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Abstract

The anisotropy of glass-reinforced laminates influences dielectric properties along
different axes, depending on the direction of the electric field. Beyond material
anisotropy, factors such as resin content, fabricated dielectric thicknesses, and drilled
hole size contribute to variations in the effective dielectric constant surrounding via
structures. Additionally, via barrel roughness affects both Dkeff and time delay,
further complicating accurate dielectric modeling. This study examines the challenges
of determining true material anisotropy from via stub resonant structures and
introduces a heuristic approach to improve via simulation model accuracy.
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DESIGNCON

Your 5% anisotropy number My heuristic method only
accounts for dielectric material.

doesn’t correlate with my via
""" | The anisotropic value you are
: 5 using is an effective anisotropy.
There are other via effects that
account for the difference!

Cool discussion.

What are they
talking about ??
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Anisotropy Overview
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All Glass Reinforced Laminates are Anisotropic

Reference: Bert Simonovich, "A Heuristic Approach to Assess Anisotropic Properties of Glass-reinforced PCB Substrates”, DesignCon 2024
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Rule of Solid1Mixtures
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P. S. Neelakanta, “Handbook of Electromagnetic Materials: Monolithic and Composite Versions and Their Applications”, CRC Press LLC,1995
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Heuristically Convert Dkz to Dkxy

1. Determine Dkresin:

+ + +

% Glass Dl DkZ(I_GCv)

E—ﬁeld Dkg 1— DkZGCv

2. Determine Dkxy:

-

Dk, =| (1-GC,)/ Dk

resin

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

&

Parallel Mixing Rule

Reference: Bert Simonovich, "A Heuristic Approach to Assess Anisotropic Properties of Glass-reinforced PCB Substrates”, DesignCon 2024
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Tachyon 100G Construction Table Dk Anisotropy*

Glass Style Resin Offering Thl.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 0.147 319 | 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 | 3.14 | 3.14 | 3.14 | 331 | 331 | 331 | 3.31 | 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%

Bulk Dk anisotropy varies 4.4% — 5.9 % depending on glass style and resin content

* Ref: Bert Simonovich, “A Heuristic Approach to Assess Anisotropic Properties of Glass-reinforced PCB Substrates”, DesignCon 2024 proceedings, Santa Clara, CA
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Dk Anisotropy Implications for Via Modeling

HFSS simulation courtesy of Juliano Mologni, Ansys

E-field 20GHz
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Dkxy Dkz
Trace
Impedance X v
Via Impedance v X
Via Stub v X
Resonance




Experimental Attempts to Extract Dielectric Anisotropy based on
1/4 — wave Resonant Via Structures

Insertion Loss

0
20—
| N
fo
o 40—
2TD= % Cycle Delay ° ]
'-H (C>|) 60—
VAVAV/\! A
e~ T 80|
i o
-100 1 T T T T T T T T
TD - 1/4}\ Stub Length 0 5 10 15 20 25 30 35 40 45 50
freq, GHz
c

Jo= 4 x stublength x | Dkeff

2
c
Dkeff =
4 [4 x stublength x f, ]

[1] Scott McMorrow et al, “Anisotropic Design Considerations for 28 Gbps Via to Stripline Transitions”, DesignCon 2015 proceedings, Santa Clara, CA;

[2] Scott McMorrow, “Anisotropy Test Vehicle Tachyon Results”, Samtec presentation, 2022; © Lamsim Enterprises Inc.
[3] Al Neves et al, “Free Signal Integrity? How Understanding Anisotropic Materials & Tolerances
Could Increase Performance at 112/224Gbps & Beyond”, DesignCon 2025 proceedings, Santa Clara, CA
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Experimental Results [1,2]

Insertion Loss+Return Loss - Single Ended

° | PCB stackup
S
5~ manufacturmg process
st variations not considered
-0
Zast — oS T PCB drill size used
= — 1t Sru Smeept ovi | compared to simulation
-40 |- Measured Simulated Etgililiﬁé’fi h mOdel not COnSIdered
.45 |- ~21GHz : i ~22.1GHz ;tgéiéii?mli;ilfDVIGI -
Wl | | ‘ ‘ :I ;: .| ‘ RLSetupll_Sweepl_DV:L?S VIa roughness not
0 5 10 15 20 25 30 35 40 .
_Eegeny S ___ considered
=3.6 =32

3.6

Ry =22-1-12:5%| < This is effective AniSOtrOpy!

Ref: [1] Scott McMorrow et al, “Anisotropic Design Considerations for 28 Gbps Via to Stripline Transitions”, DesignCon 2015 proceedings, Santa Clara, CA. L +
[2] Scott McMorrow, “Anisotropy Test Vehicle Tachyon Results”, Samtec presentation, 2022 © Lamsim Enterprises Inc. amgm@
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Conductor Roughness

© Lamsim Enterprises Inc.
Bert Simonovich- 14



Electrodeposited Conductor Roughness

Untreated Foil -
Matte Side
Cathode
Anode
Drum Side

© Lamsim Enterprises Inc.
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PCB Transmission Lines

Ref plane

Prepreg

Sig trace

Core

Ref plane

e All traces and reference planes will have surface roughness to promote adhesion to dielectric material
e Conductor roughness increases transmission loss and phase or time delay (TD)

© Lamsim Enterprises Inc.
Bert Simonovich- 16




Modeling Conductor Surface Roughness Loss Effect

Differential Insertion Loss

SDD2']A
Sbb21,

Smooth Conductor

g IL, (f ) =1L onducior (f ) + 1Ly (f )
é’ A5+
Rough Conductor
201 _ [Ltozal (f) = KSR (f) x [Lconductor (f) + [Ldiel (f)
l_'_l
2 10 2 20 20 50 | Surface Roughness Correction Coefficient
Frequency (GHz) * Cannonball Model

*  Huray Model
e Hammerstad-Jensen Model
e Groiss Model
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Effective Dk from Phase Delay (TD)

Transmission Phase and Time Delay vs Frequency DKeff vs Frequency
200 1.100 4.1
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400 :0.995 .
o[ e o]
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500 s o 5 p 20,975 0 5 10 15 20 25 30 35 40
freq, GHz

45 50
freq, GHz

TD often used to determine Dkeff

© Lamsim Enterprises Inc.
Bert Simonovich- 18



Transmission Time Delay due to Conductor Foil Roughness

Time Delay vs Frequency

0.8

0.79

0.78

Time Delay (ns)
o
~l
-~

0.76

0.75

0.74 : ‘ - : :
0 10 20 30 40 50 60 70
Frequency (GHz)

Roughness of foil increases transmission line phase delay (TD)




Effective Dielectric Constant Dkeff

+
E-Field Air

D k eff = actual E-Field v
="

air

Dk is the ratio of actual structure’s capacitance to the capacitance of an identical
structure when dielectric material is replaced by air or vacuum.
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Capacitance due to PCB Conductor Roughness

Conductor

Dielectric

Conductor

Smooth

A A N R R RN
ALAALEARALEE AR AN R A A A AR LA R AR AR AR AR RN R A A LA R A
A A N R R RN
AL AL R AR A AR A A R AR A R AR AR KR AR AR A LA RN KA
AR AR AR R A LA A LN AR LR R R R R RN R R LR AR S LR R
AAEAEAAAR AR RN AR R A R AR AR A A AR N AR A A KR AR AR KR A KA AR AR A A RN ERAR]
AR A AR A A AN R AN A AR RN R R R R N R R R R RN NN A
AAEEAEREAREAARRARARRAREARRAR) AR N A AR AR AR EARERARRAL]
LERRRRR AR R RN R RN RN L] LA RN RN R RN RN
AL AR AR A R AR R R R R R R R AR AR AR KR AR AR A LA RN KA
AR AR SRR R AR A RS R LR R R R R R LR LR S LR R
BAAEEEARAR AR RN AR R RN A R AR AR AR RN AR R A A KA AR KR AR KR A KA AR AR A AR R AR
AR A AR A A A RN RN A AN R R R R R R N R R R R RN AN A
AAEEEARAR AR RN AR R R A R AR AR A AR RN AR A A KA R AR AR KR A KA AR AR RN RRAR]
AR AL A A A A R R R R R R R R RN RN RN RN
BAAAAARAA RS AR RN A AR AR AR A AR AR AR AR AR AR AR AR AR AR AR RRRS
A R A N R R RN
NN NN NN NN NN EE AN NN AN NN AN NN AN KN

=-_ From Energy
#® Energy W = 7.0833e-11 (J)

® Capacitance C = 1.4167e-10 (F)

Hsmooth

Rough

;\‘l "" ‘M‘H '\.I ui'-‘ AT
W "'"" :!'n--a--.._.
e

l::::::ni "ﬁ'ﬁ: aE I"“H,W
oy

S

BEES
—

v

-24 From Energy
® Energy W = 8.7996e-11 (J))

® Capacitance C = 1.7599e-10 (F)

s e S e
.'..':::::::'

Strength
E (V/m)

1 109.8

97.6

| 854

H

smooth

Dk, =

7 (H.&'maath - (Rzl + RzZ ))

x Dk

Conductor roughness increases capacitance resulting in a higher effective Dk (Dkeff)

Ref: Bert Simonovich, "A Practical Method to Model Effective Permittivity and Phase Delay Due to Conductor Surface Roughness”, DesignCon 2017 proceedings, Santa Clara, CA
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Trace Self Inductance due to PCB Conductor Roughness

Phase Delay Non-Causal Metal Model

0.165 o Conductor roughness increases trace self inductance thereby
. - Non-causal increasing phase delay
] * Using a non-causal metal model does not account
g 01 for additional phase delay caused by conductor
s ]
E o1so roughness
0.157— Complex impedance Real part of internal Imaginary part of internal
of rough metal impedance of rough metal impedance of rough metal
) A | A
0155 T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T [ l r‘,""""- V‘k.\ l ’ l
0 5 10 15 20 25 30 35 40 7, (i) = KGN +1')\/J17R‘4‘?"|K,.,,(_f)— K,,,.(.f]]j;;/ry_.'?, +ilK () + K, (O R,
()=t umwrap( phase(S21)) freq, GHz l_'_J L — J 1 . J
e Phase Delay il it e
0.165 .
| Ihir is what we u::':,:g cocf:w
_ Meas . ‘roughness corres fae
0.163 - Non-causal Roughness correction factor must be added to the real part
—— X Cpusal of the internal impedance of rough metal as well as an
v 1 inductance correction factor to the imaginary part to ensure
S causality*
0157 * Need to use Bracken model or equivalent
0155 T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T
0 5 10 15 20 25 30 35 40

freq, GHz

* Ref: V. Dmitriev-Zdorov, B. Simonovich, Igor Kochikov, “A Causal Conductor Roughness Model and its Effect on Transmission Line Characteristics”, DesignCon 2018 Proceedings, Santa Clara, CA, 2018
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Localized Via Structure

E-field
(Capacitance)

H-field
Induct

@ (Inductance) A
Signal f_.

4 A Return

9 “ Ppath
AN ~ ]
/{ *»\\ _— GND
é_t \7\:' Top View Section A-A
g5 Cvia = L, Dixy
w  C B in Antipadg
= i»\ Drillg
e Resembles coaxial structure
Ccoax = Lx&
h{M) e Circular GND vias localize EM-field
Conductorg

¢ Via capacitance mainly influenced by Drillg,
Antipad¢ & GND vias in close proximity
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Via Model vs Reality

GND Via !

Anti-pad ——

*  Smooth via barrel
* Anti-pads perfectly aligned all layers
*  Drill size is same as imported from CAD (FHS)

GND Via GND Via

* Dk is same as imported from CAD file or as designed .

stackup

© Lamsim Enterprises Inc.

Pad

l«— Drill —

GND Via

Rough via barrel

Anti-pads are not perfectly aligned all layers

Drill size is actual drill & not FHS imported from CAD
Dk is anisotropic & not same as imported from CAD
file or as designed stackup
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Main Cause of Via Barrel Roughness

Drilling through glass-reinforced
laminates causes crazing
allowing copper plating to wick
into the voids




Via barrel is equivalent to a flat sheet of foil rolled into a cylinder

When combined with a reference planes roughness has same influence
as PCB transmission line traces

© Lamsim Enterprises Inc.
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Via Barrel Roughness

Smooth Via Rough Via
C(via,via) [pF] C(via,via) [pF]
Setup1 : LastAdaptive Setup1 : LastAdaptive
200.028137

194964867

¥

)

(A)

E [Vim] [ l
3.000
||
2.600 | |
2.333 ‘
1.800 |
1.533 ‘|
1.000 ‘, .
Min: 0.000 [
; 5,
\, ?
| !

L s T M e e T e e e

3
|
|
|
4

B)

Via barrel roughness increases via capacitance resulting in higher Dkeff

Simulations courtesy of Juliano Mologni, Ansys
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Dkeff Compensation Due to Via Barrel Roughness Example

Dkeff, .., ~ Cvia
Dkeff., .. ~ Cvia

rough

smooth

- Ref Plane C"mmugh

;{\_ ;2.:‘%‘,‘«\- ¥ - D keff;’ough . xD kef]:vmooth

T b el ‘_ FHS = 14.40 mil [ i Lsmootn

e B ' - = 7 b

»').2:3 s ¥ h Dr Ill¢smooth T 1843 mil Am‘lpad¢

B . & 168 Drillg g, = 18.80 mil Drill

A \ Anti-padg = 40.00 mil FELB,pomn x Dkeff, .

3 Smoot,

5}2 Antzpad @
ad7l Dl"lll¢ rough

Anti-padd

( )

Dk -f]:vmooth
(18 80}

~1.026  Dkeff.

smooth

Dri”(l)smooth
Drl”¢rough

A

v

A

\ 4
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Via Delay due to Roughness HFSS Model Experiment

— 150 mil stub

£

Top Down View 3D View

e Huray roughness model added to vias (causal Bracken model included)
e Huray NR parameterized from 0to 2 um in 0.1 um (Rz = 0 to 33 um) increments

® Via geometry fixed

HFSS simulation model courtesy of Juliano Mologni

© Lamsim Enterprises Inc.
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Via Time Delay due to Roughness

S21 Ansys
2073 R2

20 Dkeff
£, TD ps |[NRum| Rzum | Dkeff |% Delta
9.900E+09 [25.253| 0.0 [ 0.000 [3.96744| 0.00%
e 9.880E+09 [25.304| 0.1 | 1667 |3.98352] 0.41%
] = 9.860E+09 [25.355| 0.2 | 3.333 [3.99970| 0.81%
] Dkeff = ¢ NR=D.Tum 9.860E+09 [25.355 0.3 | 5.000 [3.99970| 0.81%
1 4 x stublengthx f, MR 9.840E+09 [25.407| 0.4 | 6.667 | 4.01507 | 1.22%
-30 e 9.840E+09 |25.407| 0.5 | 8.333 |4.01597 | 1.22%
— NR=05um 9.840E+09 [25.407| 0.6 [10.000]4.01597 | 1.22%
o - :EE Btm 9.820E+09 |25.458| 0.7 |11.667|4.03235| 1.64%
2 35 — e 9.820E+09 [25.458| 0.8 [13.333[4.03235| 1.64%
@] NR=0.9um 9.820E+09 [25.458| 0.9 [15.000]4.03235 ] 1.64%
NE="1um 9.820E+09 [25.458| 1.0 [16.667]4.03235 | 1.64%
0] — 9.820E+09 [25.458| 1.1 [18.333[4.03235] 1.64%
1 — NR=tam 9.820E+09 [25.458| 1.2 [20.000]4.03235 | 1.64%
] — NR=1.4um 9.820E+09 [25.458| 1.3 [21.667]4.03235| 1.64%
] — :E:} gz: 9.820E+09 |25.458| 1.4 |23.333]4.03235] 1.64%
45 ] — MRt T 9.820E+09 [25.458| 1.5 [25.000]4.03235 | 1.64%
] NR=1 Bum 9.820E+09 [25.458| 1.6 |26.6674.03235| 1.64%
1 e 9.820E+09 |25.458| 1.7 |28.333]4.03235| 1.64%
50 . | . . . . | — . 9.820E+09 [25.458| 1.8 [30.000]4.03235 | 1.64%
8.67035 867035 1067036 11.22860 9.820E+09 [25.458| 1.9 |31.6674.03235]| 1.64%
: : el : 9.820E+09 [ 25.458| 2.0 [33.333]4.03235| 1.64%

0 2

\ Dkeff * Time-variant electromagnetic fields inductance also contributes to time delay (TD)
TD = ~————xstublength
C
Dkeff * Via barrel roughness affects the self-inductance (L11) in same way copper surface
L11C11 - roughness increases L11 in transmission line geometries

HFSS simulation model courtesy of Juliano Mologni

© Lamsim Enterprises Inc.
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Previous Study
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Test Vehicle

e pp -

( ) (C)
[S s —
————
e Q ? u
= i
: 2 N

As Designed

As Fabricated

Ref: [1] Scott McMorrow et al, “Anisotropic Design Considerations for 28 Gbps Via to Stripline Transitions”, DesignCon 2015 proceedings, Santa Clara, CA.

QU &
Thick Layer Matenal Diel.
Lyr ness Cross Section Diagram ok__ | Definition]  Type Tol.
07 Resist
14 Cu Plating
Lo1 0.6 = signal oso:
4.0 1X 1078 - 75.5% 8-Stage +-1.0]
L02 06 g oso
103 - BLANK 0.0 doz
82 2X1078 - 75.5% 10
Lo4 0.6 08 ez
60 P o
105 - BLANK 0.0 x ooz
82 2X1078 - 75.5% % +\- 1.0
L06 6 > |ose
(2-1078) i +\- 10
Lo7 . O |ose
82 2X1078-75.5% f_( +1- 10
108 - BLANK : vz
(-107) _0.006 O/H_ T fev
L09 6 oS
7.6 2X1078 - 75.5% +\- 1.0)
L10 0.6 . 050z
L11 0.6 oso:
4.0 1X1078 - 75.5% v +\- 1.0)
L12 0.6 — signal 0sen
14 Cu Plating
07 Resist
Total: ~ 79.8 Est. Finish Thickness Over Mask Tok: +/-10% +

[2] Scott McMorrow, “Anisotropy Test Vehicle Tachyon Results”, Samtec presentation, 2022
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Pressed Dielectric Thickness Affect on Dk

p O |

= -_ Tackyon 100G 1078 Dk vs Prepreg Thickness
== 3.2
y=-121.82x+ 3.4767
3.15 ° R?2=0.983
Pressed 3.1 e
Thickness o .
[ 3.05 ".-...
o-..
3
"0,
2.95 e
o
2.9
0.0025 0.003 0.0035 0.004 0.0045 0.005

Thickness, inches

Prepreg loses resin content as it is pressed resulting in higher Dk for pressed thickness

© Lamsim Enterprises Inc.
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As-fabricated Dielectric Thickness Effect on Dielectric Constant

As Pressed Pressed
Designed | As Designed X-sec X-sec Single ply Dkz Pressed
Stackup Stackup Dkz Dkxy Meas Thick | Stackup | thickness X-sec Dkxy Pressed
No. M mil mil Stackup | Calculated mil mil mils (linear fit) | Calculated | Anisotropy

1 2 Bstage 4 2.96 3.08 3.80 3.80 3.80 3.01 3.14 4.2%
2 2 core 14.2 6 3.05 3.21 12.77 5.8344 2.92 3.12 3.28 5.1%
Bstage 8.2 2.96 3.10 6.9353 3.47 3.05 3.2 4.8%

3 2 core 14.2 6 3.05 3.21 13.16 5.8344 2.92 3.12 3.28 5.1%
Bstage 8.2 2.96 3.10 7.321 3.66 3.03 3.17 4.6%

4 2 Core 6 3.05 3.21 5.83 5.8344 2.92 3.12 3.28 5.1%
5 2 Bstage 14.2 8.2 2.96 3.10 13.04 7.2105 3.61 3.04 3.18 4.7%
Core 6 3.05 3.21 5.8344 2.92 3.12 3.28 5.1%

6 2 Bstage 13.6 7.6 2.96 3.08 13.49 7.6508 3.83 3.01 3.14 4.3%
Core 6 3.05 3.21 5.8344 2.92 3.12 3.28 5.1%

7 2 Bstage 4 2.96 3.1 3.58 3.58 3.58 3.04 3.18 4.6%
Averages 3.00 3.14 3.07 3.22 4.9%

Pressed dielectric resin loss increases Dkxy
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Dkeff Increase from Capacitance Due to Via Roughness

Antipad Dia
Length: 40.04 mil

g
a
w
]
@
<
o
)
o
@
K3
N

Length™ 12 66 vl

| Length. 11.3 mil

Drill¢g00tn = 11.80 mil
Drillgougn = 12.66 mil
Roughness ~ 0.43 mil (10.9 um)
Antipad¢ = 40.04 mil
DkeffXYsmooth = 3-22 (from Table 1)
Stub Length = 74.4 mil

n ( 40.04 j
11.80
Dkef]xymugh = T(M- X Dkef]xysmooth
ln( : j

12.66
=1.062x3.22=3.42

Ref: [1] Scott McMorrow et al, “Anisotropic Design Considerations for 28 Gbps Via to Stripline Transitions”, DesignCon 2015 proceedings, Santa Clara, CA.

[2] Scott McMorrow, “Anisotropy Test Vehicle Tachyon Results”, Samtec presentation, 2022
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Dkeff Increase from Inductance due to Via Roughness

Dkeff

f, Hz TDps | NRum | Rzum Dkeff % Delta
9.90E+09 25.25 0 0.00 3.9674 0.00%
9.88E+09 25.30 0.1 1.67 3.9835 0.41%
9.86E+09 25.35 0.2 3.33 3.9997 0.81%
9.86E+09 25.35 0.3 5.00 3.9997 0.81%
9.84E+09 25.41 0.4 6.67 4.0160 1.22%
9.84E+09 25.41 0.5 8.33 4.0160 1.22%
9.84E+09 25.41 0.6 10.00 4.0160 1.22%

10.90 4.0213 1.36%

9.82E+09 25.46 0.7 11.67 4.0323 1.64%
9.82E+09 25.46 0.8 13.33 4.0323 1.64%
9.82E+09 25.46 0.9 15.00 4.0323 1.64%
9.82E+09 25.46 1 16.67 4.0323 1.64%
9.82E+09 25.46 1.1 18.33 4.0323 1.64%
9.82E+09 25.46 1.2 20.00 4.0323 1.64%
9.82E+09 25.46 1.3 21.67 4.0323 1.64%
9.82E+09 25.46 1.4 23.33 4.0323 1.64%
9.82E+09 25.46 1.5 25.00 4.0323 1.64%
9.82E+09 25.46 1.6 26.67 4.0323 1.64%
9.82E+09 25.46 1.7 28.33 4.0323 1.64%
9.82E+09 25.46 1.8 30.00 4.0323 1.64%
9.82E+09 25.46 1.9 31.67 4.0323 1.64%
9.82E+09 25.46 2 33.33 4.0323 1.64%

Dkeff

4.04000

4.03000

4.02000

4.01000

4.00000

3.99000

3.98000

3.97000

3.96000

4.0213

Dkeff vs Roughness

Drillggmeor, = 11.80 mil
Drillgrogn = 12.66 mil
'@ Dkeff = 5E-06x3 - 0.0004x2 + 0.0085x +3.9697 Rz Roughness ~ 0.43 mil (10.9 um)

[ !‘,_.w.“‘.‘”."'.".".u.'..‘.“n.“‘

R?=0.9762 Antipad¢ = 40.04 mil
Dkeffsmooth = 3.97
Dkeffougn =4.02

= Angry

10 15 20 25 30 35

Rz roughness, um

—1 1100 =1.36% Increase

3.9674
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Conclusion

Insertion Loss+Return Loss - Single Ended

m Avg Anisotropy due to
15 pressed thickness (Tabel 1) 4.9%

N
o
I

== |L01-T1-STUB_1
ILO1-T1-THRU_1

—ienses 1+ Dkeff due to C roughness 6.2%

==L Setup1_Sweepl_DV161

Magnitude (dB)
A i
o [%,]
T T

35— s |L Setup1 Sweepl DV175 |
RLO1-T1-STUB_1
.40 - RLO1-T1-THRU 1 B
. . RLO1-T1-STUB 4 0
s Measured ; 1 Simulated orTiTu | + Dkeff due to L roughness 1.36%
| | | ~21GHz | : 0 722‘.1GHZ | RLSetupl}SweeplZDVl?S
S0y 5 10 15 20, , 2 30 35 40 Total 12.5%
Frequency (GHz)
Die. | g 80 ] Dhet, - 15810 ] Based on cross-section data from
meas 4%x21.0E9%x74.4E -3 am 4x22.1E9x74.4E -3 . .
=36 =3 extended case study - adjusting Dkeff

3.6 for pressed thickness and via

A, ="2-1=12.5% : :
32 roughness adds ~ 8 % to the dielectric

off

* Ref. [1] Scott McMorrow, “Anisotropy Test Vehicle Tachyon Results”, Samtec presentation, 2022 a n | sot r-o
[2] Scott McMorrow et al, “Anisotropic Design Considerations for 28 Gbps Via to Stripline Transitions”, DesignCon 2015 proceedings, Santa Clara, CA. py
[3] Bert Simonovich, “From Smooth to Imperfect Vias: The Rough Truth Impacting Simulation Model Accuracy”, White Paper, June 1, 2025
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What We Learned

¢ Beyond material anisotropy, factors such as resin content,
fabricated dielectric thicknesses, and drilled hole size contribute
to variations in the effective dielectric constant surrounding via

structures.

¢ Additionally, via barrel roughness affects both Dkeff and time
delay, further complicating accurate dielectric modeling
validation.
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