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* Introduction

e Systematic “sink or swim” validation process
 EvR-1 test board design

* Measurements and GMS-parameters extraction

* Board cross-sectioning

 Material model identification with GMS-parameters
* Validation: Expectations vs. Reality

* Conclusion

* Reality above 30 GHz
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How to make predictable interconnects?

Design success “fire triangle”

B\ NRZ 30 Gbps v
' Measured — red |

Modeled - blue

J—

Accuracy of EDA tools must be
systematically validated
(most are not)

Pristine VNA measurements
from 10 MHz to 40-50 GHz
are required - difficult

manufacturing

Material models and
manufacturing adjustments
must be identified (PCB are not
manufactured as designed)

Predictable — analysis
correlate with measurement

Geometry Adjustments +
Material Models +
Validated Software =
Predictable Interconnects

Systematic validation is
the KEY to success...

8/8/2018 4
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Systematic “sink or swim” validation process

Select materials and define PCB stackup with the manufacturer

Design test structures with the EM analysis (simple links, launches, vias,...)
Manufacture the board, mount connectors (if any)

Measure S-parameters and validate quality of the measurements
Cross-section the board and identify the manufacturing adjustments (if any)

|dentify broad-band dielectric and conductor roughness models with GMS-
parameters or SPP Light techniques

7. Simulate all structures with the identified or validated material models and
confirmed adjustments consistently and compare S-parameters and TDR with the
measurements (no further manipulations with the data)

o UuhE WwWwNE

This presentation is a brief report of lessons learned from such validation...

8/8/2018 5
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EVR-1 Validation Board

“Trust but Validate”
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Stack D T‘Hdrm D | Coverage
I  Liquid Photolmageable Mask 400
TOP A A (] A A A Cowsra 18.00 35,00 60.00
[ ! ] P: ic Meg-6 PrePreg 1035 (75% RC)  74.00 73.25 319 Spread glass weave
18.00 15.00 80.00
INNER1 Panazonic Meg-6 ( 21035 ) 100.00 100,00 337 Core with H-VLP copper
18.00 15.00 20.00
| ] Panaszonic Meg-6 PrePreg 1035 (70% RC)  60.00 54.00 33 Spread glass weave
[ 1 P: ic Meg-6 PrePreg 1035 (70% RC)  60.00 54,00 323 Spread glass weave
18.00 15.00 80.00
Panasonic Mea-6 ( 21035 ) 100.00 100.00 337 Core with H-VLP copper
INNER2 18.00 15,00 20,00
| ] Panazonic Meg-6 PrePreg 1027 (757 RC)  49.00 43.00 319 Spread glazs weave
| ] P ic Meg-6 PrePreg 1027 (75% RC)  495.00 43.00 319 Spread glass weave
18.00 15.00 80.00
Panazonic Meg-6 ( 271035 ) 100,00 100,00 337 Core with H-VLP copper
INNER3 18.00 15,00 2000
[ ] Panasonic Meg-6 PrePreg 1027 (75% RC)  45.00 43.00 319 Spread glass weave
[ ] ¢ Meg-6 PrePreg 1027 (75% RC) 49,00 43,00 319 Spread glass weave
i 13 00 15 OL'I 80.00
ShengYi $1000-2( 17106 ) 372
'IB w 15 on 80.00
1 | Panaszonic Meg-6 PrePreg 1027 (757 RC)  49.00 48,25 319 Spread glass weave
[ ] Panasonic Meg-6 PrePreg 1027 (757 RC)  49.00 4825 319 Spread glass weave
18 no 15 00 80.00
g ShengYi $1000-2( 17106 ) 372
- 13 00 15 00 80.00
[ ] P ic Meg-6 PrePreg 1027 (75% RC)  495.00 4825 313 Spread glazs weave
[ ] Panaszonic Meg-6 PrePreg 1027 (75% RC)  49.00 48,25 319 Spread glass weave
18.00 15.00 80.00
ShenaYi 51000-2 ( 17106 ) 50,00 50,00 in
18.00 15.00 80.00
I P ic Meg-6 PrePreg 1027 (75°% RC)  49.00 43,00 319 Spread glass weave
| ] Panasonic Meg-6 PrePreg 1027 (75% RC)  49.00 43,00 319 Spread glass weave
INNER4 18,00 15,00 2000
Panasonic Meg-6 ( 2°1035 ) 100,00 100,00 337 Core with H-VLP copper
18.00 15.00 80.00
[ ] P ic Meg-6 PrePreg 1027 (75% RC) 49,00 43,00 319 Spread glase weave
[ | Panazonic Meg-6 PrePreg 1027 (75% RC)  49.00 43,00 319 Spread glass weave
INNERS 18.00 15,00 20,00
Panasonic Meg-6 ( 21035 ) 100,00 100.00 337 Core with H-VLP copper
18.00 15.00 80.00
| P ic Meg-6 PrePreg 1035 (70% RC) 60.00 54.00 n Spread glass weave
I N N E R6 [ ] Panaszonic Meg-6 PrePreg 1035 (70% RC)  60.00 54.00 323 Spread glazs weave
18.00 15.00 20.00
Panazonic Meg-6 ( 2°1035) 100.00 100.00 337 Core with H-VLP copper
18.00 15.00 80.00
[ 11 ] Panasonic Meg-6 PrePreg 1035 (757 RC)  74.00 7325 319 Spread glacs weave
BOTTOM ¢ wr (8] W CopperFol 1800 3500 60.00
I Liquid Photolmageable Mack 400

HVLP copper - nothing for roughness modeling

2B} Materials: T=20[°C], ..

P2 "COPPER", RR=1
"035.56UM_CU", RR=1
% "017.78UM_CU", RR=1
H 'FR-4", Dk=3.72, LT=0.02, PLM=WD, Dk(0)=4.48, Dk(inf)=2.29

"Air"

"Solder Mask", Dk=4, LT=0.02, PLM=WD, Dk(0)=4.82, Dk(inf)=3.65
"Meg-6 TopBot', Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.1
"Meg-6 Innerl (P)", Dk=3.23, LT=0.002, PLM=WD, Dk(0)=3.3, Dk(inf}=3.2

“Meg-6 Av", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.16
=M StackUp: LU=[urm], ML=20, T=2030.12[um], C5M=("5older Mask", 40[urm])
1] Signal: "TOP", T=35.56, Ins="Air", Cond="0353.56UM_CL"

2| Medium: T=73.25, Ins="Meg-6 TopBot", DIE_D03

3| Plane: "GMND1", Cond="017.78UM_CU", T=15, Ins="Meg-& TopBot"
4] Medium: T=100, Ins="Meg-6 2x1035 ()", DIE_0D5

5| Signal: "IMMERT", T=15, Ins="Meg-& Innerl (P}", Cond="017.78UM_CU"
6| Mediurn: T=108, Ins="Meg-& Inner (P}", DIE_0OY

7| Plane: "GND2", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

8] Medium: T=100, Ins="Meg-6 2x1033 ()", DIE_0D9

9| Signal: "INMERZ2", T=15, Ins="Meg-6 Inner (F}", Cond="017.78UM_CU"
. 10] Mediurm: T=86, Ins="Meg-6 Inner2 (P}", DIE_011

- 17| Plane: "GMD3", Cond="017.78UM_CU", T=15, Ins="Meg-6& Inner2 (P}"
. 12| Medium: T=100, Ins="Meg-& 2x1035 ()", DIE_013

. 14| Medium: T=86, Ins="Meg-6 Inner3 (P}", DIE_015

-.mmm 15| Plane: "GMND4", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"
. 18] Mediurm: T=30, Ins="FR-4", DIE_017

- 17| Plane: "VCC1", Cond="017.78UM_CU", T=15, Ins="Meg-& A"
. 18] Medium: T=96.3, Ins="Meg-& Av", DIE_019

. 19| Plane: "GMND3", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"
. 20| Medium: T=30, Ins="FR-4", DIE_021

"Meg-6 2x1035 (C)", Dk=3.37, LT=0.002, PLM=WD, Dk(0)=3.44, Dk(inf)=3.34
"Meg-6 Inner2 (P)", Dk=3.1, LT=0.002, PLM=WD, Dk{0}=3.26, Dk{inf)=3.16
"Meg-6 Inner3 (P)", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk{inf)=3.16

No data on resistivity and
roughness for conductors

Wideband
= Debye with Dk
and LT @ 1 GHz

—
—_—

. 13| Signal: "INMER3", T=15, Ins="Meg-6 Inner3 (P)", Cond="017.78UN_CU"

— Half

This is the best we can do — we will see how accurate it is...

8/8/2018
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5cm and 10 cm SE Material

trips (INNER , IS
strips ( 6) identification
structures - red
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5cm and 10 cm diff.
microstrips (BOTTOM)

5 cm and 10 cm diff.
strips (INNER1)

Links with viaholes
(shown separately) Designed trace dimensions:

- _ BOTTOM: 120-250-120 [um]
F M INNER1/6: 110-250-110 [um]

- INNER2/3: 100-250-100 [um]
Beatty standard i INNER6 SE: 110 [um]
INNER6 (D2) BEATTY INNER1 and INNERG6:
110 um 2.5cm, 330 um 2.5 cm

5cmand 10 cm
diff. strips (INNER

5cm and 10 cm diff. =
strips (INNER3)

-

5 cm and 10 cm diff.

Beatty standard i
strips (INNER6) eatty standarad |

INNER1 (D1)

-

Dimensions from manufacturer:
BOTTOM: 112-258-112 [um]
INNER1/6: 107-250-107 [um]
INNER2/3: 99-245-99 [um]
INNERG6 SE: 109 [um]

BOTTOM SE: 127 [um]

SE meander in INNER6 (E1)

0201 AC coupling cap (F2)

Short-circuited pads for 0201 AC
coupling cap (F3

0402 AC coupling cap (F1)

Diff. trace length compensation structures (G1 and G2) 8/8/2018 8
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Post-layout observations

 The PCB is manufactured with the “impedance control” process — all trace width and
spacing are adjusted by the PCB manufacturer (must be accounted in the analysis)

* No information on trace shape (etching)

* No reliable information on solder mask shape/parameters
* No information on conductor roughness model

* No information on actual backdrilling

* All this makes analysis inaccurate and practically useless for the target bandwidth
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Measurements and GMS-parameters
extraction

“If measurements do not confirm the model, too
bad for the measurements”...
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Making pristine measurements from 10 MHz up to

40 GHz is very challenging

 TDNA, 2.92 mm connectors (not acceptable for material identification)
e 27 GHz VNA, 2.92 mm connectors (failure)

40 GHz VNA, 2.92 mm connectors (low frequency problem, acceptable)
* 50 GHz VNA, 2.4 mm connectors (low frequency problem, acceptable)

* A few VNA from different vendors evaluated — may be suitable for a
separate report...

8/8/2018 11
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Measurements with 50 GHz VNA

EEFEIR GOOD QUALITY, SMALL NOISE, MINOR

— asty e ey o RECIPROCITY VIOLATIONS Problems at low frequencies — wrong DC

CARepository\Simbeor\SupportiInfineratMarch31_2017_board_and_measuremen e o . . .

PN —"— oo 1o ame convergence, passivity violation (ECAL kit)

@ BOTTOM_5CM_2_£MM.s4p 931 100 A:Megb_40G_se_inner_10cm.s2p; B:Inner6_500hm_10CM_Hirose_IFBW_500HZ.s2p; C:se_innerb_long.s2p;

@C‘I_Z_dMM.sdp 552 100 Magnitude(S). [dB]

@22 amssp 993 | 100 T T

@iz amssp 992 | 100

P . -10

@c4_\.f|A_H|R05E_|FBN_5nnHz.szp 997 || 100 50 GHz VN

() c5_viA_HIROSE_IFBW_500HZ 52 997 100 /

() D1_BEATTY_250HM_INNER1 s2p 996 | 100 20

; X 40 G

() D2_BEATTY_250HM_INNERS.s2p 997 || 100

aE'I_Meander_'lDcm_Hirose_con_IFBW_EDDH... 99 100 T

@12 ammssp 993 | 100 oL

@r2_2 amssp 993 100 o} R

@razamssp 992 100 \‘ TD NA’ 2.

QG 2 aumssp 91 | 100 50 |

@G22 sumssp 975 100 more accurate!

9INNEH1_1DCM_2_4MM.341: 966 | 100 50

(@) INNER1_5CM_2_41M s4p 991 | 100

@ NNER2_10cH_2_amm.ssp 936 | 100 oo 0 ] o
INNERZ_SCM_2_4MM s4p ] 100 190ct 2017, 15:21:53, Simberian Inc. Frequency, [GHz)

#* AS[11); €] A:512.1): B:S[1.1]; < B:S[2.1); © C:S[1.1); * C:S[2.1];
NER3_10CM_2_4MM sdp 100
/'INNER3_5CM_2_4MM s4p 100 .

(@) I\NERS_10CH_2_4HMsdp 100 Problem solved with separate measurements

(& nners_10cm_SE_Am IFBW_500Hz. 995 || 100 : : : : T

g:nef{mm'sﬁ e msti S —— with mechanical calibration (for resistivity
nner_10cm_SE_Hirose_con_|FBW _TkHz.s .

(@) nners_500hm_10CM_Hrose_IFBW_500+Zs... JISSET 00N (86 identification) and cutting S-parameters

() inner6_500hm_5CM_Hirose_IFBW_500HZ 2> [NGG5M 000 (5SS . I

@ NNERS 5CH_2 st e below 70 MHz and rational fitting

8/8/2018 12
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o 200 Long, Bk, O
TDR and GMS-parameters: BOTTOM

E 2018 IEEE SYMPOSIUM ON ELECTROMAGNETIC COMPATIBILITY, SIGNAL AND POWER INTEGRITY

YOUR PORT FOR EMC+SIPI COMPLIANCE

S:MeasyMA BOTTOM_10CM_2_4MM_MFP; B:MeasvNA BOTTOM_ECH_2_4MM MFP; AcMeasyNA BOTTOM, Sem GMS:
Z. [Ohm] t agnitude(5), [dB] Phase Delay, [hs]
About 3 Ohm variati 1\ Odd mode - réed
o5l |3U”Cﬁ§nd along trace atSa~y -1 “ven mode - blue Yo
& Y e \ (
Ppa e ; 14 S 0 exp(—r-ﬁ\\
_i»q"!b' l GMS ::L‘ q /
"*0__»{ i exp(-T-L) 0 Lo,
BT e M 151
N TN
P 2_| GMS IL |av!nch 1 0,295
. I ‘* bv \A\
E2ET | | ;
ocalization frqg.
M . II ‘-flr e RRE_ q
* / _-—*‘-—-—_—_N-—*'————k——-ﬁ;uzg
ol A GMS Phase Delay ™.
Acceptable for 30 GHz T —> \ \
1 0288
bandwidth 35T \*-\ oy
475 T ~ S e _ ttﬁﬁﬁ}&
: ; ; | ; | 4T e == — 028
0.25 05 0.7 1 1.28 15 ; ; : [ Rk
24 Oct 2017, 11:16:54, Simbenan Inc. Time, [nz] b 10 15 20 28 a0
AZ11]: AZ[22): AZ[33]: & 7[4.4]: B:Z01.1L: 24 Oct 2017, 11:17:11, Simberian e, Frequency, [GHz]
B:Z[2.2]; BZ[3.3]: EB:Z[4.4]; —# ASmnl[M11In2[M1]] F— — = ——F AEnIn1M2)In2M2]] *— — =

Difference in phase delay (cause FEXT) is expected...

8/8/2018 13
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vt g 2on g By,
TDR and GMS-parameters: INNER6
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& Measiihe INMERE_10CH_2_4t MFP; B:teasyNa IMNERE_BCH_2_ahbd MFP; #:MeasyMa INNNERESom. GMS:
Z. [Okm] M agnitude(S), [dB] Phasze Delay, [ns]
K Odd/mode ~red
53T | AP IR Py B A i
1 057 Even-mode-blue 0.325
About 2 Ohm/|variation |
g2t
along traces J(\/ T ™ Loaz2s
BT N\ ‘Jféﬂfa ﬁg(‘ I }&K\\\
N ¢5"1 N T032
\ L
| s i t GMS IL Launch
21 pe— Py T 03175
l . .
ol B! 3 wkcallzatlon frq.
b \
10315
h a5l “i ™,
mt
N GMS Phase Delay \@\
— Capaditive launch (no backdrilling) ol e ST . Tomzs
47T — T
- ...**—"{_#_—-_ o
t : : t t t t t : : = —"'9::,_—_;—__—**—___ L 0o
0126 025 0375 05 0626 075 0875 1 1126 1.8 , ; ; ; ; !
24 0ct 2017, 111056, Simbenan [nc. Time, [rz] Ja} 10 15 20 2h a0
AZN AL A2.2]; AZ[33: &7[4.4] B0 24 Oct 2017, 11:11:36, Simberian Inc. Frequency, [GHz]
B:Z[2.2%; B:Z[3.3%: B:Z[4.4]; —F ASnliniM1LIR2M1)] F— — = =K A:Sm[n1[M2]In2M2)] F— — =

Difference in phase delay (cause FEXT) indicated dielectric inhomogeneity...

8/8/2018 14
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Reality: What is in the board?

“What is done by night appears by day”...
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INNERG

Difference in prepreg thickness

Close shape and geometry
E] e o

E M c I s{)jﬂa 2018 IEEE SYMPOSIUM ON ELECTROMAGNETIC COMPATIBILITY, SIGNAL AND POWER INTEGRITY
# ]

YOUR PORT FOR EMC+SIPI COMPLIANCE

old° o@°
olPo
o@°o

o€@)°

o@°

o@°
o@®°
o®°

o Do

oo

8/8/2018
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July 30~ August 5, mﬁy d?mé A
BOTTOM

Difference in prepreg thickness as well as in
thace width, shape and solder mask parameters!

e

8/8/2018 17
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Launch to BOTTOM

Difference in prepreg thickness as well as in
thace width, shape and solder mask parameters!

d =437 ym
2d. =311 ym
:d =290 pm
:d =311 pm
.d =252 pm
:d =287 pm
2d =323 pm
:d =313 pm
:d =672 um
10: d =259 ym
11:d =403 ym
12: d =218 pm
13:d =228 ym
14:d = 233 ym
15:d =294 pym
16.d = 261 pm
17:d = 188 um
18:d =192 pm
19: d =589 pm

o~ WwWwh =

Offset in pads and antipads
(misregistration)

8/8/2018
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Final trace geometry adjustments

Designed trace dimensions: Dimensions from manufacturer: Dimensions after cross-sectioning:
BOTTOM: 120-250-120 [um] BOTTOM: 112-258-112 [um] BOTTOM: HAT(89/97)-260-HAT(89/97) [um]
INNER1/6: 110-250-110 [um] INNER1/6: 107-250-107 [um] ;> INNER1/6: 107-255-107 [um]

INNER2/3: 100-250-100 [um] INNER2/3: 99-245-99 [um] INNER2/3: 96-254-96 [um]

INNER6 SE: 110 [um] INNER6 SE: 109 [um] INNER6 SE: 109 [um]

BEATTY INNER1 and INNERG: BEATTY INNER 6:

110um 2.5cm, 330um 2.5 cm 109 um 2.5 cm + 326 um 2.5 cm

These ones are very critical!
Parameters for strip layers are

Thickness of prepreg layers is reduced by 3-5 um — it is almost the same thickness .
closer to expectations

as for the core (it should be)
Microstrip layer metal thickness is 48 um instead of 35 um P
Solder mask layer — 10 um over strips and 38 um between the strips!

8/8/2018 19
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Material Model Identification

Done with GMS-parameters in Simbeor
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Measured GMS vs. model with the spreadsheet data

YOUR PORT FOR EMC+SIPI COMPLIANCE

A:MeazvNA INMMERE_Scm.GMS; B:Model nitial S diff_inners.GMS; A MeasvNA BOTTOM Som GMS: B:Modellnitial Serm_diff_bottom. GMS:
Magnitude(S]. [dB] Phase Delay, [ns] Magritude(S], [4B] Phase Delay, [ns]
01l ot 1032
) Odd mode —red 5\\ Odd mode —|red
05+ C pu | | |
25T RN ven mode —blue | g5 : Even-mode =blue
1 \\;\ Measured — stars _1 I) 5\\% Measured — stars Lom
1 e o] P (R 1 . 1 .
B Ry Viodeted - circles S Modeled - circles
| ﬁ* 3 702 asy Yy
-1.5--% AN R \ N \ I
)} I \ \‘iz\s 21 ~ \ 0.3
v GMS IL ~— T 0315 ‘L\ P % \
1l % \
B € 25+ R S5
- -
e i — A - (;V — k — o e Q\ +024
251 SN ™ot 031 ey I )
o Tmedd-lod o ﬁﬁ
=R — e — —3- — (=)
IL ( ) 151 &% GMS Phase Delay R s
. GMS Phase Delayx ST S 9 ~<w
TN > T 0308 R e “otoz
‘-‘G'—‘_‘ X \Z X \EJ-\-..__\_. _*——._*_____ ok
=3 4T - — — o
t t t /: L A —t : : :V G'-: 6-: o= '-__E:—A\_gl)___@_'a
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
24 Dot 2017, 15:36:23, Simberian Inc. Frequency, [GHz] 24 0ct 2017, 15:1417, Simberian Inc. Frequency, [GHz]
¥ ASmlnlMILIn2M1]] *— = = ASmlln1M2InAM2]] *— = = —% ASmlInlM1In2M1]] #— = = =% &Sp[ln1(M2)In2M2]] = — =

Model phase delay and loss are much smaller, no visible difference between the strip modes...

8/8/2018 21
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Material model |dent|f|cat|on

GMT = elgenvals(T2 T ) [exp( L) 0 )]

EMC+

July 30 - August 3, 2018

Using measured and simulated GMS-
parameters:

0 exp(T-L

GMS = (exp(?F-L) eXP(BF'L)j

Gamma extraction — “SPP Light”

a) ldentify copper resistivity by | L

. Use of raw GMS-parameters
matching GMS IL at lowest
frequencies

b) Identify dielectric Dk by matching
GMS phase delay (GMS PD)

c) ldentify LT by matching GMS IL at
lower frequencies
Re-adjust Dk to match GMS PD

d) ldentify roughness model
parameters by matching GMS IL at
high frequencies

Re-adjust Dk to match GMS PD

e) Do it for all unique dielectrics

(1) Measure scattering parameters for
two transmission line segments with
lengths L1 and L2

(3a) Guess material or conductor
roughness model and maodel
parameters

(1) Measure scattering parameters for
[two transmission line segments with

(3a) Guess material or conductor
roughness model and model
parameters

!

lengths L1 and L2

(2) Compute reflection-less GMS-
parameters of line difference
L=|L2-11]

(3b) Compute reflection-less
GMS-parameters of the line
segment with length L

(2) Compute reflection-less GMS-
parameters of line difference
L=|L2-L1] and extract Gamma

(3b) Compute complex
propagation constant (Gamma)
for cross-section model

(4a) Compute difference between
GMS-parameters from
measurements and model

(4b) Adjust model parameters
or change the model

(4a) Compute difference between
Gammas from measurements and
model

Yes

Is the difference smallé N
han a threshold?

{4c) Material or conductor
roughness model is found

Red lines — optimization;
Additional steps: S-parameters quality
assurance; pre-qualification with TDR;
Cross-sectioning;

(4b) Adjust model parameters
or change the model

Yes

Is the difference smallé N
han a threshold?

[4c) Material or conductor
roughness model is found

Y. Shlepnev, Broadband material model identification with GMS-parameters, EPEPS 2015.
Y. Shlepnev, Y. Choi, C. Cheng, Y. Damgaci, Drawbacks and Possible Improvements of Short Pulse Propagation

Technique, EPEPS 2016.
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KD1

IHMMERT

MMERZ

KD 4

fCCT

MWD&

fCC2

fCC3

NDE

MHER4

WD7

MHERS

MWD&

IMMERE

KD3
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&

Eﬁ Materials: T=20[°C],...

Beack, A

-.JEl "COPPER", RR=1

"035.56UM_CU", RR=1, HurayBracken: 5R1=0.203074 [um], RF1=4,33343;
"017.78UM_CU", RR=1.2, HurayBracken: SR1=0.098 [um], RF1=12.5;

"FR-4", Dk=3.72, LT=0.02, PLM=WD, Dk{0)=4.48, Dk(inf)=3.39

“Air"

"Solder Mask”, Dk=3.2, LT=0.02, PLM=WD, Dk(0)=3.86, Dk(inf)=2.92

"Meg-6 TopBot", Dk=3.4, LT=0.006, PLM=WD, Dk(0)=3.61, Dk(inf)=3.31
"Meg-& Innerl (P)", Dk=3.17, LT=0.003, PLM=WD, Dk(0)=3.27, Dk(inf)=3.13
“Meg-6 Innerl (Res)", Dk=3.562, LT=0.003, PLM=WD, Dk(0)=3.67, Dk(inf)=3.51
"Meg-6 2x1035 (C)", Dk=3.37, LT=0.003, PLM=WD, Dk(0)=3.47, Dkiinf)=3.33
"Meg-& Inner2 (P)", Dk=3.124, LT=0.002, PLM=WD, Dk(0)=3.15, Dk(inf}=3.1
"Meg-6 Inner? (Res)", Dk=3.425, LT=0.002, PLM=WD, Dk(0)=3.3, Dk{inf)=3.39
"Meg-6 Inner3 (P)", Dk=3.08, LT=0.002, PLM=WD, Dk(0)=3.15, Dk(inf)=3.06
"Meg-6 Av", Dk=3.15, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.16
tackUp: LU=[um], NL=20, T=2026.5[um], C5M={"Selder Mask", 38[um])

.. 1| Signal: "TOP", T=48, Ins="Air", Cond="033.36UM_CU"

. 2| Medium: T=70, Ins="Meg-6 TopBot", DIE_0D3

- 3| Plane: "GND1", Cond="017.78UM_CU", T=15, Ins="Meg-6 TopBot"

. 4 Medium: T=83, Ins="Meg-6 2x1035 (C)", DIE_D03

. 5| Medium: T=15, Ins="Meg-6 Innerl (Res)", DIE_033

.. | Signal: "INMER1", T=13, Ins="Meg-6 Inner1 (Res)", Cond="017.78UM_CU"
. 7| Medium: T=15, Ins="Meg-& Inner1 (Res)", DIE_035

. 8| Medium: T=28, Ins="Meg-6 Inner1 (P)", DIE_0OT

o 9| Plane: "GND2", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 10| Medium: T=85, Ins="Meg-6 2x1035 (C}", DIE_D0S

. 11| Medium: T=15, Ins="Meg-6 Inner2 (Res)", DIE_00%

.. 12| Signal: "INNER2", T=15, Ins="Meg-6 Inner2 (Res)", Cond="017.78UM_CU"
. 13| Medium: T=15, Ins="Meg-6 Inner2 (Res)", DIE_00%

. 14| Mediurm: T=68, Ins="Meg-6 Inner2 (P)", DIE_011

—.mmm 15| Plane: "GND3", Cond="017.78UM_CU", T=15, Ins="Meg-6 Inner2 (P}"
. 16| Medium: T=83, Ins="Meg-6 2x1035 (C}", DIE_O13

. 17] Mediurm: T=15, Ins="Meg-6 Inner2 (Res)", DIE_00%

. 18| Signal: "INMNER3", T=15, Ins="Meg-& Inner2 (Res)", Cond="017.78UM_CU"
. 18] Medium: T=15, Ins="Meg-6 Inner2 (Res)", DIE_009

. 20| Mediurm: T=68, Ins="Meg-6 Inner3 (P}", DIE_015

.. 21| Plane: "GMND4", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 22| Medium: T=50, Ins="FR-4", DIE_017

.. 23| Plane: "VCC1", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 24| Medium: T=96.5, Ins="Meg-6 Av", DIE_019

- 25| Plane: "GNDS", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 26| Medium: T=50, Ins="FR-4", DIE_021

.. 27| Plane: "WCC2", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 28| Medium: T=86, Ins="Meg-6 Av", DIE_023

.. 29| Plane: "WCC3", Cond="017.78UM_CU", T=15, Ins="Meg-b Av"

. 30| Medium: T=100, Ins="Meg-6 2x1035 (C)", DIE_025

. 31| Plane: "GNDE", Cond="017.78UM_CU", T=15, Ins="Meg-6 Inner3 (P}"

is

|8entification results (best case)

.

2018 IEEE SYMPOSIUM ON ELECTROMAGNETIC COMPATIBILITY, SIGNAL AND POWER INTEGRITY

YOUR PORT FOR EMC+SIPI COMPLIANCE

Huray-Bracken Roughness Models (causal):
Strips: SR=0.098 um, RF=12.5
Microstrips: SR=0.229 um, RF=3.77

"%~ Wideband Debye models with Dk and LT @ 1 GHz (initial in brackets):

CORE (all layers): Dk=3.37 (3.37), LT=0.003 (0.002)
Prep. INNER1/INNERG: Dk=3.17 (3.23), LT=0.003 (0.002)
Resin INNER1/INNER6: Dk=3.562, LT=0.003

Prep. INNER2: Dk=3.124 (3.19), LT=0.002 (0.002)

Prep. INNER3: Dk=3.09 (3.19), LT=0.002 (0.002)

Resin INNER2/INNER3: Dk=3.425, LT=0.002
TOP/BOTTOM: Dk=3.4 (3.19), LT=0.006 (0.002)

Solder Mask: Dk=3.2 (4.0), LT=0.02

2 roughness models and 8 dielectric models — more
difficult to identify, but is necessary for FEXT analysis

Let’s see how close are GMS-parameters...
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Measured and modeled GMS-parameters

AMeasvMNAIMNMERT_Scm. GMS; B:Model2diel Sem_diff_innerl GMS;
Magritude(S), [dB]

K\m\ INNER1
1T \
L1 GMS L
$ < K\
a+ -
E s
a GMS PD
B 29 Woenmd
'5_"' ! . ! . *-I%*-I&*qg%-:-r;@-:.l—
6 5 1 IEI 1 I5 2IU 2I5 3IEI Kl 4IU 4I5

09 Mow 2017, 14:46:44, Simberian Inc.
—# ASmlIn1M1LInZ(M1)] *— — = ——% A:Sm{In1M2]In2M2)] *— — =
= B:Smlln1 (M1)In2(M1]] > = = = B Smlln ] M2)In2[M2)] = = =

A:MeazNA INNNERZ_Scm GMS ; B:Model2diel Scm_diff_inner2. GMS;
tagritude(S). [dB]

Phaze Delay, [ns]

T 034

T033

T032

T03

Frequency, [GHz]

Phasze Delay, [nz]

4 \\ INNEDRDD 4
1 S ININERZ 034
AC 1]
21i—GMSHE
( 033
At
r 032
41 ¥
k GMS PD
51 Semiinge, ; = ,\‘ 1031
1 1 1 1 1 1 1 1 1 I&A
o 5 10 15 20 25 a0 id] 40 45
09 Movw 2017, 14:48:11, Simberian Inc. Frequency, [GHz]

— ASmnM1LIn2MT)] *— — =% ASmln1(M2)In2M2)] *— — =
—— BSmlnlM1)In21]] 2= — = =< B:Smlln1[M2]In2M2)] *— — =

A MeasvMa INWNERE_Scm. GMS ; B:Model2diel Scm_diff_innerb.GMS;
tagnitude(S). [dE]

K\x\ INNER6

AT \\
GMS |\..

2 ( S

N

™~

i 5 10 15 20 25 an 5 40 45

09 Mowv 2017, 14:50:21 . Simberian nc.
=% ASmn1(M1]In2M1]] #— — = =% A:Sm(In1(M2)In2M2)] *— — =:
= BSmlln1(M11In2[M1]] = — == B:Sm(ln(M2)In2[M2)] *— — =:

A beasMAINMNERZ Bom GMS: B:Model2diel Bom_diff_inner3. GMS;
Magnitude(5), [dB]

e = ke o (]

\k INNERB

M

T \
JLIGMS IL
€ S

A+
T GIVIS PD \’\
51 fagen X\

o — e~ e e e T

i} I3 10 15 20 28 30 35 40 15

09 Mo 2017, 14:43:14, Simberian Inc.
% ASmlIn1[M1)In2M1]] #— — = ——% ASm(In1[M2]In2M2])] #— — =
= B:Smll] M1 LIn2[M1]] 3 = = B:Smlr] [M2)In2M2]] = — =

Phaze Delay. [nz]

T 034

T0332

031

Frequency. [GHz]

Phase Delay, [ns]

T032

Frequency, [GHz]

A eagdVMNABOTTOM_Scm GMS; B:Model2diel. Som_diff_bottom. G5 ;
M agnitude(S], [dE]

Phaze Delay, [ns]

“*\m BOTTOM

1.25 \X
L LGMS IR
| < N

'3-?’5“’% GMSP

A T N

[ ma

~

— =t =

o
R I — * TR e

T033

T 032

T03A

T03

T0.28

0 ] 10 18 a0 i an i 40 45

09 Mov 2017, 14:50:59, Simberian Inc.
% ASm{In1M1LIn2M1)] — — = ——% ASm(In1[M2)In2M2]] *— — =
< BEmln1 (MILIn2(M1]] ¥ — = B:Smln1(M2]In2M2)] ¥— — =

Odd mode —red
Even mode — blue
Measured — stars
Modeled — x-s

8/8/2018
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Modal phase delay

 Close match for odd and even modes

A MeasvMA INNMERZ_Bom. GMS; B:Model2diel Som_diff_inner2 GMS;
Phaze Delay, [nz]

INNER2
A i
1700 1 2. [um]
0.3
X, Y,[m\\]= + 0209
&,Q\ .
%_‘\
Odd mode —red  Sw
T 1 .08
Even mode — blue kﬁ%
~ L
Measured — stars N
Modeled — x-s ks
Iﬁ é 1 IEI 1 I5 2I|:I 2I5 3ID 3I5 4IEI 4I5 5I|:I
09 Mow 20017, 145329, Simberian I, Frequency, [GHz]
A:Smllnt (M1 LIn21]] *— — = ASmlnTMZLIN2IM2)] *#— — = B:Smlln1[M11In2M1]] »— — =

B:Smflnl (M2)In2(M2)] = — =

Should give good match in FEXT...

A:MeazsvMa INMMERE_Scm.GMS ; B:Model2diel Som_diff_inherb. GMS
Phasze Delay, [nz]

INNERG

o AZ [um] E_Y’
A% :

% - TO3z2
\ 200
R

“

T0.313

\x - 10 -5 i 5 10 15 L
':.-: %“ -;12017, 15:19:47, Simberian Inc. 3D Wiew Mode [press <E> to Edit]
0dd mode — red *=x Ty
%ﬁ% s T 0.3
Even mode — blue T
Measured — stars "-><.____;_"<;
Modeled — x-s ) . | . . . T 0-309
0 5 10 15 20 25 a0 5 40 45
09 Mow 20017, 14:54:08, Simberian Inc. Frequency, [GHz]
ASmin M1LIN2IM1 1] %= — = A:Smln] (M2)LIn2M2)] %= = = B:Smiln1(M1LIn2M1]] 5= — =

B:Smflr M2)In2[M2]] 2= — =

8/8/2018
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Validation:
Expectations vs. Reality

“The Moment of Truth”...
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INNERG6: 10 cm
diff. strip link

YOUR PORT FOR EMC+SIPI COMPLIANCE

De-compositional EM analysis
All trace widths and shapes are
adjusted

" 10cm diff. strip se Ctlon o

Single-ended S-parameters o
A:Measured IMMERE_10CH_2_ 4k MFP; BAIMMERE_10_5IMMNERE_10cr. Sirulation(1];

b agnitude[S], [dB]

#:Measured INMERE_TOCM_2_4MM. MFP: BIMMERE_10_5 IMMERE_10cm Simulation[1];
M agnitude(S ). [dB]

1 . H 0T | |
:E(a)l\:';yéga cEglg_le dlf:;erzﬁit Nﬁrransmissi DN w(e)asu red — stars [f\\,%é
Z— . .
Y Single-ended L'-""G“'-qpe,::_e o0l deled —circles Al
above 30 GHz... T 6 ot Ry e ¥ ~ 4 _
-Parameters . RN e it Single-ended S-parameters i | *
ReﬂeCtlon j"' -i:|irﬂ£ St (e A ‘. o ||n f:|I|! " if
o4 - ”': ".iF.‘i.'i"i!"!"“‘T :E_l A0t : ' un,{':l '.:: S
) !ii)l:!_ ] 3'!”’.:! [ b
Acceptable I i) e A ‘
W] kTR Y 407
correspondence up to ™ mr'ir".ﬁ' el N S HARTMAL M
il ilee | ur“r : T 1 | lrl,l!!'!] )
30 GHZ “iglu E i i ] I"llil"""'i'
407 EEE 11 Measured — stars 07 .l |" ﬁ* LH
L l k ‘ f 1 ﬂ ll I\L/Iodeled - circles R

0 5 1D 15 2
27 Hovw 2017, 14:34:40, Simberian Inc.

—# AG[11]; =k A5[1.2—= B:S[11)—= B:5[1.3;

an Kl 40 45
Frequency, [GHz]

I} |} 10 15 20 25 30 35 40 45 a0
27 Maw 2017, 14:35:53, Simberian Inc. Frequency, [GHz]
—k A5M1.3] € B:5[.2]; == B:5[1.4]:

# 500 4];
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INNERG6: 10 cm

De-compositional EM analysis
All trace widths and shapes are

diff. strip link adjusted
Mixed-mode S-parameters o | o ) :Measured.INNEHB_‘IIZIEM_2_4MM.MFF';B:INNEHE_1D_5.INNEF|E_‘IIZIc:m.SimuIatic-n[‘I];
A Measured IMMERE_10CK_2_akdkd MFP; BIMNERE_T10_SIMMERE_10cm Simulation(1]; FPhase Delay. [ps]
M agnitude(S). [dB] i
Reality: Difference in of — Diff Transmission— T M-)J d-mode Phase Del
§ ITT. - Transmission easured — stars s—— IXed-mode aSe belay
reflection between 10 to 30 Mixed-mode odeled - Cird?’a\] ¢l Measured — stars
GHz (now expected dueto .o S_parameters DIt Reflectio . ™14 Modeled = circles
geometry differences), ) . i L
) : TETET —
above 30 GHz — see reality = ot ! &\(
E 4
above 30 GHz... + s T & .
X Y Diff. /mode phase delay i
any i ' A 1.2
76251 - j;///f)@:' —/(
Acceptable ot ; . 0 d k M”"/Je o
correspondence up to Mode transformati { L P f
P P (z¢ro in model) | Common mode ;_I)hasJa delay a
30 GHZ : t t t : . t : : t t T I t + : } ' : } f t
0 5 o 18 2 2% am  B 4 45 50 0 5 10 18 20 & 30 3B 40 45 0
27 Mow 2017, 14:38:00, Simberian Ine. Frequency, [GHz] 27 Nov 2017, 14:3317. Simberian Inc. Frequency. [GHz]
% A&:Smm[D1.01]; =% A:Smm[D1.02); % &:Smm[D1.C1]; —% A:Smm{D1,C2); —# ASmm[D1.02); A:5mmC1,C2]; =< B:Smm[D1.02); B:Smm[C1,C2];

—) B:Smm(D1.01] == B:Smm[D1.02);
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INNERG6: 10 cm [ e
diff. strip link 1 ==

De-compositional EM analysis
All trace widths and shapes are
adjusted

A:Meazured INMERE_10CM_2_ 4MM.MFP; B:INNERE_10_SIMMERE_10cm. Simulation(1];

1 . 1 1 A:Measured IMMERE_T0CM_2_ 4k MFP; BIMNERG_10_5 INMERE_10zm. Sirmulatian(1];
Reality: Variation of - o ~10EM.2 105 NNERE. far) > (D]
impedance along the traces el Cinolalandad TH el .
) SALEFCLASIIASI R A AN = B i = A . ITT. mode I H
(expected) _ \QQ R&
,Connector is over 51 Ohm . \ - 154 -
2R T
Modeled (black) ﬁ% Modeled (black) 7
51.25 1 '
SRR | ot
100+ i s e
501 e
Acceptable Lot
1 975
correspondence ey isured "\ Measured
. . 95 -+
within 1 Ohm el
Connector to launch ~1 Ohm mismatch 23
ﬁ D.:?E DTE D.I?‘E 1 1.:25 1?5 ‘I_I?‘E D EI.I25 EI:E EI.IF"E 1 1.I25 1:5
27 Mow 2007, 14:40:39, Simberian Inc. Time, [nz] 27 How 2007, 18:02: 32, Simberian Inc. Time, [nz]
A1, a2.20; £33 a:204.4]; B:Z1.11; AZmm[D1.01]; AZmm[D2D2): A Zmm[C1.C1]; AZmm[C2.C2);
B:Zrm[D1.01]; B:Zmm[C1.C1];
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A:Measured INNERE_10CM_2_4kM eve; BIINMERE_10_GINMERE_10cm.eve;

Eye Analyzer V. V]
: ‘7 ET% Show Eye Metrics: | Selected |~ Auto-open aary
Parameter Measured.INMNERG... INNERG_10_5.IN... 023t
Eye Level Zero (V) -0.358943 -0.357034
Eye Level One (V) 0.358254 036771 01257
Eye Level Mean (V) -0.00219978 -0.0024401 easured —red
Eye Amplitude (V) 0.717197 0.724743 T odelec
Eye Height (V) 0.47057 0.420019
"Eye Width (UI) 036031 "0.869623 e
Eye Opening Factor 0.656123 0.66233 025
Eye Signal to Moise 5.531347 5.56869
Eye Rise Time (20-80) (UI) | 0.518454 0.518457 o
Eye Fall Tirne (20-20) (U1 0.5317781 0.315182
Eye Jitter (PP} (LI} 0.13969 0.130377 ' : : | : | : : |
Eye litter (RMS]) (U1} 0.03126594 0.0320182 04 Dec 2001?, 08:4313, SljibeBrianInc. » h 1 . " b Unitlntervaf[]
amm(D1.D2) BVmm(D1.02]

~2% difference in eye heights, ¥1% in widths; Possible reason —
impedance variations, launch mismatch and localization loss...
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diff. microstrip link

De-compositional EM analysis
Shape and size of all MSL

sections are adjusted...
10 cm diff. MSL segment

.&Measured BDTTDM 10CH_2 Abdbd MFF; B:EOTTOM_10CK battom_10cm Simulation(1];

M IXed'mOde S-pa ra mete r's A:Meazured BOTTOM_10CH_2_atbA.MFP; B:BOTTOM_10CM. bottarn_10cm. Simulation(1): Phase Delay, [ns]
td agnitude(S], [dB] 4
o7 Transmission sured —sta i 0.775
Reality: more odeled - circles + Phase delay
. = 07625 T 4
reflections from 10 to P S
. . 0T nReEhrettol S T 3 Measured — stars
30 GHz (investigate)... . FH 0751 P
AT | ﬁ 2 Modeled - circles
W l, }r Lifwi! ,; [ ¥
a0+ ”il I ITII"I il ] "| £ '.J' 07375 1
- 4 I Ir (ot J}
i 07251 -
4 e Common mode T
Acceptable e WU IR R U T e SO OO v e Ve
correspondence up to wg . !&\V . v
30 GH o T . 07— Diff. mode A i
Z ol fo) y a 9-\_*_!9__3» . . m_____*‘ ..tae—-"”"*/./
. t t t t | t t . — . 0BEET } } } | | } } } | }
0 5 10 15 20 25 a0 3 40 45 50 0 5 10 15 20 25 0 * 10 e 0
A0 Maw 2017, 13:42:34, Simberian Inc. Frequency, [GHz] A0 Mav 2017, 134316, Simberian Inc. Frequency, [GHz]
—% &5mm[D1.01]; —* &Smm[D1.02], —* &SmmD1,C1; — % &:Smm({D1,C2]; =k ASmm[D1 D2]; = ASmm[C1.C2]; == B:Smm[D1.02]; = B:Smm{C1.C2];

——) B:Smm[D1.01]; —= B:5mm[D1.D2];
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BOTTOM: 10 e [l o crostors v i
diff. microstrip link

sections are adjusted...
Acbeasured BOTTOM_10CM_2_4bkd MFF; B:EOTTOM_10CH. bottom_1Ocm. Simulation(1];

Abeazured BOTTOM_10CM_2_4bdkd MFF; B:BEOTTOM_10CH. bottom_10cm. Simulation(1];

< [0kl Z. [Ohm]
: : Single-ended TDR
Reality: more reflection | 5 nst oiff 4o TOR
. . IT. Mmodade
at the microstrip launch
) ) . Measured Pt Measured ﬂ
(investigate)... J gﬁgﬂ ol / o~ N
Large variations of o : L&ﬁ—i”%
impedance along the Modeled (black] %\ | /;‘W_‘ng{—- T~
traces (investigate) st R — el Modeled (black) =
~1.5 Ohm variations in measured Z
BT 1o00T
Acceptable < | Connector-to-launch mismatch
Correspondence; 4751 | 1‘ “]!.5 Ohﬁl'. conn Ic*tc;r t Ilaunclfl mism‘l'tch | | | | | | |
0 075 05 075 1 175 15 0 0.23 03 0.75 1 1.25 1.5
30 Mo 2017, 14:0259, Simberian Inc, Time,[ns] 30 Mow 2017, 14:04:54, Simberian Ine. Time. [ns]
B2 AL B[22 BZ[3.3) AZI44] B:Z[1.1]; :gmgl :g} } gmgfgﬁ Azmn(C1.CT: Azmm{e 2]
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s Lo, o,
BOTTOM: 10 cm diff. microstrip link

AMeazured BOTTOM_T0CH_2_abk eve; B:BOTTOM_10CK. bottarm_10cm.epe;

Eye Analyzer VM
_ -7 ;‘TE"'I Show Eye Metrics: | Selected | Auto-open namT
Parameter Measured.BOTTO... BOTTOM_10CM.... 0.7
Eye Level Zero (V) -0.334196 -0.343371 .
Eye Level One (V) 0.33443 0,339281
Eye Level Mean (V) -0.000438433 1.49821e-005 ol
Eye Amplitude (V) 0.668627 0.623252
Eye Height (V) 0.362693 0.32621 it
Eye Width (UI) 1 0.757871 ' 0.765845
Eye Opening Factor 10.551418 ' 0.56613 0257
Eye Signal to Moise 4,19297 4,34656
Eye Rise Time (20-80) (U} | 0.563492 0.559771 3=y
Eye Fall Time (80-20) (UI) | 0.565037 0.561818 | . . . . . . . .
Eye Jitter (PP} (UN) 0.242129 0.230155 0 05 05 07s 1 128 15 R
Eye Jitter (RMS) (Ul) 00494923 0.0473379 02 Dec 2017, 06:57:00, Simberian Inc. R . Unitinterval, []

~6% difference in eye heights, 1.5% in widths; Possible reason —
large impedance variations, launch mismatch and localization loss...
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INNER2
5cm
10cm
INNER3
5cm
10cm
INNER6
5cm
10cm

D2 Beatty
INNER6
BOTTOM

S5cm
10cm

C1 Diff via
INNERG
( with stubs)

C2 Diff via
INNER6
(backdr.)
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Example of the validation report

30

30
30

30

15 & 30

30

15
15

25
25

30
30

10-15
10-15

30

10-15
10-15

30

15 & 30

15

30

30

30

30
30

N/A

30
30

30

25

1/N/A

2/4
25/5

~3/3

1/2

1% EH & EW

1% EH & EW

3.6% EH, 1% EW

2% EH, 1% EW

N/A

6% EH, 1.5% EW

2% EH, 1% EW

Large difference in EW
and EH

5% EH, 1% EW

There is uncertainty in the epoxy filling after the backdrilling, the launches is more inductive
then predicted. DM/CM phase delay correlate up to 25GHz.

Trace width seems to be 95um instead of 99um.
Launch more inductive then predicted, PCB trace width variation. DM/CM phase delay
correlate up 30 GHz.

Core/prepreg dielectric models — layered anisotropy.
Resonance frequency little lower than predicted.
Launches have long stubs (not backdrilled).

Differences in RL expected due to geometry differences
Mode conversions in measurements up to -30dB

DM/CM phase delay correlation ~ 30GHz

Impedance variations, launch mismatch, loss of localization.
Loss and dispersion models work for much wider strips!
Good correspondence in phase delay and TDR.

more reflections from 10 to 30 GHz (investigate)...
Large variations of impedance along the traces (investigate)...

Reality: Large difference in mode transformation — investigate what causes it...
One trace is Imm longer then the other in layout.

Reality: Differences in reflection and in transmission above 10-15 GHz (loss of localization or
geometry?)

Large difference in eye width and height Reality: much larger ISI due to differences in stub
behavior and launch with small anti-pads (sensitive to manufacturing variations)...

Reality: differences in diff. reflection from 10 to 25 GHz and in transmission above 30 GHz.
Mode conversions in measurement up to -30dB.
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Conclusion: Making predictable interconnects

YOUR PORT FOR EMC+SIPI COMPLIANCE

Systematic approach with two steps:

1.
2.

Geometry adjustments identification
Material model identification (dielectric and conductor roughness)

And one condition: Use of software validated for PCB or packaging interconnects

Test boards and “sink or swim” validation process should be used to identify problems

Accurate prediction of PCB behavior up to 40 GHz with typical trace width and low-cost manufacturing
process is very ambitious goal due to the SI problem bandwidth and equal importance of low and high
frequencies

In this project interconnects were predictable only up to 30 GHz due to launch localization and manufacturing tolerances
Try before you invest into any measurement equipment — no matter how reputable is the vendor (applicable to EDA tools)
Cross-sectioning revealed that manufacturer adjustments for strip lines are very close, but for microstrips are not acceptable

Conductor roughness is the major contributor to the signal degradation - analysis without proper conductor roughness model would
be useless, use of causal Huray-Bracken roughness model is critical to have good correlation

Identified dielectric parameters are very close to the PCB vendor specs (inhomogeneity matter for FEXT)
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Reality above 30 GHz

“So many blissful revelations
The spirit of enlightment hides!”...
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Reality: What caused the resonances?

fdiif_bottom_long sdp: B:c#_bottom_chotsdn: C dift_innes]_long.s4p: D difi_innes] _short s4p:
E-if_rwet2_long sdo; P i_miner2_shon, dp; G:dif_reatb_long s4o: Hoif_rmeib_shat 28,

A:begt_40G_diff_battom_10cm.s4p; B:Meat_40G_diff_inner _10cm.sdp;: C:Megh_40G_diff_inner _Bcm.sdp:
D:tegf_40G_diff_inner2_10cm.s4p: E:Megh_40G_diff_inner2_Scm.s4p: F:Megb_40G_diff_innerE_10cm.s4p: AMegB_A0G_se_inevers. 10ams2n; EMegE_405_se_ireard_10m wr_corrus2p:

MagritudelS]. [dB] Gieghi A0G_dift_inner_Scm.s4p: Cibtegh_4UG_se_inmeiB. Sem s2p: DiMeqt d0G_se_inmeif Scm_wr_conn 2o
o f Magritude(S), [dB] Magritude(S]. [4F]
. \ Sup [T ” ~L T ]
N:\& “&}(\ . [ Mo _
e %
10 n e : 15 e hﬁ‘m\ﬁm
D Differential traces — " T
] A~ LA Single-ended traces — ‘%
5 = '15 4V a4 VviNA 2 L1 c
resgnances at nigner tr H
i} 5 10 15 il 3] El) ) 40 5 10 15 20 25 0 35 40 5 1IEI 15 Hl'l e a0 ® 40
01 Jun 2017, 07:41:01, Simbasian I Feecquency, [GHz] 01 Jun 2017, 07:4242, Simbeian Inc Frequency. [GH:] 01 217, 074737, Sintimianne, Frsanenmy, (GHz]

—— ASml0102) —= BSmmD1 D2 — C3nn(01.02) ——2 O:Smr0n,b2)
——+ ESmalD102L FSmmi01.02; ——  G:Smm(D1 Dak——* H:Sme{D1.D 2%

—* ASmm[D1.02); —= B:Smm[D1.02): — ¢ CEmmD1.02): —F D:Smm[D1.D2];
—— " E:Smm[D1.D3]: F:Smm(D1.02], G:Smm[D1.02]:

¥ SN2 2 B — CSN2L = DS

A:MeasMAINNERT_10CKM_2_aM.MFP; B:MeasyMA INNERT_BCh_2_dbkd MFP; C:Measa INNERZ_10CK_2_4Mbd.MFP; D:MeasWMA INMNERZ_BCM_Z2_4MM.MFP; E:MeasVNA INMNERE_T0CM_Z_4MM . MFP;
F:MeasvMA INNERE_BCM_2_dbik.MFP; G:MeasVMA BOTTOM_10CK_2_4kM MFP; H:MeadVMA BOTTOM_SCM_2_dkib MFP;
Magnitude(S). [dB]

T

5 and 10 cm diff. traces in INNER1, T
INNER2, INNER6 and BOTTOM 51

-

=t Measurement with

oun
)
T
N
2

P

I N/
2 VINF

25T

: | \ I | \ | , | \ | | \ | , | \ | \ |
1} 25 5 7h 10 125 158 175 20 225 25 278 30 325 35 378 40 425 a5 475 a0

19 0ct 2017, 14:33:52, Simberian Inc. Frequency, [GHz]
——k A:5mm[D1,02]; = B:Smm[D1,02); = C:Smm[D1,02]; —H 0:Smm(D1,02]; E:Smm(D1,02]); ——* F:Smm{01,02]; = G:Smm[D1,02); = H:Smm[D1.02];

What caused it?

1. Fiber Weave Effect?

2. Connectors or adapters?
3. Launch localization?

4. Non of the above?
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Reality: Resonance investigation

A:MeadNA INMERT_10CM_2_4MM MFP; B:MeasNA INNERT_SCM_2_dMM MFP; C:MeadyMA INNERZ_T0CM_2_4MM MFP; D:beasNA INNERZ_BCM_2 4bM MFP; E:MeasyNA INNERE_10CM_2_dhbd MFP;
F:MeasvNa INMERE_BCM_2_4MM MFP; G:MeasNa BOTTOM_10CM_2_dMM MFP; H:MeasvNABOTTOM_5CM_2_4MM.MFF;

E 2018 IEEE SYMPOSIUM ON ELECTROMAGNETIC COMPATIBILITY, SIGNAL AND POWER INTEGRITY
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M agnitude(5), [dB]

1

h

Measurement with 50 GHz Ay -\
A A S
5 and 10 cm diff. traces in
n i INNER1, INNER2, INNER6 and
BOTTOM

i

. | \ . \ | | . | \ | \ |
1} 25 5 7h 10 128 15 175 20 225 25 278 30 325 35 37h 40 425 45 475 50
19 0ct 2017, 14:33:52, Simberian Inc.

—# 4:Smm[D1,02); —) B:Smm[D1,02); — < C:Smm|D1.02]); —F D:Smm(D1.02);

Frequency. [GHz]
E:Smm[D1,02); —* F:Smm[D1,02]; —= G:Smm[D1,02); = H:Smm{D1.D2];

A:MeasMA IMNER1T_10CM_2_4MM.MFP; B:MeasMA IMNER1T_5CM_2_4b MFP,; C:MeasWMa INNERZ_10CH_2_4b. MFP;
D:MeasyMAINNERZ_SCM_2_4Mi.MFP; E:MeasMA INMERE_10CM_2_4Mi. MFP; F:MeasyMNa INNERE_SCM_2_atdkd MFP;
tagnitude(S], [4B]

No matching| | B

peaksinthewy . M -

reflections .| Looks like NOT a fiber weave

! | effect...
A I , , 1

10 15 20 25 an 35 40 45 a0
19 0ct 2017, 1442:08, Simberian [n.

—* A5mm[01.01]; —= B:Smm(D1,01]; — C:Smm[01.01] —F1 D:Smm([D1.01];

25

Frequency, [GHz]
E:Smm[D1,01]; =—* F.5mm(D1,01];
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Reallty: Resonance investigation

That is where the energy goes!

YOUR PORT FOR EMC+SIPI COMPLIANCE

Mgl DG _rrvei] Do sdp Bibegh 405 ik wmeiT_Semsdps € Hogh 406_dil_nore2_10erms4p; D Megh 406_cl_incvs? 10em Baked_ % dp,

5 and 10 cm diff. traces in INNER1, e e T T s s
INNER2, INNER6 and BOTTOM

) ks ¥ Tt
0l 25 AW =5 et - A 4] Y nE BRI NG A ®AB IS =W 4D #1235

DF Jun 217, 11:586:1 2. Sinbaian Ine. Fueuarey, [GHz|
&b egs_40G_GHT_jrnar)_10cm sdp: B-Mecf_ 406_ff_innec]_Scmedp: C:Megs_406_dif_irner2_10om wp: DMegS_40G_dif_irsar2_10cm_Hakad %4 s4p; e asA——— BSME % CSMIL 5 080 csna FSIA ——— GENI——— WS
E:Megh_40G_dit nneid_10cm Baked 9d_semess zép: F:Megt 40G_dfl_nne?_Sem sdp; B:Megh 400G _dif_irner2_Scm Baked S sdp: H:Megb_40G_dif et _10cm +dp; 15013

I Megfi_405_dil_innerf_Scmsdp:
e AD__Feth S s> 4. MagS_A0G_l_werui] 1 Dem sdp: B:bosgS DG _chtwmiad1_Seinsdp: T Hagh 405 el o2 T0eim.t8p: D Mage 406 _adl_nvws? T Bshed 9l :4p,
E:Megh_400_dF_rreid_Scm sép; FMegh_ A03_dfF_inner_Scm Baked_ 4 odp: [:MegE_A05_3A_irmerd_10cm sép, HMegh_405_df smerd_Scmsdp;
I:Megf_406__inewrE_tlcm. py

MagrituefE] 48]

B e

Magrineiefs) [ ]
5 1%
5 a
'.'.‘. > x [ .
75 s3 iy C EEH f Vo
@ a1 T
0 - e Al \J‘
4 R S Wa i) iy
k\ = )
- SE insertionlos h P ey _ '
HHSE O 1053 S N "y
' O L] r
’ - 0
1128 £ (B < gk L \aw et /\\
1OT 1. trdces i N ﬁ\\x‘d o l,"‘l
+1 |
128 W e, 5 . -
Ve Wi,
i H ol |
- AIEAE -
N ¥ 2 0®m 3 ®» M @ B M B B ¥ @ B LR x| R
07 Jun 2077 120074 Sanbestian | ne. Fiegquency. [BHz] N/ 25 B o X A5 7 k) nae  Bs 1 & W FHE HWE 4D Lol
% A1) % AT[34, — 2 PSL2) — BSR4 —* OS2} 0834 —8 o, —8 0 SR OF Jun 2017, 11:57:43. Sinbavian Ine: Fueuancy, [GHz|
———+ B[ ———® FSL2 - ——® FSE4L -— — GEMI-— — GEEAL———* H5[12] HS[zd]: ———2 15[1.2) % LG4 — RS 4L — LIl 3 0141 ESN4. FENAL —* G54 —= HIN4:
50141
- ——0 1§[34)
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Launches are leaky above 30 GHz as designed!
Microstrip launch peak power flow density at 33 GHz

Shiuctursd Meth: /50, 745 285, d¥=2 657448, dr=2 B5748 Emak=35 TEE2
Elmantz 151 250 Mahices: SM- 2 295 000. CM: 50, Finak 2:

eeeeeeeeeeeee

3510.41, 292¢

‘..‘J

-

0 Jun 2017, 06:44:42, Simberian Inc

06 Jun 2017, 06:40.13, Smbesian Inc 30 View Mode [prezs <E> toEdi]

29 GHz cutoff frequency Instantaneous power flow density at 35 ‘

Shiuch ;hx-l] ’}Z d\ﬁd{ﬁd?m??"tﬁ

Energy leaked from the

3 @@@@@@@@@@@@@@[Xf‘\ launches goes into §ubstrate

" 3 Integrated Waveguide (SIW)
AN \ s‘

_excitation . o ated with Simbeor

32 GHz cutoff frequency pio e o vt e ot
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