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CHAPTER 5: Deposition Tutorial (Åmod configuration used for demonstration) 
  
This section is designed as a tutorial for new users to follow as an example of how to 
set up and run a new material with the Inficon deposition software.  It includes screen 
captures of an example of a single layer deposition of aluminum.  The section is laid out 
and worded similar to verbal instructions given when new users are taught how to 
operate a system during an installation.  Many helpful tips are included.  Our systems 
are typically provided with generic processes and films created in the Inficon software.  
Users can copy and rename these to make the process of setting up a deposition 
easier.  The Inficon software is provided with a detailed manual.  A copy of this manual 
can be found in the system components section of our PDF manual if further information 
or detail is required.  Note that the example is from one of our Åmod systems, however 
almost all of the information is applicable to an EvoVac system as well. 
 


 
Single layer deposition process configuration 


First consult the Source Detail and Shutter Control page in the Angstrom Control 
Software.  Typically this page is opened with a button in the lower left hand side of the 
main screen of the control software.  The page provides information that will be used in 
the configuring of the deposition process to ensure the correct output, source and 
pocket are utilized.   
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In this example an aluminum deposition will be performed from source location 2 using 
a B12A wire filament source from R.D. Mathis.  First mount your substrates to the 
substrate holder and transfer in or load the substrate holder and any mask holder to be 
utilized onto the substrate stage.  If adjustable, set the substrate height with the z-stage 
on top of the chamber to your desired height.  Choosing and setting an appropriate 
source to substrate distance with the z-stage and using this height consistently is 
important for maintaining proper thickness after a tooling factor has been calculated.  
Once a tooling factor has been derived for a specific height the user will need to attempt 
to maintain this height each time they deposit, or the actual deposited film thickness will 
be incorrect.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wipe the source with alcohol and mount the source carefully between the source 
clamps.  Center the source length wise and bias the source to the outside of the clamps 
for consistency when replacing.  Be careful not to over tighten the wing screws and try 
not to impart any torque or twist in the filament, as this may cause the source to break 
prematurely.  Add 2-3 pellets ¼” in size of material.   
 


A Note on Tooling Factors 
 
The new tooling factor calculation is shown on the Source Detail and Shutter Control 
page in the control software.  The tooling factor represents in percent the amount of 
material deposited on the substrate in comparison to what is deposited on the sensor 
used to formulate thickness and rate.  A sensor mounted at the substrate height 
would have a tooling factor of 100%.  A sensor mounted closer to the source, which is 
our typical geometry, will have a lower tooling factor as it sees more material than the 
substrate.  Typically we start with a guess based on the relative distances between 
the source and the sensor compared to the source to the substrate.  Good starting 
values for our Åmod, EvoVac and NexDep systems are usually around 10-15%.  
Values around 48% are closer for a CoVap system.  If the substrate height is 
increased the tooling factor decreases as less material reaches the substrate.   
 
For consistent film thickness from run to run: 
 


• The substrate needs to be at the same height or distance from the source.  
• The same source or style of source must be used.  
• The source must be mounted in the same location in the clamps or not 


removed for loading material.  
• The same source location and sensor must be used.  
• A consistent amount of material must be in the source. 
• To a lesser degree the chamber should be at the same pressure and the rate 


should be consistent to what was used for a tooling factor calculation. 
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Wipe the door seal and seal face with a clean room cloth to remove any particulate.  
Close the door carefully and select and start a full pump down in the control software.  
While waiting for base pressure the user can start configuring the process in the Inficon 
software.  Before closing the Source Detail page click on the red arrow in the black box 
for the source location you are going to use and change the description to match the 
material and the source chosen.  For this example B12 – 2 Al would be a good 
description. 
 
If the Inficon deposition software is not open double click on the green SQS-242 icon on 
the desktop to open the software.  The software will go through a number of diagnostics 
before presenting a login window.  The software default for User Name is Super and 
there is no password required.  Click on the OK button or hit enter to clear the login.  If 
the security login has been changed use the User Name and Password provided. 
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Click Edit/Films to open the Film Edit window.  Choose the generic film for the source 
location you have chosen.  In this example we are going to start with Src 2, as this is the 
generic film associated with Source 2. 
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After choosing Src 2 from the Film Edit, click the Copy button and create a new film. 
Enter a new name for the film including in the name the material intended to be deposit 
at this location.   
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Next close the Film Edit window and open the Process Edit window.  Once a film is 
created all the film parameters can be edited in the edit/process window if this film is 
being used in the process. 


 


 
 
Open the generic process for the source location you are going to start with.  In this 
example the Process is Source 2.  Copy the process and then rename it including the 
material you intend to deposit at this location in the name. Ensure that the correct 
process is showing in the drop down box after renaming.  The user may need to pick 
the newly renamed process in the dropdown box after closing and then re-opening the 
Edit/Process window. 


 


A Note on Films 
 
The choice of what film to start with is a bit arbitrary; however there are a number of 
reasons to choose a film that exists, and to create a film specific to the material and 
source location you are using.  An existing film may have PID values and a tooling 
factor that is a good starting point, especially if it is for a similar material.  
Conditioning values may represent useful starting values as well.   
A film will typically contain correct PID values, pre-condition values that match the 
initial rate you wish to achieve, and a tooling factor that is specific to the material, 
source type, and location you are specifying.  You can use a film for more than one 
source location however it is not recommended based on slight differences in the 
tooling factor.  If you change any parameters in a film they are retained regardless of 
what recipe uses the film.  If changes are made to the initial rate the conditioning 
values will also likely need to change so that the ramp power brings the rate close to 
the desired initial rate as the deposition software enters the deposit phase of the 
process. 
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Click on the Layer Tab and then click the dropdown for the film.  Choose the film that 
you created previously, in this case Src 2 AL.  Because we started with a generic film 
and a generic process many of the fields in the process will have values that we can 
use.  Choose an appropriate initial rate and a final thickness.  In our example we will 
deposit a film of aluminum at an initial rate of 0.5 Å/s.  We have chosen 1000 
Angstroms (1.000 kÅ) for the film final thickness.   
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Film 
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Output 


Selected 
Source 







CHAPTER 5  DEPOSITION TUTORIAL 


5-9 
 


The layer tab in the Process edit is shown in the screen capture above.  We have 
chosen our Film in the layer tab.  Because we used a generic process the Output and 
Src/Pkt have the correct values of Output 2 and 2 for the Src/Pkt.  This information is 
also provided on the Source Detail page of the control software.  Because we are 
running a thermal deposition the Sweep Indexer for the e-beam will not be used.  The 
Gas Recipe Indexer is also not used in this example.  The other fields are typically as 
they are shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A rate ramp will be used as shown in the example.  Our initial rate on the Layer tab is 
0.5 Å/s.  At 100 Å (0.100 kÅ) accumulated thickness we ramp up over 45 seconds to a 
new rate of 4 Å/s.  The process will complete our 1000 Å thickness at this rate. 
 


Rate Ramps 
 


The rate specified on the Layer tab is always considered the initial rate, as we have 
the ability to change the rate at various thickness values throughout the deposition.  
This is accomplished using the Rate Ramps tab.  The user chooses a new rate, a 
time to achieve this new rate, and the thickness at which the rate ramp is started.  
This feature can be used for example when depositing aluminum as a cathode on top 
an organic material.  Many users believe that the rate of the aluminum should be low 
for an initial thickness to prevent damaging the organic material, however they don’t 
want to wait for the time the deposit will take to complete at a low rate for the entire 
thickness of the cathode.  The feature can be used in other ways as well.  You can 
start a material at nearly zero for a rate and ramp it up while ramping another material 
down to create a gradient.  During a co-deposition one material can be ramped to 
zero allowing the second material to cap the co-deposited material without creating 
an interface between the two layers as with a two layer sequential process. 
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The Deposit tab contains PID values for tuning the process.  The optional shutter delay 
phase is on this tab as well.  Rate sampling is always continuous in that shuttered 
sensors are rarely used.  The values entered should work well for our process.  Note 
that the default accuracy for shutter delay is 5% and it has been increased to 10% 
because our initial rate is low at 0.5 Å/s. 
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PID 
 


PID is an acronym for Proportional, Integral and Derivative.  PID is used to control the 
rate of deposition using a closed loop that includes the a quartz crystal monitor for 
input, a setpoint in the control software to compare the input to, and the control signal 
out that controls the power to the transformer that operates the source.  There are a 
number of informative sections within our manual including an appendix section on 
adjusting PID values for optimal control.  In general the P term can be considered the 
power term, and it represents how aggressively the software will increase power to 
achieve the setpoint.  The I term is the time constant of the system.  It represents how 
long the system takes to respond to a change in input.  The D term is a second 
derivative that helps correct for slight offset in desired rate to actual rate when the 
rate nears the setpoint.  We typically use zero for the D term, or up to 10% of the I 
term at most.  For lower temperature materials like organics that take longer to 
respond because the temperature is relatively low we recommend starting with P 
values of 90-110 and I values of 8-12 seconds. For mid temperature materials like 
salts and some organic compounds we recommend 110-125 for P values and I 
values ranging from 5-8 seconds.  For high temperature materials like metals the P 
values are typically 125-150 and I values are 3-5 seconds. 
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For most depositions only one pre-condition ramp is used.  If one ramp is used it should 
be ramp 2.  The auto checkmark should not be used where the deposition utilizes a rate 
ramp as this power value is saved at the end of the deposition to be used as the ramp 2 
precondition power value the next time the recipe is run.  In this case the power would 
be a little high, as the rate at the end of the example is much higher than the initial rate.  
The post condition helps to reduce stress on the source.  In the Source/Sensor tab the 
Max. Power is typically set about 20% higher than what the normal power will be during 
the deposition.  The slew rate is the maximum change in power in percent per second 
allowed.  This value will not typically interfere with PID control at 1-2% and will catch 
large power fluctuations if the source spits material on to the sensor causing short term 
high readings.  The PID can react to these readings and create an out of control 
condition without the Slew Rate to slow the response.  Verify the tooling factor appears 
correct and correct sensor is shown for the source location.  This can be verified on the 
Source Detail page in the control software. 
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Options on the error tab can be used to ensure the deposition is within specific limits.  
The control error looks at percent deviation and can be used to stop a deposit if the 
source runs out of material.  Maximum values are 30% for 99 seconds.  Crystal fail 
ensures that the power does not ramp to the maximum value if the crystal does fail.  
Crystal quality and stability can be used where certain materials cause frequency shifts 
in the crystal oscillation.   
 


Phases of a Process 
 


When a process is performed in auto the deposition software works through the 
process in phases.  The first phase is indexing.  This phase is primarily a timer phase 
that can be used to allow a crucible indexer to rotate an e-beam hearth to the correct 
pocket, or gas control to achieve a stable pressure before igniting the plasma during 
a sputter process.  With resistive depositions this phase is not used and the time is 
set to zero.  The next phase is pre-condition.  There are two ramps available to warm 
up the source and create some rate before the substrate shutter opens to deposit 
material on the substrate.  In pre-condition the ramps control power and time only.  
The software does not control by rate. Typically only one ramp is used and when this 
is so ramp 2 should only be utilized to ensure the transition to the next phase is 
smooth.  If a source shutter exists for the active source it will open during the pre-
condition phase, however the substrate shutter remains closed until the deposit 
phase.  The next phase is an optional phase called shutter delay.  When selected 
this phase uses PID control to attempt to achieve the desired rate within a specified 
percentage of deviation.  The rate must remain stable within the deviation range for a 
specified period of time before the phase ends and the substrate shutter opens for 
the deposit phase.  The deviation percentage is plus or minus the desired rate.  If the 
rate fails to remain within the deviation range during the shutter delay for the time 
specified the process aborts and an alarm is shown.  Because the deviation is a 
percentage of the desired rate and the resolution is fixed the user should be aware 
that for smaller rates typically less than 1.0 Å/s the resolution is such that a small 
percentage in deviation like 3% may be difficult to achieve.  A larger percentage 
deviation such as 10% may be more appropriate at smaller rates. 
The deposition phase follows pre-condition and the optional shutter delay phase if 
selected.  During the deposit phase source shutters for sources running will have 
their source shutters open.  The substrate shutter is open during the deposition 
phase and closes when final thickness or time setpoint is achieved.  An optional post 
condition phase follows the deposition phase where the source can be allowed to 
ramp down slowly in power to reduce thermal shock.  This is essential with e-beam 
and sputter deposition.  All source and substrate shutters are closed during this 
phase.  After the post condition completes the deposition ends. 
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Running the Process 


This process was first run in manual to get a better feel for the power needed in the 
precondition phase.  A value of 17% was subsequently chosen for the ramp power.  
During the first run in auto the source broke during the ramp to the higher rate, so a less 
aggressive ramp time of 45 seconds was implemented instead of 30 seconds. The 
second run we ran out material before we reached final thickness.  When this happens 
it is best to change the final thickness to a value less than the current accumulated 
thickness and allow the software to perform the post conditioning.   
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Soak 2 from second run at 17% power. 


 


 
Shutter delay from the first run.  Rate was high coming from precondition to shutter 
delay. 
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The rate ramp is shown here for second run.  The time of 45 seconds worked well for a 
change in rate this large. 


 
The Source ran out of material at 830 Å thickness.   
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Chapter 7 – Manual Control 


Manual control is only available to users logged in to the control software with 
Supervisor status.  Users with Operator status can only operate the system using the 
automatic sequences.  If the user has only Operator status, all of the manual controls 
for the system components will be greyed out and not selectable with the exception of 
shutter control on the Source Detail and Shutter Control page.  An Operator is unable to 
change any of the system setpoints for pressure or time. 
Manual control is active when any automatic sequence is not currently executing. 
 


 
System Components Operation and Interlocks 


All of the components available to the user for manual control are protected by 
interlocks.  This is designed to prevent even the most experienced user from making a 
mistake.  These interlocks are in place primarily to safeguard the user, and to increase 
system up time. 
 
The manual component functions and their associated interlocks are outlined in the 
following section in point form for simplicity. 
 


 
Chamber Vent Valve 


To be able to access the manual controls: 
• No automatic sequence must be executing. 
• A Supervisor or higher level user must be logged in. 


 
To open the vent valve: 


• Conditions to access manual controls must be met as above. 
• The chamber door must be closed. 
• The vent valve must be closed. 
• The turbo foreline valve must be closed. 
• Turbo rotation is stopped 


 
To close the vent valve: 


• Conditions to access manual controls must be met.  
 


 
Turbo Foreline Valve 


To be able to access the manual controls: 
• No automatic sequence must be executing. 
• A Supervisor or higher level user must be logged in. 


 
To open the foreline valve: 


• Conditions to access manual controls must be met as above. 
• The chamber door must be closed. 
• The vent valve must be closed. 
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• The rough pump must be on. 
 
To close the foreline valve: 


• Conditions to access manual controls must be met.  
 


 
Turbo Pump 


To be able to access the manual controls: 
• No automatic sequence must be executing. 
• A Supervisor or higher level user must be logged in. 


 
To start the chamber turbo pump: 


• The conditions to access the manual controls must be met. 
• The rough pump must be on. 
• The foreline valve must be open. 


 
To stop the chamber turbo pump: 


• The conditions to access the manual controls must be met. 
• A sequence must not be running. 


 
NOTE:  The turbo pump will automatically turn off if: 


 
• The turbo fails to achieve the up to speed setpoint of 85% rotational speed in 20 


minutes from when it was turned on. 
• If the turbo up to speed setpoint is lost for more than 5 seconds after being 


achieved. 
• The turbo pump faults (direct signal from the turbo controller). 
• The rough pump overloads and faults. 
• The pneumatic gas pressure faults (air needed to open the foreline valve). 
• The chamber pressure exceeds the safety pressure setpoint. 


 


 
Rough Pump 


To be able to access the manual controls: 
• A sequence must not be running. 


 
To turn on the rough pump: 


• The conditions to access the manual controls must be met. 
• The rough pump is not overloaded 
• The chamber door is closed 


 
To turn off the rough pump: 


• The conditions to access the manual controls must be met. 
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Appendix: Angstrom Engineering Inc. Contact Information 


Address and Phone 
 
Angstrom Engineering Inc. 
91 Trillium Drive 
Kitchener, Ontario, Canada 
N2E 1W8 
 
Phone:  1.519.894.4441 
Fax:  1.519.894.4443 
Toll free: 1.800.695.8270  From the USA and Canada only. 
 
Website:  www.angstromengineering.com 
E-mail: info@angstromengineering.com 


Contacts 
 
Service Manager - Sean Campbell   
E-mail: scampbell@angstromengineering.com 
Phone Ext.: 106 
Mobile Phone: 1.519.212.8379 
 
Vice President - Sales - Andrew Campbell  
E-mail: acampbell@angstromengineering.com 
Phone Ext.: 104 
 
President - David Pitts 
E-mail: dpitts@angstromengineering.com 
Phone Ext.:  114 
 
 



http://www.angstromengineering.com/�
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Appendix: PID Control Tuning Tips 
 
When tuning the PID on your system, at times the values that you are entering may 
seem very high but below you will see the reason for this. 
 
First it is important to determine what output voltage setting you will be running your 
system at. If you will be running the system with a 0-10V full-scale voltage then you will 
be using P values that seem normal 35-100. However, if you are going to be running the 
system with a limited voltage such as 5 or even 2.5 there is one thing to remember. For 
each factor that you decrease the output voltage you have to multiply the PID by that 
same factor. For example if you were running 35 for a P value at 10V you will now be 
running 70 for a P value at 5V. 
 
When setting the PID up on your system you do not have to go through the long 
process for each material. If you select a material that you know runs like most other 
organics or metals then you can tune for that material and then you will have the ball 
park values for tuning of the other materials.  
 
PID is most difficult to set up with these evaporative systems because of the delay that 
occurs due to the way that the systems work. As power is applied the response in 
temperature is not instantaneous as the boat and material has to physically heat up. In 
the same manor it will not cool instantly either. With this in mind you have to remember 
that there will be a minimum 5-20 second delay in response depending on the size of 
boat and amount of material used. 
 
For the above reason a material that requires higher power to run is easier to tune the 
PID for. This is because the source will be running a lot hotter and therefore will 
respond to change a lot faster as the temperature changes will be greater with each 
power change either up or down. Generally materials such as Aluminum and Lithium 
Fluoride will use a higher P value and a lower I value. 
 
PID will not always react the way that you think it will. This means that dropping the I 
term by one will sometimes quicken the response but other times it may make the 
response slower. This is because the P and the I work together. The P determines how 
much drive the source will have and the I determines how fast it will allow the P to react 
and drive. In essence the I works to slow down the P. Remember that simply removing 
P to limit overshoot may not work as it may not have enough drive to push the power 
back down in this situation. You have to remember that the P not only drives the power 
up but also has to drive the power back down.  
  
Setting up PID is a trial and error process. There are no values that will work all of the 
time for every material and every system. The following pointers are designed to be a 
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set of guidelines to follow to help you to narrow down the settings faster and with a 
minimal waste of material.  
 
However, keep in mind that this will be time consuming and patience and a clear mind is 
needed to make this successful. 
 
If possible try to do the PID tuning when you will have few or no interruptions as you can 
get into the PID train of thought and go with it until it has been set up. 
 
As a general rule setup tuning of PID values could take around 4 hours and about 25 
runs for the first material if starting with unknown values. 
 
Below are the steps and thoughts that have been found useful in setting up PID on a 
system. The values that were arrived at may work very well on your own system and it 
is my advice that you try them before changing any variables.   
 
The following values were used successfully with Organic materials, including TPD, 
NPB and ALQ3. 
 
These steps are required when starting a run from 0 with no pre-condition. Although it is 
not Angstrom Engineering’s recommendation to do this, these steps should help you to 
tune the PID to allow you to do so. 
 
“Angstrom Engineering recommends that for the best system function you should pre-
condition your runs so that you come in to the deposit phase on or near the desired 
rate”. 
 
A precondition with zero for the time and a power of just below the required power to 
start the material depositing would help with the initial dead band when the system is 
just ramping up the power. 
 
However, initially tuning PID to work from a zero start will ensure that your system will 
respond very quickly and accurately when running with a pre-condition in later runs. 
 
Step 1:Select a source and fill the boat so that you will be confident that you will not run 
out of material during this setup. In setting up PID you may go through thousands of 
Angstroms of material before you get it right. (If you have some older material that you 
are not planning on using for devices now would be a good time to use it.) 
 
Step 2: Set your ramp times and percent powers to 0 and also turn off the Shutter delay. 
This will ensure that you will be starting your run in deposition mode. Also set your final 
thickness to a high number so that the Inficon software will not end the run before you 
have seen the results of your tuning. Set your rate for the rate that you will normally run 
the material. This is not critical but you may see more overshoot if you tune the PID for 
a rate of 1A/s and then run it at 3A/s. This is because the Drive will be a lot further to get 
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it to the desired rate. (Note: it is not necessary to watch a whole run when tuning your 
PID settings as after a couple of oscillations you will be able to see a pattern and get an 
idea of what setting you want to try next.) 
 
Step 3: If you are using new material (One that has not been melted or heated to 
deposition yet) you should do a run in manual first to deposit at least 200 Angstroms so 
that you can be sure that the material will react nicely to the PID control. (Note: Once 
you have the PID set up this will not be necessary every time you change materials. 
However, with unused material you may see more overshoot on your first PID controlled 
run) 
 
Step 4: If you are comfortable with trying the values that have been determined before 
on another customers system then put in P 400, I 12 and D 0 with a power output 
voltage of 2.5. Then start the run and watch to see what happens. 
 


a) Initially you should see the power climb rather quickly as the amount of deviation 
from the setpoint is very big.  


b) It will start to deposit within 20 – 50 seconds. When this happens it will appear to 
be shooting up way to fast. However, if you watch the power should be drastically 
dropping. It will overshoot, but should not deviate from the setpoint by more than 
50 – 60%. (It will shoot up a lot faster than it falls back down.) 


c) Once this initial overshoot starts to happen you should now see the output power 
dropping very quickly as the deviation from the setpoint is now getting smaller. It 
may even drop to 0.  


d) With this drop you will see the rate start to fall.  
e) As the rate gets closer to the desired rate you will now see the power start to rise 


as it is getting closer to the rate again. 
f) You should have no undershoot and the rate should now be stable.  
g) This whole process should take about 50 – 80 seconds from the time you hit start 


to the time it is stable. 
 
Step 5: If this run has been satisfactory then you now have to try it on your other 
sources and see how it reacts. 
 
Possible Results: 
 
Changing any of the values in these PID settings may make the source run differently 
than is outlined here. If a change does not do what the possible result said it would then 
refer to other possible results to determine what type of change may now be required. 
 
1 – If you did the run and you saw that it took more than 1 oscillation to level off then 
you will have to increase both the P and the I. If you started with P 400 and I 12 then try 
P500 and I 15. See what this does and then determine whether it was better or worse. If 
it was worse then try increasing only the P and leaving the I or vice versa. 
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Below is a run that was done that yielded these results and the values that were used. 
TPD in Source location 1 Test run 
 
This is a run to see if the PID can control the source from a 0 start. With no ramp 
or soak. 
 
Starting Pressure 5.2x10-8 
Sensor 1 only used 
Z-stage at 0"  
Tooling factor 27.2 (chart) 
Source to substrate distance 10.104" (chart) 
Ran in auto 
PID 96,2, 0   
All output voltages are at 2.5. 
Period 0.5 and filter 3 
Angstrom  Thurs Test 1 SRC1 TPD.log 
Run #: 125 
Ran at 2Å/s /500Å 
Pressure at the end of the run was 6.8 x10-7 
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2 - If you did the run and you saw that the power rose at a good speed but the 
overshoot was more than 50 or 60% and then it fell back down quickly but also had 
some undershoot and then leveled off this means that the P is allowed to drive the 
power too hard. You should leave the P and raise the I. You could try raising I from 12 
to 13. Then do the run again and see if you have fixed the overshoot. If it does the same 
thing but to less of an extent then try raising the I again. Note that raising the I may 
result in the system being too slow. If this occurs then the P will have to be raised to 
compensate. 
 
TPD in Source location 1 Test run 
 
This is a run to see if the PID can control the source from a 0 start. With no ramp 
or soak. 
 
Starting Pressure 5.7x10-8 
Sensor 1 only used 
Z-stage at 0"  
Tooling factor 27.2 (chart) 
Source to substrate distance 10.104" (chart) 
Ran in auto 
PID 96,5, 0   
Output voltage is set to 2.5 
Period 0.5 and filter 3 
Angstrom Test 1 SRC1 new wire TPD.log 
Run #: 125 
Ran at 2Å/s /500Å 
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3 – If you ran it and the power rose very slowly and then overshot more than 50 – 60% 
and then took a long time to level out (i.e. The power didn’t fall very quickly or at all) but 
did not undershoot then you have to lower the I. This is because you are allowing the P 
to drive it hard but are also not allowing the I to react fast enough for it to realize that it 
is above the setpoint. In this case you could start with an I value of 10. Do the run again 
and see if it is fixed. If it now rises quickly and then overshoots the right amount and 
then has no undershoot and then levels off nicely but seems to take a long time to start 
to deposit and also get back to the required rate then you should try lowering the I more 
and see if it gets faster. Lower it only 1 at a time as changing the I term can make the 
system very unstable. If lowering the I stops making a positive difference then try 
leaving the I as it is and increasing the P by 25 at a time. This will allow you to see a 
change right away. 
 
Run 10 - TPD in Source location 1 Test run 
This is a run to see if the PID can control the source from a 0 start. With no ramp 
or soak. 
 
Starting Pressure 6.4x10-8 
Sensor 1 only used 
Z-stage at 0"  
Tooling factor 27.2 (chart) 
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Source to substrate distance 10.104" (chart) 
Ran in auto 
PID 80,12, 0   
Output voltage is set to 10 
Period 0.5 and filter 3 
Angstrom Test 1 SRC1 new wire TPD.log 
Run #: 125 
Ran at 2Å/s /500Å 
 
It got slower but the I was too high so it was too slow to react on the way up. 
 


 
 
4 – If the power rose at a good speed and then the rate overshot more than 50-60% and 
then came back down at a good speed then your I value is most likely very close to 
being right. You then have to increase the P value to drive the system both up and 
down faster to reduce the overshoot. 
 
TPD in Source location 1 Test run 
This is a run to see if the PID can control the source from a 0 start. With no ramp 
or soak. 
 
Starting Pressure 7.8x10-8 







  
Appendix: PID Control Tuning 


Tips 
 Issued: June, 2009 


 


 


 


Appendix   
 


Sensor 1 only used 
Z-stage at 0"  
Tooling factor 27.2 (chart) 
Source to substrate distance 10.104" (chart) 
Ran in auto 
PID 130,12, 0   
Output voltage is set to 2.5 
Period 0.5 and filter 3 
Angstrom Test 1 SRC1 new wire TPD.log 
Run #: 125 
Ran at 2Å/s /500Å 
 
Less overshoot because the I is controlling it. The I slows it down but you still need the 
P to drive it.  
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Appendix: Preventative Maintenance Schedule 
 
This section highlights some preventative maintenance items that have presented themselves on systems in the past.  In many cases 
by following the guidelines provided system downtime can be reduced. 
Operators are encouraged to contact Customer Service at Angstrom Engineering with any concerns or suggestions on additions they 
may have. 
 
Interval  Maintenance   Spare Part Required  Vendor/Solution 
Weekly  Degas Ion Gauge (Granville‐Phillips 


only) 
  Consult Angstrom if fails continuously 


       
Monthly  Back up Inficon .mdb database and 


.ini settings files 
  Use CD burner or memory stick 


  Sweep computer with antivirus 
software 


Antivirus software  Customer preference 


  Check for PC updates  Internet connection  Microsoft website 
  Inspect/wipe door o‐rings  O‐ring – Spare parts list  Angstrom Engineering/Replace if damaged 
  Check rough pump oil levels  Rough pump oil  Local supplier or Angstrom Engineering 
  Check cryo pump helium pressure  Charging equipment  Austin Scientific 
  Clean debris shields/replace foil  Solvents or blast cabinet/foil  Allfoil.com 
  Check house pneumatic pressure    May not apply to in‐house supply 
  Check water flow/level    Requires a flow meter in return line/water level for closed 


system 
  Check purge/vent gas flow  Inspect regulator/purchase or 


exchange  bottle 
May not apply to in‐house supply 


  Check process gas flow  Inspect regulator/purchase or 
exchange bottle 


Local gas supplier 


       
6 Months  Pump  down and rate of rise test    Use Data logging feature in control software 
  Check for water leaks    Open cabinet/visual inspect fittings 
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Interval  Maintenance   Spare Part Required  Vendor/Solution 
  Inspect rough lines/water lines    Replace if worn or frayed 
  Inspect power cables/cords    Replace if worn or frayed 
  Ensure all resistive transformer 


secondary cable connections are tight 
  Check for discoloration due to heat/tighten connection or 


replace cable.  Consult Angstrom Engineering. 
  Regenerate cryo pump  Purge gas must be on! Perform  


overnight 
Interval From last time regenerated or pump was at room 
temperature. 


       
Annually  Change rough pump oil  Rough pump oil  Once a year is better than never.  For all rotary vane pumps. 
  Replace Cryo pump Adsorber  Cryo Adsorber ‐ Spare parts list  CTI/Austin Scientific 
  Clean Chamber rough valve  Isopropyl alcohol/swabs  Vent chamber/Remove valve/unplug rough pump/turn on 


pump and open the valve/clean valve seat and area around it 
with swabs and alcohol 


  Clean Cryo foreline valve  Isopropyl alcohol/swabs  Vent cryo/Remove valve/unplug rough pump/turn on pump 
and open the valve/clean valve seat and area around it with 
swabs and alcohol 


  Clean Cryo pump purge/overpressure 
valve 


Isopropyl alcohol/swabs  To be done during a regeneration when the pump is warm and 
at room temperature.  Poppet valve simply unscrews from the 
pump.  Carefully wipe clean with swabs/wipes and alcohol the 
o‐rings and the seal faces.  Valve/poppet may be contained in a 
fitting to allow gas to be plumbed to exhaust.   


  Back flush water through system  Rags to catch spills/bucket  For house water simply remove supply line and connect to 
return side of system.  Collect water and debris in a vessel and 
dump in drain.  Do not reverse flush back into house system.  If 
closed loop is used same applies.  Add more water to closed 
loop afterwards or drain and start with fresh water. 


  Add anti‐fungal/algae solution to 
cooling water 


Anti‐fungal/algae solution or bleach  Prohibits growth of algae or fungus in water lines for closed 
loop systems. 


  Replace water supply filter  Filter element  Open and closed loop water supplies should have a filter in a 
cartridge that can be replaced at regular intervals.  
Recirculating chillers usually have filters or screens as well that 
need to be cleaned out.  If filters are badly clogged decrease 
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Interval  Maintenance   Spare Part Required  Vendor/Solution 
interval to 6 months. 


  Computer maintenance    Perform a clean and defragmentation on the drive.  Clean the 
air inlet filter on the front of the computer. 


  Clean chamber viewports  Solution of acid  Wipe away any deposited materials from interior of Pyrex 
viewports. 


  Replace glove box HEPA filters  HEPA filters  Glove box supplier 
  Inspect all glove box gloves for holes  Glove box gloves  Glove box supplier 
Every 2 
years 


Calibrate Capacitance manometers 
and flow meters/controllers 


  Typically a local MKS distributor or consult Angstrom 
Engineering 


  Calibrate Glove Box Sensors    Consult glove box manufacturer 
  Clean flow switches  Wipes/flow switch face o‐ring seal  Drain/blow out water from system.  Open face of flow switch 


carefully by turning counter clockwise.  Remove paddle and 
wipe housing and cover clean. 


  Replace door o‐rings  Door o‐ring ‐ Spare parts list  Angstrom Engineering.  Extreme care must be taken to not 
scratch seal face under o‐ring.  Use plastic tools to remove. 


Every 3 
years 


Overhaul rough pumps  Overhaul kit  Use local supplier or PTB Sales.  Applies to glove box pumps as 
well. 


Every 5 
years 


Replace cryo pump array  Cryo pump array  CTI or PTB Sales.  Consider having pump overhauled or 
exchanged depending on how the pump is running at the time. 


  Clean cryo gate valve/transfer gate 
valve(s) 


Hand tools/alcohol/wipes  Remove bonnet and slide gate from valve.  Depending on 
system configuration this may be very easy, or require removal 
of cryo pump and gate valve to perform. 
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Appendix: Troubleshooting  
 
This section highlights some of the common troubleshooting issues that have presented themselves on systems in the past.  In many 
cases a problem can be remedied by rebooting the PC or performing a hard restart on the system to restart the PLC to clear out any 
glitches brought on in some cases by power fluctuations to the system.  To perform a hard restart shut down the system PC completely 
and then open the main disconnect (turn to off) for 30 seconds.  Close the disconnect switch, restart the control software and deposition 
software where applicable. 
Operators are encouraged to contact Customer Service at Angstrom Engineering with any concerns they may have at any time. 
 
Symptom: Possible cause/ Resolution: 
System has lost base pressure. - Check front and rear door seal faces for scratches that are perpendicular across the o-


ring contact area.  Carefully polish or sand surface with Skotchbrite or very fine 
sandpaper only in the direction of the o-ring.  Keep in mind that the o-ring contacts only in 
the middle of the seal face, so scratches on the interior of exterior edges may not have 
an effect.  
- Check door o-rings for particulate, or chunks missing.  Wipe the o-ring with Isopropanol 
and replace if damaged.  Contact Angstrom Engineering for replacements and spares. 
- Particulate in vent valve or roughing valve.  Clean seal face of roughing valve.  Blank 
vent valve and pump to confirm valve is the leak.  Replace valve if so.  Contact Angstrom 
Engineering for a replacement or advise on cleaning the roughing valve. 
-Particulate in foreline valve or purge valve.  This is less common.  Best detected with a 
leak detector with the cryo pump off, warm and fully purged of contaminates if possible.  
Contact Angstrom for advice on how to leak check the valve. 
- Particulate in the cryo pump overpressure valve.  Commonly occurs after a cryo 
regeneration.  Most pumps now have screens to prevent charcoal from the pump from 
making it to the valve.  Valve is easily disassembled (unscrews by hand) and cleaned 
with the cryo pump at atmosphere. 
- Cryo pump compressor helium level is low.  Top up as required.  Special tools and 
procedure must be strictly followed.  See cryo pump manual or contact customer service 
at Angstrom for more advice.  
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- Contamination.  Clean chamber debris shields and interior components.  Or an item has 
been cleaned inappropriately with a substance that has affected the part, like acid etching 
aluminum for example or wet spun films. 
- Resistive source feed through has overheated. This is a rare occurrence where a 
source has run too hot for too long and the Viton seal for the feed through has 
deteriorated.  Remove feed through and replace o-ring.  Contact Angstrom Engineering 
for replacements and spares. 
 


Communication from Inficon software is 
not working. 


- If the system has been completely off and the control software is restarted sometimes it 
may ask what mode the PLC should be in.  The user must select monitor mode.  If run 
mode is selected the communication from the Inficon software to the PLC does not work 
properly. Consult Angstrom customer service for a simple fix if this occurs. 


Deposition from Inficon not working - Blown fuse.  Fuses blow on occasion when the output power is very high and the 
source is shut off.  This happens on occasion when the source runs out of material and 
runs to maximum power.  Using a post condition in the deposition recipe may alleviate 
this, or reducing the desired final thickness so that the deposition ends using a post 
condition may also prevent this.  Consult the electrical drawing for the fuse location and 
replace with the correct type and rating as per the drawing.  Repeated fuse blowing may 
indicate other concerns. 
- The relay assignments in the Inficon Edit/System/I/O tab have been changed.  Refer to 
the appendix in the system manual for the proper relay assignments and change as 
required to correct the issue. 
- Communication issue with Inficon from the PC to the PLC/ This is a rare occurrence that 
may occur if another item or software has been added to the PC that uses serial or 
Ethernet communication.  Typically a hard restart of the system will cure the problem.  
Check to see that the shutters open and substrate rotation is enabled when a Inficon 
process is started with the Inficon software in manual mode. 
- Communication cable is unplugged.  Check connections at the back of the PC and the 
PLC to ensure they are secure.  These may become dislodged during maintenance. 
- Source is empty or broken.  Vent chamber and inspect source and material for 
continuity and proper contact to the source clamps. 







  Appendix: Troubleshooting 
 Issued: June, 2008 


 


 


 


Appendix   
 


 
Deposition rate not registering in Inficon 
software when source is known to be 
working 


- The tooling factor has been set to zero.  Check the tooling factor in the film and adjust 
accordingly. 
 
 


Control software not responding - Similar to Inficon communication problems where the communication has stopped 
working between the SCADA software and the PLC. A hard restart will commonly fix this 
problem.  May be caused by adding an Ethernet communicating device to the PC or 
changing communication settings. 


Cryo temperature readings on control 
software screen are not the same as the 
temperature readings shown on the cryo 
temperature monitor. 


- Refer to the appendix section of the system manual for the correct settings for the cryo 
temperature monitor.  Occasionally power brownouts have been known to affect these 
settings. 


Cryo has stopped and temperature is 
rising or at room temperature. 


- Insufficient cooling of the cryo compressor.  The compressor has internal thermal 
protection.  If it overheats the switch on the front of the compressor turns off.  For water 
cooled compressors loss of water flow will cause this.  For air cooled compressors 
typically a blockage of the cooling air through the compressor (someone places a box in 
front of the compressor, places an item of clothing over the front of it, or moves it too 
close to the wall or the system) will cause the compressor to overheat.  Resolve the 
cooling issue, flip the switch on the compressor to on and perform a full pump down.   


Rough pump not working when turned on 
from the software, or rough pump has 
faulted alarm is raised in the control 
software. 


- Some rough pumps require an overload for protection in addition to fuses.  If your 
system has an overload it will typically show an alarm when the overload is tripped.  Find 
the overload on the electrical panel in the cabinet and push the reset.  Consult Angstrom 
customer service for additional guidance.  Not typical but happens on occasion if pump 
runs for long periods of time or is low on fluid (rotary vane) or a pump runs for an 
extended period of time at atmosphere (door of chamber left open). 
- Blown fuse.  Check fuse and replace.  Inspect power cord to pump for damage and 
repair or replace as needed.  May indicate short in motor requiring repair.  Try again and 
if fuse blows repeatedly contact Angstrom Engineering. 
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Rough pump not attaining low enough 
pressure for cryo cross-over or chamber 
cross-over. 


- Pump has run low on oil (rotary vane).  Top up oil level and try again.  Be careful as 
pump will be hot!  Or failure or wear in a scroll pump dictates an overhaul is required. 
- Leak in the roughing line.  Check all fittings and hoses for loose connections, failures or 
kinks. 
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Appendix: Inficon Communication Lost After Windows 7 (Optional) 
Updates Have Been Installed - Reassigning Communication Ports 
Procedure 
 
Follow this procedure if installing a Windows 7 (optional) update has reassigned the 
system PC serial port numbers causing the communication issue shown below on the 
start up of Inficon indicating the software cannot communicate with the PLC. 
 


 
 
 


Verify in the System Setup, I/O tab that Comm 1 is unavailable then close the Inficon 
software. 
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These ports will need to be reassigned in Control Panel, Device Manager, Ports (Com & 
LPT).  The PCIe ports must be changed to (Com1) and (Com2). 
 


 
 
 
Double click on each PCIe port in the tree and change the port number in the port 
settings tab.  Change COM3 to COM2 (even if in use) and click OK. 
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Say Yes to the conflict and warning pop ups. 
 


 
 
 
Change COM4 to COM1 following the same process. 
 


 
 
 
Correct port assignments. 
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Reopen the Inficon software and select Comm1 in the System Setup, I/O tab.  
Communication should now be re-established.  Restarting the software or rebooting the 
computer may be necessary and if the serial cable is plugged into the other com port, 
selecting Comm2 or moving the cable may also be required. 
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Appendix: Inficon Quartz Crystal Monitor Resolution 
 
A QCM measures frequency, and converts the frequency change into thickness using 
the well-known QCM equation.  Rate is computed by dividing the thickness change 
during a measurement period by the length of the measurement period.   
 
The ability of a QCM to resolve frequency is determined by the length of the 
measurement period and material density.  Calculated values for the SQM-242 card are 
shown below. 
 


Measurement 
Period 


Frequency 
Resolution 


Dm=1 Rate 
Resolution 


Dm=10 Rate 
Resolution 


0.25 sec 0.12 Hz .59 A/s .059 A/s 
0.50 sec 0.06 Hz .15 A/s .015 A/s 
1.0 sec 0.03 Hz .04 A/s .004 A/s 
2.0 sec 0.015 Hz .01 A/s .001 A/s 


 
Tooling Factor also effects rate resolution.  Using the material of Dm=1 in the table 
above, the effect of tooling factor is shown below:  
 


Measurement 
Period 


Frequency 
Resolution 


Tooling=50 
Rate 
Resolution 


Tooling = 200 
Rate 
Resolution 


0.25 sec 0.12 Hz .295 A/s .118 A/s 
0.50 sec 0.06 Hz .075 A/s .030 A/s 
1.0 sec 0.03 Hz .02 A/s .008 A/s 
2.0 sec 0.015 Hz .005 A/s .002 A/s 


 
At low rates, these considerations can significantly impact deposition control loop 
performance.  At a measurement period of .5 sec, a density Dm=1, and a tooling factor 
of 100, the rate resolution of the SQM-242 is .15 A/s.  That means that 4 counts of 
measurement noise will generate a rate variation that is 30% of setpoint at 2 A/s!  The 
control system will try to reach setpoint, but it can never control better than from 1.7 A/s 
to 2.3 A/s. 
 
Increasing the measurement period to 1 sec, and moving the sensor closer to the 
source (say Tooling = 25), increases rate resolution to .01 A/s.  With the same 4 count 
measurement noise, a 2 A/s rate can theoretically be controlled between 1.98 A/s and 
2.02 A/s. 
 
Other factors can swamp these theoretical considerations: 
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Output Resolution: The SQM-242 card uses a 15 bit (plus sign) DAC in its source 
control output circuit.  That 300uV resolution is adequate for most deposition systems.  
However, if a system has high power versus rate gain, a single output voltage step may 
create large rate changes. 
 
Material Properties: If a material is not uniformly molten or properly wetting the crucible, 
it can cause large and unpredictable rate variations during deposition.  This is especially 
true at low rates, where the power versus rate curve may be quite non-linear. 
 
Temperature: QCM crystals are optimized for operation at 25ºC.  Heating above 50ºC 
will create a frequency change that is interpreted as rate (usually negative rate).  This is 
a problem mainly in sputtering and high temperature applications. 
 
PID Control Loop: Tuning a PID control loop is more art than science.  The main 
compromise is fast response versus stable control.  Thermal systems are relatively 
stable, moderately slow responding, with a long delay time.  Slow (over damped) tuning 
is usually best.  Fast (under damped) tuning can cause unnecessary “searching” for 
setpoint because of the system’s long time delays. PID tuning is also very dependent on 
material properties and source/sensor configurations.  Each material/configuration may 
require unique PID values, especially if fast response is desired. 
 
Other considerations: 
 
Density does effect resolution - if the material density REALLY increases.  A material 
with a Density of 10 has ten times the resolution of one with a density of 1.  But you 
can't just jack up the Density number to get more resolution. 
 
Similarly, Tooling improves resolution if the sensor is really moved closer, so that it sees 
more material per measurement period.  But just changing the tooling number does no 
good. 
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Phone: (519) 894-4441    Fax: (519) 894-4443  Internet: angstromengineering.com 


 


General Information 
 
The following system training checklist should be used as a guideline to ensure all relevant points are covered during customer training. 
 
System Overview 


Complete Angstrom Manual 
Reference 


 


  Review utilities requirements and hook-ups including power/ water/ pneumatic gas/ vent/ purge/ glove box 


  Electrical start-up/ building disconnect/ our disconnect/ what is powered when disconnect is off/ PC power on button/ 
access to the disconnect for safety 


  System PC navigation/control software Icon/ Inficon deposition software Icon/ Angstrom Engineering folder 
  System manual shortcut and file location/ review the manual/ all sections/ appendix/  


 Chapter 1 Show location of system components as they relate to the screen/ pumps/ valves/ gauges/ interlocks/ light/ shutters/ 
solenoids/ stage motor/ cryo temp monitor/ heater controls/ Radak controls/ transfer components 


 Chapter 2 Briefly explain the operation of the cryo pump/ approximate time to cool and regenerate/ regeneration intervals/ 
compressor pressure/ water or air cooled compressor requirements and considerations 


 
Appendix – Routine 


and Scheduled 
Maintenance 


Review system maintenance/ debris shields/ adsorber/ rough pump oil (chamber and glove box)/ o-ring and seal face 
care/ gloves/ condensation/ preventative maintenance and cleaning/ spare parts list 


 Chapter 1 
Review safety concerns/ high voltage/ RF/ heat/ electrical shock potential inside the panels/ pump exhaust options 
and suggestions for chamber rough pump, cryo pump overpressure valve, and glove box rough pump and purge 
valve outlet. 


  Review e-stop functionality/ what turns off and what remains powered 
  PC maintenance and file back-up recommendations/ Inficon data base/ Anti-virus 
  Network connection/ Real VNC or Tight VNC/ remote access/ firewall and security/ 


 Appendix – AE 
Contact Information 


Points of contact at Angstrom/ customer service/ quotations/ problems/ feedback/  


 Electrical and 
Appendix Sections 


Troubleshooting/ electrical drawings/ fuses and fuse location/ hard restart/ system components section of the 
manual/ how to recognize a blown fuse/ safety 


 Chapter 2 Review the “What every operator should know before operating the system” section 
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Control Software 


Complete Angstrom Manual 
Reference 


 


 Chapter 1 Explain PC to PLC relationship/ Inficon to PLC path 


 Chapter 5 Control software login/ log out/ Supervisor & Supervisor/ Operator & Operator/ higher login levels and differences/ 
changing passwords 


 Chapter 3 Briefly explain sequence steps of automatic modes/ manual mode/ no mode 
 Chapter 4 Show manual operation of components and briefly explain interlocks for each 
 Chapter 2 Review the interlock status page and the relevance of each interlock 
 Chapter 2 Describe briefly the function of Temperature and Pressure and Timer and Counter Setpoints 
 Chapter 5 Review the source detail and shutter control page/ all features explained/ Inficon shutter override consequences 
 Chapter 5 Explain alarms/ acknowledging and resetting alarms/ alarm history/ clearing the alarm history 


 Chapter 5 Go over other main page items/ system gas/ gauge pages/ degassing and calibration/ degas recommended frequency 
legend/ data logging/ chamber light 


  Sample heating/cooling options and how to use/ interlocks/ safety precautions/ how to calibrate 
  Transfer system training/ tips and tricks/ operation/ precautions/ minor adjustment/  
   
   
   
   


Inficon Deposition Software 


Complete Inficon Manual 
Reference 


 


 Chapter 3.2 Open the software and demonstrate how to close it/ reference Inficon manual in our manual/ simulate mode/ ability to 
download and run deposition software on a desktop for training and simulation/ interlocks to start 


 Chapter 3.4.5 Explain the security options/ default login/ show how to change security 
 Chapter 3.3.3 Show data logging options/ shortcut on desktop to files/ how to graph a data log 
 Chapter 3.4.3 Explain materials/ how to add materials/ z-factor and density/ tooling factor concern 
  Output and source index selections as it relates to the system at hand/ wrong combination alarm 
 Chapter 3.4.2 Explain films and why they are used/ different material or rate or location requires a different film/ changing a value in 
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a film at any time is global to that film/ tooling factor and what can effect it/  
 Chapter 3.8 Show film tabs in a process and where to choose the film for each layer in a process 


  Explain each film tab and why the settings are chosen/ PID recommendations for different materials or sources/ 
(transformer voltage settings and why/ manual appendix section on how to change – Where applicable.) 


 Chapter 3.4.1 Go over the process section/ create/ save/ layer and rate ramps tab/ generic films and processes/  


  Describe the phases of Inficon/ communication to and from the PLC/ shutters/ stage rotation/ other comms for 
sputter or ebeam example crucible indexer or gas control/ when shutters open/ other items that may be triggered 


 Chapter 3.10 Show how to set up a multi layer deposition/ starting options for each layer 


 Chapter 2.7 Show how to set up a co-deposition/ special considerations for precondition, shutter delay, rates and final thickness 
for each material 


 Chapter 3.4.4 Review system set-up/ outputs/ sensors/ indexers/ I/O relays/ card considerations/ communication items/ color 
options of graphed outputs/ graphing options tab on the screen 


 Chapter 3.5 Explain different view selections in the view dropdown 
 Chapter 3.5 Show the high resolution selection for the rate display 
 Chapter 2.6 Auto and manual modes of operation/ differences/ switching back and forth 


  Demonstrate loading a material or two and a substrate and pump down ready to deposit/ record material and location 
on the shutter page of the control software 


 Chapter 2.5 Set up a single layer film and process by copying a pre-existing film and process.  
  Demonstrate a multi-layer deposition 
 Chapter 2.7 Demonstrate a co-deposition 
 Chapter 3.1 Source thermal control if applicable 
 Chapter 4.4 Troubleshooting 


   
  Review Radak furnace precautions/crucible selection section/baffle use/thermal control options/precautions 
  Review Resistive Source Size Chart 
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Glove Box 


Complete Glove box Manual 
Reference 


 


  Utilities requirements and where they are connected to the purifier 
  Run through the glove box manual 
  Basic run through of the controls 
  Quick purge/ analyzers/ recommended box levels before starting circulation 
  Proper use of antechambers/ three pump and purges on the way in/ what to do if the box gets dumped 
  Items not to put in the box/ solvents/ trapped atmosphere in items 
  Setting the box working pressures and using the foot pedals/ gloves in the box for cleanliness 
  Chamber front door operation in the glove box/ precautions 
  Regeneration procedure/ gas requirements 
  Maintenance as suggested by the manual/ sensor calibration/ filters 
  Review chemicals not to put in a glove box/MBraun document 
  Troubleshooting 
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Appendix: SMC Digital Flow Switch Settings 
 
Below are the settings that were entered at Angstrom Engineering’s facility prior to the 
shipment of the system.  See the SMC Digital Flow Switch Operation Manual in the 
System component information section of this manual for further information.  Note that 
output one is utilized typically as the switching input to the PLC.  For ease and less 
confusion all switch points are set to the same value. 
 
 
Setting Description Setting  Symbol   
 
Display Mode Instantaneous  d_1 
Display Unit gal(us)/min  U_2 
Output Method Setting Instantaneous  o10 
Output Mode Setting Non-Reverse Output  1_P 
 
Instantaneous Flow Rate Setting Mode F_1 
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Appendix: Inficon CI-100 Crucible Indexer Settings 
 
Below are the settings that were entered or modified at Angstrom Engineering’s facility 
prior to the shipment of the system.  See the Inficon CI-100 crucible indexer manual in 
the System component information section of this manual for further information.  Only 
settings that have been changed from the default values are noted here. 
 
Pocket Type  
 
# Description  Value Usage Description 
 
2 6 Pocket On  Sets the number of pockets to 6 
 
The other dip switches are all off in Pocket Type. 
 
Select On/Off 
 
None of the dip switches are on in the Select On/Off set.  This sets the indexer to rotate 
only clockwise because of lash in the drive line to the source.   
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Appendix: 02522-1 Customer Software Authorization Numbers 
 
Below is a list of supplied software and the corresponding serial numbers.  These 
numbers may be required for product support and software re-installation. 
 
Windows 7 Product Key:   7X7M7-4PDFM-6M42X-RFT8T-H4XQB 
Windows 7 Product ID:   00371-OEM-9045802-55486 
Inficon SQS-242 Software Version 3.29 (16/03/2011) 
 
Other software installed on the system computer: 
 
Omron CX-Programmer version 9.34 
Omron CX-Supervisor version 3.20 (28)  
Omron CX-Server version 5.0 
Adobe Reader XI 
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Appendix: Inficon SQS-242 Deposition Control Software Settings 
 
02522-1 E-Beam System 
 
To access any of the Inficon System Settings select the Edit: System menu. 
 
SQM-242 Cards:  This system PC is equipped with one Inficon SQM-242 card. 
 
Below are the settings that were entered at Angstrom Engineering’s facility prior to the 
shipment of the system.  See the Inficon SQS-242 Deposition Control Software Manual 
in the System component information section of this manual for further information.   


Outputs tab 
 
Name Physical Output # FS Out   
 
Output 1 1 10.0  
Output 2 2 10.0 
Output 3 3 None 
Output 4 4 None 


Sensors tab - Default 


Name Physical Sensor # Output   Rate      Thick  
Sensor 1 1 1     X  X   
Sensor 2 2 2      X           X     
Sensor 3 3 None       
Sensor 4  4 None 
Sensor 5 5 None 
     
Dual not checked on all setups. 


Indexers tab 
 
The source Index for Output 1 is used to index the electron beam source crucible.  The 
index complete signal is checked.  The index time of 15 seconds allows the hearth to 
rotate to the correct pocket before the deposition starts.  Feedback from the indexer is 
sent to the SQS software when the indexing is complete, so that the process can move 
forward.  If the pocket chosen is not reached the process will abort and an alarm is 
shown.  Indexers for all other outputs are set to 1 second. 
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I/O tab 
 


Note: Changing any of the relay assignments listed in this tab may render the 
Inficon software unable to control depositions. 
 
 
Relay Events   
 
Relay 1  Process Running        
Relay 2  Process Active  
Relay 3  Pre-Cond Phase   
Relay 4  Deposit Phase 
Relay 5  Not Assigned 
Relay 6  Final Thickness 
Relay 7-15   Not Assigned 
 
Input Events  
 
Input 1  Not Assigned 
Input 2 Abort Process 
Input 3 – 12 Not Assigned  
 
Comm 3, Address 0 


Card tab (Default) 
 


 
Ensure that the software is not in simulation mode if you wish to run a 
deposition.  In simulate mode all Inficon relays and communications 
function, but the output signal voltages do not. 
 
 
Period   0.5 
Filter   6*   
Card Mode      Normal  
Front Panel Enabled Not checked 
Last Output Displayed  3 
Graph Continuous Not checked 
Phase settings  Checked 
Card 1 Rev: 2.02 NOTE:  There must be numbers in the revision section or the  
   Inficon software cannot find the card.  Contact Angstrom 


Engineering for assistance if this occurs. 
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*Note:  The period and filter may have been increased from the default 
values of .25 and 3 to increase the rate resolution.  This helps the software 
control at lower rates of deposition (rates less than 1 Å/s). 


Comm tab (Default) 
 
RS 232 Port Disabled 


Additional Notes: 
 
Control error can be selected for all films to prevent the system from running endlessly if 
forgotten.  The Slew rate is used to slow down violent power fluctuations caused by 
disturbances like spitting material hitting the control sensor. 
 








 
Source Sizing Guide


Custom Sizes Are Available Upon Request
Issued: May, 2009


 
 
 
 
 
 
 
  
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
    Åmod style without clamp extensions                                   Åmod style with clamp extensions 


Source Sizing Guide 
Åmod  Nexdep   EvoVac    Covap  


Overall length:             


without clamp extension  3.25in to 3.45in  2.89in to 3.50in  3.10in to 3.65in  3.25in to 3.45in 


with clamp extension  1.75in to 2.00 in  1.61in to 2.19in  1.75in to 2.40in  1.75in to 2.15in 


Body Length:          


without clamp extension  2.7in or less  2.40in or less  2.50in or less  2.7in or less 


with clamp extension  1.30in or less  1.15in or less  1.35in or less  1.35in or less 


Width:  1.00in or less  1.00in or less  1.00in or less  1.00in or less 
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Appendix: Routine and Scheduled Maintenance – Turbo Pumped 
Systems 
 
Routine and scheduled maintenance for a research system can vary primarily with the 
amount of use the system sees, and in some cases by the types of materials and 
thickness deposited.  There are however a few items on the system that require 
maintenance at designated intervals. It may be convenient to establish other routine 
maintenance intervals after the system has been in service for a while and these 
intervals can be predicted. 
 
Scheduled Maintenance 
 
Turbo pumped systems have very little maintenance.  Many turbo pumps will have 
lubrication and rebuild intervals.  Consult the pump manual for details.   
If a rotary vane pump is used for backing the turbo, the oil level should be checked on a 
regular basis and the oil changed according to the manufacturer’s recommendations.  
Typically a maintenance plan for the roughing pump can be found within the enclosed 
manual.  If a dry pump is used to back the turbo typically there are overhaul intervals 
specified in the enclosed manual also.  
 
Routine Maintenance 
 
One common routine maintenance item on this vacuum deposition system will be the 
removal and cleaning of the chamber debris shields.  After a lot of material has been 
deposited inside a chamber the material has a tendency to flake and peel off of the 
inside walls and off internal shielding.  Minor flaking debris can be cleaned up with a 
vacuum cleaner until the flakes get very large or become a nuisance.  This flaking can 
eventually fall into or onto the sources and contaminate the deposition.  They can get 
stuck on seal faces and lower the base pressure.  The system is supplied with two sets 
of debris shields so that one set can be cleaned while the other is in place in the 
chamber.  The debris shields are held in place with either ¼-28 socket head cap screws 
or clips, and they can typically be removed through the front door or the back door of 
the chamber is so equipped.  Note that the debris shield mounting screws are vented.  
Do not replace these with none vented screws or virtual leaks could be created in the 
blind holes in the chamber walls. 
 
 
NOTE:  IT IS THE CUSTOMERS RESPONSIBILITY TO SAFELY CLEAN ANY 
DEBRIS SHIELDS OR INTERNAL SHIELDS IN A PROTECTED ENVIRONMENT 
ACCORDING TO LOCAL LAWS.  PROPER PROTECTION SHOULD BE WORN BY 
ANYONE CLEANING DEBRIS SHIELDS.  CONSULT YOUR HEALTH AND SAFETY 
REPRESENTATIVE FOR DIRECTION. 
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Shield Cleaning 
 
One of our customers has had success cleaning shields in water and detergent.  They 
feel the key is to start with aluminum deposited on the shields first.  The detergent they 
use is Deconex 12 however anything similar may work.  The shields are soaked and the 
material is then very easily wiped off.  Some additional light scrubbing with Skotchbrite 
may be required but the overall effect is shields that look like new.  As noted above 
depending on the nature of the materials deposited this procedure may be best 
performed in a fume hood. 
 
Inficon 
 
The Inficon deposition software will store all the process parameters the user inputs.  
These deposition ‘recipes’ and tooling factors usually represent a fair amount of time 
invested and should be backed up to a network or a CD for safe keeping on a regular 
basis.  The crystals that read the deposition rates must also be replaced on a regular 
basis.  The crystals are very quick and easy to replace, and are inexpensive.  The user 
can view the crystal life in the view / sensor readings box in the Inficon deposition 
software.  Most operators will replace a crystal at approximately 50% life or less.  If you 
are going to do an important deposition run, replace the crystals first!  You do not want 
a crystal to fail in the middle of a deposition, causing the system to abort the deposition.  
If this occurs the operator will need to vent the system up to atmosphere and open the 
chamber to replace the crystal, and then pump the chamber down again before they 
may begin again. 
 
A note on Calibration 
 
Many of the measuring instruments on systems including MFC’s, MFC controllers and 
capacitance manometers require periodic calibration throughout the life of the 
instrument.  If you process requires repeatability or you are documenting specific flow 
and pressure settings then it is important to have these instruments calibrated on an 
annual basis to ensure consistency of measurement.  Consult the manuals for 
instruments in question or customer service at Angstrom Engineering for further 
information. 
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Chapter 3 - System Operation 
 
Introduction 
 
This section is designed to help a new user or occasional user step through the 
operation of the vacuum control software.  Some systems may have options not 
mentioned in this section.  Consult the other chapters of this manual for more detailed 
descriptions and explanations of the various aspects of the control software and the 
Inficon deposition software.  Button “click” descriptions are highlighted in bold text.  
Typed text is shown in italics. 
 
Start up and using the tool 
 


1. If the system is not powered, turn the disconnect switch on the rear or side of the 
system to on.  These switches usually turn one quarter revolution and can be 
very stiff.  The Switch will clunk and lock into the on position.  A clunk may be 
heard from inside the cabinet as the master control relay pulls in.  If not the user 
may need to cycle the e-stop button on the front of the machine by pushing it in 
and then rotating it counter-clockwise to pop it back out or simply pulling it 
outward.  Then power up the system computer and the monitor if they do not 
power up automatically.  The button to turn on the computer may be behind a 
panel on the front of the PC (typically black) in the electrical section below the 
keyboard.  The panels swing out and down to reveal the switch and the CD drive.  
The system control software should start up automatically when the computer is 
booted.  If it has not, then start the system control software (typically labeled) on 
the desktop after the PC has finished booting up.  After the control software has 
finished starting up login to the software by clicking on the Login button.  System 
Default User names/passwords are Operator/Operator and 
Supervisor/Supervisor.  The login is case sensitive.  


2. Clear any alarms by clicking the Acknowledge button in the middle of the alarm 
in the middle of the main page and then press the Reset Fault button.  If any 
alarm persists the user may need to restore water flow, pneumatic gas, or other 
interlocks on the system to continue. 
 


Using the Main Chamber 
 


1. If the system is up and running the user can vent the chamber by selecting the 
Chamber Vent Sequence button, Acknowledge the warning and then press the 
Start Selected Sequence button on the vent page or the sidebar on the right. 
Open the chamber door and load your deposition material, if needed. Prepare 
your substrates and place them in the substrate holder.  The material the user 
intends to use may already be in a sputter source.  Click the Source Detail and 
Shutter Control page to check the source material descriptions for each 
location. If the user added a material to a location then they should add this 
information to the Source Detail page at the correct location.  Close and secure 
the chamber door. 
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2. The user can now select the Chamber Pump Down Sequence button and then 
start it by pressing Start Selected Sequence button. 


3. Wait for the system to achieve base pressure and deposition pressure.  Once 
base pressure and deposition pressure have been achieved a banner is 
displayed on the control software screen indicating the chamber pump down 
sequence is complete.  Click on the banner to acknowledge the sequence has 
ended and the banner will disappear.  While waiting for base pressure the user 
can set up their deposition parameters.   


4. Follow the instructions in the next chapter to perform your deposition.  
Remember to allow items to cool before venting the chamber. 


5. Once the user feels that everything has cooled sufficiently and to a safe level, the 
user can select the Chamber Vent Sequence in the system control software and 
click Start Selected Sequence to start the sequence.  After the sequence is 
complete the user can carefully open the chamber door and remove their 
substrates. 


 
 
Shut down procedure 
 
The system can be shut down manually by users logged in at the Supervisor level only.  
Turbo pump should be turned off and spooled down before power is removed from the 
system whenever possible.  To do this simply vent the chamber.  The system PC can 
be shut down and the disconnect switch opened if desired.  If the user desires they can 
rough pump the chamber with the rough pump and foreline valve to maintain a level of 
vacuum in the chamber. 
 








CHAPTER 4  DEPOSITING MATERIALS 


4-1 
 


Chapter 4 – Depositing Materials 
 


Deposition control is accomplished using the Inficon SQS-242 deposition software, 
which is windows based and controls a PCI card mounted in the system PC.  The card 
has two control outputs and four rate monitor inputs.  The deposition control software 
communicates to the PLC through the PC using a serial cable.  This system utilizes two 
control outputs and two sensor inputs. 
 


 
 


This system is equipped with a Telemark six pocket electron beam source with 7 cc 
pockets and 2 resistive sources.  Output 1 from the Inficon deposition control software is 
connected to and controls the six pocket electron beam source.  Output 2 is connected 
to and controls the resistive sources 2 and 3. 
Two Quartz crystal monitors (sensors) for rate control monitor the control outputs.  
Sensor 1 monitors deposition rate from source 1, sensor 2 monitors deposition rate from 
source 2 and source 3.   Co-deposition is possible between source 1 and source 2 or 
source 1 and source 3. 
The Inficon deposition control software is provided with a detailed manual.  An 
electronic copy of this manual is enclosed in the appendix of this manual.  More 
information on how the Inficon software is set up and operated on this system can be 
found in the Inficon SQS-242 Deposition Control Software manual in the System 
components section of this manual, or the Inficon Control Software System Settings 
section in the Appendix of this manual.  
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When the Inficon software is opened, the program goes through a number of 
diagnostics and then presents a user login window.  Unless the user has changed the 
password, hit enter or click on ok to clear the window, and the program is ready to use.  
The ability of the software to start a deposition is controlled by the SCADA software and 
the PLC.  If any of the interlocks on the left side of the system interlocks page are not 
met the Inficon software will not be able to perform a deposition.  Also, regardless of 
whether the system control is in manual or at the end of an automated pump down 
sequence, deposition is not permitted to start unless the pressure in the chamber has 
been lower than the chamber base pressure setpoint since pumping down, and 
currently lower than the chamber deposition pressure setpoint.  However, once a 
deposition has begun, the pressure may then go higher than these setpoints as long as 
it does not exceed the chamber safety pressure setpoint.  If any fault occurs in the 
SCADA software during a deposition, the Inficon software will abort the process. 
 
Inficon Index Values 
 
The Index fields on the Process Edit page (layer tab) of the Inficon deposition control 
software have been assigned specific tasks.  The combinations of Outputs and Index 
values available for this system are shown in a chart on the Source Detail and Shutter 
Control page of the control software.  If the user creates a process with an incorrect 
combination an alarm is raised in the control software and the deposition process is 
aborted just after it is started.  The first index field has been designated as the Src/Pkt 
index and is used to identify which source or pocket to run.  This must be combined with 
the correct output. The second index field has been designated as Sweep and can be 
used in combination with output 2 (six pocket electron beam source) to select one of the 
four preset e-beam sweep pattern.  
Note that if the user chooses “none” in the Sweep index the system will call the last 
sweep pattern selected before none was used.  The value “none” does not overwrite the 
last data value for the recipe to the PLC and should not be chosen.  On this system the 
third and fourth index fields are not used. 
 


 
 
 
 
 
 


Deposition Control Methods 
 
There are three different ways the user can chose to deposit materials using the Inficon 
deposition software.  They can choose to run a deposition completely manually, or to 
control the deposition by rate or percent power. 
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If the user chooses to run a deposition manually, the user will control the power to the 
sources manually.  The measured deposition rate is shown during a manual run.  The 
Inficon software will automatically open both the source shutter required and the 
substrate shutter as soon as the deposition is started in manual mode (where 
applicable).  Note that a final thickness must be specified.  The Inficon software will stop 
the deposition and close the shutters when the specified thickness is met.  Proper 
tooling factors must be calculated and entered in the software to ensure the thickness is 
accurate.  Manual co-deposition is also possible (where applicable). 
The user can also choose to have the Inficon software automatically control a 
deposition by percent power for a specific time.  A final thickness can also be specified 
for this mode.  A pre-condition is available in this mode.  At the end of pre-condition the 
substrate shutter is opened for the deposition phase.   
The user can also choose to control a deposition using the Inficon software and control 
the rate and thickness using a quartz crystal rate monitor.  The Inficon software will 
control the rate to a user defined value using closed loop PID control.  It does this by 
controlling the output power from the source power supply and monitoring the rate with 
a crystal rate monitor for feedback.  The Inficon software will control all the shutters 
(where applicable) in this case and pre-conditioning is available.   
 


 
 
 
Performing a Manually Controlled Deposition 
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It is assumed that the user has loaded a substrate holder into the chamber and set the 
height, ready for deposition. 
The procedure to control a deposition manually is outlined below in point form. 
 


 All interlocks required for deposition must be met.  Open the System Interlocks 
page by clicking on the System Interlocks button.  The interlocks on the left of 
the page must all be met (green). The loss of any of these interlocks during 
deposition will disable all the power supplies. 


 Choose or create a process for the film or layer you wish to deposit.  The 
conditioning will not be used for the manual deposition, nor will the rate, however 
the final thickness will be utilized. 


 Click the auto/manual button on the Inficon screen so that only the final 
thickness and percent power are displayed on the right hand side of the screen, 
as shown above and manual is above auto in the button.  


 Start the deposition using the start process button. The user can now control the 
power using the arrow keys, or enter values directly by highlighting the power 
box.  The source and substrate shutters (where applicable) will be open and the 
deposition software will be in the deposit phase.  Any rate derived will deposit on 
the substrate and thickness will accumulate until the final thickness is made, 
ending the deposition.  If post condition values are present in the recipe the post 
condition will take place after the final thickness has been achieved. 


 
Performing a Percent Power Deposition 
 
All interlocks required for deposition must be met.  Open the System Interlocks page by 
clicking on the System Interlocks button.  The interlocks on the left of the page must all 
be met (green). The loss of any of these interlocks during deposition will disable all the 
power supplies. 
 


 Choose or create a process for the film or layer you wish to deposit.  The 
Process/Layer tab/Input box must be set to Timed Power.  The conditioning can 
be used for a percent power deposition, and the final thickness will be utilized. 


 Click the manual/auto button on the Inficon screen so that the pre-condition 
parameters are displayed on the right hand side of the screen. 


 Start the deposition using the start process button.  The user can alter the 
powers and times in the pre-condition if values were entered.   There is no 
shutter delay phase for a timed deposition.  The software will maintain the output 
percent power for the specified time or until the final thickness specified has 
been met.  Note that proper tooling factors for the sensors must be in place if the 
operator wishes to control to final thickness and not for a specific time.  Percent 
power ramps during the deposition can also be utilized. 


 
Performing a Rate Controlled Deposition 
 


 All interlocks required for deposition must be met.  Open the System Interlocks 
page by clicking on the System Interlocks button.  The interlocks on the left of 
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the page must all be met (green). The loss of any of these interlocks during 
deposition will disable all the power supplies. 


 Choose or create a process for the film or layer you wish to deposit.  The 
Process/Layer tab/Input box must be set to Sensor(s).  The conditioning can be 
used for a rate controlled deposition, and the final thickness will be utilized. 


 Click the manual/auto button on the Inficon screen so that the pre-condition 
parameters are displayed on the right hand side of the screen. 


 Start the deposition using the start process button.  The user can alter the 
powers and times in the pre-condition if values were entered.   If no pre-
condition values were entered the software will go to the shutter delay phase if 
checked in the process, and then the deposition phase.  The PID control will 
then control the output power until the desired rate is achieved, and it will 
maintain the rate throughout the deposition until final thickness.  Rate ramps 
during the deposition can also be utilized. 
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Chapter 6 – Automatic Sequences 
 
This section of the main screen shows the buttons that initiate the automatic sequences.  
These sequences can be executed by pressing the desired sequence button to select 
the sequence, and then pressing the ‘start selected sequence’ button outlined in 
flashing green below. If Radak sources or substrate heating is an option then a warning 
may be shown when the chamber vent sequence is selected.  Manual operation of 
items on the main page is only available to users logged in at the Supervisor level or 
higher.  Users logged in at the Operator level will find most buttons grey and inoperable; 
however they have access to the two automated sequences.  Only one sequence can 
execute at a time.  
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Status Bar 
 
During an auto sequence the status is displayed in the status bar.  The current step in 
the sequence is highlighted in green.  A banner indicates a Process Running in flashing 
green when the Inficon software is running a deposition.   
 


 
 
Chamber Pump Down Sequence 
 
Interlocks required to start a chamber pump down include the emergency stop button 
not pushed, the pneumatic pressure interlock met and chamber door closed. If any of 
the required interlocks are lost during the execution of the sequence an alarm is raised 
and the sequence is cancelled.  
This sequence is used to pump down the chamber to high vacuum after it has been 
vented to atmosphere. 
When the mode is started the rough pump is turned on, the foreline valve is opened and 
the turbo pump is started.The system then pumps to the base pressure.  The turbo up 
to speed time delay setpoint times from when the turbo pump is started.  If the turbo 
does not achieve 85% of its maximum rotational speed before this timer ends an alarm 
is raised, the mode ends, the turbo and rough pump are turned off and the foreline valve 
is closed.  
The time it takes for the chamber to pump to the chamber base pressure setpoint must 
be less than the chamber base pressure achieved timeout setpoint.  If this timer elapses 
before the chamber base pressure achieved timeout setpoint is achieved, an alarm is 
raised and the sequence is aborted.  
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A banner is shown at the successful completion of the sequence.  Clicking on the 
banner acknowledges that the sequence has ended and clears the banner from the 
screen. 
 
Chamber Vent Sequence 
 
The chamber vent sequence is used to vent the chamber to atmosphere from vacuum. 
Interlocks required to allow an auto vent cycle to start include the emergency stop 
button not pushed, the pneumatic pressure interlock met and chamber door closed. If 
any of the required interlocks are lost during the execution of the sequence an alarm is 
raised and the sequence is cancelled. 
The user will also be warned that the heater stage may still be hot and recommended to 
not continue with the vent process until they see the temperature on the Watlow 
controller is less than 250 Celsius.  
When the sequence is started the ion gauge is turned off in the chamber and a hard 
coded 7 second delay occurs to allow the ion gauge filament to cool. The turbo pump is 
then turned off, the foreline valve is closed and the rough pump is turned off.  The vent 
valve in the turbo will open and vent the turbo. The vent valve in the turbo remains open 
until the turbo reaches a “zero frequency” state determined by the frequency reading 
from the turbo pump. Once this occurs the chamber vent valve will open and stay open 
until the timer has elapsed or the chamber door has been opened. 
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Chapter 8 – Main Page Items 
  
Alarm Window 
 
The alarm window can display up to three active alarms or faults.  If an alarm occurs a 
small window will appear in the center of the screen first.   
 


 
 
The user needs to acknowledge the alarm, and then resolve it.  After the alarm has 
been resolved, clicking on the reset button will reset the alarm.  All alarms must be 
acknowledged before they can be reset.   
 


 
 


 
 


All acknowledged alarms are stored in the alarm history as shown below.  
The alarm history window opens if the alarm history button is clicked on in the alarm 
bar.  All alarms and their status are shown here.  Clicking the clear button under the 
alarm history will open a window to verify the user wants to clear the alarm history.  
  


 
 


This window opens, and if clear is selected, the alarm history page will now be blank.  
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Legend 
 


 
 


The legend window for the status dots beside each component can be opened by 
clicking on the Legend button located at the bottom of the main page. 
 
Turbo Pump Soft Start Mode 
 
Soft Start is a user selectable programmable option available on Agilent turbo pumps.  
When implemented, Soft Start causes the pump speed to ramp up slowly.  The slow 
start up allows more time for the lubricant in the pump bearings to be correctly 
distributed before the pump reaches high speed.  Soft Start can reduce wear and 
increase the life of the pump.   
 
Soft Start works by increasing the step curve of the startup frequency/speed, where the 
speed increases in different steps, giving about 15-45 minutes for the pump to reach the 
full speed ramp, depending on the size of the pump.   
 
Soft Start is recommended for:   


1. New pumps.   


2. Pumps that did not spin or were on a shelf for 6-8 weeks or more.  We 
recommend no more than 45 days.   


3. Pumps that transitioned from one place to another, for example when a 
system is moved or shipped.  
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Soft Start can be enabled with the toggle button on the manual turbo pump control 
page.  Toggle Soft Start and then start the pump.  The turbo up to speed time delay 
setpoint is disabled when Soft Start is enabled as the pump takes more time to achieve 
full speed when the Soft Start function is enabled. 


Note on extended tool idle time  


If the turbo pump has been left off for an extended period of time the turbo pump must 
be rechanneled.  The shelf life of all turbo molecular pumps is 10 months from the 
shipping date. Pumps that did not spin or have been on a shelf for more than 10 months 
must be sent back to Agilent for rechanneling.  Rechanneling can be performed at 
Agilent facilities in Lexington, MA and Torino, Italy. 


 
Chamber Pressure Gauge 
 
The chamber pressure is read by a Brooks/Granville-Phillips® 390 Micro-Ion® vacuum 
gauge module attached to the chamber. The module contains three sensors including a 
heat gauge and a Micro-Ion® filament hot cathode sensor to measure high vacuum. 
The changeover between sensors / ranges is controlled by the electronics contained 
within the module. The gauge output from atmosphere to high vacuum is a 0-10 volt DC 
analog signal.  The analog value is passed to the PLC through an analog card.  A 
calculation is performed on the analog value in the PLC to derive the pressure in Torr.  
More information on the gauge module is included in the manufacturer’s operation 
manual, which is included in the appendix of this manual. 
 


 
 
Clicking on the chamber pressure displays the window shown below.  
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The degas button turns on the ion module filament degas.  This cleans the filaments 
and provides more accurate pressure readings at lower pressures (less than 5.0 x 10-7 
Torr).  The degas function is only available if the user is logged in at the Supervisor 
level or higher.  When degas is selected the gauge will automatically degas each of the 
two ion filaments for 1 minute each.  The degas cycle ends after the two minute duration 
time has elapsed.  During degas the pressure readings may fluctuate.  Chamber 
pressure readings should be lower than 5.0 x 10-6 Torr before attempting to degas the 
filaments.   Degas is not selectable at pressures above 1.0 x 10-5 Torr. 
For cryo pumped systems whenever the chamber gate valve is closed no matter what 
the pressure is in the chamber the ion portion of the gauge module is automatically 
disabled.  This ensures the ion portion is not on for extended periods of time at high 
pressures where damage to the ionization filaments can occur.  The user can click the 
enable/disable button to restore the ionization filament operation if they wish to perform 
a rate of rise test.  When the gate valve is closed or the ionization portion has been 
disabled by the user a message is displayed above the gauge display to inform the 
user.  
The ion portion is turned off for 7 seconds before the gate valve is opened or closed.   
This delay is also used before the chamber vent valve is opened.  Manual control of the 
vent valve has the same feature. 
The lowest pressure displayed will be the limit of the heat gauge in the mid -4 Torr 
range when the ion portion is off.  
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Source Detail and Shutter Control 
 


 
 
This window allows for the testing, adjustment and manual operation of shutters (where 
applicable), substrate heating (where applicable) and substrate rotation (where 
applicable). 
Shutter access is allowed as long as at least an operator level user is logged in to the 
control software.  The Inficon override section of a shutter control allows the user to 
override the Inficon software control of the substrate shutter and keep the substrate 
shutter closed during the deposition phase for testing purposes.  Click the ‘Close’ button 
to override Inficon and keep the shutter closed.  The shutter will stay closed regardless 
of whether the Inficon software attempts to open it or not.  ‘Clicking the cancel button 
stops the override.  Any sequence selection automatically closes all shutters.   
The text in each black text box identifies the material at each location.  The text can be 
modified by simply clicking on the red arrows to open an edit window.  Information for 
the Inficon software such as source output and index numbers are noted here as well 
for designating which source to run in a deposition recipe.  
The new tooling factor calculation is noted on this page for calculating tooling factors 
required in the Inficon deposition control software to ensure accurate thickness and rate 
measurement.   
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There are buttons to change the control path to the Radak source as well (where 
applicable). 
 
Abort Button  
 


 
 


The abort button can be used to stop any automatic sequence.  Note that this will close 
all valves including the gate valve (where applicable), and stop any active deposition 
process.  A confirmation dialog box will open if the button is clicked. 
 


 
 


The X 
 


 
 
The X at the bottom right side of the screen closes all windows that are open if the user 
has been operating the system in manual and has a number of windows open clicking 
the X will close all windows. 
 
Data Logging 
 
This feature allows the user to log system performance data to a file.  The chamber 
pump down or rate of rise performance can be data logged to a file.  Sampling rates are 
user selectable, as well as the file names and file locations.   
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Login / Logout / Change Password 
 
Every time the SCADA software is opened the user is required to login.  Click on the 
login button to display the login screen. 
 


 
 


 
 


There are two levels of user allowed on the system.  There are operators and 
supervisors.  Operators do not have access to the manual controls.  They can only 
operate the system using the automatic sequences.  
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Supervisors have access to all the system controls, and they can change operator 
passwords and add other operators.  There is a special password required to change 
supervisor passwords or add supervisors.  There is no need to logout unless you are a 
Supervisor and you want to leave the machine to an operator.  System Default User 
names/passwords are Operator/Operator and Supervisor/Supervisor.  The login is case 
sensitive.  
 
Code Button 


 
 


All PC controlled systems are equipped with an unlock code.  Once full payment is 
received Angstrom Engineering will supply the code to input.  After 6 months of use if no 
code has been entered the software locks and the tool cannot be used until the code is 
entered.  
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Chapter 9 – Interlocks and Setpoints 
 
Note that all interlocks on the left hand side of the system interlocks window are 
required for deposition to start.  If the operator is attempting to run a deposition and it 
aborts shortly after starting, a quick look at this interlock window may show why.  Almost 
all of the interlocks are setpoints relating to pressures.  All of these setpoints are 
explained in the following section pertaining to the pressure setpoint values.  Interlocks 
that are not pressure setpoints are explained next. 
 


 
 


Pressure OK to Start Deposition 
 
The pressure OK to Start Deposition indicator indicates when the chamber pressure has 
been low enough to achieve both the chamber base pressure and chamber deposition 
base pressure setpoints.  These pressure setpoints are described in further detail in the 
following section.  The chamber base pressure setpoint must be achieved during the 
chamber pump down sequence or regeneration sequence with chamber pump down.  
This setpoint is typically lower that the deposition pressure setpoint.  The pressure in 
the chamber must be lower than the chamber deposition pressure setpoint before an 
Inficon deposition is allowed to start.  Once the deposition software is running a process 
the pressure in the chamber is allowed to rise as high as the chamber safety pressure 
setpoint before the process will be aborted.  This allows for higher chamber pressures 
during sputtering and for out gassing materials during normal evaporation depositions. 
 
Pneumatic Gas Pressure OK 
 
This interlock is a pneumatic pressure switch mounted just inside the bulkhead feed 
through marked, “PNEUMATIC GAS” on the system utility panel.  This normally open 
pressure switch has been set to close at approximately 60 PSI.  The purpose of this 
interlock is to ensure that there is enough pneumatic gas pressure to operate valves, 
especially gate valves and foreline valves on turbo pumps, at all times.  If the system 
loses pneumatic pressure and the switch opens, a low pneumatic pressure alarm is 
shown.  There is a 5 second timer to account for short term pressure variations below 
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the switch setpoint.  The indicator shows green when the actual pressure is higher than 
the setpoint. 
 
Electron Beam Source Water Flow OK 
 
The electron beam source requires water cooling during operation.  A flow switch is 
connected to the water return line from the e-beam to the water return manifold.  The 
switch has a settable normally open contact for water flow.  When there is sufficient 
water flow the contact in the flow switch closes, and the interlock is made.  The red and 
green LEDs on the front of the flow switch inside the cabinet illuminate when sufficient 
flow is achieved and the switch is closed. These LEDs can be observed if the rear panel 
on the cabinet is removed.  The source must have flow to operate. 
 
Chamber Door Closed 
 
A safety rated switch is mounted next to each chamber door and is activated by the 
door opening and closing.  The switch is magnetic and contacts close inside the switch 
when the door closes, and open when the door is opened.  The primary function of the 
switch is to ensure the door is closed when the operator wishes to pump down the 
chamber.  The front door must be closed to seal the chamber, or the roughing pump 
could pump on the glove box environment (where applicable).  An alarm is produced 
when the door is open, however the alarm ‘automatically acknowledges’ and resolves 
itself once the door is closed again.  The deposition sources are electro-mechanically 
disabled by the door switch(s) and as such cannot operate in any way with a chamber 
door open for safety.  The indicator shows green when the door is physically closed. 
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Pressure Setpoints 
 


 
 


User settable pressure setpoints are found on the pressure setpoints page.  Others are 
found on the vent options page.  Note that users logged in at the Supervisor level only 
are allowed to make changes to the values.  They may also load default values at any 
time by clicking on the load default values button. 
 
Chamber Base Pressure Setpoint 
 
The chamber base pressure is a user settable setpoint triggered from the Granville-
Phillips chamber gauge module.  This pressure setpoint must be achieved during the 
initial pump down along with the Deposition Start Pressure Setpoint before deposition 
can take place. Note that after the Chamber Base Pressure setpoint has been achieved 
the Deposition Start Pressure Setpoint is used for subsequent deposition starts.  When 
pumping down using the chamber pump down sequence, the time it takes from the 
moment the turbo is started until the pressure is less than the chamber base pressure 
must be less that the base pressure time delay setpoint.  If the time exceeds the timer 
setpoint a fault is issued, the rough and turbo pumps are stopped and the foreline valve 
is closed.  The indicator shows green when the base pressure has been achieved (low 
enough) at least once and the system has not been vented. 
 
Deposition Start Pressure Setpoint 
 
The deposition start pressure set point is a user settable setpoint triggered from the 
Granville-Phillips chamber gauge module. This pressure setpoint must be achieved 
before a deposition can start. Unlike the chamber base pressure set point this pressure 
must be achieved before each deposition process is started where as the chamber base 
pressure set point is only reached once during the initial pump down. Note that after the 
set point has been achieved it is ignored during deposition, allowing for pressure 
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fluctuations from out gassing materials, and partial pressures during a sputter operation 
(if applicable).  
 
Chamber Safety Pressure Setpoint 
 
The chamber safety pressure is also a user settable pressure setpoint, and it is 
triggered from the chamber gauge.  This setpoint is not considered until the chamber 
achieves the base pressure setpoint.  Then, if the pressure in the chamber ever rises to 
this pressure setpoint, the turbo and rough pumps are stopped, the foreline valve is 
closed and a fault is shown.  This setpoint must be higher in pressure than the chamber 
crossover pressure setpoint.  The indicator is green when the actual pressure in the 
chamber is lower than the safety pressure setpoint. 
 
Chamber Atmosphere Pressure Setpoint 
 
The chamber atmosphere pressure setpoint is a user settable setpoint triggered from 
the chamber gauge.  This is the pressure that the chamber must achieve in manual 
operation, or during a chamber vent sequence before the gate valve to load lock can be 
opened. The indicator is green when the actual pressure in the chamber is higher than 
the atmosphere setpoint. 
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Timer Setpoints 
 


 
 
User settable timers for the chamber are found on the timer setpoints page.  Note that 
users logged in at the Supervisor level only are allowed to make changes to the values 
in this window.  They may also load the default values at any time by clicking on the 
load default values button. 
 
Chamber Base Pressure Achieved Timeout Setpoint 
 
This timer represents the maximum time it can take for the chamber to reach the 
chamber base pressure setpoint from the time the turbo pump starts during an 
automatic sequence. 
 
Rough Pump Shutdown Time Setpoint (Manual Operation) 
 
This timer represents the maximum allowable time the rough pump can be left on while 
in manual mode without the foreline valve open.  Designed primarily for rotary vane 
applications, it simply doesn’t allow the rough pump to be left on for an extended period 
of time without the foreline valve open. 
 
Chamber Turbo Pump Up to Speed Time Delay Setpoint 
 
This timer represents the maximum allowable time the turbo pump can take to achieve 
the up to speed setpoint during a full pump down or when the turbo is turned on 
manually. 
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Chapter 2 – System Operation Guidelines 
 
What Every Operator Should Know Before Operating the System 
 
This section is designed to alert the operator of any details about the operation of the 
system that they should be well aware of when they operate it.  If the operator has any 
questions or concerns they are encouraged to contact customer service at Angstrom 
Engineering via email or telephone for assistance and clarification. 
 


1. Users should be aware of the safety practices outlined in Chapter 1 of this 
manual with regards to interlocking and use of the electron beam source. 


2. This system is equipped with substrate heating.  The temperature of the 
substrate is read using a thermocouple that touches the back side of the 
substrate holder.  This temperature is displayed on the stand alone Watlow 
temperature controller on the front panel of the system.  Users are encouraged to 
allow the substrate to cool to below 200° Celsius before venting the chamber. 
Caution – the actual temperature of the substrate holder may be hotter than the 
temperature indicated on the Watlow temperature controller.  


3. Follow proper vacuum practices while working within the system.  Wear clean 
Nitrile, latex or cotton gloves and a lab coat to minimize oil, dirt and particulate 
transfer to the interior of the chamber.  Inspect o-rings and seal faces on doors 
and take care when working around them.  Clean door o-rings occasionally with 
IPA and a lint free clean room wipe.   


4. Operators are encouraged to operate the system using the automated 
sequences for pumping and venting. 


5. If the chamber door is open all pneumatic pressure is removed from components 
inside the chamber.  All shutter positions can be manipulated by hand when a 
door is open. The shutters will re-close if they were moved open by hand when 
the door is closed.   


6. Users should understand the function of the Indexers found on the layer tab of 
the process edit page in the Inficon Software.  See the details in Chapter 4 – 
Depositing Materials. 


7. If the turbo pump has been off for over 45 days the pump should be started using 
the soft start mode.  Soft start mode can be enabled from the manual turbo 
control page in the software.  Further details are provided in Chapter 8 - Main 
Page Items. 


8. Users should be aware of the pressure set points when operating the Electron 
Beam source. This pressure is hard coded in the software at 9.0 x10E-5 Torr.  If 
this pressure is exceeded the deposition process will be aborted. Exceeding this 
pressure while the source is running can damage the source. 
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Chapter 1 – System Control Overview 
  
Welcome to your Angstrom Engineering Nexdep vacuum deposition system manual. 
The following pages cover all aspects of the operation of this system. 
  


 
 
Shown above is the control software main page where all machine control is available 
except for deposition control.  Deposition control is handled by the Inficon deposition 
software which opens as a separate program.  See Chapter 4 – Depositing Materials for 
information on the Inficon deposition software.   
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The control software is windows based and serves as the user interface for the SCADA 
software which in turn communicates with the system PLC.  The PLC code allows the 
SCADA (Supervisory Control And Data Acquisition) software to control all of the 
system’s basic functions.  Examples of these functions include powering solenoids to 
opening and closing valves, controlling contactors and relays to turn on pumps and 
motors, and receiving input from gauges, switches and other items that provide 
feedback.  The user, through the SCADA software, activates automated sequences 
programmed into the PLC for chamber pumping, venting, and other routines.   
The main page is constructed of many small windows.  These include the alarm window 
at the top of the screen, the Status window on the left side of the screen, and the main 
system schematic with all of the manual controls in the centre.  Other buttons open 
windows to display the system interlocks, the source detail and shutter controls, 
setpoints pages and the login and logout windows.  Abort and reset fault buttons are 
also on the display.  All of the system operations and functions are explained in detail 
throughout the next few chapters of this manual. 
 
The PLC or Programmable Logic Controller executes a program of commands and 
sequences, which in conjunction with the SCADA software allow the user to operate 
and control the system.  The SCADA software communicates with the PLC through a 
serial cable from the PC.  The PLC program is stored in the PLC memory and is not 
affected by the system PC.  Once the system is running, the PC can be turned off 
without affecting operations in the PLC.  If the computer must be rebooted for any 
reason or if it needs repair, it can be turned off and even removed for periods of time.  
However, if an alarm occurs in the system and the PLC takes appropriate action, the 
user will be unable to react to the alarm unless the SCADA software is running on the 
PC. 
 
Electron Beam Source and Power Supply Safety Overview 
 
At Angstrom Engineering operator safety is a primary concern.  This Electron Beam 
system is equipped with a power supply capable of producing up to 8000 volts DC.  This 
voltage level is potentially fatal.   
 


NOTE:  Please consult the Telemark Cheetah TT Series Electron Beam Power 
Supply Manual, which is included in electronic format in this manual, for important 
operator safety information.  It is imperative that all operators review the safety 
information in this and the Telemark manual before attempting to operate this 
system.  Also note that the grounding in place is a requirement for the safe 
operation of the power supply.  Please consult with Angstrom Engineering Inc. 
before tampering with or servicing any ground connections. 


 
The high voltage power supply is mounted in the system frame and warning labels have 
been applied to the cabinet exterior panels to warn of the presence of deadly voltages.  
If any troubleshooting is required inside the cabinet it is a requirement that the main 
system input power disconnect is open.  Please consult Angstrom Engineering before 
any electrical work is to be performed within the cabinet.   
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Various interlocks have been implemented to ensure operator safety.  The high voltage 
power supply input power is interrupted when either of the chamber doors is opened.   
A number of water and vacuum interlocks must also be met in order for the power 
supply output to be enabled.  Tampering with or overriding any interlock or safety device 
voids all warranties, and endangers the health and safety of all operators.  
 














































































































