Welcome to

DesicnConezT

fﬂ/j

y

WHERE THE CHIP MEETS THE BOARD

Conference ‘ Expo

January 30 — February 1, 2024 January 31 —February 1, 2024 y

Santa Clara Convention Center /D) (
/ | (

EESH,NQOQ\!H Wi, JAN.30-FEB.1,2024 #DesignCon () informarmarkets




A Heuristic Approach to Assess
Anisotropic Properties of Glass-
reinforced PCB Substrates

Bert Simonovich, Lamsim Enterprises Inc.
Lsimonovich @lamsimenterprises.com

| )
BESJQNQO!VH "3 JAN. 30— FEB. 1, 2024 #DesignCon




Lambert (Bert) Simonovich graduated from Mohawk College of Applied Arts
and Technology as an Electronic Engineering Technologist. During his 32-
year tenure at Bell Northern Research & Nortel in Ottawa Canada, he
helped pioneer several advanced technologies into products. He has held a
variety of engineering, research and development positions, eventually
specializing in high-speed signal integrity and backplane design. In 2009,
he founded Lamsim Enterprises Inc., and continues to provide innovative
signal integrity and backplane solutions as a consultant. He has authored
several publications and holds two US patents. In addition to being a senior
member of IEEE, he currently serves as a member of DesignCon's
Technical Program Committee and Signal Integrity Journal's Editorial
Advisory Board. His current research interests include high-speed signal
integrity, modeling and characterization of high-speed serial link
architectures. His most notable modeling achievement is the invention of
the "Cannonball" conductor roughness model used in conjunction with the
Huray model in several electronic design automation (EDA) software tools.
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Edge-Coupled Offset Stripline 1B1A1R

I Dk I Dk I Dk

Using incorrect Dk values can affect PCB fabrication yield
or reduced performance margins

{
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Material: Meg-4
Stackup Construction
Pre-lam Information \ Fab Details File Edit Configuration Help
Prelam " . [:_ A}‘ = g!a a:a
" : Base Cu Glass Resin Dk Df Predicted |5 | & | =
Layer# | Dielectrics | ) Type Layup Type Content | @10GHz | @10GHz | *PY | Thick. (mil e
Thick.(mil) = A
S/M 0.50 E (Substrate 1 Heght H
Plating 1.60 SiTaca M Substrate 1 Dlectic En
1 0.25 Foil TOP Resin Fill 3.00 | 0.0080 0.30 - Subatrate 2 Hegre H2
. 1078 69% 344 |o.0080 | 1 ) Subsirate 2 Dieleckic: 2
7.0 Pre-preg 1078 69% 3.44 | 00080 | 1 6.32 s -
2 050 RTF p Resin Fill 00| 00080 060
3.90 Core 106772 66% 355 00080 2 3.90 HL  fsusce Moo HogeTmea VA wa
3 0.50 RTF s Resin Fill 3.00 | 0.0080 0.60 - Trace Separaton $1
- W W
1067 70% 341 | 0.0080 H2 Trace Thicknass 8
4.64 Pre-preg 1067 70% S |lagem || 2 3.95 E R
4 0.50 RTF P Resin Fill 3.00 | 0.0080 0.60 .
3.90 Core 1067*2 66% 355 f00080 2 3.90 Conlegili
5 0.50 RTF S 0.0080 0.60 Notes: {Fast § brs wll per) totedface St Diftesential Impedance 24t [ 100,10 [100.70 [ 100070 [Lakise
464 Pre-ore 1067 70% 341 00080 | 395 (433 your commerts heve s |
g preg 1067 70% 341 | 0.0080 g Ateded
6 0.50 RTF P Resin Fill 3.00 | 0.0080 0.60 T e
3.90 Core 1067*2 66% 355 f00080 2 3.90 o 6.5 Convergence
7 0.50 RTF s Resin Fill 3.00 | 0.0080 0.60 e
1067 70% 3.41 | 0.0080 :
-1 Coxse F.
4.64 Pre-preg 1067 70% 341 |ooos0 | 2 3.95 E e
8 2.00 RTF P Resin Fill 3.00 | 0.0080 2.40 Dusl Costed Toletance Mode .
3.90 Core 10672 66% 355 |oo0s0 2 3.90 Mirostp 18 S Prepreg
9 2.00 RTF P Resin Fill 3.00 | 0.0080 2.40 ~ Percentope (%1
1067 70% 341 | 0.0080
4.64 Pre-preg 1067 70% 341 |ooos0 | 2 3.95 % Parameter Snop R Resh
10 0.50 RTF s Resin Fill 3.00 | 0.0080 0.60 Dust Costed I Auo Cale : EEEER
3.90 Core 1067*2 66% 355 f00080 2 3.90 e o o
1 0.50 RTF P Resin Fill 3.00 | 0.0080 0.60 =
1067 70% 3.41 | 0.0080
464 Pre-preg 1067 70% 341 |oooso | 2 395 Core
12 0.50 RTF S Resin Fill 3.00 | 0.0080 0.60 ui:‘:::};?m
3.90 . Core 1067*2 66% 355 f00080 2 3.90 x
13 0.50 RTF P Resin Fill 300 | 0.0080 0.60
1067 70% 3.41 | 0.0080 5
464 Pre-preg 1067 70% 341 loooso | 2 3.95 = Lossiess Calculation Sesebeiy Avaise
14 0.50 RTF s Resin Fill 3.00 | 0.0080 0.60 | A8 Strchmes
3.90 . Core 1067+2 66% 355 f00080 2 3.90
15 0.50 RTF P Resin Fill 3.00 | 0.0080 0.60
.00 Pre-ore 1078 69% 344 00080 | 1 632 O 1 t t t f t 1 d
- preg 1078 o | s4a fooom | 1 : ne important parameter 10r accurate impedance
16 0.25 Foil BOT Resin Fill 3.00 | 0.0080 0.30
deling is relati ttivit dielectri
M 050 maoaeling IS relative permituvity (&,) or dielectric
Dwg PCB Thick. 80.0 mil +/-10%
Overall Thick. 79.4 mil Over Plating (Copper to Copper) Constant (D k)
Overall Thick. 80.4 mil Over SM
Min Drill 10.0 mil
Aspect Ratio 7.6 Before Plating
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1. Prepare 2. Dry Film 3. Inner Layer 4. Inner Layer 5. Inner Layer 6. Oxide /
Core Laminate [P Resist Coat —»  Corelmaging [P Develop > AOI —» Oxide Alternative » 7. Layup

& Etch Treatment

13. Expose 12. Dry Film 11. Electroless 10. Desmearing
— 14.Electroplate (& & — Photo-resist  [&— Copper [ Deburring [ 9. Drilling 8. Lamination
Develop Coating Plating Cleaning
%% ¢ r A5 =
15. Strip 16. Solder Mask 17. Silk 18. Finished 19. Electrical 20. Final
— & > & Plate > Screen > Routing > Test / —> Inspection > 21. Ship
Etch Impedance Check

DesicnCon ez

WHERE THE CHIP MEETS THE BOARD

JAN. 30 - FEB. 1, 2024

#DesignCon

@ informa markets




Prop. Time = 0.41 ns Delta Time = 0.82 ns Distance =321 1in

Ohms 'A\f'g . 4.90in
: 50 0 a5 : : 100.93 Ohms

r e

123 Thin 100.45
o bda-hdin 349

[ Odd h1.34
—Ewen hz.09
[ Common 2605
L Unbalance 0.7%

'101.86 Ohms

Your Impedance
Failed!

8.11in
|08 84 e | PDIarIns?ruments.cum

8.75 10.00 1125 in

CITS Data Courtesy Ciena Corporation
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v TDR impedance test issues

v Laminate construction & PCB material properties overview
v’ Anisotropy explained

v’ Popular Dk/Df test methods

v Transmission line, via impedance and RF antenna implications
due to anisotropy

v" Heuristics to assess material anisotropy

v" Dielectric anisotropic validation

s
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Dk/Df Test Methods
2004 2024 Out-of-Plane In-Plane

Clamg Plale ~_

Number
Gnd Piane Foil l: Test Specimen
2.5.5.7 - |, ] B e

1 Coupli
5 mil i

Subject 3 m|| I:'EEF . SMA

Le Dielectric  Cavity.
_—_s Coupling
Characteristic Impedance of Lines on Printed / o € ower L /‘ T Loop
P Gnd Pane Foi | o e caviy [

o

-
Boards by TDR

Jo= DI EVWAVEINPEN Dk = 3.2 Df =0.002 e d

Originating Task Group
TDR Test Method Task Group (D-24a)

f

Sample

=k

SO 1/20z
N | 1oz
arpc b ~ !
e .. =
e SIS 2 *  Wider Traces + Narrower Traces
» Thicker Copper * Thinner Copper
+ Higher Dk/Df * Lower Dk/Df

* Looser Tolerance » Tighter Tolerance

TDR Normal Z, Distribution
o: ! ! !
s + Reduced |
0.25 } | Margin |
0.2
LL
0 0.15
o
IPC-TM-650 2.5.5.7 o

Published Dk
True Dk

Test Method Manual Dated 005

40 45 50 55 60
Impedance, Ohms
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TDR
. .. 60 7
Lossless Field Solver Prediction ] %
.. Substrate 1 Height H1 1.340 55 3 %
Zav

0
Coated Microstrip 1B Substrate 1 Dielectric Er 32200 )
. e N
Lower Trace Width W1 32000 = _ ——_—_/\
Upper Trace Wwidth W2 2 5000 S T /I’
y - isti 0SS
Trace Thickness T 22000 8 50_/20 + Resistive
Coating Above Substrate Cl 0.5000 g 1 ~Zo
. O -
Coating Above Trace C2 0.5000 (0]
o -
Coating Dielectric CEr 3.3000 e -
Impedance Zo 50.28 | 7/ /
40 LA N O B B B B A [T
0.0 0.5 1.0 1.5 2.0 25
e s PRECISION Time, ns;
=] ; \\ RF CABLE i
INST-S?JE;\KAENT H JP,' N S REE ; TRANSMISSION LINE UNDER TEST §
SPD fIE—————— Ve == =1 . — ‘
|is= y Ve J
/
A/ 30% * 70% —
MEASUREMENT ZONE — i
for TRANSMISSION LINE UNDER TEST . -1 I-_
S N T
= ‘ ; ;
TIME t o 782 trre —ltz,ﬂ_
* : — -~ Tre71L =
Reference: IPC-TM-650 2.5.5.7 Test Methods Manual 03/2004
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TDR
60 e
Lossless Field Solver Prediction ] %
.. Substrate 1 Height H1 1.9400 : %
Coated Microstrip 1B Substrate 1 Dislectric Er 3.2200 » 55— ]
) £ - Zav Reduced Margin due to Lower Dk
Lower Trace ‘Width Wi 3.2000 £
Upper Trace ‘Width W2 2 5000 O. -
Trace Thickness T1 2 2000 8 70 + Resistive Loss
Coating Above Substrate 1 ,m g
Coating Above Trace c2 0.5000 8 N
o .
Coating Dielectric CEr 3.3000 £ -
— 45— y
Impedance Zo 'm : // /
40 T T T T | T T T T | T T 4 | T T T T | T T T T
0.0 0.5 1.0 1.5 2.0 25

J_ T PRECISION Time, ns
= ) \\ RF CABLE

TDR

INSTRUMENT ;?X\Sgigg ; TRANSMISSION LINE UNDER TEST i

= =1 B | E— ‘

L J
30% % 70% —

MEASUREMENT ZONE — i

for TRANSMISSION LINE UNDER TEST . -_1 r—
—— e e — e — i S N <_/<
= :
TIME z, f,

tr 7L £, TL O

* Reference: IPC-TM-650 2.5.5.7 Test Methods Manual 03/2004 TS ~Tre1L - =
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Warp Yams

Impregnation

Drying
Weft
(Fill) Yarns
Finished Prepreg
Weaving Loom
Resin Types Category
Epoxy High Loss
HF Epoxy Standard Loss
Epoxy/Poly Blends Mid Loss
Low Loss
Poly Very Low Loss
Poly w/Hydrocarbon Blends| Ultra Low Loss
PTFE, Fillers and Poly . _
Blends Extremely Low Loss Lay-up Finished Laminate
Proprietary PTFE Alternatives Heat & Press
Rolled Copper ED Copper
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MS 1067+

IPC-4412A

Amendment 1

nished

Finished Fabric Glass Styles

Style | Thread Count | Thickness
(Warp x Fill) (mils)

106 56 x 56 13
1080 60 x 47 21
1037 70x 73 11
1067 70 x 70 1.4
2113 60 x 56 3.1
3313 60 x 62 3.3

Source: **|sola-group; MS = Mechanically Spread

Mg
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*Resin Types Category Dk Range Df Range

Epoxy High Loss =/>0.02
HF Epoxy Standard Loss 3.6-5.0 | 0.015 to < 0.020
Epoxy/Poly Blends Mid Loss 0.010 to < 0.015
Low Loss 3.4-4.0 | 0.007 to < 0.010
Poly Very Low Loss 0.005 to < 0.007
Poly w/Hydrocarbon Blends | Ultra Low Loss 2.8-3.4 | 0.002 to < 0.005
PTFE, Fillers and Poly Blends | Extremely Low Loss 0.0015 to < 0.002
Proprietary PTFE Alternatives | 2.0-3.0 <0.0015

References: *M. Gay, “The Printed Circuit Designer’s Guide to...™ High Performance Materials”, 2022, BR Publishing
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AGY Glass Fiber Properties
.
Dielectric Constant (Dk @1 GHz 4.8 7

Dielectric Constant (Dk) @10 GHz 4.8 6.8
Dissipation Factor (Df @1 GHz <0.001 0.005
Dissipation Factor (Df) @10 GHz 0.003 0.006

Densit g/cm? 2.3 2.54
°C 850 846
ppm/°C 3.9 5.4
N 8.5 8.9
Gpa 62 75

Source: AGY Holding Corp
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1cm 1cm

Z 1
[ A - N + - )
+ o
+ + + X
E-glass i E-glass - 1cm
. Dk=6.8 Lem Y Dk=6.8
E-field
_ Viesin = 0.7cm?3 —
Vglass = 0.3cm® /
o 1em Vpix = 1.0cm3 - 1cm
E-field
Cmix = CgCr/(Cg+Cr) Cmix = Cg+ Cr
L DK l
L T A=|—2-1]-100 '
Dk, /
| I \
:[@—1j-100z23% /
Parallel Mixing Rule 3.09 y
-1 Series Mixing Rule
DkZ ) [Vresin / Dkfesm +V9|a55 / Dkglass} Dkxy = Vresin ’ Dkresin +Vglass ’ Dkglass

=[0.7/2.5+0.3/6.8] " =3.09

P. S. Neelakanta, “Handbook of Electromagnetic Materials: Monolithic and Composite Versions and Their Applications”, CRC Press LLC,1995

II
DesicnCon ez ‘ { JAN. 30 - FEB. 1, 2024 #DesignCon

WHERE THE CHIP MEETS THE BOARD

=0.7-25+0.3-6.8=3.79

@ informa markets



Dkg = 6.8 Dkr = 2.5

Dk vs Resin Content

6.5

55 Max 27% @0.5RC

Dk

4.5

3.5

2.5 :
00 01 02 03 04 05 06 07 08 05

Resin Content

Dkxy Dkz

Dkg = 4.8 Dkr = 2.5

Dk vs Resin Content

7
6.5
6
5.5 Max 11% @0.5RC
5
= 45 :
4 |
35 |
l
1
1
1

3
25
2 :
00 01 02 03 04 05 06 07 08 09 1.0

Resin Content

Dkxy Dkz

The closer the Dkr/Dkg match the lower the anisotropic effect
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Test Method In-plane (Dkxy) Out-of-plane (Dkz)
-Ej‘”“ Clamped Stripline Resonator /
I — Ref: IPC-TM-650 2.5.5.5 RevC
Clamp Plate J—ﬁ
Bereskin Stripline Resonator /
e Ref: Patent US5187,443, Feb. 16, 1993

Foil Strip “Fica

Coax Excitation

Conducting Plate  —»] H H

Gircular Ganducting Disk _%m Specimens Balanced-type Circular Disk Resonator /
Conducting Plate  —

L] Ref: IEC 63185:2020

Coax Excitation

| _ mm |
Split-cylinder Resonator /
I %Z%ﬂ | Ref: IPC-TM-650 2.5.5.13
| —— |
coupins | e Split-post Dielectric Resonator /
ﬁﬁ’“ﬂ =/ s (a.k.a. Split-post Cavity)
DesiGnCon ez
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Dkxy Dkz
Trace
Impedance X v
Via Impedance v X
Via Stub v X
Resonance

E-field 20GHz

HFSS simulation courtesy of Juliano Mologni, Ansys
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T Pgr=— Differential TDR
Edge-Coupled Offset Stripline 1B1A1R Substiate 1 Dislectric B [3700 125
Substiate 2 Height W2 [xei ADS O]
— )14 G
I 1 | I Substrate 2 Dislectic E2 [ 37900 |
Lower Trace Width w1 35531 —
L - Upper Trace Width w2 [T30000 -
. Trace Separstion sl [ 706 120—
= ) =% Trace Thickness n [Toem —
Separation Regon Dielectic RE [ 285m0 g —
IPC-TM-650 2.5.5.13 T £ —
Notes: [First § ines wil print] DINeISuIS! madimne 24 [~33.99 @) 115—|
[0 -
o
c -
Dkz S 110
[0} -
Q. |
Substrate 1 Height H1 E
Edge-Coupled Offset Stripline 1B1A1R Substrate 1 Dielectic En —_ N
Clamp Plale -.__ Substiate 2 Height H2 .
Substrate 2 Dielectric E2 1 05_ k 1
Lower Trace Widh wi N D Xy = 3.79
Gnd Plane Fol N Test Specimen — Dk 3 09
. '3 Upper Trace Widh w2 4
————"d — Z=
——— 14 SMA Trace Sepaation s -~ )
o LN
[ 1] Test Spacimen Tiace Thickness n
Gnd Plane Fi T
i Pane Foi 1 oot o D . 100 LN L B O B
R - - 0.5 0.0 0.5 1.0 15 2.0 2.5 3.0
Notes: (First 5 lnes vl pint] _ DINSw Sepnien 2dit [ 71013
IPC-TM-650 2.5.5.5 RevC tlme nsec
’

Modeled with Polar Si9000 and simulated with Keysight ADS
D C ‘ ] I | ‘
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SN

o

ADS

'
[,

N
=)

dB
3

Dkxy = 3.79
Dkz = 3.09

20 21 22 23 24 25 26 27 28 29 30
freq, GHz

Modeled with Sonnet-Lite and simulated with Keysight ADS
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26mil
Differential Insertion Loss / Return Loss
0
ADS 1 00.9dB
-10—
-20—
0 ]
© 1
30— dB(S(2,1))
i dB(S(4,3) ——
40 dB(S(1,1))  eeeee
1 dB(S(3,3)) | 66X
1
-50 \ \ 1 N T
0 20 40 60 80 100 120 140

DesicnConezn
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freq, GHz

Impedance, Ohms

S-PARAMETERS

S_Param
SP1

Start=10 MHz
Stop=150 GHz
Step=10 MHz

SnP1

TermG
TermG4,
Num=4
Z=100 Ohm

Nume3 __Balunap

MP4

z=100 Ohmz

SnP
SnP2
File="via_26mil__dk3p79_L13_10mil_Stub_150GHz.s4p"

Differential TDR

95—

90—

85—

80—

75—

70—

TDD11

TDD33

1 T [ T [ T [ T T T T T T T
20 40 60 80 100 120 140 160 180 200

time, psec
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Topology
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Differential TDR

110
[
100
» ] . .
E ] 2 inch T-line
O 90 Dkz=3.09
8 4
e ]
S 80
o 4
Q. 4
§ 4
e Via Via
] Dkz=3.09 Dkz=3.09
60 LB B B L L L B L B B IR R
-100 0 100 200 300 400 500 600 700 800
time, psec
— 2 inch T-line 100 ohm
— | g
) LT
'l W [aEm
-t ==t =
— = Wi [3em
—a C
) Bt e -
— WoscomSspe T zan [an :
- Differential TDR
ADS 110 ]
100
2 . 2inch T-line
= |
O 90 Dkz=3.09
{93 4
o
e ]
5 ]
7 8]
Q |
g 4
70| - -
] Via Via
el Dkxy=3.79 Dkxy=3.79
T T T T T T T T

-100 0 100 200 300 400 500 600 700 800

time, psec
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Using the same value for Dk will lead to inaccurate results!

Reference: Intel® Arria® 10 GX FPGA Development Kit viewed with Simbeor Board Analyzer
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e Mental shortcuts, rules of thumb or
problem-solving techniques that help
people make decisions and solve problems
quickly and efficiently

e Does not guarantee absolute accuracy or
completeness

¢ Based on past experiences and allows one
to use readily obtainable information to
come up with solutions when more exact
information is not easily available
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THROUGH WEDNESDAY

. SNOWFALL ACCUMULATION

3 .
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Glass Style Co::::l % Offering Th(li;t?;ss Th(lrcnk:q()ass Dielectric Constant (Dk) Dissipation Factor (Df)

1GHz 2 Ghz 5 Ghz 10 GHz 15 Ghz 20 Ghz 1 GHz 2 Ghz 5 Ghz 10 GHz 15 Ghz 20 Ghz
1035 69.00% | Standard 0.002 0.051 3.06 3.06 3.06 3.06 3.06 3.06 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017
1035 75.00% | Standard | 0.0026 0.066 2.97 2.97 2.97 2.97 2.97 2.97 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
1078 65.00% | Standard | 0.0029 0.074 3.14 3.14 3.14 3.14 3.14 3.14 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
1078 67.50% | Standard 0.0031 0.079 3.09 3.09 3.09 3.09 3.09 3.09 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018
1078 70.50% | Standard 0.0035 0.089 3.04 3.04 3.04 3.04 3.04 3.04 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016
1078 72.00% | Standard | 0.0037 0.094 3.02 3.02 3.02 3.02 3.02 3.01 0.0015 0.0016 0.0016 0.0016 0.0016 0.0016
1078 75.00% | Standard | 0.0042 0.107 2.97 2.97 2.97 2.97 2.97 2.97 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
1078 78.00% | Alternate | 0.0046 0.117 2.92 2.92 2.92 2.92 2.92 2.92 0.0013 0.0013 0.0014 0.0014 0.0014 0.0014
2116 62.00% | Standard | 0.0058 0.147 3.19 3.19 3.19 3.19 3.19 3.19 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021
2116 65.00% | Alternate | 0.0064 0.163 3.14 3.14 3.14 3.14 3.14 3.14 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
1067 70.00% | Standard | 0.0022 0.056 3.05 3.05 3.05 3.05 3.05 3.05 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017
1067 71.50% | Standard 0.0024 0.061 3.02 3.02 3.02 3.02 3.02 3.02 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016
1067 74.00% | Standard | 0.0026 0.066 2.98 2.98 2.98 2.98 2.98 2.98 0.0014 0.0014 0.0015 0.0015 0.0015 0.0015
1067 76.50% | Standard | 0.0029 0.074 2.94 2.94 2.94 2.94 2.94 2.94 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
106 76.00% | Standard | 0.0023 0.058 2.95 2.95 2.95 2.95 2.95 2.95 0.0013 0.0013 0.0014 0.0014 0.0014 0.0014
1080 72.00% | Standard | 0.0038 0.097 3.02 3.02 3.02 3.02 3.02 3.01 0.0015 0.0016 0.0016 0.0016 0.0016 0.0016
1080 75.00% | Standard | 0.0043 0.109 2.97 2.97 2.97 2.97 2.97 2.97 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
1080 78.00% | Alternate | 0.0046 0.117 2.92 2.92 2.92 2.92 2.92 2.92 0.0013 0.0013 0.0014 0.0014 0.0014 0.0014
3313 63.50% | Standard | 0.0046 0.117 3.16 3.16 3.16 3.16 3.16 3.16 0.002 0.002 0.002 0.002 0.002 0.002
3313 66.50% | Standard | 0.0051 0.129 3.11 3.11 3.11 3.11 3.11 3.11 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018

Test Method: TM-650-2.5.5.5C

Source: Isola Tachyon 100G
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Tachyon 100G

U

Glass Fiber Properties Units L-Glass E-Glass
@1 GHz 4.8 7.0
Dielectric Constant (Dk) @10 GHz 4.8 6.8
@1 GHz <0.001 0.005
Dissipation Factor (Df) @10 GHz 0.003 0.006
Density g/cm3 2.3 2.54
Softening Point °C 850 846
Coefficient of Thermal Expansion ppm/°C 3.9 5.4
Tensile Load to Failure (D450 fiber) N 8.5 8.9
Tensile Modulus Gpa 62 75

Source: AGY Holding Corp

R
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Resin . Thickness | Thickness " N i
Glass Style Content % Offering (inch) (mm) Dielectric Constant Dissipation Factor

1GHz |2 Ghz |5 Ghz|10GHz [15Ghz [20Ghz| 1 GHz | 2 Ghz | 5 Ghz |10GHz | 15Ghz |20 Ghz

1035 69.00% | Standard | 0.002 0.051 |3.06 | 3.06|3.06| 3.06 | 3.06 | 3.06 [0.002 |0.0017|0.0017|0.0017 | 0.0017 | 0.002

Dk, =|RC, - Dk

Xy v resin

+GC, - Dk

lass
1035 75.00% | Standard | 0.0026 0.066 297 | 297|297 | 297 2.97 2.97 |0.001 | 0.0014 | 0.0014 |0.0014 | 0.0014 | 0.001 g

1078 65.00% | Standard | 0.0029 0.074 |3.14 | 3.14 |3.14| 3.14 | 3.14 | 3.14 | 0.002 |0.0019|0.0019 |0.0019 | 0.0019 | 0.002
1078 67.50% | Standard | 0.0031 0.079 |3.09 |3.09|3.09| 3.09 | 3.09 | 3.09 |0.002 |0.0018|0.0018|0.0018 | 0.0018 | 0.002
1078 70.50% | Standard | 0.0035 0.089 | 3.04 | 3.04|3.04| 3.04 | 3.04 | 3.04 |0.002 |0.0016|0.0016|0.0016 | 0.0016 | 0.002
1078 72.00% | Standard | 0.0037 0.094 |3.02 |3.02|3.02| 3.02 | 3.02 | 3.01 [0.002 |0.0016|0.0016|0.0016 | 0.0016 | 0.002
1078 75.00% | Standard | 0.0042 0.107 | 297 | 297|297 | 297 | 297 | 2.97 |0.001 |0.0014|0.0014|0.0014 | 0.0014 | 0.001
1078 78.00% | Alternate | 0.0046 0.117 | 292 | 292|292 | 292 | 292 | 2.92 |0.001 |0.0013|0.0014|0.0014|0.0014 | 0.001
2116 62.00% | Standard | 0.0058 0.147 |3.19 | 3.19|3.19| 3.19 | 3.19 | 3.19 [0.002 |0.0021|0.0021|0.0021 | 0.0021 | 0.002
2116 65.00% | Alternate | 0.0064 0.163 |3.14 | 3.14 |3.14| 3.14 | 3.14 | 3.14 |0.002 |0.0019|0.00190.0019 | 0.0019 | 0.002
1067 70.00% | Standard | 0.0022 0.056 | 3.05|3.05|3.05| 3.05 | 3.05 | 3.05 |0.002 |0.0017|0.0017|0.0017 | 0.0017 | 0.002

1067 71.50% | Standard | 0.0024 0.061 |3.02 | 3.02|3.02| 3.02 | 3.02 | 3.02 [0.002 |0.0016|0.0016|0.0016 | 0.0016 | 0.002

1067 74.00% | Standard | 0.0026 0.066 |298 298|298 | 298 | 298 | 2.98 |0.001 |0.0014|0.00150.0015 | 0.0015 | 0.002 O
1067 76.50% | Standard | 0.0029 0.074 | 294 | 294|294 | 294 | 294 | 2.94 |0.001 |0.0013|0.0013|0.0013|0.0013 | 0.001 O
106 76.00% | Standard | 0.0023 0.058 |295|295|295| 295 | 295 | 2.95 |0.001 |0.0013|0.0014|0.0014 | 0.0014 | 0.001

1080 72.00% | Standard | 0.0038 0.097 |3.02 |3.02|3.02| 3.02 | 3.02 | 3.01 [0.002 |0.0016|0.0016|0.0016 | 0.0016 | 0.002
1080 75.00% | Standard | 0.0043 0.109 |297 |297|297| 297 | 2.97 | 2.97 [0.001 |0.0014|0.0014|0.0014 | 0.0014 | 0.001

1080 78.00% | Alternate | 0.0046 0.117 |292 292|292 292 | 292 | 2.92 [0.001 |0.0013|0.0014 |0.0014 | 0.0014 | 0.001 9~ ,F‘
3313 63.50% | Standard | 0.0046 0.117 |3.16 | 3.16|3.16| 3.16 | 3.16 | 3.16 [0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002 z

.
3313 66.50% | Standard | 0.0051 0.129 |3.11 |3.11]3.11| 3.11 | 3.11 | 3.11 | 0.002 |0.0018 | 0.0018 | 0.0018 | 0.0018 | 0.002 ‘g

G Test Method: TM-650-2.5.5.5C

"2 7
Problem: 1. RC% is weight 2. Don’t know Dk of resin! i &
] I Iy
DesiGnCon ez ‘ JAN. 30 - FEB. 1, 2024 #DesignCon informamarkets
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Glassstyle] &M | Offering | Thickness Thickness Diclectric Constant Dissipation Factor Glass Fiber Properties Units | L-Glass | E-Glass
Content % (inch) (mm)
1GHz |2 Ghz|5 Ghz|10GHz [15Ghz [20Ghz| 1 GHz | 2Ghz | 5Ghz [10GHz [ 15Ghz [20Ghz @1 GHz 4.8 7.0

Dielectric Constant (Dk) @10 GHz 4.8 6.8

1035 69.00% | Standard | 0.002 | 0.051 |3.06 |3.06|3.06| 3.06 | 3.06 | 3.06 |0.002 |0.0017 |0.0017 |0.0017 |0.0017 | 0.002 @1 GHz < 0.001 0.005

1035 75.00% | Standard | 0.0026 | 0.066 |2.97 |2.97|297| 2.97 | 2.97 | 2.97 | 0.001|0.0014|0.0014 |0.0014 |0.0014 | 0.001 Dissipation Factor (Df) @10 GHz 0.003 0.006

1078 65.00% | Standard | 0.0029 | 0.074 |3.14 [3.14[3.14| 3.14 | 3.14 | 3.14 |0.002 |0.0019 | 0.0019 |0.0019 | 0.0019 | 0.002 Density g/cm3 2.3 2.54

1078 67.50% | Standard | 0.0031 | 0.079 [3.09 [3.09|3.09( 3.09 | 3.09 | 3.09 [0.002 [0.0018]0.0018 |0.0018 |0.0018| 0.002 Softening Point oC 850 846

1078 70.50% | Standard | 0.0035 | 0.089 |3.04 |3.04|3.04| 3.04 | 3.04 | 3.04 |0.002 |0.0016|0.0016 |0.0016 | 0.0016 | 0.002 Coefficient of Thermal Expansion ppm/°C 39 5.4

1078 72.00% | Standard | 0.0037 | 0.094 [3.02 [3.02[3.02] 3.02 [ 3.02 | 3.01 [0.002 [0.0016]0.0016 [0.0016 | 0.0016 | 0.002 - - -

1078 75.00% | Standard | 0.0042 | 0.107 [2.97 [2.97 297 2.97 | 2.97 | 2.97 [0.001[0.0014]0.0014|0.0014 |0.0014 0.001 Tensile Load to Failure (D450 fiber) N 8.5 8.9

1078 78.00% | Alternate | 0.0046 | 0.117 |[2.92 |292 (292 | 292 | 292 | 2.92 |0.001 [0.0013 | 0.0014 |0.0014 | 0.0014 | 0.001 Tensile Modulus Gpa 62 75

2116 62.00% | Standard | 0.0058 | 0.147 [3.19 [3.19[3.19] 3.19 [ 3.19 | 3.19 [0.002 [0.0021]0.0021 [0.0021 [0.0021 | 0.002 Source: AGY

2116 65.00% | Alternate | 0.0064 | 0.163 [3.14 |3.14|3.14| 3.14 | 3.14 | 3.14 |0.002 |0.0019]0.0019 |0.0019 |0.0019 0.002

1067 70.00% | Standard | 0.0022 | 0056 [3.05[305|305[ 3.05 [ 3.05 | 3.05 [0.002 [0.0017]0.0017 [0.0017 [0.0017 | 0.002 \PC3312A - Amendment 1 Feb-2008

1067 71.50% | Standard | 0.0024 0.061 3.02 | 3.02 | 3.02 | 3.02 3.02 3.02 |0.002 |0.0016 | 0.0016 |0.0016 | 0.0016 | 0.002 Table II-1 Finished Fabric Glass Styles in Sl Units

1067 74.00% | Standard | 0.0026 | 0066 |298 298|298 298 | 298 | 298 [0.001|0.0014]0.0015 |0.0015 |0.0015 | 0.002 Nominal | Min Max

1067 76.50% | Standard | 0.0029 | 0.074 [2.94 [2.94 (294 2.94 [ 2.94 | 2.94 [0.001[0.0013]0.0013 [0.0013 [0.0013 | 0.001 Warp Fill Thickness | weight | weight | weight

106 76.00% | Standard | 0.0023 | 0.058 |2.95|2.95[2.95]| 2.95 | 2.95 [ 2.95 [0.001 [0.0013 [0.0014 |0.0014 [0.0014 | 0.001 Style | percm per cm Yamn (SI) mm g/m? g/m? g/m?

1080 72.00% | Standard | 0.0038 | 0097 [3.02 |3.02|302| 3.02 | 3.02 | 3.01 |0.002 |0.0016|0.0016 |0.0016 | 0.0016 | 0.002 Lie 26 i L e K i T 50 2 B2
106 22 x| 22 | 5551x05551x0 | 0033 24.4 23.4 25.4

1080 75.00% | Standard | 0.0043 | 0.109 [2.97 [2.97 297 2.97 | 2.97 | 2.97 [0.001[0.0014]0.0014|0.0014 |0.0014 | 0.001 o a5 | SR rEEEam T s e =5 TG

1080 78.00% | Alternate | 0.0046 | 0.117 |[2.92 | 292|292 2.92 | 2.92 | 2.92 |0.001|0.0013|0.0014 |0.0014 |0.0014 | 0.001 1078 213 x| 213 | 511 1x0511 1x0 0.043 478 26.8 292

3313 | 63.50% | Standard | 0.0046 | 0117 |3.16 |3.16|3.16 | 3.16 | 3.16 | 3.16 |0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002 v |L_ehii__|bll_ifds _|l_loisl il il ik || (il flii Chiil i85
3313 236 |x| 244 |616.51x0616.51x0| 0.084 81.4 79 83.7

3313 66.50% | Standard | 0.0051 | 0.129 [3.11|3.11/3.11] 3.11 | 3.11 | 3.11 |0.002 [0.0018]0.0018 |0.0018 | 0.0018 | 0.002 2116 236 |x| 228 | 7221x07221x0 | 0.094 103.8 100.7 | 106.8

Source: Isola Tachyon 100G Test Method: TM-650-2.5.5.5C
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(lasstyte| e | oftering || oo Dielectric Constant Dissipation Factor Glass Fiber Properties Units L-Glass | E-Glass IPC-4412A - Amendment 1 Feb-2008 W
Table 1I-1 Finished Fabric Glass Styles in S| Units g
2.6hz]5Ghz[10GHz [356hz[206hz |1 6hz [ 2 6hz | 5 ohz T106Hz 15 6hz [206h;
) @1 GHz 4.8 7.0 Nominal Min Max
1035 | 69.00% | Standard | 0.002 | 0.051 |3.06 [3.06|3.06 | 3.06 | 3.06 | 3.06 |0.002 (0.0017(0.0017 [0.0017 |0.0017 | 0.002 = ! Wi Fil Thickness e ight ight
. - arj wel| weil, wei,
Dielectric Constant (Dk) @10 GHz 4.8 6.8 P 8" it &
1035 75.00% | Standard | 0.0026 | 0.066 |2.97 [2.97 |2.97 | 2.97 | 2.97 | 2.97 |0.001 [0.0014 |0.00140.0014 | 0.0014 | 0.001 @1 pom 0.001 0.005 Style per cm per cm Yarn (SI) mm g,l'm‘ g/ml gfmz
1078 | 65.00% | Standard | 0.0029 | 0.074 |3.14 |34 3.4 314 | 3.14 | 3.14 | 0,002 0.0019]0.0019 0.0019 [0.0019 0.002 z < 0. X
1078 | 67.50% | Standard | 0.0031 | 0.079 |3.09 | 3.09|3.09 | 3.09 | 3.09 | 3.09 |0.002 0.0018|0.0018 0.0018 | 0.0018| 0.002 N 1035 26 x| 26.8 55.51x055.5 1x0 I 0.028 30 27.2 326
1078 | 70.50% | Standard | 0.0035 | 0.089 |3.04 | 3.04|3.04| 3.04 | 3.04 | 3.04 |0.002 |0.0016]0.00160.0016 0.0016| 0.002 Dissipation Factor (Df) @10 GHz 0.003 0.006 106 22 x| 22 5551x05 5.5 1x0 0.033 24.4 23.4 25.4
1078 | 72.00% | Standard | 0.0037 | 0.094 | 302 302|302 3.02 | 3.02 | 3.01 |0.002 0.0016]0.0016|0.0016 | 0.0016| 0.002 i
1078 | 75.00% | Standard | 0.0042 | 0107 | 297 |297 297 | 2.97 | 2.97 | 2.97 | 0.001|0.0014|0.0014 0.0014 | 0.0014| 0.001 sy D g/cm3 ) 2 1067 27.6 x| 27.6 55.51x055.51x0 I 0.035 307 29.5 31.9
1078 | 78.00% | Alternate | 0.0046 | 0117 | 292 [2.92|292| 292 | 292 | 292 |0.001[0.0013[0.00140.0014 0.0014| 0.001 Softening Point °C 850 846 1078 21.3 x| 213 511 1x05 11 1x0 0.043 47.8 46.8 49.2
2116 | 62.00% | Standard | 0.0058 | 0.147 [3.193.193.19 | 3.19 | 3.19 | 3.19 | 0.002 |0.0021|0.0021[0.0021 | 0.0021 | 0.002 _— - o
2116 | 65.00% | Alternate | 0.0064 | 0.163 | 3.4 | 3.14 | .14 | 3.14 | 3.14 | 3.14 | 0.002 |0.0019 | 0.0019|0.0019 | 0.0018 | 0.002 Coefficient of Thermal Expansion ppm/°C 39 5.4 1080 23.6 x| 185 5111x05111x0 I 0.053 46.8 45.1 48.5
1067 | 70.00% | Standard | 0.0022 | 0.056 | 305 |3.05|3.05| 3.05 | 3.05 | 3.05 | 0,002 0.0017]0.0017|0.0017 0.0017 | 0.002 Tensile Load to Failure (D450 fiber) N 85 89 3313 236 x| 24.4 [616.51x0616.5 1x0 0.084 81.4 79 83.7
1067 | 71.50% | Standard | 0.0024 | 0.061 |3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 0.002 |0.0016|0.0016 |0.0016 | 0.0016 | 0.002
1067 | 74.00% | Standard | 0.0026 | 0.066 |2.98 | 2.98 | 2.98 | 2.98 | 2.98 | 2.98 | 0.001 |0.0014|0.0015|0.0015 | 0.0015 | 0.002 Tensile Modulus Gpa 62 75 2116 23.6 x| 22.8 722 1x07 22 1x0 [ 0.094 103.8 100.7 106.8
1067 | 76.50% | Standard | 0.0029 | 0.074 | 294 |2.94|2.94| 2.94 | 2.94 | 2.94 |0.001[0.0013[0.0013[0.0013 0.0013| 0.001
106 | 76.00% | Standard | 0.0023 | 0.058 | 295 | 2.95|2.95 | 2.95 | 2.95 | 2.95 | 0.001 [0.00130.0014]0.0014]0.0014] 0.001 Source: AGY
1080 | 72.00% | Standard | 0.0038 | 0.097 |3.02 |3.02|3.02 | 3.02 | 3.02 | 3.01 |0.002[0.00160.0016 |0.0016 |0.0016| 0.002
1080 | 75.00% | Standard | 0.0043 | 0109 | 297 |297 297 | 2.97 | 2.97 | 2.97 | 0.001[0.0014]0.0014 0.0014 [0.0014| 0.001
1080 | 78.00% | Alternate | 0.0046 | 0117 | 292 | 292|292 2.92 | 2.92 | 2.92 | 0.001[0.0013]0.0014]0.0014 | 0.0014| 0.001
3313 | 63.50% | Standard | 0.0046 | 0.117 |3.6 | 3.6 3.16 | 3.16 | 3.16 | 3.16 |0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002
3313 | 66.50% | Standard | 0.0051 | 0129 |3.11[311)3.11] 311 | 3.11 | 3.11 | 0.002 |0.0018|0.0018]0.0018 |0.0018 | 0.002 W = 1 m
Source: Isola Tachyon 100G Test Method: TM-650-2.5.5.5C l

I
-
3

A GCv

\"
Vtotal

|
DesiGnCon'ezn JAN. 30 - FEB. 1, 2024 #DesignCon informamarkets

WHERE THE CHIP MEETS THE BOARD




Glass Fiber Properties Units | L-Glass | E-Glass
@1 GH:z 4.8 7.0 Densit
Dielectric Constant (Dk 10 GHz 4.8 6.8
= @6)2)1 GHz | <0.001 | 0.005 Wg L _Glass — YL-ctass (Wg )
L —Glass . E-Glass
Dissipation Factor (Df) @10 GHz 0.003 0.006 DenSItyE—GlaSS
Density g/cm3 2.3 2.54
Softening Point °C 850 846
Coeﬁiciegnt of Thermal Expansion ppm/°C 3.9 5.4 ~ O . 9Wg E—Glass
Tensile Load to Failure (D450 fiber) N 8.5 8.9
Tensile Modulus Gpa 62 75
Source: AGY
IPC-4412A - Amendment 1 Feb-2008 (E-Glass) L-Glass (0.09Wg, .....)
Table II-1 Finished Fabric Glass Styles in Sl Units
Style Warp Fill Yarn (Sl) Thickness| Nominal Min Min Nominal Min Min
percm per cm mm weight | weight | weight | weight | weight | weight
g/m2 g/m3 g/ma g/m2 g/m3 g/ma
1035 26 X 26.8 55.51x055.5 1x0 0.028 30 27.2 32.6 27 24.48 29.34
106 22 X 22 55.51x055.5 1x0 0.033 24.4 23.4 25.4 21.96 21.06 22.86
1067 27.6 X 27.6 55.51x055.5 1x0 0.035 30.7 29.5 31.9 27.63 26.55 28.71
1078 21.3 X 21.3 5111x0511 1x0 0.043 47.8 46.8 49.2 43.02 42.12 44.28
1080 23.6 X 18.5 511 1x05 11 1x0 0.053 46.8 45.1 48.5 42.12 40.59 43.65
3313 23.6 X 244 |616.51x0616.51x0| 0.084 81.4 79 83.7 73.26 71.1 75.33
2116 23.6 X 22.8 722 1x07 22 1x0 0.094 103.8 100.7 106.8 93.42 90.63 96.12

.
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1. Determine Dkresin:

+ + +
% Glass DKr =

E-field D& 1— DkzGC,

2. Determine Dkxy:
iys Y

Dk, = (1-GC, )/ Dk

+GC, / DKy, | Dkxy = (1-GC, ) Dkr +(GC, ) Dkg

resin

Parallel Mixing Rule

DesiGnCon ez v‘@gv JAN. 30 - FEB. 1, 2024 #DesignCon (©) informamarkets
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1. Determine Dkresin:

N
% Glass DKr = Dkxy _GCv(Dkg )
Dkg (1-GC,)
E-field 2. Determine Dkz
L+ -
Dkxy = (1-GC, ) Dkr +(GC, ) Dkg DK, =| (1-GC, )/ DK, +GC, / DKy, |

Series Mixing Rule

EII

P
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Thickness | Thickness

CD::::":% Offering | Thmlos® TS Dielectric Constant Dissipation Factor Step 2
i 2 a3 o d0Ct dachy, Zoctu .ot gy .2 0 l0GH o gy 20k Using a GCv of 0.23 and a Dkg of 4.8 for L-glass at 10GHz and
rearranging the parallel mixing rule equation, estimate Dkr value:

(Glass Style

1035 | 75.00% | Standard | 0.0026 | 0066 | 2.07 | 2.07 | 2.97 | 2.57 | 2.07 | 297 | 0,001 0.00140.0014]0.0014 ] 0.0014] 0.001
1078 | 65.00% | Standard | 0.0029 | 0074 |3.14 |3.14|3.14| 3.14 | 3.14 | 3.14 [0.0020.0019]0.0019]0.0019 0.0019] 0.002
1078 | 67.50% | Standard | 0.0031 | 0079 |3.09 | 3.09|3.09| 3.09 | 3.09 | 3.09 |0.002 |0.0018|0.0018|0.0018 | 0.0018| 0.002
1078 | 70.50% | Standard | 0.0035 | 0.089 | 3.04 | 3.043.04| 3.04 | 3.04 | 3.04 |0.002 [0.0016|0.0016]0.0016 [ 0.0016] 0.002
1078 | 72.00% | Standard | 0.0037 | 0.094 |3.02|3.02|3.02 | 3.02 | 3.02 | 3.01 [0.0020.0016|0.0016]0.0016 | 0.0016] 0.002
1078 | 75.00% | Standard | 0.0042 | 0107 | 2.97 | 2.97|2.97 | 2.97 | 2.97 | 2.97 |0.001 0.0014|0.0014]0.0014 0.0014] 0.001
1078 | 78.00% | Aternate | 0.0046 | 0117 |2.92 | 2.922.92 | 2.92 | 2.9 | 2.92 |0.0010.0013|0.0014]0.0014 0.0014] 0.001

2116 | 62.00% | Standard | 0.0058 | 0.147 [3.193.193.19 | 3.19 | 3.19 | 3.19 | 0.002 |0.0021|0.0021[0.0021 | 0.0021 | 0.002 Dkz (1— GC ) 3.06 (1— 0.23)
2116 | 65.00% | Alternate | 0.0064 | 0.163 |34 314|314 | 314 | 314 | 3.14 | 0002 |0.0019|0.0019|0.0019|0.0019 | 0.002 D k _ 10GHz v _ _ 2 7 6
1067 | 70.00% | Standard | 0.0022 | 0.056 |3.05|3.05]3.05| 3.05 | 3.05 | 3.05 [0.0020.0017]0.0017]0.0017 | 0.0017] 0.002 rlOGHZ = = = £

1067 | 71.50% | Standard | 0.0024 | 0.061 | 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 0.002 |0.0016 |0.0016]0.0016 | 0.0016] 0.002 Dk GC 3 06 X 0 23

1067 | 74.00% | Standard | 0.0026 | 0066 | 2.98 | 2.98 | 2.98 | 2.98 | 2.98 | 2.98 | 0.0010.0014|0.0015]0.0015 |0.0015 0.002 ZlOGHZ v 1 . .

1067 | 76.50% | Standard | 0.0029 | 0.074 | 2.94 | 2.04[2.94| 2.94 | 2.04 | 294 |0.001]00013[0.0013[0.0013 0.0013| 0.001 -

106 | 76.00% | Standard | 0.0023 | 0.058 |2.95] 295|295 2.95 | 2.95 | 2.95 |0.001 [0.0013]0.0014]0.0014]0.0014] 0.001 Dk 4 8

1080 | 72.00% | Standard | 0.0038 | 0097 |3.02 |3.02|3.02| 3.02 | 3.02 | 3.01 |0.002 0.0016|0.0016]0.0016 |0.0016] 0.002 glOGHZ .
1080 | 75.00% | Standard | 0.0043 | 0109 |2.97 |2.97 297 | 297 | 2.07 | 297 |0.001 [0.0014[0.0014[0.0014 0.0014] 0.001
1080 | 78.00% | Aternate | 0.0046 | 0117 | 2.92 | 2.92 | 2.92 | 2.92 | 2.9 | 2.92 |0.001]0.0013|0.0014]0.0014]0.0014] 0.001

3313

63.50% | Standard | 0.0046 | 0.117 [3.16 [3.16[3.16 | 3.16 | 3.16 | 3.16 [0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002

3313 | 66.50% | Standard | 0.0051 | 0.129 |3.11[3.11[3.11] 311 | 3.11 | 3.11 [0.002 [0.0018]0.0018]0.0018 0.0018 | 0.002 Step 3

Source: fsola Tachyon 100G Using series mixing rule equation, determine Dkxy:

Given T100G 1035 69%RC:
A =1m?
t =51 um Dkxy = (1—GCV) Dkr + (GCV) Dkg = (1— 0.23) 2.76+ (0.23)4.8 =3.23
D = Density of NE-glass (L-glass) = 2.3E6 g/m?
W= Weight of 1035 L-Glass = 0.9(Weight of 1035 E-glass)

=0.9(30 g/m?) = 27 g/m? Step 4:
Dk = 3.06 (@ 10GHz) Finally 1035/69% RC, 2 mil prepreg @10GHz has a

Dk anisotropy of:

Step 1:
Determine the volume fraction of glass content (GCv):
Wg 27 Aoz =

GCv = = =0.23
(Dxt) (2.30E6x5.10E -5)

E%%X_lloo: §£§—1100=55®%
Dkz 3.06
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Glass Style Resin Offering Th|_ckness Thickness Dielectric Constant (Dkz) .
Content % (inch) (mm) Dkxy Anisotropy

1GHz | 2Ghz | 5 Ghz |10 GHz|15 Ghz |20 Ghz| 1 GHz | 2 Ghz | 5 Ghz {10 GHz|15 Ghz |20 Ghz Xy:z
1035 69.00% |Standard| 0.002 0.051 3.06 | 3.06 | 3.06 | 3.06 | 3.06 | 3.06 | 3.23 | 3.23 | 3.23 | 3.23 | 3.23 | 3.23 5.6%
1035 75.00% |Standard| 0.0026 0.066 297 | 297 | 297 | 297 | 297 | 297 | 3.11 | 3.11 | 3.11 | 3.11 | 3.11 | 3.11 4.7%
1078 65.00% |Standard| 0.0029 0.074 3.14 | 3.14 | 3.14 | 3.14 | 3.14 | 3.14 | 331 | 331 | 331 | 331 | 3.31 | 3.31 5.5%
1078 67.50% |Standard| 0.0031 0.079 3.09 | 3.09 | 3.09 | 3.09 | 3.09 | 3.09 | 3.26 | 3.26 | 3.26 | 3.26 | 3.26 | 3.26 5.5%
1078 70.50% |Standard| 0.0035 0.089 3.04 | 3.04 | 3.04 | 3.04 | 3.04 | 3.04 | 3.20 | 3.20 | 3.20 | 3.20 | 3.20 | 3.20 5.1%
1078 72.00% |Standard| 0.0037 0.094 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.01 | 3.17 | 3.17 | 3.17 | 3.17 | 3.17 | 3.16 5.0%
1078 75.00% |Standard| 0.0042 0.107 297 | 297 | 297 | 297 | 297 | 297 | 3.11 | 3.11 | 3.11 | 3.11 | 3.11 | 3.11 4.6%
1078 78.00% |Alternate| 0.0046 0.117 292 | 292 | 292 | 292 | 292 | 292 | 3.05 | 3.05 | 3.05 | 3.05 | 3.05 | 3.05 4.5%
2116 62.00% |Standard| 0.0058 0.147 3.19 | 3.19 | 3.19 | 3.19 | 3.19 | 3.19 | 3.37 | 3.37 | 3.37 | 3.37 | 3.37 | 3.37 5.7%
2116 65.00% |Alternate| 0.0064 0.163 3.14 | 3.14 | 3.14 | 314 | 3.14 | 3.14 | 331 | 331 | 331 | 331 | 3.31 | 3.31 5.4%
1067 70.00% |Standard| 0.0022 0.056 3.05 [ 3.05 | 3.05 | 3.05 | 3.05 | 3.05 | 3.21 | 3.21 | 3.21 | 3.21 | 3.21 | 3.21 5.2%
1067 71.50% |Standard| 0.0024 0.061 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.17 | 3.17 | 3.17 | 3.17 | 3.17 | 3.17 4.9%
1067 74.00% |Standard| 0.0026 0.066 298 | 298 | 298 | 298 | 298 | 298 | 3.12 | 3.12 | 3.12 | 3.12 | 3.12 | 3.12 4.8%
1067 76.50% |Standard| 0.0029 0.074 294 | 294 | 294 | 294 | 294 | 294 | 3.07 | 3.07 | 3.07 | 3.07 | 3.07 | 3.07 4.4%
106 76.00% |Standard| 0.0023 0.058 295 | 295 | 295 | 295 | 295 | 295 | 3.08 | 3.08 | 3.08 | 3.08 | 3.08 | 3.08 4.4%
1080 72.00% |Standard| 0.0038 0.097 3.02 | 3.02 | 3.02 | 3.02 | 3.02 | 3.01 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.15 4.7%
1080 75.00% |Standard| 0.0043 0.109 297 | 297 | 297 | 297 | 297 | 297 | 3.10 | 3.10 | 3.10 | 3.10 | 3.10 | 3.10 4.4%
1080 78.00% |Alternate| 0.0046 0.117 292 | 292 | 292 | 292 | 292 | 292 | 3.05 | 3.05 | 3.05 | 3.05 | 3.05 | 3.05 4.4%
3313 63.50% |Standard| 0.0046 0.117 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.35 | 3.35 | 3.35 | 3.35 | 3.35 | 3.35 5.9%
3313 66.50% |Standard| 0.0051 0.129 311 | 3.11 | 3.11 | 3.1 | 3.11 | 3.11 | 3.28 | 3.28 | 3.28 | 3.28 | 3.28 | 3.28 5.6%

Dk anisotropy varies depending on glass style and resin content
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( w Loss and High Thermal Reliability Lan nd Prepreg
Typical Values Test Condition
Tg (OMA) o

tuca mﬂn

Taiwan Union Technology Corporation (TUC)

Split-post Dielectric Resonator
I ]
" - Upper
Ctl::zl;:eng = Dielectric  Cavity
Lower  Dielectric /A CT_“:)‘::)“Q
Cavity
1 |
!
N Sample
: f In-Plane Dkxy

n nion Technslogy Compratien (TUC)
. 30 1688 . TUC Phongshan, China « 86 760 2613 6688
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Sl Test Coupon

Fix-DUT-Fix

X-section Parameters

LW; Space; t; H1; H2; Rz; Dkxy_eff

1. Determine Dkresin:
_ Dhy ~GC,(Dkg )

‘ Dy =——~——~
2. Determine Dkz:

(1-GC,)

|m,, =[(1-GC,)/ Dk, + GC, 1 Dk, |

-1

Data Courtesy Ciena Corporation; Modeled by Simbeor
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S-PARAMETERS I

Differential Insertion Loss

Excellent Correlation!

Differential TDR

sP1 0.0 105
Stant=10 MHz |
Stop=30 GHz 2
Step=10 MHz 05—
10
| 15—
e ) ~amcz g g
Num=1 e - Num=2 204
Z=100 Ohm Pl Z=100 Ohm
Terma7 SnPs8 257
Num=7 NumPorts=4
Z=250hm a0
DUT J
T T e B B e e e B I I B B B e e e S e T IR EN I
0 5 10 15 20 25 30 00 02 04 06 08 10 12 14 16 18 20
freq. GHz Measurement Time, ns
remes  —— T (A) Simulated w/Dkz (B)
Num=3 . — Num=4 .
Zmonm| Sl 2158 o o ) Simulated w/Dkxy
— . Differential Insertion Loss SDD21 Phase
TermGs P61 G10 20 200
Num=3 NumPorts=4 Num=10 i 6 i
Z=25 Ohm Z=25 Ohm 4 |
Model Dkz g —
» 30 100
E 7 4
£ ] ]
o 4 4
@ 1 o 1
TeimG . . emG g 40 & 0
TermGSs 1 TermGe T E ® 7
Num=5 Soarert - - vt Num=6 e 3 g
Z=100 Ohm CMPS CMPS 2=100 Ohm E_ : :
TemG11 SnPE2 TermG12 50 1004
Num=11 NumPorts=4 Num=12 i 4
Z=25 Ohm Z=25 Ohm
Model Dkxy ] 1
R R R AR AR R 200 T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time, ns freq, GHz

Data Courtesy Ciena Corporation; Simulated with Keysight Pathwave ADS
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v" All glass reinforced laminates are anisotropic
v" Closer Dk glass/resin mix => better anisotropy

v Important to understand material properties for accurate modeling and
simulations

v Using the same Dk value for transmission line and via models leads to
inaccurate results

v CCL suppliers should provide both in-plane and out-of-plane Dk/Df in
construction tables

v PCB fabricators need to become aware of material anisotropy for better
stackup predictions

v Using wrong value for stackup design can lead to poor yield due to reduced
margin for process variation

b
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