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Outline

● The need for accurate models
● The model extraction process: what is missing?
● Large-Signal Network Analysis in a nutshell
● The calibration process
● Sampler-based and Mixer-based LSNA
● Model verification through LSNA measurements
● A Case Study
● Conclusions
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The Design Process and Need for Accurate Models

Ideal: 
     
● Measurements correlate with simulations
● In a linear environment, S-Parameters are an excellent example

The real world for non-linear characterization:

● Insufficient models 
● Incomplete information
● Poor correlation between measurements and simulations

Model Simulate Build Meas

Model Simulate Build Meas S-P
ACPR

Power
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● Static Behavior

● But: changing DC IV characteristics
● Heating effects
● Trapping effects

● Solution: Pulsed DC IV characterization

● But: What under RF and modulated stimulus?

DRAINGATE
1

L
G

RG

R DG

C
DG28

R
GSV

G
C GS R

DC C DC

~d

Gm
(VG)

R DS C
DS

V
D

SOURCE

9

C DE

R 0

3

4

R
S

7

L S

C GE

5
R D L

D 6

v g vd

v g

id
idi g

DRAINGATE
1

L
G

RG

R DG

C
DG28

R
GSV

G
C GS R

DC C DC

~d

G m
(VG)

R DS C
DS

V
D

SOURCE

9

C DE

R 0

3

4

R
S

7

L S

C GE

5
R D L

D 6

“Function of 
temperature”

DC IV Characterization



© Copyright 2008March 08 5

● Small-Signal Dynamic Behavior + Extensive Model Knowledge

● But: changing characteristics
● Heating effects
● Trapping effects

● Solution: Pulsed S-parameters and pulsed DC

● But: What under realistic RF and modulated stimulus?
● How well does one know the model?
● How to verify or certify the validity of the model?
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● Design, manufacture and test under realistic conditions

● Load-Pull characterization at device level

Design
Kit
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● Source- and load-pull- characterization
● Absence of good models
● Difficult to extract good model parameters
● Mainly power information

● But: What under modulation stimulus?

“For each
input power”

Small-Signal

Large-Signal

Direct Design Techniques



© Copyright 2008March 08 8

Component Characterization Setups
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Different Setups 
for different aspects

without systematic approach

How to help the circuit designers,
needing good models?
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Component Specifications

AM-PM

Loadpull

ACPR
Gain

Power Added Efficiency

Phase flatness

Device Under
Test
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Large-Signal Network Analysis in a nutshell

Transistor
RFIC
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 Physical Quantity Sets
● Travelling Waves (A, B)
● Voltage/Current (V, I)

 Representation Domain
● Frequency (f)
● Time (t)
● Freq - time 

(envelope)

 AnalysisAnalysis

“Complete insight in large-signal behavior”

Characterization Analysis
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HF Calibration

● Relative calibration, similar to VNA calibration
● SOLT, TRL, LRRM ...

● Absolute calibration
● Power

● Phase
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Sampler-based LSNA
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Mixer-based LSNA

DUT Synchronizer

Port 1 Port 2Input 1 Input 2 Ref Channel
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Network Analyzer

● Measuring frequency per frequency
● Synchronizer relates the phases at the different frequencies
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Model Verification using LSNA and CAE
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Advantages of Model Verification with LSNA

● The complete voltage – current state of the transistor is measured under 
almost realistic conditions and is used for the model verification

● All uncertainty related to interaction instrument – DUT is eliminated by using 
the complete measurements as stimuli

● A good model allows to simulate the voltage – current behavior for the 
measurement setup is easy to expand to simular setups
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A Case Study

EPA120B-100P Excelics Semiconductor
Heterojunction Power FET
+29 dBm Output Power
11.5 dB Gain
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DC Characterization
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Model Verification Setup in CAE
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Gate and Drain Voltage - Current under matched conditions
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Gate and Drain Voltage - Current under matched conditions
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Dynamic loadline, Gm, input capacitance under 50 Ohm
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IV Coverage
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Voltage – Current behavior in non – 50 Ohm
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Dynamic loadline, Gm and input capacitance in non 50 Ohm
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Conclusion

Model Simulate Build Meas S-P
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Enhancing a VNA with nonlinear measurement 
capability, allows the foundry to certify their models 
under realistic operating conditions at a marginal cost 
compared to the risk of a re-design
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