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High-power amplifiers are a common building block of RF and microwave communication
systems. Mobile phones, used by millions of users, contain high-power amplifier chips.
Satellite systems and base-stations used for transmitting data depend on multitude of
solid-state or traveling wave tube power amplifiers. Characterizing the performance of
high-power amplifiers is a critical factor in the design and verification process.

This application note discusses the unique challenges involved in testing high-power
amplifiers using Agilent microwave (MW) PNA network analyzers. Agilent application
note 1287-6 covers configurations and concerns of testing high-power devices using
network analyzers in general. For information on common amplifier tests (not unique to
high-power), Agilent offers three complementary application notes. Application notes
1408-7, 1408-8, and 1408-9 describe linear amplifier, gain compression, swept-harmonics
and intermodulation distortion measurements.

In this application note, the term high-power refers to the cases where the output power
of the MW PNA is not sufficiently high enough to measure the performance of the device
under test (DUT), or the output power of the DUT exceeds the maximum input level to the
network analyzer.




Power Budget Analysis
and MW PNA Block
Diagram

One of the main factors to consider in a high-power network analyzer measurement is
the power-handling capability of the internal components of the network analyzer. High
power levels can damage the network analyzer, and it is costly to repair the internal
components of the network analyzer. In addition to damage level, compression level and
noise levels also have to be considered in a high-power setup. The initial step in a high-
power measurement is calculation of the power-budget or a power-flow analysis. In this
section, we examine the block diagram of a PNA network analyzer, followed by two
examples of power-flow analysis.

Figure 1 shows the block diagram of the 20 GHz E8362B" MW PNA network analyzer.
Table 1 lists the damage level for the components of the 20/40/50 GHz E8362/3/4B
PNA. Damage and compression power levels for the 67 GHz E8361A PNA can be found in
the Appendix. In general, we recommend that components not be operated near damage
level and the power level be kept at least 3 dB (preferably 6 dB) below damage level. The
user should be aware that optimal level could be well below damage level, as is the case
with the receivers.

A copy of this diagram (in Microsoft Visio file format) is available to download on the
Agilent web site. Visit: http://www.agilent.com/find/pna , go the “Library” section and
select “Manuals & Guides”. The electronic version of this block diagram can be used to
perform power flow analysis for your particular test setup.
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Figure 1. MW PNA E8362B block diagram, configured with source attenuators, receiver
attenuators, bias-tees, and frequency-offset mode. (Options 016, UNL, 014, 080)



1. The high power switch on the Agilent 8720 network
analyzer Option 085 was a mechanical switch and
could handle higher power levels. On the PNA, it is
an electrical switch and therefore susceptible to
damage at high power levels.

2. The same couplers are used in Agilent E8362/3/4B,

E8362/3/4/B Option H85 or 8720/22ES Option 085.

Table 1. MW PNA E8362/3/4B power level information

Component Damage level Notes

Switch/splitter + 30 dBm The switch/splitter assembly is one of the most
sensitive components of the network analyzer.
Be very careful not to damage it with high power
levels. Signal levels over +30 dBm will damage
this microcircuit.!

Testport1or2 +30dBm The optimum power level at the test port is less
than 0 dBm. Compression level at the test port:
<0.1 dB at -5 dBm <0.45 dB at +5 dBm.

Receivers +15dBm Optimum power level at receivers (mixers) is
R1,R2,A.B —20 dBm or less.
Bias-tees + 30 dBm The bias-tees can be the dominant power-

limiting component of the MW PNA. Agilent
provides a high-power test set that has the
bias-tees eliminated (Option H85).

60 dB source + 30 dBm —

attenuators

35 dB receiver + 30 dBm —

attenuators

Couplers +43 dBm <20 GHz The coupling factor is approximately 15 dB,

+40 dBm > 20 GHz above 600 MHz. Below 600 MHz, the coupling
factor increases with decreasing frequency at a
20 dB/decade rate.?

Why is the damage level listed at the test port +30 dBm, but +43 dBm for the
coupler? Isn’t the coupler located right at the test port?

Yes. The coupler is right at the test port, but while the coupler can handle up to

+43 dBm (<20 GHz), the bias-tees (which are located immediately after the coupler) have
a damage level of +30 dBm. Therefore if more than +30 dBm is applied to the test port,
the bias-tees will be damaged. The receiver attenuators also have a +30 dBm damage
level, but they can be protected with attenuation placed between the CPLR ARM and
RCVR A IN jumpers. There is no jumper between the coupler and the bias-tee, so there is
no way for a user to decrease the power between the coupler and the bias-tee. Thus the
power at the test port should be limited to less than +30 dBm. If you want to take
advantage of the high-power capabilities of the coupler, there are two options. One is to
purchase an instrument without the bias-tees (and source attenuator, which is coupled
with the bias-tees under option UNL). The second alternative is Agilent’s special MW
PNA, E836x-H85. Special Option H85 adds the source attenuators, but not the

bias-tees.




MW PNA Example Example A: Dual-band handset amplifier for GSM900 and DCS1800

Cfmflguratlons for_'l:estmg This is an example of dual-band handset amplifier, used in mobile communications.
ngh-Power Am pllflers The specifications for this amplifier are listed in the table below. Figure 2 shows a
configuration that can be used to test this handset amplifier.

Frequency range 880 to 915 MHz and 1710 to 1785 MHz
Input power range 0-3dBm

Output power 32-35 dBm (~3 watts)

Input VSWR 1.5:1

Isolation 40 dB

2nd Harmonic distortion —40 dBc

3rd Harmonic distortion —40 dBc

AM-PM conversion 20 degrees/dB (Pout: 34 to 35 dBm)
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Figure 2. MW PNA E8362B, configured to measure a dual-band handset amplifier

Note The input power range for this device is 0-3 dBm, at 2 GHz. The E8362B has a maximum
The +30 dBm limitation is not due to the output power of 3 dBm, so we can directly drive the amplifier using the MW PNA.
couplers, because the couplers can handle up However, the output level of +35 dBm exceeds the +30 dBm damage level of the PNA. In

to +43 dBm at 2 GHz. The limitation is due to
the bias-tee which has a maximum rating of
+30 dBm.

this configuration, we use an external 10 dB attenuator to protect the PNA receivers,
bias-tee and switch/splitter assembly.




Note

In high-power measurement, you should con-
sider power levels during both measurement
and calibration with the different standards.

Note
Consider the power handling capability of the
external components.

Note

Attenuation before the coupler input degrades
uncorrected directivity by twice the attenuation
amount.

Note

Make sure receivers are not operating in the
noise. If the power incident upon receivers is
low, reduce the IFBW or use averaging to
decrease the PNA noise level.

Note

If you are using a two-port calibration, it is
important that you pay attention to the accura-
cy of all four S-parameters. Even if you are not
measuring the Sy, or Sy, a two-port cal uses
all four S-parameters. So, it is critical to make
sure that all four S-parameters are accurate.

Let's examine the power-flow in the forward direction, with maximum input power to the
DUT of +3 dBm. The input VSWR is specified at 1.5:1 (14 dB return loss), so we can
assume that the reflected signal will be approximately =11 dBm. (3 dBm incident —14 dB
return loss =—11 dBm upon the test port). =11 dBm will not damage the bias-tees or
switch/splitter assembly. The —11 dBm will also be reduced by the 15 dB coupling
factor and the A receiver will see about —26 dBm of power, which is acceptable. During
calibration, when the open or short are connected and all the +3 dBm is reflected back,
power levels are still acceptable. (3 dBm incident — 0 dB return loss = 3 dBm upon the
test port)

Now let’s examine the output of the DUT at this point and the Sy, measurement. With an
input of 3 dBm, we can expect an output power level of approximately +35 dBm, which
will damage the port 2 bias-tee. We add a 10 dB external attenuator to the amplifier to
protect the bias-tees and reduce the power incident upon the bias-tee to +25 dBm, 5 dB
below damage level. This attenuator also ensures that we do not damage the transfer
switch. Be sure to select an attenuator that can handle your power level. The Agilent
8491 series attenuators have a maximum average power rating of 2 watts. Agilent 8498A
can handle up to 25 watts average power and is specified to 18 GHz.

While more attenuation will move the power level further away from damage level, it
does degrade the port 2 uncorrected directivity. Therefore, we should add the least
amount of attenuation that we need. The switch/splitter can handle the +25 dBm also;
damage level is +30 dBm. If the bias-tee were not present in the system, we could add
the external attenuation after the coupler (between the CPLR ARM and RCVR B IN
jumpers) and not degrade the directivity. We could also use PNA's receiver attenuators.
This would require adding 10 dB external attenuation between CPLR THRU and SOURCE
OUT (on the port 2 side) to protect the source attenuators. (See Figure 3 for alternative
configuration)

With an output power of +35 dBm, 10 dB of external attenuation and 15 dB of coupling
factor, the B receiver will see +10 dBm of power, which is below the +15 dBm damage
level. However, the B receiver will be compressed with +10 dBm. So we recommend
using 30 dB of receiver attenuation to reduce the power incident upon the B channel
receiver to —20 dBm.

During the S,, measurement, the source power incident upon the output of the amplifier
will be approximately —7 dBm (3 dBm source power, 10 dB attenuation). If we assume a
10 dB output return loss, we will measure —62 dBm at the B receiver, which is above the
noise floor of the network analyzer. To measure a —62 dBm signal, we need to reduce the
IFBW. The selected IFBW depends on what the user considers an acceptable amount of
noise. Narrowing the IFBW decreases the noise level, at the cost of measurement speed.

Let’s examine the S;, measurement. The power incident upon the output port of the
amplifier is approximately —7 dBm. With an isolation of 40 dB, 15 dB coupling factor, we
can expect —62 dBm at the A receiver, which is well above the noise level.



Figure 3 shows the same measurement, using the MW PNA Option H85 configuration. In
this case, the bias-tees are removed, thus eliminating the need for external attenuation
before the coupler.

The input is the same as described in the previous section for Figure 2. The output is
+35 dBm; the couplers can handle up to +43 dBm, so we do not need to protect them.
We do need to protect the B receiver, so we use 10 dB of external attenuation and 30 dB
of internal attenuation.

The external attenuator is added between the PORT 2 CPLR ARM and RCVR B IN.
Compare it to Figure 2, where the attenuator is added before port 2. Attenuation added
after the coupling arm, does not degrade the directivity. Also, we need to add an attenua-
tor or isolator before the transfer switch and source attenuators, since +35 dBm is higher
than the +30 dBm specified damage level. An isolator is preferable because it does not
reduce the output power available at port 2, as much as an attenuator would. The isolator
must be able to handle the high power levels and cover the frequency range of test.
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Figure 3. MW PNA E8362B-H85, configured to measure a dual band handset amplifier




Example B: Ku-Band solid state power amplifier

This is an example of a solid-state power amplifier (SSPA) used in military and
commercial satellite applications. The specifications for this amplifier are listed in the
table below. The input power range is higher than the network analyzer can supply
(30-35 dBm) and the output power range (>+50 dBm) is higher than the network analyzer
receivers can handle.

Frequency range 13.5-17 GHz

Linear gain 34 dB

Input power range 30-35 dBm (1 to 3 watts)
Output power 50 dBm (100 watts)
Input and Qutput VSWR 1.8:1

P1 dB compression point 52 dBm (145 watts)
AM-PM conversion 2.5 degrees/dB

In this case, we need to use a pre-amplifier (or booster amplifier) to increase the source
power to +35 dBm and use attenuation on the output to reduce the power levels from
50 dBm to 30 dBm (20 dB or x100 reduction). Figure 4 shows a configuration that can be
used to test this power amplifier. Since the power levels are very high, we recommend a
PNA with Option H85, where the bias-tees are eliminated.
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Figure 4. MW PNA E8362B-H85, configured to measure a solid state power amplifier
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Note

We need high-power measurement only in the
forward direction and are satisfied with standard
measurements in the reverse direction. If you
need high-power measurements in both
directions, refer to Figure 14.

Note

The position of the pre-amplifier and external
directional couplers allows us to ratio out any
drift due to the pre-amplifier. If the pre-amplifier
was positioned directly outside of port 1
(connected to port 1 output), the drift would
have resulted in measurement error. Also, with
this configuration, all four S-parameters can be
measured, whereas if the pre-amplifier is
directly connected to port 1, the Sq7 and Sy,
parameters of the DUT cannot be measured.

The maximum power of a fully loaded (with options) MW PNA at 17 GHz is 0 dBm.

Our amplifier under test requires an input power of +35 dBm. So, we need to add a
pre-amplifier capable of putting out +36 or +37 dBm, so that after the loss of the through
arm of the coupler and cables, we have +35 dBm at the DUT input.

We add a pre-amplifier to the output of the port 1 SOURCE OUT. The main arm of the
external coupler is connected to the CPLR THRU jumper of port 1 and the coupled arm is
fed back into the reference R1 receiver. The receivers’ damage level is +15 dBm and
optimum value is —20 dBm. Let's assume a 20 dB coupler. We need to add at least 10 dB
of attenuation to prevent damage to the receiver. We add a 36 dB attenuator to the out-
put of the coupled arm to reduce the power at the receiver to a level below compression.

The port 1 coupler will see +35 dBm, which it can handle. The test port couplers’ damage
level is +43 dBm. If the signal is fully reflected, we will have a +20 dBm incident upon the
receiver attenuators. Without any internal receiver attenuation, the receivers will see

+20 dBm, which is above their damage level of +15 dBm. For extra precaution, we add

10 dB of attenuation between the CPLR ARM and RCVR A IN. Then we apply 30 dB of
internal PNA receiver attenuation to bring the power level at the A receiver to —20 dBm.

Now let’s look at the through connection or S,;. An output power level of +50 dBm

(100 watts) would damage the PNA test port couplers, so it is essential to add attenua-
tion to the output, either via a coupler or high-power attenuator. We need to reduce the
power level so it's less than the damage level of +43 dBm (20 watts). We can use a
coupler and terminate the through port in a high power load. The coupled arm can be fed
into the CPLR THRU of port 2.

Without any receiver attenuation, the receivers will see +15 dBm, which is their damage
level. So we add 10 dB of external attenuation between the CPLR ARM and RCVR B IN
jumpers to protect them. Next we apply 25 dB of receiver attenuation to reduce the
power level at the B receiver to —20 dBm.

The +30 dBm of power incident upon port 2 will go through the coupler and is incident
upon the source attenuator and switch/splitter leveler. This power level is just at the
damage level of the source attenuators and especially the switch/splitter assembly,
therefore we need to add a high power isolator between CPLR THRU and SOURCE OUT of
port 2. Thus, when the amplifier is driven in the forward direction, the source attenuator
and switch/splitter assembly are not damaged.




Step-by-Step Guide for
Measuring a High Power
Amplifier

This section describes in detail the necessary steps to measure a high power amplifier.
The amplifier used here is based on the Motorola IC MHPA21010, an RF high power
LDMOS amplifier. The specifications applicable to this example are listed in the table
below. To test this amplifier, we will use an E8364B network analyzer, loaded with
configurable test set, source attenuator, receiver attenuator, bias-tees, and frequency-
offset mode.

DUT Performance — RF high power LDMOS amplifier

Rating Value
Frequency range 2110-2170 MHz
RF input power (single carrier CW) +20 dBm

Power gain (f = 2140 MHz) 23.7 dB minimum, 25 dB typical

Gain flatness 0.2 dB typical, 0.6 dB maximum

Power output @ 1 dB compression (f = 2140 MHz) 41.5 dBm

Input VSWR (f = 2110-2170 MHz) 1.5:1 typical, maximum 2:1

The goal here is to measure the linear S-parameters and gain compression. The linear
S-parameters can be tested easily under low-power conditions. The gain compression
test requires that the DUT be driven with high-power levels, thus requiring a pre-amplifi-
er. The setup and calibration with the pre-amplifier is more complicated and it is easy to
make mistakes. We recommend a procedure to verify the performance of the setup. The
procedure consists of testing the S-parameters with the pre-amplifier setup, but with the
power levels set to low levels (similar to the levels without the pre-amplifier), and then
comparing the results to our initial linear S-parameters. If the values compare within a
reasonable range, then we can have confidence in our high-power setup and proceed
with the gain compression measurement. This process is described in the following
three steps.

Measurement Steps

Step A S-parameters, low-power levels,

low-power setup

Measuring the S-parameters under
standard (non high-power) operating
conditions. Do not need pre-amplifier on
input. Use attenuator on output.

See Figure 5.

Step B S-parameters, low-power levels,

high-power setup

Use pre-amplifier on input and attenuators
on output. Set power levels such that the
power incident upon the device is similar
to step A. See Figure 8.

Step C  Gain compression, high-power
level, high-power setup

Use pre-amplifier on input and attenuators
on output. Test amplifier under power
sweep conditions. See Figure 11.




Step A. S-parameters, low-power level test, low-power setup

The block diagram used for this procedure is shown in Figure 5. The first step is to
perform a power-flow analysis. With an input power of -10 dBm and gain of 26 dB, we
can expect an output power of +16 dBm. While +16 dBm will not damage the bias-tees
or receiver attenuators, we will choose to add a 6 dB attenuator. The reason is that the
PNA has a maximum output power of +3 dBm and if we accidentally increase the power
level (with a gain of 26 dB) we can reach +29 dBm, which is near the damage level of the
PNA components. Therefore, adding a 6 dB attenuator, we are reducing the chance of
the PNA being damaged.
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Figure 5. MW PNA E8364B for testing handset amplifier — low input power
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Before performing a calibration, connect the amplifier and make sure that the power level
and attenuator settings are at the desired levels. In order to prevent damage, the
sequence below is generally recommended for connecting amplifiers.

Leave amplifier out of the loop. Do not connect
amplifier between the ports.

!

v

Turn on amplifier. Apply bias.

Turn network analyzer on and set RF power
to a very low level (for example —60 dBm)

!

v

Connect the output of the amplifier to port 2,
and then connect the input of the amplifier to port 1.

Apply internal receiver attenuation to port 2
receivers (for example 20 dB)

'

v

Measure Sy;. Take into account internal and
external attenuation.

Connect external attenuators to output of
amplifier (for example 20 dB external attenuation)

!

Slowly increase RF input power level and
decrease attenuation, keeping damage levels in mind.

Figure 6. Procedure and sequence to connect amplifier to network analyzer

[Preset]

Set the start and stop frequency
[Power] > Level > -60 dBm
[Measure] S21

Turn amplifier on.

Set the power level on the PNA to a very low value before applying biasing to the
amplifier. It is better to use a low RF power level versus having RF power off. If you turn
RF power off, you may not know where the power level will be when you turn it on;
however, if the power is set to a low level, you will know the output power of the
network analyzer. In this example, we start with the power set to —60 dBm. Then we look
at the Sy, of the amplifier. The S,y may appear lower than the expected value. This is
because we have an external attenuator that we have not calibrated out yet. In this case,
we see a gain of about 20 dB instead of the 26 dB (6 dB loss in the attenuator). Once we
perform a calibration, the attenuator loss will be removed.



Note

The source-power cal is optional, as the output
power of the MW PNA is well leveled; the
source-power cal simply increases measure-
ment accuracy. The two-port calibration is
necessary, as the effect of the attenuators
(external and internal) must be removed in
order to obtain correct S-parameters.

We would like to measure the S-parameters of this amplifier with —10 dBm input
power. With —10 dBm input, 26 dB gain, and 6 dB of attenuation, we will have +10 dBm
incident upon the test port. We apply 15 dB of receiver attenuation, so that the PNA
receivers are not operating in compression. You will notice that the gain or Sy; drops by
the amount of receiver attenuation. This is because we have an uncalibrated setup.

The receiver attenuators can be accessed from the menu:

Channel > Power ...

¥ Power On

r— Part Selection

Part ITE ¥ Fart Pawer Coupled

Test Part Power I 10,00 dBm E
—&ttenuator Cortrol

¥ futo E=RE
— Pawer Slope

I slpe  [0.00d8/5Hz (2]

r— Rleceiver Attenuation
Receiver # D =
Recerver NJ 15 dB =

oK | Cancel | Help |

Slowly increase the power level and observe the gain; it should not change until you
approach the compression of the amplifier under test. However, we cannot compress this
amplifier with the power directly available from the PNA.

[Power] > Level > -10 dBm

Consider reducing the IFBW to decrease the noise level. You can examine the uncalibrat-
ed S-parameters (especially the Sy,) with various IFBWs to determine the acceptable
noise level for your measurement. In this example, we decrease the IFBW to 1 kHz.

[Sweep Setup] > Bandwidth > 1 kHz

Now that we have a setup that works well, we can perform a calibration. Remove the
amplifier under test. Perform a source-power calibration at the input point of the amplifier
to ensure a constant and known power at the amplifier input. Next, perform a two-port
calibration to remove the systematic errors and effects of the external and receiver
attenuators. We use an Electronic Calibration Module (ECal) in this example — we simply
connect the ECal module in place of the amplifier. You can also perform a source-power
calibration on port 2, if the amplifier S;, and S, are sensitive to small variations in input
power.
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Calibration > source-power cal ...

Source Power Calibration

f t ~ Channel and Port Selection

Cal Power [ 10.00 dBm Channel |1_E Source Part |1_E

Max Mumber of Readings I 5 E

—Accuracy Cerie] |
PowerOfset 0008 [5] | Tolerance [0050 Bm [ =

¥ Use Reference Receiver for Fast lteration Power Meter Eonfig...l Take Cal Sweep |

Calibration > Calibration Wizard ....

Calibration Wizard: Begin Calibration

" SmartCal [GUIDED Calibration]: Use Mechanical Standards

" UNGUIDED Calitvation: Use Mechanical Standards Select calibration preferences.

Mot sure about preferences? Assistance is
available in the online Help.

" Miner Calbratens

¥ Create new Cal Set [~ Save Preferences. Don't show this page again.

< Back I Hext > I Cancel | Help

The following parameters are based on the S-parameters and can be verified.
Figure 7 shows the measured S-parameters for this device.

+ Gain, Gain Flatness

* Input VSWR or Return Loss

* Output VSWR or Return Loss

+ Isolation (Not specified for this device, but is the same as S;,)

40

S
20 | 21
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10 S22

-20 311
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_4(] 4

28 ] S12

'70 T T
2110 2130 2150 2170

Frequency (MHz)

Figure 7. S-parameters of high-power amplifier, under low-power (linear) conditions




Step B: S-parameters, low-power level test, high-power setup

This section describes the procedure to test the S-parameters under low power levels,
with a high-power setup. The high-power setup is necessary for gain compression test.
The block diagram in Figure 8 shows the necessary test setup. Again, the purpose here is
to verify the high-power setup. We will compare the test results of the low-power setup
with low-power levels to the high-power setup with still low-power levels. If the results

compare within a reasonable range, then we can have confidence in our high-power

setup and use it to perform high-power measurements, such as gain compression. We

are comparing the results of Step A and Step B.

—6 dBm

Note

The external attenuators in this setup were
chosen to accommodate the high-power meas-
urement conditions (see Figure 11). So in the
case of low-power measurements, they are not
the ideal components. But because they are
necessary for high-power measurements, we
add them to the system.

Figure 8. High-power setup, for low-power testing of S-parameters
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Block Diagram Components

Pre-amplifier

The main criteria for the pre-amplifier is that it can produce enough power to drive the
device under test. An amplifier with high isolation is desirable. Of course, the frequency
range of the pre-amplifier should cover the range of the DUT. In this example, a
Mini-Circuits amplifier, part number ZHL-42 is used. This amplifier operates from
700-4200 MHz (covering the frequency range of our DUT) and compresses at +28 dBm
(sufficiently above our required test input power of +20 dBm). It has a typical gain of
33 dB, so in order to get our desired +20 dBm, we need an input of =12 dBm, which the
PNA can easily supply.

Reference channel coupler

This coupler should be able to handle the output power of the pre-amplifier. The purpose
of this coupler is to allow that part of the power to be coupled out to the reference
receiver. For an S,y measurement, we need to compare the B and R1 receivers. So we
need to measure the input power using the R1 receiver and thus, feed the amplifier input
power to the R1 receiver. In this example, we use an Agilent internal PNA coupler, which
can handle 30 dBm and has a 20 dB coupling factor.

A good method to test the power flow is to use a power meter to verify the power level at
different points in the RF path. You connect one component, test the power level at the
output, connect the next, check the power level on the output and keep verifying the
power level at various points. If you are sweeping a wide frequency range, there will be
some variations in the power level, but to a first degree, it will give you an idea of the
power levels. You can test in CW mode or over a narrow frequency span initially to
determine the various power levels. The goal here is to understand the power flow and to
ensure that the network analyzer components will not be damaged.

Make sure the power sensor you are using can handle the high power levels. A power
level of 999.99 on the power meter means that you have overloaded the power sensor
and probably damaged the sensor. Agilent offers the following power sensors, for
high-power measurements.

Note

At the time of the publication of this application
note, the E9300 Series power sensors cannot
be used with the PNA network analyzers. The
reason is that the E9300 power sensors only
work with the E4416/7 power meters, which
are not supported by the PNA. We have plans
to add the E4416/7 power meter drivers to the
PNA firmware. Check the PNA support page to
find out the status of this enhancement.

Power Sensor Minimum power (dBm) Maximum power (dBm)

8481B 0 +44
8481H -10 +35
E9300B, E9301B -30 +44
E9300H, E9301H 50 +30

For more information on the 8480 Series and E-Series power sensors, visit
www.agilent.com/find/powermeters



Set the frequency range and turn on frequency-offset mode, so that you do not need to
use the reference channel input for phase-locking.

[Preset]

[Start/Center] > 2110 MHz

[Stop/Span] > 2170 MHz

[Sweep Setup] > Bandwidth > 1 kHz
[Sweep Setup] > Number of Points > 201
[Measure] > S21

Menu item Channel > Frequency-offset ...

Frequency Offset E x|

L—— Turn frequency-offset mode On.

:lequenc_l,l Offset on/off

— Offzet Settings

Responze iplier / Divizor) = Stimulus

M filiplier | 1.000000 Do not modify these values.
Leave offset at 0, Multiplier at 1

and Divisor at 1.

‘7

Digor | 1.000000 2

— Rezponse Frequencies

2.1100000 GHz
21700000 GHz

Responze Start Frequenc
P e <«——— Should reflect frequency range

Riesponse Stop Frequency of your device under test.

— Stiruluz Contral
I~ Cw Overide  Cw/ | 1.000000000 GHz =]

QK. | Cancel | Help |

Note: Phase-lock lost and use of frequency-offset mode

In standard network analysis, the reference receiver (R1 for forward, R2 for reverse) is
used for phase-locking between the RF source and receiver LO. The phase-locking
requirement imposes signal clarity and power level restrictions on the reference channel
signal. This makes the task of high-power measurements much more cumbersome, and
users often have to deal with the “phase-lock lost” error message. With the PNA, users
can bypass this issue by using the frequency-offset mode (Option 080). When the
network analyzer is in frequency-offset mode, the R1 receiver is not used for phase
locking; independent internal circuitry is used to phase lock the source and receivers.

We highly recommend that you turn on the frequency-offset mode, simply to take
advantage of the independent phase locking mechanism (not to measure different
source/receiver frequencies). Set the offset to zero, so that the source and receiver
frequencies are the same.

If your PNA is not equipped with the frequency-offset mode option and you need to use
the reference channel for phase-locking, the following are the requirements on the
R-channel signal: Power level between —10 and 0 dBm and a clean signal, without
spurious content.
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Coupled
Make sure you select the / TWE Test Port Power [l0.00 cém ]
— &ttenuator Control —Attenuator Control
/ 7 &uto ETas W auo e

appropriate port.

Uncouple the port powers.

Power level settings

Next, set the power levels and attenuator settings. Since a very low power level is
required for port 1, uncouple port 1 and port 2 power levels. For port 2, we do not need a
low power level and in fact, if we start with a low power level, attenuate it, and then
measure the Sy, isolation, the S, measurement will be in the noise. Therefore, we want
to uncouple the power levels and set the port 2 power to a higher level. PNA network
analyzers have two separate source attenuators, one for port 1 and another one for port
2, so you have considerable control over varying the source power levels.

Menu item Channel > Power ...

¥ Power On v Power On

— Part Selection — Port Selection

( Port |1 @ Part Power Coupled

— Power Slope — Power Slope
I Slope  [0.00dB/GHz [ I slope  [0.00d8/GH: 5]
— Feceiver Attenuation—————————————— — Receiver Attenuation

Receiver & IDdB E Receiver & IDdE E
Receiver B I 25dB E Feceiver B I 25 de E

0K | Eancell Help | QK | Cancell Help |

In order to determine the power levels at each port, go through the block diagram and
perform the various calculations. In step A, linear testing, the power incident upon our
amplifier was —10 dBm. The goal here is to determine the various settings in order to
once again achieve —10 dBm at the amplifier input.

There are various “power” values in the PNA. Table 2 and the accompanying notes
examine these values and explain their relationship to the hardware settings.



1. Option 081, External Reference Switch, is used
primarily for mixer and converter measurements
and is not required for amplifier measurements.
However, if your analyzer is equipped with
Option 081, you need to set the position of the
external reference switch.

Table 2. PNA power level settings

A B C D

Port Port power before  Cal power (power Offset (in source-  Source
source-power cal incident upon DUT) power cal menu) attenuator

(actual PNA source menu setting

power)

—42 dBm —10 dBm +32 dB 20 (Auto)
2 0 dBm —-22 dBm -22 dB 0 (Auto)

Table 2 notes

Column A note: If you do not have any external components between the SOURCE OUT
and CPLR THRU jumper, the port power at the source and the test port is the same.
However, in this case, we have a pre-amplifier and we are coupling the boosted power
back into the PNA. Consequently, the PNA source power and the port power differ by the
pre-amplifier gain minus the coupler through arm loss. Before you perform a source-
power calibration, the test port power value displayed in the Channel > Power... dialog
box is the actual source power of the PNA, available either at the test port or the
SOURCE OUT jumper. The range of this value is the available power from the PNA. After
you perform a source-power cal, the power level on the Channel > Power... dialog box is
now the power level at the test port of DUT input. Thus, it represents the test power port
in the new condition. This value can have a wide range and depends on what external
components you have connected. It can be less than the PNA source power (if you have
attenuators, such as in the port 2 case), or it can be more, if you have a pre-amplifier
(such as in the port 1 case).

Column B note: This is the power level you expect at the test port after the pre-amplifier
and attenuator effects are calculated. The PNA will attempt to set the power at the test
port to this value.

Column C note: The offset value you enter in the calibration dialog box is dependent on
the components you have between the PNA and your DUT. In the case of port 1, itis

32 dB, which is the gain of the pre-amplifier minus the loss of cables. In the case of port
2, it is =22 dB, which is the loss of the external attenuator and coupler coupling factor.

Next, set the receiver attenuators. In this example, we will use 10 dB of attenuation on
the B receiver.

The final step is to set the network analyzer to use the amplified reference channel signal
(if your PNA has Option 0817, reference receiver switch). Set the reference channel
switch to use the external input.

Menu item Channel > Test Set ...
[Test Set |

B1 Input Path
™ Intenal : bypass Bl Loop

* Estemnal : flow through BT Loog D

k. | Cancel | Help
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Note

Source power calibration sets up a ‘hidden’
channel to perform a calibration. This channel
starts with the nominal power level, which
could be higher than the user’s channel power
level. Connect the power sensor to the setup
after the firmware has asked you for the con-
nection. Do not connect it earlier, as you could
damage the power sensor with high-power.

Calibration

We will perform two calibrations. One, a source-power calibration, to ensure a stable
power level at the input point of the DUT (port 1) and output of the DUT (port 2 power for
reverse direction measurements). Second, a full two-port calibration using ECal to
remove systematic errors such as directivity, source and load match. In the source-power
cal dialog box, set the offset level to the appropriate value (see Table 2 for the appropriate
values). Make sure you select the appropriate port in source-power cal menu. The
pre-amplifier should be on during this measurement.

Look for the Src Pwr Cal indicator on the status bar of the PNA in both the forward and
reverse directions. Set the measurement to S,; and look for the Src Pwr Cal indicator.
Then set the measurement to S;, and look for the Src Pwr Cal indicator.

Source Power Calibration

Pawer

Cal Power

-10.00 dBm

Channel I‘I_E Sourcg Port I‘I_E

" Channel and Part SelectiO?:*>

Power Offset
Source Power Calibration

Accuracy

Tolerance

[0100dem [5] ‘

=

Note

If you get the error message "Electronic Cal:
Unable to orient ECal module. Please ensure
the module is connected to the necessary
measurement ports.” unselect “Do orienta-
tion.” The ECal module requires —18 dBm for
orientation (not calibration, but orientation),
and since we have 26 dB of loss on the output
port, the ECal module cannot determine its
orientation. Thus, the user needs to indicate
the orientation of the ECal module to the
analyzer.

Pawer  Channel and Part Selection
[Eais] Cal Power [ -2200dBm Channel I‘I_E Sourc‘ Part |2_E oK |
—Acouracy pe—
Power Dffset WE Tolerance IWE _l

b ax Mumber of Readings

IS_E Help |

¥ Use Reference Receiver for Fast |teration

Power keter Eonfig...l Take Cal Sweep I

Next use an ECal module to perform a two-port cal. Connect the ECal module where the
DUT would be connected. You will have to unselect the Do Orientation dialog box for the
ECal module, to bypass the automatic orientation.

Calibration Wizard: Begin Calibration

" SmartCal [FUIDED Calibration]: se Mechanical Standards

" UNGUIDED Calibratior: Use Mecharical Standards

% ilise Electronic Calibration [ECalf

" Miner Calibrations

¥ Create new Cal Set

I

Select calibration preferences.

Mot sure about preferences? Assistance is
available in the online Help.

[” Save Preferences. Don't show this page again.

Electronic Calibration: Advanced 5ettings

Recognized ECal module:

20

M4591-50001 ECal:
APC 3.5 female APC 3.5 male

Cal Type:  Full 2PORT SOLT

b

Select one:
= Default " Flush Thiu

" Adapter Removal = Unknown Thru

™ Do orientation [auto sensing of port connectionsk

< Back I Nest » I

Cancel | Help




Once the calibration is performed, connect the amplifier under test and measure the
S-parameters. Figure 9 shows the S-parameter measurements with and without the
pre-amplifier, but with same power level incident upon the DUT. Figure 10 shows the
difference between the two sets.

3
50 S21
104
0
10 S22
2204 S
2 11
_48.
:20: S12
70 : ,
2110 2130 2150 2170

dB

Frequency (MHz)

Figure 9. DUT S-parameters, with and without pre-amplifier
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Figure 10. Difference in S-parameters, when tested with and without pre-amplifier

As you can see, the difference is very small, as expected. In addition to trace noise and
measurement repeatability, the differences can be attributed to the degradation in
directivity on port 2 (in the case of the pre-amplifier) and hence degradation in the two-
port calibration. The S;, measurement is closer to the noise level, so there is some level
of uncertainty associated with the noise in the system. This noise level can be decreased
by reduction of the IF bandwidth of the PNA.

If you are performing a similar comparison, be sure to use high-quality cables, adapters,
and attenuators. Poor quality components can cause a significant amount of variation in
measurements.

The optimum setup for measuring low-power S-parameters is the initial setup without
the pre-amplifier and extra attenuators. If users wanted to test both low and high-power
with the same setup, then they could use the high-power setup and reduce the input
power levels.
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Note

To access the online help system available
within the PNA, press the dark green Help
hard key, or use the Help menu item. You

can also find the help system at:

http:/ /www.agilent.com/find/pna > Specific
product page, such as the E8364B > Library >

Manuals & Guides > Online Help.

Step C: Gain compression test, high-power setup

For a gain compression test, we test the amplifier under a power sweep condition. We
need to determine which source attenuator setting we want to use, because we cannot
switch attenuator settings through the test and maintain a valid calibration. If one atten-
uator setting does not cover the required range of test, then use multiple channels, using
single sweeps. Multiple channels cannot have multiple attenuator settings in continuous
sweep, as this would result in the switch wearing out quickly.

The power sweep ranges for the various network analyzers can be found in the
specifications section of the online help system.

The power sweep range or PNA automatic level control (ALC) range is very dependent on
the frequency range. The network analyzer used in this example has the following ALC
range at 2140 MHz.

Attenuator setting Minimum power at source Maximum power at source

0 —27 dBm +7 dBm
10 —-37 dBm -3 dBm
20 —47 dBm —13 dBm

Since we have a pre-amplifier, with 20 dB attenuator settings, we can achieve a range of
—10 to +18 dBm at the device. The various power levels are shown in the block diagram
in Figure 11.
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Figure 11. A power sweep for gain compression test.



Procedure for gain compression test

[Preset]

[Sweep Type] > Power Sweep
[Start/Center] > CW Freq > 2140 MHz
[Sweep Setup] > Bandwidth > 1 kHz
[Sweep Setup] > Number of Points > 201

Cancel

Stop Power | -12.00 dBm E

Help
Attenuation I 20 dB E

— Receiver Attenuation

e

[Measure] > 821 Receiver & IDdB E
[Power] > Start Power > -42 dBm Ereeian B Iﬁa
[Power] > Stop Power > -13 dBm

Turn on frequency-offset mode

The MW PNAs go through an automatic gain setting algorithm, when performing a
power sweep. This algorithm can possibly create spurs, so we recommend users enable
the frequency-offset mode, which bypasses this algorithm. Also, use the frequency-offset
mode to eliminate the need for phase-locking through the external R channel.

Menu item Channel > Frequency-offset ... > Select “Frequency Offset on/off” check box
Leave the offset at 0, multiplier and division at 1

Menu item Channel > Power... > Set the B receiver attenuator to 25 dB attenuation
Menu item Channel > Test Set > Use External reference (If PNA has Option 081)

Perform a source-power calibration at the DUT input point.

Source Power Calibration =]
Pawer — Channel and Port Selection
Cal Start Power | -10.00 dBm Channel l'l_E Source Port |1_E ok |
CalStopPower | 1900 dBm | -Accuacy Carcel |
Power Offset WE Tolerance IME
M ax Number of Readings IS_E il

[V Use Reference Feceiver for Fast lteration Power Meter Eonfig...l Take Cal Sweep I

Next we perform a response calibration for the Sy measurement. For the absolute
B receiver measurement, we perform a source and receiver calibration. The gain
compression of the amplifier under test is shown in Figure 12.

File “iew Channel Sweep Calbration Trace Scale Martker System ‘window Help |

Marker: 1 of 3 M arker 1 |‘H 7E3920 dBm ':I tarker 1 Marker 2 I Marker 3 _
%é—;gf‘aﬂ .00 eSS = 11.7639 dBm 2583 dB
24 00048 be oo - 117689 dBm| 37 60 dRm
Blog Mag
5.000dEBm/
30.000dBm [£7.00
|
T
[25.00
£4.00 /
ba.00 L]
22.00
{21.00
f20.00
19.00
Ch1: Start -10.000 dBm = = Stop 19000 dBm
| Gtatus CH1 C Response Sre P Cal* LCL

Figure 12. Amplifier gain compression
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Alternative High-Power The block diagrams below show two alternative methods of making high-power
conﬁgurations measurements.

Use of an external coupler

A high-power external coupler can be used instead of the internal coupler. It is important
to select a coupler with good directivity, to ensure measurement stability after
calibration.
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Figure 13. Use of external coupler in high-power measurements
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SOURCE OUT

Two-way high-power measurements

For two-way high-power measurements, a pre-amplifier needs to be added to each port.
An isolator after each amplifier helps improve load match, as amplifiers usually have
poor Sy,. The isolator also protects the pre-amp from high-power on the output.
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Figure 14. Two-way high-power measurements
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Frequently Asked
Questions

26

1. How do | know if the network analyzer receivers are compressed?

When testing active devices, especially amplifiers, users should pay attention to the
output power levels of their devices and the power incident upon the network analyzer's
receivers. Using the receivers in compression can make it difficult to differentiate
between device compression and test system error. The procedure below describes a
method to determine whether the internal network analyzer receivers are compressed or
not. This procedure requires that the network analyzer be equipped with receiver attenu-
ators. On the MW PNA analyzers, receiver attenuators are available with Option 016.
Receiver attenuators are not available for the lower cost MW PNA-L models.

Connect your test device between ports 1 and 2 and set up an S,; and B channel
measurement. Then change the receiver attenuator settings and examine the S,; and B.
If the receivers are not compressed, the traces should only vary by the amount of
attenuation, and not have other variations. If the receivers are compressed, you will see
change other than the exact amount of attenuation. You can make the comparisons
without calibration. Just make sure calibration is off in all cases. Markers can be helpful
to determine if the values have decreased by the attenuation amount.

Repeat this test for the R channel receiver also, since Sy; and AM-PM are both ratioed
measurements and thus both receivers need to be tested. In an intermodulation
distortion measurement, you can make the same attenuation change, but monitor the
difference between the fundamental tone and the mixing products (the dBc values).

If the dBc values change with attenuator setting, you can suspect that the PNA receivers
are compressed.

If the test shows that the network analyzer receivers are compressed with the original
settings, increase the receiver attenuation levels until the point that the receivers are no
longer compressed.

On the MW PNA, the receiver attenuators can be controlled from the Channel > Power
menu.

¥ Poweer On

— Port Selection

Part ITE ¥ Fort Power Coupled

Test Port Power I E
—Attenuator Control

W Auto ENE|
— Power Slope

I Sbpe  [0.00dB/GHz [

— Recever Attenuation

Receiver & IDEIB E
ReceiverB | 2008 [£]

0k | Cancel | Help |




2. The uncalibrated results seem reasonable, but the calibrated data appears
incorrect. What could be the cause?

A two-port calibration calculation is based on all four S-parameters. One possible issue in
high-power measurements is that the S, measurement could have high uncertainty due
to noise, if the port powers are not uncoupled. When measuring high-gain amplifiers, it is
recommended that you take advantage of the Port Power Coupled feature to uncouple
the power of ports 1 and 2. Drive the input or port 1 with a low power level as to not
damage the output receivers. Drive the output or port 2 with a high power level, so the
isolation or S;, measurement does not approach the noise floor of the network analyzer.
An accurate Sy, measurement is fundamental to an accurate 2-port calibration.

3. What is the power of the network analyzer at start-up or preset?

At preset, the source power level of the MW PNA port 1 is set to a nominal level (see
Table 3), with the internal source attenuator on port 1 set to 0 dB. The port 2 power is off.
On the PNA analyzers, only one port is on at a time. If the amplifier under test could be
damaged by this power level, or will be operating in its nonlinear region, do not connect
the amplifier until you have set a desirable power level. On the MW PNAs, you can save
a “user preset” with different initial power setting conditions. Upon preset, the MW PNA
starts with the new power levels.

Table 3. Nominal power levels (Preset power level at port 1)

Network analyzer Standard Option 014, UNL or 014 &
UNL together

E8362B (20 GHz) 0 dBm -5 dBm

E8363B and E8364B —-12 dBm —-17 dBm

(40 and 50 GHz)

4. What is the power level of different measurement channels at preset?

Each channel is initiated with the nominal power level, even if a User Preset is saved
with a different power level for the starting channel. Therefore, if you save channel 1 with
a nominal power level of —60 dBm as a User Preset, then start channel 2, channel 2 will
start with the nominal power level (—17 dBm for an option loaded E8364B). Be careful if
you set up a new channel. You could damage the components, if you did not anticipate
the high power levels.

If you had RF power Off at the User Preset level for channel 1 and then you started a

channel 2, then RF power would be off on channel 2 also. RF Power is a global parameter,
versus the power level setting, which is a channel parameter.
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5. Can different measurement channels have different power levels?

Yes. Different PNA measurement channels can have different power levels. If you set
up two channels with different enough power levels resulting in different attenuator
settings, the PNA will automatically put one channel in trigger hold mode. This is to
protect the attenuators from switching continuously.

6. Can | use this setup to make hot S, measurements?

If the amplifier under test is operating in its nonlinear region, the large signal S,, should
be measured using a load-pull technique. Traditional S-parameter measurements depend
on the amplifier operating in its linear region. The PNA can be used for hot Sy, measure-
ments; however, additional equipment and setup is required. Consult your Agilent sales
representative for additional information.

7. What happens to the power level when RF power is turned off during a
sweep?

The power level is turned off at the end of the sweep, so the sweep will continue with RF
power on. The next sweep will start with RF power off.

8. Is there a power limitation on the mechanical components of a calibration kit?

The open or short standards do not have a power limitation, as they do not dissipate
significant energy. Most Agilent calibration kit loads have a maximum average power
rating of 2 Watts or +33 dBm.

9. Is there a power limitation on electronic calibration or ECal?

The maximum power rating for ECal modules is either +10 or +20 dBm (see Table below).
The ECal module also has a minimum power requirement for auto-orientation (not
calibration, but orientation). If the power level at the module is less than —18 dBm, the
user has to tell the analyzer the orientation of the ECal module. Simply unselect the
automatic orientation check box and manually indicate to the analyzer how the ECal
module is connected. Auto-orientation means that the network analyzer determines how
port 1 and 2 are connected to ports A and B of the ECal module.

ECal model Minimum power Maximum Maximum DC

RF power voltage at test port
N469x (MW ECal)  No minimum power +10 dBm +10 Volts
8509x (RF ECal) for calibration. See +20 dBm +20 Volts

paragraph above for
minimum power level
for auto-orientation.




10. What are the benefits of a source-power calibration?

A source-power calibration transfers the accuracy of the power meter measurement to
the network analyzer. The output power of the network analyzer is accurate to within

2-3 dB. For the MW PNAs, the specifications are listed in the table below. A power meter
calibration can provide accuracy of better than 0.5 dB.

MW PNA power level accuracy specification
Variation from nominal power in range 0 (step attenuator at 0 dB setting)

Frequency range Standard Option 014 Option UNL  Option 014 & UNL

10 MHzto 45 MHz ~ +2dB

45 MHzto 10GHz  +15dB

10 to 20 GHz +2dB
20 to 40 GHz +3dB
40 to 45 GHz +3 dB +35dB +3dB +35dB
45 to 50 GHz +3dB +4 dB +3dB +4 dB

In a linear S-parameter measurement, where the amplifier is operating well within the
linear range, 2-3 dB of power variation may not make a significant difference. But if you
are testing and specifying gain compression and trying to find the 1 dB compression
point, 2-3 dB is a significant difference and source-power calibration is necessary.
Another instance where it is critical to perform a source-power calibration is in the case
of high-power measurements, where a pre-amplifier is used.

Also, a source power calibration is necessary prior to a receiver calibration (in order
to establish the reference). Receiver calibrations are useful for absolute power
measurements.

11. What is the optimum power level for calibration?

In general, a calibration should be performed under the same stimulus/response
conditions as the measurement. Thus calibrating at one power level (without amplifier)
and then measuring at a different power level (with amplifier) is not ideal. However, the
dynamic accuracy of the MW PNA products is extremely good, so that calibrating at a
different power level does not pose a significant error (See chart for frequencies less
than 20 GHz). The choice the user does have is to stay within the same power range
(same attenuator setting), but to calibrate at a higher power level (without the amplifier)
and then reduce the power level during the measurement (with the amplifier). Since the
hardware setting is essentially the same, the accuracy is hardly affected. It is always
better to calibrate at a higher power level (staying below compression), to reduce the
uncertainty due to noise.

Magnitude®
BA36xB

a
=3

W 10 cBm(1 MRz 20GHz)
+ -0 BIm{1 IMHZ-20GHT)
r
L ]
|
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12. What happens to the power level at each port during various measurements?

Parameter Port 1 Port 2 Notes

Sy On Off

So1 On off

Sy off On

Si2 off On

Any parameter with two port ~ On/Off On/0ff Power switches between
cal; S1q. Sp1. Sy 0r Spp the two ports, as a two-port

cal requires all four
S-parameters.

RF power off Off Off RF power is a global
parameter and is turned off
for all ports and channels.

13. What happens to the two-port calibration if the source or receiver
attenuation is changed?

The calibration is invalidated if you change the attenuator settings. If you change
attenuator settings after you have performed a calibration, you must perform another
calibration.

14. What does the error message “source unleveled” signify?

An unleveled error message appears when the source power is set to value greater than
the maximum specified power. Lower the power level to solve this problem. The unlevel
message is combined with a LVL indication on the status bar. The unleveled error
message can momentarily appear between attenuator settings. It does not affect the
measurement accuracy and can be ignored.

15. What happens to the PNA output power during re-trace?

The power level is maintained during re-trace, unless a frequency band is crossed. See
the next question for frequency-band crossings.



16. What happens to the RF power during frequency band-crossings?

The MW PNAs have over twenty frequency bands. During band-crossings, the firmware
turns off the RF power. Beware that if you are testing a high-gain device with ALC, when
the PNA switches bands, the power shuts down and the DUT's ALC attempts to increase
the gain. Microseconds later, the PNA power comes back on; however, in this short time
frame, the DUT or the PNA can get damaged. The band-crossings are listed below.

Model Band Frequency range (GHz)
E8362/3/4B 0 0-0.045
0.045-0.748
2 0.748-1.5
3 1.5-3
4 3-3.8
5 4-45
6 45-4.8
1 4.8-6.0
8 6.0-6.4
9 6.4-7.6
10 7.6-10
1 10-12
12 12-12.8
13 12.8-15.2
14 15.2-16
15 16-20
E8363/4B 16 20-22.8
17 22.8-25.6
18 25.6-30
19 30-32
20 32-36
21 36-38.4
22 38.4-40
E8364B 23 40-45.6
24 45.6-48
25 48-50

Watts to dBm reference table

Linear (watts) Log (dBm)
0.001 +0
0.01 +10
0.1 +20
1 +30
2 +33
10 +40
20 +43
40 + 46
50 +47
100 +50
200 +53
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Appendix A:
Maximum Power Levels
for PNA and PNA-L

Network Analyzers

1. At the time of the publication of this application
note, the Z5623AK64 only works with the 4-port
20 GHz PNA-L, N5230A option 245. It does not
work with other PNA or PNA-L products.
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Table 1 contains power level information for PNA and PNA-L network analyzers. The
recommended network analyzers for high-power measurements are the PNA network
analyzers E8362/3/4B Option H85. These network analyzers can handle the highest
power levels and have built-in receiver attenuators. Lower cost alternatives for
high-power measurements are the PNA-L products.

The next pages show block diagrams of the various network analyzers, with the power
levels shown on the diagrams. The front panel layouts, which also show the damage
levels, are shown after that. For electronic copies of the block diagrams, visit
http://na.tm.agilent.com/pna/documents.html.

In addition to the PNA network analyzers listed in Table 1, Agilent offers a high-power
test set, model number Z5623AK64. The Z5623AK64 is a high-power multiport test set
that can be used with the 4-port 20 GHz PNA-L, N5230A option 245.1 The Z5623AK64 can
be configured in several ways. The test set bypass configuration allows the user to use
the PNA in its normal mode. In the high-power mode, the test set can be configured

for specific application needs by the insertion of high-power amplifiers, attenuators,
isolators, and other signal conditioning accessories. This will allow high-power measure-
ments at RF levels up to +43 dBm (20 Watts) from 10 MHz to 20 GHz. For more informa-
tion on the Z5623AK64, contact your local Agilent sales engineer.



'S10]ENUA)IE 10 SI0JE[OS! Y}IM sjuauodwod Jayjo ay) 19a3oid 03 ains aq isnp "wgp gL+ 0} dn ajpuey ued wue (abpuq) 1ajdnod ayy Ing ‘wgp G|+ SI uonealyoads |ana| abewep ay] || on
'S10]ENUBLIE IO SI01R[0S! Y1IM sjuauodwod 1aylo ay) 199104d 01 ains aq Isnp “wgp €+ 03 dn ajpuey ues safipuq pua-juoiy ayy Ing ‘wgp /z+ SI uoneayoads [ans| abewep ay) gL
's1aA192a1 8y} pue Ajquiasse Ja3ijds /yaiims ay1 199101d 03 abpliq ay) Jae uonenualie ppe o} sey Jasn ay| ‘sabpuq ayl jo Aljiqedes Buipuey samod-ybiy ay) jo abejueape ayel ued Jasn ay} ‘1as 1sa) a|qeinbiyuod YU 6

‘wgp £g+ SI [9Aa] abewep ay3 pue 1a3311ds /yd3ms ay3 Jo yied ul UO[IENUS)IE PPE JOUURD J3sN 3y} ‘}8s 1$9) 3|qeinbijuod e INOYUAN "wigp £Z+ S Ajquasse Jani|ds /yanms ay) Jo |ans| abeweq g

'Si0}enua)e Jo S101e[0SI YU sjuauoduwiod 1ay1o ay) 199)04d 0) aIns aq 1SN ZHY 0Z< WGP O+ Pue zHY Z> wgp £+ 03 dn ajpuey ued s1a|dnod pua-juolj ay) Ing ‘wgp g+ ! [aA8] abewep wnwixew Joy uonesiyoads ayy £

's19]dnod ay3 jo Ay

edea Buijpuey Jamod-yBiy ays jo aBejuepe axe} ued JasN ay} Jey} 0S ‘SI0IENUBYIE JOAIBII pue Ja3)|dS /YOHMS By} 81048 pue s19|dNod By} Ja)je pappe ag ued siojenuaye

‘s1azAjeue asay} Jo Jed Jou ale s38)-Selq adUIS "SI0}ENUBJIE 9IINOS PUE ‘(YIIIMS JIBAIDID] 3dUIBJAI) |8 ‘(oW 18syo Aauanbaly) ggQ ‘(si0lenualie 1anI1a2a1) g1 “(30s 3sa} ajqeinbiyuod) 40 suondo sapnjoul uoido GgH# ay] 19s 1sa}
Jamod ybiy GgH# ays 03 Ajdde suoneaiyoads asay] ‘uondo as}-seiq ay} “INN uondo yum painbiyuod jou si pue ‘uondo 1as 158} a|qeinbiyuod ayy ‘y 10 uonrdQ yum painbiyuod sileyl gy/¢/29¢83 Aue 01 Ajdde mou siyy ul suoieaiydads ayy ‘9

10308} Buniwi| 1amod ay ale saa)-seiq ay] "saal-selq Jo [aAa] abewep ayl ‘wgp g+ 01 pall

1] st Jamod wnwixeuw ay) 0s ‘saal-selq ay} a10jaq 1amod ay) adnpal 0} Aem ou si a1y} ‘al10ja1ay] 1ajdnod ayy

puiyaq Apaalip paieao| si sasl-selq ay} ‘papnjoul si uondo a9)-seiq ayy 4| ‘'uondo Iojenusiie a2Inos pue as}-selq sy} “INM uondo yum painbiyuod si eyl gy/¢/29£83 Aue 1o ‘gy/£/79£83 piepuels Aue o3 Ajdde mol siy3} ul suoneasads ay) g
‘|]ana| Jamod papuaLWodal Xew ay} ulelqo o} ssoj abpiiq Jo 1ajdnod ayy woly (waisAg djay ay3 ul ajqe|ieae) [ana| uoissaldwiod gp |'( 8y} 19e1gNS ‘dNjeA SAIIRAIASUOD SS3| B 81e[Nd[ed 0] "UoIssaIdwod ul aq Jou |jis pue Jamod Juapioul

1aybiy e aney uea noA uay( *(sso| wnwixew ‘Aduanbaiy 1saybiy) anjea aAileAIaSUOD 1SOW Y] S| UMOYS |aA8] Jamod 3y | "passaldwiod Jou S| 1aAI8d81 8} YOIYM 1e [ana| Jamod e si a|qe] Siyl ul palsi| ,J8AIa0al 1t [aAs] Jamod |eapl, 8y] “y
“1-¥Nd @Y1 Jou Inq ‘sauag YNd ay1 10} ajqejieae si g g uondq paijddns siojenualie JoA1adas gp Gg om] ‘g0 uondQ yum paiddns aie siolenuajie Janl@day g
“1-¥Nd @y} Jou Inq ‘sauag YNd @y} 104 a|gejiene st T\ uond( 'saa}-selq 0M} pue s10}enualie-aainos gp g9 0mj sapnjoul INM uondg TN uondQ yum paijddns ale saa)-selg 'z
Jualayip ale ,wie niyl, ay} pue ,wie pajdnoa, ayj jo sjans| abewep ayl ‘syonpoid paseq-abipuq uQ ‘awes ay} ale swie NIyl ayl pue wie pajdnoa ay} jo sjana| abewep ay s}onpoid-paseq Jajdnod ug |
wgp 0¢+ ,wgp 0g+ wap e+ wgpGl+ ,wgp g+ ,wgp 0g+ wgp Gz—  gpS§l-€l ON ON  siajdno) ajqeinByuoy  GzG-00€ZGN  ZH9 06 T-VNd
wgp 0¢+ ,wgp 0g+ wap e+ wgpGl+ ,wgp g+ ,wgp 0g+ wgp Gz—  gpS§l-€l ON ON  sie|dno) 9|qeinBijuo)  Gzy-00€ZGN  ZHO 0F T-VNd
wgp 0¢+ ,wgp 0g+ wap e+ wgpGl+ ,wgp g+ ,wgp 0g+ wgpol—  gpSl-€l ON ON  sigjdno) 9|qeinBjuo)  Gzz-00€ZGN  ZHO 02 T-VNd

uod-y
wgp 02+ o wap L+ wgp L2+ wap Gl+ |, wgp Gl+ o wap g+ wgpol—  gp9l-Gl ON ON sabpug ‘a|qenbyuod  GyZ-00€ZSN  ZHD 07 T-VNd
wgp 02+ o wep L+ wgp L2+ wap Gl+ |, wgp Gl+ o wap g+ wgpol—  gp9l-Gl ON ON sabpug a|qeinbjuo)  GZ1-00€ZGN ZHD GEL T-VNd
wgp 02+ o wep L+ wgp L2+ wap Gl+ |, wgp Gl+ o wap L+ wapol— ap9l-Gl ON ON sabpug golqenbyuoy  Gzp-00£ZGN ZH9 9 T-VNd
wap g+ wgp 62—  dap§l-€l ON ON  sig|dno) piepuels  0¢S-00€ZSN  ZH9 0§ T-VNd
wap g+ wgp 62—  dap§l-€l ON ON  sig|dno) piepuels  0Zv-00€ZSN  ZH9 OF T-VNd
wap g+ wgpol—  dap§l-€l ON ON  sig|dno) piepuels  0¢Z-00€ZSN  ZH9 0¢ T-VNd
g gp L¢+ wgpol—  gp9l-Gl ON ON sabpug  1od-y piepuels  0yz-00€ZGSN  ZH9 07 T-VNd
g ap L¢+ wgpol—  dp9l-Gl ON ON sabpug piepuels  (Z1-00€ZSN ZH9 G€L T-VNd
qugp L¢+ wgpol—  gp9l-Gl ON ON sabpug piepueis  0¢0-00€ZSN ZH9 9 T-VNd
wgp [+ wgp 0+ wap L+ wgp L¢+ wap §l+ wgp og+  wgp [+ wgp 62—  ap§l-LL SaA sap  slg|dno) a|qeinbyuo) V19¢83 ZHY /9 VNd
wap g+ wgp ¢+ ,wgp 0g+ wap g+ wgp G+ ,wgp g+ ,wdp 0g+ wgp 0Z—  dap§l-€l SaA ON  sig|dno) oI 30U G8H#8v9€83  ZHY 06 VNd
wap g+ wgp ¢+ ,wgp 0g+ wap g+ wgp G+ ,wgp g+ ,wdp 0g+ wgp 0Z—  dap§l-€l SaA ON  sig|dno) 1nq) gy uondg S8H#EEYEBI  ZHD OF VNd
wap g+ wgp ¢+ ,wgp 0g+ wap g+ wgp G+ ,wgp g+ ,wdp 0g+ wgp 0Z—  gpS§l-€l SaA ON  sig|dno) 10°yL0 uondo GgH#H79€83  ZHD 07 VNd
wap g+ wgp 0+ wgp 0+ wap 0g+ wap §1+ wgp og+  wgp 0+ wgp 0Z—  dapS§l-€l SaA sap  slg|dno) av9¢83  ZH9 0§ VNd
WEp g+  WapOs+  WapOgr  wapO0gr  WapGl+  wa@pO0gr  Wa@pO0g  Wap0z—  @PGlel Sk Sen  siednog  gINNuondo 8€9€83  ZHI 0% VNd
WEpo0g+  Wapoz+  WapOer  WepOgr  WapSl+  Wap0sr  Wapoer  Wapoz-  @pglel S0k sok  siejdnog O PEPUES T grgees z9 0z wNd
3)IMS "Jja1  IN0 391N0S (DT mo uigyioLy ule piog  ,Janadal SSO| csupe  ,saa) 199IAap 135 1S8] 12poN ‘baiy Kjwey
180 uondg  asuaiajey 19|dnoy d2inosy’'s  ‘a‘'a’'a’v 19dnog ‘g ‘L Mod je Jamod abpuq anay  -seig uonesedas XeN 12poNl

‘'L Mod 1301323Y |eap;  /48]dno) |eubig

|an3] abeweq

"|lana] abewep mojaq gp ¢ Ises| Je [ana| Jamod ayy daay ‘pabewep jJou aie syuauodwioa ay} Jey aINsua o]

uonew.ojuj |3ra7 13Mod 1-YNd Pue YNd °L 2198l

(3]



E8362/3/4B

N5230A
Opt 220/420/520

E8362/3/4B
Opt 014

N5230A
Opt 225/425/525

N5230A
Opt 220/120

N5230A
Opt 240

N5230A
Opt 025/125

N5230A
Opt 245
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Front panel of PNA and PNA-L network analyzers
(damage levels listed on front panels)
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Appendix B:
Understanding PNA
measurements with an
external reference signal
and source attenuator
changes

Note

In this section, we are discussing source
attenuators. We specifically refer to them as
source attenuators, to differentiate them from
receiver attenuators, which are also available
on PNA products.

This section describes the PNA behavior when an external reference signal is used in
conjunction with source attenuator changes. An external reference signal may be used to
amplify the PNA signal, if high power levels are needed. We examine the S-parameter
and reference receiver measurements in detail, using an example.

Figure 1 shows an E8362/3/4B PNA network analyzer. The network analyzer shown
includes the following options:

Option 014: Configurable test set (adds the front panel loops or jumpers)

Option UNL: Two 60 dB source attenuators and two bias-tees

Option 016: Two 35 dB receiver attenuators

Option 080: Frequency-offset mode (no unique hardware shown in diagram,
but Opt 080 does have unique hardware)

Option 081: Reference receiver switch

Source

60 dB source attenuator
10 dB steps

Switch/Splitter

60 dB source attenuator
10 dB steps

g

Ref Switch

=
Opt 081 [
—e

ﬁ e

L

4@ Bias-tee

S

==

40 8pPG1L

lolenuane
18A19981 gp GE

101EnuUane
18A18991 @p G§

15 dB CF

E OUTS

RCVR R1IN

CPLR THRU g
PORT 1

SOURCE OUT

SOURC

40

ARM z

RCVRA IN

PORT 2 O- L]

CPLR THRU
OURCEOUT

RCVR B IN z M

CPLR ARM

CPLR
RCVR R2IN
‘OURCE OUT

3

Figure 1. PNA (E8362/3/4B) block diagram for basic measurements

The purpose of this section is to describe the PNA behavior as the source attenuator is
varied. For this measurement scenario, we focus on the relevant terms, which are source
power level, source attenuator setting, S-parameter, and receiver measurements. The
stimulus parameters of frequency range, IF bandwidth and number of points are not
relevant.




Note
S” =A/R1

Let's examine a basic measurement scenario using the configuration shown in Figure 1.
We will make a simple uncalibrated S;; measurement of an open, by leaving test port 1
open. We set up three traces to measure S;1, A and R1, as shown in Figure 2.
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Figure 2. Case A, —40 dBm power level, 20 dB source attenuator
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Figure 3. Case B, —50 dBm power level, 30 dB source attenuator
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Note

After examining the block diagram, you may
observe that due to the coupling factor of the
coupler (which is 15 dB), the A receiver value
should be 15 dB lower than the R1 receiver
value, with the source attenuator set to 0 dB.
However, based on measurements and data
shown in Table 1, you can see that the A and
R1 receivers display the same value. The rea-
son for this is a factory calibration called
“mixer cal”. “Mixer cal” is the result of a set of
calibrations performed at the factory on every
network analyzer. Each PNA network analyzer
has a series of files on the hard drive in the
C:\Program Files\Agilent\Network Analyzer\
directory, that have the prefix “mxcalfile_".
These files contain the “mixer cal” data and are
unique to each network analyzer. “Mixer cal”
corrects for coupler losses, cable losses,
differences between receivers, and more.

The data from “mixer cal” is applied to all
measurements, so that if users do not perform
calibrations such as one-port or two-port, their
measured data is reasonable.

1. These are approximate values for the power
incident upon the R1 reference receiver. They are
calculated based on the displayed R1 value, minus
the source attenuation factor.
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For our first measurement, we set the power level to —40 dBm (Case A in Table 1).

Table 1.
Source
PNA attenuator A displayed R1 displayed R1 incident
power setting on analyzer on analyzer upon receiver
Case level (dBm) (auto) (dB) S11 (dB) (dBm) (dBm) (dBm)
A 40 20 -0.09 -39.31 -39.22 -19.0
B 50 30 -0.02 —49.24 —49.22 -19.0
C -60 40 —-0.05 -59.06 -59.01 -19.0

If the power is set to —40 dBm, the source attenuator setting will be 20 dB (See Figure 2).
The three traces will measure —0.09 dB for Sq;, —39.31 dBm for A, and —39.22 dBm for R1.
These are the expected values, as the power level was set to —40 dBm, the test port was
left open, and so all the signal was reflected back. The reference receiver value displayed
on the PNA is —40 dBm approximately (-39.22 dBm), and the A receiver saw all the
power reflected back (approximately all the —40 dBm or —39.31 dBm in this case).

Now let’s drop the power by 10 dB to —50 dBm (Case B, Table 1). We would expect the
Sq1 value not to change, as the S;; of an open, a linear device, should not change
significantly with power variation, and in fact, the S;; does not change. The S, value is
still about the same, —0.02 dB. Let's look at the A and R1 values. They both drop by the
expected 10 dB drop in power. The A receiver measurement value drops from —39.31 to
—49.24 dBm, and the R1 value drops from —39.22 to —49.22 dBm. This is reasonable.

Now take a close look at the block diagram in Figure 1, specifically at the location of the
60 dB source attenuator. Notice how the source attenuator is in the path of the main
signal that is directed to port 1, but not in the path of the reference receiver R1. So if we
change the source attenuator value (as we did from case A to case B), we would expect
the R1 receiver value to not change. From case A to case B, the power level at the PNA
synthesized source itself did not change, but the source attenuator changed from 20 to
30 dB. So purely based on the block diagram, the R1 receiver value should have stayed
constant from case A to case B. But we see from Table 1 that it did in fact change by

10 dB. So the question is, why did the R1 value not stay constant, as expected by the
block diagram?

The reason for the change in the R1 value is that in the PNA firmware we have an adjust-
ment factor for the R1 receiver value that corresponds to the attenuation amount. We will
call this the “attenuation adjustment factor”. If you compare case A to case B, the actual
power incident upon the R1 reference receiver was the same in both cases, but the
firmware displayed a lower value for case B, compared to case A. You can observe the
same behavior if you go to case C, where the attenuation is increased to 40 dB.

The reason for this “attenuation adjustment factor” is that we want PNA users to receive
reasonable values for their uncalibrated measurements. In the example above, if you are
a PNA user, from case A to case B, you do not expect the S;; value to change. You are
measuring an open and simply varying the power level. For a linear device, such as an
open, the Sq; value should approximately stay the same. If the PNA firmware did not add
the “attenuation adjustment factor”, the S;; value would have changed by 10 dB (from
case A to case B). That can be confusing to users. Hence the “attenuation adjustment
factor” is used in the PNA firmware.

If you are making uncalibrated high-power measurements, using an external reference
signal, and you are changing the source attenuator settings, there is a consequence to
using this adjustment factor. The measurement results will not be as you expect. This
behavior is discussed next.



Figure 4 shows a block diagram of a high-power measurement setup. In this measure-

ment, the test set path is set to external, with the signal flowing through the R1 loop (see
Figure 5). We have added a pre-amp to increase the source power. We also activate the

frequency-offset mode option, as shown in Figure 6. Using frequency-offset mode
prevents us from having phase-locking errors, since in standard mode, the R1 reference

receiver is used for phase-locking.
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Figure 4. High-power setup connection diagram
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1. Assume the external pre-amplifier is operating in
its linear region.

2. The value of the receiver power level is not exactly
what you expect from the block diagram. Other
components in the path (not shown here) affect
the power level. The absolute values in external
test set mode are not accurate without a
calibration. The point of the data in Table 2 is the
relative difference between cases A, B and C, not
the absolute values.
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With this setup, we have approximately 20 dB of gain in the R1 path, and 30 dB of gain in
the A receiver path. We start the measurement with a source power of —40 dBm. Due

to the gains in the A and R1 paths, the A value is now —10.9 dBm and the R1 value is
—20.4 dBm, giving us an S;; of 9.5 dB (See Table 2). If we decrease the power level by

10 dB to 50 dBm (case B, Table 2), we expect S;; to remain the same. Since again, the
817 of an open should not really change with power level variations'. However, we notice
that the S; changes to 19.5 dB. Furthermore, if we decrease the power another 10 dB to
—60 dBm (case C, Table 2), the Sy value changes to 29.5 dB. We know that this change
in 841 is incorrect. So how do we explain this behavior?

Table 2.
Source
PNA attenuator A displayed R1displayed R1incident
power setting on analyzer  on analyzer? upon receiver
Case level (dBm) (auto) (dB) S11 (dB) (dBm) (dBm) (dBm)
A -40 20 9.5 -10.9 -20.4 -0.4
B 50 30 19.5 -20.9 -40.4 -10.4
C -60 40 295 -30.9 —60.4 -20.4



Note

This behavior (the difference between external
R1 input and internal R1 input, with uncalibrat-
ed measurements) will not be observed on
network analyzers where the source attenuator
is located before the switch/splitter. In such
cases, both the A and R1 receivers see the
same power level, as the source attenuation is
applied to both measurements. So there is no
“attenuation adjustment factor” applied to the
reference receiver values.

The PNA architecture of placing the source
attenuator in the A receiver path provides more
accuracy (compared to the case where the
attenuator is in both the A and R1 path)
because the reference receiver power level can
be maintained at an optimum level, with a very
good signal to noise ratio. For example, if you
are measuring a high-gain device and want a
low input power level, the reference receiver
will still see a high power level and the meas-
urement will not be noisy.

Additionally, in standard measurement mode’,
the reference receiver is used for phase-locking
purposesz. So a strong signal is required at the
reference receiver. PNA's phase locking tech-
nique allows the PNA to make very fast meas-
urements with very low trace noise. The superb
combination of speed and trace noise is one of
the key differentiators of the PNA family of net-
work analyzers.

1. Not frequency-offset mode
2. Applicable to PNA Series analyzers and not
applicable PNA-L Series.

This behavior is easily understood now that we know the methodology used to calculate
the R1 value. In case A, the source is set to —40 dBm. There is 30 dB of gain in the port 1
path, so it makes sense that the A receiver values is —10.9 dBm. With 20 dB of gain in
the R1 receiver path, we get —20.4 dBm in the R1 path. Now if we change the power
level to —50 dBm (case B, Table 2), the A receiver value drops by 10 dB from —10.9 dBm
to —20.9 dBm. This is as expected. However, if we look at R1, we see a 20 dB change in
the R1 value, for a 10 dB change in the source attenuator setting.

The reason is that with the configuration shown in Figure 4, the source attenuator is in
the path of the R1 receiver. In the standard configuration, shown in Figure 1, the source
attenuator is not in the path of the R1 receiver. So the “attenuation adjustment factor”
does not apply to this measurement scenario (Figure 4), but it is still applied by the
firmware. The R1 receiver sees the 10 dB drop in power, and also gets an additional
attenuation adjustment factor of 10 dB, for a total of 20 dB of drop. This explains why the
R1 value is incorrect and hence the S;; value is incorrect.

The conclusion is that if you are making S-parameter measurements using an external
reference signal and are also changing the source attenuator setting, you need to cali-
brate the setup for each attenuator setting. Calibration will remove the above errors. If
you are making gain compression measurements, you can experiment with setting the
source attenuator to manual mode, in order to determine the optimal power range for
your measurements. The PNA Help System contains the latest specifications for the
power ranges.
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Example of optimal power range for a power sweep or gain compression
measurement

We use an example to demonstrate how you can select the optimal power range for a
gain compression measurement. Let’s say you wanted to measure a 12 GHz device with
approximately —30 dBm, and you have a 50 GHz E8364B network analyzer. You look up
the power range specifications of the E8364B (listed in Table 3).

Table 3. E8364B power range specifications

Frequency Range Power Range ALC Range
10 MHz to 45 MHz —87 to +2 dBm 29dB
45 MHz to 10 GHz —87 to +3 dBm 30dB
10 to 20 GHz —87 to 0 dBm 27 dB
20 to 30 GHz —87 to -4 dBm 23dB
30 to 40 GHz —87 to -8 dBm 19 dB
40 to 45 GHz —87to—11 dBm 16 dB
45 GHz to 50 GHz —87 to 17 dBm 10 dB

So based on the specifications, the analyzer has a 27 dB ALC or power sweep range. You
set up a power sweep and make power measurements on your network analyzer. Table 4
has an example of what you may see.

Table 4. Power ranges for a sample 50 GHz PNA, an E8364B

Default power  Default power Manual Manual
Attenuation range range attenuation attenuation
Range # (dB) min (dBm) max (dBm) min (dBm) max (dBm)
0 0 =27 2 =27 2
1 10 =37 -28 -37 -8
2 20 —47 -38 —47 -18
3 30 57 —48 57 -28
4 40 —67 —58 —67 -38
5 50 =77 —68 -77 —48
6 60 -87 -78 -87 58

In this case, with the default setting, you would use 10 dB of attenuation and a range of
—37 to —28 dBm (a 10 dB sweep range). If you use manual source attenuation, you can
use either the 10 dB setting which covers —37 to —8 dBm (a 30 dB range), or the 20 dB
setting which covers —47 to —18 dBm (another 30 dB range). You can decide which range
is more applicable for your compression test. Thus for power sweep applications such as
gain compression, it is a good idea to understand the various power ranges, and use the
optimal one.



Recommendations for High-Power Measurements

+ Use a network analyzer with a configurable test set, especially if you need to add a
pre-amplifier.

» Apply receiver attenuation to keep the network analyzer receivers out of compression.

+ Attenuate the output signal after the PNA coupler and before receivers. Attenuation
before the PNA coupler degrades directivity.

* Increase measurement accuracy by performing a source-power calibration.

* Eliminate the need for phase-locking through external reference channel, by using
PNA's frequency-offset mode.

+ For power-meter measurements, use power sensors designated for high-power levels.

» Uncouple test port 1 and 2 port powers, to control forward and reverse power levels.
Take advantage of the two independent source attenuators.

Web Resources

Visit our Web sites for additional product information and literature.

Microwave and RF network analyzers:
www.agilent.com/find/na

PNA microwave network analyzers:
www.agilent.com/find/pna

Electronic calibration (ECal):
www.agilent.com/find/ecal

Test and measurement accessories:
www.agilent.com/find/accessories
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products and applications you select.

www.agilent.com

Agilent Technologies' Test and Measurement Support,
Services, and Assistance

Agilent Technologies aims to maximize the value you
receive, while minimizing your risk and problems. We
strive to ensure that you get the test and measurement
capabilities you paid for and obtain the support you need.
Our extensive support resources and services can help
you choose the right Agilent products for your applications
and apply them successfully. Every instrument and system
we sell has a global warranty. Two concepts underlie
Agilent’s overall support policy: “Our Promise” and “Your
Advantage.”

Our Promise

Our Promise means your Agilent test and measurement
equipment will meet its advertised performance and
functionality. When you are choosing new equipment, we
will help you with product information, including realistic
performance specifications and practical recommendations
from experienced test engineers. When you receive your
new Agilent equipment, we can help verify that it works
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Your Advantage
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you can purchase according to your unique technical and
business needs. Solve problems efficiently and gain a
competitive edge by contracting with us for calibration,
extra-cost upgrades, out-of-warranty repairs, and onsite
education and training, as well as design, system integra-
tion, project management, and other professional engineer-
ing services. Experienced Agilent engineers and techni-
cians worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent instru-
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accuracy for the life of those products.

o= Agilent Open
www.agilent.com/find/open

Agilent Open simplifies the process of connecting and
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date and manufacture electronic products. Agilent offers
open connectivity for a broad range of system-ready
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