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XIAO GROUP SPUTTERING SYSTEM DESCRIPTION AND OPERATION 

PROCEDURES 
 

General features of the system 

The pictures for different parts of the system are show in the Figure 1. The 

sputtering system is equipped with a dry diaphragm-molecular drag pump and a 

cryopump, with an ultimate vacuum up to 2 x 10
-8

 Torr after extended baking. There are 

six magnetron sputtering guns plus one plasma gun and an ion gun in the chamber. Two 

DC power supply and one AF power supply provide the means of sputter both metal and 

oxides.   A few pieces of sample in the size about 1 x 2 inches can be deposited in the 

system each time. Two crystal monitors and one RGA analyzer monitor sputtering rate 

and composition of residue gases.  The whole deposition process can be controlled by 

computer through two step-motors mounted to the sample carrier and the moving shutter. 

The pumping down process is fully automatic: the crossover and system baking will be 

carried out automatically upon user’s setting. 
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Figure 1 The sputtering system with various gauges and valves labeled.  

Detailed description of the key components  

The total volume of the system is about 130 L, including about 120 L for the 

main chamber and 10L for the transition region between the cryopump and chamber. The 

chamber is mainly made of 304 stainless steel. This system is pumped by a dry roughing 

pump, and a Cryo-Torr 8F cryopump .  The rough pump is composed by a 3 stage 

diaphragm pump and a Alctel molecular drag pump with the speed of 7L/S, which can 

readily pump the 130L system volume to crossover pressure (9 X 10
-2

 Torr) in about 25 

minutes.  There are 4 main valves in the system: The high vacuum gate valve is an MDC 

pneumatic stainless steel valve .One manual diaphragm valve works as the N2 release 

valve for venting the chamber; Another 2 pneumatic valve work for the roughing pump 

and baratron.  
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Figure.2 Schematic drawing for the sputtering system with all the critical 

controlling elements.   

 The chamber and cryopump are mounted on a stage of a  3-equipment-

rack with standard width. The lid of the chamber is operated by a electric hoist .During 

changing target or cleaning, the lid is lifted off the chamber and put one a specially 

designed rack to avoid over-weight the hoist Cooling water is running through the each 

sputter gun and the RF power supply matching box. The inlet/outlet pressure of cooling 

water is monitored and the all the DC power supplies are interlocked to a water flow 

indicator. This make sure the power supplies won’t work if the user forgets turn on the 

cooling water.  There is a 70 PSI compress air line for the pneumatic valves and mass 

flow controllers. 

Four gas cylinders are connected the chamber: Argon, oxygen, Nitrogen and 

Ammonia, providing high purity gases for various purposes. 4 Mass flow controller 

control each of the gases’ following and they have been connected to the MKS  cluster 

Gauge and control system. The maximum flow for the Ar and O2 are 50 SCCM and 100 
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SCCM respectively. Four Gauges, one convectron, one baratron and two hot cathodes 

monitoring the pressure of the system from atmosphere to high vacuum. They are all 

connected to the MKS 146C controller.  The convectron has the working range from 

atmosphere to 10 mTorr. At the pressure of  9 X 10
-2

 Torr, the convectron will trigger the 

rouging pump to stop working and open the gate-valve of cryopump through the MKS 

146C controller ( this function is disabled right now). The baratron mainly works during 

the sputtering to control the working gas pressure. One ion gauge is connected to the 

chamber for monitoring the base pressure and another is located very close to  the 

cryopump for diagnostic use when there is a problem to get high vacuum. During 

sputtering, the working gas pressure and separate flow rate of different gases channel can 

be controled by the 146C controller. The chamber is equipped with two crystal monitors 

controlled by Inficon deposition controller for measuring film thickness.  

 The chamber was designed to perform sputtering from liquid nitrogen 

temperature to 600
o
 C.  There is a reservoir on the main axis of the chamber for storing 

liquid nitrogen. All the samples will be cooled to liquid nitrogen temperature when the 

sputter need to be done in a ultra-clean environment.  Two heaters were installed on the 

substrate carrier to provide the temperate up to 600
o
C for two of the ten samples. They 

are just very simple ones consisted of two project bulbs in serials, thermocouple and a 

temperature controller. The inside of the chamber contains 6 magnetron guns, one ion 

beam source, one plasma gun and a moving shutter and substrate carrier with 10 arms for 

10 sample holders. The shutter and substrate carrier are controlled by two step motors 

and can be rotated through a labview program in the accuracy of 1 degree. The shutter is 

just a metal plate with two chimneys. The big /round one is for normal sputtering and the 

small/square one is for making the wedge shaped samples. There are two DC magnetron 

power supplies and one RF power supply ( RFF) provides power for the 6 magnetron and 

the plasma gun. The ion beam source is powered by a separate commonwealth power 

supply.  



 5 

 A typical pump down process 

The use of  the dry rough pump eliminate any possibility of the 

contamination to the charcoal array in cryopum especially during regeneration. Otherwise 

the charcoal array is very possible to get contaminated by oil in the molecular flow region 

in regeneration. The dry pump also provides a reasonable waiting time for cross-over: 

about 25 minutes. After that the system is pumped down every quickly by Cryopump. 

 

  

Figure. 3 A typical  pumping down curve in the system.  

 If only ion beam etching or thick films sputtering required, one only needs to wait for 

about 2 hours and the system will pump down below 5 X 10-6 Torr. In most cases we 

need to wait overnight to get to low 10-7 Torr in order to make good tunnel junctions. 

Extended baking up to 2 days is required to get to below 5 X 10-8 Torr. Figure 3 shows a 

typical pressure vs. time during pump down. The cryogate opened at 9 x 10-2 Torr at the 

24.5th minutes of pumping. The pressure dropped immediately below 10-2 Torr and the 
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convection is out of range. The 7h baking started at 42nd minutes and the ion gauge was 

turned off during baking.  The pressure was monitored again after 12 hours. 

 

 

 

 

 

Detailed operation instructions ( This is just a general guide line for you to 

remember all the steps. Always ask before you do anything if you are not sure.) 

 

Pump down: 

 

1. load your samples 

2. Close the door of the chamber, and check if the vent valve is closed 

3. Turn on “gas 1” and “Baratron” on the right side of the front panel to turn on the 

roughing pump and valve. 

4. The pressure the vacuum gauge on the right will show decreasing, if not press the 

cover of the chamber. 

5. Start the stop watch, after 25 mins, check if the pressure goes into 10^-2torr. 

6. Set the throttle valve of the cryo pump on the top to 200 to open it. 

7. Turn off “gas 1” and “Baratron” at the same time. 

8. Plug in and turn on the power for the gate valve of cryo pump to open it. You should 

hear the sound of the moving of the gate. 

9. Check if the vacuum gauge on the right shows out of range( in 10s) if not, something is 

wrong, close the gate immediately. 

10. Check the door and vent of the chamber see if they are closed. 

 

 

Setup the Ar pressure for sputtering 

 

1. Use left vacuum gauge, press “on””2”, it should show 10-6 torr or less. Degas the ion 

gauge if needed ( when doing sputtering, no need when doing  etching) 

2. Press “off””2” 

3. Check the water on arrow and you should see the follow meter is running. 

4. Plug in the power cord of  baratron gauge on the left side of the chamber(brown cord) 

5. Plug in the yellow plug-in for Ar mass flow control 

6. Press “on””3” Ar channel 

7. Press “control mode” 

8. Make sure the throttle valve is set to 130 deg which is almost closed 

9. Press “3” to see 4.5 mTorr 

10. Go to “auto” then “enter” 
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Pre-sputtering 

 

Use the joystick to do the alignment (sample, chimney, the target near the window), do 

not let the chimney go pass the sputtering target 

 

 

1. Make sure the cable of sputtering power supply (DC1, DC2) is connected to the right 

gun 

2. Turn on sputtering power supply (from the back) 

3. Tune the power to the desired value 

4. Make sure the chimney is not facing the target 

5. Turn on the sputtering power (first row on the front panel) 

 

Sputtering 

 

 

Click “command software home” in the labview control program. 

Get file “gun5-400”(400 SW for 200nm copper), to make a new file, use the “work. vi”, 

choose the proper gun number and number of sweeps, then click the “save workfile” 

Set the degree to 10 (down left) 

Click “use sequence” 

Set the number of samples, (e.g. 5), 

Set proper arm sequence, make sure all samples has proper number, (e.g. for 5 samples: it 

should be 

1 –1 

2 –1 

3 –1 

4 –1) 

(“-1“ means the sample near the window will move one step to the right, “+” means it 

will move left) 

Click “command” 

Click “execute” 

 

Press control mode, the flow rate should be 8-10. 8-10 is fine but to repeat the sample, fix 

this number each time by tuning the throttle gate. 

 

After it is done 

 

Press “Stop” on the first row of the front panel on the DC power supply2 

Turn off the switch on the rear panel of sputtering power supply 

Press “control mode”, chose “close”, press “enter” 

Press “display mode” twice ( or untill you are in the normal mode. 

Press “off””3” ( turning of chanel 3 which is Ar) 
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Unload chamber 

 

 

Un-plug Ar, O2, Baraton power 

Turn off the gate valve of the cryo pump, wait until hear a clicking sound( this might take 

up to a few minute, be patient!) 

Turn the throttle valve to about 130 to close it by 90%, do not close it completely. This 

will reduce any dust attached onto the gate during venting. 

Turn on N2 gas tank to 15 psi 

Unscrew the door of the chamber. 

Open the venting valve, you should hear gas following. 

wait the pressure coming up to 7*10^2 torr( about 5min) 

Turn off the gas 

Close the venting valve 

Open the door of the chamber to take out sample 
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Note 

Weigang 8/25/08 

 
Currently our sputtering system is in a very good shape. The base vacuum 
of 8x10^-8 or lower can be routinely achieved and we are able to make some 
good samples out of it. However, it's not hard to imagine there will be 
chaos if we don't follow a certain rule strictly since we have so many 
users. In order to ensure everyone can make good samples, please read the 
following memo carefully and ask me if you have any questions. 
 
1. Please check the attached system description and sputtering procedure( 
by me and Xiaoming) if you are not yet a experienced user. It is important 
that you understand the working mechanism of this system otherwise you 
will have higher chance to press the wrong buttons. 
 
2.Make sure all everything related to the chamber is put on CLEAN KIM 
WIPERS OR SPECIAL TOOL BOX, e.g., the screw drive, holders much be put on 
a white towel when they are outside of the container. And never touch with 
your bare hands. ( this sounds like a very very basic requirement but 
sometime we still just forgot it) 
 
 
3. Tape is not recommended as we now use clamps for the holder. But in 
case you do use tape, make sure you remove the tapes and wipe the holders 
with razor blade then wipe by acetone. ABSOLUTELY no tapes on the heater, 
as it's hard to remove and will be catastrophic if someone forgets.  
 
4. If you use the clamp to help the initial pump down, only apply moderate 
forece to the clamp to help with the initial pump down. You should be able 
to remove it without loosing it after opening the gate. 
 
5. Be extra careful when taking out shutter plate, don not hit the 
additional heating bulb above the shutter.  
 
6. All the ring clamps for the targets and the sputtering gun caps are 
number to avoid cross-contamination. Please don't mix them up. Also try to 
use specific guns for specific targets. 
 
7. When humility is high, stop running cooling water except during 
sputtering. Turn on the fans to reduce the moisture. The cathodes of the 
guns could get rusted if too much moisture is built up.  
 
8. Clear periodical the shutter plate by scratching away all the flakes 
with a razor blade. Sometime I saw the flakes almost would drop down! 
 
9. Do a thorough leak-check very 6 months. The vacuum could get worse when 
the vacuum seals ( especially those on the big flange located at the 
bottom of the chamber) age with time.  

 

 


