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Background

• Model first shown in Kochuparambil_01_1111
– Filling a gap – allows us to talk the same “language”

– Great for initial channel loss discussions!

• Model is made public: 
http://www.ieee802.org/3/bj/public/tools.html

• No secret sauce
– All equations used in the model are given in 

reference document

– Also in public Tools folder; link above

http://www.ieee802.org/3/bj/public/tools.html


Updated to Version 2.03

• Thank you for all feedback; more is welcome!

• Version 2.03 is now available online

Changes from Version 2.02

• Rearrangement of “Backplane w/ 2 connectors, 1 
material” GUI due to confusion

• Correction of linecard SR equations

– Backplane equation was incorrect since its addition

– Linecard eq’n error (v2.02)  changed to match reference



Updated to
Version 2.03

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

• Note that these 
changes did NOT 
change the loss 
parameters accepted 
in the January motion

*Model entries can be
found in backup slides

**Validations 
unchanged from 
version change can 
be found in backup 
slides



Tool Validation (updated to v2.03)

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



 Test channel 
is 27in total 
(5” + 17” + 
5”) length

 Single-ended 
and 
differential 
measureme
nts shown

 Remember 
measureme
nts include 
the 2 
launches 
(including 
SMA conn.  
and vias)

Tool Validation (updated to v2.03)

TE Connectivity - 802.3bj submitted channel 



Tool Validation
IBM Corporation - 802.3bj submitted channel 

 w and L given.

 t was assumed as 1.2mil (1 oz Cu)

 b  assumed to be calculated by                      
b = [(tTotal – 1.2*Nlyrs)/(Nlyrs-1)] *2 + 1.2

Snapshot from
patel_02_0911



 Test channel   
is 39.2in total 
(5.1” + 29” + 
5.1”) length

 Differential 
measurement 
shown

 Do not know if 
measurement 
include the 2 
SMA launches

Tool Validation
IBM Corporation - 802.3bj submitted channel 



Tool Validation
Emerson - 802.3bj submitted channel 

 L given.

 t was assumed as 1.2mil (1 oz Cu)

 Assumed Cu surface roughness to be between       
Med and High (both shown)

Snapshots from
meier_01_1011

 b  assumed to be calculated by: b = [(tTotal – 1.2*Nlyrs)/(Nlyrs-1)] *2 + 1.2

 Board thickness  b  w (given t, b, material - above - found w that gives 50 ohms @5G)

Note: Limited information was given;

Assumptions were made, so don’t expect it to be exact!



Tool Validation
Emerson - 802.3bj submitted channel 

Note: bolded 
dk/df values 
are from 
data sheet.



Tool Validation
Emerson - 802.3bj submitted channel 



Possible Advancements

• After some thought over suggested advances, 
we’d like to spend time looking into 
implementing vias and s-parameter output

• Not guaranteeing implementation

• We welcome collaboration on these topics



THANK YOU FOR YOUR TIME!
Happy Channel Estimating…



Backup Slides



Model Entries used: Megtron 6

• Slide 4: Approved Loss Parameters
– 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

• Slide 4: Approved Loss Parameters
– 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 = 14.59, 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)



• 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
(updated to v2.03, but unchanged)

Cisco – SR Test Board



Tool Validation
(updated to v2.03, but unchanged)

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



 “Measured” 
data is 
drawn given 
5 freq points 
of dB/in, 
NOT a s-
parameter

 Measureme
nt of 6.9mil
w includes 
the 2 
launches 
(including 
SMA conn.  
and vias)

 Note that h 
was not 
given

Tool Validation
(updated to v2.03, but unchanged)

Qlogic – e-mail of data given by Mike Dudek



Tool Validation (using v2.02, but should not change in v2.03) 

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).



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 (using v2.02, but would not change in v2.03)

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



Tool Validation (using v2.02, but would not change in v2.03)

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.


