami
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J. E. Bracken, A Causal Huray Model for Surface Roughness, DesignCon 2012

-1
N -1/2 K .
K, =1+;[(Rﬂ—1)'(1+(1—1)2r) ] S =(rf-uo) Makes SIBC causal!  Z,,,, = 5 ~(1+1)
S
RFi - roughness factor, defines maximal growth of losses due to all balls with radius ri;
ri — ball radius (SRi parameter in Simbeor);
Conductor losses (same as in Huray model) Additional conductor inductance
1 Im(Z,,,)=[Re(K,)+Im(K, )] 5
Re(ngh):[Re(KW)—Im(KW)]-0_.6 l ' | 00,
\ Y ) 5 .
. 1 o T
TR s 276 = gl
228 RF=3 7 TE Tpm RF=3,+
Re{ Kbl -Tn{ Kb, _,; ‘," Re{Rbbdy o Im{ Kby} 232 ‘x"'
Re{Kemips-nfiabips) g 7 RF=2 Reliiblin(Kbgs) 5, i
Re{luod}-Im(Kib%;) ;"‘ / » D) g 1l /RF S2——
B IRI MR R | mae ey = e e :.::% ,,,,,,,,
f Frequency, Hz f Frequency, Hz
One-level model has 2 parameters: SR (metric) and RF Causal Hammerstad is an alternative
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1. Measure Two Lines: Measure S-parameters of two transmission
lines with lengths L1 and L2 (where L2>L1).

2. Extract "Measured"” GMS-Parameters: Compute GMS- for twe transmission 1o scaments | [‘outineas mod an model "
- - with lengths L1 and L2 parameters
parameters for the virtual line segment (L2-L1). T

Benefit: This mathematically de-embeds the launches/fixtures (2) Compute reflection-less GMS- | | (0] Com e e tha e
y o
. . . . = - segment with length L
without physical calibration. e - e
v
3. Initialize the Physics: Define the geometry (Cross-section) and | Silsamhus siference beieen || (ab) Adjust model parameters

or change the model

Material Models (Wideband Debye, Huray-Bracken). Set initial measurements 2% mode
seed values for the unknown parameters (e.g., Dk, Df, SR, RF).

Is the difference
smaller than a
hreshold?

4. Compute "Model" GMS-Parameters: Solve Maxwell’s
equations (2D or 3D Field Solver) for the cross-section to generate
the S-parameters of the model.

Optimization loop -
red line;

(4c) Material or conductor
roughness model is found

5. Optimize (The Inverse Problem): Run an optimizer to minimize
the error between Measured GMS and Model GMS by adjusting

. Introduced in Simbeor in 2009 and
the material parameters.

published in DesignCon 2010 paper
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Ref Plane Ref Plane

-
g

From IPC-TM-650
. . T, Tour Ty Method 2.5.5.14
T Also, EPEPS’16

L2

Figure 3. Two-line structure for Eigenvalue based method

TL]. — TA X TB (eq 2)

Tio= T3 % Toig X T (eq. 3) Reflection-less
where DUT is the transmission line with length of L2-L1. From (1) and (2) we can easily get GMS-Parameters
Ty X TL_ll =Ty X Tpyr XTg X TB_l X TA_I =Ty X Tpyr X TA_I (eq 4)

Therefore, Ty, x Tj;* and Tpyr are similar matrices, and should have the same eigenvalue. Meanwhile, assuming
the DUT is a uniform transmission line, we have:

_ ey(szLl) 0 ~ 0 e_VL
Tour = [ 0 e~ Y(L2-L1) (€9. 5) Spur = el 0 (eq. 1)

N. R. Franzen, R. A. Speciale, “A New Procedure for System Calibration and Error Removal in Automated S-Parameter Measurements”,
Proceedings of the 5th European Microwave Conference, Hamburg, Germany, 1-4 September 1975, pp. 69-73.
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1. Simultaneous ldentification

Best for: Low-Loss dielectrics (where Df is relatively small).
Method: Optimize Df and RF, SR variables together over separate bandwidths.
Risk: Requires pristine test structures and low-noise measurements.
2. Bandwidth Separation (Divide & Conquer)
Best for: Medium to High-Loss dielectrics.
< 50 MHz: Identify Bulk Resistivity (DC/Skin-effect onset).
<1 GHz: Identify Dielectric Loss (Roughness impact is negligible).
> 2 GHz: |Identify Roughness Model (Conductor loss dominates).
Refinement: Iterate to fine-tune.

3. The "Trusted Laminate Vendor" Approach Spoiler - Best for CMP-
Best for: Ultra-Low-Loss and Low-Loss reliable laminate data sets. 70 Isola’s Tachyon
Method: Fix Df to the manufacturer's spec. Identify only SR and RF parameters.

Result: Simplify the process without affecting the accuracy (roughness dominates).

Select strateqy or quickly try each approach with AdvMaterialKit2 in Simbeor SDK

(W)
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AdvMaterialKit2 is available in Simbeor SDK 2025.01

Bapal b C: » emForce » SimbeorMain » simbeor_sdk_examples » matlab » AdvMaterialKit2 »
Current Folder ® M Editor - C:\emForce\SimbeorMain\simbeor_sdk_examples\matlab\AdvMaterialKit2\cases\case1.m
Name Git +v5 defineMaterialldentification_Cupon4A_L14_JSON.m SER_PAM4.m psd.m extract.m
= cases 1[-] function config = case_Casel(WithResinLayer)
2= % CASE_CASE1 Returns configuration structure for Case 1 (FR4).
case2.m 3t % Fix: Materials list is now conditional on WithResinLayer.
case3.m 4
cased.m 5 config = struct();
case_CMP28.m 6 config.Name = 'Casel’;
case EvR1.m 7 config.LengthUnit = 'um';
- core 8 config.ModelFreqStop = 80.90;
& solutions g
- touchstones ) ) 10 % --- Frequency Sweep ---
Case1_L4_SMIL 3in.sdp 11 config.Freq = struct('Start', 8.87, 'Stop', 45.8, 'Count', 3008,
Casel L4 SMIL_13in.s4p 12 'AdaptivityTolerance', 8.1);
3-50mm_L5.54p 13
3-100mm_L5.s4p 14 % --- Measurements --- C 1 .
ed-50mm.sdp 15 config.Meas = struct(); ase SImu,taneous
Case4-100mm.s4p N N ' - ; '
16 config.Meas.ShortFile = 'Casel_L4_SMIL_3in.s4p'; H H H
np trp._2in p1J1 p2J2.s2 N ] ’
“ \,.?i_rmnp_.sn -'}ﬂ'}i JiJ P 17 config.Meas.LongFile = 'Casel_L4_5MIL_13in.sdp'; Optlmlzatlon Of Df’ SR and RF
cmp28_mstrp_8inch_p1J4_p2J3.52p 5 . oo . . .
18 config.Meas.DiffLen = 2.54e5; % 1@ inches in um
cmp28_strpl_2in_50chm_p1J6_p2J5.52p ,g . ) :/ X BandWldth 45GHZ
) trpl_8inch_p1)7_p2J8.52 19 config.Meas.TDR_Duration = 2; %ns
cmp28_strp c 7_p2)8.s2p
DifS_SL3. SIN.sp 20 S o Model up to 80GHz
e et a 21 config.WithResinLayer = WithResinLayer;
DiffS_SL3_10IN.s4p 29
NNER1_5CM_2_4MM.s4p 23 o Materials Definiti
NNER1_10CM_2_4MM.s4p o o-o- Meterdals metanition ---
. Jtils 24 - % Define base structs first
ﬂextract.m 25 mFR4_1 = struct('Name', 'FR4_1', ‘Type ) Dl.eler.‘rr*?c. B Dk‘J 3.3, D1
26 mFR4_2 = struct('Name', 'FR4_2', Type', 'Dielectric', 'Dk", 3.3, 'Di
4
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Differential Stripline with % - wsterials befinition -

. % Define base structs first
reSIn Iayer (to have FEXT) mFR4_1 = struct('Name', 'FR4_1", 'Type', 'Dielectric', 'Dk', 3.3, 'Df|’, @.eel, 'ID_Group', 1);
mFR4_2 = struct('Name', 'FR4_2', 'Type', 'Dielectric', 'Dk', 3.3, 'Df|', ©.eel, 'ID_Group', 1);
mResin = struct('Name', 'Resin’, 'Type', 'Dielectric', 'Dk', 3.3, 'Dfl', ©.e@1, 'ID_Group', 2)
mCond = struct('Name’, 'Copper', 'Type', 'Conductor', ‘'Res', 1.85,'SR', ©.8@1, 'RF', 8.8, 'ID',

3

Describe cross-section with initial
values for models to be identified

else
% WITH Resin: Include it in list
config.Materials = {mFR4_1, mFR4_2, mResin, mCond};

File case1.m

struct('Type'

config.Stackup = {
, 'Plane', ‘'Name', 'L1', 'Thick', 14.31, 'Mat', 'Copper', 'Fill', 'FR4_2"),
3
)

struct('Type', 'Medium', 'Thick', 74, 'Fill", 'FR4_2'},
struct('Type', 'Medium', 'Thick', 1@, 'Fill", 'Resin'),
I % struct('Type', 'Signal', 'Name', 'L2', 'Thick', 15.37, 'Fill‘', 'Resin', 'Cond', 'Copper'),
S— i struct('Type', 'Medium', 'Thick', 1@, 'Fill", 'Resin'),
. struct('Type', 'Medium', 'Thick', 231, 'Fill', 'FR4_1'),
Sigrall —t]  — 2 struct('Type', 'Plane', 'Name', 'L3', 'Thick', 14.31, 'Mat', 'Copper', 'Fill', 'FR4_2")
200 };
end
100
% Trace Geometry
L R ofim] config.Trace = struct();
S0 S0 -0 30 200 100 0 100 200 00 400 500 600 7m0 config.Trace.Layer = 'L2';
01 Apr 2026, 08:22:14, Simberian Inc. 3D Wiew Mode (press <E> to Editl

config.Trace.Width = 117;
config.Trace.Spacing = 126; ]E
config.Trace.Shape = 'Trapezoidal';
config.Trace.EtchFactor = ©.39;
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Differential Stripline with
resin layer (to have FEXT)

% --- Optimization Goals ---
config.Goals = struct();

Define Goals and

Optimize Df, SR and

config.Goals.RoughnessAndLT = true; i
bandW|dth fOI' eaCh Oal config.Goals.FineTunelosses = true; RF SImUItaneOUSIy
S; config.Goals.FineTuneRoughness = true;
Flle Case1 .m config.Goals.Dk = struct('Optimize', true, 'Min', 1.8, 'Max', 5.8,
"FrgMin', 1.0e9, 'FrgMax', 45e9);
. config.Goals.Df = struct('Optimize', true, 'Min', ©.001, 'Max', ©.01,
'FrgMin', ©.87e9, 'FrgMax’', 1.0e9);
i 1 ——s config.Goals.Resistivity = struct('Optimize', true, 'Min‘', 1.0, 'Max', 1.4,
am 'FrgMin', ©.01e9, 'FrgMax', ©.02e9);
b config.Goals.Roughness = struct();
o config.Goals.Roughness.SR = struct('Optimize', true, 'Min', 0.8, 'Max', 0.1);
ey i s config.Goals.Roughness.RF = struct('Optimize', true, 'Min', 1.0, 'Max', 20.0);

config.Goals.Roughness.FrgMi

n = 10.0e9;

config.Goals.Roughness.FrgMa

X = 45e9;
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Final Dielectric Properties:

Name: {'FR4_1'}
Model: 'WidebandDebye'
Dk: 3.2442
LT: 0.0013
Frg: 1.0000e+09
Name: {'FR4_2'} 0
Model: 'WidebandDebye'
Dk: 3.2442
LT: 0.0013 -5
Frg: 1.0000e+09
Name: {'Resin'}

Model: 'WidebandDebye' 5,40
Dk: 2.9237 o,
LT: 0.0013 %3

Frg: 1.0000e+09 -15

=== Final Conductor Properties ==

|dentification With Resin Layer: difference in Odd and Even modes cause FEXT
Measured vs. Modeled GMS-parameters

GMS Magnidude [dB] 159 X10 GMS Phase Delay [s]
Case1->Meas.: GMS[1,3] Case1->Meas.: GMS[1,3]
Case1->Model: GMS[1,3] 158} Case1->Model: GMS[1,3]

Case1->Meas.: GMS|[2,4]
Case1->Model: GMS|[2,4]

!

Case1->Meas.: GMS[2,4]
Case1->Model: GMS[2,4]

a

500 o 5 0
01 Apr 2025, 082214, Simbesian nc. 30 View Mods (press <E> to £

Name: 'Copper’ 20
RR: 1.0500
Roughness: [1x1 struct] r
--- Conductor Roughness --- -25 : . : . ‘ . ‘ I 1.51 : ! L L L I 1 —
Model: 'HurayBracken' 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
SR: ©.0335 frq [Hz] %1010 frq [Hz] %1010
RF: 17.1718
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&k Simbeor - [TDR - Graph View] - D X

SO|Ut|0n W|th |dent|f|ed File Wizards Edit View GraphView Action Job Tools Window Help
material models is D@ STRAVEE S e BJE G o o X I o= E e
written into solutions FLARE@ ‘ 18 1
. Solution Explorer - Casel: “C:\emForce\Simbeo... | X TDR 1P X
fOIder Of the Klt @ Casel: "C\emForce\SimbeorMain\simbeor_sdk_e A:Casel.DUT.LNS: B:Casel.SegModel TDR:
= Casel Z. [Ohm]
. . . +-Bl Materials: T=20[*C]...
Optlonally, test fixture is 4.8 StackUp: LU=[um], NL=3, T=368.99[um] 575 T

+ B StripModel

extracted for de- 4 §g SegModel
embedd|ng, #-&F Casel_L4_SMIL_3in.s4p ... &5 4

+-fF Casel_L4_5MIL_13in.s4p ...
+-qip Casel_Diff
+ ﬁj} TestFixture

And L2-L1 segment of t-Iln},gﬁ puT 5251
. TOR

is de-embedded (DUT) 5-f1t) Casel.DUT.LNS

tO Compare anaIyS|S to 1-ft] Casel.SegModel. TDR

measured TDR

50 T

0 05 1 15 2 25 3 35
i - — 11 Jan 2026, 12:49:38, Simberian Inc. Time, [ns]
Mai C ts | [ Simula... Result:
® Main [ Circuits | 5] Simula...| @) Results AZ1Y): AZ22); AZ[33): AZI44): BZ[1.1];

See More on deembedding steps: https://kb.simberian.com/browse_item.php?id=849
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https://kb.simberian.com/browse_item.php?id=849

Describe cross-section with initial t

values for models to be identified B B

File case3.m

250 200 50 100 50 0 50 100 150 200 250

extract.m ca Se3, m + 04 Sep 2025, 11:55:53, Simberian Inc. 3D View Mode [press <E> to Edit).
1 function config = case3(WithResinLayer)
2] % CASE3 Returns configuration structure for Cuponl LS. % --- Materials Definition ---
3 % Converted from defineMaterialldentification_Cuponl_L5_JSON.m mFR4_1 = struct('Name', 'FR4_1', 'Type', 'Dielectric’, 'Dk’, 3.3, 'Df’, @.601, "ID_Group', 1);
4 mFR4_2 = struct('Name', 'FR4_2', 'Type', 'Dielectric', 'Dk', 3.3, 'Df', @.001, 'ID Group', 1);
5 config = struct(); mResin = struct('Name', 'Resin’', 'Type', 'Dielectric', 'Dk', 3.3, 'Df', @.001, 'ID Group', 2);
2 Conf]:g'Name = Fupnn{_l‘? ; % Conductor: Copper, Res=1.85, RF=8.0
7 config.LengthUnit = "um’; mCond = struct('Name', 'Copper', 'Type', 'Conductor', 'Res', 1.05,'SR', @.001, 'RF', 8.0, 'ID'
8 config.ModelFreqStop = 40.0;
9] % --- Identification Frequency Sweep --- config.WithResinLayer = WithResinLayer;
16 % fgmax = 25.8
11 config.Freq = struct('Start', ©.81, 'Stop', 25.8, 'Count', 300, ... % --- Stackup & Material Selection ---
12 'AdaptivityTolerance’, ©.01); if ~WithResinLayer
13 % NO Resin
14 =] % --- Geometry Parameters (um) --- config.Materials = {mFR4_1, mFR4_2, mCond};
15 H % Averaging calculations from original script .
16 w_top = (43.46 + 43.71) / 2; config.Stackup = { e ST e ‘
struct('Type', 'Plane’, Name', "L1', 'Thick', 2@, 'Mat', 'Copper', 'Fill", 'FR4_2"),
17 w_bot = (52.48 + 52.59) [/ 2; et 'Medinm® \ e RTTY
struct('Type', 'Medium', 'Thick', Ht, 'Fill', 'FR4_2"),
18 Hb = (45.14 + 47.24) / 2; % avg_dist_to_bottom_plane struct('Type', 'Signal’, ‘Name', 'L2', 'Thick', T, 'Fill', 'FR4_2', 'Cond', 'Copper’),
19 T = (23.20 + 22.67) / 2; % avg_thickness struct('Type', 'Medium', 'Thick', Hb, 'Fill', 'FR4_1'),
20 Ht = (31.18 + 30.76) / 2; % avg_dist_to_top_plane struct('Type', 'Plane’, ‘'Name', 'L3', 'Thick', 2@, 'Mat', 'Copper', 'Fill", 'FR4_2")
21 b
22 % Pitch definition from original else
23 Pitch = 82.4 + w_bot;
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extract.m case3.m -+
. o 7 [ O T
Deﬂne Goals and 88 config.Goals = struct(); Opt[m[ze Df; SR and RF
. 89 config.Goals.RoughnessAndLT = false;
bandWIdth for eaCh goal - 90 config.Goals.FingTuneLosses = true; Separate/y
S|m|lar to S|mu|taneous 91 config.Goals.FineTuneRoughness = true;
.. . 92
optlmlzatlon 93 % Dk: 1.0 - 5.0 (1G - 25G)
94 config.Goals.Dk = struct('Optimize', true, 'Min', 1.0, 'Max', 5.0,
95 "FrgMin', 1.0e9, 'FrgMax', 25.0e9);
File case3.m 26
97 % Df: ©0.001 - ©0.02 (0.01G - 1G)
98 config.Goals.Df = struct('Optimize’, true, 'Min', ©.001, 'Max', 0.02,
99 "FrgMin', ©.01e9, 'FrgMax', 1.0e9);
100
bl |1e1 % Resistivity: 1.0 - 1.4 (8.01G - 0.02G)
‘”” 102 config.Goals.Resistivity = struct('Optimize', true, 'Min', 1.0, 'Max', 1.4,
L L 103 '"FrgMin', ©.01e9, 'FrgMax', ©.02e9);
1e4
e 7w | 185 % Roughness: SR(@-8.5), RF(1-20), Freq(10G-25G)
wswam s s T e | 106 config.Goals.Roughness = struct();
107 config.Goals.Roughness.SR = struct('Optimize’, true, 'Min', ©.0, 'Max', 0.5);
108 config.Goals.Roughness.RF = struct('Optimize', true, 'Min', 1.8, 'Max', 20.0);
109 config.Goals.Roughness.FrgMin = 10.0e9;
110 config.Goals.Roughness.FrgMax = 25.0e9;
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|dentification Without Resin Layer: identical Odd and Even mode PD, no FEXT

Final Dielectric Properties: Measured vs. Modeled GMS-parameters
Name: {'FR4_1'}
Model: 'WidebandDebye'

Dk: 3.2318 0 GMS Magnldude [dB] 65 _><10-10 GMS Phase Delay [S]
LT: @.0015 SL3asel1->Meas.: GMS[1,3] ' SL3_asel->Meas. GMS[13]
Fra: 1.0000e+09 - SL3ase1->Model: GMS[1,3] 8.4 SLSCase1->Mode;:GMS[1’3]
c : :
Name: {'FR4_2'} |
Model: 'WidebandDebye' 27
Dk: 3.2318
LT: 0.0015 3
Frq: 1.0000e+09 )
S o4l
=== Final Conductor Propertie® ==
Name: 'Copper’ 5l
RR: 1.1000
Roughness: [1x1 struct]
--- Conductor Roughness ---
Model: 'HurayBracken' Ty |-
SR: 0.0320
RF: 20 -8 ‘ ‘ * ' : ; - ‘ : : , , |
0 1 2 3 4 5 6 : 0 1 2 3 4 5 6
frq [Hz] %1010 frq [Hz] x1010
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2. ldentify dielectric and conductor roughness models
a. Select structures for material model identification and pre-qualify them
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Select structures for material model identification and pre-qualify them

6 single-ended SL and MSL and 4 differential SL and MSL structures;
SL — stripline; MSL — microstrip line; SE — single-ended; DIFF — differential;

Pins ‘ Net Description Purpose Files
J11J2 N1571421 |MSL 50 Ohm SE, 2 inches, L1 Identification "CMP-70_J1 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.S2P"
1J3/J4 |N2564054 SL 50 Ohm SE, 2 inches, L2 Identification "CMP-70_J3 J4 STRIPLINE THRU 2 INCHES 50 OHMS LYR2.52P"
J5/J6 N2564082 |SL 50 Ohm SE, 2 inches, L9 Verification |"CMP-70_J5 J6 STRIPLINE THRU 2 INCHES 50 OHMS LYR9.S2P"
JT18 N2584712 |MSL 50 Ohm SE, 2 inches, L10 Verification "CMP-70_J7 J8 uSTRIP THRU 2 INCHES 50 OHMS LYR10.S2P"
J9/J10 N2564058 |SL 50 Ohm SE, 8 inches, L2 Identification "CMP-70_J9 J10 STRIPLINE THRU 8 INCHES 50 OHMS LYR2.S2P"
J11/J12 \N1569517 MSL 50 Ohm SE, 8 inches, L1 Identification "CMP-70_J11 J12 uSTRIP THRU 8 INCHES 50 OHMS LYR1.S2P"
J69/J70 DP1+ MSL 100 Ohm DIFF, 2 inches, L1 Identification "CMP-70_J69J70J71J72_uSTRIP_DIFFERENTIAL_THRU_LYR_1_2 INCHES.s4p"
J71/J72 DP1- MSL 100 Ohm DIFF, 2 inches, L1 |same
J73/J74 DP3+ SL 100 Ohm DIFF, 2 inches, L9 Identification  |"CMP-70_J73J74J75J76_STRIPLINE_DIFFERENTIAL_THRU_LYR_9_2_INCHES.s4p"
J75/J76 DP3- SL 100 Ohm DIFF, 2 inches, L9 same
J77/J78 DP2+ MSL 100 Ohm DIFF, 6 inches, L10 Identification "CMP-70_J77J78J79J80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.s4p"
J79/J80 DP2- MSL 100 Ohm DIFF, 6 inches, L10 same
Jg1/J82 DP4+ SL 100 Ohm DIFF, 6 inches, L2 Identification "CMP-70_J81J82J83J84 STRIPLINE_DIFFERENTIAL THRU LYR2 6 INCHES.s4p"
J83/J84 DP4- SL 100 Ohm DIFF, 6 inches, L2 same

Stackup symmetry by design: L1 —L10 and L2 — L9;
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SL SE — differences within about 1.5 Ohm, traces in L2 and L9 are consistent - select two traces in L2;

SL DIFF: up to 2 Ohm differences, DC defect (discussed earlier);
Substantial variations of impedance along the traces in all cases. Solution CMP-70-PreQualify
&:5L.CMP-70_J3 J4 5TRIFLIME THRU 2 IMCHES 50 OHMS LYR2.MFF;

B:5L.CMP-70_J5J6 STRIFLINE THRU 2 INCHES 50 OHMS LYRIMFF;
C:SL.CMP-70_JIJ10 STRIPLINE THRU 8 IMCHES 50 OHMS LYRZ.MFF;

A5L.CMP-70_J73I74I7RI76_STRIPLIME_DIFFERENTIAL_THRU_LYR_3 2 INCHES.MFF;
B:5L.CMP-70_J31J52152)84_STRIPLINE_DIFFEREMTIAL_THRU_LYRZ_E_INCHES.MFF;

Z. [Ohinn] Z. [Ohm]
e | 575+ |
A 33 |
_,-«/\f BT o EPSTRI TR —l—
/\/\ /-4‘\/ - .-""‘-.,,5‘3.{7‘1
B25 1 AN . fhmfosd/ i e
L AVN
s | A
525 A = iz,
T ] i . r\.{fla i) | ) v‘\Q‘ \‘_/
e o oo il W MRS A e
50 A .LH ! o \,f
50T e
N ‘-.J-,.J i
n :;‘
A
47T
475 T
] 0s 1 15 2 25 f ! f : : :
11 Jan 2026, 17:11:43, Simberian Inc. Time. [rs] u 05 1 15 2 25
A1 AZ[2.2]; B:Z[1.11; B:Z[2.2]: 11 Jan 2026, 17:10:19, Simberian [ne. Time, [nz]
CZ[1.11; C.Z[2.2); AZ[T]: AZ[2.2): A7[3.3]: A Z[4.4]:
B:Z11.11: B:Z[2.2): B:Z2.30: B:Z]4.4]:
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MSL SE — L1 is not consistent with L10 — big difference, over 2 Ohm variation, select two traces in L1;
MSL DIFF: over 3 Ohm difference in L1 and L10, DC defect;
Substantial variations of impedance along the traces in all cases. Solution CMP-70-PreQualify

AMSLCMP-70_1 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1.MFF;
B:MSL.CMP-70,J7 J8 uSTRIF THRU 2 INCHES 50 DHMS YR 0.MFF: A:MSL.CMP-70_JBR)FOI7172_uSTRIP_DIFFERENTIAL_THRU_LYR_1_2_INCHES MFF:

CMSL.CMP-70 111112 uSTRIP THRL 8 INCHES 50 OHMS LYR1 MFF: B:MSL.CMP-70_J 77 78073080_uS TRIP_DIFFERENTIAL_THRU_LYR_10_8_INCHES. MFF:
Z.10hm) Z. [0hm]

BT

57.5 1 ol B 2 ¥
55 + A BT ||W \\
s75 1| | i !
525 1 A \ //\ s | :;\‘ : |

TN B N —_

i g
50 + 828 ";J'M R
i,
1 1 1 1 SD T 3
T T T T T
0h 1 15 2 25 t t t t }
11 Jan 2026, 171738, Simberian Inc. Time, [nz] 0 1 2 3 4 .
&21.1]; AZ[2.2]; BZ[1.1]; B:Z[2.2]: 11 Jan 2025, 17:13:58. Simberian e, Time, [nz]
G200 CZ[2.2]; aZ011]: A7[22]: &:Z[3.3]: AZ[4.4]:
B:Z[1.1]: B:Z[2.2]: B:Z[3.3]: BZ[4.4]:

DES,GNCON 2026 FEB. 24-26, 2026 #DesignCon 106 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




DIFF Extraction: Modes are sorted by phase; Longitudinal symmetry is enforced;

Observations: Magnitudes are noisy above about 50GHz — restrict the identification to 50GHz; golagioZ'fCMP-m-
. reQualify
SLSL_SE_L2 DifLNS: . SL.SL_DIFF_LZ L3 Diff.LNS;
DBMagritude(S), [dB] Phase Delay, [p] DEMagnitude(S], [dB] Fhase Delay, [ps]
T 40

&

e
/]
il

T 9875

\*\ 254 T B35
\X -+ 975

F
T 630
T 5625 54

0 - E25
- 950 M
JE+ T 620
T 9375 “‘
A5+ ¥ ;
1 - - E15
925 T
X 10+ e
- . S
T e e DT = e - B10
20+ H—— - kg 9125 s st
10 20 30 40 50 B0 10 20 10 40
11 Jan 2026, 17:26:00, Simberian Inc. Frequency. [GHz] 11 Jan 2026, 172750, Simberian [ne Frequency, [GHz]
—* *__ . N A, . -
Smlin2(M1LInT(M1]] : ——k SmnZM1LInM1)] #— — — ; ——k Smn2(M2LInlM2)] *¥— — —;
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DIFF Extraction: Modes are sorted by phase; Longitudinal symmetry is enforced;
SE magnitude are noisy above about 50GHz — restrict the identification to 50GHz;
DIFF magnitude looks strange and noisy above 30GHz — restrict bandwidth to 30GHz (consequence of

Solution CMP-70-

: . [00Ks e oy . PreQualify
the inconsistencies in impedance, symmetry violations, delay differences);
MSLMSL_SE_L1_Dift LNS: MSL.MSL_DIFF_L1_L10 DifiLNS:;
DEM agritude(S], [48] Phase Delay, [ps] DEMagnitude(S), [dB] Fhase Delay, [ps]
+ 930
| |
I | T 850
| 25 Tl w
5Ll T a0 I
; T B40
o !
. T 910 =T + 630
| l
A0+t |
i 251k 1 620
I + 900 75 *1
¥
] \*'\ %, 1610
15T - 80 10t =
1 bl
¥ l o e et G000
' - 880 1251 L
201 #ﬁ S 1
™ - N 530
Bl e et e levionkes i i it R S T
10 20 an a0 50 &0 10 o0 10 N
11 Jam 2026, 17:33:48, Simberian Inc. Frequency, [GHz] 11 Jan 2026, 17:35:30, Simberian Ine. Flequ;r']c:_l,l, [GHz]
—F Smln2MTIRIMT)] = — — ——#  Smlln2M11In1[M1)] #— — —:——k SmlIn2M2|In1[M2)] *— ——:
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2. ldentify dielectric and conductor roughness models

b. Identify manufacturing adjustments — cross-section geometry
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Width ~4.92mil,

Width 5mil, 17mil clearance, ) .
Thickness ~0.65 mil (as shown)

0.6 mil thickness

2. [mwil]
a0 P

a5

_|6]1642prn

- — — . Lot 2 — (4)124.62um

8 T e
mm (5)126.01um

75

' [mwil]
-30 -25 -20 15 -10 B a 5 10 15 20 25 30
03 Mar 2025, 12:08:52, Simberian Inc. 30 View Mode [press <E» to Edit).

No adjustment or Width adjustment -0.1 for interior layers (minor increase in Zo)
No data on dielectric layer thickness variations
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Width 4.5mil, 10 mil pitch, 17mil Width ~4.5mil,
clearance, 0.6 mil thickness Thickness ~0.61 mil (as shown),
9.9mil pitch

— = Ami——— IS = S — ? =
) fa—
- — — — —
S . il - AR St £
35 =30 25 -20 16 -0 E5 1] ] 10 18 20 25
04 Mar 2025, 13:12:46, Simberian Inc. 3D View Mode [press <E> to Edit).

No adjustment or same as for strip (-0.1)
No data on dielectric layer thickness variations
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gy - Z. [nil]

Bt ooopr 10]16.7Sum ILayer-‘I
EXR@ENHIGE T T8 éha_uer-2 m— 7" port 2
.
t ¥, [mil]
-a0 -20 -0 0 10 20 i} 40
12 Mar 2025, 14:33:68, Simberian ne. 3D View Mode [press <E> to Edit).
No strip layer thickness adjustments
Add layer with resin with smaller Dk T
on both sides of strips G
. . . — — — — |
Optimize Dk of resin and Dk of core, :
to match PD of differential stripline ;
', [mil]
12 Mar 20;2 14:34:41 ,-gﬁ'ﬂberian Inc:.-ZD . ' " 3%D\ufiew Mode?sress <E> to égitl].
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Design: width 7.5mil, Width Wtop=7mil, Whot=7.9mil, 1.8-1.96 mil thickness,
2.6mil/1.3mil solder mask

17mil clearance,

2 mil thickness,
0.5 mil conformal solder mask

Reality: solder mask thickness 2.6/1.3

and trace widths 6.7/7.25
Width adjustments (-0.8,-0.25)

30 Z. [mil] TZ
Y,

] S ] :
B0
_ Solder mask!
20 10 0 10 20 30
3D View Mode [press <E» to Edit). Lens: E500: X500

13 bar 2025, 11:28:39, Simberian Inc.
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Design: Width 4.75mil, 0% 2 fui]

10mil pitch (5.25mil edge-to-edge), EE B
17mil clearance,
2 mil thickness,

. Y, [rwil]
0.5 mil conformal solder mask : : : : : _—
Reli] -20 -0 0 10 20
13 Mar 2025, 11:27.08. Simberian Inc. 30 View Mode [press <E> to Edit].

Reality: Solder mask thickness 2.6/1.3
and width adjustments (-1.1/-0.5)

Hat-shape Wtop=3.85mil,
Wbot=4.8mil, 9.84mil pitch,1.96 mil
thickness, 2.6mil/1.3mil solder mask

[5]128.09um|

Hat-shape Wtop=4.35mil, - e 5 .
Whbot=3.65mil, 9.84mil pitch,1.96 mil J !

thickness, 2.6mil/1.3mil solder mask
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8 CMP-70-TTM
Bl Materials: T=20[°C]....

F3 "0.250z_copper”, RR=1
"0.50z_copper”, RR=1
“Taiyo_4000-HFX", Dk=3.8, LT=0.021 @ 1 GHz, PLM=WD, Dk(0)=4.74, Dk(inf)=3.33
“Tachyon100G_1078_75pct”, Dk=2.94, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3, Dk(in #
“Tachyon100G_1x3313", Dk=3.11, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.18, Dk(inf)
"Tachyon100G_2x3313", Dk=3.09, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=13.16, Dk{inf)=3.06
"Tachyon100G_3x3313", Dk=3.15, LT=0.002 @ 1 GHz, PLM=WD, Dk{0)=3.22, Dk(inf)=3.11

Measured GMS-parameters (curves with *) compared with models
with material parameters from manufacturer (curves with o)

Much lower losses (no roughness effect) T

Much smaller de]ay (either roughness or lower Dk) -Sla(ka:LU:[in(h], NL=10, T=0.0871[inch], TOP/BOT CSM=("Taiyo_4000-HFX", 0.0005/0.0005[inc

== 1| Signal: “L1", T  Fl="air", Cond="0.250z_copper", 1/40z Sig (Std PIt) HTEGP

Solution CMP-70-PreQualify B 2 Medum A

== 3| Plane: "L2"

amma oS

_75pct”, 1078 - 75%
2_copper”, T=0.0006, Fl="Tachyon100G_1078_75pct", 1/20z Mix VLP
="Tachyen100G_1x3313", (1-3313)

“Tachyon100

4| Medium: T=0
ASLSL SE_LZ Diff LMS; B:CMP-F0-TTM.SL_SE_Seghodel LMS; ! 5: Plane: “L3", Cond="0.50z_copper", T=0,0006, Fl="Tachyon100G_2x3313", 1/20z P/G VLP-2
DEMagnitude(S ], [dE] FPhase Delay, [ps] A5L.5L_DIFF_LZ2_L3_Diff LMNS; B:CMP-70-TTM.5L_DIFF_Seghodel LMS:
DEMagnitude(S]. [dB] Phase Delay. [ps]
I —— T 975 ) nc
® *IF \*‘\ e 25 11 M
- =2 Th - 625
[ TSt 950
L =
% [ 5 ——
A0 T AT T 5925 3
e — —_—
— = = — — |
ol # W - E00
? + 300 Sl
454} "
' i
@ T8m 10145
AN = L
| S~ | S| 575
-20 L I I I 1 = = ,
10 20 0 40 50 60 70 10 20
12.Jan 2026, 10:25 48, Simberian Inc. Frequency, [GHz] 12 Jan 2026, 10:26:51, Simberian Inc. Frequency, [GHz]
—% ASmnZM1]In1[M1]] #— — —: =% &Smln2M1LIn[M1)] #— — — =% ASm[In2M2]In1[M2] F— ——:
—) B:Smlin2(M1)In1[1])] O— — —: ——=) B:Smlln1(M1]In2M1]] O— — — ; —— B:Smlln1(M2)In2M2]] O— — —:
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8 CMP-70-TTM
Bl Materials: T=20[°C]....
F3 "0.250z_copper”, RR=1

B "0.50z_copper”, RR=1
Measured GMS-parameters (curves with *) compared with models e O B B o
} . . € “Tachyon100G_1078_7Spct’, Dk=2.94, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3, Dk(inf)=2.91
with material parameters from manufacturer (curves with o) B “Tachyon!00G 3313, Dk=3.11, LT=00018 @ 1 GH, PLM= WD, .
€ "Tachyon100G_2:3313", Dk=3.09, LT=00018 @ 1 GHz, PLW (0)=3.16, Di(inf)=3.0
Much lower losses (no roughness effect) € "Tachyon100G_3x3313", Dk=3.15, LT=0.002 @ 1 GHz, PLM=WD, Dk(0)=3.22, Dkfinf)=3.11
. E “air"
MUCh Sma”er de|ay (elther roughness or |owe|" Dk) 8 StackUp: LU=[inch], NL=10, T=0.0871[inch], TOP/BOT CSM=("Taiyo_4000-HFX", 0.0005/0.0005[in«

. . == 1| Signal: "L1", T=0.002, FI="air", Cond="0.25
SO/Utlon CMP-70-PreQU8/Ify . 2 ;Ied\un‘c‘ : jE. Fl="Tachyon 10X
mm 3| Plane: "L2", Cond=
B 4 Medium: T=0

copper”, 1/4oz Sig (Std Pit) HTESP

Spct”, 5%

0z_copper”, T=0.0006, Fl="Tachyon100G_1078_T5pct", 1/20z Mix VLP
Tachyen100G_1x3313", (1-3313)

AMSLMSL SE L1 DiffLMS: B-CMP-TO-TTM.MSL SE SegModel.LNS' mm 5| Plane: "L3", Cond="0.50z_copper”, T=0.0006, FI="Tachyon100G_2x3313", 1/20z P/G VLP-2
DBMagnitude(S). [d8] - 0T ’ - 'F'h Delay, [ps] A:MSLMSL_DIFF_L1_L10_Diff LMNS; B:CMP-70-TTM.M5L_DIFF_SegModelLNS;
agnitude(S). aze Delap, [ps DEMagritude(5), [dB] Phase Delay, [ps]
I MS'L SE:’ GMS 4InCh T35 = \ 0 L E50
| MSL DIFF, GMS 4inch
544 = T 300
ﬁ\ %K\\ ‘\-e_hqu—e- *\ _ \\@\h\”@-—
51 =
= e =T — i == = e e £
ll [ 2 S A [ N e ' =W T 875 & * "“i*e:b‘"'-e-\\ﬂ@ on
-10__I -*-“_-_*— -_* _*_—-_*_JN\\%
: T80 \!\ k\"\'*\
. __qJ \k A0+§ o mﬁ T 550
: T 825 ST RR- SR SR e —|— - —— - ——a—
l
. \
2+R ) + 800 D i = e - R e . S ) S p—s
- o — —_— — - - t T t T t T
, === = m———0 10 20 3 40 Gy &0
10 20 30 an 50 B0 12 Jan 2026, 10:29:18, Simberian Inc. Frequency, [GHz]
12 Jan 2026, 10:28:36, Simberian Inc. Frequency, [GHz] —* ASmlnzMIlnT M) %= = = =% ASmln2M2LIn[M]] %=—==;

—f ﬂ:Sm[In2[M'I],In'I[M'I]] e — _J._Ej E:Sm[ln2[M1],In1[M1]] O___; e B:Sm[|n1[M1],|n2[M'|]] = — = ——) B:Sm[ln1[M2],|n2[M2]] = ——
U )
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2. ldentify dielectric and conductor roughness models

c. ldentify models for dielectrics and conductor roughness

DES’GNCON 2026 Ha J FEB. 24-26, 2026 #DesignCon 117 @ informamarkets

WHERE THE CHIP MEETS THE BOARD



@ CMP-70-TTM: "C:\Users\shlep\Documents\Simbeor THz Solutions\CMP-70-TTM\"

| cMP-T0 For traces in L1-L2 and L9-L10:

Fl Materials: T=20["C],...

PR "0.250z_copper", RR=1

s "0.50z_copper”, RR=1

A "Taiyo_4000-HFX", Dk=3.8, LT=0.021 @ 1 GHz, PLM=WD, Dk(0)=4.74, Dk(inf)=3.33 3 d' I 1 d I .

€ "Tachyon100G_1078_75pct”, Dk=2.94, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3, Dk(inf}=2.91 e eCtrlc modaeis.

€ "Tachyon100G_1x3313", Dk=3.11, LT= z, PLM=WD, Dk(0)=3.18, 3 T : 4000 HFX Id k

€ "Tachyon100G_2x3313", Dk=3.09, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.16, Dk(inf)=3.06 alyO_ = solaer mas

€ "Tachyon100G_3x3313", Dk=3.15, LT=0.002 @ 1 GHz, PLM=WD, Dk(0)=3.22, Dk(inf)=3.11

& s Tachyon100G_1078_75pct (prepreq)
—- 8 StackUp: LU=[inch], NL=10, T=0.0871[inch], TOP/BOT CSM=("Taiyo_4000-HFX", 0.

e Tachyon100G_1x3313 (core)

. 2| Medium: 0038, FI="Tachyon100G_1 Spct”
3| Signal: "L2"°, T= )6, FI="Tachyon100G_1078_75pct”, Cond="0.50z_copper"
4| Medium: T=0.005, FI="Tachyon100G_1x3313"

5| Plane: "L3", Cond="0.50z_copper”, T=0.0006, FI="Tachyon100G_2x3313" d d L]

6] Medium: T=0.0109, FI="Tachyon100G_2x3313" 2 con UCtor mo els -

7| Plane: "L4", Cond="0.50z_copper”, T=0.0006, FI="Tachyon100G_2x3313" O d d 0
8| Medium: T=0.014, FI="Tachyon100G_3x3313 -2502_C0pper (plate L1 an L1 )

3x3313"
9| Plane: "L5", Cond="0.50z_copper”, T=0.0006, FI="Tachyon100G_2x3313"
IR 101 Medium: 7=00109,Fl-"Tachyan’006 243315 0.50z_copper (L2 and L9)
mm 11| Plane: "L6", Cond="0.50z_copper"”, T=0.0006, Fl="Tachyon100G_2x3313" D -
. 12| Medium: T=0.014, FI="Tachyon100G_3x3313"
mm 13| Plane: "L7", Cond="0.50z_copper", T=0.0006, FI="Tachyon100G_2x3313"

B e | Problems: Medium layer 2 appears in cross-

= 15| Plane: "L8", Cond="0.50z_copper”, T 06, Fl="Tachyon100G_2x3313

I 16 Medium: T I="Tachyon100G_1x3313" . f MSL II SL .
== 17] Signal: "L9", T=0.0006, Fi="Tachyon100G_1078_75pct’, Cond="0.50z_copper" SeCtlon 0 s :
Fl="Tachyon100G_1078_75pct"

02, Fiaait, Cond="0.2507 copper MSL has uncertainties in solder mask and
defects in DIFF measurements (unreliable)
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MATLAB script extract _iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

A » C: ¥ Repository * Simbeor » CMP-70_Simbeor_Kit_2025 » Identification »

Current Folder (G B Editor - C:\Repository\Simbeor\CMP-70_Simbeor_Kit_2025\|dentification\extract_iterative.m
H Name extract_iterative.m +
Cross-seCtlons and cases 24 % 2. Configuration Setup
[ ) X 25 scriptFullPath = mfilename('fullpath');
Goals ( Trusted P mztisDéFﬁli;me 26 scriptFolder = fileparts(scriptFullPath);
L1 5 27 solution name = 'CMP-7@-IdentAll Iterative'; % New solution folder
Vendor approaCh - 1 ztiif;ﬁﬂ,wm ii parentfFolder = fileparts(scriptFolder);
flxed Df fOI' TaChyon) . core. 30 config = struct();
= solutions 31 config.TouchstoneDir = fullfile(parentFolder, 'CMP-7@_s-parameters_20248401');
* - utils 32 config.DeEmbedLongSeg = true;
J‘ extract_iterative.m 33 config.ComputeTDR = false;
g | extract_separate.m 34 config.SolutionDir = fullfile(pwd, 'solutions', solution_name); .
Location of
36 if ~exist(config.SolutionDir, 'dir")
37 mkdir(config.SolutionDir); measured S—
38 end
3 | parameters for
40 % --- 3. Initial Material Models ---
— 41 D Group 1: Core/Prepreg (Optimized in SL) trace Segments
42 H % ID_Group 2: Resin/Mask (Optimized in MSL, sometimes fixed in SL)
43 config.mPrep = struct('Name', 'Tachyonl@®G_1@78 75pct', 'Type', 'Dielectric’, .
a4 'Dk', 2.94, 'Df', ©.018, 'ID Group', 1);
45 config.mCore = struct(’'Name', 'TachyonleeG_1x3313', 'Type', 'Dielectric’, ...
. 46 'Dk', 3.11, 'Df', ©.018, 'ID Group', 1);
Materlal Models to 47 config.mResin = struct('Name', 'Resin’, ‘Type', 'Dielectric', 'Dk/', 3.32, ...
. . . - 48 'Df', ©.883, 'ID Group', 2);
|dent|fy W|th Seed ValueS 49 config.mMask = struct('Name', 'Taiyo 46@@-HFX', 'Type', 'Dielectric’, ...
50 'Dk', 4.0, 'Df', @.021, 'ID Group', 2);
51 config.mCondInt = struct('Name', '@.50z_copper', 'Type', 'Conductor', ...
52 ‘Res', 1.e, 'SR', @.01, 'RF', 2.8, 'ID', true);
53 config.mCondSurf = struct('Name', '@.250z_copper', 'Type', 'Conductor', ...
= 54 'Res', 1.8, 'SR', @.e1, 'RF', 2.0, 'ID', true);
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

Baseline Initialization: Establish initial roughness and material
values using single-ended structures (SL L2 & MSL L1).

Step A (Internal Layers): Optimize Core/Prepreg and Conductor
models using differential striplines (L2 & L9).

Step B (Surface Layers): Optimize Resin and Solder Mask
models using differential microstrips (L1 & L10), fixing the internal
materials derived in Step A.

Convergence: Repeat Steps A and B until dielectric properties
stabilize (e.g., ADk<0.01).

Outcome: A single, high-confidence material library valid for the entire PCB stackup.
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

Wideband Debye dielectric | Name | Dk | Df |
models with Dk and Df @1GHz |-7-------o-mmo-oooooommommem oo oo |
| Tachyon1e0G_ 1078 75pct | 3. | |
| Tachyon100G 1x3313 | I
| Resin | 2.9797 | 0.0030 |
I I I I

Taiyo 4000-HFX 4.3744 9.0210
e |
Huray-Bracken roughness
. --- Conductors ---
models; | Name | Rel Res | SR (um) | RF |
Roughness from MSL SE: e |
SR=0.11. RF=12 | ©.50z_copper | 1.2000 | ©.1000 | 12.6114 |
7 | ©.250z_copper | 1.0000 | 0.1543 | 10.4319 |
| ©.250z_copper_msl | 1.0000 | ©.1113 | 12.0 |
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

, x10710 GMS Phase Delay [s]
0« GMS Magnidude [dB] 1011
SL_SE_L2->Meas.: GMS[1,2] 10t zt—gg—tzzmzzl gmzﬂg
2 SL_SE_L2->Model: GMS[1,2] — — : .
4+ 9.9
6 9.8 |
2, [mil]
_ 87 9.7 F e t y
o »
=10 o 96f - —
%} o
s ]
12 F 95t ! . [mil]
-40 =30 -20 -0 0 10 20 30 40
.14 - 12.an 2026, 12:03:01. Simberian Inc. 3D Wiew Mode (press <E> to Edit).
9.4
16
9.3
-18
9.2
_20 1 1 1 1 Il Il I}
0 1 2 3 4 5 6 7 9.1 L L L L T T
frq [Hz] %1010 0 1 2 3 4 5 6 7

frq [Hz] %1010
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

GMS Magnidude [dB]

0 —
MSL_SE_L1->Meas.: GMS[1,2]
MSL_SE_L1->Model: GMS[1,2]
5+
-10 +
o
k=)
%)
15+
20
-25 I I I I I I
0 1 2 3 4 5 6

DESIGNCON EZ3
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. 24-26, 2026

9.8

9.6

9.4

8.8

8.6

%1010 GMS Phase Delay [s]
MSL_SE_L1->Meas.: GMS[1,2]
MSL_SE_L1->Model: GMS[1,2]
2. [mill %
B 10 VA
5 .
&
¥ [mil]
-30 25 20 15 -10 5 o ] 10 15 20 25 el )
12.Jan 2026, 12:04:32, Simberian Inc. 3D View Mode [press <E> to Edit)
e
1 1 1 1 1 1 |
0 1 2 3 4 5 6 7
frq [Hz] %1010
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

2 F

S| [dB]

-10 -

GMS Magnidude [dB]

SL_DIFF_L2_L9->Meas.: GMS[1,3
SL_DIFF_L2_L9->Model: GMS[1,3
SL_DIFF_L2_L9->Meas.: GMS[2,4
SL_DIFF_L2_L9->Model: GMS[2,4

14 *

DESIGNCON EZ3

WHERE THE CHIP MEETS THE BOARD

6.45

6.4 |

%1010

GMS Phase Delay [s]

SL_DIFF_L2_L9->Meas.: GMS[1,3]
SL_DIFF_L2_L9->Model: GMS[1,3]
SL_DIFF_L2_L9->Meas.: GMS[2,4]
SL_DIFF_L2_L9->Model: GMS[2,4]

=it
10 ko

. [mil]

40

20 0 0 10 20 Ell
3D View Mods [press <E> to Edit)

12 Jan 2026, 12:10:20. Simberian |nc.

frq [Hz]
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

GMS Magnidude [dB]
0 %1010 GMS Phase Delay [s]

MSL_DIFF_L1_L10->Meas.: GMS[1,3]
MSL_DIFF_L1_L10->Model: GMS[1,3]

6.6

MSL_DIFF_L1_L10->Meas.: GMS[1,3]

L

it

20 2

30 Yiew Made (press <E> ta Edit)

MSL_DIFF_L1_L10->Meas.: GMS[2,4] 6.5} MSL_DIFF_L1_L10->Model: GMS[1,3]
-5 MSL_DIFF_L1_L10->Model: GMS[2,4] MSL_DIFF_L1_L10->Meas.: GMS[2,4]
sl MSL_DIFF_L1_L10->Model: GMS[2,4]
10 " [mil]
10 631
= 5 | | [ ]
) = u
-15 6.1 12.Jan 2026, 12:1:58, Sepeinie " : ! : b *
6
-20 59
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Additional possible adjustment for MSL.:

Fix Dk of solder mask to 4.1, to satisfy both SE and DIFF cases —
suitable for MSL SE the actual MSK DIFF structures show smaller
FEXT, comparing to the extracted for 4in (L1/L10)

Solution CMP-70-Matldentified - export stackup to CMP-70-
Ident.json for post-layout analysis reuse

=)-f CMP-70-Ident
B Materials: T=20[°C],...

"0.250z_copper", RR=1, HurayBracken: SR1=0.154265 [um)], RF1=10.4319;

: "0.250z_copper_msl", RR=1, HurayBracken: SR1=0.111354 [um], RF1=12;
s "0.50z_copper”, RR=1.2, HurayBracken: SR1=0.0998698 [um], RF1=12.6884;
“Taiyo_4000-HFX", Dk=4.37443, LT=0.021 @ 1 GHz, PLM=WD, Dk(0)=5.45, Dk(inf)=3.84
"Resin", Dk=2.97967, LT=0.003 @ 1 GHz, PLM=WD, Dk(0)=3.08, Dk{inf)=2.93
“Tachyon100G_1078_75pct", Dk=3.00508, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.07, Dk(inf)=2.97
"Tachyon100G_1x3313", Dk=3.58033, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.66, Dk(inf)=3.54
"Tachyon100G_2x3313", Dk=3.09, LT=0.0018 @ 1 GHz, PLM=WD, Dk(0)=3.16, Dk(inf)=3.06
"Tachyon100G_3x3313", Dk=3.15, LT=0.002 @ 1 GHz, PLM=WD, Dk(0)=3.22, Dk{inf)=3.11
"air"

o
>
-
-]

B
€
€
€
€
€
€

Optionally, the interior layers can be also modeled as
layers of resin and glass, to enhance anisotropy (no data
todoit)

DESIGNCON EZ3 FEB. 24-26, 2026
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-1-# StackUp: LU=[mil], NL=10, T=87.1[mil], TOP/BOT CSM=("Taiyo_4000-HFX", 1.3/2.6[mil]); Fro
1] Signak: "L1", T=2, FI="air", Cond="0.250z_copper", 1/4oz Sig (Std Plt) HTEGP

2| Medium: T=3.3, FI="Tachyon100G_1078_75pct", 1078 - 75%

3| Medium: T=0.5, FI="Resin", 1078 - 75%

4| Plane: "L2", Cond="0.50z_copper", T=0.6, Fl="Resin", 1/20z Mix VLP-2

5| Medium: T=0.5, FI="Resin", 1078 - 75%

6| Medium: T=4.5, FI="Tachyon100G_1x3313", (1-3313)

7| Plane: “L3", Cond="0.50z_copper", T=0.6, Fl="Tachyon100G_2x3313", 1/20z P/G VLP-2
8| Medium: T=10.9, FI="Tachyon100G_2x3313", 3313 - 67.5%

9| Plane: “L4", Cond="0.50z_copper", T=0.6, FI="Tachyon100G_2x3313", 1/20z P/G VLP-2
10| Medium: T=14, FI="Tachyon100G_3x3313", (3-3313)

11| Plane: “L5", Cond="0.50z_copper", T=0.6, Fl="Tachyon100G_2x3313", 1/20z P/G VLP-2
12| Medium: T=10.9, FI="Tachyon100G_2x3313", 3313 - 67.5%

13| Plane: “L6", Cond="0.50z_copper", T=0.6, FI="Tachyon100G_2x3313", 1/20z P/G VLP-2
14| Medium: T=14, FI="Tachyon100G_3x3313", (3-3313)

13| Plane: "L7", Cond="0.50z_copper”, T=0.6, FI="Tachyon100G_2x3313", 1/20z P/G VLP-2
16| Medium: T=10.9, FI="Tachyon100G_2x3313", 3313 - 67.5%

17| Plane: "L8", Cond="0.50z_copper”, T=0.6, FI="Tachyon100G_2x3313", 1/20z P/G VLP-2
. 18] Medium: T=4.5, FI="Tachyon100G_1x3313", (1-3313)

. 19| Medium: T=0.5, FI="Resin", 1078 - 75%

=m 20| Plane: "L9", Cond="0.50z_copper", T=0.6, FI="Resin", 1/20z Mix VLP-2

. 21| Medium: T=0.5, FI="Resin", 1078 - 75%

. 22| Medium: T=3.3, FI="Tachyon100G_1078_75pct", 1078 - 75%

mm 23| Signal: "L10", T=2, FI="air", Cond="0.250z_copper”, 1/40z Sig (Std Pit) HTEGP
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MATLAB script extract_iterative.m in .\CMP-70_Simbeor_Kit 2025\Identification

Deembedding with 2L+X algorithm Final solution in CMP-70-Matldentified
ASL DIFF_L2 L9DUT.LNS; B:SL_DIFF_L2 L9SegMadel TDR;

) A:5L_DIFF_L2 L9.0UT.LMS; B:SL_DIFF_LZ L3.5egkodel TDR;
DBMagnitude[S]. [4B]

Z. [Ohm]
0 | |
Acceptable TDR
a0+
" 55 -
Consistent FEXT, NEXT -
1 Perfect 1L e \
<’ TR, e,
X ] Y A A |
H b I L o 2 . o . oty _\-_..‘_}
| .
; 1 50+
i
10 20 30 40 50 B0 70 n EI.I25 075 n.l?a 1 1 _;25 1'.5
13.Jan 2026, 12:40:25, Simberian Inc. Frequency. [GHz] 13Jan 2026, 12:42:20, Simberian Inc. Time, [rz]
—% AS[0Z: A501.3]: a:5[1.4]; AZM1]; AZ[22]: 2:Z[3.3]:
— B5[.2]: B:5[1.3]: B:5[1.4]: AZ[4.4: B:Z[1.11];

DES,GNCON 2026} i l‘ FEB. 24-26, 2026 #DesignCon @ informamarkets
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MATLAB script extract _iterative.m in .\CMP-70 _

Deembedding with 2L+X algorithm

AMSL_DIFF_L1_L10.DUT.LMS; B:MSL_DIFF_L1_L10.5egMaodel. TOR:
DEMagnitudelS). [dB]

D_-
|
10 N
20+t - e e < S
[

30 AR

Consistent FEXT, NEXT]
“1d Expected deviations of |

10 20 a0 40 50 = 70
13 Jan 2026, 12:47:29, Simberian Inc. Frequency, [GHZ]
— AS[1.2]: A5[1.4]:
—_—s) B:5[1.2]: B:5[1.4];

£:51.3]:
B:5[1.3]:

DESIGNCON EZ3

FEB. 24-26, 2026

WHERE THE CHIP MEETS THE BOARD

Simbeor_Kit_2025\Identification

Final solution in CMP-70-Matldentified
A:SL_DIFF_L1_L10.DUT.LNS: B:MSL_DIFF_L1_L10.Seghodel TDR:

Z. [Ohm]
BO T T —
__Fﬂ__,,=z:§—:z=5=::jf:5=%\
BT
m._:l!
B0 T
Expected deviations of TDR
U.I25 DI.E EI.IF"E 'II 1 .I25 'II.5
13Jan 2026, 12:48:03, Simberian Inc. Time, [nz]
&8201.1]: &8F212.2]: &:203.3]:

A:Z[4.4]: B:Z[1.1]:

#DesignCon
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3. Run analysis for all 41 validation structures and compare with
measurements (no further adjustments)

DES’GNCON 2026 Ha J FEB. 24-26, 2026 #DesignCon 129 @ informamarkets
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Simbeor Commander: Import CMP-70.brd with S| Compliance Analyzer -> ERC

stackup from CMP-70-Ident.json for 112Gbps PAM4 (almost the same as before identification)
signal with 14ps rise time

Set adjustment for width/shape: Single-ended MSL -
0.8/-0.25; Differential MSL -1.1/-0.5; Stripline -0.1

Configure 10s to use Coaxial component ports
(MSL.preset and SL.preset) and connector models

S| Compliance Analyzer x

Trace Width & Shape Adjustments:

- Adjust Adjust Affected
Width Wt. mil ‘Width Wb, mil Layers
1 -800 % -250 % u
] -250 S -800 < L0

0K | Cancel

DES,GNCON 2026 i ] FEB. 24-26, 2026 #DesignCon 130 @ informamarkets
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Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(1)

A:Meas CMP-70_01 J2 uSTRIF THRU 2 IMCHES 50 OHMS LvR1.MFP;

Looks better than at the first

BJ1J2_MSL_SE_2inN1571421 Simulation(1); “MB&SEMP'B?_%;Jhi;fTSF‘E'F'Jﬂ“:ﬁi;':*;HSEiijgtE:[:‘"]? LYRT MR attempt — how good it is? RL & IL
DBMagritude(5], [dB] 2. (Db T ' are OFF at some frequencies,
o s Lower TDR impedance...
e i 575 1 P
a5 —HE-&RL 5 TDR e e a1
)D ﬁ g5 4 Phase Delay, [ns]
wzmt—F

= L f | | Phase Delay
St i SR A WU S

sl

W v 7 ,21
I L 035 1
A4 _:- A : B T B i — Y
} } | | } } } O | | ' ' | : .
1] 10 20 30 40 a0 =] 70 o 0125 05 0.375 a5 0825 o ?5 o 10 A 40 80 B0 70
14 Jan 2026, 174212, Simberian Inc. Frequency, [GHz] 14Jan 2026, 17:42:29, Simberian Inc. Time, [nz] 14Jﬂ"2“25f174245-5"“@”-3;:';[':1 . s Frequenay. [GHz]
e AS[11] sk AS[12] i AS[22]. AZIL aZ122); B2 I -
B:S0.11: B:S0.2l | 5-Par. | SPS (1@@% BW) | Rating (100% Bi) | SPS (80% BW) | Rating (30% Bi) [
| i--- | i--- | : | :--- | : |
***Qverall SPS Score (100% BW):** 89.67 — **Acceptable** | s11 | 92.41 | Good | 93.96 | Good |
512 89.84 Acceptable 91.61 Good
***QOverall SPS Score (80% BW):** 91.47 — **Good** 1 | e st | oy | oo }
| s22 | 91.67 | Good | 93.24 | Good |
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Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(1)

Looks much better than at the first

A:Meaz CMP-70.3 J4 STRIPLIME THRU 2 IMCHES 50 OHMS LvR2 MFP: AeMeas. CMP-70_J3 04 STRIPLIME THRLU 2 INCHES 50 OHMS LYR2.MFP:
B:J3)4 SL_SE_2inMN2564054. Simulation(1]; E:J?a]d_SL_SE_2in.N2584054.Simulation[1]; attempt - RL & IL are C/OSGI’,
DEMagnitude(S), [B] 2. [Ohm] TDR is OFF at Launches...
F e o #:Meas.CMP-70_J3.J4 STRIPLINE THRI 2 INCHES 50 OHMS LYR2.MFP
BrJ314_5L_SE_Zin NZ564054. Simulation(1];
N it T Phase Delay, [rs]
125 1 " ! —'é*f‘.(‘ o 525+ D I
il et : ot
¥ 1 !
25 2k A EN
i . Phase Delay
50T 1 - “1F 4
375 £ 5
037 T -7
i iR i
ad 475 }
03+
’ ‘ ’ ’ ’ ’ ‘ l l l l l l l l o s % w5 s 25
10 20 30 40 50 Bl i 0 01&F 02 035 05 0625 075 087 15.Jan 2026, 03,2204, Simberian Inc. Freauency, [GHz]
15.0an 2026, 09:19:55, Simbetian |re. Fiequency. [GHz] 15.an 2026, 09:20:17, Simberian Inc. Time, [nis] % AS[1.2]: & BS[1.2]:
—_—¥ AS5[11],——% AS[1.2]: AS[2.2] A1) BZ[2,2]; B:Z[1.1]:
— BS[1.—= B:5[1.2):
S-Par. SPS (100% BW) Rating (100% BW) Rating (80% BW)

SPS (80% BMW)

***Qverall SPS Score (100% BW):** 94.32 — **Good**

| | | I |
| = | : | = | : | :
* *x - - o | s11 | 94.32 | Good | 95.36 | Good
Overall SPS Score (80% BW):** 95.36 — **Good | s12 | 95.28 | Good | 96.12 | Good
| s21 | 95.31 | Good | 96.21 | Good
| s22 | 94.57 | Good | 95.85 | Good
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» 'Looks better'isn't an engineering standard. How do we quantify
‘better' for 40 different structures?

« The validation requires formal and automated comparison of
simulated and measured S-parameters

— It can be done either with Feature Selective Validation (FSV)
A.P. Duffy, G. Zhang, FSV: State of the Art and Current Research Fronts, IEEE Electromagnetic
Compatibility Magazine, Volume 9, #3, 2020, p. 55-62.

— Or with recently introduced S-Parameter Similarity (SPS) metric

Y. Shlepnev “Evaluation of S-Parameters Similarity with Modified Hausdorff Distance”, May 20, 2021 at
http://arxiv.org/abs/2105.10057

Y. Shlepnev, Evaluation of S-Parameters Similarity with Modified Hausdorff Distance, 2021 IEEE 30st
Conference on Electrical Performance of Electronic Packaging and Systems (EPEPS2021), October
19, 2021. — available at https://www.simberian.com/AppNotes.php

» Let’s introduce SPS metric and compare it to FSV...

DES,GNCON 2026 '\ ] FEB. 24-26, 2026 #DesignCon 133 @ informamarkets
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http://arxiv.org/abs/2105.10057
https://www.simberian.com/AppNotes.php

Graph 6

Definition: FSV is an objective validation technique designed to quantify 04 :
the comparison between two datasets (typically simulation vs.
measurement). It was developed to replace subjective visual inspections ~ Datals e i
and simple correlation methods, which often fail to capture the "goodness  pata2s 02, {;‘,‘ H 18
of fit" accurately. SR AN it ul'f"l’.f:'?u_
How It Works: The method mimics human visual perception by { ‘-;‘:'5{ WAL VY
decomposing the data into two distinct components: 0f ! l'og" S00
Amplitude Difference Measure (ADM): Compares the "envelope" £
or overall intensity/trend of the data. Frequency (arbitrary units)
*Feature Difference Measure (FDM): Compares the "features," such
as sharp peaks, notches, and rapid changes. Sy e oreement
The Output: These two measures are combined to form a Global s S S S
Difference Measure (GDM) - The resulting numerical values are mapped S S R s S
to natural language descriptors to provide a clear quality rating (e.g., < 0.1 ges et it s s A A
is "Excellent", > 1.6 is "Very Poor"). ﬁl_lﬂﬂﬁ
See more in A.P. Duffy, G. Zhang EMC’20 IEEE Std 1597.1
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3D Spiral Plots of 2 S-parameters (Real-Imaginary-Frequency or RIF)

. . Modified Housdorff 1 &
Distance in RIF space between Distance(MHD) for S-  d,; (s, sb) :—Zdﬂf (sa",sb)
<10 pointand curve d,. (sak,sb) = min ‘Sak —sb’"‘ Matrix Element i, K=

m=l1,....M
S-Parameters Similarity (SPS) Metrics:
SPS(sa, ;,sb, ) =100-max (1-d,y, (sq, ,,sb, ,),0)%

i,j2 i,j?

SPS (54, SB) = min (SPS (sq,

L2

sb; )i j =1 N )%

Frg/fnorm

SPS in Human Language (relaxed comparing
to introduced at EPEPS’21):

[99, 100]

[90,99) Good

[80,90) Acceptable

Frequency axis is scale 0.5 [70, 80)

as Frg/fnorm for the 0 [0, 70) Bad

distance measurement

Im(Sij) 05 05 Re(Sij) See more in Y.S. Shlepnev EPEPS’21

0.5
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Designed and Measured by Wild
River Technology

Modeled with Simbeor

Guide to CMP-28/32 Simbeor Kit,
CMP-28 Reuv. 4, Sept. 2014.

DESIGNCON EZ3

WHERE THE CHIP MEETS THE BOARD

Model

1 5L_SE_2inch_J6JS
2 SL_SE_8inch_J718
3 SL_SE_Beatty 250hm_J28J27
4 SL_SE_Resonator_J23J24
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_6inch
11 MS_SE_2in_J1_J2
12 MS_SE_8in_J4 I3
13 MS_SE_Beatty_250hm_J25_J26
14 MS_SE_Resonator_J21_J22
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_DE_6inch
22 MS_DF_GND_Cutout
23 MS_DF_Vias

FEB. 24-26, 2026

[80, 90) Acceptable; [90, 99) Good; [99, 100]

Measurement

cmp28_strpl_2in_S0ohm_p1J6_p2J5 s2p
cmp28_strpl_8inch_plJ7 p2J8 s2p
cmp28_strpl_Beatty_250hm_p1J28_p2]27_s2p
cmp28_strpl_resonator_plJ23_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_J39J40J35J36_s4p
cmp28_strpl_diff_6inch_J47148143)44 s4p
cmp28_mstrp_2in_plJ1_p2]2

cmp28 mstrp_8inch_plJ4 p2J3
cmp28_mstrp_Beatty_25ohm_p1J25_p2J26
cmp28_mstrp_resonator_plJ21_p2J)22

cmp28 gnd voids _pll74 p2l75
cmp28_graduate_coplanar_p1J70_p2J69
cmp28_mstrp_via_inductive_p1J15_p2J16
cmp28_mstrp_via_capacitive_p1J19 p2J20
cmp28_via_pathology pll65_p2l66
cmp28_mstrp_diff_2inch_J38J37)34J33
cmp28_mstrp_diff_6inch_J46)45)42141
cmp28_mstrp_diff_gnd_cutout_J59J60]55J56
cmp28_mstrp_diff_vias_J49J50)51)52

#DesignCon

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

136 @ informamarkets

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

FSV, 35 GHz SPS. 35 GHz
|

SPS_SE
FSV: | [ ‘ [ | ‘ 35GHz !
0.33 0.43 0.59 0.15 0.18 0.26 0.43 Fair 1 925639
[0, 0.1] Excellent [~ o4 054 076 004 005 007 0.42 |Fair 2
(01 , 02] Very Good 0.16 0.24 0.33 0.12 0.13 0.19 0.26 Good 3 917525
0.25 0.35 0.47 0.09 0.16 0.20 | 0.34 |Good 4 92.8552
(02, 04] Good 035 0.47 0.66 0.25 0.27 0.41 0.54 Fair 5 911739
O 4 O 8 Fair 0.40 0.49 0.72 0.42 0.40 0.64 0.68 Fair 6 90.8311
( Ty U ] 0.17 0.28 0.36 0.14 0.14 0.22 0.29 Good 7 93.0992
(O 8 1 6] POOI’ 0.35 0.37 0.56 0.19 0.23 0.33 | 0.44 jFair g 93.8351
D 0.39 0.44 0.65 0.11 0.19 0.23 | 0.44 |Fair 9  91.087
i 0.43 0.44 0.70 0.05 0.06 0.09 0.40 Fair 10 93.0776
(1 '6’ Inf) Very Poor 0.45 0.51 0.75 0.11 0.15 0.20 0.48 Fair ] SmrEE
0.44 0.60 0.82 0.03 0.04 0.05 | 0.44 |Fair 12 953771
0.24 0.40 0.52 0.15 0.18 0.26 | 0.39 |Good 13 933182
SPS 0.31 0.50 0.66 0.11 0.19 0.24 0.45 Fair 14 941929
0.37 0.55 0.73 0.47 0.50 0.75 0.74 Fair-Poor 15 884187
[99, 100] 0.33 0.45 0.63 0.13 0.21 0.28 | 0.45 |Fair 16 944118
[90 99) Good 0.29 0.60 0.73 0.13 0.15 0.22 0.48 Fair 17~ 93.5%6
’ 0.32 0.45 0.61 0.14 0.20 0.27 0.44 |Fair 18 93.969
0.35 0.51 0.69 0.14 0.18 0.25 0.47 Fair 19 91.9582
[80’ 90) Acceptable 050 056 083 060 055 0.1 0.87 Poor j0 933429
[70, 80) 0.46 0.59 0.83 0.63 0.78 1.13 0.98 Poor 21 239318
0.45 0.61 0.85 0.34 0.69 0.83 0.84 Poor 22 914807
[0, 70) Bad 0.43 0.65 0.86 0.34 0.42 0.61 0.73 Fair-Poor 23 916811

Inconsistencies in cases 20-22 with high losses |Sij|<0.1 — see analysis in A. Duffy, G. Zhang, Y. Shlepnev, Comparison of Interconnect
Model Validation with FSV and SPS Metrics , IBIS Virtual Summit with DesignCon 2021, San Jose, California August 19, 2021.
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A:03_5L_SE_Beatty_250hm_J28J27 s2p: B:03_emp28_strpl_Beatty_28ohm_p1J28_p2)27.52p; #:03_5SL_SE_Beatty_250hm_J28J27 52p; B:03_cmp28_strpl_Beatty_250hm_p1J28_p2l27 s2p;
M agnitude(S), [dB] Magnitude(5), [dB]
0+

SPS(35)=91.75% .l ﬁﬁ{x A AN Mftt N AR R ddha a% ¥

20 T w
93.8279  96.1705 =l * _ 1

96.1928  91.7525 ] o2t f
) : ant E S1 1 - FIE } .Y
] X model — blue [
e model -+ blue ST
o meas. — brown
" meas. -+ brown e T
- . . . ‘ . . . . ‘ ‘ t i 1 t f t : : } t t
) : y ; . y : : j ! ' i 5 10 15 B ] 0 i 4 5 50
130 20201 15 40-258 s\mheJaUn Inc. veoRoEm e E “ :.zquancy 5[DGHz] 13Jul 2021, 15,4113, Simberian Ine Fiequency, [GHz]
o X ASI———t B[] ‘ —— a2 ——+ B3I}
A:03_SL_SE_Beatty_250hm_J28)27.2p; B:03_cmp28_stipl_Beatty_25ohm_p1J28_p2)27.s2p; #:03_5SL_SE_Beatty_250hm_J28)27.52p; B:03_cmp28_stripl_Beatty_25chm_p1J28_p2127.52p;
ST T T ’ Arale(3), [deg]

Anglel3], [deg]

T T
N W |
1 pr

—

—

T

1001

i } : }
i 5 0 15 20 25 20 k] 40 50 1 2w 15 20 25 0 ki 5
130012021 15:42-42. Simbeian | Frequency. [5Hz] 13.0ul 2021, 154154, Simberian Inc Freauency, [GHz]
ul imberian Inc: .
—— AS[11] ——F B:S[1.1] AS[21] B:S[2.1]:
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FSV

0.

16 0.24

0.33 0.12

0.13 0.19

0.26 \Good

st. S[11]; SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulati

A03_5L_SE_Beatty_260hm_J 2827 «2p; B:03_cmp28_strpl_Beatty_25ohm_p1J28_p2J27 «2p;

M agnituda(S), [dB]

0+

AVAYA!

A

N Tiad

f?ﬁhzﬂ,

Ty W
20T
G307 (] + :
mode|l — blue
A0 T
meas. — prown
ID IE 'IID 1I5 2ID 2IS BID 3I5 4IEI 4I5 5ID
13Jul 2021, 15:40:28, Simberian Inc. Frequency, [GHz]
A0 +OBS[L);
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0.15

0.1

0.05

dm-f from model to meas. for S11

with fnorm=1GHz

SPS(35)=93.82%

frq, GHz
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FSV | r—Y |

IGood

0.16 0.24 0.33 0.12 0.13 0.19 ‘_ 0.26
Dist(.) g£2,1]: SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty 250hm_J28J27\Simulation(1)
A:03 5L_SE_Beatty 250hm_J2827 =2p; B:03_cmpZ8_strpl_Beatty 25chm_pl1J28 p2)27 +2p;
Magnitude(S). [dB] L
N 0.08 d,,,-f from model to meas. for S21
At "
“"”‘VMWWW 0.07 with fnorm=1GH i
10T A SPS(35)=96.19%
S21: 0.06 |- .
20+
s
model — blue ’i‘ I 0.05 1 1
A
meas. — brown ;J{ 0.04 ]
40 T ¥
[ 0.03 - -
50+
ﬁ T 0.02 - -
0T
5 10 15 20 25 0 5 40 45 50
13.0ul 2021, 15:41:13, Simberian nc. Frequency, [GHz] 0 : . . . . frq’ GHZ
A5[21]: FoBS[21): 0 5 10 15 20 25 30 35
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#20 — Diff. 2-in MSL — SPS Good/FSV Poor

Single-Ended
SPS(35) = 93.34%

93.6896 96.0340 98.5680
96.0421 93.8026 96.5445
98.5675 96.5439 93.3429
96.8520 98.4240 95.9464

96.8778
98.4246
95.9427
93.4017

A20_MS_DF_Zinch sdp: B-20_cmp28_mst_diff_Zinch_I38137134)33 s4p,
Magnitude{5), [48]

A:20_MS_DF_Zinch.s4p: B:20_cmp28_mstrp_diff_2inch_J38J37)34)33.54p

Magnitude(S). [dB]

13Jul 2021, 15:17:33, Simberian Inc.
— &S B:S[L1)
£:20 M5_DF_Zinch. sdp; B:20_cmp28_mstip_diff_Zinch_J38137)34133 s4p,
Magritude(S), [dB]

Frequency, [GHz]

13Jul 2021, 15:13:23, Simberian Inc.

on ApmE=S ~

ot | Q-

e 1 7
7 | S11 Vv

| | flll model — blue 7507 Ji }

T ]f | meas - blrowrlw - | | | i i

Frequency. [GHz]
— AS[21)——F BRI
A:20_MS_DF_Zinch.sdp; B:20_cmp28_mstrp_diff_2inch_]38J37.134133 s4p,

Magnitude(S). [dB]

P Lo || 0
T
| ﬁ R 128 e

b, | -/~ S41-FEXT "3
1 ] | ET \(
E25 » 1 1 H st
751 i st

$31 - NEXT
BE T Ki

+ + + + + + + + +
0 5 10 15 20
13 Jul 2021, 15:19:56, Simberian Inc.

— A3[31]

50

Frequency, [GHz] 13Jul 2021, 15:20:34, Simberian Inc

#DesignCon
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Frequency, [GHz]

o 8 10 15 20 25 30 id 40

—— 4541 ——— BS[41]:

141 @ informamarkets



FSV 7k | |

| 0.50 0.56 0.83 0.60 0.55 0.91 0.87 Poor

0.1 Dist. S[1.1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)

A20 MS_DF_Zinch.sdp; B:20_cmp28_metp_diff_Zinch_J38J37)34)33.24p,

Magritude(S], [dB] 016 L drlf from model to meas. for S11
R A?’ > with fnorm=1GHz

T Mm <7 | SPS(35)=94.15%

012 i

A\
AV |
Y [ s *

model — blue 0oal |

meas. — brown 0.02 |

5 10 15 20 25 30 35 40 45 0 L L L . L L
130l 2021, 15:17:33, Simberian Inc. Frequency, [GHz] 0 5 10 15 20 25 30 35
AS[L1] B[]
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ESV | r— |

- 0.50 0.56 0.83 0.60 0.55 0.91 0.87 Poor

007 Dist. S[2,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)

gt (6] A:20 MS_DF_Zinch.sdp; B:20_cmp28_mstrp_diff_2Zinch_J 38J37)34) 33 ¢4p, drlf‘ from model to mea 3- Or S 1
: 0.06 - :
" Hﬁw\g with fnorm=1GHz
= 0,
125 T "‘Qh\ 0.05 - SPS(35)—9604 Yo d
251 \ 0oal
S21: \/,( 7 w\
AFE T 1 003k ]
model + blue [V 3[
| T 0.02 f
meas. — brown
25 T
0.01 i
I5 . 1?0 1=5 2‘0 2‘5 3‘0 ?:5 4‘0 4‘5 0 [ ‘ | | ‘ i
13.Jul 2021, 15:19:23, Simberian Inc. - . Frequency, [GHz] 0 . " - " - - .

SPS is less sensitive to S-parameters with small magnitude
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Example of prompt in Simbeor Commander: Compare "CMP-70_J1 J2 uSTRIP THRU 2 INCHES 50 OHMS LYR1"
from Meas project with N1571421 from J1J2 MSL_SE 2in; need SPP metric for each matrix element
and overall - compare wtih 100% bandwidth and with 80% bandwidth

Solution Explorer - CMP-70-SE(1): "C:\Repositor...
| 118 StackUp: LU=[mil], NL=10, T=86.7[mil],
=-J& Board Analyzer: LU=[mil]: C:~\Designs) ss# s-parameter similarity (SPS) Analysis I
| ) ERC/SI Violations . .
The comparison between the measured model "CMP-7€_J1 J2 uSTRIP THRU 2 INCHES 5@ OHMS LYR1 from project

&-@% Compliance Analyses *sMeas** and the simulated model “N1571421° from project **J132_MSL_SE_2in** has been performed using the
-8 Meas SPS metric at two bandwidth settings: 1eeX and 8eX. The best port match identified is modeli Port 2 -+

-~ @ CMP-?O_“ )2 uSTRIP THRU 2 INCHES § Model2 Port 1, and Modell Port 1 -+ Model2 Port 2. SC automat[ca//y f/nd
-8 CMP-70_J3 J4 STRIPLINE THRU 2 INCHI  ___
4 &8 CMP-70_J5 J6 STRIPLINE THRU 2 INCHI best port match
7 5 ###2 Overall SPS Metrics:
- CMP _',C-J;JB uSTRIP THRU 2 INCHES 3 - **gverall SPS Score (100% BW):** B89.67 » **acceptable**
-8 CMP-70_J9 JIO STRIPLINE THRU 8 INCE . ==pverall SPS Score (88% BuW):** 91.47 + **Good**
+-#€F CMP-70_J11 )12 uSTRIP THRU & INCHE!
-8 CMP-70_J13 J14 STRIPLINE THRU 2 INC
+-4F CMP-70_)17 J1I8 STRIPLINE THRU 8 INC  #### SPS Metrics by S-Parameter Element:
¥ CMP-70_J19 J20 STRIPLINE THRU 8 INC
& i

®} Simbeor Commander X

S5-Par. SPS (1ee% BW) Rating (1eeX Bw) SPS (8eX Bw) Rating (8e% Bw)

| | 4§ CMP-70_J21J22 STRIPLINE THRU2ING | oo e oom e | e | e 2 : , , .
| (-€¥ CMP-70_J23J24 STRIPLINE BEATTY 504 | s11 | 8s.67 Acceptable 91.47 Good SOIUZI‘IO; "\%F'70—2’Tbeor—K’t—2025\
- 512 89.84 Acceptable 91.61 Good a -
o-€F CMP-7025 26 STRIPLINETHRU2ING | 522 | 39.84 e g i ec2025\CMP-70-SE(1)
5 &F CMP-70_J27 128 STRIPLINE BEATTY 504 | s22 | 91.67 Good 93.24 Good

; MSL_Launch ... . . _ _
> **Note:** Ratings are based on the modified Hausdorff distance (Y. Shlepnev, 2821). A score 29@X is
+ El J1J2_MSL_SE 2in ... rated "Good™ or better; scores below 98X are "Acceptable™ or lower.
=) {4 J3)4_SL_SE 2in ...
| €0 MAeaoole. T NI/

send Load File

| @ Main [#® Circuits [ 4l Simula._. | @ Resulte
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; CaselD SPS Score 65GHz SPS Score 52GHz ;1 CaselD SPS Score 65GHz SPS Score 52GHz ~ SPS Score 32.5GHz
o J1J2_MSL_SE_2in 89.67 (Acceptable)  91.47 (Good) o3 J48J49_MSL_SL_ViaFieldPath 87.68 (Acceptable)  90.17 (Good)
3 J3J4_SL_SE_2in 94.32 (Good) 95.36 (Good) 24 J50J51_SL_SE_WhiskerStubs 90.82 (Good) 94.78 (Good)

25
5 1718 MSL SER2in LG (S RLTH( ) 26 J54J55_MSL_SE_Cap_NoCutout  70.54 (Inconclusive) 78.81 (Inconclusive)
g [49410_SL_SE Bin Sa(Ecd) =) 57 J5859_SL_SE_RadialStub 50 8666 (Acceptable)  92.83 (Good)
J11J12_MSL_SE_8; 90.57 (Good 93.05 (Good
7 —Visk_Sk_fin (eEz) (o) ,g JB0JG1_SL_SE_RadialStub_84  B82.35 (Acceptable)  87.97 (Acceptable)
J13J14_SL_SE_60_2in 94.51 (Good 95.37 (Good
8 - - - - ¢ ) ¢ ) 29 J62J63_MSL_ViaResonator 80.78 (Acceptable) 85.09 (Acceptable)
J17J18_SL_SE_60_8in 92.44 (Good 93.56 (Good
9 e d ) ; ; 30 J64J67_MSL_SE_ViaXtalk 75.98 (Inconclusive) ~ 80.90 (Acceptable)
J19J20_SL_SE_40_8in 86.75 (Acceptable)  89.30 (Acceptable)
i 31 J69J72_MSL_Diff_2in 89.16 (Acceptable)  90.86 (Good)
1 J21J22_SL_SE_Caplaunch 93.27 (Good) 94.33 (Good)
32 J73J76_SL_Diff_2in 92.92 (Good) 94 .54 (Good)
1o 123024_SL_Beatty_50_25_50 94.34 (Good) 96.41 (Good)
33 J77JBO_MSL_Diff_6in 89.19 (Acceptable)  92.97 (Good)
43 J25J26_SL_SE_IndLaunch 93.88 (Good) 94.83 (Good)
54 |481J84_SL_Diff_6in 92.81 (Good) 93.85 (Good)
14 J27J26_SL_Beatty_50_60_50 94.34 (Good) 96.41 (Good)
) ‘ 45 J85J88_Diff_Beatty 88.21 (Acceptable)  91.49 (Good)
15 J31J32_MSL_SE_Via_Toolnductive 87.50 (Acceptable) 90.47 (Good)
_ . 36 J89J92_Diff_PlaneCutout 87.00 (Acceptable) 90.10 (Good)
16 J33J34_MSL_SE_Via_lnductive 87.08 (Acceptable) 90.33 (Good)
J97J104_Diff_ViaTrans_Coupled  82.60 (Acceptabl 85.10 (Acceptabl
17 J3536_MSL_SE_Via_Matched  87.07 (Acceptable)  90.25 (Good) 37 —Di_vialrans_touple EEEssy (e
® J37J38_MSL_SE_Via Capacitive  84.30 (Acceptable) 87.30 (Acceptable) 38 J109J112_MSL_SL_Zaxis_Xtalk 69.20 (Inconclusive) 74.90 (Inconclusive) 87.75 (Acceptable)
1o J3940_MSL_SE_Via_TooCapacitive 80.03 (Acceptable)  83.00 (Acceptable) 39 [J113J114_SL_SE_CapLaunch BT:14(Acceptahle) BN 9342 (Good)
4o J41442_MSL_SL_SE_Via 88,53 (Acceptable) 9177 (Good) 4o J115J116_SL_SE_IndLaunch 88.36 (Acceptable)  94.51 (Good)
51 J43J44_SL_SE_BalancedRes 85.11 (Acceptable) 89,66 (Acceptable) 41 J117J118_SL_SE Whiskers 84 82.79 (Acceptable)  93.90 (Good)
o J46J47_SL_SE_GradualCoplanar  87.30 (Acceptable) 89.92 (Good) 2 J119J122_MSL_SE_ViaXtalk_L2 76.86 (Inconclusive) 82.18 (Acceptable)

J5J6_SL_SE_2in

94.11 (Good)

95.44 (Good)

J52J53_MSL_SE_Cap_Cutout

78.36 (Inconclusive)

84.31 (Acceptable)

Let’'s compare a few interesting cases...
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Port Mapping (Meas Sxy— Port Mapping (Meas Sxy—

1 [ WorstStp  sps (100%)  sim Smn) q CaselD WorstSnp gps (100%)  Sim Smm)
o J1J2_MSL_SE_ 2in s21 ggg7  Meas S21— Sim $12 43 J4BJ49_MSL_SL_ViaFieldPath  S11 a76s  MeasS11 - Sim 811
3 J3J4_SL_SE 2in st 9432  Meas S11 - Sim S11 54 450J51_SL_SE_WhiskerStubs  S11 9082  MeasS11— Sim §22
4 J5J6_SL_SE 2in S22 9411  Meas S22 — Sim 822 55 J52J53_MSL_SE_Cap_Cutout  S11 g5 MeasS11— Sim S22
G/ 7-18_MSL_SE_2in Sk Gl Meas 512 — Sim 512 5 J54J55_MSL_SE_Cap_NoCutout S11 oss  Meas S11 - Sim S22
5 J9J10_SL_SE_8in s12 9334  Meas 512 — Sim $12 ! )
- o7 [/58J59_SL_SE_RadialStub_50  S11 s66g  Meas S11— Sim 522
4 J11J12_MSL_SE_8in s11 o057  Meas S11 - Sim S11 ) : )
: og J60J61_SL_SE_RadialStub_B4 S22 gp3s  Meas S22 - Sim S22
5 J13J14_SL_SE_60_2in s12 451  MeasS12 - Sim$12 .
: og J62J63_MSL_ViaResonator S11 g07g  Meas S11— Sim 11 reﬂ .
o J17J18_SL_SE_60_8in s12 9244  MeasS12 - SimS12 :
: ) 30 J64J67_MSL_SE_ViaXtalk s34 7505  Meas S34 — Sim 512
10 J19J20_SL_SE_40_8in s11 8675  MeasS11— SimS11
o " )
11 J21J22_SL_SE_Caplaunch s12 93.27 Meas S12 — Sim §12 BiJf-oo 2 st D2y <EE 89.16 EREEY—ElmEk
1p J23J24_SL_Beatty_50_25_50 522 . Meas S22 — Sim S22 32 J73J76_SL_Diff_2in S24 9292 Meas S24 — Sim S34
13 J25J26_SL_SE_IndLaunch S11 4355 Meas S11 - Sim S22 33 J77J80_MSL_Diff_6in Sa4 8919  Meas S44 — Sim S33 refl.
! S
14 J27J28_SL_Beatty_50_60_50 S22 9434  Meas S22 — Sim 522 44 J81J84_SL_Diff_6in $13 92 81 Meas S13 — Sim §12 neXt
15 131J32_MSL_SE_Via_Toolnductive $12 a75  Meas 512 Sim 821 45 J85J88_Diff_Beatty S11 gapq  MeasS11— Sim 511
16 J33J34_MSL_SE_Via_Inductive ~ S12 87.08 Meas S12 — Sim $12 36 J89J92_Diff_PlaneCutout S22 87.02 Meas 522 — Sim $33
47 J35J36_MSL_SE_Via_Matched ~ $12 g7o7  Meas §12 — Sim §12 47 J97J104_Diff_ViaTrans_Coupled ~$15 826 Meas S15 — Sim 523
1g J37J3B_MSL_SE_Via_Capacitive 512 843 Meas 512 Sim 512 35 J109J112_MSL_SL_Zaxis_Xtalk ~ S13 g0 Meassizosmsiz  next
itz SRS S5 R L CERR RS O e2s 512 — Sim 512 3 J113J114_SL_SE_Caplaunch S22 8714  Meas S22 — Sim S22
20 141442_MSL_SL_SE Via st ggs3  Meas STl - SimSh 40 J115J116_SL_SE_IndLaunch S22 gg3g  Meas S22 - Sims11
J43J44_SL_SE_BalancedRes SM1 Meas S11 — Sim S22
21 - 85.11 4q J117J118_SL_SE_Whiskers_84 ~ S11 s279  MeasS11— Sim S22

J46J47_SL_SE_GradualCoplanar S12 Meas S12 — Sim §12
22 87.3 4p J119J122_MSL_SE_Viaxtalk_L2 13 segs  MeasS13— Sims12 next
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|J62/J63  |N2405894 |[MSL Via Resonator (Resonant) |Anisotropy Test

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

;g CMP-70-5E(3) [ NS 3D:CMP-70-SE-J62)63_MSL~aResonator b Link/Net Browser

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

#### SPS Metrics by S-Parameter Element

S| T Net

S-Par SPS (100% BW Ratin 100% BW SPS (80% BW Ratin 80% BW SPS (50% BW Ratin 58% BW
| -par. | 5PS (1008 04) | Rating (100K t) | 595 (30K o) | Rating (80K M) | S (0% ) | Rating (sex ) | o
| s11 | 8e.78 | Acceptable | 85.09 | Acceptable | 92.86 | Good ! \
| s12 | 83.08 | Acceptable | 85.59 | Acceptable | 93.11 | Good
| s21 | 83.e4 | Acceptable | 85.53 | Acceptable | 93.08 | Good
| 522 | 81.58 | Acceptable | 85.24 | Acceptable | 92.88 | Good

*

**Overall SPS Score (100% BW):** 80.78 - **Acceptable**
**Overall SPS Score (80% BW):** 85.89 + **Acceptable**
**Overall SPS Score (50% BW):** 92.86 » **Good**

*

*

Note: Compare it with the results obtained with Cadence Clarity in
“Free signal integrity? How understanding anisotropic materials
and tolerances could increase performance at 112/224Gbps and
beyond”, DesignCon 2025

17 Jan 2026, 03:08 23, Simbeian Inc. 3D Vievr Mode [press <E> to Edit)
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|J62/J63  |N2405894 |[MSL Via Resonator (Resonant) |Anisotropy Test

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

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

&:Meas. CMP-70_JE2 J63 MICROS TRIP ANISOTROPIC RESOMATOR.MFF; o CHP-70 JE2 J63 MICROSTRIP ANISOTROPIC FESONATOR HEP ~2% shift in resonance,
B:JE2163 MSL_ViaR ezonator M 2405394, Simulation1]; Bas. L= . ¥ .
DBMagritude(s), [dB] B-JB2JE3_MSL_ViaRiesonator N2405534. Simulation(1]; No Anisotr opy
- Z. [Ohm]

TDR

E0T

EI L i ] g &:Meas CMP-F0_I62 J63 MICROSTRIP ANISOTROPIC RESONATOR.MFP:
1 2l b :-‘| | s £.:‘ ﬁ_ E % B.JB2JE3_MSL_YiaResonator 2405834, Simulation[1];
1 ig R L m Phase Delay. [ns]
* A:Meas.CMP-70_J62 J63 MICROSTRIP ANISOTROPIC RESONATOR, MFP: a0+ TN g
BLIB2I63_MSL_VisResonalor N2405894 Simulatior(1); 7

DBMagnitudelS). [dB] D
e 7 .|| Phase Delay

Y
AR AVAS SIS
o ﬂ-?\\ j: b T2t 401 oars | V ?;f’!ﬂ Tt L

124 13 131 132 133 134 138 h

17 Jan 2026, 03:11:39, Simberian |ne. Frequency. [GHz] 0
—F WS &S[1.2), ——k &S[22];
——0 BS[1.1]. —— BS[12]
0T . . : : : : o T
.IIEI 2I|:| S:D A{D 5":' BIEI l-I;D t f t f f f f a 10 20 30 40 A0 E0 70
0125 025 0.375 0.5 0.625 075 0.875 17 Jan 2026, 09:10:37. Simberian Inc. Frequency, [GHz]
17 Jan 2026, 09:09:42, Simberian Ihe. Frequency, [GHz] 17 jan 2026, 09:10:04, Simberian Inc. Tirme, [n3] — AS[1.2, —9 B3
¥ &:501.11: % AS[1,2], —% A5, —& B:S[.1): &Z[1.1]: A7[2.2]: B:Z[1.1];

— B:5[1.2]:
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[477/478  |DP2+ IMSL 100 Ohm DIFF, 6 inches, L10 |ldentification  |"CMP-70_J77J78J79J80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.s4p"
|J79/080  |DP2- IMSL 100 Ohm DIFF, 6 inches, L10 [ |same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-DIFF(1)

‘CMP-T70-DIFF-J77)80_MSL_Diff_6in | JT7J80_MSL_Diff_6in_IL_FEXT_NEXT J81Je44 » X |Link/Net Browser

Identified Port Mapping (Meas -> Sim.)**[2 » 1, 4 =+ 3, 1+ 4, 3 » 2]**

T Net
#8384 Overall SPS Score DP2+
* **Overall SPS Score (100% BW):** 89.19 » **Acceptable**
* **gyerall SPS Score (80% BW):** 92.97 » **Good** Dp2-

##it# SPS Metrics per S-Parameter Element

| S-Par. | SPS (1@@% BW) | Rating (100% BW) | SPS (8eX BW) | Rating (8@% BW) |
(P e mamm fetesiaaisalty Irpeopamam—— e |
| s11 | 9@.24 | Good | 93.12 | Good |
| s12 | 94.55 | Good | 95.20 | Good \
| s13 | 92.46 | Good | 93.42 | Good |
| s14 | 97.82 | Good | 97.45 | Good \
| s21 | 94.52 | Good | 95.15 | Good \
| s22 | 9e.40 | Good | 92.97 | Good |
| s23 | 97.82 | Good | 97.46 | Good \
| s24 | 95.40 | Good | 95.88 | Good \
| 31 | 92.48 | Good | 93.39 | Good |
| s32 | 97.85 | Good | 97.49 | Good \
| 533 | 89.96 | Acceptable | 94.23 | Good |
| s34 | 94.12 | Good | 95.62 | Good |
| s41 | 96.99 | Good | 97.41 | Good \
| s42 | 95.38 | Good | 95.90@ | Good |
| s43 | 94.07 | Goed | 95.59 | Good |
| s44 | 89.19 | Acceptable | 93.72 | Good |
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[J77178  |DP2+ |[MSL 100 Ohm DIFF, 6 inches, L10

|Identification

|"CMP-70_J77J78J79J80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES s4p"

|J79/J80  |DP2- IMSL 100 Ohm DIFF, 6 inches, L10

same

Solution .. \CMP-70_Simbeor_Kit_2025\D602025\CMP-70-DIFF( 1)

£:Meas CMP-70_J 77780 73080_uS TRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.MFP:
B:J77J80_MSL_Diff_Gin.DP2. Simulation(1];

DBMagnitude(S), [dB]

, FEXT, NEXT

40T —

B0+

. . . . . . Rl

0 10 20 30 40 A0 B0 70

17 Jan 2026, 09:58:49, Simberian Inc. Frequency, [GHz]
—% AS5[1.2]: A51.3]: A5[1.4];——% A5[34]:

B:S[1.2] —& B:S5[.3): B:5[1.4]:

DESIGNCON EZ3

WHERE THE CHIP MEETS THE BOARD

FEB. 24-26, 2026

A:Meas CMP-70_I77078)73180_uSTRIP_DIFFERENTIAL_THRU_LYR_10_E_INCHES MFP;
B.J77180_MSL_Diff_Bin.DP2 Simulation(1];

RL ¢

DBMagnitude(S), [dB]
D 4+

t t t
1] 10 20 30 40 50 £0 70

17 Jan 2026, 09:59:14, Simberian |nc. Frequency, [GHz]
* Aa50.1]: ¥ Aa5[2.2]: A5[3.3]: A:5[4.4]:
—a B:S[11];

#DesignCon

A:Meas CMP-70_)77I78)73)80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.MFP:
B 77180_MSL_Diff_Bin.DPZ. Simulation(1):

2. [Okm]

T

85 v
i
‘ N
e
50 - |
BT
1} 05 1 15 2
17 Jan 2026, 035543, Simberian Inc. Time, [rs]
HZI11: HZR2: AZBAL AZI4AL:
BZ11]: BZ2a:
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[477/478  |DP2+ IMSL 100 Ohm DIFF, 6 inches, L10 |ldentification  |"CMP-70_J77J78J79J80_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.s4p"
|J79/J80  |DP2- IMSL 100 Ohm DIFF, 6 inches, L10 |same

Solution .. \CMP-70_Simbeor_Kit_2025\D602025\CMP-70-DIFF( 1)

A:teas CMP-70_J77)78) 7380_uSTRIP_DIFFERENTIAL_THRU_LYR_10_E_INCHES.MFF;

A:teas CMP-F0_J77)78173)30 uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES.MFP;
B:J77180_MSL_Diff_Ein DP2. Simulation(1);

B.J77I0_MSL_Diff_Bin.DP2. Simulation(1);
DBMagnitude(S). [dB]

Z. [Ohm]
of
I l I\/l M \) 15T s CMP-70_J77)78)73180_uSTRIP_DIFFERENTIAL_THRU_LYR_10_6_INCHES
: L } M B:J77I80_MSL_Diff_Gin.DP2 Simulation(1];
o4 \’K i /_-P*\,-W —— Phase Delay, [rs]
A s o - p
% 100 1wl !
i 11z
204 ¥
TDR (MM) qn
1
754 t
© PD(MM) .
1]
K\ 41178
+ 504 e
40
Rl
4118
5, — ek
| G g @:t —= )
. 4
: : : : | | : : - . ; : : : : : :
] 10 20 an 40 50 &0 70 f f f f f i 125 5 W75 50 625 75
17 Jan 2026, 10:00:58, Simberian Inc. Frequency. [GH2] b1 18 z 28 17 Jan 2026, 10:02:03, Simberian Inc. Frequency. [GHz]
——# &Smm(D1,02]; ——% A:5mm(C1,02]; B:Smm(01.02]; 17 Jan 2026, 10:01:35, Simberian Inc. Time, [s] A:5mm(D1.02) #— — —; &SmmlC1.C2] k—— —:
S BSmm[C1.C2): AZmm[D1.01] AZmm{D202]; AZmm[C1.C1]; B:Smm[D1.02] s BSmm[C1.C2] O = —:

AZmm[C2,C2]; B:Zrm[D1.01]; B:Zmm[C1.C1];
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J81/J82 DP4+ SL 100 Ohm DIFF, 6 inches, 2 |Identification "CMP-70_J81J82J83J84 STRIPLINE_DIFFERENTIAL_THRU LYR2 6 INCHES.s4p"
J83/J84 DP4- SL 100 Ohm DIFF, 6 inches, L2 same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-DIFF(1)

Identified Port Mapping (Meas -> Sim.)**[1 + 1, 3 + 2, 2 » 3, 4 » 4]** NS 3D:CMP-70-DIFF-)81)84_SL_Diff_6in |-'2w_l.EA,SL,D‘ff;mJLfE-T,NE<,T 4 b X | Link/Net Browser

#8448 Overall SPS Score

* **Overall SPS Score (100% BW):** 92.81 » **Good** ST Net

* **Qverall SPS Score (80% BW):** 93.85 » **Good** DP4+
a DP4-

#84#8% SPS Metrics per S-Parameter Element

| S-Par. | SPS (1@@% BW) | Rating (1@eX BW) | SPS (8@% BW) | Rating (8e% BW)

s b e e e e |
| s11 | 94.68 | Good | 95.97 | Good |
| s12 | 98.62 | Good | 98.88 | Good |
| s13 | 92.81 | Good | 93.85 | Good |
| s14 | 97.92 | Good | 98.31 | Good |
| s21 | 98.63 | Good | 98.89 | Good |
| s22 | 94.61 | Good | 95.75 | Good |
| s23 | 97.94 | Good | 98.32 | Good |
| s24 | 93.00 | Good | 94.02 | Good |
| s31 | 92.85 | Good | 93.88 | Good |
| s32 | 97.93 | Good | 98.32 | Good |
| s33 | 95.3@ | Good | 96.35 | Good |
| s34 | 98.52 | Good | 98.79 | Good |
| s41 | 97.93 | Good | 98.32 | Good |
| s42 | 93.e3 | Good | 94.e4 | Good |
| s43 | 98.53 | Good | 98.8@ | Good |
| saa | 94.79 | Good | 95.66 | Good |

Note: Compare it with the results obtained with Cadence Clarity in “Free
signal integrity? How understanding anisotropic materials and tolerances

Clear Selectinn (Fa
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J81/J82 DP4+ SL 100 Ohm DIFF, 6 inches, 2

|Identification "CMP-70_J81J82J83J84 STRIPLINE_DIFFERENTIAL_THRU LYR2 6 INCHES.s4p"

J83/J84 DP4- SL 100 Ohm DIFF, 6 inches, L2

same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-DIFF(1)

Y:Meas CWMP-70_J81J82183)84_STRIPLIME_DIFFERENTIAL_THRU_LYRZ_E_INCHES MFF
B:J81J84_SL_Diff_Gin.DP4.Simulation(1);
DEMagnitude(5). [dB]

u—@\s

10+

R

20T

0+

A0 +10

Al T

B0+

10 20 an B0 70
17 Jan 2026, 10008:35, Simberian |ne. Frequency, [GHz]
—¥ AS[1.2]: A:501.3]: AS[1.4] ——k A5[34]:
B:5[1.2], —= B:5[1.3]; B:S[1.4];

DESIGNCON EZ3

WHERE THE CHIP MEETS THE BOARD

FEB. 24-26, 20

W eas CMP-70_J81J82/82)84_STRIPLIME_DIFFEREMTIAL_THRU_LYRZ_E_IMCHES. MFF
B:J81J84_5SL_Diff_Ein DP4.Simulation(1);
DBEMagnitude(5), [dB]

I || uMeas CMP70_JE182183I84_STRIPLINE_DIFFERENTIAL_THRU_LYRZ_6_INCHE S.MFF
- aﬁ“" B:J81184_5L_Diff_Gin DP4. Simulation(1):
£ 2, [0hm]
60 1
575 T+
5 T ,—»—H“l_____.yw- *‘v
4"" ~Se
525 T (’ g
' D
50 i
754 Wl
45 T 1 1 1 L 1
: : 0 05 1 15 2 25 3
17 Jan 2026, 10:09:18, Simberian Inc. Time. [ns]
10 ) D ) 0 40 5 B0 7 &2[11]: AZ[22): £33 AZ144]:
17 Jan 2028, 10:02:55, Simberian Inc. Frequency. [GHz] BZ[1.1]; BZI22);
—_—k A1) =% AS5[22]: A5[3.3]: A:5[4.4];

— B[
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J81/J82 DP4+ SL 100 Ohm DIFF, 6 inches, 2 |Identification "CMP-70_J81J82J83J84 STRIPLINE_DIFFERENTIAL_THRU LYR2 6 INCHES.s4p"
J83/J84 DP4- SL 100 Ohm DIFF, 6 inches, L2 same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-DIFF(1)

4Meas CMP-70_081J82183)34_STRIPLINE_DIFFERENTIAL_THRU_LYRZ_E_INCHES.MFF
BrJB1J34_SL_Diff_fin DP4 Simulation(1]: “Meas CMP-70_181J82)83)84_STRIFLINE_DIFFERENTIAL_THRU_LYRZ_E_INCHES.MFF

B:J81J84_SL_Diff_Bir. DP4.Sirmulation(1];

DEMagnitude(S], [dE]

Z. [Ohm]
D =+
I L ( M IVl ) CMP-70_JB1J8203084_STRIPLINE_DIFFERENTIAL_THRU_LYRZ_6_INCHI
54 4 B:J81J84_SL_Diff_6in.DP4.Simulation(1 ]
100 X = Phaze Delay, [ng]
=T a
115
A0 i
1
11,2378
<1 TDR (MM) b
15T \ 7 %
| PDMM) -
201 1 T
20 . 1.2125
S 112
25T e — —0
Sy =B~
xﬁ - ~ T ok R
a0 , , , , , X , \ } . . . . } |
i f f ' ’ f I I f ' ¥ ' ' : ' ; : 0 125 25 35 50 B25 75
0 10 W M 40 S0 B0 70 &0 g BB 170en 2025 101055, sinberin e Frequency, [GH:
17 Jan 2028, 10:10:07, Simberian Inc. Frequency, [GHz] 17 7an 2026, LDZ1 D.?,[;sm:;nan Inc. J— iz [C';"; ]hs A:Smm[D1.D2] k= = = : ASmmIC1C2] Fm = =
———  ASmm(D1.D2);——# A:Smm(C1.C2): B:Smm{D1.02]; e omms emme L B:3mm(D1.02] : BSmmC1.C2] O— — —;

EZmm[C2 2] ————  BZmmD1D1]; ————  E:Zmm(C1.C1]:
— B:Smm[C1.C2): mm(C2.C2] | ] mm(C1.C1]
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J109/J110 ]N2727243 MSL-SL SE Z-axis crosstalk Link1 Crosstalk "CMP-70_J109J110J111J112_uSTRIP_STRIPLINE_Z-AXIS_CROSSTALK.s4p"
J111/4J112  |N2727483 |[MSL-SL SE Z-axis crosstalk Link2 same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(4)

[ NS 3D:CMP-70-SE-1109J112_M-xis_Xtall: |

Link/Net Browser X

##4## Port Mapping for Maximum Similarity

The best match of ports that produces maximal similarity is:
* Measured Model Port 1 » Simulated Model Port 1

* Measured Model Port 2 + Simulated Model Port 3

* Measured Model Port 3 -+ Simulated Model Port 2 LA
* Measured Model Port 4 + Simulated Model Port 4

=2 [ Net
- N2727243
B | - N2727as3

#1444 SPS Metrics per S-Parameter Element

| S-Par. | SPS (1@@% BW) | Rating (100% BW) | SPS (8@% BW) | Rating (8% BW) |

e | e | i-e | e |

| s11 | 76.38 | Inconclusive | 81.92 | Acceptable |

| s12 | 98.81 | Good | 99.10 | Excellent |

| s13 | 69.20 | Bad | 74.90 | Inconclusive |

| s14 | 98.86 | Good | 99.12 | Excellent | -
| 521 | 98.8@ | Good | 99.89 | Excellent | |
| 522 | 84.10 | Acceptable | 92.73 | Good |

| 523 | 98.77 | Good | 99.82 | Excellent |

| s24 | 91.42 | Good | 94.10 | Good \

| 531 | 69.26 | Bad | 74.95 | Inconclusive |

| s32 | 98.78 | Good | 99.82 | Excellent |

| s33 | 76.31 | Inconclusive | 81.8@ | Acceptable |

| s34 | 98.82 | Good | 99.06 | Excellent |

| s41 | 98.85 | Good | 99.12 | Excellent |

| s42 | 91.53 | Good | 94.17 | Good |

| 543 | 98.82 | Good | 99.86 | Excellent |

| s44 | 84.17 | Acceptable | 92.40 | Good

16 Jan 2026, 17:36:49, Simberian Inc. 30 View Made (press <E> to Edit]
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Solution .\CMP-70_Simbeor_Kit _2025\Dec2025\CMP-70-SE(4)

May be even acceptable?

AMeas. CMP-70_1 091100111011 2_uSTRIP_STRIPLINE_Z-4415_CROSSTALK. MFP;
B:1080112_MS5L_SL_ZFauis_xtalkB N2727243 N 27274583 Simulation(1];
DB Magnitude(5). [dB]

_3: Larger NEXT in f\o AU
| Measurements \\ , f’ 118

.

10 20 30 40 50 [51] 70
16.Jan 2026, 15:12:24. Simberian Inc. Frequency, [GHz]
AS[1.3]—= B:S[1.2):
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J109/J110 |N2727243 |MSL-SL SE Z-axis crosstalk Link1 Crosstalk "CMP-70_J109J110J111J112_uSTRIP_STRIPLINE_Z-AXIS_CROSSTALK.s4p"
J111/4J112  |N2727483 |[MSL-SL SE Z-axis crosstalk Link2 same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(4)

Acbeas CMP-70_J10301100 11111 2_uSTRIP_STRIPLIME _Z-4%1S_CROSSTALE.MFF;
B:J10311712_MSL_SL_Fanis_<talk8 MN2727243 N27 27483 Simulation(1];
LBt agnitude(S]. [dE]

A:Meas CMP-70_0103110U11 111 2_uSTRIP_STRIPLIME_Z-&15_CROSSTALK.MFP;
BLJT080112_MSL_SL_Zanis_talkBM2727243 N2727483 Simulation(1);

0 8\% I\)'I Z. [Ohm]
oy IL - MSL > Q
S, | TDR-MSL
1D T 85 =+
201 M I\ B0+
30 T ? 55 4
40T J 50 |
L.w-""“__—- )
0 10 20 0 a0 =0 &0 70 0 025 05 075 1 125 15
16 Jan 20265, 151841 Simberian Inc. Frequency, [GHz] 16 Jan 2026, 15:25:12, Simberian Inc. Time, [ns]
2S[1.2] STIEL A&Z[1.1]: 4Z2.2]: BZ1.1]:
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J109/J110 |N2727243 |MSL-SL SE Z-axis crosstalk Link1

Crosstalk

"CMP-70_J109J110J111J112_uSTRIP_STRIPLINE_Z-AXIS_CROSSTALK.s4p"

J111/J112  |N2727483  |MSL-SL SE Z-axis crosstalk Link2

same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(4)

A:Meas CMP-F0_J1090110J111J112_uSTRIFP_STRIPLINE_Z-&%15_CROSSTALK.MFP;
B:J109112_MSL_SL_Zawis_talkB M2727243,M 2727483 Simulation(1];
DBMagnitude(5). [dB]

D_.

IL -

SL

’ﬁ'a.,_*\

H

20+ B

25T 1

0 10 20 30 40 50 ED 70 80
16 Jan 2026, 15:19.57, Simberian [nc.

—k AS5[34]: B:S[2.4]:

DESIGNCON EZ3

FEB. 24-26, 2026

WHERE THE CHIP MEETS THE BOARD

Frequency, [GHz]

A:Meas.CMP-70_1031T01110112_uSTRIP_STRIPLINE _Z-8+15_CROSSTALK. MFF;

B 10112 _MEL_SL Zanis wbalkBMN2727243 M 2727483 Simulation(1];
Z. [Ohm]

5

TDR -

SL

60 1

55 1

,.——————ﬁ—-'—/‘['\_'_“'_

a0 e
No cross effect on
45+
measurements
ID D.I25 DTE D.I?E ‘I 1.I25 1?5
16 Jan 2026, 15:24:36, Simberian Inc. Time, [ns]
A7[33]:; £7[8.4]: B:Z[2.2]:
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[J119/J120 [N2978364 |MSL SE Via Crosstalk - Link1 [Crosstalk "CMP-70_J119J120J121J122_uSTRIP_SE_VIA_CROSSTALK_ANTENNA_CAP-IND.s4f
[J121/J122 |N2978724 |MSL SE Via Crosstalk - Link2 | |[same

Solution .\CMP-70_Simbeor_Kit_2025\Dec2025\CMP-70-SE(4)

70-SE(4) [EE NS 3D:CMP-70-SE-J119J122_M-~iaXtalk_L2

4 P X | Link/Net Browser X

#t## Port Mapping for Maximum Similarity

The best match of ports that produces maximal similarity is:
* Measured Model Port 1 + Simulated Model Port 1

* Measured Model Port 2 » Simulated Model Port 3

* Measured Model Port 3 + Simulated Model Port 2

* Measured Model Port 4 » Simulated Model Port 4

S[T Net
N2972364
= N2078724

MBY (4): Mode
#i## SPS Metrics per S-Parameter Element

| s-Par. | SPS (10@% BW) | Rating (188% BW) | SPS (88% BW) | Rating (8@% BW) |
| toee | 2e-- | zee- | tee- [ ze-- | MPTE)
| s11 | 88.45 | Acceptable | 91.34 | Good |
| s12 | 98.97 | Good | 99.24 | Excellent

| s13 | 76.86 | Inconclusive | 82.18 | Acceptable

| 514 | 98.98 | Good | 99.24 | Excellent

| s21 | 98.97 | Good | 99.24 | Excellent |
| 522 | 84.83 | Acceptable | 88.48 | Acceptable | 1S
| s23 | 98.98 | Good | 99.24 | Excellent |

| s24 | 8@.19 | Inconclusive | 84.54 | Acceptable

| s31 | 76.95 | Inconclusivel | 82.25 | Acceptable

| 532 | 98.99 | Good | 99.24 | Excellent

| s33 | 88.98 | Acceptable | 91.26 | Good |
| s34 | 99.00 | Excellent | 99.24 | Excellent

| s41 | 98.97 | Good | 99.24 | Excellent

| sa2 | 8e.31 | Inconclusive | 84.61 | Acceptable

| s43 | 98.99 | Good | 99.24 | Excellent

| s44 | 87.12 | Acceptable | 9e.86 | Good |

16 Jan 2026, 17:01:03, Simbeian Inc 3D View Mode (press E> toExil]
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[J119/J120 [N2978364 |MSL SE Via Crosstalk - Link1 [Crosstalk
[J121/J122 |N2978724 |MSL SE Via Crosstalk - Link2

"CMP-70_J119J120J121J122_uSTRIP_SE_VIA_CROSSTALK_ANTENNA_CAP-IND.s4f
|[same
Solution .\CMP-70_Simbeor_Kit 2025\Dec2025\CMP-70-SE(4)

A:Meas CMP-70_J1191 2001 210122_uSTRIP_SE_WIA_CROSSTALK_ANTEMMA_CAP-IND.MFF;
B:J1180122_MSL_SE_Viaxtalk_L2.N2975364 N2978724. Simulation(1];
DEb agnitude(S), [dE]

u __é_~‘)i|ﬁ—-; "
v N ,
Larger NEXT in Y
_25 -+
Measurements \g\w
504 et
CMP-70_J11301 2001 21122_uSTRIP_SE_VIA_CROSSTALK_ANTEMMA_CAP-N
B:113122 MSL_SE_Vid<talk L2 M2378364 N2978724 Simulation(1);

Z.[Ohm]

-100 1

o 025 05 075 1
17 Jan 2026, 08:52:52, Simberian Inc.

10
1 ‘25 17 Jan 2026, 08:48:51, Simberian Inc.
Time, [n]
AZ[1] AZ[22):

— —k AaS[1.2):
DESIGNCON

B:5[34]
FEB. 24-26, 2026
WHERE THE CHIP MEETS THE BOARD

Frequency. [GHz]
&501.3——% 4524, — BS[1.2]—5 BS[1.3)
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» Stripline structures in this kit are significantly more predictable and correlate
better with simulation than Microstrip structures

* Users modeling Microstrips should expect slightly lower correlation scores
(typically 3-5 points lower for simple lines, and up to 10-20 points lower for
complex structures) compared to Striplines

Feature Catego Structure Type |[Typical SPS (100% BW) |[Typical Rating

TR el Stripline ~93 - 94% Good
_Microstrip ~89 - 90% Acceptable / Good
S AL I Stripline ~93% Good
P vicrostrip ~80 - 87% Acceptable
Complex / Xtalk [l ~90 - 94% Good
_Microstrip ~69 - 76% Inconclusive
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The Hurdles and Possible
Solutions

Unpredictability in Traces -> Probabilistic Models

Unpredictability of Vias ->The Waveguiding Approach
Unvalidated EDA Tools (just a reminder) ..
I\l

Wit}
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« Short and long segments of striplines with length difference
1.5 inch were placed on coupons (for extraction of GMS-
parameters or Gamma)

 Megtron 7 and smooth HVLP copper were used, to meet 56
Gbps channel performance requirements

« Two adaptors from the snap-on MMPX connectors to 1.85f
and to 2.92m are used for each structure

« Three batches of the same board were manufactured with
some modifications of the launches
— 5 boards were manufactured in the first batch (Rev1)
— 20 boards in the second batch (Rev2)
— 30 in the third batch (Rev3)

L10_Long

A. Manukovsky, Y. Shlepnev, Measurement-assisted extraction of PCB interconnect model L10_Short

parameters with fabrication variations, EPEPS 2019.
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Strip Thickness Strip Width

121
09 -
07 119
oe 118
; 8mil Zj 117
03 116
.. Revi Rev2 Rev3 . Rev1 Rev2 Rev3
.C 114
0 10 0 30 40 50 50 0 10 20 30 40 50 60
. . Width:
Over 30% variation in the cross-section! Thickness: Mean=11.85
It should prod bstantial eff Mean=0.677 5 Stdev=0.1
It should produce substantial effect on Stdev=0.05 | ev=0.
impedance and losses, if we assume -
that the trace thickness and width are £ Y
changing along each segment |

WHERE THE CHIP MEETS THE BOARD
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Distance From Strip to Top Plane Distance From Strip to Bottom Plane

_Rev1l Rev2 Rev3 " Revl Rev2 Rev3
Insignificant variations in the D. top: Visan=10.28
laminate thickness — should not | Mean=8.85 [ 1 Stdev=0.13

affect the impedance Stdev=0.09

significantly, but still contribute
Should not have effect on losses

P

H
o

WHERE THE CHIP MEETS THE BOARD
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ITop'Ref-plane thicknessIiiiy 0.658  0.751 0.889
8.546  8.845 9.037

10.146 10.349 10.592
11.74 11.905 12.019
0.614 0.677 0.864
0.61 0.665 0.709

Strip thickness:
Mean=0.677
Stdev=0.049

0.069
0.097
0.112
0.074
0.049
0.028

Additional cross-sectioning
along strip (surprise — no
explanations from manufacturer)

Thickness Along:
Mean=0.665
Stdev=0.028

DESIGNCON
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Measurements

* Network Analyser with 67 GHz bandwidth
« Mechanical Standard Calibration Kit
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Excellent quality metrics (IEEE P370) Rev3 looks like the best for the identification

Magnitude

File name Quality Passivity Reciprocity ~Causalty —— T
C:\Repository\Simbeor\Support\Inte\Oct2_2018_DesignCon2019\Measure... I Hp L d B

aBCDCLUC_Shm_HansZo 99 95.9 996 - nsertt 0 n OSS’

GECDCZ_LIC_ShUr‘:_RastZp 98.9 95.9 996 e REV 1

& BC003_L10_Shot_Rev2s2p 94 | 9595 | 995

& BC0D4_L10_Short_Rev2s2p 989 999 996 —REV 2

P BC005_L10_Short_Rev2s2p 989 999 995

&P BC006_L10_Short_Rev2s2p 988 999 995 REV 3

P BC007_L10_Short_Rev2s2p 984 999 995

() BC008_L10_Short_Rev2s2p 99 | 999 996

aECDCELUCfShofLRavE s2p 985 999 996

aECD1D7L1C?Shoft7ReV2‘SQD 989 999 995

aECNLLﬂfShorLRestQ‘p 989 999 995

n@ BC012_L10_Short_Rev2s2p 991 999 996 ‘ ‘ ‘ ‘ ‘

a BC013_L10_Short_Rev2s2p 98.7 99.9 99.5 - o 10 20 30 i 40 50 80

P BCO14_L10_Short_Rev2s2p 936 999 95

P BCO15_L10_Short_Rev2s2p 983 999 98.6

P BCO16_L10_Short_Rev2s2p 989 999 %95

'ﬁ BC017_L10_Short_Rev2s2p 99 999 995

\:ﬁ BC018_L10_Short_Rev2s2p %91 999 994

aECDHﬁULShorLRevE‘s?p 59 999 994

aECEZDﬁLILShorLREVQ s2p 986 999 993

(@ BC021_L10_Shart_RevsZp %91 999 98.6

(& BCo22_110_Shot_Rev3s2p 991 999 | 992

(& BC023_L10_Shot_Revas2p 992 999 99

(& BC024_L10_Short_Revas2p 99 999 98.9 - :

(@i 10 Shon Ren3sy NS NN - - Trace impedance variations within 2 Ohm .

aBCDEE_UC_Shm_HevE s2p 98.9 99.9 98.9 - v ‘ | ‘ ‘ ‘ ‘ ‘ ‘

< > %2 03 04 05 0% o7 08 0% 1 1
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A:Project{1)Rey1_001_L10_Long_Rewl MFP; B:Project(1).Rew1_001_L10_Shart_Revl.MFP: C:Praject(1].Revl_002_L10_Long_Rev1.MFP; D:Project(1).Rev1_002_L10_Short_Rew1.MFP:
Z, [Ohm)

55

5285

Over 5 Ohm impedance variations in —

ConneCtor to IaunCh tranSItlon areas UTNov2018,11”:;5WT,S\mheHanD\S\c. o o o o i o s k 1':ime,[ns]
AZ[1.0]: AZ[2.2): B:ZNL B.Z[2.2]: CZna CZl22) DL DZ2.2]

About 1 Ohm impedance offset observed
between short and long due to the orthogonal
orientation of segments (FWE)

Fiber along short line (bunched)

Fiber along long line (spread)
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. _ T 0 exp(-T-L) T1, T2 - scattering T-matrices of
MT = (7271 [ exp(-T-L) 0 GMS:( p j : scattering T-matrices o
GM = igenvals( ) ( 0 exp(I"-L) > exp(-T-L) 0 short and long segments

Frequency, GHz

BC021_L10_GMS_Rev3
BC022_L10_GMS_Rev3
BC023_L10_GMS_Rev3
BC024_L10_GMS_Rev3
BC025_L10_GMS_Rev3
BC026_L10_GMS_Rev3
BC027_L10_GMS_Rev3
BC028_L10_GMS_Rev3

BC029_L10_GMS_Rev3
BC030_L10_GMS_Rev3
BCO31_L10_GMS_Rev3
BC032_L10_GMS_Rev3
BC033_L10_GMS_Rev3
BC034_L10_GMS_Rev3
BC035_L10_GMS_Rev3

BC036_L10_GMS_Rev3

S
T *\ "
Differences: Y7y N
0.12 dB @ 14 GHz ; ; R
0.2dB @ 28 GHz A \l Y

About 3 ps difference (2 ps per inch)

BCO037_L10_GMS_Rev3

BC038_L10_GMS_Rev3

BC039_L10_GMS_Rev3

BCO040_L10_GMS_Rev3

BC041_L10_GMS_Rev3

BC042_L10_GMS_Rev3

BC043_L10_GMS_Rev3

BC029 L10_GMS_Rev3 — too I
much difference in the structures I

BCO044_L10_GMS_Rev3

BCO045_L10_GMS_Rev3

BCO046_L10_GMS_Rev3

BC047_L10_GMS_Rev3

BC048_L10_GMS_Rev3

BCO049_L10_GMS_Rev3

BCO050_L10_GMS_Rev3

Frequency, GHz
Extracted from 30 pairs up to 40 GHz — too noisy above

Periodic spikes are due to geometry difference in connectors/launches Extracted with Simbeor SDK
Can run identification up to 35 GHz and extrapolate by material models

WHERE THE CHIP MEETS THE BOARD
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* Fix all cross-section parameters to batch mean values;
* Identify Dk @ 1 GHz first by matching GMS phase delay from 2 to 40 GHz;

* Identify relative resistivity (RR) with loss tangent LT @ 1 GHz simultaneously by
matching GMS attenuation from 0.01 to 2 GHz;

* Identify roughness model parameters SR and RF by matching GMS attenuation from 2
to 25-35 GHz;

» Correct Dk @ 1 GHz by matching GMS phase delay from 2 to 40 GHz;

-~ Min  Average Max  Std.Dev.
1.36 1.8 0.2

0.146 0.23 0.023

8.8 9.9 0.8

3.187 3.22 0.016

0.0011 0.002 2.7e-4 Automated with Simbeor SDK

A. Manukovsky, Y. Shlepnev, Measurement-assisted extraction of PCB interconnect model
parameters with fabrication variations, EPEPS 2019.
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LT and RR are adjusted simultaneously, Dk, SR and RF are adjusted About 1 Ohm variation in

e R b e o 4
1 5| »w:wnunsm LHE, 10_GIWE R Tiine_1in .| ms b2 Tine_Tosir 00T mu lIn_TEsn. ™~ ~
QEACONS LI QWS _Fiey 3TN TRain LHS : R:BCO0E_LI0 QWS R THn&_1nsin. -BCOCT_LI0_GWS_ m)mnkmsml 'BCO0E_LI0_C L LI0_OMS _f w)mnkvpan mlﬂlnk“ﬁn LHS: TBC083_L10_GWS_Rewa TN, 1psin Lt L c
Magritude(S), [4B] 8a N
p *
! Rev3, 28
[ ev3, cases
029 *
M
i
Red curves — Measured GMS . T e, e
.
+
ue curves — Modele .
L 0 478 +- £
oss variations at N R
a) M +
lower frequencies are P .
. *
Arrar in andurad ~
al'y rmarrrca ICyu

0235

02328

02278

Fraquency. [GHz]

asmin TNz Cammm Lz SmEn TNz Nz FamEn Nz aEmn MLz HEmIn LU Nz

IEmin i REa T Amin1ou iz UEmpR i 1 TR F3min Gamin iU Thna 1l Pamin a1 nau

Fadmin U Nz T SEmln U L1 Tamlh WU T R2UTE LAt U1 s T AmIh WA T AU pE iy WA WU T BT
L 10U i T AN U R T P R UL i,

AR WU nzU Ty FAmi U T 1Y Tamln WU R UTE AAminUT] U 1Y Bidmiin WU T, RUTY cAmIn ULz T} DAl LK 1] n2UTY —--i

Eminiti i nau

This model is acceptable, but still too complicated for practical use
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Relative Resistivity — RR=1.5, Roughness — SR=0.15 um, RF is adjusted
Wideband Debye model for dielectric — LT=0.001 @ 1 GHz, Dk is adjusted
Huray-Bracken model for roughness

- - : tl * RF: ‘ ‘ ‘ All conductor losses and some
; outliers : ‘ impedance variations are included in

*I mean=8.13 this parameter
10 7¥ r r — i~
+ * . . * N + . Sl Std ev_0'7() i £:BCO21_L10_GM5_Rev3(1].TlineCS.5F5,; B:BCO21_L10_GMS_Rev3(2) TlneCS.5F5;

g The T LA L A AR - Magnituch

5 g e ey ) aanitude(Zo). [Ohm]

MO N . + H
6 L . [ i
. «.t_|Zo| for the limit cases

2 T
] 485
] 10 20 7 P 10 \k__

30 40 50 60 Ys 3 s 8259 ¢
Y 24.47
48

3.24 20 .

s . ~1 Ohm
) Dk: mean=3.188 S N A

A — L._ X
3.21 + L4 * * i d Stdev_001 5 2532

52 TeweY M v d M 208 1 0 10 ) ) 0 50
319 + 4 +— 4 + 08 Mov 2018, 07:35:27, Simberian Inc. Frequency, [GHz]
318 —* + 44 ¢ FYAP YO SN - +4 44 + H —F AMode[1]; —< B:Mode[1];
317 + +* 4+ 44— + “
316 10 1
=Dk @ 1 GHz + All phase delay variations and some
s1s + impedance variations are included in
313 i

) " ; . - - - | | this parameter

DESIGNCONEEE 7} | #DesignCon
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LT=0.001 @ 1 GHz, RR=1.5, SR=0.15 um, Dk, and RF are adjusted

The model quality at R , 8 cases Red curves — Measured GMS
lower frequencies can Blue curves — Modeled GMS
be further improved by
taking into account the Loss variations at lower
actual strip geometry | frequencies are not \J !
VarlatIOnS - ¢ plurlq wel A ++ 41 4 5 " } 5 02375
Attenuation, 1.0 Inch |
| "] =
o B Phase Delay, 1.5 inch i

= — = iy == === - Es o=

25 = = = ===

e sttt T S BT

275

25
06 Now 2018, 15:4252, Simber
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« This is important step toward building statistical models for the design of
predictable interconnects for 448 Gbps signals

« Trace geometry and roughness causes most of the loss variations in this
extremely low loss dielectric case

» Relatively small variations in identified dielectric constant and loss tangent

* In the simplest model, variations in interconnect impedance, losses and

dispersion can be reduced to just two model variables with acceptable
accuracy

More in A. Manukovsky, Y. Shlepnev, Effect of PCB Fabrication Variations on Interconnect Loss, Delay,
Impedance & Identified Material Models for 56-Gbps Interconnect Designs, DesignCon 2019

A. Manukovsky, Y. Shlepnev, Measurement-assisted extraction of PCB interconnect model parameters with
fabrication variations, EPEPS 2019.

WHERE THE CHIP MEETS THE BOARD
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Fiber Weave Effect — Another Obstacle

+ Both fabric fiber and resin are composite materials with different dielectric constant (DK)
* For each trace effective Dk is deferent (relative position to glass bundles)

*  How to formalize laminate selection process for parallel (DDR) as well as for serial PCB (PCle)
interconnects?

Typical
Dielectric

Material
Property

Glass Weave 44 -6.1
Resin 3-3.5

Trace #2
Delay

Trace #1
Delay
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L - period Single-ended Differential

2 periods of b sy

bundles along t-
line

Glass “hills” W 2 _\
“_ Offset | | Offset

Resin “valleys” 0

4 V2
A ¢ : L - period

Yy

' »
|

Details in A. Manukovsky, Y. Shlepnev, S. Mordooch, Impact Evaluation of Fiber-Weave Effect Induced Delay
Uncertainty in DDR Data Links on DDR5 & Towards DDR6, February 2nd, DesignCon 2023

U}
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. 2mx B 4 dx B 2
t(x)=At|sin T+a ,xe[-L/4,+L/4] » P(t)—z-a— =, 1 €[0,+A1]
t
At [1—-| —
At
166 Delay vs Offset 0.3 Delay Deviation Distribution
3D 1035 MSL 3D 1035 MSL
164 1 ap10sOMSL| P % [Z3D 1080 MSL
3D 1078 MSL| 4 025 F M 13D 1078 MSL | |
162 - 3D 3313 MSL [ 13D 3313 MSL
160 - 021} i
< £ " 5 \
o - _
< 158 =
a © 0151 — T
T 156 S
[} o
D =
154 0.1F i 1
152 |
0.05 |- o .
150 |- ]
anill
148 . 1]
-15 0 1 2 3 4 5
Delay Deviation, ps/inch
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4 dx 2

- At 1—(tj
At

Skew Distribution

=, t e[0,+A]

N~—"
I
~I
x|
I

27rx
t(x)=Atlsin| X2 v |, xe[-L/4,+L/4 P(t
(x) s1n( 7 aj xel ] »

Skew vs Offset

‘ k 0.14 T T T T T T T
gl 3D 1035 MSL 13D 1035 MSL
3D 1080 MSL . 13D 1080 MSL
3D 1078 MSL| [/ 0.12 1 [ 3D 1078 MSL | T
6 3D 3313 MSL 13D 3313 MSL
4t 0.1F = .
e
o 2r
£ 2008 | i
& of 8 '
: £
G.) —_ -
2 N 0.06 a
»n 2 &
4r 0.04 | .
6k
0.02 i
-10 0
-15 -10 0 1 2 3 4 5 6 7 8 9

Skew, ps/inch
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Delay Deviatipn Exceedance (DDE): 3D 1035 MSL - 1 Delay Deviation Exceedance (DDE): 3D 1080 MSL

Blue bars: directly from s we 1080
numerical experiment A ol B
Brown bars: delay ; o

deviation from .

numerical experiment : 1 - ; z ;

T, ps/inch T, ps/inch

~ 1 fPelay Deviation Exceedance (DDE): 3D 3313 MSL

. 1078 3313

0.74 081

Belay Deviation Exceedance (DDE): 3D 1078 MSL

and Arcsine distribution T
for CCDF

— 0.7
[ —~

y =
Aosr A o6k
a Qv
= Q
£05 Zosf
a =7
© Qo

o L [
90.4 S04f
o T

o
w
T

o
N}
T

©

o

T, ps/inch T, ps/inch
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Blue bars: directly from
numerical experiment

Brown bars: delay
deviation from
numerical experiment
and Arcsine distribution
for CCDF

DESIGNCON
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04

Probability(Skew>T)
o
&

0.3

Probability(Skew>T)
)
o

11

1 1 Skew Exceedance: 3D 1035 MSL 11

0.68 0.69

0.80.89

1035 7

Probability(Skew>T)
5}
(53

0.23 0.23

T, ps/inch

0.830.84

Skew Exceedance: 3D 1078 MSL 1ol

2 0 1 2

1078

Probability(Skew>T)
o
&

#DesignCon

Skew Exceedance: 3D 1080 MSL

1080

3 4 5 6
T, ps/inch

Skew Exceedance: 3D 3313 MSL
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Delay vs Offset: 3D 1035 MSL
154.5

Delay Deviation: DD(x)=At sin(z%+aj ,xe[-L/4,+L/4] el
e L=14
Probability Density P(1)= 2 £ [0, +A7] Lo \ |
: 3 =
Function (PDF): 7 As 1_(;] sl 2A1=2.6
At *  Computed
162 - Interp.

Cumulative Distribution ) , | | ‘ | | |
Function (CDF) F(t) ZP(TS Z) :;arCSin(E)a t€[05+At] 151'5-15 -10 5 o 0t ) 5 10 15

Delay Deviation: 3D 1035 MSL

At =13 ps/in
Corr?pl.lmentary CDF (Delay S(t)=P(T2¢):1—£arcsin(Lj, re[0.+A]
Deviation Exceedance): z At 4015
Require just one parameter — 1035 o
maximal delay deviation!

L 1 . . . .
0 0.2 0.4 0.6 0.8 1 1.2
Delay, ps/inch

DES,GNCON 2026 i ] FEB. 24-26, 2026 #DesignCon 182 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




G. Brist, B. Horine and G. Long, "Woven glass Delay Deviation Exceedance for 2116

reinforcement patterns”, Printed Circuit Design & 0 (¢
Manufacture, pp. 28-33, Nov. 2004. S(t) =P(T>t)= 1—;arcs1n(zj, t €[0,+Af]
A. 2116 Effective Er at 90° Rotation L
(Microstrip with Soldermask) 09
— Board-B4B — Board-B.5T L=1 inch E> 03
405 _——Board-B9B — Board-BAT L INC .
 L{Jemm - JEmm) . 12 o
L5 3.85 A= 0 10
c|>_) - ED.S
5 3.65 o
R
5 3.45WWM%WA 03 -
395 _| Probability to have
1 9 17 25 33 41 49 57 01 delay deviation
20 | @above a threshold
Bus Line ID C0 03 08 08 12 15 18 21 24 27 3
0 t 3
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Delay vs Offset: ST 3313 3313 LSO

190
188 - .
) LS 2 LS=0mil
" [mil] F 1861
T |
184
5 — é
E_ 182
—a 3 180
', [mil] 8
178
35 =30 25 -20 15 10 5 0 5 10 15 20 25 30 35 40
29.Jan 2023, 125414, Simbetian Inc. 30 Vi Mode (press <E> ta Edit. 176 | At = 7 28
% %  Computed
— . I 174k Interp.
LS—8| ni y Delay Deviation Exceedance
172 } ! i | i J
181.38 Delay vs Offset: ST 3313 3313 LS8 0 % - ST 3313 3313 LSO 15 10 5 0 . 5 10 15
09 Ff 88 [ ST 3313 3313 LS4 Offset, mil
18136y ST 33133313 LS8
181.34 0.8
181.32
. 0.7 Delay vs Offset: ST 3313 3313 LS4
S 1813 = 188
2 A 06
181.28 - L
g 9" LS=4mil
218126+ + Computed [=} il I
Interp. b 0.5 F
181.24 - E 184
181.22 F g 0.4 ‘Lé
o 3
181.2 o i 182
| 0.3r g
181.18 o
-15 10 5 0 5 10 15 180
Offset, mil 02Fh
H 178 *  Computed
Possible way to 01t Af =488
Ll 176 : : .
mitigate FWE ° S T
oo

Offset, mil

T, ps/inch

DES,GNCON 2026 FEB. 24-26, 2026 #DesignCon 184 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




V(d)
Modulation Factor 0 — — d (along trace)

=1+V(d) _ _— _—
Period
X3 warp
. 333 ——>
Simbeor NUTL model Periods from Weft(Py) 50 ]
135
over 2D bump model and Warp(Px) 40
— 13.45
1 30
of FWE is used tq 3 Y3 |
evaluate uncertainty Py = sin(dy) Vv 20 s
related to angle v w,
Px=—" e | =°
cos(A4y) f P
t -20
Y. Shlepnev and C. Nwachukwu, "Modelling jitter induced by fibre -
weave effect in PCB dielectrics," 2014 IEEE International
Symposium on Electromagnetic Compatibility (EMC), 2014, pp. 803- -40
808, doi: 10.1109/ISEMC.2014.6899078 trace

-50
-50 -40 -30 -20 -10 0 10 20 30 40 50

X,mil
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3313

3313

0.35 — . , r . 0.25
0.3 r ] . .
Random position 02f
0.25 . . . i
F;]xe?t;hrectlon along oy = Random position
2 021 i ! 20150 : '
3 the-fiper |:> - Random direction
£ 015 : £ oil Std(Angle) = 1 deg. ]
01 r
0.05 - J
0.05 | _’__‘
0 ' ' ' ! 0 ' : ' ;
0 1 2 3 4 5 0 1 2 3 4 5
Delay Deviation, ps/inch Delay Deviation, ps/inch

More in A. Manukovsky, Y. Shlepnev, S. Mordooch, Impact Evaluation of Fiber-Weave Effect Induced Delay
Uncertainty in DDR Data Links on DDR5 & Towards DDR6, February 2nd, DesignCon 2023
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» Designing PCB and packaging interconnects for 56-448 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?...

Y. Shlepnev, A. Manukovsky, Waveguiding Approach to Via Design with Bandwidth over 120 GHz, EPEPS 2025.
A. Manukovsky, Y. Shlepnev, J. Nutzati, A. Kuntsevych, I. Peleg, S. Mordooch Via Design for 112 Gbps and Beyond:
Theory and Reality, DesignCon 2025
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 Goals:
— Ensure localization and single-mode bandwidth up to 1.5x - 2% the Nyquist.
— Maintain reflections below a defined threshold.
— Reduce sensitivity to manufacturing variations.
— Ensure usability across different layers.

* Process:
— Divide via into middle and end sections.

— Design middle section as substrate integrated waveguide with minimal sensitivity to antipads:
Substrate Integrated Coaxial Waveguide (SICW) and Twinax Waveguide (SITW)

— Design end sections as TEM-to-TEM waveguiding transitions as simple as possible (VVT and
VHT).

Introduced in A. Manukovsky, Y. Shlepnev, J. Nutzati, A. Kuntsevych, I. Peleg, S. Mordooch Via Design
for 112 Gbps and Beyond: Theory and Reality, DesignCon 2025
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2 2Planes-20mil Coas. 3D TF; B:2Planes-20mil Multivial2f). 3D TF; C: 2Planes-20mil. Multiial4f). 3D TF; D:2Planes-20mil Multivial6f). 3D TF
Dizzipated Power, [wit]

Pdissipated = (1 - Zklsk,llz) Py

0F T ' ' '
Dvia=gmil, Dst=domi, \Stv=4 —brown x
3D EM model for estimation of ns 1--Dap=3omil SanE
dissipated power and Dk=3, LT=0.001
comparative analysis 054 -
®) (o]
2 Planes, H=20mil 1| Nstv=2-red o : Z
- N
Excitation: 1 Wt \
031\ \
Stitching vias reduce / \
dissipated power and potential %7
coupling ,@/ \ . .
01 4 .
Simbeor 3DTF, PML __*}JK.
"]
e i . : . . . .
IEI 1ID 2IEI ?:D 4IEI 50 BIEI ?':EI E‘:D E;EI 1 IEIIJ 1 % a 1 I2IJ
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14 Oet 2024, 11:52:01, Simberian Inc.
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Stuctured Mesh: X:48,Y:41, Z:28, d¥=2, dv'=2 dZmax=11.8029

Stuctured Mesh: %48, Y:41, Z:28, dX=2, dY'=2 dZmax=11,8029 5'luctuledj-lwf>< 48,Y:41.2 Z?:wf_: dr=2 dZman=118029
Elements; 2: Maiices, S 921,384 O 28, Final: 2,00, Q: ; ¢ rp e, Elements; 75.832; i atricesGM: 921.964.0M; 28 Finak 2.0D; G; Elements. 75 832, Malices. SM: 821,384, M- 128, Finat 2,DD0 0
Analysis: Multiport ey 1 AP : o Anghisis Wulbipn:

Anghysis. Moltiport

11 FometFlow{CutPlane) 310 GHz: T=10D ps; Peb

#2 PowetFowlCulPlane)at 50 GH2; T=20 ps: Peak
Hin<0; Man37250 T 2L

#3 PowerFlow(CutPlane] at 100 GHz; T=10 ps, Peak;
=0, Maz=24730 fwiém"2); N1 W=, Max=15050 fw//m”2);
o{B] 0] : jiid ; '?f] }
1 - s o te . LEEs r
1 s i~ 22 EEermey - - =
75 kra 4 -;;.S
54 .

) I AVA AR T 27 50 L E DL R TR

’ ¢ ot tig . N = 14 0ct 2024, 12:18:06, Simberian Inc
14 Oct 2024, 12:14:36, Simbernian Inc

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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Structured Mesh: X:64, 'v:59, Z:28, dX=1, dv=1 dZmax=11.8029

Stiuctured Mesh: X:64,:59, 2:28, dx=1, d¥'=1 dZmax=11.8029
Elements: 135,072; Matrices: SM: 1,620,864, CM: 60, Final: 2, DD: 0. Elements: 135,072; Matrices: SM: 1,620,864, CM: B0, Final: 2, DD: 0,
Analysis: Multiport Analysis: Multiport

#1 PowerFlow(CutPlane) at 10 GHz; T=100 ps; Peak
Mir=0, Max=50930 [w/m"2];

#2 PowerFlow{CutPlane] at 50.GHz; T=20 ps; Peak,
Mir=0, M ax=45440 [W/m"2);
0[dB] 0[dB]
125 125
-25 25
-375 -375
50

-50

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

DP=0.15%  DP=0.46%

100 GHz

Structured Mesh: 264, Y59, Z2:28, dX=1, dv'=1 dZmax=11.8029

Elements: 135,072: Matiices: SM: 1,620,864, CM: B0, Firial: 2. DD: 0:
Analysis: Multiport

#3 PowerFlow(CutPlane] al 100 GHz: T=10 ps: Peak;
Wiri=0, M ax=52030 [W/m"2]:

0 [d8} vee

125

25

.

375

-50

+ +

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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Pdissipated = (1 - Zklsk,llz) Py

A 2Planes-20mil. Coax. 30 TF: B: 2Planes-20mil. b ultivialBF). 30 TF : C:5Planes-5mil Multiia(6. 3D TF: D:dPlanes-20mil bMulthia 6. 30 TF; 2 p I a n e S H — 2 O m I I
Dizzipated Power, [w] )

. 5iplanes, H=5mil D _ .
4 planes, H=20mil P | Dvia=8mil, Dst=40mil,
LT ' - ' Dap=35mil
el . k=3, LT=0.001
05+ — - v
00125 + — X /
oot 4 o \ ?/?_/
0.0075 1 > / :?//*f'*//i
0.005 1 f_______/ *_,_.-——'—"'_'-
ﬁ-—*’f
0.0025
Simbeor 3DTF. PML |
0 10 0 20 0 50 &0 70 a0 a0 100 110 120 ) —_—
22 Oct 2024, 12:34:08, Simberian Inc. Frequency, [GHz] L
* 45010 * BS[11]: & 51,1 —< DS

DP increases with number of layers NL (proportional to NL) and decrease with smaller separation H
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A TwoPlanes. Multyia[8F-D P30 TF; B:TwoPlanes Multhia[4-DF).3DTF; C:TwaPlanes Multivia2f-DP).3DTF;
Dizzipated Power, [wt]

2
Pdissipated = (1 - Zklsk,ll ) Py, ot NStV:Z o
| Dvia=8mil, Dw=20mil | T
: L "] Hap=35mil
Diff. Excitation 1 Wt | bk=3, LT=0.001 <8
Stitching vias reduce ek
dissipated power and "1 WSVES
possible leaks and coupling ]
Simbeor 3SDTF, PML 0t \
0.05 >(
———
o ' ' ' - t * t :Y
0 7l

10 20 a0 40 50 = 1] 80 90 100 110 120
22 0ct 2024, 12:29.59, Simberian Inc. Frequency, [GHz]
——# ASmm[D1.01]; ——2 B:Smm[D1,01]; — C:Smm[D1.01];
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10 GHz

d¥=2, dv'=2 dZmax=11.8029
CM: 56, Finat 4,0D: 0

Stiuctured Mesh: %50, Y:3
Elements: 66,584, Malices
Analysis Mulfiport .

#4 Paw DGHrT 1UDps ‘Péak:

Miree], Max

22 Oct 2024, 1357:41. Simberian Inc.

DP=0.12%

50 GHz

Structured Mesh: 350, :33, 2:28, d¥=2, dv=2 dZmax=11.8029
. Elements BE SRS Mahipes: St4: 799 | DUB M. 5B, Fma{ 4.00:0
Briafyts} Mollinod

He 2 uwulFbwallﬁﬂ]s 5ﬂGHz T-Zﬂps Peak ’

irs: kau-sﬂsuwm 21
o). =
1L
ani'
asfen

e f IS BT EEE IS PP s

22 Oct 2024, 13:58:38, Simberian Inc.

DP=2.9%

100 GHz

8, dx=2, d=2 Zmax=11.8029
799.006,.Ch: 56, Firtal42D0): 0.

Structured Mesh: .50, >33,

Analyeis, Mokipor

47 SoneFlow(CuiFlane) af 100 GHz: T=10 ps; Peak:
e, WMa=52380 [W/Am"2)
O8]
15
Ape
45
<Rt .

s anl o aplal

22 Oct 2024.13:59.27. Simberian Inc

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, .40, Z:28, dx=2, dv'=2 dZmax=11.8023
Elements: 77,952; Matrices: SM: 935,424, CM: 64, Final 4, DD: 0

Analysis: Multiport

#4 owerFlow(CutPlane) at 10 GHz: T=100,ps; Peak:
Min=0, Max=66370 [W/m"2]:
0[de]
-15
-30
45
50

50 GHz

Structured Mesh: X:50, 340, Z:28, dx=2, dY'=2 dZmax=11.8023
' Matrices: SM: 935,424, CM: B4, Final 4, DD: 0;
iport

Elements: 77
Analysiz Mul

Stuctured Mesh: X:50, 40,
Elements:77,952; Matrices; S

Analysis. Multiport

N . .
1 2owetFlow(CutPlane) 350 GHz; T=20 ps; Peak;
Mire0, Man=62770 [w/im"2); o -

W e s N
15 b - Nin s oA { }
ol syveaed ) .
30 N /

bl B

60

100 GHz

28, d=2, dY'=2 dZmax=11.8029
: 935424, CM: B4, Finak 4, DD: O:

Mire=0). Max=66960 [W/m"2]: P LTT
; 130 SN T I B
. ' 15 -
. . T T
Serrl 45 FooCls

#2 PawefFlow{CulPlane) at 100 GHz; T=10

ps: Peak:

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

DP=0.13%

Peak PFD, Simbeor 3DTF, PML BC, Dvia=8mil, Dvv=20mil,

DESIGNCON'EZ3

WHERE THE CHIP MEETS THE BOARD

22 Oct 2024, 14:20:53, Simberian Inc.

DP=0.45%

FEB. 24-26, 2026

i + : t !

22 0ct 2024, 14:22:00, Simberian Inc.

DP=0.84%

Hstv=40mil, Hap=35mil, Dk=3, LT=0.001
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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)

-l FEB. 24-26, 2026 #DesignCon 196 @informamarkets
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Localization Frequency

| Frequency
| >
Localized 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 crosstalk between vias at Y. Shlepnev, Tutorial: How Interconnects Work: Crosstalk Anatomy and
Quantification, DesignCon 2025 — Technical Presentation #2025 _01
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D

Coaxial -> Substrate Integrated

&
H = 2 Z = I o~

Py Coaxial Wavegulde.(SICW) D=d-e T o\/; Q @d

d = s - —{ Dst "
s s o < )
Single-mode limit is fi, - _) <042 Dop ~ D w -

defined by mode TE11: E 1 \5 | P2 Dapm S

2c 5w Dst=D 4+ —— o ©
o E S 0.95 x5

feutorf = (d 1 D)Vz

01 Oct 2024, 14:31:23, Simbesian Ir

Dk = 3, Dvia=8mil, Dst=40mil, s=21mil =) fo0rr =~ 964 GHz  (<AWG30)
Dk = 3, Dvia=4mil, Dst=20mil, s=7.8mil =) fouorr ~199GHz  (<AWG36) 090

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

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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A 2Planez-20rmil. Multhdia(BF). 30 ML B: 4Planesz-20rmil. Multhdia(5F). 30 KL C:5Planes-5Smil b ulkhialBF. 30 ML
CEtagnitude(S], [dB]

|:|__ 44—

SICW is immune to stackup
structure changes

Same XY-plane geometry:
Nstv=6, Dvia=8mil, Dst=40mil,
Dap=35mil, Dk=3, LT=0.001

2 planes,  |SICW Return Loss
=20mil Nstv=6, d=8mil, Dst=40miil,
Dap=385mil, Dk=3, LT=0.001

25T
A 2Planes-20mil Multivia(6f). 301 B: 4Planes-20mil Multyial 6. 30 ML ’.BFH
C:5Planes-Smil. bMulthvialBf). 30 ML ke gf
Z.[0hm] e e \ §W§
5T
TDR 50l i vd el
2 planes, 4 planes, »

5 HZOQ . F«ﬁH#GmH— 4 | / { y

50.5

75+
/ yAN e
A __/=5 planes, 4
H_

5 planes,

50 1 B planes, ‘ e i
=5mil H=20mil =omi
+ } + } + } 1 |
0.01 0.0z 0.03 0.04 0.05 0.06 f f f f } } t t } } } } }
22 0t 2024, 12:54:01, Simberian Inc. Time, [rs] 1] 10 20 30 40 a0 B0 il an a0 100 110 120
A © B L=l 22 Ot 2024, 125117, Simberian Inc. Frq, GHz

—k AS[11], —& B:S[11], — CS[11];

DES,GNCON 2026 i ] FEB. 24-26, 2026 #DesignCon 199 @ informamarkets

WHERE THE CHIP MEETS THE BOARD



A:dPlanes.ViaT oSti(E]. 3DML; B:4Flanes Multifia(Bm]. 3DML; C: 4Flanes. MuliviaT apered. 30ML; D 4FlanesWiaTo25h([1-fv]. 3DML;
DEMagnitude(S), [dE]

T SICW VHT DESIGN (RL)

_e-—'ff_-f

251 :;;sf—‘_f—-f—-:-—’-‘-—-’ I

-50 7
-75 177
P >
¥ '3 ways to push up the modal brick wall |
gL AV e —— : : ; : : : : : : : :
0 10 20 30 40 50 60 70 80 90 100 110 120
30 May 2025, 05:54:31, Simberian Inc. Frq’ GHZ

——+ A5[1,1]; —— B:S[1.1]; ———#k C:5[1.1]; ——— DiS[1L11:
FEB. 24-26, 2026 #DesignCon 200 @ informamarkets




Mode Conversion at VHT: TEM to TEM

E-fields at 50 GHz - Coax. TEM

Peak PFD at 50 GHz E-field at 50 GHz -
Stuctued es 471 2nd L UFEEEES SICW Quasi-TEM

il
ITEE]

...':iﬁ..‘m’:‘ |

: . .
25 20 i -0
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 F’FD at 110 GHz E-field at 110 GHz -

57552 Wt M 1 61828, 0¥ 5 i ) SICWQuaS| TE11

i1, 0T 107298
8524, C: S0, Fna: zbn\u-- :

TTRE111 (R

it (e = = = =P

et
250.:[2!]2! n '\JI}? Emhsranlmt

BOSOUEIE | . 10, ., BRSO 510 FERAS 2 0
"30:12024 11:01:46, thnmlnc
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Peak PFD at 50 GHz: TEM -> TEM Peak PFD at 110 GHz: TEM ->TE11

Elements-87.024: Matiiees: Si-t:044:

g 5 PP - Stuctured Mesh: X:43, 248, Z:37, dX=1.33333, dv'=1.33333 dZmax=10.7299
Analysis: Multiport 2 "“/ & mase Elements: 57.024: M 144,255, Ty o DO -
vy W Vi -
1 ] 1)
XN ]

Analysis Multiport
#1 PowerFInw[EutPl&lﬂ' at 50 GHz; T=2d
Mim=0, Max=206800 {W/m" 2]

#dPowerFlon(CutPlane) at 110 GHz; Ted! at 009047
i 23 Mih=0, Mar=224500 [Wém 2] :
s fiy 0[B] !
LI - 75 i
15 it 15 3
225 225
0 20

\ 4

4

DESIGNCON EZ3
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A: TwaPlanes. SI Twindx(8-40). 30 ML; B: TwaPlanes. S1Twinds3-38). 30 ML; C:TwaPlanes. SITwindx(3-36). 30 ML;
i agnitude[Zmm], [Jhm]

Oval pattern, Nstv=8
. . *
H=20mil, Dvv=20mil a0+ o * o //"
_ — o o @0 Hstv
Dk=3, LT=0.01 ] /
f Hstv=40mil e o e L
89T — —
) e e
. | ag | Oval pattern: Nstv=8, Dv+8mil
1 3 tE Hstv=38mil Dvv=20mil, Dk=3, LT=0.01 .
871 _-_behhﬁ'“‘*“-e-...__ = =
L, . Hstv=36mil T | o —
ol WH"‘“‘-—.__}H
T -
a5 1
0 125 25 75 50 625 75 475 00 1125
16 Oct 2024, 11:25:00, Simberian Inc. Frequency, [GHz]

——# A:Mode[1], Pattern[+]; —— B:Mode[1], Pattern[+]; ——{ C:Mode[1]. Pattern[+];
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A 4Planes-20mil bultivial 3F). 30ML; B:TwoPlanes Multiial8-40]. 30ML; C:3Planes-20mil bW uliviaBf). 30ML; D:3Panes-Smil ulivial 3. 30ML;

Same XY-plane geometry: S|, dB E:5Planss-Srmil. Multivia{Bfl 30 ML
Dvia=8mil, Dvv=20mil, Hstv=40mil, i :
Hap=35mil, Dk=3, LT=0.001 | 8 Planes, H=20mil 2 Planes, H=20mi

[d))

. 301 V4
Simbeor 3DML, ABC Fram .
7 TS /
ol /4 N
2:TwoPlanes Multia(8f-40) 3DML: B:5Planes-Smil Multivia[8) 3DML: C: 4Planes-20mil Multhvia 8 30ML: 1 ?/
D:8Planes-20mil Multivial8f). 3DML; E:8Planes-Smil. Multivia(8f). 30ML;
Z. [Ohm) ¥
ot 4/ Planes, 50 X /‘ [

C N

5 o Fl ) :
Doom H=20mil | pioore y W /\ \ f \ |
o %f\/m \( 04 ¥ 4 Plzmpe, 5P
= : anes
= ( y
SN \a [ ri=20mi N\ !\ H=8mil
ol J e - T 5 Planes, H=5mil

-

8875 1

8 Planes, , ,
onpr—2 Planes, —7r ot ol SITW| Return Loss: d=8mil, Dvv=20mil,
|| H=omil TDR Hstv=40mil, Hap=35mil, Dk=3} LT=0.001
oo 002 ote oo o5 o 0w 0 10 20 0 a0 50 &0 70 a0 a0 100 10 120
22 Dct 2024, 15:38:30, Simberian Inc. Time, [r] . .
AZmm[D1.D1]; B:ZmmlD1,D1]); — % CZmm{D1,01], ———+ DZmm(D1.01]; 22 0ct 2024, 15:21:13, Simberian Ine.
¢ Bz ——k ASmm[01.01]; —— B:Smm(01.01]; ———+ C:Smm[D1,01]; =% D:SmmD1,01]; —— E:Smm(D1.01];
Frg, GHz
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|S| d B TvoPlanes MulihvialSf-36](3)_resampled. Simulation(1]; B:TwoPlanes. Multivia(8f-36)[ 30 pt)_resampled. Simulation(1);

Nstv=8, Dvia=8mil,

e & ®
Hap=35mil. Hstv=36, Dvv=20mil /S
Dk=3, LT=0.001 IL '
Simbeor 3DML, PEC o /;&f/ I
A TwoPlanes. Multivia[8F-36](3]. 30ML; B:TwoPlanes. Multivia[8f-36)[30 pt). 30 ML; :
Z. [Ohm] 1
20— . .
ot TDR - A
( ‘High-order
yu A '
. N\ AN PN 30 1 :modes
/ V % Yo =)
/x j / TW VHT: Nstv=8, d=8mil,
o (9 an _ _
(£) \ 40 ap=35mil, Hstv=386,
— Pad-to-Pad vv=20mil, Dk=3, LT=0.001
"1 cap- L | L
; ; ; ; ; ; ; ; 50 1 H1 | | |
0.015 0.0z 0.025 0.03 0.035 0.04 0.045 005 } } } } } } } } } }
28 0ct 2024, 12:31:08, Simberian Inc. Time, [ng] 0 ‘I 25 25 3?5 50 625 ?5 8?5 ] 00 ‘| ‘| 2 5
—* A2Zmn(D2D2); ——9 BZnm(D2D2]; 25 ug 2005, 135501, Sirberian Ine. Frq GHz

——# ASmm(D1.01]; ——# ASmm[D201]; ——= B:Smm[D1.01];—— B:Smm[D2.01]
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1. The Dead End of Optimization

Direct optimization of conventional padstacks fails. They are excessively sensitive to manufacturing variations and
stackup changes.
2. The Localization Metric
We established formal conditions for Localization up to 120 GHz.
Rule: If the field leaks (non-local), the via is unpredictable.

3. The Solution: Waveguiding Approach
Designing vias as Substrate Integrated Waveguides (SIW) (Coaxial/Twinax style).
Benefit: Makes the via independent of the board stackup and robust against geometry variations.

4. The Path to 448 Gbps

This is a verified theoretical framework that solves the "Design Brickwall," with practical hardware validation
currently in progress.

More in A. Manukovsky, Y. Shlepnev, J. Nutzati, A. Kuntsevych, I. Peleg, S. Mordooch Via Design for 112 Gbps and
Beyond: Theory and Reality, DesignCon 2025
Y. Shlepnev, A. Manukovsky, Waveguiding Approach to Via Design with Bandwidth over 120 GHz, EPEPS 2025.
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1. The Foundation

Analysis-to-Measurement Correlation is non-negotiable.
Adopt the "Sink or Swim" philosophy: If it doesn't correlate, don't build it.

2. The Manufacturing Reality

cccccc

A
@!IIMMI TH !
S ————

We cannot eliminate fabrication variations.

L—

The Choice: We must either demand impossible manufacturing precision
OR embrace Statistical Models.

3. The Design Paradigm Shift

Conventional vias are unpredictable at these frequencies.

is-to-Measmrement

|+ Analys Correlation

The Waveguiding Approach (Localization) is not just an option—it is the
required rethinking of interconnect design.
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Thank you!

Speaker Name

Title, Company
Email@emailaddress.com | Website.com
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