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Structure of software operation manual

The chapters are structured into different tasks, each task consists of several steps.
Each chapter has an aim specified at the start of each chapter, and will guide you
step-by-step through the process of achieving this aim.

Some of the tasks are optional and are designed to give additional useful information.
These additional information sections are clearly marked with a ‘Diversion Start” and
a ‘Diversion End’ sign. Experienced users may choose to skip these sections and
continue with the next task.

Diversion Start Diversion End

To set up an exposure, you will need to carry out chapters 1-4 first before perform-
ing the exposure in chapter 5. It is important to study the chapters in the given order.
Chapter 6 gives an overview of general pattern designs.

There are two computer systems supplied with the RAITH system. The Zeiss
computer controls the SEM and is referred to as the column desktop. The Raith
computer controls the lithography parameters and is referred to as the lithography
desktop.



Getting Started

TASK 1:
TASK 2:
TASK 3:
TASK 4:
TASK 5:

Start the system

Preparing a suitable sample
Loading and unloading samples
Obtaining an SEM image
Finding your sample

E-beam Optimization

TASK 1:
TASK 2:
TASK 3:
TASK 4:
TASK 5:
TASK 6:

Focusing on the sample
Aperture alignment
Astigmatism correction
Further E-beam optimization
Creating a contamination dot
Checking the levelling limits

Stage Adjustment

TASK 1:
TASK 2:
TASK 3:
TASK 4:

Angle correction
Origin correction
Adjust W

Digital addressing

Write Field Alignment

TASK 1:
TASK 2:
TASK 3:

Locating a mark or particle
Defining the alignment procedure
Executing the alignment procedure
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Exposure

TASK 1. Familiarization with demo pattern
TASK 2: Measuring the beam current
TASK 3. EXxposure

TASK 4: Developing the sample

TASK 5:  Multiple exposure

General Pattern Design

TASK 1. Creating a design

TASK 2. Pattern design via toolbox

TASK 3: Modifying structures

TASK 4. Measuring a distance

TASK 5: Placing of elements in different layers

TASK 6: Saving deleting and copying of
structures

TASK 7:  Applying varying dose factors

Advanced Pattern Design

TASK 1: Design using hierarchy
TASK 2: Studying chessy.csf

Mix & Match Exposed

TASK 1: Defining UV positions of marks
TASK 2: Locating the first mark

TASK 3. 3-point adjustment

TASK 4: Semi-automated write field alignment
TASK 5:  Automated write field alignment
TASK 6. EXxposure



Getting Started

AIM

The aim of this chapter is to familiarize yourself with the basic functions of the
RAITH150. The first task is to switch the system on , load the sample and to
obtain an SEM image of your sample.

As the starting point for this chapter it is assumed that the system is on, but that
no one is logged in.

Task 1 Start the system

Task 2 Preparing a suitable sample
Task 3 Loading and unloading samples
Task 4 Obtaining an SEM image

Task 5 Finding your sample




Task 1 Start the system

HINT

STEP1 P

STEP 2 P

Task 1 Start the system

If the system has been left in another status, i.e. switched off completely,
please contact a specialist for advice. For the operation of the RAITH150
system, both the column and lithography software have to be installed and in
addition the RemCon32 at the column PC must be running in order to pro-
vide the connection between them.

Start the column software and log in as user “training” and password “train-
ing”. Ensure that the control program RemCom32 is running.

The column desktop displays the operation icons at the top and the image
information, as well as the status controls at the bottom of the screen.
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Start the RAITH lithography software and log in as user “training” and pass-
word “training”. The desktop will show several windows opened.
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Task 1 Start the system

STEP 3 P
STEP 4 P
HINT

Check if the lithography software has control over the column software by
clicking at the SEM icon in the lithography desktop. The icon has two modes;
when showing SEM, the column is controlled through the column software,
i.e.ascanis running. Inthe other mode the icon will display a remote control,
in this case the column is controlled via the lithography software and the last
scan will be frozen, therefore no running scans are shown.

As the icon is showing SEM, the column is under control of the column soft-
ware. When the remote control icon is displayed, the SEM is under control of
the lithography software.
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Check for the status of the columns at the lower right corner of the column
desktop, to see if the vacuum condition is OK, as shown in the lower right
corner of the column desktop. We assume that the gun is running (green tick)
and that the acceleration voltage EHT is switched off (red cross).

_|MB: Contrazt = 55.2 % |Macro: Idle [Fine _|"-p"a|::/ [Gur: o EHT: %¢

The toggle between Coarse and Fine control is a most useful feature. The
Coarse and Fine control is always related to the currently selected parameter,
such as Focus, Brightness, Alignment etc. All parameters which can be ad-
justed using the mouse can be either performed in Coarse or Fine mouse
control. They also scale with the set magnification.



Task 2 Preparing a suitable sample

STEP1 P

Task 2 Preparing a suitable sample

It is recommended that the sample should contain very small features suitable
for imaging at high magnification with high contrast. For example, small metal
particles can be added at the corner of a resist sample. Those particles will
aid the SEM optimization which coincides automatically with the optimized
beam conditions for exposure.

For this chapter we would recommend a small sample, for example a one
square inch with a normal resist, e.g. PMMA. You will find this type of
sample in the Starter-Kit provided with the instrument.

Use the latex spheres from your EBL Starter-Kit and dip it into the solution.
Apply a small drop to the corners of your resist sample.

Although this method might not be adequate for the experienced lithography
user, it will be most useful for a novice to gain some experience.



Task 3 Loading and unloading samples

STEP1 p

Task 3 Loading and unloading samples

We need to verify if a sample is loaded or not. To check this, use the CCD
camera to view the inside of the vacuum chamber. Click on the Monitor icon
in the columns desktop.
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The CCD camera will now display an image. An example is given in the figure
below. The image shows the system without sample holder.

A) If the sample holder is in the chamber, you have to unload it. This proce-
dure is described in Step 3.

B) If there is no sample holder in the chamber, the following procedure will
guide you to introduce one into the system:

Place the sample holder with your sample on the robot arm of the loadlock.

Raith 150 100pm EHT = 30.00 kv Signal A =TV Date :16 Jul 2002
Mag= 60X |—| WD= 5mm User Name = RAITHSERVICE Time :14:49:00



Task 3 Loading and unloading samples

STEP 2 P Check the current color of the Traffic Light icon number 1 in the lithography
desktop. Ifit shows green, the Navigator Exchange is already open. Click on
Sample Loading and then on the Load Sample button. The loading operation
is marked red if a sample is already loaded.

|" Load Lock _ O] x|
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Charge Chuck |

STEP 3 P At the end of the automated loading procedure the user will be prompted
whether the system should switch on the beam. Accelerating voltage and
aperture can be typed in by the user. You should start with 10 kV accelera-
tion voltage and 10 um aperture. Then the system asks whether to reset the
coordinates. Itis safe to click OK.

To check whether the acceleration voltage is switched on, on the column
desktop, there should be a green tick next to the EHT in the bottom right
corner.

Check the home position. Use the lithography desktop, go to the Coordi-
nates window and check if XYZ is displayed as zero.
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Task 4 Obtaining an SEM image

HINT

STEP1 p
STEP 2 p
STEP 3 p

Task 4 Obtaining an SEM image

Ifthe bottom line in the column desktop shows fine (light blue), change it to
Coarse (red) by clicking on it once to widen the range available. At the start
you might be a long way out of focus and you might therefore expect to see a
noisy and grey picture. To obtain an image you need to adjust the column
parameters as explained in the next steps.
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Select Scan Speed ‘1 icon using the column desktop. A fast scan will be
produced. During the fast scan, only noise can be seen as the acceleration
voltage (EHT) is still switched off. Click on scan speed ‘1’ to obtain a fast
scan.
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The EHT will be switched on automatically during sample loading. If it is
switched off; click on the small EHT icon in the column desktop in the bottom
right corner. A dropdown list box appears. Select EHT ON.

The beam blanker should be in the OFF state. To check this, click at the
column icon left from the SEM icon in the lithography desktop and check if
the beam blanker changes the signal during the scan. Leave the beam on.

File  Project Module status  Window  Help
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Task 4 Obtaining an SEM image

STEP 4

STEP 5

STEP 6

STEP 7

>

>

>

>

In addition, the column should be under internal control (SEM icon). If it is
not, click on the remote control icon, the icon will then change to the SEM
icon.

File E_rni-eu:t Module statuz  Window  Help
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The next step is to check the acceleration voltage.

Double click on EHT in the data zone and a dialog window will open. Enter
the required acceleration voltage, for example 10 kV
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You now need to select a low magnification, as this makes it easier to obtain
the first SEM image. Go to the Data Zone and double click on Mag. Enter a
low magnification, for example 50. You should now be able to obtain a rough
image of the sample holder. For better focusing follow the instructions on the
next page.

Go to the SEM Control dialog box and select Apertures. The Aperture tab
will open. Select the required aperture, for example 10 pm from the drop-
down list box. The SEM control can be opened by clicking on this icon.
Alternatively, the SEM icon can be opened by pressing Ctrl G

=1




Task 4 Obtaining an SEM image

STEP 8 p

STEP9 p

Click with the left mouse button on the Detector icon in the column desktop,
which changes between INLENS detector and SE2 detector. Ensure, that
the INLENS detector is used. Check in the data zone that the required de-
tector is selected. Use the INLENS detector while you are still getting famil-
iar with the system, as it provides a higher signal. The INLENS detector can
be used for voltages up to 20 ke V.
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The next step is to adjust brightness and contrast. Click the icon for Bright-
ness and Contrast. The left and middle mouse button will now be assigned for
controlling brightness and contrast respectively by horizontal mouse move-
ments. This assignment is shown on the bottom line. First, press the left mouse
button and move it while pressing it down to adjust the brightness; then use
the middle mouse button and the same movement to adjust the contrast. For
getting first images a setting of Contrast=Brightness=50% will be sufficient.
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Task 4 Obtaining an SEM image

HINT

STEP 10 p

HINT

10

The left mouse button LB is assigned to brightness control and the middle
mouse button MB is assigned to contrast control.

The mouse movement can be toggled between Fine and Coarse by clicking in
this field once.

Click on the Brightness and Contrast icon using the middle mouse button in
order to start an automatic Brightness and Contrast optimization. Afterwards
click the icon again with the middle mouse button to switch off the automatic
optimization.

Now that the Brightness and Contrast have been optimized, we can now
start to focus onto a surface using a selected magnification of 50x . Click on
the Magnifying Glass icon using the left mouse button and assign the left and
middle mouse button to magnification and focus control during horizontal
mouse movements. Now you can optimize the focus by pressing the middle
mouse button and moving the mouse from left to right or vice versa.

Satae
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The left mouse button LB is now assigned to Magnification control and the
middle mouse button MB is assigned to Magnification control. The mouse
movement can be toggled between Fine and Coarse control.

Please note that focus is related to working distance.



Task 4 Obtaining an SEM image

STEP 11 p

As the sample is now in focus, a higher quality image (lower noise) can be
obtained by changing the scan speed to a higher value, as this reduces the
scan speed. Select a slower scan speed in order to reduce the noise by click-
ing the left numbered icons or freeze an image by clicking the icon with the
double bar.

ing  Stage  Yacuum  Toals  Help
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The scan speed can be changed using these icons. The higher the number, the
slower the scan speed, the higher the image quality (lower noise).

Clicking on these icons with the middle mouse button will switch imaging to
continuous averaging. To get started, middle mouse click onicon “2”.
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Task 5 Finding you sample

STEP1 p

STEP 2 p
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Task 5 Finding your sample

You can use the joystick to drive the stage to the desired position.

Switch on the X and Y buttons in order to illuminate corresponding LEDs.
You can now move the stage at variable speed, depending on joystick incli-
nation. The LED on the joystick indicates the corresponding axes, which are
now under joystick control.

Move close to your sample but do not move over your sample, otherwise
you would start the exposure when you switch back to the SEM image.

We can now start to focus onto the sample holder using our selected magni-
fication of 50x. Click on the Magnifying Glass icon using the left mouse
button to assign the left and middle mouse button to magnification and focus.
Now you can optimize focus by pressing the middle mouse button and mov-
ing the mouse. Mouse movement can be toggled between Fine and Coarse
control.

el 2 B @)
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Task 5 Finding you sample

HINT

STEP 3 P
STEP 4 p
HINT

In addition the speed of stage movement can be doubled by pressing the first
left button on the joystick.

The joystick axes are aligned to the SEM image, which is rotated by 90° with
respect to the CCD camera. The stage movement on the CCD camera will
therefore appear different to the way you may expect. To get started, just
rotate the joystick by 90° counterclockwise.

Since the CCD camera views the sample at a slight angle, the image will vary
in appearance depending on the working distance (pole piece to sample dis-
tance). Some practise may be required at first when working close to the
sample. The only way to check, whether the sample is located under the
beam, is to observe the SEM image.

Now that you have optimized the focus, you need to locate the sample at low
magnification. Click on the Raster icon to switch back to the SEM image.
Move the lower left corner of your sample into the center of the field view.

Now that you have optimized the focus, you need to locate the sample at low
magnification. Click on the Raster icon to switch back to the SEM image.
Move the lower left corner of your sample into the center of the field of view.

You can turn on a crosshair, indicating the centre of your screen, by clicking
on the monitor icon with the centered cross.

ma]=|
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Task 5 Finding you sample

STEP 5

14
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As the sample is now in focus, a higher quality image (lower noise) can be
obtained by changing the scan speed to a higher number, as this is reduces
the scan speed. Change the scan speed to slower scan speeds in order to
reduce the noise by clicking the left numbered icons or freeze an image by
clicking the icon with the double bar. The scan speed can be changed by
these icons. The higher the number, the slower the scan speed, the higher the
image quality (lower noise).

St g 3C3NNINg Stage Yacuum Toals Help

1]2[3]4]slofn| =R @ wleda| 2] =] B ©




E-beam Optimization

AIM

This chapter explains how to optimize the column setting in order to get a good
exposure by selecting the correct parameters.

Task 1 Focusing on the sample
Task 2 Aperture alignment

Task 3 Astigmatism correction

Task 4 Further E-beam optimization
Task 5 Creating a contamination dot
Task 6 Checking the leveling limits

15



Task 1 Focusing on the sample

STEP1 p
STEP2 p
STEP 3 p
STEP 4 P
STEP5 p
STEP 6 P

16

Task 1 Focusing on the sample

It is assumed that you have loaded a 1 square inch sample into the system as
described in the first chapter. Select a small particle of less than 1 pm on your
sample.

Move the particle into the center of the field by using the joystick.

Zoom onto the particle until you seem to lose the focus. Remember that the
zoom is assigned to the left mouse button after the magnification icon has
been selected, as described in detail in chapter 1.

Refocus onto the particle. Remember that the focus is assigned to the middle
mouse button.

Zoom in further and readjust the focus.

Repeat the zoom and refocus procedure until no further improvement in focus
can be achieved.



Task 2 Aperture alignment

Task 2 Aperture alignment

STEP1 P Open the SEM control panel Tools > Go to Control Panel (Ctrl-G) and
select the Apertures tab.

SEM Control
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STEP 2 P Click on Aperture Align, which assigns the left mouse button to the aperture
alignment in XY by moving the mouse in X and Y directions. The assignment
is displayed in the status bar at the bottom of the screen.

L= Bpeiture Align 5= 15,2 % : Aperture Align ¥ = 83%  [[15: WD = 2mm [MacrorIde [Fine [0 [Gun y/ EHT:
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Task 2 Aperture alignment

STEP 3 P

STEP 4 P

18

Keep the left mouse button pressed and move the mouse in X and Y direc-
tions. You can observe the changes by viewing the image and a correspond-
ing movement of the red point in the window. In addition you can place the
cursor on the red point and drag it around while keeping the left mouse button
pressed. A third alternative for adjustment is using the scrollbars.

The next step is to switch on the Focus Wobble in the Apertures tab of the
SEM Control by marking the corresponding field and selecting a useful am-
plitude for the current magnification. This will cause a periodic change of
focus and during this cycle the image will sometimes move.

Select a suitable Wobble Amplitude by using the slider bar.

Observe the movement of the red point in the Stigmation window.
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Task 2 Aperture alignment

STEP5 P
STEP 6 P
HINT

The key of the aperture alignment is to minimize the image shift during the
wobble sequence. To achieve this, move the mouse in the X and Y directions
while keeping the left mouse button pressed and optimize for lowest image
movement.

You might be able to improve the aperture alignment even further by repeat-
ing the same procedure at higher magnification and reduced wobble ampli-
tude.

If the dust particle is becoming too large at high magnification, move to a
smaller dust particle and continue the optimization. In order to change the
magnification, click on the button Mag/Foc. Do not forget to switch back to
Aperture Align once finished.

19



Task 3 Astigmatism correction

STEP 1

STEP 2

STEP 3

20
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Task 3 Astigmatism correction

Click on Stigmation, which assigns the left mouse button to the stigmation
alignment. The adjustments are carried out in the same manner as the aper-
ture alignments.

|LE: Stigmation = = 24 % : Stigmation = 143 % ME: WD = 19mm Macio: [dle [Fine  [Vac o [Gur: o EHT:

Switch on the Focus Wobble in the Apertures tab of the SEM Control by
clicking on the corresponding field and select a useful amplitude for the cur-
rent magnification. During the wobble sequence the particle will be stretched
first in one direction and then in the perpendicular direction.

SEM Cantral
Detectars | Scanning I "W acuum I
Gun Apertures I Stage I w-Bay

Aperture Size

| (113000 um - Standard =l

v Focus “wobble [ ‘waobble Fast
Wiobble Amplitude = 16.4 %
B B i

[~ Beam Blanked Emizsiar |

Mag / Focus Stigraticn

Aperture Align ;I
|

Gur Aligr £

Stigrnatian

Beam Shit B N Bi

Ell

Optimize for lowest shape changing of the particle.



Task 4 Further E-beam optimization

HINT

STEP 1

STEP 2

STEP 3

STEP 4

Task 4 Further E-beam optimization

For the final optimization of the E-beam, you need to change between Aper-
ture Alignment and Astigmatism Correction several times in order to optimize
the setting for high image quality at high magnifications. The final result should
be a well resolved image of the particle at a magnification of 300.000x or
higher. Ifnot, create a contamination dot as described in the next task.

Please note that during the aperture alignment we concentrate on the image
movement while during the stigmation optimization we will concentrate on the
shape changes.

Perform the Aperture alignment again at higher magnification and reduced
wobble amplitude. In order to change the magnification, click on the button
Mag/Foc and use the mouse.

Perform the Astigmatism correction again at a higher magnification.

Continue the alignment optimization without the use of the automatic focus
wobble (deselect Wobble) and use instead alternating Aperture Alignment
(left mouse button) and the manual Focus (middle mouse button). The aim is
an aperture alignment which avoids image shift during defocusing. This method
allows a more precise adjustment than the automatic wobble and is recom-
mended for the final optimization steps.

Repeat the same procedure between the optimization of Aperture Alignment
and Astigmatism correction until no further improvement can be achieved.

21



Task 5 Creating a contamination dot

STEP1 p
STEP 2 p
STEP 3 P
HINT
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Task 5 Creating a contamination dot

After completing the e-beam optimization using the latex particles, it is rec-
ommended to burn a contamination dot for the final optimization of the aper-
ture alignment and astigmastism correction.

To carry out the final optimization, move the stage slightly away from the latex
particles to ensure that a free area of the sample is visible in order to burn the
contamination dot.

Click on the Dot icon on the column desktop using the left mouse button to
burn a dot for a duration of 3 s. The software will automatically switch to the
reduced scan area.

If you were not able to burn a visible contamination dot, click on the middle
mouse button which will start the dot exposure. Wait for 1 minute while the
dot is burned into the sample and click the middle mouse button again to end
the dot exposure.

File Edit View Beam Detection Image Scanning Stage Wacuum Tools  Help
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Focus now on the contamination dot, move the stage and burn another con-
tamination dot. The new dot should be smaller since the focus has been im-
proved.

Ifthe dot is not round, apply the aperture alignment and then the astigmatism
correction again, using this dot. Using such alternating routines, it is possible
to achieve an ideal round dot, which grows within a few seconds of exposure
time and shows perfect alignment. The optimization on this dot now provides
the optimized conditions for a real exposure nearby.



Task 5 Creating a contamination dot

HINT An example of contamination dots is shown in the images below to illustrate
top and side views.

x50000 500nm ————————— 3 .00V Smm
#44

x30000 3 .00V <4 mn
#44
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Task 6 Checking the leveling limits

STEP1 P
STEP 2 p
STEP 3 P
HINT
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Task 6 Checking the leveling limits

It is likely that your sample surface is tilted to the beam. This can be checked
by the following tasks, but this task is not necessarily required prior to an
exposure.

Switch to a lower magnification and move the stage for a relatively long dis-
tance, i.e. | mm. Ensure that you notice the direction of movement in order to
relocate the previous contamination dots.

Burn another dot and view the result. This dot now is likely to be larger than
the previous one, but this time the focus adjustment should be sufficient for
the optimization. It should not be necessary to perform the Aperture Align-
ment and Astigmatism correction again.

Perform some experiments to establish the stage travel distance, at which you
need to refocus the sample surface.

To improve the leveling of small samples, it is recommended to use two
opposite clamps. In addition, routines to solve the leveling problems will be
explained in later chapters.



Stage Adjustment

AIM

This chapter describes stage adjustment, which allows navigation with a blanked
beam on the sample in order to find a new exposure area without pre-exposing
or to find an already exposed and processed area for inspection or multi-layer
exposure. The two coordinate systems (XY for the stage and UV for the sample)
will be explained in detail, thus permitting the determination of the correct UV
sample coordinates independent of how the sample has been mounted on the
stage.

The aim of stage adjustment is to find the relationship between XY and UV with
respect to shift, scaling and rotation in order to perform a permanent coordinate
transformation between both systems.

In this chapter we will explain in tasks 1 and 2 how to set up a coordinate system
on an sample. In task 3 we will explain how to navigate on this.

Task 1 Angle correction

Task 2 Origin correction
Task 3 Adjust W

Task 4 Digital addressing

25



Task 1 Angle correction

STEP1 p
STEP2 p
STEP 3 P
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Task 1 Angle correction

Normally the axes of the sample surface will not be parallel to the axes of the
stage. An angle correction can be carried out to compensate for this differ-
ence.

To carry out the angle correction, image the sample at medium magnification,
approximately 100x. Ensure that the crosshair is switched on (View >
Crosshairs) in the column desktop. Identify the lower edge of the sample and
follow this edge to the lower left corner. The crosshair is now situated above
the lower left corner.

On the lithography desktop, open the window Adjust UVW. Ensure that it is
inmode Global; if it is in mode LOCAL, click on the button once to change it.
Click on the Angle Correction tab.

In the coordinate window the actual XY coordinates are displayed. Click on
Read at the first position of Flag 1 in Adjust UVW and the coordinates will be
displayed in the window.

[} Adjust U¥W {Global) - O] x|
3-Paintz  Angle Carrection |Qrigin Eu:urreu:tiu:unl .-’-'-.diustﬂl
Fdmm rAmm

E Head||3.88?235 |24.423a?5 ﬂ Calculated angle: | 057
E Head||13.58?'235 [24 523876 ﬂ

|—

Ir-2

- Local | Beset |
i

bt 13687235 mm | L 13931777 mm
" 24 523876 mm | W 24.385784 mm
z
T

17.862 mm | W 138 mm
0.000 deg




Task 1 Angle correction

STEP 4 p

STEP5 p

Once the coordinates are displayed, switch back to low magnification and
move the stage a few millimeters along the sample edge to the lower right
corner. Move the stage so that the cross hair is situated above the lower right
corner. Click on Read at the second position of Flag 2 and the second set of
coordinates will be displayed in the window.

Click on Adjust to calculate the angle.

This angle will now compensate the difference between the sample surface
and the stage axes.
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Task 2 Origin correction

STEP 1

STEP 2

STEP 3
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Task 2 Origin correction

The sample can be placed at any location on the sample holder. To compen-
sate for the different origins of XY and UV, the origin correction can be ap-
plied.

Ensure that the beam is blanked.

Click on the lightning button of the first coordinates pair to move back to the
lower left corner.

Click on the tab Origin Correction and enter O for both the U and V values,
then click on Adjust. The lower left corner is now defined as the origin of this
UV coordinate. It is now possible to move the stage to any point on the
sample using UV coordinates.

[} Aadjust U¥Y (Global) =10 x|
Q-F'Dintsl Angle Corection  Ornigin Corection |.ﬁ.diustﬂ|

LA rrn W Arnn
Set current LY pozition ta: ID.DDDDDD IEI.EIEIEIEII:IEI ﬂ

- Local | Reset |




Task 3 Adjust W

STEP1 p

STEP 2 p

Task 3 Adjust W

Make sure that your sample is still in focus by burning a new contamination
dot.

Click on the Adjust W tab in the Adjust UVW (Global) window. Press the
Read button and confirm. Then click on Adjust.
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Task 4 Digital addressing

STEP1 p
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Task 4 Digital addressing

Digital addressing aids navigation on the sample. Digital addressing means
that the user can enter a digital location as coordinates and the stage will drive
to this location. This task is not vital for the exposure sequence.

In tasks 1-3 we have established a coordinate system in UVW, which we can
now use to address certain points on the sample. This will be explained in this
task.

Please note that it is not required to perform this task.

Locate the stage control window within Destination tab. Click on Base UVW
and Position absolute. Now you can address the stage to any position in UV.
W describes the working distance, which is directly related to the stage height
Z. If you do not want to change the stage height (working distance) leave the
corresponding line blank. After clicking Start, the stage will move to the sample
position entered. In the coordinates window you will see the addressed sample
position and the corresponding position in XYZ.

B Stage Control =] BN | Con |0l x|
FE— | G (G e @ < 1.289547 mm
e @ v 2715418 mm
U: [0.500000 mm P L|E"-.-"'-.-'-.-" & = 0,000 rrm
Length— W |n.4ununu mim W ET @ T 0.000 mm
{* mm i Il
C um —Positioh————
{+ abzaolute
" relative U 1.289547 mm
Ve 2715418 mm
Oear | | st | W 25.000 mm




STEP5 p
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It is also possible to go to a stored position. In this example, the stored posi-
tion is the Faraday cup. To edit a position, you can either enter the required
position or you can read the actual position, if the stage is already at the
selected point.

If the stage is already at the specified position, click on Read to store the
coordinates.

=
Harne: Faraday Cup on holds
s [515423¢  om R 0.000 deg
v [38567769 mm I 0.000 deg
IW mm Az order: 2

Comment: IF'::Isiti-:nn iz uzed by autarnatic calibration |

Head | Caricel | k.

Ir-J
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Write Field Alignment

AIM

This chapter explains the alignment procedure for an exact writing field. In the
previous chapters the image scan has been under the control of the column soft-
ware. In order to perform lithography, the beam has to be controlled via the
lithography software. For this a write field alignment has to be performed. The
procedure described in this chapter via Align Write Field is required for stitching
and for any exposures on a bare sample. The alignment of the field size to the
previously written marks for multi-level lithography will be explained in a later
chapter.

The Align Write Field is a very important task, as it aligns the write field to the
sample coordinates UV. In chapter 3, we performed a point navigation in UV,
but the image via the column software was still parallel to XY ata certain point
and non parallel to UV. For pattern stitching it is essential that the write field is
exactly parallel to UV and this can be achieved with the Align Write procedures.

Task 1 Locating a mark or particle
Task 2 Defining the alignment procedure
Task 3 Executing the alignment procedure
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Task 1 Locating a mark or particle

Task 1 Locating a mark or particle

STEP1 p Move the stage back to the lower left corner of the sample. Please note
that you can use the lightning icon in the Adjust UV window on the origin
correction.

STEP 2 P Locate a small particle which can be used as a mark for the following tasks.

STEP 3 P Choose the window Microscope Control from the desktop. Select the write

field size, in this case 100 pm. If initial correction values should be taken from
a database, select option Database values. Finally, press Set to send correc-
tion values to pattern generator as well as column.

£ Microscope Control

M agnification— |'Fiell:| zizE

% BO0 100,000 pm
| 500 100.000 prm = | E dit
Set | [T Databaze values Save
STEP 4 P Click on File and select New Image.

Scan this image by choosing the menu command Slowscan, Image.
The particle is located near the center.
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Task 2 Defining the alignment procedure

STEP1 p
STEP 2 p
STEP 3 p

Task 2 Defining the alignment procedure

The write field needs to be calibrated and turned. This procedure is called
write field alignment. The idea of this procedure is to scan some marks on the
chessy sample. From the difference between the detected position in com-
parison to the ideal position, it is possible to calculate the scaling, shift and
rotation of the write field. Within the scan manager, all the parameters of such
a procedure are stored and can be recalled for later usage.

Choose Scan Manager on the desktop window.

< Scan Manager =101l
i Adjust U Procedures k
+]- [2] Align write Field Procedures
i & Calibration Scan
[] E-Beam Images
% E-Beam Linescans
Image Linescans

Choose Align Write Field procedure and Manual from the sub-procedure
menu.

il
o Aadjust UV Procedures -

B- [3] Alignwiite Field Procedures
[ Automatic
---IE Automatic with linescans
= o N
i [] Manual procedure during exposure
[ WF procedure 1 pm marks
----- [] ‘WF procedure 25 pm mark s
o[ WF procedure 5 pm marks
----- % Calibration Szan .
B[] E-Beam Images
[+~ % E-Beam Linescans LI

If a suitable sub-procedure is already available, drag and drop it onto the
mark in the image. You can continue with the next task.
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Task 2 Defining the alignment procedure

STEP 4 P If no suitable sub-procedure is available, go to the menu command Edit and
select New, which will create a new sub-procedure for Manual. The
property window for the chosen procedure will automatically open.

Scan properties - manual WF procedure ll

| Mark procedurel Advancedl Post Processingl

—Scan description

Field size: IdDD.DDD 1]

Main direction: Lol [l

Scan size: [47.830pm  [47830 0 I~ | Keep aspect
Step size: i |D.DS4 urn |D.DS4 um

No. of pixels: i |51 2 |51 2

Paint average: |1—

Anle: IM relative ta main direction
Linescan aspect ratio: I‘I U

Lineszan ayerage resalution: I1

Cancel | (]9 I
HINT Finding the suitable write field size is dependant on several factors such as:

* For anewly defined write field it is recommended to start with
scan sizes as large as possible. We have selected a 100 um write
field. The scan size should be of the order of 50 um.

* For a write field which has been used successfully beforehand, a
smaller scan size can be used. Suitable scan sizes can be in the
range of several pm, e.g. 5 um.

It is recommended to rename the manual Writefield procedure to show the
write field size in the title. Right mouse click opens the dialog window.
Select rename and enter the new name. This will distinguish this procedure
from other Writefield procedures of different sizes.
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Task 2 Defining the alignment procedure

STEP5 p

HINT

STEP 6 P

HINT

We will assume that no sub-procedure is available to explain the steps.

Otherwise please continue with Task 3.

Toggle on the radio button for the number of pixels and enter 300 for U
and V. Enter the scan size for U and V, in this case 40 pm. If you exit this
input field the software automatically adjusts the scan size according to the
number of pixels.

Use 1 for point average.

Ifanon-valid value for mark size or number of pixels is entered, the software
will give a warning prompt message. If the placement is invalid, the software
will also give a warning prompt message. The OK button will be disabled and
greyed out.

Choose the Mark procedure tab. Check the Mark sequence 1, 2 and 3
for example. For Placement parameter, enter 25 pm in U and V.

Scan propetties - manual WF procedure 5[
Main  Mark procedure I Advanced | Post Processing |
—Align 'wF procedure

=
Mark sequence: Iterations: I'I

W3 4

u W
Flacement. 34| [100000pm — [100000um  from W center
Enable auto placemant

Cancel |

You can enable the Autoplacement function by pressing the auto placement
icon. The software will now place the marks automatically as far as possible
into the far corners of the write field.
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Task 2 Defining the alignment procedure

STEP 7 P If you have obtained a noisy image, select the Post Processing tab.
Choose the Edit icon which opens up an Image Matrix Filter dialog. Select

a Filter from the dropdown list or create a new one (see reference menu).
Confirm with OK.

x
—Parameter set

Of &
—Parameter
P oo fo o
N N O O O
N N O O O

N O O O O
P oo fofo-

Cancel | oK I

STEP 8 P Drag and drop this new scan onto the mark in the image. A position list will
open up automatically.

38



Task 3 Executing the alignment procedure

STEP1 P
STEP 2 p
HINT

Task 3 Executing the alignment procedure

We will now execute the alignment procedure, which will scan the three mark
areas to determine the difference between the real and ideal positions.

Ensure that the position list, where the procedure has been stored, is active.
Choose from the menu Scan > Selection.

Click on Scan > Select All from the dropdown list box. This will initiate the
alignment process. First, the stage will move 25 pmin U and V towards the
first corner and an image will be scanned at the reference point. The image
will cover a49 um x 49 pm square. The Mark window will be automatically
opened, where the particle should be visible.

The green cross shows the position where the mark is expected.

File Edt Slowscan Fiter Project Modulestatus Window Help

ey o] o - [#]E] - [el:e]8] PR[Pal.Ja]=[>]

1e MARK20.55C

RMARKS!

RMARKSI
MaCRO

|

If no mark is shows up, highlight the position list, click the cancel icon (red
cross) and confirm the Continue prompt. Repeat the task, now choosing a
larger mark size.
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Task 3 Executing the alignment procedure

STEP 3 p

STEP 4 P
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The green cross, displayed in the center of the image, defines where the spe-
cial mark feature is expected. At this stage, the mark will probably not be at
the center, but it can now be defined manually. To define the position of the
mark, keep the Ctrl key and the left mouse button pressed while moving the
mouse cursor to the required position. Once you have reached the new posi-
tion, release the Ctrl button and a blue cross will be displayed at the selected
position.

0 s -2 R A L= I | s L TS B

Macro execution paused...

Cantirue |

Click on Continue and the stage will move into the next corner to perform
the same mark alignment. These steps must be repeated for each mark.

File Edit Slowscan Project  Module
sl lrli=l =l =l =l

Macro execution pauzed...




Task 3 Executing the alignment procedure

STEP5 p

HINT

STEP 6 P

At the end of the position list a dialog window opens and write field correc-
tion has to be confirmed. Note the values of the Align Write field for Zoom,
Shift and Rotation in UV and confirm if the values are acceptable.

B [ ion wicehiea =loix]
@ Accept these write field correction 7 Zoom U 1-43150 I1'DDDDD | Send I
V. 145760 [1.00591
[ oK | - | Shift L: 0245 [0.431 um Fieset |
W -0.986 IU.B45 i Get marks |
Rot U: 0123 0178 ded  Hmarks: 3
y: 017 [o1s2 d Mark1
" a2
Zoom; Shift: Fiot: Mark3

Ibeam jlbeam jlbeam ﬂ

The left column of numbers shows the alignment parameters before align-
ment. Here the scaling factors are around 1.4. Due to the alignment proce-
dure, new alignment parameters have been calculated as shown in the center
column. By accepting, these values will then be sent to the pattern generator
and displayed on the left side.

Ifan alignment has already been carried out beforehand, the new values will
be multiplied or added to the values on the left hand side.

Go back to the Align Write field and repeat this procedure several times by
using smaller mark fields from iteration to iteration. In addition, the placement
should be moved closer to the corner of the write field, e.g. 45 pm. The
previous alignment parameters will now be used for the imaging, therefore the
marks will be already positioned close to the center of the images. The final
correction parameters in the Align Write field window should be very small
or close to 1 for the scaling.
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Task 3 Executing the alignment procedure

STEP 7 P Activate the Microscope Control window and click on Save. The alignment
parameters will be saved together with the magnification and the field size.
Whenever you wish to call up this setting again, the correct field alignment will
have been stored and you only need to perform the final optimization steps
for the alignment.
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Exposure

AIM

The aim of'this chapter is to guide the user through the steps needed to carry out
an exposure.

Task 1 Familiarization with demo pattern
Task 2 Measuring the beam current
Task 3 Exposure

Task 4 Developing the sample

Task 5 Multiple exposure
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Task 1 Familiarization with demo pattern

Task 1 Familiarization with demo pattern

Please note that you can go directly to Task 2, if you are already familiar
with the demo pattern.

STEP1 P Click on the GDSII Database window to activate it. [t may show a pattern
already or it may still be empty. After activating the GDSII Database
window, choose File > Open from the menu bar. A dialog box opens with a
list of file names and folder options. Select Demo.csf.

File Edit WYiew Tools Project Module s
Close

Mew, .. Cerl+-Shife-+r

SAYE 35,1 Ctrl+-3hife+3
Build hierarchy...
Database properties. ..

Mew image
Open image...

Open linescan. ..

MNew pasitionlisk
Open positionlist. .,

MNew wafermap
Open wafermap. ..

Mew scripk
Open scripk, ..

Cpen navigakar. ..

Exit A+
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Task 1 Familiarization with demo pattern

STEP 2 p Select the pattern Chip, then choose View. Alternatively, you can double click
on Chip. The GDSII Viewer will now display the hierarchical structure of the
selected pattern.

|y GDSII Database - Demo.csf =] 3
= to | [Gon]

= Bl Chip

[Crad=Hane

H- [ Geometric_Structures
B Global_Mark

B highres
[ highres_grating
B Monius100_2
B Moniuzhitte
b overlay
t-[ overlay2_HEMT

wverlay

H-B WF:M ark_Array ﬁ-‘
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Task 1 Familiarization with demo pattern

STEP 3 P While the viewer is activated, choose View > Hierarchy from the menu bar.

Wiew Options Project  Module status  “Window  Help

Hierarchy Increase  Al+I
Redraw Alt+R Decrease AlL+D
Zoom e
w0
Design grid G 1
w Ovetlays AL+ z
W Working area 3
Lavyer selection L ;
Toalbox T &
“Working area editor W =
g8
Auko
[ Max |
STEP 4 P The full structure is now displayed, showing various line grids as well as an
exposure test pattern in the upper left corner including the current date and

time.

= GDSI Viewer - Demo::Chip
u=300.000 |[v=295533 [6=0.001 [Cmd=Mone
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Task 2 Measuring the beam current

STEP1 p
STEP 2 p
STEP 3 p
STEP 4 P
HINT

Task 2 Measuring the beam current

Open the Stage Control window and drive to one of the Faraday cups. Its
position may already be stored as one of the User positions.

2 Stage Control O] =|

Command IDestinationI Step I
Comrand line:

Length— 4|
£+ mm User positionz:
" pm : ge Go |

When the stage is at the Faraday cup, toggle the beamblanker to switch on
the beam. In the SEM software make sure that the Faraday cup is in the
center of the image. Ifnecessary, fine tune the position manually, by using the
joystick.

Ensure that scanning is controlled via the lithography software. The icon must
display EXT. This will turn the system into spot-mode, so all electrons will go
into the Faraday cup.

Ifavailable, select the current window and measure the current. Otherwise
write it down.

" Current HT:10.00kY Apert: 30.0pm =] E3

The beam current should be measured just prior to the actual exposure. To
avoid complication with defocussing, the beam current should also be mea-
sured using the same working distance as the exposure.
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Task 3 Exposure

STEP1 P

STEP 2 P

48

Task 3 Exposure

Open a New Position list. Drag and drop Design Chip into the position list.

=i
= & | 1 | El El x | = oE - = | Include: Ia" 'I Exclude: Inone vl

[} |Ua’mm |Wmm |Attlibute |Template |E0mment |Dptions |Type

kd 0 0.000000 0.000000 =N (1% Chip ExPOSURE

<] | [ |

11 [ 1 |LetID: [waferim: [slat:

ol
D@2 BEee X

[ekie Edt | |

..... D Bitrnap
=0

..... D) Dose

----- [ Fresnel |
----- [ Fresnel_1mm

----- [ Fresnel SPL

- [ Geometric_Structures

----- [ Global_bark

By default, the exposure is scheduled for the current sample position. The
next step is to change the exposure position to the required location. Assum-
ing that your sample has a UV coordinate range between U=V=0 and U=V=10
mm, the first exposure could be set at U=2 and V=2 mm. To set the new UV
coordinates, click once with the right hand mouse button at the correspond-
ing line and a cascading menu will be displayed. Click on Properties. Enter
the position to U=V=2 mm.

[ratabaze; Il::"-.raith alphatl zer\DefaulthGDSIND emo, caf
Structure: IEhip
Espozed Layer: I il
Working Arear s | 300000pm  to | BO0.000 prm
W | F00000pm -t | £00.000 pm

Pasitior U] 2000000mm W[ 2000000 mm |ga
Wiritefield Size: I 100000 pm

Expozure Parameter > | Cancel | ]




Task 3 Exposure

STEP 3 P In the Exposure Properties dialog box, click on the layer button and select
layers 0-6 as well as layers 8, 10 and 11. Confirm with OK.

select Exposed Layer x|
|. 005: text -l

|. 004: geometric structures / star

|. 003 sighakto-noise
‘. 002 high resolution
‘. 001: dose test
W 000 stitching

Selection: 0-6,8,10-11

All | ﬂu:unel Qsedl Eeaetl Cancel | 1] 4 I

Exposure Properties

Databaze: |E:'xraith alphatUsertDefaulthGDSND emo. caf

Struchure: IEhip

Expozed Layer: |EI-E,8,‘I 011
working drea: U: | 300000pm  to | §00.000 pm |
L5 I -300.000 pra to I B00.000 pra

Pozition: 1 I 2.000000 rm W I 2.000000 rmm .=|
Wiritefield Size: I 100,000 prn

Expozure Parameter > | Cancel | Ok |
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Task 3 Exposure

STEP 4 P In the same dialog box click on the Working Area button. Define the working
area named Complete Pattern by checking the corresponding row. Confirm
both windows with OK.

x
ITges Center/Size |
Ma. |Mame |Left il |aner i |F|ight il |U|:u|:uer W |
1 [inver Part 0.000 0.000 300000 300000
[ compete Pattem 200000 -200000 500000 500000
3 |witefield Calibration 200000 -200000 100000 100000
4 |contact Pads 300000 -300000  BOOLOOD  6O0.00D

Cancel | 0K I

Databaze: |E:'\raith alphatdzertDefaultGOSHNDemo, caf
Structure: IEhip
E zposed Laver: ID-E,E,‘I 011
Wwiorking Area: L I -200.000 pm to I B00.000 pm

W | 200000 pm 1o | 500,000

Postion: [ 2000000mm v 200000mm g
Witsfield Size: [ 100.000 pm

Exposure Parameter > | Cancel | 1] |
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Task 3 Exposure

STEP5 P Open the Exposure window and check Lines and Dots. Click the Calculator
button.

| Exposwre =10 x|
Wwhitefield Size: |1 00.0aa0 pm | working area
drea Step Size: IEI.EI'I oo pm <=3 |9 Fizel

Area Dwell Time: ID'E”:":EE":| It Calculatar...
W Line Step Size: IEI.'ISEIZI um Detais...

Dhweell Tirne: IDDD|:|21 1] ms Exposed layer...
[ Dot Dwel Time: |0.471658 e
HINT The Beam Current in the Exposure Parameter Calculation window should be

the same value as it was measured before. If measurement is not automated,
type in the previously noted value. There is a different tab assigned for Areas,
Lines and Dots. At the bottom of the window the formula used for area, line
or dot is given. On the right hand side of each parameter a Calculator button
is shown in order to recalculate the corresponding parameter.
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Task 3 Exposure

STEP 6 P

HINT

STEP 7 P

HINT

STEP 8 P

STEP9 p
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Select the Area tab. Enter the Area Dose, which depends on your resist. For
example, if youuse PMMA, 950 k molecular weight, thickness 100 nm, as
provided with the starter kit, and beam voltage of 10 keV, the area dose is
100 pAs/cm?. Click on the Line tab and enter the corresponding Line dose of
300 pAs/cm. Then click on the Dot tab and enter 0.08 pAs for the Dose.

After you have entered the appropriate dose the corresponding tab title (Area,
Line or Dot) will normally be shown in red. In addition the corresponding
formula is shown in red and the OK button is disabled and shown in grey, as
the parameters are not consistent anymore.

Switch back to Area tab and enter the step size of 0.020 um. Click the Cal-
culator button next to the Dwell time. This will recalculate the corresponding
Area dwell time according to the formula shown at the bottom.

After you have recalculated the Area dwell time, the parameters are consis-
tent and therefore the tab title as well as the formula are now shown in black.

Select the Line tab and enter 0.010 pm for the Line Step Size and click the
Calculator button next to the Dwell time. After the recalculation the tab title as
well as the formula will change again to black, as the parameter set is now
consistent.

Select the Dot tab. In this case no Step Size is required. Just click the Calcu-
lator button next to Dwell time.



Task 3 Exposure

STEP 10 P Now all three tab titles (Area, Line and Dot) should be in black and the OK
button is now enabled. Click on OK.

Expozure Parameter Calculation

.&real Line Dot |

Write Field Size: |1EIEI.EIEIEID pm
Min. Step Size: [[77070 pm Dot Dwell Time: |01 435663 s

Bieam Current: ID_1E14E|D nt Dat Dgse:; IIZI.IZIE!DIZIIZID s

Dot Doge = [Beam Current * Dat Dwell Time) Cancel 0k
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Task 3 Exposure

STEP 11 P

STEP 12 P
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Goto the Position list window. Highlight the corresponding line with the right
mouse button, select Properties > Exposure Parameters and click on Times.

-ioix
= & | Y | HE * | === | Include: Iall 'I Exclude: Inone vl
D |U£mm |Wmm |Attribute |Template |E0mment |Dptions |Ty|:|e |

@0 |2000000 2000000 =M L Sh ExPOSURE

5
[| Bretens IC:\EIphy32\User\.&dministrator\GDSII\Demo.csf [Shat:

Structure: ISN

Exposed Layer: |3,5 E+ |

Working Area: U | 0000m o | 100,000 prn |

W | 0000pm  to | 100.000 pre
Position: u: I 2.000000 rarm W I 2000000 mm .=|
wiTitefield Size: I 100.000 pm

Cancel | 1] 9

I 0.0122 prm - W Default
I 0.000744 mz [ Default

Lines: IDisabIed 'l v Default
I 00070 prm - v Defaul
I 0020000 ms v Defaul

Dits: IDisabIed 'l v Default

Area Step Size:

Area Dwell Time:

Line Step Size:

Line Dwell Time:

Dot Dwell Time: I 0700000 ms W Default LCalculator... |
Dioze Factor: I 1.000 Times |

x
Cuwelitirne : .79z
Settlingtime : 3.70s
Stage hime : 0.00z
Calculation time : .00z
Transmigziot bime 0.04s
Total time : 1058z

Activate the position list. Go to the Menu Bar > Scan > All. The stage will

now drive to the position to expose the pattern.



Task 4 Developing the sample

STEP1 p
STEP2 p
STEP 3 p

Task 4 Developing the sample

Unload the sample.

Develop the resist according to its type. For example, if you have used the
PMMA sample type described earlier, it should be dipped into the developer
MIBK:ISO=1 : 3 for 30 seconds and immediately afterward for 15 seconds
in pure isopropanol. To ensure a clean surface, the sample should be blown
dry using nitrogen.

After you have completed the first inspection using the optical microscope,
you can insert the sample into the RAITH system. Perform the stage align-
ment and address the corresponding sample positions. In our example U=V
=2 mm, for imaging the pattern.
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Task 5 Multiple exposure

STEP1 p

STEP 2 P
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Task 5 Multiple exposure

If the correct dose is known, it is not necessary to follow this task. If the
correct dose is not known, a method is explained demonstrating exposure of
the same pattern with different doses to reduce the dose parameter range
values.

We will expose the same structures several times with different doses, as it
has no dose variation. Highlight the line in the position list, select Filter >
Matrix Copy and enter values or Matrix size, step size and dose scaling.

Create Position Matrix 1'

—Positions to copy

= Al ) Selected

M atrix size
U |4 ® |1

Step

U: [500.000 pm W [0.000

—Element order

£+ 1 [rowes) first = % [columng)] first

—Dioze Factor

u: [1.500 v: [1.000 fmutiply |

[~ Calculate automatically

Cancel | oK I

The structure will be exposed 4 times with a different dose, always increas-
ing by 50%. To check the individual dose factors, highlight the corre-
sponding line with the right mouse button, select Properties > Exposure
Parameters.



General Pattern Design

AIM

This chapter gives an overview of the different design features by using the inter-
nal GDSII editor. It is also possible to import a pattern from other editors such as
AutoCAD™, but it is recommended to use the internal editor, mainly because it
allows you to assign a different dose to each feature in each GDSII layer.

Task 1 Creating a design

Task 2 Pattern design via toolbox

Task 3 Modifying structures

Task 4 Measuring a distance

Task 5 Placing of elements in different layers
Task 6 Saving, deleting and copying of structures
Task 7 Applying varying dose factors
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Task 1 Creating a design

Task 1 Creating a design

STEP1 P Activate the GDSII database window, click on File > New. A dialog box will
open in which you can create a new database within any folder, e.g. with the
name “Design”. After saving, you will get an empty GDSII Database with the
name “Design.csf”.

Activate the GDSII database before opening the File menu.

File Edit Tools Project Module stabus  Window  Help

Close =
-9 J-Joi B}

Zhrl-+Shifk-+Hr =
Save as... ChrH-Shift+5 O @|"? EBER|X
Build hierarchy. .. : :
Database properties. .. I ﬂl EI
Mew image
Open image. ..

Open lingscan...

Mew positionlist
Open positionlist, ..

Mew wafermap
Open wafermap. ..

Mew scripk
Open scripk...

Open navigator...

Exit Alk+3

STEP 2 p Choose Edit > New. Now another dialog box will open, in which you can
define the name of the first structure, e.g. “Structure1”. After confirming, this
first structure will appear in the database. At the same time the GDSII Editor
will open a default size of 100 pm square.
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Task 1 Creating a design

= GDSII Editor - Designz:Structure ;lglil
[ [=104530 [v=0.250 |L=0 [5=0010 [Cmd=Select %% B

At the top of the Editor a number of pieces of information are given in the

status bar:

*: A star in the first field highlights unconfirmed changes.

UV:  The actual coordinates of the cursor position in U, V.

L The layer chosen for design is displayed. The layer can be changed
via Add > Preset > Layer.

S: The selected step size is displayed. The cursor step size can be
changed via / and * button. At the moment the step size is | um,
which means that the cursor can only be located at positions with
integer microns, leading to a corresponding invisible design grid.

Cmd: The currently used command is displayed. For example, after
clicking on Add > Box, the command will show Add box.
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Task 2 Pattern design via toolbox

STEP1 P

STEP 2

60
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Task 2 Pattern design via toolbox

Open the GDSII Toolbox via the small blue icon in the top right corner of the
design field (illustrating a toolbox).

-
[ [u=104590 [v=0250 =0 [5=0010 [Cmd=Select el =|
| -

The icons of the tool box give easy access to the main design functions, which
are alternatively accessible via the dropdown list box View > Options >Modify
>Add.

Tools S

B=
) &
|




Task 2 Pattern design via toolbox

STEP 3 p

STEP 4 p

Select the rectangle icon. Two mouse clicks always define two opposite cor-
ners of a rectangle. Once the rectangles are completed, choose the red cross
icon or press Esc key to cancel.

5 GDSII Editor - Designz:Structure =10/ %] ‘

[* l=104530 |v=89.750 |0 [5=0.010 [Crod=Select T EE

20 pm

Draw polygons by activating the corresponding icon. Each corner will be
defined by a mouse click. During the drawing process the pattern is always
displayed by a click of the left mouse, assuming the next mouse click would
be the final one. Use the right mouse button or the Return key for the last
corner. Double click at a finished polygon allows you to change all param-
eters digitally.

5 GDSII Editor - Designz:Structure =10/ %] ‘

[ =104 530 [»=100.000 [L=0 [5=0010  [Cmd=Add polgon T E

20 pm
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Task 2 Pattern design via toolbox

HINT

STEP 5

62

>

During precise pattern designs you may like to work in a zoomed area. You
can zoom in and out during the design by using the + and - key or by using the
mouse wheel.

Draw open paths in the same way. An open path could be a ““single pixel line”,
i.e. no area, or it could have a width defining an area. A double click into any
designed structure opens a window with all details. In case of an open path
you can change all corner locations digitally, add or delete points, define the
dose and the layer and finally you can define the width. A line width of zero
defines a single pixel line.

20 pm




Task 2 Pattern design via toolbox

STEP 6 P
STEP 7 P
STEP 8 P
HINT

Place dots after clicking the corresponding icon, one with each mouse click.

5 GDSII Editor - Designz:Structure =10/ %] ‘

[* =102530 |v=0250 |0 [5=0.010 [Crod=Select T E

20 pm

Use all remaining icons of the toolbox to familiarize yourself with the func-
tions. The icons are mostly self explanatory.

Save the pattern via File > Save and Close. During the work you can use
Save or press Ctrl S from time to time. Any unsaved work is highlighted by
the red star in the upper left corner of the GDSII Editor window.

You can Undo/Redo the last changes by using the corresponding commands
in the Edit menu or Ctrl Z and Ctrl Y respectively.
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Task 3 Modifying structures

STEP1 p
STEP 2 p
STEP 3 P
HINT

64

Task 3 Modifying structures

The next step is to create a new structure in the same database called “Test2”
(click on GDSII database and then Edit > New) to define the size of the
working area. Save and close this window.

To edit a pattern, select it from the list, as shown here for Test2 and then click
the Edit button.

=T
D@ S B EBER X

IM ultiple_structures Edit | Wi |

Open the former pattern “Structure1” via the button Edit and click once at the
polygon. Once it is selected, the corners are marked by tiny yellow squares.

Choose Edit > Copy. Now open the new design field in the Editor ‘Multiply
Structures.” Choose Edit > Paste.

It is also possible to copy groups of elements from one structure into another
structure by using Copy and Paste via the menu Edit. To select more than one
element, go to Edit, Select or Unselect and choose one of the commands
from the cascading menu.



Task 3 Modifying structures

Use the corresponding tool button for moving this structure into the center of
the lower left quadrant.

Tools
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Task 3 Modifying structures

STEP5 P Choose Modify > Duplicate > Matrix, which will open up the following dia-
log box. Enter the values as shown.

s | Modfy Add Proximity Project Module sl

ﬂ[ iittril:uutes... =T .IE

[Dose
Duplicate
Laver... 2 Matrix
x4
i W
Matris size: |2 |2 elerments
b atrix base: = free
Base vectar 1; IEU.UUU IU.UUU pm
Base vectar 2 |D.DDD |5EI.EIEIEI P
Doze scaling: |1 414 IZUUU Imultiply j
Cancel | (] I

= GDSII Editor - Design:Multiple_structures - |D|ﬂ
[* [u=104531 [v=0248 [[=0 |[5=0001 |Crd=Select =
W
u
20 pm
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Task 3 Modifying structures

STEP 6 p

The result is shown in the figure below. To inspect the dose choose Options >
Show dose. You will find that all patterns have the same color. To change the
relationship between dose and color, choose Options > Dose colors and a
dialog window will open. Choose the pipette icon. This will update the visible
dose range. Choose Apply to update the GDSII window and confirm with
OK.

The Show Dose option is a useful tool to check the exposure doses prior to
the actual exposure test.

¥ | Options Modify  Add  Pros

E Hierarchy k
Background *
Fill F
Layer properkies., ..

Show dose

Dase colars, .,
Show simulation
Simulation colors. .
Shiow video
v Show working area
v Show exposure grid

Measure

= GDSII Editor - Design:Multiple_structures

[* =102551 |[v=0248 =0 [5=0001 |Cmd=Gelect CEE

zl

Vizible doze range: Design dose range:

Min dose:[1.000 2| Jrow

Max, dose: |2 828 |2 828

Colors:

NN

20 pm

Min. dose Max. dose

Cancel | ok |

Each individual structure can be edited by a double click, which opens a
dialog box, where the UV coordinates, the layer and the dose can be viewed
and edited.
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Task 4 Measuring a distance

Task 4 Measuring a distance

STEP1 P To measure any distance within the design field, click on the corresponding
icon in the toolbox and move, while keeping the mouse button pressed, to the
other, opposite corner. An information window will appear, in which some
dimensions are displayed digitally.

[Measure Elln
+ I
1 0.033871 mm Uz 0.083747 mm - @ . | b o
Wi 0033595 mm U =TARE T ie <tructures N [=1ES|

5-0.001 [Cmd=Measure T

LS 0.043876 mm

A 45142 deg
= p YW oosm2dmm

0.0707171 mm

2500.003 pre
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Task 5 Placing of elements in different layers

STEP1 p

STEP 2 P

Task 5 Placing of elements in different layers

Create a new structure, we have named it here ‘Different’ layers. Press the
layer icon next to the toolbox. A dialog window will open, showing the exist-
ing layers. Press Edit and a new dialog window will open.

2 GDSII Editor - DesignzDifferent_layers 1ol x| #
lm [Cmd=Select ﬁ|‘| I 053: Manual marks |
B 051: Automatic marks
W 000: Layer 0

All | Used |
Y Mane | Edit... |
=
1]
20 pm

To add a layer, choose the layer number from the dropdown list box on the
right hand side and choose the Add a Layer icon next to it, which will update
the table in the Layer Properties window.

Layer Properties - Design

= | & save as.. ESave as default | + + 3 B PJ | ' | 7: 6 'l
D" |Active |Mame |E0nnected To |Border |Fi|| |F'attem |F‘re 12 = .... |_I
o ¢ Manual marks | - — 3 er] |||
G Automatic marks I 5 |—..|—
@g  Laper 0 I ..|—|—|_|:
-
o |l
|l
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Task 5 Placing of elements in different layers

STEP 3 P Enter a name for the new layer, e.g. Layer Demo1. You should now define
further properties of this layer. You can change the color of the Border and
Fill by moving the mouse to the new color and pressing the left and then right
mouse buttons respectively.

STEP 4 P Repeat the last two steps and add Layer 7. In our example we have modified

the pattern as shown.

= | EH | Esavess. [Save as defaul | Tt IR | i | i IS 'l

1D |active | Mame |C0nnected To |Border|FiII |Pattem |F'review | ....
00 Lol J:ayerDemo'I I I N ....Ii
g o | | —— — — |—..|—|E
83| ¢ - e @B
0BT g Adtomatic marks I I N . |_|_..
000]®g  Layerd I N . |—...|E
STEP5 P Choose OK and confirm with Yes to save the changes.
STEP 6 P Make these layers visible by selecting them in the GDSII layer window.
E

B 053 Manual marks |
M 051: Automatic marks |
|. 007 Layer Demo 2

|. 006; Laver Demo 1

|. 000; Layer 0
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Task 5 Placing of elements in different layers

STEP 7 P The active layer is displayed in the top of the Editor window, in our example
layer 0. Place a rectangle in this layer.

STEP 8 P Choose Add > Preset > Layer > Show All from the dialog window. Choose
Layer 6 and confirm with OK. Layer 6 is now the active layer and will be
displayed in the status bar.

STEP 9 P Place another a rectangle in the active layer.
STEP 10 p Make Layer 7 the active layer and place another rectangle in layer 7. Click
on the Filling icon in the toolbox to show the result.
&l GDSII Editor - Design:Different_layers ;Iglﬂ | I A |
[~ [=indsal |w=ndse L7 o000l [cndseks  WAE]| W ] lmarks
[ t—np & ;l\c rnazrks
{ Q Q Dema 1
@ e
e @
S
51
0
/ o
T @ |Used
: E E dit...

STEP 11 P Save and close the test structure.
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Task 6 Saving, deleting and copying of structures

Task 6 Saving, deleting and copying of

structures
STEP1 P Saving of structures is possible via File > Save or Save and Close as before.
STEP 2 P An existing structure within a database can be deleted while highlighted via
Edit> Delete.
STEP3 P A structure can be copied within the same database while highlighted via Edit

> Copy, which is useful for various modifications.

STEP 4 P It is also possible to Rename a structure.

STEP5 P Sometimes it is also useful to make a copy of the total database, which can be
done via File > Save as.
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Task 7 Applying varying dose factors

STEP 1

STEP 2

STEP 3

STEP 4

Task 7 Applying varying dose factors

Optimum resolution requires optimum exposure dose. The next steps will
explain the design of a resolution test pattern, which will cover a wide range
of doses. Please note that a similar structure is already designed and saved

within the demo structure.

Select GDSII Database, choose File > New and enter the filename ResTest.

To create a new structure, choose Edit > New, enter filename RES and

click on OK.
The GDSII Editor window opens automatically.

To select a working area, click on the working area icon. Select a working

area of 400 um for both U and V and save it.

Choose View > Zoom > Window from the menu bar.

" |RAITH150 {Administrator: EPQ400)

File Edit | view Options Modify Add Project Module status  Window  Hel

nl N T O 1T

Zoom Active working area  Chrl+Ww

Design grid G Al =
Oveﬁa gs Alt+0 In2x *
v & Qut 2x

v Working area

Last
Layer selection L ‘Window, .,
Toolbox T ‘write field
Working area editor W

Zoom in z
Zoon ouk
Hand

viewwindow x
IEdges Anchon"Sizel

Udpm Wium
Lanwer laft: ID.DDD ID.DEID
Upper right:  {400.000 f400 000

[~ Same azpect ratio

Cancel | Qg I
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Task 7 Applying varying dose factors
STEP5 P

Select the rectangle icon in the toolbox and draw one rectangle.

STEP 6 P Cancel the repeating command by pressing the Esc key.

STEP 7 P Double click inside the square to edit the parameters. Enter the coordinates

0 and 4 for U and 0 and 100 for V. This creates a rectangle with a length of
100 um and a width of 4 pum.

Edit Rectangle x|

I Edges AncharSize |
U

Lower left: IU.UUU wm ID.UUU wm

W

Upper right: |4.DDD prm I'I 00.000 pm

LDoze: |1 .oan

Layer: I 000: Layer 0 j

Cancel | (18 I

STEP 8 P To create a matrix from this rectangle, we need to design four rectangles

with 4 pm widths. Choose Modify > Duplicate > Matrix from the menu bar.
Enter 4 for Matrix size U and 1 for V, as we only want to duplicate the

structure in U direction. Choose the matrix base orthogonal. Enter a
stepsize of 8 um for base vector 1.

x
i} L

Matrix zize: |4 I'I elements

Matriz baze: &+ arthogonal " free

Base vector 1: IS.DDEI i) IIJ.DDIJ urm

Baze vector 2 IU.UUU i ID.DDD i

Dose scaling: [0.000 [i.000 fatd 7]
Cancel | (0] 4 I




Task 7 Applying varying dose factors

STEP9 p

STEP 10 p

The rectangle has now been repeated 4 times leading to a grid of equal
rectangles and spaces with 4 um width.

Select the rectangle icon in the GDSII toolbox and draw another rectangle.
Click on the red cross icon (or Esc key) to cancel the repeat command.

Double click inside the rectangle and enter the following coordinates:
UOand2 um

V 150 and 250 um
layer 0 and dose 1.
Click on OK.
x
u Y
Matrix zize: |4 I'I elements
Matriz base: (¢ arthogonal " free
Baze wector 1: IS.DDD prn IEI.DDIJ pr
Base vector 2 IU.UUD i ID.DDD pr
Dose scaling: |1 I'I Imultipl_l,l j
Cancel | Ok I
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Task 7 Applying varying dose factors

STEP 11 p

STEP 12 p

76

Choose Modify > Duplicate > Matrix. Matrix size is 8 for Uand 1 for'V,
stepsize 4 for U and dose scaling is 1.

The width of the lines as well as the distance between them is now only half
compared to the previous grid.

x
i} i

M atrix zize: IS I‘I elements

Matriz baze:  (+ orthogonal " free

Baze wectar 1: |4.DDIJ pm ID.IJDD pr

Baze vector 2 IU.UUU prn ID.DDD pm

Dose scaling: I'I I‘I Imultipl_l,.l j

Cancel | (18 I

Select the rectangle icon in the GDSII toolbox and draw another rectangle.
Click on the red cross icon (or Esc key) to cancel the repeat command.
Double click inside the rectangle and enter the following coordinates:
UOand 1 pum

V 300 and 400 um

layer 0 and dose 1.

x
ITges AncholJSizel

U i
Lowerleft:  [0.000 pm |200.000 ym
Upper right: I'I .000 pm |4DD.DDD um
DDSE: I'IDDD—
Layer: IDDD: Layer 0 j

Cancel | ’TI




Task 7 Applying varying dose factors

STEP 13 p Choose Modify > Duplicate > Matrix. Matrix size is 16 for U and 1 for V,
stepsize 2 for U and dose scaling is 1.
The periodicity of the grid is now only half compared to the previous grid
and only a quarter, compared to the first grid.

We have now designed three grids each with rectangles of equal width and
spaces. In each of the three grids the width of the rectangles and gaps has
been selected to be 4 um, 2 um and 1 pm respectively.

i
U LY
Matrix size: |1B I'I elements
Matriz base: (¢ arthogonal " free
Baze wector 1: |2.DEID pm IEI.DDIJ urm
Base vector 2 IU.UUD i ID.DDD pr
Doze zcaling: |1.UUU I'I .oon Imultipl_l,l j
Cancel | Ok I

STEP 14 p Choose Edit> Select > All, from the menu bar.
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Task 7 Applying varying dose factors

STEP 15 p Choose Modify > Duplicate > Matrix. Matrix size is 10 for Uand 1 for V,
stepsize 40 for U and 1 for V, dose scaling is 1.2 and select multiply. Click
on OK.
x4

u i
P atri size: I'I a |1 elements
Matriz baze: & orthogonal " free
Baze vector 1: |4U.DUD pri ID.DDD ur
Baze vector 2 IU.UDU prn ID.DDD r
Dose scaling: I'I 2 I‘I .onn Imultipl_l,J j
Cancel | (18 I

[ [u=0000  [v=400.000 [[=0  [5=0.0017  [Cmd=Select

LA A

Fln

—
= =3
,

] 4

=n

The line structure has now been duplicated, filling the complete write field.
The different spacing from row to row can easily be observed.

STEP 16 p Choose Options > Show Dose. The doses applied are now displayed in
different color codings. Choose Options > Dose Colors and update using
the pipette icon, then select Apply.

The design of the resolution pattern is now completed within a 400 um
field.
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Task 7 Applying varying dose factors

STEP 17 p

Choose File > Save and Close.

11 Editor - ResTest:Res

715 [v=400.000 |=0 [5=0.0001  [Cmd=Select ~EE]

ithd

x|
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Advanced Pattern Design

AIM

In the previous chapter, we learned how to multiply structures within a matrix
when each structure could be assigned another dose. This method can lead to
patterns of a large file size. Using the hierarchy function, the pattern file size will
remain small and it also simplifies the creation of multiple structures.

Task 1 Design using hierarchy
Task 2 Studying chessy.csf
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Task 1 Design using hierarchy
Task 1 Design using hierarchy

STEP1 p Create a new database and name it Hierarchy. Design one structure and name
it Celll. The GDSII Editor will now open automatically, so that you can place
several structures within the field of approximately. 100 um. Save the struc-
ture and close the Editor.

4 GDSII Database - Hierarchy. =10l x|

D@ E B x

IEeII'I gdit| Hiewl
------ Bl Celif

5 GDSII Editor - Hierarchyz:Celll -1O0] x|
[* [u=93191  [v=39811  [L=0 [S=0001 [Cmd=Selec

< ©

20 pm

STEP 2 D Create a structure Matrix 1. From the menu, choose Add > Structure Refer-
ence. The following dialog window will be displayed.

New Structure Reference Properties x|

Referenced structune

Mame: IEBIH j

T ranzformatior Aray option

Magnification: IW [ Reflect Calumns: IE—
fAingle: IW Plows: I?—
Spacing : IW
Spacing W IW

Rezet | Cancel |
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Task 1 Design using hierarchy

STEP 3 p

STEP 4 p

Select from Name, one of the structures listed. In our example there is only
Celll available. At the bottom of the window you can enter the Magnification,
Angle, Column, Rows as well as the Spacing in U and V. Once you have
entered all parameters, as shown in the example, click on OK to create a new
Structure Reference. You can now place this new structure anywhere in the
pattern. Press Escape to place the structure only once. Save the structure and
then close it. Reopen the structure Cell2 using the GDSII viewer.

By opening the pattern again via the GDSII viewer, no pattern will be dis-
played. Instead it shows a red box with the name Cell1[6][7]. This naming
structure indicates that Celll has been repeated in 6 columns and 7 rows. To
view the full pattern, go to View > Hierarchy and select level 1 or higher. A
structure similar to the figure will be shown.

=l GDSII Yiewer - Hierarchy:Matrixl - |EI|5|
u=1093276 |v=32.473  [5=0.001 |Cmd=None Ll

|
7S
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Task 1 Design using hierarchy

STEP5 P Create a new structure within the GDSII database with the name Time. Go to
Add and select Text. You can now insert any text. By pressing >>, additional
parameters are available. You can call current variables such as the time or
any other variables from the VDB files used for the current exposure. Select
Time format and press Add time button, which will display a special com-
mand string in the text field.

x
Text  [$ltime:%c)
uo [zoooum Horgontal alignment: [l =]
v [2000um Vertical lignment: —[top -
Height [3000pm ngle: [0000des
widh: [0000pm Dose: om0
Laver: | 000: Layer 0 |
%4 Cancel | ’TI
Text macio
VDB topic: | £dd variable |
VDB item: |
Time format: | 05,1205 11:35.05 | Add time |
STEP 6 P There is a wider variety of command strings available for other formats or

variables, which are described in more detail in the manual. In addition you
can enter further Parameters for the Text such as the Position in U and V, the
Layer, the Height, Width and Dose. After you have entered your parameters,
click on OK and the current time will be displayed. Save the structure and

close the Editor.
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Task 1 Design using hierarchy

STEP 7 P

STEP 8 p

Create a new structure with the name ‘Example’. In this structure we will
insert the structures designed earlier.

B [=[F) | | = GDSII Editor - Hierarchy:Example [l 5]
DS Bae|X [ |wrrzsa [»=1333046 [L=0 [S=0.001 [Cmo=Select S9E
IExampIe Wiew I
=] Example | Time |

- Cell
[ Matrixd
[ Time

Celll
Matrix1

Click on Add and Structure Reference and insert ‘Matrix1’, ‘Cell1’ (5 times
enlarged) and Time (10 times enlarged) within the structure ‘Example’. Make
sure to set Columns and Rows to 1. Save and close the structure and reopen
it with the GDSII Viewer in order to resolve the hierarchy. Select hierarchy
level 2 or higher to resolve the pattern containing the current date and time.

= GDSII Yiewer - Hierarchy:Example 101 =l
[u=1034172 |v=1239622 |5=0.001 |Cmd=None 8SE

0a/M12/00 114535

52 @
ST S
s Py
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Task 2 Studying chessy.csf

STEP1 p

STEP2 p
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Task 2 Studying chessy.csf

Chessy is an ideal example to study the design at various hierarchy levels.
Open the structure S2 using the GDSII Viewer and select Fill from the Menu
options. The GDSII Viewer will now display the design within a 2 pm field
covering just 2 squares of 1 um size.

ol x| =
DE@|® B B w=0E =048 5=0.001  |Cmd=Hor iy 59

= e | [T

O 1000w
O s200m
01 mark
B

[ s20
[ =200

Now open the pattern S20 using the GDSII Viewer and select Fill. This pat-
tern shows the next hierarchy level, where two matrices are shown. Each
matrix contains a 5x5 pattern S2. Select the hierarchy level 1 to resolve the
pattern in order to view the single squares.

= GDSII Yiewer - CHESSY::s2

u=0229 ¥=1.145 S=0001  [Cmd=Nor dg|8#

& GDSII Yiewer - CHESSY=:520

u=7.618 v=19.950 5=0.001  |Cmd=Hone Lk




Task 2 Studying chessy.csf

STEP 3 p

Now open the pattern S200, this will fill a writing field of 200 pm. Two matri-
ces are shown, each containing a 5x5 S20 pattern. If you select the hierarchy
level 1, only the S2 matrices are shown as displayed in the figure below. In
order to resolve the single square, you now need to select hierarchy level 2.

=TT
0@ e BB X

[s200 Ed | [view]
- 1000w
[ s200w
D) mark
B s2
B =20
=B 5200

&= GDSII Yiewer - CHESSY::s200
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Task 2 Studying chessy.csf

STEP 4 P

Hint

88

Now open the pattern Mark, it consists of just 2 rectangles forming an L-
shape. Within the pattern S200w there are structure references to S200 and
two references to Mark. One mark has been rotated by 180 degrees before
it was defined as the structure reference. Pattern S200w is shown below. It
can only be resolved by a hierarchy level of 3 or higher.

{:4GDSII Database - CHESS =] S

D@ s B Ee| X

[s2000 Edit |

=[] 1000w

- 200w = GDSII Viewer - CHESSY25200w i (=] 4
g ;”2‘3”‘ u=120.895  [v=139147 [5=0001 [Cmd=None [~
BAA BEECH e B

-0 520
F-[ s200

The same process of hierarchy levels design can be continued from one hier-
archy level to the next. For example, the pattern S1000w includes already
125,000 squares. Whereas the total database Chessy.csf, which utilizes a
hierarchical design, has a file size of only 1 KB, the same structures without
hierarchy levels would require approximately 9 MB.



Mix & Match Exposure

AIM

The aim of this tutorial is to perform a Mix & Match Exposure. In a Mix &
Match procedure, a second lithography step is placed into an existing pattern.

Task 1 Defining UV positions of marks

Task 2 Locating the first mark

Task 3 3-point adjustment

Task 4 Semi-automated write field alignment
Task 5 Automated write field alignment

Task 6 Exposure

&9



Task 1 Defining UV positions of marks

STEP1 P

STEP 2 P
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Task 1 Defining UV positions of marks

Open the GDSII Viewer with your corresponding pattern. In our example,
open ‘Demo.csf” and ‘Chip’. Locate mark 1 within your pattern. In our ex-
ample the mark is located at U=V=-150 um. Open the toolbar, by pressing
the letter T on the keyboard. Drag and drop the green flag 1 onto your mark
1.

=l GDSII Yiewer - Demoz:Chip I ]
u=150.050 |v=148000 [S=0.050 |Crd=None S E

(Tools K

IO
O &

QQ

® @
@ ®

(A2
87

e

The UV coordinates for mark 1 will now be displayed in the Adjust UVW
window.

Repeat the same procedure for marks 2 and 3. In our example, mark 2 is
located at U=450 um and V=-150 um and mark 3 is located at U=V=450

pm.



Task 1 Defining UV positions of marks

STEP 3 P Uncheck all three positions.

[} Adjust UvW (Global) o ] 4
3-Faints |gngle Correction | Origin Correction | Adjust w |

wamm ¥mm L mm W mm

ri E E“n_uuuuuu {0.000000 ﬂ 0150000  |-0.150000 ﬂ
r2 J HeadllD.DDDDDD {0.000000 ﬂ {0.450000  |-0.150000 @
3 E HeadllD.DDDDDD {0.000000 ﬂ [0.450000  [0.450000 @

-->I:|:u::a|| Rezet | Adjuzt I
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Task 2 Locating the first mark

Task 2 Locating the first mark

It is assumed that you have already followed the first few chapters, including
the chapter ‘Exposure’. After developing the sample, load the sample into
your system again and perform the steps described in the chapter, ‘Stage
Adjustment’

STEP1 P In order to find the first mark, open the Stage Control window and enter the
value 2 for U and V. Click on Start.

¥ Stage Control 10l =l ] =]
Command Destination |StE|:| I @ 1266823 mm
@ Ease [~ IR -2.024425 mim
LI: |2.000000 rom U @z ST
Length— " I2.UUEIEIEIEI mm T @ T 0.000 rmm
{* mm W_I
» : PBosition———————
* absolute
" relative u: 2000000 mim
L8 2000000
Clear Start
= W 5.000 mm
STEP 2 p On the column desktop select a magnification of 3000x. Switch on a crosshair

and unblank the beam. The first mark should now be visible.

Using the joystick, move the crosshair over the mark and switch off the beam.
The next task is to perform a 3-Point Adjustment.
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Task 3 3-point adjustment

STEP1 p
STEP2 p
STEP 3 p
STEP 4 p
STEP5 p

Task 3 3-point adjustment

Open the Adjust UVW window and select the tab, 3-Points. Switch to the
Local coordinator transformation.

Choose Read to update the current XY coordinates of the first mark position.
Activate checkbox 1 of the same position.

[} Adjust U¥W {Local) =101z
ZFuaints |Qngle Cnnectionl Drigin Cnnectionl Adiustﬂl
wamm wdmm 1A Wanm

Wlﬂ Flead||1.288823 [-2024425 ﬂ[mmnnn [0-150000 ﬂ

I 2 A Read|[0000000  [ooodoo | 4| [oesaonn  [o150000 g
I'Eﬂ E“n_uuuuuu {0.000000 ﬂp_mmu |0.450000 ﬂ

=5 G_Inball Reset | Adjust I

In this step, we have performed, in principle, an origin correction, this means
that the origin of the coordinates system has been redefined.

Click on the lightning icon or mark 2 related to the UV coordinates. This will
move the stage to the second mark.

Select a high magnification again, (approximately 3000x) and switch on the
beam. Move the second marker so that the crosshair is situated above the
mark.

Click on Read of mark 2. The XY coordinates in the Adjust UVW window
will be updated.

Click the checkbox of mark 2 and click Adjust. Please note that the UV
coordinates have been updated after the adjustment has been performed.

Click on the lightning icon of mark 3 of the UV coordinate system to move
the stage to mark 3.

93



Task 3 3-point adjustment

STEP 6 P

94

Make sure that a high magnification, (approximately 3000x ) has been se-
lected and switch on the beam. Move the third mark so that the crosshair is
situated above the mark. Click on Read of mark 3. The XY coordinates will
be updated.

Check mark 3 and click Adjust.

1 Adjust U¥W (Local) 10l =l
3-Faints |&ngle Eorrectinnl Drigin Cnrrectionl Adiustﬂl
®Amm rAmm 1 rm Wmm

V1 ﬂ Head||1.255823 [2024425 ﬂ [-0-150000" [F0-150000 ﬂ
v 2 E Head||1.SEES23 [2024425 @ [o-450000 [0 150000 @
V3 E Head“‘l.EEEEES [1.422225 ﬂ [o-450000 [o.450000 ﬂ

--» [Global | Rezet |




Mix & Match Exposure

AIM

The aim of this tutorial is to perform a Mix & Match Exposure. In a Mix &
Match procedure, a second lithography step is placed into an existing pattern.

Task 1 Defining UV positions of marks

Task 2 Locating the first mark

Task 3 3-point adjustment

Task 4 Semi-automated write field alignment
Task 5 Automated write field alignment

Task 6 Exposure
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Task 1 Defining UV positions of marks

STEP1 P

STEP 2 P
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Task 1 Defining UV positions of marks

Open the GDSII Viewer with your corresponding pattern. In our example,
open ‘Demo.csf” and ‘Chip’. Locate mark 1 within your pattern. In our ex-
ample the mark is located at U=V=-150 um. Open the toolbar, by pressing
the letter T on the keyboard. Drag and drop the green flag 1 onto your mark
1.

=l GDSII Yiewer - Demoz:Chip I ]
u=150.050 |v=148000 [S=0.050 |Crd=None S E

(Tools K

IO
O &

QQ

® @
@ ®

(A2
87

e

The UV coordinates for mark 1 will now be displayed in the Adjust UVW
window.

Repeat the same procedure for marks 2 and 3. In our example, mark 2 is
located at U=450 um and V=-150 um and mark 3 is located at U=V=450

pm.



Task 1 Defining UV positions of marks

STEP 3 P Uncheck all three positions.

[} Adjust UvW (Global) o ] 4
3-Faints |gngle Correction | Origin Correction | Adjust w |

wamm ¥mm L mm W mm

ri E E“n_uuuuuu {0.000000 ﬂ 0150000  |-0.150000 ﬂ
r2 J HeadllD.DDDDDD {0.000000 ﬂ {0.450000  |-0.150000 @
3 E HeadllD.DDDDDD {0.000000 ﬂ [0.450000  [0.450000 @

-->I:|:u::a|| Rezet | Adjuzt I
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Task 2 Locating the first mark

Task 2 Locating the first mark

It is assumed that you have already followed the first few chapters, including
the chapter ‘Exposure’. After developing the sample, load the sample into
your system again and perform the steps described in the chapter, ‘Stage
Adjustment’

STEP1 P In order to find the first mark, open the Stage Control window and enter the
value 2 for U and V. Click on Start.

¥ Stage Control 10l =l ] =]
Command Destination |StE|:| I @ 1266823 mm
@ Ease [~ IR -2.024425 mim
LI: |2.000000 rom U @z ST
Length— " I2.UUEIEIEIEI mm T @ T 0.000 rmm
{* mm W_I
» : PBosition———————
* absolute
" relative u: 2000000 mim
L8 2000000
Clear Start
= W 5.000 mm
STEP 2 p On the column desktop select a magnification of 3000x. Switch on a crosshair

and unblank the beam. The first mark should now be visible.

Using the joystick, move the crosshair over the mark and switch off the beam.
The next task is to perform a 3-Point Adjustment.
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Task 3 3-point adjustment

STEP1 p
STEP2 p
STEP 3 p
STEP 4 p
STEP5 p

Task 3 3-point adjustment

Open the Adjust UVW window and select the tab, 3-Points. Switch to the
Local coordinator transformation.

Choose Read to update the current XY coordinates of the first mark position.
Activate checkbox 1 of the same position.

[} Adjust U¥W {Local) =101z
ZFuaints |Qngle Cnnectionl Drigin Cnnectionl Adiustﬂl
wamm wdmm 1A Wanm

Wlﬂ Flead||1.288823 [-2024425 ﬂ[mmnnn [0-150000 ﬂ

I 2 A Read|[0000000  [ooodoo | 4| [oesaonn  [o150000 g
I'Eﬂ E“n_uuuuuu {0.000000 ﬂp_mmu |0.450000 ﬂ

=5 G_Inball Reset | Adjust I

In this step, we have performed, in principle, an origin correction, this means
that the origin of the coordinates system has been redefined.

Click on the lightning icon or mark 2 related to the UV coordinates. This will
move the stage to the second mark.

Select a high magnification again, (approximately 3000x) and switch on the
beam. Move the second marker so that the crosshair is situated above the
mark.

Click on Read of mark 2. The XY coordinates in the Adjust UVW window
will be updated.

Click the checkbox of mark 2 and click Adjust. Please note that the UV
coordinates have been updated after the adjustment has been performed.

Click on the lightning icon of mark 3 of the UV coordinate system to move
the stage to mark 3.
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Task 3 3-point adjustment

STEP 6 P

94

Make sure that a high magnification, (approximately 3000x ) has been se-
lected and switch on the beam. Move the third mark so that the crosshair is
situated above the mark. Click on Read of mark 3. The XY coordinates will
be updated.

Check mark 3 and click Adjust.

1 Adjust U¥W (Local) 10l =l
3-Faints |&ngle Eorrectinnl Drigin Cnrrectionl Adiustﬂl
®Amm rAmm 1 rm Wmm

V1 ﬂ Head||1.255823 [2024425 ﬂ [-0-150000" [F0-150000 ﬂ
v 2 E Head||1.SEES23 [2024425 @ [o-450000 [0 150000 @
V3 E Head“‘l.EEEEES [1.422225 ﬂ [o-450000 [o.450000 ﬂ

--» [Global | Rezet |




Task 4 Semi-automated write field alignment

STEP1 p
STEP2 p
STEP 3 p
STEP 4 p

Task 4 Semi-automated write field alignment

In several cases, you may not be required to set-up a fully automated write
field alignment. For example, if only a small number of alignments are neces-
sary, or difficult mark detection conditions exist, a semi-automated proce-
dure is more appropriate. This procedure can save time and with the interac-
tion of the operator, more reliable results can be achieved. In the following,
we will describe the semi-automated procedure first to familiarize you with
the concept. The next task will describe the automated procedure, which is
more complex.

Move the stage back to the first mark, for example by pressing the corre-
sponding lightning icon.

Open the Microscope Control window, select 100 um write field from the
list. Check Database values and press Set.

1=

1 agnification Field zize Fiead |
%1000 100000 prm

Hew |

| 1000 100.000 = | Edit |

¥ Datzbase values Save |

Open a new positionlist.

Select the structure ‘Chip’ from the database Demo.csfand drag & drop it
into the positionlist.

=T =
D@ BB X FEEHE ® | EEX|aa - e [ > Excudes frone =
[chin Edt | visw| | [ [0 0/mm [winm [Awibuwe [ Template |Comment [Dptions [Tope
] 1| [#]_] 0250000 01450000 = uv Chip EXPOSURE
[ Fresnelasc
0 Fresnel_SPL 4 |
O Marker 11 [* 1 Lot ID: [waferID:
[ Raith_text

[ Geometric_Stuctures
LM Rlnhal Mark |
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Task 4 Semi-automated write field alignment

STEP 5

STEP 6

STEP 7

96

>

>

>

Select the line in the positionlist using the right mouse button. Select Proper-
ties. Click on the layer icon and select layer 63.

Select Exposed Layer x|

W 063 manual markscan

W 061: automatic markscan |

B 012 outer pads |

M 011: Global markers |

010 dots |

M 009: overay HEMT gate |L|

|Se|ectinn: E3

Al | ﬂnnel Qsedl Besetl LCancel | 0K I

Click on the Working area icon and select the Working area ‘Write field
Calibration’ and confirm with OK. Adjust the UV position by pressing the

corresponding button.

This command will use the pre-defined working area and the write field size
to calculate the correct sample UV position. It is very important to set-up the
write field and working area beforehand.

_lol x|
= H | = | =N | & e = | Inelude: Iall VIE;-;dude; Inone vl

D |U.fmrn |Wrnm |Attribule |Template |Eomment |Dptions |T_|,Ipe
kd 0.000000° 0.000000° =M Ly |Chip | EXPOSURE
KIn i
[ wel[*] 1 lotm: [waferiD; [slat:

Activate the positionlist. Select Scan > All from the menu bar. The stage will
now drive to the corresponding position and the exposure on Layer 63 will
be initiated. The software will generate the positionlist ‘Align.pls’. The
positionlist will be filled with the corresponding Marks scan. The scanning of
the positionlist will start automatically and after the first image, the software
will pause to await interaction with the user.



Task 4 Semi-automated write field alignment

STEP 8 p

STEP9 p

The green cross displayed in the center of the image defines where the mark
is expected. At this stage, the mark will probably not be at the center, but it
can now be defined manually. To define the position of the mark, keep the
Ctrl key depressed and the left mouse button pressed while moving the mouse
cursor to the required position. Once you have reached the new position,
release the Ctrl button and a blue cross will be displayed at the selected
position.

The green cross shows the po-
sition where the mark is ex-
pected

= Image MARK36.55C

The cross can be moved to the
exact mark position. Once the
location is accepted, a blue cross
appears at the mark position and
the former center is marked as
well.

Click on Continue to proceed with the positionlist and the following mark
scans.
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Task 5 Automated write field alignment

Task 5 Automated write field alignment

STEP1 p Move the stage back to the first mark, for example by pressing the corre-
sponding lightning icon.

STEP 2 p Open the Microscope Control window, select 100 pm write field from the
list. Check Database values and press Set.

_ioixi
M agnificatiorn Figld size Fead |

% 1000 100.000 prm
Hew |
| 1000 100.000 pm = | Edit |
i | | Database values Sawe |

STEP 3 P Open a new positionlist.
STEP 4 P Select the structure ‘Chip’ from the database Demo.csfand drag & drop it
into the positionlist.
-lglx i
DeW(® | BEBe X SHE % |BEX|@a - e [ ] e [one =
[cri _Edt | view | | [TiD_[0/mm [Wom [Atubue | Template |Comment [Dipions [Type
O Chin a ﬂgﬂfiﬁﬂﬂﬂﬂ 0.450000 =N 1 Chip ExPOSURE
E e i B
E ;isir‘l;jext 1 [F[ 1 e [waferin:
0O sH
[ Dase
[ dats
O Fresnel
Q E:ir:lels:; ftlu:tules =
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Task 5 Automated write field alignment

STEP5 P Click once with the right mouse button at the corresponding line and a dialog
box will be displayed. Select Properties.

Click then on the Layer icon and select layer 061.

X
I 063 manual markscan | = Database: IE.\HA\TH1EU\Usel\Andl\GDSII\DEMU CSF
M 051: automatic marksean e IEhip
I 012 outer pads
E Exposed Layer: I @
I 011: Global markers
E 0.000 100.000
010 dots ‘Wwarking &rea i} I wm to I pm
I 003 overlay HEMT gate = v 0000um | 1o | 100.000 pm
Position: u: 0450000 mm W (0450000 mm @
[Selectian; 61 B I I L L]
“wiitefield Size: 100.000 pm
All None | Used | Reset LCancel MEEEES

STEP 6 P Click on the Working Area icon.

ﬂ
Edges ” Center/Size

Ma. [Mame |Eenter u |CenlerV ISize u ISize Ly I

1 |lnwer Part 150.000 150.000 300.000 300.000

2_ Complete Pattern 150.000 150.000 700.000 700.000
‘writefield Calibration -150.000 -150.000 100.000 100.000

4 |Contact Pads 150.000 150.000 300.000 300.000

LCancel | ok I

Select the workfield area ‘Write field Calibration’. Confirm with OK.
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Task 5 Automated write field alignment

STEP 7

STEP 8

100

>

>

Adjust the UV position by pressing the corresponding button.

D atabaze: IC:\F!»&ITH1ED\User\.&ndi\GDSIl\DEMD.CSF
Structure: IChip
Ewpozed Laver: IE'I il
YWorking Area; L: I 200000 prn o I -100.000 prn
v | 200000pm  to | -100.000 pr

Pasition: L: I -0.150000 mm s I -0.150000 mm
‘whtefield Size: [ 100000 pm

Exposure Parameter »» | Cancel | ok |

This command will use the pre-defined working area and the write field size
to calculate the correct sample UV position. It is very important to set-up the
write field and working area beforehand.

Activate the positionlist. Select Scan > All from the Menu bar. The stage will
now drive to the corresponding position and the exposure on layer 61 will be
initiated.

The software will open a new positionlist, called ‘Align.pls’. A set of mark
detections is stored within this positionlist and executed automatically.

During the execution of the positionlist Align.pls we will be able to observe
progress. Several Line scans will be displayed, but it is unlikely that there will
be a valid parameter set for mark detection within the line scanning and many
errors will be shown. Once the execution of the positionlist is completed, the
software will close ‘Align.pls’ which will close all the Line scans.



Task 5 Automated write field alignment

STEP9 p

STEP 10 p

The next step is to find a parameter set such that during the automated align
write field procedure, the software will be able to detect all the marks.

Go to File > Open Positionlist and open the positionlist ‘Align.pls’, which has
been stored in your user directory ‘Data’.

## Positionlist ALIGM.pls I ] 5
i | El El * | & @ - = | Include: IaII 'IEHcIude: Inone vl
[n] |U |V |Attribute |Template |Comment |Dptions |T_l,l|:-e |F'os'| |F'os2

|0 |-0.036500-0.040000 LE* diw Autoalign V15TAY; R&UTOSCAN -40.597 -39.398
'&|1  -0.040000 -0.036000 L5 duy Autoalign U7 5TAY: RAUTOSCAR-41.154 38797

: 2 -0.036500 0.040000 LE= diw Autoalign V2 STAY; RAUTOSCAN 39.403 40,602
‘&3 -0.040000 0.044000 LE* dliv Autoalign UISTAY: RAUTOSCAR-41.154 38,797
&4 0.043500 -0.040000 L5 duy Autoalign VI STAY; RAUTOSCAR 40,557 -39,398

: 5 | 0.040000 -0.036000 LE® diw Autoalign UTSTAY; RAUTOSCAN 38.806 41.203
‘&6 0.043500 0040000 LE* duy Autoalign Ve STAY: RAUTOSCAR 39.403 40602
2|7 0040000 0.044000 LS duy Autoalign Ue STAY; RAUTOSCAR 35,806 41.203
_ 0.000000 0.000000 R dli Alignment m STAY: MaCRO

L« | |
[ e[ [ 1 et [wafer 10 [3lat:

As we have not completed the optimization yet, the light is displayed in red,
since the Line scan could not be completed successfully. The corresponding
Attributes show LE for Line scan error.

Double click on one of the lines with an error and the corresponding Line
scan will be opened. Select the ‘Threshold Algorithm’ from the dropdown list
and choose the Apply button.

BI=13] | [hreshold Algorithm - Exampla ]
& H & | 5| | Fiter [Thieshold algorithm -lm X [ Parameter set
[E xample j 0 x
i ol %]
[~ Threshald
Mode: Lower: Upper: Unit:
0 Irelatwe ﬂ IED 70 % of max, intensity difference

~Edge definitior
Left: |1 edge & fomleft © fomright  at |90 %
Right: |1 edge ¢ fomleft © fomright  at (50 %

\. [~ Structure

Type: “width range:

5]
=)

Intensity ! counts

o

o
18 118 2018 308 4018  S018 6ME 7018 80MS

Position / nm Imaximum j ISUUU to |1UUUU nm
|T |Position=5785.34 nm [Intersity=45 -
Displa
’7 + Pasition 1 Width
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Task 5 Automated write field alignment

STEP 11 p Select the parameter called ‘Align Write field’ from the dropdown list. Select
Relative. For Lower select 50, for Upper, select 70. For Edge Definition,
select 1* edge from left and 1% edge from right. For both edges select 50%.

For Structure select type Maximum and a Width range from 500 nm to 2500
nm.

Press Apply. The software now applies the threshold algorithm with the pa-

STEP 12 p rameter set chosen to the corresponding Line scan. If you were able to detect
amark, then the corresponding result will be displayed in the line scan by
plotting red bars and a particular line width bar.

Linescan EBEADO37.Isc M [=]E54) [ Threshold Algorithm - Align write field x|
= &S| B+ | Fiter [Theshoid Algarthm B —Parameter set

IAIlgn wiite figld j E Xl

40
i~ Threshald

Mode: Lower: Upper: Unit:
E Irelat\ve j ISU 70 % of max. intenaity difference
20 rEdge definitiors

Left: |1 .edge % fomleft © fomnght at |30 %
Right: |1 edge © fromleft & fomright  at 50 %

Intensity f counts

=)

Q L wim’: 594 I1 MM Pa— [ Stucture:
18 qma 2018 3mp3nsmna:|n;1§m so15 B0l 7018 A8 IT;’::;W | r;é?h rangem o |m
|T |Position=F785 34 nm [Intensity=45 [
Diispla
’7 "~ Position = width
Cancel oK
STEP 13 p The next step is to optimize the parameter set. In our example, the width was

594 nm, which means that we restrict the width range.

Go back to the parameter set window and select a structure width range of
400-800. Press Apply again.
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Task 5 Automated write field alignment

STEP 14 p

STEP 15 p

In our example, the threshold of 50% and 70% were not well selected. By
reducing both thresholds to 30% to 40%, Improved results were achieved.

- Linescan EBEADD37.Isc M [=] 3} | Threshold algorithm - Align write field x|
2 B & | & | + | Fiter: [Threshold Algoritm - m ¥ ~Parameter set

; IAIlgn wiite figld ﬂ Q E ﬁl

[~ Threshald

Mode: Lower: Upper: Unit:
@ 0 Irelat\ve j |3U IdU % of max. intensity difference
:
2 o —Edge definition
=
= - 1 B0 %
§ Left: .edge  (+ from et from right at| %
E 1 Right: |1 edge  fomle & fromrght ot [50 %
\ iy 22 2 Mifes st [~ Stnuctures
0 —_ . 3 -
18 A0iB 2018 301 4018 S8 BOIE  TOIB  EO1S Type: Wi renge:
Posttion £ nm Imammum j |4UU ta (200 nm
|T |Pasition=5785 34 nm [Intensity=45 |
Displa;
’7(‘ Position = width

Cancel | 0K

As we have now defined the parameter set. The software will now be able to
detect the line successfully in the Threshold Algorithm window. Save the pa-
rameters and close the window with OK. In addition, close only the Line
scan window but leave the positionlist ‘ Align.pls’ open.

The next step is the verification of the parameter set. Activate the window
Positionlist ‘Align.pls’. In the Menu bar, go to Scan > All. The software will
start scanning the positionlist again.

It is very likely that the software will now be able to apply the Threshold
algorithm to all the Line scans. Therefore, there will no longer be an error
message in the positionlist.

L=
= ‘ iy ‘ HE X | = oE | Include: |a|| vlgxclude: Inone vI
D |U |V |Altnbule |Template |Comment |Dptinns |Type |F‘os1 ‘F‘os2 |F’033

< |0_]-0.036500 -0.040000 L5+ duy Autoalign 1 STAT; RaUTOSCA -40.557 -39.398 -39.938
la(1 -0.040000 0026000 LS+ duy Autoalign U7 STAY; RALTOSCAR-41.1594 -38.797 -39.995
le|2  -0.036500 0.040000 LS+ duy Autoalign VI STAY; RALITOSCAN 39,403 40.602 40.002
2|3 |-0.040000 0.044000 L5+ duy Autoalign L STAY; RAUTOSCAR -41.1594 -38.797 -39.995
l@|4  0.043500) 0040000 LS+ duy Autoalign VI STAY; RALITOSCAR -40.5597 -39.393 -39.993
le|5  0.040000 0036000 LS+ duy Autoalign L] STAY; RALITOSCAR 38,806 41.203 40.005
2|6 0043500 0.040000 L5+ duy Autoalign Ve STAT; RAUTOSCAR 33,403 40.602 40.002
l2|7  0.040000 0044000 | LS+ duy Autoalign U STAY; RALITOSCAR 38.808 41.203 40.005

: 8 |0.000000 0.000000 h duy Alignment m STAY; HACRO

[« | i
[ %[ 1 eI [ww/afer ID: [Slat:

After the positionlist ‘ Align.csf” has been performed successfully, close the
window.
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Task 5 Automated write field alignment

Hint Ifthe positionlist could not be performed successfully, you will need to change
” the parameters for the Threshold Algorithm. Therefore, start from STEP 10
again.
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Task 6 Exposure

STEP 1

STEP 2

STEP 3

STEP 4

STEP 5

>

>

>

>

>

Task 6 Exposure

Select the first positionlist, e.g. ‘NoName.pls’, and press with the right mouse
button on the corresponding line. Select Properties again.

Now we select the layers to be exposed. Choose on the Layer icon. Select
Layers 7,9 and 61 or 63. Confirm with OK.

Click on the Working area icon and select the Working Area, ‘Complete the
Pattern’ and confirm with OK.

Adjust the UV position by pressing the corresponding button.

Choose Exposure Parameters, which will give you access to the complete set
of exposure parameters, which are disabled, prior to selecting calculator.

The next step is to enter the Area Dose, which depends on your resist. For
example, if you use PMMA, 950 k molecular weight, thickness 100 nm and
beam voltage of 10 keV, the area dose is about 100 pAs/cm?.

Enter the step size of 0.016 um. Press the Calculator button next to the Dwell
time. This will recalculate the corresponding Area dwell time according to the
formula shown at the bottom. Of course the beam current has to be read
beforehand. Confirm with OK.

The last task is now to execute the positionlist. Depending if you have chosen
automated procedure (Layer 61) or semi-automated procedure (63), user
interactions might be required. After completion, the sample can be devel-
oped and inspected.
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