Quick reference for doing leak search on ALD-reactor #3.
EQUIPMENT NEEDED:

1. Combined Helium-detector and vacuum pump, Pfeiffer Vacuum QualyTest ™.
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Figure 1: Pfeiffer Vacuum QualyTest ™.
2. Helium-bottle (make sure it’s the cheap kind!) with attached hose with a dropper (Norwegian: dråpeteller) on the end.

WARNING:

- Do not move or bump the Pfeiffer Vacuum QualyTest ™ while the turbo pump (vacuum pump) is running. The turbo pump consists of stationary and rapidly rotating parts very close to one another. If they were to collide then this energy would be released in an unwanted manner, most probably involving the unison of your body with shrapnel. Remember that the turbo pump takes a while to slow down even after you’ve turned off the device.
To connect and start the Pfeiffer Vacuum QualyTest ™:
1. Position the Pfeiffer Vacuum QualyTest ™ next to the reactor and apply the breaks by stepping down on the two red pedals on the wheels. (A in Figure 1)
2. Connect the vacuum tube from the turbo pump to the reactor as shown in Figure 2. [image: image2.png]



Figure 2: Connect the vacuum tube like this.
3. Turn off the nitrogen flow to the reactor, by turning the handle on the backside of the large metal plate seen in the background of Figure 2.
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Figure 3: Turn handle to ”CLOSED” to shut off the nitrogen flow.

4. Plug in the electricity plug and hit the turn the pump on with the button above the power chord inlet on the device base (B in Figure 1)
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Figure 4: On/off button.
5. Listen to the sound of the turbo pump starting up and look at the display showing something like Figure 5.
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Figure 5: Display during start-up.
6. When the device is ready the display will look similar to Figure 6
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Figure 6: Close-up of display after start-up.
7. Open valve to the reactor (as seen in Figure 2) slightly to make sure the turbo pump gets some gas to work with when you start pumping (which you will shortly). If you forget this step, then the pump will automatically close an internal valve because it doesn’t trust that you know what you’re doing. This is not a big problem, but you will have to repeat steps 7 and 8 again to start pumping.
8. Start pumping by pressing the START-STOP button on the top-right side of the display console as shown in Figure 7. Adjust the flow with the valve to the reactor (as seen in Figure 2). Too much flow will make the pump close an internal valve to protect the turbo pump (see Figure 8). If so happens, press the purple button on the display console front corresponding to the “OK” sign on the display, tighten the valve to the reactor a bit, and try to push the START-STOP button again.
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Figure 7: ZERO and START-STOP buttons on the top of the display console.
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Figure 8: Close up of display when the turbo pump gets too much gas flow.
9. The display should show something similar to Figure 9 while pumping down.
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Figure 9: Close up of display while pumping down.
10. When the pressure is at equilibrium, the display should switch to graph mode (see Figure 10). If it does not show up, you can press the purple button on the display console front corresponding to the “Graph” sign on the display. The detector is tuned for Helium, but will also detect other gas species, so if there is enough leakage to get air flowing in, it will show up as high concentration.
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Figure 10: Close up of display in graph mode. X-scale is time, Y-scale is detected concentration of gas-species.

Testing for leakage using Helium gas:
1. Open main valve of the Helium gas bottle, and make sure the reduction valve shows approx. 2 bar. 
2. Get a glass of water and put the end of the dropper down into the water. Press the handle to release Helium gas and observe if there are bubbles or not. Use the tiny metal valve-adjuster next to the reduction valve to adjust the gas flow so that a small but steady amount of bubbles are continuously released when the handle is pressed.
3. Keep an eye on the display of the Helium detector (/turbo pump) while using the dropper as a probe spraying a quick burst of Helium on cracks and crevices that are potential candidates for leakage (see Figure 11). Remember that Helium is lighter than air and will flow upwards. It is therefore important to start at the top and work your way downwards, allowing enough time between probes for the Helium to diffuse through the system to the detector (~10 seconds). a)[image: image11.png]
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Figure 11: Examples of probing for leaks.
4. Typical suspects are shown in Figure 12. 

A denotes the gaps between the metal blocks that make up the end-piece of the reactor. Leaks here can be solved by screwing the four main bolts more closely, or by fixing faulty O-rings that are placed between the blocks. 

B denotes the rings for attaching external precursor-sources. They can be tightened or their O-rings replaced.

C denotes the side-blocks with the transport gas valves and the attachments for the plastic exhaust gas tubes. Lots of tiny O-rings in here that can be faulty or even missing, the connections to the plastic exhaust gas tubes is a weak spot that can sometimes need vacuum grease to be tight enough.

D denotes the many links between the tubes in the exhaust system. Tightening the clamps or replacing faulty O-rings can fix leakages down here.
On the front side, one can check the door and the small tube underneath that brings nitrogen to the outer chamber of the oven.

Remember to also investigate the mounted precursor-sources and test their valves for leakage (separate procedure).

[image: image13.png]



Figure 12: Most common places where leaks are found.

5. When small/moderate leakage is found, it usually shows up like this on the display of the detector (see Figure 13). The figure shows the scattered signal around 10-12-10-10 that is observed when there are no leakages. The signal then rises relatively abrupt as Helium is leaking in from a crevice which has been probed. The signal then remains high for a few seconds before dropping down again. The point of leakage is noted down (by you, on a sheet of paper). A second leakage is found after this.
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Figure 13: Close up of detector display showing two leakages detected.
Turning off the Pfeiffer Vacuum QualyTest ™:
1. Press the START-STOP button (as seen in Figure 7) to close the internal valve protecting the turbo pump.

2. Press the OFF-button on the side of the device (as seen in Figure 4).

3. Wait for turbo pump to slow down and stop (you’ll hear it slowing down). This takes approx. 5 minutes. In the mean time you can open the nitrogen flow to the reactor again (the opposite procedure of the one shown in Figure 3).

4. When the reactor is back to atmospheric pressure (takes a long time) and the turbo pump has stopped, you can disconnect the Pfeiffer Vacuum QualyTest ™ from the reactor, release the breaks by stepping on the green pedals on the wheels (A in Figure 1) and putting the device back to its storage position. Remember to connect the reactor to its original vacuum pump again.

QnA:

Q: Are there any details to the “bubble calibration” of the Helium-flow I should be aware of?

A: Yes, the pressure usually builds up when you don’t press the handle, so you may get a short bubble-burst immediately when you press it. But you need to make sure that there are still bubbles coming out after this initial burst. Also the pressure from the water onto the gas is dependant on how deeply your dropper is immersed. It may therefore look like you don’t get any gas out if your dropper is too deep down, but if you raise it a bit you may still get bubbles. Try keeping it in the upper-middle part of the water.
Q: Would it not be better to open the small metal valve for the Helium completely so that the flow would be unrestricted, and rather adjust the pressure with the reduction valve? This way one could perhaps avoid having so much pressure build up when the handle for the Helium is not pressed.

A: Good idea. Try it out and if it works you can change this procedure accordingly.
Kristoffer R. Haug 11.11.09
SAFE JOB ANALYSIS (SJA)

Name of department: Department of Chemistry
Job which this analysis is concerning: The leak searcher - Pfeiffer Vacuum QualyTest™.

Date: 11.11.2010, Knut Bjarne Gandrud
	Subtask
	What may cause an undesired event
	Possible precautions

	The leak searcher is running i.e. the turbo pump is running 
	Bumping or moving the leak searcher may cause the energy built up in the fast rotating turbo pump to be released in unwanted fashion i.e. flying sharp metal pieces.


	Do not bump or try to move the Pfeiffer Vacuum QualyTest™ while it is running. Put the breaks on, they are located on the wheels.

	Turning off the leak searcher.


	Bumping or moving the leak searcher may cause the energy built up in the fast rotating turbo pump to be released in unwanted fashion i.e. flying sharp metal pieces.


	Do not try to move the leak searcher before the turbo pump has slowed down and come to a stop (you’ll hear it slowing down). This takes approx. 5 minutes.


SAFE operation procedures – Pfeiffer Vacuum QualyTest ™
Name of department: Department of Chemistry
Job which this analysis is concerning: Pfeiffer Vacuum QualyTest™
Date: 11.10.2010, Knut Bjarne Gandrud
· While the Pfeiffer Vacuum QualyTest™ is running put the breaks on, and do not bump it or try to move it.

· After turning the leak searcher off, do not try to move it before the turbo pump has slowed down and come to a stop (you’ll hear it slowing down). This takes approx. 5 minutes. 

