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e Goal: create SPICE models to predict
connector/cable performance

e Model required range of validity is defined
by a greater of

- signal rise time: f,,=0.35 / t, .,

- signal clock rate: f,,= (3~5) f_jock

e It may be desired to extend the required
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IConnect™ Modeling Process
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v Interconnect Modeling Methodology
-~ Single-Ended TDR Modeling
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V Short circuit




Shunt C discontinuity
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e Virtual ground plane
e Even and odd mode measurements
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Partition Impedance Profile and Create a Model
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Composite Model Generation
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Correlation to Physical Structure

PCB section Cable section
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v Interconnect Modeling Methodology

v
- TDR Basics

-~ Differential TDR Modeling

- REQ Signal Model




®—> Board lines
TDR source 2 h

e Assumptions:
- thelines are symmetrical
- TDR pulses are symmetrical
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e Virtual ground plane

e Assumptions:
_ Lines under test (DUT) are symmetrical



Equalize the TDR Delay
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Create a Model
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directly obtained from odd and even impedance profiles




eI 0 avoid negative Z in theoretical model:

Theoretica model Practical model
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Composite Model Generation
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Correlation to Physical Structure: Differential

PCB section Cable section




e Accurate cable
models are obtained

e Better understanding
of connector
geometries will
Improve the
connector model
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e Short interconnect
- use lumped-coupled model

e Long interconnect
- split lines in multiple segments

e Longer yet interconnect
- symmetric distributed coupled line model
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Practical rule of “short” or “lumped” (RLC) interconnect




e Time required for signal to propagate through
Interconnect

e Dependent on velocity and interconnect length
e Examples:

- prop. delay in vacuum: 1/c;,,,=1 ns/foot (velocity 3+10° m/sec)
- propagation delay per length in FR4: 150ps/inch
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e INnterconnects are transmission lines

e Impedance is the measure of transmission properties
of interconnects

e In any transmission media, at the impedance
discontinuity part of the energy is reflected back
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e Energy coupling between adjacent lines
e Forward (far-end) and backward (near-end)
e Sum of capacitive and inductive

’ Offender: Z,,, t

V am



e Skin effect losses
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Example (copper):

e Dielectric Losses




PCB Power

Vcc lead

Package

Package

Ground lead

SSN cause: inductance

between IC, package and
PCB ground

SSN factors:

signal rise time

number of simultaneously
switching buffers

package inductance
load capacitance
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