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CHAPTER 5 DEPOSITION TUTORIAL

CHAPTER 5: Deposition Tutorial (Amod 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 Amod systems, however
almost all of the information is applicable to an EvoVac system as well.

Single layer deposition process confiquration

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.

Wigws Source Detail and Shutker Control

SOURCE DETAIL AND SHUTTER CONTROL

CHAMBER GAUGE [x]
Source 1

Pocket 1 (Output 1, Src/Pkt 1)

(Tom)

SAMPLE
SHUTTER

Leosc] [cmen]

SAMPLE ROTATION

Pocket 2 (Output 1, Src/Pkt 2)

Pocket 3 (Output 1, Src/Pkt 3)

Pocket 4 (Output 1, Src/Pkt 4)

Source 4 (Output 3, Src/Pkt 4)

Source 3 (Output 2, SIc/PKi 3)

SOURCE INFORMATION:
Source 1 is & 4 pocket electron hesm with 2 6 kv povver supply and analog sweep.

SOURCE SENSOR OUTPUT
e A o Source 2, 3 & 4 fransformers are 2.5 kv with 10V - 250 & maximum output

# # #1
H2,#3 #2 2
#1 #3 #3

HOTE:
Click on the Red Arraws to Erter Source Corterts

@=Closed (D=0pen {_)=Faulted

TOOLING FACTOR CALCULATION:
Newr Factor = Measured Thickness (Actual) / Theoretical Thickness finficon)) x Original Tooling Factor
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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.

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 Amod, 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:

e The substrate needs to be at the same height or distance from the source.

e The same source or style of source must be used.

e The source must be mounted in the same location in the clamps or not
removed for loading material.

e The same source location and sensor must be used.

e A consistent amount of material must be in the source.

e 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.

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 %2” in size of material.
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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.

User Marme: ISuper j
Eassward: |
Cancell ] 4 I
User Login
5-3
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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.

E5 S05-242

File "Edit Miew Help

Process... Process: Pkt 1 Al

Films. ..
Materials.%

TimefBun: 0:00:07 7 63

Swskermn, ..

Security...

E&| Film Edit

| Pkt 1 Ll Renane | Mew | Delete | Copy |
Pkt 1 -
PLt1 Al ~ | Source/Sensar l Errars l
Pkt2
Ett % sid2 L | bl &, Power Slew R ate
Pl 4 -
S 2 b\ & x
Sz 3 -

1 2 & |

5 B 7 3

100. 100.0 100.0 100.0
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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.

|Sru:2 ﬂ Rename | Mew |

Delete | Copy |

erositl Condition l Source/Sensor Errors l

On Error:

" lgnore {* Stop Laper " Timed Fower

Control Error Crystal Fail Crystal Quality
[ Enabled [v Enabled [ Enabled

Crystal Stabhility
[ Enabled

Single Hz

Total Hz

Enter Mew MName:
Sro 2 AL

5| B

Back
Space

1]

Enter

Cancel

E&| Film Edit

|Sru: 280 Ll Rename ] Hew | Delete ] Copy ‘
erusitl Condition l Source/Sensor Errars l
On Error:
" lgnore (* Stop Layer " Timed Power
Control Ermror Crystal Fail Cryzstal Quality Crystal Stability
| Enabled [+ Enabled | Enahbled | Enabled
1000
X Counts 4 Single Hz
2EC, Counts Total Hz
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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.

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.

File "Edif Miew Help

F'.ru:-cess... % Process: Pkt 2
Filrns... Time/Run: 0:00:00 / 40

Materials, ..

Swskern.,..

Securiby...

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.
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E&| Process Edit

Source 34/ #:

Leyer \ BateP\ampﬂ erosit] Canditian l §Durcef89nsor1 Errar

| PEET Al LI Rename Hew I Delete | Copy

Plt1 Al - .

PRt 2 SetPt Thickness

Pkt 2 5i02 2 0.08 o Cut Layer

Pkt 3

g Copy Layer
Source 3 2

Film Dutput Input
| Pt 12l || Dutput 1 ~|  |5ensais ~|
SetPt  Final Thick Thick EndPt  Time EndPt System Setup
[ zoo) [ oosd] | oooo | o000 |Defau |
Afs ke, ks Sec.
Start Mode

Indexers
Src/Pkt Sweep Gasz Fecipe Mot Used Auta Start :"
[ ENs Sl &Moo

&S

Index Index Indes Index
| Source 2 Lj Rename New | Delete | Copy |
L._ayer Ot Filrm SetPt Thicknesz
1 2 52 1 {1 87] 1] Cut Layer

Copy Laper

M

Lavyer I BateFiamps] erosit] Conditian ] QourcefSensor] Error

Film Dutput Input
| S 2 j |E|utput 2 Li |Sensol[s] j
SetPt  Final Thick Thick EndPt  Time EndPt Syztem Setup
[ voof | osoof | ooodl [ ood |Defaut |
Als k2, ks Sec.
Start Mode

Indexers
Sic/Pkt Sweep GaszRecipe Mot Used Auta Start j'
|2 Li |N0neﬂ |N0neli |N0neﬂ

Index Index Index Index

Process

Enter MNew Narme:
|Sour|:e 2 A

lefsf sl o] o] o] o] ]« 2z
o] o] ] el el
Tl el ool o] o] o] ] e
i [l s ] ] T T
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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 A/s. We have chosen 1000
Angstroms (1.000 kA) for the film final thickness.

E5| Process Edit

" g

J Source 2 4l L] Rename | Hew I Delete l Copy
Layer Dt Filr SetPt Thicknesz
1 2 5Sic2 0.5 1 1] Cut Layer

Copy Laper

A

Laver ‘ Batel:’iampsi erusit] Condition 1 guurcefSensor] Error

Film Output Input
| Src2 ﬂ ]Elutput 2 _v_J |Sensnr[$] ﬂ
T o] Thick EndPt  Time EndPt  System Setup
Sic 3 by | ooodl | 000 |Defaul |
g:g iAI B = ; Start Mode
?;:‘{M | GasFecipe Mot Used Auto Start :I"
Test2 B JN-:.ne_vJ |Nnneﬂ'

Index Index Index Index

E5| Process Edit

" g

J Source 2 4l L] Fename Hew I Delete ] Copy
Layer Dt Filr SetPt Thicknesz
1 2 Sic2Al 0.5 1 0 Cut Layer

Copy Laper

M

Laver ‘ Batel:’iampsi erusit] Condition 1 guurcefSensor] Error

Selected Selected
Film et I Output
]Elutput2
et : e ErrdPt Sustem Setup
| osa) | tood] | ooodl | ooof |Defaul |
Selected B A ke Sec
Source \ ldaaas ; Start Mode
Sweep Gas Fecipe Mot Uzed At Start thc
|N0neﬂ JNDHE_‘J |N0nej'
e ek
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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.

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.

A rate ramp will be used as shown in the example. Our initial rate on the Layer tab is
0.5 A/s. At 100 A (0.100 kA) accumulated thickness we ramp up over 45 seconds to a
new rate of 4 A/s. The process will complete our 1000 A thickness at this rate.
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E5| Process Edit

L&Y

| Source 2 4 LI Rename Hew I Delete ] Copy
L_a_l,ler Ot Filrn SetPt Thickness
1 2 5Smc2Al 0.5 1 1] Cut Layer

Copy Layer

s

Layer FRateRamps ] ernsit] Condition 1 guurcefSensurl Error

Famp StartThick FRampTime MewRate Start Thickness
1 L 43 4 Inzert Rarmp D'-IEE
Celete Ramp Ramp Time
45,00
Maove Up Sec.
SetPt
Move Down
Als
E&| Process Edit @
| Source 2 4 LI Rename Hew I Delete ] Copy J
L@_l,ler Ot Filrrr SetPt Thicknesz
1 2 5Smc2Al 0.5 1 1] Cut Layer

Copy Layer

s

I:ayer\ RBateRamps Deposit I Condition 1 guun:e,-’Senscur] Etrao

Loop 1 Shutter Delay ——  Rate Sampling 1

F Termn .

[v Erabled + Continous

| Temn Accuracy ~ Accuracy

pased %

Sec. % " Time Based

D Tem W it Haold Sample Hald

[ 000 | eoonl [ =og [ 1000 [ 100
Sec Sec. Sec. Sec. Sec.

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 A/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 | 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 |
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 | values of 8-12 seconds. For mid temperature materials like
salts and some organic compounds we recommend 110-125 for P values and |
values ranging from 5-8 seconds. For high temperature materials like metals the P
values are typically 125-150 and | values are 3-5 seconds.

E5| Process Edit

L&Y

| Source 2 4 LI Rename Hew | Delete ] Copy
L_a_l,ler Ot Filrn SetPt Thickness
1 2 5Smc2Al 0.5 1 1] Cut Layer

Copy Layer

Hdd3

I:ayer\ BateF’iamps{ Deposit  Condition lguurcefSensnrl Error
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Fampl Time Fampz Time Famp Time Ramp Time
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Snoakl Time Soak? Time Feed Time
(o [od
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E& Process Edit
| Source 2 4 LI Rename Hew I Delete ] Copy J
L_a_l,ler Ot Filrn SetPt Thickness

1 2 Smc2Al 0.5 1 1] Cut Layer

Copy Layer

Hdd3

I:ayer\ BateF’iamps] ernsit] Condition Zource/Sensor ‘Ermr

Source
I aterial . Poweer Slew Rate

|§AIuminum j

4

N!

Senszor Tooling [%)
Sensar 2

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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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 A/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.

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.
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E| Process Edit

)

| Source 2 &l Ll Rename Mew J Delete ] Copy
L._a_l,ler Ot Filrn SetPt Thickness
1 2 Smc2AlL 0.5 1 0 Cut Layer

Copy Layer

s

Laver Bateﬁampsl erusit] Condition 1 Source/Sensor  Error

On Error:
" lgrore {* Stop Layer " Timed Power
Control Ermor Cryztal Fail Cryztal Quality Cryztal Stability
I Enabled v Enabled | Enabled I Enabled
1000
A Countz e Single Hz
586 Cournts _ Tu:u_laI.Hz

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.
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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.
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CHAPTER 7 MANUAL CONTROL

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:
e No automatic sequence must be executing.
e A Supervisor or higher level user must be logged in.

To open the vent valve:
e 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:
e Conditions to access manual controls must be met.

Turbo Foreline Valve

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

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

To close the foreline valve:
e Conditions to access manual controls must be met.

Turbo Pump

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

To start the chamber turbo pump:
e The conditions to access the manual controls must be met.
e The rough pump must be on.
e The foreline valve must be open.

To stop the chamber turbo pump:
e The conditions to access the manual controls must be met.
e A sequence must not be running.

NOTE: The turbo pump will automatically turn off if:

e The turbo fails to achieve the up to speed setpoint of 85% rotational speed in 20
minutes from when it was turned on.

e 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:
e A sequence must not be running.

To turn on the rough pump:
e The conditions to access the manual controls must be met.
e The rough pump is not overloaded
e The chamber door is closed

To turn off the rough pump:
e 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: WWwWw.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

Appendix



http://www.angstromengineering.com/�

mailto:info@angstromengineering.com�

mailto:dpitts@angstromengineering.com�



		Appendix: Angstrom Engineering Inc. Contact Information

		Address and Phone

		Contacts






e - ;
ANGSTROM Appendix: PID Control Tuq_llgg
Issued: June, 2009

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 | value.

PID will not always react the way that you think it will. This means that dropping the |
term by one will sometimes quicken the response but other times it may make the
response slower. This is because the P and the | work together. The P determines how
much drive the source will have and the | determines how fast it will allow the P to react
and drive. In essence the | 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, | 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 O.

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 | 12 then try
P500 and | 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 | 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 arun 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 2A/s /500A

Pressure at the end of the run was 6.8 x10-7

=T

File Edit \Mew Help

FProcess: SRC 1 TPD Layer: 1 of 1 Phasze: Stopped

START Time/Run: 0:03:39 /127 Time: 0:03:38 Time: 0:03:38
PROCESS

Progress:

Rampl Pwr
0.000

NI

Ramp1 Time

sec

Soakl Time

SEC

Ramp2 Pwr

NE

Ramp2 Time

SEC

Soak? Time

MEXT Film Rate(Afs) Dewv.(%) ThickikA) Power(%:)
SETTING SRC 1 TPD 0.00 0 0.4568 0.0 s&c

#isat| | [ @ D 8 9 [ Microsoft ... | | Caleulator | g;’-\ngstmmo...| £3 WinZip (U... | ] New runs.r...| E]SQS5-242 3 C\Docum... | W% M & 9:43AM
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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 | 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 | again. Note that raising the | 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 arun 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 2A/s /500A
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=1

Fle Edit Wew Help

Process: SRC 1 TPD Layer: 1 of 1 Phase: Stopped

START Time/Run: 0:02:12 / 133 Time: 0:02:12 Time: 0:02:11
PROCESS Progress:

=
g
» S
2
T
£

Ramp1 Time

sec

Soakl Time

sec

Ramp2 Pwr

NE

Ramp2 Time

@
@
o

Film Rate(ASs) Thicki{kA) Power{%:)
SETTING SRC 1 TPD 0.00 0.2332 0.0

#isan| | (@ & O & O [E8] Microsoft Excel - 00176 1... | €8] AngstromOrganic |[ =) sas-242 E) Newmnsstf -WordPad | w8, 7 8 & 12:05FM

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 | to react fast enough for it to realize that it
is above the setpoint. In this case you could start with an | 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 | more
and see if it gets faster. Lower it only 1 at a time as changing the | term can make the
system very unstable. If lowering the | stops making a positive difference then try
leaving the | 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 arun 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 2A/s /500A

It got slower but the | was too high so it was too slow to react on the way up.

EE =10l

File Edit Mew Help

Process: SRC 1 TPD Layer: 1 of 1 Phase: Stopped

START Time/Run: 0:02:52 7 137 Time: 0:02:51 Time: 0:02:51
PROCESS Progress:

Bamp1 Pwr

NE

So0akl Time

sec

Bamp2 Pwr

NE

Ramp2 Time

sec

Soak2 Time

MEXT Film Rate{Afs) Dewv.(%) Thick(kA) Power(%:)
SETTING SRC 1 TPD 2 0 0.21568 0.0 sEe

i#sat| | & O EE [28] Microsoft Excel - 00176 I... | L3 AngstromOrganic ||§j 5Q5-242 [Z] New runs if - WordPad L ol 'S 12:26 FM

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 | 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 arun to see if the PID can control the source from a 0 start. With no ramp
or soak.

Starting Pressure 7.8x10-8
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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 2A/s /500A

Less overshoot because the I is controlling it. The | slows it down but you still need the
P to drive it.

=] Sas-242 1ol =]
Fle Edt Wew Help

Process: SRC 1 TPD : -
START Time/Run: 0:02:14 7 136 i :02: 2:14
PROCESS Progress:

2 o
: :
.
] ER - o
&l ]
3 i

Spakl Time

o
g
o
¢
¢ IEJ 14
el
£

RBamp2 Time

w
il
0

Soak2 Time

NEXT Film Rate(Afs) Dewv.(%%) Thick(lkA) Power(%:)
SETTING SRC1TPD -0.02 o 0.1955 o0

i
o
0

dsan| | G & O [28] Microscft Excel - 00176 1... | E3| AngstromOrganic HE] 5Q5-242 Z] New runs st - WordPad o O 1221PM
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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.

Weekly Degas lon Gauge (Granville-Phillips Consult Angstrom if fails continuously
only)
Monthly Back up Inficon .mdb database and Use CD burner or memory stick
.ini settings files
Sweep computer with antivirus Antivirus software Customer preference
software
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 May not apply to in-house supply
exchange bottle
Check process gas flow Inspect regulator/purchase or Local gas supplier
exchange bottle
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 Check for discoloration due to heat/tighten connection or
secondary cable connections are tight replace cable. Consult Angstrom Engineering.
Regenerate cryo pump Purge gas must be on! Perform Interval From last time regenerated or pump was at room
overnight 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
Clean Chamber rough valve

Clean Cryo foreline valve

Clean Cryo pump purge/overpressure
valve

Back flush water through system

Add anti-fungal/algae solution to
cooling water
Replace water supply filter

Cryo Adsorber - Spare parts list
Isopropyl alcohol/swabs

Isopropyl alcohol/swabs

Isopropyl alcohol/swabs

Rags to catch spills/bucket

Anti-fungal/algae solution or bleach

Filter element

CTI/Austin Scientific

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

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

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.

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.

Prohibits growth of algae or fungus in water lines for closed
loop systems.

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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Every 2
years

Every 3
years
Every 5
years

Computer maintenance
Clean chamber viewports

Replace glove box HEPA filters

Inspect all glove box gloves for holes

Calibrate Capacitance manometers
and flow meters/controllers
Calibrate Glove Box Sensors

Clean flow switches

Replace door o-rings

Overhaul rough pumps

Replace cryo pump array

Clean cryo gate valve/transfer gate
valve(s)

Solution of acid

HEPA filters
Glove box gloves

Wipes/flow switch face o-ring seal

Door o-ring - Spare parts list
Overhaul kit
Cryo pump array

Hand tools/alcohol/wipes

interval to 6 months.

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

Wipe away any deposited materials from interior of Pyrex
viewports.

Glove box supplier

Glove box supplier

Typically a local MKS distributor or consult Angstrom
Engineering

Consult glove box manufacturer

Drain/blow out water from system. Open face of flow switch
carefully by turning counter clockwise. Remove paddle and
wipe housing and cover clean.

Angstrom Engineering. Extreme care must be taken to not
scratch seal face under o-ring. Use plastic tools to remove.
Use local supplier or PTB Sales. Applies to glove box pumps as
well.

CTl or PTB Sales. Consider having pump overhauled or
exchanged depending on how the pump is running at the time.
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.
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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 - Pump has run low on oil (rotary vane). Top up oil level and try again. Be careful as

pressure for cryo cross-over or chamber pump will be hot! Or failure or wear in a scroll pump dictates an overhaul is required.

cross-over. - 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.

IO Error @

i e (Tl not found on Comm 1 at Address 0,
"' Use Edit System menu, /0 tab to disable or search for PLC.

Configure PLC

Verify in the System Setup, 1/O tab that Comm 1 is unavailable then close the Inficon
software.

8| System Setup @
Outd Sens? Thk - Rename | New | Delete | Copy |

B 5Qs-242

Qutputs1 ﬁensorsl analogl Indexers 140 lgard] Eomml

File | Edit | View HE'FI Relay Events Input Events
p | Proceszz Running ﬂ |N0t Azsigned ﬂ
M CEess...
+ Felay1 " Relayd * Input1 " Input 7
Films... " Relay 2 " Relay 10 " lnput 2 i Input &
: ™ Relay 3 ™ Relay 11 " lnput 3 & Input 9
Materials... " Relay 4 (" Relay12 " Input 4 " lnput 10
" Relay b " Relay13 " Input 5 " Input 11
" Relay 6 " Relay 14 " lnput & & Input12

System... I}

" Relay 7 " Relay 15
" Relay 8 " FRelay 16
Test

Set Clear | Clear il |

PLC Cornrn
Port Address

Security...
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These ports will need to be reassigned in Control Panel, Device Manager, Ports (Com &
LPT). The PCle ports must be changed to (Com1) and (Com2).

() [+ Comvotpane + 20 CormtPancinems » ~T ][
e 4 "7 Ports (FOM & LPT) |
- )T Coffmunications Port (COMS)
= i S - .JF PCleto High Speed Serial Port (COMS3)
B Avorey M sackup and restore . L.J3 PCleto High Speed Serial Port (COMA4)
31 Color Management B) credential Manager b m Processors

',‘ CX-Server Driver
" Management Tool

¢ Default Programs E.' Desktop Gadgets E N Sound" "l"idEL-.l and game CUntrU”Ers
- [ -fM Systermn devices

o Date and Time - -%¥ Sigma Instruments

,‘-J Device '.!j%i\_-jn__ .||-<'| Devices and Printers
!

a |m - &
== . [ ‘ Universal Senal Bus controllers

Double click on each PCle port in the tree and change the port number in the port
settings tab. Change COMS3 to COM2 (even if in use) and click OK.

PCle to High Speed Serial Port (COM3) Properties | &% |

Advanced | Driver I Detas | Resourt;esl

Bits per second Iﬁ
Data bits: ’E—Ei

aty: [lore =]

Stop bits !ﬁ

Flow control Ihi

Changekrt Numberj Restore Defaults I
Lag*

r o
Advanced Settings for COM3 [P S

Cancel
COM Port Number: {))M:} vi Defaults

OK Cancel

Change Port Number | Restore Defauts | Change Port Number‘ Restore Defaults |

Advanced Settings for COM3 [ 2

Cancel I
COM Port Number:  [COM3. ~]  Defauts |

Advanced Settings for COM3

Cancel

COM Port Number: COM2 (n use) |id Defaults

Hik

[ ok ][ Canesl |
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Appendix: Inficon Communication Lost After Windows 7
ANGSTROM (Optional) Updates Have Been Installed — Reassigning

Communication Ports Procedure
Issued: September, 2012

Say Yes to the conflict and warning pop ups.

Communications Port Properties l' 3 Communications Port Properties e

iﬁl This COM name is being used by another device (such as another com I.’ W4 The port has been opened by another application. Renaming the port

W' port or modem). Using duplicate names can lead to inaccessible ‘S¥' may have an unpredictable effect on the other application. Do you

devices and changed settings. Do you want to continue? wish to continue?

Yes No | Yei | Mo

Change COM4 to COML1 following the same process.

;‘.ﬂ? Ports (COM & LPT)

.../5" PCle to High Speed Serial Port (COM2)

. L5 POeto Highgmed Serial Port (COM4)
- |} Processors

Correct port assignments.

4 'F Ports (COM & LPT)
P L ? Communications Port (COMS)

"-? P{le to High Speed Serial Port (COM2)
b n Processors

b -EF Sigma Instruments

b -% Sound, videc and game controllers

> M| Systemn devices

- i Universal Serial Bus controllers
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Appendix: Inficon Communication Lost After Windows 7

ANGSTROM (Optional) Updates Have Been Installed — Reassigning
Communication Ports Procedure

Issued: September, 2012

Reopen the Inficon software and select Comm1 in the System Setup, 1/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.

E&| System Setup
|Elut3 Senz? Thk LJ Rename I Hew I Delete I Copy I
Qutputs] Eensars] gnalag] Indexers 140 lEard] En:nmm]
-Relay Events [nput Eventz
|P'ru:u:ess Running _:] ]Nu:ut Azzigned Li
* Relay 1 ™ Relay 9 & lnput1 O Input 7
" Belay 2 (" Relay 10 " Input2 © Input
" Relay 3 i FRelay 11 i Input 3 i Input 9
" Relay 4 ™ Felay12 " |lnputd Input10
(" Relay b i Relay13 " Input® 7 nput 11
" Relay B i Relay 14 i InputE 7 Input12
(" Relay 7 ™ Relay 15
0 He|ays o He|ay15 FRE o
S0 Fi Part Address
.T&: b Cear | Cleara ] o IO
& ear ear CH
{Comm 2,
Dizabled
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Appendix: Inficon Quartz Crystal
ANGSTROM Monitor Resolution

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 Frequency D=1 Rate Dn=10 Rate
Period Resolution Resolution Resolution
0.25 sec 0.12 Hz .59 Als .059 A/s
0.50 sec 0.06 Hz .15 Als .015 A/s

1.0 sec 0.03 Hz .04 Als .004 Als

2.0 sec 0.015 Hz .01 Als .001 A/s

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

Measurement Frequency Tooling=50 Tooling = 200

Period Resolution Rate Rate
Resolution Resolution

0.25 sec 0.12 Hz .295 A/s .118 A/s

0.50 sec 0.06 Hz .075 Als .030 A/s

1.0 sec 0.03 Hz .02 Als .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 Als.

Other factors can swamp these theoretical considerations:
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e ANGSTROM Appendix: Inficon Quartz Crystal

Monitor Resolution

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 25°C. Heating above 50°C
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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ANGSTROM

System Training Checklist

Customer: Project:
Trained By: Project #:
Date: Location:

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

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

Angstrom Engineering, Inc., 91 Trillium Drive, Kitchener, Ontario, Canada N2E 1W8
Phone: (519) 894-4441 e Fax: (519) 894-4443 e Internet: angstromengineering.com
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ANGSTROM

System Training Checklist

Customer: Project:
Trained By: Project #:
Date: Location:

_

Complete

Angstrom Manual

Reference

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

Chapter 5 Contrql 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 Manual

Complete
Reference
Open the software and demonstrate how to close it/ reference Inficon manual in our manual/ simulate mode/ ability to
Chapter 3.2 e - : o

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

Angstrom Engineering, Inc., 91 Trillium Drive, Kitchener, Ontario, Canada N2E 1W8
Phone: (519) 894-4441 e Fax: (519) 894-4443 e Internet: angstromengineering.com
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ANGSTROM

System Training Checklist

Customer: Project:
Trained By: Project #:
Date: Location:

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/ 1/0O 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

Angstrom Engineering, Inc., 91 Trillium Drive, Kitchener, Ontario, Canada N2E 1W8
Phone: (519) 894-4441 e Fax: (519) 894-4443 e Internet: angstromengineering.com
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ANGSTROM

System Training Checklist

Customer: Project:
Trained By: Project #:
Date: Location:

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

Angstrom Engineering, Inc., 91 Trillium Drive, Kitchener, Ontario, Canada N2E 1W8
Phone: (519) 894-4441 e Fax: (519) 894-4443 e Internet: angstromengineering.com






TELEMARK

THIN FILM EVAPORATION GUIDE

This guide was prepared by Edward Graper of Lebow Corporation, and is being made available to assist
Telemark customers. In the preparation of this guide, every effort has been made to ensure accuracy,
completeness and clarity. Unfortunately, in a work of this scope, errors are inevitable. Neither Edward
Graper nor Lebow Corporation nor Telemark warranties the accuracy of this information or the results of
its applications. Use this information, at your own risk, as a general guide. Use an independent check for
important data. This guide may not be reproduced in any way without written permission from Lebow
Corporation, which will generally be granted.

51 Whitney Place
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
. TiB,-BN 1.0@.85 Alloys and wets tungsten; stranded
Aluminum | Al 660 2.70 1.05 821 1010 Xint. ZiB, BN 3s@12 superior.
Aluminum
. . AISb 1080 4.3 3.62
Antimonide
Aluminum § 51 1600 37 ~1300
Arsenide
Aluminum § g o7 264 =50 Graphite
Bromide 8 ’ a P
Aluminum . .
Carbide AlC, 2100 2.36 ~800 Fair 2.75@.70 Sublimes
Aluminum AI2%Cu 640 280 Wire feed and flash, difficult from
2% Copper dual sources.
Aluminum e 2191 2.88 490 700 Poor Graphite 1.38@.55 | Sublimes.
Fluoride
Aluminum _ . Decomposes. Reactive evap Al in

Nitride | AN 2200 8.26 ~1750 Fair 10° N, with glow discharge.
Aluminum . .

oxide | AL0, 2045 3.96 36 1550 Xint. 1.59@.60 Sappmre xint. in EB, forms smooth

. 1.56@1.6 hard films.
(a)(alumina)
Aluminum
Phosphide AP 2000 2.42
Alum_mum AI2%Si 640 269 1010 TiB,-BN Wire feed and flash, difficult from
2% Silicon dual source.

. . BN, C 3.4@1.0 Toxic. Film structure is rate
Antimony | Sb 631 6.62 58 845 428 Fair ALO, 51@11 dependent Use Mo E.B. liner.
Antlmqny Sb,Te, 629 6.50 600 Carbon Toxic. Decomposes over 750°C.

Telluride
Antimon BN Toxic, sublimes. Decomposes on
ony Sb.0O, 656 5.82 ~300 Good 2.10@.50 W. Use low rate. Z. Physik 165,202
Oxide AlLO,
(1961).
Antlmc?ny Sb,Se, 629 6.50 1.87 Carbon Toxic. Stoichiometry variable.
Selenide
A”gm:gg Sb,S, 550 412 =200 | Good AL,O, 301@55 | Toxic. No decomposition.
A0, Toxic. Sublimes rapidly at low
Arsenic | As 814 5.73 150 210 Poor BeO )
. temperature.
Vit. Carbon
Arsenic Al,O, 3.083@.82 .
Selenide As,Se, 360 4.75 Quartz 2.9@92 Toxic. JVST 10, 748 (1973).
Arsenic ) 2.69@.56 )
suffide | AS:Ss 300 3.43 ~400 Fair Mo sga@gs | TOXC JVST 10, 748 (1973).
Arsenic .
Telluride | AS-Tes 362 ~5.0 Toxic. JVST 10, 748 (1975).
Barium | Ba 725 3.51 627 735 | Fair ss@s0 | oxic. Wets wjo alloying, reacts
with ceramics.
Barium I poc) 961 3.86 =650 | Good 1.74@58 | Use gentle preheat to outgas
Chloride d : = (HQ. gentle p gas.
Barium _ 1.51@.27 . .
Fluoride BaF, 1280 4.89 .90 ~480 Good 1.40@10.3 Sublimes. Density rate dependent.
Barium .
Oxide BaO 1923 5.72 ~1300 Poor ALO, 1.98@.59 Decomposes slightly.

Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon) Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z





Barium Sulfide

Barium
Titanate

Beryllium

Beryllium
Chloride

Beryllium
Fluoride

Beryllium
Oxide

Bismuth

Bismuth
Fluoride

Bismuth
Oxide

Bismuth
Selenide

Bismuth
Telluride

Bismuth
Titanate

Bismuth
Sulfide

Boron

Boron Carbide

Boron Nitride

Boron Oxide

Boron Sulfide

Cadmium

Cadmium
Antimonide

Cadmium
Arsenide

Cadmium
Bromide

Cadmium
Chloride

Cadmium
Fluoride

Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
BaS 1200 4.25 1100 2.16@.59 Sublimes.
BaTiO, 1620 5.85 32 Decomposes ... 2.4@8 Decomposes, yields free Ba;
sputter or coevaporate.
BeO Metal powder and oxides ver:
Be 1283 1.85 .55 710 1000 Xint. C 2.5@.5 toxic \7Vets W/Mo/Ta y
Vit. Carbon : :
BeCl, 440 1.90 =150 Very toxic.
BeF, 800 1.99 ~480 Good 1.33@.59 Very toxic, sublimes.
1.82@.19 Powders very toxic. No
BeO 2875 8.01 1900 Good 1.72@.55 decomposition from EB guns.
. ALO, .82@.35 - o
Bi 271 9.80 .81 410 520 Xint. Vit. Carbon 15@1.0 Vapors are toxic. High resistivity.
. B . 1.74@1.0 Toxic, sublimes. App. Opt. 18,105
BiF, 727 5.32 ~300 Graphite 1.64@10 (1979).
Bi,O, 811 8.9 ~1390 Poor c4g@ss | Vapors aretoxic. JVST 12,63
(1975).
Bi,Se 710 7.66 ~650 Good Graphite Toxic. Sputter or coevaporate
2o%e : - Quartz -oP P )
Bi,Te, 585 6.82 =600 Graphite Toxic. Sputter or coevaporate
2 s ) - Quartz -oP P :
- Toxic. Decomposes. Sputter or
Bi,Ti,O, Decomposes ... coevaporate in 10° O,
Bi,S, 685 7.39 =15 Toxic.
c Material explodes with rapid
B 2100 2.34 .45 1548 1797 Fair . cooling. Forms carbide with
Vit. Carbon )
container.
B,C 2350 2.52 2580 2650 Xint. Similar to chromium.
BN 2300 205 ~1600 Poor Sputtering pref. Decomposes.
: - JVST A5(4),2696 (1987).
B.O, 460 2.46 ~1400 Good 1.46
B,S, 310 1.55 800 Graphite
ALO Poisons vacuum systems, low
Cd 321 8.65 6 120 180 Fair Quzansz 1.13@.6 sticking coefficient. Use Mo E.B.
liner.
CdSb 456 6.92
Cd,As, 721 6.21 Quartz Toxic.
CdBr, 567 5.19 =300 Sublimes.
CdCl, 960 4.05 =400 Sublimes.
CdF, 1100 6.64 =600 1.56@.58

Copyright Lebow Corporation 1990, All Rights Reserved
Printed by Telemark. Please visit www.telemrk.com for all your electron beam source needs.






Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance —Jap.TTess Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Cadmium
odide 1 Cdlz 387 5.67 ~250
Cadmium . .
- CdO 1430 8.15 ~530 2.49@.67 Disproportionates.
Oxide
Cadmium Al,O, . .
Selenide CdSe 1351 5.79 580 Good Quartz 2.4@.58 Toxic, sublimes.
Cadmium .
Silicide | CdSiO. =600 1.69
: 2.43@.67 Sublimes. Sticking coeff. affected
Cadmium ALO, :
Sulfide CdSs 1750 4.82 1.02 550 Good Quartz 231@1.4 by sub temp. Comp. variable JVST
2.27@7.0 12,188 (1975)
Cadmium 2.68@4.0 Toxic. Stoichiometry depends on
Tellurige | €978 1041 6.20 98 480 251@32 | substrate temp. JVST 8,412 (1971).
' ALO, Flammable, sublimes. Corrodes in
Calcium J Ca 845 1.55 2.36 357 459 Poor Quartz .29@.58 air. Optic 18,59 (1961).
Calcium B 1.47@.24 Rate control important. Use gentle
Fluoride CaF, 1360 818 85 ~1100 Xint. Quartz 1.32@9.4 preheat to Outgas.
Calcium Oxide | CaO 2580 3% ~1700 zr0, 18a@s59  Forms volatile oxides with W and
3.38 Mo.
Calcium | CaO
Silicate | sio, 1540 2.90 Good Quartz 1.61
Calcium
Sulfide CaS subl. 2.5 1100 2.14@.59 Decomposes.
Caleium 1 ¢.io, 1975 4.10 1600 1690 | Poor 234@59  Disproportionates exceptin
Titanate sputtering.
Calcium
Tungstate Cawo, 1620 6.06 Good 1.92@.59
Carbon 2.94@.19 .
(Diamond) C 3727 3.52 22 2.42@ 66 Deposit by CVD.
Carbon | subl. 226 433 | 1867 2137 Fair 1.47 Sublimes. EB preferred, Arc
(Graphite) evaporat. Poor film adhesion.
ALO,
Cerium || Ce 795 6.67 .86 1150 1380 Good BeO 1.91@.59 Films oxidize easily.
Vit. Carbon
Cerium (lll) B 1.63@.55
Fluoride CeF, 1460 6.16 ~900 Good 1{55@12 Use gentle preheat to outgas.
Cerium (IV) Sublimes. Use 250°C sub.
Oxide CeO, 2600 7.13 1890 2310 Good 2.18@.55 temperature. Reacts with W. J Opt
Soc Am 48,324 (1958).
] . B . Alloys with source. J.Opt.Soc.Am
Cerium Oxide [ Ce,O, 1691 6.89 =.41 Fair 2.18@.58 48,324 (1958).
Cesium | Cs 29 1.89 22 30 Quartz Flammable.
Cesium 1.79@.36
Bromide CsBr 636 4.44 1.72 =400 1.56@39
Cesium .
Chloride CsCl 646 3.99 =500 1.64 Hygroscopic.
Cesium
. CsF 682 411 =500
Fluoride
Cesium 1 oo 272 3.67 550
Hydroxide ’

4 Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon) Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z





Cesium lodide

Chiolote

Chromium

Chromium
Boride

Chromium
Bromide

Chromium
Carbide

Chromium
Chloride

Chromium
Oxide

Chromium
Silicide
Chromium-
Silicon

Monoxide

Cobalt

Cobalt
Bromide

Cobalt
Chloride

Cobalt Oxide

Copper

Copper
Chloride

Copper Oxide

Copper (I)
Sulfide

Copper (Il)
Sulfide

Cryolite

Dysprosium

Dysprosium
Fluoride

Dysprosium
Oxide

Erbium

Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
~ Pt 1.99@.23
Csl 621 4.51 2.95 =500 Quartz 1.62@53
Na.AlF,, 2.9 ~800 1.33
. .83@.13 Sublimes. Films very adherent.
Cr 1875 7.19 .31 977 1157 Good Vit. Carbon 3.19@.63 High rates possible.
CrB 2760 6.17
CrBr, 842 4.36 550
cr,C, 1890 6.68 ~2000 Fair
CrCl, 824 2.88 550 Sublimes easily.
B Disproportionates to lower oxides,
Cr,0, 2435 521 ~2000 Good 2.5@.59 reoxidizes @ 600°C in ar.
Cr,Si, 1710 6.51
Cr-Si0 influenced by composition Good Flash.
Al,O, 1.10@.23 )
Co 1495 8.92 .34 990 1200 Xint. BeO 5.65@2.2 Alloys with refractory metals.
CoBr, 678 4.91 400 Sublimes.
CoCl, 724 3.37 472 1.51@.63 Sublimes.
CoO 1935 6.45 Sputtering preferred.
Films do not adhere well. Use
Cu 1083 8.94 43 857 1017 Xint. A0, 87@.45 intermediate Cr layer, O, free Cu
Mo, Ta 15.5@12 s
req’d.
CuCl 431 4.19 =580 1.93
Sublimes. Evaporate in 10°to 10*
Cu,0 1235 6.0 ~600 Good Al,O, 2.70@.59 of O,; J.Electrochem. Soc. 110,119
(1967).
Cu,S 1100 5.6 .68
CuS 1113 6.75 .82 =500 1.45 Sublimes.
Large chunks reduce spitting. Little
Na,AlF, 1000 2.9 1260 1480 Xint. Vit. Carbon 2.34@.63 decomposition. App.Opt.15, 1969
(1976).
Dy 1407 8.54 .60 750 900 Good Flammable.
DyF, 1360 =800 Good Sublimes.
Dy,O, 2340 7.81 ~1400 Loses oxygen.
Er 1461 9.09 74 775 980 Good Sublimes.

Copyright Lebow Corporation 1990, All Rights Reserved
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance —Jap.TTess Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Erbium { ¢ p 1350 7.81 ~750 JVST A3(6),2320.
Fluoride
Erbium Oxide | Er,O, 2400 8.64 ~1600 Loses oxygen.
Europium | Eu 826 5.26 1.62 360 480 Fair ALO, Flammable, sublimes. Low
tantalum solubility.
Europium
Fluoride EuF, 1390 6.5 =950
Europlym Eu,0, 2056 742 ~1600 Good ThO, Loses oxygen; films clear and
Oxide hard.
Europium
Sulfide EuS 5.75 Good
Gadolinium | Gd 1312 7.89 .67 900 1175 Xint. AlLO, High Ta solubility. Flammable.
Gadolinium § &4 o 2310 7.41 Fair 1.8@.55 | Loses oxygen
Oxide .0, . i 8@. Xygen.
A0, Alloys with refractory metals. Use
Gallium | Ga 30 5.91 59 742 907 | Good BeO yS Wi Y :
EB gun.
Quartz
Gallium GaSb 710 5.6 Fair 3.80@2.2 Flash evaporate
Antimonide ’ ’ ’ P ’
Gallium 3.34@.78
Arsenide GaAs 1238 5.31 1.59 Good Carbon 2.12@23 Flash evaporate.
Gallium Nitride | GaN 800 6.1 =200 ALO, Sublimes. Evaporate Ga in 10°N,.
Gallium
Oxide () Ga,0, 1900 5.88 Loses oxygen.
Gallum | cop 1348 4.1 770 920 Quartz 3@2.15 | Decomposes. Vapor mostly P
Phosphide : : poses. vap yF.
. Quartz 4.20@2.1
Germanium [ Ge 937 5.32 .51 957 1167 Xint. ALO, 4.00@20
Germﬁ;:Jdme Ge,N, 450 5.25 ~650 Sublimes. Sputtering preferred.
Germanium _ Quartz _ Similar to SiO, film predominately
Oxide GeO, 1086 6.24 ~625 Good ALO, ~1.61@.59 GeO.
Germanium Quartz
Telluride GeTe 725 6.20 381 ALO,
Glass, Schott Evaporable alkali glass. Melt in air
8329 | ~ 220 Xint. 1.47 before evaporating.
ALO, 1.50@.13 Films soft, not very adherent.JVST
Gold | Au 1962 19.32 .39 947 1132 Xint. BN 52@1'2 12704 (1‘975) ’
Vit. Carbon ’ ’
Hafnium § Hf 2222 13.09 34 2250 3090 Good
Hafnium
Boride HfB, 3250 10.5
Hafnium I e 3890 1220 ~2600 Sublimes.
Carbide
Hafnium
Nitride HiN 3305 13.8

6 Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon) Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
HfO, 2811 9.69 ~2500 Fair 2.08@.48 Film HfO. App. Opt. Apr. 1977.
HfSi, 1680 8.02
Ho 1461 8.80 .58 770 950 Good Sublimes.
HoF, 1143 7.64 =800 Quartz
Ho,O, 2360 8.36 Loses oxygen. App. Opt. 16,439
Ni/Cr/Fe 1425 85 33 Good Use fine wire prewrapped on W.
Low rate required for smooth films.
In 157 731 84 597 742 Xint. Graphite Wets W and Cu; use Mo liner in
AlLO, guns.
1.00@.55 Toxic. Decomposes; sputter
InSb 535 5.76 77 ~400 4.0@7.9 preferred; or coevaporate from 2
3.8@22 sources; flash.
InAs 043 5.7 870 970 ~33@10 Toxic. Sputtering preferred; ?r
coevaporate from 2 sources; flash.
_ Sublimes. Film In,O; transparent
In,O, 1565 718 =~1200 Good AL conductor. JVST 12,99 (1975).
InP 1071 4.9 630 730 Graphite ~3.3@8.8 Deposits P rich. Flash evaporate.
In,Se, 890 5.67 Sputter, coevaporate or flash.
In,S, 1050 4.45 850 Graphite Sublimes. Film In,S.
In,S 653 5.87 650 Graphite
In,Te, 667 5.8 Sputter, coevaporate, or flash.
Ir 2454 22.45 13 2080 2380 Fair ThO,
ALO, Attacks W. Films hard, smooth.
Fe 1536 7.87 .35 998 1180 Good BeO 2.0@.58 Use gentle preheat to outgas.
FeBr, 684 4.64 561 Fe
FeCl, 674 3.16 300 Fe 1.57@.59 Sublimes.
Fel, 592 5.31 400 Fe
FeO 1420 5.7 Poor 2.32@.59 Decomposes; sputtering preferred.
Disproportionates to Fe,O, at
Fe,O, 1538 5.18 Good 30 1530°C.
FeS 1195 4.74 AlLO, Decomposes.
FeCrAl 1500 71 =1150 1.74@.58 JVST 7, 739 (1980).
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
La 920 6.1 .93 1212 1368 Xint. AlLO, Films will burn in air if scraped.
LaB, 2210 2.61 Good Toxic.
1.40@.30 Sublimes. No decomposition. Heat
LaF, 1491 5.99 900 | Good 120@8.8 | substrate over 300°C.
1.95@.55
La,O, 2315 6.51 1400 Good 1.80@2.0 Loses oxygen.
Pb 327 11.34 1.10 427 497 Xint. éﬂf{‘z 2.6@.58 Toxic. Use Mo liner in E.B. gun.
PbBr, 373 6.68 =300 Toxic.
2.3@.55 - .
PbCl, 501 5.85 =325 Al,O, 2.0@10 Toxic. Little decomposition.
_ 1.92@.30 Toxic, sublimes. Z.Physic 159,117
PbF, 855 8.24 =400 BeO 1.60@11 (1959).
Pbl, 502 6.16 =320 Quartz =2.7 Toxic. J. Opt. Soc. 65,914.
Quartz Toxic. No decomposition.
PLO 888 953 =550 ALO, 281@859 | opt.Soc.Am. 52,161 (1962).
PbSnO, 1115 8.1 780 905 Poor AlLO, Toxic. Disproportionates.
PbSe 1065 8.10 500 Graphite | _55@10 | Toxic, sublimes.
ALO,
Quartz Toxic, sublimes. Little
PbS 1114 75 .56 550 ALO, =3.9@.5 decomposition.
Graphite =5.6@5 Vapors toxic. Deposits Te rich.
PbTe o17 8.16 910 1050 AlLO, =~3.4@30 Sputter or coevaporate.
PbTiO, 7.52 Toxic.
. ALO, S
Li 180 0.53 5.95 307 407 Good BeO Metal reacts rapidly in air.
LiBr 550 3.46 =500 1.78@.59
LiCl 614 2.07 400 1.66@.59 Use gently preheat for outgas.
1.44@19 Rate control important. Use
LiF 841 2.59 .78 1020 1180 Good AlO, 1 .36@5 5 preheat for outgas. App.
’ ’ Opt.11,2245 (1972).
Lil 450 3.49 400 1.96@.59
Li,O 1427 2.01 850 1.64@.59
Lu 1652 9.84 .48 1300 Xint. AlLO, Ta impurity a problem.
Lu,O, 2487 9.41 1400 Decomposes.
Al,O, Flammable, sublimes. Extremely
Mg 650 1.74 1.61 247 327 Good Vit. Carbon 52@.40 high rates possible.

Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon)

Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
MgAl,O, 2135 3.6 Good Natural spinel.
MgBr, 700 3.72 ~450 Decomposes.
MgCl, 714 2.32 400 1.6 Decomposes.
1.52@.20 Rate control & sub. heat required
MgF, 1248 3.0 ~.68 1000 Xint. Al,O, ’ ; for optical films. App. Opt.11, 2245
1.36@2.0
(1972).
Mgl, 700 424 200
Carbon 1.77@.36 W produces volatile oxides. App.
MgO 2800 8.58 38 1300 | Good ALO, 1.63@5.1 | Opt.11,2243 (1972).
ALO, .
Mn 1241 7.39 43 572 648 Good BeO 2.59@.59 Flammable, sublimes.
MnBr, 695 4.38 500
MnCl, 650 2.98 450
Mn,O, 1705 4.86 1.73
MnS 1615 3.58 .94 1300 2.7 Decomposes.
Hg -39 13.55 74 -42 -6 Toxic.
HgS 583 8.10 250 AlLO, Toxic, decomposes.
Mo 2610 1022 27 1822 2117 | Xint. 3.65@.59 rFe"(;"j smooth, hard. Careful degas
Mo,B, 2200 7.48 Poor
Mo,C 2687 0.18 Fair Evaporation of Mo(CO), yields
Mo,C.
MoSi, 2050 6.31 1.9 Slight O, loss.
MoS, 1185 4.80 =50 Decomposes.
ALLO
MoO, 795 4.69 =900 BZNS
Nd 1024 7.00 .84 871 1062 Xint. AlLO, 89@.39 Flammable. Low Ta solubility.
.30@.88
~ 1.61@.55 . ”
NdF, 1410 6.51 =900 Good AlL,O, 1.58@2.0 Very little decomposition.
2.0@.55 Loses O,, films clear, EB preferred.
Nd,O, 1900 7.24 ~1400 Good ThO, iy Hygroscopic. n varies with
1.95@2.0
substrate temp.
ALO,
Ni/Cr 1395 8.50 987 1217 Xint. Vit. Carbon 3.74@88 Alloys with refractory metals.
10.2@12.5
BeO
ALO, 3.74@8.8 Alloys with refractory metals
Ni 1453 8.91 .33 1072 1262 Fair BeO : iy Y ry .
Vit. Carbon 10.2@12.5 Forms smooth adherent films.
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance —Jap.TTess Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Nickel I \igy, 963 4.64 362 Sublimes.
Bromide
Nickel . .
Chloride NiCl, 1001 3.55 444 Sublimes.
Nickel Oxide | NiO 1990 6.69 ~1480 ALO, 2.18@.48 Dissociates upon heating.
Niobium § ) 2468 8.57 47 1977 2287 | Xint. 1.80@58 | Attacks W source.
(Columbium)
Niobium
Boride NbB, 3050 6.97
Niobium .
Carbide NbC 3500 7.82 Fair
Nloppm NbN 2573 8.4 Reactive, evaporate Nb in 10° N,.
Nitride
Niobium Oxide | NbO 7.30 1100
Niobium m.g/e; Nb,0, 1520 4.47 2.3
Niobium - .
Telluride NbTe, 7.6 Composition variable.
Niobium-Tin § Nb,Sn - Xint. Coevaporate from 2 sources.
Osmium | Os 3045 22.6 13 2430 2760 Fair Toxic.
ALO 1.5@.30 Alloys with refractory metals; rapid
Palladium § Pd 1552 12.02 .38 992 1192 Xint. 279 e evaporation suggested. Spits in
BeO 2.3@.54 EB
Palladium | b0 870 8.70 575 ALO Decomposes
Oxide : 2 poses.
. } Vapor depositable plastic. (Union
Parylene-N | C,H, 300 1.1 400 Carbide).
; AlL,O, Film low in Ni content. Use 84% Ni
Permalloy | Ni/Fe 1395 8.7 1047 1307 Good Vit. Carbon source. JVST 7(6),573 (1970).
Phosphorus | P 44.2 1.82 361 402 Al,O, Metal reacts violently in air.
Platinum | Pt 1769 2145 24 1492 1747 | Xint. c g4a2@10 | Aloys EB. reqd. Films soft. Poor
ThO, adhesion.
Platinum Oxide | PtO, 450 10.2
Plutonium § Pu 635 19 Toxic, radioactive.
Polonium J Po 254 9.4 170 244 Quartz Radioactive.
Potassium | K 64 0.86 60 125 Quartz 7a@25 | Metl reacts violently in air. Use
gentle preheat to outgas.
Potassium B 1.56@.48
Bromide KBr 731 2.79 ~450 Quartz 1.47@24 Use gentle preheat to outgas.
Potassium 1.72@.20 L
Chloride KCI 776 2.51 2.05 510 Good 1.05@24 Melt in air to outgas.

10 Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon) Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
KF 846 2.48 ~500 Poor Quartz 1.35@1.4 Melt in air to outgas.
KOH 360 2.04 ~400 Melt in air to outgas. Hygroscopic.
_ 1.92@.27 -
Kl 686 3.13 2.0 =500 1.56@28 Melt in air to outgas.
Pr 936 6.77 950 1150 Good Flammable.
PrCl, 786 4.02 =500 1.86
1.92@.27
Pr,O, 2125 6.88 1400 Good ThO, 1.83@2.0 Loses oxygen.
Ra 700 5.0 320 416
Re 3180 21.04 14 2207 2571 Poor 3.18@.59 Fine wire will selfevaporate.
Re,O, 297 6.10 =100
Rh 1966 12.41 24 1472 1707 Good Tho, 1.62@.55 EB gun preferred
’ ’ Vit. Carbon ’ ’ gunp ’
Rb 38 1.53 2.54 37 111 Quartz 1.03@.25
RbCI 715 2.80 =550 Quartz 1.49
Rbl 641 3.59 =400 Quartz 1.68@.58
Ru 2500 12.45 20 1990 2960 Poor Spits violently in EB. Requires long
degas.
Sm 1072 7.54 91 460 573 Good AlLO,
Sm,0, 2350 8.35 Good ThO, 1.97 Loses O,. Films smooth, clear.
A.IP Conf.Proc. on Mag.& Mag.
Sm,S, 1900 5.72 Good Mat.B, 5,860 (1971).
ALO, .
Sc 1539 2.99 91 837 1002 Xint. BeO Alloys with Ta.Flammable.
ScF, 1550 2.50 =1400 Good
Sc,0, 2300 3.86 ~400 Fair 1.88@.55 Loses O,.
ALO 1.88@.24 Very toxic. Poisons vacuum
Se 217 4.79 .87 125 170 Xint. Vit Czarabon 5 43@2' a6 systems. JVST 9, 387 (1972) JVST
: : : 12, 573 & 807 (1975)
BeO 3.49@1.4 Alloys with W; Some SiO produced
Si 1410 2.33 .88 1147 1337 Fair Ta 3' 42@3'2 above 4x10° Torr. App.Opt.
Vit. Carbon : 15,2348 (1976).
SiB, 1870 2.47 Poor
. 2.62@.69 .
SiC 2700 3.22 1000 6.86@13 Sputtering preferred.
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
1.00
. 1610- 220- . 1.47@.30 .
Sio, 1710 270 |nf|uencgq by =1025 Xint. ALO, 1.45@2.8 Quartz xint. in EB.
composition
2.10@.10
Si0 1702 2.1 50 850 Poor Ta 1.67@6 Sublimes. Baffle box source best.
2.75@11
. 2.0@.12 .
Si,N, 1900 3.44 =800 2.05@4 Sublimes.
SiSe 550 Quartz Toxic.
SiS subl. 1.85 450 Quartz
SiTe, 4.39 550 Quartz Toxic.
ALO, 1.2@.30
Ag 961 10.49 .50 958 1105 Xint. Mo 145@12 Evaporates well from any source.
AgBr 431 6.49 1.18 ~380 Quartz 2.28@.58
2.13@.43
AgCl 455 5.56 1.41 =520 Quartz 1.91@19
Agl 558 6.01 =500 2.02@.59
Na 97 0.97 4.8 124 192 Quartz .03@.59 Metal reacts violently in air.
2.12@.21
NaBr 755 3.20 ~400 Quartz 1.64@.59 Use gentle preheat to outgas.
1.79@.20 Little decomposition. Use gentle
NaCl 8o1 216 1.57 530 Good Quartz 1.20@27 preheat to outgas. Hygroscopic.
NaCN 563 550 1.45@.59 Toxic. Use gentle preheat to
outgas.
1.39@.19
NaF 988 2.56 =700 Good BeO 1.25@23 Use gentle preheat to outgas.
NaOH 318 2.13 =470 1.36 Melt in air to outgas. Deliquescent.
1.80@.49
Nal 651 3.67 =700 1.76@.66
MgO,
5AL,0, 8.0 Good 1.72@.66
Toxic. Wets but does not alloy with
Sr 769 2.6 309 403 Poor Vit. Carbon 61@.58 refractory metal May react violently
in air.
SrF, 1450 424 ~1000 ALLO, 1.44@1.4
SrO 2461 4.9 1500 AlLO, 1.88@.58 Sublimes. Reacts with Mo and W.
SrS >2000 3.70 2.11@.59 Decomposes.
S 115 2.07 2.29 19 57 Poor Quartz Toxic. Poisons vacuum system.
Ni/Fe/Mo 1410 8.9 Good Sputtering preferred; or coevap.

Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon)

Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z

from 2 sources: Permalloy and Mo.
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Ta 2996 16.6 .26 2240 2590 Xint. 2.05@.58 Forms good films.
TaB, 3000 11.15
TaC 3880 14.65 =2500 JVST 12, 811 (1975).
TaN 3360 16.30 Reactive; evaporate Ta in 10° N,.
2.28@.40 Slight decomposition; evap. in 10°
Ta,O, 1800 8.74 .30 1780 1920 Good Vit. Carbon ; ) Torr of O,. App. Opt. 19, 1737
2.0@1.5
(1980).
Tas, 1300
Tc 2200 11.5 1800 2090
PTFE 330 29 Baffled source. Film structure
doubtful.
ALO, . .
Te 452 6.25 .53 207 277 Poor Quartz 4.9@6.0 Toxic. Wets w/o alloying.
Tb 1357 8.27 .64 950 1150 Xint. AlLO,
TbF, 1176 ~800
Tb,0, 2387 7.87 1300 Partially decomposes.
Tb,0, Films TbO.
Tl 301 11.89 1.58 360 480 Poor AL, Wets freely, very toxic
’ ’ Quartz Y. very )
~ 2.65@.44 . .
TIBr 480 7.56 1.77 =200 Quartz 2.32@24 Toxic, sublimes.
2.20@.75 . .
TICI 430 7.00 1.21 =150 Quartz 26@12 Toxic, sublimes.
T 440 7.09 =200 Quartz 2.78@.75 Toxic, sublimes.
TI,0O, 77 9.65 350 Toxic. Goes to Tl, at 850°C.
Th 1875 11.7 54 1660 1925 Xint. Toxic, radioactive.
ThBr, 5.67 2.47@5 Radioactive, sublimes.
ThC, 2773 8.96 ~2300 Carbon Radioactive.
’ . 1.52@.40 Radioactive. Heat substrate to
ThF, 900 6.32 74 =780 Fair Vit. Carbon | o5@12  above 150°C. JVST 12,919 (1975).
~ 1.8@.55 S
ThO, 3050 9.86 ~2100 Good 1.75@2.0 Radioactive.
ThOF, 900 9.1 1.52 Radioactive. Films often ThF,.
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance —Jap.TTess Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Thongm Ths, 1905 6.80 Radioactive. Sputtering preferred;
Sulfide or coevaporate from 2 sources.
Thulium | Tm 1545 9.32 52 554 680 Good AlLO, Sublimes.
Thulium Oxide | Tm,O, 8.90 1500 Decomposes.
Tin | Sn 232 7.29 74 807 997 Xint. AlLO, 1.48@.59 Wets Mo; use Ta liner in EB guns.
Tin Oxide | sno, 1131 6.99 ~1000 Xint. Quartz 208@s5s | ims from Woxygen deficient,
AlLO, oxidize in air.
Tin Selenide | SnSe 861 6.18 =400 Good Quartz JVST 12, 110 (1975).
Tin Sulfide § SnS 882 5.22 =450 Quartz
Tin Telluride | SnTe 780 6.44 =450 Quartz
Titanium | Ti 1668 450 63 1235 1453 Xint. TIC 204@.45 | AlIoys with refractory metals;
evolves gas on first heating.
Titanium 4 g 2900 4.50 Poor
Boride 2 )
Titanium o 3140 4.93 ~2300 JVST 12, 851 (1975).
Carbide
- . Evaporate in 10* of O, onto 350°C
Titanium Oxide ) . 2.55@.38 2
(V) (rutile) TiO, 1840 4.26 .40 ~1300 Fair 2.30@1.0 substrates. App.Opt. 15,2986
(1976).
Titanium(ll) ) B . . Use gentle preheat to outgas.
oxide | T° 1700 4.95 =1500 | Good | Vit Carbon =22 Films TiO, if evaporated like TiO,.
T|1a_n|ym TiN 2930 5.43 Good SE)uﬂer preferred. De(_:omposes
Nitride with thermal evaporation.
Titanium .
Silicide TiSi, 1540 4.39
Tungsten | W 3387 193 16 2407 2757 | Good 276@58 | orms volatile oxides. Films hard
and adherent.
Tungsten
. WB, 2900 12.75 Poor
Boride
Tungsten
Carbide w,C 267 15.6 .18 1720 2120 Xint.
Sublimes Preheat to outgas. W
Tungs?en WO, 1473 7.16 980 Good 20@5 reduces oxide slightly. App. OPT
Oxide 2.0@2.0
28, 1497.
Tungsten I o 2150 9.0
Selenide 2 )
Tungsten .
Silcige 1 WSk 2165 9.4
Tungsten § g 1250 7.51
Sulfide 2 :
Tungsten
Telluride WTe, 9.49 Quartz
Uranium | U 1132 19.07 24 1327 1582 Good Films oxidize.

14 Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon) Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z





Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
lér:rnb|lu dn; UC, 2260 11.28 2100 Carbon Decomposes.
Uranium
Fluoride UF, ~1000 300
Uramugx(ilc\j/g uo, 2500 10.9 Ta causes decomposition.
Uranium Oxide | U,O, dec 8.30 Decomposes at 1300°C to UO.,.
PhL;rsa;r:? drz UP, 8.57 1200 Decomposes.
Utsalzll;iudn; U,S, 1400 Slight decomposition.
vanadium | v 1890 6.11 53 1332 1547 | Xint. 303@58 Vet Mo. EBevaporated films
preferred.
Va”;g:’ dme VB, 2400 5.10
Vag:f'b'?‘ d"e’ Ve 2810 577 =1800
Va”ﬁﬂ:’ o 2320 6.13
: Sublimes. Deposit V metal @
vanadium V) 1 vo, 1967 4.34 ~575 z'gégfi 7x10° 0, JVST A2(2),301 (1984) &
: ’ A7(3),1310 (1989).
Va"ad'“g:( i(c\j/e) V,0, 690 3.36 =500 Quartz
Var;l?; dme VSi, 1700 4.42
Ytterbium | Yb 824 6.98 1.27 590 690 Good Sublimes.
Ytterbium _ 1.48@2.2
Fluoride | Y°F 1161 8.19 =780 1.32@14
Yﬂeg);(? drz Yb,0, 2227 9.17 ~1500 Sublimes. Loses oxygen.
Yitrium | Y 1509 4.47 82 973 1157 Xint. ALO, High Ta solubility.
Yitrium
Aluminum | Y,ALO,, 1990 Good Films not ferroelectric.
Oxide
Yttrium 1.46@2.5
Fluoride | YFe 1182 4.01 1.42@10
Yttrium Oxide | Y,0, 2410 5.01 ~2000 | Good c 1.79@1 Sublimes. Loses oxygen, films
smooth and clear.
) Al,O, Evaporates well under wide range
Zinc | Zn 419 7.14 .50 177 250 Xlint. Quartz 2.62@.69 of conditions. Use Mo E.B. liner.
Zinc
Antimonide | ZnsSb 570 6.33
Zinc Bromide | ZnBr, 391 4.99 ~300 Carbon 1.58@.58 Decomposes.
Zinc Fluoride || ZnF, 872 4.95 ~800 Quartz

Copyright Lebow Corporation 1990, All Rights Reserved

Printed by Telemark. Please visit www.telemrk.com for all your electron beam source needs.
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Zinc Nitride

Zinc Oxide

Zinc Selenide

Zinc Sulfide

Zinc Telluride

Zircon

Zirconium

Zirconium
Bromide

Zirconium
Carbide

Zirconium
Nitride

Zirconium
Oxide

Zirconium
Silicide
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Temperature (°C)

Bulk Acustic Vap. Press Electron Index of
Melting Density Impedance p. Beam Crucible Refraction
Symbol Point °C g/cm® Ratio, z 10°Torr 10 Torr  Suitability Liner @ microns Remarks
Zn,N, 6.22 Decomposes.
. Anneal in air at 450°C to reoxidize.

ZnO 1975 5.60 .55 ~1800 Fair 2.02@.59 JVST 12,879 (1975).

2.61@.40 Toxic. Use gentle preheat to
ZnSe 1526 5.42 .72 660 Quartz 2' 43@.18 outgas. Sublimes well.

’ Z.Angew.Phys.19,392 (1965).

2.35@.55 Sublimes Gentle preheat rqd
ZnS 1700 410 77 =800 Good 2.60@4.0 Sticking coeff varies with sub temp.

2.13@13 JVST 6,433 (1969)

B 3.56@.59 Toxic, sublimes. Use gentle
ZnTe 1240 6.34 ~600 2.80@8.0 preheat to outgas.
ZrSio, 2550 4.56 1.96@.59
zr 1851 6.39 58 1702 1987 | Xint. Flammable. Alloys with W. Films
oxidize readily.
ZrB, 3000 6.09 Good
ZrC 3540 6.73 =2500
P f 3
ZIN 2980 7.09 Reactively evaporate in 10° N,
atmosphere.
B 2.05@.50 Films oxygen deficient, clear and

ZrO, 2715 5.49 =~2200 Good 2.0@2 hard.
ZrSi, 1790 4.88

Inficon Z-Ratio© = acoustic impedance ratio, z. (Z-Ratio© Laybold Inficon)

Maxtec Inc. Acoustic Impedance (A.l) = 8.83/z
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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 Uu?z2
Output Method Setting Instantaneous 010
Output Mode Setting Non-Reverse Output 1P

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: 7X7TM7-4PDFM-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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1/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 A/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.
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Source Sizing Guide
Amod 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

1.75into 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

Amod style without clamp extensions

e
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Amod style with clamp extensions
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ANGSTROM

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 ¥-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

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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CHAPTER 3 SYSTEM OPERATION

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.
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CHAPTER 4 DEPOSITING MATERIALS

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.

Fle Edit View Help

Process: low end metal 1
Time/Hun: 0:04-40 7 1

Phase: Stopped
Time: 0:01-46
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|S0ak2 Time
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SETTING e

distart| | [ @ 3 (=) | &3 Angstrom_1031_DuPant... E@ 505-242 2| calculator |3 azmem

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.

4-1
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CHAPTER 4 DEPOSITING MATERIALS

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.

Indexers
SrcdPlt Sweep Mot Uzed Mot Uzed

|2 ﬂ |4 ﬂ |Nnneﬂ |Nanej

Index Index [ndex Index

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.

File Edit View Help

Process: CuPc Sic 4 Layer: 1 of 1 Phase: Stopped

START Time/Run: 0:32:26 / 164 Time: 0:32:26 Time: 0:04:05
PROCESS

Progress:

Thickness
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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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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

e 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

4-4
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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.

e 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.

e 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.

e 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.

START SELECTED
SEQUENCE
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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.

STATUS

TURBEO FULL PUMP DOWN
SEQUENCE

START ROUGHING PUMP

WAIT FOR BASE PRESSURE

_

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.

CHAMBER VENT

[x]

|| LOAD DEFAULT VALUES T

_ CHAMBER VENT TIME DURATION SETPOINT
(Minutes)

- CHAMBER VENT START DELAY TIME SETPOINT
(Minutes)

START SELECTED
SEQUENCE I‘ AL I‘
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Chapter 8 — Main Page ltems

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.

Date Time Message

Status
08/27/20 08:20:47 Low Pneumatic Pressure Fault Acknowledged - Supervisor “A_:rm
istory |

CLEAR I

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.

Alarm
Alarm Mezzage: Lcknowledge
Loww &ir Pressure Fault Cancel
Alarm Occurred at; ||35.-’29.1’2EIEI? 05:48:42
Pricrity: |Medium

RESET FAULT

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.

—1 Angstrom EvoVac Deposition System

[BE [
2| Alarm History g@
=1
Date and Time Message Priority Status
09/07/2007 12:34: Sigma has selected 5 wrong Index or Outp Medium Alarm
08/07j2007 12:34: System Cycle Stop hes been Requested Fau Highest Alarm
09/07/2007 12:35: System Cycle Stop has been Requested Fau Acknowledged - - Supervisor
09/07j2007 12:35: Sigma has selected 3 wrong Index or Outp Acknowledged - - Supervisor
08/07j2007 12:35: Siqm has selected 3 wrang Index or Outp Cleared
09/07j2007 12:35: System Cycle Stop has been Requested Fau Cleared

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

CLEAR ALARM HISTORY

ARE YOU SURE YOU WIS5H TO
CLEAR THE ALARM HISTORY?

8-1
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Legend
MAIN PAGE LEGEND
PUMPS YALYES
@ = Stopped @ = Closed
() = Running () = Open
() = Faulted () = Faulted

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.

TURBO PUMP MANUAL CONTROL

TURBO PUMP

RUNNING

‘ START STOP I‘

SOFT START DISABLED
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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-lon® vacuum
gauge module attached to the chamber. The module contains three sensors including a
heat gauge and a Micro-lon® 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.

4.57 e+001
CHAMBER PRESSURE (Torr)

CHAMBER

L~

Clicking on the chamber pressure displays the window shown below.

e
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'CHAMBER PRESSURE GAUGE

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 107
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 Torr before attempting to degas the
filaments. Degas is not selectable at pressures above 1.0 x 10 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.

e
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Source Detail and Shutter Control

SOURCE DETAIL AND SHUTTER COMTROL

CHAMBER PRESSURE
(Torr)

Electron Beam Source 1

Pocket 1 iOutiul 1, Src/Pkt Index 1i

Pocket 2 (Output 1, Src/Pkt Index 2

Pocket 3 (Output 1, Src/Pkt Index 3]

Source 2

Pocket 4 (Output 1, Src/Pkt Index 4)

SOURCE 2 SHUTTER .

INFICON OVERRIDE
CLOSE CANCEL

Pocket 5 (Output 1, Src/Pkt Index 5

;

Pocket 6 (OQutput 1, Src/Pkt Index 6

ELECTRON BEAM SOURCE 1

POCKET INDEXER R

" source 3
SOURCE 1 SHUTTER .
i
INFICOH OVERRIDE SUBSTRATE
cLose J|_canceL] HEATER
CHAMBER DOOR SIDE
i
NOTE:
Click On The Red Arrows To Enter Source Contents SOURCE INFORMATION
P Source 1 is a 6 x 7cc Multi-Pocket Electron Beam Source Powered by a 6 KW power su
@-cosep ({)-oren rREEN PR SUBSTRATE SUBSTRATE
SHUTTER ROTATION
Sources 2 and 3 are Thermal Resistive Sources each Powered by a 2500 VA transformer with 10V
SOURCE SENSOR OUTPUT  INDEX Mt Ok [ o |ctose
[ T T =7 T 7 T % ] TOOLING FACTOR CALCULATION:
- I S I : INFICON OVERRIDE
I I N | New Tooling Factor = [Measured Thickness (Actual) { Theoretical Thickness (NFICON]] x Original Tooling Factor crose I cance] || [l 5o

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.

ABORT PROCESS!

ARE YOU SURE YOU WISH TO
ABORT THE ACTIVE AUTO SEQUENCE?

YES NO i

The X

Legend...

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.

e
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DATA LOGGING

x]
DATA LOGGING

Data Logging File:

LOGGING CONTROL @@ SAMPLE RATE

|| SELECTFILEET START JH STOP JJ || 1 MIN E% || 10 MIN E.

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.

r—

CHANGE PASSWORD

i_ugin '
Mame: iSupewisur

B ssmere i xxxxxxxxxx Cancel !
K.eyboard... I

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.

e
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Configured Users

Users: Cloze

Operatar Operatar
Superlser Manager Add..

Supervizor Supervizor -
tadify...
Delete

User Attributes:

|Dperator

|Dperat0r

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

| cooe T” LEGEND i]

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.

INTERLOCK STATUS

REQUIRED FOR DEPOSITION NOTREQUIRED FOR DEPOSITION

. - PRESSURE OK TO START DEPOSITION - CHAMBER ABOVE ATMOSPHERE PRES SURE SETFOINT

O - PNEUMATIC GAS PRESSURE OK - CHAMBER BELOW CROSSO0VER PRESSURE SETPOINT

O - ELECTRON BEAM SOURCE WATER FLOW OK - CHAMBER SAFETY PRESSURE HAS BEEN ATTAINED

oceCe

- CHAMBER DOOR CLOSED

() =INTERLOCK ON @) = INTERLOCK OFF

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

9-1
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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

PRESSURE SETPOINTS

x
|| LOAD DEFAULT VALUES 7
| 2.00 e-006 | -CHAMBER BASE PRESSURE SETPOINT
[Torr)
| 5.00 e-006 | - DEPOSITION START PRESSURE SETPOINT
[Torr)
| £.00 e-001 | -CHAMBER SAFETY PRESSURE SETPOINT
{Torr)
| 6.80 e+002 | -CHAMBER ATMOSPHERE PRESSURE SETPOINT
{Torr)

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

[ TIMER SETPOINTS
|___vLoap perauLT vaLUES 7
| a0 | - CHAMBER BASE PRESSURE ACHIEVED TIMEOUT SETPOINT
(Minutes)
| 30 | - ROUGH PUMP SHUTDOWN TIME SETPOINT {MANUAL OPERATION)
(Minutes)
| 20 | - CHAMBER TURBO PUMP UP TO SPEED TIME DELAY SETPOINT
(Minutes)

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 ltems.

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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SYSTEM CONTROL OVERVIEW

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.

o
Angstrom Deposition System

b |

DEPOSITION SYSTEM 02522-1

STATUS

CHAMBER PRESSURE (Torr)

£ e
CHAMBER
VENT VALVE

VENT GAS

TURBO SPEED (%)

TURBO PUMP
FORELINE VALVE t j
L]

ROUGH
PUMP
@

F=3

/A AnGsTROM

RESET FAULT OF
CHAMBER PUMP DOWHN
SEQUENCE

START SELECTED
SEQUENCE

ABORT

(oo sl [ st ) )

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.

1-2
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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.
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TAGS QTY [SUB [MFG CATALOG DESCRIPTION TAGS QTY [SUB [ MFG CATALOG DESCRIPTION
CBL—12219 1 ETHERNET CROSSOVER RECPT—12003 1 HAMMOND MFG. 1584H8A1 8 RECEPTACLE POWER BAR, 15 A CIRCUIT BREAKER
DS-01003 1 *1 ABB 0S60GJ12 FUSED DISCONNECT, 60 A, J TYPE FUSES POWER BAR
ROTARY FUSED DISCONNECT 8
60 AMP R—05019 1 HONESOM ENTERPRISE HH230-1850RW—-CQ8 INFRARED HEATER BULB, 4" CIRCULAR, SPECIAL EYELETS, BENT AT A RIGHT
3 POLE CO. ANGLE
600 V INFRARED EMITTER
200 KA SHORT CIRCUIT RATING 1850 WATTS
*1 ABB OHBB5J6E0OB DISCONNECT HANDLE, PISTOL TYPE WITH REVERSED ON/OFF CR-06127 2 *1 IMO ETS—1CN-S—-L-24VDC SUBMINIATURE POWER RELAY
DISCONNECT HANDLE CR—-06134 CONTROL RELAY
PISTOL TYPE 18-24 VDC
REVERSED ON/OFF TEXT . 1 FORM C & 1 FORM A
7 ABB OXPBX210 DISCONNECT SHAFT, 210 NM ! IMO SRSI=24DC REUA BASE FOR Ere LMDIATORE BELAYS = DO ONLY
DISCONNECT SHAFT '
210 MM LENGTH DC ONLY
*3 | LITTELFUSE JTD—060ID J CLASS FUSE, TIME DELAY AgNi (SILVER/NICKEL) CONTACTS
J CLASS CR-00/01 2 1 IMO HY41PN24DC RELAY, 5 A, 4 POLE CHANGEOVER, 24 VDC COIL WITH LED
600 V CR—14112 CONTROL RELAY
60 AMP 24VDC
BRANCH CIRCUIT PROTECTION 4 FORM C
TIME DELAY *1 IMO SRN4-S RELAY BASE FOR RY/HY 4 POLE RELAYS
SOL-01/10 1 AGILENT 9699843M003 TURBO VENT VALVE RELAY BASE FOR RY/HY RELAYS
24 VDC NA
WITH TURBO 4 FORM C
PRS—02/02 1 AR LOGIC F—5100—-100-PT PRESSURE SENSOR 0.5 PSI — 100 PSI, PIPE THREAD MOUNT, 1/8-27 NPT, NO, NC, COM ON TOP
SPDT 15 A SIG—14204 1 INFICON MPG400 INVERTED MAGNETRON AND PIRANI GAUGE
ELECTROMECHANICAL PRESSURE SWITCH VACUUM GAUGE
100 PSI 3.8x10-9 Torr
F—5100 SERIES SUBMINIATURE PRESSURE SWITCH 0-10 VDC
XF—03019 2 CALCOIL MAGNETICS 9807 VOLTAGE TRANSFORMER — 230 VAC PRIMARY, 10 VAC SECONDARY 351-010
XF—03026 VOLTAGE TRANSFORMER PJ—01504 1 1 ITC CHI 06 L 6 PIN, BULKHEAD
2500 VA SCREW TERMINAL
CON—00/03 2 CARLO GAVAZZI CC—185D—24 MOTOR CONTACTOR, 18 A, 3 POLE, 24 VDC COIL 16A MAX
CON=00,/04 MOTOR CONTACTOR ] ITC CNEF 06T 6 PIN, FEMALE INSERT
24VDC SCREW TERMINAL
3 NO + 1 NO AUX + 1 NC AUX 16A MAX
SCREW TERMINALS *2 ITC CR20 CODING PIN
CR—14002 2 CARLO GAVAZZI CC—50LD—24 MOTOR CONTACTOR, 50 A, 3 POLE, 24 VDC COIL SCREW TERMINAL
CR—14110 MOTOR CONTACTOR 16A MAX
24VDC 1 ITC CNEM 06T 6 PIN, MALE INSERT
3 NO + 2 NO AUX + 2 NC AUX SCREW TERMINAL
SCREW TERMINALS 16A MAX
CON—00,/00 2 CARLO GAVAZZI CGMS—12D—245—10 MOTOR CONTACTOR, 12 A, 3 POLE, N.O. AUX., 24 VDC COIL ] ITC CHV 06 L16 & PIN, TOP ENTRY HOOD
CON-00/02 MOTOR CONTACTOR SCREW TERMINAL
24VDC 16A MAX
3 NO, 1 NO AUX. 1 MENCOM PCG—16 PLASTIC CABLE GLAND, GRAY, PG16
SSR—05015 1 CARLO GAVAZZI RJTP23V30E SOLID STATE RELAY, ANALOG SWITCHING, SINGLE POLE PG16
230VAC, 30A 0.394-0.551 DIAMETER RANGE
0—10V_CONTROL INPUT USED WITH HARTING CONNECTORS
OL—01504 1 CARLO GAVAZZI CGT—12M/4 OVERLOAD RELAY, 2.5—4A CBL—14209 2 [—COM TRD855SCR—30 SHIELDED ETHERNET CABLE
FOR CGMS—12D CONTACTORS CBL—14309 ETHERNET VACUUM GAUGE CABLE
2.5 — 4A 30 FEET
PW—01103 1 CARLO GAVAZZI SPD242401 DC POWER SUPPLY, 240 WATTS, 93—264 VAC IN, 10A 24VDC OUT FU-12017 1 1 LITTELFUSE LPSCOD01ZXID FUSE HOLDER WITH INDICATOR
24VDC, 240 WATTS FUSE HOLDER
DC POWER SUPPLY 600 V
LF-01203 1 CORCOM 20VB6 GENERAL PURPOSE LINE FILTER, 20 A 30 A
LINE FILTER SINGLE POLE
20 A 1 LITTELFUSE CCMR—00.5 CC CLASS FUSE, TIME DELAY
CAP—12327 2 DIGI—KEY 478—3144—1-ND CAPACITOR, CERAMIC, 10 000 pF TIME DELAY
CAP—12330 CERAMIC CAPACITOR 600 V
10 000 pf (0.01 uF) SSANAQAHP CIRCUIT PROTECTION
EJ%%S 2 DIGI—KEY 47QBK=ND @Eaggg 47 OHM, 1/4 WATT FU—12003 i 7 LTTELFUSE LPSCO0071ZXID FUSE HOLDER WITH INDICATOR
FUSE HOLDER
47 OHM 500V
1/4 WATT 30 A
CARBON FILM SINGLE POLE
SR—14102 1 EUCHNER ESM—BA301 SAFETY RELAY I OTTELFUSE COMR=12 CC CLASS FUSE, TIME DELAY
24 VAC/BC TIME DELAY
DS—14105 1 *1 EUCHNER 100753 CODED MAGNETIC SENSOR 600 V
2 N.O. CONTACTS 12 AMP
CMS—R-BZB—-SC BRANCH CIRCUIT PROTECTION
*1 EUCHNER 092025 MAGNETIC SENSOR ACTUATOR FU-01203 1 ] LITTELFUSE LPSCO001ZXID FUSE HOLDER WITH INDICATOR
CODED MAGNET FUSE HOLDER
CMS—M—BH 600 V
SOL—14115 1 FESTO 165068 ON/OFF VALVE 30 A
AIR DUMP VALVE SINGLE POLE
2.5W 1 LITTELFUSE CCMR=15 CC CLASS FUSE, TIME DELAY
VALVEBANKCABLE 1 FESTO KMP6—15P—12-2.5 VALVE BANK CABLE TIME DELAY
SIGNAL CABLE 600 V
2.5 METERS 15 AMP
CBL—14114 1 FESTO 151689 VALVE CABLE — DUMP VALVE BRANCH CIRCUIT PROTECTION
CABLE
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TAGS QTY [ SUB | MFG CATALOG DESCRIPTION TAGS QTY [ SUB [ MFGC CATALOG DESCRIPTION
FU-01105 1 *1 LITTELFUSE LPSC0O001ZXID FUSE HOLDER WITH INDICATOR FU—-01504 1 *1 LITTELFUSE LPSCO003ZXID FUSE HOLDER WITH INDICATOR
FUSE HOLDER FUSE HOLDER
600 V 600 V
30 A 30 A
SINGLE POLE 3 POLE
1 CTTELFUSE CCMR—06 CC CLASS FUSE, TIME DELAY *3 CTTELFUSE CCMR—03 CC CLASS FUSE, TIME DELAY
TIME DELAY TIME DELAY
600 V 600 V
6 AMP 3 AMP
BRANCH CIRCUIT PROTECTION BRANCH CIRCUIT PROTECTION
FU—01103 1 1 LTTELFUSE LPSCO001ZXID FUSE HOLDER WITH INDICATOR PDB—01046 7 B MARATHON 7403401 POWER DISTRIBUTION BLOCK, 1 IN, & OUT, 600 V, 175 A
FUSE HOLDER IN #2/0 TO #14
600 Vv OUT #4 TO #14
30 A 3—POLE
SINGLE POLE ] MARATHON CC1403 COVER FOR POWER DISTRIBUTION BLOCK
*1 LITTELFUSE CCMR-Q7 CC CLASS FUSE, TIME DELAY FOR 1403 STYLE PDBS
TIME DELAY 3_POLE
600 Vv PDB—01002A 1 ] MARATHON 1421570 POWER DISTRIBUTION BLOCK
7 AMP POWER DISTRIBUTION BLOCK
BRANCH CIRCUIT PROTECTION SINGLE POLE
FU—05014 1 1 LTTELFUSE [PSC0002ZXID FUSE HOLDER WITH INDICATOR = VARATHON CCT5T DISTRIBUTION BLOCK COVER
FUSE HOLDER FOR 142 POWER DISTRIBUTION BLOCKS
600 Vv SINGLE POLE
30 A PJ—14105 7 MURR ELEKTRONIK 7000—08061-2210500 | CABLE, M8 CONNECTOR, 4 PIN FEMALE, SINGLE ENDED, 5 METRES
2 POLE M8 CABLE, SINGLE ENDED
2 LTTELFUSE CCMR=10 CC CLASS FUSE, TIME DELAY 4PIN
TIME DELAY STRAIGHT CONNECTOR, GREY
600 vV PJ—20128 7 MURR ELEKTRONIK 7000-08101-2210500 | CABLE, M8 CONNECTOR, 4 PIN FEMALE, SINGLE ENDED, 5 METRES
10 AMP M8 CABLE, SINGLE ENDED
BRANCH CIRCUIT PROTECTION 4PIN
FU—-03007 1 *1 LITTELFUSE LPSC0O002ZXID FUSE HOLDER WITH INDICATOR 90 DEGREE CONNECTOR, GREY
ESSEVHOLDER PD—12318 ] OMRON CX—SUPERVISOR—RUN— | PROGRAMMING DONGLE
Ea ME-V3 CX—SUPERVISOR MACHINE EDITION
5 POLE PC—-03001 1 OMRON G3PW—-A220EU-S POWER CONTROLLER
100 — 240 VAC
*2 CTTELFUSE CCMR=02 CC CLASS FUSE, TIME DELAY 20 AMPS
g‘OMOE VDELAY SCREW TERMINATION, NO COMMUNICATIONS, NO CURRENT CONTROL
o AP 0B—20039 2 OMRON G7TC—0C16-DC24 RELAY OUTPUT BLOCK
OB—20039A 16 OUTPUT POINTS, 24 VDC, NPN
BRANCH CIRCUIT PROTECTION . d :
FU—03016 1 1 LITTELFUSE [PSC0002ZXID FUSE HOLDER WITH INDICATOR IB-20139 1 OMRON XW2B-40G4 CONNECTOR TERMINAL BLOCK
FUSE HOLDER 40 POINTS WITH M2.5 SCREWS
500V PLC—12209 7 OMRON CJTM—CPUT2—ETN CJT SERIES PLC — CPU WITH ETHERNET
30 A CJ1 SERIES PLC
2 POLE CPU
*D LITTELFUSE CCMR—15 CC CLASS FUSE, TIME DELAY 320 1/0 POINTS, 10K STEPS, 32K WORDS DATA MEM. CAP.
TIME DELAY 0.1pS LD INSTR. PROC. SPEED, 10 MAX. MOD., NO MAX. EXP. RACK
600 V PLCO2 7 OMRON CJTW—ADO41-V1 CJ1 SERIES PLC — SPECIAL /0 MODULE
15 AMP CJ1 SERIES PLC
BRANCH CIRCUIT PROTECTION ANALOG INPUT
FU—01601 7 1 CTTELFUSE [PSCO002ZXID FUSE HOLDER WITH INDICATOR 1-5V, 1=5V, 0=5V, —10—10V, 4—20mA
FUSE HOLDER 4 POINT INPUT, 250uS/PT CONV. SPEED
600 v PLC—20030A 7 OMRON CJTW—MD261 CJ1 SERIES PLC — MIXED /0 MODULE
30 A
2 POLE DISCRETE COMBINATION
2 CTTELFUSE CCMR-03 CC CLASS FUSE, TIME DELAY
THE DELAY 32 OUTPUT POINTS, 32 INPUT POINTS
PLC—12209A 7 OMRON CJTW—PAZ05R CJ1 SERIES PLC — POWER SUPPLY
600 V
3 AP CJ1 SERIES PLC
BRANCH CIRCUIT PROTECTION POWER SUPPLY
FU—01544 2 *1 LITTELFUSE LPSCO002ZXID FUSE HOLDER WITH INDICATOR POWER SUPPLY, 100-240 VAC, 50/60 HZ, 100 VA MAX.
FU—02003 FUSE HOLDER CBL—20037 7 OMRON G790100C—75 OUTPUT BLOCK CONNECTING CABLE — 2 CONNECTORS
600 V 1/0 BLOCK CONNECTING CABLE
goPgLE CBL—20137 7 OMRON XW2Z—0508 INPUT CONNECTING CABLE
1/0 BLOCK CONNECTING CABLE
*2 CTTELFUSE CCMR=00.25 CC CLASS FUSE, TIME DELAY F/OR FUJNSU CONNECTOR TYPE MODULES
TIME DELAY 0.5 METRES
600 v DR—02003 7 ORIENTAL MOTOR USP315-2E VARIABLE SPEED MOTOR CONTROLLER
0.25 AMP 220-230 VAC SINGLE PHASE
BRANCH CIRCUIT PROTECTION 15w
FU—06031 1 1 LTTELFUSE [PSC0003ZXID FUSE HOLDER WITH INDICATOR 90 - 1600 RPM
FUSE HOLDER 0.21 FLA
ggOAV MOT—02010 7 ORIENTAL MOTOR US315—402E SINGLE PHASE MOTOR
2 OLE 220,/230VAC
0.22A
*3 | LITTELFUSE CCMR=30 %ECLDAES&YFUSE’ TIME DELAY CBL—02007 ] ORIENTAL MOTOR CC0355052 MOTOR EXTENSION CABLE
600 v MOTOR EXTENSION CABLE
20 AP US SERIES MOTORS
BRANCH CIRCUIT PROTECTION 3 _METRE_LENCTH
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TAGS QTY [SUB | MFG CATALOG DESCRIPTION TAGS QTY [SUB [ MFG CATALOG DESCRIPTION
FAN—-01542 1 ORION OA172AP—-22—-1TB COOLING FAN *1 LITTELFUSE 0312.375VXP GLASS FUSE, FAST ACTING
160-260 VAC FAST ACTING
235CFM 250 V
35WATTS 0.375 AMP
SIG—03009 1 SIEMENS 3RS1700—1DD00 SIGNAL CONVERTER FU—14110 1 ] WEIDMULLER 1880410000 1/4 X 1—1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
4—20mA TQ 0-10VDC FUSE HOLDER
ClI—06313 1 SIGMA CI-100 10 —36 VDC
FS—20128 1 SMC PF2W720—N03-67 FLOW SWITCH, DIGITAL, PROGRAMMABLE TERMINAL BLOCK STYLE
12 TO 24 VDC 7 LITTELFUSE 03712.800VXP GLASS FUSE, FAST ACTING
PNP FAST ACTING
SOL—00,/06 1 SMC XSA3—32V—5D SOLENOID VALVE 250 V
NORMALLY CLOSED 0.80 AMP
HIGH VACUUM FU- 14014 1 ] WEIDMULLER 1880410000 1/4 X 1-1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
PDB—01002 1 TECHSPAN N70141 COPPER GROUND BAR FUSE HOLDER
12 POLE 10 —36 VDC
PANEL MOUNT TERMINAL BLOCK STYLE
PW—06001 2 TELEMARK TT-6 1 LITTELFUSE 0312003.VXP GLASS FUSE, FAST ACTING
XF—06020 FAST ACTING
EPC—06104 1 TELEMARK 123—1106—1 E—BEAM POWER CONTROLLER 250 V
E-BEAM TT—6 POWER CONTROLLER 3 AMP
SC-06211 1 TELEMARK 132—-0600— 1 ANALOG SWEEP CONTROLLER FU— 14002 2 ] WEIDMULLER 7880410000 1/4 X 1—1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
FOUR REMOTE SELECTION FU—14045 FUSE HOLDER
J1 ALLOWS TT—6 REMQTE CONTROL 10 —36 VDC
208-240 VAC TERMINAL BLOCK STYLE
50-60HZ 1 LITTELFUSE 0312.700VXP GLASS FUSE, FAST ACTING
1.0A FAST ACTING
PB—14002 1 *1 TELEMECANIQUE ZBSAWT743 PUSHBUTTON HEAD 240mm— TURN TO RELEASE — @22 — RED 250 V
22mm 0.1 AMP
RED FU-14042 1 *1 WEIDMULLER 1880410000 1/4 X 1-1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
SHAPE OF HEAD=ROUND FUSE HOLDER
*1 TELEMECANIQUE ZBET01 CONTROL BUTTON CONTACT BLOCK — ZBE @22 — 1NO 10 —36 VDC
22mm TERMINAL BLOCK STYLE
SCREW—CLAMPS TERMINALS ] LITTELFUSE 0312.250VXP GLASS FUSE, FAST ACTING
1 NO FAST ACTING
CONTACTS COMPOSITION=1 NO 250 V
*2 TELEMECANIQUE ZBE102 CONTROL BUTTON CONTACT BLOCK — ZBE @22 — 1NC 0.25 AMP
22mm _ *
SEREW_CLAMPS TERMINALS FU-12207 1 1 WEIDMULLER 1880420000 %;»EXHQJLDWE/;L GLASS FUSE HOLDER WITH 60 —150 V AC/DC LED IND.
1 NE 80 — 150 V
CONTACTS COMPOSITION=1 NC TERMINAL BLOCK STYLE
*1 TELEMECANIQUE ZBVB1 LIGHT BLOCK — ©22 — INTEGRAL LED WHITE — 24V o [FTELFUSE 0313005V CLASS FUSE. FAST ACTING
22mm FAST ACTING
WHITE 950 vV
LIGHT BLOCK TYPE=STEADY LIGHT BLOCK 57 AMP
*1 TELEMECANIQUE ZB5AZ009 E—STOP MOUNTING COLLAR
PLASTIC
FOR USE WITH ZB5AW743 TWIST PUSHBUTTON
*1 TELEMECANIQUE ZB4BZ1905 E—STOP SHROUD, YELLOW
22mm
ACCESSORY
NONE
TP—01607 1 VARIAN 17001 —NAV MOTOR CONTROLLER, TURBO PUMP
115 VAC, 3.0 FLA
MOT—01505 1 VARIAN PTS03003UNIV ROUGH VACUUM PUMP
AC MOTOR
0.75 HP
200 — 230 VAC @ 60 Hz/380 — 415 VAC @ 50 Hz
2.4FLA @ 200-230/1.3 A @ 380 — 415
SOL—00,/05 1 VAT 26428—KA31-0001,/022 | SOLENOID VALVE
1 24 VDC
25 mm
TC—05023 1 WATLOW PM6ECTFA—AAAAAAA TEMPERATURE CONTROLLER — SINGLE UNIVERSAL OUTPUT
100-240 VAC
UNIVERSAL PROCESS OUTPUT 1
NO ALARM
ENGLISH
STANDARD PART
FU-14207 1 *1 WEIDMULLER 1880410000 1/4 X 1-1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
FUSE HOLDER
10 —36 VDC
TERMINAL BLOCK STYLE
*1 LITTELFUSE 0312002.VXP GLASS FUSE, FAST ACTING
FAST ACTING
250 V
2 AMP
FU—14101 1 *1 WEIDMULLER 1880410000 1/4 X 1—-1/4 GLASS FUSE HOLDER WITH 10 —36 V AC/DC LED IND.
FUSE HOLDER
10 —36 VDC
TERMINAL BLOCK STYLE
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CUSTOMER SUPPLIED

208 VAC 3PH 60 Hz 1L 12 113 N
51.9 FLA [ 01039 ] 01039 [ 01039 | 01039
v v v v
01000 01040
G N
01001 arlo41
L Lz L3 PDB-01002 PDB-010024
N70141 1421570
01002 0S—01003 [G]TECHSPAN [N] MARATHON Q1042
GROUND NEUTRAL
60A o ABB DISTRIBUTION POWER DISTRIBUTION
01003 N T 0S60GJ12 BLOCK BLOCK 01043
= = %QONNW #6 AWG BLK #6 AWG BLK
B =
01004 = = 01044
J1 R 14002 PDB-01046
01005 =— #6 AWG GRN/YEL 01045 MARATHON
MASTER CONTROL 1403401
RELAY 010461 [ 010461
I ®) »[ 01500
01006 01046 iy L) B
010471
| 010471 MCR INTERRUPTED
01007 01047 LQWTZ @ > 01500 208 VAC POWER
010481
! 010481
01008 -4 01048 Rilar ) »[ 01500
POWER
01009 01049 DISTRIBUTION
LOCK
01010 01050
01011 01051
01012 01052
01013 01053
01014 01054
L1 L2 L3
01015 01055 ————_———_CR-14110
I I e
01016 01056 CONTACTOR
01017 01057
01018 01058
01019 01059 11 102 103 N
01020 01060
01021 01061
01022 1L 12 L3 01062
01023 01063
01024 01064
01025 L. #6 AWG BLK #6 AWG WHT —= 01065 — #6 AWG BLK =— #6 AWG BLK #6 AWG WHT —=
01026 01066
01027 01067 010551/ 010552| 010553
01028 01068
01029 01069
01030 01070
01031 01071
01032 01072
01033 01073
01034 01074
01035 01075
01036 01076
01037 01077
01038 01078
01039 01079 v v v v v v v
v < & ¢ [Lot1o0 [ 01700 [ 01100 | [ 02000 ] 02000 ] 02000 ] 01200
(701040 ] 01040 | 01040 | 01040 1 12 L3 010551 010552 010553
1L1 12 L3 N - — — — —
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1L1 112 1L3 N L1 112 1L3 N

[ 01079 ] 01079 | 01079 ] 01079 [ 01139 ] 01139 | 01139 ] 01139
v v v v v v v v
01100 PW=01103 01140
CARLO GAVAZZI
01101 SPD242401 N 01141
#14AWG RED
FU-01103 240 WATT POWER SUPPLY
01102 LTTELFUSE 414 MG WHT 01142
LPSCOD017XID 011031 /-
01103 %R“ ® ™ t 24VDC POWER SUPPLY ~ 01143
FU-01105
01104 01144
LTTELFUSE #14 AWG BLU #14 AWG BLU/WHT
LPSC00017XID 011051 /-
01105 & ® © S 01145
CCMR
01106 01146
24VDC—1 0 VDC
01107 #14 AWG BLU L 01147
- #14 AWG GRN/YEL
01108 01148
14000
01109 24VDC-1 0 vDC 01149
01110 01150
o111 01151
01112 01152
01113 01153
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01115 01155
011186 01156
01117 01157
a1118 01158
01119 01158 11 102 103 N
1L 112 113
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01121 01161
01122 01162
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c8 8 ‘ c8 8 o
: | S0L-00/08 , 0:01/08
-4 0:00/08 Ao OPEN SOURCE SHUTTER #1 20060 - - 0:01/08 p[ 06114 |SOURCE 1 EBEAM CONTROLLER INTERLOCKS RETURN
5'00,/08 32 PNEUMATIC ~ SOLENOID 6'01/08 061081
| .
| 20061 061081 <[ 06108 ]JSOURCE 1 EBEAM CONTROLLER 1 INTERLOCKS +15 VDC
c9 9 ‘ - C9 9
OH - 0:00/09 ‘ SOL@/\/@WOQ OPEN SOURCE SHUTTER #2 20062 U 0:01/09 SPARE
333 PNEUMATIC ~ SOLENOID
0:00,/09 ‘ 0:01/09
| 20063
10 10 ! S0L-00/10 C10 10 S0L-01/10
%@_¢ -0 0:00/10 ‘ A OPEN SOURCE SHUTTER #3 20064 U - 0:01/10 TURBO VENT
: 434 PNEUMATIC ~ SOLENOID A GILENT VALVE SOLENOID
0:00/10 0:01/10 959884003
20065
cu 11 . C1 11 .
@_{ }_@ 0:00/11 SPARE 20066 @_{ }_@ 0:01/11 SPARE
0:00/17 0:01/17
20067
c12 12 0:00/12 0:00/12 ¢12 12 0:01/12
HoH = : »[ 06234 |EBEAM SOURCE 1 SWEEP SELECT 1 EBEAM SOURCE 20068 O =) ' SPARE
0:00/12 062351 062331 0:01/12
<[ 06233 |FBEAM SOURCE | SWEEP SELECT 1 COMMON 20069
C13 13 0:00/13 C13 13 . 0:01/13
; 0:01/13
HH = 0:00/13 [ 06232 |FBEAM SOURCE 1 SWEEP SELECT 2 20070 —HH / »[ 01625 [CHAMBER TURBO SOFT START CHAMBER TURBO FUMP
INTERFACE OUTFUTS
0:00/13 062311 062311 0:01/13
<[ 06231 JFBEAM SOURCE | SWEEP SELECT 2 COMMON 20071
clg 14 0:00/14 0:00/14 C14 14 001 /14 0:01/14
HH = o[ 06230 |EBEAM SOURCE 1 SWEEP SELECT 3 20072 H »{ 01624_] CHAMBER TURBO INTERLOCK
0:00/14 062291 062291 0:01/14
<[ 06229 ]FBEAM SOURCE | SWEEP 3 SELECT COMMON 20073
Clo 19 0:00/15 0:00/15 C15 15 00115 0:01/15
H o = »[ 06228 |EBEAM SOURCE 1 SWEEP SELECT 4 20074 H = »{ 01623 ] CHAMBER TURBO START/STOP
0:00/15 062271 062271 0:01/15 016061 016261
<[ 06227 ]FBEAM SOURCE | SWEEP SELECT 4 COMMON 20075 <[ 01626 ] CHAMBER TURBO 24VDC +
%) 20076 %
< COoM ¢ COM
20077 AN
20078 #18 AWG BLU — #18 AWG BLU/WHT
20078 END END
— - - — - e CUSTOMER:
l=— #18 AWG BLU — #18 AWG BLU/WHT — 1" — UNIVERSITY OF MIAMI
il R b - |- e NEXDEP 206
v v I - - 91 Trillium Drive PLC MODULE 0,1 — DC OUTPUTS
20040 20040 2 |01/17/14 |ADD TURBO VENT VALVE; REMOVE ION GAUGE QUTPUTS LE | SC Kitchener, Ontario, N2E 1W8 SC“LEN:TS REV 5 DRAWN BY: CHECKED BY:
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20100

20101

20102
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20105
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20107

20108

20109

20110

20111

20112

20113

20114

20115

201186

20117

20118

20119

20120

20121

20122

20123

20124

20125

20126

20127

20128

20129

20130

20131

20132

20133

20134

20135

20136

20137

20138

20139

140141 ouRoN 0 VDC
[Ta018 ] XW2B-4064 14018
IB—20139
N o PLC-20139
C?;;W??iz 1:02/00 %k MASTER CONTROL
14002 RELAY
140051 14005+ IN 1
E-STOP PLC INPUT[ 14006 ] s E-STOP PRESSED
IN 2
PRS-02/02 102/02 s COMPRESSED
F-5100-100-PT AR SWITCH
AR LOGIC
_ IN 3
o ‘M;WQ 1:02/03 )7 DOOR SNITCH SAFETY
Dz RELAY MONTORING
RELAY
0L-01502 102 IN 4
0 :02/04 CHANBER ROUGHING PUMP
] %E OVERLOAD CONTACT
1:02,/05 102/05 IN 5
CHAMBER TURBO FAULT[__ 01627 > : )11 EmLMTBER TURBO
IN 6
1:02/06 013 SPARE
IN 7
@ 15 SPARE
% 17
COM O
IN 8 0 VvDe
@ 19 SPARE
IN 9
@ 21 SPARE
140141 N 10
@ 23 SPARE
IN 11
@ 25 SPARE
PJ-20128 PJ-20128 ‘ 102/12 IN 12
<5 [ 1 ]12-24 oo IE : 27 SOURCE #1 E-BEAM
MURR ELEKTRONIK WATER FLOW SWITCH
7000-08101-2210500 F5-20128 our 1[4 [
sue
PF2W720-N03-67 ar2[2 ]3>, N 13
@ 29 SPARE
IN 14
@ 39 SPARE
N 15
@ 33 SPARE
% 35
201371
COM 1 CBL=20137/ >Lw;
L— #18 AWG BLU L~ 418 AWG BLU/WHT
v v
20140 20140
140141 0 VDC

140141 0 VDC
20139 20139
v v
20140
20141
R_20142 MRT&%” 39 PLC-20139A
20142 5L 1:05/00 712 CRUCIBLE INDEXER
POSITION INPUTS
1:03/00
20143 SOURCE 1 CRUCIBLE INDEXER NOT AT POCKET 1| 06308
R-20144 N 1
5 KQ K
20144 103/01 o
1:03/01
20145 SOURCE 1 CRUCIBLE INDEXER NQOT AT POCKET 2| 06309 |[¢———
R 20146 N 2
20146 103/02 e
1:03/02
20147 SOURCE 1 CRUCIBLE INDEXER NOT AT POCKET 3| 06310
k20148 N3
20148 103/03 8
1:03/03
20149 SOURCE 1 CRUCIBLE INDEXER NOT AT POCKET 4| 08311 |&————
R2$&go IN 4
20150 1:03/04 10
1:03/04
20151 SOURCE 1 CRUCIBLE INDEXER NOT AT POCKET 5| 06312 |[&———
R*%OQSZA IN 5
20152 103/05 12
1:03/05
20153 SOURCE 1 CRUCIBLE INDEXER NOT AT POCKET 6| 06313 |¢+——
140141 1:03/06 0306 IN 6
20154 [ 06314 06307 ]« : )14 CUKIBLE INDEXER
SOURCE 1 CRUCIBLE INDEXER PLC INPUT POWER SOURCE 1 CRUCIBLE INDEXER POCKET INDEX COMPLETE
20155
IN 7
20156 16 SPARE
20157
18
20158 %)
COM 2
20198 40141 . 0 vie
CR-06127 1:03/08
20160 kg / 20 EBEAM ARCING INDICATOR RELAY
06127
20161
CR-D6134 1:03/09 > EBEAM RUNNING INDICATOR RELAY
20162 i F7 )22
06134
20183
IN 10
20164 ] 24 SPARE
20165
IN 11
20166 26 SPARE
20167
IN 12
20168 @ 28 SPARE
20169
IN 13
20170 )30 SPARE
20171
IN 14
20172 )32 SPARE
20173
IN 15
20174 @ 34 SPARE
20175
36
20176 %)
COM 3
20177
20178
l=— #18 AWG BLU l=— #18 AWG BLU/WHT
20179 v v
” ”
140141 0 VDC
— — — - — e CUSTOMER:
— — —— ) UNIVERSITY OF MIAMI
i B il e NEXDEP 206
- - - - - 91 Trillium Drive PLC MODULE 2,3 — DC INPUTS
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24vDC-1 24VDC

140141 0 VvDC 140141 0 vDC
20179 20179 20239 20239
¥ Y v v
OMRON
20200 CJIW-ADO41-V1 20240
MODULE 06
4—CH ANALOG IN
20201 tc02 20241
2001+ 2001+ =
20202 CHAMBER PRESSURE ANALOG +[ 14209 [p> % CHAMBER PRESSURE 20242
N ANALOG INPUT
20203 20243
2001= 2001- -
20204 CHAMBER PRESSURE ANALOG —[ 14210 J» % 20244
INT —
20205 20245
2002+ Bl
20206 % SPARE 20246
IN2 +
20207 20247
B2
20208 2002~ % 20248
N2 —
20209 20249
20210 20250
20211 20251
2003+ 2003+ A3
20212 CHAMBER TURBO ANALOG SIGNAL +| 01628 Jp- @ muwmﬁmm TURBO 20252
"o ANALOG INPUT
20213 20253
2003- 2005 A4
20214 CHAMBER TURBO ANALOG SIGNAL —| 01622 [p- @ 20254
N3 —
20215 20255
B3
20216 2004+ % SPARE 20256
IN 4 +
20217 20257
B4
20218 2004~ % 20258
IN 4 —
20219 20259
140141 0 voC 140141 0 vDC
20220 20260
20221 20261
20222 20262
20223 20263
20224 20264
20225 20265
20226 20266
20227 20267
20228 20268
20229 20269
20230 20270
20231 20271
20232 20272
20233 20273
20234 = #18 AWG BLU =— #18 AWG BLU/WHT 20274 = #18 AWG BLU =— #18 AWG BLU/WHT
20235 20275
20236 20276
20237 20277
20238 20278
20239 20279
v v END
20240 20240 END
140141 0 VvDC
24VbC _ _ _ _ — e CUSTOMER:
T — ANGSTROM UNIVERSITY OF MIAMI
il A i T NEXDEP 206
- - - - - 91 PLC MODULE 4 — ANALOG INPUTS
— — — - — V\Aﬂﬁnujwjmﬁ DDWQ‘QO me g <<m SCALE: REV: DRAWN BY: CHECKED BY:
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NO. | DATE REVISION BY [ cwp www.angstromengineering.com FEB/13 02522—1_|02522—1-202

W:\Current Projects\Active\02522 — University of Miami\Engineering Drawings\Electrical\02522—1 NexDep 206\02522—1-202.DWG





30000

30001

30002

30003

30004

30005

30006

30007

30008

30009

30010

30011

30012

30013

30014

30015

30016

30017

30018

30019

30020

30021

30022

30023

30024

30025

30026

30027

30028

30029

30030

30031

30032

30033

30034

30035

30036

30037

30038

30039

END CONNECTOR:

9 PIN D—SHELL (DB9), FEMALE

CONNECT TO PC

DESCRIPTION

3
=

COLOUR

WIRE#

BLK

GRY

CABLE 12221 PIN CHART

(PC TO PLC)

END CONNECTOR

9 PIN D—SHELL (BB9), MALE

CONNECT TO PLC

RED

GRN

BRN

BLU

ORG

YEL

OO |U| |t —

VIOLET

PIN | COLOUR| WIRE#
1
2 |GRY
3 |RED
=
5
6
7
8
9 [BRN

NO.

DATE

REVISION

BY

Kitchener, Ontario, N2E 1W8
Phone: 519-894—4441
www.angstromengineering.com

CUSTOMER:

UNIVERSITY OF MIAMI

TITLE:

NEXDEP 206
CABLE CHART
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