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Insertion Loss & Dkeff vs Freq.
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Modeling transmission
lines from data sheet
parameters:

—> Discrepancy in D,

—> Inaccuracy in
simulated IL
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Insertion Loss & Dkeff vs Freq.
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— As roughness profile increases:
:i:i:i:i:i:i:i:i}S
1 II I}\II | |
— Effective separation decreases
S — E-field strength increases
E-field idi(iiﬁiiljib:’j/i } Seft
— Capacitance increases
S — D, increases
— Phase Delay increases
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Develop a method to accurately predict D, and phase
delay due to conductor surface roughness profile, as
published in manufacturers’ data sheets, without
relying on measured data for curve fitting
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= Background

= Gauss’ Law

= Parallel Plate Capacitor

= Conductor Roughness

* Modeling D, Due to Roughness
= Validating the Model

= Case Studies
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Ability of a dielectric material to store electrical energy
in an electric field

In PCB industry:

— Relative permittivity (¢,) <=> Dielectric Constant (D,)

— Effective permittivity (&,.4) <=> Dy
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Wadell [6] defines D, as the ratio of the actual
structure's capacitance to the capacitance when the
dielectric is replaced by air.
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200 Transmission Phase and Time Delay vs Frequency
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T s Phase delay a.k.a. time delay
(LA
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LA M\\HM\\Nggg (TD ) in seconds can be derived
AR AR IO e .
g_mom\\\\,w‘,”\\\‘\‘\ =1 from the transmission phase
e =5 angle [2]*
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freq, GHz

| i TD()=-1 unwrap ( phase(S21))
o 360 freg

" ) .
Simulated with Keysight ADS [15] Keysight ADS [15] equation syntax.

DesiGNCON'ETT (300 JaN 31-FEB 2, 2017




DKeff vs Frequency

TD can be used to
determine D,
- | c Y
; D.(f)=|TD(f)——
> 0 f"> 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 50 keﬂ: ( ) ( ) Length

freq, GHz

Simulated with Keysight ADS [15]
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i Relates the distribution of

|++ﬁ+f+T+T T T T . .
o electric charge to resulting
gL s e-field
R
VR R A
--------------------- Can be used to determine
| the e-field between two
Ey = ortace “Targe Densty _ & oppositely charged parallel
0 Permittivity Free Space &, PP y 8 P

plates
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Dielectric materials are
insulators often composed
of polar molecules

Look electrically like small
dipoles that line up
randomly



YTy E-field of the dipoles (Ep)

opposes e-field in free
E space (E,) to yield a net
v — v v v v e-field intensity (E)




 tttiitttiiiiiis Insertion of dielectric
material reduces the e-

D field intensity inversely

proportional to D,
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also be expressed as the
ratio of volts to distance
-------------------- between two plates

bbb b bdbddbddtd Electric field intensity can
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Plate A A
aehreat® Any structure capable of

storing an electric charge

Q. .
LR R e T T is called a capacitor
CH B HERE T v H
EEREERENE c=2_ DA
- A4 A4 A4 A4 A4 A2 A2 A4 V H

g
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Rolled Electro-deposited (ED)

)

VS

Smoother Lower Cost
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Copper bar fed through a
series of progressively
smaller rollers to achieve
° final thickness

Reducing Rollers
Copper Foil

Copper Bar

Roller smoothness
determines final
smoothness of foil
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prreated ol Drum speed controls foil

Matte Side \ .
R thickness
Drum Side

Drum

Anode

Matte side always rougher
than drum side

Cathode

(U
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Electro-deposited Copper Foil Nodulation Treatment

Drum Side Untreated

Matte Side Untreated

DEesicnCon ez
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Drum Side Drum Side
—l Q Nodulation o I

/> L Treatment \v
(o) —~ . ©
Matte Side Matte Side
Untreated Treated

Foil Foil
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Drum Side Treated
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Measured
Profile

Motor Drive and
Processing Unit

Stylus Pickup Unit

Provides 2D Scan Profile
Slow

Less reliable

Less accurate
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Measured

Profile

CCD

Processing Unit F \

Provides 3D Scan Profile
Faster
More reliable

v
v
v
v

More accurate



Average (R,)
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Rogers LCP Roughness Study [3]
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Dkeff vs Dielectric Height Rogers LCP * AS tthkneSS Of the dlelectrlc
240 increased D, .« decreased

The rougher copper profile
290 the higher D, for the same

0 5 10 15 20 25

Dielctric Height -mils dielectric thiCkneSS

- - Dk _Spec ——Rg=04um —=—Rg=3.0um

v" Supports theory that higher roughness profile adds excess capacitance
thereby increasing D, .+ due to reduced separation between plates

* LCP = Liquid Crystal Polymer
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Resonant Element Pattern Card

Gnd Plane Foil \‘ ‘ Gnd Plane Foil

Clamp Plate — l4— Clamp Plate

Side View (Unclamped) N.T.S.

IPC-TM-650 - Section 2.5.5.5 - Rev C - Test Fixture [8]

U]l
DESIGNCON T edyy 9an 31-FEB 2, 2017

IPC-TM-650 test method
used to rapidly test
dielectric material for
permittivity and loss
tangent in a production
environment




Resonant Element Pattern Card

Gnd Plane Foil \‘ ‘ Gn’dPIén'e Foil

Clamp Plate  — { \ '4— Clamp Plate
/
\
UL/
=t -4 g ke
v

Test Specimen ? Test Specimen
SMA

Side View (Unclamped) N.T.S.

IPC-TM-650 - Section 2.5.5.5 - Rev C - Test Fixture [8]
111 “,
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Side View (Clamped) N.T.S.
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Since resonant element
pattern card & material U.T.
not physically bonded
together => small air gaps
between various layers &
conductor roughness affects
published results

Published D, not same as
D, due to roughness



Data Sheet

[ 1
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Data Sheet Simulation Dyett rough Model

1V 1V

T

= =1.242 - D _1.242%4.0 =(4.968 - ——————
Dkeff Csmooth 14167 keff _rough \\_/’

—

Drer= 4.0 Diceri = 4.0 ===~ > Dot ougn = 4 968>
-3 From Energy ‘3 From Energy i ‘2 From Energy
® Energy W = 7.0833e-11 (J)) ® Energy W = 8.7996e-11 (J) i ® Energy W = 8.7973e-11 (J)
®* Capacitance C = 1.4167e-10 (F) ® Capacitance C = 1.7599%¢-10 (F}\/ : ® Capacitance C = 1.7595e-10 (F) \/
|
|
|
I

Dieft _rough _ Crough ~1.7599

* Simulated with Quickfield [18]
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. Dkeff vs Dielectric Height Rogers LCP 1 . Tu Ni ng RZ eq ud I to 6 . 1 I,l m

340 at 4 mil dielectric height
gséo 2. Use same value for the
o S T s other dielectric heights

0 5 10 15 20 25 v Excellent correlation to

Dielctric Height -mils

—s—Dkeff_mea Rogers -+ Dk_Spec —s=—Dkeff _Sim 6.1um Rz m e a S u re d Dkeff

H

_ smooth
Dyt _rough — X Dyer

2 (H 2R,)

smooth
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Features:

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

* Loss structures for material extraction

* Resonators for measurement correspondence

* Multi-impedance structures for VNA time transform analysis

Applications:

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




Measure and De-embed for Generalized Modal
S-parameters (GMS)

Photo courtesy Anritsu [19]
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&k Simbeor - [Graph(2) - Graph View]

File Wigards Edit View GraphView Action

Job  Tools

Window  Help
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I
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|
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Solution Explorer - CMP28_FRA0SHR_RTF: "C:\Us... | X & StripLine | (8% Circuit(1) %Gvaph(‘) %Gﬁphﬂ)‘ 4%

f CMP28_FRADBHR_RTF: *C:\Users\admin\Docum A
Project(1)

&7, Materials: T=20[°Cl...

B8 StackUp: LU=[mil], NL=3, T=26.35[mil]
2 Stripline

(-4 Messured_DifferenceStrip_Criginal_GMS:
£-E MultiportData: ".\Simbeor_Material |

@@ Results
‘53 Graph(1)(TLineParameters.Modal vs. Frequel
51 Graph(2) MultiportParameters vs. Frequency ¥
<

X

&4 MultiportTopology: 2 inputs, 2 pe. 10T
, Port 1, Terminal, MI
, Port 2, Terminal, M{
=15 Simulation(1) mT
i Parameters
5 Options +RCM
20 T

A:Project(1)Measured_DiffersnceStin_Original GMS Gin_s2p. Simulation(1);

Magritude(S), [dB]

V!

> 5 10 15
Main [§ Circurs [l Simula.. @) Resuts 0312016, 134030, Sinbein .
———o asRiL

Project (1) .Measured DifferenceStrip Original GMS-6in_ n [X]| Root Goal Progress T CPU  CPUTI.

45 50
Frequency, [GHz]

Project (1).
Project (1).
Project (1) .
Project (1) .
Project (1) .
Project (:

FR408HR_RTF:

<

Measured DifferenceStrip Original GMS-6in_
Measured DifferenceStrip Original GMS-6in_
Measured_DifferenceStrip_Original GMS-6in_
Measured_DifferenceStrip Original GMS-6in_
Measured DifferenceStrip Original GMS-6in_
1) Project initialization has been succee

::"CMP28_FRA4OSER RIF™ Sclution initialization has bee

Logs - CIP26.

Frequency,[GHzl

" TraceLog [Error Log

Magnitude(s),[dB}:

Simbeor
@ cMP2s FR40BHR .. B

Job Cantraller

NONE[J:

0%
100% | Done

FPS: 20

Simulated with Simbeor SW [14]




Prepreg

Core

Matte Side l

Matte Side

Drum Side ‘

w 1

Drum Side l

Parameter

FR408HR/RTF

D, Core/Prepreg @ f,

3.65/3.59 @10GHz

D; Core/Prepreg @ f,

0.0094/0.0095 @ 10GHz

R, Drum side

3.048 um

R, Before Micro-etch-Matte side

5.715 um

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

4.445 ym

Trace Thickness, t

1.25 mils (31.73 um)

Trace Etch Factor

60 deg taper

DesicnCoN ez
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Trace Width, w

11 mils (279.20 um)

Core thickness, H1

12 mils (304.60 um)

Prepreg thickness, H2

10.6 mils (269.00 um)

De-embedded trace length

6.00in (15.24 cm)

*7 JAN 31-FEB 2, 2017




———————— e
Matte Side l
H,
Prepreg
Matte Side
,,,,, [ [P —
Drum Side ‘
w |
Core H 1
Drum Side l
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D

D

— Hsmooth X D — 269,Um
keff _ prepreg ( H oot — 2 Rz ) k _ prepreg (269,um — 2% 4_445lum)
_ Hsmooth <D — 3046/,!m
= (Hypoo —2R,) =" (304.6um—2x3.048m)

*7 JAN 31-FEB 2, 2017

x3.59=3.713

x3.65=3.725



v’ Set Conductivity Cu

— FR40EHR,_Preprag

23.85 ...:.:|:1a.6+1.15}mi| to 5.8E17 S/m
- =z D (lossless)
0 mil >

v’ Svensson/Djordjevic
— Causal loss model

+ Term [ N + Term
Term7 LTLINE1 Term8
Num=7 TL3 Num=8
Z=50 Ohm Subst="Field_Solver_lib:CMP28_Diel" Z=50 Ohm

Length=LENGTH*1 in

IhirlizTé/Ze:;;zifld_SoIver_Iib:CPM28_DieIectric" \/ Dkeff / Df Va I ues
@10GHz for
core/prepreg

Keysight ADS - [6]
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" FR408HR, Prepreg_Lossles

28 © (1564105 m
n . v’ Set D;to 0
(Lossless)

12 1wl

0 mil

B v’ Set Conductivity

- Term ) S + Term
Term5 LTLINE1 Term6

Num=5 TL2 Num=6 5 8 E 7
Z=50 Ohm Subst="Field_Solver_lib:CMP28_Cu" Z=50 Ohm . S | | |

= Length=LENGTH*1 in =
LineType="Field_Solver_lib:CPM28_Copper" —
RLGC_File= o
ReuseRLGC=no

Keysight ADS - [6]
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_ H RMS _drum

Faom = 2(1++72)

H RMS _ matte

r f—

matte 2(l+\/§)

y
2 T 2
AFIat_matte = (6rmatte) 6r AFIat_drum = (Grdrum)
y «— o6 —> =

Ksr_drum (f ) ~1+84 AFIaqum2
(1+5(f)Jr o°(f) ]

lium 2 ( Farum )2

”(rmane)z
AFIat_mane
[1+6(f)+ (1) ]

Mate 2 ( latte )2

KSRfmatte ( f ) ~ 1+84

WHERE THE CHIP MEETS THE BOARD
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II-total ( f ) = II—diel ( f )+O'5(KSR_matte(f)+ KSR_drum(f)) II—conductor ( f )

Insertion Loss vs Frequency

0
_5{
m -107
-O -
- ]
-15+
1| IL_cond eeoos
11 IL_diel es=es
-207 ILTot S wwvvv
TIL_Tot R e
25 \ \ \ I I I I I I

0 5 10 15 20 25 30 35 40 45 50
freq, GHz

Simulated with Keysight ADS [6]

WHERE THE CHIP MEETS THE BOARD

DesicnCon'Erm ‘7 JAN 31-FEB 2, 2017



Dkeff Data Sheet Dkeff Due to Roughness

41 4
3.9— 3.9—
%’ 4 m15 g i m10
77 m14 37
35 T T T ‘ T T | T T | T T 35 T T | T ‘ T T T | T T T
0 5 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
A -3.6% A -0.9%
Data Sheet Values D, Roughness Model

Simulated with Keysight ADS [6]
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Insertion Loss (T) and Phase Delay(B) Data Sheet

0 —1.20
-5 —1.15
10— -
110
m  -15— L
=] -1.05
¥ C
_— ,20_ :
¥ 1.00
-25—¥ -
-30 —0.95
-3 I \ \ \ I I I I I —0.90
0 5 10 15 20 25 30 35 40 45 50

freq, GHz

Data Sheet Values

Simulated with Keysight ADS [6]
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su ‘Aejeq aseyd

IL, dB

Insertion Loss(T) and Phase Delay(B) Due to Roughness

freq, GHz

D, Roughness Model

0 —1.20
-5 .15

40— -
-1.10

-15— r
—1.05

-20— N
L —1.00

25— n
-30 —0.95
e \ I I I I I I I I —0.90

0 5 10 15 20 25 30 35 40 45 50

su ‘Aejeq aseyd
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Parameter N4000-13EP/VLP
et d st iasaitnadnst Ao es D, Core/Prepreg | 3.83/3.72 @10GHz
prum e D, Core/Prepreg | 0.0085/0.0085 @ 10GHz
brepreg H, R, Matte side [ 2.50 um
Drum Side e R, Drum w/ Micro-etch | 1.44 um
""""""""""" WD—L Trace Thickness, t| 15.23 um
core W g, Trace Etch Factor | 2:1 (60 deg taper)

Matte Side

Trace Width, w

9.9 mils (251 um)

R N T e e e g O, WY N VPPN

Core thickness, H,

9.8 mils (249 um)

Prepreg thickness, H,

9.09 mils (231 um)

GMS trace length

4 in (10.15cm)

DesicnCon'Erm ‘7 JAN 31-FEB 2, 2017
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N4K-13ep Dkeff Data Sheet

o 43
4.2
4.1;
e 4.0;
g i
0 44 m16
7 mi
3.8—
3.7
36 T T T T | T T T T | T T T T | T T T T | T T T T
0 10 15 20 25
freq, GHz
mi4 mi6
freq=10.00GHz freq=10.00GHz
Dkeff ADS=3.792 A-1.9% Dkeff Meas=3.867
=-1. 0

Data Sheet Values

Simulated with Keysight ADS [6]
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Dkeff

N4K-13ep Dkeff Due to Roughness

mi1

5

10 15 20 25
freq, GHz

m12
freq=10.00GHz

m11
freq=10.00GHz

Dkeff ADS1=3.829 Dkeff Meas=3.867

A-1.0%

D, Roughness Model




N4K-13ep Insertion Loss(T) and Phase Delay(B) Data Sheet N4K-13ep Insertion Loss(T) and Phase Delay(B) Due to Roughness

0 0.70 .0 —0.70

-2 [0.69 -2 069
. C T . C o)
- = r =
L o I [sh]
4 068 @ 4— o068 @
m - [} [ah] = [
© 4 B o © - r o
i C e C ©
T 6 - S 067 2
C = L =
I w T I w

8- 0.66 8— —0.66

710 T T T T | T T T T | T T T T ‘ T T T | T T T T B 065 _10 T T T | T T T ‘ T T T T | T T T T | T T T T B 0-65

0 5 10 15 20 25 0 5 10 15 20 25
freq, GHz freq, GHz
Data Sheet Values D, Roughness Model

Simulated with Keysight ADS [6]
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1. Analysis supports the theory that surface roughness profile decreases the
separation between the reference plane(s) and conductor, thereby
increasing the e-field strength, resulting in additional distributed
capacitance, which accounts for increased D, .« and phase delay as
summarized by:

Erough _ Hsmooth . Crough . Dkeff_rough . TDrough
E D

H C D

smooth rough smooth keff _smooth smooth

2. By using an effective D, due to roughness derived from Gauss’ Law for
parallel plate capacitors instead of published D, values from data sheets
yields excellent results when compared to measured data without curve
fitting.
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Data Sheet 2 Reality Model
Z
D kel Csmoa:h Hsmaom i Craug!x Laiet Dkeﬂ: rough C,-a“gf, }Ispmmﬂt
C _ Dkeff SOA C _ Dkeff 80A rough D EOA
smooth — rough — C H keff _rough H D
Hsmooth Hrough smooth rough _ _ Tsmooth __ smooth __ keff _rough
C Dkeff 50A Csmooth rough Dk . 80A Dkeff
- el
rough H If : Hsmooth
rough
C
C rough
smooth _ __rough Dier c__ Diett _rougn
Crough H smooth smooth H
Then:
- H -H Csmooth . D = smooth % D
* M rougn smooth "~ C_ -D EA ** “keff _rough H 7R keff
rough rough = “keff _rough H R smooth - 7
SMoo

DesicnCoN ez

WHERE THE CHIP MEETS THE BOARD




LamsTm B

Enterprises inc
Innovative Signal Integrity & Backplane Solutions

www.lamsimenterprises.com

WHERE THE CHIP MEETS THE BOARD

DesicnCon'Erm ‘7 JAN 31-FEB 2, 2017


http://lamsimenterprises.com/

