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The Problem with Vias ...
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The Problem with Vias ...

Signal Integrity Problems:

Attenuation, Reflection, Dispersion, Interference, Crosstalk
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The Problem with Vias ...

TET 2]

Power Integrity Problems:

Voltage Drop, Switching Noise, Crosstalk
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The Problem with Vias ...
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Electromagnetic Compatibility Problems:

Near Field Coupling, Radiated Emissions
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Currents on Via Structures
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Electric Fields Between Plates

Top View, 5" Cavity
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Electric Fields Between Plates

Top View, 5" cavity Top View, 5th Cavity

usm

6648
5643
L7808
4932
3385
2824
2338
1918
1554
1238
9465
729
L24
346
193

Infinite Planes

Figures by R. Rimolo-Donadio I UHH

Technische Universitdt Hamburg-Harburg




Influence of Ground Vias

1 Ground Via;:

TET -

GND Via
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Influence of Ground Vias

2 Ground Vias:
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Influence of Ground Vias

4 Ground Vias:
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Influence of Ground Vias

6 Ground Vias:
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Influence of Ground Vias
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Influence of Ground Vias

Effect of location v N ]
of ground vias:
GND Via
° Q tl @
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Physics of Vias — Summary

TET -0

2 Vias live" within a parallel plate environment
2 Shape and size of the plates have an impact
2 Ground vias can be used to control that impact

2 Return currents are a mixture of displacement

and conduction currents
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Models for Vias
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A “Physics-Based” Model for Vias
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A “Physics-Based” Model for Vias

Simple example:

Port 1
Port 1 ~60 fF I C I _
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Planar Circuit Model |
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Planar Circuit Model Il
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Planar Circuit Model |
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Effect of Multiple Scatterings

Fields “seen by’ CRM & RWG Fields “seen by” CIM

X. Duan, R. Rimolo-Donadio, S. Miller, K. Han, X. Gu, Y. Kwark, H.-D. Briins, C.

+ + Schuster, ,,Impact of Multiple Scattering on Passivity of Equivalent-Circuit Via
TE-I- Models*, IEEE Electrical Design of Advanced Package & Systems Symposium
+ + (EDAPS), Hangzhou, China, December 12-14, 2011.
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Including Striplines

Trace between planes:

2 Modes: Stripline + Parallel Plate
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Complete Model for One Cavity
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TET " for efficient link simulation on multilayer structures up to 40 GHz,” IEEE Trans.
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Complete Model for Full PCB
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Comparison with Full-Wave Results
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Comparison with Full-Wave Results

COMPUTATION TIMES OBTAINED BY DIFFERENT METHODS

lel:fé fjilgilmt Finite integration Proposed models (200 frequency points)
:‘:imu.latiml T-?Cllllitl_llﬁ‘- Cavity model double sum,  Cavity model single sum,
(200 fre as) simulation 100x100 modes 50 iterations
11 144 s 24 804 s 13 9 s

(~3 h 5 min) (~4 h 53 min)

“computed on a 3.0 GHz PC, with 4GB RAM.
N— 7 N— g
—~— -~
3D Model required High level description (text-based)
Field information available Network Parameters

Computation is 2 to 3 orders of magnitude faster in comparison
to general-purpose numerical methods!

R. Rimolo-Donadio, X. Gu, Y. H. Kwark, M. B. Ritter, B. Archambeault, F. D. Paulis, Y.

e Zhang, J. Fan, H.-D. Briins, C. Schuster, “Physics-based via and trace models
TE-I- ok for efficient link simulation on multilayer structures up to 40 GHz,” |IEEE Trans.
LI on Microwave Theory and Techniques, vol. 57, no. 8, pp. 2072-2083, August 2009.
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Comparison with Measurements
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7/ L15
[ /,30em S5  + ..\"‘@(‘%* N
[ ! 1/30cmS5 ® + \®) [\ + @ ﬁ * 6 cavities
I 3
L®)

* Terminations

B Comp. time: < 3 min

Iniversitdt Hamburg-Harburg



Comparison with Measurements
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Comparison with Measurements
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Models for Vias — Summary

TET -0

2 Physics based via models can predict S, PI,

and EMC issues on PCBs up to tens of GHz

2 They do this (very) efficiently
2 They do this (quite) accurately

= ... but limitations exist with regard to shape,

size, and proximity of vias! /\
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Application Example
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1. Design of Controlled Vias

Calculation of Ground and Displacement Return Currents using CIM

Port | Port |
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1. Design of Controlled Vias

Effect of Number of Ground Vias
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1. Design of Controlled Vias

Engineering Rules for Design

1.) The number of ground vias should always be > 2!

2.) The aperture s should not exceed 0.08 - A where A is the
wavelength at 20 GHz for a normalized displacement current of

less than 10%!

s=2- (dg sin% — rgndvia)

ground via

Jan Preibisch & Christian Schuster — 39
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1. Design of Controlled Vias

Application Example
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The via shows a typical transmission line behavior (reflection)
13 layers The transmission is above -1dB up to 40GHz
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Application Examples — Summary

2 Physics based via models can be used to
mitigate common Sl and Pl issues

2> They are especially useful for pre-layout analysis

2 Due to their efficiency PCB layout automation

and optimization become ,viable”

Technische Universitdt Hamburg-Harburg
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For More Information

Complete Modeling of Large Via Constellations
in Multilayer Printed Circuit Boards

S. Miiller, Student Member, IEEE. F. Happ. X. Duan, Member, IEEE,
R. Rimolo-Donadio, Member, IEEE, H.-D. Briins, and C. Schuster, Senior Member, IEEE

Description of the geometry
Abstract— This paper presents for the first time the and material parameters

comprehensive modeling of complete via constellations of up to
10,000 elements in multilayer printed circuit boards with up to 8 Cavities v

cavities wusing the physics-based approach. For each -]
computational step of the physics-based approach, several
alternatives are analyzed with regard to their computational > < \L \La ! \l' ‘l' \1’ \lr \L: / \L \l/ !
efficiency, and calculation times are discussed as a function of the }
number of simulated vias. The results of this analysis are used in Local field model Propagating ficld model
combination with previous studies to determine an efficient yet | ||||'= = === ===}|-==== = T -
accurate algorithm for the simulation of large numbers of vias. Vit model
The impact of the stackup configuration on the computational
effort of the algorithm is analyzed, and the most computationally T Tf 4
expensive parts of the calculation process are identified. A UIVY
parallelization of the algorithms is carried out to accelerate the L [Trace model
critical calculation tasks. As an evaluation example, simulation
results for a via array consisting of 10,000 vias and 8 cavities are
shown. With the proposed simulation methods, the computation
time for this via array is about 6.5 hours per frequency point on
a single CPU and about 40 minutes per frequency point with the

—
Append coaxial anti-pad model
parallel version running on 16 CPUs.
Concatenation of single-cavity results
Index Terms—through-hole via, multilayer printed circuit (by e.g. segmentation techniques)
board, equivalent circuit model, computational electromagnetics 0 O 4900 0

11

————

Modal
transformation

T

< -
LR ]

PCB model

Results (e.g. S-parameters)
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