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Group DelayMeasuring the Phase of S21
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Group Delay on Frequency Converting devit

Requires...

U A Vector Calibrated Network Analyzer
U Control of the Converter LO frequency
(and phase)

1 @"9 3
If the LO is embedded in the converter,

t here I s often no exter fgl CoO
frequency (and 1 tos phase)

U The measurement then becomes very
difficult or sometimes even impossible
to perform.

I Years of
) i"IHL”” Driving
ROHDE&SCHWARZ ©ct2009 | Group Delay with Embedded LO | 4 Wi m

Innovatlon



Group Delaythe new Two Tone Method

cos((f, et) + ¢,in) cos(( f, ot) +p,0u)

bt el

cos(( f, ot) + @iin) cos(( f, ot) + p,out)

ATwo signals at frequencies f1 and f2 injected into the DUT
APhase shifts at the output due to the phase response of the DUT

Af=12-f1 Ap=092 -0l
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The Measurement

AStimulation with two carriers f1 and 2 (=f1+Af)

AMeasurement of phase difference of the input signals
(plin - @2in)

APhase shift of ¢lout and ¢2out due to the phase response of
the DUT

AMeasurement of phase difference of the output signals
(plout - p2out)

U A = (plout - @2out) - (plin - @2in)
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The Measurement of a Converter

. coq((f,+ f o) ot) +p0ut+9)

&

cos((f, et) +g,in) %

bt -le |-t

cog(( f, et) +in) cog((f,+ f o) et) +pout+ o)

AAn LO phase is added to ¢lout and ¢2out by the same amount

AThe difference of ¢lout and ¢2out is independent of the LO phase

U AQ = (plout + @LO - @2out - LO) - (@lin - ¢2in)
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Digital Dual Receiver Frontend of ZVA

IFBW
1 mHz...5 MHz (15 MHz)
sampling
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Using 0 Wave Quantit

analog bandwith of IF- path  digital IF-filters
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[he Setup with external com

f2 f2+df

dig. ref. rec
Port 1

NCO1+df

f1 fl+df
,
\

. fl Srcgut
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f1+df -
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Source 1 PORT 3

f1+df

Src out
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The Measurement

AMeasurement of phase difference (¢lin - ¢2in) of both input
signals with dual receiver frontend of Port 1

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

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

A
AMeasurement of phase difference (¢lout - 2out) of both output
signals with dual receiver frontend of Port 2

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

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

ACalculation of the group delay T
1T = ((9Lout - p2out) - (¢1in - $2in)) / df
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Using 0 Wave Quantit

Define Ratio Detine Ratio

Mumeratar: MNumeratar.

Denaminatar: Clenominatar:

(plin - @2in) (plout - @2out)
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Wave Quantities and Ratiog)with

More Wave (uantities D [Z|
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E. ysical Ports
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Logical Ports
Ealanced and Measured Parts.
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