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High-level Design Challenges

CEI-56G-VSR-PAM4

Choosing appropriate
diff pair geometry,
board material and
stackup to meet
insertion loss budgets
for industry
standards can be
overwhelming
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Ref: OIF CEI-04.0 Dec 29, 2017
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Transmission Line Modeling

wUVUIN

Insertion Loss vs Frequency

- orer Important to model

° dielectric and conductor
el loss accurately
zo.ﬂ:i;:x “““““““““““““““ Wigtar () = Igier ( )+ Ksr (F)% IWgonguetor ( )

freq, GHz

Simulated with Keysight ADS [13]
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Fva“i»llure To Model Roughness Properly Can Ruin You Day!

Insertion Loss

ADS

dB

freq, GHz

Simulated with Keysight ADS [13]

With just 3.2dB delta @12.5
GHz => ) the eye height with
rough copper

Smooth Copper Rough Copper

=t




2018 2
@ % I 1| Electronic Design Innovation ' ~
» . | V| conference & Exhibition >

e

Dielectric Properties

Insertion Loss (T) and Phase Delay(B) Data Sheet

- Failure to correct D, from
., datasheet due to

) °* PN 2—1.10 3
. =g conductor roughness =>

e — — inaccuracy in simulated IL

0.95

L & Phase Delay

-3 I I I | I T I I
0 5 10 15 20 25 30 35 40 45 50

freq, GHz

---- Measured ---- Simulated

Simulated with Keysight ADS [13]
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EDA Tool Challenges

v" Many EDA tools include latest and greatest models for conductor
surface roughness and wideband dielectric properties

But obtaining the
right parameters to
feed models is always
a challenge
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Design Feedback Method

B & X-section Data

Fit

Dy

Roughness

Extract
Design Product Channel Simulation Parameters

= le—{ o, <

Benefits:
— Practical
— Accurate

Issues:
— Expertise required
— Time
— Money

— Extracted
parameters only
accurate for sample
from which they
were extracted

7
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“Sometimes an OK answer NOW! is better than a
good answer late....” — Eric Bogatin
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What You Will Learn

v'"How to apply my Cannonball model to determine Huray
roughness parameters from data sheet alone

v'How to determine D, due to roughness from data sheets
alone

v'How to apply these parameters in the latest version of
Polar Si9000e Field Solver

v'How to pull it all together using Keysight ADS software
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Outline

Overview

Modeling Conductor Roughness:
= Hammerstad Model

= Huray Model

= Cannonball-Huray Model

D, Due to Roughness Model
Model Validation

Practical Channel Modeling for High-speed Design Case Study

10
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Overview
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Copper Foil Manufacturing Processes

Rolled Electro-deposited (ED)

Untreated Foi

* Smoother * Rougher
* Higher Cost  Lower Cost

12
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Common ED Roughness Profiles

IPC Standard Profile IPC Very Low Profile(VLP)  Ultra Low Profile (ULP)Class

TN S 5 -

R d y AN TN £ oz 7 B 3 H R~ o N
i ./t‘:\\,.-,?»\’kft':oﬁh\‘.f‘:;___,.ﬁ S e =

-Other names: HVLP, VSP
-No IPC spec
-Typically < 2 um max

No min/max spec < 5.2 um max

SEM Photos Reference [17] 13
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Drum Side —l Drum Side
Nodulation o I
/' ; Treatment

Drum Side Untreated OJ L Matte Side a Matte Side J bj Drum Side Treated

OR
[ BN ‘N . |

Untreated Treated
Foil ! | Foil

Matte Side Untreated Matte Side Treated

SEM Photos Reference [11] 14
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Oxide/Oxide Alternative Treatment

During PCB fabrication untreated copper on each side of core
laminate undergoes a roughening treatment to promote
adhesion

50-70 uin copper removal smoothens

macro-roughness and adds micro-

roughness voids to surface

Cleaner P

Rinse I-é

Predip |—)

OAH

Rinse I—)

Photo Reference [18]

15
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Roughness Parameters

RMS (R,) / Average (R,) 10-point Mean (R))
g g 1.5
. - | ‘/7Iine
’ ” S;?'nple Lengytsh, um o - ’ ® S;?nple Leng;tsh, um o 125
1 N 1 N 1 5 1 5
Ry = _ZYiZ Ra:WZ|Yi| RZZ_Z|YPi|+_Z|YVi|
N i=1 i=1 S i=1 S i=1 16
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Foil Bonding to Core

Standard Treated Foil Reverse Treated Foil (RTF)

Drum Side Untreated Matte Side Untreated

Drum Side Untreated Matte Side Untreated

v Treated Side of Raw Foil Always Bonds to Core

17
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Modeling Conductor Roughness

19



ED[2018 B
™ ) I\ J| Electronic Design Innovation i
W W | V| Conference & Exhibition '

“All models are wrong but some are useful...”
- Sir David Roxbee Cox

20
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Hamerstad & Jenson Model

Insertion Loss vs Freq. RT Foil

C

\ i

Tooth SO0 N RN ]
N ]

" -6

~
-

L |

dB
N
|

Spatial Length

| IL_Meas

1IL_rough seses

2 i i L e o e L B
Prough 2 A 0 5 10 15 20 25 30 35 40
K., =——=1+—arctan| 1.4 3 freq, GHz
flat 7

Loses accuracy above ~ 3-15GHz
A= RMS tooth height in meters depending on roughness of copper

21
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SEM Photo Reference [15]

Based on non-uniform distribution
of spheres resembling “snowballs”
applied to a matte base

flat Aflat i=1 Afl at q

P.. 3 Noxdza?)(, &(f) &4(f))
Koay (1) =22 ~ Pnat +§Z( J[u (), zéz)j

22
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Huray Model Prior Art [6]

Hexagonal Lattice 0

Hexagonal Tile

Insetion Loss (dF)

VNA Measurement —»

Base 9.4 um

| | , \
Pk-Pk 9.4 um 0 5 10 15 E

SEM Photo Reference [15] Plot Reference [15]

Assumes stacked 11 spheres min; 38 spheres max Fit equation parameters to
“snowballs” arranged in of radius 1um to fit within hex measured data
hexagonal lattice tile area and height of 5.8um .
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Cannonball-Huray Model [3]

N; x 47r?
flat

_ Aue |, 3%
+22

A 213 (1 5(rf)+52(f)]

2r?

N;=14 Spheres

14x 47r?
36r?

x

L), 52(f)] |j|>

r 2r?

2.331

v

5(f)  8*(1)

r

2r?

|

<o 1 X
1 v N

Base Area (A4 )

r ~0.06(R

z

)i Aae z36(r)2

24
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Modeling D, .« Due to Surface Roughness

25
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Marketing Data Sheet Issues

Properly
Typical
Vaiue
slass Transition Temperature (Tg) by DSC. 200 170-200 -
Temperature (Ta) by TGA © 5% weight oss 60 . 0
T260 B - Minnizs
T2Es san Minizs
Pre-Ty B8 Aaus
£, -ty ‘I P |;; g P
A PrE-Tg__ 18 Aass
L [ ;x‘?; 18 Lt
Z-axis Expanslon (50-260°C) 28 b
Thermal Conducvity -~ [X] WK
Thermal Stress 10 sec @ 288°C - - -
d—po; P Pass iUz ey
54
, Pemitvity
Lamenste & prepreq 35 lamina)
at 6e% resin
=3
, Loss Tangent
Laminate & pecprog as lominated)
BTy —
[T
Volume Pesisthety u2em
L
Lo
Sartace Resistity 260 me
2130 1P
DiekecTnc Breakoown >80 o
AIC Resistance 1 & Se0oNGs.
Eleciric Strengih Laminate & prepreg a5 laminated) 20 =) o
Camparsthe Tracking Index (CTI) s oy
A Low prafie coppar i and vary ko [T
1
Nmm 2482
Peel Sirengh unct] 2483
Flexural Strangtn = Bt za4
A Lengiiise cliection o
Tenshle STRNqR B Crosawhe dreckn IDng
¥oung's Modulus & Lol diectin u .
A Gz drectin [T
- E. Al dracton [RE] =
Molshure Absorption ] [ 2621
Flammablilty (Laminsts & prepreg 2 laminated) [ Raing [T
Wiax Dperating Terpesature E] W Gat &

{crmc, 2 poncthoms of the agraeme under WS they a7 G0k,

The cista, whils e i e et and b on anelybiosl mebocs constderer o e rekiable, & or nfomTation purpases onky. Ay sl of these racucts wil b govemed by e

Reference: Isola [9]

A. @ 100 MHz (HP4285A) 3.72 54 2553
DK, Permittivity B.@ 1 GHz (HP4291A) 3.69 - 2559
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripline) 3.68 = = 2555
Tested at 56% resin D. @ 5 GHz (Bereskin Stripline) 3.64 = 2355
E. @ 10 GHz (Bereskin Stripline) 3.6 - 2555
A. @ 100 MHz (HP4285A) 0.0072 0.035 2553
Df, Loss Tangent B.@ 1 GHz (HP4291A) 0.0091 - 2559
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 0.0092 - - 2555
Tested at 56% resin D. @ 5 GHz (Bereskin Stripline) 0.0098 - 2.5.5.5
E. @ 10 GHz (Bereskin Stripline) 0.0095 — 2.5.5.5
Using Dk/Df numbers from
marketing data sheets for stackup
and channel modeling will give
inaccurate results
26
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Core Data

1x106 720
1x1067 69.0
1x1080 57.0
1x1086 580
1x1080 63.0
1x3313 51.0
2x106 67.0
1061080 590
1x3313 55.0
1061080 61.0
2x1067 63.0
1061080 62.0

0.0020 ZBC

0.0025

0.0025

0.0030

0.0030

0.0035

0.0035

0.0040

0.0040

0.0043

00043

0.0045

0.0508 ZBC

0.0635

0.0635

0.0762

00762

0.0889

0.0889

01018

0.1016

0.1002

01082

0.1143

337
0.0075
342
0.0075
367
0.0071
365
0.0072
354
0.0074
3.82
0.0068
3.46
0.0074
363
0.0072
3n
0.0071
357
0.0073
3.54
0.0074
355
0.0073

En

336
0.0089
340
0.0084
364
0.0079
363
0.0079
352
0.0082
3.79
0.0076
345
0.0083
361
0.0080
aTfo
0.0077
3.56
0.0081
352
0.0082
354
0.0082

ineering Data

334
0.0096
338
00095
362
0.0089
3.60
0.0091
350
00092
a7
0.0084
342
0.0094
358
0.0090
368
0.0087
3.54
0.0082
350
0.0092
352
00092

332
0.0101
336
0.0100
361
0.0062
3.59
0.0092
348
0.0098
377
0.0087
3.40
0.0098
357
0.0093
366
0.00%0
3.52
0.0085
348
0.0096
3.50
0.0095

3.30
0.0107
334
00105
360
0.0097
357
0.0008
347
00102
374
0.0092
338
0.0104
355
0.0098
365
0.0095
351
0.0099
347
0.0102
348
0.0100

330
0.0107
333
00104
359
0.0085
357
0.0005
347
00101
374
0.0080
337
0.0102
354
0.0096
365
00094
3.50
0.0088
347
0.0101
348
00098

Reference: Isola [9]

eets

Provides:

v’ Actual core/prepreg
thicknesses

v'Resin content

v’ Dk(f) /Df(f) for
different glass styles

27
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Dielectric Modeling Issue

Dkeff Data Sheet

a1

When Data Sheet D, is not

g m15
D L ]
the same as Effective D,
' m14
35 T T T T | T T T T | T T T T ‘ T T T T
0 5 10 15 20
freq, GHz
m14 m15
freq=10.00GHz freq=10.00GHz
Dkeff ADS=3.626 Dkeff Meas=3.761
A-3.6%

Simulated with Keysight ADS [13] 28
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IPC TM-650 Clamped Stripline Resonator Test Method [14]

Resonant Element Pattern Card

Gnd Plane Foil \‘ \ ‘ GnrdPIéfr‘\re Foil

U
Clamp Plate —| / \ l4— Clamp Plate
i
\ /
o B
b= {44 gk
PR3

Test Specimen ? Test Specimen
SMA

Side View (Unclamped) N.T.S.

IPC-TM-650 - Section 2.5.5.5 - Rev C - Test Fixture [14]

Side View (Clamped) N.T.S.

Issue:

Since resonant element pattern
card & material U.T. not
physically bonded together =>
small air gaps between various
layers & conductor roughness
affects published results

Published D, not same as D,
due to roughness

29
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Data Sheet
Dkeff Csmooth Hsmooth

Reality

H smooth

& A
Csmooth = Dkeff ( : j

Hsmooth — Crough _

Dkef‘f _rough [

EA

H

smooth

o

1:diel

J _ Dkeff_rough

H Csmooth D (
keff

rough

&A

H

smooth

|

Dkeff

D,.+ Due to Roughness Model [1]

Dkeff_rough MOdEl

Dkeff_rough Crough

H

T

smooth

: |

EA
H

smooth

Crough = Dkeff _rough (

|

keff _rough = (H

H

smooth

smooth

2R,)

X Dyett
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FR408HR/RTF Simulation Results for D,

Dkeff Data Sheet

e
3.9—
T m15
)
3.7
mi4
35 T L LI B A — T
0 5 10 15 20
freq, GHz
m14 m15
freq=10.00GHz freq=10.00GHz
Dkeff ADS=3.626 Dkeff Meas=3.761
A-3.6%

Simulated with Keysight ADS [13]

Data Sheet Values

Dkeff

. 441

Dkeff Due to Roughness

39—
. m10
3.7
35 T T | T ‘ T T T | T T T
0 S 10 15 20
freq, GHz

m10
freq=10.00GHz
Dkeff Meas=3.761

m8
freq=10.00GHz
Dkeff_ADS1=3.727

A -0.9%

D, Roughness Model

31
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Causal Roughness Correction Factors [4]

Complex impedance Real part of internal Imaginary part of internal
of rough metal impedance of rough metal impedance of rough metal
A . A
[ | | ~ | [ 1

20 = KGN+ DA R, =K =K, (DI R, 11K, () + K, (WA R

. oo — ‘ Y '

Complex roughness \ Loss correction.-". Inductance
correction factor .. factor _.--7 correction factor
<
This is what we used to call
“roughness correction” factor

32
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A Causal Conductor Roughness Model and its Effect on
Transmission Line Characteristics [4]

Dkeff vs Frequency

3.9

Dkeff

3.6—

Measured

Causal

NonCausal

P

+———

Modeled with Hyper|

5 10 15 20 25 30 35 40 45 50

freq, GHz

lynx [20] and Simulated with Keysight ADS[13]

D, corrected due to
roughness and complex
roughness correction
factor applied

v Excellent Results!

33
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Model Validations

34
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CMP-28 Test Platform [7]

Features:

* FR408HR material with reverse-treated foil (RTF)
* Assembled with 2.92mm (CMP-28) or 2.4mm (CMP-32) connectors
* 3D EM benchmark structures

* Loss structures for material extraction

* Resonators for measurement correspondence

* Multi-impedance structures for VNA time transform analysis

Applications:

* 3D-EM and measurement assistance for the Sl practitioner
* Vias
* Multimode Analysis
* Meshing Analysis Structure
* Advanced Material Extraction and Loss Modeling
* THRU Calibration, T-matrix de- embedding
* Advanced Crosstalk analysis
e TRL/LRM Calibration Verification/Benchmark

Photo courtesy Wild River Technology [7]
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FR408HR/RTF Data Sheet & Test Board

Design Parameters [7],[9],[11]

Parameter

FR408HR/RTF

Matte Side I

Prepreg
Matte Side

w
Core H 1

Drum Side l

D, Core/Prepreg

3.65/3.59 @10GHz

D; Core/Prepreg

0.0094/0.0095 @ 10GHz

R, Drum side

3.048 um

R, Before Micro-etch-Matte side

5.715 um

R, After 50 uin (1.27 pm) Micro-etch
treatment -Matte side

4.445 um

Drum Side ‘
1

Trace Thickness, t

1.25 mils (31.73 um)

Trace Etch Factor

60 deg taper

Trace Width, w

11 mils (279.20 um)

Core thickness, H1

12 mils (304.60 um)

Prepreg thickness, H2

10.6 mils (269.00 um)

De-embedded trace length

6.00in (15.24 cm)

37
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MLS RT foil

L )l

J‘q
e, g
i (RN g 5

DL

Treated drum side Untreated matte side Matte side after etch treatment

Rz =3.175 um Rz =5.715 um Rz =4.443 um

Photos courtesy of Oak-mitsui [11]

38
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Determine D, Due to Roughness Core/Prepreg

Matte Side l
H
H, Dkeff prepreg = 2. moch X Dk prepreg = 269ﬂm x3.59=3.713
Prepreg " B ( H 2_smooth 2 Rz_matte ) - (269:um —2x 4'445ﬂm)

Matte Side

!
Drum Side ‘T

H
W I H Dkeff core oot S Dk core — 3046ﬂm X 365 = 3725
Core ! (Mg = 2R, grum) o (304.6um—2x3.048um)

Drum Side l

39
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Determine Sphere Radius (r) & Base Area (A;;)

r-matte ~ 006 Rzfmatte
~ 0.06x 4.443m
~ 0.266 um
Matte-side r =~ rmatte + r-drum
eff 2
~0.266m +0.182,um
2
~0.224um
2
r ~ 0 O6R Aflat = 36(reff )
drum =~ ¥+ z_drum
- =36(0.224 um)®
~ 0.06x3.048,m ( f )
~0.182um =1.800.m

Drum-side

40
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Input Design Parameters Polar Si9000e [12]

sursal al trate Dats - a
-] as Pasametes Eniry Units BB Cousally Extrapolate Substrate Dat
B R PR R S S = P (= == == B EE B e - rome
= Step 1 : Set Substrate Causal Extrapletion RoMEro\Poi Step 2 : Set Frequency Range and Select Calculate. e
~ Frequency Distiibution Measwement Data Freq Hz)
ﬁ Lerath of Line: W[ Em  Logsithmic & Liat Na Datalmported Opbens. Subskale 1 Height W [TaE FrequencyMnmun il Pt [ oga0
i Trace ConductiviylS/ml  TC SR0EDT — Sl 7 Inchuds on Al Losses pkt Subshale 2 Heght W2 [Taen Frequency Masimun (GHz) M ym} su
18 Loss Tangent TarD 0075 — GoalSeek| Frequency Shep: Fsteps [~ 1000
Fiise Time [ps] L ] 5-Parameler Conliguration ]
Sutace Micioiip Frercy Mo [6H:) FMox [ 5700 |- seL._| D
@ Freauency Sups Ftps [ o0 keff_rough
ﬁ I AuoCakc Graph | Resuts |
Graph Setting:
e ﬂ‘ Causally Extrapolate Substrate Data Dispag S
cotedMiciot
1. v polarinstruments com Distectric Constant [E1)
g | Sigle Erces | SPICE ALGC| 2Pt 5 Pavametes - Graph | 2 Pt -Porameters - Dota | Measusemert Dta | — 2
= Graph Seithhos = Picked Dal Port Infomation
ﬁ Offset Stripline 1B1A | L3
CostadMicoshp www_polarinstruments. com IFTerT — E 5
F] [ Conductor Loss SEEEEE Dislectnc Loss WEEEEE Aftenustion C——=2 Conductor Loss R [ ughnass 5
E 3
< 004 S 375
< 00 2375y
- 8 g5 F ™ Los: Budget 81 g E E"—-——__
D Cante P 00000 frehesh | . | &Y
Mictastip 18 2 10 _ v o b P b b s [ o T i
c S e e e e R e B S
£k W e— o 10 s o0 2 im0 soler s o
EREZ= == o Frequency - MHz
o E
2
Dual Coated E E
Mictoship 28 YA
- E Prink Expait
ik | P | _Espot | x
= = E Rato ol Aress Apghy
Ertmdiod = Elctie B Radus fon) T2 7
e 1A S T e e ™ ™ v ™ v e A Amtaries fam o
Fevgiancy - Mz Nunberof Bks e W —
Smecther  Rougher
B pr—————— = T =
Al Sructass p

Tolerance Minimum  Maximum

Substiate 1 Height H1 00720 +{+[ 00000 [ 00120 [ 00720 Caloulats

Offset Stripline 1B1A Substate 1 Dickectric el 372804 [ 00000 | 7280 | 37250 Caoulate S : L
Substrate 2 Height H2  [Tomzo-H¢[ oo [ omz [ 00120 Coleulae :

Substrate 2 Dislectic EQ 37130 {*[ 00000 [ aria0 [ 37130 Celeulste

Lower Trace Width w1 0010+ [ ooooo [ omio [ oo

Uppet Trace Width w2 00058 j +[ 00000 [ 00035 [ 00038 Coloulate

Trace Thickness T 000122 ¢[ ooooo [ 000z [ oooiz _Caeate

Mans Side Ranbrass
ReMalte ) [~ 44430

OnumSide Reughness

RzDambml [~ 3080

inpedares = 49.92 4992 [ 4992 Caleulale
_Mos.. | 41
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Simulated vs Measured

S12 512

www.polarinstruments.com www_polarinstruments_com

| — Touchstone W Calculated

BN Touchstone WSS Calculated
200

150 |

100 |

Magnitude - dB

Phase - Deg
@
o 3z
\II\\I‘\I\
—
—

n
=
I

-100-;
-150-|
r 200
bbb ———— C
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Frequency - MHz Frequency - MHz
Insertion Loss Phase

v" Excellent Correlation!

Modeled and Simulated with Polar Si9000e [12] 42
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FR408HR Simulation Results for Impulse and TDR

TDT Impulse Response TDR
ADS 0.5 ADS 52
i Measured e B Measured -_
0.4— Causal HHHHEX : Causal XHHEHX
7] NonCausal - NonCausal  +—+++
0.3 51—
2] _
2 £ ]
S 0.2 o
> | O" B
N
0.1 50—
0.0 |
'01 IIIIIIIII|IIIIIIIII 49 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1.05 1.15 1.25 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
time, nsec time, nsec
43

Modeled with Hyperlynx [20] and Simulated with Keysight ADS[13]
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Well...single-ended looks
great.....BUT how well does
this method work to model
a practical backplane

channel with diff pairs?

uuuuuuuuuuuuuu

I TR

il

44



ED

CO

|| 2018

Electronic Design Innovation
Conference & Exhibition

ExaMax Demonstrator Platform

Design Intent - 28 GB/s NRZ

Meg 6 or N400OO-13EPSI Options
- Nelco N4000-13EPSI Version Used

MW-G-VSP % oz. foil (VLP)
2.9 mm coax connectors
Case 1 =8.25"(20.25”) L12
Case 2 =14.80” (26.8”) L10
Case 3=20.22" (32.22”) L10
Case 4 = 26.70” (38.70”) L12
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Loss Topology Model N4000-13EPSI Summary

PCB1324-002 -L11 PCB1324-001 PCB1324-003 -L6

SMA 5 SMA

0.4” { ]» 0.4”

0.4” { — E— - } 0.4”
5.6” Y 5.6”
Diff-pair

Conn
Conn

SMA Case 1 = 8.25” (20.25”) L12 SMA

Case 2 =14.80” (26.8”) L10
Case 3 =20.22” (32.22”) L10
Case 4 = 26.70” (38.70”) L12

W = 4.9mils W = 6.3mils() W =4.9mils
S =6.1mils S =5.7 mils() S =6.1mils
t =0.6 mils t = 0.6 mils() t = 0.6 mils
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Data Sheet Parameters [10], [11]

p M ITs U I Performance Copper Foils
, MITSUI KINZOKU CORPORATE GROUP
ELECT )<r1i‘:knkz MICA MITsul
CORP MW—G—VSP KINZOKU
N4000-13 SI® / N4000-13EP SI® - Dielectric Properties Table
Tensile :
“m (uan) (S’If:‘ :t;; Eloﬁ.:)tnon Pe?ll(&sz:sgth
Thickness & Tol. Construction RC% 2GHz Dk 2GHz Df 10 GHz Dk 10 GHz Df = T e = T
00020 & 00005 |1 106 69% | 304 + 0056 | 00082 + 000021 |302 % 0055 | 00086 % 000023 MW-G-VSP| 35 25 350 16 1.3
00020 : 00005 |1 1035 67% (307 + 0024 | 00081 + 000009 |304 + 0024 | 00085 + 000010 7 25 350 19 15
00025 & 00005 |1 1078 58% (319 + 0037 |0007 & 000014 |316 % 0037 | 00080 % 0.00016 -
00030 + 00005 |1 1078 64% (311 + 0020 | 00079 + 000007 |308 + 0020 | 00083 + 0.00008 HEDOREIRRETT . RIEETEBYEEA.
0.0025 £+ 00005 |1 1080 58% 319 = 0048 00077 & 000018 |[316 % 0.048 00080 = 0.00020 This is representative date, not guarantee.
00030 &+ 00005 |1 1080 64% (311 + 0029 | 00079 + 000011 |308 + 0029 | 00083 + 000012
+ 00005 11 2013 soeelaze ¢ 0007 100072 + 000010 1327 + 0007 | 00078 & oooons |
DCCore | 00040 & 00005 [2 1035 67% 307 &+ 0010 | 00081 + 000004 |304 + 0.010 | 00085 & 0.00004 S3/Laminate side LS / resist side
00040 & 00005 |1 2013 57% | 319 % 0012 | 00076 ¢ 000005 |3.17 0012 | 00079 & 0.00005 i St s
00040 + 00005 |1 2116 45% (338 + 0029 | 00069 + 000011 [335 + 0029 | 00072 & 000012 2% R A S B
00050 & 00007 |1 2116 56%[321 & 0001 | 00076 % 000000 |318 % 0001 | 00079 : 0.00001 s
00050 + 00007 |2 1078 58% /319 + 0015 |00077 + 000006 [316 + 0015 | 00080 + 0.00006 :
00060 &+ 00007 |2 1078 64% 311 & 0004 | 00079 + 000002 |308 & 0004 | 00083  0.00002
+ 00007 12 1080 sa% 1310 + 0mof loon77 + 000010 1316 s+ 0026 | oooA0 s oooout |
BP Core | 00060 &+ 00007 |2 1080 64% (311 + 0013 | 00079 + 000005 |308 # 0013 | 00083 & 0.00006
00070 & 0001 |2 2013 50% | 320 & 0027 | 00072 + 000010 |327 + 0027 | 00075 & 000011
2GHz | 26Hz
Glss | RC% Dk Of
106 75 298 | 0.0084
1035 75 298 | 0.0084
8 685 309 | 00080 |
BP/DC ™og0 | 65 | 309 | 0.0080
Prepreg T3 <3 316 00077
2116 55 322 | 0.0075 47
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ExaMax Demonstrator Platform
Data Sheet Design Parameters Summary

Parameter

N4000-13EPSI
Backplane

N4000-13EPSI
Daughter Card

D, Core/Prepreg @ 10GHz

3.08/3.06

3.04/3.06

Prepreg

Drum Side

W,

)

Drum Side ‘ ‘

Drum Side

Core

n

1 T

Matte Side

‘_1_
””””””””” W !
I — -
Matte Side Matte Side ‘
w w;

R W i e P WY o P

D; Core/Prepreg @ 10GHz

0.0083/0.0084

0.0085/0.0084

R, Matte side

2.5um

2.5um

R, Drum side w/OA | 1.5 um 1.5 um
Trace Thickness, t | 0.6 mils 0.6 mils
4.9 mils (Diff)
Trace Width, w, | 6.3 mils 5.4 mils (SE)
4.3 mils (Diff)
Trace Width, w, | 5.7 mils 4.8 mils (SE)
Trace Separation, S | 5.7 mils 6.1 mils
Core thickness, H1 | 6 mils 4 mils
Prepreg thickness, H2 | 5.8 mils 5.8 mils
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Determine D, Due to Roughness Core/Prepreg

Drum Side
Prepreg
[ W W
Drum Side ‘ Drum Side
Matte Side ‘ Matte Side ‘
! W 1 § wi 1
Core Matte Side

R W i e P WY o P

Daughter Card Backplane
H H
D, — smooth x D oo Dk - — smooth x Dk
e ( H smooth 2|:az_drum ) e o ( Hsmuoth - 2szdrum ) P
_ .6.2m|I5x25.4 <3.06 _ -6.2m||s><25.4 <3.06
(6.2milsx25.4—2x1.54m) (6.2milsx 25.4—2x1.54m)
=3.12 =3.12
H H
D o= smooth D, ; Dk o — smooth Dk
e ( H smooth 2 Rz_matte ) o o ( H smooth 2 Rzimatte ) -
_ .4.0mI|S><25.4 ©3.04 _ .G.OmI|S><25.4 %3.08
(4.0milsx 25.4—2x2.5.m) (6.0milsx 25.4—2x2.5.m)
=3.20 =3.18
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Determine Sphere Radius (r) & Base Area (A;;)

r-drum ~ 006 Rz_drum
~0.090m

Drum-side

r +T

~ _Mmatte drum

— J ete 5
~ 0.120um

A ~36(1y )

~ 0.514 1m>

flat

I ~0.06R

matte Z _matte

~0.149 um

Matte-side
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Lt e L 200,00 & Surface Roughness Compensation - Huray X
: - N Ratio of Areas [1.0000) __Apply
Offset Stripline 1B1A Trace Conductivity (S/m] — TC [Ea0E+07

Effective Ball Radius (um) 01200 Cancel
¥ Area of Ball Count (sq pm) 05140

Number of Balls in &rea 14 = J—

Smoother  Rougher

Lozz Tangent TanD Iw
Rise Time [ps] Tr I—‘ID
Frequency Minimurn [(MHz) FMin lw
Frequency Maximum [GHz) FMax Im

Frequency Steps FSteps I 1000

[ &uto Cal

=

B Causally Extrapolate Substrate Data

- O x

Step 1: Set Substrate Causal Extrapolation Reference Paoints Step 2 - Set Frequency Range and Select Calculate

Cl
FieqiHz)  RefEr  RefTanD L‘

Substrate 1 Height H1 lm lm |TD35 Frequency Minimum (MHz]  FMin m

Substrate 2 Height Hz 1.00E+10 31200 0.0084 Frequeney Makimum (GHz) ~ FMax 50,000 } Set
Substrate 1 Height H1 I A.0000 TR el

. -_iL'aTculala:

Substrate 1 Diglectrc Er I 32000
Substrate 2 Height H2 I E.4000

Grah | Resuts |
Substrate 2 Diglectrc Er2 I 31200 Greph

- Causally Extrapolate Substrate Data Dlsp‘aﬁe":

Lawer Trace ‘width il I 54000 s vow.polarinstruments.com Diekclrc Constark €1 -
UDDE[ TIaCE W"jth Wz 48000 E3 1~ Picked Data Point Informatior

532
Trace Thickness T e F

CETTERE N

o

FERGAR

s E—
Impedance Zo [ 4908 LS S NN RN FUNTE FRNNN ENNE ENUNE A e a2 A

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Frequency - MHz
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& Surface Roughness Compensation - Huray X

Ratio of Areas
Effective Ball Radius (um) 0.1200 Cancel

Length of Line LL I 5600.00

Trace Conductivity [5/m) TC I 5.80E+07

Lozs Tangent TanD 00195 Bl ~rc of Bal Count (sq um) 05140
: E Number of Balls in Area [ - J—
Rize Time [ps] Tr 10

Smoother  Rougher

2

Frequency Minimum [MHz) Fhdin 10,000
Frequency Mawimum [GHz)  FMar I B0.000

Frequency Steps FSteps I 1000

[~ Awto Cale Calculate

|

B Causally Extrapolate Substrate Data

Step 1: Set Substrate Causal Extrapolation Reference Points Step 2 - Set Frequency Range and Select Calculate

Close:
FreqHz)  RefEr  Ref TanD
Substrate 1 Height H1 [ooE+10 32000 0.0085 Frequeney Minimum (MHz]  FMin 10,000
Substrate 2 Height Hz 1.00E+10 31200 0.0084 Frequeney Marimum (GHz)  FMax 50,000 }5;"

Substrate 1 Height H1 Frequency Steps FSteps m
I 4.0000
Substrate 1 Dielectric En I 3.2000
Substrate 2 Height Hz I £.4000
b 5 Bt - Grah | Resuts |
ubstrate ielzctic I I 31200 = <
Causally Extrapolate Substrate Data E,s,::yge,.es
Lower Trace Width il 49000 wiw.polarinstruments.com Dielectric Constant (Er] =
C N R
Uppe[ T[ace Wldth Wz 43000 E} [~ Picked Data Paint Intarmation
Trace Separatian 51 £.1000 % .l
; i “ I £ \\
race Thickness I 0.6000 =
éz S S—
LR ST WS N S E N NN RN R =
Differential Impedance  Zdiff I 97.25 s Fresiea:y—!\:tiznn e e
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X

Length of Line LL ** I 8250.00
- ' Ratio of Areas
Trace Conductivity [5/m) TC B.80E+07 Effective Ball Radius (um) 01200 Cancel
Losz Tangent TarD I 00195 Bl ~rc of Bal Count (sq um) 05140
. . Number of Balls in Area [ 4= J—
Rise Time [DS] T I 10 Smoother  Rougher
Frequency Minimum (MHz]  FMin I 10,000
Frequency Maximum [GHz] ~ FMax I 50,000
Frequency Steps FSteps I 1000
[~ Auto Calc Calculate SIS |
_I Causally Extrapolate Substrate Data - u] x
Step 1 : Set Substrate Causal Extrapolation Reference Points Step 2 : Set Frequency Range and Select Calculate
" :re\: Hz) Fef Er Ref TanD i * ' g &I
Substrate 1 Height H1 m m |T933 Frequency Minimum (MHz)  FMin m
Substrate 2 Height H2 m m |TD34 Frequency Maximum (GHz)  FMax m} Set
Substrate 1 Height I h Fiequency Steps Féteps l—,m :TU
Substrate 1 Dielectric En I 31800
Substrate 2 Height HZ I
g £.4000 Groph | Resuis|
Substrate 2 Dielectric Er2 I 31200 Causally Extrapolate Substrate Data 7;;?; i
Laower Trace Width Wi £ 3000 S wwunw polarinstruments com [Dicteotic Corsart €1 =]
= 3 [~ Picked Data Paint Information
Upper Trace Width W2 I 57000 @30 et Das Pk o
Trace Separation 51 I | 7000 § 220
Trace Thickness T I 05000 S31
g T
o 31 T T Y Y 11
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Differential Impedance  Zdiff I 93.08 Frequency - MHz

**Length of Line (LL) Adjusted for 8.25”; 14.80”; 20.22”; 26.70”
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Generic Topology Model

Daughter Card

Backplane

Daughter Card

—

—+

s4P i:
SnP49

At

S4P = S4ap =
SnP112 SnP53
Measured

Ji: s4P
SnP51

SnP101

SE

1

SnP102

T TermG
TermG4
Num=4

1 | z=50 ohm

— TermG
TermG5
Num=5

1 |2=50 Ohm

o

TermG

°S | TermG7
Num=7
1 |2=50 Ohm

Modeled with Keysight ADS [13]

— TermG
TermG6
Num=6

1 |2=50 Ohm

S-PARAMETERS

S_Param
SP1

Start=10 MHz
Stop=50 GHz
Step=50 MHz

TermG

‘2 | Termas
Num=8
1 | z=50 Ohm
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ExaMax Backplane Case 1 Total Length = 20.25"

SDD21 Insertion Loss TDD11
5
ADS Ga ADS 12“:
-20— ]
- 120
40— ]
€3 7 115
5o 60— EQ .
2E 4 ®E .
AN ~ — -
on 80— =T 110
ara) i Qn ]
237 () ]
My -100— FE .
3 . 105
-120— ]
7 100—]
-140— ]
AT 711 T T T T T 1 L L O L
0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16
freq, GHz time, nsec

---- Measured

---Si 55
Simulated with Keysight ADS [13] Simulated
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SDD21 Insertion Loss

as 0 ]
-204
40—
ED i
= -60—
AN~ i
an  -80—
[aFa 4
D

Mg -100—
o i
-120—
-140—

-160 x x x x x x x x x

0 5 10 15 20 25 30 35 40 45

freq, GHz

Simulated with Keysight ADS [13]

50

ADS

TDD11sim

TDD11mea

ExaMax Backplane Case 2 Total Length = 26.80”

TDDM

130

125—

120—

115—

110—

105—

100—

95

time, nsec

---- Measured
---- Simulated
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ExaMax Backplane Case 3 Total Length = 32.22"

SDD21 Insertion Loss TDD11
as 0] e 140
-20— ]
i 130—
-40— 7
EQD i © ]
G e -Goi Eo 120
N ﬁé ]
80 -80— E\— -
a | o ]
%) o ]
@R -100— F2 110
©o i A
-120— ]
i 100—
-140— ]
AT T T T T T T T 1 I e L I L L
0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16
freq, GHz time, nsec
---- Measured
---- Simulated 57

Simulated with Keysight ADS [13]
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SDD21 Insertion Loss

as  ° ]
_204
40—
ED i
= -60—
AN~ ]
Qs  -80—
OnNn 4
Dy

My -100—
©o i
-120—
-140—

-160 x x x x x x x x x

0 5 10 15 20 25 30 35 40 45

freq, GHz

Simulated with Keysight ADS [13]

50

ADS

TDD11sim
TDD11mea

xaMax Backplane Case 4 Total Length = 38.70”

TDDM1

90

8 10 12 14 16

time, nsec

---- Measured
---- Simulated 53
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Generic Channel Model

(@] cramesim

ChannelSim
ChannelSim1
NumberOfBits=2000
ToleranceMode=Auto
EnforcePassivity=yes
Mode=Bit-by-bit

Daughter Card Backplane Daughter Card

Con Con E
[FE e — e s 1 srere :N-;;’:;;zz;
EX 2. o SE J& jn_'_l LI_D& LJ_D& ¢ DL e b

Tx_Diff1
= Rx_Diff

BilRate=26 Gbps 50 = Lot = X = o4 Lo RXDIT
WY SnP113 SnP137 SnP138 SnP139 SnP117 o .
RiseFallTime=15 psec EnableCTLE=no
Mode=Maximal Length LFSR EnableFFE=yes
ExcludeLoad=no ! ! EnableDFE=yes
EQMode=None

SHE SZ=

SnP121 SnP119

Measured

sip =
SnP122

Modeled with Keysight ADS [13]
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Channel Simulation 28 GB/s Case 1 Total Length = 20.25”

Sirpulated

Eye Denszty

Height @ BER
0.909V

Weltage, W

time, psec

Eye Density

Height @ BER
57mV
Width @ BER
2232 ps

Simulated with Keysight ADS [13]

Height @ BER
0.871V

Height @ BER
57mV
Width @ BER
23.75ps

Wedtage, ¥

Weltage, W

Measured

Eye Density

tims, psac

Eye Density
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Channel Simulation 28 GB/s Case 4 Total Length = 38.7”

Simulated Measured
Eye Denszty Eye Denszty
ot
]
Height @ BER > ‘ Height @ BER >
0.923V g 0.874V g
3 | 3
. '\?'—‘:—_1
S s S RN S
a0 70
Height @ BER = Height @ BER =
11mv 2 11mv 2
Width @ BER £ Width @ BER £
20.00 ps 19.82ps

61
Simulated with Keysight ADS [13]
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Summary

By using Cannonball-Huray model, with copper foil
roughness and dielectric material properties obtained
solely from manufacturers’ data sheets, a practical
method of modeling high-speed differential channels is
now achievable using commercial field-solving software
employing Huray model.
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Thank You!
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Innovative Signal Integrity & Backplane Solutions
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64


http://lamsimenterprises.com/

