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For many cases, the ability to debug in both the time domain 
and the frequency domain can be valuable. In the cases where 
you want to debug multiple places on a board, time correlation 
between these signals can be very important; however it can also 
be a challenge when using multiple test instruments. Another 
problem faced while making mixed domain measurements is 
the ability to look at frequency changes over time. Most oscil-
loscopes are useful measurement tools to look at both the time 
and frequency domain because of their Fast Fourier Transform 
capabilities, but Keysight’s InfiniiVision 3000T and 4000 X-Series 
oscilloscope’s time-gated FFT’s help you gain insight into your 
time and frequency domain signals at specified times.

Take, for example, a Voltage Controlled Oscillator (VCO). VCO’s 
can be enabled by an event on your device under test (DUT). In 
this example we will use a rising clock edge to enable an oscillator 
that will sweep through various frequencies; shown in Figure 1. 
Shown on the oscilloscope display is the enabling clock (green) 
and the output of the oscillator (fuchsia).By default this particular 
oscillator starts at 700 kHz and will sweep through frequencies 
until it reaches 3 MHz. By looking at the color grading on the os-
cillator waveform, you can see that it gets slightly darker in time, 
which could be an indication that the frequency is increasing, but 
let’s take a look at this signal in the frequency domain to verify.

On the 3000TX and 4000X oscilloscopes it is easy to set the start 
and stop frequencies to 650 kHz and 3.3 MHz using the keyboard 
on the capacitive touchscreen (Figure 2). You can also set these 
parameters with the span and center frequency (Figure 1).  Set-
ting the appropriate span is important to make sure that all the 
swept frequencies will be included in the FFT.  With these settings 
alone, the FFT will be calculated on full screen data, but it won’t 
show if the frequency changed over time. Since that is what we 
are interested in capturing, we will need to use a time gated FFT.

In Figure 3, the time gated FFT has been turned on. The top half 
of the oscilloscope displays the captured time domain waveforms 
and the gate, which can be resized depending on how much 
information you want to analyze. The window is set around the 
time that the enabled signal was activated. Displayed below are 
the pieces of the time domain waveforms and the FFT of the oscil-
lator waveform within the gate. Here is an example of how time 
correlation and time gating are beneficial because now we can 
see that at the time the oscillator was enabled, its frequency was 
about 700 kHz, which was to be expected. You can see on the 
right of the screen, there is an event table that is showing the fre-
quency peaks. In this case there is only one frequency component 
but with multiple peaks this can be a quick measurement tool.

Figure 1. Enable clock (green) and oscillator output (fushia) options to set spectrum 
parameters.

Figure 2. Use the keypad on the capacitive touch screen to enter values for start 
and stop frequencies.

Figure 3. Time gated FFT, calculating the FFT only in the time specified window.
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Moving the time gate around is easy, it can be done manually 
using the touch screen or with the navigation keys which let you 
play through the entire time record; shown in Figure 4. As the 
gate moves along the waveform, you can see the frequency is 
increasing. In this display there are two peaks in the event table 
because there is a frequency change within the gate, you can see 
this visually on the FFT waveform. 

As you may have noticed, there seems to be gap in the oscillator 
time domain waveform, could it have reach 3 MHz and turned off?  
The frequency measurement right before the gap is about 1.97 
MHz and as shown in Figure 5, the frequency after the gap is at 
about 2.08 MHz.

These measurements indicate that the oscillator did not reach 3 
MHz but instead stalled; by turning on the cursors we can mea-
sure the exact timing of this error. Notice now that the sidebar 
has the cursor measurements included below the event table, it 
appears that the gap happened about 78 ms after it was enabled. 
With this information, we could use the scope to see what else is 
happening on the DUT at this time, and possibly determine the 
cause or if the oscillator itself is not working properly. Keep in 
mind that by looking at the waveform in both domains we were 
able to clearly see that there was a problem, which could have 
been easily missed if we just did a sweep across the frequency 
domain with a different measurement instrument like a spectrum 
analyzer.

Continuing the navigation shows that the oscillator has stopped 
increasing and stabilized at 3 MHz, 140 ms after it was enabled 
(Figure 6). Being able to look at different parts of the signal helped 
to verify that the oscillator did reach the desired frequency.

In this application note a simple VCO was used as an example, 
but the gated FFT is not limited to just a signal with changing fre-
quencies. Gated FFT’s can be useful tools when looking at other 
signals, such as bursty signals, or trying to determine other sig-
nals coupling into your DUT at a specific time. Frequency domain 
measurements using FFT’s on oscilloscopes are good debugging 
tools but using Keysight’s InfiniiVision 3000T and 4000 X-Series 
time gated measurements provide even more analysis with the 
ability to time correlate your measurements in both domains. 

Figure 4. Navigate along the waveform to see the entire spectrum.

Figure 5. Use cursors to measure the time at which the oscillator stalled.

Figure 6. Use cursors to measure when the oscillator stabilized to 3 MHz.
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