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Introduction

Designing very high efficiency Power
Amplifiers requires transistors level
characterizations such as :

• Large-signal measurements ;

• RF time-domain measurements ;

• Pulsed mode for radar applications ;

GaN Power HEMT
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RF signals
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(Radar)
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Large-Signal Measurement Setup

Down-conversion

Filter

ADC

Pulsed RF source

Tuner
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Calibration Procedure (CW)

• SOLT

• Absolute Power

• Absolute Phase
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Receivers for CW measurements

• NVNA approach : frequency domain

Narrow band filter
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• LSNA approach : subsampling

Low-pass filter
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Mixer based pulsed measurements (NVNA)
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Sampler based pulsed measurements (LSNA)

fRF “ 1.5GHz τpulse “ 10µs TIF “ 8µs
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About inner-products

According to a dictionary

D “ tψkukPΓ

x ptq can be represented by its inner-products coefficients

xx , ψky “

ż `8

´8

x ptq .ψk ptq .dt

If x ptq is sparse in D then

x ptq «
ÿ

kPΛĂΓ

xx , ψky .ψk
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What is a Fourier Transform ?

• D “
 

ψf ptq “ e j .2.π.f .t
(

• X pf q “ xx , ψf y

• x ptq “
ş`8

´8
X pf q e j .2.π.f .tdf

• X pf q “
ş`8

´8
x ptq e´j .2.π.f .tdt

• x ptq «
ř

k X pk .f0q e
j .2.π.k.f0.t

Standard LSNA uses boxcar window

Projection basis :

Time Frequency

k=1

k=2

k=3
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The Short Time Fourier Transform
Rectangular STFT is well suited for harmonic analysis

• D “ tψk,τ ptqu

• ψk,τ ptq “ Pk .ψk pt ´ τq

• ψk ptq “ Π pf0.tq e
j .2.π.k.f0.t

• Pk “ f0.e
j .2.π.k.f0.τ

• X pk .f0, τq “ Pk .x ptq˙ ψk ptq

Projection basis :

Time Frequency

k=1

k=2

k=3

X pk .f0, τq “ Pk .F´1
 

X pf q .Ψk pf q
(
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LSNA software modifications
Standard procedure

Raw Data

FFT

Coefficient Extraction (K)
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Experimental view of the algorithm

fRF “ 1.5GHz τpulse “ 10µs Tψ “ 8µs k P t1, 2, 3, 4u
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LSNA pulsed measurements on a PA (T “ 100µs)

fRF “ 1.5GHz Tψ “ 8µs k P t1, 2, 3, 4u
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Conclusion

• Standard LSNA harware can measure pulsed RF

• Minimal software modification (FFT procedure)

• Compatible with CW and pulsed signals

• Adaptive method
• No trigger
• Pulse’s width and period (τ , T ) not required

• Both ’Average’ and ’Envelope Transcient’ modes availables

Future work :

• Narrow pulses (double aliasing)

• Other types of modulation
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