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Problem Brought to Light

 Inconsistent loss numbers used in discussions
 Improved FR4:

 38.2dB loss for 40in and 2 connectors (beukema_01_1111)

 1.04dB/in w/o surface roughness (kipp_01_1111, originally goergen_01_0911)

 Megtron6:

 0.9dB/in (ghiasi_01_1111)

 0.65-0.68dB/in (kipp_01_1111)

 30.2dB for 1m and 2 connectors (meghelli_01_0911, originally patel_01_0911)

 Consensus group formed with goal:
Create acceptable loss parameters (dB/length) for 802.3bjTask Force to 

use in discussions in order to avoid miscommunication due to varied 

assumptions.



What Do We Know?
Slide from goergen_01_0511:

 Variation exists in many 

forms within the PCB

 Design specifics -

Trace width, stackup, etc

 Surface roughness –

Manufacturer, pre-lam 

adhesion treatment, etc.

 Lamination –

“Football effect”, temp., 

pressure, book size, etc.

 Circuit tolerances –

Line width control, 

dielectric thickness, trace 

cross section, etc.

 Definition of Improved FR-4



Assumptions

 NOTE: These assumptions are not limiting designers, only to select 
“typical” practices to understand loss variations.

 Z0O = Z0E*

 Characteristic Impedance:  ~50Ω as “design target”

 Trace width:  4-10 mil

 Dielectric spacing**:  ≤ 25

* Inherent assumption of the tool: loosely coupled.  This validates single-ended stripline
calculations for loss. 

** Dielectric spacing used will be determined given the characteristic impedance and 
trace width



*using Algebraic Tool v2.02a – see backup slides for nominal Meg6 Dk/Df values

Design Affects Loss – Ex: Megtron 6
*



*using Algebraic Tool v2.02a – see backup slides for nominal Meg6 Dk/Df values

Reasonable Designs – Nominal Material
*



Put a Stake in the Ground
 Proposed Loss parameters include reasonable margin/tolerance
 Vary Dk/Df based on defined tolerances (goergen_01_0511)

 Gives ~0.1-0.15 dB/in

 Design constraints vary
 BGA/connector fields, board thickness , tolerable loss, etc.

 Tendency: Linecards Narrow traces & Backplane Wider traces

*using Algebraic Model v2.02a – see backup slides for values entered in Model
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Put a Stake in the Ground
 How should parameters be used?
 Single parameter – quick calculation

 Advanced simulation - ballpark check

 Suggest using the Algebraic Model for channel exploration
 Compared to measurement by multiple companies

 Ver. 2.02 includes surface roughness and A+B+C architecture

*using Algebraic Model v2.02a – see backup slides for values entered in Model

Attenuation* (dB/in) at: 1 GHz 6.5 GHz 7 GHz 12.89 GHz 14 GHz

Meg6_LowSR –Wide 0.0951 0.4159 0.4433 0.7562 0.8127

Meg6_LowSR – Narrow 0.1466 0.5849 0.6205 1.0152 1.0847

Meg6_HighSR –Wide 0.1175 0.5960 0.6367 1.0891 1.1688

Meg6_HighSR – Narrow 0.1856 0.8971 0.9557 1.5924 1.7020

ImpFR4_LowSR –Wide 0.1202 0.6096 0.6541 1.1772 1.2734

ImpFR4_LowSR – Narrow 0.1717 0.7794 0.8323 1.4410 1.5512

ImpFR4_HighSR –Wide 0.1427 0.7904 0.8484 1.5158 1.6367

ImpFR4_HighSR – Narrow 0.2106 1.0930 1.1692 2.0283 2.1813
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Thank you for your attention!

Questions?



Backup Slides



Model Entries used: Megtron 6

 Slides 8/9: “Putting a Stake in the Ground”
 Meg6_LowSR –Wide
 High Tol. Meg6, w = 7, b = 14.74, t = 0.6, L = 1, SR = Low (20x0.6µm)

 Meg6_LowSR –Narrow
 High Tol. Meg6, w = 4, b = 9.23, t = 0.6, L = 1, SR = Low (20x0.6µm)

 Meg6_HighSR –Wide
 High Tol. Meg6, w = 7, b = 14.74, t = 0.6, L = 1, SR = High (65x0.6µm)

 Meg6_HighSR – Narrow
 High Tol. Meg6, w = 4, b = 9.23, t = 0.6, L = 1, SR = High (65x0.6µm)



Model Entries used: Improved FR4

 Slides 8/9: “Putting a Stake in the Ground”
 ImpFR4_LowSR –Wide
 High Tol. ImpFR4, w = 7, b = 14.59, t = 0.6, L = 1, SR = Low (20x0.6µm)

 ImpFR4_LowSR –Narrow
 High Tol. ImpFR4, w = 4, b = 9.13, t = 0.6, L = 1, SR = Low (20x0.6µm)

 ImpFR4_HighSR –Wide
 High Tol. ImpFR4, w = 7, b = 14.594, t = 0.6, L = 1, SR = High (65x0.6µm)

 ImpFR4_HighSR – Narrow
 High Tol. ImpFR4, w = 4, b = 9.13, t = 0.6, L = 1, SR = High (65x0.6µm)



Tool Validation
Cisco – SR Test Board

 Test boards used in surface roughness study, published in S. Hinaga, M. Koledintseva, P. Anmula, J. Drewniak, “Effect of Conductor Surface 

Roughness upon Measured Loss and Extracted Values of PCB Laminate Material Dissipation Factor,” PCB007. Published 2010.

 Test boards are 16in length

 t, h, b, and w were taken 

from a cross-section 

measurement

 Single-ended 

measurement shown (data 

for differential not 

delivered to Beth)

 Graphs shown to the left 

are of Black Oxide process 

(above shows the 

variations due to process)



Tool Validation
TE Connectivity - 802.3bj submitted channel 

Snapshot from

shanbhag_02_0511
 w and L given.

 t was assumed as ½ oz Cu

 b  assumed to be calculated by                      

b = [(tTotal – 0.6*Nlyrs)/(Nlyrs-1)] *2 + 0.6



Tool Validation
TE Connectivity - 802.3bj submitted channel (cont) 

 Test channel is 

27in total (5” 

+ 17” + 5”) 

length

 Single-ended 

and 

differential 

measurements 

shown

 Remember 

measurements 

include the 2 

launches 

(including 

SMA conn.  

and vias)



Tool Validation
Qlogic – e-mail of data given by Mike Dudek

Megtron 4

Nelco 4000-13

Material Dk/Df values determined by 
datasheet:  Numbers that are 
bolded were given in datasheet… 
other frequencies were filled in.

E-mail states
 100 ohm differential traces

 Measurement of 6.9mil w includes the 2 launches (including 

SMA conn.  and vias)

 w, t, and L were given

 h was not given… model was used to calculate what h should 

be to give 50 ohms at 5G

 No control on the surface roughness for all 3 measurements

 Only a dB/in was given, not an s-parameter



Tool Validation
Qlogic – e-mail of data given by Mike Dudek (cont)

 “Measured” 

data is drawn 

given 5 freq 

points of 

dB/in, NOT a 

s-parameter

 Measurement 

of 6.9mil w 

includes the 2 

launches 

(including 

SMA conn.  

and vias)

 Note that h 

was not given



Tool Validation
Marvell – summary of validation by Liav Ben Artsi

Loosely Coupled Traces:

•Measurements of narrow traces of both HVLP and VLP had a good correlation to the calculated value 

(≤0.13dB)

•Measurements indicate that “normal” surface roughness loss may have high variance in relation to 

calculated loss (up to 0.3dB)

Tightly Coupled Traces:

•Measurements of narrow traces of meg6 and Nelco13SI with various surface roughness levels had a 

very good correlation (≤0.05dB) to the values suggested on slide 9 (which takes into account the 

tolerance).



Tool Validation
Intel– comparison to validated 3D solver (Rich Mellitz)

Using Intel Validated Field 

Solver to output .s2p

Notice 1Ghz is the reference 

frequency for the Djordjevic Model

AlgebraicTool v2.02 Intel Validated Field Solver
… withDjordjevic model at 1Ghz

Inputted Djordjevic model values into Algebraic Tool v2.02

SOLVE

Solved Z0

To match Algebraic 2.02 for high surface roughness (HSR) : sigma = 5.96e7, 

number of spheres = 65, sphere radius = 0.6

Caveat: Etch factor is set to 0.3 for Intel Validated Field Solver . For 

Algebraic tool, the etch factor is zero.



Tool Validation
Intel– comparison to validated 3D solver (Rich Mellitz)

Intel comments:

 AlgebraicTool v2.02 is 
with 5% for dB 
predictions upto 13 
GHz.

 AlgebraicTool v2.02 is 
comparable to Intel 
Validated Field Solver 
for 7GHz.

 AlgebraicTool v2.02 is a 
good tool to quickly 
estimate dB per inch 
loss.


