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SOP for making an ALD run:
1) Make sure that the reactor is at room temperature and at atmospheric pressure.

2) Load the substrates and the precursors.

a. Before you add a solid precursor that is fine powder in a boat make sure that the flows are 400/600 or less. If the solid precursor is toxic/pyrophoric fill it into the boat in a fume hood or in a glove box and use a sealed transport tube for transferring the boat into the reactor.

b. If you have pyrophoric/toxic precursors in a bubbler make sure that all the connections in the line are tight and made properly and leak test the line before opening the main valve.

3) Close the reactor and pump down slowly enough in order to avoid implosion.

4) Make a text file for your run, open the program, read in the text file and test all the valves that you are using. 

5) Turn on all the heating zones and start the run (press play).

6) Open the precursor main valves manually.

[WAIT FOR THE RUN TO FINISH]

7) Close the manual valves of the bubblers when the run is done.

8) Pump up the reactor when the temperature is sufficiently low (depending on your precursors)

a. Make sure that the cap of the ventilation tube is not blocked when you start to pressurize the reactor.

9) When removing a bubbler containing toxic/pyrophoric precursors  close the manual valve and evacuate the tubing down to the manual valve before disconnecting the bubbler.

10) Open the reactor and take out the substrates.

11) Close the reactor.

· Make sure you don’t mix chemicals that form explosive mixtures (for example H2 and O2)

· If you are using toxic chemicals make sure that the reactor, including the pump line is perfectly vacuum tight.

· If the vacuum breaks down during the deposition stop the run immediately by pushing the emergency stop of the reactor.

A more detailed SOP in Norwegian can be found in “Hvordan bruke ALD3 – detaljert SOP”
Risk assessment for an ALD F-120 reactor
	Subtask
	Risk
	Precaution

	Loading in substrates and precursors
	The  reactor is still hot/heating or under vacuum
	Make sure that the reactor temperature is below 60 °C and that the reactor is under atmospheric pressure

	Loading in a solid precursors in a boat
	If the precursor is a fine powder it can fly out if the N2 flow is very high (1000/1000)
	Set the gas flows to 400/600 or less

	
	You get exposed to toxic precursors during precursor loading
	Use a bubbler or fill the precursor into the boat in a fume hood or in a glove box and transfer it to the reactor using a sealed transport tube. 

	Attaching a pyrophoric/toxic precursor in a bubbler
	The chemical leaks from the bubbler to the atmosphere.
	Make sure that you connect the bubbler properly, that the all VCR/Swagelok connections are made correctly and that you use proper gaskets and sealing that are compatible with the chemical.  Leak test the line if needed. Do not open any valves before the bubbler is properly connected and the reactor is under vacuum.

	Using a toxic precursor
	The precursor may leak to the atmosphere from the exhaust
	Use a gas scrubber for the specific chemical.

	Pump down the reactor
	The reactor implodes.
	Pump down the reactor slowly enough.

	Write a run file and start the deposition 
	Incompatible chemicals may cause fire or other dangerous reactions in the reactor or in the pump.
	Make sure that you don’t mix chemicals that form explosive mixtures (for example H2 and O2) or that react with the pump oil (if you use oil pump).

	Running a deposition
	Toxic/harmful chemicals can leak to the atmosphere.
	If you are using toxic precursors make sure that the reactor, including the exhaust line, is not leaking to the atmosphere and that the ventilation in the pump room works properly. 

	
	The reactor can overheat and melt.
	Make sure that the program in running properly and that the reactor is protected for overheating.

	
	The vacuum breaks down, the deposition continues and precursors leak to atmosphere.
	Stop the run immediately by pushing the emergency stop of the reactor.

	The run is over
	The valves to the bubblers are leaking and the reactor is filled with the chemicals.
	Close the manual valves to the bubblers when the run is over.

	Pressurize the reactor
	The reactor gets to overpressure and explodes.
	Make sure that the cap of the ventilation tube is not blocked.

	Removing bubbler containing toxic/pyrophoric precursors.
	The precursors leaks to the atmosphere.
	Close the manual valve and evacuate the tubing down to the manual valve before disconnecting the bubbler.


Also, check out the document “Examples, growth rate vs temperature Al2O3, ZnO, TiO2” to compare test runs. 
