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In this application note, the device-

under-test (DUT) is an amplifier with the
following specifications.

Frequency range 1.4 to 2.4 GHz
Minimum small

signal gain 10dB
Input SWR 1.5:1
Output SWR 2.0:1
Output 1 dB compression +3 dBm
Third order intercept +14 dBm

Note

MW PNA [front-panel keys] are shown in
brackets, while the softkeys are displayed in
bold; “menu item” refers to the Windows®
drop down menus.
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This application note covers testing of an amplifier's harmonics, using the microwave
(MW) PNA Series of vector network analyzers. Linear parameters, such as gain and
return loss, are covered in Agilent Application Note 1408-7. Intermodulation distortion
is covered in Agilent Application Note 1408-9.

Amplifiers are a fundamental building block of microwave systems, and characterizing
the performance of amplifiers is a critical factor in the design process. Network analyzers
are traditionally used for linear amplifier measurements, while spectrum analyzers are
used for nonlinear measurements such as harmonics and intermodulation distortion.
However, many modern network analyzers, including the Agilent MW PNA Series, can be
used for nonlinear measurements as well, by enabling the frequency-offset functionality.

Most amplifier test systems include a network analyzer for reflection measurements. If
the network analyzer can also be used for nonlinear measurements, then capital equip-
ment costs are reduced. The purpose of this application note is to demonstrate how to
use the Agilent MW PNA Series network analyzers to measure amplifier harmonics.

Due to inherent nonlinearities, an amplifier generates additional responses, called harmonics,
at integer multiples of the stimulus frequency, or harmonics. Harmonic distortion is
defined as the difference in absolute power between the fundamental tone and the
harmonic response, expressed in dBc, for a specified input or output power.

Traditionally, harmonic measurements are made with a spectrum analyzer at several
continuous wave (CW) frequencies. Many frequencies must be tested for complete
characterization, which can dramatically increase test time. With the MW PNA Series
frequency-offset mode (FOM), you can make swept frequency harmonic measurements.
This capability provides a real-time update of the measured harmonic response versus
frequency, very fast. The network analyzer source is set to the input frequency, while the
receivers are tuned to the desired harmonic (2nd, 3rd....). Higher harmonics (4th, 5th,...)
can also be measured, as long as the maximum frequency does not exceed that of the
analyzer. MW PNA Series analyzers are available in 20, 40, 50, and 67 GHz models.

With the MW PNA Series, the power of the fundamental tone is measured on one channel,
while the harmonic response is measured on another channel. In both cases, the source
is set to the input frequency.




Test Method Alternatives

Technique A1 Technique A2 Technique B
Source harmonics not filtered, Source harmonics filtered, Source harmonics not filtered,
basic calibration basic calibration scalar mixer calibration
Network analyzer Frequency-offset mode (Option 080) Frequency-offset mode (Option 080) Frequency-offset mode
options (Option 080) and frequency
converter application (Option 083)
Description Multiple channels are used to measure the desired harmonics. Channel 1 is configured to measure the fundamental
f;. channel 2 to measure 2f;, channel 3 to measure 3f; , and ...
Calibration One source-power calibration and Two source-power calibrations and Scalar-mixer calibration (SMC)
one receiver calibration one receiver calibration provides match-corrected power
measurements
Advantages of Simplest of techniques Source harmonics are filtered, therefore If the device-under-test has
each technique measurement is more accurate perfect match, there is no

difference between the accuracy
of techniques A1, A2 and B. The
worse the match of the device, the
more advantage there is to using
technique B versus A1 and A2

Disadvantages of Source harmonics not filtered Mismatch errors not corrected Source harmonics cannot be
each technique Mismatch errors not corrected filtered using this method
Technique Af. Step 1: Setup

Source Harmonics The hardware setup for method 1 is shown in Figure 1. Figure 2 shows the necessary

Not Filtered, steps to measure the 2nd and 3rd harmonics of an amplifier, using the MW PNA Series.
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Figure 1. Setup for measuring amplifier harmonics without filtering of the MW PNA source.
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and configure channels to measure absolute
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Chi:fi=1, Connect power sensor " Make thru connection
Ch 2: f; = 2f, (FOM, x1)

Ch 3: f, - 3f, (FOM, x1)

A

Connect DUT and calculate
harmonic response from channels
2nd harmonic (dBc)=Ch 2-Ch 1
3rd harmonic (dBc) = Ch 3-Ch 1

Reduce frequency on
channels 2 and 3
Ch 2:f, = f, (FOM, x1)
Ch 3:f; = f, (FOM, x1)

Increase multiplier on channels 2 and 3
- Ch 2:f, = f, (FOM, x2) -
Ch 3:f; = f, (FOM, x3)
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Figure 2. Procedure for measuring harmonics (f; > f, indicates a frequency sweep from f; to f,).



Channels 1, 2, and 3 will be used to measure the fundamental, second, and third harmonic
respectively. Initially we will set up the channels in a way that we can perform the cali-
bration. After calibration, we will modify the stimulus to measure the actual harmonics.

Channel 1: 1.4 to 2.4 GHz, —20 dBm
Channel 2: 1.4 to 4.8 GHz, —20 dBm, frequency-offset mode on, 1x multiplier
Channel 3: 1.4 to 7.2 GHz, —20 dBm, frequency-offset mode on, 1x multiplier

[Preset]

Configure channel 1

Menu item Trace > Measure > Measure ... > More Types ... > B, unselect Ratioed Type
[Start/Center] > Start 1.4 [G/n] > Stop 2.4 [G/n]

[Power] > Level —20 [Enter]

Configure channel 2
Menu item Trace > New Trace... > More Types ... > B, unselect Ratioed Type,
select Channel 2

[Start/Center] > Start 1.4 [G/n] > Stop 4.8 [G/n]
[Power] > Level —20 [Enter]

Configure channel 3
Menu item Trace > New Trace... > More Types ... > B, unselect Ratioed Type,
select Channel 3

[Start/Center] > Start 1.4 [G/n] > Stop 7.2 [G/n]
[Power] > Level —20 [Enter]

On channels 2 and 3, turn on frequency-offset mode, with a zero offset and x1 multiplier.
From the menu item Channel, select Frequency Offset ...

Frequency Dffset 3| W Frequency Offset E x|

r— Dffset Setting

r— Difset Setting:

Response = Dsel+ (Multipfierd Divisor) # Stimulus Response = [J

Difset = Offset 0Hz =
Multipligr [ 1.000000 = Multiplikr [1.000000 E
Divisar = Divisor \/ 1.000000 =

r— Response Frequencies i~ Response Frequencies
1.4000000 GHz

4.8000000 GHz

Response Start Frequency 1.4000000 GHz

7.2000000 GHz

Response Start Frequency

Response Stop Frequency Response Stop Frequency

-~ Stimulus Control r— Stimulus Control
[~ oW Overide E [~ oW Overide
oK Cancel Help | oK Cancel | Hep |
Figure 3. Initially configure channel 2 Figure 4. Initially configure channel 3

frequency-offset mode for calibration. frequency-offset mode for calibration.




| Calibration Irace Scale Marke
Calibration Wizard..

Cal Set Viewer
Port Extensions...
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Characterize ECal Module. .

Advanced Modify Cal Kit...

Source Power Cortection on/OFF

Receiver Power Cal
Receiver Power Correction on/OFF
v Receiver Power Cal Interpolation ON/off

Figure 6. Source-power calibration provides a
basis for receiver calibration.

In Figure 5, observe that the frequency indicator of channel 1 differs from channel 2 and
channel 3. It differs because channel 1 is in standard linear-sweep mode, while channel 2
and 3 are in frequency-offset mode.
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Ch1: Start 1.40000 GHz =
Ch: Response Start 1.40000 GHz = s
Ch3: Response Start 1.40000 GHz ===

Stop 2.40000 GHz
Stop 4.80000 GHz
Stop 7.20000 GHz
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Figure 5. The frequency range indicates whether the analyzer is operating in standard mode or

frequency-offset mode.

Step 2: Calibrate

Source-power calibration

Perform a source-power calibration on all three channels, by connecting a power sensor

to the test port.

Select channel 1: menu item Calibration > Power Calibration ... > Source Power Cal

Accept the default setting of “Cal Power same as Test Port Power". Then press "Take

Cal Sweep".

| Source Power Cal B

- Channel and Port Selection-

Channel [|1_ ource Port [1_5

[~ Use

- Loss Compensation

x|

Loss Table

Edit Table

Note

If you are measuring more than three harmonics,
you will have more than three channels set up.
Source-power calibration temporarily requires
an extra channel. Therefore, you will have to
setup the 4th harmonic or 4th channel in a
separate window. MW PNA has 32 channels,
but a window can only accommodate four
channels; so to use more than 4 channels, you
need more windows.

Note

The three-channel source-power calibration can
either be performed via the method described in
the previous paragraph, or an alternate route
described below that depends on interpolation.
Perform a wide band (f; to 3f) source power
cal with many points (1601+) on channel 1.
Then take advantage of the "copy channel”
feature to copy channel 1 to channels 2 and 3,
and reduce the frequency range to the desired
setting. The calibration will be interpolated.

Note

The calibration steps should be performed in
frequency-offset mode, with a multiplier of 1,
instead of standard linear frequency sweep.
Even though the frequencies that are swept
are the same, the phase locking process of
the analyzer differs in frequency-offset mode,
compared to standard linear sweep. Therefore,
the calibration is more accurate if it is
performed in frequency-offset mode.

— Power Sel

Test Port Power I -20.0 dBm

|

Power Meter Settings————————————————

Edit... |

Cal Power dBm

¥ Cal Power same as Test Port Power

0K | Cancel I

Take Cal Sweep | )

Help |

Figure 7. Select the appropriate channel in the Source Cal dialog box.

Select channel 2: menu item Calibration > Power Calibration ... > Source Power Cal
On the Source Power Cal dialog box, make sure you select the appropriate channel (1, 2

or 3), as the firmware always defaults to ch

annel 1.

Select channel 3: menu item Calibration > Power Calibration ... > Source Power Cal
Once the calibration is done, note the "Src Pwr Cal" indicator on the status bar.

Receiver calibration

Perform a receiver calibration on all three channels, by making a thru connection.

A receiver calibration is essentially a normalization, similar to a response calibration.
The difference between a receiver cal and a response cal is that a receiver cal is performed
on the B receiver and provides absolute accuracy, whereas a response cal is performed
on an S, measurement and provides relative accuracy. An accurate receiver cal starts

with a source power cal as the reference.

Select channel 1: menu item Calibration > Power Calibration ... > Receiver Cal > Take

Cal Sweep

Select channel 2: menu item Calibration > Power Calibration ... > Receiver Cal > Take

Cal Sweep

Select channel 3: menu item Calibration > Power Calibration ... > Receiver Cal > Take

Cal Sweep




Step 3: Modify settings

Modify stimulus

On channels 2 and 3, reduce the frequency range to the fundamental range of 1.4 GHz to
2.4 GHz. Reduce the frequency range such that the calibration remains valid at all times.
The source and receiver calibrations will be interpolated.

[Start/Center]
Channel 2:  Stop > 2.4 [G/n]
Channel 3: Stop > 2.4 [G/n]

Modify frequency-offset settings
Modify frequency-offset mode settings to measure the appropriate response.

Channel 1: Leave as is, to measure f; from 1.4 GHz to 2.4 GHz.

Channel 2:  Setup to measure second harmonic from 2.8 GHz to 4.8 GHz. Use a multiplier
of x2.

Channel 3: Setup to measure third harmonic, from 4.2 GHz to 7.2 GHz. Use a multiplier
of x3. Menu item Channel > Frequency-offset ...

= x|
¥ Frequency Dffset on/off
r— Offset Settings i Dffset Setting
Response = Offset + [Multiplier / Divisor] % Stimulus Response = Offset + [Multiplier / Divisor)  Stimulus
it [oHz 4] ot [oHz __——__ [£]

Multiplier/{| 3.000000 B

r— Response Frequencies i~ Response Frequencies
2.8000000 GHz

4.8000000 GHz

Response Start Frequency 4.2000000 GHz

7.2000000 GHz

Response Start Frequency

Response Stop Frequency Response Stop Frequency

— Stimulus Control r— Stimulus Control
[T Cw Overide Cw E [~ CwODvenide Cw E
oK Cancel | Heb | oK Cancel | Hep |
Figure 8. Configure the frequency-offset Figure 9. Configure the frequency-offset
mode setting to measure the 2nd harmonic. mode setting to measure the 3rd harmonic.

Step 4: Measure

Connect DUT and calculate the harmonic response

Next connect the amplifier and make the measurement. If you set up markers on channels
1. 2, and 3, and examine the difference between the values, you get the dBc value of the
harmonic. Make sure you set the markers to the appropriate stimulus. Channel 2 markers
should be set to twice the frequency of channel 1 markers. Channel 3 markers should be
set to three times the frequency of channel 1 markers.

Channel 1: [Marker] > Marker 1 > 2 [G/n]
Channel 2: [Marker] > Marker 1 > 4 [G/n]
Channel 3: [Marker] > Marker 1 > 6 [G/n]




Note

You can make this measurement using the data
to memory functionality of the MW PNA, and
then display the harmonics as data-memory. Be
sure to use the same number of points for the
measurements. You will also need to modify the
stimulus setting between measuring the funda-
mental and the harmonics. The benefit of using
the data-memory capability is that the harmonic
distortion value is displayed and you do not
need to manually perform the subtraction. The
downside is that the main gain trace is a memo-
ry trace and thus not "live." So if any factor,
such as tuning or drift varies the performance of
the amplifier, the harmonic performance will
register the change, while the gain remains
fixed.
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Figure 10. Use the MW PNA Series to measure the 2nd and 3rd harmonic of amplifiers.

In this example, the second harmonic is approximately 28 dB lower than the fundamental
(—30.81 — —2.135). The third harmonic is approximately 54 dB lower than the fundamental
(-56.07 — —2.135).

If you perform the above measurement without the amplifier, with a simple through con-
nection, you will measure the harmonics of the network analyzer source. This will indicate
the level of error due to the network analyzer hardware. The four traces on Figure 11 show
the MW PNA source 2nd and 3rd harmonic, and the amplifier's 2nd and 3rd harmonic.
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2 IS ETES|
gh File View Channel Sweep Calbration Trace Scale Marker Spstem Window Help

=lai x]

Math / Mem Data>>Mem  Data/Mem I 7 1M
10.00 (HB:8 >Mkr 1: 4 L'H'JDF]I]U GHz |[-57.33dB
000 Mk 1:|  6.000000GHz |-61.336B
-10.00

Amplifier 2nd harmonic Amplifier 3rd harmonic
-20.00 X\ \

-30.00 ‘} \ \

e
\/‘/ T

40.00 \\
.50.00 y—— e \

..d - o =~
-60.00 A 7 —
-70.00 ,/ /

MW PNA source 2nd harmonic MW PNA source 3rd harmonic

-80.00
-50.00

Ch2: Response Start 2.80000 GHz ===
Ch3: Response Start 4.20000 GHz e

I Status CH 2: [B &Mem | C* Rovr Pwi

Stop 4.80000 GHz
Stop 7.20000 GHz

Src Pwr Cal* LCL

Figure 11. A comparison of the MW PNA source harmonics to the amplifier harmonics.

In order to reduce or mostly eliminate this measurement error, the source harmonics can
be filtered. The next section describes the calibration and test methodology, using a filter
on the input of the amplifier to filter the source harmonics. See Figure 17 for an image
similar to Figure 11, with the exception that the source harmonics have been filtered.
Note the scale difference between the two figures.




Technique A2.

Source Harmonics Filtered,

Basic Calibration

Frequency Offset E x|
i~ Dffset Settings
Response = [ Divisor) % Stimulus
Offset =
Multiplier [ 1.000000 H
Divisor b
i~ Response Frequencies
Response Start Frequency 2.8000000 GHz
Response Stop Frequency 4.8000000 GHz
r~ Stimulus Control
[T CwOveride Cw [ 1.000000000 GHz E
oK Cancel Hep |
Figure 12. Initially configure channel 2
frequency-offset mode for calibration.
x|

Frequency Offset E

— Dffset Settings

Response = [

Dffset B

Multplier [ 1.000000 =
Divisor \[ 1.000000 =

Response Frequencies -

4.2000000 GHz
7.2000000 GHz

Response Start Frequency

Response Stop Frequency

Stimulus Control
[~ CwW Dverride

Cw/ | 1.000000000 GHz

E

0K Cancel Help

Figure 13. Initially configure channel 3
frequency-offset mode for calibration.

The MW PNA source generates it's own harmonics (< 23 dBc typical). For accurate
harmonics measurement, the source harmonics must be filtered. The level of these
additional harmonics affects the range and uncertainty of harmonic measurements. The
procedure in this section describes how to measure amplifier harmonics, while filtering
out the source harmonics at the same time. This method still depends on the basic
frequency-offset mode capability of the MW PNA.

There are two calibration steps, one without the filter, and one with the filter. The calibration
without the filter is used to calibrate the receiver power level, while the calibration with
the filter is used to calibrate the source output power.

Step 1: Initial setup without filter — receiver calibration

Initially configure the test system setup as shown in Figure 1, without a filter. Channels 1, 2,
and 3 will be used to measure the fundamental, second, and third harmonic respectively.
Therefore we will calibrate the receivers in the fundamental, second, and third harmonic
frequency range.

Channel 1: 1.4 to 2.4 GHz,~20 dBm
Channel 2: 2.8 to 4.8 GHz, —20 dBm, frequency-offset mode on, 1x multiplier
Channel 3: 4.2 to 7.2 GHz, —20 dBm, frequency-offset mode on, 1x multiplier

[Preset]

Configure channel 1

Menu item Trace > Measure > Measure ... > More Types ... > B, unselect Ratioed Type
[Start/Center] > Start 1.4 [G/n] > Stop 2.4 [G/n]

[Power] > Level —20 [Enter]

Configure channel 2
Menu item Trace > New Trace... > More Types ... > B, unselect Ratioed Type,
select Channel 2

[Start/Center] > Start 2.8 [G/n] > Stop 4.8 [G/n]
[Power] > Level —20 [Enter]

Configure channel 3
Menu item Trace > New Trace... > More Types ... > B, unselect Ratioed Type,
select Channel 3

[Start/Center] > Start 4.2 [G/n] > Stop 7.2 [G/n]
[Power] > Level —20 [Enter]

On channels 2 and 3, turn on frequency-offset mode, with a zero offset and x1 multiplier.
From the menu item Channel, select Frequency Offset ...

Source-power calibration
Perform a source-power calibration on all three channels, by connecting a power sensor
to the output of port 2.

Select channel 1: menu item Calibration > Power Calibration ... > Source Power Cal
Select channel 2: menu item Calibration > Power Calibration ... > Source Power Cal

Select channel 3: menu item Calibration > Power Calibration ... > Source Power Cal

Once the calibration is done, note the “Src Pwr Cal” indicator on the status bar for all
three channels.



Receiver calibration
Perform a receiver calibration on all three channels, by making a thru connection without
the filter.

Select channel 1: menu item Calibration > Power Calibration ... > Receiver Cal > Take

Cal Sweep
Select channel 2: menu item Calibration > Power Calibration ... > Receiver Cal > Take
Cal Sweep
Select channel 3: menu item Calibration > Power Calibration ... > Receiver Cal > Take
Cal Sweep

Now the network analyzer receiver is calibrated to measure the fundamental and harmonics.

PNA network analyzer

Step 2: Connect filer and calibrate the source

00 000000
00 000000
0 00 000000

The objective in this step is to calibrate the input power to the DUT, with the filter in place.
So connect the filter to the output of port 1, or the source, and perform a source-power
calibration at the output of the filter. The hardware setup is shown in Figure 14. Figure 15
l__% shows the procedure for making this measurement.

~

1

filter Amplifier

Figure 14. A filter is added to the MW PNA
source output to filter source harmonics and
improve measurement uncertainty.

Receiver calibration — performed without filter, harmonic frequency range

Setup measurement for calibration,
in the response frequency range

Perform source power cal on all channels Perform receiver cal on all channels
Ch1:f,=f, Do not connect filter. Connect Make thru connection without filter
Ch 2: 2f; - 2f, (FOM, x1) power sensor to test port 1 output.

Ch 3: 3f, > 3f, (FOM, x1)

Source power calibration — performed with filter, fundamental frequency range

Reduce frequency range to fundamental
for source power calibration with filter.

Perform source power cal on all channels Ch1:f,—>f Connect filter to port 1 output
Connect power sensor to filter output Ch2:f,->1, P P
Ch3:f; =1,

DUT measurement — source fundamental, receiver at harmonic frequency range

Connect DUT and calculate }

Increase multiplier on channels 2 and 3

f Apply first step receiver cal, harmonic response from channels
Ch 2:f; > 1, (FOM. x2) by turning it ON 2nd harmonic (dBc) =Ch2—-Ch 1
Ch 3: f, = f, (FOM, x3) ¥ 9

T ' 3rd harmonic (dBc) =Ch 3—-Ch 1

Figure 15. Procedure for measuring amplifier harmonics with source filtered.



Configure the frequency range of all three channels to the fundamental frequency range,
which is where the source will be residing during harmonic testing.

Channel 1: Start > 1.4 [G/n] > Stop > 2.4 [G/n] — Remains unchanged
Channel 2: Start > 1.4 [G/n] > Stop > 2.4 [G/n]
Channel 3: Start > 1.4 [G/n] > Stop > 2.4 [G/n]

The receiver calibration will be turned off, as the frequency range is modified; though
the receiver calibration will be preserved in the network analyzer's memory. The source
calibration will be extrapolated, rather than being turned off. This is to protect your test
device from being overpowered by the source. If the original settings are restored, then
source-power calibration returns to full correction.

Source-power calibration

Perform a source-power calibration on channels 1, 2, and 3 by connecting a power
sensor to the output of the filter. Although the status bar for channel 1 indicates an
active "Src Pwr Cal", the source power cal in the instrument is not applicable to the
current setup, since a filter was added to the test port output.

Select channel 1: menu item Calibration > Power Calibration ... > Source Power Cal

=l Select channel 2: menu item Calibration > Power Calibration ... > Source Power Cal

V' Frequency Offset on/off Select channel 3: menu item Calibration > Power Calibration ... > Source Power Cal

— Dffset Settings

Respanse = Difse e Divisor) & Stimulus Once the calibration is done, note the "Sre Pwr Cal" indicator on the status bar for all
Difset £ three channels.

Multplier [ 2000000 =

Divisor

Step 3: Modify settings

 Response Frequencie:
2.8000000 GHz
4.8000000 GHz

Response Stait Frequency Modify frequency-offset settings

Fesponss Stop Fiequency Modify frequency-offset mode settings to measure the appropriate response.

Channel 1: Leave as is, to measure f; from 1.4 to 2.4 GHz.

~ Stimulus Control

[~ CwOveride Cw Channel 2: Setup to measure second harmonic from 2.4 to 4.8 GHz. Use a multiplier of x2.

Channel 3: Setup to measure third harmonic from 4.2 to 7.2 GHz. Use a multiplier of x3.

0K ] Cancel | Help |
Menu item Channel > Frequency Offset ...
x|

Next turn on receiver calibration on all three channels. This step applies the receiver
calibration performed in Step 1 to this measurement. You may have to turn receiver

7 Offset Settings calibration on twice for it to take effect.
Response = [lse ierd Divisor) # Stimulus

¥ Frequency Offset on/off

Difset ] Menu item Calibration > Power Calibration ... > Receiver Cal On

Multplibr [ 3000000 =

= Now the source is calibrated after the filter, and the receiver is calibrated to display the

Bl correct power level.

 Response Frequencie:

Response Start Frequency 4.2000000 GHz

Response Stop Frequency 7.2000000 GHz

Step 4: Measure

— Stimulus Control Connect DUT and calculate the harmonic response
" CwOveride Cw E Next connect the amplifier after the filter and make the measurement. If you set up markers
on channels 1, 2, and 3, and examine the difference between the values, you get the
0K Cancel Help | dBc value of the harmonic. Make sure you set the markers to the appropriate stimulus.
Channel 2 markers should be set to twice the frequency of channel 1 markers. Channel 3
Figure 16. Configure channel 2 frequency-off- markers should be set to three times the frequency of channel 1 markers.

set mode for measuring the second harmonic ]
and channel 3 frequency-offset mode for Channel 1: [Marker] > Marker 1> 2 [G/n]

measuring the third harmonic. Channel 2: [Marker] > Marker 1 > 4 [G/n]

10 Channel 3: [Marker] > Marker 1 > 6 [G/n]
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Figure 17. Measure the amplifier harmonics using the MW PNA Series with the source filtered.

In the example shown in Figure 17, the second harmonic is approximately 31 dB lower
than the fundamental (—33.27 — —2.174). The third harmonic is approximately 56 dB
lower than the fundamental (-57.85 — -2.174).
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Figure 18. A comparison of the MW PNA source harmonics to the amplifier harmonics.

If you perform the above measurement without the amplifier, with a simple through connec-
tion, you will measure the harmonics of the network analyzer source. This will indicate
the level of error due to the network analyzer’s hardware. The four traces on Figure 18 show
the MW PNA source 2nd and 3rd harmonic, and the amplifier's 2nd and 3rd harmonic. See
Figure 11 for an image similar to Figure 18, with the exception that the source harmonics
have not been filtered. Note the scale difference between the two figures.
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Technique B.

Source Harmonics

Not Filtered,
Scalar-Mixer Calibration

The Frequency Converter Application, Option 083, includes a scalar-mixer calibration
(SMC). Even though we are testing an amplifier, SMC can be used for this measurement.
In concept, SMC approximately combines a source power cal and receiver cal with match
correction, thereby providing very accurate measurement results.

For testing amplifiers, it is important to note that SMC does not actually level the power
at the test port whereas a source-power calibration does level the power. In order to get
the benefit of leveled power, you can combine a source-power cal and an SMC cal.

Step 1: Setup

See Figure 1 for the hardware setup.

Step 2: Calibrate

[Preset]

Menu item Calibration > Calibration Wizard ... > Mixer Calibrations > SMC Scalar
Mixer Cal > Create an expanded frequency list > Edit Frequencies

Calibration Setup = x|
Frequency Power Other

e BiE Input: [17.0 deim IFEw:  [3s000Hz 5]

Stimulus:  [170,000000 MHz | 50.000000000 GHz Lot [S0En || Pas [ [

Response: [T0.000000MHz  [S0000000000GHe | | Loz [omaem || Se= [o@ [
enuator

I Calibrate mixer measurements on £ hne
resultetrracanected scalar miker measurement)

= Create an expanded frequency list calset to be applied later
{[results in a calset that can later be applied to measurements

Edit Frequencies

Figure 19. Perform a scalar-mixer calibration on a wide frequency range or frequency list.

Create a frequency list that covers the fundamental and harmonic frequencies. In this
case, we are testing the fundamental, second and third harmonics. So the frequency list
starts at f; or 1.4 GHz and stop as 3f, or 7.2 GHz.

Frequencies B x|

Mode: Start/Center Stop/Span

Input Stimulus =
Sourct Frequency | St/Stop ] | 1.400000000 GHz | 7.200000000 GHz

Output Response [=— =~ +1 [ 200000
Receiver FlequencyI""c"“""ﬁ’ J I 40000

[V Same As Input

Stimulus Power: [-200d8m  [=] IFBW: [20000kHz [5] Points: [l401 =

oK I Cancel | Help ]

Figure 20. Configure the frequency range to cover the desired harmonics.

Select ECal. Then select the choice of PNA Pert 1. This means that the PNA is calibrated
with the source as port 1. ECal is used to reduce chances of error and save time.




Channel Sweep Calibra
Start/Stop...

+  Center/Span...
CW Frequency.

Frequency Offset...
Power...

Bestart Average
Average...

Channel >

Test Set...

Copy Channel E x|
Copy channel: | to

o o= W

|

oK | Cancel ] Help I

Guided Calibration: Select DUT Connectors

o

|

[(SSelect DUT Connectors 1

DUT PORT 1 |Auta Selected .

DUT PORT 2 [Auta Selected | ' ' E
- ouT =" |

Select which PNA port is connected to the mixer's input port. Select Both if you have a bidirectional
passive mixer and want to calibrate for both up and down conversion with one setup.

< Back I Next > I

Cancel | Help

Copy Channel E x|
Copy channel: |1 vI to

Figure 22. Copy channel 1 to channels 2 and 3,
in order to copy the source-power calibration.

Figure 21. For harmonic measurements, a one-sided PNA Port 1 calibration is sufficient.

Follow the guided wizard, attach the ECal module, and perform a calibration. Next you
will need to connect a power sensor to port 1 to perform a power-meter calibration, and
to measure the input match of the power sensor for match correction. For 401 points, the
power-meter calibration takes a few minutes. This calibration will be saved in memory
and we will retrieve it later.

Next, perform a source-power calibration to obtain leveled power. Start with channel 1
and then copy channel 1 to channels 2 and 3, so the source power cal is applied to all
channels.

[Preset]
[Start/Center] > Start 1.4 [G/n] > Stop 2.4 [G/n]
[Power] > Level -20 [Enter]

Menu item Calibration > Power Calibration ... > Source Power Cal
Connect the power sensor to port 1 and complete the source-power calibration.
Copy channel 1 to channels 2 and 3. Menu item Channel > Copy Channel ...

Delete the traces, so you can configure an SMC trace. The source-power calibration will
be retained within the channel.

Select channel 1: menu item Trace > Delete Trace
Select channel 2: menu item Trace > Delete Trace
Select channel 3: menu item Trace > Delete Trace

Configure channel 1 for an SMC trace to measure the fundamental, channel 2 to measure
the 2nd harmonic, and channel 3 to measure the 3rd harmonic.

Menu item Trace > New Trace... > Application... > Scalar Mixer/Converter Forward
Direction in Channel 1.

Choose Application Measurement B x|
Cancel I

™ Create in New Window

Application

Converter Forward Direction
Scalar Mizer/Converter Reverse Direction
Vector Mixer/Converter

nnel Number

Figure 23. A scalar-mixer measurement can be used for harmonic measurements.

Set the frequency range to 1.4 to 7.2 GHz, with a multiplier of 1, so that the response is
measuring 1.4 to 7.2 GHz.
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Mixer Setup =lo] x|

Input | -20.000 dBm | Start/Stop j | 1.400000000 GHz | 7.200000000 GHz Calculate
Output
Fized d I 0Hz
_ Stat/Stop ¥ 1.400000000 GHz | 2.400000000 GHz Calculate
Start/Stop ¥ 1.400000000 GHz | 2.400000000 GHz Input

Figure 24. Set the frequency range to cover f; to 3f,.

Repeat this procedure for channels 2 and 3.
Menu item Trace > New Trace. ... > Application > Scalar Mixer/Converter Forward

Direction in Channel 2.

[

Vector Mixer/Converter

Choose Application Measurement i3 £3|ll Choose Application Measurement
Application Application

|Scalar Miver/Converter Reverse Direction Cancel |

Scalar Mizer/Converter Foward Direction
Scalar Mixer/Converter Reverse Direction
Vector Mixer/Converter

\
|
[”_Create in New Window ‘ [~ Create in New Window
|
|
\

Cancel

il

annel Number

u 'I Channel Number

Figure 25. A scalar-mixer measurement can be used for Figure 26. A scalar-mixer measurement can be used for

harmonic measurements.

br - [Window 1 ]
Calibration Trace Scale Marke
LCalibration Wizard...
Preferences...

Correction on/OFF
v Interpolation ON/off

Cal Type...
Cal Set Viewer

Figure 27. The appropriate cal set has to be
applied for a valid measurement.

harmonic measurements.

Menu item Trace > New Trace. ... > Application >Scalar Mixer/Converter Forward
Direction in Channel 3.

Select channel 1 and recall the appropriate cal set. From menu item Calibration, select Cal Set.

Recall the scalar-mixer cal that you just performed.

& File View Channel Sweep Calibration Trace Scale Marker System ‘Window Help =18 x|
CalTypes / Port Association Modified GUID
26 AM 01-16-03 | Properties |

CalSet_25 2P/1-2 09:47:34 AM 01-16-03 {18B7BF7...

CalSet_24 09:45:24 AM 01-16:03 {BB7E3S... Descriptionl
CalSet_23 P2 09:29.08 AM 01-16-03 {74F24E4...

CalSet_22 09:28:20 AM 01-16-03 {0F26474.. Delete |
SMCFwd_5 23 SMC 01:55:20 PM 01-15-03 {26EF385...

CalSet_4 2P/1-2 01:4713PM 01-15-03 {28FC21A... Delete &ll I
Current Number of CalSets: I 7 (Max allowed = 100) Select
Cal Type Abbreviations: Exit

OF =0PEN Response SR =SHORT Response TR = THRLU Response —

TRI = THRU Resp + Isol TRL= Full TRL 2-Port 1P =1-PORT Reflection Help

2P =Full SOLT 2-Port 3P =FullSOLT 3-Port —

Figure 28. Choose the appropriate cal set. The "Modified" time stamp provides an easy way to
find the appropriate cal.

Apply the cal set to the channel. Perform the same steps on channels 2 and 3.

Channel 2: Menu item Calibration > Cal Set > Select appropriate cal set
Channel 3: Menu item Calibration > Cal Set > Select appropriate cal set

Afterwards, you can expect a display such as the one shown in Figure 29, for a through
measurement, where all three channels show the same data. Then we will modify the
stimulus settings on channels 1, 2, and 3 to make the harmonics measurement.



Tiace Scale Marker System Window Help
HNew Trace ... K ]
Delete Trace

Trace Stalistics...

Limit Test...

Transform... Save Data ToFile...

Figure 30. Trace > Scalar Mixer/Converter >
Configure Mixer... allows control of the
frequency range.

"5 PNA Series Netwoik Analpzer - [Window 1]
aEie View Channel Sweep Calbration Trace Scale Maiker System Window Help

Ref Level [0.000 Bl auoscae

500 [Eeal

4.00

3.00

2.00

1.00

0.00 A

&
“

-1.00

-2.00

-3.00

-4.00

-5.00

Chi: Response Stait 1.40000 GHz = ==
Ch2: Response Start 1.40000 GHz

Ch3: Response Stat 1.40000 GHz = e

Stop 7.20000 GHz
Stop 7.20000 GHz
Stop 7.20000 GHz

| Staws cH1: [SC21

| CSMC Sic Par Cal*

LCL

Figure 29. All three channels are calibrated.

Step 3:

Modify settings

On channel 1, reduce the frequency range to 2.4 GHz. On channel 2, to 2.4 GHz with a
multiplier of 2. On channel 3, reduce the frequency range to 2.4 GHz, with a multiplier of 3.

Mixer Setup E =151 x|
Input |-20.000dBm [Stat/Stop ¥|  |1.400000000 GHz |2.400000000GHz | Calculate
Qutput
Lo1 Not controlled | | 10,000 dBm [Fived | JoHz L
Start/Stop L] - z | T0000680Hz Calculate
Start/Stop ﬁ 1.400000000 GHz | 2.400000000 GHz ) Input
Figure 31. Channel 1 setting to measure fundamental frequency.
[MixerSetup =Ll x|
Input | 20000 dBm [Stat/Stop  »| | 1.400000000 GHz | 2400000000 GHz |: Calculate
Qutput
Lo1 Not controled | [-10.000 dBm [Fiied = JoHz L
e e ' L2 | calculate
2.800000000 GHz | 4.800000000 GHz 3 Input
Figure 32. Channel 2 setting to measure second harmonic.
Mixer Setup - ‘7 ;IElLl
Input | -20.000 dBm | Start/Stop ‘j | 1.400000000 GHz | 2.400000000 GHz Calculate
Output
Lo1 Mot controlled I | -10.000 dBm| Fixed j\ IDHz £
: = 00 GHz 7255%53m Calculate
Start/Stop i +) - | 4.200000000 GHz | 7.200000000 GHz ) Input

Figure 33. Channel 3 setting to measure third harmonic.

15



Step 4: Measure

Connect the amplifier between port 1 and port 2 and measure the harmonic distortion.

If you set up markers on channels 1, 2, and 3, and examine the difference between the
values, you get the dBc value of the harmonic. Make sure you set the markers to the
appropriate stimulus. Channel 2 markers should be set to twice the frequency of channel
1 markers. Channel 3 markers should be set to three times the frequency of channel 1

markers.

Channel 1: [Marker] > Marker 1 > 2 [G/n]
Channel 2: [Marker] > Marker 1 > 4 [G/n]
Channel 3: [Marker] > Marker 1 > 6 [G/n]

5 PNA Series Network Analyzer - [Window 1 ] = =l8] x|
gh File View Channel Sweep Calbration Trace Scale Marker System Wlndaw Hefp =18 x|
Scale [10.000 B Bl suoscole | Scale | | Refllevel | |
50.00 [A@S0a)
000 >Mh<r 21000000 GHz 17.86 dB
oo Mke 1] 4]000000 GHz |-10.37 dB
20.00 bl e £000000-CrH = 26-35dB
[ ——
10.00
0.00 4
-10.00 -—— =
—h-.—..,_‘___‘_,»
-20.00
-30.00 ‘- —-
——
-40.00
-50.00
Ch1: Response Start 1.40000 GHz =~ e Stop 2.40000 GHz
Ch2: Response Start 2.80000 GHz = === Stop 4.80000 GHz
Ch3: Response Start 4.20000 GHz === Stop 7.20000 GHz
I Status CH 1: [SC21 | C*SMC Src Pwr Cal el

Figure 34. Use the MW PNA Series to measure the fundamental, 2nd and 3rd harmonic of amplifiers.

In this example, the second harmonic is approximately 28 dB lower than the fundamental
(17.86 — —10.37). The third harmonic is approximately 59 dB lower than the fundamental

(17.86 — —36.35).
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