
Group Delay Measurement of Frequency 
Converters with embedded LO using the 
Rohde & Schwarz Vector Network Analyzers
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Group Delay - Measuring the Phase of S21 
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Group Delay on Frequency Converting devices
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Requires...

üA Vector Calibrated Network Analyzer

üControl of the Converter LO frequency

(and phase)

If the LO is embedded in the converter, 

there is often no external control of itôs 

frequency (and itôs phase)

üThe measurement then becomes very 

difficult or sometimes even impossible

to perform.
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Group Delay ïthe new Two Tone Method

ÅTwo signals at frequencies f1 and f2 injected into the DUT

ÅPhase shifts at the output due to the phase response of the DUT

f = f2 - f1   
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The Measurement

ÅStimulation with two carriers f1 and f2 (=f1+ f)

ÅMeasurement of phase difference of the input signals  

( 1in - 2in) 

ÅPhase shift of 1out and 2out due to the phase response of 

the DUT

ÅMeasurement of phase difference of the output signals

( 1out - 2out)

ü ( 1out - 2out) - ( 1in - 2in)
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The Measurement of a Converter

ÅAn LO phase is added to 1out and 2out by the same amount

ÅThe difference of 1out and 2out is independent of the LO phase

ü ( 1out + LO - 2out - LO) - ( 1in - 2in) 
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Digital Dual Receiver Frontend of ZVA
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Using ó Wave Quantities
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The Setup with external combiner
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The Measurement
ÅMeasurement of phase difference  ( 1in - 2in) of both input 

signals with dual receiver frontend of Port 1

ÅAnalog down conversion to IF (20 MHz) with LO1
(to measure f1 and f1+df)

ÅDigital down conversion to IF (0 Hz) with 2 numeric controlled oscillators 
(NCO), frequency offset = df

Å

ÅMeasurement of phase difference ( 1out - 2out) of both output 
signals with dual receiver frontend of Port 2

ÅAnalog down conversion to IF (20 MHz) with LO2 (=LO1-LO) 
(to measure f2 and f2+df)

ÅDigital down conversion to IF (0 Hz) with numeric controlled oscillators 
(NCO), frequency offset = df

ÅCalculation of the group delay 

= (( 1out - 2out) - ( 1in - 2in)) / df
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Using ó Wave Quantities

( 1in - 2in) ( 1out - 2out) 
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Wave Quantities and Ratios withô


