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Introduction to Tracking Generators

A tracking generator is a signal source whose RF output follows  
the tuning of the spectrum analyzer. The tracking generator output  
signal is generated by mixing the signals from two or more  
oscillators. A simplified block diagram is shown in Figure 1.

The tracking generator uses the Swept LO from the spectrum 
analyzer and mixes that LO signal with a stable, fixed oscillator.  
If we tune the oscillator in the tracking generator (F’if) to the 
center frequency of the IF filter in the spectrum analyzer (F if), and 
use the difference mixing product, then the output frequency of 
the tracking generator (F’s) will equal the input frequency of the 
spectrum analyzer (F s). The spans of the spectrum analyzer and 
tracking generator are matched and synchronous and therefore 
precise tracking is achieved.

Benefits of Using a Tracking Generator

Figure 1. Block diagram of tracking generator

Figure 2. Using N9322C and its tracking generator for scalar network analysis
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1. It stretches your instrument budget — one  
instrument provides dual-purpose measurements
In addition to measuring signal amplitude characteristics such 
as carrier power, sidebands, and harmonics, a spectrum analyzer 
with a tracking generator can also make scalar network analysis 
with high dynamic range, such as the insertion loss, pass/stop 
band of a component, or the gain of an amplifier. For example, 
adding a tracking generator to your Keysight Technologies, Inc. 
N9322C BSA provides single-channel scalar network analysis in 
addition to the analyzer’s spectrum analysis capabilities.

2. It is effective for scalar transmission  
measurements — the tracking generator output 
and the RF input of the spectrum analyzer are  
well synchronized
The precise tracking between the tracking generator and the  
analyzer establishes a well-synchronized stimulus/response  
measurement system. It is able to cover scalar transmission  
measurements such as gain, frequency response, insertion loss, 
and flatness on components and subsystems.

DUT

Figure 3. Transmission measurement
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The tracking generator provides a cost-effective way for  
spectrum analyzer users to expand their testing to cover more 
component-level characterization.
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Introduction to the N9322C BSA and  
its Tracking Generator

The Keysight N9322C BSA is a 7 GHz general purpose spectrum 
analyzer. It is expandable to cover scalar transmission measure-
ment by adding a tracking generator (Option TG7). Option TG7 
gives you the ability to make accurate scalar transmission  
measurements, such as gain and insertion loss of a DUT.

N9322C Option TG7 overview
–– Frequency

–– Range: 5 MHz to 7 GHz
–– Resolution: 1 Hz
–– Resolution bandwidth (RBW): 3 kHz to 3 MHz 

–– Output power
–– Range: –20 to 0 dBm
–– Resolution: 1 dB

–– Measurement dynamic range
–– Max. output power — DANL with 3 kHz RBW

Figure 4. Transmission measurement setup

Differences Between Network Analyzers 
and Spectrum Analyzers

Network analyzer Spectrum analyzer

Measures components, devices, 
circuits, sub-assemblies

Measures signal amplitude  
characteristics

Contains source and receiver Can demodulate and measure 
complex signals

Displays ratioed amplitude and 
phase (by frequency or power 
sweeps)

Contains receivers only

Offers advanced error correction Measures scalar component  
(no phase information) with tracking  
generator or external sources
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Making a Transmission Measurement with the Keysight N9322C BSA

DUT properties in the following example:
–– Center frequency: 902.5 MHz

–– 3 dB bandwidth: 25 MHz

–– Insertion loss: < 0.8 dB

–– VSWR: < 1.5

–– Rejection: > 30 dBc at 880 MHz; > 30 dBc at 925 MHz

In the following demonstration procedure, text in [ ] indicates the 
hardkey and { } indicates the softkey on the N9322C spectrum 
analyzer.

Step 1 
Enter the tracking generator mode and set up the N9322C control 
parameters.

1.	 Press [Mode] > {Tracking Generator}, and turn on the  
{Amplitude}, with –20 dBm output as the default power.

2.	 Press [Frequency] and set the center frequency to 902.5 MHz.
3.	 Press [Span] and set the span to 55 MHz (10 MHz wider 

than the 45 MHz bandwidth of the filter provides a better 
view on the analyzer’s screen).

At this point, the N932CC’s default attenuation is –20 dBm, and 
auto RBW setting is 300 kHz with DANL at about –66 dBm. 
Therefore the dynamic range of the tracking generator mode is 
about 46 dB. It is able to cover the measurement requirement for 
a 30 dBc rejection filter.

In order to achieve the most accurate and repeatable measurement  
result, we need to improve the dynamic range of the tracking 
generator measurement mode. Decreasing the attenuation and 
RBW are the commonly used methods.

4.	 Press [Amplitude] > {Attenuation} and set the input  
attenuation to 10 dB.

5.	 Press [BW] and manually decrease the RBW to 100 kHz.

You will see the measurement result as shown in Figure 5.

3-step guide to make an accurate transmission 
measurement

1.	 Set up the spectrum analyzer’s control settings  
(frequency, RBW, sweep time, input attenuation, etc.) 
with the DUT connected.

2.	 Establish a 0 dB reference by removing the DUT 
and measuring the incident signal level. Turn on the 
normalization function to subtract the incident power 
from the tracking generator.

3.	 Make the transmission measurement by re-inserting 
the device into the transmission measurement path.

Figure 5. N9322C setups overview
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Step 2 
Before we can determine the transmission loss or gain of the  
DUT, a “normalization” procedure is required, which will establish 
a 0 dB reference trace stored in the spectrum analyzer and will  
be used for normalizing the measured data. Refer to Figure 6.

–– Remove the filter from the TG output and the RF input ports
–– Press [MEAS] > {Normalize}. The N9322C provides instructions  

for the normalization procedure
–– Directly connect the tracking generator output to the  

spectrum analyzer input with the same test cables. If  
necessary, use a thru adapter, such as the Keysight 
N9311X-546, to connect the test cables. Notice that the  
frequency’s response may not be perfectly flat since its 
showing the response of the cables as well as the flatness  
of both the tracking generator and the spectrum analyzer

–– Press [Enter] > {Store Ref 1 � 4}
–– Toggle {Normalize} to On
–– The position of the normalized trace is adjustable using 

{Norm Ref Pos}

Figure 6. Normalization establishes a 0-dB reference trace

Figure 7. Marker delta readout shows the rejection greater than 30 dBc at 880 MHz

Figure 8. Marker delta readout shows the rejection greater than 30 dBc at 925 MHz

Step 3 
Re-insert the DUT and make the transmission measurement. 

–– As the output of the tracking generator sweeps across  
the DUT (a band-pass filter in this example), we see the 
frequency response of the filter on the display of the analyzer. 
Normalization has enabled us to make a relative measurement  
and removed the frequency-response errors of the test 
setup. 

–– Press [Marker] > {Mode Normal} > {Delta} and set the marker 
delta to [–22.5] MHz or [22.5] MHz. The marker delta read out 
shows the rejection of the filter is above 30 dBc. See Figure 7 
and 8 for example.
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Summary

Ordering Information

Product number Description

N9322C Basic Spectrum Analyzer, 9 kHz to 7 GHz

N9322C-TG7 Tracking generator, 5 MHz to 7 GHz

N9311X-546 N (Female) – N (Female) adapter, DC to 18 GHz

Adding a tracking generator to the Keysight N9322C basic 
spectrum analyzer (BSA) gives you the ability to make accurate 
stimulus-response measurements in addition to general purpose 
spectrum power measurements. As a receiver, a spectrum  
analyzer offers a large dynamic range and eliminates harmonics  
from the display. The tracking generator, as the companion 
source to a spectrum analyzer, allows simple transmission  
measurements to be made, such as attenuation, insertion loss, 
and gain.
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