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 Material parameters identification
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Introduction

« What does it take to design PCB interconnects with good analysis to
measurement correlation up to 40 GHz?

 |s it doable with typical low-cost PCB materials and fabrication process,
typical trace width, via back-drilling and shortage of space to place the
stitching vias?
— Your EDA vendor shows excellent correlation of analysis to measurements up
to 50 GHz

— Your PCB fabricator ensures that the board will be built as designed

manufacturing

— Measurements with the brand new easy-to-use TDNA or VNA should be a

. Design success
“piece of cake” °

“fire triangle”

* There is nothing to worry about and the designed interconnects should
behave as expected —right?

* We have decided to do a reality check with a real validation project...
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Presenter
Presentation Notes
Poll participants – How many did and are in process of the analysis to measurement correlation up to 40-50 GHz? How many are planning to do it?


"Reference” projects

e PLRD-1 —first reported in Y. Shlepnev, A. Neves, T. Dagostino, S. McMorrow,
Measurement-Assisted Electromagnetic Extraction of Interconnect Parameters on
Low-Cost FR-4 boards for 6-20 Gb/sec Applications, DesignCon2009.

e CMP-08 —first reported in D. Dunham, J. Lee, S. McMorrow, Y. Shlepnev, 2.4mm
Design/Optimization with 50 GHz Material Characterization, DesignCon2011.

e Rambus test boards - W. Beyene, Y.-C. Hahm, J. Ren, D. Secker, D. Mullen, Y. Shlepney,
Lessons learned: How to Make Predictable PCB Interconnects for Data Rates of 50
Gbps and Beyond, DesignCon2014.

e (CPM-28 — available from Wild River Technology with Simbeor modeling kit, used in Y.
Shlepney, Sink or swim at 28 Gbps, The PCB Design Magazine, October 2014, p. 12-23.

* Many companies build validation boards and report some results...
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“Sink or Swim” validation

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

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

ldentify 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 Uk whE

... and get it done in 1-3 months!

Example: Y. Shlepnev, Sink or Swim at 28 Gbps - The PCB Design Magazine, October 2014, p. 12-23.
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Project timeline (low budget and priority)

* Expectations: about 3 months from design to
complete validation (Nov. 2016 —Jan. 2017)

* Reality: 12 months (Nov. 2016 — Nov. 2017)

* Delay is caused mostly by availability of the measurement
equipment and matching cables/connectors
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20-layer test board design

1. We specify the impedance that the PCB manufacturer has to fulfill with the tolerances specified (usual choice)
2. Vias with 0.20mm (7.9 mil) padstack are to be drilled with 0.250mm diameter drill (9.85 mil)
3. Non-functional pads on signal vias on any layer are not allowed
4. Via backdrilling is to be done on some instances

General Information

Value

Tolerance (%)

Our conductor dimensions

Wend. conductor dimensions

PCB revision PCB230-0220 Rt

Dimension 261,35 x 237.36 mm +0,00/-0,20

Unit mm

Number of layers 20

Thickness 2mm

Quality requirements IPC-6012 Class 2 N T Y|

Controlled impedance Yes, 8% tolerance INO TOUYrIress rriouci

UL-Requirement 94v0 ]

High Voltage No .

Material Panasonic Megtron6 R-5775(K) (2x1035) “core” with %2 oz H-VLP copper (spread
weave)
Panasonic Megtron6 R-5670(K) Pre-preg 1035 (75% RC) spread weave)
Panasonic Megtron6 R-5670(K) Pre-preg 1035 (70% RC) (spread weave)
Panasonic Megtron6 R-5670(K) Pre-preg 1027 (75% RC) (spread weave)
“core”, 50 um thick with %> oz copper \

PCB-Finish Immersion silver \

General Info \

Solder Mask Color Green \

(mm) (mm)
L1, L20 (MS) 40 <8 0.200
L1, L20 (MS) 50 <8 0.135 0.127
L1, L20 (MS) 80 Diff. <8 0.170
(edge-to-edge gap: 0.250)
L1, L20 (MS) 100 Diff. <8 0.120 0.112
(edge-to-edge gap: 0.250) (edge-to-edge gap: 0.258)
L3, L18 (SL) 40 <8 0.160
L3, L18 (SL) 50 <8 0.110 0.109
L3, L18 (SL) 79 Diff. <8 0.160
(edge-to-edge gap: 0.250)
L3, L18 (SL) 99 Diff. <8 0.110 0.107
(edge-to-edge gap: 0.250) (edge-to-edge gap: 0.250)
L5,L7,L14,L16 | 40 <8 0.150
(SL)
L5,L7,L14,L16 | 50 <8 0.100 0.099
(SL)
L5,L7,L14,L16 | 79 Diff. <8 0.150
(SL) (edge-to-edge gap: 0.250)
L5,L7,L14,L16 | 99 Diff. <8 0.100 0.099

(SL)

(edge-to-edge gap:

0.250)

(edge-to-edge gap: 0.245)
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Stackup design and initial models

TOP z
INNER1

INNER2

INNER3

INNER4

INNERS

INNERG

BOTTOM

Prepreg and core have different Dk — why?
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Base Processed Copper
Stack up Description Thickness | Thickness er | ImpedancelD | Coverage C
Liquid Photolmageable Mask 400
L A A ) & &8 A& CopperFol 18.00 35.00 2 60.00
[ | Panasonic Meg-6 PrePreg 1035 (75% RC) 74.00 73.25 319 Spread glass weave
| | 18.00 15.0 80.00
Panasonic Meg-6 ( 2°1035 ) 100.00 100.00 337 Core with H-VLP copper
= oy 18.00 15.00 4 20.00
[ | Panasonic Meg-6 PrePreg 1035 (70% RC) 60.00 54.00 323 Spread glass weave
[ ] Panasonic Meg-6 PrePreg 1035 (70 RC) 60.00 54.00 323 Spread glass weave
[ | 18.00 15.00 80.00
Panasonic Meg-6 ( 2°1035 ) 100.00 100.00 337 Core with H-VLP copper
18.00 15,00 20,00
[ ] Panasonic 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 1 Spread glass weave
| | 18.00 15.00 80.00
Panasonic Meg-6 ( 2°1035 ) 100.00 100.00 337 Core with H-VLP copper
18.00 15.00 7 20.00
[ | Panasonic 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 15 Spread glass weave
18.00 15.00 80,00
ShengYi S1000-2 ( 17106 ) 50.00 50,00 372
18.00 15.00 80.00
[ | Panasonic Meg-6 PrePreq 1027 (75% RC) 49.00 48,25 319 Spread glass weave
[ | Panasonic Meg-6 PrePreg 1027 (75% RC) 49.00 48,25 319 Spread glass weave
o 18.00 15.00 80.00
S ShengYi 51000-2 ( 17106 ) 50.00 50.00 an
= 18.00 15,00 80.00
[ | Panasonic Meg-6 PrePreg 1027 (75" RC) 49.00 4825 319 Spread glass weave
[ ] Panasonic Meg-6 PrePreg 1027 (75% RC) 49.00 4825 319 Spread glass weave
18.00 15.00 80.00
ShenqYiS1000-2( 17106 ) 50.00 50,00 372
18.00 15,00 80.00
[ | Panasonic Meg-6 PrePreg 1027 (75% RC) 49,00 43,00 319 Spread glass weave
[ | Panasonic Meg-6 PrePreg 1027 (75% RC) 49.00 43,00 313 Spread glass weave
A A 4 y N 18.00 15.00 20.00
| Panasonic Meg-6 ( 2°1035) 100.00 100.00 337 Core with H-VLP copper
| | 18.00 15.00 80.00
[ | Panasonic 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 an Spread glass weave
N\ N 4 b £, T F 18.00 15.00 20,00
Panasonic Meg-6 ( 2°1035 ) 100,00 100.00 337 Core with H-VLP copper
\ | 18.00 15.00 80.00
[ | Panasonic Meg-6 PrePreg 1035 (70% RC) 60.00 54.00 323 Spread glass weave
[ ] Panasonic Meg-6 PrePreg 1035 (70% RC) 60.00 54.00 323 Spread glazs weave
A A I W W 18.00 15,00 2000
Panasonic Meg-6 ( 271035 ) 100.00 100.00 337 Core with H-VLP copper
[ | 18.00 15.00 80.00
[ ] Panasonic Meg-6 PrePreg 1035 (754 RC) 74.00 73.25 31 Spread glass weave
r W W L1 W W W CopperFol 18.00 35,00 60.00
Liquid Photolmageable Mask 4,00

_E'ﬁ, Materials: T=20[°C], ...

; "035.56UM_CU", RR=1
: "017.7BUM_CU", RR=1

—-MM StackUp: LU=[um], NL=20, T=2030.12[um)], C5M=("5clder Mask", 40[umn]}

T oppER. R No resistivity and

—
"FR-4" Dk=3.72, LT=0.02, PLM=WD, Dk(0)=4.48, Dk{inf)=3.29

"Bir"

"Solder Mask”, Dk=4, LT=0.02, PLM=WD, Dk(0)=4.82, Dk{inf)=3.65

"Meg-6 TopBot", Dk=3.18, LT=0.002, PLM=WD, Dk(0)=3.26, Dk{inf)=3.16
"Meg-6 Innerl (P)", Dk=3.23, LT=0.002, PLM=WD, Dk(0)=3.3, Dk(inf)=3.2
"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=3.19, 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
"Meg-6 Av", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk{inf)=3.16

—
—

1| Signal: "TOP", T=35.56, Ins="Air", Cond="0353.36UM_CL"

2| Medium: T=73.25, Ins="Meqg-& TopBot", DIE_DO3

3| Plane: "GMND1", Cond="017.78UM_CU", T=13, Ins="Meg-& TopBot"

4| Mediurm: T=100, Ins="Meg-6& 2x1033 ()", DIE_D03

5| Signal: "INMER1", T=15, Ins="Meg-& Innerl (P}", Cond="017.78UM_CL"
B Mediurm: T=108, Ins="Meg-& Innerl (P}", DIE_0O7

7| Plane: "GMND2", Cond="017.78UM_CU", T=13, Ins="Meg-& Av"

8| Medium: T=100, Ins="Meg-& 2x1035 (C)", DIE_DDS

9| Signal: "INMER2", T=15, Ins="Meg-& Inner2 (P}", Cond="017.78UM_CL"
10| Mediurn: T=28, Ins="Meg-& [nner2 (P}", DIE_011

11| Plane: "GMD3", Cond="017.78UM_CU", T=13, Ins="Meg-& Inner2 (P}"
12| Mediurn: T=100, Ins="Meg-6& 2x1035 ()", DIE_013

13] Signal: "INMER3", T=15, Ins="Meg-& Inner3 (P)", Cond="017.78UM_CL"
14| Mediurn: T=88, Ins="Meg-& Inner3 (P}", DIE_015

15| Plane: "GMD4", Cond="017.78UM_CU", T=13, Ins="Meg-& Av"

18| Mediurm: T=30, Ins="FR-4", DIE_017

17 Plane: "WCC1", Cond="017.78UM_CL", T=13, Ins="Meg-& Lv"

roughness for conductors

Wideband
Debye with Dk
and LT @ 1 GHz

— Half

18] Mediurn: T=96.5, Ins="Meg-6 Av", DIE_019
19| Plane: "GMD5", Cond="017.78UM_CU", T=15, Ins="Meg-& Av"
20] Mediurm: T=30, Ins="FR-4", DIE_021

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




Validation structures

e Structures for the material model identification/validation

— For identification with GMS-parameters or SPP Light: Two segments of

differential or single-ended t-lines for each unique layer

— Beatty standard (series resonator) for model confirmation

e Structures similar to signal links

Simple straight links — same as for the material identification
Diff. and single-ended (SE) via-holes for each routing layer
AC coupling capacitors similar to used on SERDES links
Meandering line segment similar to used on DDR links

Diff. link skew compensation structures
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Validation board design

5 cm and 10 cm SE Material identification
trips (INNER6
strips ( ) structures - red

5cmand 10 cm diff.
microstrips (BOTTOM)

5cmand 10 cm diff.
strips (INNER1)

Links with viaholes

(shown separatel Designed trace dimensions:

| AN BOTTOM: 120-250-120 [um]
e ) INNER1/6: 110-250-110 [um]
INNER2/3: 100-250-100 [um]

~—

5cmand 10 cm diff.
strips (INNER2)

5cmand 10 cm diff.
strips (INNER3)

Beatty standard in INNER6 SE: 110 [um]
| . INNERG6 (D2) BEATTY INNER1 and INNERG6:

(INNER6 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 INNERG6 (E1)

0201 AC coupling cap (F2)

Short-circuited pads for 0201 AC
coupling cap (F3)

0402 AC coupling cap (F1)

DesiGnCon'Erm
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Viahole structures

[ ! | Diff. vias BOTTOM to Diff. vias BOTTOM to INNER6, stub
NNERS6, long stub (C1) back-drilled (C2) @

L

BOTTOM BOTTOM

SE vias BOTTOM TO INNERS,
no stitching vias (C4)

SE vias BOTTOM TO INNER1, B
with/without stitching vias (C5)H

3 B < 0 i
p— g— Diff. vias BOTTOM TO INNER1,
® short stub (C3)
®© ® =
. TTOM TTOM
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Launch — the most important element

 To mount either 2.92 or 2.4 mm press-fit connector on TOP layer

For testing microstrips we need launch TOP-BOTTOM TOP W W ww
*  Fortesting INNER1, TOP — INNER1 (with backdrilling) INNERL W m
* Fortesting INNER2, TOP — INNER2 (with backdrilling) NNER2 | | T oo o
+  For testing INNER3, TOP — INNER3 (with backdrilling) R | | O gy
For testing INNER6, TOP — INNER6 (no backdrilling) = |
We can rely only on the stackup/materials obtained from the s : %
manufacturer
INNER4 :l@lu_z s_—u_u_qj:

INNERS E{A—u—z s—u—u—AE

INNER6 EPL—Z &_Df;:

BOTTOM tw w i) w w w
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Launch design - localization
 Ostitching vias located on a circle of diameter 2.3mm :
e Stitching vias connect all GND planes together and the Tm
 GND vias have drill hole diameter 0.250mm and pad size 0.5mm

 Distance from signal via to stitching vias is about quarter of
wavelength at 30 GHz

— Launch should loose the localization at about 30 GHz by design

* We cannot expect good correlation above that frequency

* Though the impedance of the return path remains low due to plenty
of stitching vias (expectation)

* Optimized without the connector —the launch only
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Launch design: TOP-INNER1

* Signal via drill hole diameter: 0.250mm

TOP A A A A A
 signal pad diameter: 0.51mm INNERL || :
. Antipads: INNER2 || i

— TOP: Diameter: 1.54mm — : INNER3 [b,wﬁ an:
© Di : wsp - Transmission 1 : ‘

— GND1: Diameter: 1.4mm * e | |
—  GND2: Diameter: 1.4mm ] | | e —
_ il Reflection 8 | 5

— GND3: Diameter: 1.4mm ° /7 | ]‘
— GND4: Diameter: 1.4mm | N\ e i/ | i
) N e //f/’ B 10 15 20 25 30 Fsrzquew‘[GHz] - - - - ﬁ

—  PWR1: Diameter: 1.4mm S AINISERES | |
- .. INNERS : :
— GND9: Diameter: 1.4mm INNERG : _ f
e Upto 28 GHz, return loss below -20dB (less than 10%), below 0.1dB loss BOTTOM v w-ii e ==

« We assume that the stub ends at INNER2 - the stub length is: 108+15+100 = 223um
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Launch design: TOP-INNER?Z2

* Signal via drill hole diameter: 0.250mm

TOP a
 Signal pad diameter: 0.51mm INNERL | | | |
« Antipads: NNERZ || :
— TOP: Diameter: 1.54mm e, 8] , INNER3 | || )

— GND1: Diameter: 1.3mm _mo Transmission . | |

—  GND2: Diameter: 1.3mm 2 —— o :‘

. . 1 |

— GND3: Diameter: 1.3mm 575 P Reflection | ]‘

—  GND4: Diameter: 1.3mm NP | i

—  PWRI1: Diameter: 1.3mm 75! WNERS | 1 —

- - c 5 i —;::SH,H; jJoA:srzﬂ;zs ’ Frezzency' o INNERS ; — ‘ ;

— GND9: Diameter: 1.3mm INNER6 : = f

BOTIOM

e Upto 28 GHz, return loss below -20dB (less than 10%), below 0.1dB loss
« We assume that the stub ends at INNER3 - the stub length is: 86+15+100 = 203um

WHERE THE CHIP MEETS THE BOARD
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Launch design: TOP-INNER3

* Signal via drill hole diameter: 0.250mm or | &
 Signal pad diameter: 0.51mm INAER
 Antipads: INNER2
Magnitude(S), [dB]
— TOP: Diameter: 1.54mm _1250 Transmission | INNER3
—  GND1: Diameter: 1.3mm .25 — | |
—  GND2: Diameter: 1.3mm o // Refiction Ll i
— GND3: Diameter: 1.3mm o 1 :
—  GND4: Diameter: 1.3mm -751 e | :
. Frequency, [6Hz]  INNER4 @ p——
— PWR1: Diameter: 1.3mm ‘ oA | 1
- " INNERS | | & =
—  GND9: Diameter: 1.3mm INNERG FL: @Mf
. BOTIOM

e Upto 33 GHz, return loss below -20dB (less than 10%), below 0.1dB loss
* We assument that the stub ends on PWR1, that is the stub length is: 86+15+50+15 = 166um

WHERE THE CHIP MEETS THE BOARD
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Launch design: TOP-INNERG

* Signal via drill hole diameter: 0.250mm
 Signal pad diameter: 0.51mm

TOP
 Antipads: INNER1

— TOP: Diameter: 1.54mm INNER2

— GND1: Diameter: 1.54mm — : ‘

Transmission INNER3
— GND2: Diameter: 0.8mm Y
Xi g1

—  GND3: Diameter: 0.8mm ——_ Reflection

— GND4: Diameter: 0.8mm

— PWR1: Diameter: 0.8mm

- eee i —:A:sn,ﬂ; iA:SIZ,ﬂ; . i Freziency’ (6l | N N E R4

— GND9: Diameter: 1.1mm INNERS
e Upto 22 GHz, return loss below -20dB (less than 10%), below 0.1dB loss INNER6
*  No backdrilling BOTTOM =

WHERE THE CHIP MEETS THE BOARD
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Launch design: TOP-BOTTOM

* Signal via drill hole diameter: 0.250mm

 Signal pad diameter: 0.51mm op
 Antipads: INNERL

— TOP: Diameter: 1.54mm ), ) | | | INNER2

—  GND1: Diameter: 1.54mm Transmission

e INNER3
— GND2: Diameter: 0.8mm * /‘”
— Reflection
— GND3: Diameter: 0.8mm w ~
— GNDS8: Diameter: 0.8mm | % R TR
' 15ow 2016, 7.2623, frers Frequency, [GHz]

—  GND9: Diameter: 1.1mm T INNER4
) INNERS
* Tapering of the entry trace to the via pad (BOTTOM) INNER®

BOTTOM +

[ )

Up to 27 GHz, return loss below -20dB (less than 10%), below 0.1dB loss up to 22 GHz.

WHERE THE CHIP MEETS THE BOARD
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Reality: Layout peculiarities
 Viadrill diameter defined 7.9 mil in layout file, but

9.85 mil (0.25 mm) used by manufacturer

e The PCB is manufactured with the “impedance
control” — all trace width and spacing are adjusted by
the PCB manufacturer, that is not reflected in the
layout file

 No information on trace shape (important for losses)
* No information on solder mask shape/parameters

* No information on conductor roughness

* No information on the backdrilling

DEesiGNCon ez JAN 30-FEB 1, 2018
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Reality: Layout peculiarities

INNER1 - strips o January 16, 2017 — board in production

Will metal in top layer make difference?

It depends on the isolation of the top layer from the rest of
the structures — no difference in this case, because of solid
plane separates the top from the rest of the board and
nothing in top layer, except the launches ...
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rements and GMS-
extractlo_n _

-

b ]
: I _I-h v

Alrd

e

DEesiGNCON'EZT 3.7 JaN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD UBM



Measurements

 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 (acceptable)
* 50 GHz VNA, 2.4 mm connectors (acceptable)

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

"3 JAN 30-FEB 1, 2018
N7/



First measurement attempt with TDNA
* January 20, 2017

* Quality metrics are acceptable
* Large noise in data

* GMS-parameters are very noisy " g Ty
 Not acceptable to proceed & %
* Here are some observations...
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S-parameters quality evaluation

@ Graph(1) @ GMS_INMER1 @ GMS_INMERZ @ GMS_INMERS |23 GMS_INMERG | =3 GMS_BOTTOM % S-par-SE Touchstoneﬂnalyzer

J = | R |!—|i1 diff_innerd_long.sdp;

File name Quality  Passivity Reciprocity Causalty Magnitude(S). [db]

Ch\Repositon\Simbeor\ SupportInfinera\March31_2017_board_and_measure... T “_"-—-—“_).

PCicsh 515 100 90.2

QPrcssp 5080 900 904 - T

PCicstp 502 100 90.9 - N C

v [ 904 | 100 872 - a0t

2)CEs2p 8a4 | 100 835 - P A

2)D1s2p 839 981 838 - 454 M\

Poz:m 508 100 82.8

&P diff_bottom_long s4p 903 | 100 90.7 - a0t

2 )diff_bottom_short.sdp 894 100 8387

.?_,.'d'rf'f_inner‘l_lnng.sdp 893 100 91.8 et

@ diff_inner1_shott s4p 502 100 306

2 ) diff_inner2_long s4p 895 100 525 f

& it inner2_short sép g0 00| %07 . T

27 | 93z [l o2+ [N 1

2 diff_innerd_short s4p 885 531 915 - BT

ad'rff_innerﬁ_lnng.sdp 914 100 529

2 diff_inner§_short s4p 57 100 507 - 40T

2 E1_MeandersZp 9.7 100 872 -

2)F1_0402s4p 896 | 998 88.9 - 45T i i s rpﬁ

&P F2 02014 502 100 88.2 - ] TJ ﬁﬁ— * Iilﬁ J] Lli #q N o ?{
2 )F3_strips.sdp 883 | 999 88.5 - =4 iy )

& =c_inner6_long s2p 91 100 86.9 - H L[] ?’[% [f] E? [‘#] ] I ] [\]EEL‘L ‘)FT |ﬁ

ase_innerﬁ_shnrt.szp 90.3 100 845 - &t ] I 4 4

5 Ll \
i [
UL I T
. | | | L N b L L | | | | |
Rotation metric (Causa“ty) 0 25 5 75 0 125 15 175 20 28 25 278 20 25 = 75
23 0ct 2007, 14:28:22, Simbenan Inc. Frequency, [GHz]
is low because of the noise * 5[1.1] £ 501.2) S[1.3,—= 3[1.4]
f

Ready x‘/@‘v
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S-parameter quality evaluation
* Acceptable quality, but very noisy

diff_innerl _long. s4p; diff_botam_long.s4p;
M agnitude(5). [dB] Magnitude(S). [dB]
T NNERL | /| [ —s OTT(
SO I 1 OTTOM
%M\h@q M )
A0 T —0O00 o/ i A0 T — o/
=69.07/0 =390.57
20T i 20T
A0 A0 T
*

A0 T | - A0 T +
AT - -50 7 g

1 ' | ! 1 >u| ] ] ] 1 ] 1 ] %J( ! ly :k ! ] | ] ]

1] a 10 15 20 25 an il 40 1] a 10 15 20 2h an i a0
22 0ct 2017, 15:38:07, Simberian [nc. Frequency, [GHz] 22 0ct 2017, 15:37:43, Simberian Ine. Frequency, [GHz]

——# Smm[01.01]); =8 Spm[01,02); = Smm[D1,01]; == Smm[D1.C2); —# Sm[01.01]; =& Smm[01.02]; — Smm[D1.C1); —= Smm[D1.C02);

DesicnConEmm *"@jv JAN 30-FEB 1, 2018
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S-parameters quality evaluation

Acceptable, but noisy Questionable above 20 GHz

ot (] ety amemss  STUD resonance

01 K agnitude(S]. [dB]
— INNER2 =

A0+ Jl“lh
FHJ
i' ;1 "I

20+ L _E:Lila- JLAR doi L :..‘:..' L Ph | : ‘wdhl |I||il‘H
L 2 TN - i i

107

207

30T

0T

1 -il'i
401 -3

40 7 TR

-EEI“ i: !. inl
. A

! E
'ED" : [ k|

1] a 10 15 20 2h an i an ! } } ! f I } } }
22 Oct 2007, 15:358:31, Simberian Ihe. Frequency, [GHz] 1] 5 10 15 20 25 30 sl a0
——# Smm(01.01]; — & Smm[D1.02); ——< Smm[D1.01]; ——= Smm[D1,C2); 22 0ct 2017, 15:33:53, Simberian Inc. Frequency, [GHz]

—# Sm[01.01]; =& Smm[01.02]; — Smm[D1.C1); —= Smm[D1.C02);

Reality: INNER3 launch is not backdrilled!

I
DesicnConEmm *7 JAN 30-FEB 1, 2018
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Measurement observation
e Resonance around 33 GHz

Eo e O S Vet e What caused it?

I 1. Measurement defect? F
2. Fiber Weave Effect?

3. Connector or adapter?

4. Launch localization?

5. Non of the above?

25T

7.5

125¢

17510 T T T T T
0 25 5 75 10 125 15 175 20 225 -] 275 1] 325 35 35 40
Jhpe 2017, 184213, Infrwera Frequerncy, [GHz|
= ASmm{D1.D2] —= B:Smm{D1.02L = C:Smm[01.D2]; D:Smm{D1.D2) E:Senen{D1.D02); FSenrn[D1.0:2):
@ Sl N2 Sl D2

WHERE THE CHIP MEETS THE BOARD
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TDR pre-qualification

L:deas_TDMA se_innerf_long.MFP; B:Meas_TONA.se_innerf_short MFP; C:Meas_TDMA diff_innerf_long MFP; D:Meas_TDMa, diff_inneré_short. MFP; E:Meas_TDMA. diff_inner!_long. MFP; F:Meas_TDNA.diff_inner!_short. MFP; GiMeas_TDMA.diff_inner2_long MFP; H:Meas_TDMA. diff_inner2_shaort MFP;
I:Meas_TDMA diff_inner3_shot MFP: J:Meas_TDMA diff_inner3_lang. MFP: K:Meas_TDMA.ditf_battor_long. MFP: L:Meas_TDMNA. diff_battom_shart MFP;

2. [Okm]
B3 T
. ~
B0 T
i
95T
BT
\\ -7 S 1t r I p S Aobeas TDMA ze_innerB_long MFP: BiMeas TDMA se_innerd_short MFP; C:Meas_TDMA diff_ikners_long. MFP;
5T D:Meas_ TOMA diff_innerE_short MFP; E:Meas TOMA dff_inner! _long MFP; FMeas_TOMNA dff_inner! _short MFP;
G:teaz TDOMA diff_inner2_long.MFP: H:Meaz TOMA diff_inner2_shart MFP; [:Meas_TDMA. diff_inher3_short MFP;
\ J:Meas TDOMA iff_inner3_long MFP: K:Meas TOMA diff_bottom_long.MFP: L:Meas TDMA. diff_bottom_short MFF;
Z, [Ohm]
a0t P
\\ 80T
4 \
BT N5 +
1} o1 oz 03 04 05 g o7 S B
23 0ct 2017, 14:17:43, Simberian Inc. 23]
AF L AZ[22L B:Z[1.1] BZ[2.2]: =i CZ[2.2]: B0t
E:Z[4.4]: F:Z[1.1] FZ[2.2): FZ[33] F:Z[4.4]: GZ[1.1],——
1:Z[3.3]; 1:Z[4.4]; JZ L JEZ2.2]: JZ[33); JZ[4 4]
5T
. .
[] /
Reality: Two segmentsin |

INNERG6 have different

0075 01 015 0175 0225 0275

0.05 0125 0.2 025 03
CO n n e Cto rs — C h a n ge a n d re 23 0ct 2017, 141351, Simberian Inc. Time, [nz]
AZ: BZ[2.2] B:Z[1.1] B:Z[2.2]; CZNAL — CZ22; C:Z[3.3L
CZ[4.4]: D201 D:Z[2.2]: D23 D:Z[4.4]; EZ[11); EZ[2.2]:
m e a S u re | E:Z[3.30: E:Z[4.4]; FZ[1.10: FZ[2.2]: FZ[3.3]: F:Z[4.4]; G:Z[1.1]:
. — GZ2.2] GZ[3.3] G:Z[4.4]: HZ[1.11: H:Z[2.2]; H:Z[3.3]: H:Z[4.4];
1Z0.1]; 1:2[2.2]; 1:Z[3.3]; 1:Z[4.4]; JZN AL — JZ22 JZ[3.3):
JZ[4.4]: KZ.1L K.Z[2.2]; KZ[3.3]; K.Z[4.41; L2111 LZ[2.2]:
LZ[3.3]: L=Z[4.4]:

JAN 30-FEB 1, 2018
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GMS-parameters

Noisy S-parameters or geometry problem?

A:Meaz TDMA amz_meaz_diff_innerl . GRS; A:Meas _TDOMNA agmz_meas_diff_battom G5
M agnitude(S]. [dB] Phaze Delay, [pz] K agnitude(S]. [dB] Phase Delay, [ps]
(N t 33 (.
e I ™
08T = — e Yy 05+ o T 305
| INNER1 — Dirtt. ! RN BOTTOM
% .,
P, . 1 K __* - A =~ 1 —1 1
.1 "“ae%g Red - odd mode; /oo ™ Red —odd mode; -
! - 1 1
=% B I .ﬁ_..g
Rib | Green — even mode; T Green —+ even mode;
GMS IL ity o i {0
1 325 1 € AL T 1
I 24! e SR 295
| %,
- T i .\.
2 I ': “«
25T T~uc
25+ i T 320 | i — T 290
. 1 |
¥ 371
] |
31 % ¥ GM + 285
-3 AT
\f, GMS Phase D 738 .
%, ] *
35T -@E:A*\‘ A ] GM
%m@m Sov- | 1 Y
n xr 1
. . g 2a0
1 o " lﬂiﬁéﬁﬁ et FLE R 1 e ey %(
-4 | E2 *, 7 30 45T
IEI 2: 4] é ?.IE 1IIII 1 2:.5 1I5 1 ?I.E EIEI 22I.5 2I5 2.'-:'.5 3IEI 2.I5 é ?_IE 1IIII 1 2I ] 1I5 1 ?I.E 2IIII 22I. 4] 2I5 E?I.E SIEI
05 Mo 2017, 14:39:54, Simberian [ne. Frequency. [GHz] 22 Oct 2017, 15:34:19, Simberian |ne. Frequency, [GHz]
—# aSmnlM11In2M1)] F#— — = Ao SmllnT (M2 2] #— — = —# A:Smllnl M1 1In2[M1]] F— — = A:Smlln (M2 n2[M2]) #— — =

May be acceptable up to 10 GHz
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GMS-parameters

A Meas TDOMA gmz_meas_ditf_innerl GMS;

AMeaz TDMA ame_meaz diff_inner2 GMS;
M agnitude(5], [dEB] Phaze Delay, [pz] M agnitude(5), [dB] Phaze Delap, [pz]
¥
I \ T 3325 N 13275
h i 1 W el W
] st INENNER 1 051 \ NTN
05 ININERNL - I CRZ
e Y T 330

\\ T 325
)

T 3225

T 3275
P

By

A A
\\ AL R A A

25T

BE: \ A’\ 4 1320
. N |

1
#

]

!

1

1

|

1

1

T 325 1511 \Vf\,,

15T {
]

1

T 3225 B

¥

1

]
q

i
1

) 4 J
a1—% 2 X YA N 738 13125
" T
k- ik Tt az2s 357 > A
-  JUIPPY A < =
35T ENA L VR Ty Rt < ik, \ [
=0, bl e \* - 1 ﬁ -: S 'llh il -\.ﬂf\ r
. m— H*“\-""-ﬂp\#% _’u R i j*\\ £ oo P%
R —— = - N " .-'* _Jr ‘-‘» Mo oy
B e v Y N N B o s % JS7 SN 2
25 5 75 10 125 15 175 20 225 25 275 an 25 ] w5 10 125 15 175 20 225 25 275 30
22 Oct 2017, 15:27:40, Simberian lne. Frequency, [GHz] 22 0ct 2017, 15:29:08, Simberian Inc. Frequency, [GHz]
——# ASmlinlM1]In2M1]] F— — = &:5mlIn [M2)In2M2]] : —— A Smllnd M1 LIn2M1)] F— — = A:Smlin M2 In2M2)]

Acceptable up to 10 GHz Not acceptable — backdrilling problem?

JAN 30-FEB 1, 2018
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GMS-parameters

A:Meaz_TOMA gme_meas_diff_innerB. GMS;
A:Meaz TDMA ams_meas_diff_innerd GMS:;

MagritudeiS]. [dB] Phase Delay, [p¢] Magth:fe[S], [dE] Phaze Delay, [ps]
- T 325 "
l... \ % ' Mgl . d :f T35
N I INNER6 — Diff.
LN | R Red — odd mod
057 RS 1 ik - e, T 330
§ 330 % ’
| S INNER3 | A TA - ,
.,,;& T 325
| v\,\/ oL p \
\ )
r\,\y T 320
15 L .'t 2 Tl | 1 27T I R I . .
V 20 . Reality: connec l..
I'- | 3+~
25T "NMNISIMNMATCN
. i ImsSIfiaictlli
27T —'-.1\ i - | T30
o 24 1
*, |
™ ¥ _ |+ 05
E - 1] —~
25 -""-.._*:_-_“_h_ + 30 25T \'\ "!\v/!s Pllas Del"’a’y_
5 w\-" = - et Sy et
M 300
4+ )
a4
} 1 | ! ! | 1 L T 305
' ' ' ' ' r 295
1] 25 5 75 10 125 15 175 20 } } } } }
22 0ct 2017, 15:30:32, Simberian |nc. Frequency, [GHz] 0 25 ] 75 10
—k ASmin][M1LIn2[M1]] #— —=; A:5mlind [M2)In2[M2]] . 04 Moy 2017, 10:17:52, Simbernian [ne. Frequency, [GHz]

=k &:5mln1[M11In2M1]] F=—— = A5l [M2]In2[M2)] Fm ==

Acceptable up to 10 GHz May be acceptable up to 8 GHz
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Reality: Connector mismatch problem

e 5cmand 10 cm traces on INNERG6

Acteas WNAZ) Megf_40G_se_innerE_10cm MFP; B:Meas WNAZ). MegB_40G_se_inner_Scm MFF;

Z, [Ohm]
. 5/cm INNER6
52 f’ \ \
e /A
51 \// W ] —
5 e AN iy e T /:t_d_:::__:___?_-: e
VM R i e s e e S )

jj A 2.92 mm connectors from different

. , _ manufacturers were used on two t-lines
' 10 cm INNER

o
o 0025 - 00s o.oes 01 0125 018 01w 02 0225 025 0278 03 0.325 035 03 0.4 0.425 045 0475 0s —
0d tay 2017, 10:30:41, Simberian Inc. Time, [ns]

=== AZIL=-——= AZR2Z BZ[1.1]: BZ[2.2)

A:Meas_TDNA Gom_diff_innerB. GMS; B:Meas_WNA[2] gms_meas_ditf_innerb. GMS;
Magnitude(5). [dB] Phase Delay, [ps]

i GMS-parameters from VNA

Ateas TOMNA Scm_stip_inner6.GMS : B:Meas_YMA[2].ams_meas_strip_inner6.GMS
Wagnitude(S), [dB] Phase Delay. [ps]
[

s . - . . 05 — )

_1 ~ IVloael identitied with TDNA 20 ) o measurements with identical -

B e (diffe.rent con nect()rS) N 15 \*\K connectors vs. model identified with 1.,
\T i A i \ THNA A diffarant connectarc

2 mal UlmriIcicIitc CUTINICeiLvurT o

15 ps or 4% S

[

: S N
¥ ¥ “S\é‘ifm ) ,2_5E A bO 15 . Nﬁ 3

320

: fh%’“wﬂ N\ difference in phase delay — teal

35 = - T
§ VoY S— —~— '-E----EI--.-.-Qf-.. S PV ~— 0
4 ¥ 414
- = 300
Ha & ( —
s =i g ' . 45 o \ — m
P T TR TN \_;.;Q:::)Q::::);—(—@--—---e———e-—-e——-o___e._._z‘:a._:c_:_g —Te— \o—/ 5
kT ; ; : ! : ; : ; ; ; " ; ; g ;
25 5 75 10 125 15 7175 2 28 3 ¥5 W 0 RS B 75 0 42 5 48
4 May 27 T L 1a 125 15 R 0 225 B 275 n 25 A 5 40 425 “Eraquang fGHZ] 03 May 2017, 16:45.10, Simberian Inc. Frequency, [GHz]
) bl TR O — = B ST U2 T ¥ — = ———€) &Sl M1LIn2M1)] O— — = ———8) &Sm(In1M2In2M2)] O— — = ———1 B.Sm{In1 (M1}In2M1)] O— — = ——1 B:Smlint M2)In2M2)] O— — =;
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Ma

a1+

a4

a4

9+

10 Apr 2017, 14:31:57. Simberian Inc.

First measurements with 27 GHz VNA
e Strange dips around 22 GHz

A:MegtonE_diff_bottom_10cm. 24p; B:MegtronE_diff_bottom_Scm.z4p; C:MegtronE_diff_inner!_10cm. sdp; D:MegtronE_diff_inner]_Scm.zdp; E:diff_innert_Scm.sdp: Fdiff_innerz_Scm.sdp;
gnitudeS). [dB]

o . |
\N__\

s

//:,/

e
S P
g

7
//

il
[
/
/

?

¢

¢
/

/

=

T
VT

I I I I I | 1 ' I ' I I I I I I I I | | I
125 25 375 5 E25 75 875 1m 1125 128 137 15 1625 1A 1875 20 2125 225 2375 25 26
Frequency, [GHz]

—— ASmm[01.02); ——= B:Smm[D1.02); ——< C:Smn[D1.02): D:Srrn(D1.02]: E:Smm{D1.02]: F:Sram[01.02]:

JAN 30-FEB 1, 2018

Questions arisen:

Did you take VNA and TDNA measurements with the same
connectors? — connectors with adapters were used

Did connectors were installed with the TDR monitoring? - NO
Did you wash the connectors in pure alcohol right before taking
the measurements? - NO

Did you pre-qualified the cables for the measurements? — VNA
measurements are done off site, TDNA had 4 cables

Did you calibrated the VNA right before taking the
measurements? — YES, ECAL kit was used

How long agot VNA was serviced? - just recently

We did not find out the problem — most likely it was problem
with the calibration




Measurements with 40 GHz VNA

Graph(1) GMS_INMERT GMS_INMER2 GMS_INMER3 GMS_INMERE GMS_BOTTOM 5-par-5E  Touchstone Analyzer |

[

& =
X|® e |-

frequencies...

Ready

- l17

JAN 30-FEB 1, 2018
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H = | @ | Fe A:Megh_40G_diff_inner3_10cm. z4p; B:Megh_40G_diff_inner3_Bom. =4p;
File name Qualty Passivty Reciprocity Causality Magritude(S). [dB]
ChRepositon\Simbeon SuppertiInfineratMarch31_2017_board_and_measure... o7 _EEEQE *‘Fﬁ-ﬂw

a Megh_40G_diff_bottom_10cmsdp | S8.9 100 936 W MWM
-\9 Megb_40G_DIFF_G1.edp 39.5 100 93.3
a Megé_40G_DIFF_GZ2sdp 386 100 55.3
a Meg6b_40G_dff_inner1_10cm sdp 984 100 557
-\g Meg6_40G_diff_inner1_Scm.sdp 59.3 100 995
-\g Megb_40G_diff_inner2_10cm sdp 994 100 557
@ Meg6_40G_diff_inner2_10cm_Ba... | 9¥.2 100 993
-\g Megb_40G_diff_inner2_10cm_Ba... | 995 100 56.8 O N S
\9 Meg6_40G_diff_inner2_bcm sdp 593 100 995
a Meg6_40G_diff_inner2_bcm_Bak... | 98.1 100 99.2

Megb_40G_diff_innerd_10cm sdp 592 100 558

Meg6_40G_diff_inner3_bcm.sdp 975 100 99.7
-\g Megb_40G_diff_innerb_10cm sdp 596 100 556
\g Meg6_40G_diff_inneré_10cm_wro...| 99.5 100 99.7 -
D Veat_20G_diff_inner6_Semszp  [NGHEN 000 NSEE . s 11
\ﬁ Megb_40G_se_D1s2p 994 100 58 - ﬁ ﬂ [ U 4 F *
\9 Megb_40G_se_D2s2p 351 100 57 - y i 2 1
(@ Megb_406_se_E1s2p 395 100 . o RAANANG
(D) Megh_40G_se_inners_10cmszp |18 100 - BT ) W Y f A A A
-\g Megb_40G_se_innert_10cm_wr_... | 99.2 100 k ﬁ% 3 i % %
& Veqt_40G_se_inner6_Scmszp  [NIGHEN (1100 1 d /
-\g Meg6_40G_se_inneré_bScm_wr_c... | 99.5 100 ‘ ,D(

2 )sma_barel s2p - 93 1 q ﬂ
b 1 l T ¥ ¥ i
Problem at low T e o w ms w o = =
23 0ct 2017, 14:41:35, Simberian Inc. Frequency, [GHz]
# 451,11 ] A:501.2); A:5[1.3]; €1 25[14]; # B:5[1.1]—F1 B:5[1.2): B:5[1.3]: € B5[14]:

ke




TDR pre- quallflcatlon (40 GHz VNA)

A:Meas VMA2Z) Megb_40G_diff_inner2_10cm MFP; B:Meas VNA[2) MegB_a0G_diff_inner2_Bcm MFP: C:Meas VNA[2) Megbi_40G_diff_inneE_10cm MFP; D:Meas WNA[2) Megb_40G_diff_inners_Scm MFP; E:Meas_WMNA[2) MegB_d0G_diff_innerl_10cm MFP; F:Meas WHNA[Z)LMegb_ 40G_dift_inner! _Scrm MFP;

I G:Meas VNA[Z|Megh_40G_ dlf er3_10cm. MFP; H:Meas WHA[2) Meab_40G_diff_innerd_Scm.MFP;
* Acceptable

0T i

57571 /{\ /z\
a ;"-‘:—* e L 1

475 T

65T

4257 i R

Reality: Stub at INNER3 (no backdrilling)

FET

01 0z 0z 0.4 05 0E 07 osg 03 1 11 1.2 13 1.4 15 16 1.7 18 13

23 0ct 2017, 14:47:03, Simberian Inc. Time. [ns]
AFAL AZ[22] AF[33]: AF[4.4]: B:Z[11]; E:Z[2.2]: B:Z[3.3]: B:Z[4.4]; C:Z[11]; C:Z[2.2); CZ[3.3]; C:7[4 4); DE[AL DZ[2.2]; DiF[3.3]:
D:Z[4.4]; EZ[1.1] E:Z[2.2]: E:Z[3.3]: E:Z[4.4]; F2[1.1): FZ[2.2]): F2[2.3]: F:Z[4.4]: GZ[1.1]; GZ[2.2]: GZ[3.2]: G:Z[4.4]; HZ[1.1]; H:Z[2.2]:
H:Z[3.3); H:Z[4.4];

 All measurements are done with connectors from unknown vendor
* No measurements for microstrips
e At this point the project was paused for a few months...

DesicnConEzm m JAN 30-FEB 1, 2018
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Measurements with 50 GHz VNA

|3 2 @& A:INNER3_10CM_2_4MM.s4p: B:INNER3_SCM_2_4MM. sdp:
File name Quality  Passivity Reciprocity Ci Magnituds(S], [dB]
ChRepositondSimbeor\SupperthInfinera\March31_2017_beard_and_measurement oT ﬁL_——-__E‘ £ — I I —-—*_"'%-W
&P BOTTOM_10CM_2_8MM s4p 59 100 596 - —— W
() BOTTOM_5CM_2_4MM s4p 991 100 995 -
@1 2 aumssp 992 100 99.7 ol e aPR-O1l ~r—
@2 2 aumssp 993 100 997 - UUUU LU OLC )
@3 2 aumssp 992 100 996 -
(@ Cc4_VIA_HIROSE_IFBW_500HZ 52p 997 100 99.9 - M I N( CITY V ATI O I\]§ P
(@ c5_VIA_HIROSE_IFBW_500HZ 52p 997 100 99.8 - ||-20t A iy
() D1_BEATTY_250HM_INNER1s2p 996 100 99.7 - / & )l
() D2_BEATTY_250HM_INNERG.s2p 997 100 996 -
a_E'I_Meanderj Jem_Hirose_con_|FBW_500H... | 598 100 99.8 - ol ) T i A r .
\;ﬁ F1_2_4MM.sdp 993 100 996 - K 1l T,
@r2_2_ammssp 993 100 99.7 - s
@raz ammssp 992 100 995 - s
&DG1_2 ammsep 91 100 996 SRR i i U . i b >U
&PG22 ammsdp 975 100 996 -
&9 INNER1_10CM_2_4MM sdp %6 100 99.4 - :
(@ INNER1_5CM_2_aMM s4p 991 100 99.8 - D +
&9 NNER2_10CM_2_4MM.s4p 936 100 99.8 - 1
() INNER2_5CM_2_4MM sdp 992 100 99.4 -
 INNER3_10CM_2_4MM sdp 100 99.8 it
_5CM_2_ 992 | 100 99.4
&9 NNER6_10CM_2_4mM s4p 977 100 99.8 - * )
-\;’j Inneré_10cm_SE_Amp_con_IFBW _500Hz.s2p | 995 100 99.9 -
-\;9 Inneré_10cm_SE_Hirose_con_IFBW _1kHz.sZp | 554 100 57 -
(2 Inner6_500hm_10CM_Hirose_IFBW_500HZs.. [ 896|100 1887 4177 |‘
(2 Inmers_500hm_5CM_Hirose_IFBW_500HZ.s20 | 8855 || 100 99.4 ! ! ! ! ! ! ! ! ! . ! ! ! ! ! ! ! ! ! !
(& INNERE_5CM_2_4MM s4p %88 100 97 : 0 25 5 75 W 125 15 175 AW 25 %’ x5 WM ®@E B W5 40 425 45 45 50
o || 24 Oct 2017, 06:08:42, Simberian Inc. Frequency. [GHz]
P ro b | em at IOW freq UCNCIER S &5mmp1.01; =8 4:SmmD1,02): ——< &:Smm[D1,01); = A:Smm[D1,02]; ——* B:Smer{D1,071]; ———E] B:Smm(D1,02): —— B:Smn{D1.C1]: = B:Sroee(D1,C2];
re [=] | |2 rE
£ >
Ready K ‘ @ r": r:: ‘ M
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Measurements with 50 GHz VNA

 Reality: Cables were too thick to make measurements on differential traces

Reality: Thinner cables are used instead
— may be not so hlgh quallty cables

This distance is too —
small to have two iy
cables side by side ;

=

W[l
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Reality: Low frequency problem

 Reflection parameters measured with both VNAs converges to wrong value at DC
 (Caused by ECAL calibration kit

Passivity violation here

A:tegh_40G_se_innert_10cm.s2p; B:lnnerb_500hm_10Ck_Hiroze |FENW_B00HZ 22p; Cze_inners_long.=2p;

a—— makes extrapolation wrong
s o e F ¥ o e —— -
aaaaaaaaaaaaaaaaaa ] Daceivitv vinlatiAm M eas WNAZ) MeoB_40G_se_inner_10cm MFR; B:Meas_YNA[Z) Megh_40G_dif_inner_10cm_resampled Simulation(1]:
<v7l'db IVILY ViUIdLIVUII Magritude(3). [d8]
a0+ |
\ / Z Wrong DC
20T
. 40 GHz VNA, 2.9 - <
B : AN A
B R ST - v-'=:-\.ri " T \
| o ﬁ q W «+ Rational model vs. Original S-parameters: |/ {llll 1l
an~g . . ' LT T LT t'
wl R | ..\l _Passive rational approximation is difficult 11 E |
\ TDNA 2 ( at lower frequencies —+ possible passivity T
01 * 1T “|' and causality violations
more acc | Tlﬁ
T
RO T b A ——— - HHHH——— H HH
1e-008 .Dss;eé?ra;nanlnc 1e-006 1e-005 0.0001 0.001 oo o1 1 FW'ED qqqqqqqqqq
4 I ' I : I } 4 I I ' I I — } } } — 1 : I ) ' # 4e5[1.1): # p:5[1.2]: B:S[1.10; B:5[1.21; B:S[1.3); B:5[1.40; o
0o 01 1 10
19 0ct 2017, 15:21:53, Simberian [ne. Frequency, [GHz]

—F A5 —H AS[EA = BE0AL < B5[21), = CS0L —F T2
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Possible correction (workaround)

Use mechanical calibration kit
Use another VNA type/brand
Just to go forward, cut the data below 75 MHz and use the extrapolation with the

rational approximation (not reliable to predict the DC)

= @ MeasVMNAINMNERT_10CM_2_4MM.MFP

o MultiportParameters: 5(Zo=50), Y, Z; Qualit‘,_v‘: 98.09%; Passivity=100%;
— @ MeasVMNAINNERT_SCM_2_AMM.MFP

! @ -ﬁ:lt MultiportParameters: 5(Zo=50), Y, Z; Quality=99.06%; Passivity=100%;
% @ MeasVNAINNERZ_10CM_2_4MM.MFP

= ﬁ MultiportParameters: 5(Zo=50), Y, Z: Qualib:‘:%.ﬁ&?—é; Passivity=1003%;
= & MeasVNAINNERZ_SCM_2_4MM.MFP

i o® * MultiportParameters: S(Zo=50), Y, Z; Quality=99.02%; Passivity=100%;
— @ MeasVNA.INNER3_10CM_2_4MM.MFP

e MultiportParameters: S(Zo=50), Y, Z; Quality=99.41%; Passivity=100%;
= @ MeasVNA.INNER3_5CM_2_4MM.MFP

+ MultiportParameters: 5(Zo=>50), Y, Z; Quality=98.87%; Passivity=100%
= @ MeasVMNA.INNERG_10CM_2_4MM.MFP

& * MultiportParameters: S5(Zo=50), Y, Z; Quality=99.46%; Passivity=100%;
— @ MeasVMAINNERE_5CM_2_AMM.MFP

i@ MultiportParameters: 5(Zo=50), ¥, Z: Quality=99.48%; Passivity=100%;
- &) MeasVNA.BOTTOM_10CM_2_4MM.MFP

C o ifjt MultiportParameters: 5(Zo=50), ¥, Z; Quali
5.8 MeasVNABOTTOM_SCM_2_4MM.MFP

L@ ﬁ MultiportParameters: 5(Zo=50), Y, Z; Qualit~=«= 98.19%; Passivity=100%;
7 @ MeasVNA.Inner6_500hm_10CM_Hirose_IFEW_500HZ.MFP

[+ MultiportParameters: 5{Zo=50), Y, Z; Quality=99.79%; Passivity=100%;
=} @ MeasVNA.Inner6_500hm_5CM_Hirose_IFBW_500HZ. MFP

& MultiportParameters: S(Zo=50), Y, Z: Quality=97.57%; Passivity=100%;

=99.41%; Passivity=100%;

Reciprocity=99.78%
Reciprocity=99.76%
Reciprocity=99.78%

Reciprocity=99.78%

» Reciprocity=99.82%

%0; Reciprocity=99.79%

Reciprocity=99.78%

: Reciprocity=99.7%

Reciprocity=99.59%
Reciprocity=99.48%
Reciprocity=99.65%

Reciprocity=99.79%

A0+
201
304
401
501
601
701
01
901

Te-008

A:MeasvHA IMNERT_10CM_2_4MM MFP; B:MeasvNA INNER_10CM_2_4MM_re

sampled Simulation(1);

Magnitude(5), [dB]
[c

+

Py

It

S NOW acCc¢

epta

ble, but n

ot

perfect

Ra

tional

1odel vs.

Or

iginal S-

parame

ters

1e-007

1e-008

13 Oct 2017, 06:55: 30, Simberian Inc

—k As[1
B:S[1

AL —% a5
Al

1e-005

ASN3L

0.0

0.0m

0.

01

1

AS[1A4L — BSL—2 B2

1o

Frequency. [GHz]
B:5[1.30;

Reality: Without frequency points below the skin-
effect onset frequency (no DC) — it is not possible
to extract copper resistivity

"...a 0.5 dB error injected at a lower frequency
(<10 MHz) on transmission could take an 85%
open eye to a fully closed eye”, ). Martens, B.
Buxton, Signal Integrity: Frequency range matters,
Anritsu
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Measurements with low frequency data

e 10MHz-26.5 GHz on INNER6 — measurements with mechanical calibration kit:

H 3 e @& A IMMERE_5CM. sdp: B-INMERE_10CM s4p:

File name Qualty  Passivity Reciprocity Caus Magnitude(5). [dB]

ChRepositon® Simbeon Supportinfinera\March31_2017_beoard_and_measurements’, 01 = :
€ neRs_iocHss ®6 0 w8 - \Useful to identify

Wl Vil :"!'"
fil 22

(&) NNERE_PORT12_10CM_PORT34_5CMs4p  [1858Y | 100 99.8 - Copper re5|St|V|ty

“ l’

a7 “J(___________———-— “' i 17 ' {
1. iL e L m
/ | ,_Mf{r" o 24y Al

625 14 , _rj : I | |
Proper convergence to DC { l

%}v |

. . HEY : i : i : i :

The bandwidth is below oo o 01 : 10

24 Ot 2007, 070740, Simberian [ne. Frequency, [GHz]
the target % ASmm[01.01]; —& &:Smm[01.02]; — = A:Smm[D1.01]; — 2 A:Smm[D1.C2]; — % B:Smm[D1.01];

—* 1 B:Smm[D1.02]; — B:Smm[D1.C1; ——= B:Smm[D1.C2];

FE

%] &

K\’ﬁll\i
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S-parameters for differential material
identification structures (simple links)

ActeasyMNAINMERT_10CH_2_abbd MFP: B:MeasvMA INNERT_SCHM_2_ 4k MFP; C:MeasvNAINNERZ_10CM_2_d4kitd MFP; D:MeaswMAINNERZ_GCH_2_abdb MFP; E:MeasyMNA IMNERI_10CK_2_ dbdhd MFP;
F:teaswMA INMNERS_GCM_2_4bibd. MFF; G:MeasvNAINNERE_10CM_2_ a4kt MFF; H:MeasWNAINNEREG_SCH_2_ Atk MFP;
t agnitude(S], [dB]
0T r—

I

Transmission

a0t ry

Reflectio

| mf\ Yy w\lﬁe
A h S T
lintat N—
4 What is that?
A0 - \‘/
50 |.| F i ]
T 1 k\\Reality: Stub resonance on

7 | ﬁ INNER3 (expected backdrilling)

EII 2:5 5 .7‘.'5 1IEI 1 2I.5 ‘IIE 1 ?‘ 5 2ID 22I.5 2I5 2.';'. 5 3IIZI 32I. 5 3I5 3?:.5 4IIZI 42I. 5 4I5 4TI.5 EIEI
24 Oct 20017, 09:15:44, Simberian Ine. Frequency, [GHz]

=¥ &:S5mm{01.01]; =% &:5mm[D1.02]; == B:Smm[01.01]; =2 B:Smm[D1.02]); = C:Smm[D1.01]; = C:Smrm[D1,02]; = 0:Sram[D1.01]; =81 I:Smm[D1.02];

—t E:Smm[D'I,D'I];_" E:Smm[D7.02]; —_— F:Smm[D7.07]; Y F:Smm[D1.02];
] T
DESIGNCON EIFF] 3~ JAN 30-FEB 1, 2018

G:Smm[D1.01]; G:Smm[D1.02); —* H:Smm[D1.01); ——* H:Smm(D1.02];
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TDR and GMS-parameters: BOTTOM

A:MeasyNA BOTTOM_10CM_2_dMM MFP; B:Meas\yNA BOTTOM_SCM_2_4bh MFP:; A:MeasyNA BOTTOM_Scm.GMS:
Z. [Ohrm] K agnitude(S]. [dB] Phaze Delay, [hz]
About 3 Ohm variation in
| Odd mode —red
launch and along traces Pt osTH -
575 T To
AN N | Even mode - blue
- _—'v._,'(- = 1 11
) N e Vol m
) e \ ! Lys
e | ‘_f . ! WVl v VN w #
, ’\}'\, ff\..\k -'\..}‘: ] A 1 -1.5 “|tl.
(JY. VA N I GMS IL
1 |f\ U \f‘\‘ 2I| \ = Launch T0.295
18 I Y _ "*' .
528 ﬂ T LN \ localization frq.
.I 4 | J T T 25T i ﬂ == —_— %\- A
"'". | # A e NN e — | e 708
ol 11 I GMS Phase Delay
N || J 3 l'..'l.
H \ T0.285
[ B -+ .
§ 35 ., < o
4751 N e .
: : : : : : 4T “h*—_""‘*"fﬁ-—-—--_ — 1
0.25 05 0.75 1 1.25 15 ; ! : e '*_\L%
24 Oct 2017, 11:16:54, Simbenan Inc. Time, [nz] b 10 15 20 25 a0
&:2011]; £:712.7): 82033 £:714.4]; B:Z[1.1]; 24 Oct 2017, 11:17:11, Simberian Inc. Frequency, [GHz]
B:Z[2.2); B:-Z13.3): B:Z[4.4]; = &:5mIn1(M1)In2(M1])] F— = ==K ASm[In1[M2)In2[M2]] F— — =

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

DEesicnCoN e 5.

JAN 30-FEB 1, 2018
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TDR and GMS-parameters: INNER1

Ak easMA IMMMERT _Som GRS;

Laline
]\g AauiltiIvii T+ 0175
localization frq.

A MeasviA IMMERT_10CKM_2_ 4k MFF; B:MeaztMa INNERT_BCM_Z2_ akibd MFP; b agritude(S]. [dB] Phaze Delay, [hz]
Z. [Okr]
. Inductivie backdrilled launch with k OHd mode — red
5625 T T o5+ T 0325
over 2 Qhm variation \ Even mode _ b|ue
0BT [n q+ \ T 03225
|\."JI:-.. )‘\
5378 T f f_Qﬁii 15T AN 1032
5251 —1 ;IE‘ﬁZf?lﬁﬁf%aﬁﬁ______‘ gn% (thgjzx%;s neh
B
%

\ A
II ‘_?i- oo -\_\_\--_-—i--._._.

51.25 1 3 %Qﬁﬁfﬁﬁﬁ* : e N

! Pty \/ k$ﬁ 251 |

(Tl {_“, v 0315
| _"r‘ £
I Y
B0 . Tf i "
|'t* ey L ﬁ'\/nn Dl Al ™,

{191 % GIviS FTidsSE UE|dY

| 4 T 0.3125
BT T = >

| 3l (] \
-4, — &_f:i_h —_
_"'—'—t:"—- —_—— T 031
4?5 T ] [l ] ] ] ] 1 ] ] l T #Iqﬂ
0.25 0.5 0.75 1 1.25 15 5 'III:I 1I5 2IEI 2I5 3IEI 3
24 Oct 2017, 11:05:59, Simbernian Inc. Time, [nz] 24 Oct 2017, 11:04:16, Simbenan Inc. Frequency, [GHz]
A1 A 7122 &:.713.3): A7 4]: B:Z[1.1]: = &:5mIn1(M1)In2(M1])] F— = ==K ASm[In1[M2)In2[M2]] F— — =
B:A[2.2]: B:Z[3.31: B:Z[4.4]:

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

DEesicnCoN e 5.
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TDR and GMS-parameters: INNER?2

A:MeadVMNea INHMERZ_T10CK_2_4kM MFF: B:MeasVMNA IMNERZ_GCK_2_ 4k MFF; A:MeasvMa INNNERZ_Bom. GRS
Z. [Ohrm] kagnitude(5], [dB] Phaze Delay, [hz]
AR T . T0.325
Inductive backdrilled launch with K Odd mode + rec
%51} over 2 Ohm variation T E d bl
ven mode - plue 103225
L~ - | .
5 1 = | 1
e r A \*\
AR T0.32
53751 | y\\ }' i 151 A
| | &y '
| L. \. - .I
.| ¥\ pmo ool | i N . L aarrs
=20 ;ﬁ&_ PRI Z GMSIL Launch
A Al T mme,
¥ .'r.\?: IY :M}‘:; R = S <2 T .
41 ‘.{L__ ky _‘.Z'J-}'_.._,.' 41
51,25 \”. f““f Jﬁ P A o5l localization frq/+ oz
50+ — _FT/{ % \
] va BTN 10,3125
g X GMS Phase Delay
4875 T ¥ 1 *.. >
-3.5 *Euq%h l T
478 T T %(‘-': =
: : : : : : 4T qt-_h¢-===#_=;¥#
025 R3] 075 1 1.25 1.5 ' ' ' I I I [ 0.3075
24 Oct 2017, 11:07:02, Simbenan Inc. Time, [nz] b 10 15 20 25 an 35
&:2011]; £:712.7): 82033 £:714.4]; B:Z[1.1]; 24 Oct 2017, 11:07:27, Simberian Inc. Frequency, [GHz]
B:Z[2.2]: B:Z[3.3]: B:Z[4.4]: = ASmIn1(M1LIn2M1]] F—= — = ——F A:Sm(In1M2)In2M2]] F— — =

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

WHERE THE CHIP MEETS THE BOARD
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TDR and GMS-parameters: INNER3

fcheasy/NAINNERI_T0CM_2_dMb MFP; B:MeasvNA INNER3_SCM_2_dbM MFF; &M easvNa INNNERI_Scm GMS:
Z. [Okm] K agnitude(S]. [dB] Phaze Delay, [hz]
ol 1\\ Odd mode —red
' a5t C | L T 03225
“ 1 A verll modade - pide
55T} '. ! { \ T
X W Adpaaome [V } AN
s | B ™ ,-t_r,;_x":},-".'“ﬂ-r o — —-—:_.___,.'—-"\./_,f\ﬂ\_P a1
WY, b i n ‘ N $03175
TN T ] | \ Stub resonance at”
I | - §
A EMS IL about 24 GHz oo
1 AaT X . TO
st \ N\« causes noise
.'I % \ N
103125
\\ -2 1 ‘&\' - \
014 ~ ; %\, GMS Phase Delay | %  \
Resonant launch with long stub Nl > \\ t o
. S 1{___%_*_
-_-__-—#:_-____ —_—l
I+ 257 \/ S e -—'%f
t } t t t } \i 02075
0.25 0.5 0.75 1 1.25 15 : ! : : : ! : ;
24 Oct 2017, 11:09:22, Simberian Inc. Time, [ns] 25 5 75 10 125 15 175 20
£:2011]; £:7[2.2): A:Z[3.30: 5714 .4]; BZ[1.11; 24 Oct 2017, 11:03:23, Simberian Inc. Frequency, [GHz]
B:Z[2.2]; B:Z[3.3]; B:Z[4.4]; —# ASmn1M1)In2M1]] #F— — = =% A:SmIn1M2]In2Mz] #— — =

Difference in phase delay (cause FEXT) indicated dielectric inhomogeneity...
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TDR and GMS-parameters: INNERG

#:heasyNA INNERE_T0CM_2_dMb MFP; B:MeasvNA INNERE_SCM_2_db MFF; A:MeasNA INNNERE_Som GMS;
Z. [Okm] K agnitude(S]. [dB] Phaze Delay, [hz]
e T\ Odd mode — red
53 Ay a5+ T0.325
. o F % =1 .
About 2 Ohm variation | ML | \*\ Even mode - blue
52T . "o Z I
t along: traces . A/]\i"‘?@: PE: \ T0.3225
1) \ | _ T I
1 \ T I é_ | §"%\
o \ﬁ %J@y
b N \/‘O(j\ /j1 = 15__! T032
' A il
I I __}_&{_& r "“-.'E, 'l ) | C
. i DR '~ % GM3IL Launch
. A\Q\P&\\; g L1 P e | ' . : T 03175
I B LAY
w1 li*\ % 1 ocalization Trq.
| U. ' el t‘\i \ T 0.315
48+ '
| N GMS Phase Delay \-&
f€——— Capacitive launch (no backdrilling) | ‘“‘~:~%__ s > N 703125
471 | ? ~ ik
T T - L S —
: : : : : : : : : : — == —-_—-)Iﬁk-_-__.._.—._'-__-!#*— — L 0.3
0125 025 0375 05 0E2% 075 0878 1 1125 1.25 . | : ! : I o
24 Oct 2017, 11:10:56, Simbenan Inc. Time, [nz] A 10 15 20 25 30
£:2011]; £:7[2.2): A:Z[3.30: 5714 .4]; BZ[1.11; 24 Oct 2017, 11:11:36, Simberian Inc. Frequency, [GHz]
B:Z[2.2]; B:Z[3.3]; B:Z[4.4]; —# ASmn1M1)In2M1]] #F— — = =% A:SmIn1M2]In2Mz] #— — =
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TDR and GMS-parameters: INNERG

AbdeasvMa Innerg 500km_10Ck_Hiroze |FBW S00HZ MFF;
- _THLM_Miraze_[PBiw_ ' £:MeasvMA INNERE_SE_Scm GMS:
E:MeasVNa Innerb_500hm_5CM_Hirase_IFEW S00HZ.MFP: _ B —= e
2. [Ohm] K agnitude(S]. [dB] Phaze Delay, [hz]
. m

& [K T 0.3275
53T

\, | -
JT
B2 T+ Wi /\’w (;J
/J\‘//\AQM QU! 18 : . T 0.3225
£ i h PN ™ |I \
K
]
L]
i

0.5 1

i

\.\ T 0325

. A Launch
GMS IL W\ localization frq. ||
<

50T ’ i o L
[,,\/ 2.3 \ \ 10375
L}
131 K

' 3T .
h \\ About 2 Ohm variation B \&\\ o 0315

ael 5MS Phase Delay
. Y 7

431 -

h along traces Sl /f_> m to3izs
47T ! 47 —= “*-@-.\:7/ o y
I 1 } 1 } ' 1 | | ! | _h-a-l-_hqal-rﬂ&j_u.?l

il 0.25 05 0.75 1 1.25 15 - - - - : -
24 Oct 2017, 11:1%58, Simberian Inc. Time, [ns] o o 15 20 25 30 35

24 Oct 2017, 11:12:18, Simbenan Inc. Frequency, [GHz]
AN B:Z[2.2]:

= A:SmIn1M1LIn2M1]] O— — =

A722):

B0
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lity: What is in the boarc
& .:-r.: : M 1

y ._E
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Validation board cross- sectlomng

* Traces on material
identification structures,
launches, Beatty in INNERG6
and viaholes

* Not a statistical
investigation, but let’s see
how our expectations are
close to reality...

DesicnConEmm *t@jv JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD



“ i LU ————
] e .o ot e

T e =249 56 pm
o‘ao o°o SERIAL NO 3 : ! B 4 e gwum
olPo ; 4 d=102,16 pm

o@° e 3 ' Md‘uw“ﬁ-&ﬁ.&dw 11685 1., e

c@° A : 3::‘2;. " o | —— _6: d—1408um et i i ""'j‘f
o@° ‘ A\ : * e

@0

o@®°

oWYO
o@°

"1:d =106,95 pm
: : 2:d = 254,66 ym
] g s R ee= 106,09 ym R
4:d =-14,22 pm
0.4 =- u-?i}z A
B
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INNERG

Difference in prepreg thickness

Close shape and geometry
e oo

1°d=10794ym
2: d = 253,37

4 d=-1551 pm i
95:d=99,02ym oy
-d = 117 ST R s

DEesicNCoN BT
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INNERZ

Differences in prepreg thickness as

well as in thace width/spacing
o JE—— : S

UBM

D? *I_GNCON;@j_ !7 JAN 30-FEB 1, 2018 53



INNERS3

Differences in prepreg thickness as
well as in thace width/spacing

] KV

! (it
umumuumi”

)

| =3 N
| =y -

TN = r ~IIID RAL P
INV/H E THE CHIP ME S THE
yvIrle 1rC Crnr i > I

REF
LAY =

1




BOTTOM

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

=

UBM

D IGNCONEE !@jv JAN 30-FEB 1, 2018 cc

PN T o o e ——— Y RAFE T TIIE DA DS
AL DE T ) A ETC T E DAL
HL HrERI | B MEETS | HI B(OOARI)
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BOTTOM: Difterential microstrips

Substantial differences that makes the microstrip links practically unpredictable
without these datal

Solder mask

DesicnConEmm *t@gv JAN 30-FEB 1, 2018 56

s, 0
WHERE THE CHIP MEETS THE BOARD UBM



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

DEesiGNCoNEzT 5.0 Jan 30-FEB 1, 2018
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Launch to BOTTOM

Difference in prepreg thickness as
well as in thace width, shape and

solder mask parameters!

437 um
311 ym
290 pm
311 ym
252 um
287 pym
323 pym
313 ym

12:d =218 pm
13:d =228 pm
14:d = 233 pm
15:d =294 pm
16:d = 261 pm
17:d = 188 pm
18:d =192 pm
19. d = 589 pm

i)

HITTi

g -
urﬂi r:w

©4.35min T
90:17min] 94.3520.02(GND.Pad)
TN [90.17 +0.0008]

K $1.54+0.02
~ [90.06+0.0008]

Solder mask (should not Offset in pads and
he there)! antipads

2 q>0 51 +0 02(Signal P
\ [ch 022-0.0008]

WHERE THE CHIP MEETS THE BOARD
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Backdrilling

e A ~-~W

P it A0 a‘b-tw

DEesicNCoN BT
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Backdrilling of INNER1 launch

* Looks like not completely filled with the resin?

Detta hal &r till 100%TIIE
av pluggmassa

DesicnConEmm ‘%ﬂv JAN 30-FEB 1, 2018
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Roughness

* Oneside roughened by copper foil manufacturer, another by PCB manufacturer

 Unfortunately, these data cannot be used to define roughness models...

INNER1
INNER2

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018 61
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Final 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:
110 um 2.5 cm, 330 um 2.5 cm 109 um 2.5cm + 326 um 2.5 cm
Only differential traces are adjusted in the analysis! This ones are very critical!

Parameters for strip layers

Thickness of prepreg layers is reduced by 3-5 um —it is .
are closer to expectations

almost the same thickness as for the core (it should be)
Microstrip layer metal thickness is 48 um instead of 35 um
Solder mask layer — 10 um over strips and 38 um between
the strips!
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Measured GMS vs. model with the spreadsheet data

_E'ﬂ, Materials: T=20["C),...

B e BOTTOM
"035.56UM_CU", RR=1

s "017.78UM_CU", RR=1 A:MeasyNA BOTTOM_Scm GMS; B:Modelnitial Scrn_diff_bottorn, GMS
E "FR-4", Dk=3.72, LT=0.02, PLM=WD, Dk(0)=4.48, Dk(inf)=3.39 M agritude(S], [4B] Phaze Delay, [ns]
..... £ "Air . . o+ + 0o
..... € “Solder Mask’, Dk=4, LT=0.02, PLM=WD, Dk(0)=4.82, Dk{inf)=3.65 Odd mode — red -
..... € "Meg-6 TopBot", Dk=3.19, LT=0.002, PLM=WD, Dk(D)=3.26, Dk(inf)=3.16
..... € "Meg-6 Inner (P)", Dk=3.23, LT=0.002, PLM=WD, Dk(0)=3.3, Dk(inf)=3.2 057 Even mode—=blue
..... € "Meg-62x1035 (C)", Dk=3.37, LT=0.002, PLM=WD, Dk(0)=3.44, Dk(inf)=3.34
..... € "Meg-6 Inner2 (P)", Dk=3.19, LT=0.002, PLM=WD, Dk{0)=3.26, Dk{inf)=3.16 H\ Measured — stars Lo
..... € "Meg-6 Inner3 (P)", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.16 17 AN ) :
Data from the ..... € "Meg-6 Av", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.16 % Modeled - circles
48 StackUp: LU=[um], NL=20, T=2030.12[um], C5M=("Salder Mask", 40[um]) 15+ S A
..mm 1| Signal: "TOP", T=35.36, Ins="Air", Cond="035.56UM_CU"
SpreadShGEtS . 2| Medium: T=73.25, Ins="Meg-& TopBot", DIE_003 \ \ TO3

3| Plane: "GMD1", Cond="017.78UM_CU", T=15, Ins="Meg-& TopBot" 27T
4] Medium: T=100, Ins="Meg-6 2x1035 (C)", DIE_DD3

5| Signal: "INMER1", T=15, Ins="Meg-& Innerl (P}", Cond="017.78UM_CL"
6| Mediurn: T=108, Ins="Meg-& Innerl (P)", DIE_DOT

7| Plane: "GMD2", Cond="017.78UM_CU", T=15, Ins="Meg-& Av"

]
— e |
“ — T —k 029
8| Medium: T=100, Ins="Meg-6& 2x1035 ()", DIE_DOS a7 L -
i - Y — a7 " —a.
9| signal: "INMER2", T=15, Ins="Meg-& Innerd (P}", Cond="017.73UM_CU ;TQ'— —— %_ —— e — — _h$ -
1S Delay K ‘?'%:

e

i -
- JJl} 10] Medium: T=86, Ins="Meg-6 Inner2 (P)", DIE_0T1 % GMS Ph
B 1 F . 7 X e

. 11| Plane: "GND3", Cond="017.78UM_CU", T=15, Ins="Meg-6 Inner2 (P)" \ — > S
- JJJ] 12) Medium: T=100, Ins="Meg-6 2x1035 (C)", DIE_013 - = ~ e — L T028
. 13| Signal: "INNER3", T=15, Ins="Meg-6 Inner3 (P)", Cond="017.73UM_CU" 41 i LSS e L

- JJJ] 14| Medium: T=86, Ins="Meg-6 Inner2 (P)", DIE_015 , , ! r—er-= '@+ TmeE=—a = — — ©

- 13| Plane: "GMND4", Cond="017.73UM_CU", T=13, Ins="Meg-& Av" |£| é -|I|:| -|I5 2I|:| 2I5 3I|:| 3I5 4I|:| 4I5

- [l 18] Medium: T=50, Ins="FR-4", DIE_017 24 Oct 2017, 15:14:17, Simberian Inc. Frequency, [GHz]
. 17| Plane: "VCC1", Cond="017.73UM_CU", T=15, Ins="Meg-6 Av" kA ST MI L2 F— — =% A SmlinlMZLIn2M2]] *— — =

[l 18] Medium: T=96.5, Ins="Meg-6 Av", DIE 013 — B:Smlin1 M1LIn2IM1)] O — == B:Smlln1(M2)In2M2] O— — =

- 19 Plane: "GMNDSY", Cond="017.73UM_CU", T=13, Ins="Meg-& Av"
. 20] Medium: T=30, Ins="FR-4", DIE_021

. . Model phase delay and loss are much smaller...
+cross-sections adjustments of manufacturer
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Measured GMS vs. model with the spreadsheet data

INNER1 INNER6

Ak easMA IMMMERT _Bom GRS B:Modelnitial. Bom_diff_inner . GMS; s MeasyNA INNNERE. Scm GMS: B:Modelritial Ser_dif_innerS.GMS:

M agritude(S). [dB] Phase Delay. [ns] Magritude(5), [dB] Phase Delay, [ns]
0T ad mode —red 01

U [ .
el Even mode — blue Odd mode —- rfd
Q\S\ Measured — stars 0% 5T RN ven mode — blue L nas
14 \:7‘ Modeled = circles \*\5\ Measured — stars
%\ ' [E s
\) -('J'l,
\ v

1.8

n ] | ] M |
viodeled - Cirgies
e ) N T 032 \ \ T

| <3MS|LN§ A %9*\ \
2 l&\«( ) %--0_315 1k GMS;M} ;\E\c\ \ T0.315

NIERLE Sos \a %F‘
a1 b 7/‘% - Fo=Haz \ 1% 25110 “%ﬂ;ﬁ:" SRS S S 01 03
hase Dela )
fhize Delay | ™\

W_@ L oas TR GM FLh’ se De}aut’\:‘/x
' > T 0,305
ool ML, SN ndD VNNV

f 1 1 1 \ /I 1 1 = 1 e_ 1 D
1] ] 0 15 20 25 a0 1] a0 45
24 Oct 2017, 15:36:29, Simbenan Inc. Frequency, [GHz]

—% ASmInTM1LIn2M1)] #— — = ——% ASm{n[M2)In2[M2)] #— — —;
—) BiSmln] M11In2k1]] O — == B:Smlnl[M2]In2M2)] O— — =

35T M‘-ﬁ._,___ _é_/

0 5 10 15 20 25 0 5 40 45
24 Oct 2017, 15:36:02, Simbenan Inc. Frequency, [GHz]
% ASmlln [M1)In2M1]] F— — = =% AS5m[In1[M2]In2[M2])] *¥— — =
== B:Smllrl (M1)In2[k1)] O— — = =) B:SmInM2]In2M2)] O— — =

Model phase delay and loss are much smaller, no visible difference between the modes...
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Measured GMS vs. model with the spreadsheet data

INNER2 INNER3

Ak easVMA IMMMERZ Bom GRS B:Modelnitial Bom_diff_inner2 GMS; Ak easMA IMMMERI Bom GRS B:Modelnitial Bom_diff_inner3. GMS;
K agnitude(S]. [dB] Phaze Delay, [hz] K agnitude(S]. [dB] Phaze Delay, [hz]
0t 0+4g
Odd mode - red | |
K 0.33 Odd mode —red 0.33
054 Even mode — blue
‘Q\E\ y 4Lt N Even mode — blue
easured — stars 1 2T 1
11t . 0329 N Measured — stars 0329
Modeled - circles .
el L X \ Modeled - circles

N 103z 17 0.32
| ERaEas NN
25 (ﬂ% ' \‘\ .S\\‘ﬁh\ﬂs% 0.315 15T i‘!\/! SIL N/ \a\‘\\ \ 1 0315

.-3 T A R /\ T03N \*m /\ \

| T -4 ‘*‘:“K-ﬂ* .
35T \E\UIVI i -J\-; \W L g0 k@M P aSe_)D 1}? \ T 0.305
i —

¥
z |
f

Q
~

AT h-G—-.___J@/ — / 25 MZLQ‘ \ / “\O
} } I } } - } i } } s } 3 } } t } } } i } = } Qy } s } 3
0 5 10 15 20 25 0 5 40 45 0 5 10 15 20 25 0 5 40 45
24 Oct 2017, 15:37:45, Simbenan Inc. Frequency, [GHz] 24 Oct 2017, 15:38:00, Simbenan Inc. Frequency, [GHz]
% ASmlln [M1)In2M1]] F— — = =% AS5m[In1[M2]In2[M2])] *¥— — = % ASmlln [M1)In2M1]] F— — = =% AS5m[In1[M2]In2[M2])] *¥— — =
== B:Smllrl (M1)In2[k1)] O— — = =) B:SmInM2]In2M2)] O— — = == B:Smllrl (M1)In2[k1)] O— — = =) B:SmInM2]In2M2)] O— — =

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

REALITY: DEFINITE FAILURE OF DESIGN!!!
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Material model identification

Using measured and simulated GMS-
parameters:

a) ldentify copper resistivity by
matching GMS IL at lowest
frequencies

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

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

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

Re-adjust Dk to match GMS PD

e) Do it for all unique dielectrics

WHERE THE CHIP MEETS THE BOARD

DesiGnCon ez w»

GMS:( 0 exp(—F-L)J

exp(-T"-L) 0 gT=ez~genmzs(rz.n—l):(exp(—F-L) 0 j

0 exp(I'-L)

Use of raw GMS-parameters L Gamma extraction — “SPP Light”

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

(3a) Guess material or conductor (1) Measure scattering parameters for
roughness model and model two transmission line segments with
parameters lengths L1 and L2

v v v
(2) Compute reflection-less GMS- (3b) Compute reflection-less (2) Compute reflection-less GMS-
parameters of line difference GMS-parameters of the line parameters of line difference propagation constant (Gamma)
L=|L2-L1] segment with length L L=|L2-L1| and extract Gamma for cross-section model
| |
\ \
(4a) Compute difference between (4a) Compute difference between
GMS-parameters from Gammas from measurements and
measurements and model model

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

(3b) Compute complex

(4b) Adjust model parameters
or change the model —

(4b) Adjust model parameters
or change the model —

Is the difference smalle
han a threshold?

Is the difference smalle

. .. han a threshold?
Red lines — optimization;

Additional steps: S-parameters quality
assurance; pre-qualification with TDR;
Cross-sectioning;

(4c) Material or conductor
roughness model is found

(4c) Material or conductor
roughness model is found

Y. Shlepnev, Broadband material model identification with GMS-parameters, EPEPS 2015.
Y. Shlepney, Y. Choi, C. Cheng, Y. Damgaci, Drawbacks and Possible Improvements of Short Pulse Propagation Technique, EPEPS 2016.
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ldentification results (crude, 40 GHz VNA)

—Eﬁ, Materials: T=20[°C]....
[B1A1A10) fm10)0), TOP A "COPPER", RR=1
"035.56UM_CU", RR=1, ModifiedHarmmerstad: SR1=0.4 [um], RF1=2.5;

Modified Hammerstad Roughness Models (different for strip and

I MO "017.TEUM_CU", RR=1, MedifiedHammerstad: SR1=0.353 [um], RF1=2.5;
- VP Do 7R LT=0.02 PLMEWD, DKD)=4.48 DKn)=332 ! microstrip layers) —non causal model
----- £ "Solder Mask", Dk=4.2, LT=0.02, PLM=WD, Dk(0)=5.06, Dk(inf)=3.83
G0z € "Meg-6 TopBot', Dk=3.23, LT=0.0035, PLM=WD, Dk0=34 Dknd=32 | \\fideband Debye models with Dk and LT @ 1 GHz (initial in brackets):

----- £ "Meg-6Innerl”, Dk=3.43, LT=0.00353, PLM=WD, Dk(0)=3.57, Dkiinf)=3.4

N £ "Meg-€Inner2”, Dk=3.4, LT=0.003, PLM=WD, Dk{0)=3.5, Dk(inf)=3.36 = I N N ERl/I N N ER6: Dk=3.45 (3.23 & 3.37)’ LT=O-0035 (0.002)

----- £ "Meg-€Inner3”, Dk=3.4, LT=0.003, PLM=WD, Dk(0)=3.5, Dk(inf)=3.36

I I £ "Meg-6 Inner6”, Dk=2.45, LT=0.0035, PLM=WD, Dk(0)=3.57, Dk(inf)=3.4 |NNER2/|NNER3 Dk=3.4 (3]_9 & 337)’ LT=0.003 (0002)

----- £ "Meg-6 Av", Dk=3.19, LT=0.003, PLM=WD, Dk(0)=3.29, Dk{inf)=3.15

88 StackUp: LU=[um], NL=20, T=2030.12[uml, CSM=('Solder Mask®, 200um]) = TOP/BOTTOM: Dk=3.28 (319)’ LT=0.035 (0002)

' INNERZ ..mm 1| Signal: "TOP", T=35.56, Ins="Air", Cond="0335.56UM_CU"

- 2 Medium: T=73.25, Ins="Meg-6 TopBot", DIE_003 Solder Mask: Dk=4.2 (40)’ LT=0.02

E1RINE! - 3 " T — R L nw
| Plane: "GMDT", Cond="017.78UM_CU", T=15, Ins="Meg-& Av
WLLT -] 4 Medium: T=100, Ins="Meg-6 Inner1", DIE_005
-.mm 3| Signal: "INMER1", T=13, Ins="Meg-£& Innerl”, Cond="017.78UM_CL"
GHD5 . B| Mediurn: T=108, Ins="Meg-6 Innerl", DIE_DO7 . . .
veee g 1P TGNDZ" Conde OTLTAN.CU' 115 Mg 647 2 roughness models and 4 dielectric models — relatively
ediurm: T=100, Ins="Meqg-& Inner2", DIE_DDS
NG - 9| Signal: "INMER2", T=13, Ins="Meg-6 Inner2", Cond="017.78UM_CU" M d 'f M b f M f . d
. 10] Medium: T=86, Ins="Meg-8& Inner2", DIE_011 easy to I entl yl SUIta Ie Or the analySIS O VIaS an
GHDE - 11| Plane: "GMD3", Cond="017.78UM_CU", T=15, Ins="Meg-& Av" . . . .
I 12/ Medium: T=100,Ins=-Meg-6 Inner3, DIE 013 launches, but it compromises the accuracy of trace analysis:
[ IMMEE4 .. 13| Signal: "IMMER3", T=15, Ins="Meg-& Inner3", Cond="017.78UM_CL"
. 14| Medium: T=88, Ins="Meg-& Inner3", DIE_015
! - 15| Plane: "GMND4", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av" . . . .
o7 I 16| Medium: T=50, Ins="FR-4", DI 017 Use of non-causal roughness models results in the differential strip
INNERR - 17| Plane: "WCC1", Cond="017.78UM_CU", T=15, Ins="Meg-& A" .
I 13 Medium: T=96.5,Ins="Meg-6 Av". DIE 019 impedance lower than observed on TDR by 2-3 Ohm
DS ..mm 19| Plane: "GNDS", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

. 20| Medium: T=50, Ins="FR-4", DIE_D21
- 21| Plane: "WCC2", Cond="017.78UM_CU", T=15, Ins="Meg-& Av"

INNERS B 22| Medium: 186, Inse"Meg-6 ', DIE 023 Use of homogeneous dielectric for each strip layer results in no
o lPlane VCC , Cond= OTTFEUMLCV, T=15 Ins=rMeg-6 A difference in phase delay of the even and odd modes and no FEXT!

. 5MD3 - 24| Medium: T=100, Ins="Meg-6 Av", DIE_025
. 25| Plane: "GNDE', Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"
53 - 26/ Medium: T=86, Ins="Meg-6 Inner3", DIE_027
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ldentification results (better, 50 GHz VNA)

—Eﬁ Materials: T=20[°C], ...
"COPPER", RR=1
035.56UM_CU", RR=1, HurayBracken: SR1=0.229144 [um], RF1=3.77342;

[B161810] JBI0) 0L TE D | 58 “017.78UM_CU”, RR=1.2, HurayBracken: SR1=0.098 [um], RF1=12.5; HuraY‘BraCken RoughneSS Models (Causal):
A "FR-4", Dk=3.72, LT=0.02, PLM=WD, Dk(0)=4.48, Dk(inf)=3.39 .
LI I & A Strips: SR=0.098 um, RF=1.25
..... € "Solder Mask”, Dk=3.2, LT=0.02, PLM=WD, Dk(0)=3.86, Dk(inf)=2.92 - ) )
MMERT  © L. £ "Meg-6 TopBot", Dk=3.4, LT=0.006, PLM=WD, Dk(D}=3.61, Dk.;infji3.31 MICI‘OStI"IpS: SR=0229 um, RF=377
..... € "Meg-6 Inner! (P)", Dk=3.37, LT=0.003, PLM=WD, Dk{0)=3.47, Dk(inf)=3.33
TR € "Meg-6 21035 (C)", Dk=3.37, LT=0.003, PLM=WD, Dk(D)=3.47, Dk(inf)=3.33

..... £ "Meg-6 Inner2 (P)", Dk=3.27, LT=0.002, PLM=WD, Dk(0)=3.34, Dk(inf)=3.24 =

wee | & emeriss ramranosonsamss | Wideband Debye models with Dk and LT @ 1 GHz (initial in brackets):

s e rop 1o itz o0 CORE (all layers): Dk=3.37 (3.37), LT=0.003 (0.002)
NERS | [ e o v eV Topbt Prep. INNER1/INNER6: Dk=3.37 (3.23), LT=0.003 (0.002)

' GND 4 ! j: E;:;TmanrESMITr:hMEg:EE:;gB;;:jer?:%}_jCand=1“5UM_CU Prep INNER2: Dk=327 (319), LT=0.002 (0002)
::::E . GNDR, Cona 172U U 15 i -5 07 Prep. INNER3: Dk=3.25 (3.19), LT=0.002 (0.002)
| e e o kg oboes - s TOP/BOTTOM: Dk=3.4 (3.19), LT=0.006 (0.002)

. 10] Mediurn: T=23, Ins="Meg-& Inner2 (P}", DIE_0T

e .mm 11| Plane: "GND3", Cond="017.78UM_CU", T=15, Ins="Meg-6 Inner2 (P)" Solder Mask: Dk=3.2 (40)’ LT=0.02

_Jl 12] Medium: T=100, Ins="Meg-6 21035 (C)", DIE_013

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

HNDE ] 14 Medium: T=83, Ins="Meg-6 Inner3 (P}", DIE_013
.. 15| Plane: "GND4", Cond="017.78UM_CU", T=15, Ins="Meg-& Av"
MNHER4 - JJ 18] Medium: T=30, Ins="FR-4", DIE_017 i i —_— i i i
_"_!ﬁlplanawﬂCmd:wgum_cu"rHilm:"MEg_w 2 roughness models and 6 dielectric models — more time to identify, but
07 e oy, M models are closer to the numbers from the laminate manufacturer -
N L e e o o e 7215 Mg A accurate for trace impedance, but compromises the following:
WO . 22| Mediurm: T=86, Ins="Meg-& Av", DIE_023

.. 23| Plane: "VCC3", Cond="017.78UM_CU", T=15, Ins="Meg-6 Av"

24| Mediurm: T=100, Ins="Meg-& 2x1035 {C)", DIE_025 . . .
NMNERE ! 25: Plane: "GNDE", Cnnd:"C-‘l??%UM_CU",JT:15, Ins="Meg-6 Inner3 (P)" Not much Inhomogenelty between core and prepreg for each strip Iayer results
- e e e G 7EMLCL in no difference in phase delay of the even and odd modes and no FEXT!
. 28] Mediurn: T=100, Ins="Meg-6 2x1035 (C)", DIE_D29
15 .o 25| Plane: "GMNDT", Cond="017.78UM_CU", T=13, Ins="Meg-6& Inner2 (P}"
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How close GMS-parameters?

A:bMeasVHA IMNMERT_Scm GRS B:Modelldentified. Sern_diff_inner] GRS,

tagnitude(S], [dE] Fhase Delay, [ns]

__N\ INNER1 |
( \‘ T0.33

At
E S e

i GMS PD =
N ST "
5T _. ! .im*--ﬂ**‘“e_*.__@_‘.% o

1] L} 10 15 20 25 30 35 40 45
09 Mo 2017, 14:12:35, Simberian Inc. Frequency, [GHz]
=% A:SmllnlM1)In2[M1]] #— — = =% A:Smnl[M2]In2M2]] = — =
— B:Smlnd [M1]In2[M1]] O— — = ———=) B:Smlni(M2)In2M2)]) O— — =;

AeasvMNAIMNMNERZ Bom GRS B:Modelldentified Bom_diff_inner2 GS:;
MagnitudelS), [dB]

.

a4 s

T0.34
T INNER2
o GMS L™= 1033
1 <
3 E
4+
GMS PD
5T ﬂ"m i 3 t : TOH
él é 1 IIJ 1 I5 2=D 2=5 3=EI 3I5 4=D 4=5
09 Now 2017, 14:11:18, Simberian Inc. Frequency, [GHz]

=¥ ASm{In1[M1)In2{M1]] #— — = =% A:Smn1[M2)In2M2)] F— — =
—=1 B:Smflnl[M1]Im2( 1] O— — = =) B:Smln1[M2) In2(M2)] O— — =:

Phasze Delay, [rs]

WHERE THE CHIP MEETS THE BOARD

A:MeasvNA INNMNERE 5Bom. GMS ; B:Modelldentified. Scr_diff_innerB. GMS
t agnitude(5), [dB] Phasze Delay, [ng]

K« INNER6 |

o
| IGMS 1L ™

. 1033

4 GMSP N |
st K%ﬁ@%— e _6“9;950 031

i} 5 10 15 20 5 30 35 40 45

09 Movw 2017, 14:13:13, Simberian ne. Frequency, [GHz]
=¥ A:Sm[In1[M1]In2M1]] F— — = =% ASnIn1[M2)In2[M2]] #— — =
—— B:Smln[M11In2[M1]] O— — = ——& B:Smlnd (M2)In2[M2)] O— — =

AcbdeazvtA IMMNMER3 Bom GMS; B:Modelldentified. Sem_diff_inner3. GMS:
Magnitude(S], [dB]

K INNER3

11 u\ T0.34
GM'S ||_ \G\Qﬁ T033

3% < "

4T

L | G¥SID
54 o ) I / - ) T

! ! ! Q?b ! = -'“’h'l %‘—I—Q——hl—ia——l—@‘_l_e..._l_

0 5 10 15 20 25 an cia] 40 45
09 Mow 2017, 141412, Simberian Inc. Frequency, [GHz]
=k A:Smn1M1)In21])] = = = =k ASm[n1[M2)In2M2]] F=— — =

) B:SmIn1(M1LIn2M1]] O— — = == B:Sm(ln1(M2]In2M2]] O— — =

Phasze Delay, [hg]

A:beasvMNA BOTTOM_Beom GMS; B:Modell dentified. Bern_diff_bBothan. GRS

tagnitude(S). [dB] Fhasze Delay, [hs]

f\ M F oz
1251 1032
2ET T 03
3751 703
1 T029
5 —= 0

BT : ! . : ! F— oo =y | neE

0 5 015 R B | {4045

09 Mov 2017, 14:06:23, Simberian Inc. Frequency, [GHz]
=¥ A:5mn1(M1LIn2M1]] #=— = = =% A:Sm{lnl (M2 In2(M2]] #— — =
—=) B:SmInd [M1LIn2[M1]] O— — = ———8) B:SrinT M2 In2[M2)] O— — =

Odd mode —red

Even mode — blue

Measured — stars

Modeled — circles

Left Axis: GMS IL

Right Axis: GMS Phase Delay

Nearly perfect match — what

are the compromises?



What is wrong with nearly homogeneous dielectric model?

A:MeasvHNAINMERZ 10CM_2_4MM.MFP;

AbeasyMA IMNNERZ_Som GMS; B:Modelldentified Som_diff_inner? GRS M agnitude(5), [dB]
Phasze Delay, [ns] 0 G_____E
—a—
}—-‘-‘—E""—M@M_@\MT
INNER2: 103125 1257 [ N Fm= Odd mOde — red
Small difference between PD measured INNER2: Small FEXT \\%’a\@%
I : i Even mode — blue

for even and odd modes 25
Yy o [> \ Measured — stars

":-_3‘%‘ 35T i » .
A& - Modeled — circles

T 0.3075 AT

Zero FEXT in model

8257 I I I I I I | I I I
L7 10 15 20 25 30 35 an 45 50 F E XT

26 Oct 2007, 13:29:56, Simberian Inc. Frequency, [GHz]

No difference in model

5 10 15 20 25 il i 40 45
26 Oct 2017, 13:27:23, Simberian Inc. Frequency, [GHz]

ASmllnT MTLIN2MI]] %= = = A&SmlinlM2LIn2M2]] *— = = B:Smlln1(M1)In2M1]] O— — = —= As[L2) A5[1.4] 1
B:Smllnl M2)In2M2)] O— — =; \

3 4

A:MeasvMA INMMERE _Bom GMS: B:Modelldentified. Som_diff_inners. GRS ;

A:MeasyMA INMERE_10CM_2_4MM.MFP:
Fhase Delay, [ns]

t agnitude(S], [dE]

—— How to model it?

INNERG: Losis 125l T Create resin-rich layer around the strips

. N o INNERG\:g Larger REXT | .| . ™ with different Dk to “split” the odd and
[> even modes...

y
%

measured for odd and even modes 103125

AT

4DD!LZ E 1,
A0+ — . [um]
TO03A .
Zero FEXT in model|
; ; 6255
No difference in model
5 10 15 20 5 30 35 41 45 ! ! ! ! ! ! ! ! ! ! e
26 Oct 2017, 13:24:52, Simberian [nc. FI'EE]UEHC_',J, [GHZ] [ 10 15 ] 25 0 5 A0 45 [}
ASmlln 110211 %= = = ASmllrl M2)In2(M2]] #= = = B:Smllrl (M1 In2M1)] O — = 26 Oct 2017, 13:30:45, Simberian Inc. Frequency, [GHz] 10t
BiSmlind p2L1n2i2]] O — = —* a2 sl o
t t t t t t
10 ] a 5 10 15
09 Mov 2017, 15:13:47. Simberian Inc. 30 View Mode [press <E> to Edit].
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ToF

MO

— —MNMERT

MD2

HMERZ

MD3

HNMERZ

f ETRINE}
2/CCT

f GHDE
t/CC2

WEC3

HNDE

HMER4

MDY

NMERS

MDE

— —NMERE

HD3

35

DEsIGNCON £ g,

—-BfL Materials: T=20[*C]....

A "COPPER", RR=1

"035.536UM_CU", RR=1, HurayBracken: SR1=0.203074 [um], RF1=4.33843;
"017.78UM_CU", RR=1.2, HurayBracken: 5R1=0.088 [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)=2.52

----- £ "Meg-6 TopBot", Dk=34, LT=0.006, PLM=WD, Dk(0}=3.61, Dk(inf)=3.31

----- £ "Meg-6 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, Dk(inf)=2.33
----- £ "Meg-6Inner2 (P)", Dk=3.124, LT=0.002, PLM=WD, Dk(0}=32.18, Dk(inf)=3.1
----- £ "Meg-6 Inner2 (Res)”, Dk=3.425, LT=0.002, PLM=WD, Dk(0)=3.5, Dk(inf)=3.38
----- £ "Meg-6Inner3 (P)", Dk=3.0%, LT=0.002, PLM=WD, Dk(0)=3.15, Dk(inf)=3.06
----- £ "Meg-6 Av", Dk=3.19, LT=0.002, PLM=WD, Dk(0)=3.26, Dk(inf)=3.16

-4 StackUp: LU=[um], NL=20, T=2026.5[um], C5M=("5clder Mask", 38[um])

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

. 2| Medium: T=70, Ins="Meg-& TopBot", DIE_D03

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

. 4| Medium: T=83, Ins="Meg-6 2x1035 {C)", DIE_005

. 5| Medium: T=15, Ins="Meg-6 Innerl (Res)", DIE_035

.. §| Signal: "INMER1T", T=13, Ins="Meg-& Innerl (Res)", Cond="017.78UM_CU"
. 7| Medium: T=15, Ins="Meg-& Innerl (Res)", DIE_033

. 8] Medium: T=88, Ins="Meg-& Innerl (F}", DIE_DO7

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

. 10| Medium: T=85, Ins="Meg-6 2x1033 (C)", DIE_D0G%

. 11| Medium: T=15, Ins="Meg-€ Inner2 (Res)", DIE_D09

.. 12| Signal: "INMER2", T=13, Ins="Meg-6& Inner2 (Res)", Cond="017.78UM_CU"
. 13| Medium: T=15, Ins="Meg-& Inner2 (Res)", DIE_D09

. 14| Medium: T=68, Ins="Meg-& Inner2 (P}", DIE_0T1

. 15| Plane: "GND3", Cond="017.78UM_CU", T=15, Ins="Meg-& Inner2 (P}"
. 16| Medium: T=85, Ins="Meg-6 2x1033 (C)", DIE_013

. 17) Medium: T=15, Ins="Meg-€ Inner2 (Res)", DIE_009

.. 18| Signal: "INMER3", T=13, Ins="Meg-& Inner2 (Res)", Cond="017.78UM_CU"
. 19] Medium: T=15, Ins="Meg-& Inner2 (Res)", DIE_D0S9

. 20] Medium: T=68, Ins="Meg-& Inner3 (P)", DIE_D15

.. 21| Plane: "GND4", Cond="017.78UM_CU", T=15, Ins="Meg-5 Av"

. 22| Medium: T=30, Ins="FR-4", DIE_017

..o 23| Plane: "WCC1", Cond="017.78UM_CU", T=13, Ins="Meg-& Av"

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

. 25| Plane: "GMD5", Cond="017.78UM_CU", T=13, Ins="Meg-6 Av"

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

. 27| Plane: "VCC2", Cond="017.78UM_CU", T=15, Ins="Meg-6& Av"

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

..o 29| Plane: "WCC3", Cond="017.78UM_CU", T=13, Ins="Meg-& Av"

. 30) Medium: T=100, Ins="Meg-& 2x1035 (C)", DIE_D23

. 31| Plane: "GMDE", Cond="017.78UM_CU", T=15, Ins="Meg-& Inner3 (P}"
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ldentification results (best)

Huray-Bracken Roughness Models (causal):
Strips: SR=0.098 um, RF=1.25
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/INNER6: 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...




Measured and modeled GMS-parameters

A:Measha INNMERT_Scm. GMS: B:Model2diel Sor_diff_innerl GMS;

M agnitude(5], [dE] Fhaze Delay, [ns]

1__\.& INNER1 L os
N
1L GMS “\%\K
( T 0.33
A Ry
E K * 103
Ty GMSPD |
%

. . | . P e e e e g o e e o g T 031
i 5 10 15 20 25 an 5 40 45
09 Moy 2017, 14:46:44, Simberian Inc. Frequency, [GHz]
=% A:5mllnl[M1)In2{M1]] F= = = =% A:Sm[In1[M2).In2[M2)] *— — =
— B:Smlln M1LIn2(M1]] #— — = = B:SmlIn1[M2).In2M2)] *— — =

A:MeasvMa IMMMERZ_Scm GMS; B:Model2diel Som_diff_inner2, GMS:

b agritude(S), [dB] Phasze Delay, [ne]

1\-\ INNER2 oot
1 GMSHE

T 033

<€

3}

T032
L[S Ra
T P /\,: :> . \, 031

| A ) e
i 5 10 15 20 25 an 5 40 45
09 Moy 2017, 14:48:11, Simberian [ne. Frequency, [GHz]
— ASm(nTM1LIn2M1]] #¥— — = —% A:Smn1[M2LIn2M2)] *— — =
— BSmlnM1LIn2[1]] 7= = == B:SmlIn1[M2)In2M2)] »— — =

WHERE THE CHIP MEETS THE BOARD

A MeazvMa IMNMERE_Scm. GRS ; B:Model2diel Bem_diff_inner6.GMS;

M agnitude(S), [dB] Phasze Delay, [hs]

\xk INNER6 Loa
7 TG
Ll GMS IS
< e, 1033
aTt )
“* T0.32
N

™

= e - - a.‘h%" 0

0 A 10 15 20 25 a0 Kl 40 45
09 Mow 2017, 14:60:27, Simberian Inc. Frequency, [GHz]
—%¥ ASmnlM1LIn2[M1]] *— — = =% ASm[In1[M2In2[M2]] #— — =
= B:Smlln1(M1LIn2[M1)] ¥ — == B:Smlln1[M2LIn2[M2]] H— — =

A:MeasvMa IMMMER S Scm GMS; B:Model2diel Som_diff_innerd GMS:

b agritude(S), [dB] Phasze Delay, [ne]

1\»,\ INNER3 Los
1IGMS IL
< \ Toa:
al¥
\ T 0.32
* GMS PD
g \x\ T0.3
BT .
t t t t I*_I%*I-.}#_I%.I-*;ISX
i 5 10 15 20 25 30 35 40 45

09 Moy 2017, 14:43:14, Simberian [ne. Frequency, [GHz]
— ASm(nTM1LIn2M1]] #¥— — = —% A:Smn1[M2LIn2M2)] *— — =
= B:SmlIn1M1]In2[M1]] #— = = = B:Sm[In1[MZ]In2M2)] == — =

A:teasyNAEBOTTOM_Sem. GMS; B:Model2diel. Sberm_diff_baottom, GMS;
kagnitude(S). [dB]

Phasze Delay, [ns]

F
K* BOTTOM

125 T

25T

375 T

BE S R d

= W_\x:

B Y

5251 %

T033

T032

T 0.31

T03

T029

T 0.28

J ! T i it ol e e .

0 b 10 14 20 28 an Kl 40 45

09 Moey 20017, 14:50:53, Simberian Inc.
=% A:Sm[In1[M1]In2(M1]] #= = = =% A:Sm[In1[M2)In2[M2]] = — =
— B:Smlln (M1 In2[1]] #— — == B:Snlnd [M2]In2{M2)] 2= — =

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

Frequency, [GHz]



Modal phase delay

* Close match for odd and even modes

A:MeazsMA INNMNERZ Bom. GMS; B:Model2diel Som_diff_inner2 GRS ;

Phaze Delay, [nz]

X
heN

Odd mode —red

Even mode — blue

Measured — stars
Modeled X-S

INNER2

L

1700 T Z, [um]

1600

1500

. [mil]
+ + + + + +
- 0 [ 10 15 0

imbensn e U Wiew Mode [oress <> to Edill

‘%_
‘*:?;;% L

!
!

!
*

IZI 5 1 IZI 15
09 Moy 2007, 14:53:29, Simberian [nc.

B:Smlln1{M2)In2[M2]] #— — =

DesiGnCon'Erm
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20 25 30 35 40 45

50

T 03

T 0309

T 0308

Frequency, [GHz]
A5l [M1LIn2M1]] #F— — = ASmlin1[M2]In2[M2]] #=— — = B:Smlln1[M1LIn2[k1]] == — =

JAN 30-FEB 1, 2018

A:MeagMA IMMMERE _Bom. GRS, B:Model2diel. Som_diff_innerE. G5 ;
Phase Delay, [ns]

400'“ EY i I:I31 3
1“\ 2. [um]
%1: I T032
\‘h 200 .
\&\
\\\ 100
Sk L o
H% 03 Now 2017, 151347 Simberian Inc. 3D View Mode [press <E> to Edit)
Odd mode — redﬁg“§ T Ry
% T T 0.3
—_ !
Even mode — blue B PN S
- - ——
Measured — stars -—>«:..___;‘_f"‘?<
Modeled —x-s | | | | | | T 0308
IZI 5 ‘IIII 15 20 25 an 35 40 45
09 How 2007, 14:54:08, Simberian Inc. Frequency, [GHz]
A5t (M1LIn2[1)] #F— — = ASmnl[M2]LIN2M2)] = — = B:Smlln1[M1]In2[M1]] = — =

B:Smlin1M2)In2[M2]] #— — =



Preliminary checks before the post-layout analysis

Simulate 10 cm line segment without

Lo | |

: 0 —— w NNER2 TDR
launches to correlate the FEXT with 5 L
measured S-parameters and 1T INNERD FEXT |\f\f ol -
impedance on TDR ’T

AteasyMAIMMERZ_10CK_2_akikd.MFP; B:Model2diel. 10cm_diff_inner2. Simulation(1];
b agnitude(S], [dB]

A:MeazryMa IMNERZ_10CKM_2_4bik MFP; B:Model2diel 10cm_diff_innerz, Simulation(1];
Z. [Ohm]

1 ithout
4 s A | 1 L |
50 ivioaelwitnou
I'\ LK ﬁk Fa¥ ol
4751 ratncnes
FEXT launches
- ’ ’ ’ ’ ’ 0 025 05 075 1 125 15
0 10 20 30 40 50 o _
1 \ 2 09 Mow 2017, 14:55:44, Simberian I, Frequency. [GHz] 09 Neve 201 ?;25.?258 !3|rnl:narhar;l\lnzu:.2 N . poreal BTém1E:|[r_1$]
3 4 ¥ aono A1 )X BS[1.3]: BLS[1 4] Z[11] Z[2.2]; Z[3.3]; Z[4.4]; Z[11]

AMeasyMAIMMERE_10CHM_2_ 4bdbd MFF; B:Model2diel. 10cm_diff_inners. Simulation(1];
b agnitude(5), [dB]

AcbeazsvMa IMNERE_10CK_2_ 4k MFP; B:Model2diel 10cm_diff_inners. Sirmulation(1];

0 e Z. [Ohm]
¥ Wﬂ e+
ol INNERE-FEXT o P N Model without launches  Ase.
) | 5251 S ——
. . N
Good correlation in FEXT up to 30 GHz / Y }r,ﬁ:ff;ﬂﬂ
About 1 Ohm impedance variation st Model without 01 %/Kﬁy | NNERS TR
consistent with expectations launches o -
FE T
' : : : ! 5 ! : : ! : :
The result is acceptable — we can proceed 0 10 2 n 4 50 0 wx 05 0% 1 15 15
. . 09 Nov 2017, 14:55:30, Simberian Inc. Frequency, [GHz] 09 Now 2017, 15:01:42, Simberian Inc. Time. [rs]
with the post—layout anaIyS|s... — % a5 2L 5[] 4L —— B:S[1.3] B51 4L AZ[11] AZ[22] &ZI3.3L AZ44] BZ[1.1:

DEesicNCoN BT
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Preliminary checks for microstrips

Ak odelZdiel 10cm_diff_battom, Sirnulation(1]; B:MeasVHNA BOTTOM_10CM_Z2_akikd MFP;
M agnitude(S). [dB]

T —— . BT
H %j &
25+ H L i
odel without
aunches
BT
! .BOT.TOM | | | | | |
IEI é 1IIII 1I5 2IEI 2I5 3IEI 3I5 4IEI 4I5

D9 How 2007, 15:04:07, Simberian Ine.
—) A5[1.3];

Frequency, [GHz]
&:5[1 4] =¥ B:5[1.2]: B:5[1.4]:

Good correlation in FEXT up to 30 GHz
About 1.5 Ohm impedance variations —
more than expected

The result is acceptable — we can proceed
with the post-layout analysis...

WHERE THE CHIP MEETS THE BOARD

DesicnCoN'EoE J@Q,

JAN 30-FEB 1, 2018

A:MeasMABOTTOM_10CH_2_ dbb MFP; B:Model2diel 10cm_diff_battom. Simulation(1];

Z, [Ohn]
B0 T
pom ﬁ_’!‘-:é;hﬁﬁ
55 1 ——5—"*“’52&‘%‘?"7’4
| || \E}Y -
] . Rt
A LJ Model without launches —
w_'. [|
B T T
IEI D.:?E EI.IE EI.I?E 'I 1 .I25 1 .IE
09 Mow 2017, 15:04: 28, Simberian [nc. Time, [nz]
EE R A712.2% A713.3 &:714.4]: B:Z[1.11;




L) . |

F
Validation:

xpectatm] /s s.Reality
/|

s
; ._ ; . .Fl. --
‘/uJ \W| 1 o |

DEesiGNCON'EZm 3.7 AN 30-FEB 1, 2018 ~
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HE CHIP M | _ p &3

7’

alit

g




Connector surrogate model

« We do not know the interior structure of the connector
 Simulation data or model provided by connector vendor usually gives perfect 50 Ohm result

« One option is to put two connectors back-to-back, measure S-parameters and construct surrogate
model by matching S-parameters and TDR

A:Project{1).conn_plus.Simulation{1); B:Project{1).male_male_kt.Simulation{1};
£, [Ohm]

Single connector surrogate model 52

CITCTRE RS RS E
LU EeTARER Db LI

/ c -1o- (
TDR A\ f/\ » Measured (back-to-back)

Lol Dout=3 L

TR o) | s AR R e Caner L agp L 517 7

Caveroyor syl e o fnndictar pperts 02 o SEREE f l:

L~ Ll I N D DN D Y D Y AN I N FUCTL2 O D j'

B N Lo ) e : o : DEDERREE i Pore: Fi f Dl
g TR T " - . T ol o = - o
SRR NI A R N i R i f - -
Lol [ I MDA I . Lo S
ST TR

50 T L T T [ \::‘

N Model (back-to-back)

03 Mow 2007, 11:58, Simberian Ine. . - - - - L

0.1 0 01 0.2 0.3 04 05 0.6 07 08 09
03 Nov 2017, 11:57-49, Simberian Inc. Time, [ns]
c—— AINAL -—— AIR2L —— BI[AL

Can be further refined with 75 GHz bandwidth...

DEesicNCoN B

JAN 30-FEB 1, 2018
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De-compositional electromagnetic analysis

Example of model for 10 cm diff. link in INNERG6

P g
e =Y
o
o

Inners Cenart L
v = act i

7
M 4 5 AL PS2 (01
il & I 4 Farts 3, 4;
ALUPET 10T S &
ras 2 ¥ L=55J23 34 il
1 i ER*I S '|'°t§r[[ 4
imulation
= = ="l aunches":

FH =4Launches EFJ= INNEEEH-EI_FD ’ L ﬁT o Iauncﬁ |nnerE

CKT="con_launch imermulation| 1) t

Sl ="Simclation1T; 2.

400

300

Connector +
launch model

+ ¢ + + ¢ ¢ + + +
20 15 -0 & 1] 5 10 15 20
T4 Nov 2017, 09:39:49, Simberian Inc. 30 View Made (press <E> to Edit)

WHERE THE CHIP MEETS THE BOARD
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INNER6 10 cm diff. strip link

|‘1FTI1I

: Connector + Launch = De-compositional EM analysis
Firsts attempt T T PO y
18 e D - L All trace widths and shapes are
. g T adjusted
Single-ended S- AT R
D e e T e 10 cm diff. strip section.... -
parameters ’ Dt sret UL
A:Meazured IMMERE_10CM_2_aMM . MFP; B:IMMERE_10_5IMMERE_10cm. Sirmulation(1]; A:Meazured IMMERE_10CM_2_aMM . MFP; B:IMMERE_10_5IMMERE_10cm. Sirmulation(1];

Reality: Large difference in  magiudsis). (s8] Maaritude(5]. [dB]

reflection from 10 to 30 Ij“K%Tran mission Measured —+ stars
GHz (investigate), above 30 10t

GHz — see reality above 30 o} _— Modeled —circles
A

iy

20T 8

GHz... Reflection

204 it . Ii; ap+ FEXT e
i
Acceptable ‘ ol
correspondence up to w0l '
30 GHz ol |
tars
40T lodeted/—rircles a0t NEXT [T
Iél é 1 IEI 1 =5 2!EI 2I5 E:EI 3=5 4!IZI 4=5 EIEI I;I é 1 IEI 1 =5 2!EI EIE S:EI 3=5 4!IZI 4=5 EIEI
13 Moy 2007, 11:06:22, Simberian [nc. Frequency, [GHz] 13 Moy 20017, 11:08:06. Simberian Inc. Frequency, [GHz]
—k AS[11] = A:5[1.2] =< B[ B:S[1.3]; A:501.3]; £:5[1 4] = B:5[1.2); B:S[1.4]:

WHERE THE CHIP MEETS THE BOARD
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|‘1FTI1I

INNERG: 10 cm diff. strip link

> Connector + Launch De-compositional EM analysis
= @ e All trace widths and shapes are
adjusted

Firsts attempt

10 cm i strip sction

A:Measured INMERE_T10CM_Z_aMM.MFP: B:INMERE_10_5.INNERE_10cm. Simulation(1];

£, [Okm]
T ; A:Measured INNERE_10CM_2_4MM MFP: B:INNERE_10_5.INNERE_10cm. Simulation(1]; 10+ - ' '
Reality: Large difference at . oo Diff /mode TDR
Modeled (black)
the connector to launch :
e . Single-ended TDR | by
transition (investigate), 55 1 100 7 W
variation of impedance along Connector is over 51 Ohm R T d
the traces (expected) el / Modeled (black) A al Cunne= torto i!dun(_'n [:libﬂldt(_'=1 | |
' I} 0.25 05 0.75 1 1.25 15
13 Mow 2017, 12:36:43, Simberian Inc. Time, [nz]
- ; A:Meazured INMERE_10CHM_2_ kb4 MFP; B:INMERE_10_5.IMMERE_10cm. Simulation(1];
ST £, [Ohm]
Acceptable 0 1 s ] | |
P Common made TD Modeled (prown)
correspondence Measured / #Fe..:,aasajﬁ’ =
AT e
475 T
) Measured
Connector to launch ~3 Ohm mismatch el
IEI EI.IEE EI.IE EI.I?E 'I 1 .I25 1 .IE EI.i?E EI?E EI.=?5 ‘I 1 25 1 .:5
13 Mow 2017, 11:17:25, Simbernian [nc. Time, [nz] 13 Mov 2017, 12:37:14, Simberian |ne. Time, [nz]

A:Zmm[C1.E1];
B:Zrmm[C1 .51

AZmm[D2,02];
B:Zmm[01.01]:

B:Z[1.11: AZmm[D1.01];

AZmm[C2 2]

AN AL A7 2 A73.30: A:714.4]:

WHERE THE CHIP MEETS THE BOARD
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Launch investigation

Solder mask under connector is not accounted in model (not expected)

691 JiTi
306 pm

i
= 617 pm 2
218 pm 3
214 pm 4.
259 ym gf
o
8:
9:

301 pm
263 um
299 pym
266 pm
309 pm

E 292 um

247 ym

268 um 297 ym

259 pm =444 ym

432 pm 10: d = 256 pm
10: d = 256 pm 11:d =581 pm
11: d = 653 pm 120d =223 pm
12:d = 294 pm 13:d =226 ym

" 13:d =309 pm T o T
14: d = 280 pm 15:d =252 pm
15:d = 247 pm 16:d =278 pm
16-d = 306 pm 17:d =240 pm
17:d =261 um 18:d = 247 pm
18:d = 282 pm 19:d =413 pm
19:d =411 pm

GRS GEELER O Q
(0 IF R (O S ]

OO~ O, WN =
QD QRS0 ORSED O

DesicnConEmm *" : "7 JAN 30-FEB 1, 2018
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INNER6 10 cm dift. strip link

|‘1FTI1I

With solder mask Connector + Launch De-compositional EM analysis
@ L el Al trace widths and shapes are
under connector - R adjusted

parameters

&:Measured INNERE_10CM_2_4Mi . MFP; B:INNERE_10_5.INNERE_10cm. Simulation(1]; A:Measured INNERE_10CM_2_4MM MFP; B:INNERE_10_5.INNERE_10cm. Simulation(1];
Magritude(S), [dB] Magnitude[S], [dB]

Reality: Large difference o |
above 30 GHz — see reality
above 30 GHz... 101

, ..LI Py .1I-H=ii' ‘_
Iy ‘;::iill:-'ri ; 4. VY, H‘?ﬁt

issi Measured + stars

ol Modeled —|circles

rans

30T

Acceptable
correspondence up to 307
30 GHz

407

ureqd — stars 50T

4071
2led +— circles
1] ] 10 15 20 2 a0 L 40 45 1] 5 1 I:I 15 20 25 a0 35 40 45 a0
27 Mo 2017, 14:34:40, Simberian Inc. Frequency, [GHz] 27 Nov 2017, 14:35%:53. Simberian Inc. Frequency, [GHz]
—# AS[11] —F AS[1.2— B:51 = B:5[1.3) A:5[1.3]: &:501.4),—= B:S[1.2]: B:5[1.4];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018




|‘1FTI1I

INNERG: 10 cm diff. strip link

> Connector + Launch De-compositional EM analysis
& e All trace widths and shapes are
adjusted

e

Mixed-mode S- e
parameters A T cm diff. strip section .

& Measured INNERE_T0CM_2_4MM.MFF; B:INNERE_10_SINNERE_10cm. Simulation(1];

A:Meazured INMMERE_T0CM_2_4MM.MFF; B:IMMERE_T0_5IMHERE_10cm. Simulation(1]; Fhase Delay, [pz]
] . . Magnitude(5). [dB] Eﬁ
Reallty.. Difference in o] - Trhnsmissiol ms| 1l Phase Delay
reflection between 10 to 30 él Measured — stars
GHz (now expected dueto ., Measured — stars Ry % mi 4 Modeled = circles
: Modeled — circles |Reflectio
geometry differences), i L
. 775 T i
above 30 GHz —see reality ! N £ &\‘ 11
above 30 GHz... 7ER T i ;
, Diff..mode phase delay /‘L ;
30T - 2
L ‘- | 76251 B / £ 14
Acceptable ¢ A X/ﬂ%j /
o A4 L L] ] gl f | | ey I Y s
correspondence up to 40 4 ; : Mbde transformatione 760 r— 9--*:;'3_
30 GHz | / o dola
AR 75 . Common mode phase delay | |
0 5 10 15 20 25 0 5 40 45 50 0 5 10 18 20 25 0 %5 10 45 50
27 Mow 2017, 14:38:00, Simberian |ne. Frequency, [GHz] 27 Mow 2017, 14:33:17, Simberian Ine. Frequency, [GHz]
—% ASmm[D1.01]; —% A:Smm[D1.02); A:5mm[D1,C1]; A:Smm(D1,C2); —# A:5mm(D1.02]; A:Smm[C1.C2] ——=<' B:Smm{D1.02]; B:Smm[C1.C2];
== B:Smm[D1.01]: == B:Smm(D1.02);

W[l
DesicnConEmm *7 JAN 30-FEB 1, 2018
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INNR6 10 cm diff. strip link

|‘1FTI1I

Connector + Launch - LTI De-compositional EM analysis
With solder ' B e All trace widths and shapes are
adjusted
mask under
connector
Reallty Varlatlon Of AMeasured INNERE_10CM_2_ 4MM.MFF: B-INNERE_10_5.INNERE._10cm Simulation(1]; 2 o Sbeazured INMMERE_10CHM_Z_akibd MFP; B:IMMERE_10_5 INNERE_10cm. Sinnulation(1];
. £, [Ohm] L[k
impedance along the traces ] Sincle-ended TDR . | L
(expected) | T ° ' | ITT. mode IDR I\k
.| ,Connector i ' i -
Modeled (black) Jﬁy
51,25 1 - 102517 -/- ég \/%\’/j/\/
100+ o ia
501 o
Acceptable {
FhET
correspondence wET Measured "\ Measured
w“T
475 T
Connector to launch ~1 Ohm mismatch 237
IEI I:I.I25 I:ITE EI.I?E 1 1.I25 1?5 1_I?5 EI EI.IEE EITE EI.I?E 1 1.I25 1?5
27 How 2017, 14:40:39, Simbenan |nc. Time, [nz] 27 Mow 2017, 15:02:32, Simbenan Inc. Time, [nz]
a:20.110: A212.2: A23.30: &:714.41: B:Z[1.1]; AZmm[D1.01]; AZmm[D2.D2]; A Zmm[C1.C1]; AZmm[C2.C2);
B:Zmm[01.01]; B:Zmm[C1.C1];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



INNERG: 10 cm diff. strip link

* Eve diagrams comparison

&:Measured INMERE_10CM_2 a4kt eye; BiIMMERE_10_5IMMERE 10cm.eye;

Eye Analyzer VIVl
4;” _-TEP] Show Eye Metrics: | Selected |~ Auto-open 35T
Parameter Measured.INMERG... INNERG6_10_5.IN... 025 T
Eye Level Zero (V) -0.35804 3 -0.337034
Eye Level One (V) 0.358254 0.36771 0157
Eye Level Mean (V) -0.00219978 -0.0024401 easure
Eye Amplitude (V) 0.717197 0.724743 1 odele
Eye Height (V) 0.47057 0.420019
Eye Width (U] "0.86031 0.869623 e
Eye Opening Factor 0.656123 0.66233 aosd
Eye Signal to Moise 5.51347 5.56869
Eye Rise Tirne (20-80) (U] 0.518454 0.513457 o
Eye Fall Time (20-20) (U] 0.517761 0.513182
Eye Jitter (PP) (U1} 0.13960 0.130377 | , , ! , ! , , !
Eye litter (RM3) (U] 0.0318654 0.0320184 04 Dec 2Dm 7. 084313, sui}f:erian Inc. ” " 1 . " " Llnitlntervaf f
AMmm(D1.D2; B:Vmm(D1.D2]:

~2% difference in eye heights, close widths; Possible reason — impedance
variations, launch mismatch and localization loss...

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



INNERG: 5 cm diff. strip link

Connector + Launch De-compositional EM analysis
" All trace widths and shapes are
adjusted
Single-ended S-
Param eters
.-i'-.:Measured.INNEHE_EEM_2_4MM.MFF'; BZ|NNEHE_1 |:|_5.|NNEHE_5CI‘I‘I.5iI‘I‘IU|EItiDI"I[1 ],' .-'i-.:MEasured.|NNEHE_5EM_2_4MM.MFF'; BZ|NNEHE_1 D_E.INNEHE_Ecm.Simulatinn['l ],'
M agritude(3). [dB] Magnitude(5). [dB]
Reality: Difference above 30 ot e | T Trademidcion | .
GH Y ity above 30 Transmission Measured - stars -
z — see reality above S .11 Modeled —circles sl | ¥
GHz... 10+ i n
Reflection w0l JIMRAER| 1
20T A I
Al T ',
Acceptable :
correspondence up to 11 ol FHE il (1] 34
30 GHz rAatE lT 17 }
AN+ PP PR | _ ctare i !
40 1 asured ‘bl. I'S P Zﬁ_@m_l T}i NEXT w il
RN ' IModeled —circles | | 3 i [+ ] : T ,L T
0 5 10 15 20 5 10 ¥ 40 s 50 n 5 1’,] 155 2:D 255 3ID 355 4In .5
27 Nov 2017, 15:11:33. Simberian Inc. Frequency. [GHz] 57 gy 2017, 15:12:43, Simberian Inc. Frequency., [GHz]

——# w511 —F AS[12—=) BS[11: —= BS[1.3L £:5[1.3L 501 4 —S B:5[1.2) B:5[1.4]

WHERE THE CHIP MEETS THE BOARD
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INNERG: 5 cm diff. strip link

Connector + Launch el De-compositional EM analysis
. : All trace widths and shapes are
Mixed-mode S- . P
adjusted
param eters
Actdeasured INNERE_GCM_2 4MM MFP: B:INNERE_10_5INNERE Scm. Simulation(1): AcMeasured INNERE GCH_2 44 MFP: B:INNERE 10 5 INNERE_Serm. Simulation(1):
Reallty leference |n Magnitude(5). [dB] _ FPhaze Delay, [pz]
£ ; b 10 to 30 07 Transmission Q
retlection between to v od & star ol Phase Delav |
GHz (now expected due to easyred T sta “1T
Modeled =Icircles easured — stars
eometry differences) 0 q -
8 ’ _ | odeled —+ circles
above 30 GHz — see reality Reflection i |
above 30 GHz... ol N i /‘J F/;a
4525 T —ﬁ - i
Dittf. mode phase del
Acceptable K‘l , : i 7//
correspondence up to T V4 M 1
AR0 T iy e
30 GHz Pl _I
-4['-- ] : 1 ] : 1 ] ] ] ] ] ] C4jmmlbn m!Ode Iphasle d IIay ] ]
Iil 5 1 IEI 1 IE EIEI 2l5 EIEI SIE 4IEI 4I5 EIEI EI 5 1 .EI 1 I5 2IIII EIE EIEI 3l5 4IIII 4I5 EIEI
27 Mow 2017, 15:168:15, Simberian [nc. Frequency, [GHz] 27 Mow 20017, 151740, Simbenan Inc. Frequency, [GHz]
—# A:Smm(D1.07]; —# A:5mm[D1,02);—=" B:Smm[D1.01]; —= B:5mm({D1.02]; —# & Smm[D1.02]; &:5mm[C1,C2]; == B:Smm[D1.D2]; B:Smrn[C1.C2]:

lll

WHERE THE CHIP MEETS THE BOARD
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INNERG: 5 cm diff. strip link

Connector + Launch A

Reality: Variation of
impedance along the traces
(expected)

Acceptable
correspondence

DesiGNCon'Ez |

WHERE THE CHIP MEETS THE BOARD

De-compositional EM analysis
All trace widths and shapes are

A:Measured INNERE_BCM_2_4MM.MFP; B:INNERE_10_5.INNERE_Sem. Simulation(1]; A:Measured INNERE_SCM_Z_4MM.MFP; B:INNERE_10_5.INNERE_Scm. Simulation(1);

=1 Z. [Ohm]
Si - 10751
- Single-ended TDR A Diff modeé TDR .
Connector is over 51 Ohm Iu'/\ '\L.\ 105 1 ftm
\_H" 1025 T Modeled (black) ——

52___5". y
Modeled (black) \vg

511 {4 .,v’\;f};iﬂ 100 T \('/
\

a0 T
*'K 97.5
9T \ 2
Measured 95 + Measured
8T [
T' Connector to launch ~1 Ohm mismatch 9251
T | : : : : : : : : :
' ' I I ' f . . I . 0 0125 .25 0.375 A 0625 075 0875 1
01 0z 0.3 04 05 0E 07 ne 09 1 27 Moy 2017, 15:20:06, Simberian Ine. Time, [hz]
27 Maw 20017, 151905, Simberian Inc. Time, [nz] A:Zmm[D.01]; AczZmm[D2.D2]; A Zmm[C1,C1]; A Zmm[C2,C2);
AZ[1 1] AZ[22]: & 7[3.3]; &7[4.4]: BZ[1.1]: B:Zmm[D1.07]; B:Zmr[C1.C1];

;' JAN 30-FEB 1, 2018




Insertion loss deviation analysis

A:Meazured IMMERE_T0CM_2 4k MFP: B:Measured INMERE_SCM_2 4bM MFP; C:INNERE_10_5.IMMERE_Gcm. Simulation[1];
C:IMMERE_10_SINMERE_10cm.Simulation[1];
Magnitude(5). [dB]

Nearly perfect match

0+
in GMS-parameters \ Differentia Measured — red
AT . s
A MeasvNAINNMERE Som GMS; B:Model2diel Sem_diff_innerE. GMS; \-"‘-':.,-;EE Insertlon I‘DSS MOdeIed T blue
N

M agritude(5), [dB] Phaze Delay, [nz] T -

\ INNER6 5lcm GMS | wx _ y

I . 03 £ R 5cmlink
.‘| \.

GMS IL i %‘%
27 = 103 N\
BT . o
.l Model under-estimates

| the losses — radiation ng N
S from launches is not W%

7

o
T e O

_W/;( =
[ s

a7 | | o o i e e Bl o L a4t
1] 4] 10 15 20 2h an Kl an 45 ac:COLFntE!d f()r!
09 Maow 2017, 14:50:21, Simberian [ne. Frequency, [GHz] a4t .
% A:5mIn1(M1]In2[M1]] #— — = =% ASm{lnl[MZ]In2[M2]] *— — —; } } t } } { } } } t } } }
—— BSmln (M1 In2[M1]] 35— — = = B:Smlni[M2]In2[M2]] = — = n 25 5 75 10 125 15 17.5 20 225 2h 275 an
04 Dec 2017, 07:18:54, Simbenan |nc. Frequency, [GHz]

—# A:Smm(D1.02]); —* B:5mm{D1.02]; —2 C:Smm[D1,02]; = D:5mm{D1.02];

JAN 30-FEB 1, 2018
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D2: Beatty strlp standard INn INNERG

Connector + Launch Step dlscont|nu|t|es " |

De-compositional EM analysis

S_pa rameters magnitudes Strip widths are adjusted

" . Widerstrip (3w) - 2.5 cm
Narrow strip

Complete De-embedded connectors and launches
&:Measured. 02 BEATTY _250HM_INMERE.MFP: B:D2_Beattyf Beattus Simulation[1]; A:beasured BeattyDmbd. Simulation(1]; B:DZ_Beattys. BeattyD mbd. Simulation(1];
M agnitude(S), [dB] M agnitude(5), [dB]
] ] ] n e D" g N r
ot Trahsmicsion % -ed—stars Transmission easured — x-s
Modeled — circles % odeled — rectangles

| AR A 51 .

; W

07

WW\M

q5 T 15T

Loss and dispersion

20T N -20 7 ]\ 1 I'
models work for Reflection Y
much wider strips! 2514 21 ) Reflection |
0 5 10 13 20 25 30 35 40 45 a0 n 5 10 15 20 2 0 *® a0 £ 50
27 Nov 2017, 15:21:28, Simberian Inc. Frequency. [GHz] 430y 2017, 11:34:49, Simberian Inc. Frequency, [GHz]
—F AS[L) R AS[L2) S B[ ) BiS[1.2); — AS[ 1] = AS[1,2; — B:S[L—F B:S[1.2]:

WHERE THE CHIP MEETS THE BOARD
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D2: Beatty strip standard in INNERG

" "Connector + Launch .- - Step discontinuities
o De-compositional EM analysis
Strip widths are adjuted

Wider:strip (3w) - 2.5 cm

" Narrow strip

A:Meazured. D2_BEATTY_250HM_IMMERE.MFF; B:DZ_BeattyE.BeattyE. Simulation(1];
C:Measured BeattyDmbd. Simulation(1); D:D2_Beattyt. BeattyD mbd, Simulation(1]; tMeasured D2_BEATTY_250HM_INNERE.MFP; B:D2_Beattyk Beattys. Simulation[1];
Phase Delay, [pz] Z. [Ohmm]

575 1 I Measured

P4 AL
Complete Measured \}/‘X’ En--mﬁ\ Jelodl (bldck —
550+ — N " WT_ Modeled (black)

1

aa T I

— / Connector to
| Dhase de|ay Madeled ( 1 1aunch 1/0hm
£00 & mismatch
TDR
De-embedded connectors \ BT

T &V’m and|launches X
GOOd 450+ ‘%%#ﬁﬁm——!ﬁ — 1= = 0y
correspondence 'V'egsure,d (x-s) ‘

} } } } } } T T f AT
0 5 10 15 20 o5 0 5 a0 a5 50 : - : - - = : -
13 Nov 2017, 11:41:10, Simberian Inc, Frequency. [GHl 205?1 2155 . 1'35-22_ : '_13?|5 05 0B&S O/ O&m T 1B T_‘ 25
——k AS[1.2) — B2 — < C5[1.2) —F] D[ 2] B ime. [ns]
A0 AZ[22]: B.Z[1.1]; B.Z[2.2)

N

WHERE THE CHIP MEETS THE BOARD
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De-compositional EM analysis
All trace widths and shapes are
adjusted

I
MPT(1)

Eofinector +
Launch

~10 cm strip
section

MET(2)

DEesiGNCon ez

WHERE THE CHIP MEETS THE BOARD

INNERG 10 cm SE strip link

A:Measzured.Inners_500hm_10CHM_Hirose |FEW _BO0HZ MFP; B:InnerE_SE.InnerE_se 1 0cm. Simulation(1];
kagnitude(5). [dB]

|:|“ | | |
Transmission
=
10t ' %“‘“—-we..____e
Reflection
201
ko
k|
0T f
Measure dI— stars
1 T Modeted 5 circles
|£| 5 1IIZI 1I5 2IIZI 2I5 SIEI 3I5 4IIZI 4.5 EIEI

29 Mase 2017, 14:17:39, Simberan [nc.
—# a5 —# A501.2—= B5[11 = B:5[1.2);

Reality: Large difference in
transmission above 25 GHz
— see reality above 30 GHz...

s,../ JAN 30-FEB 1, 2018

Frequency, [GHz] 29 MNow 2017, 14:18:21. Simbernian Inc.

A:Meazured lnnert_S00hm_10CHM_Hirose |IFEW _BO0HZ MFP; B:InnerE_SE . InnerG_se 10cm. Simulation(1];
Phaze Delay, [hz]

0.73 f

Phase delay

072t

il Measured N f
' Y

Meﬁe—@n—ﬂ# W

0.7t 97
] 1 1 ] ] Iwl OdeI ed ] ] ] ]
0 5 10 15 20 25 0 35 40 45 50

Frequency, [GHz]
—# A5 = BS[1.2L

Acceptable correspondence up to 25 GHz...



INNERG 10 cm SE strip link

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

A:Measured Inners_S00hm_T0CM_Hirose_|FB'W_300HZ MFP: B:Innerb_SE.Innerb_se_10cm.Simulation(1); A:Measzured.lnnerf_S00km_10CM_Hiroze_IFEW_S00HZ. MFP; B:lnnerf_SE . Innerb_se_10cm.Simulation|1];
| b agritude(S], [dB] Z. [Ohm]

MPT(1)

257 Model does notaccour TDR

Eorinector + for leaks from launch Modeled{olack) R
Launch 51 \ P4 5251 S A\
FET % MM?V

\\a\_ 50 T

¥

~10 cm strip

107 “‘\;;\\
section
Measured — stars \ %o el
= ‘:‘ -I 25 +4 . .
Modeled —|circles ﬂ‘l
0 5 10 15 20 25 0 5 40 15 50 0 095 05 075 i 128 15
29 Moy 2007, 14:58:01, Simberian Inc. Frequency. [GHz] 29 Mav 2017, 14:55:53, Simberian Inc. Time, [nz]

— A501.2—= B:S[1.2);

A1 A 722 B:Z1.11:

Reality: Larger insertion
losses due to leaky launch?
— see reality above 30 GHz

Reality: Variation of impedance along the

e traces (more than expected)

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



INNERG 5 cm SE strip link

. A:Measured. Innert_S00hm_BCM_Hiroze_|FBW_B00HZ MFP; A:Measured |nnerE_B00khm_BCM_Hiroze_|FBW_S00HZ MFP;
adJ u Sted B:Inner6_SE.lnnerE_se_ Bom Simulation]1]; B:InrnerE_SE.Innert_ze_Bom. Simulation1];

bl agritude(S], [dB] FPhasze Delay, [ns]

AN o | Transmission }
o e 21 041 1

0T ! 0.405 1+ ¥

De-compositional EM analysis
All trace widths and shapes are

se delay

Cor']néctor
Launch

Reflection Wi

15T

' "1 Measured
\ 201 n.rrl316 Ay( \Z
: 2 3} T 0,395 1
- ~5 cm strip 254 ' | \\( W"/
. section {‘ F | RN RS,

1] o . 039 /
<0 Measured —stars
M lod — circl Modeled
14 | (@) Ie ed — CIIrC es . 03051 | | | | |
0 10 20 20 40 Bl 0 10 20 0 40 ]
29 Maow 2017, 15:22:34, Simberian Inc. Frequency, [GHz] 29 Maow 2017, 15:23: 22, Simberian Ine. Frequency, [GHz]
—k a5 —# a50.2;— B5[11 = B:5[1.2); —# g50.2: % B:5[1.2);

Reality: Large difference in
transmission above 25 GHz

_ Acceptable correspondence up to 25 GHz...
— see reality above 30 GHz...

WHERE THE CHIP MEETS THE BOARD
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De-compositional EM analysis
All trace widths and shapes are
adjusted

:::E: ok i

Cor']néctor
Launch

~ ~5 cm strip
. section -

DesiGNCon'Ez |

WHERE THE CHIP MEETS THE BOARD

INNERG 5 cm SE strip link

&M eazured. Inner_S00km_5CH_Hiroze_|FEW_BO00HZ MFP:
B:Inner6_SE. InnerE_ze_ Som Simulation(1];

b agritude(S], [dB]

o Transmission

\%\ for leaks from launch
25T

] /r

Measured — stars
Modeled — circles

1] 0 20 a0 40 B0
29 Mow 2017, 15:27:24, Simbenan Inc. Frequency, [GHz]

—# A5[1.2:; —= B:5[1.2);

Reality: Larger insertion
losses due to leaky launch?
— see reality above 30 GHz

;' JAN 30-FEB 1, 2018

Model does|not account

A Meazured. Inner_B00km_5CH_Hiroze_|FEW_B00HS MFP;
B:lnner6_SE. InnerE_ze_ Som Simulation(1];

Z, [Ohrw]
TDR A

5375 T —— LN

5251 Vieasure
51.25 tk\ﬂ \ M" %ﬁw /\\ —_

AW
07 ~ k
4875 1 \
Modeled (black)

75T

625 T I

1] 0125 0.25 0.375 0.5 0625 0.75 0.875 1
29 Mow 2017, 15:25:00, Simberan Inc.

A1

Time, [nz]

B 7122 B:Z[1.1]:

Reality: Larger impedance; Variation of
impedance along the traces (more than
expected)



INNERG — SE strips cross-sections

* Looks normal — close to expected

> Cm strip 10 cm strip

lll
DESIGNCON 27 (G a0+ 1,201 2

HE CHIP M UBM



G1: Diff. length compensation structure in INNERG

Single-ended S-parameters

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

diff. strip:section A

compensation
- &, section

" CGbnnector # Launch

Analysis with t-line segment
models only...

DEesiGNCon ez

WHERE THE CHIP MEETS THE BOARD

Aeasured G1_2_4bb WMFP; B:G1.G1.Simulation(1];
M agnitude(S), [dB]

ol .
ﬁ\é\ﬁ-\é Transmission
5l """"!1@..;.__’@
N ‘W?&HB_H—E-
4514 Reflection
207 I ;1(_
25T
307 -
I| Measured — staris

SGET Hél* -v-Oje!e"l —CIFC!ES

IEI 5 ‘IIIII 1I5 2IIZI 2I5 SIEI 3I5 4IIII 4I5 EIIZI

29 Mow 2017, 15:41:42, Simbenan |nc. Frequency, [GHz]
—#* A5 —F aspAL < BS[LIL = B:S[1.3L

Reality: Difference above 30 GHz
— see reality above 30 GHz...

7 JAN 30-FEB 1, 2018

A:Meazured G1_2_ a4k MFP; B:G1.G7. Simulation(1];
b agritude(S), [dB]

| odeled — circles iLS

7 :[;Ilea sured — stars ‘
[
|

30+ e el

40

A0 T

60—

1] ] 10 15 20 25 a0 35 40 45 50

29 Mow 2017, 15: 4246, Simbenan Inc. Frequency, [GHz]
A:501.2]; A501.3—= B:S[.2]; B:5[1.4]:

Acceptable

correspondence up to

30 GHz




G1: Diff. length compensation structure in INNERG

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

diff. strip:section A

compensation
- &, section

" @GBnnector + Launch

Analysis with t-line segment
models only...

DEesiGNCON ET

WHERE THE CHIP MEETS THE BOARD

Mixed-mode S-parameters

AMeazured G1_2_ kb WFP; B:G1.G1.Simulation1];
Magnitude(S). [dB]

T ANsmMissiol
0T
20T
30T E.-I i ‘..' o
sure ars
Modeled|— circles
$

] L 10 15 20 25 a0 35 a0 45
29 Mow 27, 15:48:52, Simberian Inc. Frequency, [GHz]
=k &:Smm[D1.01]; —* A:Smm[D1.02); == B:Smm[D1.01]; == B:Smm[D1,02];

Acceptable correspondence up to 30 GHz

;' JAN 30-FEB 1, 2018

Abeazured G1_2_ 4k MFF; B:G1.G1.Simulation(1];
Magnitude(S). [dB]

207

FEMT

G307

AQ 1+ —HHHSEHEEHL J

B0 T e

tars
ircte

601

[LT] Tviodeteq —circles T |

1] ] 10 15 20 25 a0 35 a0 45 50
29 Moy 2017, 15:50:33, Simberian Inc. Frequency, [GHz]

A:Smm[01.C1]; B:Smm[D1.C2];

FEMT/NEMT — Far/Near End Mode Transformation

&:Smm[01,C2L —= B:Smm[D1.C1];

Reality: Large difference in mode transformation
— investigate the model...




G1: Diff. length compensation structure in INNERG

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

compensation
- &, section

~" @dnnector + Launch

Analysis with t-line segment
models only...

DesiGNCon'Ez |

WHERE THE CHIP MEETS THE BOARD

A:Measured G1_2_4kM.MFP; B:G1.G1. Simulation(1];

Abeazured G1_2_ 4k MFF; B:G1.G1.Simulation(1];

Z, [Dhr] Z. [Dhm]
Single-ended TDR el
53751 P“H
N
) 105 1 4
525+ . AL y\ = X
compensation oA/ SHee N\/’ — Measured
51,251 P e /V-D 10257 . g——
- NALsT Y \V
enl 1001 -
Modeled (black|& brown)
A) Modeled (black & brown)
48751 9751 ﬁ
rasured
475+ o | &
compensation H I
P Diff. mode TDR
0.25 05 0.75 ) 1.25 15 0.25 05 0.75 1' 1.25
30 Mo 2017, 07 22: 21, Simberian |ne. Time, [ne] 30 Mow 2017, 07:24:19, Simberian [ne. Tirne, [ri]
&:Z111]; &7[2.2): A:713.3]); 574 4]; B:Z[3.3]: & Zmm[01.01]; AZmm[D2.D2]: & Zmm[C1.C1]; A& Zmm[C2,C2);
B.Z[4.4]: E:Zram[D1.01]; E:Zmm[D2.02);

Reality: Variation of
impedance along the traces
(more than expected)

JAN 30-FEB 1, 2018

Questionable correspondence
(something in the middle)




G1: Diff. length compensation structure in INNERG

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

compensation
- &, section

Analysis with t-line segment
models only...

DEesiGNCON ET

WHERE THE CHIP MEETS THE BOARD

AMeazured G1_2_ kb WFP; B:G1.G1.Simulation1];

Y, [V]
. | e
Single-ended TDT
04T ‘
1ol Measured
j' Vlodelec
02T /7
01T //
.
EI.I?E EI.I?E I:l.l?él EI.I?E I:I.I?E EI.I?? EI.I?E
29 Mow 27, 16:04:13, Simberian Inc. Time, [hz]

&41.4]: AN[2 3] B3 BE.4)

Acceptable correspondence...

;' JAN 30-FEB 1, 2018

Abeazured G1_2_ 4k MFF; B:G1.G1.Simulation(1];
Phaze Delay, [pz]

t Mixed-mode phase delay

7151

e Measured — stars
| Modeled — circles

705 T 7
L
0T f A
LN —Z AT
R = S @ﬁiﬂdgvi

IMestu rJd

] L 10 15 20 25 an 35 a0 45 a0
30 Moy 2017, 07:08:50, Simberian Inc. Frequency, [GHz]

—# ASmm[D1.02); B:Smm[C1.C2];

& Smm[C1,C2]; = B:Smm[D1.02];

Reality: Slightly smaller delay and delay
difference...




G2: Diff. length compensation structure in INNERG

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

diff. strip:section

4 compensation
i . sections

Analysis with t-line segment
models only...

WHERE THE CHIP MEETS THE BOARD

DEesignConN e J@Q,

Single-ended S-parameters

Akeasured GZ_2_ 4k MFP; B:G2. G2 Simulation(1]; A:Meazured GZ_2_ kM MFP; B:GZ2.G2 Simulation(1];
Magritude(S). [dB] Magnitude(5], [dE]
0T ' vt
M\ransmwsmn Measured — stars |
207 . 1
B Modeled —circles
i A= N
i | | r,Tu 30t
y ft R | FEXT
Reflection .“1'.'1]{1‘. i "'*‘i"ii" i
W ITJ. bl
rAT K 40T T ] A
20T . g i | |
L ||lu [ |I|.. fa #* | ,l" !
ln-'l = -.'.! J | ! l ll I"'J || : : i
Wi A |
AR |, o if w1 1y -
an+— JJ'IIHHEIHHH!I :.i[i | ! : 3
i g i'."s:i-":.i 450 il
il T iy ut ] |
%‘;425 Ejgi &i .I.-. | Measured — stars &0 |
| RN '
TEE ) .
Yy .,“ 'l Modeled — circles |
IEI 5 1 IEI 1 IE 2IIZI EIE 3IEI 3I5 4IEI 4I5 EIEI IZI 5 1 IEI 1 IE 2IEI 2I5 SIEI 3I5 4IEI 4.5 EIEI
A0 Moy 2017, 07:28:25, Simberian Inc. Frequency, [GHz] 30 Maw 2017, 07:30:34, Simberian [he. Frequency, [GHz]
—#F ASNAL—F AS[ 4 —= BS[L = B:5[1.3) A:5[1.2]; A:5[1.3] —= B:S[1.2]; B:5[1.4];

Acceptable correspondence

up to 30 GHz Reality: Difference above 30 GHz

— see reality above 30 GHz...

JAN 30-FEB 1, 2018




G2: Diff. length compensation structure in INNERG

De-compositional EM analysis Mixed-mode S-parameters
All trace widths and shapes are

A:Meazured GZ_2_ kM MFP; B:GZ2.G2 Simulation(1]; A:Meazured GZ_2_ kM MFP; B:GZ2.G2 Simulation(1];
a dj usted Magnitude(S ], [dB] Magnitude(5], [dB]
|
0t — —
Transmission Measured — stars NEI\dT (green)
S at1-Modeled—circles
ol FEMT (o
2t . , _}_____ Mg
Reflection
4 compensation - % - 207 ot
i sections B
a0+ 4{ A ik
- Measured + stars 807
zonnector +:Launch 4T | 1 | Modeled —|circles
Ana |y sis with t-line se gment 0 5 10 5w ® W B 0 45 8 0 5 W 15 0 ® W B/ 40 45 0
A0 Mow 2017, 073256, Simbenan Inc. Frequency, [GHz] 30 Mow 2017, 07:34:28, Simbenan Inc. Frequency, [GHz]
models only... —# ASmm(D1.01]; —* A:Smm[D1.02); —< B:Smm(D1.01]: —=' B:Smm(D1.D2]; A:Smm[D1.C1]: A:Smm[D1,C2]: = B:Smm[D1.C1]; B:Smm{D1.C2];

FEMT/NEMT — Far/Near End Mode Transformation

Reality: Large difference in mode transformation

Acceptable correspondence up to 30 GHz _ _ _
— investigate what causes it...

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *"@jv JAN 30-FEB 1, 2018



G2: Diff. length compensation structure in INNERG

De-compositional EM analysis

All trace widths and shapes are A:Measured. G2_2_aMM MFP; B:G2 G2 Simulation(1]; deMeasured G2_2_aMM.MFP; B:G2.G2.Simulation(1];
adjusted Z. [Ohm] 2. [0k
Single-ended TDR :
5 Diff. mode TDR
55 1 107.5 1 K
diff. strip:section - § s T N
i . o Modele(\i (black | Modeled (black @ brown)
2 E \ ) -+ \
Y compensation ,\A;jﬂc( A4 10251 o Wﬁ
. ) o - b
. 4 compensation x A LA ol #fﬁ
- sections A E 5011 T Ty I\> ;
i 2% , easure
'i'uf-.i' 6] 97 5 T+ -
- i o5l ol compensation
sonnector +launch 0 025 05 075 : 125 15 0 025 05 075 : 125 15
AnalyS|S W|th t_Iine Segment 30 Mo 2017, 07:40:32, Simberian |ne. Time, [ne] 30 Mov 2017, 08:43:17. Simberian |ne. Tirne, [nz]
SZ[1.1]; HZ[2.2] AZ133] HZ[4.4]; BZ[1.1]; AZmm(D1,01]; AZmm[D2.02); AZmmC1C1); A ZmmlC2.C2
models only... B:Z[2.2: B:Zmm(D1.01]; B:Zmm(D2.02]:

Reality: Variation of
impedance along the traces
(expected)

Acceptable correspondence

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



G2: Diff. length compensation structure in INNERG

De-compositional EM analysis
All trace widths and shapes are

a dJ uste d &:beazured GZ2_2_aMM MFF; B:GZGZ Simulation(1]; &:bdeasured GZ2_2_AMM MFP; B:G2.G 2 Simulation(1];
W, [v] Phaze Delay, [pz]
11— Single-ended TDT // ] Mixed-mode phase delay
diff. strip:section - ¥ / . L/\easured — stars
DR 0.3 T4 )
g Measured Modeled — circles
x -, %H : \ 701 -#
_ 4 compensation 1 e D Modeled G*l*
-1 sections A 21 i
e 705 T i
A% &z& Modeled \
01+ / 700 T W5 NE
. -

Y
/ £95 T %%‘@Tﬁ::,k_ “.:#""M“Qﬁg )T‘

i
sonnector * Launch . M 6{ éd
. . . Eh edasur
Analysis with t-line segment | | | | | | ! R e T ——
710 F2n 730 740 7a0 FE0 i 1] ] 10 15 20 2h an o] 40 45 A0
m Od e I S on Iy. .. A0 Mow 2017, 08:54:41, Simbenan Inc. Time, [psg] 30 MNow 2017, 08:52:03, Simbenan Inc. Frequency, [GHz]
A4 AM23: BM1.3L: B:V2.4]: —# A:5mm(D1.02); A:Smm[C1.C2]; == B:Smm(D1.02]; B:Smm{C1.C2];

Acceptable correspondence...
Note: t-line analysis with adaptivity tolerance 0.01

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018




G2: Diff. length compensation structure in INNERG

* Eve diagrams comparison

AMeazured GZ_2_dkk . eve; B:GZ.G2 eye;

LA
Eye Analyzer
0375 1
4;"II _-;-“] Show Eye Metrics: | Selected | v Auto-cpen
Parameter Measured.G2_2_4MM.... G2.G2.eye: ... =T
Eye Level Zero (V) -0.366796 -0.373366
Eye Level One (V) 0.368903 0.370287 T
Eye Level Mean (V) 0.00307387 -0.00268303 .1
Eye Amplitude (V) 0.735699 0.743652
Eye Height (V) 0505731 0514399 .
Eye Width (U} 0.878936 0.835533
Eye Opening Factor 0.687417 0.69172 254
Eye Signal to Moise 5.96404 5.97982
Eye Rise Time (20-80) (U]} | 0.506565 0.507008 0375 L
Eye Fall Time (20-20) (U1 0.506913 0.508176
Eye Jitter (PP) (UI) 0.121064 0.114412 | , , ! , ! , , !
Eye litter (RMS] (UI] 0.0293313 0.0286511 04 Dec 2Dm 7. 08:51:20, SDi.riEerian Inc. ° o 1 b " b Unitmtewaf[]
Amm(D1, D2, B/mm(D1.02;

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

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



S-parameters

Reality: Large difference in
reflection above 25 GHz -
see reality above 30 GHz...

Acceptable
correspondence up to
25 GHz, systematic
delay problem...

DEesiGNCon ez

WHERE THE CHIP MEETS THE BOARD

E1: Meander in INNERG

Connector + Launch

A:Meazured BE1_Meander_10cm_Hirose_con_|FBW _S00Hz MFF; B:E1_M anderStraight.Meander.SimuIatiDn['I I:

b agnitude(S]. [dEB]

o
Transmission
AT

07 %‘*ﬁ*@ 1
5t Reflection VD M SRR S |
| *f'*:a.r,@.ilt‘.!.'..@faf.'e'.v"e e
ol i“ilu 11 gl i
| VLN
a0+ J.I.I

'ﬂ '|r!|“ : - !
BT i,“,l,, asured —stars
wl ‘Il 'il ”l PN odeled —[circles

10 15 20 25 an 35
27 Nu:uv 20715 28 59, Simberian Inc.

40

45 50
Frequency, [GHz]

—# A 5[] 1] —— A5[1.2) —= BS[1 ] ——=' B:S[1.2]

7 JAN 30-FEB 1, 2018

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

Analyses with un-coupled t-line
segments

A:Measured E1_Meander_10cm_Hiroze_con_ IFBW_B00HzMFP; B:E1_MeanderStraight. Meander. Sirmulation(1];
Phaze Delay, [pz]

hase Del%y:
| odellis by 10 ps longer
7104 [15%) - hy?
| Modeled
700 \\\R+ u\ﬂ . MF@_F__#@______..&U
B30 | \hw . | | #w%MN\%
B80T Measured f |

a 4] 'IEI 15 20 24 an i3] a0 45 a0
27 Mow 2017, 15:30:40, Simberian Inc. Frequency, [GHz]

#4512 =1 B:5[1.2);




E1: Meander in INNERG

traces model 5""

Simplified model does not account for
the bends — the lengths of the t-line
segments are set to the middle line —
this is the problem

Bends should be properly simulated...

Coupling is weak and not accounted

either — the impact is expected above
30 GHz...

DesicnConEmm *{@jv JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD



E1: Meander in INNERG

Connector + Launch

De-compositional EM analysis
All trace widths and shapes are

— - e adjusted
W, e PR AL o Analyses with un-coupled and
o e ECtic coupled t-line segments

&Measured E1_Meander_10cm_Hirose_con_[FBW_S00Hz.MFP; B:E1_MeanderStraight Meander Simulation(1):  A:Measured E1_Meander_10cm_Hirose_con_ IFEW_S00Hz MFP; B:E1_eanderStraight M eander Simulation|1];

Rea“ty' Sma”er dElay L:E1_Meander.Meander. Simulation(1): C:E1_keander.Meander. Simulation(1];
. . . [Ohkim] Y, [V
(bends); Variation of =l TAR —
[ d | the tr e TDT
'mpedance along the traces | Modeled coupled (red) n
(more than expected) . / S| 047
el straight y ‘
\ \/\ 03t led-{straight
51.25 1 A 7 R oupled)
Not so good ol
50 + ' IVleasuré
correspondence .
st » difference
: 01T
Measured coupling artifacts...
475 T
I:I__
|£| EI.IIZE EI.IE U.I?E 1I 1 .I25 1 .I5 0 IISE EI.I? EI.!?E EI.!E! EI.:E!E III? 9
27 Mov 2017, 15:55:41, Simberian Inc. Time, [nz] 27 Mov 2017, 15:56:16, Simberian Ihc. Time, [nz]
AL 10 AF2.20: B:A[1.1]: CA1]: A2 B:A[1.2 Ch[1.2

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



BOTTOM: 10 cm microstrip link

MPT(3)

De-compositional EM analysis
Shape and size of all MSL
sections are adjusted...

A:Measured BOTTOM_10CM_2_4k.MFP; B:BOTTOM_10CH.bottarn_10cm. Simulation(1); &:Measured BOTTOM_10CM_Z_atdb MFF: B:BE0TTOM_10CH. battam_1 Ocm. Simulation(1];
K agnitude(S]. [dB] bl agritude(S), [dB]
) ) 0t ; —— 0+
Reality: more reflection at Wnsmnssuon . Measured — stars
FEXT :
from 10 to 30 GHz Modeled — circles
investigate)... 10T _ ) LA =3
( gate) Reflection |
20T ~ W"m 20t |
.-1:. B I- | :
230 T = --‘I . antd i . L1 - YR i A EAE 4 :_ X, FI [R LRSS Ko O VIR
Acceptable E -
correspondence up to Measured - stars
P P ol Modeled — circles Ik
30 GHz 4071
Iil 5 1IEI 1.5 2IEI 2=5 3IEI 3I5 4IEI 4I5 EIEI I I I : I ; I 4I5 5!EI
30 Moy 2017, 13:39:08. Simberian Ine. Frequency, [GHz] A0 Maw 2017, 12:40:13, Simberian Ine. Frequency, [GHz]

—F AL AS[2 = BSNAL = B3] £:5[1.3: A:5[1.4): == B:5[1.2): B:S[1.4]:

DesicnConEmm *{@jv JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD




BOTTO . 10 cm diff. microstrip link

HFTI I

Connector+Launch . .. -~ "

De-compositional EM analysis
Shape and size of all MSL
sections are adjusted...

Mixed-mode S-parameters

. 10cm diff MSL segment . *

' : Measured BOTTOM_T0CH_2_abdbd MFP; B:BOTTOR_10CK. bottar_10cm. Simwlation(1]);

A:beazured BOTTOM_T0CKM_2_4kdb MFP; B:BOTTOM_10CK . bottorn_1 0cm. Simulation(1); Phase Delay, [ns]
M agnitude(S], [dB]
07 | Transmission Measured —sta |t
Reality: more odeled — circles Phase delay
. 0.7625 T
reflections from 10 to ol P P s Ly 3 Measured — stars
- INCTICULIVI T oy i | A — _
30 GHz (investigate)... HAPRRATNET | _ ﬂ-?ﬁ"$ :
( gate) 1! - w,@%} ‘"‘ o . Modeled — circles
U sl | ome]
'T!L'r Nl F-m " X
ap |'”"" . U 07251 -
' !ll_.i:ll!_, 3, M Common mode
Acceptable o1 i ’ls‘il-{, A Y Yl it 07125 '
b dzs F AL | . T
correspondence up to .giim_"-\'{,ﬂui':f' |
g'i"i 5 1kl . i
30 GHz Il Ll 'I. Mod‘e transformations || 07
A0+ ": 'i .u:' e — s = . =t = =
el ORI I £ %50 VP R S S S S S S S AV St S O
IEI 5 1 IEI 1 IE EIEI EIE 3IEI 3I5 4I|:| 4I5 EIEI I:I 5 1 II:I 1 IE EII:I EIE 3IEI 3I5 4II:I 4I5 EIEI

A0 Moy 2017, 13:42:34, Simbenan Inc.
% A:Smm[01.01]; —% A:Smm[D1.02];
=) B:Smm[D1.01]; =<' B:Smm[D1.02);

30 Moy 20017, 134316, Simbenian Inc.
—# a:Smm[D1.02]; —#F &5mm{C1.C2; —= B:Smm[D1.02];

Frequency, [GHz]
B:Smm{C1.C2);

Frequency, [GHz]

A:Smm[D1.C1]; A:Smm[01.C2);

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD

DEesignConN e w@v



With solder
mask under
connector...

MPT(1]

De-compositional EM analysis

AMeazued BOTTOM_10CM_2_akdbd WFP; B:BOTTOM_10CHK . bottam_1 O, Simulation(1];

Z. [Ohm]
Reality: more reflection | Single-ended TDR
at the microstrip launch

el Measured

(investigate)...

¢ ,:-"""""'\__.J
- %

Large variations of

55T
impedance along the Modeled (black) k\x
H 1 B2ET == .
traces (mveStlgate)"' .5 Ohm variations in measured Z
BOT
Acceptable
1 \ o~ hm - canndetar-ta-larmne micmateh
Correspondence; 475 | T 1.5 OIIIIII cCofrin IL.t.\Jl t | |auuul st i tCrl
0 0.25 05 0.75 1 1.25 15
30 How 2017, 14:02:59, Simbenan |nc. Time, [nz]
&:7[1.1]; b.7[2.2); 87133 .74 4]; B:Z1.1]:

.l7

DEsiGNCon e

WHERE THE CHIP MEETS THE BOARD

JAN 30-FEB 1, 2018

Shape and size of all MSL
sections are adjusted...

diff. microstrip link

MPT(3)

A:Meazsured BOTTOM_10CK_2_abib MFP; B:EOTTOM_10CHK. battom_10cm. Simulation(1];

Z. [Ohrr]
115 T -
Diff. mode TDR
Measured
101 - -
MM%E—L%; ; ,_LJ\[\\&
105 + AN -
Y AY .
[‘\‘Wjﬁ Modeled (black)
100 T
<— | Connector-to-launch mismatch
0 0.25 05 075 1' 1.25 15
30 Moy 2017, 14:04:54, Simberian Inhc. Time, [hz]
AZmm{D1.01]; A Zmm[D2.02); A:Zmm[C1.C7]; AZmm[C2.C2);
B:Zmrm[D1.01]; B:Zmm[C1.C1];




Smaller and offset antipads right below the connector, in addition to the solder mask

=437 pym
=311 ym
=290 pm
=311 pm
=252 um
=287 um
=323 um
=313 um
=672 um
d=259 pm
d =403 ym
d=218 ym
13:d =228 ym

.d
.d
s
il
- d
el
i
e
ud

1
2
5
4
)
6
7
8
9
1
1
g

0:
e
2.

14:d = 233 pm
15:d =294 pm
16:d = 261 pm
17:d = 188 um
18:d =192 pm
19. d = 589 pm

DesigNCon'Ezm

WHERE THE CHIP MEETS THE BOARD

Launch mismatch

(=

!

JAN 30-FEB 1, 2018

Connector side

113

422 ym
294 ym
275 um
301 pm
235 um
268 pym
318 pm
306 um
662 um
10:d =261 pm
11:d =415 pym
12:d =235 pm
13:d =244 ym
14:d = 240 pm
15:d =306 pm
16:d = 268 pm
17:d =197 um
18:d =204 um
19:d =593 um

OO~ WN=

od
ui}
!
=
od
sac]
od
i)
:d

UBM



BOTTOM: d. microstrip link

MPT(3)

: De-compositional EM analysis
Without solder Shape and size of all MSL

m a S k u n d e r_ . MET() " ol =:'t__,,.,‘.._=-‘.-jl’_.'_'.f'f.;gr.‘-;-;ﬁ;?;m%-‘l":l'“'“-‘?“'“ﬁ . : ; cect i ons are 3 dJ uste d -
connector...

Ateasured BOTTOM_10CM_2_akbd FP; B:BOTTOM_10CK. bottarn_1 O, Simulation(1];

Abdeazured BOTTORM_10CHM_2_ 4bdbd. MFP; B:BOTTOR_10Ck bottorn_10cm. Simulation(1); £, [Ohm]
Z. [Ohm] -
- Diff. mode TDR Measured
Single-ended TDR ot / - :
. . 0T v@éﬂw;
Reality: solder mask is A -
Y Measured &? { \
under the connector... 5751 / I 100 Modeled (black)
o *.--'x el \. U .
W : 4 Connectar-to-launch mismatch
=7 Modeled (b|ack)“§ 0 0.5 05 075 i 1.25 15
Aobeazured BOTTOM_T0CH_2_ 4t MFP; B:BOTTOR_10CHM. bottorn_10crm. Simulation(1];
5251 Z. [Ohr]

Ohm variations in measured Z

/ N‘odeled (brown)
a0 T \

|III II
'-;-," ,_\,A/—‘, Measured g\/\ﬁ
475 T

1~4 Ohm connector-to-launch mismatch BTV
| : : : : : Common mode TDR
1] 0.25 ns 075 1 1.25 ' : ' ' ' ' :
13 Moy 2007, 12:25:06, Simberian Inc. Time, [nz] 1] 0.25 na 075 1 1.25 1.5
&71.1]; B[22 87133 A 7[4.4]; B:Z[1.110; 13 Mow 2007, 13:31:580, Simberian Inc. Time, [hz]
AZmm[D1.071]; AZmm[D2.02]; AZmm[C1.C1];
AZmm[C2,C2); B:Zmm[D1.07]; B:Zmm[C1.C1];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018




BOTTOM: 10 cm diff. microstrip link

* Eyve diagrams comparison

Ateazured BOTTOM_10CH_2_abdbd.eve; B:BOTTOM_10CK. battarm_10cm.eye;

Eye Analyzer V-V
_.;r ;Ti'-’] Show Eye Metnics: |Selected |~ Auto-open Iy
Parameter Measured.BOTTO... BOTTOM_10CM.... 02T

Eye Level Zero (V) -0.334196 -0.343371 el
Eye Level One (V) 0.33443 0.339221
Eye Level Mean (V) -0.000432433 1.48821e-005 ot
Eye Amplitude (V) 0.668627 0.683252
Eye Height (V] 0.368693 0.38681 st
Eye Width (U] | 0.757871 | 0,769843
Eye Opening Factor 0.551418 0.56613 027
Eye Signal to Noise 419297 4.34656
Eye Rise Time (20-80) (Ul) | 0.565492 0.559771 nany
Eye Fall Time (80-20) (U} | 0.565037 0.561218 | . . . . . . . .
Eye Jitter (PP) {UI) 0.242129 0.230155 0 025 0s 075 : 1.28 15 175 2
Eye Jitter (RMS) (U1 0.0494993 0.0478879 02 Dec 2017, 06:57-00, Simberian Inc. Unitlrterval, []

A mm[D1.02); B\ mm[D1.002);

~6% difference in eye heights, close widths; Possible reason — large
impedance variations, launch mismatch and localization loss...

WHERE THE CHIP MEETS THE BOARD
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BOTTOM: 5 cm diff. microstrip link

Connector + Launch

_ e e e De—composi’FionaI EM analysis
Single-ended S-parameters o B PRPSTEIIRE B (P Shape and size of all MSL

sections are adjusted...

L o
B e L - -
Y
Lo e

' = IO
oA
. ppaTIRT =
1

5 cm diff. MSL segment. -~ _

Arbeasured BOTTOM_BCH_2 akik MFF; B:BOTTOM_5CH . battorn_Sem. Sinulation(1]); Arbeasured BOTTOM_BCH_2 akik MFF; B:BOTTOM_5CH . battorn_Sem. Sinulation(1]);
Magritude(S). [dB] Magnitude(S). [dE]
. . . 0+ gt | |
Reality: more reflections esion Measured — star et
problem?)... 101 Reflection ke 10 L
A
207 5 H) mww I \h{ 207 i i\ EXT 1 | HEHE
30 T —H 1 ¥ \¥ 0T _' % (ﬂ@'
Acceptable i ®
: Measured —|stars :
correspondence up to Modeled — dircles
‘ —
30 GHZ -40 T A0 T 4:] %
IEI 5 1 IEI 1 =5 2=EI 2I5 3IEI 3I5 4IEI 4I5 EIEI III 5 1 IEI 1 =5 2=EI 2I5 3IEI 3I5 4IEI 4I5 EIEI
01 Dec 2017, 13:41:34, Simbenan |nc. Frequency, [GHz] 0 Dec 2017, 13:42:34, Simbenan |nc. Frequency, [GHz]
—F A5 AS[—= BSPAL = B:5[1.3L A:501.3]: A:S[1.4]—= B:S[1.2]; B:S[1.4];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



BOTTOM: 5 cm diff. microstrip link

MPT(3

Connector + Launch

De-compositional EM analysis
Shape and size of all MSL
sections are adjusted...

MPTI1)

Mixed-mode S-parameters

o "I g o ¥ ! ] ol
L = oA ® e
e

e 5 cm diff. MSL segment. -~ _

A:Meazured BOTTOM_GCH_2_dkk MFF; B:BOT TOM_BCH. bottorm_Bem. Sirmulation(1]1;
Phaze Delay, [hz]

046 T

Jsmission | Phase delay

AMeazured BOTTOM_BCM_2_ akdbd MFF: B:BOTTOM_BCM . battarn_Bern. Sirulation(1];
b agnitude(5 ], [dE]

Reality: more reflection 07
from 10 to 30 GHz
(launch problem?)...

\Tra

| usrEFMeasured +stars
Modeled —|circles

10l _Reflection

20+ ]l na4 T
|
ant— O L L b 2% SRR TI TN 4/ | Y O | Common mode
Acceptable TR g - TS
: e s
Correspondence Up to sl : R , !_t_.__ ; ji
: AN ode transfarmations 042+ ee -
30 GHz i !“i’ 1“ Diff. mode -
g ! é i — ] "1
-EI:I T _I- .*_ _&- 7 ] ] ] ] ] ] 1 7 ] 1 1 ! ! 1 1 1 1 L
0 5 {0 15 20 2 3 3/ 40 45 &0 0 5 W 15 . %: w3/ 40 45 =D
01 Dec 2017, 12:44:39, Simberian Inc. Frequency. [GHzl 09 pec 2017, 13:48:42. Simberian Inc. Frequency, [GHz]
—# 4:5mm[D1.01]; —* A:Smm[D1.02]; A Smm[0,C1]: —¥ &:5mm[01.02]; —% &:Smm[C1.C2; — B:Smm[D1.02];
A:Smm[01.C2; —= B:Smm[D1.01]; —=' B:Smm([D1.02]; ——) B:Smm[C1,C2):
B:Smm[01.C1]; B:Srarn[01.C2];

WHERE THE CHIP MEETS THE BOARD
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BOTTOM: 5 cm diff. microstrip link

MPT(3

Reality: more reflection
at the microstrip launch
(offset)...

Large variations of
impedance along the
traces (investigate)...

Acceptable
correspondence;

DesiGNCon'Ez |

WHERE THE CHIP MEETS THE BOARD

Connector + Launch

MPTI1)

A:Meazured BOTTOM_BCHM_Z2_ a4k MFF; B:BOT TOM_BCH. bottom_Bem. Simulation(11;
£, [Ohrn]

De-compositional EM analysis

Shape and size of all MSL
sections are adjusted...

Arbeasured BOTTOM_BCH_2 akik MFF; B:BOTTOM_5CH . battorn_Sem. Sinulation(1]);

Z. [Dhm]
751 Single-ended TDR ~ Modeled (black) (L
g ’L Diff. mode TDR
1ot f
=01
ee L , PN g/:ﬁ_. Modeled (black) W
\-\mf |‘}";'ﬁ““\\_/ s \j& 107.5 T
AL \/ ‘\
A | R
22571 ' VLT \\/Q
|\ N~ YN VA
] 1025 T >’L\'J'J LV \
50+ Measured W Measured
100 1 '
I 1
L) el <— | Connector-to-launch/mismatch
4751 St '
~1.5 Ohm connector-to-launch mismatch , , | | , ! | ,
’ ’ ’ ’ ’ ’ ’ ’ ’ 01 0.2 0.3 0.4 05 0E 07 08
01 Dec 2017 13;0-54 Siiierianlnig vhm R b ae ?’Iiie (] ©) D2 2017.13:52:44, Simberian Ine. Time. [ns]
e ' ) &Zmm[D1.01]; AZmm[D2.02]; AZmm[C1.C1];

A7 AF22] A 7133 &:714.4): B0

;' JAN 30-FEB 1, 2018

AZmm[C2.C2); B:Zrmm[D1.01]; B:Zmm{C1.C1]:




C1: Diff. link with 2 vias from BOTTOM to INNTERG

onhecto 0 0 BOTTO Vias Wiw try) De-compositional EM analysis
= 96, Shape and size of all traces and
D ISP ; it backdrilling position are
» E% adjusted...
. L (ROTTO . o ; = Vias simulated with .
. \ o ™ “collapsed” metal option
A:Measured.C1_2_4MM.MFP; B:C1_WIAS.c1_vias. Simulation(1; mos A AMeasured C1_2_ MM MFP; B:C1_VIAS.c1_vias Simulation(1];
. kM agnitude(S], [dB] 2. [0k
Mixed-mode S-parameters & TDR — | o '
0Tt A TSI Rofldct Diff. mode TDR
Reality: single-ended via PR A ol etigetion . v i
i WERRE Y N poE A T
response differences, launch ol | .;i!_l.%-i Wit fn o w, meas.— |1¥ \ ’
- . . DTV [ -""I'-n:. K Xt AT :
differences (smaller anti-pad 'i!_" A ' I.;,,.‘if;,. I’ﬁ%ﬂﬁ*ﬁr&nﬁ L A Lelj'ea”d
. i a.: fl E ] i W 1 £ !
on port 4 — layout mistake) 1 B ! H“V "i ] vi 1-Large
207 & Wi W - R % . — i
‘ launch (wrong and brown (common)
1 # 50+ -
1% % ¥ anti-pad)
Common mode TDR
a0t Measured - stars |f s L AL N —
. ™ v |
L&c{: odeled —[circles {; i i : i : i
} } } } } } } } } t } 0.25 s .75 1 1.25 1.5
0 ] 10 15 20 25 30 35 40 45 50 01 Dec 2017, 14:13:45, Simberian |ne. Time, [ng]
01 Dec 2017, 14:07:37. Simbenan Inc. Frequency, [GHz]

AZmrm[01.01];
B:Zmm[D1.01];

AZmm[D2.02): AZmm[C1.C1]; AZmm[C2.C2);
B:Zmm[C1.C1];

—# A:Smm[D1,01]; —# A:Smm[D1.02];—= B:Smm{D1.01]; —=" B:Smm[D1.02);

DesicnConEmm *{@jv JAN 30-FEB 1, 2018
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C1: Diff. link with 2 vias from BOTTOM to INNTERG

onhecto 0 0 BOTTO Vias Wiw try) De-compositional EM analysis
= 96, Shape and size of all traces and
D OB A ; ke backdrilling position are
» s adjusted...
N S GTTO . 5 Vias simulated with “thick”
d » O O X @ T d .
. = ic. metal option
01 Dec 2017, 14:00:51, Simberiai'tric. 3D Yiew Mode [press <E> to Edit).
&:Measured C1_2_4MM MFP; B:C1_WIAS. 1 _vias. Simulation(1]; A:teasured.C1_2_4MM.MFP; B:C1_%145.c1_wias. Simulation(1);
Mixed-mode S-parameters Magnitude(5) ] 2. (Db
0 —Iransmissiot i — Diff. mode TDR
& TDR Reflection ML-_M
100 T 7 -
0T
Reality: Better correlation stub N
after correction of geometry, | \ =1 Better
large discrepancies in Modeled — black & green
transmission around the a0l ; | b stub 4 (diff.) and brown (common
stub resonance... t 07
407 | Y Common mode TDR
- E' ___-\"‘ﬂ—'-‘—\-
Measured §ta rs ol -J—_/\ﬁ |
w0l Modeled — circles , , , : : : :
: : : : — : : : : : 0 0.25 05 0.75 1 125 15
1] 5 10 15 20 25 an i3] 40 45 50 15 Dec 2017, 15:49:20, Simberian [ne. Time, [nz]
15 Dec 2017, 15:46:41, Simberian Inc. Frequency. [GHz] AZmm[D1.01]; AZmmD2.02]; AZmm[C1.01]; AZmm|C2.C2);
=k 2:Smm[D1,01]; =# A:Srm(D1.02]; =% B:Sror[D1,01]; =% B:Smm{01.02]; B:Zmm[D1.01]; B:Zmm[D2.02]; B:Zmm[C1.C1];

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018
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C1: Diff.

link with 2 vias from BOTTOM to INNTERG
Vias with stu/\

De-compositional EM analysis

s s BOTTO
. . - / . Shape and size of all traces and
B 0 0 b2 backdrilling position are
D P “g“géﬁﬂ adjusted...
) BO1 O 0 RE ¢ =
v \ poit 1
01 Dec 2017, 14:00:51, Simberiairiric. 30 View Mode (press <E> to Edit).
. Arkeazured C1_2 4MM MFP; B:C1_W1A5 21 _viaz. Simulation(1]; A:beazured C1_2_ 4k MMFP; B:C1_WI1A5.c1_viaz. Simulation]1];

Slngle-ended S- Magnitude(S). [dB]

0T —& | ] - - | |
parameters & TDR o\ Transmission TDR

g
Wi 1
: : : Ao WL A odeled (bla
Reality: Differences in 07 ’ ﬁ \ (
. . '|E-I'. r-l-!. \ ) 'I __I 1 9 br vAvln)
reflection and in g "L" |,‘,| BrbIT Al
.. H AR EL R E
transmission above 10-15 | i AL E S I ) L
GHz (loss of localization or WIANNE F;.l_. y
il B ! g ' :

geometry?) LRI d? v

0T-AF L] i
Acceptable I 11 4; T <:I
correspondence only P Launch at p4 {s more capacitive
up to 10-15 GHz o — 2 ! : : ! ! ; ; 0125 025 035 05 085 075 0875 1 1125 125 137

0 5 10 15 20 25 20 5 40 45 E0 16 Dec 2017, 07:20:13, Simberian Inc. Time, [ns]
15 Dec 2017, 15:53.25, Simberian Inc. Frequency, [GHz] £:2011]; AZ[2.2]: 4:Z[3.3]; A:Z[4.4]: B:Z[1.1]:

—# a5 —# &5[1.2; —= B:S[1 = B:5[1.3L

!

DEesiGNCon ez

WHERE THE CHIP MEETS THE BOARD
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B:4.4];




C1: Diff. link with 2 vias from BOTTOM to INNTERG
RS e RO Vias with stu/\ De-compositional EM analysis

/ . Shape and size of all traces and
WD
B 0 0 thio?! backdrilling position are

e .

D H it adjusted...
CC3
s
i
SNDB
MHERE
[ [0]
5

) as{(BO1 1O 0 RO ¢ -
" : DDIH: port 2
R,
01 Dec 2017, 14:00:51, Simberiai'tric. 3D Yiew Mode [press <E> to Edit).
o . A:Meazured C1_2_4M.MFF; B:C1_VIAS5 1 _wiaz. Simulation(1];
Aeasured C1_2_ 4 MFP; B:C1_WI1A5.c1_vias. Simulation(1]; Phase Delay, [ns]
S-parameters Magritude(S). (28] e

2adSu - stars

1
| Vigasured- Phase Delay =
%fw bdeled —circles 08 ? ] i j
: : 10| FEXITA o fAdind (BN - ~ Common Mode easured — stars
Reality: Stub resonance is at : ’

¥ odeled — circles

‘n NEXT 17 0
'- Tm ------ &ﬂﬁ&% ol ;//

lower frequency

207

y 0751 ] T %ﬁw
) L I ;f
a0t H : @ U 1{'“%"‘9’5"‘9‘\ 3
|:: ')
Acceptable Diff, Mode Jy
correspondence only | e 1K
A0+ S N LY | ¥ ! 1 } } } } } } } } t
up to 10-15 GHz : ! ’ ’ ’ ’ ; ’ ’ ‘ ’ 0 5 10 15 20 2% I 3/ 4 45 5D
0 5 10 15 20 25 30 35 40 45 50 16 Doo 2017, 073496, Simberian | . GHz)
15 Dec 2017, 15:55:17, Simberian Inc. Frequency, [GHz] BE ST AR 8, SimReAn e reEney. e
—# 4 Smm[D1.02]; ——F ASmm[C1.C2; —= B:Smm[D1.02]; B:Smm[C1.C2);
£:501.3L 2501 4] —=< B:S[1.2] B:S[1.4];

WHERE THE CHIP MEETS THE BOARD
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C1: Diff. link with 2 vias from BOTTOM to INNTERG

* Eve diagrams comparison

A:Meazured C1_2_ kb epe; B:C1_VIAS o1_viaz.epe;

Eye Analyzer

4;" :Ii“] Show Eye Metrics: | Selected |~

Parameter

Eye Level Zero (V)
Eye Level One (V)
Eye Level Mean (V)
Eye Amplitude (V)
Eye Height (V)

Eye Width (UI}

Eye Opening Factor
Eye Signal to Moise
Eye Rise Time (20-20) (UI)
Eye Fall Time (80-20) {(UI)

Eye Jitter (PP) (LI}

Eye Iitter (RM3) (LI}

DesiGNCon'Ez |

WHERE THE CHIP MEETS THE BOARD

LA

B . | - l

Auto-open

Measured.C1 2 4... C1 VIAS.c1_vi.. 0257
-0.262759 -0.266934
0.26513 0.233451
0.00108081 0.00407434 ot
0.527839 0.555383
0.0167171 0.0913097
0.233239 0.455876 ol
0.0316679 0.16457
1.06447 2,24884
0.565194 0.567113 15| T — | ——— -
0.567233 0.574103 ! : : : : : : : !
0.766741 0.344124 16 DEI:DEEH?, I:I?:EE:IZI%,EgimI:uarianInu:l.l5 e 1 b " R Llnitlntewaf[]
0.131581 0.0810576 AMmm(D1,02]; B:vmm(D1,02);
N Large difference in eye width and height Reality: much larger ISI due to

= .l7

differences in stub behavior and launch with small anti-pads (sensitive
to manufacturing variations)...

JAN 30-FEB 1, 2018




C2: Diff. link with 2 vias from BOTTOM to INNTERG

= SPTEEE Backdrilled vias model De-compositional EM analysis
Copnector + Launch to- BOTTOM o Shape and size of all traces and

" Diff: mlcrostrlps ;;;f;_-f*_' : backdrilling position are adjusted...

Diff. str\psﬂ, eI g ot ¥ e Oxy

_Diff. vias (BOTTOM to INNERS, backdrilled),

A:beasured C2_2_4bM.MFP; B:C2_VIAS[).c2_wiaz. Simulation1]; AMeasured C2_2_aMM.MFP; B:C2_%IAS(

M agnitude(5], [dB] Magnitude(S). [dB]

Single-ended S- TR Y P 0t
issi easured — stars Measured — stars

parameters Al \QTFE\NSH]ISSIO’] Modeled — circles ol .

.'I |:| T _-I |:| -

a5 T A5+

207 2011
Acceptable 587 287
correspondence u p to

anT 0T
30 GHz |

L:I 5 1IE| 1I5 EIEI 2I5 3IU 3I5 4IU 4I5 5I':' III 5 1IIII ‘IIE 2IIII 2I5 3IIII SIE 4IIII 4I5 EIEI
01 Dec 2017, 14:45:42, Simberian |he. Frequency. [GHz] 01 Dec 2017, 14:46:34. Simberian Inc. Frequency, [GHz]
—F A5 1] —F A5 2 —= BS[11] —= B:S[1.3); —# A:501.3: A:5[14L —= B:5[1.2L B:S[1.4);

WHERE THE CHIP MEETS THE BOARD
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C2: Diff. link with 2 vias from BOTTOM to INNTERG

Backdrilled vias model

Connector + Launch to BOTTOM

: De-compositional EM analysis

" S o s, : Shape and size of all traces and
-Diff: mlcrostrlps S e J ettt backdrilling position are

D\ﬁ S’U‘\p s e adjusted...

2 D
K-

MPT[] EE':. - 7 Lan e L .

L L

_Diff. vias (BOTTOM to INNERS, backdrilled),

. A beasured 022 dMM MFP; B:C2 WIAS[1].c2_vias. Simulation]1]; Acteasured C2_2_ MM MFP: B:CZ_VIAS[1].c2_wias. Simulation(1];
Mixed-mode S- MagnitudelS], [dE] Phase Delay, [ns]
o7a75 T %
parameters 1 Sy Transmission—-Measured —stars b Phase Delay
Modeled — circles el 4 o e
a0 Reflection #A @\ | :\\;:EZST Za o .SIaIrs
. . . _ odeled — circles
Reality: differences in diff. By, 07625 + Tt
reflection from 10 to 25 GHzx! o Common mode
) .. il PN
and in transmission above Mode| transformation o M f)‘/
30 GHz ol Vo sl A, Tl | oA N PARAY
. 07375 +

Acceptable __ | ¥ T*
. 1L L | 4‘_.__.___..._ M B* 'y __)H__ 0725 1 *’é-..:gf M)ﬂk”@/

correspondence up to 407 Ay ; | T
30 GHz , § , ! ' P , Diffl mode
1] al 'IEI 'IE 25 an ] a0 45 B0 } } } } } } } } !
01 Dec 2017, 14:48:15, Simberian Inc. Frequency, [GHz] 1 ] _ 1_[' 13 20 23 30 Kl 40 ED
——— ASmm[D1.01: —% A:Smm[D1.02]; A:Smm{D.C1]; :Smm{D.C2]; 01 Dec 2017, 14:43:23, Simberian [nc. Frequenu:_l,l [GHz]
— B:Smm[D1.01]; —=' B:Smm[D1.02); —# A:Smm[D1.02]; —F ASmm[C1.C2; —= B:Smm[D1.02); B:Srmm[C1,C2);

lll

WHERE THE CHIP MEETS THE BOARD
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C2: Diff. link with 2 vias from BOTTOM to INNTERG

Backdrilled vias model

De-compositional EM analysis
Shape and size of all traces and
backdrilling position are
adjusted

nneC*;Or + LaunChtOBOTToM

‘ T

~_Diff- microstrips —— .
Diff. STHRS < 7 e

T
R
T
e u 8
T -
e

MFET]

_Diff. vias (BOTTOM to INNERS, backdrilled),

AMeasured C2_2 AMM.MFP: B:C2_WIAS[1 ]L.cZ2_wiaz Simulation(1]; AiMeasured.C2_ 2 MM MFP: B:C2 VIAS(].c2_vias Simulation(1):

£, [Ohm] . [Okim]
Singlerended TDR Diff. mode TDR
) 100+ -\‘(\A 2 \ W I
Reality: connector-to-launch 7 ~3 Ohm connector-to-launch mismatch
discontinuity in measured
. . . AT H pu
data, vias are more inductive Modeled — black (diff.) and
5T
than expected brown (common)
50T
| \‘:-ﬁ,-x_::.- - Common mode TDR
Acceptable & Modeled| (black /- —
correspondence 25 et
~1.5 Ohm connector-to-launch mismatch | | | | , !
‘ ’ ’ ; ’ : ’ ’ 0.25 05 0.75 1 1.25 15
a1 Del?: 2017 14;5%?059 Siml:ueriaa.IEnc. o 1 b ' 1$i5me [ng] O Dee 2017, T451:24, Simberian Inc. Time. [ns]
&2 1L Z[2.2] £Z3.3] SZ[AAL BZ[1.1] AZmm[D1.01]; AZmm[D2.032]; A:Zmm[C1.C1]; AZmm[C2.C2];

B:Zmm[D1.01]; B:Zmm[C1.C1];

DesiGNCon'Ezm 3

WHERE THE CHIP MEETS THE BOARD

!
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C2: Diff. link with 2 vias from BOTTOM to INNTERG

* Eve diagrams comparison

AMeazured C2_2 4k epe; B:CZ2_WIAS[c2_viaz.epe;

VIV
Eye Analyzer
4,"‘ ;TiPI Show Eye Metrics: | Selected |~ Auto-open
i 0.25 T
Parameter Measured.C2_2_4... C2_VIAS(1).c?_vi...
Eye Level Zero (V) -0.345207 -0.345943 :
Eye Level One (V) 0.342614 0.34%671 y Measur
Eye Level Mean (V) 0.00174369 -0.00229624 07
Eye Amplitude (V) 0.637821 0.695614 Modele
Eye Height (V) 0.400463 0.423729
| Eye Width (U1} 0.78714 | 0.780044 .
Eye Opening Factor 0.582219 0.609144
Eye Signal to Noise 4.56524 4.80348
Eye Rise Time (20-80) (UI) | 0.552103 0.539368
Eye Fall Tirne (80-20) (U1} 0.552473 0.537425 | | | | , | | | |
Eye Jitter (PP (UI) 0.21286 0.219956 . 0.z 0.5 0.75 1 1.25 15 LT 2
01 Dec 20017, 14:36:34, Simberian Inc. ritlnterval, ]
Eye Jitter (RMS) (UI) 0.0456376 0.0438262 im0 D2 Bvmm(D1.02]:

~5% difference in eye heights, same width; Possible reason — impedance and
geometry variations, launch localization loss...

WHERE THE CHIP MEETS THE BOARD
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C3: lef link with 2 VIaS from BOTTOM to INNTER1

Short stubs

: -'--Connector + Launch to. BOTTOM

De-compositional EM
analysis

Shape and size of all traces
are adjusted...

D'\ﬁ.- str\pS

lef vias (BOTTOM to INNERl)
~vial and via2.are sllghtly dlfferentI

Single-ended S-parameters

A:Measured C3_2_ 4k MFP; B:C3_WIAS . c3_vias. Simulation(1]; A:Measured C3_2_ 4k MFP; B:C3_WIAS . c3_vias. Simulation(1];
Magritude(S). [dB] M agnitude(S). [dE]
0T 0T
\ o Measured — stars
5 t@gransm ission  Modeled < circles 5 Measured — stars
AT E =T _ M
Reality: Single-ended *ﬁ\;& f Modeled — circles
P 10t 1 & i - qo01
localization breaks eflection
around 10-15 GHz el B u )
(predictable) Jﬁl‘ ﬂ |
20T 207 _‘T: o ‘% I ‘lﬂ%_ 1R
11
! a\ SERNEY 1
Acceptable BT i i clf 3 <k AT i iﬂﬁ | | ]T
1 ;
correspondence up to | . ngﬁ?_.ﬁ e Kl
30 GHz : b i | }
IEI 5 1 IEI 1 IE EIEI 2I5 SIEI SIE 4IEI 4I5 EIEI IZI SIEI SIE 4IEI 4I5 EIEI
02 Dec 2017, 06:59:55, Simbenan Inc. Frequency, [GHz] 02 Dec 2017, 07:00:23, Simbenan Inc. Frequency, [GHz]
—F A5 AS[ < BSIL = B:5[1.3) A:501.3]: A:5[1.4] —< B:S[1.2]: B:S[1.4];

WHERE THE CHIP MEETS THE BOARD
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C3: lef link with 2 VIaS from BOTTOM to INNTER1

: -'--Connector + Launch to. BOTTOM

Short stubs

De-compositional EM

Oiff: s’gr\ps_

Dif.vias (BOTTOM to INNER1) -~
Cwvial and via2 are slightly e B

Mixed-mode S-paramete

Magritude(S). [dB]

A:Meazured C3_2_ 4k MFP; B:C3_WI1A5. c3_vias. Simulation(1];

T | Irar]sI ission Mlasurad - Itars
Modeled - circles -
Reality: Commcn 01 R flaction ‘,'.',* ! ‘{. L
mode localization y "‘*_' ' '
breaks around 20 GHz | [ h b
(predictable) 1 N !l]' '
WLl [
LTPIYt B
Acceptable '.a il 1 9
correspondence up to R i : . s . i i i
30 GHz 0 5 10 15 20 25 30 35 40 45 50

02 Dec 2017, 07:01:04, Simbenan Inc.
% ASmm[D1.01]; —% A:Smm[01.02];
—) B:Smm[D1.02);

lII

Frequency, [GHz]
A:Smm[01.C1]; =2 B:Smm[D1.01];

DesiGNCon'Ezm 3

WHERE THE CHIP MEETS THE BOARD

JAN 30-FEB 1, 2018

analysis
Shape and size of all traces
are adjusted...

3D View Mode [press <E> to Edit),

A:Meazured C3_2_ 4k MFP; B:C3_WI1A5. c3_vias. Simulation(1];
Phaze Delay, [hz]

4
m
L Phase Delay
i Measured — stars
Modeled + circles
0814 . .
| Loss of{localization for
Common mode common mode
075 T 1\*{- 1—_}‘*
1 - Diff. mode Prad
0.75 g ;\ : —
IEI 5 1 IEI 1 IE 2IEI 2I5 3IEI 3I5 4IEI 4I5 EIEI

02 Dec 20017, 07:02:00, Simbenan [nc.
—# A:Smm[D1.02]; —% &Smm{C1.02 —< B:Smm[D1.02];

Frequency, [GHz]
B:Smm[C1.C2);




C3: lef link with 2 VIaS from BOTTOM to INNTER1

Short stubS/

---Connector + Launch to. BOTTOM > ) De-compositional EM
, analysis
e et g | Shape and size of all traces
D'\ﬁ._st__f"P > e eI o are adjusted...
Diff. vias (BOTTOM to INNER1). -~
.- vial'and via2 areslightly different
A:Meazured C3_2_ 4k MFP; B:C3_WI1A5. c3_vias. Simulation(1]; &:teazured C3 2 dMM MFF: B:C3 WIAS.c3 vias Simulation(1);
VIAS ARE ACTUALLY DIFFERENT  z (ohm Z. [0k
Single-ended TDR ,
" . Diff. mode TDR
Reality: Small change in 60t fi v g noy
o . D
distance between vias turns I\ €asure i
, , , | . ,;ﬁé ) Measured f\
via from inductive to 5.5 & g&\i "\
capacitive... . . \ 1057 ~
P 55 1 . ! L eyl
|I II: E -~ | ’-‘_..-'"
526 T B A e A 1
':‘;"F:Kj___..-ﬁ— 100 / \
50 ~ Modeled (black)
ifference | Modeled (black & brown)
Acceptable | ~1.5 Ohm connector-to-launch mismatch BT 1A Vias
correspondence 0 05 05 07 : 125 15 17 0 025 05 075 | Iy 15
02 Dec 2017, 07:02:25, Simbenian Inc. Time, [ns] 02 Dec 2017, 07-05:07. Simberian |he. Time, [hz]
a1l A:22.2]; A:2[3.3); a7[4.4]; B:Z[1.1]; &:Zmm{01,01]; AcZmm{D2,02); B:Zmm[D1.01]; B:Zmm[D2.02);

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018




C4: SE link with 2 vias from BOTTOM to INNTERG

Long stub

- Connector + Launch to BOTTOM .-
et RN | De-compositional EM

analysis

Shape and size of all traces

are adjusted...

GE SR, Lo .

A “Diff, vias (BOTTOM to INNER6)
" via and via2 are.identical

02 Dec 2017, 06:48:54, Simberian Inc. 30 Wiew Mode [press <E> to Edit]

A:Measured C4_W1A_HIROSE_IFBW_S00HZ MFP; B:C4_%IAS T4 WIAS Simulation]1);
Magnitude(S). [dB]

A:Meazured C4_W1A_HIROSE_IFEW_S00HZMFP; B:C4_VIAS.C4_W1AS5 Simulation(1);

S-parameters &

_ Z. [Ohm]
TDR [T eansriesin
. . B ,. "‘""'-,'-,l-'*?,f-fi f‘.'r.”“ Reflection ol ;
Reality: Localization A _r_i|--= ¥ r' n easure
! j”'“I. ] £ :
breaks around 10-15 0t F;-_‘-'H' d, f "“‘{. ' 5| :’&\\%
GHz (expected - Nt ol a\ -
b - NIRRT R EREY:T 1'1[ 507
stitching vias are too It' i i ikt
. . | ¥ ;
far...); Microstrip trace 2077 i ] il l 51 :
. . N o
widths are different... A Y P Modele Y]
d I |I l 01 {black &
)
Acceptable a0t H; | Measurdd = ) brown) e
correspondence only b UE: Modeled — ¢ Via stub
S | RN
up to 10-15 GHz n 5 1!0 u::jl 20 2I5 10 B 40 5 1 ’ ’ ; ' ’ ’
02 Dec 2017, 07:14:19, Simbenan [nc. Frequency, [GHz] 02 Dec 2017 D?:15:]é§55imberianInc.D.E 0.75 1 1.25 Tin:ulnf[ns]
— a5 —# &S50 —= B:S[ = B:S5[1.2] &A1) A2 20 B:Z1.1]: B:Z[2.2]:

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD
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Co: SE Ilnk with 2 vias from BOTTOM to INNTER1

Connector + Launch to BOTTOM e eaeeee .TT__T”

pane L stiek: - e = De-compositional EM
SESU‘p-" T | analysis

e @ Shape and size of all traces
Broe" B BT 4 o are adjusted...
&y .. Diff, vias (BOTTOM#to INNER1)
- stitched and.not stitched vias A

3.C5_YIAS . Sirmulation(1);

"02 Dec 2017, 07:25:23. Simberian Inc. 3D View Mode [press <E> ta Edit).

AcMeasured C5_VIA_HIROSE_IFEW _S00HZ MFP; B:C5_VIAS.C5_VIAS. Simulation(1); o
S-parameters & ..o iy el .
1 Teancric PR | easured (rec
TDR ] W ||G| Dllllb 1U11 easured star; e and bllje) T R
. o Modeled — circles \ A A
Reality: Localization 51 = 5751
breaks around 5 GHz \ i _ ] \ Un-localized
(expected, no stitching 10 | !w. 8 f (resonate) :
vias...); Un-localized l 'niul i 5257 R'\ 1 2 e ” A M‘f%
. (T T R / f -
A5+ g L 1L | 4 A
Via resonates... '1 1{.. |||| i 50 U . -'Hj v,ru
“1 L l r! i. Lacralizad
201 7 i‘ll’ 757 LOCatZzed s
IIII-,
Acceptable l %}-'1. Wl vias | UL
4 Ll
Correspondence Only = 'I' (Correlate) “ MNMaodeolead (black Q ocroan
425 T VIOOCIICO(OdCK &t girccit)
up to 5-7 GHz | . | | ! :
. . : : | . ; . . : . 0 0.25 05 0.75 1 1.25
0 5 10 15 20 25 30 35 40 45 50 04 Dec 2017, 05:54:37, Simberian Inc. Time, [ri]
04 Dec 2017, 06:51:30, Simberian [nc. Frequency, [GHz] AZ[1.1]: AZ[2.2): B:Z[11]; BZ[2.2]:

e .-*-.:S['I,'I];ﬁ* .-'-‘-.:5[1,2];_(':l E:S['l,'l];_(':| B:5[1.2];
T
DESIGNCON § 2018 *L@gv JAN 30-FEB 1, 2018
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INNER1 10 cm diff. strip link

De-compositional EM analysis SR owITiTate o Launch
All trace widths and backdrill -
are adjusted

08 Dec 2017, 15:01:20, Simberian Inc. 30 View Mode [pre:

Via span adjusted as on
x-section, no filling

Single-ended S-
parameters & TDR

A:Measured INMNERT_10CKM_2_akk MFF; B:INMERT_Bem_10cm. IMKERT_10cm. Sirmulation(11;

Magritude(S], [4B] Arbeasured INMERT_10CH_2 akikd MFF; B:IMNERT_Bom_10cm [MMNERT_1 0. Simulation(1];
. . - 2. [Ohm
Via simulated as tube, no o I I — I . b
- . ransmission
epoxy filling in the model - 56,25 | = TD
epoxy Dk is close to Dk of N wl | i
the layers (3.4) Reflection \
”‘\ el Ml WHY? _

_ 20 H \ - '
Reality: Very large 5251 v A
difference in reflection, 51051 s
launch is much more 0Ty o . :

- : easured — stars TN | M sl a ]
inductive than expected... _ . Model - black
odeled ~ circles
A0+ | _1_ | | 4875 T
0 5 10 15 20 2=5 10 *® 10 45 50 ’ ’ ’ ; ’ ’
08 Dec 2017, 15:08:08, Simberian Inc. Frequency, [GHz] s 08 0.75 1 1.25 15
* A5[11] 450121 0 BiS[1AL 5 BS[1 3] 08 Dec 2017, 15:05:13, Simberian Inc. Time, [hz]

&AL

AT22] AA[33] &:714.4): B0

DesicnConEmm *{@jv JAN 30-FEB 1, 2018
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INNER1 10 cM diff. strip link

De-compositional EM analysis [N eel I eteas Launch v
All trace widths and backdrill - 5k o
are adjusted

Single-ended S-

Via span adjusted as on Ail‘s | ﬁ
parameters & TDR

x-section, air in backdrill

Arkeazured INMERT_10CM_2 akik MFF: B:IMMNERT_Sem_10cm [MNERT_10cm. Sirmulation(];

Arkeazured INMERT_10CM_2 akik MFF: B:IMMNERT_Sem_10cm [MNERT_10cm. Sirmulation(];

M agnitude(S), [dB] 2 [Ohn]
. 0T | Transmission
Via simulated as tube, M\&\; oot | e | TDR
backdrilled area is filled | MWWV e |
. . -10 . H “i“l ! T ..\T;T}Eh-.i";_ﬂ"'ﬂ-l - g 55 + q
with air Reflection " LR Sen i # S .
PRI e -
. e . FUTDRTE / 757 RN
Reality: Still difference in A7 g il % i |
. . . P e A P! |
reflection, launch is still 'f'”‘!i ”Ha I 525
. . a4 _"IT il Eiii!_:‘lll_ : !.IEH
more inductive than . ] fii"éi'?ﬁniiﬁ']fli“" \| / 51251 %
expected... a ;H' ! 'Eéi’."i!' Measured — stars .
e lll_”lilﬂh'g il . T H
u"ﬁ:'.!,;""*"' Y Modeled — circles |
4 4875 T
} l.III.I } } } } } } } } }
] L 10 15 20 25 30 35 40 45 a0 : ! ! ; : I
08 Dec 2017, 15:20:12, Simberian Inc. Frequency. [GH] o 201?‘,15:25:2%,2§im|:enan|n.:_|15 075 1 1.25 1fi5me, .

—# a5, —# 5012 —= B:5[1.1 = B:5[1.3];

A7 AL

B[22 A3 &:714.4): B0

WHERE THE CHIP MEETS THE BOARD
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De-compositional EM analysis
All trace widths and backdrill

Connector + Launch

MPT[2 I

INER1 10 cM diff. strip link

are adjusted

Differential S-
parameters & TDR

Ateasured INMMERT_10CM_2_ akk MFF; B:INMERT_Bem_ 10 [MMERT_10cm. Simulation(11;
b agnitude(S ], [dE]

Via span adjusted as on
x-section, air in backdrill

Air? ﬁ

Aebeasured INMERT_10CH_2 dkibd MFF; B:IMMNERT_Som_10cm [MMNERT_1 0. Sirmulation(1];

| -k | Z. [Ohrn]
. ik Fransmission el
Via simulated as tube, TDR
backdrilled area is filled | 1107 |
with air Reflection \
9 SEANE 1075
207 Al 'nl!l"“:'l ‘\\\N
: : : i il . Measured
Reality: Difference in ]“’ e b
: : SR /\425
reflection, launch is more T il li!"!iill:_.-'ﬂi""li'i‘u W 1254 - ROVA'S
: : AT 1
inductive than expected... *?E;!'g;a-;wfuli ;
o1 {HH {11 Measured — stars 1007
- i !! ¥ . _
"]!!E;!.‘H!~5~.. 1 Modeled — circles Madel - black
Acceptable correspondence L i 4751
1L
) I ! | : : | : : : : ' ‘ ‘ ‘ ‘ ‘ ‘
up to 25 GHz 0 g 10 15 20 25 30 35 40 45 il 0 0z 045 0.7 1 1.25 15
08 Dec 2017, 15:36:46, Simberian Inc. Frequency, [GHz] 08 Dec 2017, 15:38:24. Simberian Inc. Tire, [s]
———# 4:5mm[D1.01]: —* A:Smm[D1.02] —=' B:SmmD1.01]; —=' B:Smm(D1.02]: AZmm[D1.01]; A Zmm[D2.02]; AZmm[C1.C1]; AZmm[C2.C2]:

BZrmm(D1.01]
| I I |
!

DesiGNCon'Ezm 3

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD

B:Zmm[C1.C1];




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

S-parameters

Via simulated as tube,
backdrilled area is filled
with air

Acceptable correspondence
up to 25-30 GHz...

DEesiGNCon ez

WHERE THE CHIP MEETS THE BOARD

A:Meazured IMMERT_10CHM_2_akdbd MFF; B:INMERT_Szm_10cm [MMERT_10cm. Simulation(1];
M agnitude(S). [dB]

INER1 10 cM diff. s trlp link

Connector + Launch e 2

o0+ - li- criran—-<¢+aq
cdouircu dLdl S
Modeled — circles

1 CcCC\vT
-30 FEAT

40T

0T

0T

R i e

1] 4] 10 15 20 25 30 35 40 45
08 Dec 207, 15:45:25, Simberian nc.
A:S[1.3);

#5014, —= B:S[1.2); B:5[1.4]:

7 JAN 30-FEB 1, 2018

50

Frequency, [GHz]

..7 .

18

Air? ﬁ

AMeasured INMERT_10CM_2_ akikd MFF; B:IMMERT_Sem_10cm [MNERT_10cm. Sirulation(1];

Phasze Delay, [ps]

?I
74251+

40T ‘1
\
7HET -,F
%*\K Diff. mode

AT

Via span adjusted as on
x-section, air in backdrill

Phase Delay
Measured —|star
Modeled — circles

V)

7

fil

F32aT

1] ] 10 15 20 25 an 3] 40 45 B0
038 Dec 2017, 15:48:01, Simbenan [nc. Frequency, [GHz]
—# A:Smm[D1.02]; B:Smrm[C1.C2);

&:5mmC1.C21 —= B:Smm[D1.02];




INNER1: 10 cm diff. strip link

* Eve diagrams comparison

A:Meazured IMMERT_10CM_2_4bb. eye; B:IMMERT_5em_10cm IMMERT_10cm. epe;

Eye Analyzer W, []
j” _-Ti-“] Show Eye Metrics: Selected |~ Auto-open 0377
Parameter Measured.INN... INNER1_5cm_10... BT

Eye Level Zero (V) -0.361166 -0.361673 .|
Eye Level One (V) 0.357265 0.358314
Eye Level Mean (V) -0.000858437 3.76714e-005 ot Vleasur
Eye Amplitude (V) 0.718431 0.719987 Viodele
Eye Height (V) 0.479863 0.475425 L1257
Eye Width (UI) 0.883814 | 0.873171 .
Eye Opening Factor 0.66793.2 0.6603.24
Eye Signal to Moise 565211 5.40594 0375+
Eye Rise Time (20-80) (U)) | 0.513887 0.517424
Eye Fall Time (80-20) (Ul) | 0.514326 0.518256 ; e . o : o e e ;
F_}"E litter |:|:l FI:| I:U |:| 0116186 0.126820 038 Dec 2017, 15:54:08, Simbenan Inc. Unitlnterval, []
Eye Jitter (RMS) (UI) 0.0294568 0.0307682 Ammlo1 bzl Bl b2k

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

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@37 JAN 30-FEB 1, 2018



INNER1: 5 cm d

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

Single-ended S- LT 5 om dif. strip section

Via span adjusted as on Airs ﬁ
parameters & TDR

x-section, air in backdrill

A:Meazured IMMERT_BCM_2_4MM MFP; B:IMMERT_Bern_10cm MMERT_SBem. Sirmulation(1); ArMeazured INMERT_BCM_2_4MM MFP; B:INMERT_Berm_10cm IMMERT_Sem. Sirmulation(1];

M agnitude(5 ], [dE] Z. [Ohm]

.. 07% Transmission
Via simulated as tube, i o SR e TDR
backdrilled area is filled Rﬂ't ‘*E@‘;ﬂﬁm‘riQ"--;;,.-.l_;;,;;a

ckar | TR e | | o
with air Reflection I '..":!-"e'i”uf' i ‘

LL et NN L]
: : : a %E%ij.r!“i.lii'!!""!- L

Reality: Difference in “ H ﬂrﬁ”..! N \

- - 20+ LT e | 5251 R
reflection, launch is more ‘jf"f.'l i p S
. . L Iy p
inductive than expected... , : A Mg%'i't e

'SD"_ 'E" - al ":I .._I; ¥
l‘il ].?.'-!. 'f E*' .' Measured — stars 01
s || B i .
Acceptable correspondence "ili l :"i 1 Modeled - circles
1 1 Y04
uptO 25 GHz -40 s I".I.--u ({] |
|£| 5 1 IEI 1 IE EIEI 2I5 3IEI 3.5 4IEI 4I5 EIEI EIT 1 IZIT 2 I:I.I3 IZI.I4 EI.IE IZI.IE EI.I? EIj 8 Elj 9
03 Dec 2017, 16:04: 25, Simberian |hc. Frequency, [GHz] 08 Dec 2017, 16:05:01, Simberian Inc. Time, [nz]
—# a5 —# A5[1.2; — B:S[1— B:5[1.3]; AL A 71220 &:713.3): A:714.4]: B:Z[1.1]:

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018
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De-compositional EM analysis
All trace widths and backdrill
are adjusted

INNER: 5 cm diff. strip link

Differential S-

Via span adjusted as on Ail‘s | ﬁ
parameters & TDR

x-section, air in backdrill

A:Meazured IMMERT_GCH_2_ bt MFF; B:IMMERT_Berm_10cm IMMERT_Som. Simulation]1];
Magritude(5], [dB]

A:Meazured INMERT_BCM_2_4bb MFP; B:IMMERT_Bem_10cm IMMERT_Sem. Simulation(1];

£, [Ohkin]
0% Transmission—/
Via simulated as tube, o | AP | ol D
backdrilled area is filled w?"h?_‘ i, Mu..-:.
with air a0t n,t."sﬂ'ﬁ""”‘ e | sy
Ref “nﬂm A W $ Q
([T 'l ' p 18 1051 ‘-.\ S—
. . . rl 0} i
Reality: Difference in ol 0 ¥ A = I,Veasured / ~—
: MRiN Y A aL i 10251
reflection, launch is more At | é ‘ &}_{ @@’
. . iy v g i s
inductive than expected... 1l 1 il | q\ 1001 ol N
UL bl R | . i 3
30+ ——Pae. -.‘::'i‘."l,gs.-. i ! N%
Acceptable correspondence -' ] 3149 Vi p
1814111 deled — circles A S N N R N NN NN N N
up to 25 GHZ 5 5 y t t t t t t t 1] 01 nz n3 0.4 5 G 0.7 ng n9 1
. ° 115 20 23 30 35 40 45 50 02 Dec 2017, 16:07:54, Simberian Inc. Time, [rs]
08 Dec 2017, 16:06:37., Simberian [hc. Frequency, [GHz] AZmm(D1.01]: AZmm[D2.07]: AZimm(C O] AZrmIC2C2)
—# ASmm[D1.01]; ——# ASmm[D1.02); —= B:Smm[{D1.01;—=' B:Smm[D1.02); B-Zmm[D1.01]: B Zmm[C1.C1];

I
DesicnConEmm *7 JAN 30-FEB 1, 2018
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INNERZ 10 cm dift. sirip link

De-compositional EM analysis [[ssss Connector + Lauhch PULI - == | =
All trace widths and backdrill | B 5
are adjusted

10cm dlff strip section =

Single-ended S-
parameters & TDR

Via span adjusted as on
x-section, no filling

Epoxy? * |

A:Meazured INNERZ_T10CM_2_abM.MFP; B:INNERZ_Scm_10cm INNERZ_10cm. Simulation(1]; &:Measured INNERZ_10CM_2_4MM MFF; BINMERZ_Sem_10cm INMERZ_10cm. Simulation(1];
. . M agnitude(5), [dB ~ 1k
Via simulated as tube, no "=l [ O]

e 07 ' ' —Transmission
epoxy filling in the model -

TDR
epoxy Dk is close to Dk of
0T - 55 T :
the layers (3.4) K Reflectio WHY: \\
\ Meaz t
20T ¥ )
Reality: Large difference in 5257 - j s vd B
reflection, launch is much ___,,\/;\j‘“";.. ’
20T
more inductive than : J\ﬁf«‘ //f
: : q Measured — stars 5011 i\—f — AN
expected, TDR impedance is I , VT N
higher (trace width is 95 um 401 & rH Modeled—-circles Model - black
instead of 99 um)... — —_— — ! : : : ! ! :
1] ] 10 15 20 25 30 35 40 45 R0 1] 025 IR 075 1 1.25 1.5
09 Dec 2017, 06:48:17, Simberian hc. Frequency, [GHz] 09 Dec 2017, 06:48:37. Simberian Inc. Time, [hg]

—F A5 ¥ AS[Z = B B:S[0.3)

A2 11

& 702,20 AZ[3.3 &.74.4] BZN.1]:

WHERE THE CHIP MEETS THE BOARD
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INNERZ2: 10 cm diff. strip link

De-compositional EM analysis onnecto : =r0r
All trace widths and backdrill
are adjusted

U 0 D sectio g—— T —
Slngle—ended S- Via span adjusted as on A i?ﬁ .
x-section, air in backdrill Ir:
parameters & TDR /
AMeazured INMERZ_10CM_2_ akk MFP: B:INMERZ_Sezm_10cm [MMNERZ_10cm. Sirmulation(1]; AMeazured INMERZ_10CM_2_ akk MFP: B:INMERZ_Sezm_10cm [MMNERZ_10cm. Sirmulation(1];
M agnitude(5 ], [dE] Z. [Okm]

backdrilled area is filled el

Via simulated as tube, D"M\&\E issi TDR
'Inf palte a1

with air 107 \
<: better Model - blz k“
Acceptable correlation up to Ikt e Lol / A -
201 il - ' s =
25-30 GHz i f s S
301 st 50T pgsure
Modeled - circles
0 5 10 15 20 25 0 * 10 15 50 0 0.25 05 075 1' 1.25 15
09 Dec 2017, 07:25:37, Simberian [nc. Frequency, [GHz] 09 Dec 2017, 07:26:04, Simberian Inc. Time, [nz]
—# a:5[11]; —F A:5[1.2] —< B:5[11]—= B:5[1.3]; &Z[1.1] AZ[2.2]: A:7[3.3): 2:7[4 4): B:Z[1.1];

WHERE THE CHIP MEETS THE BOARD
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INNERZ2: 10 cm diff. strip link

De-compositional EM analysis onnecto : =r0r
All trace widths and backdrill
are adjusted

0 3 D SE 0
Differential S- Via span adjusted as on | A i?ﬁ .
_ . . . . Ir r
parameters & TDR x-section, air in backdrill
Arkeasured INMERZ_10CH_2 dkikd MFF; B:IMMNERZ_Som_10cm [MMNERZ_1 0. Simulation(1]; ) )
Magritude(5). [4B] Arkeazured INMERZ_10CM_2 akik MFF: B:IMNERZ_Sezm_10cm [MMNERZ_10crm. Sirmulation(];
. Z. [Ohm]
I:I__ L ~-
Via simulated as tube, >Mis»lon TDR
backdrilled area is filled g ; 'r’
. . o). A AT
with air 10T T, .__i,:'I.I_F:!l'fl;‘TiT i r-r:....‘ ‘:“HU - 10T
CodhMURIVITII Y | % 8
T L] .
.'.‘ ;'!"If';’.ié‘ai"‘l“ ' Model - black
Acceptable correspondence 1 ;-,i'i:!li'.'g__g $ sl
i IFI'I 3
Up tO 25_30 GHZ { T'IT|I|'iTI f"ﬂlllrli 'I: “ J W
TN " é;‘.\?@
sd L_IHH'“HH'-'J Measured — sta 'S
S T L 1001 —
(RS T RET -
0 5 10 15 2 2% WM B 4 &5 80 0 0z 08 0.75 1 1.25 15
03 Dec 2017, 07:28:18, Simberian Inc. Frequency, [GHz] U3 Dec 2017, 07:27:33, Simbetian Inc. Tie, [is]
——# ASmm[D1.01; ——# A:SmmD1.02]; —= B:Smm[D1,01]; —=' B:Smm(D1.02]; AZmm[D1.01]; AZmm[D2.02); AZmm[C1.C1]; A Zmm[C2.C2];

B:Zmm[D1.01]; B:Zmm[C1.C1];

I
DesicnConEmm *7 JAN 30-FEB 1, 2018
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INNERZ2: 10 cm diff. strip lin

De-compositional EM analysis onnecto ;
All trace widths and backdrill
are adjusted =

S-pa rameters Via span adjusted as on

x-section, air in backdrill

S beasured IMMERZ2 10CH_2_Ahibd MFP; B:IMMER 2 Scm_10cm. MMERZ_10cm, Simulation(1]; & Measured INMERZ_T0CM_2_4M MFP; B:INMERZ_Scm_10cm IMMER2Z_10cm. Simulation(1];

bd agritude(S ), [dB] FPhasze Delay, [ps]

Via simulated as tube,

backdrilled area is filled Measured - stais | ?45“_7': Phase Delay
with air a4 Modeled — ?42.5---—:?3 Measured+—stars
Acceptable correspondence | h% Mpdeled - circles
up to 25-30 GHz... 40T )
FIET

A0 T

Common mode /ﬂT
A Y

=T | N&%%

6011
732514
Diff. mohe
0 c 10 45 50 0 5 10 15 20 25 30 /40 45 ()
09 Dec 2017, 07:02:57, Simberiar Inc. Frequency, [GHz] 03 Dec 2017, 07:03:40, Simberian Inc. Frequency. [GHz]
£:5[1.3): A:5[1.4] — B:S[1.2); B:5[1.4]: —# A:Smm[D1.02]; A:Smm[C1.C2); —= B:Smm([D1.D2]; B:Smm[C1.C2);

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



INNERZ2: 10 cm diff. strip link

* Eve diagrams comparison

A:Measured INMERZ_10CHM_2_4bb. eye; B:IMMERZ_5cm_10cm IMMER2_10cm. eve;

Eye Analyzer - -
0.375 1
?r _-Ti-“] Show Eye Metrics: | Selected |~ Auto-open
Parameter Measured.IMN... INNERZ 5cm_10.. v
Eye Level Zero (V) -0.355785 -0.355356 01754
Eye Level One (V) 0.333314 0.351455 easured — red
Eye Level Mean (V) -0.000921103 -0.00111774 0 fodeled—=blu
Eye Amplitude (V) 0.709099 0.706812 1% difference
Eye Height (V) 0.467076 0465506 1T
Eye Width (UI] 0.875831 0.870953 .
Eye Opening Factor 0.652689 0.6526
Eye Signal to Noise 346346 5.33217 0.375 1
Eye Rise Time (20-80) (Ul) | 0.516625 0.5158509
Eye Fall Time (30-20) (U} | 0.51764 0.517155 ; s 15 - : 5 e e ;
Eye Jitter (PP} (UI) 0.124160 0.120047 09 Dec 2017, 07:06:13, Simberian Inc. Unitinterval, []
Eye Jitter (RMS) (UI) 0.0314568 0.0307587 Al bzl ommlE 2

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

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@37 JAN 30-FEB 1, 2018



HFTI J]

De-compositional EM analysis L

All trace widths and backdrill
are adjusted

Connector + Launch

. ogaem T

a ! ‘__‘g.-.-.-:t-l"':" * . B P

)
¥ - e

WA
T RS

M F'T[1 ]

e Y\ Sy bl WD

5.cm diff. strip section.

Single-ended S-
parameters & TDR

Akeazured IMMERZ_GCH_2_ 4kdbd MFP; B:IMMERZ_Som_ 10cm IMMERZ_Bom. Simulation1];

M agnitude(S ), [dB]
.. oT : nsMission
Via simulated as tube,
backdrilled area is filled _ ;?;:aﬂ
with air " Ryt L ﬂil ;
. £ i : H l ‘
Acceptable correspondence . |
up to 25-30 GHz
a0+ .- |..'. ELS |
T RRAR Measured — stars
R LN Modeled —|circles
l .'!.. ! 1 l l l l l ] l
IEI 5 1 IIZI 1 IE 2IEI 2I5 3IEI 3I5 4IEI 4I5 EIEI

09 Dec 2017, 0F:23:48. Simberian [nc. Frequency, [GHz]
—#F 5[] —F A5, —2 BSHA—2 B:S[.3)

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD

DEesignConN e J@Q,

INNER?: 5 cm diff. strip link

Via span adjusted as on
x-section, air in backdrill

Air?ﬁ \A

Ameasured INMERZ_GCH_2_ kb MFP; BJIMMERZ_Bem_10cm IMMERZ_Bem. Simulation(1];

Z. [Ohm]
TDR
BT
'. Measured Y K
5251t / I ‘\Q::‘t
) -

¢
N L Sand

D A
oMy f.ﬁ@;)‘

01 nz 0.3 0.4 05 0e 0.7 n.a n9 1
09 Dec 2017, 07:30:18, Simberian Ihe.

&21.11; &Z[2.2];

Model - black

Time, [hz]
B:Z[1.1]:

A:713.3% A:714.4]:




De-compositional EM analysis Connector + Launch | ”FT' o
All trace widths and backdrill :

are adjusted

o
el 2w
1
e

P T[4,

T ==
=

M F'T[1 ]

=
p—ry
s

-5_:__:;:_cm diff. strip se_c_t_io_n.

Differential S-
parameters & TDR

AMeasured INMERZ_BCK_2_ 4MM.MFP: BiIMMERZ_Bem_10cm IMMERZ_Sem. Simulation]1];
b agnitude(5 ], [dE]

. .;_ .-:::=

Via simulated as tube,
backdrilled area is filled
with air 0T

207 i 3

Acceptable correspondence
up to 25-30 GHz

Ll |
[Fall i
) :
L 4]
) |'| L
# &4l 0
I; j
| Measured — stars
1 : NMAadalad rivalac
40 | viioaeretd—Circres
1] ] 10 15 20 25 a0 35 40 45 50

09 Dec 207, 07:31:06, Simbenan Ine.

lll

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD

Frequency, [GHz]
—# A:Smm{D1.01]; —# A:Smm[D1,02); —= B:Smm[D1.01]; —= B:5mm{D1.02];

INER2 ) cm diff. strip link

Via span adjusted as on
x-section, air in backdrill

Air?ﬁ \A

Ameasured INMMERZ_GCH_2_ bt MFP; BJIMMERZ_Sem_10cm IMMERZ_Som. Simulation(1];

Z, [Ohm]
1MoT I -‘I-D 1
107.5 711
105 1 h N Measured \\
/ \ B
<4 g PR
1025 W g ~
N
00T \\
o Model - black
. T \
r ‘ SE trace — unknc»wn W] dth adJustment
IEI 0. 125 I].25 III.S?E EI.E 0. EEE EI.?E 0. 8?5 1
09 Dec 217, 07:31:29, Simberian hc. Time, [hz]
AZmm{D1.071]; A Zmm[D2.02]; A Zmm[C1.C1]; AZmm[C2.C2):

B:Zmm[01.01]; B:Zmm[C1.C7];

DEesicnCon ena v-‘vgv



INNERS3: 10 cm diff.

De-compositional EM analysis [ s Connector F Launch i MPT(2
All trace widths are adjusted | S : . %

| Long stubs in
. .'.'"'-_f-.ﬂ':'T[El] all launches

nm%%yackdri

Single-ended S- | ”':T”' o i = =

pa ramefters & TD R ﬁ.:Measured.INNEHS1DEM_2_4MM.MFF';B:INNNEHE_E::mjDcm.INNNEH3_1 Dcm.SimuIatinH I " AMeasued NNERS. 1oom 217 070057 srinine 0 View bode (ess <E> ta Ed)
b agnitude(S). [dB] £, [Ohrn]
Core/prepreg dielectric '“%%.% TDR Measured
an+ L
models — layered Transmission 551 / .
anisotropy ’ * L W N | /A
-20 L] _ p ’_,_fﬂ_‘_,a._,—__ﬂ:f.——.h—:'_ — ‘7‘3‘\'
/ ool hﬁ _ W"@ﬁ" |
0T 0
Reality: Resonance E Reflection odel - black
frequency is a little lower... ot * *1
sl 'Stub resonance & {3 Stub
Acceptable correspondence :I;:easured — stars 07
up to 30 GHz! w0l :V,\ odeled + circles U
‘ R | . | |
0 5 w15 @ B W B 44 o 0.25 0.3 075 1 1.5 15
11 Dec 2017, 07:24:10, Simberian Inc. Frequency, [GHz] 11 Dec 2017, 07:24:43, Simberian Inc. Time, [ns]

—# A5 — 5[, — BS[1 = B:5[.3L A7) &:2[2.2]; 2:213.3]; AZ[a.4); BZ01.00;

I
DesicnConEmm *7 JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD




INNERS3: 10 cm diff.

De-compositional EM analysis [ s Connector F Launch i MPT(2
All trace widths are adjusted | S : . %

| Long stubs in
_ -?-'--"._i..1r-n::z=:| all launches

nm%%yackdri

e e 10 cm diff: strip section . -
Differential S- s S
p ara mete =~ & TDR A:Measured INNER3_10CM_2_4bk.MFP; B:INNNER3_Sem_10cm INNNER3_10cm Simulation(1); AcMeasured INNERS_107100ec 2017, 070857, Simberian ine e G eE

Magritude(S). [dB] Z. [0Ohrm]

1207
| N{easu red
Vi

Core/prepreg dielectric

=
O

models — layered 10t A /
anisotropy a0l M’:_::
00T h p—
A0 T W 4\
Reality: Resonance ol N Model - black
frequency is a little lower...
A0T
] — stars 80
Acceptable correspondence ;| = circles '
up to 30 GHz! ot
0T
} } } } } } } } } } ! EI 0. |25 IZITE III.IF"E 1 1 .|25 1 _IE 1 _I?‘E
1] 4] 10 15 20 25 an i3] 40 45 50 11 Dec 2017, 07261, Simberian Inc. Time, [hs]
11 Dec 2017, 07:25:46. Simberian [nc. Frequency, [GHz] A:Zmm[D1.01]; A Zmm[D2.02); A:Zmm{C1.C1];: A:Zmm[C2.C2]:
—# a:Smm[D1.01]; = ASmm[D1.02); —= B:Smm{D1.01); =" E:Smm[D1.02]; B:Zmm[D1.07]; B:Zmm[C1.C7];

lll

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *"@jv JAN 30-FEB 1, 2018



INNERS3: 10 cm diff. strm link

De-compositional EM analysis
All trace widths are adjusted

Connector F Launch

= | & = L |
LO ng Stu bS I n : f ackdr
all launches

S-parameters

Acbeasured INMERI_10CH_2_dkibd MFF; B:IMMNMER3_Bor_10cm INMMERS_T0zm. Simulation(1]

B ) - Arbeazured INMER 100Dec 2017, 07:08:57. Simberian ne. 30 Wiew Mode [press <E> to Edit].
kM agnitude(S], [dE] Phaze Delay, [pz]
Via simulated as tube, | 7601} Phase Delay
backdrilled area is filled & & :
~, o ﬁ Measured — stars
with air B Ditf. mode g5+ Modeled — circl
¥ 501 / pft odeled — circles
\N é A *
. : .a)?fw' -
=] T O Ol et :Li
Acceptable correspondence _ | Tﬁ&%&% L
up to 20-30 GHz... ol L
#*
£t Comman made 2
¥
)
F0T4 0T u
.
>
|0T "',*i
0T
0 ] 1 III 1 IE EIEI 2I5 3IEI 3I5 4IIII 4I5 5IIII IEI é 1 IIII 1 IE EIIII EIE 3II:I 3I5 4IIII 4I5 EIIII
11 Dec 2017, 07:28:31., Simberian Inc. Frequency, [GHz] 11 Dec 2017, 0F:30:00, Simberian [nc. Frequency, [GHz]
A5[1.3L 20514 —% B:5[1.2): B:S[1.4]: —# A:Smm[D1.02]; £:Smm[C1,C2]; —= B:Smm[D1.D2); B:Smm[C1.C2]:

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *"@jv JAN 30-FEB 1, 2018




INNERS3: 10 cm diff. strip link

* Eve diagrams comparison

A:Meazured INNERZ_10CHM_2 Akikd eve; B:IMNMNERSZ_Som_10cm. IMMMERZ_10cm. eye;

V. [V]
Eye Analyzer
03751
! 4;"’ ;TEP] Show Eye Metrics: | Selected |~ Auto-open
Parameter Measured.INNER3... INNMER3 _5cm_10c... he
Eye Level Zero (V) -0.321587 -0.328955 .
Eye Level One (V) 0.324143 0.326591
Eye Level Mean (V) -0.000666544 -0.00168175 .1
Eye Amplitude (V) 0.645731 0.635546
Eye Height (V) 0.330606 0.342901 aos )
Eye Width (Ul 0.873614 0.882483
Eye Opening Factor 10.511987 1 0.523077 po| =
Eye Signal to Moise 3.80529 3.92785
Eye Rise Time (20-80) (UI) | 0.61564 0.615358 o .
Eye Fall Time (20-20) (Ul 0.616638 0.611377
Eye Jitter (PP) (LI} 0.126336 0.117517
Eye litter (RMS) (UI) 0.0222674 0.0215509 n n.1=25 n.=25 n.3!?5 n.=5 0.5:25 IZI.!?E n.al?a 1 1.1=25 1.!25 1.3:?5 1?5 1.5!25 1.=?5 1.B=?5 2
11 Dec 2017, 07:30:44, Simberian Inc. Unitlnterval, []

. . T A0, 02 — BMmuom[D1.D2]; .
~3.6% difference in eye heights, ~1% in widths; Possible reasons —

impedance variations, differences in reflections, loss of launch localization...

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *%}7 JAN 30-FEB 1, 2018



INNERSJ: 5 cm diff. strip link

De-compositional EM analysis . Connector + Launch
All trace widths are adjusted S .

.. _ Long stubs in
M) venenen T e all launches

nm%%yackdri

Single-ended S-

pa ran |Ete I's & TD R A:Measured INNERZ BCM_2 4MM.MFP: B:INNMER3 Scrm_10cm IMNNER3 Sem. Simulation[1]: A:Measured INNER T o T e . vt 1o i e sy 1o o Mode [press <B> toEdi)
M agnitude(5], [dE] £, [Ohm]
o= e d

Core/prepreg dielectric

models — layered 07 ol : .
anisotropy ﬂ_,! D | VAV
20T S ) e, ra -“--—)«-—:.-r_"_"”_"p_ =l II
o P | S \ JJ
I- . fI . 20T \
Reality: More reflections Model - black
below the resonance... w0l ®
» . ol @ Stub
Acceptable correspondence sy Measured —stars
up to 30 GHz! | Modeled — circles
-EI:I ] ] ] ] ! ] 1 35--! ] ] ] ] ! ]
N & 10 15 20 25 a0 35 40 45 a0 n 025 ns 075 1 1.25 15
10 Dec 2017, 07:50:12, Simbenan Inc. Frequency, [GHz] 10 Dec 2017, 07:52:32, Simbenan |nc. Time, [nz]

— a5 —# A&5[1.2; — B:S[—= B:S5[1.3];

AT &722] A73.3L A:714.4]: B0

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018



INNERSJ: 5 cm diff. strip link

De-compositional EM analysis . Connector + Launch
All trace widths are adjusted S .

.. _ Long stubs in
M) venenen T e all launches

nm%%yackdri

Single-ended S-

pa ran |Ete I's & TD R A:Measured INNERZ BCM_2 4MM.MFP: B:INNMER3 Scrm_10cm IMNNER3 Sem. Simulation[1]: A:Measured INNER T o T e . vt 1o i e sy 1o o Mode [press <B> toEdi)
M agnitude(5], [dE] £, [Ohm]
o= e d

Core/prepreg dielectric

models — layered 07 ol : .
anisotropy ﬂ_,! D | VAV
20T S ) e, ra -“--—)«-—:.-r_"_"”_"p_ =l II
o P | S \ JJ
I- . fI . 20T \
Reality: More reflections Model - black
below the resonance... w0l ®
» . ol @ Stub
Acceptable correspondence sy Measured —stars
up to 30 GHz! | Modeled — circles
-EI:I ] ] ] ] ! ] 1 35--! ] ] ] ] ! ]
N & 10 15 20 25 a0 35 40 45 a0 n 025 ns 075 1 1.25 15
10 Dec 2017, 07:50:12, Simbenan Inc. Frequency, [GHz] 10 Dec 2017, 07:52:32, Simbenan |nc. Time, [nz]

— a5 —# A&5[1.2; — B:S[—= B:S5[1.3];

AT &722] A73.3L A:714.4]: B0

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018



D1: Beatty standard in INNER1

De-compositional EM analysis Connector + Launch Step discontinuity _#m
All trace widths and backdrill ERRIOST
are adjusted

Via span adjusted as on
x-section for 10 cm
INNER1, air in backdrill
No x-section of launches
on Beatty structure...

s el

: Wider strip (3w) - 2.5 cm
Narrow strip

S-parameters &

T D R .-’-‘-.:Measured.D'l_EE.-'-‘-.TT“r’_EEEIHM_NEH1 MFFP; E:D'I_EE.-'—‘-.TT“r’.DL .-’-‘-.TTY.SimuIatin:ln['l I: ) _

M agritude(51, [dE] &:Meazured D1_BEATTY_280HM_INMNERT.MFP; B:D1_BEATTY.D_BEATTY. Simulation(1];

. . Z. [Ohm
01-#%— Transmissign o
. b
e TDR
101 — Measured
. . . ] ( %j 50T PyJULA / ’ﬂ'c'_ﬁ:ﬁ'"aa
Reality: Large difference in 5! 13 I B : 2 f i
. . . 1]
transmission and reflection .; IE ! b4 | z% | Model - black
above 3 GHz — why? 27 T 0
t i ( T b & u
25T NmEE -
i —_ 1 1 [1 anT
:3055|I|31Ie reasons bStizs'hn d } b it b \/I%?sured _ Ltars o~ g
au’nc e§ are not backdrilled ;1 | P ,h\/'lop'eied —circles Stub?
let’t try It... | | ! ! ! . : | ! ! ! 207
1] 4] 10 15 20 25 30 35 40 45 50 ; : g i T y y
10 Dec 2017, 08:03:58, Simberian Inc. Frequency, [GHz] 0 0z 05 0.75 1 1.25 15
 AS1 ] ¥ AS12]: & B[] 9 B5H.2) 10 Dec 2017, 02:06:41, Simberian Inc. | Time, [nz]

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{\%;7 JAN 30-FEB 1, 2018



D1:

De-compositional EM analysis

All trace widths adjusted, no
backdrill

S-parameters &
TDR

Acceptable correspondence
Though, it is not possible to
use the structure for the
loss validation without de-
embedding — no structures
to de-embed the launches...

DesiGNCon'Ezm 3

WHERE THE CHIP MEETS THE BOARD

Beatty standard

in INNER1

Vias on launches
have long stubs

W2

Connector + Launch Step discontinuity -

s el

. Wider strip (3w) - 2.5 cm
Narrow strip

-

11 Dec 2017, 07:16:38, Simberian Inc

&:deasured D1_BEATTY_280HM_INNERT.MFP; B:D1_BEATTY.DN_BEAT T Simulation(1);

3D View Mods [press <E> to Edil]

&:beazured D1_BEATTY_280HM_INNERT.MFP; B:D1_BEATTY.D_BEATTY. Simulation(1);

I agnitude(S]. [dB] Z. [Qkimn]
TR g n
e'h
A RN I
BT I: ’ e 11 T4 Ii-' ent TN
'. T 1N BER IHI.|I !1 gt IR
i 0 ] MR ' f*i'i,r!;ii! Measured As
'. r ] 'y v & £
|'i 1 fi : ﬂ# 1 'i 50T H %ﬂ-n—\ N m\b“' ot
& | Madol - hlack
i 40 vTOUG€H adCKK
20T :
ﬁ- %
=14 Defi o] ]
! stub ? Measured — stars G
A0t -
X1 Modeled —circles § | 21 St H— | | | |
0 5 10 15 20 25 30 35 40 45 50 0 0.25 05 0.75 1 1.25 15
11 Dec 20017, 07:19:44, Simberian [nc. Frequency, [GHz] 11 Dec 27, 07:21:20, Simberian Inc. Time, [nz]
—# A5[1 1] —* A5[1.2],—= B:S[1) —= B:5[.2) A:7011); AZ[2.2): B:Z[1.1];

7 JAN 30-FEB 1, 2018




F1: Link with 0402 AC Couplmg capacitors

De-compositional EM analysis Connector +Launch - A

All trace widths are adjusted et it g Series ports
R L for caps
Diff strlp section Caps mounting
in INNER6 structure
o
A:F1_ACD402 cap_cap_ec.Simulation(1]; B:F1_ACQD402 cap_test. Simulation(1]; T A:F1_ACD402 cap_cap_ec. Slmulatlurii;] 'Eidl;1 .-’-'-.EEE:I;IE cap_test Simulation(1];
Reality: No data for the capacitor M2 o e Ve
WaET .
I Admittance parameters and
above 6 GHz! . _ 52p friom mapnufacturer?— red 10 Transmission through cap: /
Cap s2p are measured in series 51 - — T || S2p from manufacturer - red
. il Cap model (blue): series R=0.02, 4 20 b Uol tblls} Edried A0 10
connection —include pads or 1=0.25 nH, €=100 nF ap model (blue): series R=0.02,
not? 1264 / \ apt—1=0.25 nH, C=100 nF
r | .
”"{ \‘ Q T 40 K Q Vd
An RLC equivalent circuit can be \ 1 \ /
synthetized to increase the 1287 N 1 l =07 /
model bandwidth — this is un- ol iw\ ol
reliable model! \*_/ \E /
75T | ' T
D.IjD1 I EIEI1 I EI1 I 'I I 'IIII S D.IjD1 o IIII:I1 III.'I I 'I I 'IIII
17 Dec 207, 09:27:43, Simberian nc. Frequency, [GHz] 17 Dec 27, 09:28:12, Simberian Inc. Frequency, [GHz]

—# AN[1.2 < BY[1.2): —# AS[1.1],— B:S[L.1]:

DesicnConEmm *t@j JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD




F1: Link with 0402 AC Couplmg CapaC|tors

Connector +Llaunch > 0

De-compositional EM analysis “Collapsed metal” option
All trace widths are adjusted et i B Cap model (fitted to s2p from

manufacturer) R=0.02,
L=0.25 nH, C=100 nF

I i v " Diff, strlp section Caps mounting
First analysis Hig Do =
Differential S-

o

-

&:Measured F1_2_aMM MFP; B:F1_AC0402.F1.Simulation(1); 16 Dec 201 A:Meazured F1_2 MM MFP; B:F1_AC0402.F1.Simulation(1];

parameters & TDR Hoohekf) 5 200
ot | | -
M ; Transmission — ﬂ TDR
130T
'5"I\A[:eas ured — stars -/ g AP
oM odelegl — circles ,| b g = Why? 4 ~
Reflectlw L - Model - black
Reality: No correlation in | g ﬁf } b . odel - blac

reflection, the caps are

much better in reality — 01 ﬁ h _/J
investigate... g b oS

=

2B T
l Measured
anT : . ! . . . . . . .
! } } } } } } } 0125 025 0375 05 0625 075 0875 1 1125 1.25
10 15 20 2h 30 3h an a5 16 Dec 27, 07:45:38, Simberian Inc. Time, [nz]
16 Dec 2017, 07:47:11, Simberian [hc. Frequency, [GHz] & Zmm[D1.,01]; A Zmm[D2.02); A Zmm[C1.C1]; A:Zmm[C2.02]:

—# ASmm[D1.01]); =% &:5mm[01.02; = B:Smm[D1.01]; —= B:Smm{01.02];

DesicnConEmm *{@jv JAN 30-FEB 1, 2018

B:Zmm[D1.07];

WHERE THE CHIP MEETS THE BOARD



F1: Link with 0402 AC Couplmg capacitors

Connector +Llaunch > 0

De-compositional EM analysis
All trace widths are adjusted

Second analysis
Differential S-
parameters & TDR

Reality: Better correlation in
reflection, but the model
has excessive inductance —
the cap model includes part
of the mounting structure...

DesiGNCon'Ezm 3

WHERE THE CHIP MEETS THE BOARD

, “Thick metal” option,
et e s “Cap model (fitted to s2p

CoaPs aeo bt n > ﬁonnnanubcuneﬂ R=0.02,
L=0.25 nH, C=100 nF

«

F1.Simulation[1];

Caps mounting
structure

lef strlp section
in INNERG6

Akeasured F1_2 4MM MFP; B:F1_AC0402.F1 . Sirmulation(1);

30 View Mode [press <E» to Edit)

16 Dec 2017, (07:38:33, Simberian Inc.
N PRI |

b agnitude(S ], [dE]

I:I ——
130T T D \
flecti
N A
1207 —
207 r\/ Model - black
| Oanl?
110 Cay =,
30T M Mh:&u
—
1001 ﬁ@
. Measurec u
401 P Measured
. SD T T
odeled 4 : : : : : . : : :
t } } } } ] } } } } } 0125 025 0.375 0.5 0625 0.75 0. 8?5 1 1125 1.25
I 5 10 15 20 s a0 a5 40 45 alll 18 Dec 2017, 07:19:28. Simberian Inc. Time, [rz]
18 Dec 207, 07:18:29, Simberian |hc. FTEEILIEFID}', [GHZ] .":".ZzI'I'II'I'I[D-I i} ]; .":".ZI'I'II'I'I[DEDE] .":".ZZI'I'II'I'I[E-I 1 ]; ﬂzmm[tztz]
—# ASmm{01.01]; = ASmm[D1,02); —= B:Smm[D1.01]; ——= E:Smm{D1.02]; B:Zrmm[D1.071];

lll
7 JAN 30-FEB 1, 2018




F1: Link with 0402 AC Couplmg capacitors

Connector +Llaunch > 0

De-compositional EM analysis
All trace widths are adjusted

Final analysis
Differential S-
parameters & TDR

Reality: Larger reflections
and larger transmission
losses, capacitor model
from manufacturer is not
suitable for accurate
analysis...

DesiGNCon'Ezm 3

WHERE THE CHIP MEETS THE BOARD

~ - “Thick metal” option,
T e . Cap model (fitted to s2p

sazfrom manufacturer): R=0.02,
L=0.0 nH, C=100 nF

lef str|p section Caps mounting
in INNER6 structure

A:Meazured F1_2_ 4. MFP; B:F1_ACD402.F1. Simulation(1];

Magritude(5 ). [dB] = 2 (0hm]
0T : i Transmission
1o+
a0+ v ;
Reflection
Model - black
/
105+ / "~
201 h / SO e
1007 S v S
0+ 1 (. Mﬂf” T \~
& Measured
95 +
Meagured — stars 1 i
a0t -
Mo led - circles | of 1 ! [ | | | |
; ! ; ! ; ! : ! | % : 0 0125 025 037 05 065 075 0875 1 1125
0 g 10 15 20 25 30 35 40 43 50 18 Dec 2017, 07-47-24. Simberian Inc. Time, [r3]
18 Dec 2017, 07:28:21. Simberian Inc. Frequency. [GHz] AZmm(D1 D1]: AZmm{D2.D2); AZmm(C1.C1]; AZmm(C2,C2);

—# A:Smm[D1.01]; ———# A5mm[D1.02; ——= B:Smm{D1.01; ——=' B:Smm[D1.02];

B:Zrmm{D1.01]:

7 JAN 30-FEB 1, 2018




F1: Link with 0402 AC coupling capacitors

De-compositional EM analysis
All trace widths are adjusted

Final analysis
Single-ended S-
parameters & TDR

Reality: Larger reflections
and larger transmission
losses, capacitor model
from manufacturer is not
suitable for accurate
analysis...

L4 i = “Thick metal” option,
ettt . Cap model (fitted to s2p

.~ from manufacturer):
- R=0.02, L=0 nH, C=100 nF

L 3

=2_ACO2071. Simulation(1];

Connector +launch >

Caps mounting
structure

lef strlp section
in INNERG6

16 Dec 2017, (07:38:33, Simberian Inc. 30 View Mode [press <E» to Edit)
—e— e

M agnitude(S), [dB]

0t | Transmission
= Measured — stars .l TDR
i
5t h""'-\ A Ll Al I AN
- \,\N fogelrea —[circres
Reflection ' - ]
an+ Y LY 1.. h-. al A H I‘ | B0 ]
L ‘ ; Model - black

15+ f4 ; u."'_':.ls 5 r 7

- 'r. o [
. wﬁi ! BT
:‘ H
14 i !
201 — ' ; — / E o,
" -. e \/’\ ———
sl ﬁ\\_ T R P e
25T 0 firger === V\
Measured
A0t — 451
35T | L } 1 1 1 1 1 1 1 } I
0 e 10 15 20 o8 a0 " 40 45 50 01 0.2 03 0.4 05 06 07 08 09 1 11
18 Dec 2017, 07:31:28. Simberian Inc. Frequency. [GHz] 18 Dec 2017, 07:32:31, Simberian Inc. Time, [rs]
AZ[11]; &Z[2.2]: R iche) AZ[4.4): B:Z[1.1]:

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD
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F2: Link with 0201 AC coupling capacitors

* Eve diagrams comparison

AcMeazured F1_2_ 4bb. eve; B:F1_ACD402 F1.epe;

Eye Analyzer W V]
J,f _-Ti'-ﬁl Show Eye Metrics: | Selected |~ Auto-open |
Parameter Measured.F1_2_4M... F1_AC0402.F1....
Eye Level Zero (V) -0.290088 -0.410074 0257
Eye Level One (V) 0.392817 0.411079 . |
Eye Level Mean (V) -0.0122734 0.000408482 A W 4 d — red
Eye Amplitude (V) 0782905 0.821153 o7 @ ‘ | = blue
Eye Height (V) 0.36302 0.646629 i
Eye Width (UI} 0.621729 0.941907
Eye Opening Factor | 0.463683 | 0.787464 0257
Eye Signal to Moise 534217 9.24654
Eye Rise Time (20-80) (U) | 0.488181 0.466329
Eye Fall Time (80-20) (U} | 0.488284 0.466431 a7
Eye litter (PP) (UI) 0.378271 0.0580931
Eye Jitter (RMS) (UI) 0.0560791 0.0154872 ! 035 0 075 : 105 e 175 )
18 Dec 20017121 3:03. Simberian Inc. it nterval, []

ANmm[D1.D2];
Un-acceptable difference; Possible reasons — cap model inductance,
geometry differences...

B mm[D1.02];

WHERE THE CHIP MEETS THE BOARD
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F2: Link with 0201 AC Couplmg capacitors

o MPTZ
Connector + Launch o o B

De-compositional EM analysis “Thick metal” option,

All trace widths are adjusted DU = Cap model (fitted to s2p from
fanES L @manufacturer) R=0.025,

MPT(1]

Caps mountin_g

First analysis ST
iy o 2D SEL structure - -...
lef e r e nt I a I S_ Lok = 1IN TN e L eeee o 8 8" o A 1
AMeasured F2_2 4MM MFP; E.F2_.-“—‘-.I:EIEEI'I.F2_.-“-‘-.I:EIEEI'I Simulation[11; ] Ameasured F2_2_ kb MFP; B:F2_ACO201. F2_aAC0207 . Simulation(1];
parameters & TDR e z i
[T Transmiss | TDR
. Nl 2B 1301
Reflection ,
T 5/ iy “r 120 r
) ) o T \
~ [N, Al m | Cap L? ] N
| o A"il i T [ ol Model - blagk
Reality: Bad correlation in | AL AL [L /1 e
. _ ”ut{‘! u | [ ! iIE, | % —
reflection, the caps are less AT v il /T
etiecton, the A = =
inductive in reality... i,; + W Measured
a4+ l f
1l | w07
[,E; | T Measured | stars
| Modeled —circles ﬁ S S S S S S S
-40 T ” ¥ : I * ' I I I I | ; !' 0 0125 025 0375 05 0625 .75 0875 1 1125 1.25
0 5 10 15 2 a5 a0 a5 a0 45 50 18 Dec 20017, 11:55:11., Simberian Inc. Time, [nz]
18 Dec 2017, 11:57:02, Simberan Inc. Frequency, [GHz] A7m[D7.01]; A Zmm[D 2,02 A Zmm[C1.C1]; &Zmm[C2C2);
B:Zmm[D1.01];

—# A& 5mm[D1.01]; ——* A5mm[D1.02; ——% B:Smm[D1.01]; ——=' B:5mm[D1.02];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *{@jv JAN 30-FEB 1, 2018



F2: Link with 0201 AC Couplmg capacitors

Toc MPT[3 _
De-compositional EM analysis Connector + Launch & i |

“Thick metal” option,
All trace widths are adjusted

e k r.Cap model (fitted to s2p from
MR B, o e @manufacturer) R=0.025,

Caps mounting
structure - -...

Final analysis 75
Differential S-

pYE— d.F2_2_4MM.MFP,B.F2_m:D|:|1 .F_.-“-‘-.I:EIEEI‘I.SimuIatiDn[1 ! e f:Measured F2_ 2 AMM.MFP: B:F2_ACO201.F2_ACD201 Simulation(1):
parameters & TDR  vasiuces) i 2 o
T/ ssior] | TDR
- [ ‘ 1301
ol Reflection JE’] ; 'tni 5
) i .::f"' ) || A 1S
H\‘ ‘ '-A. t } ' '! a‘s' Al 120
F#II ”:'ﬂ' i { & . i‘ i :1r 5“” i 'lil' ! % Model - black
. . | L ] T
Reality: Better correlation 1 | # ”'i i\ i!!l aI L ';F* A \a J
. v f 4 ' ¥ [
without the capacitor iy l.i ' ¢ W l!'! ool L5 A ¢ Fﬁyﬁ
i H i E‘u;ﬁ.ﬁ:’ v o
internal inductance... ,? ! : T J W Measured
0T ] g|' |r i an +
) F 1 4
N easured + dtars -
odeled —[cifcles Jg L : : : : : : : : : :
401 - ' , ' u ' ' , - 0 0125 025 03% 05 065 075 08% 1 115 125
,ﬁ é 1'n 1'5 2‘,] 2'5 3'n 3'5 4'0 4'5 5'0 18 Dec 2017, 12:00:40, Simberian Inc. Time, [ns]
18 Dec 2017, 11:59:54, Simberian |ne. Frequency, [GHzZ] & Zmm[D1.01]: A mm[DE.DZ]; A Zmm[C1.C1]; & Zmm[C2.C2];

———# A Smm[D1.01]; —# 4:5mmD1.02): ——<' B:Smm[D1.01] —=' B:Smm{D1.02]; B:Zmm(D1.01];

DesicnConEmm *7 JAN 30-FEB 1, 2018
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F2: Link with 0201 AC Couplmg capacitors

De-compositional EM analysis Connector + Llaunch & | i Thick metal” option.
All trace widths are adjusted o : Cap model (ftted to $2p from

AL ABCAR, o o« ™ 7" et ;nanufacturer): R=0.025,
QNG e e e .~ 1=0.0 nH, C=100 nF

Final analysis L T Caps mounting
t structure - ...

Single-ended S- g ¥ inINN

&M eazured, F2_2_4MM.MFF'; E:FE_.E‘-.I:EIEEH F2_ACD20 Sirmulation(1]; | &M easured. F2_2_4MM.FF'; B:F2_ACO201 F2_ACO200. Simulation(1];

parameters & TDR s, - 2 oty
i ' ured — stars TDR

. ER T
led =+ circles f\
{

A "'I,g’e;é.l ,! | frloeoT | ¢

A ,‘.u ; 1l /‘\ Model - black
! 'i: 4 _"" 3 1 55 T ﬁ—/

V| J \

o0 |y - .;'-,.J..L__F,_.._,/""L'J \

I HT A 1

10T

Reality: Large difference in
single-ended S-parameters,
acceptable TDR...

20T

Measured

30T

n 5 10 15 20 25 an i3] 40 45 A0 01 0z 0.3 0.4 05 0eE ny na nAa 1 11
18 Dec 2017, 12:02:41. Simberian Ine. Frequency, [GHz] 18 Dec 2017, 12:03:55, Simberian Inc. Tirne, [rs]
——F 45[11) ——F 4517 ——= BS[1L1,——= B3] '

DesicnConEmm *{@jv JAN 30-FEB 1, 2018
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F2: Link with 0201 AC coupling capacitors

* Eve diagrams comparison

Atdeazured F2_2_ bt eve; B:FZ2_ACO201 F2_ACD201. eve;

Eye Analyzer i
:’f _-;'-‘] Show Eye Metrics: | Selected |~ Auto-open 03757
Parameter Measured.F2_2 ... F2_AC0201.F2_AC... 025 1
Eye Level Zero (V) -0.397961 -0.407479
Eye Level One (V) 0.397506 0.404991 0125
Eye Level Mean (V) 8.17329e-005 -0.000942555 /leasure
Eye Amplitude (V) 0.795466 0.81247 ot
Eyve Height (V] 0.603035 0.628716
Eye Width (U1 0.931707 0.936585 01251
' Eye Opening Factor 1 0.75809 10.773832
Eye Signal to Moise 7.78942 8.44747 A28 T
Eye Rise Time (20-80) (U} | 0.481123 0.472551
Eye Fall Time (80-20) (U1 0.481216 0472773 03787
Eye Jitter (PP) (LI 0.0682927 0.0634146
Eye Jitter (RMS) (LI} 0.0169048 0.0160042 ; l = l : l = l !
0 025 0.5 0.75 1 1.25 1.5 1.75 2
18 Dec 20017, 12:10:00, Simberian Inc. Initlnteryal, []
AN mm[D1.02]; B mam[D1.02];

~3.3% difference in eye heights, ~¥1% in widths; Possible reasons — cap
model inductance, impedance variations, loss of launch localization...

JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD




F3: Short-circuited pads for 0201 AC coupllng cap

De-compositional EM analysis UTTREY Connector + Launch . r_iFT_l l-:::;s:
All trace widths and shapes are | - -
adJUSted r1FT|1| _

'. <o\ Vlas to TQP ands short circuit
Single-ended S-parameters e DI srip sections in INNER6

A:Meazured F3_2_4bM.MFP; B:F3_DecapShorted.F 3. Simulation(1]; A:Measured F3_2_4MM.MFF; B:F3_DecapShorted F3.Simulation(1];
| d ff Magnitude(5). [dB] b agnitude(5], [dB]
Reality: Growing difference | | | . — —
y g . Transmission leasured — stars AT FE‘I’T

above 10 GHz — loss of odeled — circles |(\T
5+

localization? - investigate... o A 107 iy RN X!
10+ ol Le S “r.i.ri ! A h‘ b ﬁ‘ : s | I \A%»/Q’ j &\}n
. RetiecC

(R A | Vel N o ROTMT
RIS - o W RN
¢k 1) b iy L o0t —— Y\ L o0 VA .
Acceptable correspondence 201 % ¥ ‘:'ﬂ, !i '!,!" 1 ! ; ﬁli\' [ NEXT }
el LR 251 /? s AR
only up to 10 GHz .l “ il ' | 1 - # . wf |
e 'i' IJ | $ ﬁﬁ - 'SD"_? \ easured - stars 'R
. X i i i ﬂhﬁ. .35--—F ¢ M\ede\\ed—f'rrc es i

1] ] 10 15 20 25 a0 ] 40 45 1] ] ] 10 15 20 2h an o] 40 45 A0
A0 How 2017, 09:18:23. Simbenan [nc. Frequency, [GHz] 30 Mow 2017, 09:21:48, Simbenan Inc. Frequency, [GHz]
—* AS[A—F AS[2 = BS[LIL—= B:S[1.3L A:501.3]; A:501.4L — B:S[1.2] B:5[1.4%:

WHERE THE CHIP MEETS THE BOARD
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F3: Short-circuited pads for 0201 AC coupllng cap

HFTI I

De-compositional EM analysis eaee Connector + Launch
All trace widths and shapes are ot
adjusted MPT(1) MPI(E). «

=
e
e T A
et Y

e P o, o d BT e, e S e e D e e
2 M =" o g HO

i i 1-'
I Tg -

V|as to TQP ands short circuit
# Diff. strip sectlons in, INNER6

Mixed-mode S-parameters

Ateazured F3_2_4bdb MFP; B.F3_D ecapS haorted. F3. Simulation(1 ],
b agnitude(S], [dB] A:Meazured F3_2_4bM.MFP; B:F3_DecapShorted.F 3. Simulation(1];

Phaze Delay, [pz]

s ot
Reality: D|ffergnce above 30 L mission
GHz - see reality above 30 e son L Measured — stars n
GH \a\ feasurea — stars |
Zese a0t : A * Modeled — circles
Reflection 5101 H
st :
a0t Common maode
Questionable y 1] —phase delay
correspondence in common (\
a0t fore B 4301 18— . i -
mode above 10 GHz » tars S ]
ircles| | ﬂi—*w*ﬁfﬁﬁ;ﬁfﬂﬁﬁ
Acceptable correspondence | st = = ,
) . . : | : : : : : | . | \_/Diff. mode phase delay
for differential mode up to 0 5 W 15 20 2% 30 3/ 4 45 50 , , , ! ! . . , | : ,
30 GH 30 Mow 2017, 09:32:39, Simberian Inc. FrEI:lL,IEHC_I,I, [GHZ] ] g 10 15 20 25 a0 25 40 45 B0
yA —# ASmm[D1.01]; ——# ASmm[D1.02); —= B:Swm[{D1.01];—=' B:Smm[D1.02]; A0 Mow 2017, 09:34:34, Simbenan Inc. Frequency, [GHz]
—# ASmm[D1.02); A:Smm[C1.C2]; ——= B:Smm(D1.02]; B:Smm[C1.C2];

WHERE THE CHIP MEETS THE BOARD

DesicnConEmm *%ﬁv JAN 30-FEB 1, 2018



F3: Short-circuited pads for 0201 AC coupllng cap

HFTI I

De-compositional EM analysis L yeannt Connector + Launch
All trace widths and shapes are |

adjusted r1FT|1| _ _MPT[E). «

-_,.-nt,._r _

i i 1-'
I Tg -

V|as to TQP ands short circuit
# Diff. strlp sectlons in, INNER6

.
A e
ot

Reality: Vias and short-circuit | . ton 11
A:Measured F3_2_4MM.MFP; B:F3_DecapShorted.F3. Simulation(1]; AMeasured F3_2_4MM MFP: B-F3_DecapShorted F3 Simulation(1):

are less capacitive — Z. [0fm Z. [0
investigate ( model or el i sl
geometry?).. |, Single-ended TDR Diff. mode TDR
K ﬂ'l 1ot
5757 ik Vodeled (black)
A

56 T - 106 T \ ;
Acceptable Modeled (black)| \ | f%\ jfu (;L / Mj\ .

F2ET A . —“av\_-;_,_ oot __ pom— < Y
correspondence -. F}Jﬁm W S

50T w
O B | s K Vias a}\d short-circuit B\ Measure
| v Measu rb d | : : : : : : : : : :
’ ; ’ ; ’ ; ’ ’ ‘ 0125 025 0375 05 0625 075 087 1 1125 128
0125 025 037 05 065 075 0875 1 1125 = .
30 Mo 2017, 09:37:47, Simberian Inc, Time, [ns]  —0 Hov 201 ?;029.39.[;91, ;”;be"an Ine. sZmmD2D7] S iz [;m;][m]
g . el . MMM . g .
AF111: BF22: AF3.3: AF44]; BZ[1.11; LY T o T
[.11 [2.2] [2.2] [4.4] 1.1 B:Zmm[01.01];

WHERE THE CHIP MEETS THE BOARD
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F3: Short-circuited pads for 0201 AC coupling cap

* Eve diagrams comparison

Akeasured F3_2 4MM eve; B:F3_DecapShorted F3.eyve;

Eye Analyzer v
:’f _-?i'-‘] Show Eye Metrics: | Selected |~ Auto-open 03T
Parameter Measured.F3_2_4... F3_DecapShort... 0.257
Eye Level Zero (V) -0.402872 -0.410173
Eye Level One (V) 0.40074 0.408334 01257
Eye Level Mean (V) 0.0009437 0.000784197 €asured
Eye Amplitude (V) 0.802612 0.818507 o7 odeled
Eye Height (V) 0.624931 0.637838
Eye Width (UI) 0.935693 0.937916 1T
'Eye Opening Factor | 0.777652 | 0.779269
Eye Signal to Noise 8.70062 8.99069 feT
Eye Rise Time (20-80) (Ul) | 0.470208 0.468474
Eye Fall Time (80-20) (U} | 0.47014 0.468455 oI
Eye Jitter (PP) (UI) 0.0643016 0.0620843
Eye Jitter (RMS) (U1 0.0164146 0.0149904 0 055 05 075 : pe e 175 )
18 Dec 2007, 12:18:43. Simberian Inc. Unitinterval, []
Emm[D1,02); BMmm[D1.02];

WHERE THE CHIP MEETS THE BOARD

JAN 30-FEB 1,

~2% difference in eye heights, ~¥1% in widths; Possible reasons — geometry
differences, impedance variations, loss of launch localization...

2018




U/—.
Reality above 3




Reality: What caused the resonances?

A:diff_bottom_long.sdp; B:diff_bottom_short sdp: C:diff_innerl _long.sdp; D:diff_inner]_short.sdp; AcMegE_40G_diff_battom_10cm.zdp; B:Megb_40G_diff_inner1_10cm. z4p; C:Megb_40G_diff_innerl_Scm =dp;
E:diff_inner2_long.s4p; Frdiff_inner2_short s4p; G:diff_innert_long s4p; H:ditf_innerb_shart.s4p; D:Megt 40G_dift_inner2_10cm.s4p; E:Megh_40G_dift_inner2_Scm. s4p; F:Meab 40G_diff_innert_10cm.s4p; A:Megh_406_se_innerb_1Ocm s2p; B:Magf_405_se_inners_10om_wi_conn.s2p;
Magnitude(5 ). [dB] Gi:Megb_40G_diff_innerf_Scm.s4p; C:MegF_40G_se_inner_Scm.s2p: D:Megh_40G_se_innerb_Bem_wr_cann.s2p;
I | Magnitude(S), [dB] Magnitude(5), [dB]
B L
N . _‘%éh‘_‘t 254 - B - —
T ol )
a5t | \\\_;n_ Tl | \&“ =
5 7 % 2
R'\%\_\H'“Om m i 51 H&u “ig h
A Waal
M;\Q 5 \ m o
01 401 .57 T
10 - ff R Lo I R \f\‘:l F‘*""G i
D a Differential traces ) I
07 + )
p - j d —
I An ~11d v Inda | Single-ended traces
+ TDHONLA .
15 raro 15 =4y 1 Vi 4
trace MINA ! A 125 L - . .
.
1] 5 10 15 20 25 a0 k] 40 5 o 15 20 25 i) 34 40 5 10 15 20 5 a0 5 40 .
01 Jun 2017, 07:41:01, Simberian Inc. Frequency, [GHz] 01 Jun 2017, 07:42:42, Simbetian Inc. Frequency, [GHz] 01 Jun 2017, 0F:47:37. Simberian e Frequency, [GHz] 1 F I b e r We a Ve Effe Ct ?
—* ASmm[01.02); —= B:Smm[01.02]; — C:Smm[D1.02]; D:Smm[D1.02); —* ASnm[D1.02; —= B:Smm[D1.02]; — C:5mm[01.0:2]; D:Smm(D1.02]; * 48:501.21 B:50.2L C:50.2L D:S01.2: * *
E:Smm[D1.02]; F:Smm[D1.0D2]; G:Smm[01,02); —* H:3mm(D1.D2]; E:Smm[D1,02]; F:Smm[D1.D2]; G:Smm[D1.02];

AMeasVMNAINNERT_10CM_2_4Mb. MFP; B:Mead/NA INNERT_BCM_2_ 4t MFP; C:MeasVMAINMERZ_10CM_2_4tb MFP; D:MeagvNA INNERZ_GCM_2Z_4hM MFP; E:MeasVMA INNERE_T0CM_2_atM MFP;

2. Connectors or adapters?
i) 8] F:MeazvMa IMMNERE_BCHM_2 4kt MFP: G:MeasvNA BOTTOM_10CKM_2_4kM MFP: H:MeasNA BOTTOM_BCM_2_4MM MFF; 3 . La u n Ch Ioca | izatio n ?
:L, 4. Non of the above?

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

J

i
Iy

T Measurement with

207 I-
50 GHz VNA
25T
i 25 5 7h 10 125 15 175 20 225 25 275 30 325 ia] 75 40 425 a5 75 50
19 0ct 2017, 143352, Simberian Inc. Frequency, [GHz]

—# A:Smm[D1,02); —= B:Smm[D1.02]; — C:Smm(D1.02; —& D:Smm(D1,02);

DesicnConEmm *{@jv JAN 30-FEB 1, 2018

E:Smm{D1,02); —* F:Smm[D1.02; — G:Smm[D1,02]; — H:Smm(D1.02);

WHERE THE CHIP MEETS THE BOARD




Reality: Resonance investigation

A:Meadha INNERT_10CM_2_4MM MFP; B:MeadNAINNERT_BCM_2_4MM.MFP; C:MeasvMA INNERZ_10CM_2_4MM.MFP; D:Meas/MNAINMNERZ_SCH_2_4bM.MFP; E:MeasvNa INNERE_10CM_2_4bM.MFP;
F:easvMa INNERE_SCM_2_4MM.MFP; GiMeasviNA BOTTOM_10CH_2_4b.MFP; H:Meas\MA BOTTOM_SCM_Z_atM MFP;

-

agnitude(5]. [dB]

a0t =
Measurement with S
50 GHz VNA \

19 0ct 2017, 14:33:52, Simberian Inc.
—% A:Smm[D1,02); —= B:Smm(D1.02; — C:Smm[D1,02]; —& D:Smm{D1.02);

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

ArbeasvMA INNERT_T0CM_2_ AMM. MFP; B:MeasMA INMERT_SCM_2_4MM.MFP; C:MeasVMNAINMNERZ_10CK_2_ 4kb.MFP:
D:MeazihAIMNERZ2 BCM_2_ dMM MFP; E:MeasvMAINNERE _10CHM_2_4bM.MFP; F:MeasMA INMNERE_SCH_2_ kb MFP;
Magnitude(5), [dB]

No matching| A \?{ﬁ’ff:’* ‘ﬂ!“x«uw

peaks in the | Tt it VAL f v

reflections .| ' 1h'|
P iy .

—# &:5mm[D1.01); =) B:Smm[D1.01]; = C:Smm(01.01]; =+ D:Smm[D1.01];

I
DesicnConEmm *7 JAN 30-FEB 1, 2018

WHERE THE CHIP MEETS THE BOARD

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

Looks like NOT a fiber
weave effect...



Reality: Resonances investigation

A:MeasvMa INNERT_T0CM_2_4MM.MFF; B:MeasWha IMNERT_BCM_2_4MM.MFP; C:MeasvMA INNERZ_10CHM_2_4MM.MFF; D:MeasMa. INNER Z_BCHM_2_4MM.MFF; E:MeaswMA INNERE_T0CH_2_4bb.MFF;
F:MeasvMa INNERE_SCM_2_ AMM.MFP: G:MeasvMa BOTTOM_10CM_2_4MM MFP: H:MeasvNa BOTTOM_SCM_2_ 4t MFF: AcbeaswWNAINNERT_10CH_2 AMM MFP: B:MeasWNA IMNERT_GCHM_2_ 4kt MFP; C:MeasVMNA INNERZ_10CH_2_ 4kt . MFP:

| D:tMeasyMa INNERZ_BCH_2_4kb.MFP; E:MeasvVNA INNERE_T0CK_2_4bb MFP; F:beasyNA INNERE_BCh_2_4bb MFP:
Magritude(5], [dB]
l Magritude(S), [dB]

L Dips |No spikes on \V Lr\
reflection A .m ViV ,,h"{'ﬁfr\\m i "M‘

N

it ;fi'* amﬁ\ul

Measurement with 50 GHz VNA M%

201 ;| :1 J h
. . B e
and 10 cm diff. traces in INNER ! \W"M' / i
NER2, INNER6 and BOTTOM || . . . . - =
! : ' : . ' + + } + + + + + + + + + —F + t 15 20 25 a0 5 40 45 50
0 25 5 75 10 125 15 175 20 225 L 275 a0 125 4] 75 40 425 45 475 50 190ct 2077, 14 39 47, Simberizn Inc Frequency, [GHz]
19 0ct 2017, 14:33:52, Simberian Inc. Frequency, [GHz] * A:S[1,1]; S Bg[1 1, —< C:5(1.1 —H& Ds[1.1); E:S[1.1L * F5[11];

—#k A:Smm(D1.02]; —= B:Smm[D1.,02]; — C:Smm(01.02); —& D:Smm{D1.02);

E:Smm[01.02]; = F:Smm{01.02]; = G:Smm[D1.02); = H:5mm[D1,02];

Looks like NOT a fiber weave effect — what would it be?
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Reality: Resonance investigation

Single-ended S-parameters of diff. traces — dips in the insertion loss, but no
matching peaks in the reflection

A:MeasHA INMERT_10CM_2_4MM.MFP; B:MeasHNA IMNERT_SCM_2_ 4MM.MFP; C:MeasNAINNERZ_10CM_2_4bb.MFF;

A:MeasviNA INNERT_10CM_2_4MM MFP; B:MeasyMA INNERT_ECM_2_4MM MFP; C:MeasyNA INNERZ_10CM_2_4MM MFP;
D:MeasMNa INNERZ_SCM_2_4MM.MFP; E:MeasvNA INNERE_TOCM_2_4MM MFP; F:MaasVNA INNERE_SCM_2_4MM MFP; D_ME:;VM NNERD 5ot ahbt MED: E_M:::Vm R F'Me::wNﬂ eI 2 A
Magniudel5) 199) Magritude(S], [dE] S S -
25T N . k .
O SPIKeS on N :
£t —
°l flecti
reriection
A 3
75T 10
qJot+ 3
15 R, sa'l ] -
125
20T ¥
5T ﬂ /
15 20 25 30 35 40 45 50 55 1? o 15 20 29 20 35 40 45 50
19 Oct 2017, 14:38:37, Simberian Inc. Frequency, [GHz] 19 0ct 2017, 14:33:47. Simberian Inc. Frequency, [GHz]
———k 4512 —9 B:3[1.2) —¢ C5[1.2, — D:5[1.2L E:S01,2 —* FS[1.2] el 2 BSL CSpIL == DSy 5111 FS0AL

Definitely NOT the fiber weave effect...
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Reality: Resonance investigation

That is where the energy goes!

A:Megb_40G_diff_inner1_10cm.s4p; B:Megb_40G_diff_inner1_Sem.s4p: C:Meal_40G_diff_inner2_10cm.sd4p: D:Megb_40G_diff_inner2_10cm_Baked 9d sdp;

. .
E-Megh_40G_dii_innei2_Bom sdp; F-Meqb_40G_dif_innei2_Berm_Eraked_9d sdp; G Me _diff_inner3_10em sdp: H:Megh_405_diff_inner3_Som sdp:
5 and 10 cm diff. traces in INNER1,

Magnitude(3), [dB]

INNER2, INNER6 and BOTTOM
1 N T
antag
, il gJ

=
=

: -1 i
50 THiF ;
ol N
b it DI e
21.25 225 2375 25 2825 275 2875 0 e i) 258 ekl B Jelte] T ®/75 40 41.25
07 Jun 2017, 11:56:12. Simbetian Inc. Frequency, [GHz]
A:tegb_40G_diff_innerl_10cm.sdp; B:Megb_40G_dif_innerl_Scm.sdp; C:Megb_40G_diff_inner2_10cm.sdp; D:Megb_40G_diff_inner2_10cm_Baked 9d.sdp; ——% AS[3—2 BSH3 — CSH.3]: D:51.3L E:S[1.3]: FSM3L —* GS[1.3,—= H:S[ 3]

E:Megb_40G_ditf_inner2_10cm_Baked_9d_se-meas.s2p; F:Megb_40G_dif_inner2_Scm. s4p; G:Megb_40G_dift_inner2_Scm_Baked 9d.:dp; H:Megb_40G_diff_inner_10cm.s4p; 15013
|:Megt_40G_dift_innelE_Scm.sdp;

. A:Megb_40G_diff_inner1_10cm.s4p; B:Megb_40G_diff_inner1_Sem.s4p: C:Meal_40G_diff_inner2_10cm.sd4p: D:Megb_40G_diff_inner2_10cm_Baked 9d sdp;
Magritude(], [dB] £ Megh_40G_dif_inner?_Som s4p; F-M egb_A0G_dif_inner?_Som_Baked_5d sdp; G Megb_40G_dit_inner3_1 lom s4p; H:Megb_40G_dff_inner3_Bom sdp:

=g % M =g6_40G_di_innerS._1 Do sdp:
5 3%%? Magnitude(5), [dB]

TR | |

5 : 5
6257 2 - - -20
e | T
e %w‘% = PR SR I
75 e I_ t- I i / e
?ﬁ\ — \ i { ELY
n I
A= ' A
#75 o el e W NG L " ?\f/ i K
: : =N S 5
" CF incertion loc et O e el T e sON IR
S H1oOCTIH LU YO N[ S Y . U]
AR T T i
. N o NGV Y of S A R i ; T h g%\g{/ “w
I Jl III- leLEh = e, 45 Z\f i
WO od Iy \
125 W R _7‘@ -
| W NA i
4 %5 % 27 29 24 3 F 3w ;W M >\ *W I3 ;| B BIEAE M ENNE=X L AL
07 Jur 2017, 12:00:14, Simberian Inc. Frequency, [GHz] 21.25 225 2378 25 2625 275 2875 30 .25 325 3375 ) 36.25 T 3875 40 .25
* 55020 * Asad) B:S[1.2): B:S[3.4] CS02) 834 —F D:S[.2L —8 Dis[a4L 07 Jun 2017, 11:57:48, Sinberian Ine Frequency. [GHz]
o B[l 2l ———0 Fa[ 2, — ——0 Fa[E4] ——— BS17 Gaa Frat 2 HoEAL ———o 180 2 % AS[LAL———© BS[LAL ¢ S04 DSl AL £S04 PS4 —* GS[4L o HS[1AL
— . o o o o o o o 1501.4]:
o 1SEAL
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Launches are leaky above 30 GHz as designed!

Microstrip launch peak power flow density at 33 GHz

Stuctured Mesh: 50,45, Z:85, d<=2.65748, dv=2.65748 dZmax=35.7662

Elements: 131 250; Matiices: Sh: 2 235 000, CM: 50, Final: 2;

Analysiz: Multiport
#1 PowerFlow(Wolume) at 33 GHz: T=30.303 ps; Peak.

Min=0, Max=346700 [w/m"2]:

06 Jun 2017, 08:40:13, Simberian Inc.

29 GHz cutoff frequency

32 GHz cutoff frequency
| I |

928.57)
Stuctured Mesh: 50,45, Z:85, d<=2.65748, dv'=2.65748 dZmax=35.7662
Elements: 131 250; Matiices: Sh: 2 235 000, C

Analysiz: Multiport K
#1 PowerFlaw(Yolumg 3 ey B PRGNS 110,41, 2928

B3 Povserlow(CutPl
351041, 25, Min=0, Mar=434200

0[dB]
10
-20
30
-40

of

06 Jun 2017, 08:44:42, Simberian Inc.

30 Wiew Mode [press <E> to Edit)

30 Wiew Mode [press <E> to Edit)

Instantaneous power flow density at 35 GHz

Structured Mesh: }:433, Y1113, 27, d4=5, dv=5 dZmar=27.7082 I
Elements: 42 929; Matrices: SM: 587 148, CM: 4, Final 4;
Analysis: Multiport _

launches goes into Substrate

‘ Energy leaked from the
Integrated Waveguide (SIW)

'lllll.'.'l'.
/, | \\

8400 T EXCitation 3, [mil]

oy
-

1000 1100 1200 1300 1400 1600 1600 1700 1800 1500 2000 2100 2200 2300 2400 2500 2600 270 2800 2500 3000 100 2200

07 Jun 2017, 13:28:51, Simberian Inc. 30 Wiew Mode [press <E> ta Edit).

Simulated with Simbeor
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Leaks and multipath propagation

Max electric field intensity at 31 GHz the INNER®G layer for the structure
feeding the bottom microstrip (mostly Z-directed component)

7224

07 Jun 2017, 11:40:34, Simberian Inc 3D Wiew BE S [press <E> ta Efl)

Structured Mesh: X:433,¥:113, 211, d==b, dv'=5 dZmax=33.7224 I
Elements: 48 929; Matrices: SM: 567 148, CM: 4, Final 4;
o TG

Analy
1
Min:
I!I
8700

Average power flow at 31 GHz Peak power flow density at 31 GHz

excitation

S iy B0 (11} all =[] o i1}
1000 100 1200 1300 1400 1800 1EQ0 1700 8O0 1800 Z0OD 2100 2200 2300 2400 @S0 2800 Z700 2300 2800 3000 EI00 3200 07 Jun 2017. 11:14:39, Simbeian Inc exc i t a frﬁ”ﬁe {eress <E> to Edi].
07 Jun 2017, 11:27:36. Simberian Inc. 30 Yiew Mode (press <E> to Edit),

»4. [mil]

Simulated with Simbeor
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Leaks and multipath propagation

Average power flow density at 35 GHz Instantaneous power flow density at 35 GHz

Structure d Mesh: X433, Y113, 201, d=5, dv'=5 dZmax=33.7224 [
E\ement 48929 Matrices: SM: 587 148, CM: 4, Final: 4;

ices: St; 587 148, CM: 4, Final: 4;

lllllllllllll‘

/

excitation Kol

fpo-
1000 11000 1200 1300 1400 1500 1600 1700 1800 1300 2000 2100 2200 2300 2400 2500 ZROO 2700 ZBO0 2500 3000 3100 3200
07 Jun 2017, 11:29:47, Simberian Inc. 30 Yiew Mode [press <E> to Edit).

Lessons learned:

To extend the frequency range of the test structures to 40-50 GHz:

Launch vias should be closer to the signal via;

No gaps between the stitching vias on the strip side;

Stitching vias along the strips should be closer to the strip

Strip line is a waveguide with two reference planes and the equipotentiality
must be enforced with stitching vias, to have predictable behavior;

WHERE THE CHIP MEETS THE BOARD
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Meander vs. straight trace (both 10 cm

Insertion loss for 10cm long straight line and 10cm long meander on same layer with same launch
I | I I I | I I I

v der S21 ®) Add Plot ®) Grid Zoom In
eanaer
5 \\- Straight line S21 | T T T T T T T T T
g O S
1ol VU X 09 - s(2,1)|
\ A "\ 8(2,1
08 B
A5
0.7 7
-20 -
0.6 |- B
=25
Q 05 .
o g
[a)
30 =
04| = N
Ripples on
35 03[ ]
meander — why?
40+ | -1 02 7
45 n 0.1 \ J ]
0 i
-50 - T
l l l l l l l l 01 | | 1 1 1 | 1 1 1
0 02 04 06 08 1 12 14 16 18 =

5 10 15 20 25 30 35 40 45 50
Frequency [GHZz]

Measured with 50 GHz VNA
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Multi-path propagation?

A:Meander.E1_Meander_10cm_Hiroze_con_IFBW_B00Hz MFP;

W, V]

A:Meander. E1_Meander_10cm_Hirose_caon_|FEW_S00Hz.MFP;

047 Y. [¥]

0.00427 <

0005 T 363

/\/\ﬁ4'?/\ s

03t

Measured with 50 GHz VNA

oy
01T
0,005 T . . ! . . .
400 425 450 475 500 525
ol 22 0ct 2017, 14:30:02, Simberian Inc Time, [pz]
I I | A2
100 20 300 400 500 500 700 800 300 1000
22 0ct 2017, 14:28:40, Simberian Inc. Time, [ps]
Meander. E1_Meander_10cm_Hirose_con_|FBW _S00Hz MFP; ANI21L
tagnitude(S], [dB] Group Delay, [ps]
-__—__:*-_h—""-h.* Meander E1_Meandsr_10cm_Hioss_con_IFBW _S00Hz MFP;
an+t = | Magritude(S). [48] Group Delay, [ps]
\)J«\ 5000 ) i I
7H00
) aroup delay ¢
! 7 i‘j 5000
207 . #l
s sél i 2500
= —H = e — ke — ke — = — - e . i A i =y - S Bt B e
30T 20 e ;‘; ; Pl
\ ]\: 2500
0 r"‘ / 5000
,D N/
A0+ 4 ’l 7500
B 'EDDD * V!f\\ 10000
80
-4 43 4325 435 4375 44 44.25 445 4475 45 45.25 455 4575 46 46.25 465
'EI:I 06 Oct 2017, 12:44:08, Simberian Inc. Frequency, (GHz]
—k g2 F—— =
} } } } } } } } } }
T 110 15 20 25 an i3] 41 45 a0
22 Oct 2017, 14:35:01, Simberian Inc. Frequency, [GHz]

—k 5.2 F——
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Multi-path propagation

Instantaneous power flow |
density at 45 GHz Hll]

Structured Mesh: %1066, 7112, 2.3, de=2, dr=2 Zman=27-0708 @
Elements: 354 480; Matrices: SM: 4 253760 TM: 2. Final: 2;

Analysis: Multiport
12 FowerFlon{Volume) at 43 55H®s ps:lnst ot O7EZT.

M\n=0,w0 [wdm2];
0l

15

! | | | | ‘ | '| | l | | I Average and instantaneous power
b‘\ ] 1..HJ p flow density at 45 GHz between
22Dct2D1?,14:3;:D1l,;imbenanInc. plane Iayers adjacent to meander 30 Yiew Mode [press <E> to Edit).

Structured Mesh: 5:422, 45, 2.7, dX=5, dv'=5 dZmax=27 0708 B
Elements: 132 330; Matrices: GM: 1595 160, CM: 16, Finak 2:

Analysis: Multiport
#5 BowerFlow(CutPlane) at 43.6 GHz: T=22.9358 ps; Average:

Min=[:Man2 7260 [\ ———[NNEHE
0

22 Oct 2017, 14:38:42, Simberian Inc. > o Edit].

O8]
i B 3D View Mode (press <E> to Edil 75
18 101" port 1 f port 2
2N
225
30 S . [mil]
-
3375 3600 3625 3750 3875 4000 4125 4250 4375 4500 4625 4750 4875 5000 5125 5250 H375 5600 BE25
06 Oct 2017, 09:26:54, Simberian Inc. 30 VYiew Mode (press <E> to Edit).
Stuctured Mesh: X422, %145, 27, dx=5, dv'=b dZmax=27 0708 le_

Elements: 132 930; Matiices: $M: 1595 160, CM: 16, Final 2;

Analysis: Multiport
#5 FwerFlow{CutPlane] at 43 6 GHz; T=22.9358 ps; Inst. at 0 ps;

M|n -0 z27960 [+ —[NNE%
'I W Yasesones B

E [dE]

F.5

415

.‘2 5

; =, [mil]
-

80

ct 2017, . Simberian Inc. ew Mode [press <E> to

3375 3500 3625 3ran 3875 4000 4125 4250 4375 4500 4625 4750 4875 5000 5125 5250 5378 5500 5625
06 Oct 2017, 03.27.56, Simberian Inc. 30 Wiew Mode (press <E> to Edit]

Average power flow density at 45 GHz

Structured Mesh: X1055, . 112, 2.3, dée=2, dy'=2 dZman=27.0708 |22%
Elements: 354 4810; Matiices: SM: 4 253 760, CM. 2, Final: 2;
Analysis: Muliport

#3Fh

Simulated with Simbeor

-80 . [mil]

o

-
3|00 3600 3700 3800 3300 4000 4100 4200 4300 4400 4500 4600 4700 4800 4500 5000 5100 5200 5300 5400 5500 SE00
08 Oct 2017, 03.23:42, Simberian Inc. 3D View Mode [press <E» to Edit)
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Reality: Unwanted coupling due to the leaks

»L 5 cmand 10 cm SE traces in INNER6

“F Coupling between non-connected

. ports 1and 3 and 1 and 4 |
YMH 1'(7 y

‘Ill Ladi | 1Ll

Jm.\ i

quency [GHz]

|
10

Lesson learned: The launch starts loosing the localization at about 27 GHz (30 GHz by design)
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Reality: Unwanted cou

o0°

Coupling between non-connected
portsland2and1and4

Lesson learned: Use more stitching vias connecting reference planes EVERYWHERE!
|
DEesIGNCoN ‘e «
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pling due to the leaks

Y -

| /
.| Coupling between non-connected

\ N
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ports 3 and 4 — 15 cm apart

<
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Conclusion: Lessons Learned

. “Sink or swim” validation process has been successfully used in the “practical” project
. 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 Sl problem bandwidth and equal importance of low and high frequencies
—  Try before you invest into any measurement equipment — no matter how reputable is the vendor (applicable to EDA tools)
— Launch and reference plane stitching localization degraded results above 30 GHz in this project

— To extend the predictability up to 40-50 GHz, manufacturing tolerances should be substantially reduced, or trace widths
increased and more homogeneous dielectrics used

—  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

— ldentified dielectric parameters are very close to the vendor specs
—  Cross-sectioning revealed that manufacturer adjustments for strip lines are very close, but for microstrips are not acceptable
—  Ambiguities in use of AC cap capacitor models with the EM analysis
. Practical recommendations
—  Measurements should be planned in advance to have all matching parts (cables/connectors)
—  Layout needs careful inspection before manufacturing
— Naming for stackup & nets should be consistent through the whole design/manufacturing cycle
—  To simplify comparisons, port numeration should be consistent in models and measurements
—  Keep connectors clean or apply for a license to get 100% pure alcohol if you are in Sweden ©
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EVERYTHING MATTERS FOR
40 GHz PCB INTERCONNECT
DESIGN AND VALIDATION!

"l_l i._t‘l’
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