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AgendaAgenda

• Necessity of Passive Component Models in Transmission Line 
Simulation

– Existence of Connectors in High-speed Interconnects

– Noise Filter in High-speed Interconnects

• Partnership with Component Vendors

– Acquisition of Passive Component Models

– Models through Partnership with Component Vendors

• Handling of S-Parameter Model

– S-Parameter Model Support

– Example flow of Transmission-line simulation using S-Parameter 
Model

– Passivity and Causality

• Example of Simulation

– Example of Simulation using S-Parameter Model
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Necessity of Passive Component ModelNecessity of Passive Component Modelss
in Transmissionin Transmission LLine ine 

SimulationSimulation
• Existence of Connectors in High-speed 

Interconnects
– Connectors are often used to connect Multi Boards.

– Generally, Connectors affect High-Speed Signals.

ConnectorConnector
ConnectorConnector

Daughter BoardDaughter BoardMother BoardMother Board

Mother Board Daughter Board
ConnectorConnector

connect connect 
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• Noise Filter in High-speed Interconnects
– High-Speed Signal Transmission often requires Filter 

Components for noise reduction.

– Noise reduction is main purpose, but affects waveform 
pattern.

LVDSLVDS
DriverDriver

LVDSLVDS
ReceiverReceiver

LVDSLVDS
DriverDriver

LVDSLVDS
ReceiverReceiver

Common Mode FilterCommon Mode Filter

Necessity of Passive Component ModelNecessity of Passive Component Modelss
in Transmissionin Transmission LLine ine 

SimulationSimulation

DullDull
Delay Delay 
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PPartnartnershipership with with CComponent omponent VVendorsendors

• Acquisition of Passive Component Models
– For time-domain simulation, an equivalent circuit model 

is needed, but equivalent circuit models offered from 
Component Vendors are limited.

– May not be usable in your simulator.

#Reference : TDK Virtual Components Library
[Japanese] http://www.tdk.co.jp/tvcl/index.htm
[English]     http://www.tdk.co.jp/etvcl/index.htm
(The number as of Oct. 2009）

Products S-parameter
Equivalent 
Circuit

Ferrite Bead 228 149

Inductor 1868 878
Multilayer Ceramic 
Capacitor 780 779

3-Terminal Filter 163 80

Common Mode Filter 77 35

Varistor 39 0

Pulse Transformer 6 5

Balun 63 0

3224 1926
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PPartneartnershiprship with with CComponent omponent VVendorsendors

• Models through Partnership with Component Vendors
– Improve model availability through co-operation of 

component vendors and tool vendors.

N-Port
Circuit 
Model

NN--PortPort
Circuit Circuit 
ModelModel

Vendor 1  ModelsVendor 1  Vendor 1  ModelsModels

Vendor 4  ModelsVendor 4  Vendor 4  ModelsModels

Vendor 2  ModelsVendor 2  Vendor 2  ModelsModels

Vendor 3  ModelsVendor 3  Vendor 3  ModelsModels

Simulation
Library

SimulationSimulation
LibraryLibrary
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Handling of SHandling of S--PParameter Modelarameter Model

• S-Parameter Model Support
– Even if you can not get Equivalent Circuit Models, S-

Parameter Models may be available.

N-Port
Circuit 
Model

NN--PortPort
Circuit Circuit 
ModelModel

IBISIBIS IBISIBIS

S-ParameterSS--ParameterParameterSPICESPICESPICEEquivalent
Circuit

EEquivalentquivalent
CirCircuitcuit
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Handling of SHandling of S--PParameter Modelarameter Model

• Example flow of Transmission Line simulation using
S-Parameter Model
– S-parameter ⇒ N-port ⇒ SPICE netlist ⇒ Simulation

This is a model generator
(One time only process)

N-Port
Circuit 
Model

NN--PortPort
Circuit Circuit 
ModelModel

Simulation
Library

SimulationSimulation
LibraryLibrary SPICE netlist

IBISIBIS IBISIBIS

AssignAssign

ImportImport

S-ParameterSS--ParameterParameter
NN--port Processingport Processing

EM simulation
Measurement

Passive
Causal
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Handling of SHandling of S--PParameter Modelarameter Model

• Passivity and Causality
– If there are Passivity or Causality violations in 

analysis, the result is wrong or it may diverge.

– Tools can generate SPICE Model which guarantee passivity.

Passivity EnforcementPassivity Enforcement

Not PassiveNot Passive



The Partner for SuccessThe Partner for Success

9

EExample ofxample of SimulationSimulation

• Example of Simulation using S-Parameter Model
– Equivalent Circuit Model vs. N-Port Model Processor

• Common Mode Filter [TDK : ACM3225-102-2P]

N-Port
Circuit 
Model

NN--PortPort
Circuit Circuit 
ModelModel

Simulation
Library

SimulationSimulation
LibraryLibrary

SPICE netlist

S-ParameterSS--ParameterParameter

NN--Port Model ProcessorPort Model Processor

DOWNLOADDOWNLOAD

Equivalent Circuit
Model for Simulation

Equivalent CircuitEquivalent Circuit
Model for SimulationModel for Simulation

DOWNLOADDOWNLOAD

Enforce Enforce 
model model 
passivitypassivity

Not PassiveNot Passive

(1)(1)
(2)(2)

(3)(3)

PassivePassive

The model doesn't  
have a problem.
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EExample ofxample of SimulationSimulation

• Example of Simulation using S-Parameter Model
– Equivalent Circuit Model vs. N-Port Model Processor

• Common Mode Filter [TDK : ACM3225-102-2P]

N-Port Model (Passive)N-Port Model (Passive)

N-Port Model (Not Passive)N-Port Model (NotNot Passive)

Equivalent Circuit Equivalent Circuit 

Very long analysis time,
wrong results, or 
diverging results…

(1)(1)

(2)(2)

(3)(3)
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Thank youThank you

http://www.zuken.co.jp/
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