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Highlevel Design Challenges

Choosing appropriate
diff pair geometry,
board material and
stackup to meet
Insertion loss budgets
for industry
standards can be
overwhelming

Ref: IEEE 802.3bs Annex 120E [27]
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Transmissiorline Modeling

Important to model
dielectric and conductor

e I lossaccurately
'205 ILE'_I'Zit_S T
_255 ‘I‘LTT‘o‘t_‘R‘ F‘Hﬂ “““““““““““““““““““ II—total (f ) = II—diel (f ) K SR(f ) IE conducto(]c )
0 5 10 15 20 25 30 35 40 45 50

freq, GHz

Simulated with Keysight AD&
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WHERE THE CHIP MEETS THE BOARD

FailureTo Model Roughness Can Be Problematic

Simulated Insertion Loss

=
(=]
o

freq=14.00GHz

With just 3.4dB
e delta @14 GHz =>
R o o i e/ s e o A 17% reduction
averaged across all
3 eyeheightswith
roughcopper
@56GB/s

SDD21, db

Eye Density, Volts
Eye Density, Volts

time, psec time, psec

Simulated with Keysight AD&
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Dielectric Properties

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

. Failure to correcD, from

data sheetdue to

_ conductor roughness =>
S — = Inaccuracyn simulatediL

4 Y= .  &Phase Delay

0 5 10 15 20 25 30 35 40 45 50

-10— C
| —1.10

—1.05

IL, dB
su ‘Aejeq aseyd

freq, GHz
----Measured ----Simulated

Simulated with Keysight AD& 6
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EDA Tool Challenges

V Many EDA tools include latest and greatest models for conduct
surface roughness and wideband dielectric properties

But obtaining the

right parameters to
feed models is always
achallenge
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WHERE THE CHIP MEETS THE BOARD

DesignFeedback Method

B 2 Xsection Data Ben..e fits: )
- I Practical
T Accurate
Issues:
T I Expertiseequired
Fit T Time
I Money
I Extracted
D, parameters only
[ e accurate for sample
from which they
Extract were extracted

Design Product Channel Simulation Parameters .
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What YouWill Learn

How to applyny Cannonbaktack model to determine
roughness parameters for Huray model from data sheets

Howto determineD,+ dueto roughness from dataheets
How to apply these parameters in popular field solvers.
Impactof causal metal model to simulatedsults

Impactof Oxide/Oxide Alternative treatments on roughness,
Insertion loss andmpedance

Howto pull it all together and compare simulated
transmission line interconnect models with cadadies

10
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Overview

11
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Current Distribution Through &onductor
I Y]
N E_?]

—T 1

DC current is unif_orm AC current abovel0MHz
through crosssectional Ff2¢a Y|l Ay f é
area of conductor the conductor

€,= Permeability of free space in H/m= Conductivity in S/m 12
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Conductor Roughness

No such thing as a perfectly smoott
PCB conductor surface

Roughness is always applied to
promote adhesion to the dielectric
m material

13
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Copper Foil Manufacturing Processes

Rolled Electredeposited (ED)

A Smoother A Rougher
A Higher Cost A LowerCost

14



-Othernames: HVLP/SP
-No IPC spec
-TypicallyR,< 2em max

No min/max spec R, < 5.2em max

SEM Photos Reference [28] 15
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Drum Side —i

Treatment

Drum Sid
/ Q Nodulation o r o ;ve A :
. (o) ‘L | . | j (o) .
Drum Side Untreated / Matte Side Q Matte Side v Drum SidéTreated

OR
(- | /i i

Untreated Treated
Foil Foil

o

Matte Side Untreated Matte Side Treated

SEM Photos Reference [20] 16
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VHERE THE CHIP M THE E

Oxide/Oxide Alternative Treatment

During PCB fabrication untreated coppmer each side ofore
laminate undergoes a roughening treatment to promote
adhesion

50-70ein copper removal smoothens
macroroughness and adds micro
roughness voids to surface

CIeanerI—> Rinsel—> Predipl—) OAI—> RinseI—) Drying|—>

17

Photo Reference [29]
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WHERE THE CHIP MEETS THE BOARD

Treated drunside

R,=3.175>m

Photos courtesy of Oalitsui[9]

Untreated matte side

R,=5.715>m

Matte side afterOAtreatment

R,=4.443>m

18
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WHERE THE CHIP MEETS THE BOARD

Roughness Parameters

RMS R,) / Average R,) 10-point Mean R,

2.5 4 25 4
2 4 2 4
£ 15 Mean £ 1.5 4
3 /\ Y, /\ line 3
£ f\4 ' b
2 k=
N I V ® .
I I Yoo
0.5 + 0.5
Reference Reference
/ line / line
0 L L PR PRI L L - 0 L L L L
0 25 50 75 100 125 0 25 50 75 100 125
Sample Length, yum

Sample Length, um

Ll £ av
RZ:_é Yo.| + %
5i:1 i 5i1 ! 19

N 1N
Ry =ygaY Ra—ﬁ_ahﬁl
i= i=1
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Modeling Conductor Roughness

20
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G ! hddels are wrong but some ardza S F
- George E. P. Box
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Triangular Roughness Model

157 Measured Roughness Profile
N
05 I IA\ [ ] 1 A '/\\ VAN / %
e v
% 0 Mean R,
[
I
-0.5
P 1 A
15 -

Sample Length

If RMSheight of & NA |y 3 dzt |-,NﬂaanifT AtS T K
Likewiseifk  q,,then:d4, q,( V)
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Hamerstad& Jensen Model

Insertion Loss vs Freq. RT Foil

_______ z‘\ i "N Q,
l,A\ , A\ I,A\\ Q '27,
Tooth ’ \\ ’f ‘\ ’ v -4
. , ) 1
Height ’ \\ Ir \\ ,’ \\2, 6]
/ A/ LYR4 \ 8
’ \l 4 !
-10i
3 -121
\ I J 14+
. -167
Spatial Length 1
-18i
-20+
1IL_Meas ——
-22— IL_rough es&=s—s
i i L e o e L B
P a gD s 0 5 10 15 20 25 30 35 40
_ " rough 0
KH.] =—— 4 _+ arcta @ 0 freq, GHz
Pat o Q -

Loses accuracy above -13GHz
D =RMS tooth height in mete depending on roughness of copper

Simulated with Keysight AD& 23
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HuraydsnowbalkE Model

SEM Photdreference [15]

Based on nofuniform distribution
2F ALIKSNBa NBAaASY«
applied to a matte base

Fou we 3 AN24pa’
KSRH(f)= - OAntt 4’a. 2

& d(f) &f)
I:)flat Aflat 2 i=1 C A‘Iat ? a 2‘”?‘2

- O: Or

24
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WHERE THE CHIP MEETS THE BOARD

Huray Model Prior Art

nnnnnnnnnnnn

Hexagonal Lattice

Hexagonal Tile

ttion Loss (d5)

VNA Measurement—»

Base 9.4 um

Pk-Pk9.4 um 5 0 15 il E3
Frequency (GHz)

SEM Photdeference [15] PlotReference [15]

Assumes stacked 11 spheres min38 spheres max Fit equation parameters to
Gayz2e¢ol €€ aé | almdiug Ehtidfit viithin hex measured data
tile area and height of 5&8n .

hexagonal lattice
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CannonbaHHuray Model

&N, 3 4pr° g a143 4Zr2 g 2
Aue 34T Ma T Koo (F)o1 £ € 30~ . 23
Kerul )= +a - CH s 01 £
(= 258, d) L A) 28, d(f) L af) Keu (1)1 €4 o(f) B&(f) O
r 2r? C r v, S éod+ +—7 4
¢ & r 2r2 3

N,=14 Spheres

26
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WHERE THE CHIP MEETS THE BOARD

Applying CannonbalHuray Model For Popular EDA To

Tool Parameters

A PolarSi9000d5]; Mentor Hyperlyn{19] include R,
the CannonbalHuray model as an option

A Ansys [25]; Cadence [26] tools require 8143 4pr® 081434p° B

SI=gg——— fea s OLSQ AC
surface ratio ¢r) and nodule radiug) as & A Zg 36r 0
input parameters r° 0.06R,

A Simbeor22] requiresroughnesdactor REL=1 3éN4pr? 0. 3,140p (,, f o
(RF1) and sphere radiuss{l) 2? Au 972 %(ravg)z 8§

SRL= r °0.06R

27
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Modeling D, .« Due to Surface Roughness

28
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Dielectric Material Terms

Complexdielectric constantidefined as:

e= e-j tan(d) = % el

If real part (0= D, and tan(i) =D; then: d

e

D =5
Y d = loss angl

29
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WHERE THE CHIP MEETS THE BOARD

Marketing Data Sheet Issues

|- A. @ 100 MHz (HP4285A) 3.72 54 2553
Propety = DK, Permittivity B.@ 1 GHz (HP4291A) 3.69 - 2559
i — (Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 3.68 = = 2555
‘Temperature (Td) by TGA © 5% webght Ioss ) o Tested at 56% resin D.@5 GHz (BEFESKm Shipline) 3.64 = 2555
=0 o e E. @ 10 GHz (Bereskin Stripling) 3.65 - 2555
OTE. Z-ais [ars = s e A. @ 100 MHz (HP4285A) 0.0072 0.035 2553
CIE, X, anss = = was e Df, Loss Tangent B.@ 1 GHz (HP4291A) 0.0091 - 2559
s et ] w (Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 0.0092 - - 2555
o S o3 5 .:; — """: Tested at 56% resin D. @ 5 GHz (Bereskin Stripline) 0.0098 - 2555
E:“ — - E. @ 10 GHz (Bereskin Stripline) 0.0095 — 2.5.5.5
B L T - L e L T U T R
Laminate & prepreq 55 laminated)
at 64 resin
, Loss Tangent =
Laminzte & prepreg &5 laminatd)
- [T
e Lo v [ ]
— AT UsingD,/ D; numbers from
DiekecTnc Breakoown >80 o
AIC Resistance 15 &0 Se0oNGs. k f
Electric Strength (Laminste & prepreg a5 laminatsd) 30 (70} ?‘:,"."‘; O
Comparative Tracking Index (CTT) s ol
marketing data sheets for stacku
1
Pecl Sty st ri
- - -
Fiexural strengtn - Binct? 244
T — and channel modeling will give
¥oung's Modulus & Lol diectin u .
Polssa's Patle & rugan e = .
Maisture Absorption L.0E1 * 2621
S Inaccurate results
Maz Dperating Temperature 1% = o
The csta, whilz beleve in e acrirafe and based on anslylicsl mehods conskderad to be relstle, & for Infommation purposes anky. Any saies of thase products wil be goveme by e
errmes andl conattions of the greement under which they ar 5.

Reference: Isola [10]

30
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WHERE THE CHIP MEETS THE BOARD

Engineering Data Sheets

Core Data

— Fe=m T Thickness  Dielectric Constant(DK) / Dissipation Factor(DF) .
Constructions  Content (%) (inch) (mm) 100 MHz 500MHz 1.0GHz 20GHz 50GHz 10.0GHz 150GHz 20.0GHz P rOVI eS "
337 336 334 332 330 230 .
1x106 720 0.0020 ZBC 0.0508 ZBC
0.0075 0.0089 0.00%6 0.0101 00107 00107
342 240 338 336 334 233
1%1067 59.0 0.0025 0.0635
0.0075 0.0084 00095 00100 00105 00104
367 154 182 361 260 350
1%1080 57.0 0.0025 0.0635
0.0071 0.0078 00088 00082 00097 00085 .
3.65 363 360 359 357 357 tI l I ‘ : kl l e SS e S
1x1085 %0 0.0030 o762 0.0072 0.0079 0.0091 00092  0009B  0.0095
354 35 350 348 347 347
1x1080 g0 0.0030 oo 0.0074 0.0082 0.0082 00096 00102 00101 .
w2 s am s am am esin content
a3 10 0.0035 00889 0.0068 0.0076 00084 00087 00092 00080
3.46 345 342 3.40 338 337
5 !
2+108 &0 0.003 00889 0.0074 0.0083 0.004 00098 00104 00102
363 351 358 357 355 354 k f O r
10671080 50 0.0040 o-1018 0.0072 0.0080 00090 00083  0O0DGE 00096
372 370 168 356 365 265 .
5 n
13313 550 0.0040 01016 0.0071 0.0077 0.0087 0.0090 0.0095 0.0094 I e re t g aSS Sty eS
357 356 354 352 351 350
10671080 610 0.0043 0-1022 0.0073 0.0081 00082 00085 00099 00088
354 352 350 348 347 347
2X1067 630 00043 0.1002
0.0074 0.0082 0.0082 00096 00102 0.0101
355 354 352 350 348 348
106/1080 62.0 0.0045 0.1143
0.0073 0.0082 00092 00085 00100 00088

Reference: Isola [10] 31
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Causal Dielectric Model

BecauseComplexDk has real and imaginary components => Causal Dielectric model

Most EDA tools include

Dk Df vs Frequency
232 - 0.00404 W|deband Debye mOdel
334 - 0.00402
333 | - 0.00400
x 332 | 000398 « ~
ii; | - 0.00396 | |npUt Dk(f) /Df(f) at a
l - 0.00394 :
g | 0.00392 smgle_ frequency near
> 0 5 10 15 20 25 30 35 40 45 50 P NquISt of baud rate
Freq, GHz

32
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Dielectric Modeling Issue

Dkeff Data Sheet

a1

When Data Shedd, Is not

E m15 .
the same as Effectivg,
m14
— freq, GHz o

freq=10.00GHz
Dkeff ADS=3.626

freq=10.00GHz
Dkeff Meas=3.761

A-3.6%

Simulated with Keysight AD& 33
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WHERE THE CHIP MEETS THE BOARD

IPCTM-650 ClampedStripline Resonator Tes¥lethod

Resonant Element Pattern Card

Gnd Plane Foil\ \ % Gr)/dfP’I?a/ne Foil

g
Clamp Plate — [ \ '4— Clamp Plate
/

\ /
%
I:ﬂ_4_._g_._4_._,_ __E:!mEK:

DAL S
Test Specimen ? Test Specimen

SMA
Side View (Unclamped) N.T.S.

IPGTM-650- Section 2.5.5.5Rev C- Test Fixture [14]

Side View Qamped) N.T.S.

Issue:

Since resonanglement pattern
card& materialU.T. not
physically bondetbgether =>
smallair gaps betweewnarious
layers& conductor roughness
affects published results

PublishedD, not same ad,
due to roughness

34
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D,.+ Due to Roughness Model

Data Sheet

Dkeff

R,

Reality

a gA

C =D
smooth keﬁ% |
C " 'smooth

Dkeff_rough Model

T 1

aeA

0

rough = Dkeﬁ% | 8:Dkeff

rough =+

A

smooth_

D 0
keff roughﬁ | 0
Hsmooth — CfOUgh — smooth =+ keff rough
0
Hrough Csmooth D keff

e
keff a?_li

smooth

- O: Ot

=

Uiel | Dyeft rough Crough Hsmootn
Crough = Dkeff rougﬁa ieOA
2R ) - C " 'smooth
D H smooth 3

keff_rough= (H _ ZRZ)

smooth

35
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WHERE THE CHIP MEETS THE BOARD

FR408HR/RTF Simulation Resultsigg;

Dkeff Data Sheet Dkeff Due to Roughness

S 41
ADS ADS
3.9 3.9
5 | =
2 m15 % i mi0
3.7 -y 3.7
33 o T I T T [ T T [ T T 3.3 T T I T ‘ T | — T T T T
0 s 10 15 20 0 5 10 15 20
freq, GHz freq, GHz
m14 m15 m8 m10
freq=10.00GHz freq=10.00GHz freq=10.00GHz freq=10.00GHz
Dkeff ADS=3.626 Dkeff Meas=3.761 Dkeff ADS1=3.727 Dkeff Meas=3.761
k -3.6% kK -0.9%
Data Sheet Values D, Roughnes$/lodel

Simulated with Keysight AD& 36
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WHERE THE CHIP MEETS THE BOARD

Causal Roughness Correction Factors

Complex impedance Real part of internal Imaginary part of internal
of rough metal impedance of rough metal impedance of rough metal
A A A

l \ — 1 | \
Zp i) = KA+ D7/ R, =T ()= K, (WA R, + K, + K, (WA R,

— A — \ ' J

Complex roughness '\ Loss Correctign’i Inductance
correction factor .. factor .- correction factor
This is what we used to call
GNRPdZAKYSaa O2NNBOGA2yE¢ FI OG2NJ

37
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FR408HR/RTF Simulation ResultsBgg;

D, corrected due to

Measured S

roughness angomplex

NonCausal -+ roughness correction
factor applied

3.7 d

Dkeff

36— —————— V Excellent Results!

0 5 10 15 20 25 30 35 40 45 50

freq, GHz

Modeled with Hyperlyn¥19] and Simulated with KeysigADS [6] 38
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HDPUG Oxidalternative Study Results

In 2016 the Higltlensity Packaging

i 0.305 User Group (HDPUG) [16] undertook
0.547 a project to evaluate the high

Etoh | [N 054 - |

0,440 frequency loss impacts of a variety of

i ° | 0:286 OA treatments on a Megtref (Meg

NonEtch - B 6) test platfqrm using HVLP 'bas_e foll

0.313 on core laminates prior ttamination.

T RRI GBT S MBIy 63

39
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WHERE THE CHIP MEETS THE BOARD

Typical Etch vs Nektch OA Treatments

SN
Etch Samples A, B, C  Nonetch Samples D, E, F

Photo Credit [16] 40
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/HERE THE CHIP

Impact of Oxide AlternativeCase Study

Megtron-6 / HVLP Foil 4:8-4.5 Geometry Sample [ OAR | OARM | Matte R, | Doy Core | Dy Prepreg [ Dy

(em) (em) (em) @12GHz @12GHz @12GHz

. Substrate 1 Height HI ["39000
Edge-Coupled Offset Strpline 1B1ATR S 1Deesic  E1 [ 4% | Base CU| 0.3050] 1.0566|  15000|  3.4856 32541  0.004
2l R A 05470  1.8949]  1.5000 3.4856 3.2984 0.004

Substrate 2 Dielectric E2 [ 32541
) B 0.5480 1.8983 1.5000 3.4856 3.2986 0.004

Lower Trace Width Wi [ 45000
s B = C 0.4400| 15242| 15000]  3.4856 32787|  0.004
Feospaikin S [T D 0.2860] 0.9907|  1.5000 3.4856 3.2507 0.004
Trace Thickness T [o:6000 E 0.3170 1.0981 1.5000 3.4856 3.2563 0.004
Separation Region Dielectiic  REr [~ 27000 F 0.3130 1.0843 1.5000 3.4856 3.2556 0.004

Differential Impedance  Zdiff ] 97.70 « Rqdatareferencd17): = Y Y Vo

41
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ERE THE CHIP MEETS THE BOARD

Impact of Oxide Alternative oL & Impedance

Insertion Loss per inch

. e 007
Megtron-6 / HVLP Foil 4-8-4.5 Geometry N
05 SDD21_BaseCU o-o-o-s-o
EE=E Substrate 1 Height Hl [ 33000 o 10 SDD21_OA_A
Edge-Coupled Offset Stripline 1B1A1R Substrate 1 Dielectric Erl mﬁ &‘ 15 SDD21_OA B _
| Substrate 2 Height H2 m é : SDD21_OA_C _—
I Substrate 2 Dielectric E2 [ 32581 207 3= ] SDD21_OA_D —_—
u Lower Trace Width wi [ 45000 251 SDD21_OA_E
F— Upper Trace Width w2 [ 40000 SOE SDD21_ OA F ———
Trace Separation S1 [e.0000 "0 & 10 15 2 2 % % 4 45 80
Trace Thickness T [0:s000 freq, GHz
Separation Region Dielectic REr [ 27000 Differential TDR
Differential Impedance  Zdiff | 97.70 ape 108 T
. ] §° | TDD11_BaseCU  o-oooo
A 0.07 dB/inch delta between OA sample B, TODI1_OAA ——
: N 100 TDD11_OA B ——
and sampldd @14GHz 0.16dB/inch delta @ - o
a ] —_ '
ZSGHZ P . TDD11_OAD ———
. 1 TDD11_OA_E
A May not be an issue for 56GB but may be o on
for future 112G depending on interface 1

time, psec
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Model Validation Case Studies

43
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Megtron-4 RTF Casgtudy

Features

AMegtron-4

A1067 Core/prepreg

A2 0z RTF

Amé T CeET péET

44

Test board and data courtesy Ciena Corporation [18]
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DEesicnConem e

Meg-4/RTF Datésheet& Test Board
Design Parameters

Matte Side

Prepreg o

P ) , I W ) 2
Matte Side ‘ Matte Side ‘

—r

I A . 4

‘ Drum Side ‘ Drum Side |

I wy T § T Wi ! H

1

Core Drum Side

Test board and data courtesy Ciena Corporation [18]

Parameter

Value

D, Core/Prepreg @ 10GHz

3.55/3.41

D; Core/Prepreg @ 10GHz

0.008/0.008

R, Drum side

2.5&em

R, Before Micro-etch-Matte side

3.4em

R, After 50 gin (1.27 em) Micro-etch treatment -Matte side

2.13em

Trace Thickness, t

0.63 mils (31.73 em)

Trace Width Base (W)

3.5 mils (88.9 em)

Trace Width Top (W)

3 mils (76.2 em)

Space (9

4.5 mils (114.3 em)

Core thickness, H;

3.9 mils (99.06 em)

Prepreg thickness, H,

3.95 mils (100.33 em)

De-embedded trace length

5.00in (15.24 cm)

45
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DetermineD, .+ Due toRoughness Core/Prepreg

Matte Side 37’.”
Prepreg g D = H2 D = 1002 3.41 354
, ! | . ) H, keff_ prepreg (Hz' 2RZ) 4 (100337’“' 1 213/"]))
H 99.06m™m
o - H 5 355 374
- (H,- 2rR) * (99.06m- A 2.5m))

46
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Determine Sphere Radius)(& Base Areak;,)

=S matteo 0 OG? matt
v ©0.06 32.1
©0.128m
Matte-side r matte+r drum
ran == 2 =
M o 0.150+ 0.12:
2
°0.139™mMm
_ 2
& d rum °0. Oa?z drum| Aﬂat B 36( ravg)
N ° 0.06 92.5 =36(0.1397m §
° 0.1507m = 0.6967m"

Drumsside

47
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WHERE THE CHIP MEETS THE

Input Design Parameters Polar Si9000e

[ B Cousally Extrapolate Substrate Data - o x
Persesetar Eny Unts
a5 E E n [ = ﬂ g = @ Mk  Irches
‘ = E| il =l = = E= © Micwns Mimeies Step 1 Set Substiate Causal Extrapolation A Step 2 ; Set Frequency Range and Select Calculate =
Frequency Distribution Measurement Data
S Lenigh i Line W [s0m € Logaithnic @ Lisat Mo Datalmperted Options... Subsnate 1 Height Hi Frequency Mismum MKz Piin [~ 70,000
o Tiace Conductivly(S/m] 1€ [Ga0Esor — _ Set.. Fesul Presemtation [ Subsiiale 2 Height H2 Fisquency Masmum (GHz]  FMax [ 50010
i Loss Tangens TorD [ 5015 — Goalsack| | © Langihol Ling Sepaation Region Diskeeni. AEN Fisquecicy Steps Foios [ a0
Fiize Time [ps) n (1 dEnded Substiate Data S-Parameter Configuration
" Constant E1/ TanD Tequency Steps
% Fenuercy Vo () P [ 0368 & Cony ExrspoltaEr/ TarD _Edh =
P — Froguency Masinum [GHz]  FMae 50000 ﬁ U Mubiple E1/ TarlD e At D
L Frouercy Steps Foteps [ 5w Sosce  Land keff_rough
E [ huin Cae i) 500 000 Guaph | Fiesuks| -
ammvitad Kunbeing Made agh Satig
- o
€ Goise 41| @ Moden € Clasiic 41 Causally Extrapolate Substrate Data
Casted Merosti & Hur Dioploy Sees
Mk id ) = v polarinstruments com [k Commn &1 =]
Giaph | DadMode | EvanMode| SPICE ALGC| 4Pans Paramstes - Grash | 4 Po S-Paameters - Data | Mined Mods S Paameters - Grach | Wigg Mode 5-Parametsr - Data | Crcsstak | pfesunemers Data | — T m— 7 m—REr
— Graph Settings = Picked Dl Feit Infomalion
E Edge-Coupled Offset Stripline 1B1A1R Displ Seves 2 t
Coated Mtotin Diftererial [&1 Lovies =] 5 |
] W Conducior Loss  BESSSN Dielocinc Loss W Alienuafion == Conductor Lass with Roughness ES Alienaation with Roughness o 2
[ = g3
Dt - = L
E g r e Los: Budgst (dB) %1
Dual Coated g F — 00000 _Rsfiesh | .. | g [ ——
Miconi 16 o -;.._‘_-:_._. TS EEETE PP P R N S ————— ]
@ [ Picked Data Point Infomation 6000 10000 15000 20000 26000 30000 35000 40000 45000 50000
E £ ok \‘\. Frequency - MHz
3T
I Costed 4
Micrestiip 28
= 5L Mairisz| Pt Espot
8 X
= i - —
Enbedsed z Effective B3t Radk E
Microsirp 1B1A < C o o Cancel
[ fues ol 8 Caut (s m]. (=
ool o fovv e v v v e b b c e b P s Nunbes of Bl e v - f——
5000 10000 16000 20000 26000 30000 36000 40000 45000 50000
Smcther Aougher
—— Fraquency - MHz
Embedded
oare 624, T =15 froauency Dependent Caculstion T Senstvty Amiven T Vo crecis
Tolerance Minimum  basimum
- Substrate 1 Height H1 35000 ={=[ 00700 [ 35000 [ 38000 Calculsts
Edge-Coupled Offse oline 1B1A1R Substrate 1 Dislectic Er 3700 == 00700 [ 37374 [ 374%  Colelate Enste Currcebobtiuny
Substrate 2 Height H2 45799 [ 00700 [ 45798 [ 45739 Calelate ManeSide Roughress
Substate 2 Dielectric E2 [ 35600 ={*[ 00700 [ 38575 | 3565 Coloulats RzMatielpm [ 27300
Lowet Tracs Width w1 35000 ~+{ [ aavon [ 3497 [ 5024
Cakuiate
Upper Trace Width w2 30000 ={+[ 00700 [ 260 [ 30020 Calelate ==
Trace Separation st 45000 ={*[ 00700 [ 44369 [ 45031 Coloulats Dium Side Roughness
Rz nm
Trace Thickness T 06298 <[ 00700 [ 08295 [ 0BADF Calculate ol
Sepatation Region Diclectric  RE( 35600 ={*[ 00700 [ aga7s [ 3565 Caledlate 48
Differential lmpedance  Zdiff [ 94.05
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WHERE THE CHIP MEETS THE BOARD

Simulated vs Measured Nenausal Metal Model

Differential Insertion Loss Differential Phase Delay

0
FA I Qo
] aunwrap| phas¢ 31
g Jdunwrap( phas¢ 1)
i ge 360° freq
5
m i
© ] )
. _ c
o~ -10—
la) ]
=) B —
2] i
-15— 0.80—
1 Measured Measured
] 0.79—
4 Simulated B Simulated
'20|||||||||‘|||||||||||||||||||||||| 0-78|||||||||||||||\||||||||||||||||||
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

freq, GHz

freq, GHz

V EXxcellent Results

Modeled withPolar Si9000e [5nd Simulated with KeysigADS [6]
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Simbeor HurayBracken Causal Metal Model

A 0 e 5 Dkeff
3aN4pr> 0_ 31 r o)
RF1=1 F@i% 81: —+ m(a"g)z %SE
Zg A 2 2 ?é(ravg)’- 2
SH.: r_matte+r_ drum 00150"‘ 0128
2 2
°0.139mMm
Foughness Model Type: |HurayBracken "
Surface Roughness (SR.1): | 0.139 [0., 1000.] [micrometre] Dkeff Meas -+
Roughness Factor (RF1): | 8.33 [1., 1000.] 4  Dkeff_Causal SRR
Dkeff NonCausal G-8-8-5-0
1-Ball Model Add /Edit Additional Levels/Balls L
0 5 10 15 20 25 30 35
freq, GHz

V ExcellentCorrelation!
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TDD21
0.4
A0S . ADS
AL ] Measured ——— ’
] Non Causal ——
0.3
i Causal —
0.2
> i e}
0.1—
0.0
'01 T T T T | T T T T | T T T T | T T T T
0.8 0.9 1.0 1.1 1.2
time, nsec

TDD11

Measured

Non Causal

Causal

time, nsec
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BUT how well does this
method work to model a
practical backplane
channel?

uuuuuuuuuuuuuuu
(I RO SSSSH

_[JD[JUUL.II P

iﬁil i

e s e s !
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ExaMax DemonstratoPlatform

- Designintent - 28 GB/sNRZ

- Meg6 or N4AOOG13EPSI Options
- Nelco N40OOEL3EPSI Version Used

- MW-G-VSP % o#oil (VLP)
- 2.9mm coaxconnectors
-Casam [ y dPHpéE OHNC
-CaseH I Mndyné OHC
- Case0 [ HNO®HHE ObGo0H
-Casan [ Hc®TI® ooy
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Topology Model N4OOA3EPSI Summary

PCB1324-002

K-conn FG5

W =4.9mils
S =6.1mils
t = 0.6 mils

e

K-conn
(2.92mm)

JAN 29 - 31,2019

PCB1324-001 PCB1324-003

K-conn

|

Diff-pair

Casel = §.22057"725”) L12

Case2 = 142808") L1O

Case3= 20(32"22”) L1O

Case 4 = 26.70"” (38.70") L12
W = 6.3mils() W = 4.9mils
S =5.7 mils() S =6.1mils
t = 0.6 mils() t =0.6 mils



"
DesiGnCon'erm '%j’ JAN 29 - 31, 2019

WHERE THE CHIP MEETS THE B( )

Data Sheet Parameters

p Q M I Ts U I Performance Copper Foils
el MITSUI KINZOKU CORPORATE GROUP 4
¥ < I)\:)‘t"ilu MICA MW_G_VSP KINZOKU
N4000-13 SI¥ / N4000-13EP SI” - Dielectric Properties Table
Rz Jensle | eiogation | Peel Strength
Bl G | e ® (kg/om)
Thickness & Tol Construction RC% 2GHz Dk 2GHz Df 10 GHz Dk 10 GHz Df = o = = ™ e
00020 & 00005 |1 106 69% | 304 + 005 | 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 70 25 250 19 15
00025 & 00005 |1 1078 58% 319 & 0037 [00077 + 000014 |316 & 0037 | 00080 % 0.00016
00030 + 00005 |1 1078 64% |311 + 0020 | 00079 + 000007 |308 + 0020 | 00083 + 000008 XEDOMEEIRRETT. RIEETEHYELA.
0.0025 + 00005 |1 1080 58% 319 = 0048 00077 + 000018 |316 % 0048 00080 = 0.00020 This is representative date, not guarantee.
00030 + 00005 |1 1080 64% 311 + 0029 | 00079 + 000011 |308 + 0029 | 00083 % 000012
|_ 0003 s 00005 12013 50061329 + 0027 00072 &+ 000010 327 =+ 0027 00075 + 000011 |
DCCore | 00040 &+ 00005 [2 1035 67%|307 + 0010 [00081 + 000004 |304 + 0010 | 00085 :+ 0.00004
00040 & 00005 |1 2013 57% | 3.19 = 0012 | 00076 # 000005 |3.17 * 0012 | 00079 % 0.00005
00040 + 00005 [1 2116 45%|338 + 0029 | 00069 + 000011 |335 + 0029 | 00072 + 000012
00050 & 00007 [1 2116 56% |321 & 0001 | 00076 + 000000 |3.18 % 0001 | 00079 = 0.00001
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
|_000s0 s+ 00007 |2 1080 s8% 1319 + 0026 | 00077 + 000010 316 + 0026 | 00080 + 000011 |
BP Core | 00060 &+ 00007 |2 1080 64% 311 + 0013 [00079 + 000005 [308 # 0013 | 00083 + 0.00006
00070 + 0001 |2 2013 50% | 3.29 + 0027 | 00072 * 000010 |327 0027 | 00075 & 000011
2GHz | 2GHz | 10GHz | 10GHz | Thickness
Glass RC% Dk Df Dk i (inches)
106 75 258 | 00084 | 295 | 00088 | 0.0025
1035 75 298 | 00084 | 295 | 00088 | 0.0030
BP/DC 78 68 300 | 00080 | 306 | 00084 | 00032
| 1080 65 309 | 00080 | 306 | 00084 | 0.0032
Prepreg T3 <3 316 [ 00077 | 315 | 0.0080 | 00044
2118 88 322 | 00075 | 319 | 0.0078 | 0.0052 55
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ExaMax DemonstratoPlatform
Data Sheet Design Parameters Summary

N400G13EPSI N400G13EPS
Parameter Backplane | Daughter Card
D, Core/Prepreg @LOGHz| 3.08/3.06 3.04/3.06

Drum Side
Prepreg
H,
" W> W, .
Drum Side ‘ ‘ Drum Side
T P e e W W Y s i M—t—--
Matte Side ‘ Matte Side ‘
! w; | 8§ ) wy 1 Hj
Core Matte Side
R I i i e I P S o N WS

D, Core/Prepreg @LOGHz

0.0083/0.0084

0.0085/0.0084

R, Matte side

2.5em

2.5em

*OA Treatment Sample C [17]

R, Drum side w/OA** 1.5em 1.5em
Trace Thickness| 0.6 mils 0.6 mils
4.9 mils (Diff)
Trace Widthw, | 6.3 mils 5.4 mils (SE)
4.3 mils (Diff)
Trace Widthw, [ 5.7 mils 4.8 mils (SE)
Trace Separatiors,| 5.7 mils 6.1 mils
Core thickness, H 6 mils 4 mils
Prepreg thickness, H 6.2 mils 6.2mils
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@

DetermineD, .+ Due toRoughness Core/Prepreg

Daughter Card Backplane
Hqn _ H
Drum Side Dkeff_ prepreg: m D k_ prepreg Dkeff_ prepreg — m D K_ prepreg
Prepreg ils?3 2mils? 25.4
‘ " " H, _ .6.2mns 254 3.06 _ _6 ils® 25 3.06
2 2 (6.2mils® 25.4 -2 31.5m) (6.2mils® 25.4 -2 31.5m)
‘ Drum Side ‘ Drum Side ‘ =3.12 =3.12
””””””””” Mtt:--
Matte Side ‘ Matte Side ‘ Dkeff core: HSmOOth D k_ core Dksff core: Hsmooth D k_ core
| wy | g w; | - Hsmooth_ 2Rz_ matt B N (Hsmooth' 2Rz_ matt; -
H, 4.0mils® 25.4 _ 6.0mils3 25.4
= : 3.04 = - 3.08]
Core Matte Side (4.0mils® 25.4 -2 2.5m) (6.0mils3 25.4 -2 2.5m)
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Determine Sphere Radius)(& Base Areak;,)

; rdrum © O'OGQZ_ drun
© 0.090m™m
(0] rmat’(e +r drum

! g '] avg 2
° 0.120mMm

2
& al © 36 rav
i rmatteo O'OG?Z mattq Aﬂ t ( g)
° 0.1497m ° 0.514m7

Matte-side
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WHERE THE CHIP MEETS THE B( )

& Surface Roughness Compensation - Huray X

Ratio of Areas
Effective Ball Radius (um) 0.1200 Cancel
0

| Avea of Ball Count (sq pm) 0.5141

Number of Balls in Area 14 - J—

Smoother  Rougher

Length of Line LL Im
Trace Conductivity [5./m) TC Im
Lozz Tangent TanD Iw
Rise Time [ps] Tr I—‘ID
Frequency Minimurn [(MHz) FMin Iw
Frequency Mazimum [GHz)  FMax Im

Frequency Steps FSteps I 1000

[ &uto Cal

= 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 O A T o L e o T T T

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Frequency - MHz
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Surface Roughness Compensation - Hura: X
Length of Line LL | BE00.00 s = —— ief
B Ratio of Areas [1.0000) _—Apply
Trace Conductivity (S /m) TC B.80E+07 Effective Ball Radius fpm) [ 01200 Cancel
Loss Tangent TanD 00195 || Avea of Ball Count (sq pm) 05140
. . Number of Balls in &rea 14 = J—
Rise Time [DS] Tr I 1a Smoother  Rougher
Frequency Minimum [MHz) FMin I 10,000
Frequency Mawimum [GHz)  FMar I F0.000
Frequency Steps FSteps I 1000
[~ Awto Cale Calculate I N
Causally Extrapolate Substrate Data - a X
Step 1: Set Substrate Causal Extrapolation Reference Paoints Step 2 - Set Frequency Range and Select Calculate
i ::eq [Hz)  RefEr  FefTanD ) orey Hond &I
Substrate T Height H1 [Toe+0 [ 32000 [ oooss Fiequency Minimum (MHz]  FMin [~ 70,000
Substiate 2 Height H2  [7o0Ea0 [ 31200 [ oooes | | Freaueney Masimum (GHz)  Fhax lm} Set
Substrate 1 Height H1 I 40000 Frequency Steps Foteps [~ f000.
:
Substrate 1 Dielectric En I 2.2000
Substrate 2 Height H2 | £.4000
. i - Graph | Resuts|
ubstrate ielectnc T I 21200 o =
Causally Extrapolate Substrate Data E,s,::yge,.es
Lower Trace Width Wil www.polarinstruments.com relectic Constant [E1 =
I 4.3000 e Dielectic Constark (E1
UDDBI T[ace Wldth Wz 43000 §3 1~ Picked Data Point Informatior
Trace Separation 51 51000 % 3P
Trace Thick T :— 332 a
race Thickness 0.E000 § -
s F T
o 31 el T T T T R Y B i L1
Differenlial Impedance Zdif' g?-25 5000 10000 15000 20000 Fresiel:‘f::yr H:l:—‘;]ﬂ 35000 40000 45000 50000
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Length of Line

Trace Conductivity [S/rm)
Lozz Tangent

Rize Time [pz)

Frequency Minimurn [FHz)
Frequency Maximum [GHz)
Frequency Steps

[~ Auto Calc

Substrate 1 Height
Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Diglectric
Lowser Trace width
Upper Trace Width
Trace Separation

Trace Thickness

Differential Impedance

ke & Surface Roughness Compensation - Huray X
L™ [T s5000 ;
Ratio of Areas
T [RacEr : ,
5.80E+07 Effective Ball Radius (pum) 01200 Cancel
TanD 00195 ‘ Area of Ball Count (sq pm) 05140
. I— Number of Balls in &rea 14 - J—
10 Smoother  Rougher
FMin [ 10,000
PMax [ 50,000
Fiteps [ 1000
Caloulate | S .
Causally Extrapolate Substrate Data - o x
Step 1 - Set Subshrate Causal Extrapolation Reference Points Step 2 : Set Frequency Range and Select Calculate =
FreaHzl  RefEr  RefTanD L‘
Substrate 1 Height H1 mlmlm Frequency Minimum (MHz)  FMin m
Substrate 2 Height H2 mmlm Frequency Maximum (GHz)  FMax m} Set
Hi £ 0000 Frequency Steps Fsteps | 1000
- |
EM [ E7e00
H2 [ E4000
Groph | Resuis|
B2 [ 3700 Gk s
" Causally Extrapolate Substrate Data Display Setes
Wi I—E =000 - - www._polarinstruments.com [Dilcic ol =]
. — —
3.
Wi I— 5 - Picked Data Point Infomation
5T000| | |2,
&
51 [ 57000 Eam Py
™ [Togooo| | fFe
' T T
0310
I I N T A
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Zdiff I 93.88 Frequency - MHz

| R2dza SR T2NJ ydHpET

Mn oy négT

HA®PHHET

HC ®T né
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Generic Topology Model

Daughter Card Backplane Daughter Card

L] TermG
Con Con \j "< | rerma2
sai 1 | 245 ohm
’_]_‘ ’_I_‘ SnP101
[ L SE

At

— S4P - I— S4ap = — S4P
SnP54 SnP112 SnP53 SnP51
o - TermG

TermG4
Num=4

s: SZ= 1 [z=50 Ohm

SnP100 SnP102

Measured

— TermG
TermG6
Num=6

1 |2=50 Ohm

TermG

‘2 | Termas
Num=8
1 | z=50 Ohm

— TermG
TermG5
Num=5

1 |2=50 Ohm

TermG

°S | TermG7
Num=7
1 |2=50 Ohm

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

62
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\\ o A A

OEl al E .

O
J—.
I_
&
<
p
Q)¢
n

SDD21 Insertion Loss TDD11
5
ADS 07 ADS 12°:
-20— ]
i 120
40— ]
£Z 7 115
»e 807 £3 ]
s B [ZRS
iz ]
Qg -80— =T 1104
[ara) i e ]
Do () ]
My -100— e ]
oo i 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

Simulated with Keysight AD& ----Simulated 63
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ExaMax Backplan€ase Zlotal Length = 26.80

SDD21 Insertion Loss TDD11
ADS 0 h ADOS 130
-20 125—
-40—
. 07 120—
Eo
= -60— gg
T g »e 115
N — —
80 -80— =
i [a)
Y% ap 10—
My -100— [
To |
105—
-120—
-140— 100
B e e I R ST—T——71 T 1 T 1 T T T T T [ T T
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 5,
Simulated with Keysight ADE
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ExaMax Backplan€ase Jotal Length = 32.22

SDD21 Insertion Loss TDD11
ADS 0 | ADS 140 4
-20— ]
h 130—
-40— -
EQD } © ]
o 807 E 0 120
T — - wE -
AN — = .
On -80— T ,
e 32 1o
0% -100 2 110
TS5 | i
-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 65
Simulated with Keysight ADE
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ExaMaxBackplaneCase 4lotal Length = 38.7%0

SDD21 Insertion Loss TDD11
ADS 0 | ADS 140 4
-20— ]
i 130—
-40— 7
= } © ]
»e 60 E3D 120~
T — - mE -
N ~ — .
oA -80— e ,
T 33 o
DR -100 ==
To i i
-120— ]
i 100—
-140— a
AT T T T T T T T 1 I I B A B
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 44
Simulated with Keysight ADE
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Generic Channel Model

@ o |

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

Daughter Card Backplane Daughter Card

Con Con E

EyeDiff_Probe | god o
’—4- EyeDIff Probet | gos10 SnPitg Eye_Probe
[ o ’_I_‘ ’_]_‘ ’_I_‘ =|Eye_Probet
T* o b
=% i ol . i ol o
Tx_Diff1 S E S E

Rx_Diff

S4P S4P = s4p

BitRate=28 Gbps sap = — s4p Rx_Diff1
Vhigh=1V SnP113 SnP137 SnP138. SnP139 SnP117 ExcludeLoad=no

Viow=-1V
EnableCTLE=no
EnableFFE=yes

RiseFallTime=15 psec
Mode=Maximal Length LFSR
ExcludeLoad=no ! ! EnableDFE=yes
EQMode=None

s: s:

SnP121 SnP119

Measured

sip =
SnP122

67
Modeled with KeysighADS6]
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Eye Density Simulated

| KI St {AYdzZ I GA2Y pc

Eye Density Measured

Nearend

Voltage, V

| R, S, EY s S ) OO S D] S, LI, o | Bt s e S s S S S S SO S S S S S S|
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
time, psec time, psec
Eye Density Simulated Eye Density Measured
0.025

Farend

Voltage, V

Voltage, V

1

75 0 5

) | permutelHeightABERD)

| 7.224m

- 1) | permute(WidthAEED)
7188 | 77188

— e -0.0254+—
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time. psec

T T T T T T T T T T T T T 1
10 15 20 25 30 35 40 45 50 55 60 65 70 75
time, psec

permute(HeiohtAEERD |
7.447m |

permute(HeightAEERD)

[ permutelrieichiaseny) | permute(HeichiaBERD
seoem | s.280m | 5.451m

permute(WidthAEERD) |

permute(WiSthAEERT) | permue(WisthARErD
7.530p | 73425 | 75207 68

permute(WidthAEERD) |
P

Simulated with Keysight ADE
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Summary

V Byusingdielectricmaterialproperties, copper foil and
oxide alternative roughness parametaristained solely
FTNRBZY Yl ydztl OUdzNENRQ RI UfF

modeling highspeeddifferential ¢

nannels iIs now

achievable using commercial fie
employing Huray model.

dlving software

V Even though some models are wrong, they can still be
useful for getting that answer now rather than later.
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