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* Many ways to describe impact of rough surfaces on high-
frequency signals.

 Famous: H&J, Huray (snowball), full-wave stochastic models,
Gradient Model

Total Field (real)
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Classic skin effect: =—————— Gradient Model:
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o0 IMS Typical Profile Approximation
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onIMS Real Roughness Profiles
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Calculate R for a given profile and desired frequency

Estimate, which gaussian CDF with gradient R, .+~ has
same R as calculated from the real profile
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Cross-section: .............................................................

Approximation with 3 gaussian CDFs

Fit with single, gaussian CDF

Al
%0-8 - Rq,eff,single cor = 2.39 um
§oe Rq = \/ZJ h(x)2dx "Rgq eff DIN EN 150 4287 = 2.45 pm
Loa- ‘,,/ Rq,eff,three cor = 0.74 um
0.2- -'“ i i . .
o | | | 3 different approximations with total
T e . different results (@ 50 GHz)!!
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o iIMS Considered Materials
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Real world Microstrip Line (cross-section): Simulation model:

L =126 pym

>,

treated side conductor
120 pm _ DK = 2.93 + 0.05
treated side. GND

/ot WO b Toe D e . Sheets with different
R, .55 values
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00 IMS Same Substrate, Different Conductor ==

FIB-Cut of an ink/chemical

model:
copper layer-stack:
126 um
substrate local microcracks (closed by chemical copper)
substrate (black) ink (gray)
/ s ey ey o chemical copper fill original roughness
EN s TR, s R T 2 . (O-chem,copper with 126}17?1 . 15um ink
chemical copper ayer (o cose microcacks) . et ™ = 50 MS/m) (Oinic= 1> MS/m)

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



B0IMS |nsertion Loss of 1.57 inch long MS

O T T T T T
Conductor = pure copper (trace LI S N N P
height = 50 um):
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Rqtreated,side = Zf h(x)“dx = 0.85pm £ 0.1um =3
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*:.;‘,-4
Rq,eff,treated side = 0.65um + 0.1um =
Ry eff.top side = 0.25pum £ 0.05um =
...... simulated with R off values \ \ 3
——measurement " ; \.:;\\
- - | |7 ~~simulated with mechanical Rq values R _‘__
Only with Rq ef5 plausible I et e [
simulation results!! 7 ; ; ; | |
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B0IMS |nsertion Loss of 1.57 inch long MS

Conductor = ink/chem. Copper
layerstack (trace height = S5um):

Rqeff treatea = 0.86pm + 0.1um
Rq,eff,top side = 044}1771 i Olll,lm

Excellent agreement
between measurement
and simulation
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additive filter variant
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c simulated subtractive produced filter
;g -6 ""With Rqg,effvalues }--}-omomtmmmmmmreoN T oo oo
% == measured additively produced filter
c — = Simulated additively produced filter

-8 with Rq,effvalues | __.__ & i N _]

simulated additively produced filter .
== with same Rq,eff values as the ".
10 subtractive variant .
°° 0 frequen?:?x (GHz) %0 %
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onIMS Summary
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Main idea of the Gradient Model is adopted

Surface impedance is calculated from real profiles

An effective surface roughness parameter is introduced

Profile approximations become obsolete

Efficiency shown for additive/subtractive produced MS and filters
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Thank you! Questions?

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



	Slide 1
	Slide 2: Introduction
	Slide 3: Gradient Model
	Slide 4: Typical Profile Approximation
	Slide 5: Real Roughness Profiles
	Slide 6: Effective cap R sub q  Concept 
	Slide 7: Problems with Curve Approximations
	Slide 8: Considered Materials
	Slide 9: Same Substrate, Different Conductor
	Slide 10: Insertion Loss of 1.57 inch long MS 
	Slide 11: Insertion Loss of 1.57 inch long MS 
	Slide 12: Low-Pass Filters 
	Slide 13: Summary
	Slide 14

