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Thermal Evaporator Kurt J. Lesker PVD 75

Version: May 10, 2023

This document provides short system description
and short operation procedure of the PVD75. Official
training is required for all users. Additional training
is required for recipe writing.

General System Information : This Kurt J.
Lesker PVD 75 deposition system equipped with only
thermal deposition sources. Three thermal sources
and one low temperature thermal evaporation source
for organic materials. All sources can be loaded for
multiple layer depositions, but source two and three
are shearing a single power supply and a single shut-
ter, therefore these sources can not be used at the
same time. The system can process samples up to 20
cm in diameter. Almost all materials are approved in
the system. Check the melting and evaporation tem-
peratures for your material, for more details see the
list of deposition materials. Other features include
substrate rotation; substrate heating up to 350°C
and two different gas inlets are available.

The system vacuum pumps are recipe controlled for
safe and efficient use. Never run any procedure man-
ually. Reaching the operation vacuum (5x107 Torr)
can be reached in between 10 to 15 minutes, vent-
ing the camber can take as long as evacuation time.
Evacuation overnight will lead to maximum vacuum
around 10"® Torr. The mechanical movements of the
shutters are controlled by compressed air (3 bar) and
the process chamber vented by pure nitrogen (6 bar).

General Operating Instruction : All deposi-
tions are recipe controlled. Each recipe is programed
for a specific material. A recipe for any material
can be created in any of the four thermal sources.
As a user, you have only the permission to run an
existing recipe or copy it to your account, modify
the layer thickness and running the recipe. Users
have no permission to create a new recipe for any
new material. Do not test functions you do not need
by clicking on buttons for curiosity reasons. This
can cause serious software or hardware damages.
Never start/stop any part manually.

Main system power supply, gas supply, compressed
air supply, water cooling will kept always ON. As a
user, you start by logging in and ending by logging
off. The operation software and Sigma screen will
kept always active. Vacuum pumps are kept off when
the system is not used.

WARNING: Use caution when removing the
substrate from the chamber, it may be hot. Do not
view the evaporation process without proper eye
protection! This means that the use welderaAZs
Shade 9 glass (at least Shade 9) should be used
at all times to observe the heater. Eye damage
can occur from looking at the Evaporation process
without adequate eye protection.
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A : THERMAL EVAPORATION

Login and check system

1. If it was not already ON? Start software
"CWare" K (found on the Desktop). In nor-
mal case you will find the software ready to use.

2. Log in using with your login name (CAS id)
and your password. Key in your user name and
press Enter, then key in your password and press
Enter again. OK button appears, press "OK".

ime|_Open/On |
5 [ 0:00:05:59 | Closed/Off

v | v [ | s

Platen Molion

!

Recording Start

Raughing Purp

B

SR mw

3. Check the pumps status in "Vacuum" software
runtime screen. Green means ON, gray means

OFF.
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4. Turn ON cooling-water circulation switch
on the right side on the wall.
Check the water cooling status in "Deposition"
software runtime screen. Green means OK, gray
means no water circulation. The system will not
operate if there are no water circulation.
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5. Enter "Sigma" software runtime screen, and
turn ON "Sigma Launch 242" button. Gray
means OFF and green means ON.
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The deposition monitor software "SQS-242"
will start, no password needed, press OK.

If Sigma was already ON (which should be the
case), then do nothing, and go to point 6.
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Install boat, load material & substrates

6. Enter "Deposition" software runtime screen.
Open substrate shutter and the desired source(s)
shutter(s). Each of source 1 and 4 has its own
shutter. Sources 2 and 3 sharing one shutter.
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8. Fix your substrate(s) on the center of the sub-
strate holder. Close substrate shutter and all
source shutters.
The homogeneity and the thickness of the pro-
duced layer is dependent on where you fix the
substrate. You have to gain your own experience
on this point based on you evaporated material.

9. Close shutters.
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7. Install boat (chose correct boat), load deposition
material (1-4 pellets) and your substrate. It
is important that the boat be installed with
as little loading torque as possible (do not use
tools), and the boat is installed between the two
washers with a central screw sandwiching these
washers together. Avoid touching the crystal
SEnsors.
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10. Close chamber door and click on "Start PC
Pump" button on the right hand side menu.
Operation pressure (5.0E-5 Torr) will be reached
in around 5-10 min. Finlay confirm completed
recipe by pressing "OK".
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11. If needed to ventilate the chamber? otherwise
skip this point. Click on "Start PC Vent"
button. Ventilation takes around 10-15 min
until the vent recipe is completed. Confirm by
"OK". Open chamber door. If the chamber
door dose not want to open? this is because of
residual vacuum, then either run "Start PC
Vent" recipe again, or turn ON the valve PC
Turbo Vent Valve" for 3-5 sec then turn OFF.
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Tk Gperation Vacuum.

Layer: 1 of 1
Time: 0:01:21
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Evaporation

12. Enter "Deposition" software runtime screen.
Click on "Run Recipe" button. Scroll to
choose the recipe you want to run, will trun
blue when clicking it, to run it click on the
green field. The recipe is running now, do not
interrupt.
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13. From Windows task-bar, go to sigma deposition

monitor software (which is already run-

ning). Here you will see which recipe is running
and all evaporation sequences. Besides you
can control ramp power/time, layer thickness,
deposition rate.

You can set and change these parameters during
operation.

14. Oanly if you have problem with evaporation (bro-
ken boat, material finished, ... etc): press the
red button "TABORT PROCESS" on the left- ofFike e e

Cusie3 1.0 22 0225

up .corner t(? st(.)p the recipe. Otherwise wait T e . (Ee (G EIRREE D
until the recipe is over.
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15. When evaporation is done and the desired thick-
ness is reached? Confirm recipe complete by
pressing "OK".
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Un-load samples
Press "Start PC Vent" button on the right

hand side of the screen for ventilating the cham-
ber, and as described in point 11.

Un-load sample, substrate, boat and then close
the vakuum chamber. Leave the chamber under
ambient pressure, do not start pumps.

16.

17. Log off.
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B : SHUTDOWN / RESTART
SOFTWARE (if needed)

Usually we never shutdown software, computer or
the PVD system.

If need to shutdown, first Exit sigma software .
Flie — Exit — QUIT
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Second Exit the Cware software [ . Pressing the
Exit button at the top right of any Runtime Software
screen will close both the Runtime Software and the
System Database. Exit =— Yes
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To restart software, see paragraph A points 1 and 5.
You cannot start any process without logging in as
in poit 2.

C : EVAPORATION PARAMETERS

Look up the material by alphabetic name in the de-
position materials reference table and consider the
melting point, the temperature required to reach 107
Torr. Compare your material melting temperature
to previously used materials with almost the same
melting temperature to estimate the power% needed
for each ramp. It is a good idea to run a material
for the first time to test the required ramp powers%
as well as keeping an eye on the physical state of the
material and the source being used in the vacuum
chamber through the view port.

Both ramp 1 and 2 times can be set to 120 sec.
Longer soak time 1 will prepare material for evap-
oration during soak time 2 much better. In soak
time 1 the material should starts to melt and at the
almost end of soak time 2 the material should starts
to evaporate. Then the substrate shutter is opened.

Max power

Desired
deposition rate
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It is possible to keep the substrate shutter closed
until the required evaporation rate has been reached.
This will mean more waiting time for the user and
more spend of material. This option is never rec-
ommended for expensive materials. If the material
sublimes and does not melt then the first ramp would
be established at about 60% of the power.

You may set the final thickness to the required thick-
ness even during running the recipe. The evaporation
rate can also be reset during running the recipe. Set
evaporation rate to 0.5 A/sec for hard evaporated
materials and 1 A /sec for all others.

Setting Max power to lower than 100% will prevent
rapid fluctuating in the evaporation rate curve. Only
for very hard evaporated material use 100% power.
Do not play with other parameters.

D : HOW MUCH MATERIAL DO YOU
NEED?

The pellets are either 1/8" in diameter x 1/8"
long or 1/4" diameter x 1/4" long. The volume
of the 1/8"x1/8" pellets are 0.02512 cm?/pellet
and the volume of the 1/4"x1/4" pellets are 0.201
cm? /pellet.

Usually used materials are 99.995% pure peletts,
1/8" diameter x 1/8" Long.

Calculate the approximate volume of material needed
to make a thin film of the specified thickness. This
can be done by calculating the surface area of a
hemisphere (cm?) and multiplying that by the desired
thickness of the thin film coating on the substrate.

tooling factor
100

V =21r? x x1.5x 107" xd

Where V is the volume of the evaporation material of
one pellet in cm?, r is the radius of the hemisphere in
cm (source to substrate distance), r=40 cm and d is
the desired thickness of the thin film on the substrate
in nm.
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E : WRITE RECIPE

7 start . €3 OperationDepostion... [ 17 sa5242 0P Recipes - [Recpes]

"Users are not permitted to write a recipe".

Recipes for all common material are alteady written y 1, guua software $Q5-242 (). g0 to Bait
and tested. S system adiinistrator 1n = Films then select the film related to the

i ipe f ial which .
advance to write a recipe for any new material whic process chosen in 1. Copy film and rename film,

is not been used before. press Enter. The Film has been created. Press

Source/Sensor and select Material.
1. In sigma software SQS-242 , go to Edit =

Process then select process (a process related
to the source wants to evaporate the new mate-

GG
rial) to view or edit. Copy process and rename
process, press Enter.
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3. If wanted material is not found in the list; go to

Edit =— Materials =— New then add mate-
rial name and density and Z-factor. If Z-factor
is unknown enter 1.

The process and the film must be combined. In
aAISigmaaAl screen at SQS-242, go again to
Edit = Process and select the newly created
process then select the newly added film.

Tstant.

o.

 [Precpes-(Recpes] | (@ rcsot Powerport .

O opersondepostionss | [ sos242

A recipe must be created. Go the main con-
trolling software press Recipe Database, the
recipe database will be opened. View the ex-
isting recipes and select any recipe related to
the source wants to evaporate the new material.
Copy Recipe— Rename Process (give the
new created process name) = rename recipe
— press Update VB. Now the new recipe to
evaporate the desired material on the desired
source is ready to use.

Page 8 of 18



Umea universitet, Institutionen for fysik, Linnaeus vag 24, 901 87 Umea .
OPERATION MANUAL, NanoLab ;

[ =

[ Ku Flunning Time] Openion] Logout0sa0032
Kurt ) Lesker B o cosearoir] e | R ||| ABORT re————— o
e rocess: IT0 1As Sic aper: 10f1 Ph pped
Time/Run: 0:28:02 / 87 Time: 0:26:02 Time: 0:00:43 / 0:24:00
s 5

= - I S =
* Shutters Heater Control Platon  Prossura Gl —

Source Shuter 2 Sousce Shuter 4 Subsiate Subatote | Yoo y

OFF | Heater ~ OFF Heax 5" | BeceeDatzeee

g o L e —
Il 5.0t HesterRampRale | (FPM) e E3 lun Rec
8/ [ PO - | N ‘

‘ ‘Stast PC Pur i i
Subsiat Shuter LTE Power Supply p Adjust evaporation parameter:
5 Auosp Ot
Souce Shuter 1 S 5;,: ot u Ch P u
e = I.TU Num
Thickness °FFJ oe n-mmnnn- B
(=0T Power Supplies
0000 RN ot R g
X 101 SO Sepont Us Uj Pom o
I e )
{0000 EA]
ARLSE N3 Power Supply2 OFF % OFF
[T ez o | M- ses]
I ek (<)
OFF | Souce W1 op | Soucesw2
a3 -Src 4 R Pws2to S1c2 Pws2to Sre3

Cooling Power Supd,v3 OFF % OFF
= e K- En | 8
rc 4 Cooling
Src23Cooling  [Cooling Block FI Sw|

Filn  Rate(A/s) e Thick(kA]

NEXT
SETTING

1o Sies 0.0 0.000

Tstart. € ~ [ Q3 operationveposi. [Tn] Runnw [ 55242 [P Recpes -[Recpes) | @imarosotponere... . @ T @) 0501
BC Pump ~
5 @hen -m.m A Eladiontog | &/ Inter| e vent. 8 x
New | W[ <[ v |Robin-Src 4 Pd Dep 1As 1KA

Name RS-Src 3 Siver Dep 1As 15-19.22

s VBt 5 parsarcontse 3 procssssnaorGee (RS AZ03 Dep 185 X .
3 £ RS-Sample Heat Ramp Up to 350C
3 - ‘;j pply RS-Sample Heater Ramp Down .
5 L RS-Src 1 C60 Dep 1As 1KA Y 11 d t t
5 s Sh e e R ou are allowed to copy any recipe to your accoun
;:n ‘sVleW reup@e‘ ;w]w Om» S|RS-Src 2 Cu Dep 1As 17-23-40
8 otors |ist Platen Motor On RS-Src 2 MoO3 Dep 0.5As 13-16-30 d . AH . t h
- Siiver Dep 0.5As 15-19-22 and use 1t. evaporation parameters, any changes
0 Sigma S p n Ti Dep 0.2As 70-80-95
1 Sigma Al Dep 1As 18-23-40 d . . h . -11 . 11
2o sgme Cu pep 1ns 10-23-40 even during running the recipe will automatically
13 Sigma Gold Dep 1As 20-35-50 i
e s s e R saved.
5 Sigm t Map|RS—Src 3 Pt Dep 1As 1KA
:~ sz o ,,,QL RS-Src 3 Silver Dep 1As 15-19-22 . n "
8 S it Map|RS—STC 3 SiO2 Dep 1As 1KA 1 F d k_b g C f -
o e select e R Eay s . From Windows task-bar, go to Ware" soft
B Jsgm . o SipProcess|RS-SEC 3 an Dop 1as 12-14-22 . " . " .
5 L recipe e e ware. Click on "Recipe database" on the right
2 SHre Cu Dep 1As 15-21-40
23- .
. Sipe Deeilas 1 iom hand side menu.
25 NiCr Dep 1As 40-60-90
2 Pd Dep 0.5As 40-55-60
27 Pt Dep 0.2As 65-85-100
2 i Dep 0.2As 70-80-95 -
-l Kurt | Lesicer Fsins T Gpatn o | gz | ssorer |
e Tt s o o o . L—‘m Super User
OB Recpes-(Recpes] | (8] Mirosoft PowerPork .. 0 2 Qo He ‘ Flaten M s | %
e || || | o
T @vep  BHRecpes | § [ Adiontog | £/ Interocks ow Configuration | & System Users ] | |
New [ 1] <] v > | n| _ShowAll | suokecipe | _Delete | Export All Recipes to XL | 5"%" ‘*lhwe%‘m%
Name RS-Src 4 ITO Dep 0 2As 70-80.35 Oumer Roushdey Salh
e G e o T | e ) e —
; Soca & R:E " TuoRroPS OFF | ot StaitPC Pup, ‘
4- Power Supply (&
7 Motors Platen Motor Jog copy recipe 10 FeTute
9 Motors Platen Motor Go Continuous + Tum_On/Open wmw; Rename recipe
1) Sigma Sigma Output3 Mapping rename process 0
;
Finally "
update 0
na Shutter Deposit Mapping 2 P 0
Q“\ Process.
Sigma Process Name Compare String Value = 170 1As Src 4.

2. Open the recipe list. Select and click the one
you want to copy.

Runring Time]_Open/on_] Logout osa0022
Kurt ). Lesker [luoning Tme L Caewie] e o ABORT
[Veision 627107 1 -
Vecum ostion Ges Hesin PlstenMoton Siama ) Recipe 5 x
‘ Deeess ‘ o ‘ 2 ‘ e ‘ % _ [ci-szc 3 Gold Dep 1As iFA =
1 5l @Help | [lERecioes § Edadiontog | #inted{cy,-src 4 Al Dep 1As 15-22-23 8 x

CL-Src 4 Cr Dep 1As 1.5KA :[7
Gas Assist
JER-Src 3 Iron Dep 1As 0.0SKA

RecbeDatas
RS-Src 3 Silver Dep WAs 15 19-22 h Name aaatest
[RS-Src 3 Si02 Dep 1A
RS S 31Depb2ke 507555 [~ P ey v N N

Henter Cnnmﬂ en Pressure Ctrl
s
- e New | ] ]|

RS-Src 3 Zn Dep 1As 121422 - ompRae | (FPM) JER-Src 4 Ti Dep 1As 0.1KA
RS.Stc 4 Al Dep 1As 16.2229 [ i weez o N |t JE-s1 old Dep 1

& p 1As 1KA
RS-Src 4 Cr Dep 0.4As 50-70-75 IBRN st Heste Tenperaiee 2 Shutter 1d 1As 20-35-50
RS S 4 CuDop 145 152140 SaPCRD ‘ o JE-Src 3 Gold Dep 1As

RS. ipply
AuoSP
oo Auo sv o e o

Cuet Cr Dep 0.4As 50-70-75

3
3

JE-Src 4 Al Dep 1As 1.5KA
4
4 Cr Dep 1As 1.5KA

Robin-Src 4 Pd Dep 1As 1KA

-Src 4 T Dup 0285 70,8095

RS Turbo Shutdown g RS-Abort Process
Sampl Feal Rarn Up 10 350 Sepont Unts Ujs  Rame P e i
Senpe Hetr Famg Do RS-C60 Dep 1As 1KA
Sic 2 CuDep 148 1A new recipe ready RS-Gas Assist
22 8 51 3 Cy Dep 145 15KA | K- I o o RS-PC Pump
RS-PC Vent

Src 3 ron Dep 1As KA

Src 3 Si02 Dep 1As 1KA ~ e e
Run Recipe DFF‘szmSmZ OFF | ez tosiea RS-Sample Heater Rampl Down
RS-Src4IT0Dep 0.2As 7080957 | - RS-Src 1 C60 Dep 1As 1KA
RS-Src 1 Pentacene Dep 1As 1KA
RS-Src 2 Cu Dep 1lAs 17-23-40
[ oFF RS-Src 2 MoO3 Dep 0.5As 13-16-30
L | L | = RS-Src 2 Silver Dep 0.5As 15-19-22
Recording Stat RS-Src 2 Ti Dep 0.2As 70-80-95
I RS-Src 3 Al Dep 1As 18-23-40
u :
3 Gold Dep 1As 20-35-50
RS-Src 3 Iron Dep 1As 45-55-60
RS-Src 3 Ni Dep 1As 40-46-50
RS-Src 3 Pt Dep 1As 1KA
RS-Src 3 Si02 Dep 1lAs 1RA
RS-Src 3 Ti Dep 0.2As 50-75-95 =
RS-Src 3 zn Dep lAs 12-14-22

[ @ wotronorort... | [CFopmotemioasm - [LI5e522 8 Reces-[reios]
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2 Re

ipes - Recipes —

E @Hen Ereapes [Eladiontog | 2 ntertocks 25ets | om Configuration 8 System Users Type 2 cue: -l x
New | 1| « v ] j Show All | subRecipe | _Delete | Export All Recipes to XL
Name RS-Src 3 Cu Dep 1As 18-23-40 Owner Roushdey Salh -
rcuie V5 st - perator Cantse | PocessEroConse | User Roushdey Salh Update VB | Reorder items | Copy Recipe |
Equipment - Operat = quipt Value - |GRS - |4
1 Recipe Set Abort Recipe Abort Process
2 Source Source SW1 Tum_OffiClesed/Closing
3 Source Source SW2 Tum_On/Open/Opening
4= Power Supply Power Supply 2 Tum_On/OpenOpening
5 Shutter Substrate Shutter Tum_OffiClosed/Closing
6 Shutter Source Shutter 2 Tum_On/Open/Opening
7 Motors Platen Motor Jog Velocity SP Set Value = n.nn 10
B Motors Platen Motor On Tum_On/Open/Opening
9- Motors Platen Motor Go Continuous + Tum_On/Open/Opening
10- Sigma Sigma Output2 Mapping Set Value = nnn 2
- Sigma Sigma Output3 Mapping Set Value = n.on 0
Sigma Sigma Shutter Delay Mapping 1 Set Value = nnn 0
Sigma Sigma Shutter Delay Mapping 2 Set Value = n.nn 0
Sigma Sigma Shutter Delay Mapping 3 Set Value =nm [
Sigma Sigma Shutter Delay Mapping 4 Set Value = n.nn 0
Sigma Sigma Shutter Deposit Mapping 1 Set Value = n.nn 0
Sigma Sigma Shutter Deposit Mapping 2 Set Value = n.mn 0
Sigma Sigma Shutter Deposit Mapping 3 Set Value = nnn "
Sigma Sigma Shutter Deposit Mapping 4 Set Valus = n.nn 0
Sigma Sigma Stop Process Tum_OfiClosed/Closing
Sigma Sigma Control Request Set Value = n.nn Cu 1As Sre 3
Sigma Sigma Load Process Tum_On/OpenOpening
Sigma Sigma Process Name Compare String Value = Cu 1As Sre 3
Sigma Sigma Start Process Tum_On/Open/Opening
Sigma Sigma In Process Check_On/Open/Opening AT
Sigma Sigma In Process Check_Ofi/Closed/Closing GT
Motors Platen Motor Go Continuous + Tum_OfClosed/Clesing
Recipe Dwell 5 0 L.

i

e~

@hep Erecpss \

Press "Copy Recipe"
now to your account under the same name with
"???7" on the end.
Remove "?7?" and rename recipe by changing
only the first two letters to your own name first
two letters.

[EJadionlog 2/ Interlocks

The recipe is copied

o= ox

S 0ot et om Configurstion 8 Sytem Users Type s questonforbep =2 8 X

[New [ W[ <]

Typ~ | Equipment
1- Recipe
2 Source
3. [Souce
4 |Power Supply
5 Shutter
6 Shutter
7 Motors
8 Motors
9 Motors
10 Sigma
1 Sigma
12 Sigma
13 Sigma
1 Sigma
15 Sigma
16 Sigma
17 Sigma
18 Sigma
19- |Sigma
20 [Sigma
21- |sigma
2) Sigma
23 [Sigma
2. |Sigma
2% Signa
2%- Sigma
27/ [Motors
26 |Recipe

Name |RS-Src 3 Cu Dep 1As 16-23-40772
ncd nVBLis 1 pertrCon U | Process EngSanUse | User Roushdey Salh

v _» | M| ShowAll |subRecipe ; _Delete | Export All Recipes to XL

Ovner Roushdey Salh

Updale VB | Reorder items | Copy Recipe

Set Abort Recipe
Source SW1

Source SW2

Power Supply 2

Substrate Shutter

Source Shutter 2

Platen Motor Jog Velocity SP
Platen Motor On

Platen Motor Go Continuous +
Sigma Output2 Mapping

Sigma Output3 Mapping

Sigma Shutter Delay Mapping 1
Sigma Shutter Delay Mapping 2
Sigma Shutter Delay Mapping 3
Sigma Shutter Delay Mapping 4
Sigma Shutter Deposit Mapping 1
Sigma Shutter Deposit Mapping 2
Sigma Shutter Deposit Mapping 3
Sigma Shutter Deposit Mapping 4
Sigma Stop Process

Sigma Control Request

Sigma Load Process

Sigma Process Name

Sigma Start Process

Sigma In Process

Sigma In Process

Platen Motor Go Continuous +
Dwell

Value
Abort Process
Tum_OffiClosed/Closing
Tum_On/Open/Opening
Tum_On/Open/Opening
Tum_OffiClosed/Closing
Tum_On/Open/Opening
Set Value = n.nn
Tum_On/Open/Opening
Tum_On/Open/Opening

Set Value = n.n 2
Set Value = n.nn 0
Set Value = n.nn 0
Set Value = n.nn 0
Set Value = n.nn @
Set Value = n.n 0
Set Value = n.nn 0
Set Value = n.nn 0
Set Value = n.n "
Set Value = n.nn 0

Tum_OffiClosed/Closing
Set Value = n.nn
Tum_On/Open/Opening
Compare String Value =
Tum_On/Open/Opening
Check_On/Open/Opening AT
Check_OfiClosed/Closing o1
Tum_OffClosed/Closing

5 Seconds 0

CutAsSrc3

CutAsSic3

@ve ERecpes |\

[EJAdionlog | 2/ Interlocks

St e om Configurstion S System Users Type s questin forhep %= 8 X

[New [ W] <]

e~

Sigma
Sigma
Sigma
Sigma
Sigma
Motors
Recipe

Name [test-Src 3 Cu Dep 1As 18-23-40
Includein VB List i OPrator CanUse _{ Process Eng CanUse _{
5 Eqdpment -

v M | ShowAll | subRecipe | _Delete | Export All Recipes to XL

Ouner Roushdey Salh
User Roushdey Salh

[Update VB| Reorder ltems | Copy Recipe |
~|GRS ~ &

Operat

Set Abort Recipe
Source SW1

Source SW:

Pover Supply 2

Substrate Shutter

Saurce Shutter 2

Platen Motor Jog Velocity SP
Platen Motor On

Platen Motor Go Continuous +
Sigma Output2 Mapping

Sigma Output3 Mapping

Sigma Shutter Delay Mapping 1
Sigma Shutter Delay Mapping 2
Sigma Shutter Delay Mapping 3
Sigma Shutter Delay Mapping 4
Sigma Shutter Deposit Mapping 1
Sigma Shutter Deposit Mapping 2
Sigma Shutter Deposit Mapping 3
Sigma Shutter Deposit Mapping 4
Sigma Stop Process

Sigma Control Request

Sigma Load Process

Sigma Process Name

Sigma Start Process

Sigma In Process

Sigma In Process

Platen Motor Go Continuous +
Dwell

= quipr Value
Abort Process
Tum_OffiClosed/Closing
Tum_On/Open/Opening
Tum_On/Open/Opening
Tum_OffiClosed/Closing
Tum_On/Open/Opening
Set Value = n.nn 10
Tum_On/Open/Opening
Tum_On/Open/Opening
Set Value = n.nn 2
Set Value = n.nn 0
Set Value = n.nn 0
Set Value = n.nn 0

Set Value = n.nn "
Set Value = n.n 0
Set Value = n.n 0
Set Value = n.n 0
Set Value = n.n "
Set Value = n.nn 0

Tum_OffiClosed/Closing
Set Value = n.nn Cu1As Sre 3
Tum_On/Open/Opening
Compare String Value =
Tum_On/Open/Opening
Check_On/Open/Opening AT
Check_OfiClosed/Closing o1
Tum_OfiiClosed/Closing

5 Secands 0

CutAsSic3

5. Press "Update VB". The recipe

is now ready
to run from "Run Recipe" on the right hand
side menu as explained in "EVAPORATION"
section.

G : SUBSTRATE HEATING

The substrate can be heated up to 350 °C. Substrate
heating is not embedded in any recipe (it operates
independently). It should turned ON or OFF manu-
ally.

Set the desired temperature (example: "Temp SP
deg C=100") , and set "RR deg C/min=10".
The auto sequence runs on the PID values, if there is
no value for P the power supply will not even try to
push any current or power. You should set the PID
values to: "P=1.5", "I=0.05", "D=0.01". Turn
ON the "On/Off" first (this must be first otherwise
you get an error) and then the "Auto"

i | Logowrosa003
Super User

== ey
Heater Control
i |
=

Substiate Heater 0o [ oo 1

PC Pressure

J WG Tou |
EE T

. & Mcrosoft PowerPait ...

(3 Operation Heating B8 ¢ &) 106

Logout rosa0032
- ba | Lotz || ABORT
[Version 627707 ]
| =] = ] F— s —
Heater Control — |
0u
OwOff Auo  SP AuoSP R deg Vi G |R Database.
e BT xe T e o e ke VTR i
SR orr | oFr m-“-- Ea
] ]
Start PC Pump. ‘

(@) Microsoft Powerpoint ... | (3 Operation-Heating 505242 P Reckes - [Recpes] a7 &) 08

Copyright © 201

Funring Tine] -
Kurt ). Lesker funning Tinch Goen/e] et wgf;;°u§‘{f2| ABORT|
o7 —
v | o || i | | s =
Heater Control ]
o
On/Oif  Auto SP FRR deg fohage  Current |R
T AT e TR . m g Y o S
Subsate Heater

0" oFF m-n--- A ——
n e
—!

Kt Lesker [ To-Ramn e || ggma=l| asonr |
[Version 6.27107_]
wan | oown | e | e I ==
Heater Control )
o e B apr e [roetates
s oo o----m mEm @ |
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/1/1:' 1{5\
Heater controll can be observed in "Deposition" _ B
window too. e

C ]
[Running Time]_Dpen/On | Logout 10530032 Ramp1 Pwr
Kurt ), Lesker o e et s BED -
Verson 627107 =
- N o | [ ] | | —
I Ramp1 Tine
! ke /) [Tick 0] Freq ey | Ufe 9
Shutters Heater Control Platen Pressure Ctrl ote (A Tick (kA) a bt | et 60.00]
Surce Shuter 2. Sousce Shuter 4 Substate Substate | Yokt Notll Nlied oeiisirl 654 uput 1| BEn il
— ON Healer | ON Healer  Selooml 0 0000 se7ews7 879 ¥ =
= a e | 0 | Mo Used suums  sur
=l [ vttt Heatr Temp Setpont weerse [EHN IR Net  Used Fil 0 Nore| Soak1 Time
[ v HeserRanproe | P sl 150,00
=) [ (YO—— - | T o o on
StatPCPurp sl e
Subsiae St
8‘ LTEPowerSupBly g — St e S2inds Sk Soklnds SiSindh Sic e .
Bl B e s s s i s 1608
e LTE1 Heater [ st Lytlnddd Lyrind@ Lyt Indhd LytDone Src Done. -
Thicknass sa o o  ENENCIENENEEENED ©3 i s s [ s B
I e ) Power Supplies
N ik k) e B o n...Ez Tine
Xl Srel Supply Setpaint  Units  U/s Ramp Amps
[ o0 R
N rick (ka)
251020043 rov ore | < orr | s Soak2 Time
e SR 0
I s ) Fim  Ratolars) Thicklka) o el
IR rrick (ks OFF | SoucesW1  opr | Soucesw2 =2
Kal3-Sic 4 Puws2 Swiches Pws2to Sic2 Pws2to Sre3 Silver S1c2-100 0.0 0.000
Cooling Power Supply3 OFF % OFF
P EN: KA | ]
Src 4 Cooling. Sich a—
[ Sw23Gooiing | [Gooing BlockFisw mmsm‘

Recommended crystal sensors used in the PVD75
are: Crystals, Economy, 6MHZ, Gold coated,
To turn OFF heater, trun OFF the "Auto" first Part no. KJILCRYSTAL6aLSG10.

then "On/Off".

If heating process intrupted by user or incorrect
parameters will lead to activating the interlock, alarm
and heater power cut. To reset the process press
"Reset" on the main bord.

4 (800) 245-1656
” KJLCRYSTAL6-G10

Crystals, Economy,
6MHz Gold

C e 4
S0 58FET

| : TOOLING FACTOR

Tooling Factor adjusts for the difference in material
H : CHECK SENSOR LIFE TIME deposited on the quartz sensor versus the substrate.
Tooling calibration must be done for each source and
material. Tooling may be 100%, less than 100% or
greater than 100% depending where it is positioned.

Crystal sensor lifetime must be checked regularly.
Crystal sensor must be replaced when lifetime is
between 50% and 55%.

View — Sensor Readings
Over 100%

"ﬂ

& s e ——

[ File Edit

100%

Substrate [ } - ]

Ramp1 Put Ve
: :

% / '
. N\ Under 100%
\

Skt i /

Ramp2 Pur . o Quartz sensor

Source

Ramp2 Time. I

Soak2 Time

g The correct Tooling Factor is calculated by:

400 00 a0 d
m

- o ua [ T = TS X —

ds
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ERS®

T, is the correct tooling factor, Ty is the approxi- _

mate tooling factor which is already in the software, o
dm, is the correct measured thickness, and dy is the
thickness you see in the screen.

Round off percent tooling to the nearest 0.1%. When
entering this new value for tooling into the software,
dm will equal d; if calculations are done properly.

Mo03 1As S1c2 of 1 d
0:00:00 0 0:00 / 0:00:00 o

sePt T

0.1 [ - Rﬁ" o Al

To enter the new value for the tooling factor into the =
software: Edit = Process = Source/Sensor e Sensor 2 o
tooling factor %

then select the correct process.

[

B 5Q5-242
File [Edtjcliew Help

Soak2 Time
]

Thick(ka)

0.000

1100 S1c2
0:00:00 / 54

&) sos-242

File Edit View Help

Fim natohs) siRdipd) " 4

Silver S1c2100 0.0 0.000

&) 5Qs-242
File Edt_View Help
100 S1c2 o —
0:00:00 /54 o 0:00:00 7 0:00:00 g
==
TR -| Ferame | New | Deete | Com |
e 0u__Fin sem___Thekoes: Al
2__TiSicd _0. 0. 25 4
3
process on source 4
| Ramp1 Time
- Matial Max P
00 Soaki Time
P 180.00]
Sensor 3
0.000 S
=0
- Sensor 3 Ramp2 Pur
tooling factor %

4

Replace the existence tooling factor with the new
nnnnn ° calculated one, it will be automatically saved.

MMMMMMM

Soakl Time

Sensor 1 Ramp2 Pur
.
tooling factor %

Ramp2 Time.

Soak2 Time
Thick(kA) owe =l

0.000

s o ms [

Ramp1 Puwr

-

2

process on source 2

Layer | RateRamps| Depost| Condition \gnm
Source

SSSSSSSSS

Sensor 2 Ramp2 Pur

tooling factor %

Fim  Rato(A/s) Thick(kA) o g|

0 00 0.000

- e s [
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4 .

Another way to check and replace the tooling factor J: Gas
is: Edit = Films = Source/Sensor then select
the correct process. It is possible to evaporate under ambient gases, the
Only sensor tooling 1, 2 and 3 are active. All other flow can be set in (Gas software runtime screen and
sensor tooling (4-8) have no meaning because we have the valve can be opened or closed manually on the
only 3 sensors for 4 sources in the PVD7. Source 2 SCreen.
and 3 sharing one power supply, one shutter and one 11 Gas software runtime screen; set MFC1 gas to O,

sensor (sensor 2). Sensor 3 belongs to source 4. Setpoint SCCM to 5, Flow SCCM to 000.5, Mode
to 4, Ratio % to 100, Corr. Factor to 1.39, Range
g== e ——— SCCM to 100.
i Open source gas valve and gas injection valve, wait
for chamber pressure to stabilize.Go to Deposition
o software runtime screen and run recipe as described
’ in A.
e
Soakl Time KYOperat
[Kurt . Lesker g
[~ Version 6.4106
Ram2 e — ‘ — ‘ s ook mmm‘
Film  Rate[A/s) Dev. (%] Thick(ka) r
e e ) Valve closed

Mode 1X:
Mode 4: M

Valve closed

.
2L

1=
MFCls02 Gas Injection

Setpoint Flow Con  Range
B2 Sir scc Mode RaioX Factor SCEM

v I N N N I

G o] ° o] o] o] o] o]

[ (20

5 D
[1o00] {105

<5, 3 7 T
(16800 (10800 [1050d (10800

Healing Flaten Motion

H

] —
Pressure Control
Rece Databas|
Run Reci
StstPCPuTp
Thick(kA)
. Start PC Vent
Valve closed
e Seloont Fow e Valve open Valve open
BN SlM Mode ReioX Farir 'Som &
e ) I N N I - /
v N O N O ——— - S~
MFCIio2 s iecion
Recadng Stat
o | o= | 7.7E+2
() FRR R o ue |

SCCM is Standard Cubic Centimeters per Minute,
a flow measurement term indicating cm?®/min at a
standard temperature and pressure.

Thick(kA)

0.000
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K : INFICON STM-2

The INFICON STM-2 is already connected to the
computer, only switch ON the USB connection

(found on taskbar).

and run the software STM-2 “1

Input mass density, Z-Ratio and the tooling % for
the related material (found on desktop). Press Strat

button’ Start ’

File Edit Help
Run Time Run# @ DatalogOn  2020-10-18
Start 00-00-00 51 Data Log OFf 105737
Rate Thick Freq rs Dersty Toclng
SN Name 1s) ) Zero (Ha) ) {gfem?) ZFatio )
Sensor 1 [ oo |595430451 [950  [10480 0529 100000
Rale | Thickness | Frequency
Show Name SN Line Color Find / Refresh
7)1 |Sensorl 601544 = | Orange 5
]2 |Sensarz ~ | Yelow -
3 |Sensor3 + Bue -
14 |Sensord + | Red -
5 |Sensor5 - BusViot
§ |Sensoré + | Magerta -
Sensor 7 < Tea =
18 | Sensarg - | YelowGreen

Switch to thickness screen and watch the thickness
development. The software will accumulate thickness
from the start time.

Run Time Run # © DatalogOn 2020-10-19
-‘ ‘ i 00:00:24 52 ) DataLog Of 105818
Rate Thick Freq ra Dersty Toclng
== s # Zero ) ) arem) ZFatio )
Sensor 1 |0.04 076 [Czew 595429638 (950  [10430 0528 100000

STM-2 | Rate || Thickness || Frequency

Thickness

When the desired thickness is reached? Stop the
running CWare [ recipe, then press Stop button

‘-’ in STM-2 software “1

File Edit Help

| Run Time Run# © DataLog On 20201019
-‘ | Ixiee 00:32:36 52 ) Data Log Off 113028
Rate Thick Freq  Uie Denty Tosking
I (A%s) @ e (5%} ) wem) e )
T sensar 1 003 6050 [ Zew Jsosarman 350 [1040 0529 [100000

STM-2 | Rate || Thickness || Frequency:

Thickness

Remember the STM-2 software only monitor the
thickness and not controlling it.

Installing INFICON STM-2 software (only
for system administrator

In this configuration the INFICON STM-2 is set for
internal oscillator operation. Installing INFICON
STM-2 software (only for system administra-
tor) First you have to install the protocol server:
Open 4AICommon SoftwareaAl folder, double click
setup_smd_svr_lv.exe, follow the installation in-
struction (agree license, and next) until the installa-
tion complete, press close and Restart computer.
Second: install STM-2 v1.4.0 Setup, follow the instal-
lation instruction (agree license(s), next, and three
times Finish) until the installation complete. Restart
computer.

S

Attached STM-2 Notes

5TM-2 #601544 is connected, but not assigned to any channel.

If needed, assign it to unused channel by selection

(T

S

Select the sensor to be displayed on the STM-2
window (Sensor 1) inter correct SN number for the
sensor (601544), click Find/Refresh.

& STM2 - [eTM2ckg] [E=Y =
File Edit Help
Run Time Run # @ DatalLog On 2020-09-24
00:00:00 5 Data Log Off 10:44:50
Rate Trick Freq fe Densty Toolng
e ) “o Ha) @ wem) e @)
| Zero 5984761,96 | 98,0 1,000 0,100 100,000
Show Name SN Line Color Find / Refresh
V] 1 | Sensori 601544  + | Orange -
2 [sensor2 | Yelow 5
3 Sensor 3 ~ | Bue 5
14 |Sensord <R v
5 |Sensar5 - |BueVioet
§ |Sensor§ ~ | Magerta -
Sensor 7 I =
Jg |Sensor® v | YolowGreen  +

The INFICON STM-2 is ready to use.
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L : BOAT SOURCE SELECTION FOR
METALS

Aluminum has the ability to wet to and creep over
a wide variety of materials. This makes it very hard
to contain Al in crucibles and boats. In addition Al
reacts with all of the refractory metals evaporation
sources are made from causing them to become very
brittle. Al will not dissolve the boat/filament but it
will make the boat/filament extremely brittle.
Recommended boat for Aluminum in PVD75 is:
Tungsten boat source, 4"L X 1/2" W X 1
1/2"al.S1/8" deep, Part no. EVS20A015W

OMEy
‘B
Z/I/E RS\&
Palladium is similar to nickel in that when it is in
liquid form (melts at 1554 °C) it is extremely reactive
with the boat source materials and will destroy an
Al;O3 coated boat as soon as the Pd melts into a
liquid. The Pd does attack and usually breaks the
AlyO3 coated boat when a second run is attempted.
Recommended boats for Palladium in PVD75 are:
Tungsten boat source, 3 7/8"L X 1/4"W X
1/16" DaLS2", S48aLS.015W Modified width,
Part no. EVS48015WSPL01
Tungsten boat source, Alumina coated 4"L X
1/2"W X 1/8"deep, Part no. EVS9AAOW

Titanium is very difficult to thermally evaporate
because Ti will melt (1660 °C) at the same time that
it reaches a temperature high enough to yield reason-
able deposition rates. Molten Ti will react with most
materials as it is a very corrosive material. Therefore
the boats can be used only for one evaporation in
most cases.

Recommended boat for Titanium in PVD75 is:
Tungsten boat source, 3 7/8"L X 1/4"W X
1/16" DaLS2", S48a1.S.015W Modified width,
Part no. EVS48015WSPLO01

Uses always evaporation source 4 for Ti evaporation.

Nickel is similar to titanium in that when it is in
liquid form (melts at 1453 °C) it is extremely reactive
with the boat source materials. The Ni melts at
a low enough temperature (1453 °C compared to
1660 °C for titanium) so as not to interact with the
Al5Og3 coating. The Ni does not wet to the Al,Og
coated boat but does form a ball on top of the AlyO3
coating. The boat can be used multiple times for Ni
evaporation.

Recommended boat for Nickel in PVD75 is:
Tungsten boat source, Alumina coated 4"L X
1/2"W X 1/8"deep, Part no. EVS9AAOW

Chromium evaporation is more of a conceptual
problem than a real problem. Chromium full sub-
limes and will not melt when thermally evaporated.
It comes in irregularly shaped pieces. The Cr pieces
do not react with the boat material and the boat
can be reused many times. Use source 4.
Recommended boat for Chromium in PVDT75 is:
Tungsten boat source, 3 7/8"L X 1/4"W
X 1/16" DalLS2", S48aLS.015W Modified
width, Part no. EVS48015WSPLO01
Uses always evaporation source 4 for Cr evaporation.

Iron is similar to titanium but less reactive with
the boat source materials. the boats can be used for
one or two evaporations. Recommended boats for
Iron in PVD75 are:

Tungsten boat source, 3 7/8"L X 1/4"W
X 1/16" DaLS2", S48aLS.015W Modified
width, Part no. EVS48015WSPLO1
Tungsten boat source, 4"L X 1/2" W X 1
1/2"aL.S1/8" deep, Part no. EVS20A015W
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Gold, Silver, Copper are very gentle materials,
they evaporate in moderate temperatures and
relatively low powers. The boat can be reused many
times.

Recommended boat for Gold, Silver, Copper in
PVDT75 is:

Tungsten boat source, Dimple, 4"L X 1/2"W
X 1/8" deepal.S7/16", Part no. EVS9A015W

Platinum is a very hard evaporating material

but it is not reactive with the boat source materials.

Uses always evaporation source 4 for Pt evaporation.
Recommended boat for Platinum in PVD75 is:
Tungsten boat source, 3 7/8"L X 1/4"W
X 1/16" DaLS2", S48aLS.015W Modified
width, Part no. EVS48015WSPLO01

Nichrome (80%Nickel/20%Chromium) is a
very hard evaporating material and it is reactive
with the boat source materials.

Recommended boat for Nickel in PVD75 is:
Tungsten boat source, Alumina coated 4"L
X 1/2"W X 1/8"deep, Part no. EVS9AAOW

Indium Tin oxide ITO ( In;03/Sn0O> 90/10
WT%) ITO full sublimes, it deposited by thermal
evaporation using Mo-boats.

Recommended boat for ITO in PVDT75 is:

OMEg
S

/bERS\&
Moly boat source, Isol.Htzon Dmpl 4"L X
3/4"W X 5/8"DIA, Part no. EVS8B005MO

Molybdenoxid MoO3 Recommended boat for
MoOQOs3 in PVDT75 is:
Moly boat source, Isol.Htzon Dmpl 4"L X
3/4"W X 5/8"DIA, Part no. EVS8B005MO

M : CRUCIBLE SELECTION FOR
ORGANIC MATERIALS

Markings on the crucibles are not acceptable.
Recommended crucibles for the PVDT75 is:

OXIDE CRUCIBLE FOR 10CC LTE &
HTE, 0.98" TOD X2.03" H, 0.070" THICK
WALL, STRAIGHT WALL.Part no. EVCE-
FalLS10AO.

-

N : NOTES

The Light Tower appears in the top right corner of
all screens. When the topmost bar is illuminated
red, a red alarm condition is present. The second
bar will light to indicate a yellow alarm. The
third bar will light green to indicate that a recipe is
running. The bottom bar will to indicate
a aAlJnormalaAl status, no alarms are present and
no recipes are running.
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O : PVD co-deposition

This system only have 2 outputs available from the
Sigma card. Setting up a co-deposition process in
Sigma and via recipe control a third output from
Sigma is needed to allow the mapping for the power
supplies in Cware to map:

Sigma output #2 = Cware power supply 2 and
Sigma output #3 = Cware power supply 3

The problem is that the Recipe control does not
allow the mapping for Sigma output #1 to be used
for anything other than LTE1 Heater. The system
has somehow locked in and reserved Output #1
mapping for the LTE power supply.

But this is possible to overcome manually. Each
time when co-deposition is needed you have to
set the Output #1 = 2 before you want to run
a co-depostion process (just like in the above
screenshot).

When the recipe is complete you can set Output #1
manually back to LTE1 Heater.

This system only has outputs 1 and 2, so I had to

Platen Moion Sigma
L 2 |

K Sigma Qutputl Mapping Power and Source Map
| Output

—

] S

|
BEEIEIE JJJ ] }
|

'3

ovee 2. [N I

miJJJJJ e
| o] ] ] | R

'_I_JJJJ [ [[ - |Fsee] o

Tl # = Source # Shutter

gle|=]=]=]]] = |

[ . Delay Shutter Mapping
_1 EX BN e
nfc)| Phase
oK
setf)
ol Ok ‘ Cancel ‘
L Nenacs Shilies Manrinn

In the co-deposition Example, the step that does not
work for mapping Output #1 is skipped. You will
need to leave this step skipped and set it manually
before running the recipe as described below.

. @
New | 1| + [[co pep Example = v | n| ShowAl | surece ; Delete | Export All Recipes to XL
Name Co Dep Example Owner KJLC KILC
IncludeinVBList ) OpersiorCanUse | Process Eng Canlise | VSOTKILC KILC “D‘“"E VB | Reorder ems | Copy REC'DE
S Equipment = = Value - |GRS -

1- Set Abort Recipe Abort Process

2- Sourc

3 Source SW

4 Power Supy

5- Power Supply 2 Ope

6- Shutter Substrate Shutter OfiiClosed/Clasing

7- Shutter Source Shutter 4 On/Open/Opening

8 Source Shutter 2 Open/Opening

5. X Platsn Motor Jog Velocity SP 10

10 - e Platen Motor On

A1 Moiors Platen Motor Go Confinuous + L
[l 12 Sigma Sigma Outpul1 Mapping 28 |

5 Sigms Sigma Dutputz Mappng 3

1 Sigma Sigma Output3 Mapping 1

1 Sigma i 0

16 Sigma i

1 Sigma 0

18 Sigms 0

19 Sigma 0

) Sigma "

21 Sigma [

2 Sigma 0

3 Sigma

2 Sigma CoDepSic3sicd

2 Sigma Sigma Load Process Tum_On/Open/Opening

2 Sigma Sigma Process Name alue = CoDepSrc3Srcd

27 Sigma Si

I created a new Sigma process called CoDepSrc3Src4,
which the recipe calls out. You will need to calibrate
the tooling on the films and the soaks/ramps. I just
used some pre entered values from existing layers.
Gold is set to be the host material and Ag as the
dopant

B Process Edit ==
CoDepbrodcd  v| PRename | New | Delete | Copy |
Laer Dt Fim Sefft  Thickness

Gold Src3

Ag Srcd 0.1 999 []

1 2

Layer | BateRamp5| _D_epnsﬂ Condition | §nurce/59nsm| Error

Film Output Input
[Gold sre3 > [ouwput =] fsensats)  ~]
SetPt  Final Thick Thick EndPt  TimeEndFt  Spstem Setup
050 no nn [codep =]
5 k4 Etavl Mode
Indexers
Souce  Subsiate  Userl Userz | [ManualStat ]
None v None v None v None v
Index Index Index Index
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MATERIAL PARAMETERS

o w0

PR R

_ox x5 &9 8 2

TR

) - 5 8§ 5 8 £ & & F

&0 = A~ Z 5 £ 3 3 8 &

3 r 2 2 2 ELE & & &S

E f & £ £:3%:opat

Material F &8 & 2 2 4 =& 2 2 27
Aluminum Al 2.7 1.08 660
Gold Au 19.3  0.381 1063
Silver Ag 10.49 0.529 961
Copper Cu 8.93 0.437 1100
Chromium Cr 7.2 0.305 1857
Iron Fe 7.86  0.349 1536
Nickel Ni 8.85 0.331 1453
Nichrome NiCr 8.5 1.000 1400
Titanium Ti 4.5 0.628 1670
Platinum Pt 21.37 0.245 1770
Calcium Ca 1.55 2.62 839
Cadmium Cd 8.64 0.682 321
Cobalt Co 8.9 0.343 1495
Indium In 7.24  0.769 157
Indium Tin oxide ITO 7.14  1.000 1800
Palladium Pd 12.16 0.352 1552
Silicon Si 2.32 0.712 1412
Silicon dioxide SiO9 2.648 1.07 1610
Silicon monoxide SiO 2.13 0.87 1702
Tin Sn 7.3 0.724 232
Tin oxide SnOs  6.95 1.000 1630
Zinc 7Zn 7.04 0.514 420
Zirconium Zr 6.49 0.6 1852
Zirconium oxide ZrOy 5.6 1.000 2715

Molybdenum Oxide MoO3z 4.69  1.000 795

Z-factor is used to match the acoustic properties of the material being deposited to the acoustic properties of the base
quartz material of the sensor crystal. To measure Z-factor experimentally is a challenge, due to this 1.000 is used for
some materials, which indicates that the materialdAZs Z-factor is not known.
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