SANMDG

LEADING BEYOND S-PARAMETERS

Frequency-dependant
Harmonic Phase Distortion
of Amplifier Modules

A Large-Signal Network Analyzer Application



Frequency-Dependent Harmonic Phase Distortion

Goal: Measuring the phase dependency of a harmonic tone as function of
the drive frequency at the output of a nonlinear component

One-tone excitation, stepping across a given frequency range with a levelled
input power at the device under test

Measuring incident and reflected waves at excitation frequency and
harmonics in amplitude and phase for each excitation frequency

Normalizing the phase of a given harmonic of transmitted wave B, against
the fundamental of the transmitted wave B,

An absolute calibration needs to be performed at the device under test
De-embedding can move the calibration planes further
When the source generates harmonics itself, the measurement is distorted

» Afilter can be used before the couplers to eliminate the harmonics

* Or the impact of the harmonics from the source can be eliminated by an
additional calibration

Aug 08 © Copyright 2008 B S/ NMDG



Application: Waveform Shaping to optimize PAE of Amplifier

« (Cascading amplifiers, it is possible to optimize the PAE of the second stage
by injecting a second harmonic into the second stage from the first stage

with proper phase ()

» The first amplifier needs to be tuned such that the second harmonic has the
proper phase

e The tool allows to monitor the phase behaviour while tuning

Tune Phase

K

v “Optimize PAE”
.

(') See also:
“‘RF Power Amplifiers for Wireless Communications, Steve C. Cripps, Artech House”, pag. 69
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Example of Setup

2GHz ... 4 GHz

-

b 1
Levelled Input power at -10 dBm Output: appr. 25 dBm
across input frequency range

T Calibration Plane

TR Deembedding Plane

The attenuators are required for proper power balancing
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Verification of Operation of Component

4 ICE - ZVATest

Workspace Edit Wiew Tools ‘Windows Help

Applications & »x

oCl O

5 myanalyze ontrol View
[ HDA
ZvxPlus Interface :
Set Uncalibrated Frequency Grids... Load Error Caefficient File... =
N J Incident-reflected
Active = . . . .
Signal Parameters: Fund Freq: 2GHz / #Harmani = — = = ispla Waves In tlme and freq domal n
Detection Parameters:  RBW: G00Hz - 4 g y
= 300m N\ TAY = i
fics e \ i = (e 2=t | =
Fundamental Frequency: 2GHz / #H armonic] 200m , \ \ -8
Fundamental Frequency: 2 02GHz / #Harmonics: 5 150m -30
Fundamental Frequency: 204GHz / ﬂHarmon!cs: 5 I \ , \
Fundamental Frequency: 2 06GHz / #Harmanics: 5 100m -35 Setups 1 o=
Fundamental Frequency: 2.08GHz / #Harmonics: 5 I \ ’ \ T
Fundamental Frequency: 2 1GHz / #Harmarics: 5 50m ZVASetup
Fundamental Frequency: 212GHz / #Hamarics: 5 I \ l £ 45
Fundamental Frequency: 2 14GHz / ﬂHarmnn!cs' 5 " = o I \ { " 7]
Furdarmental Frenuence 2 1RGH= A #Hamnnics B = _50m £ -50
A | Vo g
Mede: Correction Level: E -150m \\ I’ \\ e
o 7 \ / 5
teasure -T0
() Single ) Continuous E :iz: / \ / 75 i
0 200p 400p 500p 300p [ 5G 106
Time (5} Frequency (Hz)
2] = - Zvagetup R x
5 &0m /f\\ fr\\ 10 /L X% 398.438p) /\ e myanalyzer
[Y:¥§1.72
0 #n = i\ o . { =S| cuichng
40m ’ ‘ ! \ . , \ mysource
o or | ( 0
. [ i
g | Y
: gl [ \ |
Controlling the source, \\ / \\ I V'
- 4
exciting the DUT \ \ E \\ ,’ \\ l’
\ /l /I R /
/ \/ \
) 600p Bﬂl}p" 400p )
Time (s) Time (s}

‘“Warnings and Errars

Aug 08 © Copyright 2008 B S NMDG

Log Book File Lag




Performing Loss Calibration
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Performing Source Harmonic Calibration
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Frequency-Dependant Phase Distortion
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Export Data
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Two Measurement Modes
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Conclusion

 The ZvxPlus has been demonstrated in an application to characterize the
“Frequency — Dependant Harmonic Phase Distortion” of an Amplifier

For more information info@nmdg.be

www.nmdg.be
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