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Section 2
Measuring, Modeling, Simulating 
Capacitors and Inductors
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R-L-C Model

Measured
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Key Topics

➢ How to perform a modified 2-port shunt through 
measurement technique for high fidelity data

➢ Why different simulation models are needed for SPICE 
and EM simulators 

➢ How an optimizer can help create the high fidelity 
models from the measurements
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220uF Aluminum Polymer

2-port shunt thru

1-port reflection

1 mΩ - 225 Ω > 105 dB

1 Ω - 2 kΩ > 66 dB
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Port 1

Port 2

Port 1 Port 2

2-Port Shunt Set-up
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8

PICOTEST
J2160A

KEYSIGHT
ENA5061B

# Hz Z RI R 50

[Number of Ports] 1

[Number Of Frequencies] 201

[Network Data]

!freq ReZ11        ImZ11           

1000.00         0.121123     -1.537176       

1047.128548     0.111947     -1.468758       

1096.478196     0.104285     -1.403602       

1148.153621     0.097308     -1.341032       

1202.264435     0.090883     -1.280776       

1258.925412     0.085359     -1.224046       

1318.256739     0.079624     -1.169881       

1380.384265     0.075118     -1.117441       

1445.439771     0.070178     -1.067565       

1513.561248     0.066014     -1.020212       

1584.893192     0.061078     -0.974788       

1659.586907     0.058686     -0.930364       

Export

Touchstone S-Parameter file

Measured
Model

2-Port Shunt
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𝐿𝑚𝑜𝑢𝑛𝑡 =
0.192

2𝜋 ∙ 40𝑀𝐻𝑧
= 764𝑝𝐻

Mounting Inductance Measured with Short to Ground
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Simulation

Measurement

Mounting Inductance L=431 pH
MOUNT

Shorted to Ground
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Mount included
(Used with SPICE Simulator)

Mount removed
Used with PCB EM model
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Measurement

Tune Model
For Anchor Points
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Ceramic Capacitor
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Optimize for
High Fidelity Model

Measurement
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Ceramic Capacitor
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R_min
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Non-Polymer Bulk Capacitor
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OPTIMIZER

Before Optimization After Optimization
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OPTIMIZER DETERMINED COMPONENT VALUES

Optimize for
High Fidelity Model

Measurement

Im
p

ed
an

ce
, O

h
m

s 

Non-Polymer Bulk Capacitor
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2-Port Shunt

Inductors and Ferrite Beads
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𝑆21 =
2 ∙ 𝑍𝐷𝑈𝑇

2 ∙ 𝑍𝐷𝑈𝑇 + 𝑍𝑟𝑒𝑓 + 𝑅𝑠

𝑍𝐷𝑈𝑇 =
𝑍𝑟𝑒𝑓 + 𝑅𝑠

2

𝑆21

1 − 𝑆21

Measurement Range
(Maximum S21=0.9)

Increasing RS

RS=450

RS=200

RS=0
Minimum ZDUT

Maximum ZDUT
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100dB
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𝑍𝐷𝑈𝑇 =
𝑍𝑟𝑒𝑓 + 𝑅𝑠

2

𝑆21

1 − 𝑆21

𝑆21 =
2 ∙ 𝑍𝐷𝑈𝑇

2 ∙ 𝑍𝐷𝑈𝑇 + 𝑍𝑟𝑒𝑓 + 𝑅𝑠

Series Resistor Min Z Max Z

200Ω 5 mΩ 1.125kΩ

450Ω 10 mΩ 2.25kΩ

499Ω 11mΩ 2.48kΩ

950Ω 20 mΩ 4.5kΩ

RS RSDUT

Measurement Range
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0.1uF 

RS=499Ω
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0.1 uF Ceramic Capacitor
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Summary

➢ How to perform a modified 2-port shunt through measurement technique for high 
fidelity data

➢ Why different simulation models are needed for SPICE and EM simulators 

➢ How an optimizer can help create the high fidelity models from the measurements
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Big Screen Simulation and Measurement Demo

➢ Measurement Demo E5061B VNA 2-Port Shunt

➢ ADS Lab2 Demo



Hands-On Lab 2:
190219_ADS_PI_Lab2_CapModel_2prtShunt_v2_wrk.7zads

Basics –

2- Port Shunt Impedance Measurement

Explore –

Capacitor and Inductor Models

Advanced –
Separating PCB Parasitics from Component Models
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