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Packages and Interconnects

Å Packages and interconnects are common parts in modern 

microwave and high speed digital designs

Å Smaller form factor (higher pin counts and smaller pitch size)  

and higher operating frequency increase design challenges
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Common Model Types for 

Package and Interconnect

1. Lumped Models

2. Measured Data Models

3. Electro-Magnetic (EM) Models

4. Broadband Spice Models
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1. Lumped Models

ÅExtracted and optimized from measured or simulation data

Å Increased complexity with higher pin counts

Å Intuitive physical meaning for models but only good for low 

frequency or narrow band applications

ÅTime consuming model development process

Red: Measured

Blue: Modeled
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What Affects the Lumped 

Modelôs Accuracy

ÅAccuracy of measured or simulated data

ÅAccuracy of circuit models

ïTopology and complexity

ïNumber of ports/pins for packages
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2. Measured Data Models

ÅVery accurate black box s-parameter models

ÅNo intuitive physical meaning for models 

ÅLimited port numbers for measurement

ÅTedious and expensive measurement setup and process
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What Affects the Measured Data 

Modelôs Accuracy?

ÅAccuracy of Calibration
ï Type of calibrations, calibration standard, etc

ÅFabrication/assembly tolerances and repeatability
ï Board to board, connector to connector, wirebond to wirebond variations

ïMeasurement engineersô experience level
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= Pre-measurement error correction

= Post-measurement error correction

Most

Accurate

Easiest

S-Parameter De-embedding

Port Extension
Time Domain Gating

Normalization

Reference Plane Calibration

Thru-Reflect-Line (TRL)

Line-Reflect-Match (LRM)

Short-Open-Load-Thru (SOLT)

Typical Fixture Error Correction 

Techniques for Measurements
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3. Electro-Magnetic (EM) Models

ÅVery accurate Electro-Magnetic (EM) simulation based s-

parameter models

ÅAllows to easily model fabrication/assembly tolerances for 

DFM (design for manufacturing) or design centering

ÅNo limitation on number of ports

ÅVersatile EM visualization provides an extra benefit for 

performance and model enhancement



Microwave and Millimeter-Wave Packaging and 

Manufacturing 101

FDTD

FEM MoM
3D Planar structures

Full Wave and Quasi-Static

Dense & Compressed Solvers

Frequency Domain

Multiport simulation at 

no additional cost

High Q

3D Arbitrary Structures

Full Wave EM Simulation

Direct, Iterative Solvers

Frequency Domain EM

Multiport simulation at 

no additional cost

High Q

3D arbitrary structures

Full Wave EM simulations

Handles much larger and complex problems

Time Domain EM

Simulate full size cell phone antennas 

EM simulations per each port

GPU based hardware acceleration 

FDTD ( Finite Difference Time Domain )

FEM ( Finite Element Method )

MoM ( Method of Moment )

3DEM Simulation Technologies
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What Affects the EM Modelôs 

Accuracy

ÅAccuracy of Material Properties
ï Conductivity, dielectric constant, loss tangent, conductor roughness, etc

ÅAccuracy of 3D (drawing) model ïsimulated vs. measured 

ïFabrication/assembly tolerances may not be captured

ÅSimulation Accuracy ïsolvers, basis functions, delta-s,etc

Same bondwires? ïlength, bond height Vendor provided material properties are accurate?
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EM Models - Thru Line 

Å1 inch long, simple 50 ohm transmission line 

ÅRogerôs 4350B PC board: Ůr=3.66, TanD= 0.0037

ÅSouthwest 1492-04A-5 End Launch 2.4mm connectors 

EMPro 3D Model

Without 

Connectors

Real Board Assembly
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Measured Data For Thru Line

ÅMeasured various sample combinations of thru line boards 

and connectors up to 50GHz

ÅLess variations at low frequencies but a bit more at higher 

frequencies More Variations 

on 

Higher Frequencies

10+dB


