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Introduction

O Any interconnect design process must include analysis to
measurement validation step

O 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

Y. Shlepnev, S-Parameters Similarity Metric, Simberian Inc., App note #2021_05, May 24, 2021. —
available at

O This presentation is the first attempt to compare two metrics...
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S-Parameters Similarity (SPS) Metric

3D Spiral Plots of 2 S-parameters (Real-Imaginary-Frequency or RIF)
Distance in RIF space between Modified Housdorff Distance(MHD)
<10 pointand curve d (sa",sb) = min_ ‘sa" —sbm‘ for S-Matrix Element ]

Ay (52,5D) :%kZK:dm (sa*,sb)
=1

Sb1,1 MHD for S-Matrix NxN:
dyyy (SA,SB) =max | dyy, (sa,;,5b,;), i, j=1,..,N |

Frg/fnorm

o S-Parameters Similarity (SPS) Metrics:

SPS (sa.

i,j°

sbi,j)=100-max(1—dMH (sa

i,j°

by ),0)%

"® sPS(SA.SB) = min(SPS (s,

oS0 ) =1 N %
Im(Sij) 05 -0.5 Re(Sij) Frequency axis is scaled as Frq/fnorm for the
distance measurement
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Analysis to Measurement SPS for CMP-28

Designed and Measured by

Modeled with Simbeor

, CMP-28 Rev. 4,

Sept. 2014.
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Model

1 SL_SE_2inch_J6J5
2 SL_SE_8inch_J7J8
3 SL_SE_Beatty_250hm_J28)27
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_J3
13 MS_SE_Beatty_250hm_J25_126
14 MS_SE_Resonator_J21 J22
15 MS_SE_GND_Voids_J74_J75
16 MS_SE_GraduateCoplanar_J70_J69
17 MS_SE_Via_Inductive_J15_J16
18 MS_SE_Via_Capasitive_J19 J20
19 MS_SE_Via_Pathology J65_J66
20 MS_DF_2inch
21 MS_DF_6inch
22 MS_DF_GND_Cutout
23 MS_DF_Vias

Tires: [0, 80) Bad; [80, 90)

Measurement

cmp28_strpl_2in_500hm_p1J6_p2J5_s2p
cmp28_strpl_8inch_p1J7_p2)8 s2p
cmp28_strpl_Beatty_250hm_p1J28 p2J27_s2p
cmp28_strpl_resonator_p1J23_p2J24_s2p
cmp28_strpl_via_capacitive_p1J18_p2J17_s2p
cmp28_strpl_via_backdrilled_p1]14 p2J13 s2p
cmp28_strpl_2in_Capacitive_p1J10_p2J09_s2p
cmp28_strpl_2in_Inductive_p1J12_p2J11_s2p
cmp28_strpl_diff 2inch_J39J40J35]36_s4p
cmp28_strpl_diff_6inch_J47148143)44 s4p

cmp28 mstrp_2in_plJl_p2]2

cmp28 mstrp_8inch_p1J4_p2)3
cmp28_mstrp_Beatty 250hm_p1J25 p2)26
cmp28_ mstrp_resonator_plJ21 p2J22

cmp28 _gnd_voids _pll74 p2)75
cmp28_graduate_coplanar_p1l70_p2J69
cmp28_mstrp_via_inductive_p1J15 p2J16

cmp28 mstrp_via_capacitive_p1J19 p2J20
cmp28_via_pathology_pl1l65_p2J66
cmp28_mstrp_diff_2inch_J38)37)34J33
cmp28_mstrp_diff_6inch_J46)45)42)41
cmp28_mstrp_diff_gnd_cutout_J59J60J55)56
cmp28_mstrp_diff_vias_J49)50)51J52

SPS_SE
10 GHz

97.8176
98.3164
98.5621
94.9476
97.1172
97.7805
97.8352
95.9985
96.8208
97.9111
97.6372
96.5268

SPS_SE
35 GHz

98.0708 94.
88.4187

97.6512
97.6924
96.6664
96.5088
97.2525

94.4506
95.6808

“““ 91.4807
91 6811

SPS_SE

50 GHz

84.677
80.9387
81.1544
82.7012
82.8437
82.0804
87.3275
87.8757
83.0354
85.1746
91.8845

91.645
89.9407
90.5811
83.5582
91.4621
90.0153
90.1057

88.486

90.407
90.9123
88.7113
88.4878

[90, 99) Acceptable; [99, 100] Good;
8/19/2021
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FSV vs SPS for 35 GHz Bandwidth

FSV, 35 GH SPS, 35 GHz

F SV oy 511 s21 GDM Average NO. SPs [0-100]%
. FDM GDM ADM FDM GDM (GDM_s11+GDM_S21)/2 | Qualitative 35 GHz

1 0.33 0.43 0.59 0.15 0.18 0.26 0.43 Fair ‘ 1
[O’ 0. 1] Excellent 2 0.41 0.54 0.76 0.04 0.05 0.07 0.42 Fair 2
(01 ) 02] Very Good 3 0.16 0.24 033 0.12 0.13 0.19 0.26 Good ‘ 3
4 0.25 0.35 0.47 0.09 0.16 0.20 0.34 Good 4
(02, 04] Good 5 035 0.47 0.66 0.25 027 0.41 0.54 Fair 5
(O 4.0 8] Fair 6 0.40 0.49 0.72 0.42 0.40 0.64 0.68 Fair 6
L, Ul 7 0.17 0.28 0.36 0.14 0.14 0.22 029 Geod 7
(O 8.1 6] Poor 8 035 0.37 0.56 0.19 023 033 0.44 Fair 8
D 9 0.39 0.44 0.65 0.11 0.19 0.23 0.44 Fair 9
10 0.43 0.44 0.70 0.05 0.06 0.09 0.40 Fair 10
(1 6, Inf) Very Poor 1 0.45 0.51 0.75 0.11 015 0.20 0.48 Fair 11
12 0.44 0.60 0.82 0.03 0.04 0.05 0.44 Fair 12
13 0.24 0.40 0.52 0.15 0.18 0.26 039 Good 13

SPS: 14 031 050 066 011 019 024 045 Fair 14 4.192¢

15 037 0.55 0.73 0.47 050 0.75 074 Fair-Poor ‘ 15 88.4187

[99, 100] Good 16 0.33 0.45 0.63 0.13 021 0.28 0.45 Fair 16 94.41

17 0.29 0.60 0.73 0.13 0.15 0.22 0.48 Fair 17
[90, 99) Acceptable 18 032 0.45 0.61 0.14 020 0.27 0.44 Fair 18
; 19 035 0.51 0.69 0.14 018 0.25 0.47 Fair 19
[80’ 90) Inconclusive 20 0.50 0.56 0.83 0.60 055 091 0.87 Paor ‘ 20
[O, 80) Bad 2 046 059 083 063 078 113 098 Poor 2
2 0.45 0.61 0.85 0.34 0.69 0.83 0.4 Paor 22
23 0.43 0.65 0.86 0.34 0.42 0.61 073 Fair-Poor 23

Let’s look closer at cases 1, 3, 15, 20...
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#1 - 2-in Strip — SPS Acceptable

A:01_SL_SE_2inch_JBJ5.52p: B:01_cmp28._strp|_2in_S0chm_p1JE_p2J5.52p:
(8]

#:01_5L_SE_2inch_JBJ5.52p; B:01_cmp28_stipl_2in_S0ohm_p1J6_p2J5.s2p;

SPS(35)=92.44%

-25

93.7131
98.5417

98.5223 s

625 T

92.4394 ol

lue

rown

13Jul 2021, 10:12.03, Simberian Inc.

5 10 15 20 25 30 35 40 45

Frequency, [GHz]
— ASM 1 ——t RSN 1

A01_5L_SE_2inch_J615.52p; B:01_cmp28_stipl_2in_50ohm_p1J6_p2J5.52p;

Angle(S), [dea]
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13Jul 2021, 10:22.22, Simberian Inc.

4 ; : 4 ;
5 10 15 20 25 30 35 40
Frequency, [GHz]
———x AS[1.1——+ BS[11]

de(S), [48)
0 P

K"‘ﬂ-iw
el | S21:
Al _ model r blue

meas. — brown
25T H

+ + + + + + + + t
5 10 15 20 25 30 kS 40 45
13Jul 2021, 10:12:51, Simberian Inc. Frequency, [GHz]
— as[z1)—+ es21)

AD1_SL_SE_2inch_J&J5.52p: B:01_cmp28_strpl_2in_S0chm_p1J6_p2J5.52p;
Anglel5), (deg]

+ X ¥ 3

-100 ﬂ

10 15 E 3 E ® 0 I
13.Jul 2021, 10:20:54, Simbesian Inc. Frequency, [GHz]
— A2 ——F BSRI)
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#1 - 2-in Strip - S11 — SPS Acceptable

0 2g:’ist. S[1,1]: SL_SE_2inch_J6J5\SL_SE_2inch_J6J5\Simulation(1)

S[1,1]: SL_SE_2inch_J6J5\SL_SE_2inch_J6J5\Simulation(1)
1010 drif drif from model to meas. for Sfi1
5 02r  with fnorm=1GHz
.| Sa SPS(10)=97.51%
ois|  SPS(35)=93.72%
y? SPS(50)=87.96%
g2
0.1
1. S8;; model —blue
o SBi; meas. - brown 005 |
: .
0.5 1
. . | . . frq, GHz
3 0 5 10 15 20 25 30 35
Im(Sij) -1 -1 Re(Sij)
< Simberian _
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#1 - 2-in Strip - S11 — Fair/Acceptable

GDM Average
GDM = (GDM_S11+GDM_S21)/2 | Qualitative
1 0.33 0.43 \9 0.15 0.18 0.26 0.43 Fair
0 2gbist. S[1,1]: SL_SE_2inch_J6J5\SL_SE_2inch_J6J5\Simulation(1)

A:01_SL_SE_2inch_J&J5.s2p; B:01_cmp28_stipl_2in_S00hm_p1J6_p2J5.s2p;
Magnitude(S), [dB]

of : drif from model to meas. for Sfi1
M - I :

WARY e 021 with fnorm=1GHz

257 SPS(10)=97.51%

wis|  SPS(35)=93.72%

st AL SPS(50)=87.96%
a5+ Ik 01
— blue
50T
.. — brown 0.05

625 | ‘

— — frq, GHz

0 1 1 1 1 1

5 10 15 20 25 30 35 40 45

13 Jul 2021, 10:12:03, Simberian Inc. Frequency, [GHz] 0 5 10 15 20 25 30 35

—— AS[11——F BS[LI]

S Simberian _
Electromagnetic Solutions IBIS Summit 2021 8/19/2021




#1 - 2-in Strip — S12 — SPS Acceptable

, Dist. S[2:1]: SL_SE_2inch_J6J5\SL_SE_2inch_J6J5\Simulation(1)

S[2,1]: SL_SE_2inch_J6J5\SL_SE_2inch_J6J5\Simulation(1)

0.09
10
“05 Sa, | model - blue 0.08
o S21
. SD, | meas. - brown 0.07
0.06
3
T 0.05
=
= 2y 0.04
L sty 0.03
e
‘13 > 0.02
1 001
0
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drif from model to meas. for S21

- with fnorm=1GHz
. SPS(10)=99.10%
SPS(35)=98.54%
SPS(50)=96.9%

3|o 35
frq, GHz

10 15 20 25
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#1 - 2-in Strip — S12 — Good/Acceptable

GDM Average
(GDM_S11+GDM_S21)/2

GDM Qualitative

Fair

0.33 0.43 0.59 0.15 0.18

£:01_SL_SE_2inch_J8J5.52p; B:01_cmp28_stipl_2in_50chm_p1J6_p2J5.52p; 0 PiSt- S[2,1|]; SL_SE|_2inch_J|6J5\SL_SIE_2inch_|J6J5\Sin|1ulation(1)
Magritude(S), [dB] ’
0 '-ﬂé—q___*_ 0.09 | d
‘ a% rif from model to meas. for S21
0.08 | .
1251 ‘Vg‘;[ with fnorm=1GHz
N W\[\ 007r  SPS(10)=99.10%
; S21: f oos|  SPS(35)=98.54% _
25T ¥
SPS(50)=96.9%
model — blue \3( [f 0.05 | (20) i ]
375 T
meas. — brown f 0.04 - ]
0.03 | 1
B0 T k
0.02 | .
525 T 001 | | i A \ .
5 10 15 2 » 10 % 0 M 00 5 1|0 1|5 2|o 2|5 3|o 35
13Jul 2021, 10:12:51, Simberian Inc. Frequency, [GHz] frq, GHZ

X AS[2.1] + BS[21)
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#3 — Strip Beatty — SPS Acceptable

SPS(35)=91.75%

93.8279
96.1928

96.1705
91.7525

< Simberian

Electromagnetic Solutions

A:03_SL_SE_Beatty_250hm_J28)27.52p; B:03_cmp28_stpl_Beatty_250hm_p1J28_p2)27.52p;
Magnitude(S). [dB]

| {f’i‘ﬂ AA I
i

L

Ty

lf““"wv\w_

07T T * 81
model — blue
40T
" meas. — brown
El =5 1=U 1{5 ZIU 2=5 3'0 :;5 :0 -:5 5=U

13Ju 2021, 15:40:28, Simbesian Inc.
— AS[11—— BS[11):
A:03_SL_SE_Beatty_250hm_J28J27.52p: B:03_cmp28_stipl Beatty_250hm_p1J28_p2J27.52p;
Angle(S), [deg]

Frequency, [GHz]

100 "‘

00T 4]
‘1
I LI

0 5 10 15 0 % 30 3 40 45 50
13Jul 2021, 15:42:42, Simberian Inc. Frequency, [GHz]
= AS[11)——F BS[L1}

A:03_SL_SE_Beatty_250hm_J28J27.52p; B:03_cmp28_stipl_Beatty_250hm_p1J28_p2127.52p;

Magnitude(S). [dB]

A0 T

20T

HEER 2

WW%J?\;

301

S21

40

A0 T

60T

model — blue

meas. — brown

0

13 Jul 2021, 15:41:13, Simberian Inc.

Angle(S), [deg]
3

+ + + + + + + + +
5 10 15 20 25 30 35 40 45 50
Frequency, [GHz]
—X AS[RI,— BS[21)

A03_SL_SE_Beatty_250hm_J28127.52p; B:03_cmp28_stipl_Beatty_250hm_p1J28_p2J27.52p;

100 T

TR SR F R R R E IA‘-
23 4 2%

100

1

0

13Jul 2021, 15:41:54, Simberian Inc.

IBIS

5 10 15 20 pii} 30 35 40 45 50
Frequency. [GHz]
— AS[21)——F BS[21)

Summit 2021 8/19/2021

11



#3 — Strip Beatty - S11 — Good/Acceptable

GDM Average
(GDM_S11+GDM_S21)/2

GDM GDM
0.16 0.24 \9 0.12 0.13 0.19

st. S[1 61;:SSL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulati

Qualitative
Good ‘

A8:03_SL_SE_Beatty_250hm_J28J27.52p; B:03_cmp28_strpl_Beatty_25ohm_p1J28_p2J27.s2p;

Magnitude(S), [dB)]

| A f‘i\“ﬁﬁ_“"“’ drif from model to meas. for S11
N 02t  with fnorm=1GHz ]
S AAA ﬁ]ﬁ A Ay % SPS(35)=93.82%

i

20+ . 1 0.15 B
T | :

4 X 0.1 J

1 model — blue
40T

meas. — brown
0.05 .
lr] I5 1'0 1‘5 2Il] ZIS 3|0 35 4ID 4|5 5‘0
13Jul 2021, 15:40:28, Simberian Inc. Frequency. [GHz] f rq J G H Z
AS[L1) + B:S[1.1): 0 I I I I I |
5 10 15 20 25 30 35

0
\ 5 3 See 3D spiral plots in Appendix...
< Simberian pirat p ' PP
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#3 — Strip Beatty — S21 — Very Good/Acceptable

GDM Average

 GDM (GDM_S11+GDM_S21)/2  Qualitative
I R T 0.24 0.33 0.12 013\ 019/ 0.26 Good

Dist, $[21]: SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28.27\Simulation(1)

A:03_SL_SE_Beatty_250hm_J28)27.52p: B:03_cmp28_stipl_Beatty_250hm_p1J28_p2)27.s2p;
M;g.'.mm oos| O from model to meas. for S21
TN vorl with fnorm=1GHz ]
0T MY ' SPS(35)=96.19%
20+ S21: %\ 0.06 - J
ol model — blue m; 005 -
wl meas. — brown | )( 0.04 1
ol J T 0.03 |- 1
| . 0.02 - h
) t + 1 t 1 t t + ﬂ} + 0.01 .
134ul 2221,15:415:1 3,Siml:n12?ianlnc.15 207 o8 E Frmuei?:y, [GHz] 0 | , . . . frq, (-?‘HZ
As1k F BRI 0 5 10 15 20 25 30 35

\ 5 3 See 3D spiral plots in Appendix...
S Simberian bira’ P ' PP
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#15 — Voids — SPS Inconclusive

SPS(35)=88.42%

88.4187
92.77214

92.7228
90.6327

" Simberian
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A:15_MS_SE_GND_Voids_J74_J75.52p; B:15_cmp28_gnd_voids_p1J74_p2J75.52p.

A:15_MS_SE_GND_Voids_J74_J75.52p; B:15_cmp28_gnd_voids_p1J74_p2J75.52p.

AS[1.1);
Angle|s], [deg)

+ B:S[1.1]
(1) Angle(S). [deq]

&

>

100 T4

¢
Il N
e

Magritude(S), [dB] Magnitude(S), [dB]
0T 0+
W < M"‘ V‘w
125 T f * ‘u 125+ N AKVA
25T 25 1 ¥
+ S J[ S21: \ ¢
75T 375 T
model — blue model — blue J&
T meas. — brown 0T meas, — brown
0 10 20 30 40 50 lIJ 1llJ 2IiJ ?.IU 4'0 SID
14 Jul 2021, 07:45:29, Simberian Inc. Frequency. [GHz] 14 Jul 2021, 07-46:01, Simberian Inc. Frequency, [GHz]

— AS[21)——F BS[21]

L

100 T

* ¥ i

T

11

00 T

o
t

A

it

100 1 ‘ ‘ ‘

as
i
;‘u_

I

0 10
14 Jul 2021, 07:48:09, Simberian Inc.

1( l
il

0 10 20
14.Jul 2021, 07:47:03, Simberian Inc.

30 40 50
Frequency, [GHz]

30

AS[11);

- B:S[11);

IBIS Summit 2021

A:5[2.1);

8/19/2021

+ BS[21)

i
|

50
Frequency, [GHz]
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#15 — Voids — S11 — Fair-Poor/Inconclusive

NO.

FSV

0.37 0.55 \09 0.47 0.50

A:15_MS_SE_GND_Voids_J74_J75.52p; B:15_cmp28_gnd_voids_p1J74_p2)75.52p.
Magnitude(S), [dB]

0..—

125+ T, -
5T 'J[
S: I
i model — blue
501 —{——Meas.—brown |
0 10 20 30 40 50
14 Jul 2021, 07:45:29, Simberian Inc. Frequency, [GHz]

—X AS[11]——+ B:S[11];

- Simberian
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ADM FDM GDM ADM FDM GDM

GDM Average
(GDM_S11+GDM_S21)/2

Qualitative

0.75 Fair-Poor

Dist, S[1,1]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

0351 drif from model to meas. for S11

with fnorm=1GHz
SPS(35)=88.42%

0.3

0.25

0.2

0.15

0.1

0.05

0 5 10 15 20 25 30 35

See 3D spiral plots in Appendix...
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#15 — Voids — S21 — Fair-Poor/Acceptable

FSV

A:15_MS_SE_GND_Voids_J74_J75.52p; B:15_cmp28_gnd_voids_p1J74_p2J75.52p.

Magnitude(S), [dB]

0.37

0.55

0.73

0.47

0.50 1&

GDM Average
(GDM_S11+GDM_S21)/2

GDM Qualitative

Fair-Poor

Dist0 §£2,1 ]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

drif from model to meas. for S11

0T F—3 02/ with fnorm=1GHz -
NS SPS(35)=92.72%
125+ -
0.15
Ll S21:
model — blue \“ N
375 T ’
meas. — brown br
S0 T 0.05
IIJ 1'|3 2IU 3'0 410 SIU
14 Jul 2021, 07:46:01, Simberian Inc. Frequency, [GHz) 0

—X AS[21) =t B:S[21];

- Simberian

Electromagnetic Solutions

See 3D spiral plots in Appendix...
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#20 — Diff. 2-in uStrip — SPS Acceptable

Single-Ended

A:20_MS_DF_2inch sdp; B:20_cmp28_mstip_diff_Zinch J33137034)33 sdp,
Magritude(S). [d8)

4:20_MS_DF_2inch.sdp; B:20_cmp28_mship_difi_Zinch_J38)3734)33.s4p,
18]

J 0 “'_.___,F__“)\

—

BN
>

S21

X7 N

\

SPS(35) = 93.34% | -
93.6896  96.0340  98.5680  96.8778 | !?,/F\:,?\ S|
96.0421  93.8026  96.5445  98.4246 | A\ ; '
98.5675  96.5439  93.3429  95.9427 “\{1 J 51
96.8520  98.4240  95.9464  93.4017 4l | i S11
35T
40t i o
Ft model — blue
s 6251
]l‘ F’ meas. — brown

|

R

5 10 15 20 ] ] » i
13Jul 2021, 15:17:33, Simberian Inc.
—X AS[LI——F B:S[L1):
A:20_MS_DF_2inch. sdp; B:20_cmp28_matrp_dif_2inch_J38)3734133 s4p,

45
Frequency. [GHz]

13Jul 2021, 15:19:23, Simberian Inc.

L ' L 4 ' L

5 10 15 20 ] 30 35 40 45

Frequency, [GHz]
— AS[2 1)t BS[21]

A:20_MS_DF_2inch.s4p; B:20_cmp28_mstrp_dilf_2inch_J38J37J34J33.sdp.

13Jul 2021, 151956, Simberian Inc.
— A1 ——+ B:S[EAL

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

IBIS Summit 2021

Magnitude(5). (48] ()
"
_25ﬁ||||
1251 =
o
75 — 4 [
A 41 - EEXT X\
I | =7 \1
il T | )
[ [ e
6251
I
"l 831 - NEXT
D - \
-37'5_ A?S 1 n n 1 I I I 1 I 1 1
0 5 10 15 20 25 30 25 40 45 50 0 5 10 15 20 25 30 3 40 45 50

Frequency. (GHz]
——X A1 ——+ B[]

8/19/2021
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#20 — Diff. 2-in uStrip — S11 — Poor/Acceptable

S11 521 GDM Average

FSV ' FDM GDM ~ ADM FDM GDM (GDM_S11+GDM_S21)/2  Qualitative
20 0.50 0.56 \9 0.60 0.55 0.91 0.87 Poor
015 Dist S[1,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)
A:20_MS_DF_2inch.sdp; B:20_cmp28_mstip_diff_2inch_J38J37)34J33 s4p,
Magnitude(s). 48] 016k drif from model to meas. for S11
R ﬁ' » with fnorm=1GHz
o7 Ay ' SPS(35)=94.15%
0.12 F
201

/ o1}

0.08 |-

30T J

S11:
model — blue 004l

0T

0.06 [

B0 T

meas. — brown| oo
é 1IIJ 1I5 ZIEI ZIS ?:I] ?:5 4IEI 4I5 0 I I 1 I I L
13Jul 2021, 15:17:33, Simberian Inc. Frequency, [GHz) 0 5 10 15 20 25 30 35
AS[L): + BS[1.1) frq GHz
See 3D spiral plots in Appendix...
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#20 — Diff. 2-in uStrip — S21 — Poor/Acceptable

521
FDM GDM

GDM Average
(GDM_S11+GDM_S21)/2

FSV

Qualitative

0.50 0.56 0.83 0.60 0.55'1\_(9' Poor
007 Dist- S[2:1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)
£:20_MS_DF_2inch.sdp: B:20_cmp28_mstip_diff_2inch_J38)37.34)33.54p. d if from model tO mea or S 1
Magnitude(5), [dB] 006 _ "\
"'*"‘“’NL\ with fnorm=1GHz
~— 10s|  SPS(35)=96.04%
25T < .
BT \\ 0.04
821 rd
375
¥ f 1 0.03 |
model —- blue \ v ],
l | 0.02
meas. — brown
6251 4
0.01
: _ w A o , , | frq, GHz
13Jul 2021, 15:19:23, Simberian Inc. . sl Frequency, [GHz] 0 5 10 15 20 25 30 35

SPS is less sensitive to S-parameters with small magnitude
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#20 — Diff. 2-in uStrip — S21 — SPS Acceptable

§[2,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1) 0.07

%1010

5 ~

44 model — blue
» 3 meas. — brown
g2

14

0.

Im(Sij)

Small magnitude of both S-parameters produces smaller distance

< Simberian

Electromagnetic Solutions

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

0.06 [

0.02

0.04 -

0.03 |

drif from model to meas, for S21

with fnorm=1GHz

| SPS(35)=96.04%

frq, GHz

-1 " Re(Si)

20

IBIS Summit 2021

25

30 35

8/19/2021
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Conclusion

o FSV and SPP metrics are used to compare analysis to measurements for
CMP-28 validation platform

O Similar qualitative interpretations are observed on most of the structures

o Differences in SPS and FSV interpretation are observed on S-parameters with

very small magnitudes — below 0.1

= SPS may be not acceptable for comparison of transmission parameters in links with high
insertion losses — it needs modification

= FSV captures the difference quite well — it mirrors the human perception

O SPS is much simpler and may be used for preliminary analysis of large
datasets or as complementary to FSV

< Simberian |
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#3 — Strip Beatty — S11 — SPS Acceptable

[1]]; SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulati

5t. S
S[1,1]: SL_SE_Beatty 250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulation(1)
drif from model to meas. for S11
with fnorm=1GHz -

x1010
5 02Ff
i SPS(35)=93.82%
" 0.15
T
£
del — bl
1 mode ue ' 811 .
meas. — brown% :
1 0.05

-1 h Re(Sij)

8/19/2021
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#3 — Strip Beatty — S21 — SPS Acceptable

Dist, $[2,1]: SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulation(1)
S[2,1]: SL_SE_Beatty_250hm_J28J27\SL_SE_Beatty_250hm_J28J27\Simulation(1) ' ' ' ' ' ' '

0.08 - drif from model to meas. for S21

o with fnorm=1GHz
0.07 1 SPS(35)=96.19% .
4 model — blue S 2 1
0.06 - i
a meas. — brown
T 0.05 | ]
£
0.04 - :
;
0. 0.03 - -
1
1 0.02 |- i
0. o 0.01 .
Im(Sij) 14 Re(Sij) frq, GHz
0 1 1 1 1 1 1
0 5 10 15 20 25 30 35
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#15 — Voids — S11 — SPS Inconclusive

x 1851% A]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

frq,Hz

- . 08
Im(Sij) 08 06 0.4 0.2 0 02 04 06

< Simberian

Electromagnetic Solutions

Dist, S[1,1]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

drif from model to meas. for S11

with fnorm=1GHz
03 SPS(35)=88.42%

0.35 -

0.25

0.2

0.15

0.1

0.05
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#15 — Voids — S21 — SPS Acceptable

S[2,1]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

S21

model — blue

meas. — brown

res-

< Simberian

Electromagnetic Solutions

Disto §£2,1 ]: MS_SE_GND_Voids_J74_J75\MS_SE_GND_Voids_J74_J75\Simulation(1)

drif from model to meas. for S21

with fnorm=1GHz 1
SPS(35)=92.72%

02r

0.15

0.1

0.05

IBIS Summit 2021 8/19/2021
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#20 — Diff. 2-in uStrip — S11 — SPS Acceptable

S[1,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)

Im(Sij)

< Simberian

Electromagnetic Solutions

-0.5

Re(Sij)

0.18

0.16 [

0.14 |

012 |

0.1

0.08 |-

0.06 |-

0.04 -

0.02

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

drif from model to meas. for S11

with fnorm=1GHz
SPS(35)=94.15%

frq, GHz

IBIS Summit 2021 8/19/2021
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#20 — Diff. 2-in uStrip — S31 — SPS Acceptable

Dist. S[3,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)

S[3,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1) 0.035
I
L1010 0.03 _drif_ from eI .I 1eas. for S31
5 with fnor 1GH
il model — blue 0.025 | SPS( D )=9 6%
meas. — brown 3
58 ;
T 0.02
g2
1 0.015 -
0 0.01
0.05
0.06
0.005
Im(Sij) 0.05 B Retsi) 0 | j . . . .
0 5 10 15 20 25 30 35

frq, GHz
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#20 — Diff. 2-in uStrip — S41 — SPS Acceptable

S[4,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1) 0.06 . Dist S[4,1]: MS_DF_2inch\MS_DF_2inch\Simulation(1)
%100
5. model — blue 0.05 F
4 | meas. — brown 841
0.04
N
I
£ 003}
0.02 -
ool drif from model to meas. for S41 |
o4 with fnorm=1GHz
0 . SPS(35)=96.85% . .

frq, GHz

< Simberian _
Electromagnetic Solutions IBIS Summit 2021 8/19/2021

29



