High Frequency PCB Material
Characterization and Simulation



Overview

Background
PCB Material Project

Discuss leading loss drivers

Summary



Background

e Previously PCB vendors asked to control impedance

e Today PCB vendors asked to control loss

e Need to understand PCB characteristics to detail not
previously required to predict PCB performance






Simulation vs. Measurement

e Results show importance of characterization to
correlate simulation and measurement



Importance of Characterization

Reliable simulation results require accurate models

Extensive simulation-to-measurement correlation for
both PCBs and contactors is critical

Correlation ensures models accurately represent
physical design



Characterization

Test vehicles required to confirm model accuracy
Vehicles must be created by target fabricator

Hardware is fabricated using same technigues as
end products

Multitest manufactures both PCBs and contactors
Test vehicles can be created quickly and easily






Material Comparisons
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Measured &g

Deviation from Spec

Material #1 0.16

Material #2 -0.18

Material #3 -0.12

Material #4 -0.06

Material #5 0.02

Material #6 -0.04

Material #7 0.13

Material #8 -0.03

Material #9 0.36

Material #10 -0.07




Results

e Copper Roughness

e Loss Tangent



Material Specifications

 Problems with Material specifications for
practical use in Simulation

e Need to quantify effects using manufacturing
process that will be used for end product



Drivers of Spec vs. Measurement Variation

e 1) Anisotropic behavior of materials

e 2) Copper effects



Anisotropic Materials

e PCB €r is a combination of Epoxy &€r and Glass Er

e Glass types

e &rvaries up to 0.32 due to Location of Trace
above Weave (8%)



Material |Core Thickness| Resin %
Material #1 0.004 75
Material #2 0.004 68.7
Material #3 0.004 66
Material #4 0.004 65
Material #5 0.004 57
Material #6 0.004 74.5
Material #7 0.004 68
Material #8 0.004 70
Material #9 0.004 68
Material #10 0.004 56
Average 0.004 66.82

Material |Core Thickness| Resin %
Material #1 0.008 58
Material #2 0.008 46
Material #3 0.008 57
Material #4 0.008 54
Material #5 0.008 43
Material #6 0.008 45
Material #7 0.008 50
Material #8 0.008 43
Material #9 0.008 46
Material #10 0.008 56
Average 0.008 50.3




Copper effects

e Paradigm shift

e Profiles



Copper Profiles

e Standard Profile — 8-10um

e Low Profile — 4-7um

e Very Low Profile — 1-3um



Surface Roughness

e Comparing Profile impact on Insertion loss



Copper Profiles

* Internal measurement comparison

Standard Profile Low Profile
8-10um 4-5um



Skin Depth vs Copper Roughness

e Skin Depth (Copper) === Standard Profile
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Summary

Defined major contributors to variations between
simulation and measurement of PCB material

Increased simulation accuracy

Developed Internal g, and loss tangent values to
use in simulation models

Developed process to do apples-to-apples
comparison of PCB material high frequency
characteristics



Conclusions

Datasheet specifications are insufficient for
accurate high frequency PCB design

Modeling must include impact of copper roughness
and ratio of epoxy to glass content — Need to get
from PCB material vendors

Confidence in high frequency predictions requires
extensive material characterization and correlation

Future Work

Improve understanding of surface roughness
Impact
Implement surface roughness into simulation
models



Thanks

e References:



