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Background

BPF

HPA

LNA

LO

Antenna

BPF

Down Convert

Up Convert

LNA: Low Noise Amplifier
HPF: High Power Amplifier

Radio Frequency (RF)

RX

TX

Circulator, Pin-Diode, GaAs FET

IF (Intermediate Frequency)

I
Q

I
Q

Base Band

I-Qによる振
幅・位相検出

DACDAC

ADCADC

2.5 5 7.5 10 12.5 15

-1

-0.5

0.5

1

2.5 5 7.5 10 12.5 15

-1

-0.5

0.5

1

BPF & PA
(VCO+PLL)

BPF

Monolithic Microwave Integrated Circuit
(MMIC)

DrainGate

Source

Source

FET is a leading part.
High accuracy 

characterization is necessary

Architecture
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For public use of MM-wave
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Characterization of FET
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Objective
Vector Network Analyzer (VNA)
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EM Analysis
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De-embedding (Remove the effect 
of the parasitic circuit, and extract 
that of the FET.)

Conceptual Figure
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Conventional Method and Its Problem
Conv.
method

Approx.
Equiv. Circuit

Ambiguity

Is the topology 
enough? (?)

Experiment

Are open/short 
pattern accurate? (?)

Generality
Every time when TEG 

pattern is changed, we 
are worry about the 
methodology. (?)

OPEN SHORT

Is this approx. valid?

Are there really open and short?

Real Model

Equiv. Circuit

DrainGate

Source

Source

Used to remove parasitic circuit in the 
equiv. circuit model.
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Procedure of the Proposed Method

Analyze 4-port S-parameters 
of parasitic circuit using EM 
simulator.

Convert the S-parameters of the 
parasitic circuit into hybrid A-
parameters, in which Port3 and 4 
are treated as lumped parameters.

Extract 2-port parameters of the 
lumped element by matrix algebra.

Calibrate VNA, and measure 
2-port DUT S-parameters.

(ii)

(i)

(iii)

(iv)

(ii) Analyze by EM simulator
(i) Measure by VNA

(iv) Extract by matrix algebra

De-embedding method using EM simulator
c.f.) S. Bousnina et al., IEEE Trans. MTT, vol.50,  no.2,  pp.420-424, Feb. 2002.

New
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(1) Device with parasitic circuit

(3)  Measure S-parameters
     of Open/Short patterns

(2)  Analyze S parameters
      of four port parasitic circuit

(4)  Device characteristic
      is calculated using S parameters
      in (2) and (3)

Port1 Port2
Port3

Port4

Port1 Port2

DrainGate

Source

Port1 Port2

CPW CPW

FET

Parasitic circuit

FET

Conceptual Flow of the Proposed Method

c.f.) S. Bousnina et al., IEEE Trans. MTT, vol.50,  no.2,  pp.420-424, Feb. 2002.

)PC()PC( AS ⇒

New part by the authors
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Step (iv): Extraction of FET parameter
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Analyzed by EM simulator
Measured by VNA

Extract by matrix algebra

Step (iii)

Step (iv)

External ports are expressed by S-parameters
while inner ports are expressed by Z and/or Y parameters.

Characteristic impedances of external ports are not necessary.
S-para Z-para

by Matrix Algebra
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(1) Device with parasitic circuit
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(2) Measure 2-port S-parameters
     for open/short patterns

(3) Measure 2-port S-parameters
     for FET-TEG

(4) Parasitic circuit of the FET-TEG
      is approximated by equiv. circuit 

(5) Extract the FET parameters
      using 2-port circuit theory

Conceptual Flow of the Conventional Method

c.f.) M.C.A.M. Koolen et al., Proc. IEEE, Bipolar/BiCMOS Circuits and Tech. Meeting, pp.188-191, Sept. 1991.

Review
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Numerical Simulation of De-embedding Method
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(a) Cross-section at A-A'

(b) Top view
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Wave Port
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(c) Numerical simulation of deembedding 

Lumped RLC1

Lumped RLC2

Lumped RLC1 Lumped RLC2

Accuracy of the proposed method is higher than the conventional method
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Summary (1/2)

TEG structure and mutual 
are considered completely!

Is EM simulator accurate?
Is fabricated TEG structure and 

material parameters accurate?
Confirmed by open/short-TEG

Arbitrary-shaped TEG can be treated.
Extension to N-port problem is easy.
EMC, Inter-chip interference problem 

etc.

General,
High accuracy

Conv.
method

Approx.

Ambiguity

Generality

Equiv. Circuit

Is the topology 
enough? (?)

Experiment

Are open/short 
pattern accurate? (?)

Every time when TEG 
pattern is changed, we 
are worry about the 
methodology. (?)

Proposed
method

EM simulator

EM simulator
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Conclusions (2/2)

Proposed de-embedding method using EM simulator.
4-port S-parameters of the parasitic circuit is analyzed by the EM simulator 

(without equivalent circuit approx.).
External ports are expressed by S-parameters

while inner ports are expressed by Z and/or Y parameters.

Generality is high.
Accuracy is higher than the conventional method.
Primary error factor of the conventional method is identified to be 

approximation of parasitic circuit by the equivalent circuit.
Applicable to lossy substrate.

Proposed method

Results

Future tasks
Experimental verification.
Extension to N-port problem, EMC, inter-chip interference and so on.


