OCTIV PRACTICAL GUIDE

How to use an Octiv in a fabrication
facility for day-to-day troubleshooting
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PRE-MATCH: OCTIV IN THE 50-OHM ENVIRONMENT
To get the best from your Octiv in the 50-ohm environment, you should monitor the following parameters (under
‘File’ > ‘Display Options’):
• Power
• Frequency
• Voltage
• Current
• Phase
• Power Forward
• Power Reflected
• Impedance
For the best results use the time trend tab, with the sample rate set to 0.1 s, with the maximum number of
harmonics selected possible (for Octiv Poly 2.0 or Suite 2.0).
MATCHBOX CHARACTERISATION
General output checks
Place the Octiv on the output of the generator prior to any cabling. The Octiv can then be used to monitor the real
power being output from the generator to test the generator's health.
How to check cable efficiencies
Once you know the accuracy of your generator through the previous step, you can look for areas of power loss in
your system. Attaching an Octiv before the matchbox would allow you to determine how much power is being lost
per meter in your cables. This can be compared with the manufacturer's specification for how much power should
be lost per meter (note: this is frequency dependent). If your cable deviates from the manufacturer's specification,
then excess power is being absorbed by the cable and most likely has been damaged (either due to mechanical
stresses such as bending or thermal stresses from multiple heat cycles).

Figure 1. Power Fwd: before and after repair.
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RF FINGERPRINTING TOOLS FOR CHAMBER MATCHING
Monitoring the RF generator output does not necessarily tell you that something is wrong. See figure 1, the Power
Fwd appears the same before and after a repair is carried out. By monitoring the impedance you get a different
story. These graphs show merged data to compare before and after a hardware repair, see figure 2. In figure 3, a
drop in reflected power was observed.
If there are ignition issues, then monitoring the Power Ref using the Octiv which reports at a faster rate than
the FDC system, allows you to monitor if changes being made to the tool are making any difference during the
maintenance. In figure 3, there were very large spikes in the Power Ref during ignition before the repair, with
standard spikes observed after the tool repair.

Figure 2. Impedance: showing instability before repair and clean data after repair.

Figure 3. Power Ref: pre and post repair.

ARC EVENTS: WHAT TO LOOK FOR
The data display tab can be used to overlay processes from different tools for comparison. In figure 4, we see a
healthy tool in red vs a problematic tool in blue, caused by a malfunctioning matchbox which had arcing occurring
inside a capacitor causing instabilities in the plasma.
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Figure 4. Monitoring of the 'Fundamental Voltage' to see the health of a match box. Stable process (red), fluctuating process (blue) - failing
match box was causing arcs during the process.

Endpoint detection (pre-match)
Ideally for end-point detection you would directly monitor the plasma in the post-match region but it is possible
to do so in the pre-match region. This is done by running your process and allowing the system to match, then
turning off the matchbox auto-tuning function. Then if there are any impedance changes in the plasma they will be
picked up by the Octiv without being compensated for by the matchbox.
POST-MATCH: OCTIV IN THE NON-50-OHM ENVIRONMENT
The most relevant parameters for the environment between the chamber and the match unit are:
• Power
• Frequency, F1…5
• Voltage, V1…15
• Current, I1…15
• Phase, P1…15
• Harmonic Phase, HP2…15 (Octiv Suite 2.0 or RF Spectrometer only)
• Complex Impedance
• Ion Flux (Octiv Suite 2.0 only)
Initial data analysis using data display
1. Check the fundamental impedance values first (real and imaginary or magnitude and phase).
• Almost anything that changes inside the chamber will change the fundamental impedance.
2. Then, plot the fundamental voltage on the right axis (plot it, then click the little "R" symbol) and start
plotting each voltage harmonic on the L axis.
• The harmonics are often much more sensitive since they react non-linearly with changes in plasma
impedance. In the 50 Ohm side, these harmonics are heavily attenuated by the match box and will
have a poor signal to noise ratio, but if you see changes then you know that a post-match sensor
would see the result very clearly.
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You can see very strong changes in the harmonics (red, black, light blue) compared to the fundamental (dark blue,
intersecting the red line).

Figure 5. Plot of fundamental voltage and 3 harmonics.

3. Repeat step 2 for current, phase and harmonic phase.
• All these channels are independent and may have different sensitivities. Again, keep in mind that if
the measurements were after the match box those harmonic signals could be 10x or 100x higher for
better signal-to-noise.
• Keep in mind that the harmonic phase for the fundamental is 0 by definition.
Harmonic monitoring
The harmonics generated can be particularly sensitive to changes in the plasma. By using the profile chart, you can
easily monitor multiple harmonics relative to the fundamental at once. These profile charts can be viewed in either
a percentage or dBc scale of the power ratio with respect to the fundamental frequency.

Figure 6. Voltage and current harmonic profile charts: (a) dBc scale (b) percentage (%) scale.

Monitoring matchbox health
Match box health can be monitored by checking if excess power is being lost across the matchbox. This is done
by measuring the power going into the matchbox (Octiv directly before the match) and coming out of the match
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(Octiv directly after the match). If more than 20% of power is being lost in the matchbox then you may not have the
correct matchbox for that process.
Chamber to chamber matching
To check if two tools are truly matched, we need (a) the power being delivered to the electrode to be the same, (b)
that the impedance of the plasma is the same.
Matchbox characterisation
To check if the match box has the correct impedance range for your process, or if your new matchbox has the
same impedance range as your previous matchbox, the Octiv can be used to do Matchbox characterisation. The
full process is shown in the Impedans YouTube video: RF Matching Network Characterisation.
Clean/etch endpoint detection
With an Octiv after the matchbox, it is typically very easy to determine
the endpoint for clean or etch processes. Usually a change in the plasma
impedance is seen, but one or more of the harmonics have a dramatic change
when the process finishes (see figure 7).
To test the open area ratio that endpoint can be detected on your tool, create
a wafer(s) with a fixed % open area (30%), then cover the wafer in fixed steps
(15% open area, 10% etc) until the endpoint is no longer detectable. Below 1%
open area has been demonstrated in the field with post-match data.

Figure 7. Example of Etchpoint data.

Fault detection
With access to the plasma impedance/plasma harmonic many faults can be identified on a tool. Here is a procedure
to characterise or identify fault signatures from your tool.
1. Collect baseline data. Run a recipe on the tool with a specific power/pressure, while ensuring to record all
harmonics.
2. Deliberately introduce the faults you are looking to monitor within the tool. For example: add a few
SCCM’s of nitrogen to simulate an air leak and observe how the harmonic spectrum changes.
Some faults that have been observed using an Octiv Poly 2.0 post-match are:
• Wafer displacement issues
• Air/gas leaks
• Shower head issues
• Parasitic plasma formation
• Chamber conditioning/seasoning issues
Many other faults that affect the plasma and therefore the process can be detected.
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Impedans has baseline management software (Impedans EXPERT) that automates this fault detection and acts as
a meaningful alarm system. Feel free to send the .dat files to Impedans for additional processing.
OCTIV SENSOR COMPARISON TABLE
Mono 2.0 (50 Ω)

Poly 2.0 (non-50 Ω)

Suite 2.0 (non-50 Ω)

Power

Power

Power

Frequency

Frequency, F1…5

Frequency, F1…5

Voltage

Voltage, V1…5

Voltage, V1…5

Current

Current, I1…5

Current, I1…5

Phase

Phase, P1…5

Phase, P1…5

Power Forward

Power Delivered

Power Delivered

Impedance

Impedance

Complex Impedance

Complex Impedance

Power Reflected
Impedance

Harmonic Phase, HP2…15 (RF Spectrometer)
Ion Flux (only rf biased electrodes)
*Click here to read more about OCTIV Mono 2.0.
*Click here to read more about OCTIV Poly 2.0.
*Click here to read more about OCTIV Suite 2.0.
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