Standard Operational procedure for the hot-filament chemical vapour deposition reactor - HFCVD (Boron doped diamond films)

Diborane lines
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1. Pumping down the diborane line 
After a long time without using the line or to change the diborane concentration, pump down the gas lines to the diborane cylinder to ensure that no air has leaked in.  As usual, ensure that someone else is nearby when this procedure is done.
- First, ensure chamber is under vacuum and at base pressure, and that the pump exhaust is connected.  M1 should be open but all MFCs should be closed, as should A7, D8 and M3.
- Verify that valves D1 and D5 are closed
- Turn on MFC3 (diborane) from the control box and set it to maximum flow.  Open D8, and also the manual diborane by-pass valve M3.
Open D7.  Open fully regulator D3.
The gas in the lines back to D1 will be pumped out through the chamber, and the pressure jumps to around 5 Torr and then starts to decrease. Wait until the pressure is ~10-2 Torr before proceeding to the next step; this may take a long time, often overnight.

IMPORTANT NOTES BEFORE STARTING WORK:   
 -  set MFC3 back to the required flow value
 -  CLOSE THE DIBORANE BYPASS VALVE M3!
As the lines are now at vacuum, it is necessary to fill them with diborane before starting the deposition process.
 - Close MFC3, D8.   All other valves inside the box should be closed.
 -, then either:
a) Close diborane regulator, open D5 slowly to fill line with diborane straight from the big cylinder.  There may be a pop sound from the regulator as it pressurised.  Adjust D3 to required pressure, usually to ~1atm.
 or
b) Open R1, R2, R4, D6 to fill regulator D3 with diluted diborane from the small cylinder.  Adjust regulator D3 to required pressure (probably maximum), then open D5 to fill gas line with this mixture.
 - With the gas line filled, it is no longer necessary to keep the diborane cylinder open.  So for safety reasons, close D1 tightly, and close D5.
2. Flow Control
During deposition, the gas in the diborane line will gradually run out and the pressure drop.  This will take a couple of hours.  When the diborane flow value shown on the control box (MFC3) starts to decrease, refill the gas line:
- open D5 for a few seconds. Notice the change of pressure on gauge D4. Close valve D5.
Repeat these steps as necessary, until D2 indicates a pressure near 0 psi.  This means the gas pressure in the regulator is low.
(a) If you are using the gas straight from the large cylinder, ensure D5 is closed, then open D1 for a few seconds.  Notice the increase of pressure on gauge D2 to around 2000 psi. Close D1.  Open D5 for a few seconds to fill gas line, then close D5.  Continue deposition.
(b) If you are using the diluted gas from the small cylinder, the pressure drop means that the small cylinder is nearly empty.  The deposition run must be stopped and the cylinder refilled.

3. Diborane dilutions
See the associated document Diborane Dilution Procedure.

Vacuum chamber and deposition procedures
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1. Chamber venting 
- Check chamber is fully pumped down (pressure <20 mTorr)
- Close the valve isolating the vacuum gauges M7.  Close valves M1 isolating the gas input.  Isolate the pump, close M8, M9, M10.
- Open the vent valve M2 gradually, until there is no suction on the air entrance
The vacuum chamber is ready to be opened.

2. Pumping down the chamber
- Check lid is on chamber and bolted down.
- Close valve M2.  Open valves M9 and M10.
- Open slightly valve M8.  
- Let the system pumping down for around 1 min and then open valves M1 and M7.
Pump down for at least 30 min (p  10-2 Torr) before any other procedure.  If pressure does not reach ~20 mTorr within 1 hour, they may be a leak in the chamber.  DO NOT proceed until this leak has been fixed.

3. Deposition procedure
- Verify the pressure level. Under normal conditions the pressure value should be in the range of (60 – 90) mTorr.
- Turn on the cooling fans. 
- Turn on the substrate heater (I = 4 A), and wait for 15 - 20 min.
- Set the MFCs to the desired flow rates in the control box.  Ensure M3 is closed.
- Open the MFCs using the control box. Open valves A6, C6, H7, D8 as required.  Close immediately valve M9.
- Adjust the chamber pressure to 20 Torr using needle valve M8. 
- Turn on the filament power supply, regulating the input current to 6.75 A.
Take note of the starting time. Verify the deposition conditions (current, voltage, pressure and filament position) every 30 min. Pay special attention to the system during the first 15 min, when the main instabilities take place. 

4. Shutdown procedure
- Turn off the filament and substrate heater power supplies. Close the MFCs using the control box. 
- Close valves A7, D8, A6, C6, H7 and D7. Open valve M9.
Let the system cool down for at least 20 min, before turning off the fans and venting.
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