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Application Note

This document describes the typical measurements performed on mixers and how they
can be implemented on the ZVA Vector Network Analyzer with the ZVA-K4 Frequency
Conversion option. The document describes the concept and setups required to perform
Conversion Loss, Isolation, Intermodulation and Reflection measurements.
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Introduction

1. Introduction

This document is designed to be a guide to help point the user in the right
direction for configuring the ZVA and ZVT Vector Network Analyzers to make
relevant measurements on mixers.

Please note that the measurements in this document will refer to the ZVA only,
but is valid for the ZVT as well.

For further information please refer to the internal help of the ZVA [HELP] or
alternatively you can access the help online at the Rohde & Schwarz website,

http://www.rohde-schwarz.com/webhelp/zva/start.htm

In this document:

e Hardkeys are shown as [MODE]
[IPRESEN [HELP]
Softkeys are shown as [Start]
Windows buttons and tabs are shown as Set Power...
Windows dialog box names are shown as

The examples and setups shown in this application note are valid for firmware
version 2.50 and higher. The examples are not tested on earlier versions, but
should be working for these as well.

2. Conversion Loss Measurements

Conversion Loss (or Gain) is a measure of the power change when the Mixer is
converting the RF frequency to the IF frequency. It is defined as the ratio
between the Pt (IF) level and the Pi, (RF) level and is expressed in dB.

RF IF

LO

Conversion measurements can be performed as a function of both frequency
and amplitude.

Typical Conversion measurements on a mixer include:
e Conversion Loss / Gain over frequency range of interest.

¢ Mixer dynamic range / compression of the RF input signal.
e Conversion Loss / Gain as a function of LO power level.
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Conversion Loss Measurement Setup

3. Conversion Loss Measurement Setup

To characterize the conversion loss / gain as a function of either frequency or
amplitude, the mixer should be connected to port 1, 2 and 3 of a 4-port ZVA with
option ZVA-K4, as indicated below (left). The 4-port ZVA has two internal
generators allowing the simultaneous feed of both the RF and LO signals.

If a 4-port ZVA is not available, then a 2-port ZVA and an external RF Signal
Generator can be used, as indicated below (right).

The Signal Generator will be controlled by the ZVA using a USB-GPIB interface
(option ZVAB-B44). Signal Generators like the SMF/SMA/SMB etc. can be
controlled with the LAN interface as well. The reference frequencies of the ZVA
and the Signal Generator must be locked to each other. Both the ZVA and the
Signal Generator can be the master.

The RF Signal Generator will then provide the Local Oscillator signal for the
mixer.
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Please note that the conversion loss measurements and '
power calibration discussed in chapters 3 to 7 also @Q
applies to the ZVB with option K3. The ZVB however
uses a different port connection to the mixer.
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To configure an external Signal Generator, press [SYSTEM CONFIG], then
[System Config] softkey. Select the External Generators tab to configure the
Signal Generator.

If you want to use a Signal Generator not supported by the ZVA driver library,

then contact your Rohde & Schwarz sales representative for information about
adding new Signal Generator drivers to your ZVA.
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Configure a Conversion Loss Measurement

In the following examples, we will examine a passive mixer in the RF frequency
range 1.3 to 1.6 GHz with a fixed IF frequency of 70 MHz.

First we will configure the ZVA for measuring the RF to IF Conversion Loss.

RF to IF Conversion Loss (or Gain) can be defined as:

Pout (fiF)
Conversion Loss (dB) = 10 log ----------------
Pin (fRF)

4. RF to IF Conversion Loss Measurement

1EZ58_0E

Press [ERESEN

To start the configuration, press [MODE], then [Scalar Mixer Meas =] and
[Define Scalar Mixer Meas] softkeys. The following menu will appear.

Define Scalar Mizer Measurement

Part ’ Part2
RE X IF >
1.3 GHz. 1.6 GHz @ 70 bHz

-10.dBm

1,37 GHz..1 67 GHz

Deting Mixer Measurements

Canfig Ext Generators... ] [ Set Freguencies.. J

[ ] J [ Cancel | [ Help |

On the ZVA, port 1 and 2 are already defined to be used for the mixer RF and IF
ports. First step is selecting the source for the LO signal. This can be either port
3, port 4 or an External Generator. On a 4-port ZVA, we select port 3.

Next we can select Set Powers... and Set Frequencies... to configure the actual
measurement.

5 Rohde & Schwarz



RF to IF Conversion Loss Measurement

In the menu, we select: RF Frequency = Swept
IF Frequency = Fixed
LO Frequency = Auto

We must also select the type of Conversion required. In this case we have
selected IF = LO — RF (LSB), which will give us a LO frequency above the RF

frequency.

Then we configure the Start and Stop frequencies. This can also be done using
the [START] and [STOP] keys before entering the Mixer configuration menu.

Finally we define the fixed IF frequency. In the Fixed Frequency: IF field, enter
70 MHz

Set Frequencies Set Powers b_a
RF Fragquency IF Freguency RF Power
@ Siep Owept @EW
() Fixed (@) Fixed () Fixed
(O Auto O Auto
Port1 Port2
Port1 4 Fort2 -
> RFCIF b £
-10d8
13GHz. 16 GHz LO Y 70 MHz i)
Aft Auto
LO Freguency LO Powai
O Swept 7 dBm O
137 GHz..1 67 GHz () Fixed Port3 | G)Fned
Portd ®Auo
Swept Frequency RF Ficed Frequency: IF CW Power. RF Fixed Power LO
Enter & Display: RF Source v 70 MHz s JH Enter & Display. | RF Source v 7 dBm :ﬂ:]
Stert Frequency’ 13GHz o .-‘!:[ Comversion Start Power: __U
OIF = RF-LO (Down, USB) g
Stop Frequency 16GH:z - fi-J @ IF=LO-RF (LSB) Stop Power _I;J
(IF =RF + L0 (Up. USB)
CW Fraquency. J] CW Fower, -10 dBm - i‘j
oK | Cancel | [ Help | [ ok ] [ cancel | [ Hep
In the menu, we enter the appropriate power levels for the RF signal
and the LO signal.
The CW Power level should be selected so that the Mixer is not driven into
compression, in this case we use -10 dBm.
The Fixed Power:LO level must be sufficiently high to properly bias the mixer
diodes, here we use +7 dBm.
Please note that the ZVA is capable of providing very high power levels,
typically >15 dBm directly from the test port. This is more than enough to drive
the LO port on almost any type of mixer and overcome the losses caused by
additional cabling of filters, matching pads, efc.
When leaving the [BEIERSIe=IET@VINCIMNEEENEINERT menu by pressing OK, the
ZVA will enable the Mixer measurement configuration.
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RF to IF Conversion Loss Measurement

Please note that we do not measure S-parameters here. Instead we measure
the (b2/a1) wave quantity ratio. This is due to the fact that the two wave
quantities are at different frequencies.

b2/al: Conversion Loss (a1) is the RF incident power wave or reference power sweeping from 1.3 to 1.6
GHz. (b2) is the transmitted IF power wave or measured power at 70 MHz.

Trc1 [9ZEN dB Mag 10dB/ Ref0dB 1 of 3 (Max)

b2/a1 *M111.450000 GHz -4)9953 dB

- -10

— -20

—-30

- 40

— -50

— -60

—-70

Ch1 MixFrq RF Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz

The measurement plot shows a conversion loss value of about 5 dB, which is
expected for these kind of passive mixers.
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RF Input Compression Measurement

5. RF Input Compression Measurement

1EZ58_0E

In the RF Input Compression measurement, we will setup a RF power sweep at
1.5 GHz and measure the Mixers Conversion Loss as a function of the RF Input
power level. This measurement will then enable us to determine the upper limit
of the Mixers linear dynamic range.

To start the configuration:

Press [CHAN SELECT], then [Add Channel + Trace + Diag Area] softkey. This
will create a second channel in a new diagram area, which is identical to the first
channel.

Hint: Double-clicking in the diagram area of a window will expand the window to
full screen. Double-clicking again will show all configured windows. This can
also be done by pressing [AREA SELECT], then use [Maximize] and [Split All]
softkeys.

Press [SWEEP], then [Sweep Type ] and [Power] softkeys. The ZVA is now in
Power Sweep mode on channel 2.

Press [START CENTER], then [CW Frequency] softkey. Enter 1.5 GHz.
Press [MEAS], then [Ratios 2] and [b2/a1 Src Port 1] softkeys.
Press [MODE], then [Scalar Mixer Meas] and [Define Scalar Mixer Meas]

softkeys to enter the Scalar Mixer configuration menu. Then press Set Powers
to enter the Power configuration menu.

Please note that the dialog box has changed to reflect that the
channel is now setup to do Power Sweep instead of Frequency Sweep.

Set Powers E‘_

RF Power
(@) Swept
() Fixed
Portl /”\‘:ﬁ\*\ Port2
P
>\F.'F_, L F /; >
-25 dBm..12 dBm \ !_O\,
Al Auto
LO Power
7 dBm () Swapt
Port3 (@) Ficed
Swept Fower AF Fixed FPower LO
Entr & Displey vl [re8m 2l
Start Power -25 dBm :;{.'
Stop Pawer 12dBm Se "-
CW Power
[ ok | [ cencel | | Help

Make sure that the Enter & Display field is set to RF Source, then type in the
Start Power = -25 dBm and Stop Power = +12 dBm. Also make sure that the
Fixed Power: LO is still +7 dBm.

Press OK and OK to exit the Scalar Mixer configuration menu and view the
measurement result.
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b2/al:
al:
b2;

Conversion Loss
RF Power in
IF Power out

RF Input Compression Measurement

The measurement plot Trc2 (b2/a1) shows a conversion loss value of about 5
dB as long as the Mixer operates in its linear input range. At about 0 dBm, we
can see that the Mixer is reaching its compression point and that the conversion
loss is increasing.

Additional traces can be added to the channel if you want to examine the (a1,
RF power) and (b2, IF power) wave quantities. See Trc3 and Trc4 in the plot

N

: Tre3

below.

{Trcz "2l dB Mag 10 dB/ RefO dB 2 of 3 (Max)

: :dB Mag 10 dB/ Ref0 dBm
: Tre4 [Vl dB Mag 10 dB/ Ref0 dBm

dmp

/(

| Trac Stat: Trc2 bp/a1

— Cmp In: 1.2dBm
/ Cmp Out -4.5dBm

- -40

Ch2 Mix PwrRF Start -25 dBm Freq 1.5 GHz Stop 12 dBm

1EZ58_OE

By using the ZVA’s trace statistics capabilities, it can automatically search for
the compression point. Furthermore it will provide information about the
absolute input and output power levels at the compression point. To enable this
press:

[TRACE FUNCT], then [Trace Statistics ] and [Compression Point] softkeys.

Default compression value is 1 dB, but can be changed by pressing the [Define
Compression Value] softkey and enter a different value.
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Conversion Loss vs. LO Power Measurement

6. Conversion Loss vs. LO Power Measurement

1EZ58_0E

Another important measurement is the Mixer Conversion Loss as a function of
the LO Power. Minimum Conversion Loss is obtained when the LO power level
can properly bias the Mixer diodes.

To start the configuration:
Make sure that channel 2 from the previous measurement is active.
Please note that when a new channel is created, the settings from the current
active channel are copied to the new channel. This avoids configuring the new
channel from scratch.
Press [CHAN SELECT], then [Add Channel + Trace + Diag Area] softkey. This
will create a third channel in a new diagram area, which is identical to the

second channel.

Press [MEAS], then [Ratios 2] and [b2/a1 Src Port 1] softkeys.

Press [MODE], then [Scalar Mixer Meas] and [Define Scalar Mixer Meas]
softkeys to enter the Scalar Mixer configuration menu. Then press Set Powers
to enter the Power configuration menu.

Set Powers

RF Powet
=
(@) Fixad
Part1 Fort 2
>
-10 dBrm
AltAuto
) L Fower
-25 dBm...12 dBm (@) Swapt
ffars (O Fixed
Swept Power: LO Fixed Power: BF
Enter & Display: LG HD B I:IH_H

Start Power, -25 dBm [

v

i]IJ

Stop Power: |12 dBm (S iJ:J
L5

Chi! Pioweer: |

[ OK _] [ Cancel ] [ Help ]

Change the Enter & Display field so that it is set to LO Source. Now we can
sweep the LO source power and use a fixed power level for the RF. Then type
in Start Power = -25 dBm and Stop Power = +12 dBm.

In the Fixed Power: RF field, enter -10 dBm.

Press OK and OK to exit the Scalar Mixer configuration menu and view the
measurement result.
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Conversion Loss vs. LO Power Measurement

a4
Trc5 EdB Mag 10 dB/ Ref0dB 30of3 (Ma*)
Trc6 idB Mag 10 dB/ Ref0 dBm
. Trc7 ..EdB Mag 10dB/ Ref0dBm
b2/a1
— 10;
b2/al: Conversion Loss L o <
a3: LO Power in
b2; IF Power out - 10
]
- 20 /
— -30:
e
— -50:
— -60:
— -70;
Ch3 MixPwrLO Start -25 dBm Freq 1.5 GHz Stop 12 dBm
By splitting the windows we have configured so far using [AREA SELECT] and
[Split Alll, we now have the full overview of the configured conversion loss
measurements. This is shown in the picture below.
Tre1 dBMag 10dB/ Ref0dB 1 Tre2 dBMag 10dB/ Ref0dB 2
b2/ '1 Tre3 dBMag 10dB/ Ref0dBm
| a8 TroA dBMag 10dB/ Ref0dBm
o b2t - —
- -10 o Cmp ' g '
—-20 - -10 T
1
L .30 — =20+ ] Tragc Statr—Tre2b2/a
s 0/ Cripln: 14dBm
— -40 | 10 Crmp Out -4.5dBm
— -50
Canversign Lioss —-50
— -60 L
60 - = -
L 70 | 70 Mixer Compression
Ch1 MxFrqRF Start 1.3 GHz dBm Stop 1.6 GHz Ch2 MxPwrRF Start -25dBm 3Hz Stop 12dBm
Trcd dBMag 10dB/ Ref0dB Trc6 dBMag 10dB/ Ref0dBm 3
Trc7 dBMag 10dB/ Ref0dBm
b2/at \
— 1u i ‘
— 0 | \ <
—-10
— -20 l
—-30
e
o | - R -
A Conversion Loss vs.|LU power
—-60
—-70
Ch3 MxPwrLC Start -25dBm Freq 1.5 GHz Stop 12dBm
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The measurement plot (Trc5) shows that at low LO power levels, the conversion
loss is large. At levels above 0 dBm we can see that the trace is flattened out,
indicating that the mixer diodes are properly biased.




Power Calibration

7. Power Calibration

Please note that with this
hook active, just one NRP is
detected and controlled.

1EZ58_0E

Even though the power level accuracy of the ZVA sources and receivers are
quite good, we will in most cases need to perform a power level calibration.
Especially when we move into the GHz range, losses in cables and adapters
can be significant and influence the accuracy of our measurement. The power
calibration routine can even be configured to compensate for a pre-amplifier in
the signal path

To perform a power calibration, we need a Power Meter / Sensor connected to
the ZVA. The most convenient solution is using a USB Power Sensor from the
NRP-Z family such as the NRP-Z11 or NRP-Z51 sensor. Simply connect the
Power Sensor to the ZVA front panel USB connector and the sensor will be
automatically configured.

In case a normal Power Meter is used, press [SYSTEM CONFIG], then [System

Config] softkey and select the External Power Meters tab to configure the meter.

Please note that in case of using a normal Power Meter, you need the ZVAB-
B44 option and the VISA I/O libraries installed on the ZVA. Even if a LAN
connection is used, you still need the VISA I/O libraries.

X

| Premig] Channel Bits | Resets || Option Kep Entry | Remate Settings | Extenal Power Meters | Eute € ?
i |
Found:
BFRRRIEES NGA Alias | Dover | Interface | Address/Serdt | ID Sting
Add Al v
Configured: At Corfig MRP-Zxx
# [ Marme Ciriver [ Interface. | Address/Serft 1D String
ﬁ’ Frotr 1 MRP-Z51 Other 100308 NRF-Z51:: 100303

Close ] | Help J

Click Refresh Tables to scan USB and GPIB interfaces for attached Power
Meters / Sensors. Select Power Meter to use in the Found: section and click
Add v to move it to the Configured: section.
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Power Calibration

Before starting the Calibration process, we need to consider the measurement
uncertainty contribution from the mismatch between the ZVA ports and the
mixer ports. On passive mixers we can expect typical Return Loss values in the
range from 10 to 20 dB. On the ZVA we have an uncorrected test port Return
Loss in the range from 10 to 16 dB, depending on frequency and ZVA model.

Using the standard mismatch error formula:

E, =20log,, 1% oSl

We can see that a 12 dB Return Loss value for both ZVA and Mixer will give us
a mismatch uncertainty value of ~ +/-0.55 dB.

To reduce the mismatch uncertainty contribution in the mixer conversion loss
measurements, we can add fixed attenuators (often called matching pads)
between the ZVA and the mixer. This will improve the ZVA source match and
therefore reduce uncertainties. It is mainly on the RF and LO ports we have the
matching problems.

Improving the ZVA Return Loss with a matching pad to 30 dB, will reduce the
mismatch uncertainty value to ~ +/-0.07 dB.
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Optional

Optional

The problem with matching pads is sometimes that we don’'t have sufficient
power to drive the mixer. This is especially true for the LO signal, which typically
needs to be in the range from +7 to +15 dBm, depending on the mixer type.
Therefore extra amplification is sometimes required when using matching pads.

Please remember that the ZVA can deliver typically >15 dBm at the test port,
which often eliminate the need for an amplifier.

The optimal values for the matching pads are >=10 dB on order to provide good
isolation. We will however need to compromise due to the maximum power
available from the ZVA (~ +15 dBm).

In the following Power Calibration example we will use a 6 dB pad on the RF
port and a 3 dB pad on the LO port. No amplifier is used.
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Power Calibration

To start the power calibration process, do the following:

Select (Trc1) in channel 1. In this channel we are doing a frequency sweep.

Press [MODE], then [Scalar Mixer Meas] and [Scalar Mixer Meas Power Cal...]

softkeys. This will open the SlerlEIgVINCIEVEEEVIC o ol ol elo=IgOrI{o]¢=1ile]y)

window:

Scalar Mixer Measuremen Calibration

1. AF Source Calibration Source Cal Settings
Conriect Pritr 1 to Port 1 RF Cal Power: 10 dEm
= RF Cal Pawer Difset: 0-dB
LO Cal Pawer. ¥ dBm
LO Cal Paower Offset: 0de
Masirnurn Nurnbier of Feadings: 1
Toleranice: 1dB

2 IF Recerver Calibration Flatnizss and Fieference Receiver Cal

E t Port 1 ko Part 2
i Madify Settings...
= Fower beter
| Prratr 1 o i Powser b eter Config...
3 L0 Source Calibration [ ] MNAP-Z51

Connect Pratr 1 ta-Port 3 Ser#; 100308

Take Cal Sweep... Abort Sweep Perform Verfication Sweep After Cal

|_ Close ] |_ Help ]

In the Source Cal Settings section we can see the values for the RF and LO
power levels for the active channel. Below that are two fields, this is the
Maximum Number of Readings (1) and Tolerance (1 dB) values. Those settings
determine the target accuracy for the power calibration and the maximum
number of iterations to obtain the specified accuracy. To change these settings,
press the Modify Settings... button.

Modify Source Power Cal Settings

Fort 1 Cal Power

Press Modify Cal Power to add Cal Power Cal Power: A0 dBm
i Cal P Offget: 0dB
Offset values in case external pads | CslPower Offse

and/or amplifiers are used.

Modify Cal Power...

Fort 3 Cal Power
Cal Power! 7 dBm

Modify Cal Power...

Cal Power Offzet: 0dB

Pawer Meter Readings

M aximum Nurnber of Readings:

Taleranee: | [1dB
Controls max number of iterations the Trchides
ZV A should use for reaching the [ Fatness Lo
specified Tolerance value. [v] Reference Receiver Cal

[1Use Reference Feceiver After First Cal Sweep

[ Switch Off &) Other Sources During Cal Sweep

[ oK | [ Cancel | [ Hep |

A good compromise between speed and accuracy in the power calibration could
be setting Maximum Number of Readings = 3 and Tolerance = 0.3 dB.
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Power Calibration

In case of using matching pads and/or external amplifiers in the setup, press the
Modify Cal Power button to add the proper offset. The example below shows the
compensation for a 6 dB matching pad at the ZVA port 1 (mixer's RF port).
Please note the channel base power (Pb) initially must be set 6 dB higher to
compensate for the matching pad.

Port 1 Cal Power g|

« «
) L7} =] @ ouT

@FY
()0 dBm

Attenuator Port Power Offset Cal Power Offset Powear Result
- Ao v + [0dB silel o] 6aB s ale =] -10dBm

Pt ( Channel Base Power ). -4 dBrn ]

[ ok | [ cenca | [ Hep |

With the desired Source Cal Settings in place, the calibration process is started
by following the 3 steps in the left side of the Power Calibration window. 3 steps
are required to calibrate the 3 active ports on the ZVA. They are:

1. RF Source Calibration
2. |IF Receiver Calibration
3. LO Source Calibration

The calibration process can be monitored in the graphical plot and on the
progress bar below.

Scalar Mixer Measurement Power Calibration

2 |F Recewer Calibration

Connect Port 1 to Port 2

1. RF Source Calibration Source Cal Setlings
Connect Prtr 1 to Port 1 RF Cal Power: -10 dBm
RF Cal Power Offset. -6dB
Toke Col Sweep.. | LO Cal Power 10 dBm
LO Cal Power Offset -3dB
FrosiMx O Bp D Maximum Number of Readings 3
Tolerance D.2dB

Flatness and Reference Receiver Cal

Madity Settings.
Take Cal Sweep ] T
ar Mete
Pratr 1 v Power Meter Corifig.
3 LO Source Calibration i_"“ll“lll““lllllll NRP-Z22
Connect Pmir 1 to Port 3 Ser# 100266

| Take Cal Sweep

| [ Abort Sweep ]

In progress

LO range sweep 1 of max 3 in progress

[V] Perform Verification Sweep After Cal

[ cese | [ Hep

When step 3 is completed, press Close to close the Power Calibration window.
The power calibration of channel 1 is now completed.

Since the frequency and power settings of channel 2 and 3 are different from
channel 1, separate power calibrations on these channels must be performed as
well. The procedure is identical to the channel 1 calibration.

15
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Isolation Measurements

8. Isolation Measurements

The Isolation is a measure of signal leakage or feed-through from one mixer
port to another port. Good isolation corresponds to low leakage. Unbalance of
the internal transformers or lead inductance is the main cause of port-to-port
leakage. The amount of feed-through from the LO to the RF port is specified by
the LO-REF isolation. In an analogous way, the LO-IF isolation defines the level
at which the LO signal appears at the IF port.

N s
LO-RF ~ _ —~ LO-IF
leakage Ll r leakage
|

LO

Isolation is measured in dB and is a frequency-dependent quantity. High
isolation is preferable, since signal leakage will create spurious signal
components in the output spectrum.

9. Isolation Measurement Setup

The isolation measurement setup is identical to the conversion loss setup, here
shown for a 4-port ZVA only:

Sessssgss
0
0
O

[ ™™

8]

111

O w

For measurement setup with a 2-port ZVA, please refer to section 3 for details.
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Arbitrary Port Configuration

10. Arbitrary Port Configuration

The configuration of isolation measurements is different from the conversion
loss setup. For these measurements, we cannot use the mixer configuration
wizard, we need to manually configure the ZVA source and receiver settings
using the [MODE], then [Port Config] keys to get to the menu.

Port Configuration

Meas Physit Source ) ) | Recerer )
# | Gen| Fraquency Freguency Result Power |PowerResult | Frequency | Frequency Result
¥ |Poti—  to .|  10MHz.24GHe Pb .|  0dBm  t | 10MHz 24GHz
W |Pon2 [ fh el 10MHz .. 24GHz Phb ., | 0dBm
7 Pot3 f w|  10MHz..24GHz Pb .| 0dBm
WV  Patd [ fh el 10MHz . 24GHz Pb ., | 0dBm
O (Geni ™ [N - 10MHz - 24GHz Pb .| 0dBrm |

|Red cels exceed hardware Iimits,L

Dizplayed Col Bal d and M dF Measure "a" Wawes at o
| Displayed Columns... alanced and Measured Pars... @ Biccshior brniency &5 Con

; () Source Frequency
[ Stirnulus... ] Sarme Connector Type atAll Forts

DK ] [ Cancel J [ Help ]

The [gesl®ogiile[liElifely menu uses two terms named (fb) and (Pb):

(fb) is the base frequency entered using [START CENTER] and [STOP SPAN]
keys and (Pb) is the base power entered using the [PWR BW AVG] key.

In the above example, an external generator (Gen1) is configured, but not used.
So the error message shown can be ignored.

11. RF to IF Isolation Measurement

To start the RF to IF isolation measurement configuration, do the following:

Press [ERESEN
Press [START CENTER] and enter a start frequency of 1.3 GHz
Press [STOP SPAN] and enter a stop frequency of 1.6 GHz

Press [PWR BW AVG] and enter a power level of -10 dBm

Now the (fb) and (Pb) terms are set and we can start the actual configuration of
the test ports.

For this test we will again be using an IF frequency of 70 MHz and a LO signal

which is higher than the RF signal ( IF = LO — RF ).

Press [MODE], then [Port Config] keys to get to the [gelif®elpiils[SlE1tfely) Mmenu.

1EZ58 OE 17 Rohde & Schwarz



RF to IF Isolation Measurement

To configure the LO frequency and power, click on the (fb) and (Pb)

fields in the Port 3 row to open the and
configuration windows.  They allow you to configure the
frequency and power using (fb) and (Pb) as a base for the configuration,
or simply by typing in any desired value.

Port Configuration

Meas| Physic Source i i ) | Receivar

# | Geh|Frequehcy | Frefusncy Result | Power  Power Result | Frequency | Frequency Resuft |
® Fotl ™ fo sl 13GH: . 16 GHz Ph w|  -10dBm fh 1.3GHz.. 1.6 GHz
@ Ptz b . 13GH: 16GH:  Pb. . . -l0dBm
4 _PDrtS (i ‘ o 13GHz .. 1.6 GHZ' Fhk =10 dBm
7 |Pot4 T L | 13GHz.18GHz T BETT \  -10dBm
O Gent ™ sl 13GHz. 18GH: Pb I\ 0dBm | z

- Meagur
[ Dlsplayewlumns... ] [ Balanced and Measured Ports...
[ Stimulus... ] [V Same Connactor Type atAll Parts
Port 3 Source Freguency Caneel J [ Help

(=L . @6 i
i zele  Oore 1

fb (Channel Base Freguency): 1.3 GHz ... 1.6 GHz

« «
Resulting Range: 1.37 GHz .. 1.67 GHz @ 7} Z E’m\p oDuT
Ors Attenuator Port Power Offsat Cal Powsr Offset: Power Result

- + |7dB Sitle] 4 |ooB Sl = 7dEm

Ft [ Channel Base Power ). <10 dBm

(@) dBml

ok | [ cancel | [ Help

The LO frequency should be offset from the base freq (fb) by 70 MHz,
so we just add the 70 MHz in the configuration. For the LO power, we
want a fixed level of +7 dBm, which is configured as shown above.

Below is the completed RF to IF Isolation Configuration. Remember to
enable the generators for Port 1 and 3. Click OK to exit.

Port Configuration

Meas! Physic Source ) ) ) | Becerer

| # | Gen| Freguency Freguency Result | Power | PowerResult | Fregquency | Freguericy Result
o e A e e
7 Part2 [ fb ..| 13GHz.1BGHz Fh .| -10dBm
~ "F’%’r’t”é fo+70MHz .. | 137GHz .. 167GHz 0dBm+7dB .| 7 dBm
&  Pand [ fo+70MHz .| 137GHz..167GHz  Fb . -0dBm
O [EEnd]r fh w|  13GHz.1EGHz Ph w|  -1DdBm | w |

: Measure "a" Waves at
[ Displayed Columns.. ] [ Balanced and Measured FPorts... (@) EiacslusrFregisncy Freq Canw Off

() Source Frequency

[ Stirmulus,.. ] Sarme Connectar Type at All Ports

[ 0K J [ Cancel ] [ Help ]
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RF to IF Isolation Measurement

Select the (b2/a1) as the quantity for RF to IF isolation measurement.

Please note that selecting S21 as the measurement quantity instead of
b2/a1, will allow for vector error correction (i.e. TOSM calibration) to be
applied to the measurement. This will further improve the measurement
accuracy, since vector error correction cannot be applied to the b2/a1
wave quantity measurement.

The result of the RF to IF Isolation measurement can be seen at the
green trace labeled RF2IF.

(Trc2) is the RF quantity in and (Trc3) is the RF quantity out (at IF port).

A
ere———— . \?3
RF2IF [02EK: dB Mag 10dB/ Ref0 dB PCal 1 of 4 (Max)
Trc2 EXMMM: dB Mag 10dB/ Ref0dBm  PCal

Tre3 |92 :dBMag 10dB/ Ref0dBm  PCal

b2/al *M11.450000 GHz -19.173 dB
— 10
— 0 <<
b2/al: RF - IF isolation
al: RF Power in 10
b2; RF Power out I\q'1

1EZ58_0E

=_-30;

- 40

— -50

— -60

—-70

Ch1 Arb ChannelBase Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz

HINT: Use the mouse and Right-Click on the trace name to access the Trace
Manager. Here you can change the name of the trace to something more
meaningful than Trc1, Trc2, etc.

Trace Manager

? MName .”/ | On | heas Type Channel | Area .: Scale
BBE 2 &l |bzfal  |[DAT  Chi ~ 1 = =
| Tre2 ¥ |al | DAT Ch =l = -
| Tre3 ¥ |b2 |DAT  Ch = - -
| Add/Delete.. | | Coupling. | | SonTakle. | [ _cCose | [ Help |
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LO to IF Isolation Measurement

12. LO to IF Isolation Measurement

To start the configuration:

Press [CHAN SELECT], then [Add Channel + Trace + Diag Area] softkey. This
will create a second channel in a new diagram area, which is identical to the first

channel.

Select the (b2/a3) as the quantity for LO to IF isolation measurement (or
select S23 to allow for vector error correction).

Press [MODE], then [Port Config] keys to get to the [ge]gf®felslile[lg=1ife]s) menu.

Port Configuration

e
Fart2
Potd
Fartd
Gend T

O9977

Meas| Fhysic Source
# | Gen| Frequency

fla
fla

fo+ 70 MHz .,
fb+70MHz .

fla

| Frequency Besult | Power | Power Resulll Freguency reguency Result
w| 13GHz.18GHz  Ph .| -T0dBm|fo+70MHz  |f1.37 GHz .. 167 GHz

| 13GHz..16GH:z Fh w|  -10dBm

|137GHz.. 167GHz 0dBm+7cB .| 7dBm

| 137 GHz .. 167 GHz Fh Wl -10dBm

| 13GHz . 1EGH: Ph wl  -l0dBm -

’ Digplayed Colutnns... ]

Measure "a" Waes at
[ Balanced and Measured Forts.. @ EacelvbrFicaiancy Freg Conv Off

’ Stimulus. .

] Same Connector Type at All Forts

() Boitce Fraglsncy

[ DK, ] [ Cancel ] I Help l
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The main difference from the previous measurement is that we want to measure
the amount of LO signal at the IF port. All the Source settings are therefore the
same as before, but the receiver must be re-configured to measure the LO
instead if the RF signal.

To do this, click on the Frequency field in the receiver section of the [gelgi
menu. Then add the 70 MHz offset so that the configuration result
is identical to what is shown above.
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LO to IF Isolation Measurement

The result of the LO to IF Isolation measurement can be seen at the red

trace labeled LO2IF.
b2/a3: LO - IF isolation

a3: LO Power in (Tre6) is the LO quantity and (Trc5) is also the LO quantity, but
b2; LO Power out measured at the IF port.
Lo2IF [$JPR) dB Mag 10 dB/ Ref0 dB PCal 2 of 4 (Max)
Trch dBMag 10dB/ Ref0dBm  PCal
Trc6__EEMM.dBMag 10dB/ Ref0dBm  PCal
b2/a3 *M1|1.450000 GHz -16.716 dB
— 10
— 0 <<¢
- -1
0 M1
— -30
- -40
— -50
— 60
— -70
Ch2 Arb ChannelBase Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz
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LO to RF Isolation Measurement

13. LO to RF Isolation Measurement

bl/a3: RF - IF isolation
a3:
bl;

LO Power in
LO Power out

1EZ58_OE

To start the configuration:

Press [CHAN SELECT], then [Add Channel + Trace + Diag Area] softkey. This
will create a third channel in a new diagram area, which is identical to the
second channel.

The port configuration for LO to RF isolation is identical to the previous
one, so we just need to select the (b1/a3) as the measurement quantity
for the LO to RF isolation measurement.

(Or as with the previous isolation measurements, select S13 to allow for
vector error correction)

The result of the LO to RF Isolation measurement can be seen at the
light green trace labeled LO2RF.

(Trc8) is the LO quantity and (Trc9) is also the LO quantity, but
measured at the RF port.

_________ ®

fLOZRF dB Mag 10dB/ Ref0dB 3 of 4 (Max)
‘Trcs  EXMM :dB Mag 10 dB/ Ref0 dBm
iTrc9 idBMag 10dB/ Ref0dBm
b1/a3
— 10
—-10
— 20
=20 — — Vi
- 40
= -50
— -60
— -70
Ch3 Arb ChannelBase Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz
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Power Calibration for Isolation Measurement

14. Power Calibration for Isolation Measurement
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Unlike in the Mixer wizard for the conversion loss measurements, which also
included an intuitive procedure for the power calibration, we need to go through
a less automated procedure for the Isolation Measurement Calibration. In other
words, we need to make sure that we cover all frequency ranges of interest for
both sources and the receiver during our calibration.

In this section we will go through a calibration example for the RF to IF Isolation
measurement. See section 11 for details.

In this RF to IF Isolation measurement, we are measuring the RF frequency
range from 1.3 GHz to 1.6 GHz with an IF frequency of 70 MHz. Subsequently
this will give us an LO frequency range from 1.37 GHz to 1.67 GHz when using
IF = LO — RF in the frequency conversion.

With the connections to the mixer as shown below (left), we can make a graph

of the frequency ranges for each port on the ZVA (right) that requires a power
calibration.

Frequency Ranges —> RF to IF portisolation test

) ! RF

A "t port

: ) : Lo

: N : "1 port

E i IF

) " por

I | I |

[ [ [ [

1.3 1.37 16 187  Freq (GHz)

The two sources needs to be calibrated over their respective frequency ranges
and the receiver needs to be calibrated, NOT at the IF frequency, but at the RF
frequency range. From the plot above we can see that it makes sense to use
the port 1 source for calibration of the port 3 receiver.

The 3 calibration measurements required are as follows:

1. Port 1 source calibration using a Power Meter / Sensor.

2. Port 3 source calibration using a Power Meter / Sensor.

3. Port 2 receiver calibration using the calibrated port 1 as the source.
In step 3 we are using the calibrated port 1 as a “transfer standard” from the
Power Sensor to the port 2 receiver. The accuracy of the port 2 receiver

calibration will be slightly worse than the port 1 source calibration.

The power calibrations should be performed in the order shown above.
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Power Calibration for Isolation Measurement

To start the source Power Calibration process:

Press [CAL], then [Start Power Cal =] and [Source Power Cal...] softkeys to
open the Source [HOWCIHOE] dialog window.

Source Power Cal g|
Calibirate Settings
Source: | Por 1 - Cal Power -10 dBm
= Cal Power Offset 0dB

Pon 2
Pon 3 Meximum Number of Readings: 2
Port 4 Tolerance 0.3dB
Gen Flatness and Reference Recewver Cal

[¥] Source Power Correction Oft
]_ Modity Settings |

Power Meter

Power Meter Config.

Configuration of a Power

Meter/Sensor and optionally [ Asczen |
zeroing of the Sensor
Lhi [V]Pedorm Verification Sweep After Cal
[ Abor Sweep | { Close ] [ Help J

First step is selecting which port to calibrate using the Source “Drop-down”
menu. Select Port 1. Connect the configured Power Sensor to the port 1 cable.

If a Power Meter is not configured, click on the Power Meter Config button to
access the Power Meter configuration menu. See section 7 for more information
on configuring a Power Meter.

Click on Modify Settings... button to access [Ylelel)ASIelV (W oI MO RSTItgle [

dialog window. Adjust settings as required. Click OK button when done.

Press Modify Cal Power to add Cal Power Modify Saurce Power Cal Settings
Offset values in case external matching T 1 Cal Power
pads and/or amplifiers are used. Cal Power. -10 dBm
Cal Fower Offset: 0dB [ ’ Muodify Cal Power.. ] ]
Fower Meter Readings
Controls max number of iterations the Gadmum il bett Basdige (3 |Cﬂ:|
ZVA should use for reaching the <
specified Tolerance value. Talerance: LUNB |2 ﬂj
Includes
&

Check this box if more than one source [V Fstaianca Biscaiar el
shares the same calibration point.
(Required when two sources are feeding

a combiner and they are calibrated at \ : :
. [ | Switch Off All Other Sources During Cal Sweep
the combiner output)

[ ]Use Reference Receiver After First Cal Swesp

[ 0K ] l Cancel l ’ Help
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Recejver Power Cal

Power Calibration for Isolation Measurement

Click on Take Cal Sweep and the power calibration will start with the settings
configured. The calibration progress can monitored in the graphical display.

Source Power Cal

Calibrate Settings
T = v| CalPower -10 dBm
~ Cal Power Offset: 0dB
Maximum Number of Readings: 3
Tolerance: 0.3dE

Flatness and Referehce Receiver Cal

[ ]S5ource Pawer Carrectian Off

Modify Settings...

Fower Meater
MNRP-Z22
Ser# 100266

Ferorm Yerification Sweep After Cal

Pass. Maximum Deviation 0.03dB_

Take Cal Sweep | [ Ahbot Sweep | [ Cloge I I Help |

When completed, Pass (or fail) is indicated in the lower left corner together with
the maximum deviation value. Click Close to End port 1 calibration.

Repeat the calibration process for port 3 following the same procedure.

Wawe Quantity io Calibrate:

b b_l2 |

[ ]Recsiver Power Corection Off

serd Saurce:

|

Bort | v | Peal
Sweaap |
[ Take Cal Sweep ] [ Abont Sweep ]
[ Close ] [ Help ]

1EZ58_OE

To start the receiver Power Calibration process:

Press [CAL], then [Start Power Cal -] and [Receiver Power Cal...]
softkeys to open the Receiver [HATCIH®F] dialog window.

Select the Wave Quantity to Calibrate, in our case it is the b2 quantity.

Select the Used Source, in our case it is port 1 we want to use.
Connect the calibrated port 1 cable to the port 2 cable.

Click the Take Cal Sweep button, wait a few seconds until the calibration
completes. You can monitor the Sweep progress bar.

Click Close to complete the receiver power calibration.

This completes the Source power calibration process for the two sources at port
1 and 3 and the Receiver power calibration process at port 2.
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RF and LO Port Return Loss Measurement

15. RF and LO Port Return Loss Measurement

Port Configuration

With traditional two-port Network Analyzers, S-parameter measurements like
the S11 on the RF port had to be carried out using an external Signal Generator
supplying the LO signal to the mixer. Since there was no frequency control of
the generator, a fixed LO frequency was typically used while sweeping the RF
frequency range of interest.

RF

| Reflected

{ 833 = cmeeeoeneeee-
o Incident
A

LO

With the ZVA, it is now possible to measure the port matching parameters while
the mixer is operating under realistic conditions. That is measuring the S11 of
the RF port while the LO port is being feed with both the correct frequency and
amplitude. Or measuring the S33 of the LO port with a proper RF signal applied.

Again we will need to use the |gejyg®elsiife[l[Elife]ly Mmenu to setup the proper
conditions for the mixer, before making the S-parameter measurements.

In this example we will again be measuring the 1.3 to 1.6 GHz frequency range
with an IF frequency of 70 MHz.

To start the configuration:

Preset the ZVA, then setup start/stop frequencies and a power level of -10 dBm.
Select S11 as the measurement quantity for RF port Return Loss.

Press [MODE], then [Port Config] keys to get to the [geljf{®feJgiile[fle\ife]y menu
and make the configuration shown below:

Meas| Physic Source i ) | Recewer

# Gen| Frequency Fregquency Fesult Fower Power Result | Frequency | Fraguency Result
@ |Poti @ b .| 13GHz.1BGHz  Pb " 0dBm | 13GHz..18GHz
= Forte ™ | 1.3GHz.. 16GHz Fh -10dBrm
r [Pot3 @ th+?0MHz .| 137GHz..167GHz 0dBm+7dB 7 dBm
= Fortq - fh+70MHz ., 1.37 GHz ... 1.67 GHz Ph -10dBm
0 |[Geni T | 13GHz.. 1BGHz Ph -10dBrm |

IMeasure "a" Waves at

[ Dizsplayed Columns...

]

Freg Conw Off

[ Balanced and Measured Ports... ] @ BioeslvenFrenaanny

[ Stirmulus...

l

() Source Fraguancy
Zame Connector Type atAll Forts

[ ] 4 ] [ Cancel ] [ Hela l

1EZ58_0E
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RF and LO Port Return Loss Measurement

To add a S33 measurement (LO) to the configuration:

Press [CHAN SELECT], then [Add Channel + Trace] softkey. This will create a
second channel in the same diagram area, which is identical to the first channel.

Select S33 as the measurement quantity for LO port Return Loss.

Press [MODE], then [Port Config] keys to get to the [gelif®elpiils[SlE\tfely) Mmenu.

Port Configuration

Meas! Physic Source

# | Gen| Frequency

~  |Potl @ th | 13GHz..18GH: Pb 0B fo+70MHz 137 GHz .. 167 GHz
G th | GHz...16GHz Fh w|  -l0dB

A4 |Pot3 @ fo+70MHz ., |137GHz.. 167 GHz DcBm+7dB .|  7dBn

I~ Portd [T fh+70MHz .. | 137 GHz.. 167 GHz Ph ~ -l0dB

O |(Genl ™ th w| 13GHz.TEGHz  Pb -10 dBim :

Frequency Result | Power Power Resift Frequency | Frequericy Result

ngu

Measite

[ Digplayed Columns. . ]

Wiiaes at
(@) Beceiver Fraquency

Freq Canw Of

[ Balanced and Measured Fors.. ]

’ Stirnulus ... ]

() Source Fraguancy
Same Connactor Type atAll Farts

’ Dk ] [ Cancel ] [ Help ]

HINT: The 811 and S33 plots are
shown in Return Loss format. Use
[FORMAT] and [SWR] or [Lin Mag]
softkeys to display the reflection
measurements in VSWR or Reflection
Coefficient formats respectively.

[dB Mag] returns the reading to the
Return Loss format.

1EZ58_0E

Change the Receiver Frequency setting, so that it is the LO frequency that is
being measured.

The result of the S11 and S33 measurements can be seen below.

P P{*
RF_vswr dB Mag 10dB/ Ref0dB Ch4 Cal 4of4(Ma;()
LO_vswr dBMag 10dB/ Ref0dB Ch5 Cal
S11

M1]1.450000 GHz -18.542 dB
— 10
S <
L 10 M

N v |

20
 -30:
- 40
= -50
— -60:
= -70
Ch4 Arb Channel Base Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz
Ch5 Arb Channel Base Start 1.3 GHz Pwr -10 dBm Stop 1.6 GHz
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RF and LO Port Return Loss Measurement

To ensure the best accuracy possible in the mixer S-parameter measurements,
the following calibrations should be made:

e  S11 One-port calibration
e  S33 One-port calibration
e Port 1 Power Calibration

e Port 3 Power Calibration

The screenshots below summarizes the Isolation and the Reflection measurements, configured in the previous sections.

®

RF_IF dBMag 10dB/ Ref0dB PCal 1 LO_IF [PEX] dBMag 10dB/ Ref0dB PCal 2
Trc2 dBMag 10dB/ Ref0dBm  PCal Trc5 dBMag 10dB/ Ref0dBm  PCal
Trc3 dBMag 10dB/ Ref0dBm  PCal Trc6 dBMag 10dB/ Ref0dBm  PCal
' Mf 1.450000 GHz |-16.902 dB
B % o00d G
— 0 — 0 < <4
I ST Y - —
AY =ZU
—-30 —-30
— -40 — 40
—-50 - - —-50 p— -
L 60 RE to|IF (solation 60 LO to IF isolation
—-70 —-70
Ch1 Ab Channel Base Start 1.3 GHz Stop 1.6 GHz Ch2 Ab Channel Base Start 1.3 GHz Stop 1.6 GHz
LO RF dBMag 10dB/ Ref0dB 3 RF.wswr dBMag 10dB/ Ref0dB Ch4 Cal 4
Trc8 dBMag 10dB/ Ref0dBm LO vswr dBMag 10dB/ Ref0dB Ch5 Cal
Trc9 dBMag 10dB/ Ref0dBm S11
b1/a3 M
[ LV — 0
— 0 <44 10 AT |
—-10 —-20
20 —-30
s E— —-40
40 —-50
B RF|and LO Port Match
-50 —-60
—-60 : - — -7
— 70 LO to|RF lisolation 0
Ch4 Arb Channel Base Start 1.3 GHz Stop 1.6 GHz
Ch3 Ab Channel Base Start 1.3 GHz Stop 1.6 GHz Ch5 Ab Channel Base Start 1.3 GHz Stop 1.6 GHz
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Intermodulation Measurement

16. Intermodulation Measurement

1EZ58_0E

The multiport / multisource concept of the ZVA and the ability to control external
Signal Generators allows us to take mixer measurements even further and
measure parameters like the Third Order Intermodulation (or IP3) product. For
this, a 4-port ZVA and an external Signal Generator is required.

Please note that if a 6 port (3 generators) or 8 port ZVT (4 generators) is
available, no external Signal Generator is required. The ZVT can then provide
all the signals required.

Furthermore, a passive combiner is required to combine the two RF signals
before applying them to the mixer. The signal generator will provide the LO
signal to the mixer, as shown in the setup below. Low pass filters for reducing
harmonic products from the sources are optional, but sometimes required.

(Optional)

(Optional)

We will in our example here again measure the mixer in the RF frequency range
from 1.3 GHz to 1.6 GHz with an IF frequency of 70 MHz. We will use an LO
which is higher than the RF (IF = LO — RF), so the LO frequency range is 1.37
GHz to 1.67 GHz.

. A
Pin

v

f1 f2 f

The ZVA will provide the two signals required for the IP3 measurement. A
default spacing of 1 MHz will be used.

f1 will sweep from 1.300 GHz to 1.600 GHz and f2 will sweep from 1.301 GHz to
1.601 GHz.
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Intermodulation Measurement

Due to the mixer conversion, new carriers are created as follows:
C1=LO-F1 example : 1370 MHz — 1300 MHz =70 MHz
C2=LO-F2 example : 1370 MHz — 1301 MHz =69 MHz

And the IP3 products created are as follows:

IP3+=2*C1-C2 example : 2*70 MHz — 69 MHz =71 MHz
IP3-=2*C2-C1 example : 269 MHz — 70 MHz =68 MHz
The Third Order Intercept (TOI) point can be calculated as follows:
1 TOI Point Calculation
Pout
' a 4
IP dBc
P dBe TOI = Pout + -=---------
2
74

In our example, we will use C1 (70 MHz) and IP3+ (71 MHz) when we configure
the IP3 measurement on the ZVA. First we will configure a classic Spectrum
Analyzer view, measuring at a single frequency. Then we will configure a swept
IP3 measurement

To start the IP3 measurement configuration, connect the hardware as shown on
the previous page, then do the following:

Press [EIRESEN

Press [START CENTER] and enter a start frequency of 65 MHz

Press [STOP SPAN] and enter a stop frequency of 75 MHz

Press [PWR BW AVG] and enter a power level of 0 dBm

Press [PWR BW AVG], then [Meas Bandwidth] and [Fine Adjust] softkeys.
Enter 50 kHz bandwidth and select High Selectivity.

Please note that the measurement bandwidth selected must be smaller than the
frequency spacing of the two tones. This is required in order for the ZVA to be
able to distinguish between them in the receiver.

Now the (fb), (Pb) terms and the bandwidth are set and we can start the actual
configuration of the test ports.

Press [MODE], then [Port Config] keys to get to the |ge]jf®elgiile[¥E:1ifely menu.
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Intermodulation Measurement

Port Configuration [X|
kMeas Ph_ysic: Source B N B | Receiver |
# | Gen Freguency . Frequency Resul | Power | Power Piesult | Frequency | Frequency Result |
& |Poti @ " 15GHz [ .1 15GHz Pb | 0 dBm fo 85 MHz .. 75 hHz
7 Potz [ i 15GHz | 15GHz Fh 0dBm
¥ Fod3 & 1.501 GHz 1501 GHz Fh I 0 dBm
¥  Foid [ 1.501 GHz 1601 GHz ,msnssFla 0 dBm
0 Genl ™ %, 1.57 GHz 157 GHz : 0dBm + 8 dB 8dBm | |
:d ------- “‘v‘. ------------
= E—— ﬁ.-" Measure "a" Weves at
’ Displayed C:?‘lajmns... ] [ Elalanc‘e‘d‘an Measured Ports... ] (8) Receiver Frequancy Frag Cony Off
—- o () Source Freguency
’ Stimulus... ] ‘Bame Connectar Type at All Parts
..” “,"" ’ Ok ] [ Cancel J [ Help ]

Configure the generators at port 1 and 3 to produce a CW (non-sweeping)
signal with 1 MHz spacing. Configure the external generator to produce a CW
signal of 1.57 GHz for the LO port. Set the LO power to +8 dBm.

See chapter 11 (page 18)
for details on frequency
and power configuration

menus. Select the (b2) as the measurement quantity.

The result of the non-sweeping IP3 measurement can be seen at the
graphical plot below. The main products we are looking for are marked
with red circles. The other signals shown in the measurement plot are
spurs caused by mixing with the LO signal.

SA_view dB Mag 10dB/ Ref0dBm 1 of 2 (Max)
B2 M1 70.000000 MHz -9.4486 dBm
M2 71.000000 MHz -36.994 dBm
— 10
— O
M1
L 10 M /N
- -20 m
— -30
M 2
- -40 (‘) ( ’ )
| |
0 A'I h l | ]\ L hl 1 l
— v ' T | LI ' ' ' l ‘ v
Ch1 Arb Channel Base Start 65 MHz Pwr 0dBm Stop 75 MHz

The benefit of starting with this measurement setup is that it gives us a good
overview of the configuration made. Do we have a good S/N ratio in the
measurement? Are the ZVA source levels appropriate for the measurement? If
not, then it can be adjusted using this view before we start the swept IP3
measurement.
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Intermodulation Measurement

In the swept IP3 measurement we will focus on the C1 (70 MHz) and IP3+ (71
MHz) products. To start the configuration of the swept IP3 measurement:

Press [CHAN SELECT], then [Add Channel + Trace + Diag Area] softkey. This
will create a second channel in a new diagram area.

Select the (b2) as the measurement quantity.

Press [MODE], then [Port Config] keys to get to the menu.
Make the configuration shown below. Please note that the ZVA sources and the

external generators are now sweeping and that the ZVA receiver is fixed at the
C1 frequency (70 MHz).

Port Configuration
Meas Physic Souru:e ) Recewer
# | Gen| Frequency Frequen:yResuIt 'Puwer inerResuIt Frequenc:y Freguency Mesult
fPorﬂ CAR .| 13GHz.16GHz  Ph OdBm 70MHz | 70MHz.
17 Part2 [~ fb _i 1.36GHz ... 1.6 GHz Ph | 0 dBm
¥ Pot3® fo+1MHz .. 1.301GHz. 1801 GHe Fh i TdBm
@ Potd [T thelMHz .| 1301 GHz. 1.601 GHz Ph o 0 dBrm
] |Genl @ fo+70MHz .| 137GHz. 167GHz 0dBm+8dB .. | 8dBm =

heasure "a" Weawves at
’ Displayed Columns... ] [ Balanced and Measured Ponts.. (@ Bacalver Fraquency Freq Conw Off

() Saurce Freguancy

[ Stimulus... ] [¥]Same Connectar Type at All Farts

’ DK l [ Cancel ] [ Help ]

Press [CHAN SELECT], then [Add Channel + Trace] softkey. This will create a
third channel in the same diagram area.

Select the (b2) as the measurement quantity.
Press [MODE], then [Port Config] keys to get to the menu.

Make the configuration shown below. Please note that the only change required
is setting the ZVA receiver for the IP3+ frequency (71 MHz).

Port Configuration

Meas Physig SDurce ) Rec:elver
# Gen Frequency FrequencyResuIt 'Puwer F’DwerFLesuIt Frequency Frequency Fesult
[Pmﬂ 4 fh o] 13GHz.18GH:  Pb OcBm 71MHz | 71 MHz.
Part2 ™ 1o .|  13GHz..16GHz Pb o 0 dBm

17 Potd @ fa+TMHz .| 1.301 GHz.. 1601 GHz Pb | 0dBm

 Potd [T thelMHz . | 1301 GHz., 1601 GHz Ph o 0 dBm

0 Genl @ fo+70MHz .| 137GHz. 167GHz 0dBm+6dB .. | 5dBm |

heasure "a" Wawves at
[ Dizsplayed Columns.. ] L Balanced and Measured Fors.. (@ PecaiverFraquancy Freg Conw Off

() Saurce Freguency
] Sarne Connectar Type at All Pons

[ Stimulus..

’ DK ] [ Cancel J I Help ]

1EZ58 OE 32 Rohde & Schwarz



1EZ58_0E

Intermodulation Measurement

We now have the 2 traces for measuring the C1 and IP3+ frequencies defined.
Since the 3™ Order Intercept point is a calculated value, we need to create a
trace that takes the data from the C1 and IP3+ traces and calculate the values.
The ZVA offers the possibility to display traces based on calculated values,
rather than measured values. The data used for these calculations can be data
from other traces, mathematical operators, constants, etc.

Press [CHAN SELECT], then [Add Channel + Trace] softkey. This will create a
fourth channel in the same diagram area.

Press [TRACE FUNCT], then [User Def Math] keys to get to the [S=I@BEIRVEN
menu. Use the Operand and Operator fields to create the highlighted equation.

Please note that the equation editor does its calculations in linear format, so we
need to convert the measured trace data before we can used them.

Set a checkmark in Results is Wave Quantity and press OK.

User Def Math for OIP3.

DelAll | [ Del | [Recal.| [ Sawe.
COperand Dperator
Stimval A i+ -
Data | - B
S e = |"
Trc2 i
Tred [ .
(9]l =
Trace Operands are |)
: linkdag
|
uged without math dBMag
[ MNumeric. Yalue >» J Iﬁrﬁg w
Resultis Wawe Quantity
[ OF ] [ Cancel I [ Help

Press [TRACE FUNCT], then [Math = User Def] keys to enable use of the user
defined math trace.
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Intermodulation Measurement

Trc2:
Trc3:
OIP3:

Cl quantity
IP3+ quantity
TOLI intercept

The calculated result of the swept IP3 measurement can be seen at the
red trace labeled OIP3.

(Tre2) is the C1 quantity and (Tre3) is the IP3+ quantity, measured at

the mixers IF port.

‘ Trc2 [¥ dB Mag 10dB/ Ref0dBm Ch2 2 of 2 (Max)

t Tre3

dBMag 10dB/ Ref0dBm Ch3

;. OIP3 ‘,.de Mag 10dB/ Ref0dBm Ch4 Math

— 10

M1 1.450000 GHz 4.8231 dBm

—

Ch2 Arb ChannelBase Start 1.3 GHz Pwr 0dBm Stop 1.6 GHz
Ch3 Arb ChannelBase Start 1.3 GHz Pwr 0dBm Stop 1.6 GHz
Ch4 Arb ChannelBase Start 1.3 GHz Pwr 0dBm Stop 1.6 GHz
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Again, In order to ensure the best accuracy possible, power calibrations must be
performed on both ZVA sources (port 1 and 3) and the external generator. Also
the ZVA receiver on port 2 should be calibrated.

Calibration point for the ZVA sources should be at the power combiner QOutput.
Make sure that other sources are switched off during calibration of the individual
sources.

Refer to section 14 for more information on power calibration.
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Additional Information

17. Additional Information

This Application Note is updated from time to time. Please visit the
website www.rohde-schwarz.com to download the latest versions.

Please send any comments or suggestions about this application note
to info.rsdk@rohde-schwarz.com.

18. Ordering Information

Listed are all R&S ZVA/T network analyzers and most important
options. Of course, accessories like test cables, or manual and
automatic calibration kits are available in addition. There is also a wide
variety of R&S NRP test heads for power measurement and power
calibration. For details, please contact your local R&S sales office, or

the R&S web site.

Order No. Type Designation
1145.1110.08 | R&S ZVA8 Vector Network Analyzer, 2 Ports, 8 GHz
1145.1110.10 | R&S ZVA8 Vector Network Analyzer, 4 Ports, 8 GHz
1145.1110.24 R&S ZVA24 Vector Network Analyzer, 2 Ports, 24 GHz
1145.1110.26 R&S ZVA24 Vector Network Analyzer, 4 Ports, 24 GHz
1145.1110.40 R&S ZVA40 Vector Network Analyzer, 2 Ports, 40 GHz
1145.1110.42 R&S ZVA40 Vector Network Analyzer, 4 Ports, 40 GHz
1145.1110.50 R&S ZVA50 Vector Network Analyzer, 2 Ports, 50 GHz
1145.1110.52 R&S ZVA50 Vector Network Analyzer, 4 Ports, 50 GHz
1300.0000.08 R&S ZVT8 Vector Network Analyzer, 2 - 8 Ports, 8 GHz
1300.0000.20 R&S ZVT20 Vector Network Analyzer, 2 - 6 Ports, 20 GHz
1164.1657.02 | R&S ZVA-K2 Time Domain (TDR)
1164.1863.02 R&S ZVA-K4 Frequency Conversion
1164.1540.02 | R&S ZVA-K6 True Differential Measurements
1164.1511.02 | R&S ZVA-K7 Pulsed Measurements
1302.5544.02 | R&S ZVAB-B44 | USB-to-IEC/GPIB Adapter
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