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I.  General Warnings and Notes

1.
Proper record keeping:

System users must know past performance and changes to the system.  There are two logbooks on the counter next to the sputtering system.  Record ANY changes to the sputter system itself in the bound notebook along with the date and your initials.  Report ALL depositions in this book along with any changes in gas pressures in the blue three-ring binder.

2.
Safety and cleanliness:

Use gloves whenever you touch a surface that is inside the vacuum chamber, or handle anything that will go into the chamber.  Finger grease compromises the vacuum.  Gloves also protect you from chemicals in the lab.  Wash your hands after leaving the lab.  Note that sink at the south end of the room gives non-potable water.  You must often run the water for while until it clears.  Wear a facemask when you work inside the vacuum system.  This protects you from noxious vapors and protects the chamber from your breath.  Water vapor is a vacuum system’s worst enemy.

3.
WARNING
Never have the High-Vac Valve and the Roughing Valve open at the same time.  If you do, the turbo-pump is exhausting into the chamber.

4.
WARNING
Never have the Fore-line Valve and the roughing valve open at the same time.  This means that if the roughing valve is open, the Turbo-pump must be out of the system (all valves to turbo-pump are closed).
5. WARNING
Ensure that the Vent Gas Regulator is open and the Purge Flow Meter is indicating a flow of at least 20 sccm of N2 to the TMP bearings whenever reactive gases are being supplied to the chamber.  This prevents bearing wear.

6. WARNING

Try not to leave the system at atmospheric pressure for over 20 minutes.  This allows moisture in and the system pump-down rate will be extremely slow.  If you must have the system open for longer than 20 minutes, refer to the Changing Targets section.
II. Description of System

General Layout
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The sputter system consists of a cylindrical chamber (about 80 cm in diameter and 30 cm high, volume 1.5x105 cm3).  It is accessed by vertically hoisting the top o-ring sealed lid.  It is pumped by a Varian 1000 liter/sec turbo-molecular pump (TMP).  The TMP is backed by a DuoSeal mechanical roughing pump.  (The original pump was fomblinized, but the current one runs on hydrocarbon oil. There is no documentation for this pump.)   

There are two right-angled, water-cooled, RF-magnetron guns (AJA International).   Each gun is controlled independently by systems consisting of a power supply, matching network, and generator.
The typical base pressure is about 1x10-6 Torr.  Sputter gases are fed into the system via mass-flow controllers.  Typical sputtering gases are Ar or Ar/O2 at 10 to 100 mTorr.

Substrates are mounted on a rotatable holder with vertical motion and heated by a Neocera resistance heater up to 900(C (in principle).  Rotation of the holder is accomplished by computer control.

Controllers

Gun Power Supply

Each RF Power Products RF5S Power Supply is connected to a variac that must be set at 110V.  The power supply will give an error message if the variac is set too high or too low.  The variacs are located on the floor under the system.




Matching Network (RF Power Products)  
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The matching network should be powered whenever power is being supplied to the gun by turning the ON/OFF toggle to ON.  The indicator LED above the ON/OFF toggle will be illuminated when the unit is powered.

If any of the other LEDs are illuminated, the matching network is not tuned properly.  Consult the manual to remedy the situation.

The AUTO/MAN/REM toggle should be on AUTO.

When the unit is powered and functioning properly the indicator needles on the analog gauges should read somewhere in mid-range.  Any other state indicates the matching network is not properly tuned.

Mass Flow Readout (MKS Instruments 247 4 Channel Readout)

The mass flow controller (MFC) readout displays the rate of gas flow thought the MFC valves.   It controls up to four valves and displays the flow rate of only one (selectable) in std cc/sec or ratio of one of the gases.  
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The flow of gas is adjusted manually by holding the “Read/Set Pt.” toggle up to “Set Pt.” while adjusting the set point with a small screwdriver.

Valve Switch Panel

This panel controls all the valves.  The unused switches are labeled as such.  
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Foreline pressure
Convectron gauge
Hoist switch
Do not rely on the hoist interlock to stop the chamber from being opened too early.  It usually allows the hoist to operate with the chamber at 600Torr.  Opening at this pressure will result in the hoist lifting the entire system (TMP included) and not just the ‘lid.’  Until we connect a differential vacuum gauge to the chamber, rely on the convectron gauge to read the pressure in the chamber before opening.
Ion Gauge Control 
Do not operate if the chamber is above 1.2x10-4Torr.  The filament won’t actually come on, but it is best to avoid testing the interlock.
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Turbo-Molecular Pump Controller (Varian 969-9554 Turbo-V 1000HT Pump Controller)
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This operates the TMP.  If the screen is blank, the power to the TMP may need to be turned on or reset.  The power switch for the TMP is located on the valve switch panel.  To operate the pump (pumping down), push the start button.  The button above that will toggle to give the status of the pump.  If the temperature is at 50(C or above, shut the TMP down and close the foreline valve.  Temperatures above 50(C will damage the bearings.  Use low speed operation (LS) for depositions.

Temperature Control (Eurotherm 808 Digital Temperature/Process controller)
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This controls the substrate heater: target temperature, ramp rate, dwell time, etc.  For a complete operations guide, consult the Eurotherm manual located with the sputter system reference books.  The power to the Eurotherm is routed through a variac on the floor.

Targets

Targets are typically 2.0" in diameter (with a tolerance below 5%) and 1/16” to 1/4” thick.  If the target is too big or too small, it will change the capacitance between the anode and cathode, resulting in a nonuniform plasma.  The more dense the target, the better.  Cold pressed targets are usually about 80% of theoretical density.  Record the density of your target.
WARNING:  Do not make targets that are thicker than 1/4”.  If the target is too thick, it will be too close to the anode and the gun will not be able to strike an arc.  In general, if the target is thick, the sputtering will be non-uniform.

Mounting a Target: All targets must be mounted with silver paste (Aremco Products Pyro-Duct 597-A) onto a backing plate made from OHFC (oxygen free high conductivity) copper, 2” in diameter and about 1/16” thick.  This combination ensures good thermal and electrical contact with the ion sputtering gun.

1. Scrub the copper backing plate with a green scrub pad and methanol in order to remove the oxide layer and expose the shiny metal.  Remove all residues with a Kimwipe and methanol.
2. Apply a thin layer of silver paste to the backing plate and a thin layer to the back of the target. 

3. Wait about 5 minutes for it to air dry.
4. Place a drop of silver paste on the copper backing plate so that when spread out over the surface of the plate it would form a layer about 1/16 inch thick.  

5. Press the target onto the silver paste drop until the paste squeezes slightly out past the edge of the target.  Take care not to include any pockets of trapped air.  Position the target in the center of the back plate. 

6. Allow target and backing plate to air dry for 2 hours at room temperature.

7. Put the target and backing plate in a furnace at 90º C in air for 2 hours for the final curing.

8. Scrub the back of the copper backing plate with a green scrub pad and methanol in order to remove the oxide layer and expose the shiny metal.  Remove all residues with a Kimwipe and methanol.
9. Mount target in gun.  (Consult the gun owner’s manual for more detail.)

Substrate Heater and Mount
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Note:  Pre-Sputtering a Target

It is important to pre-sputter all targets, but especially non-oxide targets.  This eliminates surface oxidation.  The process for pre-sputtering is the same as for deposition.  New targets should be pre-sputtered for about 24 hours.  For old targets, a 30-minute pre-sputter will work.  Shield the substrate by turning it 90 degrees from the gun if it is in the chamber during pre-sputtering.

Vacuum Diagram
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Electrical Diagrams – Located with sputter system manuals.
Gas Diagrams
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Water Diagram

III. Breaking Vacuum

Long-Term Break (more than 10 minutes)

1. Turn Ion Gauge filament off.

2. Close High-Vac Valve.  When the red LED for this valve is on, the valve is open.

3. Close the Fore-line Valve.
4. Turn off the Turbo-pump.

5. Turn off the Mechanical Pump
6. Open the Vent Gas Regulator (this should already be on).
7. Open the Vent Valve. When the red LED for this valve is on, the valve is open.

8. Wait for the chamber to reach atmospheric pressure.  You will be able to hear the vent gas filling the chamber.  It should take about 15 seconds for the chamber to reach atmospheric pressure.  You should be able to notice a slight gap in the seal between the chamber and the lid.

9. After the chamber reaches atmospheric pressure, close the Vent Valve.

10. Open the chamber using the Hoist Switch.
Short-Term Break (less than 10 minutes)

1. Turn Ion Gauge filament off.

2. Close High-Vac Valve.  When the red LED for this valve is on, the valve is open.
3. Open the Vent Gas Regulator (this should already be on).
4. Open the Vent Valve. When the red LED for this valve is on, the valve is open.

5. Wait for the chamber to reach atmospheric pressure.  You will be able to hear the vent gas filling the chamber.  It should take about 15 seconds for the chamber to reach atmospheric pressure.  You should be able to notice a slight gap in the seal between the chamber and the lid.

6. After the chamber reaches atmospheric pressure, close the Vent Valve.

7. Open the chamber using the Hoist Switch.
IV.  Loading a Substrate

WARNING:

Lab-coat, gloves and a facemask are required when working inside the system.

Protect yourself.  Inhaling residual metal vapors and other chemicals, or getting them on your hands should be avoided if at all possible.  

Protect the system. Finger grease, even the smallest amount, can cause outgassing in the chamber for very long periods (days) and seriously degrades the base vacuum pressure.  
Cleaning a Substrate: Before loading the substrate, the substrate must be cleaned.

1.
Place the substrate in a beaker with acetone to remove outer layers of residue.  

2.
Place beaker with sample into a ultrasonic cleaner for 15 minutes. There is a ultrasonic bath in Weniger 487.  
3.
Drain off the acetone into a used acetone container.  It is illegal to dump acetone down the sink.

4.
Repeat cleaning with methanol in place of  acetone.  Methanol dries cleaner than acetone.

Loading a Substrate:

1. Remove the substrate mount by loosening the top set screw on the heater.  There is no need to loosen the bottom set screw.  The substrate mask and mask holder are loosely fitted to the substrate mount.  Take care not to drop any pieces.
2. Place the substrate in the mount with mask and mask holder.  

3. Place substrate mount back onto heater.  Confirm that a good thermal contact is made with the substrate and heater.  Tighten the top set screw.

V. Pumping Down

1. Push Hoist Switch down to close the chamber.

2. Confirm that the vent valve and vent gas regulator are closed.

3. Turn on the Mechanical Pump.

4. Open the Roughing Valve.

5. The chamber is now pumping down.

6. When the pressure on the Convectron Gauge gets below 20 Torr, close the Roughing Valve.

7. Open the High-Vac Valve.

8. Turn on the Turbo-pump.

Note:  The turbo-pump controller has a readout that displays the temperature of the bearings in the turbo-pump itself.  If this temperature reaches 50º C at any time, you MUST shut the Turbo-pump off!

9. Open the Foreline Valve.

10. When the Convectron Gauge pressure gets to zero, turn on the ion gauge filament located on the Ion Gauge Control Panel.

VI. Changing Targets

When changing targets, the chamber may be at atmospheric pressure for 2 hours or more.  This will allow moisture to enter the chamber, which is bad.  (See General Warnings and Notes.)  The following steps will help expel this moisture from the system.

Note: The following steps are good to do any time the chamber is left open.

1.
Do the above steps 1-10 of Pumping Down. 

2.
Let the Turbo-pump continue to operate until a base pressure of about 5x10-5Torr is reached.

3.
Do steps 1-8 of Breaking Vacuum.  This purges the chamber with dry nitrogen.

4.
Repeat steps 1-3 above, but let the base pressure go down further each time.  Continue until the system is able to pump down to less than 2x10-6 Torr in one hour.

VII. Deposition

Preconditions:

· Chamber pressure less than 10-6 Torr
· Target pre-sputtered

· Substrate mounted

· RF Power control programmed (consult the manual)

· Substrate motion control programmed
WARNING 1.  Coolant water MUST be flowing to the gun via the water line coming from the wall behind the system.  The master valves to the waterlines are located behind the chamber on the wall.  You can make sure the water is flowing by checking the water flow meter.  The flow rate can be adjusted using the knob on the bottom of the flow meter.  Adjust the flow meter so that the rate is at least 22 GPH.  If the water is not on, the gun will melt.  The water temperature must not exceed 35(C.  Usually it is 15(C when the gun is operating.

WARNING 2.
Strike a plasma with no more that 30W initially.  Always ramp the power slowly to the desired value.  Failure to do so may result in the target exploding.  See the power supply manual for pre-set ramping instructions.

1. If the substrate heater will be used, cycle through the parameters on the Temperature Controller (Eurotherm).  Check to make sure the ramp rate (R1) is 15º C per minute or lower.  Check to make sure the level temperature (L1) is at deposition temperature.  Check to make sure the dwell time (D1) is thirty minutes greater than your deposition time or more.  The heater can be ramped down earlier than initially programmed if necessary.  The important thing is to be sure it doesn’t ramp down too early.  Depositions are temperature dependent, so the heater must remain on throughout the entire deposition.  Start the heater ramping early so when the deposition is made, the substrate will be at the proper temperature.  

2. Record the operating parameters in the log book.

3. Push the low speed button on the Turbo-pump Controller.  This will reduce the amount of gas pumped through the chamber.  The Turbo-pump should be running at about 25KRPM.

4. Turn off the Ion gauge Filament.  

5. Close the throttle valve.  In this case, flipping the switch up means the throttle valve will close and the red valve indicator light will come on.

6. Turn the gun power supply on by pressing the “POWER ON/OFF” button.  Once the unit completes its self-check, press the “RF ON/OFF” button. This doesn’t turn the gun on, just the power supply control.

7. Turn on the matching network.  Never turn on the gun with the matching network off.

8. Confirm that coolant water is flowing.
9. Confirm that the deposition gas bottle connections are correctly hooked up to the mass flow controllers for the deposition gases you are using.

10. Open the deposition gas regulators.

11. Open bellows valves located in-line with the mass flow controllers.

12. Turn on the mass-flow readout.  The switch must be pulled out AND flipped up to supply power to the unit. Flip up the “ON” switch for the channel labeled argon (Ar).  This will allow argon gas to flow into the chamber.  The flow of gas is adjusted for each channel manually by holding the “Read/Set Pt.” toggle up to “Set Pt.” while adjusting the set point with a small screwdriver.  Monitor the gas pressure on the capacitance manometer.  Bring the chamber pressure up to 20-25 mTorr of Ar in order to strike a plasma. 

13. Push the following sequence on the front panel of the Gun Power Supply: “Program”, “Options”, 2x up arrow, “Program”.  After a few seconds, the gun should strike the plasma.  View the plasma through the window, but close the shutter when not viewing.  This keeps the window clean. Note: If the gun doesn’t strike a plasma, DO NOT turn the power on the gun power supply up.  Instead, temporarily increase the gas flow on the mass-flow readout so the chamber pressure increases.
14. Decrease the Ar pressure to sputtering conditions.  Typical sputter gas pressures range from 1 to 20 mTorr.  The type of gas used depends on what materials you are depositing.  If a second sputter gas is desired, turn on that channel and adjust the flow to the desired level.
Example:  You want a deposition gas mixture of 80% Ar and 20% O2 and a deposition pressure of 10mTorr.

· Strike the plasma with Ar pressure >20 mTorr.

· Adjust Ar pressure down to 8mTorr.

· Turn on O2, leaving the Ar on.

· Adjust O2  pressure to achieve a combined pressure of 10mTorr.

Note: You can’t find the partial pressure directly from the mass-flow readout, so use the convectron gauge.  

15. Once the desired maximum power is achieved, begin the substrate motion control program.
16. After the run is complete, regardless of the heater temperature, turn off the heater program.  (Set the heater back to idle.)

17. Turn off the mass-flow readout.

18. Turn off the switches for the sputtering gases.

19. Close the bellows.

20. Close the gas bottles.

21. Turn off the Matching Network.

22. Turn off the gun power supply.

23. Open the throttle valve.

24. Bring the TMP back up to full speed.
25. Follow the procedure for breaking vacuum.

VII. Cleaning Chamber and Contamination

Note: Always wear gloves and a lint-free lab coat when working inside the chamber.

After making a deposition, the chamber will be coated with the same film that was deposited on the substrate.  It is also likely that there will be small pieces of the target on the base of the chamber.  Any time the chamber has been left open for a long time (more than a few hours) there will also be moisture contamination.  The following steps will improve pumping-down rate and prolong the lifetime of the chamber.  Also it is important to remove the thin films of sputtering material from the chamber interior to prevent contamination of future substrates.

Everything is cleaned using acetone and Kim wipes and followed up with methanol and Kim wipes to remove the residue left by the acetone.

Acetone and methanol are in the labeled plastic squeeze bottles on the counter next to the Kim wipes.  If either is empty, refill using the half-liter brown glass bottles.  These can be obtained from Chemistry Stores.

1.
Put on gloves and a lint free lab coat.

2.
If necessary, break vacuum and open the chamber.

3.
Using a Kim wipe and acetone sweep up all particles from base of chamber.

4.
Wipe down all surfaces with a Kim wipe and acetone.  Pay special attention to the substrate mount and heater.  Take the substrate mount apart to properly clean it.

5.
When changing targets, clean the parts of the target mount.

6.
Repeat steps 3-5 with methanol instead of acetone.

7.
Pump down the chamber.  If the chamber takes a long time to pump down to 10-6Torr, it may need to be re-cleaned.  First, follow the steps listed in Changing Targets.

IX. Resetting the System

Power Outage


If the power goes out, the foreline valve will close and a vent valve in the roughing line will open.  When the power comes back on, the TMP and Mechanical Pump will stay off, and the foreline valve will stay closed.

After a power outage, do the following steps to restart the system.  

1. Turn off the switch to the Mechanical Pump.
2. Close the switch for the foreline valve.  (The valve must be set to the closed position before resetting the interlock.
3. Make sure the switch to the roughing valve is in the closed position and the switch for the hi-vac valve is in the open position.
4. Reset the interlock (data shield).
5. Turn on the mechanical pump.
6. Since the foreline was vented during the power outage, it is at atmospheric pressure, and the chamber is at a much lower pressure.  To prevent backflow through the TMP, the chamber needs to be vented.  Open the vent gas regulator and open the vent valve.  Wait for the chamber pressure to be greater than the foreline pressure, then close the vent valve and turn off the vent gas.
7. If the chamber is above 50Torr, open the rouging valve until it is below 50 Torr, then close the roughing valve.
8. Turn on the TMP.
9. Open the foreline valve.  The system is now pumping back down.
TMP Over Temperature

The TMP will automatically shut down if the temperature exceeds 50 C.  If this takes place the mechanical pump will continue to operate and keep the chamber at low vacuum.

To reset the system simply hit the “RESET” button on the front of the TMP twice.  The TMP should begin operating normally and pull the chamber to a high vacuum.
X. Substrate Motion Control

The substrate heater motion is controlled via the Sputtering PC located near the mechanical pump.  

The substrate motion control program is written in QBasic.   Other than the motion control routine, there are two commands to move the substrate heater.

“load”  this command (C:\QB>qb>load) will move the substrate heater to the load position. 

“init” this command (C:\QB>qb>load) will move the substrate heater to the initial position.  This must be done before the deposition program is run.  Otherwise, the substrate heater will not be in front of the target (or even close) during a deposition.

To run a deposition program, do the following:

1. Type qb and hit enter.  This should take you to the QBasic screen.

2. Press Alt (to access the menu bar), then f (file), and then select open program.

3. Select the program called, “NEWDEP3.BAS”

4. Read through the instructions at the beginning of the program.  This will give you information about the five parameters that you can change for motion control.  To summarize:

Vertsweep: This parameter sets the number of steps for the vertical stepper motor between the maximum up and maximum down positions.  The steps here are the individual steps used in the motor.  This should be set to 64000, unless you have some other special application.

Rotsweep:  This parameter sets the number of steps between the maximum CCW and CW positions of the rotational stepper motor.  This is usually set to be 2200.

Vertsteps:  This defines the number of times the vertical motion stops and a (some) horizontal sweep(s) is (are) done.  The Vertsweep parameter is divided by this number, and that is the number of motor steps preformed per vertical step.

Sweepsperstep: This parameter defines how many times the substrate passes in the CW or CCW direction.  If this is an even number,  The vertical motion will always be on the same side.  (Possibly causing some non-uniform films.)  If this is an odd number, the vertical motion will be done on alternating sides.

Maxj:  This is the total number of cycles of movement.  A cycle is one complete pass up and one pass down.  

5. After you define all the parameters, select start from the run menu.

XI. List of Components

RF Power Line, Gun 1





Water Line, Gun 1





Water Flow Meter





Convectron Gauge





Hoist Switch 





Gun 1





Generator, Gun 1





Cooling Water Temp





Ion Gauge Control





Valve Switch Panel





Observation Window





Temperature Control





TMP Control





Purge Flow Meter





Bellows Valves





Mass Flow Controllers





Valve Gas Regulator





Deposition Gases





Variacs





Gun Power Supply





Mass Flow Readout





Vent Gas Regulator





Matching Network





Capacitance Manometer 





The green LED indicates power is being supplied to the power supply unit.








The red LED indicates power can be supplied to the gun.
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