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Design Trend
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Measurement Techniques
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Test-Fixture Measurement
vs. HFSS Simulation
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Microwave-Probe Measurement
vs. HFSS Simulation
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A New Modified-T Model for
Lossless Transmission Line
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Derivation of Element Values of
Equivalent Modified-T Model
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Comparison of Bandwidth among
Equivalent Models

Modified-T model P model
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Comparison of Bandwidth among
Equivalent Models

Modified-T model
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Sz (dB)
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Comparison of Bandwidth among

Equivalent Models

Modified-T model

a=p

0 F

o PR eeT CBasdat. s 3desnie |
4 E

6

-8 E
10 F —@— Lossless TL
12 E —%— Modified-T_model
14
16 F
18 F

8
Freq(GHz

q=2p

Transmission-line circuit

— @ -Lossless TL}| -
- A Pi_model

Freq(GHz)
T model
0 I L /0_0—/7_0—0_
,,,,,,,,, - -----
..................... -, -
oy ™ :
) _ ..... ... ... .. [-9-Lossless TL|

- ® - T_model

Freq(GHz)




S, (phase)

=
o
o

KN
a
o

_200-||||||||||||||||||||||||||||

Comparison of Bandwidth among
Equivalent Models
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Distributed Modified-T Model

3-stage modified-T model

3pP-long

transmission line Cp/3 Cp/3 Cp/3
€ € €
Ly /3 Ly /3 Ly /3
- q=3 - m
O O N N N
VYL ey o—Llermr e O—Llerr ey
Zg, t »> s Tls Le/3 1 L¢/3 Lc/3 1 L¢/3
® ® 105/3 CS/3 CS/3
0 0
10 -0.5
~ 20 | ~ 1
= N
O 30 f 0 15
m m
S 40 | - 2
Lossless TL Lossless TL
50 3-stage modified-T_model 25 | 3-stage modified-T_model
Frequency (GHz) Frequency (GHz)
- 180
120 | _
S 60 f ~ 60 |
— r o -
2 0 9 i
s ° A
S 60 | < ;
- 120 F Lossless_TL O -180 ¢ Lossless_TL
E 3-stage modified-T_model 3-stage modified-T_model

Frequency (GHz) Frequency (GHz)




Modified-T Models
for Spiral Inductors
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Comparison of Bandwidth
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Measurement Systems for Multiport
and Mixed-Mode S-Parameters

»Pure Mode Network Analyzer

»Multiport Network Analyzer Using
Full-N Port Calibration

» Two-Port Network Analyzer Using
Renormalization Techniques



Port Termination Problem

Three-port Network Three-port S parameters
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Partial Renormalization
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Renormalization Transforms

»Three partial 2-port S-parameter measurements
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Determination of [z,]
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DC-Block Branch-Line Coupler
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Comparison between Ensemble
Simulation and Measurement
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Impedance Transform
Branch-Line Coupler
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Comparison between Ensemble
Simulation and Measurement
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Mixed-Mode S parameters

Mixed-Mode S Matrix
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Mixed-Mode Transform
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Lange-Type Marchand Balun
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Comparison between HFSS
Simulation and Measurement
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Semi-Automatic

Measurement System
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Application to On-Wafer
Measurement

Our proposed System
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Conclusions

» Various types of LTCC Embedded Inductors have been
designed and measured. Simulated results agree with
measurements quite well.

» A new modified-T equivalent circuit has been
proposed to model LTCC inductors over an extremely
large bandwidth successfully.

» Very cost-effective multiport network analyzer system
based on renormalization techniques has been
developed to measure balanced devices.

» Several examples of multiport and balanced devices
on PCB have been designed and measured.
Comparison between simulation and measurement
shows excellent agreement.
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