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Contact information

For help or other questions, please contact your local vendor or contact:

Raith Laser Systems BV
Jan Tinbergenstraat 4b
5491DC Sint-Oedenrode
The Netherlands

tel: +31 413490708

email: info.laser@raith.com

Disclaimer

This document is subject to change without notice and contains confidential and proprietary information of Raith Laser Systems BV. Itis
for the intended purpose only and for the use of the intended recipient only. Please retain control of this document. The documentis not
to be forwarded or distributed. Any unauthorized review, copying, use, disclosure or distribution is strictly prohibited. The document is
provided "AS-IS" and Raith Laser Systems BV makes no warranty of any kind with regard to the content. Raith Laser Systems BV is not
liable for errors and omissions contained in this document. Raith Laser Systems BV is not liable for any damages, including damages for
loss of business or loss of profits, as a result of the use of or inability to use this document, or any material contained in it, or from any
action or decision taken as a result of using such material.
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Safety and machine damage remarks

In this document, the following safety remarks will be used:

Safety warning that indicates a hazardous situation, which, if the necessary safety pre-

cautions are not adhered to, could result in death or serious injury.

Note: Were applicable, signs that indicate the specific danger are used.

The following machine damage notices will be used:

Notice concerning possible machine damage and/or production loss.

Note: Safety remarks may include machine damage notices. In those cases, the warning sign is used and the safety
warning is the first to mention.

Safety remarks

When giving low level movement commands

Warning: Risk of entrapment. Do NOT put your hands in between the Writing Module )
and the substrate table. Maintenance commands can move the Writing Module (in X,
- 'Y and Z) with reference to the substrate table while the machine main door is open.

Figure 1-1 Do not put a hand or fingers between the Writing Module and the substrate table

-
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When giving low level laser commands

- Waming: Class 3B laser, risk of eye injury. Maintenance commands can switch on the
4™ writing laser while the machine door is open. Avoid direct exposure to the laser beam
<L at close distance.

Figure 1-2 Do not look into the writing laser beam at close distance

1.2 Machine damage remarks

While working close to the step and scan axis

Notice: Risk of machine damage. Do NOT move the substrate table or the Writing

Module without the correct air pressure applied to the system. Do NOT touch the sur-
faces of the air bearings or the backside of the encoder ruler of the step axis.

Air bearing
surface

Figure 1-3 Do not move the substrate table without air pressure applied, do not touch the air bearings.
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Notice: Risk of machine damage. Do NOT touch the optics on the bottom of the Writ-
ing Module or the (optional) alignment modules.

Figure 1-4 Do not touch the optics

¢

While working with substrates and making substrate recipes

Notice: Risk of machine damage. If the substrate thickness has increased compared
to the previous one, lift the Writing Module to avoid collision with the substrate.

Notice: Risk of machine damage. Risk of production loss. Typing the incorrect Writing
Module height can make the Writing Module touch the substrate.

Notice: Risk of machine damage. During Writing Module Z-adjustment, using the Jog
buttons may lead to collisions.

While adjusting machine settings

Notice: Risk of production loss. Changing machine settings without proper under-
@ standing the impact could severely influence the output quality and/or the stability of

the equipment.

Emergency off button

The emergency off button stops the axis control systems and forces the writing laser in off position. The button is shown
in Figure 1-5.

Figure 1-5 Emergency off button
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Note: For safety reasons, the vacuum stays on.

After pressing the button, turn it to release it and initialize the axes, see "Initialize machine” on page 16.

)\ Notice: Risk of production loss. Do not use the emergency off button to do a regular

/ machine (process) stop. For this purpose, use the normal Stop button.
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PICOMASTER description

The PICOMASTER is able to expose a pattern on a substrate with high speed and high accuracy. The main components
that are used to achieve this are shown in Figure 2-1.

Figure 2-1 Machine main components

The Writing Module produces the writing laser beam, see "Writing Module" below.

The Step Axis and Scan Axis position the writing laser with reference to the substrate on the substrate table, see "Scan
axis and Step axis concept” on page 8.

The computer and user interface together with the PLC control the PICOMASTER system, see "Computer and PLC"
on page 13.

The software uses a Project file and Recipes to do an exposure, see "Projects and recipes" on page 14.

Writing Module

The Writing Module has a Writing laser, Aperture switch, Attenuator and Objective lens. It also has a vertical control sys-
tem based on a red light beam with a sensor system. Further, it holds an Alignment system with an Alignment camera. It
may also have the additional XL writing laser system as an option.

The Writing Module is shown in Figure 2-2.

CHAPTER 2 Page 5



RAITH

NANOFABRICATION

Figure 2-2 Writing Module

2.1.1 Writing laser system

The writing laser system produces a laser beam with the correct power, focus and timing.

Writing laser
Note: In some texts (SW interfaced, error codes, etc.), the writing laser is may also be called blue laser

The writing laser beam has near UV light that strongly diverges. It automatically switches off when the machine main
door isopened. However, when giving movement commands in the Maintenance tab, the writing laser can be switched
on, even when the main door is opened. Therefore, a warning is given where applicable in this manual not to look at the
beam at very close distance.

The laser has a lifetime of over 20 000 hours, or up to 5 years of use. The laser is available in 375nm and 405 nm
wavelength versions. Laser intensity is adjustable over a wide range to allow for grayscale writing by selecting one out of
4095 different intensity levels.

The laser only produces light when the current is above the threshold, see Figure 2-3.

0 60
Current (mA)

Figure 2-3 Laser intensity for different electrical currents

The threshold current and the current slope are used for laser control. They are calibrated before each exposure. If the
threshold is set too high, empty areas in the project willbe exposed at a low dose. This may lead to image disturbances.
The threshold current rises with temperature. This is compensated by the laser control system, see "Compensating
for temperature drift" on page 87.

Aperture switch

An aperture can be put into the laser beam automatically. It has the following effects:

= Due tointerference effects of the laser light rays, the aperture influences the laser spot size on substrate level and can
make it as smallas 300 nm.

m  Because it blocks a part of the beam, the Aperture also reduces the maximum amount of laser power on substrate
level.

= Because it blocks a part of the beam, the Aperture also influences the depth of focus of the objective lens between
300nmand 2.4 um

There are three aperture settings available:

®  High NA (large opening): High resolution (smaller laser spot).

®  Med NA (medium size opening): Medium resolution (medium laser spot size).
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Low NA (small opening): Low resolution (larger laser spot).

To produce a stable and reduced laser power on substrate level, several attenuation filters are available. They can be
automatically be inserted into the beam. The available Attenuator filter are listed below:

No Attenuation: No reduction of intensity.
Low Attenuation: Low reduction of intensity.
Medium Attenuation: Medium reduction of intensity.

High Attenuation: High reduction of intensity.

The Intensity sensor measures the power of the laser beam on substrate level. It is used for the laser calibration before
each project exposure.

The red light system is used to measure the Z-height of the Objective lens. The 650 nm LED sends light to the substrate.
The substrate reflected beam is measured and feedback is send to the Z-control system system that accurately focuses
the objective lens within 100 nmin real time, see "Focus Measurement System" on page 33.

The red LED power can be adjusted in the substrate recipe (see "Making a substrate recipe” on page 27) or while
adjusting the Writing Module height(see "Writing Module height adjustment” on page 22).

Note: In some texts (SW interfaced, error codes, etc.), the red light LED may also be called Red laser.

The objective lens focuses the laser beam onto the substrate. At the same time, it also focuses the red light beam. The
objective lens Z-height is under permanent control by a fast moving voice coil system. The actual Z-height is measured
by the red light system as described above.

As an option, the XL Laser can be present in the Writing Module. Is has its own optical system that does not interfere with
the writing laser system as described above. It has more power than the normal writing laser, but has less control fea-
tures. It does have an Intensity sensor.

To write a new pattern on top of an existing pattern, the position and orientation of the substrate that holds the existing
pattern has to be found. The Writing Module has an alignment camera module that can detect fiducial marks on the sub-
strate. By measuring a number of these fiducials, the PICOMASTER software can reconstruct the position and ori-
entation of the existing pattern on the substrate. The fiducial positions are retrieved from the cameraimage using an
algorithm that can detect trained shapes in the image with an accuracy of 100 nm.

The optics of the alignment camera and the writing laser are aligned such that they have the same focus length with
respect to your substrate. When the height of the Writing Module is controlled to match the substrate, the alignment cam-
era willautomatically be in focus as well.

The alignment camera optics position is shown in Figure 2-4. Two white arrows are present on the Writing Module, indic-
ating the position of the writing laser and the Alignment optics.
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Figure 2-4 Alignment camera and writing laser relative distance

The distance between the writing laser and the Alignment camera is 22.5mm.

2.2 Scan axis and Step axis concept

The PICOMASTER system has two axes that control the position of the Writing Module with reference to the substrate:
the Step axis (left-right) and the Scan axis (front-back).

2.2.1 Scan axis

The scan axis 'scans' the substrate table at high speed up and down under the Writing Module while clamping the sub-
strate. The scan axis is chosen as the Y axis.

2.2.2 Step axis

The Writing Module is mounted on a system that can make steps. This is called the step axis. In between scans of the sub-
strate, the step axis makes a step. The step axis is chosen as the X-axis.

2.2.3 Machine coordinate system

The machine coordinates for the step and scan axes are given with reference to the home position of the Writing Mod-
ule, see Figure 2-5.

Writing laser in
home position

Writing =I= Substrate table
module top left corner
X ®
Machine coordinate:
X

Machine coordinate:
Substrate boundingboxposY

Project

==

Substrate bounding box pos X Y _.?' --------------- '7
1
1
1
1
1

Substrate

Project relative substrate
® middle

bounding box X

Project relative to substrate
bounding boxY

Substrate heigth

1
1
1
1
1
1
1
1
1
1
1
\

Substrate width |

Figure 2-5 Coordinate system indicating the writing laser position with reference to the home position

Note: In Figure 2-5, the writing laser seems to move in Y direction. In the real situation, the substrate table movesin Y
direction.

The Writing Module home (or origin) position is at the left machine side behind the substrate table. These coordinates
indicate the position of the writing laser. The Writing Module moves to the home position automatically on many occa-
sions, and by using low level command, see "Basic motion control” on page 89.
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Project coordinates in substrate recipes are relative to the top left corner of the substrate bounding box. The position of
the substrate bounding box top left corner is given in machine coordinates.

The positions that are visited (or addressed) by the exposure laser during an exposure are called the address grid. The
address grid is built by scanning the slit up and down while making side stepsin between as described above.

The address grid is shown in Figure 2-6.

Step
M () (N
Back
Front
F\) < U U U
Grid cell
Step size

Figure 2-6 Address grid

The size of the laser beam is larger than the size of the stepsin the address grid. This means that while writing, the scan
lines made by the laser overlap. This gives a smooth light distribution.
The cell size of the grid can be calculated:

In stepping direction, the cell size is equalto the step size, which is recommended to be 50% of the spot size.

In scanning direction, the cell size is determined by the scan speed and the frequency at which the exposure the
laser can be switched on/off. This frequency is 10MHz.

Using a spot size of 280 nm, and a scan speed of 400 mm/s, this would give a grid cell 140 nm x40nm.

The usage of the address grid during exposures is called the rasterizing mode. While using the rasterizing mode, the
PICOMASTER reads the project file and translates its information into scan lines with steps in between.

In the rasterizing mode, the PICOMASTER determines a rectangular bounding box around your project. This rect-
angular area is completely scanned by the laser; even if a large part of this area is empty. The scan velocity is maximized
to keep the exposure time as short as possible. This type of writing strategy is very efficient for projects in which a large
percentage of the wafer needs to be exposed.

Apart from normal project files made in project manager, the PICOMASTER can also use GDS files,(optional) Gerber
files, and raw data files, see "Exposure file types"” on page 35.

In the table below, guidelines are given that indicate the performance of the PICOMASTER system.

Max speed 200 mm/s 200 mm/s
Minimum step size 5nm 20 nm
Movementrange 175 mm 175 mm
Bearing type Air bearing Air bearing
Resolution 2nm 2nm
Exposable area 150 mm 150 mm
Max substrate size 160 mm 160 mm
Min substrate size 5mm 5mm

Table 2-1 Performance guidelines for step and scan axes
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Project exposure results are controlled by the project design. At the same time, the project exposure output also
depends on the Exposure Recipe values. These are important exposure parameters. They are described below.

The PICOMASTER can only write while the scan axis is moving at a constant speed. This constant writing speed is called
the scan speed. The scan speed is the stable part of the velocity of the scan axis during a project, see Figure 2-7.

Scan axis motion profile

Rampup Stablepart Slowdown
Figure 2-7 Example of scan speed versus time

The ramp up and slow down parts of the scan movement are not exposed, but they do add to the total exposure time of
the project. They also influence how much of the substrate can be exposed.

400 mm/s 12.5mm 1mm 1mm 14.5mm
200 mm/s 5mm 1mm 1mm 7 mm

100 mm/s 1.5mm 0mm 1mm 2.5mm
50 mm/s 0.5mm 0mm 1mm 1.5mm

Table 2-2 Typical scan speed values

The step size determines how much the step axis moves between every e scan line. In the example below, the step size
is given in percentage of the spot size.

Scan

50%Step 100 % Step

Figure 2-8 Step size percentage of spot diameter

The step size is adjustable per project in the exposure recipe. However, itis recommended to use a step size of 50% of
the spot size.

The spot size is the diameter of the laser on the substrate. It is set by Aperture switch (see "Aperture and attenuator
control” on page 88). Sizes available are 280 nm, 450 nm and 880 nm. When changing the spot size, the depth of
focus also changes to 300, 870 and 2400 nm, respectively.

The attenuator is used to produce a stable and reduced laser power on substrate level.

Very low laser light output can be made by reducing the laser current, but the laser light output will become less stable
when the threshold currentis approached. Then it is better to use the attenuator.

For example: The maximum output power of the 405 laser is typically 7000 yW. If a laser output of only 36 yW is
required, the laser needs to operate at 0.5% of the maximum power. This means that the laser current will be just above
the threshold current. The laser output willthen be very sensitive to temperature changes and electrical noise. To
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prevent this, the attenuator is used to reduce the maximum output power The low laser power is now achieved while
staying well above the threshold current.

2.3.5 Focus offset

The Focus system keeps the height of the Writing Module at the correct position, see "Focus Measurement System"
on page 33. Tofine tune the Focus height of the Writing Module, a Focus offset voltage can be typed into the exposure
recipe. The offset is determined in the Focus Offset test, see "Focus test" on page 48.

2.3.6 Exposure dose

During an exposure, the exposure dose is delivered by the writing laser by making scan lines with steps in between, see

Figure 2-9.
Step size
—>—p—p
1cminscan
direction
1cmin step

. direction

Figure 2-9 Building up a dose during an exposure

While following the address grid (see "Address grid and rasterizing mode" on page 9), the writing laser delivers a
requested exposure dose the the substrate.

The exposure dose is the amount of energy on an area, like the example shown in Figure 2-10.

=

Figure 2-10 An exposure dose of 700 mJ/cm2

In general, an exposure dose is an amount of energy on a surface area in a specific time:
D=
Where
D = exposure dose [J/m2]
P =light power [W]
t=exposure time on the area [s]

A=the exposed area = length* width = x*y [m2]

Note: This can best be compared with being in the sun light. The dose you get is the sun power times the exposure time.

To expose such a dose, the PICOMASTER writes scan lines with steps in between. With this concept in mind, we can cal-
culate how long the exposure time ton the area x*y is:

t=tone scan line "N
Where:

tone scan line = duration of exposing one scanline [s]
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_ T
~ Scanspeed
N=Number of scan lines|[-]

- _Y¥Y
Stepsize

(. J

With a little bit of mathematics, we get a simple formula:

e DY

_ 1 1
D=Px Scanspeed * Stepsize

Note: The area size x*y is no longer present, as it can be crossed out as it was present on both sides of the equality sign.

The laser light power P in this formula is the required laser power P4 (Which is the real power of the laser) divided by
the attenuation factor Att. This attenuation can be set in the exposure recipe.

So we finally get:

_ Preg 1 1 5
D= Att * scanspeed & stepsize *10

The number 105 is needed because the laser power Preq is in uW and the exposure dose D is in mJ/cm2, while step size
isin nm and scan speed isin mm/s.

The maximum step size is the laser spot size. A step size larger than the laser spot size would give unwanted stripesin
the exposure with a lower intensity, because the laser would not cover the whole surface.

In "Making an exposure recipe” on page 44,you may check yourself that the formula is correct by typing in the val-
ues of the example recipe.

In the PICOMASTER software, the laser power is automatically calculated based on this formula after you type in the val-
ues for dose, step size and scan speed, see "Making an exposure recipe"” on page 44. In the exposure recipe, the
Dose, Scan speed and Attenuation factor are typed in, while the required Laser power P is automatically calculated.

2.3.7 Exposure correction curve

An important method to make exposure corrections is the usage of the exposure correction curve. The correction allows
to correct for non-linear exposure/development effects. The correction curve maps the input (design value) to the output
(laser power). It adds a correction factor to the requested writing laser intensities, see Figure 2-11.

Input  Output

0 20

5 202

10 208

Exposure curve Exposure curve 15 218
20 232

25 25

30 272

35 298

40 328

a5 362

50 40

55 442

60 488

65 53.8

70 59.2

50 8 FRE I R S E s 65
Input [%] Input [%] 80 712
85 778

90 848

95 922

100 100

Figure 2-11 Neutral exposure curve without correction (l) and exposure curve with correction including
csv file(r)

The corresponding file is a csv file which can easily be made in excel. Different files can be used, like the step file shown in
Figure 2-12.
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Exposure curve

Input Output
o 0
20 0
20 20
40 20
50 40 40
Input [%) 60 40
60 75
80 75
80 100
100 100

Figure 2-12 Correction file with steps

Computer and PLC

Computer

The computer in the PICOMASTER runs Windows with a custom program specially designed for the system.

If the system is connected to the internet, it is possible for Raith Laser Systems BV to operate the PICOMASTER
remotely. This may include troubleshooting to fix occurring issues.

Within the Windows environment it is possible to control everything on the PICOMASTER Machine with each page hav-
ing multiple tabs. The detailed content of the pages that are available depends on the options that are enabled on the
machine. Main pages on all machines are Projects, History, Maintenance, Alignment and Settings. An example is shown
in Figure 2-13

2.4.2

p— =
itiali Error
Pages - Not Initialized ’ o
. - message
(Maintenance message
selected)
W | Scan Axis Step Axis
Motion | | Enabled: Enabled: (
Calibrated: Calibrated: @
Home sensor Home sensor
Target: Target:
b [0 [0
8- R Focus . Py
(Motioniis y Position:  40.800 mm Position: 5.821 mm
selected)
Axis Error: bt Axis Error: bt Vacuum
Axis Warning: * Axis Warning: * Machine
controls
Init axes
Go to center
Contents
Quick
recipe bar
3inch Wafer - High Resolution2 - Plus 0.6
Statusbar Compressedair  Twincatrunning  PLCrunning  Databaserunning  Scan ais connected  Step axs connectes 09:46:42

Figure 2-13 User interface overview

The detailed content of the pages that are available may vary slightly, depending on the options that are enabled on the
machine.

PLC

The PLC (Programmable Logic Controller) is the part of the system that connects the computer to the machine.
Through the PLC, the motors are controlled and the sensors are measured, allowing the system to operate correctly.
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Projects and recipes

To start a project, the user needs to select several parameters before the project can be started.
The project processor in the PICOMASTER system combines these parameters internally to a job. This is shown in Fig-

ure 2-14.

Project file

Substrate recipe

Exposure recipe

Project
Processor

Figure 2-14 Project processor input and output

The project file can be generated with the Project Manager tool. This tool can be installed on a separate computer or it
can run on the PICOMASTER system itself. The PICOMASTER system searches for project files in the assigned folders
and project names, see "Folder and project names" on page 101.

The Project Processor combines the project file with the selected Substrate Recipes (see "Preparing the substrate
recipe” on page 21), Exposure Recipes (see "Preparing the exposure recipe” on page 44), optional Alignment
Recipes (see "Preparing and doing alignment" on page 57) and Marker Recipes (see "Find and teach a fidu-
cial marker" on page 61).
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3 Making a product

The making of a product has the steps that are described below.

Check safety

Other layers

Prepare and do
the alignment

Start machine

Load substrate

Prepare substrate
recipe

Prepare project

Process substrate

Prepare exposure
recipe

First layer

Last layer

Expose the
project(s)

Other layers
Remove substrate

Figure 3-1 Product flow

I T R

Check safety

Start machine

Load substrate

Prepare substrate recipe

new one.
. Select the project and position it on the
ARG substrate.
Prepare exposure recipe Select an existing exposure recipe or

Prepare en do alignment

Exposure the project(s)

Remove substrate

Carefully read the human and
machine safety instructions,

If required, startthe PICOMASTER.

Safely load the substrate

Select the substrate recipe or write a

make a new one.

make a new one, do the alignment.

Exposure one project or exposure a
project queue.

Safely remove the substrate.
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"Safety and machine damage
remarks" on page 1

"Starting the machine" on the next
page

"Loading the substrate” on page 18

"Preparing the substrate recipe" on
page 21

"Selecting the project” on page 40

"Preparing the exposure recipe" on
page 44

"Preparing and doing alignment" on
page 57

"Exposing a project” on page 81

"Removing the substrate" on page 85
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3.1.2

3.1.3

3.14

Starting the machine

Switching on the PICOMASTER

1. Make sure all machine doors are closed.
2. Turn the main power switch on the right side of the PICOMASTER, see Figure 3-2.

Figure 3-2 Turning on the machine

Note: The machine and the computer will start at the same time.

3. Wait 1 minute before launching the software.

Launching the PICOMASTER software

1. Press the yellow triangle on your system task bar to launch the PICOMASTER software, see Figure 3-3.

Application

Bl ¢ @ A

Figure 3-3 Starting the software

O

2. Wait for the loading pop-up to disappear and the application to start.
3. Wait approximately 10 to 15 minutes for the machine to heat up and reach thermal stability.

Initialize machine

1. Make sure the machine door is closed.
2. Press the Initialize button on the right side of the screen.

Note: When the control system is already in initialized state, the button is not visible.

Messages during startup

1. Tointerpret messages during machine startup, see "Checking machine status” on the facing page.

2. Iferrors occur, clear the error messages and solve the errors, see "Clearing error messages" on page 18.
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3.1.5 Checking machine status

The machine status messages are visible at the right top of the screen, see Figure 3-4.

Not Initialized

Projects History Maintenance Alignment Settings

[ Diagnostics

% Recent projects

=7 Local folder (99.9GB free)
& Network folder

Status
message

Update

Projects
Focus test
Intensity test
Analog power test

Status of
subsystems

High Resolution2 -

Database running Scan axis connected Step avis connected Axis initialized

Estimated Time 00:00:00

3inch Wafer =

Compressedair  Twincat running  ~ PLC running

Figure 3-4 Checking the machine status

The status messages give information about the machine state. Possible states are:
m Notinitialized: message tells if suspension/step axis/scan axis is not initialized.
Not operational: see message for details.
Waiting: awaiting substrate load and/or project load.
Ready: ready to start exposure.
Busy: busy doing a task (like exposure, automatic alignment, substrate scan, etc.).
Paused: exposure is paused due to window unlock

Aborting: aborting exposure (the stop button was used).

Aborted: after aborting until substrate unload and/or opening a new project.

m Done: project successfully exposed.

RAITH
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Vacuum

O

09:38:00

The status bar at the bottom of the PICOMASTER user interface (see Figure 3-4) allows you to quickly see if all the sub-

systems are operational. The bar is only visible if any of the statesisred.

After start up, when all systems are up, the status bar disappears until a new machine status message of class red is dis-

played on the right top.

Note: On most screens that are shown in this documentation, the status bar is not shown.

Details on the status bar and how to act s listed below.
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Reading the status bar

Meaning of Green Meaning of Red

Main air pressure lower than

0.45 MPa
Compressed air Air pressure OK.

Note:

1MPa=10 bar 0.45MPa=4.5bar
Twincat running PLC connection OK PLC connection not detected.

PLC program in run

PLC running PLC program notin run mode.

mode. . .
See "Checking and adjust-
. Database running cor- MySQL database notconnected  IN9 the machine status™
Database running rectly. orinerror. on page 110.

. Scan axisis detected cor-  Scan axis controller not found in
Scan axis connected

rectly. PLC.
Step axis connected Step axisis detected cor-  Step axis controller not found in
P rectly. PLC.
e Scan and step axis ini- Red: Scan or step axis not ini-
R tialized tialized

3.1.6 Clearing error messages

When an error situation in the machine occurs, the main machine status window turnsred, see Figure 3-5.

Main machine status

. y  Number of [WError message
Compressed air not present. T (e buit
Axis not initialized. e utton

Status details

Not Initialized

Figure 3-5 Error solving sequence

By pressing the error message button, error messages (Figure 3-6) become visible.

Message
0 kaw for more then 2 minutes, Axis disabled

Error messages ‘
waste basket

Error
messages

Figure 3-6 Error detail window

To delete all error messages, press the error message waste basket.
Note: Error messages cannot be deleted individually.

Even after the deleting the error messages, the error remains in the machine status window and the machine cannot
write projects.

To solve the errors, go to "Troubleshooting” on page 109.

After solving, the errors will disappear from the status window and the red error block will change colour.

3.2 Loading the substrate

1. Determine the height and size of the substrate, either by using supplier data or by measuring (for example with a ruler
and a micrometer).

2. If not yetdone so, press the Stop button to bring the axes in home position.
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3. Unlock the window of the PICOMASTER by pressing the Unlock button on the front panel. The button will light up
green when the window is unlocked.

®

4. If the substrate thickness is larger then the thickness of the previously loaded substrate, then lift the Writing Module:

4.1. Ifthere is no motorized coarse Z-adjustment, then do step 5.
4.2. If amotorized coarse Z-adjustment system is installed, then do step 6.
5. Lift the Writing Module (manual system):

5.1. Turn the adjustment hand screw until the Writing Module is in the most upward position.

Adjustment
hand screw

Figure 3-7 Turning the manual z-adjustment screw

5.2. Continue atstep 7.
6. Lift the Writing Module (motorized system):

6.1. Click [ ETIIE.
6.2. Click [eFRE.
[N eleR e\ otorized Z adjustmenth

6.4. Click [o]f] at EETEN] to turn on the motor.
6.5. Click [gIi to lift the Writing Module until the home position is detected.
7. Checkif the text on the vacuum chuck front corresponds to your substrate size, see n Figure 3-8
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Figure 3-8 Vacuum chuck front size

8. If the substrate size does not correspond to the text, manually lift the chuck, turn it until the correct text is on the front
side, and manually install it again.

9. If the substrate is very small, for example a part of a wafer, select Single hole vacuum.

10. Take the placement tool set as shown in Figure 3-9

Figure 3-9 Substrate placement tools
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Table 3-1 Placement tool list

11. Install the placement tool that matches the size of your substrate, see Table 3-1.

4P13819-A
4P13816-A
4P13825-A
4P13822-A
4P08080-A
4P07377-B
4P07378-B
4P07375-B
4P07383-B

4P07379-B

PM200 2x2inch substrate placement tool
PM200 3x3inch substrate placement tool
PM200 4x4inch substrate placement tool
PM200 5x5inch substrate placement tool
PM200 12x12mm wafer placement tool
PM200 2inch wafer placement tool
PM200 3inch wafer placement tool
PM200 100mm wafer placement tool
PM200 125mm wafer placement tool

PM200 150mm wafer placement tool

NANOFABRICATION

12. For very small substrates, for example a part of a wafer, choose 4P08080-A ( PM200 12x12mm wafer placement

tool)

13. Install the substrate against the placement tool.

Figure 3-10 Substrate against placement tool

13.1.In case of a round substrate with a flat edge, make sure to place the flat edge on the front side of the machine

14. Activate the vacuum by pressing the vacuum button on the screen or on the front panel.

against the placement tool.

15. Carefully remove the placement tool.

16. Close the machine window to complete the substrate loading.

The substrate recipe contains data used by the PICOMASTER concerning the size and the shape of the substrate.

There are two situations that may occur after loading a substrate:

1. If the substrate is completely equal to a previously used substrate, then select the applicable substrate recipe and do

not change it, see "Select an existing substrate recipe” on the next page.

2. If the substrate has changed, then:
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Adjust the Writing Module to the correct height and position above the substrate, see "Writing Module height
adjustment” below.

B Make a new recipe, see "Making a substrate recipe" on page 27.

3.3.1 Select an existing substrate recipe

If your substrate already has an existing recipe and its parameters, in particular substrate height (including resist) are
exactly the same, select that recipe in the quick recipe selection bar in the lower part of the user interface, see Figure 3-
11

Substrate Recdpes Exposure Redpes Alignment Recipes

180nm 51818 = Estimated time: 00:00:00

Figure 3-11 Quick recipe selection bar

3.3.2 Writing Module height adjustment

To be able to produce the correct writing laser beam size, the objective needs to have the correct distance with ref-
erence to the substrate. The distance is controlled during exposures. This is done by the "Focus Measurement Sys-
tem" on page 33.To bring the system in the correct control range, the Writing Module height needs to be adjusted.

1. Make sure to have height and size of the substrate available, either by using supplier data or by actual measurement.
2. Choose the Z-adjustment method:
2.1. Ifthe Z-axis can only be adjusted manually, use "Manual Writing Module height adjustment” below.
2.2.Ifthe Z-axis is motorized, use "Motor driven Writing Module height adjustment™ on page 25.
3. After the Writing Module height adjustment is completed, make sure that the values given below are correctly noted:
(] and YN It is needed during the making of the substrate recipe.
B Target Power of the Z-adjustment laser.
;I'he)micrometer value (manual Z-adjustment system) or the substrate thickness (automatic Z-adjustment sys-
em).
Manual Writing Module height adjustment
Make sure that the Writing Module is at the highest position, see "Loading the substrate™ on page 18.
4. Select the [V ENIEIEINeS tab in the top bar.

5. For small substrates (< 1 Inch) only, do the substeps given below to switch on the red light, for larger substrates (> 1
Inch), continue at step 6.

5.1. select the [Felatg tab.

5.2. Select the check box.

5.3. At BTN type 500 and press the Enter key.
6. Select the [YTag tab.

o

7. While looking at the substrate, carefully move the Writing Module until it is visually in the middle of the substrate by
using the Jogging buttons [land [l .

8. Make a note of SIZRWaVENReE|ile]g) and SIETeRaVIEN-eEIile]yl. It is needed during the making of the substrate recipe.
9. Select the tab and go to the section, see Figure 3-12
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Projects History Maintenance Settings

Focus sum

o Capture Focus Wobble signal

Apertures

Vacuum

Focus
setpoint

offset: u\lmt - Focus error
Ampicude: [NE Vot signal

2
Current (ma)

‘ SQR 125 N AZ1505 300nm_FA - Estimated Time 00:24:28 9

14:13:26

Figure 3-12 Preparing the z-adjustment

Note: The check box is automatically activated. The button is not used.
10. If not yet done so, select the check box.

1. At BRI, type 150 and press the Enter key.

12. Select the check box to switch on the wobble.

Note: The wobble can only be switched on when the axes are not in home position, which is the case here.

RAITH
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Note: Do not change Offset and Amplitude. The Offset determines the middle position of the wobble, and the amplitude
determines how much the objective moves up and down during the wobble, see also "Focus Measurement Sys-

tem" on page 33.

Adjustrment
hand screw

Figure 3-13 Turning the manual z-adjustment screw

Note: After starting the wobble, the Scope window shows noise signals.

13. Carefully turn the adjustment hand screw (see Figure 3-13) while checking the lines in the EI8gJ8g window, see Fig-

ure 3-12.

14. Move the Optical Module until the noise signals in the EleJelg window disappear and turn into smooth lines. The Writ-

ing Module now approaches the substrate.
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15. Carefully turn further until the red line of the Sum signal lifts up. Light levels on the sensor are increasing now.
16. Checkif the Focus Sum line maximum value as shown in 3.3.2 isbetween 2.5and 7.5.

16.1. If the Focus Sum Line maximum values is below 2.5, at JEIEd&eWE], type a higher value and press the Enter
key.

16.2. If the Focus Sum Line maximum values is above 7.5, at JEIERRIVEY, type a lower value and press the Enter
key.

Note:Correct levels for the Focus Sum line are required to bring the sensor system into the correct working
range.

17. If needed, press EENE to save the Target Power into current substrate recipe.
18. Make a note of the Target Power.

19. Turn the adjustment hand screw while watching the Scope window, see Figure 3-14.

Figure 3-14 Scope window during Writing Module height adjustment: too high (I), good height (m), too
low (r)
Note:Use the middle mouse wheel to zoom and double click the middle mouse wheel to go back to normal.

20. Turn the adjustment hand screw until both the gray dotted and the blue line cross the horizontal (0V) axis at the
same point, see Figure 3-15.

Figure 3-15 Dotted and blue line cross near horizontal axis

Note: Ifthe gray dotted line and the blue line cross the horizontal axis at the same location, the correct Writing Module
heightis achieved

21. Make a note of the micrometer value.

Note: There is no locking as the system will stay stable itself.
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Motor driven Writing Module height adjustment
1. Select the [V ENIENENIeS tab in the top bar, see Figure 3-16.

Projects History Maintenance | Settings

Scope

Mation E Capture Focus Wobble

Apertures

Focus c
Wobble

Red laser sweep Motorized Z adjustment

Vacuum

Enabled: Position:  11.841 mm

-
Calibrated: ® Target:
: 0|

Home sensor

Go to target
Axis Error:
Axis Warning: ¥ Jog: § a

Step ~ o~

‘ SQR 125 v AZ1505 300nm_FA * Plus 0.6 N - Estimated Time 00:24:28 @

141312

Figure 3-16 Starting semi-automatic height adjustment

2. Select [JIIE.
EWa{\Votorized Z-adjustmenty

3.1. Click[8]f to turn on the motor.
3.2. If the [SEIIEIEY] light is OF F, then click [EIeTi to lift the Writing Module until the home position is detected.
Note: At[ZEIe), the actual distance between the Writing Module and the substrate table is shown.

The Focus capture voltage indicates the height between the Writing Module and the substrate. After height adjust-
ment, the capture voltage should be between -3.5V and +3.5V. Outside this range, the system will generate a warn-
ing. In the ideal situation the capture voltage should be 0V, since this allows the auto focus to work in the nominal
position. In addition, the capture voltage may have a slight influence on the focus offset. For this reason, we should fine
tune the height of the Writing Module such that the capture voltage is as close as possible to 0 V

4. For small substrates (< 1 Inch) only, do the substeps given below to switch on the red light, for larger substrates (> 1
Inch), continue at step 5.

4.1. select the [FeIR tab.

4.2. Selectthe check box.

4.3 At BRI, type 500 and press the Enter key.
5. Selectthe tab.

"

6. While looking at the substrate, carefully move the Writing Module until it is visually the middle of the substrate by using
the % buttons.

7. Make a note of Sl WaVENFEIile]) and SIENaVEFeEIIe]yl. It is needed during the making of the substrate recipe.
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8. Select in the left bar to go back to the actual height adjustment.

Note: The check box is automatically activated. The button is not used.
9. If not yet done so, select the check box.

10. At IEIREIRNE. type 150 and press the Enter key.

11. Select the check box.

12. Carefully lower the Writing Module while watching the window (Figure 3-18).

13. At GBI (Figure 3-16), check the actual distance between the Writing Module and the substrate table and com-
pare it to the known substrate height, see Figure 3-17.

®

Position: 2.544 mm

Target: 1.985

Exposure beam
focus point \J
0.644mm

Top of substrate table 2544,
L Substrate 1.900mm mm
Substrate tabel

Figure 3-17 Writing Module motorized height adjustment

Note: The value at is the distance between the top of the substrate table and the focus point of the exposure
beam.

14. Add 0.5mm to the known substrate thickness and type in this value at [ETRel: -
15. Press [SRI IR to move the Writing Module towards this height.
16. Move the Writing Module further by using the below methods:
16.1. Click the buttons to make 0.025mm steps per click.
16.2. (Notrecommended)Very rapidly touch the buttons to lower the Writing Module with larger steps.

17. Move the Writing Module until the noise signals in the EJgells window disappear and turn into smooth lines. The Writ-
ing Module now approaches the substrate.

18. Carefully move further until the red line of the Sum signal lifts up. Light levels on the sensor are increasing now.
19. Checkif the Focus Sum line maximum values is between 2.5 and 7.5.

19.1. If the Focus Sum Line maximum value is below 2.5, at JEIE8=eWE], type a higher value and press the Enter
key.

19.2. If the Focus Sum Line maximum value is above 7.5, at JEIeElE)E], type a lower value and press the Enter key.

Note:Correct levels for the Focus Sum line are required to bring the sensor system into the correct working
range.

20. If needed, press EEIG to save the Target Power of the red light into the current substrate recipe.
21. Make a note of the Target Power.

22. Clickthe buttons to move the Writing Module further down while watching the gray dotted line (the focus mech-
anical set-point) and the blue line (the focus error) in the Eleles window, see Figure 3-18
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Focus Wobble

@ T

Focus
setpoint
5

Time

0%

Figure 3-18 Test results: too high (I), good height (m), too low (r)

22 .1. Use the middle mouse wheel to zoom and double click the middle mouse wheel to go back to normal.

23. Move the Writing Module until both the gray dotted and the blue line cross the horizontal (0V) axis at the same point,
see Figure 3-19.

Figure 3-19 Dotted and blue line cross near horizontal axis

Note: If the gray dotted line and the blue line cross the horizontal axis at the same location, the correct Writing Module
height is achieved.

24. Turn off the Writing Module height adjustment:
24.1. Press Off to turn off the Z-motor
24.2. Disable the and the check boxes.
Note: There is no locking as the system will stay stable itself.
25. Make a note of the substrate thickness (also called the Z-height of the Writing Module) that you read out at [Fegey

3.3.3 Making a substrate recipe

Note: Allrecipe editors have similar buttons, see also "Recipe editor generic information” on page 103.
Note: If a projectis part of a project queue, the recipe cannot be changed or deleted.

1. Make sure that the Writing Module height is adjusted correctly, see "Writing Module height adjustment” on
page 22.

2. Select S, see Figure 3-20.
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Waiting

Projects istory. Maintenance  Alignment

Recipes Settings

- Substrate recipe

(SIENEH Rectangle v
Substrates \ .

Senps vaili

Settings
Scan substrate

Red laser power: W
Edge dlearance: mm

Substrate thickness: mm

Adjust WM height

E
Copy Remove

14:42:34

Figure 3-20 Making a substrate recipe

Note: Allsizes in this recipe setup are in mm
3. Select IIEIEE.
4. Start a new recipe by one of the two actions below:
4.1. Select [}e§] to make a new substrate recipe starting with default values.

4.2. Select an existing recipe and selectto make a new recipe based on the original.

Type the recipe settings

1.Goto the section.
2. AtEITETETENE, type a suitable substrate name.
Note:ltisrecommended to use a name that tells what sort of substrate it is.
Note:This name will also be used in the recipe quick selection list.
3. At EEFTEE and FIERTEE, fillin the values for the middle of the substrate.
Note: You made notes of these valuesin "Writing Module height adjustment” on page 22.
4. At[IETR and [EERLE, fillin 0.
5. Type the Red light power:

5.1. Ifthe value was determined during "Writing Module height adjustment” on page 22, make sure itis cor-
rectlyfilled in.

5.2. Ifthe value is well known for this substrate from previous recipes, you may use it, for example if you already know
the reflection of the used resist on substrate.

6. Do a substrate scan, see "Scanning a substrate” on the facing page.
7. Type the [SeLENEEEIEREE: this is the part of the substrate where no project is exposed.
Note: Below step is only applicable when a motorized Z-adjustment system is present.

8. Type the SIUSEIEICRIIREEE:

8.1. Ifthe value was determined during "Writing Module height adjustment” on page 22, make sure it is cor-
rectlyfilled in.

8.2. If needed, press RCITEANL N E]3ld to do an automatic determination of the substrate thickness.
9. Press to save the recipe settings.
Note: The recipe is now available in the quick selection bar on the bottom of the screen.

10. To make the recipe active, go to and click the recipe check box, or select the recipe in the quick selection bar.
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3.34 Scanning a substrate

The determine the shape and size of a substrate, the PICOMASTER uses two automated methods.

The Focus capture method that uses the Focus system to find the edges of the substrate. The method determ-
ines substrate height, width and its position with reference to the machine home position.

The Camera capture method that uses the alignment camera image to find the edges of the substrate. This
method also determines substrate height, width and its position with reference to the machine home position. Addi-
tionally, in case the Polygon shape was selected, also the full shape of the substrate will be determined by a
detailed contour scan.

Doing Round or Rectangle substrate scans
1. Make sure that the machine main door is closed.

2. Press the Stop button to move the axes to home position.

3. Press SR and to open the substrate recipe window.
4. AtEIETE, select Round or Rectangle.

5. Select SN

The Scan Substrate starting window appears, see Figure 3-21.

SELACICICLHE Center substrate -

Start Exit

Figure 3-21 Scan Substrate starting window

6. At BTN, select where the edge scan must start:

6.1. Select Center substrate (preferred) to start at the substrate center.

6.2. Select Center machine to start at the center of the substrate table.
7. At YR, select the edge scanning method:

7.1. Select Focus capture to use the Focus system, continue at step 8.

7.2. Select Camera capture to use the alignment camera, continue at step 9.
8. When the Focus system was selected:

8.1. Press Elg.

8.2. Wait for the substrate scan to finish.

8.3. Press SE) to save the scan results.

Note: Substrate width, height, and the Step and Scan positions of the top left corner of the substrate bounding box (see
"Machine coordinate system"” on page 8) are automatically filled in into the recipe after saving the scan res-
ults.

9. When the alignment camera was selected, the window enlarges, see Figure 3-22.

Result: Live image: Processed image:

(LS Camera capture

el Tl Bl Center substrate -

Start Exit

Figure 3-22 Scan substrate window after selecting the camera
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9.1. Press SEIL.

9.2. When the first edge right of the starting position is found, check the window to see if thisis a real
edge, see Figure 3-23.

Result: Live image: Processed image:
BEGEIEUTEI N Center substrate >

Is the found edge an edge of the

Step Scan substrate?

Position: 107.70 mm  73.90 mm
Width Height
Size: 41.10mm 4110 mm

Progress: eft substrate edge

Save (=

Figure 3-23 Detecting the first edge
9.3. Select Yes if the edge looks OK, the machine willnow go move into another substrate direction to find the next
edge.
9.4. Select No if the edge looks NOK, the machine willnow go move on in the same direction to find the next edge.
9.5. Continue by selecting Yes or No at the all other edges until all edges are found by the camera.

9.6. Wait for the substrate scan to finish, see Figure 3-24.

Result: Live image: Processed image:
ISERALTETTI M Center substrate -

Step Scan
Position: 107.70 mm  73.90 mm

Width Height
Size: 41.10mm 4110 mm

Progress:

Figure 3-24 Scan finished while showing last edge

9.7. Press EEE to save the scan resullts.

Note: Substrate width, height, and the Step and Scan positions of the top left corner of the substrate bounding box (see
"Machine coordinate system"” on page 8) are automatically filled in into the recipe after saving the scan res-
ults.

Doing Polygon substrate scans

1. Press SEUlleE and SIISSIEIEE to open the substrate recipe window.
2. AtEIERE, select Polygon.

3. Select Sfe=lalgel\elely)-

The polygon scan selection window appears, see Figure 3-21.
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Live image:

Processed image:

Start location:

0.000 mm
-0.006 mm

Step Position:
Scan Position:

Circle radius: 900 px

Figure 3-21 Scan Substrate starting window

4. At EIETIRIETT, select where the edge scan must start:

Contour preview:

Position:

Size:

4.1. Select Center substrate (preferred) to start at the substrate center.

4.2. Select Center machine to start at the center of the substrate table.
5. At SfIREIERIE , set the radius of the circle used for the contour scan:

5.1. Set to the maximum value (the full camera image size) to decrease the scanning duration at the cost of lower

accuracy.

Step:
0.00 mm

Width:
0.00 mm
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Scan:
0.00 mm

Height:
0.00 mm

5.2. Set to lower values to increase the scanning accuracy at the cost of a higher scanning duration.

6. Press SElf.-

7. When edges are found, inspect the [gfele=EEEGRINEL[E window and pres Yes to confirm or No to reject until all edges

are found, see the example in Figure 3-26.

Live image: Processed image:

Is the found edge an edge of the
substrate?

Yes | No | cCancel |

SELLIEIRIE Center substrate ©

Step Position: 165.931 mm

Scan Position:  95.062 mm

Circle radius: 900 px

Figure 3-26 Polygon edge found

Contour preview:

Position:

Step:
0.00 mm

Width:
0.00 mm

Abort

Scan:
0.00 mm

Height:
0.00 mm

The PICOMASTER now automatically continues doing the contour scan, see Figure 3-27.
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Live image: Processed image:

Contour preview:

Scanning circle %
.
L ]

L]
L
.
L]

Step: Scan:
ERAICIUR Center substra Step Position: 172.196 mm Position: 0.00 mm 0.00 mm
Scan Position:  97.911 mm

Width: Height:

Circle radius: 180 px - Scanning circle Size: 0.00 mm 0.00 mm
radius

Abort

Figure 3-27 Contour scan ongoing

The scanning circle area is used to construct the full substrate shape. The automatic system moves the circle step by
step while following the edge of the substrate, see Figure 3-28.

Live image: Processed image: Contour preview:

0000000000000 %%,

Step: Scan:
Start location: Step Position: 160.821 mm Position:  0.00mm  0.00 mm
Scan Position: 115.521 mm
Width: Height:

Circle radius: 900 px Size: 0.00 mm 0.00 mm

Figure 3-28 Building up the substrate contour

8. At [SfIIEERINE, if needed during the contour scan, change the radius of the scanning circle.
9. Wait for the contour scan to finish, see Figure 3-29.

Live image: Processed image: Contour preview:

Step: Scan:
BERAGIEITELH Center substrate sition:  0.000 mm Position: 107.65 mm  73.07 mm
Scan Position:  -0.006 mm

Width: Height:

Circle radius: 180 px Size: 4598 mm  42.78 mm

Figure 3-29 Substrate including contour scan ready
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10. Press BB, to save the scan results.

Note: Substrate width, height, and the Step and Scan positions of the top left corner of the substrate bounding box (see

"Machine coordinate system" on page 8) are automatically filled in into the recipe after saving the scan res-
ults.

11. To view the scanned substrate, select Projects in the top bar, see in Figure 3-30.

Waiting

History Maintenance Alignment

8
i

& 405nm WMO055

| - FAT_150124 P - Estimated Time 00:00:00

Figure 3-30 View the scanned polygon shape

3.35 Focus Measurement System

The Focus Measurement System uses ared LED, a sensor and additional optics.

635 nm

red laser 4 Quadrant sensor

PBS

Objective lens

Figure 3-31 Red light system

The red LED sends the light to the objective lens that sends the light to the focus point. When the objective is close
enough to the substrate, reflected light passes a Polarized Beam Splitter and is send towards a 4 quadrant sensor. The
sensor data are used by the software to calculate the distance between the objective lens and the substrate. Based on
this calculated distance, a voice coil actuator moves the optics. In this way, during exposures, the Writing Module always
keeps the same distance with reference to the substrate.

Focus S-Curve

Each of the 4 quadrants of the sensor has a voltage. More light on a quadrant gives a higher voltage.

While moving the Writing Module towards the substrate, the 4 quadrants of the sensor get light as illustrated below, see
the red spot on the sensor in Figure 3-32.
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Figure 3-32 Sensor difference voltage versus Writing Module to substrate height
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Control range: 10um

The Sum signal of all 4 quadrants indicates how much lightis captured. If the value is at its maximum, the system is close
to best focus.

The difference between quadrant 1+4 and 2+3 (also called the Focus Error Signal) indicates if the system is well focused
on the substrate. If the difference is close to zero, the systemisin best focus.

When a project is started, the Focus Measurement System first captures focus, and then continuous to follow the sub-
strate surface.

Note: Tobe able to find and keep the correct focus, a reflective substrate surface is required.

Note: The Focus Measurement System cannot maintain focus when the substrate is not under the objective lens or
when the distance between the lens and the substrate is too high.

Focus Wobble

Theillustration below shows the movement of the objective lens in time versus the Focus Error Signal and Sum Signal.
These signals can be visualized using the wobble function.

635nm
red laser 4 Quadrant sensor
Volts
PBs
Error signal
I I N N S R R
SUM

Figure 3-33 Sensor output during focus wobble

As a diagnostics tool, the PICOMASTER system has a built scope function which can visualize these signals while the
wobble function is active.

Focus Offset

In theory, the optimum focus point is where the Focus Error Signalis 0 Volt. However, due to influences by electrical
and/or optical offsets, type of substrate (reflection) and the used resist, the optimum focus might be slightly higher or
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lower. To correct for this, a Focus offset voltage can be typed into the exposure recipe. The offset is determined in the
Focus Offset test, see "Focus test” on page 48.

There are three ways to use the focus control system. This can be selected in the exposure recipe under [FSTIIRLE-
1. Optical Mode: Thisis the S curve based control mode, see above. This setting has two disadvantages:

1.1. Even one particle that is present on the substrate may already give a focus control error. This will be automatically
corrected by exposing the remaining part of the stripe from the other scan direction. This gives time loss and pos-
sible line defects within the project.

1.2. The lens needs to stay above the substrate, also during (de-)acceleration. This decreases the maximum expos-
able area of the substrate.

2. Fixed mode (also called Position Control mode): This is feed forward height control based on a height map of the pro-
ject (automatically made during exposure start-up). It can be very useful under the following circumstances:

2.1. There are particles in the resist.
2.2. There is an unevenly coated substrate.
Note:The accuracy of the Fixed setting is less good than the accuracy of the Optical setting.

3. Hybrid: this setting is preferred; it is a combination of Optical mode and Fixed mode. The Optical mode is used during
the exposure until a disturbance is detected. Then, the height map is used.

Both Fixed mode and Hybrid mode have the advantage of a stable focus control and (de-)acceleration of the scan axis
can be done outside the substrate. This will give a higher production.

To prepare the project, exposure files have to be selected in the project browser.

There are four types of exposure files, see "Exposure file types™ below.

To add exposure files to the project browser, see "Adding exposure files to the computer” on page 37.
To select projects that should be exposed and the substrate, see "Selecting the project” on page 40.

After selecting a project, additional features can be added, see "Drawing additional project features™ on page 41.

The PICOMASTER can expose different types of exposure files: project files made by Project Manager, Gerber files and
raw image files. These file types are described below.

During exposures, project files are used to set exposure laser powers while writing the project, line by line, while fol-
lowing the address grids(see "Address grid and rasterizing mode" on page 9).

A GDS (.GDS) file is a vector file of a projectimage that can be made using specific software (for example KLayout). Dur-
ing exposure of the GDS file, similar to the exposure of a project file made by Project Manager, the PICOMASTER writes
the project line by line while following the address grid. The data will be rasterized on the fly while the PICOMASTER is
writing the project. Once the project is completed, all rasterized data will be erased.

GDS files can also be imported using Project Manager. Then, the GDS file is rasterized while making a bitmap is. The ras-
terization may create very large files due to the high resolution that is required. During exposure, the PICOMASTER also
exposes in an address grid, but now by using the bitmap data.

GDS files have specific settings that optimize the exposure results. These are described below.

The rasterized data does not take the spot size of the laser into account. A pointin the rasterized data is considered ON if
the center of the laser spot falls within the designed structure. If this data is directly send to the laser, all structures will
become larger by approximately the spot size. For this reason, a spot size compensation mode is available. In this mode,
the laser is only enabled if the nearby data points also fall within the designed structure. In the advanced settings of the
GDS project you can select how many data points are taken into account for this spot compensation. The compensation
size can be selected on intervals that match the rasterization resolution. For this reason, the rasterization resolution can
be selected separately from the step resolution of the PICOMASTER.
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Figure 3-34 Left: No Spot Compensation; Right: Spot Compensation in use

Grayscale smoothening

Grayscale smoothening can be used to improve the result of diagonal and round features. Without grayscale smoothen-
ing, the laser can only be either fully on or off. This may resultin visible steps in the diagonal and round structuresin the
design. When the grayscale smoothening mode is enabled, the laser power will be reduced if the laser spot falls partly
outside the target structure. This has an effect that is very similar to anti-aliasing in bitmaps. The size of the grayscale
compensation can be set in intervals of the rasterization resolution.

[TT1
| |

Figure 3-35 Left: No Grayscale smoothening; Right: Grayscale smoothening in use

Gerber files (option)

The rasterizing method used in project files made by Project Manager and in GDS files is not very time efficient. For pro-
jects with open spaces, during the exposure, a lot of time may be spend moving over areas that do not need to be
exposed. To solve this problem, gerber files can be used.

A Gerber file (.gbr) describes the micro structures in a vector format that describes all lines to be written on the substrate.
The Gerber file is made using software the can be ordered at . Raith Laser Systems BV

The original designs are typically made in Cad programs such as AutoCAD or Solid works. The software provided by
Raith Laser Systems BV then converts the .DXF files that are used in these programs to Gerber files that can be used in
the PICOMASTER.

During the exposure, the step and scan axis follow a path that is defined in the vector file, see in Figure 3-36.

< “«
“—a
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Y

Figure 3-36 Vector Mode example of movements

The usage of a Gerber file can save time for projects in which only a small percentage of the surface area needs to be
exposed.

Each gerber project two files, extension .Pinfo and .gbr.

Raw image files

Raw image files are .tif or .omp files that contain an image that can be printed by the PICOMASTER by using the address
grid.
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There are two ways to add exposure files to the computer: using the Import function, or directly loading the files into the

project folder.

Using the import function
1. Press[[li, see Figure 3-37.

) ) y y ) Waiting
Projects History Maintenance Alignment Settings N J

[] Exposure calibration

o 1 » m 4 m @ m s % w0 0 0 10w 1 w0 w0 s e 20 20
2% Recent projects
™ Import -

» =7 Local folder (862.3GB free)

Vacuum

Update

® 405nm WMO055

10x10 Si Piece - Wave Optics 1000 - > Estimated Time 00:00:00 9

15:35:12
Figure 3-37 Importting a project file

2. Select the file type, see Figure 3-37.

21. Select to import a project file made by Project Manager.

2.2. Select[€BF to import a GDS files.

2.3. Select [[ERR to import a raw image file (bmp or tif).
Note: Gerber files (option) cannot be imported but should be placed directly in the ProjectFolder.
3. In the file selection window, search and select the file.
Note: Under [FEIIREEY, an folder is automatically made that holds the imported files.
4. In the pop-up window, set the file parameters:

4.1.For Projectfiles, see "Set Project file parameters” below.

4.2. For GDSfiles, see "Set GDS file parameters" on the next page.

4.3. For Image files, see "Set Raw Image file parameters” on page 39.

Loading exposure files into the project folder
Save the files directly into the ProjectFolder.

Set Project file parameters

Note: These are files made by Project Manager.

When a Project file is imported or opened for the first time, or, after selecting it for a project, when you select [RIEIIoS,

the Advanced Settings window pops up, see Figure 3-38.
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A Advanced Project Settings: ... X

Start Percentage: |0 %
End Percentage: 100 %
Mirror X direction: |:

Figure 3-38 Project advanced window

1. Select the Start Percentage and End Percentage, see Figure 3-38. This determines the part of the project in x-dir-
ection that will be exposed. Normally, this is 0% and 100%.

2. Select Mirror X direction to mirror the direction of the X-steps for the project.
3. Press Ok.

Set GDS file parameters

When a GDS file is imported or opened for the first time, or when you select [ENEIeae, the Advanced Settings window
pops up, see Figure 3-39.

A Advanced Project Settings1 x
Start Percentage: 0 Layers:
End Percentage: 100 3, Active Layer
O 0
Advanced: [ 5
Match stepsize v

Rasterize resclution 150 [nm]
Spot compensation
Grayscale writing

Compensation size 150 [nm]

Figure 3-39 GDS Advanced Settings window

1. Start Percentage: Location in the project where the writing will begin.

2. End Percentage: Location in the project where the writing will finish.

3. Layers: Determines which layer in the GDS file is exposed.

4. Match stepsize: The rasterization resolution will be identical to the step resolution.

5. Rasterize resolution: Resolution at which the GDS is converted to a .tif file. It is recommended that the rasterize res-
olution matches the step resolution. For example: for a step resolution of 160nm the rasterize resolution should either
be 160, 80, 40, 20, or 10 nm.

6. Spot compensation: Compensates for the Laser size to avoid overflowing the designed features.

7. Grayscale writing: Improves diagonal and round features.

8. Compensation size: Selected on intervals that match the rasterization resolution. Use + and - buttons to adjust.
9. Press Ok.

Set (optional) Gerber file parameters

When a Gerber file isimported or opened for the first time, or when you select [ENERIa), the Advanced Settings window
pops up, see Figure 3-40.
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File Scaling 1
Max velocity 25

Max acceleration | 2000

PWM spacing 20
Blending
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Figure 3-40 Gerber Advanced Settings window

Note: Leave empty to use recipe offset.
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. File Scaling: Multiplies all coordinates with a fixed number.

. Max velocity: Maximum velocity of the combined axes.

. Max acceleration: Maximum acceleration of the combined axes.
. Max Jerk: Maximum jerk of the combined axes.

. PWM spacing: Distance between laser pulses

. Blending: Rounding corners between lines yes/no

.Blend Tolerance: Rounding radius, see Figure 3-41.

Figure 3-41 Blending tolerance

8. Press Ok.
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When a Raw Image file isimported or opened for the first time, or when you select [ENEINas, the Advanced Settings win-
dow pops up, see Figure 3-42.

Start percentage 0

End percentage 100

Width 0.14985

Height 0.14985

Resclution X 150

Resolution ¥ 130

[mm]

[mm]

[nm]

[nm]

& Advanced Project Settings4PICO_MASK

Figure 3-42 Image Advanced Settings window

1. Start Percentage: Location in the project where the writing will begin.

2. End Percentage: Location in the project where the writing will finish.

CHAPTER 3 Page 39



3.4.3

RAITH

NANOFABRICATION

3. Width: Size of the image in stepping direction (x-direction) on substrate level.
4. Height: Size of the image in scanning direction (y-direction) on substrate level.
5. Resolution X: Selected width divided by image pixel size X.

6. Resolution Y: Selected width divided by image pixel size Y.

Note: If resolution is changed, image size will change automatically; ifimage size is changed, resolution will change auto-
matically.

7.Press Ok.

Selecting the project
Note: Projects can be made in the Project Manager application.
1. Select R, see Figure 3-43.

: 4 p Waiting
Projects History Maintenance Seftings
Zoom +

e Zoom -
["] Exposure calibration (R b 0 1m0 2 3 M 9 80 10 % A

2 Recent projects ek
8 Import Reset Zoom
=7 Local folder (316.3GB free)

== Import Substrate top

- Coordinate X top left project
[ Removable drive D: (55.7GB free) left point

corner w.r.t. top left substrate

Project folders Vacuum

Update

g

=

Analog power test
Exposure test

= 10

Coordinate Y top left project
corner w.r.t. top left substrate

1 om0

Project folder content
Project browser Left Machine Right

405nm WM071
‘ SQR 125 v AZ1505 300nm_FA - Estimated 1 116 @

Figure 3-43 Selecting a project

2. Select the project folder:

2.1. [Nl gElifely) to select calibrations needed to make an exposure recipe, see "Making an exposure
recipe” on page 44.

2.2. RECENTIEEE to select a recently used exposure files.
2.3. [Mele=1h{e)[s[5]f to select exposure files that are stored on the computer in the ProjectFolder.

2.4. [N to select exposure files that where imported, see "Adding exposure files to the computer” on
page 37.

3. In the project folder content, select the project.
Note: Any selected project will be copied into the Recent projects folder.
4. When the project is selected, double click it or press €]
Note: Make sure that the size of the project is not too large for the substrate.
5. If the parameter window pops up, set parameters, see "Adding exposure files to the computer" on page 37.
6. Move the project to the desired location by applying the methods below:
6.1. Manually drag the green arrow to move the project the desired location.
6.2. Turn on the grid, drag the project over a circle and click on the red circle to center the project.
6.3. To adjust the X and Y coordinates of the preview, click on the numbers to change them.

7. If parameters need to be changed, select [ENEIIa to fine tune exposure file settings:
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7.1. For Project files, see "Set Project file parameters" on page 37.

7.2.For GDSfiles, see "Set GDS file parameters” on page 38.
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7.3. For Gerber files (option), see "Set (optional) Gerber file parameters"” on page 38.

7.4.For Raw Image files, see "Set Raw Image file parameters” on page 39.

Note: Any parameter update will be done in the files in the Local folder as well as in the files in the Recent projects folder.

Drawing additional project features

Itis possible to manually design features on a specific location on the substrate and add them to the project.

Find the exact location for the additional features

Tofind a position on the substrate, the alignment positioning software is used.

Make sure you know the position on the substrate where you want to add features. The position values are with ref-

erence to the top left corner of the substrate bounding box, see in Figure 3-44.

Bounding box

Bounding box

Bounding box

—— e

Figure 3-44 Position of an object on the substrate

The position of the upper left corner of the substrate bounding box is already known by the system. It was determined

during the making of the substrate recipe.
1.Press in the top bar to open the Alignment window.
2. Press (@& YAl on the left side of the window to open the search window.

3. At |glelUeEIReIeSe]aPY and [gle[SEEINIeENIeINY (see Figure 3-45), fill in the estimated position on the substrate that you

want to move to.

' Ready ]

Alignment Settings ‘\ 4
LAxis not in default positi J

Camera view
Frontside 1emm +.
Alignment
Save image

Area scan Positioning

Step Posif
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~

Projects History Maintenance

Camera controls

-
xpose: N

Fiducials 144.9123 mm

: 125.1070 mm

Recipes
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Step [N T oy
Settings Scan R mm

Fiducial detection

Auto Detect; .
omm |

Auto Center: .
Manual Fiducial Alignment || Manual Point Alignment

Fiducial:
" Cal plus v
Fiducial 1 '

Fiducial Found: *
Fiducial 2

Search fiducial

Detected position X: 2.0 ym
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‘ Sinch ref plate AZ1505 1 micron >

Estimated Time 00:48:37

Figure 3-45 Going towards marker position
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RS IMove to fiduciall

Note:The XandY axes willnow move until the Writing Module that holds the alignment camera is at position you
typed in.

5. Move the alignment camera by using one of the methods below:
5.1. Click in the (ST ERIEN window.
5.2.Inthe section, use the buttons with the small arrows, or fillin values at &g and and press [l

Open the draw tool

1. Make sure that the correct exposure recipe is selected, see "Preparing the exposure recipe” on page 44.
2. Press BIEWINERE to open the draw window, see Figure 3-46.

SELECT LNE POLYGON  SQUARE ELLIPSE

Position
(xY)=(0,0) Function buttons

X, Y position Scroll bars

Figure 3-46 Draw window after opening

The top bar holds the function buttons. The active function has bold white text.

To Zoom, scroll the middle mouse wheel. After zoom, to move the image, use the scroll bars on the side.
The actual mouse position in micrometer is on the left bottom of the window.

Draw objects

3. Press(BI\I= to draw a line, see Figure 3-47.

S~

e o 139Hm 1742

Figure 3-47 Drawing (1), clicking (m) and changing a line (r)

3.1. Hold the shift key to draw only rectangular lines.

3.2. Click the left mouse button for the starting point.

3.3. Click the left mouse button for each new corner point.

3.4. Click the right mouse button to finalize the line.

3.5. If needed, use the distance and angle information while drawing the line.
4. Press[gJeIRZE®] to draw a polygon, see Figure 3-48.

CHAPTER 3 Page 42 -



RAITH

NANOFABRICATION

1. 271pm £280.5%
w pm

Figure 3-48 Drawing a polygon (I), polygon ready (r)

4.1. Hold the shift key to draw only rectangular polygon lines.

4.2. Click the left mouse button for the starting point.

4.3. Click the left mouse button for each new corner point.

4.4. Click the right mouse button to finalize the polygon. The polygon will be filled automatically.
5. Press WIS to draw a square, see Figure 3-49.

Figure 3-49 Drawing a square (I), square ready (r)

5.1. Click the left mouse button for the starting point.
5.2. Click the left mouse button to finalize the square. The square will be filled automatically.
6. Press|[=IBBIES to draw an ellipse, see Figure 3-50.

Figure 3-50 Drawing an ellips (1), ellips ready (r)

6.1. Click the left mouse button for the starting point.
6.2. Click the left mouse button to finalize the ellipse. The ellipse will be filled automatically.
7. Press S|=M=@3] to select and manipulate objects, see Figure 3-51.

Figure 3-51 Selecting objects

7.1. After selecting, move the object by clicking and dragging.
7.2. Change object sizes by dragging the green handles.
7.3. Only squares and ellipses: rotate by dragging the outside part of the green handles.

7.4. All object changes can also be made by clicking the right mouse button and clicking on Object Properties, see Fig-
ure 3-52.
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Figure 3-52 Object settings window

7.5. After selecting, objects can also be deleted.
8. Press EEE to save the drawn object to the project queue.
9. Press[#J3 to close the Draw tool.

Note: The drawn object will be exposed using the settings of the active recipe.

3.5 Preparing the exposure recipe

The exposure recipe contains exposure settings used by the PICOMASTER. Itincludes the exposure dose and the scan
speed.

There are two situations that may occur after you loaded a substrate:

If the process (resist type, thickness, etc.) is completely equal to previously used ones, then select the existing

| . ’ e .
exposure recipe and do not change it, see "Select an existing exposure recipe" below.

If the process (resist type, thickness, etc.) has changed, then make a completely new recipe, see "Making an
exposure recipe" below.

3.5.1 Select an existing exposure recipe

If your exposure already has an existing exposure recipe , select that recipe in the recipe selection bar in the lower part of
the user interface, see Figure 3-53.

Substrate Recpss Exposure Recpes Alignment Recipes

1B0nim 51818 = Estimated time: 00:00:00

Figure 3-53 Quick recipe selection bar

3.5.2 Making an exposure recipe
Note: Allrecipe editors have similar buttons, see also "Recipe editor generic information” on page 103.
1. Select SENIeR, see Figure 3-54.
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Figure 3-54 Making an exposure recipe

2. Select STTRNE -

3. Starta new recipe by one of the two actions below:
3.1. Select [} to make a new substrate recipe starting with default values.

3.2. Select an existing recipe and selectto make a new recipe based on the original.

Type the recipe settings:

1. Go to the SEE part.
2. At FETINEE, type a name that represents the recipe features as good as possible.

Note: This name will also be used in the recipe quick selection list.
3. Type the BT NERls: this is the energy dose used for the job in mJ/cm2.

Note:If no value is known, do the Intensity test to determine the exposure dose, see "Intensity Test" on the
next page.

4. Type the [FSIEIIRG- this is the offset voltage that is applied to the Automatic Focus System, see "Focus Meas-
urement System" on page 33.

Note:If no value is known, do the Focus test to determine the Focus offset, see "Focus test" on page 48
5. Type the ElET R4 see "Step size" on page 10
6. Type the FJIBE%: see "Spot Size" on page 10

7. Type the : select the maximum value unless you need a higher resolution or you need smaller accel-
eration length.

8. LUIGYIEHIVELe]y): automatically sets he attenuator such that the optimal maximum laser power is used.
9. Type the [FNINERE: Hybrid (preferred), Optical or Fixed, see "Focus Measurement System" on page 33.

10. [XEIETRY: adjust until the maximum laser power (Max power) is just above the required laser power (Required
power).

11. SOWVECVEREREERIIE: activate to fine tune the exposure results.
Additionalfill in fields become visible, see Figure 3-55.
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Show advanced settings:
PWM mode:
Laser warmup: .

Threshold inhibit:
High quality mode: .

Figure 3-55 Exposure recipe advanced settings

11.1. aEEgEeRhlallel: normally activated.

When threshold inhibit is turned off, the laser threshold current is turned on during the exposure of the whole
image. This might affect areas where no data is supposed to be written, as some photo resists are very sensitive, even
for very low doses. Threshold inhibit on the other hand may lead to a less (thermally) stable laser control system
(because of continuous switch off and on of the laser) which might effect the pattern edges of the project.

11.2. IEIIEITE: Activate to improve laser stability.

When activated, the laser threshold current is turned on as soon as the scan axis reaches 50% of it's max speed.
Some resists are very sensitive, even for low doses. As the laser might show some minor intensity instability in the first
hundreds of milliseconds after turning on due to heating up of the laser, the resulting structures might vary slightly from
the beginning to the end of the scan stroke. Turning the threshold current on, before the actual image is started reduces
this variation. However, when the threshold current is selected to high, there will be a visible exposed area outside the
image area. The laser inhibit setting is only active where the actualimage is written. Outside the image area, this setting
has no influence. The Laser warmup setting determines the behavior of the laser outside the image area.

11.3. gl PELANEEE: If Single Direction Writing is enabled, the PICOMASTER will only write while the step axis is
moving in one direction.

Note: This setting willdouble the time it takes to write a project.

11.4. [@WEGeLEE: Power Width Modulation: Laser on/off modulation, has a similar effect as attenuation. Dis-
advantage: loss of resolution in the scan direction. Advantage: for very low doses with maximum attenuation, the
PWM mode can further reduce the dose.

11.5. |[RCLENENIAZE: use to enhance the exposure results for gray scale structures, see "Exposure parameters™
on page 10, Exposure correction curve.

12. [RELIERRINES (read only): laser power, which is automatically set, needed to achieve the required dose given all
other settings.

13. (read only): Maximum reachable power for the selected attenuation.
14. Press BB to save the recipe settings.
Note: The recipe is now available in the quick selection bar on the bottom of the screen.

15. To make the recipe active, go to and click the recipe check box, or select the recipe in the quick selection bar.

Intensity Test

The Intensity Test determines the optimum exposure dose.

The intensity test allows you to quickly write a grating structure while varying the exposure dose. This allows you to
quickly estimate a suitable exposure dose for the photo resist. The intensity test starts and ends with the dose that is set
up in the currently active exposure recipe.

1. If not yet done do, load a substrate, see "Loading the substrate" on page 18.
2. To start the Intensity Test, select [Fiae, see Figure 3-56.
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Figure 3-56 Starting the Intensity Test

3. Open the Exposure calibration folder from the Projects Browser
4. Select the Intensity test project by double clicking or by pressing [J331.

5. If needed, drag the project to the desired position on the substrate.
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6. Select [ENETITY: to check and adjust the advanced settings, see "Advanced Settings for Intensity Test" below.

7. Activate the vacuum by pressing the vacuum button on the screen or on the front panel .
8. Start the test by pressing the start button on the screen or on the front panel.

9. Wait for the test to finish.

10. Remove the substrate, see "Removing the substrate” on page 85.

11. Develop the resist.

12. Place the product under a microscope.

13. Determine the best dose, see "Determining the best exposure dose™ on the next page.

Advanced Settings for Intensity Test

A Advanced Project Settings: Intensity test P e
“ Dimensions
Position 0 463,346
Width Q30
4 Misc
LinePitch o 1500
“ Steps
Blank Area 0 0.05
Dose Step o 10
Number of steps & 20
Start Dose o 50
Step Length o 03

Figure 3-57 Intensity Test advanced settings
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Dimensions

Position: start positions (X and Y direction) of the exposure relative to the left top of the substrate.
Width: Length of the lines in the test.

Misc

LinePitch: distance in nm between the linesin nm.
Steps
Blank area: the amount of blank space (non-exposed area) between each block of lines in mm.
Dose Step [mJ/cm2]: dose increase per step.
Number of steps: number of dose steps to make.
Start Dose [mJ/cm2]: the value of the first dose.

Step length: Width of one set of lines.

Determining the best exposure dose
The Intensity Test exposes line sets. Each line set has a different dose.

An example of test result in resist are shown in Figure 3-58.

One Iines_etJ_!
-

[}

Figure 3-58 Intensity Test exposure results: sets of lines with different doses

By analyzing the contrast of each line set, it can be seen whether the grating is over- or under-exposed.

In the under-exposed blocks, the bottom of the photoresist is not reached. This is visible as shallow lines with a lack of con-
trast.

In the overexposed area the line width of the lines will start to increase.

There are numbers at the top of the lines that show the dose they were written with.

Focus test

The Focus Test determines the optimum focus offset.
1. If not yet done do, load a substrate, see "Loading the substrate"” on page 18.
2. To start the Focus offset test, select [Fiaas, see Figure 3-59.
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. Waiting |

Projects History Maintenance Settings

¥ Recent projects
» 7 Local folder (922.6GB free)
[l Removable drive E: (0.6GB free)

Vacuum

Update

Projects

Intensity test
Analog power test
Exposure test

405nm WM071

‘ SQR 125 N AZ1505 300nm_FA - Estimated Time 00:05:16 9

14:10:08

Figure 3-59 Preparing the Focus Test

3. Open the Exposure calibration folder from the Projects Browser.

4. Select the Focus test project by double clicking or by pressing .

5. If needed, drag the project to the desired position on the substrate.

6. Pressto check and adjust the advanced settings, see "Focus test parameters” on the next page.
7. Activate the vacuum by pressing the vacuum button on the screen or on the front panel .

8. Start the test by pressing the start button on the screen or on the front panel.

Note: The focus testimage willexpose a number of blocks consisting of lines in one direction. Each block will have a dif-
ferent focus offset. The focus offset used in each block is based on the current focus offset as set in the exposure
recipe and the index of the block.

9. Wait for the test to finish.

10. Remove the substrate, see "Removing the substrate” on page 85.
11. Develop the resist.

12. Place the product under a microscope.

13. Determine the best focus, see "How to determine the focus offset"” on page 51.
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A, Advanced Project Settings: Focus test (=3
“ Dimensions
Height o o30
Position o 707471
“ Misc
Line Pitch o 1500
“ Steps
Blank Area o 0.05
Focus Step 005
mm's per step o 02
Number of steps  © 8
o

Figure 3-60 Focus test parameters

Dimensions
Height: (Default value: 30) The height of the image in mm.

Position: The Left top position of the image in mm. Itis also possible to drag the image over the substrate sur-
face or enter the coordinates in the project work area.
Misc

Line Pitch: (Default value: 1000) The distance in nanometers between each line written.

Steps

Blank Area: (Default value: 0.1) The amount of blank space (non exposed area) between each block of lines in
mm.

The 'mm's per step' parameter includes the blank area. Making the blank area larger then the 'mm's per step'
parameter will resultin an empty image.

Focus Step: (Default value: 0.5) The voltage the focus offset will increase between each step.

mm's per step: (Default value: 1) The width in mm of each step including the blank area.

Number of steps:(Default value: 5) The amount of focus steps positive and negative from the nominal focus off-

set as set in the currently selected exposure recipe. The total number of stepsis 2* n + 3.
In the above image, n represents the Number of steps.
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How to determine the focus offset
The focus test exposes 13 blocks. Each block is a grating that has lines in one direction.

In the figure below, you see the 13 focus block gratings.

-1xstep 1xstep

-(n) x step +(n) x step
Blank Area
B Line Pitch
>
Height
Nominal Mm’s
focus offset per step

Figure 3-61 Focus test blocks after exposure

Each block was exposed at a different Focus height. In the middle and on the side, the focus is the set value in the expos-
ure recipe. Going from the middle to the left, the focus gets lower in n steps. From the middle to the right, the focus get
higher in n steps. The lines at the end help as a reference when you are inspecting the lines in all blocks under a micro-
scope.

Using a microscope, inspect the contrast of the lines to determine the optimum focus offset. When the highest contrast
line is found, itis possible to read the value at the top and bottom of each set of lines.

As an example, a focus test was run using 5 steps and a focus step of 0.5V.

Highest
contrast

\
il
N

Nominal
focus offset

Figure 3-62 Best focus determination by micriscope

In the used exposure recipe, the focus offset is set to +1V. This means, in this case, that the best contrast band is 3 steps
left from the nominal band, This means that the optimal focus offsetis +1 - 3*0.5 =-0.5V. Use this new value, -0.5V, as
new focus offset for the current selected exposure recipe.

3.5.5 Analog power test

The test is used to determine the exposure dose for grayscale exposures.

The Analog Power Test is needed to find the exact dose at which we reach the bottom of the photoresist after devel-
oping.

1. If not yet done do, load a substrate, see "Loading the substrate"” on page 18.

2. To start the Analog Power Test, select [Jgas, see Figure 3-63.
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Figure 3-63 Starting the Analog Power Test

Projects History Maintenance Settings

[ ] Exposure calibration

=¥ Recent projects
» T Local folder (922.6GB free)
[l Removable drive E: (0.6GB free)

Update

Projects Date
Focus test
Intensity test

Exposure test

Copy Delete 8
- 405nm WM071
SQR 125 0 AZ1505 300nm_FA -

. Waiting |

Vacuum

a

Estimated Time 01:48:10 9

14:10:47

3. Open the Exposure calibration folder from the Projects Browser

4. Select the Analog power test project by double clicking or by pressing m

5. If needed, drag the project to the desired position on the substrate.

6. Press [XNEIIEY to check and adjust the advanced settings, see ."Advanced Settings for Analog Power Test"
on the facing page

7. Activate the vacuum by pressing the vacuum button on the screen or on the front panel .

8. Start the test by pressing the start button on the screen or on the front panel.
9. Wait for the test to finish.

10. Remove the substrate, see "Removing the substrate” on page 85.

11.

12. Place the product under a microscope.

13. Determine the best exposure energy, see "How to determine the best exposure energy" on the facing

p

Develop the resist.

age.
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The advanced settings window is shown in Figure 3-64.

A Advanced Project Settings: Analog power test P e

“ Dimensions
Position 0 60,346
Width a 30
“ Misc
MinPowerPercent... @ 0
“ Steps
Dose Step 10
20
50
50
0.15

Number of steps
Ramp length pm
Start Dose

o o o g a

Step Length

Figure 3-64 Analog Power Test advanced settings

Dimensions

Position: start positions (X and Y direction) of the exposure relative to the left top of the substrate.
Width: Length of the lines in the test.

Misc

MinPowerPertentage: Minimum power used during recording
Steps

Dose Step [mJ/cm2]: The amount of intensity increase in each step

Number of steps: The number of intensity steps to make

Ramp length[um]: Length of the ramp in ym

Start Dose [mJ/cm2]: the intensity at which the first step will start

Step Length: Width of the saw tooth.

During the analog power test, the power to the laser is sent in a sawtooth pattern.

The window is shown in Figure 3-65.

Laser
power

Position

Figure 3-65 Laser power pattern during the Analog Power Test

If the exposure dose is too low, we do not recognize the saw tooth structure in the photoresist. If the power is too high, a
flat area will be recognizable under the microscope. This flat area is caused by the fact the exposure dose at the point of
the saw tooth is higher than the required dose to reach the bottom of the photoresist.

We want to set the exposure dose such that we do not have this flat area.

When the best test results are identified, read the dose value (in mJ/cm?2) at the top of each column, see Figure 3-66.
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Figure 3-66 Analog Power Test exposure results: exposure block (I) and details (r)

Exposure Test

The Exposure Test is used to find the optimum combination of focus and dose.

The exposure test allows you to quickly write a block structure while varying the exposure dose and focus height. This
allows you to quickly estimate the optimum combination of focus and dose for the photo resist.

The exposure test concept is shown in Figure 3-67.

Block filling (50%)

Focus steps
+8V

A

100%

i IO e e O O O e O = O < T s = [ e |
) | DO ECNEECEO0EEEHEE
g mmmmmmnmmmmmma
z H EEDBODEEEEREEE@
g O EOENEEHEEEBEHHEB®
£ H Eoo@@mEOEE HEE@E®A

ﬁﬂ##mamqﬁmmmm

20% = = )
mm’s per step Blank area

Block pitch

Figure 3-67 Exposure test concept

A grid of blocks is exposed at different laser powers (in scanning direction) and different focus heights (in stepping dir-
ection). Each block is filled with squares.

1.Ifnotyetdone do, load a substrate, see "Loading the substrate” on page 18.
2. To start the Exposure Test, select [Ziaas, see Figure 3-68.
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. Waiting |

Projects History Maintenance Settings

¥ Recent projects
» 7 Local folder (922.6GB free)
[l Removable drive E: (0.6GB free)

Vacuum

Update
Projects Date
Focus test
Intensity test

Anal wer test

Open Copy Delete  Advanced &
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‘ SQR 125 N AZ1505 300nm_FA - Plus 0.6 N Estimated Time 00:24:28 9
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Figure 3-68 Starting the Exposure Test

3. Open the Exposure calibration folder from the Projects Browser

4. Select the Exposure test project by double clicking or by pressing .

5. If needed, drag the project to the desired position on the substrate.

6. Selectto check and adjust the advanced settings, see "Advanced Settings for Exposure Test" below.
7. Activate the vacuum by pressing the vacuum button on the screen or on the front panel .

8. Start the test by pressing the start button on the screen or on the front panel.

9. Wait for the test to finish.

10. Remove the substrate, see "Removing the substrate” on page 85.

11. Develop the resist.

12. Place the product under a microscope.

13. Determine the best dose, see "Determining the best exposure dose™ on the next page.

Advanced Settings for Exposure Test

CHAPTER 3 Page 55



A Advanced Project Settings: Exposure test X
« Block settings
Block filling [%] o 50
Block pitch [um] o4
« Dimensions
Position o 38.8,52.1
“ Focus
Focus Step o 0.5
Focus steps =)
“ Intensity
Intensity steps o5
Lowest dose [%] o 20
4 Steps
Blank Area o 0.02
mm's per step o 01

Figure 3-69 Exposure Test advanced settings

Block settings

Block filling [%]: Percentage with which an exposure block is filled with squares.

Block pitch[um]: Distance between the squares, see Figure 3-70.

Block filling (50%)

—

5 I I

Block filling (25%)

"

=

Figure 3-70 Block filling examples

Dimensions

Position: (x,y) step and scan scan position of the start point of the image, separated by a comma.

Focus

Focus Step: Focus step size, given in Volt.

NANOFABRICATION

Focus steps: Number of focus steps in plus and minus direction around the central 0 value. For example, typing

the number 3 gives the offsets: 0, -3, -2, -1, 0, +1, +2, +3, 0.

Intensity

Intensity steps: Number of dose steps from the lowest dose to the exposure dose in the current recipe.

Lowest dose: The lowest dose that is used in the test as a percentage of the exposure dose in the current

recipe.

Steps

Blank Area: Size of the non exposed area between each focus step and each dose step in mm.

mm's per step: The length of each step (in scanning and in stepping direction) in mm.

An example of test results in resist are shown in Figure 3-71.
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Block with
squares

Figure 3-71 exposure Test results: Blocks at different Doses en Focus offsets that hold squares

There are numbers at the top of the block that show the focus steps, and percentages on the left side that show the
dose.

By analyzing the shape of the squares for the different heights and different doses, the best combination of the two can
be found.

Also, the shapes of the squares in a block are an indication of the shape of the writing laser spot.

3.6 Preparing and doing alignment

Alignment is needed if you expose two or more layers on the same substrate.

In"Alignment introduction™ on the next page, you can read how alignment works.

The alignment recipe contains data used by the PICOMASTER to be able to do the alignment.
There are two situations that may occur after you loaded a substrate:

If the mark positions and mark types are completely equal to previously used ones, then select the existing align-
ment recipe and do not change it, see "Quick recipe selection bar" below.

If mark positions and/or mark types have changed, then make a completely new recipe, see "Making an align-
ment recipe” on page 59.

3.6.1 Select an existing alignment recipe

If marker types and positions on the substrate are similar to previous exposures, than select the alignment recipe in the
recipe selection bar in the lower part of the user interface, see Figure 3-72.

Substrate Recdpes Exposure Redpes Alignment Recipes

180nm 51818 = Estimated time: O

Figure 3-72 Quick recipe selection bar

3.6.2 Doing and setting up alignment

The stepsto take when you do alignment are shown in Figure 3-73.
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Add 2 markers to
project

Exposure layer 2

Expose layer 1

Remove/process/|
oad substrate

Remove/process

New marker(s) Existing (trained)

marker(s) Determine offset

Add to marker
recipe XY in fid
recipe file

Teach markers

Auto
V align

Make alignment
recipe

Automatic
alignment
(AlignmentWizard)

Manual Alignment

Figure 3-73 Alignment flow

Blue blocks indicate the flow when you use alignment, green blocks are additional in case you have to set up the align-
ment.

Alignment introduction

Alignment is needed if you expose two or more layers on a substrate.

If you want to expose two projects on top of each other, the substrate has to be removed from the machine, processed,
and then loaded into the machine again. Then, a second layer is exposed.

When the substrate is removed and loaded again, even if you do your best to put is back exactly at the same location on
the substrate table where you removed it, it will never be the at same location. This isillustrated in Figure 3-74.

Projectl exposed Projectl displaced and rotated

Unload
Process

Load

Chuck

Figure 3-74 Image displacement after reload substrate

To tellthe machine exactly where the first exposed image is after reload, the alignment system searches and finds the loc-
ations of the Fiducial marks that were exposed with the image. Then, the step and scan movement willbe adapted to
match the realimage position. Thisis called alignment.

The result of alignment is shown in Figure 3-75.
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Project2 exposure without alignment (x axis, step)  Project2 exposure after alignment

(y axis, scan)

2-point alignment

Figure 3-75 Matching images using alignment

Without alignment (left), Project2 would be imaged at the original location of Project1. After alignment, the image of Pro-
ject2 is well positioned exactly on top op Project1.

The alignment uses a small camera that is part of the exposure optics. During alignment, the machine movesin X-Y to
make the camera find the fiducial marker.

You can do the alignment manually or you can align automatically using the Alignment Wizard.

You can also align on one fiducial marker only. Then you do not take rotation into account. This is not adviced. In case
you prefer to use one point alignment, contact Raith Laser Systems BV.

3.6.4 Making an alignment recipe

The alignment recipe is used by the automatic alignment (Alignment Wizard). In the alignment recipe, the alignment
details are stored, such as marker types and marker relative positions.

Note: The step axis has an end stop. The Writing Module cannot go further. Because the alignment camera is posi-

tioned 22.5mm left of the writing laser, for large substrates, not all positions on the substrate can be reached by the
camera, see Figure 3-76.

Machine coordinate
system origin End of step
(0,0) b range (X)

22.5mm

& 1 Optical Module
Substrate
bounding box
top left corner

Writing laser

Substrate Alignment

camera

Maximum marker
position w.rt.
home position.

End of scan
range (Y)

Figure 3-76 Alignment markers must be reachable by the alignment camera

1. Make sure that the alignment markers on your substrate are in the area that can be reached by the alignment camera
2. Select NN, see Figure 3-77.
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Errors: 1
) ) ; p ) 1 Not Operational
Projects History Maintenance Alignment Settings \
[f\xis not in default position.

Recipes Settings
Alignment =

Step position:

mm

Scan position:

Recipes

Step posif

mm
Vacuum

Scan position: §1

Settings

Fiducial 1 Fiducial 2

14:38:07

Figure 3-77 Making an alignment recipe

3. Select TS
4. Select /X

Type the recipe settings:
1.Goto the window to set the recipe values.
2. At FETINEE, type a name that represents the recipe features as good as possible.
Note: This name will also be used in the recipe quick selection list. AT
3. At NETITERERE, select front side or back side (option).
4. Select Alignment mode, see also "Alignment introduction” on page 58.
4.1. Select Two point if you want to use two markers (recommended).
4.2. Select One point if you want to use one marker.

Note:If you want to use One point alignment, it is advised to contact Raith Laser Systems BV for additional inform-
ation.

5. At[JGIEEIN| and [FEREE, select the fiducial markers:

5.1. If you use new fiducial markers, do fiducial marker training, see "Find and teach a fiducial marker" on the
facing page.

5.2. Select fiducial markers from the drop down list.
Note: Marker previews are shown at the bottom of the SEEjtilglels window.
6. Select [FINTak in the top bar.

7. Calculate the expected fiducial marker positions with reference to the top left of the substrate bounding box, see Fig-
ure 3-78.
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Top left corner of the
substrate bounding box

+43mm +lmm (step or x direction)

27.7

43

+1,25mm  +27mm
—

_I_

(scan or y direction)

Figure 3-78 Project position (I) and Fiducial position (r)
Note: Inthis case, with reference to top left of the substrate bounding box, the step (x) position of the marker is 43+1-
1=44mm, the scan (y) position is 27+1.25=28.25mm
8. Select in the top bar to go back to the making of the recipe.
9. Type the step (x) position and the scan (y) position of the fiducial markers.
10. If Two Point mode is used, check the relative distance of the markers:

10.1. Calculate the relative distances between marker 1 and 2 in step and scan direction by subtracting the position val-
ues.

10.2. Checkthat the relative distances between marker 1 and 2 match the original specification, otherwise the auto-
matic alignment (Alignment Wizard) will not work.

11. Press BB to save the recipe settings.
Note: The recipe is now available in the quick selection bar on the bottom of the screen.

12. To make the recipe active, go to and click the recipe check box, or select the recipe in the quick selection bar.

3.6.5 Find and teach a fiducial marker

To be able to use fiducial markers for alignment, the software needs to be trained to recognize the fiducial markers. This
is done during fiducial marker training.

Note: Finding fiducial markers will only work if the lens height is correct, see "Writing Module height adjustment”
on page 22.

Move towards the fiducial marker.
1. Select in the top bar.

2. Calculate the expected fiducial marker positions with reference to the top left of the substrate bounding box, see Fig-
ure 3-79.
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Top left corner of the
substrate bounding box

+43mm +1mm (step or x direction)

27.7

43

+1,25mm  +27mm

+

(scan or y direction)

Figure 3-79 Project position (I) and Fiducial position (r)

Note: In this case, with reference to top left of the substrate bounding box, the step (x) position of the marker is 43+1-
1=44mm, the scan (y) position is 27+1.25=28.25mm

1. Press in the top bar to open the Alignment window.
2. Press [gielple CYAe[alilelg)i on the left side of the window to open the search window.

Note: One of the two fiducial marker is already selected. It is not needed to change that as any of the two marks is suit-
able for training.

3. Select |V ERVEINGRNEEA[alnlENl, see Figure 3-80.

Note: At/AlllluERignbeeE, both Two point or One point can be chosen.

4. At|gleeElelekliielaP and [gleV[eEINTeEile]gRY (see Figure 3-80), fillin the expected fiducial marker position that you cal-
culated.

Ready

Projects History Mail e Alignment

Camera view Camera controls

5 mm
Frontside +. Expo 55.00

Alignment
Save image

Area scan Positioning

Fidudials Step Position:  0.0000 mm
Draw mode Scan Po 0.0000 mm

Vacuum

Recipes

Move relative:
Step (N MM pove
Settings Scan [ mm

Fiducial detection

Auto Detect: -
0 mm
Auto Center: .

Fiducial:

Fidudial Found: *
Detected position
Detected position

Search area

AZ1505500nmHo - M Ps B8 Estimated Time 11:59:26 I @

16:11:33

Figure 3-80 Going towards marker position

A EEIMove to fiducialf
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Note:The X and Y axes willnow move until the Writing Module that holds the alignment camera is at the fiducial
marker position.

The fiducial marker should now be visible in the window.

6. Click on the fiducial marker to put it in the center of the camera field (which is the center of the screen).

Note: This means that the axes of the machine physically make steps!
7. If the fiducial marker is notimmediately visible, click on [JTERee, see Figure 3-81.
Note: The area scan activity is visible in the window.

Read \
Projects History Maintenance Alignment Settings y 4

not in default position.

Camera view Camera controls

- 5 mm e
Frontside (SRS 55.00

Alignment

Positioning

Fiducials Step Positis 0.
Draw mode Scan P 0.

Vacuum

Recipes

Settings

Fiducial detection

Auto Detect: .
Auto Center: .

Fiducial:

Alignment mode: REEIL

Fiducial postion x: mm
Fidudal postion y: mm

- Move to fiducial ~ Set substrate position

AZ1505500nmHo - M Ps B8 Estimated Time 11:59:26 | @

16:13:03

Figure 3-81 Area scan

Note: shows a wider area around the position that the camera moved to. It does not do active detection.
Every frame taken by the camera is approximately 1x1 mm, the maximum search range for Area scan can be
adjusted in the machine settings for alignment, see maximum composite size in "Alignment setting details"” on

page 96.

7.1. During the Area scan, press @ if the marker is visible.
8.Ifneeded, use the window buttons to move the camera towards the fiducial marker.
8.1. Press horizontal or vertical arrow buttons to make small steps.
8.2. Hold horizontal or vertical arrow buttons to do a continuous movement.
8.3. Type a step size and press .
Note: Arrows under 45 degrees go to end of the substrate, the middle button goes to substrate center.

What to do if the fiducial is still not found

m  Checkif the substrate is placed correctly.

u  Make sure the fiducial position is filled in correctly.

9. Checkif the Camera view window has the correct light intensity (light gray, see illustration above).

9.1. Ifthe screen intensity is not correct, go to and adapt the exposure time until the intensity is cor-
rect.

Note:Typical camera exposure times are 50-100 ms for glass substrates and 10 ms for wafers.
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Train the fiducial marker using the VisionPro software

If you teach the fiducial marker using the VisionPro software, then, at CERIEeMgeE, press FENEINErE-and go to
"Marker Teaching using VisioPro SW" on page 68.

If you use the internal marker training software, continue below.

Train the fiducial marker
1. Press [FRIER to open the Fiducials window.

The Train Image screen of the activated fiducial marker pops up, see Figure 3-82.

History Mainte i g Ready
( t in default position.

Recipes

Alignment plus
. Burn

. Plus

. M1

Vacuum
Recipes

Settings

Fiducial settings

Name: IR

O artside Camera |
Fine align offset:

st | ot

Scan axis: n um
Copy Remove

‘ SQR 125 & AZ 1505 500nm Ho M1iM2 N > Estimated Time 11:59:26

Figure 3-82 Train Image screen

2. Click [l to start a new marker training.

The Live image window of the fiducial marker that you found in the steps above is visible, see Figure 3-83.
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Live image:
1. Image

3. Results

Camera settings: Positioning:

Exposure time: Scan Position:  53.1267 mm
Step Position: 51.9097 mm

Figure 3-83 Live image window

3. Ifrequired, at [FRYIeITe. use the arrow buttons to move the marker image to the center of the camera image screen.

4. Press (GEIGIEYNE[E.

The window becomes visible, see Figure 3-84.
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Not Operational

Projects History Maintenance Alignment Settings

Recipes

ALIGI
Alignment #

New H

Region preview:

Fiducials & lissglsi
Recipes

Vacuum

Settings

Reference point. [eIeRIai -

SQR125 - AZ 1500rpm Focus | - ; Estimated Time 00:00 9

14:43:54

Figure 3-84 Region preview window

5. Continue marker teaching automatically or manually:
5.1. Press [YTYRERRe for automatic teaching and continue at step 9
5.2. Press [gEle[[eJgi=eli(e]§ for manual teaching and continue below.

6. Check Region window that become visible, see Figure 3-85

95 Region X

Mo image

) ®  Wwidth: 1800  Heightt 1800 |[Z] Scale 25% - B = =

s— ¢ el oo [ns [2lo|- B

Figure 3-85 Region editor window
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7. Draw the region of interest using the following tools:

2,
¢

Eraser: For erasing parts of the region of interest directly with the mouse. This is useful for removing
unwanted features.

7.

Free hand drawing: For drawing the region of interest directly with the mouse.

7.2.

(|

7.3.
8. Press OK

Box region: For drawing rectangular regions.

The window becomes visible, see Figure 3-86.

, ) A 1 ) [ Not Operational ’
Projects History Maintenance Alignment Settings \ )
Axis not in default position. )

Recipes

Region preview:
 AuG Jorh

Alignment 1. Image

New H

Fiducials 2. Region

Recipes 3. Results

Vacuum
Settings

Region Editor

Reference point: QreYo)[ii -

g dge model

Exit

‘ SQR125 - AZ 1500rpm Focus | - Estimated Time 00:00:00 9

14:44:19
Figure 3-86 Region preview window after region selection

9. Select the marker Reference Point from the dropdown list:
9.1. Top Left
9.2. Center
([NOI®NCreate Edge Modell
The window pops up, see Figure 3-87.
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Trained fidual:

2. Region

3. Results

Fiducial name: | I

Figure 3-87 Results window

11. Check the marker:
11.1. Checkif the yellow box surrounds the marker.

11.2. Checkif unwanted features are NOT present.

12. If result of the check are OK and go to the next step, if results are NOK, press [Ty and go backto 5.2.

13. At [FENEERERE. type a suitable name for the fiducial marker.

EMZINSave Fiduciall
Marker Teaching using VisioPro SW

1. Open VisionPro (R) QuickBuild, see Figure 3-88.

VisionPro
BE- ¢ 9lAle O =

Figure 3-88 >Vision Pro icon on the bottom bar

The Vision Pro window opens, see Figure 3-89
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"B} VisionPro(R) 0
File | Ry File -> FiducialTraining vpp

»

HS s wmn 2 v HE kB

ERC T ——

wff Image Source

G+ Communications Bxplorer Image Source

=E=]

of
= kR ?

Navigator
Inage database

QuickBuild sample jobs (To speciy afie, type the name and - Choose image

[ View sample jobs Crosss Fie. C:\Users\PH 100\Pitures' Trai mages \Algnment Test bmp

View a tutorial [ Choose Folder.. | Accuistion rte: 52 frames persecond

@ How to use QuickBuid
@ Take atour of VisionPro.

Thumbnai preview

I Last acquired image Bl Vextimage Update thumbnais

[ S

Applications

| "I Create a new GuickBuid applicat [l

Recent QuickBuild applications

C:\Users\PM100\Pictures\FidcialTr (S

C:\Users\PM100\DesktopAlignmer .
Pl —— ' J

0
AigrmentTe
1800¢1800

5}

Independert. Offine: 1/0 disabled

VisionPro(R) QuickBuild Job Editor - FiducialTraining
File Run Configure Show Help

Tools [ Graphics

PER M L (M= AEBRE L P

LastRun Image Source Output nage:

e <ToolGroup Inputs>
S inage Source ©
@ CogPMAignTool1

= piTegE
< Resuts keml0] GetPose()
3 Resuits kem|0] GetPose(} TransationX
- Resuits kem0] GetPose(} TransationY’
== Restits feml0] GetPose() Rotation
¥ Resuts tem(0] Score

& <ToolGroup Outputs>

Open CogPMAlign Tooll

® 637ms 9.18ms  Stopped

Figure 3-89 Opening the CogPMAlign Tool1 Window

2. Click File -> Open FiducialTraining.vpp

2.1. FiducialTraining.vpp should be close to the bottom of the list that appears when clicking File.

2.2.Ifthe programs asks you to save, click NO.

3. Open Image Source job by double clicking.

3.1. Two new windows should open up, one is the Job Editor and the other is Image Source.

3.2. If Image Source is not open, click Outputimage in the Job Editor window.

4. In the Image Source window, click Chose File and select the picture taken in step 6.

5. Open CogPMAIlign Tool1 by double clicking.

The marker editing window becomes visible, see Figure 3-90
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& CogPMAlignTooll

P FER s ES NS B R ?

Change to

Current.Trainlmage

Train Params ‘ Train Region &Onglnl Tune I Run Params I Search Region I Graphics I Results

| CumentTrainlmage

¥
Pattem: Algorithm:

PatMax &Pzt Grab Train Image 3

Train Mode
Image ?

Ignare Polarity

l Train ] l Grab Train Image ]

Train

[ Load Pattem ] [ Save Pattem ]

Info: Pat I_Y be less accurate than expected because the training image app
Save
Place square over the
fiducial
Trained

Move Origin

@ 7.0825ms 9.3627ms

Figure 3-90 Training the marker

6. Change the preview window to Current.Trainlmage using the drop down list above the preview.

7. Click Grab Train Image.

7.1. The fiducial should now be visible in the preview window.

8. Move and re-size the square in the preview window to cover the whole area of interest.

Click Train.

Note:The fiducial should now be outlined by green and yellow .

Green has edges found with good contrast and detail.
Yellow has edges found with rough contrast and detail.

9. Move the origin to a known point related to the fiducial.

9.1. Top left corner is a good option as this is the same coordinate used when writing the marker.

10. Save Pattern. Remember the file location, it is needed in the next part.

Note: You now have a .vpp file that is used to recognize the fidu
12. Close VisionPro (R) QuickBuild and related windows.

11. If the programs asks you to save, click NO.

cials.

What to do if unwanted features are outlined

It can happen that unwanted features are outlined when clicking

Unwanted

Unwanted

Figure 3-91 Unwanted feature detected during marker

1. Open the Image Mask Editor, this opens a new window.

Train.

teaching
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o CogPMAlignTooll
P FEH S E% NS b, ?

Train Params | Train Region & Or~ ; Tune | Run Params | Search Region |

Pattem:

Click editor  ax a patauick
1 e Mode:

Figure 3-92 Opening image mask editor
2. Use the Brush tool to paint over the unwanted areas.
3. Click Apply and OK.

Note: The Image Mask Editor closes.

« CogPMAlignTooll Image Mask Editor =@ ==
EBE% L EReo - BRORS &
Took #~ BrushSze - = ® lil Brush Color: Qlil

Select drawing tool

Cowver unwanted
areas

‘ 1} | 2

# Space: (156,849, 455.842) ~ |Zoorw: 2040 % |Value: 100

[ ok |[ Conca Apply

Figure 3-93 Removing unwanted features

4. Click Train and repeat as necessary.

Import fiducial marker files
1. Press RGN to open the Alignment window.
2. Press[FRIEEIE on the left side of the window to open the Fiducial window.

3. Click 8.

A Windows file open dialogue box pops up. This box is only popping up when the VisionPro software is installed on your
system.

4. Locate and open the .vpp file saved in step 10 of the previous paragraph.

5. Give the fiducial recipe a relevant name.

6. Click .

3.6.7 Automatic alignment
The automatic alignment of the project is done using the Alignment Wizard.

Note: Since the cameraiis to the left of the laser, the last 25 mm on the right side will not work for alignment. This is out of
camerarange.

Note: The alignment wizard uses an Alignment Recipe to look for certain fiducials, see "Making an alignment
recipe” on page 59.

To use the alignment wizard, follow the steps below:

1. Select Alignment Recipe in the selection bar at the bottom of the screen, see Figure 3-94.
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Substrate Recdpes Exposure Recipes Alignment Recipes

180nm 51818 = Estimated time: 00:00:00

Figure 3-94 Quick recipe selection bar

2. Pressgd.
The Alignment Wizard screen opens, see Figure 3-95.

Recipe:

M1 2p .

Fiducial 2:

4 ;
2 Baisdtell Fiducial 1 Fiducial 2

3. Result

Progress: Standby

Figure 3-95 Alignment Wizard screen

3. Press FEIL.
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Live image
1. Setup

2. Detection

3. Result

Fiducial Found @
Position X: -28.7 pm

Position Y: 314 um

Progress: ding fiducial 1

Figure 3-96 Finding the markers

Note: The wizard will now start looking for the fiducial markers around the given positions. This is done multiple times to
increase accuracy, see Figure 3-96.

3.1. If needed, press[Y¥f to stop the alignment.

3.2. Wait until the wizard is done and the results are visible, see Figure 3-97.
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Substrate alignment

Step position: 16.34770 mm
Scan position: 41.73353 mm

Rotation: -0.22019 deg
2. Detection

Alignment verification
F1 alignment error : F2 alignment error:
3. Result Step axis: 0.1 pm Step axis: 0.0 ym
Scan axis: 0.3 pm Scan axis: -0.3 pm

Fiducial 1 image Fiducial 2 image

Progress:

Figure 3-97 Alignment wizard finished

4. At CERInERISEIieENRT), check if the alignment errors are smaller than 1pm.

5. If alignment error is larger than 1um, pressand check alignment marker design positions with reference to the sub-
strate, see "Making an alignment recipe” on page 60 and go back to step 2.

6. Click EEYE to align the substrate with the results
Note: The g button turns bright green to indicate that alignment is active.

Note: The alignment wizard stays active until the vacuum isreleased.

3.6.8 Manual alignment

Note: Finding fiducial markers willonly work if the lens height is correct, see "Writing Module height adjustment”
on page 22.

1. Select [FReg in the top bar.

2. Calculate the expected fiducial marker positions with reference to the top left of the substrate bounding box, see Fig-
ure 3-98.
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Top left corner of the
substrate bounding box

+43mm +lmm (step or x direction)

27.7

43

PE—

+1,25mm  +27mm

_I_

(scan or y direction)

Figure 3-98 Project position (I) and Fiducial position (r)
Note: Inthis case, with reference to top left of the substrate bounding box, the step (x) position of the marker is 43+1-
1=44mm, the scan (y) position is 27+1.25=28.25mm
1. Press in the top bar to open the Alignment window.
2. Press [gielple CYATe[alilelg)i on the left side of the window to open the search window.

3. Select [FeEEINI.

4. At [geEEINTeEilelgP% and [gllEEINTeEiel)RY (see Figure 3-99), fillin the expected fiducial marker position that you cal-
culated.

Ready

Projects History

Camera view Camera controls

s mm
Frontside +. -
Expo 55.00
Alignment - -

Save image

Area scan Positioning

Fidudials Ste : 0.0000 mm
de £ osition:  0.0000 mm

7

L1

Recipes

Move relative:
Step (N M pove
Scan mm

Settings

Fiducial detection

auto oetect: [
0 mm
Auto Center: .

ial Point Alignment Fiducial:

Fidudal Found: *
Detected position
Detected position

Fiducial 2 et substrate position

AZ1505500nmHo - P B Estimated Time 11:59:26 I e

16:11:33

Figure 3-99 Going towards marker position

A EEIMove to fiducialf

Note:The X and Y axes willnow move until the Writing Module that holds the alignment camera is at the fiducial
marker position.

6. Check if the Camera view window has the correct light intensity (light gray, see illustration above).

6.1. Ifthe screen intensity is not correct, go to and adapt the exposure time until the intensity is cor-
rect.
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Note:Typical camera exposure times are 50-100 ms for glass substrates and 10 ms for wafers.
7. If the fiducial marker is notimmediately visible, click on Iz, see Figure 3-100.
Note: The area scan activity is visible in the window.

Projects History Maintenance Alignment Settings

Camera view Camera controls

s
Exposure: ER0Y

5 mm
Frontside

Alignment

Positioning
Fiducials Step Po
Scan P
Vacuum

Recipes

Mave ve:
Step (N MM pove
Scan [ mm

Fiducial detection

Auto Detect: .
Auto Center: .

( Manual Fidudal Alignment ] Manual Point Alignment Fiducial:

Alignment mode: [RATCR-1L 13 Search area

125 mm

Fidudal postion y: mm

- Move to fiducial ~ Set substrat

Settings

AZ1505500nmHo - M Ps B8 Estimated Time 11:59:26 @

16:13:03

Figure 3-100 Area scan

Note: shows a wider area around the position that the camera moved to. It does not do active detection.
Every frame taken by the camera is approximately 1x1 mm, the maximum search range for Area scan can be
adjusted in the machine settings for alignment, see maximum composite size in "Alignment setting details” on
page 96.

7.1. During the Area scan, press @ if the marker is visible.
Note:When the fiducial marker is visible, the automatic detect system can be used, see the steps below.
8. Select the fiducial marker under from the drop down list.
9. Activate fiducial marker detection.
9.1. Pressthe checkbox.
9.2. Pressthe checkbox.

Note: [NEEEER automatically finds the (teached) fiducial marker. moves the anchor point of the fiducial
marker to the middle of the camera field.

10. Wait for the automatic detection system to find the fiducial marker and auto center on it.

11. Press Sie]f=YefeKiilo]a|.

Note:The green indicator will light up.

12. Select [gllilE1w.

13. Repeat step 3 "Select Fiducial 1." on the previous page untilstep 11.

What to do if the fiducial is not found

u  Checkif the substrate is placed correctly.
u  Make sure the fiducial position is filled in correctly.

m  Use the Position controls to move the camera around, do another Area scan at a different location.

[HEEAlign Substratel

The alignment results are shown in Figure 3-101
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Substrate Angle: -0.22
X: 16.34787

Y:41.73333

Figure 3-101 Alignment results

Calibrate fiducial marker offsets

Marker offset concept explained

On each layer, markers are used as a position reference. The markers are found by the alignment wizard, and because
exposure positions are known with reference to the markers, the exposure positions can be found by the step and scan
system. If two layers are exposed on top, in a perfect world, the second layer is exactly at the correct location. But in prac-
tice, there is a small deviation as shown in the example in Figure 3-102.

Layer 1 project design Layer 2 project design Layer 1+ Layer 2 Layer 1 + Layer 2
Alignment offset NOT calibrated  Alignment offset calibrated
o x
+ Le ) o
I
I
| Left Machine Right
I
I
I -
+ My +

Figure 3-102 2 layers exposed with and without alignment offset calibration

In Figure 3-102, an alignment offset is present in positive X and positive Y direction. This alignment offset is removed
applying fine align offsets in the fiducial marker recipe.

Adjust fiducial marker fine align offsets

Note: You have exposed a second layer that holds marks at well define locations and you have developed the substrate.

Note: Check substrate orientation with reference to the machine: You must know where the front and backside of the
machine is located with reference to your exposed projects.

1. Put the substrate under a microscope.
2. Search the markers that you exposed in the second exposure.

An example is shown in Figure 3-103.

10um

Figure 3-103 Correcting an alignment error of 10 and 12 micron

Note: By changing the fine align offset you are adjusting the relative location between the camera image and the laser
spot. In this example case the fine align offset should be changed to -10 um for Y and -12 uym for X. It will typically
take some iterations to get the best possible result.

3. Readout the marker displacements.

3.1. If needed, in the project design data, check known size and the expected location of the markers that were
exposed.

3.2. Using the microscope, determine the displacementin X and Y with reference to the expected location.
4. Determine the fine align offsetin Y of the markers.

4.1. Ifthe displacement in Y with reference to the expected location is towards the back of the machine, then the
marker offsetis negative.

4.2. If the displacement in Y with reference to the expected location is towards the front of the machine, then the
marker offset is positive.

5. Determine the align offset in X of the markers.
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5.1. If the displacement in X with reference to the expected location is towards the right of the machine, then the

marker offset is negative.

5.2. Ifthe displacementin Y with reference to the expected location is towards the left of the machine, then the

marker offset is positive.
6. Type the fine align offsets of the fiducial markers into the fiducial marker settings window:

6.1. Select [T
6.2. Select [FRENER.

6.3. At FEITEE, select the marker, see Figure 3-104.
3 o y - % Waiting
Projects History Maintenance Alignment Settings

Train Image

Frontside
Alignmen

Fiducials \

Recipes

Vacuum

Settings

Fiducial settings

Add Copy Remove

Estimated Time 00:01: 9

15:47:57

| 100mm Mask blank - 1.5 micron lak - 6inch Alignment - il

Figure 3-104 Importing marker files

6.4. Under [gEEICeiEEY, add the newly found offset values to them and type the new values.
6.5. Press BN

Note: Ifthe fine align offsets measured by microscope are larger than 10um, it is recommended to repeat the alignment

offset calibration.

Marker free alignment using the Overlay tool

The Overlay toolis used to do a manual alignment of a position within a selected project to an existing projectimage on

the substrate. The Overlay tool does not need trained markers.
1. Select [ZREER in the top bar, see Figure 3-105.
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Not Operational

Projects History Alignment Seftings 1
(Axis not in default positi

[*] Exposure calibration
2% Recent projects
™ Import
=7 Local folder (1807.8GB free)
= Al
=7 Anna
= FAT
=7 Pura

Vacuum

New Folder Delete Update

Projects o}
RESOLUTION TEST 2023-09
FAT Array 10x 2023-08
FAT_new_L2+L3 dose 2023-09
FAT 25 x 2023-08
FAT_new_LO_fiducial 2023-08
FAT_new_L1_halfVernier_45mJ 2023-0S
0.2x1 2023-09
1x0.2 2023-08

r..m e AE ELEE

Open Copy Delete  Advanced

Sq 125 - CEM_dose - Estimated Time 02:34:10 9

12:26:41

Figure 3-105 Project window

2. Select the project that you want to fine position and write.
3. Press XTI in the top bar to open the Alignment window, (see Figure 3-106).

Not Operational ’

Projects History Maintenance Alignment Settings ‘
not in default pos )

Camera view Camera controls

3 1.8 mm
-8 -
b Exposure: X0
Alignment

Save image

Area scan Positioning

Fiducials . Step Posi 104.6594 mm
T Draw mode Scan Po 57.4129 mm

koo =

(R
Move relative:
Step CNEEI mm 00

Scan R mm
Fiducial detection

5 Auto Detect: .
omm |
Auto Center: .
{ Manual Fiducial Alignment ) Manual Point Alignment Fiducial:
Alignment mode: Search fiducial o
m Faucl positon x: [N on X: 0.0 ym

Fiducial positon y: CHNN mm Detected position Y: 0.0 pm
- Move to fiducial Set substrate position

Vacuum

Recipes

Settings

13:18:10

Figure 3-106 Going towards marker position

N

. Press |gielpleie EYAe[alilelg) on the left side of the window to open the search window.

5. If the area of the substrate to go to is known, move your camera towardsiit:

5.1. At [gEOEENsIerilel B and [FleleE Nl ilelaRY (see Figure 3-106), fill in the known position that the camera must go
to.
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5.2. Press |We\CRGRileo[UeF] .

Note:The XandY axes willnow move until the Writing Module that holds the alignment camera is at the position
you filled in.

6. Press [QYEEY. The [FIedaray window becomes visible, see Figure 3-107.

Project preview
1. Region |
Black square, part

. of marker Black square,
part of marker
2. Overlay

Zoom area

Part of cross

Cancel

Figure 3-107 Project preview window

The |[gEERIEVEN window shows the projectimage, NOT the alignment camera image. The [golEafoIEYEY window
is used to select the part of the project that should be aligned to a part of the existing image on the substrate. The project
shown in Figure 3-107 is actually a marker.

On the left side, the light red zoom area can be moved to select a part of the project. The selected area is zoomed in on
the right side. The darkred square on the left top side is actually a square that belongs to the marker. The light red colour
of the zoom area makes it become dark red. For larger projects, the zoom area has a size of 2mmx2mm. For projects
smaller than 2mmx2mm, the zoom area is automatically made smaller.

7. Move the zoom area to select a project part, use the methods below:
7.1. Press @331 to move the zoom section to the center of the project.
7.2. Click the left mouse button and drag the zoom section.
8. Press\IBX or press the button to go to the window, see Figure 3-108.
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Live image:

e e=aneclllTTTY ﬂ
(1117 [l %

Zoom area as |
2. Overlay selected before |

(i

Scan Position:  57.4129 mm
Step Position: 104.6594 mm

Figure 3-108 Project preview window

Figure 3-108 shows the zoom area that you selected in Figure 3-107.
9. Move the camera towards the required substrate position:
9.1. Use the arrow buttons at [FeSITelaae-
9.2. At, adapt the camera light level.
10. Move the project towards the required position using actions listed below:
10.1.Use to adapt the transparency of the light red block.
10.2. Use your mouse Scoll button to zoom with reference to the middle of the camera image.
10.3. Use the left mouse button and drag the project.
10.4. Pressto put the project in the middle of the cameraimage.
11. Press to add the project with the newly found positions into the exposure queue.

Note: The general project settings are not changed, only the setting in the active queue.

Note: If needed, make a project queue, see "Queueing multiple projects” on page 84.
1. Make sure all projects are in the desired position on the substrate, see Figure 3-109.
2. Activate the vacuum by pressing the vacuum button on the screen or on the front panel .

Note: The button on the machine will blink blue while the vacuum is building up. When the light is constant, the vacuum
sealis activated correctly.

3. To start the project or, if present, the project queue, press the Start button, see Figure 3-109
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Projects History Maintenance Settings

[""] Diagnostics

[EW Recent projects

=7 Local folder (99.7GB free)
& Network folder

294 . Project positionY I

a

Update
Vacuum

Projects Project position X

[resstesr

Intensity test 3 Start button
Analog power test

Exposure test

Open Copy Delete  Advanced
405nm WM021

Sqr glass 125 i High Resolution 2~ Estimated Time 00:07:10 9

10:56:53

Figure 3-109 Starting a project queue

The project willload and do a pre-writing check. When this check is passed the project will load into the buffer and start
writing.

The status of the exposure can be viewed while the exposure is progressing, see Figure 3-110.

Projects History Maintenance Settings

Status
message

Time

o Progress
remaining

405nm WM021

Time remaining: 00:05:28 Progress:

Master 10:17:03

Figure 3-110 Project in progress

If a queue is running, queue status information can be viewed, see Figure 3-111.
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Completed

Currentlyin
progress

Awaitingin
queue

Time remaining of

current project Delete

Time remaining: 00:06:56 Progress:

Figure 3-111 Queue in progress
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Items in Queue: 2

Progress of current
project

Master 10:34:06

Note: In case you have to do an intermediate stop, see "Intermediate stopping of a project” on page 85.

4. Check that the projectis done, see Figure 3-112.

Projects History Maintenance Settings

Project done

405nm WMO021

Time remaining: 00

Figure 3-112 Project done

5. Press Stop to move the axes to the home position.

:00 Progress: 100.0 %

Vacuum

-
O

Master 10:22:40

6. Either start a new project on the same substrate, or remove the substrate, see "Removing the substrate" on

page 85.
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7. After a project (queue) has finished, the Recent projects folder is emptied, with the number of files remaining as
defined in the machine settings, according to first in, first out.

Queueing multiple projects

Adding projects to a queue allows the user to expose many projects without having to manually start the next project.
When the project is completed, the PICOMASTER will automatically start the next one until the whole queue is com-
pleted.

An example of a project queue is shown in Figure 3-113.

Projects | History Maintenance Settings

["] Diagnostics

W Recent projects

== Local folder (99.7GB free)
& Network folder

Show / Hide
queue
Fine tune project

Projects Date
Focus test Items in Queue: 3 =

Analog power test Name Type Duration  Recipe
Exposure test Current Focus Test D 00:04:13 New Recipe
Queue Analog power Test D 44 New Recipe
Exposure Test 1] 12:15 New Recipe
Add current Delete selected Change position
project to e X
proj inqueue
queue

= i v
Open Copy Delete  Advanced Add Delete Export A Y g% Total time: 00:24:10

‘ Sqr glass 125 High Resolution 2 - Export/import Estimated Time 00:05:01 9

project queue

10:58:59

Figure 3-113 Project queue example

Making a new queue

1. To add a project to the queue, first find and position the project you wish to add, see "Selecting the project” on
page 40.

2.Use to import a project into the queue from any location.

Note: The button changes to [2%38a4 when the queue contains one or more projects.

3. When the project is selected and positioned in the preview window, open the queue tab by pressing the show/hide
queue button =

4. CIickm to insert the project into the queue.

Note: When a project has been added to the queue, itis no longer possible to displace it on the substrate.

5. Click B to delete a project from the queue.

6. Repeat these steps for as many projects as required.

Note: Projects added in the queue receive an outline in the preview window. The currently selected project (in the
queue) has a blue outline, the others have a red outline.

7. Press the show/hide queue button E to hide the project queue.
Note: The queue is automatically saved when closing the window.
Changing the queue

1. To delete an item from the queue, select itin the listand press DEEG.

2. Todelete the whole queue, click the trash can icon at the bottom right of the queue tab.

3. To change the order of the queue, select a project and use the n and ﬂ buttons to move the item up or down.
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Project fine tuning

For a projectin the queue, exposure values can be fine tuned.

Note: Fine tuning is only applicable for the project that is open; no values willbe saved in any recipe.

1. Pressthe E] button to open the project fine tuning window, see Figure 3-114.

Focus Test

Required power: uw
RGP 14.508333 mm ST I .
h)

Exposure energy: [T mifem2 ~)Show advanced settings

Focus offset: v PWM mode:
Cydle: tick
Step resolution: & nm PWM Cydle: _

Position Y: B8 mm

Spot size: nm Laser warrm .
Scan speed: mm/s Threshold inhibit:

Auto Attenuation: High quality mode: .
Attenuation: X

Cancel

Figure 3-114 Project fine tuning window

2. Ifrequired, adjust the project position on the substrate.
3. Ifrequired, adjust the settings, see "Making an exposure recipe"” on page 44.

4. Ifrequired, press SllVERVERIEEEEIE. and adjust the advanced settings, see "Making an exposure recipe"
on page 44.

5.Press to save the adjusted values.

3.7.2 Intermediate stopping of a project

Note: Stopping a project does NOT deactivate the vacuum. This has to be done separately.

Press the Stop button.

"

Note: After Stop is pressed a Restart button appears.

3.7.3 Removing the substrate
Note: Removing the substrate from the PICOMASTER is the reverse of installing the substrate.
1. Unlock the window of the PICOMASTER by pressing the Unlock button on the front panel.
Note: The button willlight up green when the window is unlocked.
2. Release the vacuum by pressing the vacuum button on the front panel.
Note: The blue light around the button will turn off once the vacuum is no longer active.

3. Carefully lift the substrate from the vacuum chuck.
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4 Additional Service Information

This chapter gives information on the subjects listed below:
For basic machine control, see "Low level control™ below.

Setting machine constants can be found in "Adjust machine settings " on page 90 and in "Adjust alignment set-
tings " on page 95.

Logged can be viewed in "Checking project and event history"” on page 97.
Information on the file systemsis available in "Folder and project names" on page 101.

Genericinformation on the buttons in the recipe editorsis available in "Recipe editor generic information" on
page 103.

Obtaining and using a software key can be found in "Using a software key" on page 104.

Periodic maintenance for the PICOMASTER is described in "Periodic Maintenance™ on page 104.

4.1 Low level control

Low level control can be done for:
B Laser: see "Writing Laser manual control” below.
B Apertures: see "Aperture and attenuator control” on page 88.

B Motion: see "Basic motion control” on page 89.

4.1.1 Writing Laser manual control

The writing laser can be accessed by pressing and then [IEES;.
The writing laser settings can be divided into three sections, see Figure 4-1.

Waiting

Projects History Maintenance Settings

5 Fast Exposure  Threshold Base Laser Manual laser
Motion Dac Current  Current Current current Turn all on controls,
@—X)—¢,) _@_D>’_l Tum all off
® © @

Apertures *® BN % 128 mA 613 mA 2.9mA

Attenuation: DULITIGCH I Move to Setting apertures

pree Low Resolution -~ Move to

Measured Intensity:
0w Vacuum
33.5°C
Focus

Sweep Laser calibration

Ithreshold:  61.6 mA
Sweep temp: 33.93 °

Ma 249 pW
Max current:  93.5 mA

Set threshold
eas dr:f’aunltL ‘ Threshold current

Calibrate

40 60 80
Current (mA) Zoom threshold

‘ Sar glass 125 - 180nm S1818- 0.5 - Estimated Time 00:00:00

Master

Figure 4-1 Laser manual control page

Manual laser controls

When giving laser command under the maintenance tab while doing any manual actions within the vicinity of the Writing
Module, mind the below safety remark:
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A

The buttons IITTEITY and IREIE activate and deactivate the laser.

The setting decides how much of the exposure currentis active. On is 100%, Off is 0% or any specific value
between 0 and 100%.

Setting Apertures
1. At [NTIIVETRY] and [NERMIE, select the required aperture from the drop down list.

2. Press [JEXG.
Detect and set threshold current

The threshold is the current above which the laser is active. These settings allow the user to perform a sweep of the writ-
ing laser power and set the threshold current.

1. Press B to start a writing laser power sweep.

2. Wait for the values to update.

ERHEENSet threshold as default

4. Activate el Rigl=Ellellel to inspect the threshold area in the graph in detail.

4.1. Ifrequired, manually type the threshold current into the advanced machine settings, see "Adjust machine set-
tings " on page 90.

Compensating for temperature drift

Note: For the bestresults, run this test when turning on the machine after half an hour of being off.

To compensate for the temperature the calibration takes two measurements and checks for the difference in current
while measuring the actual temperature of the Writing Module.

1. Press(®EIIJEIE to start the test.
The test window is shown in Figure 4-2.

Live

WM Temperature E Current

Blue laser power 18 pw measurement
Blue laser current 2224 mA values

Measurement 1
WM Temperature
Blue laser power
Blue las

Sweep

Saved
Measurement 2 measurement
WM Ter

Blue lase

Blue laser current

Sweep TH current

Result

Current gain 0.00 mA/°C Change per
Sweep Current gain 0.00 mA/°C degree

Exposure Voltage

Duration

Exposure
voltage and
Progress: test duration

Start =53

Figure 4-2 Threshold calibration settings

2. Type the test values:
2.1. BRI ENENEIERE: between 1and 10V
2.2. BIETR: 10 - 20 minutes (600 - 1200 seconds)
3. Press[FJEIf to initiate the calibration.
4. Wait for the calibration to finish.
5.Press BN

Note: The measurements take as long as the entered duration.
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Aperture and attenuator control

For aperture and the attenuator explanations, see "Writing Module" on page 5.

Open apertures control window

1. Select VENENENeS in the top bar.
2. Select [FTIUIEE in the side bar.

The window is shown in Figure 4-3.

Projects Maintenance Settings

Aperture

Enabled: off
Calibrated:

Motion

Home

Home sensor
Go to target
Apertures
8 - +

Target: n

Position: 5.576 mm

Axis Error: ®
Axis Warning: *
Focus
Switch positions
Aperture:

Waiting

Attenuator

Enabled: Off
Calibrated:

Home
Home sensor

Go to target

+

Target: n

18.500 mm

Vacuum

Position:

Axis Error: .
Axis Warning: *

Switch positions

Swich to present
jposition

Attenuator;
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Maximum lable Intensity

Intensity table

AZ1505 300nm_FA -

Estimated Time 00:24:28 9

14:12:36

|

Figure 4-3 Aperture and attenuator control window

Aperture or attenuator low level control
1. Enable a motor by clicking
2. Home the motor by clicking

3. Apply the required changes to the aperture or the attenuator using one of the techniques below:

3.1. Type the value at IRl and click [CRTY el
3.2. Use the Jogging buttons.

4. After moving to a desired settings, cIickEﬁ to disable the motors.
Reset error state
Press [

Switch the aperture and attenuator to a preset position
1. AtENEITERIENE, select the required aperture from the drop down list.

2. Press [JVEXGE.
Intensity table

The intensity reduction for different combinations of aperture and attenuator settings is shown in the intensity table.
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Basic motion control

Enable and initialize motors
Note: Before any of the parts inside the machine can move, the related actuators have to be initialized.
1. Select in the top bar, see Figure 4-4.

, ) g Waiting
Projects History Maintenance Settings N -  >nmK W
Step Axis Scan Axis Air pressure
Motion Enabled - Enabled () Air Pressure: @)
Calibrated [ Calibrated ()

Home sensor Home sensor

Apertures Target: n Target: n

Go to target Go to target

T . " T . " Vacuum
Position:  0.000 mm Position: ~ 0.000 mm
Axis Error: - Axis Error: -

Axis Warning: *
Focus

‘ AZ1505 300nm _FA - Estimated Time 00:24:28 @

14:11:38

Figure 4-4 Motion control window

2. Select [JIIH in the side bar.
3. Enable a motor by clicking @
4. Initialize the motors by clicking [Iils-
The linear motor will move the substrate table to the home sensor position:
W Atthe back side of the machine axis for the scan axis.
m Atthe left side of the machine of the step axis.

5. Press [IR%R to automatically move the Writing Module to the home position (the origin of the machine coordinate
system, see "Machine coordinate system” on page 8).
Go to the center of the substrate

SEGo to center}

Note: This center is defined in the substrate recipe.

Disabling motors

Click [8]fj to disable the motors.

Note: The motor will stay calibrated until the PICOMASTER is turned off.
Moving the motors to a preset position

1. Enter Target position in mm.
Remark: Up to three decimal places are supported [0.000].
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2. Click SRS
Moving the motors by jogging

1. Use the Jog buttons to move the motor.
2.1. Click |l to increase the position.
2.2. Click [ to decrease the position.

Adjust machine settings

—

(0 Notice: Risk of production loss. Changing machine settings without proper under-
b

) standing the impact could severely influence the output quality and/or the stability of
~—" the equipment.

The machine setting window are shown in Figure 4-5.

1. Press EISUMEE in the top bar.

2. Press ETSUNNE left bar.

3. If needed, activate RN R R aier, see Figure 4-6.
4. Ifrequired, adjust settings, see setting details below.

5. Press B
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Machine settings

PicoMaster settings for module 097

“ Default exposure recipe settings

Laser power PWM
Laser power PWM cycle
Laser warmup

Scan resolution

Scan Speed

Single Direction Writing
Threshold current inhibit
ocus Error skipping
Enable Skipping

Skip distance [um]
Trigger

-ocus settings

Disable focus check for XL Laser

Disable Hmap Fixed mode
-olders
Local root path to projects
Network path to projects
Path to library store

“ Localization
Language

“ Misc
Auto Home Z-axis
Enable Marker Menu
Sean axis Commutation Offset
Scan axis SN

“ Motion
Stabilize Length
Motion verification
AbortOnPeakError
AbortOnRMSErrer
MaximumRMSError

Off

2

40

400 mm/sec
m}

m}

[m]
10
100

m]
[m]

D:\Projects\ProjectFolder
D:\Libraries

English

m}

6300000
23131391

1

m}
200

Figure 4-5 Machine settings

Default exposure recipe settings
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laser power PWM: Power Width Modulation: Laser on/off modulation, has a similar effect as attenuation. Dis-
advantage: loss of resolution in the scan direction. Advantage: for very low doses with maximum attenuation, the

PWM mode can further reduce the dose.

Laser power PWM cycle: Ratio between PWM laser off and on. Example: factor 3 means: each 3 time inter-

vals, the laser is on for during 1 interval and off during 2 intervals.

Laser warmup: When activated, the laser threshold current is turned on as soon as the scan axis reaches 50%

of it's max speed.

Some resists are very sensitive, even for low doses. As the laser might show some minor intensity instability in
the first hundreds of milliseconds after turning on due to heating up of the laser, the resulting structures might

vary slightly from the beginning to the end of the scan stroke. Turning the threshold current on, before the

actualimage is started reduces this variation. However, when the threshold current is selected too high, there

will be a visible exposed area outside the image area. The laser inhibit setting is only active where the actual

image is written. Outside the image area, this setting has no influence. The Laser warmup setting determines
the behavior of the laser outside the image area.

Scan resolution: (read only) the distance the scan axis travels during 1 laser period.
Note: The scan resolution is reversely proportional to the PWM cycle.
Scan Speed: The speed at which the Scan axis moves during a project.

Single Direction Writing: If Single Direction Writing is enabled, the PICOMASTER will only write with the step
axis moving in one direction.

Note: This setting willdouble the time it takes to write a project.
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Threshold current inhibit: When turned off, the laser threshold current is turned on during the exposure of
the whole image.

This might affect areas where no data is supposed to be written, as some photo resists are very sensitive, even
for very low doses.

The laser inhibit setting is only active where the actual image is written. Outside the image area, this setting has
no influence. The Laser warmup setting determines the behavior of the laser outside the image area.

Focus Error skipping

Enable Skipping: Switch on the feature to skip focus errors. This means that after a specific consecutive
amount of focus detection errors, the step axis gets a specified skipping distance.
Note: Note that a small part of the project s lost.

Skip distance [pm]: Distance in step direction during skipping action.

Trigger: Number of consecutive focus errors that trigger a skipping action.

Focus settings

Disable focus check for XL Laser: disable the height check for the XL laser if the substrate surface is too
rough for measurement by the automatic focus correction system. Use the manual (motorized) height adjust-
ment to set the laser height.

Disable Hmap Fixed mode: when selected, at the start of a project, instead of measuring a height map, it only
measures the height at the center of the substrate. This setting should only use used in special cases. For
example when writing extremely close to the edge of a 8x8mm wafer chip.

Folders
Changes made to these settings require a restart of the PICOMASTER application.

Local root path to projects: (Default: C:\) Sets the path to the local folder (folder on a local hard drive) where
the project browser will scan for project folders.

Network root path to projects: Default: Sets the path to the network folder where the project browser will
scan for project folders. The network folder needs to be shared with the proper credentials set within windows.

Path to library store: Sets the path to the Project Manager libraries.

Localization

Language: the language of the user interface.

Machine settings

Auto Init Motion: When turned on, all axis will be initialized when the machine is turned on.
Note: This will cause all axes to move by itself when the machine is powered on.

Misc

Auto Home Z-axis: enable the automatic movement of the Z-axis to the home position after exposing a project.

Enable Marker Menu: enable the additional projects marker option in the software.

Motion

Stabilize Length: The length in mm between the acceleration part and the constant velocity part. This part of
the axis needs to stabilize before starting to write data.

Motion verification

AbortOnPeakError: activate to stop exposure when peak outside range is detected.
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Abort OnRMSError: activate to stop exposure when position error RMS value exceeds maximum RMS error,
see below.

MaximumRMSError: maximum allowed RMS error during axes motion.
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[« Air Pressure

Air pressure valve available

Turn off pressure after exposure [
« Application Settings

Number of recent projects 1
“ Axis calibration
Axis calibration file =
Axis skew calibration 4.16E-06
LeftRight Line Offset 0
Start axis calibration Start calibration
“ Blue Laser Threshold Settings
Current Gain [mA/deg] 0.159
Reference temperature 30.85
Threshold current [mA] 2041
“ Extra large spot laser settings @
Current Gain [mA/deg] 0.15
Reference temperature 31.07
Threshold current [mA] 27.54
4 Machine properties
Idle VC veltage 2
Optical Module 071

Work Area Height 240
Work Are th 240

4 Machine settings

“ Misc

“ Scanning motion
Acceleratior 6400
Adaptive FF Jerk 600000
AdaptiveFeedForward I3}
Jerk 180000
Stabilize Length 1

“ Software
HMI Version 2018.01.01
PLC Version 8.10.8

Figure 4-6 Advanced machine settings
Air Pressure

Air pressure valve available: (read only) message that (optional) servo valve for air pressure is present.

Turn off pressure after exposure: if above servo valve (option) is present, automatically turns off the air pres-
sure after each exposure.

Application settings

Number of recent projects: Sets the number of projects stored in the recent projects folder.
Note: A copy of the last started project is made and placed in the recent projects folder. Large projectsand a
high number of recent projects may use a large amount of hard disk space.

Axis calibration
Axis calibration file: file that contains axis calibration data (file made by Raith Laser Systems BV).
Axis skew calibration: Skew angle in radians.

LeftRight Line Offset: Shifts the Left to Right line to correct for offset between both motions. Offset in nano-
meter [nm].

Start axis calibration: button that starts the axis calibration procedure (uses special calibration tools to be put
on the chuck).

Blue Laser Threshold Settings

Current gain [mA/deg]: Change in threshold current per degree temperature difference.

Reference temperature: Reference temperature at which the threshold current was determined.
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Threshold current: The currentin mA to use as laser threshold.

Extra large spot laser settings

Current gain [mA/deg]: similar as above, but for the XL laser if installed.
Reference temperature: similar as above, but for the XL laser if installed.

Threshold current: similar as above, but for the XL laser if installed.

Machine properties
Idle VC voltage:

Writing Module: The serial number of the currently installed Writing Module
Work Area Height: maximum Y (scan) axis range.

Work Area Width: maximum Y (scan) axis range.

Machine settings
Misc

Motion

Stabilize Length: The length in mm, between the acceleration part and the constant velocity part. This part the
axis needs to stabilize before starting to write data.

Scanning motion

Acceleration: Acceleration for scan movement [mm/s?].

Adaptive FF Jerk: enables the adaptive feed forward jerk. Adaptive feed forward jerk is used to decrease the
tracking error. This allows a higher jerk to be set for the machine.

AdaptiveFeedForward: Enables the adaptive FF Jerk and the get to speed action of the machine.
Jerk: Jerk for scan movement [mm/s3].

Stabilize Length: The length in mm between the acceleration part and the constant velocity part. This part of
the axis needs to stabilize before starting to write data.

Software
HMI Version: installed software version.

PLC Version: installed machine code version.

®

1. Press [HIMEM in the top bar.

2. Press SEuleE left bar.
3. Ifrequired, adjust settings as explained below.

Note: Changed values are automatically saved.
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+ Backside Left Camera
¢+ Backside Right Camera
“ FrontSide Camera

Calibration angle 0

Camera offset X (mm) 22.9913

Camera offset ¥ (mm) -0.0648

Camera pixelsize 1

Default exposure 55

Draw offset X (mm) 0

Draw offset Y (mm) 0

D 4104322473 -
“ Misc

ApplyCameraRotationInDisplay
CalibrationSubstrateThickness 0

Maximum composite size 9
Maximum fiducial offset 3000000
4 Movement
Jog speed 0.2
Stepsize 1
“ Overview Camera
D ¥

Figure 4-7 Alignment settings
Backside Left Camera (optional)
Backside Right Camera (optional)

FrontSide Camera

Camera offset X (mm): Offset in stepping direction between camera center and writing position.
Camera offset Y (mm): Offset in scanning direction between camera center and writing position.
Camera pixelsize: the size on the substrate that corresponds to a camera pixel.

Default exposure: exposure time in ms.

Draw offset X (mm): additional alignment offset in X that is applied when using the drawing mode or overlay pro-
ject mode.

Draw offset Y (mm): additional alignment offset in X that is applied when using the drawing mode or overlay pro-
ject mode.

ID: unique indentifier for the camera.
Misc
ApplyCameraRotationInDisplay: when selected, the alignment camera rotation angle is already applied in

the camera image (before the fiducial detection) When deselected, the camera angle is only corrected when
using the drawing mode.

Maximum composite size: length and width of the image used in the area scan, for example 3 corresponds to
a 3x3 camera images in the area scan.
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Maximum fiducial offset: maximum distance that a fiducial marker is allowed to be from the expected position
alignment.

Movement
Jog speed: [mm/s] speed the stage moves at in the jogging mode during manual alignment.

Step size: [mm] the size of each step in the step mode.

4.4 Checking project and event history

The window is shown in Figure 4-8.

_ 4 ) Waiting
Projects Hi Maintenance Settings N J

= Day; (TN 8/21/2018

Message
WM temperatt
WM temperatt
wm

Date and time Number if times error
occures within 10s

Vacuum
Temperature

-

‘ Sorglass 125 - WS 180nm S1818-0.5 - > Estimated Time 00:00:00 e

Master 10:45:55

Figure 4-8 Project and event history

The history pages provide information on the PICOMASTER system for a selected time frame. The data stored will be
available to the users for the lifetime of the machine.

1. To open the history selection window, select [JEStg) in the top bar.

2. In the history windows for projects, errors and events, you can set the time frame by number of days, date, or select
the current day, see Figure 4-9.

Days of history dd / mm / yyyy Today
+ - Days up till Now

Figure 4-9 History time frame selection

4.4.1 Check project history

1. Ifthe projects history is not yet open, select [Flfae.
The projects history is shown in Figure 4-10.
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Projects

Errors

Events

Temperature

History Maintenance Settings

EERT R 12/17/2020 Details

Started Finished Projects

Project name

Project started: Projectfinished:
gl Dateandtime [ Date and time

12/07/2020

12/07/2( Vacuum
12/06/2020 1

12/04/2

12/04/2020 14:43 /04/2020 Analog power test

Figure 4-10 Project history

2. Double click a project to show the project details, see Figure 4-11.

Details

Temperature

Small plus 0 5

ject Information
Stat
Started:
Finished: 12/15/2020 08:46:59
Sub: 4 Inch wafer
Exposure recipe: Brun
ition: 49.25,19.25 mm
5 0.6.0.6 mm

Laser

Ex ure dose: 70 m)/em?
Wirite power: 21.0 pW
Threshold current: 40.1 mA

Startup temperature: 4.7 °C
Resolution: High Resalution
Attenuation: High Reduction

R
7V
110.0 pw

200.0 mm/s
150 nm
1 mm

Figure 4-11 Project details window

2.1. In the Details window, click BISEIE to see all the key data of the project.

2.2. Click I SEIE to see the temperature data for the project, see Figure 4-12. Data are given for the Writing
Module and the machine air intake.
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Temperature log

Details Temperature Log

— Machine intake
— Writing medule

Temperature

08:42 08:43
Time

Figure 4-12 Temperature data

2.3. If Hybrid or Fixed focus control mode is used (see "Automatic Focus control settings" on page 35), click
m to see a height map of the substrate, see Figure 4-13.

4 BN
Substrate height measurement

Substrate height map

Temperature

Substrate

Figure 4-13 Substrate height map

4.4.2 Error log

When an error occurs it is shown in the Error tab on the top right of the page. These errors are stored and are available
inthe Error page.

If the same error occurs within 10 seconds it willincrease the count instead of registering a new error.

1. Ifthe error window is not yet open, select [Ffg-

The error window is shown in Figure 4-14.
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Waiting

Projects History Maintenance Settings

Days up till Now

Message Count
WM temperal
WM temperatura ou
WM temperature out of range.
WM temperature out of range.
Date and time Number if times error
occureswithin 10s

Events

Vacuum

Temperature

Estimated Time 00:00:00

Sqr glass 125 - 180nm 51818- 0.5 - AlignmentTest M -

Figure 4-14 Error log

Event log

Any changes made to a project or settings inside a project or the PICOMASTER will appear in the Event log.

1. If the event window is not yet open, select (SIS,
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The Eventlog shows what properties were changed along with the previous and current values, see Figure 4-15

Waiting

Projects History Maintenance Settings

Changed

ke dis + = Days up till FIZAVENRE]

Tt idCurrent.

ReferenceThi

Event properties
ReferenceThresholdTemp

Events

Vacuum

Temperature

Estimated Time 00:00:00 9

Master 10:46:15

Sqr glass 125 > 180nm S1818- 0.5 - AlignmentTest M -

Figure 4-15 Event history
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4.5
45.1

Temperature log

There are two temperature probes inside the machine, one at the writing laser and one at the air intake. The tem-
perature page plots these two values in a graph.

1. If the temperature window is not yet open, select [Nz
The temperature log is shown in Figure 4-16.

, g y . Waiting
Projects Maintenance Alignment Settings
Temperature

Machine intake: ~ 26.6 °C Reset zoom
Writing module:  33.5 °C

Temperature Log

Vacuum

Temperature \

‘ Sorglass 125 - NS 180nm 51818-0.5 - > Estimated Time 00:00:00

Figure 4-16 Environment log

2. Use the scrollwheel to zoom in and out.
Note: The values only update when the PICOMASTER software is running.

Folder and project names

Project Browser

RAITH
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The Project Browser is a tool within the PICOMASTER operating software where the operator can find, manage and
start projects. The overview will show all available folders. These folders may include network locations as well as remov-

able devices.
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Projects History Maintenance

[ ] Diagnostics Available
W Recent projects < Folders

== Local folder (127.9GB free)

Update

Project
Focus test Projects within
Intensity test _ selected folder
Analog power test

Figure 4-17 Project Browser

Removable devices

Removable devices are automatically shown in the list of Folders.

Note: Some USB drives are not recognized as a removable drive and will therefore not show up in the folder list.

Network folder

Within the advanced machine settings (see "Adjust machine settings " on page 90), you can configure a pathto a
network folder (shared folder) on a server or remote PC. The PICOMASTER will scan this folder for projects. This allow
designers to create projects remotely and let operators pull projects from the remote server.

Projects

The PICOMASTER organizes projects in folder structures. Each project is stored in it's own folder. The project folder
name always starts with 'PROJECT_', followed by the name of the project.
Within the project folder all source files are stored. These include the original bitmaps, GDSII or other files.

The folder will also contain a file named 'project.4pp’. This file stores all settings made by the designer with the Project
Manager.

Note: When manually moving a project, make sure you copy or move the entire folder.

Folders

All projects must be stored in folders.with names that start with'FOLDER_".

Note: The PICOMASTER and Project Manager will only look for proects and subfolders within folders with names that
start with 'FOLDER_".
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—
(:..)v . » Computer » Local Disk (C:) » FOLDER_PROJECTS »

Organize + Include in library = Share with = Burn Mew folder
. % MName : Date modified Type Size
=
| .. FOLDER_Last years projects 30-Mar-17 12:28 File folder
.| .. FOLDER_MyProjects 30-Mar-17 12:28 File folder
| .. Project_TiffTest 02-Aug-1616:21 File folder

Figure 4-18 Folders with the correct names

Special Folders
There are two special folders. The Diagnostics folder and the recent projects folder.

Diagnostics folder: This folder contains special projects which can help the operator to determine optimum pro-
m cess parameters. The folder is simulated by the software and does not actually exists. Projects cannot be added to
or removed from this folder.

Recent Projects folder: The recent projects folder stores a copy of the last started projects. The number of pro-
jects stored can be set in the machine settings, see "Adjust machine settings " on page 90.

Recipe editor generic information

AllRecipe Editors have the following functions in common:
= JE]: Adds a new recipe. A valid name has to be assigned to the recipe.

= [ Copy the selected recipe.
= I Remove recipe.

AllRecipe Editor Settings windows have the following functions in common:

m BEWE: Save the changes to the recipe parameters. For existing recipes, this button is only active if one or more recipe
settings have been changed.

= [6ENFE: Cancel any changes made to the recipe parameters.

The active recipe is marked by a green check mark, see Figure 4-19. Changing the selected recipe willimmediately
affect the next job. The current running job will not be affected.

.Sqrg

Figure 4-19 Active recipe

There are multiple ways to change the selected recipe. You can select the active recipe within the recipe editor boxes, or
on the quick selection bar in the bottom of the main screen, see Figure 4-20.

Substrate Exposure Alignment
Recipes Recipes Recipes
S —

Sqr glass 125 = 180nm S1818 > Estimated time: 00:00:00

Figure 4-20 Quick recipe selection bar
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Using a software key

Every PICOMASTER system is equipped with a software key which the PICOMASTER system uses to determine the
installed options and time limitations on certain features.

Key data can only be obtained from Raith Laser Systems BV.

How to apply for a new key

1. Press SRR in the top bar.

2. PressFTILE left bar.

3. Inserta USB drive into the PICOMASTER system.

4.Presthe button under [[EYIBETE] in the right top part of the window.
5. The current key file willbe copied to the USB drive.

6. Locate the key file on your USB drive. The file name has the following convention: PMxxxx.key, where xxx is replaced
with date and time info.

7. Send this file to Raith Laser Systems BV.

Set a new key

1. Press EEUEE in the top bar.

2. Press SIUINE left bar.

3. Inserta USB drive into the PICOMASTER system.

4. When you have received a key file from your supplier, you can copy it to a USB drive and insert the drive into the
PICOMASTER system.

5. Press the |ReELNGAIIE button under {EYABEIE! in the right top part of the window, see Figure 4-21

Key Data

Remail
Current key:

New key:

Load keyfile Export key

Figure 4-21 Key fill-in window part

6. The PICOMASTER system will search for the most recent key file on the USB drive and load the key file automatically.
7. When the new key is valid, the m button will be enabled.

8. Press the [JJ button to activate the new key.

Note: Changes made to this setting require a restart of the PICOMASTER application.

Periodic Maintenance

Periodic maintenance for the PICOMASTER concerns HEPA filter replacements and pressurized air filter checks.

Replace HEPA filters

Interval: depending on air input cleanliness and on air input flow, guideline: 2 years.

Note: Work clean while replacing the filters. Preferably use gloves.

1. Find the filter housing, see Figure 4-22.
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Filter housing

Figure 4-22 HEPA filter location

2. If present, remove the air input hose.
3. Remove the air input housing:
3.1. Hold the air input housing by hand.

3.2. Remove the nine screws from the housing, see Figure 4-23.

Filter housing screw
{x9)

Figure 4-23 Removing the air input housing

3.3. Remove the air input housing.

4. Remove the machine upper back panelincluding the white flange and the internal HEPA filter housing, see Figure 4-
24.
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Back panel screw
(x16)

Flange

Figure 4-24 Removing the back panel

4.1. Hold the back panel by the flange edge.
4.2. Remove the 16 screws from the back panel.
4.3. Remove the back panel.

4.4. Remove the grounding connection Figure 4-25.

Grounding
connection

Figure 4-25 Grounding connection

4.5. Put the back panel with the HEPA filter housing facing upward on a clean table.
5. Replace the HEPA filter:

5.1. Remove the screws of the HEPA filter housing, see Figure 4-26.
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Filter housing screw
(x8)

Figure 4-26 Removing the filter housing

5.2. Remove the filter housing.
5.3. Remove the old filter and dispose of it according to local regulations.

5.4. Install the new filter, see Figure 4-27.

Figure 4-27 Replacing the HEPA filter

5.5. Install the filter housing on top of the HEPA filter.

5.6. Check that the holes in the housing are correctly aligned with the screw holes in the white flange.

5.7. Install the screws.

6. Install the back panel on the machine.
6.1. Hold the back panel close to the back of the machine and install the grounding.
6.2. Install the panel and mount the screws.

7. Install the air input housing.

8. Install the air input hose.

Check the pneumatic air filters

Interval: 2 months
Needed: a clean cloth to catch drops of oil or water.
1. Find the pneumatic air filters in the PICOMASTER, see Figure 4-28.
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Airfilter behind side
plate

Figure 4-28 Pressurized air filter location

2. Remove the side plate.
3. Checkif the filter housing contains droplets of air or oil, see in Figure 4-29.

Closing valve

Filter housing

screw

Figure 4-29 Checking the pneumatic filter for water or oil

4. If any droplets are found, empty the filter:
4.1. Close the pneumatic air flow to the machine by turning the closing valve.

4.2. Hold a clean cloth that can easily absorb water and oil under the filter housing.

4.3. Manually turn the filter release screw counter clockwise to let out the water or the oil.

4.4. Turn the filter release screw clockwise to close the filter housing.
4.5. Turn the closing valve to open the air flow to the machine.

5. Install the side plate.
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Troubleshooting

The window is shownin 5.1.

In the event that an error message appears, it can be found in the list of errors with a short explanation of the possible
cause.

If the bottom status bar shows red icons, go to "Checking and adjusting the machine status” on the next page.
For alist of common errors and solutions, see "Common errors and fixes" on the next page.
For the error message list, go to "Error message list" on page 112

To power cycle the machine, go to "Power cycle the machine"” on page 115.

CHAPTER 5 Page 109



5.1.1

5.1.2

RAITH

NANOFABRICATION

Checking and adjusting the machine status

Details on the status bar and how to act is listed below.

Reading the status bar

Compressed air

Twincat running

PLC running

Database run-
ning

Scan axis con-
nected

Step axis con-
nected

Axis initialized

Air pressure OK.

PLC connection
OK

PLC programin
run mode.

Database run-
ning correctly.

Scan axis is detec-

ted correctly.

Step axis is detec-
ted correctly.

Green: Scan and
step axis ini-
tialized

Main air pressure lower
than 0.45 MPa

Note:
1MPa=10 bar 0.45MPa-
a=4.5bar

PLC connection not
detected.

PLC program notin run
mode.

MySQL database not
connected or in error.

Scan axis controller not
foundin PLC.

Step axis controller not
foundin PLC.

Red: Scan or step axis
not initialized

Common errors and fixes

Start-up
PLC not found

PicoMaster PLC not found. Application

will be closed

Possible causes:

®  PLC notready

Solution:

Figure 5-1 PLC not found pop up

= Wait 1 minute and try again

= Ifit stilldoes not work, restart the computer and try again

Initializing axes

Possible causes:

= Timeout

®  Something blocking the axes

Solution:
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Red

Verify air pressure connection to machine.

Check machine power breakers in electronics
cabinet. If all breakers are in up position, power
cycle the main machine power, see "Power
cycle the machine" on page 115.

If still not working, contact Raith Laser Systems
BV for support.

Power cycle the PICOMASTER, see "Power
cycle the machine" on page 115.

Contact Raith Laser Systems BV for support.
Contact Raith Laser Systems BV for support.
C ontact Raith Laser Systems BV for support.

Initialize the axes, see "Basic motion control”
on page 89.



®  Checkif anything is blocking the axes
= Resetaxesif button is available
= Wait 30 seconds and try again

m  [fit still does not work, contact Raith Laser Systems BV

Window not opening
Possible causes:

= Unlock button not pressed

Solution:

= Press Unlockand open

No Vacuum Seal
Possible causes:

= Vacuum button not pressed
= Particles on vacuum chuck
m  Substrate noteven

®  Vacuum chuck size setting wrong

Solution:

u  Clean vacuum chuck and bottom of substrate
u  Push down on the substrate when the light is blinking
u  Make sure the size setting is correct

m  Pressvacuum button

Homing not possible
Possible causes:

= Axes notinitialized

= Cables not connected
Solution:

® Initialize axis and try again

u  Checkcable

Laser power not reached (Project start)
Possible causes:

®u  Wrong substrate recipe selected
u  Laser power settoo low

= Attenuator or Aperture settings incorrect

Solution:
u  Checksubstrate recipe

m  Select Laser Power

u  Select Attenuator or Aperture

Unable to capture focus (Project start)

Possible causes:
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Dust or particle on wafer

Uneven photoresist

Focus offset wrong

Not enough Red laser power

Writing Module height wrong

Solution:

Check/ clean wafer

Focus wobble in the middle of the substrate

Adjust the Writing Module height

Possible causes:

Dust or particle on wafer

Uneven photoresist

Wrong substrate recipe selected

Solution:

Check/ clean wafer

Check substrate recipe

0701
0702

0101

0102

0201

0202
0203

0204
0205

0206

0301
0302

0303

Start-up errors

System temperature out of range. No temperature measurement in machine

WM temperature out of range. No temperature measurement in Writing Module
Local project folder not found. ;I'Or:;zrqect folder selected in settings cannot be
Network project folder not found. fTorzﬁlgetwork folder selected in settings cannot be

Registration Key Errors

Key expired Key expired, load a new key from the settings page
Key not valid The key entered is not valid

Key does not exist

Key write error

Keyread error
Can not execute. Key expired. No project can be started without a valid key

Focus Errors

Focus Error: Red laser power low. Not enough red light during capture process
Focus Error: Focus lost after closing loop. Focus error within 100 ms of entering closed loop
Focus Error: Focus lost after setting offset. Focus error occurred after giving an offset
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0304

0305

0306

0307

0308

0309

0310

0311

0312

0401

0402

0403

0404

0405

0406

0501

0502

0503

1001

1002

Focus Error: No sum signal detected (no sub-
strate).

Focus Error: No S-curve detected.

Focus Error: S-curve did not return to zero.

Too much sum signal while capturing focus:
Reduce red laser power

Could not capture focus, safety capture
voltage reached

Focus lost while writing at position: *.** mm

Focus lost while writing at percentage: **%

Maximum focus offset exceeded. Can not
set focus offset: ***

Minimum focus offset exceeded. Can not set
focus offset: ***

Laser Errors

Red laser error: No currentincrease while
sweeping

Red laser error: No intensity increase while
sweeping

Blue laser error: No currentincrease while
sweeping

Blue laser error: No intensity increase while
sweeping

Target blue laser power exceeds maximum
power

Detected threshold current does not match
threshold current settings.

NANOFABRIC

No sum signal during focus capture. Possible
causes: 1) No substrate, 2) Not enough red laser
power, 3) Defect or particle on the substrate

Minimum s-curve signal not reached (-2.5 V not
reached)

Signal did not return to 0 volt during focus capture

Too much sum signal during capture (>7 V).
Reduce red laser power

During a project a safety voltage is set to stop the
focus lens touching he substrate.

Focus error during a project. The position is rel-
ative from the start of the project

Focus error during a vector project

The focus offset cannot be higher than 7V

The focus offset cannot be lower than -7V

No currentincrease detected while sweeping red
laser

No intensity increase detected while sweeping red
laser

No currentincrease detected while sweeping blue
laser. Possibly caused by lose cables to the Writing
Module or computer

No intensity increase detected while sweeping
blue laser. Possibly caused by lose cables to the
Writing Module or computer

The set laser power cannot be reached. Possible
solutions:

B Setalower exposure dose
B Choose a different attenuator
B Use alower velocity

Detected threshold current is more than 1TmA
away from the set threshold

Air supply and UPS Errors

Air pressure too low

Air pressure too low for more then 2
minutes. process aborted

Air pressure too low for more then 2
minutes. Axis disabled

UPS warning for more then 12 seconds. All
processes aborted.

UPS warning for more then 12 seconds. Axis
disabled

After 2 minutes the scan en step axes are disabled.

The project is automatically stopped after 2
minutes.

After 2 minutes the scan en step axes are disabled.

Project is stopped because of UPS warning

Axes are disabled because of UPS warning

Project File Errors
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0103

0104

0105
0106

0107

0602

0801

0802
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PICOMASTER Cause

Error Message

Project folder could not be opened Project folder could not be located when starting

the project
Project files could not be opened Pro_ject file could not be located when starting the
project
Unable to remove the recent folder. Error while deleting projects from the recent folder
Project files not copied to local folder Error while moving projects to the recent folder

Error while running a project. The projectis

Error in Execute thread stopped due to project file error

Problems while controlling the National Instru-

NIDAQin Error ments DAQ card.

Alignment Camera Errors

The alignment camera is disconnected while the

Camera Disconnected system is operational

Failed to acquire alignment image The alignment camera does not receive images
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514 Power cycle the machine

1. Wait until any running project is finished.

2. Stop the PICOMASTER software by pressing the stop application button in the bottom right part of the screen.
3. Shutdown the computer using normal windows shutdown sequence.

4. Turn off the main power switch on the right side of the PICOMASTER, see Figure 5-2.

Figure 5-2 Turning on the machine

5. Wait 1 minute.
6. Start the machine, see "Starting the machine™ on page 16.
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Contact information

For help or other questions, please contact your local vendor or contact:

Raith Laser Systems BV
Jan Tinbergenstraat 4b
5491DC Sint-Oedenrode
The Netherlands

tel: +31 413490708
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