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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 a patterning task, you will need to carry out chapters 1-5 first before
performing the patterning in chapter 7. It is important to study the chapters in the
given order.



1 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 image

Finding your sample

2 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 spot

Checking the leveling limits

3 Stage Adjustment
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Angle correction
Origin correction
Adjust W

Digital addressing

4 Writefield Alignment
4.1 Standard Procedure

TASK 1:
TASK 2:
TASK 3:
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TASK 5:
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Defining the alignment procedure

Executing the alignment procedure manually
Setting up the automated alignment
Checking the precision of the alignment

4.2 Using FBMS and Beam Tracking

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

Continue with located particle
Defining the alignment procedure

Executing the alignment procedure
Setting up the automated alignment
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5 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

6 Advanced Pattern Design
6.1 Standard
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TASK 1: Familiarization with demo pattern
TASK 2: Measuring the beam current
TASK 3: Patterning

TASK 4: Developing the sample

TASK 5: Multiple patterning
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TASK 1: Patterning parameters for FBMS

8 Mix & Match Patterning
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9 Automation

TASK 1: Setting Column Control parameters

TASK 2: Activating Column Control in a Positionlist
TASK 3: Automated Writefield alignment

TASK 4: Further automation

10 Patterning on Wafer

TASK 1: Creating a Wafermap

TASK 2: Performing the Wafer adjustment
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1 Getting Started

AIM

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

Task 5 Finding your sample

1-1



1 Getting Started

Task 1 Start the system

HINT

STEP1 )

Figure 1- 1 Operation

icons of the column
desktop.
STEP2 )

Figure 1-2 Opening
window of RAITH
Lithography software.

Task 1 Start the system

If the system has been left in another status, 1.e. switched off completely,
please contact a specialist for advice. For the operation of the RAITH Turn-
key 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
provide the connection between them.

Start the column software and log in as user training and password training.

The column desktop displays the operation icons at the top and the image
information, as well as the data zone at the bottom of the screen.

File Edit ‘iew Beam Detection Image Scanning Stage Yacuum  Tools Help

| al (2] 3] (4] 5] B - il Bl [©) B 0= 00 2 Ty E

g'oﬂg:] 18000 K X EHT=20.00kV Gun Vacuum = 2. 246-009 mbar Signal A = InLens

|—| e ] WD=69mm  System Wacuum =6.18e-006 mbar  User MName = QTEST

Start the RAITH lithography software and log in as user training and pass-
word training.

ICiEe el S e s s

The control bar enables different windows to be displayed.
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1 Getting Started Task 1 Start the system

STEP 3 p Check if the lithography software has control over the column software by
clicking at the IMG icon in the lithography desktop. The icon has two modes;
when showing IMG (imaging mode), the column is controlled through the
column software, i.e. a scan is running. In the other mode the icon will display
PAT (patterning mode), in this case the column is controlled via the lithogra-
phy software and the last scan will be frozen, therefore no running scans are
shown.

Figure 1-3 Selecting the

File Edit Search Filker Scan Project Extras  Window 7

IMG icon. —
‘ mzEeE | 0E XK@ - R=nelsa
Clicking on this icon
will toggle between
IMG and PAT.
STEP 4 D 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 check
mark) and that the acceleration voltage EHT is switched off (red cross).

Figure 1-4 Checking th
EHT status. Var: o \Gun: v | EHT: ¥ = To change the status of Vac, Gun or EHT,
click on the red cross or the green check
mark.

. Shutdown Gun
EHT Off

A dialog will be shown, in which the shut-
down procedure for the Gun can be initiated,
or the EHT can be switched off or switched
on.

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




1 Getting Started

Task 2 Preparing a suitable sample

STEP1 )

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 electron optics optimization which coincides automatically with the
optimized beam conditions for patterning.

For this chapter we recommend a small sample, for examplea 1 cm x Icm

square, with positive resist, e.2. 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.

1-4



1 Getting Started Task 3 Loading and unloading samples

Task 3 Loading and unloading samples

STEP1 p We need to verify if a sample is loaded or not. To check this, use the CCD
camera to view inside the vacuum chamber. Click on the Chamber Scope/
Detector Control icon in the column desktop.

Figure 1'5 Selecting the File Edit ‘Wiew Beam Detection Image Scanning Stage Yacuum  Tools Help

Chamber Scope/ x @ . @ 2

Detector Control icon. e

oo ¥

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 need 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, into the loadlock.

Figure 1-6 CCD
Camera view.

Raith 150 100pm EHT = 30.00 kv Signal A=TV Date :16 Jul 2002
Mag= 60X |—| WD= &mm User Name = RAITHSERVICE Time :14:49:00
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1 Getting Started Task 3 Loading and unloading samples

STEP 2 p Click on the Load Lock icon in the control bar and then on the Load Sample
button. This button is marked gray if a sample is already loaded.

Figure 1-7 Load Lock

- > X
window for sample ’6] —_— Click on th
. - < l—l"' o Saml ick on the
loading. N = | = T Load Sample
i
3 Charge Chuck: | Dizcharge Chuck: | button to load
- your sample.
3
Sample | Advanced |
2
“.:’
o7
Click on the Load Lock icon.
STEP 3 ) After the loading procedure is completed, the voltage is switched off. Switch

the voltage on again via the Column Control.

Once the acceleration voltage is switched on, the EHT button should show a
green check mark.

Check the Home Position. Using the lithography desktop, go to the Coor-
dinates window and check if XYZ are displayed as zero.

Figure 1- 8 Coordi- ol x|
nates Window ShOWil’lg @ % 1.209547 mm
XYZ and UVW coor- @ v 2715418 mm
@ =z 0,000 mm
@ T 0,000 rmm

dinates.

U 1.289547 mm
2715418 mm
W 25,000 rm

=
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1 Getting Started

Task 4 Obtaining an image

HINT

Figure 1- 9 Coarse/
Fine control.

STEP1 p

Figure 1-10 Selecting

the Scan Speed.
STEP2 )
STEP 3 )

Figure 1-11 Checking
the Beam Blanker

status.

Task 4 Obtaining an image

If the 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 along way out of focus and you might therefore expect to see a
noisy and gray picture. To obtain an image you need to adjust the column
parameters as explained in the following steps.

| Left Brightness = 50.0 % | Mid: Contrast= 500% | Fine @|vac: o |Gun |[EHT: %]

Left: Brightness = 0.0 % | Mid: Contrast = 50.0 % | Coarse .|Vac: 4 |Gun: 4 |EHT: )(|

Select Scan Speed 1 using the column desktop. A fast scan will be pro-
duced. During the fast scan, only noise can be seen as the acceleration volt-
age (EHT) is still switched off.

File Edit ‘Wiew Beam Detection Image Scanning Stage Yacuum  Tools Help

xv m 7

If the EHT 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 to the left of the INT icon in the lithography desktop and check
if the beam blanker changes the signal during the scan. Leave the beam on.

File  Project Egtraz  Window 7

s 217311411

=h |

X @ « » [R5
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1 Getting Started Task 4 Obtaining an image

STEP 4 p In addition switch to imaging mode :

Figure 1-12 Imaging

File Edit Search Filter Scan Project Extras Window 7

mode (IMG) Mz @E e e KO - w@ % %

Ensure that
the icon is set
to IMG.

STEP5 p The next step is to check the acceleration voltage.

Click the Column Control icon in the control bar to open the Column Con-
trol window. Select a pre-written parameter set for Aperture, EHT and

Working Distance.
Figure 1-13 Setting the | > Y
Acceleration value Hald4X/a29(@®
"ﬁ Active Mode: 10 kY 10 mm WD (20 um Aperture)
_ Select the Column Con-
l_'-lj [=h () 30 um Aperture .
N bW trol icon to open the
— O 20K 10 mm WD Column Control window.
g O 30 kY 10 mm WD
= (¥ 20 um Aperture
Xy | @100 mmwWD
uy S (010 kY 20 pm 10 mm
O 20 kY 10 mm WD
. (O 20 kY 10 mm WD
i‘ =t ®) Ls Spstemn Famp-down Modes
g (O Calurnn Standby
jm=ae] () Column Stop
EHT On [@Vac [@Gun @EHT
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1 Getting Started

Task 4 Obtaining an image

STEP 6 »

Figure 1-14 Setting the
Brightness and Con-

trast values.

HINT

The next step is to adjust brightness and contrast. Click the icon for Bright-
ness and Contrast. The left and middle mouse buttons 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 firstimages a setting of Contrast=Brightness=50% will be sufficient.

File Edit Wew Beam Detection Image Scanning Stage Yaguum Tools Help

, B - B B (©)] B 0o o2

Left. Brightriess = 50.0 % | Mid: Contrast= 500%] || Fine @ [fac: o« |Gun »[EHT. ¢/

Left: Brightness = 0.0 % | Mid: Contrast = 50.0 % | Coarse @|vac |Gun: 4 |EHT: )(|

The left mouse button Left is assigned to brightness control and the middle
mouse button Mid 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. After-
wards click the icon again with the middle mouse button to switch off the
automatic optimization.

1-9



1 Getting Started

Task 4 Obtaining an image

STEP7 p

Figure 1-15 Setting the
Magnification.

HINT

Now that the Brightness and Contrast have been optimized, we can start to
focus onto a surface using a selected magnification of 50x . Click on the
Magnification icon using the left mouse button and assign the left and middle
mouse buttons 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.

File Edit Wew Beam Detection Image Scanning Stage Yacuum  Tools Help

Eet Mag= 50 Md WD = 23mm__ | [Fine @]vac: o |Gun: o |EHT:

o0 Q;f?o i'

The left mouse button Left is now assigned to Magnification control and
the middle mouse button Mid is assigned to Working Distance. The mouse
movement can be toggled between Fine and Coarse control.

Please note that focus is related to working distance.

1-10



1 Getting Started

Task 4 Obtaining an image

STEP 8 p

Figure 1-16 Setting the
Scan Speed.

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 reduces the
scan speed. The pre-defined Scan Speed 1 is the fastest scan speed, whereas
the Scan Speed 5 is the slowest scan speed. The user can select the indi-
vidual scan speed via the Raith EOControl > Scanning tab assigned to the
Scan Speed icons.

Select a slower scan speed in order to reduce the noise by clicking the left
numbered icons.

File Edit Wew Beam Detection Image Scanning Stage Yacuum Tools Help

o] 2] 3] (4] | )] B - Siki M) ()] B 0= 00 ¥ T E

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 on icon 2.
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1 Getting Started

Task 5 Finding your sample

STEP1 )

Figure 1-17 Joystick
control.

STEP2 )

Figure 1- 18 Selecting

the Focus icon to adjust «
the focus of the sample.

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 it, otherwise you would
expose the sample.

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

File Edit Wew Beam Detection Image Scanning Stage Wacuum  Tools Help
. ) £ :':..,-_‘ T T . qﬁo - -
1] [20] (3] (Al [99] B - Ky Bl (©)] Bmi 0 00

Eeft Mag=__ 50X Mid WD = 23mm___| Fine @ |Vac + |Gun o |EHT
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1 Getting Started Task 5 Finding your sample

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

If you are operating the RAITH150-TWO system, when the stage is moved
to the right, the electron optics image will move to the right. The same is valid
for the CCD camera, e.g. the stage is moved to the right, the CCD camera
view is moved to right.

If you are operating the e_LINE system, when the stage is moved e.g. to the
right, the image will move to the right, but the CCD camera view is 180°
rotated, so it will show an apparent move to the left.

STEP 3 ) Now that you have optimized the focus, you need to locate the sample at low
magnification. Click on the Chamber Scope/Detector Control icon to
switch back to the electron optics image. Move the lower left corner of your
sample into the center of the field of view.

HINT You can turn on the crosshairs, indicating the center of your screen, by click-
ing on the icon with the centered cross.

File Edit Wew Beam Detection Image Scanning Stage Yaguum Tools Help

| ] (2] 20 (4] (9] B - il Bt )[R 0> 00 ¥ T B

STEP 4 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 number, as this reduces the
scan speed. Reduce the scan speed in order to reduce the noise by clicking
the left numbered icons. The scan speed can be changed using these icons.
The higher the number, the slower the scan speed, the higher the image qual-
ity (lower noise).

Figure 1_19 Changlng File Edit Yew Beam Detection Image Scanning Stage Yacuum Tools Help

the Scan Speed. ' @ @ @ 0= o0 ¥

X




2 E-beam Optimization

AIM

This chapter explains how to optimize the column setting in order to get a good
patterning 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 spot

Task 6 Checking the leveling limits

2-1



2 E-beam Optimization

Task 1 Focusing on the sample

STEP1 p

STEP2 )

Figure 2-1 Focusing on

a Particle on the
sample.

STEP 3 )
STEP 4 )
STEP5 )
STEP 6 )

Task 1 Focusing on the sample

Itis assumed that you have loaded a 1 cm x 1 cm sample into the system as
described in the first chapter. Select a small particle of less than 1 um 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
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 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.



2 E-beam Optimization

Task 2 Aperture alignment

STEP1 p

Figure 2-2 Opening

the Aperture align-
ment.
STEP 2 )

Figure 2-3 Viewing the
Status bar.

Task 2 Aperture alighment

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

[SEM Control A
Detectors Scanning Wacuum
Gun Apertures Stage
Aperture Size
{13000 pm - Standard vl

[] Focus wabble

‘wiobble Amplitude = 1%

[] Beam Elanked

[ kag / Focus ] Aperture Aligh

_ [~]
B

Stigmation

[]
BeamShit | J¢| [w| [2[0]

] Fish-Eye Mode ] High Current

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.

o = 1 ;
| Mid: WD = 2.3 mm | Fine @ Vac: o |Gun: v EHT: »

Left: Aperture Align > = -1.3 % : Aperture Align Y = 2.0 %
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2 E-beam Optimization

Task 2 Aperture alignment

STEP 3 )

STEP 4 )

Figure 2-4 Performing
the Aperture Align

procedure.

Go to the Raith EO Control window and select the Aperture tab. Check
the checkbox for the Focus Wobble. This will initiate the focus wobble. Its
intensity can be varied by the Wobble Amplitude slider bar.

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. Alternatively, 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 scroll bars.

[SEM Control A
Detectors Scanning Wacuum
Gun Apertures Stage
Aperture Size
[3)10.00 um vl
[ recus watee ] Check the checkbox for Focus

Wobble.

The Wobble Amplitude can be
[ Beam Blarked varied using the slide bar.

] Aperture Aligh

Aperture Aligh

Gun Align [

wiobble Amplitude = 41.1 %

=
]
1=
e
bl
o
]
=
“r

Stignatian

BeamShit | |<]  |u] [’]{ﬁ]]

[] Fish-Eye Maode [] High Current

1
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2 E-beam Optimization

Task 2 Aperture alignment

HINT

STEP5 p

HINT

The key to 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 move-
ment.

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 particle is becoming too large at high magnification, move to a smaller
particle and continue the optimization. In order to change the magnification,
click on the button Mag/Focus. Do not forget to switch off the Focus Wobble
once finished.



2 E-beam Optimization

Task 3 Astigmatism correction

Task 3 Astigmatism correction

STEP1 p 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.

Figure 2-5 Assigning

Left: Aperture Align X = -8.0 % : Aperture Align ¥ = 3.4 % | Mid: WD = 2.3 mm

Stigmation to the
mouse buttons.

STEP 2 p Switch on Focus Wobble in the Stigmation tab of the Raith EO Control by
clicking on the corresponding field and selecting a useful amplitude for the
current magnification. During the wobble sequence, the particle will be stretched

first in one direction and then in the perpendicular direction.

Figure 2-6 Performing  [sem control

2

the Focus Wobble :
Detectors Scanning Wacuum
procedure. Gun Apertures Stage
Aperture Size
[3)10.00 pm ]
[T Focus wottie] Check the checkbox for Focus
| ‘Wobble Ampltude = 41.1 % Wobble.
The Wobble Amplitude can be
L] Beam Blarked varied using the slide bar.
tag / Focus r_Stigmatiﬁn
M
-
£
= Select the Stigmation button.
BeamShit | €| [w] [2][0]
[ Fish-Eye Maode [ High Current
STEP 3 p Optimize for lowest shape changing of the particle.

2-6
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2 E-beam Optimization

Task 4 Further E-beam optimization

HINT

STEP1 )
STEP2 p
STEP 3 p
STEP 4 p

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 op-
timize 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. If not, create a spot as described in the next task.

Please note that during aperture alignment we concentrate on the image move-
ment whilst 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/Focus. Magnification is now assigned to the left mouse button.

Perform the Astigmatism Correction again at a higher magnification.

Continue the alignment optimization without the use of the automatic focus
wobble (uncheck Wobble) and use instead alternating Aperture Alignment
(Ieft 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 Align-
ment and Astigmatism Correction until no further improvement can be
achieved.



2 E-beam Optimization Task 5 Creating a spot

Task 5 Creating a spot

It is recommended to burn a spot for the final optimization of the aperture
alignment and astigmastism correction.

STEP1 p To carry out the final optimization, move the stage slightly away from the area
of interest to ensure that a free area of the sample is visible in order to burn the
spot.

STEP 2 p Click on the Spot icon on the column desktop using the left mouse button to
burn a spot 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 spot, click on the middle mouse button
which will start the spot mode. Wait for 1 minute while the spot is burned into
the sample and click the middle mouse button again to end the spot mode.

Flgure 2'7 SeleCting the File Edit ‘iew Beam Detection Image Scanning Stage Yacuum  Tools Help

Spot icon. i . @ (2 o0 ¥ i

STEP 3 p Focus now on the spot, move the stage and burn another spot. The new spot
should be smaller since the focus has been improved.

HINT If the spot is not round, apply the aperture alignment and then the astigmatism
correction again, using this spot. Using such alternating routines, it is possible
to achieve an ideal round spot, which grows within a few seconds of pattern-
ing time and shows perfect alignment. The optimization on this spot now pro-
vides the optimized conditions for a real patterning nearby.




2 E-beam Optimization Task 5 Creating a spot

HINT An example of a series of spots is shown in the images below to illustrate top
and side views.

Figure 2-8 Creating a
spot.

-~0
o 0%

x50000 S00nNMm ———— 3 .00kV Smm |
H44

x30000 3 .00kU 4mm
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2 E-beam Optimization

Task 6 Checking the leveling limits

STEP1 p
STEP2 p
STEP 3 p

Task 6 Checking the leveling limits

Itis likely that your sample surface is tilted to the beam. This can be checked
by the following steps, but this task is not necessarily required prior to a
patterning task.

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

Burn another spot and view the result. This spot is now 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.



3 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 1,2 and 3 how to set up a coordinate
system on an sample. In task 4 we will explain how to navigate on this.

Task 1 Angle correction

Task 2 Origin correction

Task 3 Adjust W

Task 4 Digital addressing

3-1



3 Stage adjustment

Task 1 Angle correction

STEP1 )
STEP2 )
STEP 3 p

Figure 3-1 Adjust
UVW (Global)
window to read in the

coordinates.

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 crosshairs are switched on by selecting
the Crosshairs button in the column desktop. Identify the lower edge of the
sample and follow this edge to the lower left corner. The crosshairs are now
situated above the lower left corner.

On the lithography desktop, open the window Adjust UVW by clicking on
the corresponding Adjustment icon in the control bar. Ensure that it is in
mode 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
the Pipette icon (Read XY position) next to the Flag 1 in Adjust UVW to
read in the coordinates. The coordinates will be displayed in the window.

AdjustUVW isnow Select the Angle
in the Global mode. Correction tab.

Adjust U¥W (Global) S oD

Origin Comectio 2-Pointz I Adjuzt I Click on the

Label 1 Pipette icon to

S A ] 3 e57000 8] 24 424000 rn il read in the

Label 2 coordinates.

El zl | 13.687000 mm] e[ 24.524000 mm il Click on the
Adjustments

Calculated angle: [IRT icon to open the
AdjustUVW

coordinates

window.

Click on Adjust to activate the

Clicking this button will toggle )
Angle Correction.

between Local/ Global.



3 Stage adjustment

Task 1 Angle correction

STEP 4 )

STEP5 p

=00
@ = 12.687000 mm
[~ ' 24.524000 ram
[~ B 0,000 mm
U 12.931543 mm

W 24.385911 mm
25.000 mm

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 the Pipette icon next to Flag 2 to read in the second posi-
tion. The second set of coordinates will now be displayed in the window.

Click on Adjust to activate the angle correction.

This angle will now compensate the difference between the sample surface

and the stage axes.
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3. Stage Adjustment Task 2 Origin correction

Task 2 Origin correction

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

plied.
STEP1 ) Ensure that the beam is blanked.
STEP 2 ) Within the Angle Correction tab, click on the Flash icon of the first coordi-

nates pair to move back to the lower left corner.

STEP 3 p 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 system. It is now possible to move the stage to any point on
the sample using UV coordinates.

Figure 3-2 Performing Adjust U¥W (Global) o N
the Orlgln Correction. Qrigin Carrection §f Angle Comrection I 3-Points I Adijuist ' I

Set current LY pogition o

Click on the Origin
Correction tab.

| o[ 0000000 me v [ 0000000 e |

Enter O for U and V.

Local | Reset | Click on Adjust to

confirm.

HINT The adjustment via angle and origin is mostly used for an empty sample.

&
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3 Stage Adjustment Task 3 Adjust W

Task 3 Adjust W

STEP1 p Make sure that your sample is still in focus by burning a new spot.

STEP 2 p Click on the Adjust W tab in the Adjust UVW (Global) window. Click the
Pipette icon to read in the working distance. Then click on Adjust to confirm.

Figure 33 Adj ust W =00

coordinate. Qrigin Correction | &nale Correction | 3-Paints Select the tab Adjust W.

Set current W position to

ﬂ wD: | 7.000000 mm This value displays the
working distance.

Global Resst|[" s - Click on Adjust to

confirm.
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3 Stage Adjustment

Task 4 Digital addressing

STEP1 p

Figure 3-4 Stage
Control window to
address the stage

position.

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 patterning 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.

Click on the Stage Control icon in the control bar. Click on the Drive tab.
Click on Base UV 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

-3 Stage Control a8 o
Length— Click on Base
" mm
ﬁ " um =
= T E Select the Drive
N I_ =Pozibior | tab.
u: 2500000 mm | st = .
" absolute Select Position
Y- |u.400000 mm e  relative
] absolute.
Command line Click on Start to
ﬁ Repeat | move to the new
position.
SEH D
@ 2. 262000 rm
@ 2.738000 mm
@ = 1,000 mm
U- 2.289266 mm The nc?w
v S coordinates
- 25,000 rm will be displayed.

Click on the Stage Control icon to open the Stage Control window.
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3 Stage Adjustment Task 4 Digital addressing

STEP2 ) Change the Base to XY, address a point in XY coordinates and monitor the
coordinates window. The calculated corresponding UV coordinates are dis-
played continuously, while the entered XY coordinate is being addressed.

Figure 3-5 Changing the EELESIEE 0o
. . Lengt'n —Eas.:
Coordinates in XY. IS el Change Base to XY.
" um (e 5y

Drrive |Step I F'nsitic-nsl

K ID.EDDDDD mm Start |
v |u.400000 i [ |

Select Position

2 | relative.
Command ling————— |
’7| fiEpEst | You can address one
or two axes. Type in
SO E  ohallletters for
@ esenmn absolute, and capital
("8 2738000 mm .
@ = I lett§r' foF relative
: 2 289266 mm posttioning.
v 2715244 mm
b 25.000 rorn
STEP 3 b Move the stage relative to the existing position by selecting relative. Select
the Base of your choice, either UV or XY.
STEP 4 p In the Command line it is possible to address just one axis absolutely or
relatively by entering the required position or distance followed by the letter

of the axis.

Type in small letters (X, y, u or v) for absolute positioning and capital letters
(X, Y, Uor V) for relative positioning. If relative addressing is selected, the
movement command can be repeated in order to move stepwise in equal
distances along the sample.
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3 Stage Adjustment

Task 4 Digital addressing

STEP5 p

Figure 3-6 Moving to a
stored position in the
Edit User Defined

Position dialog box.

Itis also possible to go to a stored position, via the Stage Control > Posi-
tions tab. In this example, the stored position 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 desired position.

If the stage is already at the specified position, click on Edit. A new dialog
box, Edit User Defined Position, will open. Click on Read to read in the
coordinates, and click on OK to store the new coordinates.

Select a pre-defined position from the list.

Click on the Positions tab.

Stage Control 8 D

@

Go
_ Click on Edit to

change the values.

x]

- The selected position is
e 75400000 mm | B 0,000 den
T 74000000 mm | I: 0.000 mm
Z 0.000 mm Az order: 47
The current XYZ
Eomment: | positions are
Cancel | o] displayed.
L |
Click on Read to read Click on OK to store the
the current position. new coordinates.

For 3-Points adjustment, please refer to Chapter 8 (Mix and Match Pat-
terning), Task 3.
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4 Writefield Alighment

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 Writefield alignment has to be performed. The
procedure described in this chapter via Writefield alignment is required for stitching
and for any patterning on a bare sample. The alignment of the field size to the
previously written marks for multi-layer lithography will be explained in a later
chapter.

Writefield alignment is a very important task, as it aligns the Writefield 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 at a certain point
and non parallel to UV. For pattern stitching it is essential that the Writefield is
exactly parallel to UV and this can be achieved with Align Write procedures.

4.1 Writefield Alignment (Standard) Procedure

Chapter 4.1 explains the standard procedure of Writefield alignment.

Task 1 Locating a mark or particle

Task 2 Defining the alignment procedure

Task 3 Executing the alignment procedure manually
Task 4 Setting up the automated alignment

Task 5 Checking the precision of the alignment

4.2 Writefield Alignment using FBMS and Beam
Tracking (Options)

Chapter 4.2 is only applicable to users who have the option for FBMS and
Beam Tracking installed on their Turnkey System.

Task 1 Continue with located particle

Task 2 Defining the alignment procedure

Task 3 Executing the alignment procedure
Task 4 Setting up the automated alignment
Task 5 Checking the precision of the alignment




4.1 Writefield Alignment

Task 1 Locating a mark or particle

STEP1 )
STEP2 )
STEP 3 p

Figure 4-1 Open the
Writefield Manager

window.

4.1 Writefield Alighment Procedure

Task 1 Locating a mark or particle

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

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

Choose the Writefield Manager icon from the control bar. A list of pre-
written Magnification and Field size parameters will be displayed. Select
the Writefield size, in this case 100 um. Click on the Set New Writefield
icon to activate that line and to set the corresponding magnification. As a
default, initial correction values will be taken from a database, the checkbox
Database values is checked by default.

Select the Writefield Control Initial corrections will be taken from the

icon from the control bar. Database values.
[ [l
> Y,
OH-| ™ &F| & I QI | Database values
@ Magnification Figld size
« 490 100,000 pm
_ : Set New Writefield.
(N Marme | Mag. + | Sizefpm |
| 49 x, 1000.0 pm 43 1000.000
AL I[N A0 o0 g0
E & 490 ¥, 100.0 pm 490 100.000 I
950 =, 50,0 prm 950 S0.000
1960 x, 25.0 ym 1960 25,000
%‘F 9500 x, 5.0 pm 9500 S.000
L

Select the Magnification and Field size.
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4.1 Writefield Alignment

Task 2 Defining the alignment procedure

Task 2 Defining the alignment procedure

The Writefield needs to be calibrated and rotated. This procedure is called
Writefield Alignment. From the difference between the detected position
in comparison to the ideal position, it is possible to calculate the scaling, shift
and rotation of the Writefield. Within the scan manager, all the parameters of
such a procedure are stored and can be recalled for later use.

STEP1 p

The Scan Manager window opens automatically when the Writefiled

Control icon is selected from the control bar.

Figure 4-2 Go to Scan

" - > weo
anager windaow. ) .
5 /Q‘:‘ ) When the Writefield
2@ Adust UY Procedures Control icon is selected,
— +- 3] Beam tracking alignment procedures
Ly % Calibration Scan the Scan Manager
+ - [ GOSN wiritefield Mark Scans window will open as
— + @ Image Linezcans
¥ +- [ Images well.
- :
it SR itefield Alignment Procedures] Go to the Scan Manager
uv .
window and select
Writefield Alignment
Procedures.
STEP 2 p Double click on Writefield Alignment Procedures and select Manual

from the sub-procedure menu.

Figure 4-3 Select
Manual procedure.

£

s

V][] [ [+

¥

¥

STEP 3 p

H B2 £X

+- (3] Beam tracking alignment procedures

e
Py

Calibration Scan

[ GDSI WwWritefield Mark Scans
[ Image Linescans
(] Images

Linescans

3 wiitefield Alignment Procedures

(3] Autornatic with Images

[ 100 umwF - Auta ALWFE T um marks
(2 100 um W - duko ALWF 10 um marks

[ Automatic with Linescans

GOSI Layer Based Mark Scans
b4 anual
[ 100 umwF - Manual ALWF 1 um marks

[ 100 um*wF - Manual A0WF 25 um marks
U mark.s

Select Manual procedure.

Select the pre-defined
v alignment procedure.

If a suitable sub-procedure is already available, task 2 is complete and you

can continue with task 3.



4.1 Writefield Alignment

Task 2 Defining the alignment procedure

STEP 4 )

Figure 4-4 Enter the
values in the Scan
properties window.

HINT

HINT

If no suitable sub-procedure is available, or you would like to edit it, double
click on the pre-defined alignment procedure. A new dialog box, Scan prop-
erties, will be displayed. You can edit the parameter values and save it by
clicking OK. Select New, which will create a new sub-procedure for Manual.
The Scan properties window for the chosen procedure will automatically open.

Scan properties ll

M ame: |1UU um 'WF - Manual A0WF 25 um marks

Main | b ark. procedurel Advancedl Poszt Processingl

Sizan descriptior

Figld size: IW

Main direction: LR L

Scan zize: |25.DDDD i g |25.DDDD Wit

Step gize: ID.DEDD i g ID.DEDD Wit

No of points: |500 [ Enter the number
IF'l:-int average: |'| = I || Kesp aspect 16 for Point

Angle: IM 1elative o main direction average.

Average: ILine integration j

Average count I'I—

Cahicel | ak I

It is recommended to choose 16 for Point average in order to slow
down the beam to avoid any dynamic effects.

Finding the suitable scan size is dependent on several factors such as:
* For anewly defined Writefield, it is recommended to start with
large scan sizes. We have selected a 100 um Writefield. The scan
size should be of the order of 25 pm.

* For a Writefield which has been used successfully beforehand, a
smaller scan size can be used. Suitable scan sizes can be in the
range of several ym, e.g. 10 pm.



4.1 Writefield Alignment

Task 2 Defining the alignment procedure

HINT

HINT

STEP5 p

Figure 4-5 Mark

Itis recommended to rename the manual Writefield procedure to include
the Writefield size in the title. Right mouse click opens a context menu. Se-
lect Rename and enter the new name. This will distinguish this procedure
from other Writefield procedures of different sizes.

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

Otherwise please continue with Task 3.

When changing the values, you must be careful about the correlation be-
tween the parameters.

Step size x No of points = scan size

If this correlation cannot be fulfilled, the entered value is non-valid.

Choose the Mark procedure tab. Check the Mark sequence as shown in
the example. For Placement parameters, enter 37.450 um in U and V.

x| Select the sub-

Procedure parameters. " procedure.

M ain I Mark procedure I Advanced | Post Processing | Select the tab

—Align W procedure Mark procedure.
O8O
Mark sequence: O | [terations: |1_
0@ 0O Enter the values
for the Placement

- . inUand V.
Placement | 54 |3?.450 pm [37.450pm  from WF center |

Auto-placement
button.

Cancel | ak. I

45



4.1 Writefield Alignment Task 2 Defining the alignment procedure

HINT You can enable the Auto placement function by pressing the Auto place-
ment icon. The software will now place the marks automatically, as far as
possible, into the far corners of the Writefield.

STEP6 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 Software
Reference manual). Confirm with OK.

Figure 4-6 Post Pro- Scan properties X

cessing tab. Mame: |1UU um 'WF - Manual A0WF 25 um marks

bd ain | hd ark, procedurel Advanced  Post Processing |

Click on the Image
Image fil con .
I Image fiter I Matrix Filter to edit
the parameters.
Image Matrix Filter =]
—Parameter st
Srnooth 273

—Parameter

Cahicel |
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4.1 Writefield Alignment Task 3 Executing the alignment procedure manually

Task 3 Executing the alignment procedure
manually

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

STEP1 p Highlight the procedure in the Scan Manager window, then press F9. A
positionlist will be opened and executed automatically.

Figlll' (S 4-7nghhght the a0

procedure in Scan B2 X |4k

Manager window. +-[Z] Beam tracking alignment procedures Y

& Calibration Scan
[ GDSI wihitefield Mark Scans
(9 Image Linescans
] Images
% Linescans
[ wiritefigld Alignment Procedures
=12 Automatic with Images
[ 100 um *WF - Auta ALWF 1 um marks
[ 100 um WF - Auto ALWE 10 um marks
+- [ Automatic with Linescans
+- 2] GDSI Layer Bazed Mark Scans
=12 Manual
T 100 um *WF - Manual ALWE T um marks

V][] ][

[ 100 um WF - Manual ALWF 25 um marks
[ 100 um WF - Manual ALWF 5 um marks
W
STEP2 p Firstly, the stage will move 37.45 pmin U and V towards the first corner and

an image will be scanned at the reference point. The image will cover a25 um
x 25 ym square. The Mark window will be automatically opened, in which
the particle should be visible.

The green cross shows the position at which the mark is expected.

HINT If no mark shows up, confirm the Continue prompt. Repeat the task, now
choosing a larger scan size.




4.1 Writefield Alignment Task 3 Executing the alignment procedure manually

STEP 3 ) 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 the mouse button and a blue cross will be
displayed at the selected position.

Figure 4-8 Executing
the Positionlist proce- I acro execution paused...

dure. Contine |

SR EI

e rEi ]

2 [Im

STEP 4 ) 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.

Figure 4-9 Macro
execution paused while
stage moves to new

position. Continue |

tacro execution paused. .
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4.1 Writefield Alignment Task 3 Executing the alignment procedure manually

STEP5 p At the end of the procedure a dialog window opens and the Writefield cor-
rection must be confirmed. Note the values of the Writefield Alignment for
Zoom, Shift and Rotation in UV and confirm if the values are acceptable.

Figure 4-10 Confirming

the values for the Calculated Writefield Correction

Writefield correction.

Corrected marks

4 marks used

Zoorm U 1.002846

Zoom Y 0.96485

shift L -2, 664 pm Values for Zoom, Shift and Rota-
Shift 0.074 pm tion are now displayed.

Rotation U 2.149 deg

Fuotation -0.907 deg

Accept

Cancel |

HINT The left column of numbers shows the alignment parameters before align-
ment. Here the scaling factors are around 0.96. Due to the alignment pro-
cedure, new alignment parameters have been calculated as shown in the
right column. By accepting, these values will then be sent to the pattern
generator and displayed on the left side.

HINT If an alignment has already been carried out beforehand, the new values for
Zoom will be multiplied, whereas the new values for Shift and Rotation
are added to the values displayed in the gray field.
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4.1 Writefield Alignment

Task 3 Executing the alignment procedure manually

STEP 6 »

STEP7 »

Go back to the Scan Manager 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 Writefield, e.g. 45 pm. The pre-
vious 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 Writefield Alignment window should be very
small or close to 1 for the zoom.

Activate the Writefield Manager window and click on the Save icon. 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 optimi-
zation steps for the alignment.



4.1 Writefield Alignment

Task 4 Setting up the automated alignment

STEP1 )

Figure 4-11 Selecting
an Automated Proce-

dure.

Task 4 Setting up the automated alignment
procedure

Once we have performed an alignment procedure manually, with decreasing
scan sizes, the final task is now to perform an automated alignment procedure.

In the Scan Manager window double click on AlignWriteField Procedures
and then double click on Automatic with Images.

" oo
= R R S )

+

+

g < o

w
%
=5 ¥

@ Adugt UY Procedures

[ Beam tracking alignment procedures
% Calibration Scan

[ GODSI Writefield Mark Scans

[ Image Linescans

] Images

= Linescans

[ wiitefield Alignment Procedures

=0E Automatic with Images .
[BER 100 urn '/F - Aubo ALWF 1 um marks SeleCt the AUtomatlc
2 100 ura WF - Auto ALWF 10 urn marks Wlth Images

+- 2] Automatic with Linescans

+ -7 GDSI Layer Based Mark Scans procedure.

+ -3 Manual

Double click on the procedure 100um WF-Auto ALWF 1pm marks to
open the Scan Properties window.



4.1 Writefield Alignment

Task 4 Setting up the automated alignment

STEP2 )

Select the Main tab and enter the value 16 for the Point average.

Figure 4-12 The Main

Name: |100 um WF - Auta AUWF 1 um marks

tab in the Scan proper-
ties window.

HINT

ET Ak, proceduie rance === Select the Main tab.
Scan description

Field zize: I1DﬂDDDum

Mait direction: = 1

Scan size: IID24Dum Q?:IID24Dum

Step size: ID.EIEI2EI i J ID.EIEI2EI um

Mo of points: |51 2 J |51 2
I Paint average: |1 g I ™| Keenm aspest ]f’gtfr tII;C pumber

or Point
il 000 deq | relative bomat directicn
average.
Average: IFrame intearation j
Awerage count: h

Cancel |

ok |

It is recommended that the No of points is either 256, 512, 1024 etc,
otherwise the Writefield Alignment procedure might be slow.
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4.1 Writefield Alignment Task 4 Setting up the automated alignment

STEP 3 p Select the Mark procedure tab. The Marked sequence is displayed. Select
all eight marks.

Figure 4-13 The Mark

procedure tabin the Marne: |1 00 um 'WF - Auto ALWF T um marks

Scan Properties Window. —  r—t— Select the Mark
ET Advanced | Pzt Processing | procedure tab.
—Align procedure

Mark sequence: O O [terations: |1

Select all eight
marks.

Y
Placement: ﬁ| [s0.000pm  [40000pm  fromWiF center

Cancel |

It is important that the placement does not exceed 80% of the overall
Writefield size. For example, the placement for a 100 pm Writefield should
be a maximum of 40 um. The distance of 40 um is measured in both directions
from the center, yielding a total of 80 um, which is equal to 80% of the 100
um Writefield.

HINT

4-13



4.1 Writefield Alignment Task 4 Setting up the automated alignment

STEP 4 P Select the Advanced tab and make sure that the Create reference image
first option is checked.

Figure 4-14 Selecting  ERIEaates x]

an Automated

Procedure. — —————————————————————Select the
' 1 Advancedtab.

’7 [+l camect WE with detected|martt positions

Check the
checkbox for this
option.

Finally, confirm with OK.

Confirm with OK.




4.1 Writefield Alignment Task 4 Setting up the automated alignment

STEP5 » To execute an automated Writefield alignment, click in the Scan Manager
window on the required procedure name to highlight it. Press F9 on the
keyboard to execute the process.

Figure4-15 Executing —

ne0
the Automated > I
Writefield aligmnent. i Adjust IV Procedures
ﬁ +-[[3 Beam bracking alignment procedures
% Calibration Scan
+- 2] GDSI Wiritefield Mark. Scans
l"'l' +- [ Image Linescans
. +- [ Images . .
hld +- % Linescans nghhght the
= [7] ‘witefield Alignment Procedures required procedure’
g then press F9 to
+- [ Automatic with Linescans execute the
XY i +- [ GDSII Layer Bazed Mark Scans procedure
Uy +- [ Manual :
HINT After the procedure is highlighted in the Scan Manager window, F9 on the
keyboard will automatically open the positionlist and execute the alignment
procedure.




4.1 Writefield Alignment

Task 5 Checking the precision of the alignment

HINT

STEP1 )

Figure 4-16 Opening
the RAITH Protocol.

Task 5 Checking the precision of the alignment
procedure

After you have completed the automated alignment procedure, it is highly
recommended to open the RAITH protocol and check the variance within
the last few alignment procedures.

Opening the RAITH protocol to view the variance.

To open the Protocol, go to Windows start > Programs > Raith > Raith
Protocol Tool

- Mational Instruments 3
Mew Office Document PL-2303 LISE-Serial Driver >
Open Office Document @] Ralth Websits
Raith Service Tools [ Ui Raith Protocal Toaol
- Microsoft Update RRemote Client 3 |'_§Q Scripting Help
RRemate Server bl RAITHISO-TWO
ELPHY Plus SmartaEm R
amart3EM Service »
Skarbup 4
L;: Daocuments 3 Tescan s
_ - TrueCrypk 3
=~ , Settings > Wim 6.3 N
% j—) Search r YMware '
£ - Zeiss User Directory »
f?_ t)} Help and Support B adobe Reader 5
ol & Internet Explorer
>|.: £ Bun.. Microsaft Excel
g . — Microsoft PowerPoint
-E L_] Log OFf Administrator,., Sl outlook Express
= E Shut Down. . ¢ Remote Assistance
@ windows Media Plaver

DL windows Movie Maker
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4.1 Writefield Alignment Task 5 Checking the precision of the alignment

For example, if you are using a 100 um Writefield, you can check the alignment
precision in the fields zoom U and zoom V.

Figure 4-17 Checking

the values in the Raith Fie wiew Ioos 2

Protocol Tool. Date: |31.03.2009 'Iilll Iser IAII Lser j Sample: IP.II samples
WD EHT

i g Sample WF size Mad. Factor | Factor fDelta
{pm) {mm) (k¥) zoom U| zoom ¥ || shift U (pm)
[I|17:15:42 ETHZOrich | 100 oo 7 1 100000 100000 [p.000
E 16:20:01 |ETH Zirich 100 1000 7 1 1.06946 1.02717 §0.961
E 1611631 |ETH Zirich 100 1000 7 1 0.95657 0.95657 p.0S7

Check the values for zoom U and zoom V.

In our example, excellent precision has been achieved. Zoom U shows five
decimal places. The variance should be within the last decimal place. For
example, if Zoom U shows a value of 1.00001, then the variance would only
be 10 nm, which is an excellent value in a 100 pm field.

HINT For some applications, you may not need such high precision in the Writefield
Alignment procedure.
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4.2 Writefield Alignment

Task 1 Continue with located particle

HINT

4.2 Writefield Alignment using FBMS and Beam
Tracking

FBMS and Beam Tracking are options. If they are not installed, please continue
with the next chapter.

Task 1 Continue with located particles

Continue with the located particles, as described in 4.1, Standard Writefield
Alignment.

Itis important not to change the column settings.
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4.2 Writefield Alignment

Task 2 Defining the alignment procedure

STEP1 p

STEP2 p

Figure 4-18 Select the
Manual BTC

procedure.

Task 2 Defining the alignment procedure

Once the alignment procedures have been completed, the calibrated beam
can now be used to define the stage movements and so calibrate beam tracking.

For the beam tracking calibration, the previous Writefield calibration is required.
This procedure is comparable to the procedure for the Writefield alignment,
using a particle for calibration of scaling, shift and rotation. In the Scan
Manager, the parameters for this procedure can be stored and recalled for
later use.

In this procedure, the calibrated beam remains fixed and the stage will be
moved instead. This calibration procedure avoids stitching of large scale
patterns.

Go to the Scan Manager as described in Chapter 4.1, The Scan Manager
window opens automatically when the Writefield Control icon is selected in
the control bar.

Select the required pre-defined Alignment Procedure.

8 o0
B 2l £ X| &

+- Adjust UV Procedures .
@ —I To Beam tacking Shgrment proceades I O pen Beam tracklng
+- L Adtomatic with Tmages calibration procedures.
+ 3] Automatic with Linescans

N = [Z] Manual
[ 100 umwF - Manual BTC 1 um marks

or .
[BER 100 um 'wF - Manual BTC 10 um marks Se_leCt the pre_deflned
— 2 100 um'WF - Manual BTC 2 um marks ahgnment procedure.
g [ 100 um WF - Manual BTC B um marks
= [alibration Scan
[ GOSI wiitefield Mark Scans
[ Image Linezcans
] Images
% Linescans

[
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4.2 Writefield Alignment Task 2 Defining the alignment procedure

HINT Beam tracking speeds up the writing procedure. For example, if you wish
to stitch several fields, with the stage moving to a new position each time,
there is normally a waiting time (delay) for final precise positioning of the

stage.
Figure 4-19 The Abeam tracking
Manual BTC
filei I ame: I|DD urn YF - Manual BTC 10 urn marks I__pI'OCCdUI'C has
procedure file is | been selected.
displayed in the Scan Main [IMark procedue | Advanced | Post Processing | .
pay ) — dILC[i - Select the Main tab.

properties window. P

Field zize: I'I 00000 prm

Main direction: Lol 1

Scan size: |1 02400 pm J |1 0. 2400 pm

Step size: ID.EI2EIEI i J ID.EI2EIEI um

Mo of points: |51 2 J |51 2
Paint average: |1B ™| Keenm aspest
il ID.EIEI deg | relstive o meaitdirechien

Average:

Awerage count: |1

Cancel | QK. I

If you select beam tracking, the software automatically calculates the movement
of the stage and compensates the movement with a counter-movement of the
beam. The delay is thus not required for the new area and writing can start
immediately. The whole procedure is therefore much quicker.
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4.2 Writefield Alignment Task 2 Defining the alignment procedure

HINT If you choose to use FBMS, the feature will allow you to write large fields
without stitching. It is still of advantage to use beam tracking, as this will
eliminate the waiting (delay) time for the stage after movements, since the
software will compensate for final precise positioning of the stage after the
stage has been driven to its new coordinates.

STEP 3 p Choose the Mark procedure tab. Check the Mark sequence as shown in
the example. For the Placement parameter, enter 37.450 um in U and V.
Figure 4-20 The Mark
procedure tab in Scan M arme: |1 00 um WF - Manual BTC 10 um marks
pI'OpCI'thS window. ET @ Advanced | Post Processing | Select the Mark
—Align W procedure procedure tab'
oono
Mark sequence: O O Iterations: I'I_ .
ooo Select all eight
marks.
y
Flacement: EI |3?.45|:I um |3?.45|:I Jrm frarm ' center
Cancel | ok I
STEP 4 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 Software Reference
manual). Confirm with OK.
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4.2 Writefield Alignment

Task 3, Task 4, Task 5

Task 3 Executing the alignment procedure

Follow the description of Task 3 in chapter 4.1.

Task 4 Setting up the automated alignment

Follow the description of Task 4 in chapter 4.1.

Task 5 Checking the precision of the alignment

Follow the description of Task 5 in chapter 4.1.
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5 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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5 General Pattern Design Task 1 Creating a design

Task 1 Creating a design

STEP1 p To open the GDSII Database window, click on the corresponding Design
icon in the control bar. To create a new design, click on the corresponding
New icon.

Anew window, Create GDSII Database, will be displayed. Enter the file
name Design and click the Save button. After saving, you will get an empty
GSDII Database with the name Design.csf.

Figure 5-1 Opening Clickonthe  Click on this icon to create
GDSII Database to Designicon.  anew design.
create a new design.

1iDSII Database =00
m=EAREEAN AR X TF B
m database

| ca | [

LIRS

Create GDSII Database
Savein: |13 GDSI | o« ® ek E-

- |L2) Bufer
'_.J ) Math
Recent W cHEssv.caF

!Demo.csf

@

Desktop

ty Documents

@

My Compuiter

&

My Network Fil : Desi b 5
yplaec ;\-Sor ile name: exign AI I 2VE
Save as lype: GDSI Database files [ CSF*.GDS) LI Cancel A
Enter the File name Click on Save to save the

new GDSII Databases file.
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5 General Pattern Design

Task 1 Creating a design

STEP2 )

Figure 5-2 Creating a
New Structure.

Figure 5-3 Opening the
GDSII Editor.

The Design.csf file is now displayed in the GDSII Database window.

To create a new structure, click on the corresponding Create a New
Structure icon.

Click on this icon to Create a New Structure.

> =0
| =1 B

DFa|(5 0 Wk

| Design.csf

.
ﬂ | gt [ [
—

GDSII Database (2 N

U S0/ a X

| Design_csf
Edt |

Create Mew Structure E

L

Enter the filename
for the New
Structure.

Cancel | [T K |-|—Conf1rmwithOK.

Now another dialog box will open, in which you can define the name of the
first structure, e.g. Structurel. After confirming, this first structure will ap-
pear in the database. At the same time the GDSII Editor will open a default
size of 100 pm square.

= GDSII Editor, - Design::Structurel

| |u=34091  [v=32037 |L=0 [5-0.001 |Cmd=Select LElE
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5 General Pattern Design

Task 1 Creating a design

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 * keys. At the moment the step size is 1 nm, which
means that the cursor can only be located at positions with integer
nanometres, 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.



5 General Pattern Design

Task 2 Pattern design via toolbox

STEP1 p

Figure 5-4 Open the
GDSII Toolbox.

STEP2 p

Figure 5-5 Toolbox
icons functions.

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).

& GDSII Editor - Design::Structure

u=34091  |v=93037  |L=0 |5=0.001 |Crad=Select

The icons of the tool box give easy access to the main design functions.

-]
(=]
=R
T]

E3)

= Select/Frame Selection/Hand/Measure

&
=]
¢

yo)
o

T Zoom icons

ye

}
(]
-
[
£

== Marker icons

€
®

EE\-‘Q%

= Rectangle/Polygon/Open Path/Dot

| K= Text/Circle/Structure Reference/Bitmap

4= Move/Rotate/Scale

@[OS

== Rotate and mirror icons

[
i
[
=
Al

| 15| ot | ] [

Group selected elements/Break selected group

H=- Boolean functions: OR/SUB/AND/XOR

rﬁE\ | % E = WL Fill/Us.e physical layer order/Min hierarchy level/
i Min | Max Max hierar Chy level
- Transform dialog/Align dialog/
@ Pattern attribute editor
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5 General Pattern Design Task 2 Pattern design via toolbox

STEP 3 p Select the Rectangle icon. The first mouse click defines one corner of the
rectangle and the second mouse click defines the opposite corner. Once the
rectangles are completed, choose the red cross icon or press Esc key to
cancel the active command.

Figure 5-6 DeSigning a = GDSII Editor - Design:Structure =10l x]
Rectangle. [~ [p=104.530 [v=09.750 |L=0 [5=0.010 |[Cmd=Select e
W
u
20 ptm
STEP 4 p Draw polygons by activating the corresponding Polygon 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. Once the polygons are completed, choose the red cross icon or
press the Esc key to cancel the active command.
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5 General Pattern Design Task 2 Pattern design via toolbox

Figure 5-7 DeSigning a & GDSII Editor - Design::Structure ;|g|5|
Polygon. [ [u=104530 [y=100000 (=0 [5=0.010  |Cmd=Add palygon ]
W
u
20 pm
HINT 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.
STEP5 p 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.
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5 General Pattern Design Task 2 Pattern design via toolbox

Figure 5-8 Designing an

= GDSII Editor - Design:Structure 10| =l
Open Path. [ u=T104530 [v=100.000 |L=0  [5=0.010  [cmd=Gelect e

20 pm
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5 General Pattern Design

Task 2 Pattern design via toolbox

STEP 6 )

Flgure 5'9 PlaClng DOtS = GDSII Editor - Design:Structure

into the structure.
STEP7 »
STEP 8 »
HINT

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

=101 %]

[* [u=T04830 [»=0250 (=0 |5=0.010 |[Crd=Select HEEE

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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5 General Pattern Design

Task 3 Modifying structures

STEP1 p

Figure 5-10 Modifying
structures in GDSII
Database.

STEP2 p

STEP 3 p

HINT

Task 3 Modifying structures

The next step is to create a new structure in the same database called
Multiple_structures. Save and close this window.

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

=ao
USRS 0Oam X

| Design_csf

Click on Edit to
IMuItipIe_structures Edit |I Wi | modify the pattern

------ [T Multiple_structures

------ [T] Stucture

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

Choose Edit > Copy. Now open the new design field in the Editor
Multiple_structures. Choose Edit > Paste.

Itis 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.
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5 General Pattern Design

Task 3 Modifying structures

STEP 4 p

Figure 5-11 Using the

Structure reference
icon.

Use the corresponding tool button for Structure reference to move this
structure into the center of the lower left quadrant.

Tools

s

0

4
ra
-

2 Y
E\. || D

L

®

2

o

| GDSII Edit
[]

T &
¥ S B

2 4

< 4
) o]

Click on the Structure reference icon to move the
structure into the required position.
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5 General Pattern Design Task 3 Modifying structures

STEP5 p Choose Modify > Duplicate > Matrix, which will open up the following
dialog box. Enter the values as shown.
Figure 5-12 | Modify Add  Froximity  Project Estas Window 7
Duplicated structures. | awibutes...
Cut »

Dioze factor
Duplicate

Define a Matrix of 2x2.
Duplicate Elements E
LI i

katrix zize: IE |2 elements
The size in Matriz bage: ¢ arthogonal * fiee
um can be
defined Base vector 1: f400.000 prm ||:|.|:|D|:| Jri
The Dose Base vector 2 0,000 um {400,000 pm
scaling can Dase zcaling: |0.000 0.000 add d
be defined
separately Cancel | ok, I
for Uand V.

= GDSII Editor - Design:Multiple_struckures - |D|ﬂ
[* lu=T04591 [»=0248 |[[=0 [5=0.001 |[Crd=Select =

Ny
Ny

20 pm

|
The structure has been duplicated as previously defined.
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5 General Pattern Design

Task 3 Modifying structures

STEP 6 p

Figure 5-13 Selecting
different Dose Values.

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.

Optiors  Modify  Add - Pro:
Background 4
Fill F
Phyzical laper order

v Same azpect ratio

Layer editar....

Show doze

Woze colars...

Show video Select the Pipette icon to
LIV display... update the Dose color.

7 GDSII Editor - Design:Multiple_structures I ] 4]
[ [;=104531 =048 (=0 [5=0001 [Cmd=Gelect CEE

izible doze range:

Min. dose: 0,000

Design doze range:

J1.om0

Max, dose: [1.500 J1.000

Colars:

nR

M_d R 3 =
2'”""— Cancel
Click on Apply to lipdate the  Clickon OKto
GDSII Database. confirm.

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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5 General Pattern Design

Task 4 Measuring a distance

STEP1 )

Figure 5-14

Measuring a distance

Task 4 Measuring a distance

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.

X u1: 0.000000 rmm Uz 0.000000 mm
W1 0.000000 mm W2 0.000000 mm

A A 0.000 deg t 478 10.000000 mm
D: 0.000000 mm H: 0.000000 mm
0.000 pr

‘ Area:

Length unit: I 'I

XY

=101 x|
0T [Crmd=Measwie Wi |E
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5 General Pattern Design

Task 5 Placing of elements in different layers

STEP1 p

Figure 5-15 Creating
Different layers.

Task 5 Placing of elements in different layers

Create a new structure, we have named it here Different_layers. Click the
Layer icon next to the toolbox. A dialog window will open, showing the

existing layers. Click Edit and a new dialog window will open.

Click on the Layer icon to create different layers.

DSII Editor - Design: :Different_laye D

| |u=110155  [v=98.259  |L=0 [5=D.001 |(Cmd<Select )| sz Manal marks
I 06T Automatic marks
W 000: Layer 0

Edit

10 pm

| Used
Hone
u Reset || O

Click on Edit to open
the Layer Properties
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5 General Pattern Design

Task 5 Placing of elements in different layers

STEP2 p

Figure 5-16 Add a
Layer to the structure.

STEP 3 p

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.

Choose the layer number from the
Click on the Add a Layer icon. dropdown list.

Layer Properties - Design

= kg | 53 Save as default i il
1D |Active |Name Border |Fi|| |F‘attern |Preview | . . . .
|E ¢ Fercimaic - — (N
061 | g Automatic marks I O . .
000) g |LaverD I T . ..
il
]

=

e
o
=

Bl EENNSEZIE ] -

[ Usze physzical layer order [slower redraw] LCancel |

The Layer Properties
window will now show
the new layer.

Enter a name for the new layer, e.g. Layer Demol. 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.
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5 General Pattern Design Task 5 Placing of elements in different layers

STEP 4 p Repeat the last two steps and add Layer 7. In our example we have modified
the pattern as shown.

Figure 5-17 Add a New

L Layer Properties - Design [‘XI
ayer. e
= H | B | I Save as default + & | F| Po -
I |Active |Name |Border |FiII |Pattern |F‘review | . . . . ﬂ
I 7 LayerDemo 2 I D N | ....
001 @ Laver Demo I I e . .
063 ¢ Manual marks I B N ] | D
061 | ¢ |Automatic marks I B B . .
00| g Layer0 I B N ] ] E
]
1 m
TS
1
NN
5N
]
amH
|
=l
[ Usze physical layer order [slower redraw) Cancel ‘ ak ‘
Click on the Apply button.
STEP5 p Make these layers visible in the GDSII layer window by clicking on the
Apply button.
Figlll’e 5'18 Selecting _ ..
the GDSII Layer in GDSII Layer 3} The layers are now visible.
X B 063 Manual marks |
normal window.
W 051: Automatic marks |
[ 007: Layer Demo 2 |
W 001 Layer Dema 1 |
|. 000: Layer O
STEP6 p Choose OK and confirm with Yes to save the changes.
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5 General Pattern Design Task 5 Placing of elements in different layers

STEP7 p The active layer is displayed in the top of the GDSII Editor window, in our
example layer 0. Place a rectangle in this layer.

STEP8 P Choose Add > Preset > Layer > Show All from the dialog window. Choose
Layer 1 and confirm with OK. Layer 1 is now the active layer and will be
displayed in the status bar.

STEP9 p Place another a rectangle in the active layer.

STEP 10 0> 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.

Figure 5'19 Creatlng an = GDSII Editor - Design:Different_layers
Active layer.

= | Click onthe
Filling icon.

STEP 11 » Save and Close the test structure.
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5 General Pattern Design 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 ) An existing structure within a database can be deleted while highlighted via
Edit > Delete.

STEP 3 p A structure can be copied within the same database while highlighted via

Edit > Duplicate, 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.

Figure 5-20 GDSII
Database. Select Save as .

|9 GDSII Database

Mew.., Shift-+Ckrl-+Hh

Click on this button to
open the File menu.

Tools
Edit

Sork structures |

Shift+Ckrl+5
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5 General Pattern Design

Task 7 Applying varying dose factors

STEP1 p

Figure 5-21 Creating a

new structure in GDSII

Database.

STEP2 p

STEP 3 p

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, select the New icon to create a new design enter
the filename ResTest and click on Save.

> GDSII Database =@
x
@ Design.csf
Click on the New icon to Click on this icon to Create a
create a new design. New Structure.
To create a new structure, click on the corresponding Create a New Struc-

ture icon. Enter filename RES and click on OK.
The GDSII Editor window opens automatically.

To select a working area, click on the working area icon. Define a working
area of 400 um for both U and V and save it.
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5 General Pattern Design

Task 7 Applying varying dose factors

STEP4 )
Figure 5-22 Zoom
function to View
Window.

STEP5 )
STEP 6 p
STEP7 »

Figure 5-23 Edit
Rectangle.

Choose View > Zoom > Active working area from the menu bar.

t|\-"iew Options  Modify  Add  Proximity  Project  Estraz Window 7

~  Hierarchy 4 4
£ Redraw A+ | * K ‘ @ S
E Zoom Active working area Tl
Degign grid G ':1"23 :
v Expozure grid Ot 34
v Overlaps Al+0
Last

v ‘Working area

window. .

L wirite field

Laver zelection
Frocess attibute editor &

Z i z

v Toolbox T s
T ; i Zoom aut z
ranzformation Hand H

“Working area editar e

f’\!_’\..

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

Cancel the repeating command by pressing the Esc key.

Double click inside the rectangle to edit the parameters. Enter the coordi-
nates 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 um.

x
ITQES Anchor/Size |
u Y Double click inside the
Lower left: [0.000 pm [0.000 rectangle to edit the
Upper fight: ~ [4.000 [100.000 parameters. The Edit
Dose: [fom Rectangle dialog box will
Layer: [000: Layer 0 = open.
Cancel | ITI
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5 General Pattern Design

Task 7 Applying varying dose factors

STEP 8 p

Figure 5-24 Duplicate

Elements.
STEP9 )
STEP 10

Figure 5-25 Edit
Rectangle.

To Create a Matrix from this rectangle, we need to design four rectangles
with 4 um 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. Finally, click on OK.

x
u W
Matris size: |4 fi P Enter the .
. arameters for
Matriz baze: % arthogonal " fiee p .
the Matrix.
Baze wector 1; IB.UUU i ID.DDD i
Baze wector 2 IU.UUU i ID.DDD L
Dose sealing: [0.000 {000 [asd =]
Canicel | ak. I

The rectangle has now been repeated 4 times leading to a grid of equal rect-
angles 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:

UOand?2 pm

V 150 and 250 pm
Layer 0 and Dose 1.
Click on OK.

x
I Edges &nchaor/Size

u i
Lower left:  [0.000 pm {150,000 pm

Upper right: |2.DDD L |25IJ.DDD 1R

Dioze: |1 000

Layer: IDDD: Layer 0 ﬂ

Cahicel | ak I
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5 General Pattern Design Task 7 Applying varying dose factors

STEP 11 p Choose Modify > Duplicate > Matrix. Matrix size is 8 for U and 1 for V,
stepsize 4 for U and dose scaling is 1. Click on OK.

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

Figure 5-26 Duplicate |
Elements parameters. u v
Matrix size: IS |1 elements
Matriz baze: & arthogonal " free Enter the new
Base vestor 1: [4.000 um [0.000 parameters for the
Baze vector 2 IU.UUU i ID.DDD um Matrix.
Dose scaling: |'| |'| Imultipl_l,l j
Cancel | 0K I

STEP 12 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 pm
V 300 and 400 um

Layer 0 and Dose 1.

Figure 5-27 Edit x
Rectangle parameters. [Edges Anchor/size |
u

y
Lowser left: 0.000 pra 300.000 prn
! ! Enter the parameters for
Upper right: ~ [1.000 pm [400.000 pm the rectangle
Doze; I'I aaa
Laver: IEIEIEI: Layer 0 j

Cancel | QK. I
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5 General Pattern Design

Task 7 Applying varying dose factors

STEP 13 p

Figure 5-28 Aliering the x

Matrix size of the

elements for duplication.  matis sice: ~ [16 [1 elemerts

STEP 14 p

Choose Modify > Duplicate > Matrix. Matrix sizeis 16 for U and 1 for V,
stepsize 2 for U and Dose scaling is 1. Click on OK.

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 um respectively.

. ! Change the Matrix

size to the new
parameters.

Matrix baze: % arthogonal " free

Basze vectar 1: |2.DDD pm IEI.DDD pm

Baze vectar 2: IEI.DDD B IEI.DDD pm

Doze scaling: |1.DDD |1.DDD Imultiply ﬂ

Cancel | QK. I

Choose Edit > Select > All, from the menu bar.
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5 General Pattern Design Task 7 Applying varying dose factors

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

Figure 5-29 Altering the x|

. u v

Dose scaling value. -

b atriv size: |1D |1 elements Enter the new value
Matriz baze:  (+ arthogonal " free for the Dose scaling.
Basze vectar 1: |4D.UUU um ID.EIEIEI pm
Base vectar 2: ID.UUU prm ID.EIEIEI um
Doze scaling: |1 2 |1 Ruili] Imultiply j

Cancel | Ok, I

= GDSII Edltnr ResTest:Res
|—|u 0000 [v=A00000 [I=0 _ [5=0001 _[Crad=Gelect

I
TN

i

I"'I

|
N
N

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

STEP 16 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 pym field.
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5 General Pattern Design Task 7 Applying varying dose factors

STEP 17 » Choose File > Save and Close.

=l GDSII Editor - ResTest:Res
[* [u=2715  [v=400.000 =0 [5=0.001  |[Crd=Select

| [ LI
JARAALEE

Figure 5-30 Saving the
structure.

The new
Dose scaling
iSnow
displayed.
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6 Advanced Pattern Design

AIM

In the previous chapter, we learned how to multiply structures within a matrix so
that 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.

6.1 Advanced Pattern Design (Standard)

Chapter 6.1 explains how to design an advanced pattern.

Task 1 Design using hierarchy
Task 2 Studying chessy.csf

6.2 Advanced Pattern Design using FBMS (Option)

Chapter 6.2 is only applicable to users who have the FBMS option installed on
their Turnkey System.

Task 1 Designing FBMS elements

6-1



6.1 Advanced Pattern Design Task 1 Design using hierarchy

6.1 Advanced Pattern Design

Task 1 Design using hierarchy

STEP1 ) Create a new GDSII Database file and name it Hierarchy. Then create a
Structure and name it Celll. The GDSII Editor will now open automati-
cally, so that you can place several elements within the field of approximately
100 um. Save the structure and close the Editor.

Figure 6-1 Creating a Create anew file. Create a new structure.
Hierarchy structure.

! GDSII Editor - Hierarchy:Celll

TO prm




6.1 Advanced Pattern Design Task 1 Design using hierarchy

STEP2 ) We will now create a hierarchical structure. Create the structure Matrix1. In
the Editor Toolbox click on the Structure Reference icon. The following
dialog window will open.

Figure 6-2 The New x

Structure Reference . @ X

rReferenced structure

Properties window. JOReN I r

r—Transformation —Array option

2L
% 9 . M agnification: ITDUUUUU ™ Reflect Columne: IE

[:I Iﬂ / . Aingle: |'|2.EIDEI deg Riows: I.'r"

T @ Ll Spacing U: |150.EIDD T
M <3 B SpacingV:  [140.000 ym

N I
Reset Cancel
2o2a N am | e |

< 4 B = | "Click on the Structure reference icon.

Bl 58 O

STEP3 p Click on the downward arrow next to the Name field and select a structure
from the dropdown list. 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 param-
eters, 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 by
mouse click. Press Escape to place the structure only once.



6.1 Advanced Pattern Design Task 1 Design using hierarchy

STEP 4 p After finishing placement of structure reference, no pattern will be displayed.
Instead it shows a red box with the name Cell1[6][7]. This naming structure
indicates that Cell1 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.

Figure 6-3 Re-open the =l GDSII Editor - Hierarchy:Matrixl o] x|
Hierarchy structure. | u=225308 [v=88266 |L=0 [5=0001 [Cmd=Select S IER
- »
e o
- o - -:} y Y
g -~ - a
T A - 9 e
r Y - g 2
- o 4% P
o1 - » ~
- " I - o
. 3 - ~
1 - . s
-~ - o - T
- T’ ~ : - .
. ~ bl A
W /Q - . /J
- -
- ~
- 9 .,h} A - e
- YN - g ‘j:\‘.r L
mi
LI Y~
. :J r Y
200 pm y




6.1 Advanced Pattern Design Task 1 Design using hierarchy

STEP5 »

Figure 6-4 Text
Properties window.

STEP 6 »

Create a new structure within the GDSII database with the name Time. In
the toolbox, click on the Text icon, and click on that location within the Edi-
tor, where you want to place the text. You can now insert any text. By clicking
>>, additional parameters are available. You can call current variables such
as the time or any other variables from the VDB file used for the current
patterning. Select Time format and press the Add time button, which will
display a special command string in the text field.

The parameters for the Text properties can be entered.

Text Properties il

Text: |$[time::°éc]

: W Harizantal alignment: Im
i W Wertical alignment: top hd

Height: W Angle: IW
wdidth: W Dioze: |1|:IEIEI—

=

Layer: IDDD: Layer 0 j

£« | Cancel | | ok I

Text macro:

WOB topic: I gddvariablel

VDB item |

Time format: | 05,12/05 11:35:05 4 Add time ||
|

Click on Add time to display the command string.

There is a wider variety of command strings available for other formats or
variables, which are described in more detail in the Software Reference Manual.
In addition, you can enter further Parameters for the Text such as the Posi-
tion 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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6.1 Advanced Pattern Design Task 1 Design using hierarchy

STEP7 b Create a new structure with the name Example. In this new structure we will
insert the structures designed earlier.
Figure 6-5 Inserting & GDSII Editor - Hierarchy:Example T3 | (W DI Database =00
pre-designed structure [ |w-08595 |v-600980 [L-0 [5-000 |Cmd-beec:  dgldlm ﬁﬁf‘fa [0 E=2m|& X
into the GDSII Editor. | Time I  [eewe ew |
¥ B -] Example
[ e
13 Matis]
éyui\l .3 Time:
!('5‘
her
e
Matrix1 Celll
200 pm
STEP8 p Click on the Structure Reference icon and insert Matrix1, Celll (5 times

enlarged) and Time (10 times enlarged) within the structure Example. Make
sure to set Columns and Rows to 1. Select hierarchy level 2 or higher to
resolve the pattern containing the elements of structure cell 1.

Flgure 6-6 SeleCting the = GDSII Editor - Hierarchy:Example 101 =l
Hierarchy level. [ [u=865.937 |v=G0B141 |L=0 |5=0.001 |Cmd=Gelect 8SE

JeM8/0d U892E42

- .
.. e )
" a " - -
ar A - L)
] . - 1- ]
U T —
o 3% ¥
-
LT S L Y- |, A ..
-
)

oA -
> e B4 M
- -‘.L. - - "-L
W -
-l me A%
-
L 4
u




6.1 Advanced Pattern Design Task 2 Studying chessy.csf

Task 2 Studying chessy.csf

STEP1 p Open the file 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 the Fill icon. The
GDSII Viewer will now display the design within a 2 um field covering just 2
squares of 1 um size.

Figure 6-7 Studying

= GDSII Viewer - CHESSY:s2 » o0
1 u= = E [Cmd-Wore — o s
Chessy in the GDSII 1.035 2000 S=0.001 |Cmd=H| [ E ‘ﬁ ‘,ijsﬂiF M & m 8%
Viewer. -2 &t | |
- IBEES
o mark
o s
‘ LR ﬁ SSU
3 s200
<
L0
s
STEP2 p Now open the pattern S20 using the GDSII Viewer and select the Fill icon.

This pattern 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.

ol
u=0229  [v=1.145  [S=0.001  [Cd=Nor gl

= GDSII Yiewer - CHESSY::s20

Figure 6-8 Selecting
different Hierarchy

levels for viewing.
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6.1 Advanced Pattern Design Task 2 Studying chessy.csf

STEP3 P Now open the pattern S200, this will fill a writing field of 200 um. 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.

Figure 6-9 Studyinga . R a _
different pattern in the : Toas 2/ o
GDSII Viewer. ]

\
+




6.1 Advanced Pattern Design Task 2 Studying chessy.csf

STEP 4 p

Figure 6-10 Studying
the pre-defined pattern
Mark.

HINT

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.

=T ST
0000 w0000 |5-0.001 [Cmd=H = OEk|E| 0 a2l X
™ - ' Yk

|cHESSY.CSF

ISZUUW Edit ylewl
] (7] 1000w
= -5 200w
(3 mark
g 2 -0 s2
W @3 s20
-3 s200
3
fee
A

The same process of hierarchy levels design can be continued from one
hierarchy level to the next. For example, the pattern S1000w already in-
cludes 125,000 squares. Even though 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.



6.2 Advanced Pattern Design using FBMS Task 1 Designing FBMS elements

b

HINT

STEP1 )

Figure 6-11 Designing
FBMS elements.

6.2 Advanced Pattern Design using FBMS

If you do not have the FBMS option installed, you can proceed straight to
the next chapter.

Task 1 Designing FBMS elements

It is possible for the user to mix standard GDSII elements without FBMS,
together with elements in which the FBMS technique is used.

To design FBMS elements in the GDSII structure, you can choose between
apath or circle, e.g. Add > FBMS > Circle.

Add | Prosimity  Project  Estraz Windaow
Preset J

Select the Add tab from the menu bar.

Circle C
Dok

Open path

Falygon P
Rectangle R
Structure reference
Text

Bitrnap »

Group of curves

Path Either a Path or a Circle can be selected
to create an FBMS element.

kdanwal mark scan

Auta mark, scan

To insert a path or a circle, click on either Path or Circle in the Add menu,
then click into the GDSII Editor at the position you wish to place the structure.
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6.2 Advanced Pattern Design using FBMS Task 1 Designing FBMS elements

HINT

HINT

HINT

The pattern design is exactly the same as in the standard version.

FBMS is particularly useful for users who want to create large designs
without the use of stitching.

The limitation of FBMS is that due to the movement of the stage, additional
periodic non-linear components can be introduced to the structure.

FBMS can be interspersed with standard structures in the same structure.
When the procedure is executed, the standard structures will be exposed
first and then the FBMS structures.

In this way, the user has the freedom to choose the speed advantages of the
FBMS patterning, as well as the higher accuracy of the standard structure.
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7 Patterning

AIM

The aim of this chapter is to guide the user through the steps needed to carry out
a patterning task.

7.1 Patterning (Standard)
Chapter 7.1 explains the patterning for a standard pattern.

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

Task 4 Developing the sample

Task 5 Multiple patterning

7.2 Patterning for FBMS Elements (Option)

Chapter 7.2 1s only applicable if the option for FBMS is installed on the Turnkey
system.

Task 1 Patterning parameters for FBMS
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7.1 Patterning

Task 1 Familiarization with demo pattern

STEP1 p

Figure 7-1 Opening the
Demo Pattern.

7.1 Patterning

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.

Click on the Design icon in the control bar to open the GDSII Data-
base. Then click on the Open icon to open another GDSII data file. A
dialog box opens with a list of file names and folder options. Select
Demo.csf.

Select the Designicon from the con-  Click on this icon to open a
trol bar to open the GDSII Data- database file.

oo

A

g
=]

Recent [CiMath

@

o & Design.cs
Cebdiop W Hierarchy.csf

ents

by Cornputer

-

Places

Files of type: l GDSI Database files [*.C5F".GDS)

My Metwark  File name: IDemo.csf | Open I
:_] Cancel |

% |

Select the file Demo.csf.



7.1 Patterning Task 1 Familiarization with demo pattern

STEP2 ) Highlight the pattern Chip, then double click on it to open the Chip pattern in
the GDSII Viewer. The GDSII Viewer will now display the hierarchical struc-
ture of the selected pattern.

Figure 7-2 Studylng {13150 = cps11 viewer - Demozthip =lox] ECN)
[=230387 |v=138263 [5=0001 [Cmd=Mone  de|&(E] OER|S|0]m H

| Demo_csf

[ LIS = 5] you]

ﬁ (7] CGAres
" | @3] Chip
overlay|

(7] Fresnel_SPL
C@3phius100_2 [B]EXar

[T Marker
Dose | highres I:'

pattern Chip.

(7] Raith_text
CGSpl

Dose

dots

Fresnel
Geometric_Structures
Global_Mark.
Hernt

highres
highres_grating
Maonius100_2
Horiushd itte
overlay
overlayz_HEMT
Star

=)

=

[#lel el =] =l el =l =] =] =l =l =] =] =

=
£
=
=
o

£l

[ [ WF_Mark_dray

i) ]

01




7.1 Patterning Task 1 Familiarization with demo pattern

STEP 3 ) While the viewer is activated, choose View > Hierarchy > Max from the
menu bar.
Flgure 7-3 SeleCt W Options  Modify  &dd  Proximity Project  Ewstras

Hierarchy viathe menu |pEeEEs Increase ksl
Redraw Al+R Decrease Alt+D
bar- Zoom e |
v
Diesign grid G 1
w Exposure grid 2
w Overlaps A+ 3
v “Working area 4
Layer selection L g
Process athibute editor A 7
v Toolbox T g
Transformation
“working area editor e Auta

oo N R

STEP 4 p The full structure is now displayed, showing various test patterns, as described
in detail within Raith_Demo_Pattern.pdf, which is located in each GDSII
folder of every user.

System route User > GDSII > Raith_Demo_Pattern.pdf.

Figure 7-4 Displaying
the full structure in the
GDSII Viewer.

Ju=- L [Crad=tane

*

(IRE T T}
II ol I

Tl 3dk e
0 fads

—-—
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7.1 Patterning Task 2 Measuring the beam current

Task 2 Measuring the beam current

STEP1 p Open the Stage Control window by clicking the corresponding icon on the
control bar and drive to one of the Faraday cups. Its position may already be
stored as one of the Positions.

Figure 7-5 Opening the | %

Stage Control L7 B
Stage Control window. = —— o %?SEV
il @ ~ r: b Click the Positions tab
to select one of the
. P 1 Py
e | Oee @ pre-defined positions.
Go |
= [ e |
fee Click the Stage icon in
fee the control bar to open
Tes
- = the Stage Control.
STEP 2 p When the stage is at the Faraday cup, toggle the beamblanker to switch on

the beam. In the Raith EO software make sure that the Faraday cup is in the
center of the image. If necessary, fine tune the position manually, by using the

joystick.

STEP 3 p 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.

STEP 4 ) Take note of the current.

Figure 7-6 Measuring a o

the Current. - =

283.74 pA |» ]

284 43 pA [ diive back
Fperture: 300 pm vbltage: 20,00 kv

]Falada_l,.l Cup an holder LJ

HINT To avoid complication with defocussing, the beam current should also be
measured using the same working distance as used for the patterning.



7.1 Patterning

Task 3 Patterning

STEP1 b

STEP2 p

Task 3 Patterning

Make sure that the Writefield size is set to 100 um in the Writefield

Manager window.

Open a New Positionlist via the menu bar, File > New Positionlist. Drag

and drop the design Chip into the positionlist.

Figure 7-7 Open a New

Positionlist.

STEP 3 p

Figure 7-8 Patterning
Properties window.

ﬂ| Wiew |

>
=
NEETE =R ks
| Demo.csi
|Chip
L[‘_; ----- [7] CGArea
R 3 cosn
a Exclude: Innne D[Sl Etlspe
m FiI- ----- 4 dotsz
PPl 4 Freznel

- Geometric_Stuctures
----- I8 Glnhal Mark

By default, the Patterning is scheduled for the current sample position. The
next step is to change the Patterning 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 Patterning 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
corresponding line in the positionlist and a cascading menu will be displayed.
Click on Properties. Enter the position to U=V=2 mm.

Patterning Properties g|

D atabaze: |l::'\F'iu:uneer\User\.t’-‘-.dministratnr\l.“:DSII\DEMD.CSF

Structure: |Chip

Click on the Layer

‘ Laver | 0-12

writefield Size: 100.000 prm

Patterning Parameter > | Cancel | QK |

icon to select the

i (iR -200.000 t &00.000
Working Area wm ] ul patterned layer.
W -200.000 pm ta 500,000 pm

BB Position L: £L000000 W £L000000
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7.1 Patterning Task 3 Patterning

STEP 4 p In the Patterning Properties dialog box, click on the Layer button and
select layers 0-6 as well as layers 8, 10 and 11. Confirm with OK.

Figure 7-9 Select

Patterning Layer. Select Patterning Layer

B 063 manual markscan

|
W 062 Automatic GDSH ALWFE with Images |
|
|

M 051: automatic markscan

B 012 outer pads

|. 011 Global markers

|00 dots

W 003 overlay HEMT gate |

||— 008: averlay HEMT zource/drain

[ 007 overlay vemier step? |
|. O0E; overlay vernier/HEMT stepl
|. 005; text

|. 004: geornetric structures £ star

|. 003: crozssed gratings
|. 002: high resolution
|. 0071: dose test

Il 000 stitching

Selection:  |0-6.8,10-11

Al | Mone ‘ Uzed | Resat ‘ Cancel | | ™ Confirm with OK.
Patterning Properties [z|
Databaze: |E:\Pioneer\User\.-‘-‘«dministrator\GDSII'\DEMD.CSF
Selected Layers
Structure: |ChiD .
are now displayed.
‘ Layer
Working Area | L:| 200000 to | 500.000 pm Click on the Select
v 200000pm  to | 500.000 um Working Area
&8 Position ; 0000000 mm W 0.000000 rmm icon. Patterning
Wwiitefield Size: 100,000 pra PrOpertleS can be
edited
Fatterning Parameter »> | Cancel ‘ 0K |
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7.1 Patterning Task 3 Patterning

STEP5 p In the same dialog box click on the Select Working Area icon this will open
anew dialog box. Select the working area named Complete Pattern. Con-
firm both windows with OK.

Figure 7-10 Working

Area parameters. x
[Edges Certersice
MHa. |Mame ILefl U ILower W IFlight i} |Upper W I
1 |Inwer Part 0.000 0.000 300.000 300.000
E Complete Pattern -200.000 -200.000 500,000 500,000 I
wiiteheld Calbration -200.000 -0, 000 -Ton.ooo -Ton.ooo
Z Contact Pads -300.000 -300.000 £00.000 £00.000

LCancel | ok I

Select the Complete Pattern row.

Flgure 7-11 quklng Patterning Properties E|
Area defined within the

. . Databaze: |C:\F'ioneer\User\.ﬁ.dministrator\GDSII'\DEMD.CSF
Patterning Properties

Structure: |Chip

’ Layer
wiorking Area | U | -200.000 pra to | 500.000 prn

W 200000pm 1o 500.000 e = Selected Working

B Position U] 0000000 mm [ 0000000 mm Areais now
e displayed.
Wwitefield Size: 100.000 pra

Pattering Parameter >> ‘ Cancel ‘ 0K |

Dialog.
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7.1 Patterning

Task 3 Patterning

STEP 6 p

Figure 7-12 Opening

the Patterning Parame-

ter Window.

HINT

Goto the Patterning Parameter window by clicking on the corresponding
icon in the control bar. Check the checkbox for SPL Exposure, Curved
elements and Dot Exposure. Click the calculator icon.

Click on the calculator icon to open the
Patterning Parameter Calculation.

> Patterning | '‘aramekter a2
w» F|E
Wiitefield Size:
l“,.— Area Step Size: |D.D2DD jm =» |
Area Line Spacing: | =5 |
g [v Equal steps
Area Dwell Time: 0.002000 ms
XY
Uiu v Lines
- Line Step Size: 0.0100 pm
;i,‘ Lire Dowvell Tirme: 0,001 300 me
g [v Curved elements|
== Curve Step Size: QL0200 pm
g} Curve Line Spacing:
i [v Equal steps
- Curve Dwell Time:  §|0.002000 ms
- [v Dots
F Dot Dwell Time: 0.500000 ms
Select the Check the checkbox for Lines, Curved

Paterning icon. elements and Dots.

The Beam Current in the Patterning Parameter Calculation window
shows the same value as measured before. There are different tabs assigned
for Areas,Curved elements, Lines and Dots. At the bottom of the win-
dow 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.



7.1 Patterning

Task 3 Patterning

STEP7 p
HINT
STEP8 p
HINT

STEP9 p

STEP 10

STEP 11 p»

Select the Area tab. Enter the Area Dose, which depends on your resist.
For example, if you use 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 Curved Elements tab and enter the same dose
value. Click on the Line tab and enter the corresponding Line Dose of 300
pAs/cm. Then click on the Dot tab and enter 0.01 pAs for the Dose.

After you have entered the appropriate dose, the corresponding tab title (Area,
Curved Elements, 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 gray, since the parameters are no longer consistent.

Switch back to the Area tab and enter the step size and line spacing of 0.020
um. Click the Calculator 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 con-
sistent and therefore the tab title as well as the formula are now shown in
black.

Select the Curved Elements tab and enter the step size and line spacing of
0.020 um. Click the Calculator button next to the Dwell time.

Select the Line tab and enter 0.010 pum 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. Simply click the
Calculator button next to the Dwell time.



7.1 Patterning Task 3 Patterning

STEP 12 p Now all four tab titles, Area, Curved Elements, Line and Dot should be in
black and the OK button is now enabled. Click on OK.

Figure 7-13 Opening

the Patterning Ve ailey Patterning Parameter Calculation [5__(|

ter Calculation win- Areas l Curved Elements ] Lines ] Diots ]
dOW. Write Field Size: |100.0000 pm Area Step Size: 0.0200 pm |_’|
Min. Step Size:  |0.0020 pm Area Line Spacing: [v Equal steps

Area Dwell Time:  |0,002000 =
Beam Currert;  |0.200000 r, B e ) L ms &
Area Dose: 100.000000 pClcmé |_’|

Beam Speed: 10.0000000 mm/s

Area Dose = [Beam Current * Area Dwell Time] / (Step SizeLine Spacing) Eancel Ok
HINT Itis possible to individually evaluate Dot, Line, Curved Elements in conjunction
with the Area.
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7.1 Patterning

Task 3 Patterning

STEP 13

Figure 7-14 Patterning
Properties displays the
Estimated Patterning

Times.

Go to the Positionlist window. Highlight the corresponding line with the
right mouse button, select Properties. The dialog box, Patterning Proper-
ties will open. Click on the Patterning Parameter button to display the
exposure values. Click on the Times button to obtain the Estimated Pat-
terning Time.

Patterning Properties gl

Database: |I::'\F'inneer'\User\.ﬁ.dministlatnl\GDSII'\DEMD.CSF

Shruchure: |I:hip

W Layer 012
working &rea | L -200.000 pm to 500.000 prn

W 200000pm  to [ 500.000pm
=m Position L 0.000000 rmrm W 0000000 mm

wiritefield Size: 100,000 prn

|:Platterming Parameter <] Cancel | DK .
Click on the
Area Step Size: ’7 [v Default Patterning Param-
#rea Line Spacing | n0200m eter button to
Area Dwell Time: ’7 v Default dlsplay additional
Lines: l—_| v Default parameters.
Line Step Size: ’7 [w Default
Line Dwel Time: | D000 [ Default
Curved Elemants: ’—_| [v Default
Curve Step Size: ’7 [w Default
Curve Line Spacing: ’7
Curve Diell Tirne: ’7 [v Drefault
Dats: ’—_l [w Default
Dot Dwell Time: ’7 [v Default LCalculatar..

Doze Factor: 1.000 Click the Times

button to calculate
FEMS Areas: [v Default the Estimated
Stage Speed: L Dl Patterning Times.
FEMS Lines: [v Default
Stage Speed: [v Default




7.1 Patterning Task 3 Patterning

Estimated Patterning Times

Function Time / 2
O Dweltime 1min 26743
@ Settling time 1rmin 09,783
lul Stage maove time 10,40z
@ Stage settling time 36.00s The estimated patteming
l'_._pl Tranzfer time 326z t. d 1 d
I Alignment time 0.00¢ 1mes aré now ISp aye :
€5 Total time Jmin 26.18s
Calculation time 8.88s
Maco execution time notb included
,-_éf Macros 28
STEP 14 p Activate the positionlist. Go to the menu bar and select Scan > Selection.

The stage will now drive to the position to execute the patterning task.

STEP 15 p If you wish to calculate the Patterning time for the complete Positionlist, go
to menu bar Filter>Calculate Patterning time.



7.1 Patterning

Task 4 Developing the sample

STEP1 p
STEP2 )
STEP 3 »

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:IPA=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.



7.1 Patterning

Task 5 Multiple patterning

STEP 1

Figure 7-15 Create
Position Matrix.

STEP 2

>

>

Task 5 Multiple Patterning

We will expose a structure which has no dose variation. Highlight the line in
the positionlist, select Filter > Matrix Copy and enter values for Matrix
size, Step size and Dose scaling.

Create Pozition Matrix

PBositions to copy

" Gelected

M atriv size

U st |2

:<|2

Step

1 |‘IDD.DDD P

W |1nn_uuu P

Element grder

@ U [rows] first

= [eolurnns) first [~ Meander

rDlosze factor

U: [0.000

[~ Calculate automatically

v, [n.ooo fadd =]

—Enter the values for the
Matrix size, Step and Dose
factor.

Cancel | ak. I

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

Parameters.
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7.2 Patterning for FBMS Elements

Task 1 Patterning parameters for FBMS

STEP1 b

Figure 7-16 Add
FBMS elements.

STEP 2

>

7.2 Patterning for FBMS Elements

Task 1 Patterning parameters for FBMS

You can add FBMS elements via the menu bar, Add > FBMS > Path (or
circle).

Add  Prosimity  Project  Estras “Window 7

Freset ]
rese - =

Circle C
Dot

Upen path [ L=0 [s=0.00
Palygon = —
Rectangle A
Structure reference
Teut

Bitmap r

Group of curves

= Add FBMS elements viathe
menu bar Add>FBMS.

k anual mark zcan

Auto mark scan
T

In Patterning Parameters, you may choose an FBMS Area or an FBMS
Line, for either of which you may choose the stage speed.

If you wish to expose using FBMS, as well as the standard structures, do not
check FBMS elements only. The only time that you should check this option
1s when you wish to expose FBMS elements with no standard structures.
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STEP3 p Go to Patterning Parameter Calculation. Now there are two more tabs
available. One is for FBMS Area and one for FBMS Line, in which the
Stage Speed or the Dose can be calculated.

Figure 7-17 Patterning =
Parameter for FBMS & & B
elements.
Witefield Size:
Area Step Size: |D.D2DD pm = |
Area Line Spacing: | = |
[v Egual steps
Araa Dwel Time: 0002000 ms
[v Lines
Line Step Size: 0.0700 pm
Lirve Dowwell Tirme: 0.001500 ms
[v Curved elements
Curve Step Size: 0.0200 pm
Curve Line Spacing:
[v Equal steps
C Cwell Time:  |0.00:2000
HIE e T m Check FBMS elements only
W Dots when you do not want to do a
Dot Dwell Time: [ 0.500000 ms patterning of standard struc-
I [ FBMS elements only I tures as well.
[v FBMS Areas
Stage Speed: |U.2UUUUUU mmds Enter the ValueS fOl‘ the FBMS
VB Area and Line.
Stage Speed: 2.0000000 mmdz
STEP 4 p Within the Patterning Parameters Calculation window, in the FBMS Area,

you will find the Calculation Width, which represents the typical width of a
structure to be used for the design. This typical width can be set by the user,
in Patterning Details within FBMS.



8 Mix and Match Patterning

AIM

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

This is a more advanced task. It is assumed that the user has carried out all
previous tasks, to become familiar with the system.

Task 1 Locating the first mark

Task 2 Defining local UV positions of marks
Task 3 3-points adjustment

Task 4 Semi-automated Writefield alignment
Task 5 Automated Writefield alignment

Task 6 Patterning

8-1
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Task 1 Locating the first mark

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

STEP1 p In order to find the first mark, open the Stage Control window by clicking

the corresponding Stage Control icon in the control bar. Enter the value 2 for
U and V. Click on Start.

Figure 8-1 Opening the

Stage Control L7 A

Stage Control window. Length EBase
4] & mm [ONY
LT (e

Drive |Step I F'DS|t|nns|

u: |2 000000 rmm Start | ?-.Dst.igsomte
W IHUUUUDD i Clear | " [elative

Iﬁw ‘

b I
Command ling————
’7| HEemeat |
STEP 2 ) On the column desktop select a magnification of 3000x. Switch on a crosshairs

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

Figure 8-2 Moving the
crosshairs over the mark
via the joystick.
Using the joystick, move the mark over the crosshairs and switch off the

beam. The next task is to define a local coordinate system based on the
design coordinates of the marks.
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Task 2 Defining local UV positions of marks

STEP1 ) In the Adjust UVW window, switch to Local coordinates.

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 tool box, by clicking
on the Toolbox icon in the GDSII viewer. Drag and drop the green flag 1
onto your mark 1.

Figure 8-3 Opening the
GDSII Viewer and the
GDSII tool box.

=l GDSII Yiewer - Demo:Chip ) i Click on this
|u=150.050  |w=143000 [5=0.050  |Cmd=Mone Toolbox icon to
Bl open the GDSII
tool box.

4 AER

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

window.

STEP2 p 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.
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8 Mix and Match Patterning Task 2 Defining UV positions of marks

STEP 3 p Uncheck all three positions.

Figure 8-4 3-Points =on
tabin AdJUSt UVw Qrigin Correction I Angle Cnlrectionlml Adiustw |

window. P o 050000 mm ;[ -0.150000 mm il
3| zl ;[ -0150000 mm ;[ -0.150000 mm il
r P2 |u| 0.450000mm .| 0150000 mm il

| v|pe| 0450000 mm | 0150000 mm A
—l —l —l Ensure that all the
 P3 fu| c#s0000mm v:[ csso000mm ||| mark positions are

ﬁl ﬁl b [ 0.450000 mm ;[ 0.450000 o il unchecked.

G_Ioball Resat | Adjuzt |

Go to 3-Point tab.
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Task 3 3-points adjustment

STEP1 p Open the Adjust UVW window and select the tab 3-Points. Switch to Lo-
cal coordinates.
HINT If your sample is not leveled, it is also possible to read in the focus value

together with the coordinates for all three marks. In this case, you would
move the stage to all the three marks and re-adjust the focus on each mark
before reading in the coordinates. In the Adjust UV window, the message
Focus! will be displayed at the bottom of the window. The focus will now
be changed for each digitally addressed UV location.

Figure 8-5 Select

; T Adjust U¥W {Local) = o & .
OpthllS within the Drigin Comection I Angle Eorrectiorl 3-Faints I.&diust i I Select the 3-Points tab.
Adjust UVW window. rPL U 0750000mm v [ 0150000 mm il

El ﬁl %[ -0.150000 mm v [ 0150000 m il

[~ P2 U 0450000mm .| -0150000mm il

El ﬁl %[ 0450000 mm v [ 0150000 mm il

P3| 0450000mm e[ 0450000 mm il

El ﬁl %[ 0.450000mm [ 0.450000 mm il

S _
%‘o Global | Beszet | Adjust |
> Adjust U¥W (Local) Ll

Drigin Cnrrectionl Angle Correction 3-Points |.&diustﬂ|

rPL u;| -0.150000 mm v;|_-[ et marks . '
| | [ 0150000 mm v [ | Select Options via
x S ' right mouse click.

= < e~
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8 Mix and Match Patterning

Task 3 3-points adjustment

Figure 8-6 Adjust UV
Options with
Automatic Focus
Correction .

STEP2 p

Figure 8-7 Reading in
the current coordinates
via the Pipette icon.

Adjust UY Options
I

The Adjust UV

[Fautomatic Alighrmenk
-
-

Iignore I alignment.

IF lesz than |3 I marks have been scanned successfully then:

Options will now
be displayed.

—Adjustrient Limit

[~ Enable limitz check

Zoor: {0.00000 ta [0.00000
Shift: IEI.DDDDD mm

Batatian: IEI.DDD deg

The focus can be

—Automatic Focus Correction

[+ Enable automatic focus comection ’7(- sage

Carrect Focus by——————

automatically
= adjusted either via
the stage or working

distance.

In Adjust UV Options, we will now check the box to Enable automated
focus correction. The focus can be corrected in two ways. Here we will
select the working distance. The lens will now move to adjust for the new
focus settings. It is also possible to select Stage to adjust the automatic focus.
In this case, the stage will be moved to re-adjust the focus.

Check the focus level. Click on the Pipette icon to update the current XY
coordinates of the first mark position. Activate checkbox P1 and click on

Adjust.

=00

Drigin Cnrrectionl Angle Corection 3-Paints |Adiustﬂ|

T PL U 0750000 mm ;[ 0150000 o il

i’l— f'l %[ 0150000 mm v:[ 0150000 mm | |

[~ P2 U] 0450000mm v:[ -0150000 mm il
ﬂ fl | 0.450000 mm ;[ 0150000 o il
P3| 0450000mm v | 0450000 mm il
ﬂ fl w: [ 0450000 mm - [ 0.450000 mm il

Rezet |

Global |

Adiust |

Click on the Pipette icon
to read in the current
coordinates.

In this step, we have performed, in principle, an origin correction. This means
that the origin of the local coordinate system has been redefined and is now
identical to the origin of the design coordinate system (GDSII).
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8 Mix and Match Patterning Task 3 3-points adjustment

STEP 3 ) Click on the Flash icon related to the UV coordinates of P2. This will move
the stage to the second mark.

STEP 4 p Select a high magnification again, (approximately 3000x) and switch on the
beam. Move the second marker so that the crosshairs is situated over the
mark. Check the focus level.

Click on the Pipette icon of P2. The XY coordinates in the Adjust UVW
window will be updated.

Click the checkbox of P2 and click Adjust. Please note that the UV coordi-
nates have been updated after the adjustment has been performed.

STEP5 b Click on the Flash icon related to the UV coordinates of P3 to move the
stage to mark 3.
STEP6 p Make sure that a high magnification, (approximately 3000x ) has been se-

lected and switch on the beam. Move the third mark so that the crosshairs is
situated above the mark. Check the focus level. Click on the Pipette icon of
P3. The XY coordinates will be updated.

Check P3 and click Adjust.

Figure 8-8 All three o0

Marks have now been Drigin Corection | &ngle Comection 3-Paints | Adjust W |
All three marks have now been

-+ checked for focus level and
El fl o< | 13532000 mm ;[ 8864000 mm il have been updated.,

W P2 |u[ 0450000 mm v:[ 0150000 mm il

El fl o< [ 14132000 mm ;[ 8864000 mm il

“ P3 fu| 0450000mm vi| 0450000 mm il

®| | %[ 101520000 v [ sasa000mm 5
Global | Focus! Beset |

checked. P oP1 Ju:[ 0150000 mm] v [ 0150000 mm| ]

The local coordinates system is now identical to the GDSII design coordinate
system.
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Task 4 Semi-automated Writefield alignment

In certain cases, it may not be required to set-up a fully automated Writefield
alignment. For example, if only a small number of alignments are necessary,
or difficult mark detection conditions exist, a semi-automated procedure is
more appropriate. This procedure can save time and with the interaction 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 con-
cept. The next task will describe the automated procedure, which is more
complex.

STEP1 p Move the stage back to the first mark, for example by clicking the corre-
sponding icon: ﬂ

STEP2 ) Open the Writefield Manager window, select 100 um Writefield from the
list and click on o

Figure 8-9 Open the
Writefield Manager > ae

O E | & & & o/ Daabasevaluss

dlalog Magnification Field size
%430 100.000 pm
l["'| Mame Mag. + Sizefpm |
bl d 493, 1000.0 pm 43 1000000
245 %, 200.0 pm 245 200,000
od | 490 %, 100.0 pm 490 100.000
g 980 %, 50,0 pm 980 50,000
» 1960 x, 250 Jm 1960 25,000
M 9800 %, 5.0 pm 9800 5,000
Uy
STEP3 p Open a new positionlist.
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Task 4 Semi-automated Writefield alienment

STEP 4 p

Figure 8-10 Open a
new Positionlist.

STEP5 »

Figure 8-11 Select
Patterning Layer.

STEP 6 »

Figure 8-12 Viewing the

Patterning Properties.

Select the structure Chip from the database Demo.csf and drag and drop it
into the positionlist.

>
BT EEST YR
.* |Demo.cst
[Chip Edit | Wiew
[Grommroees | L [ Do
SEHEO|eE |50 X |2 5|4 8 0|l [o8 ] G frone = ESEEESD‘
—_— P
[ip oo Jvjmm  Jattribute [remplate [comment [options [rvme ¥ [ Doss
ﬂﬂ -0.15000C -0.15000C XM uy Chip EXPOSURE e [d dots
[ Fresnel
o [T Fresnel_GPL
K| B [0 Geamelic_Stuctuss
[* 11| 1 [Lot 10: [iwafertn: [ Global_Mark
<[ Hemt
13 highes
[ highres_grating
[ Marker
3 Merius100_2

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

Select Patterning Layer,

W 063: manual markscan

M 051: automatic: marksean

W 012 outer pads

B 011 Global markers

W 01 dats

B 009 overlay HEMT gate

[T 008 overlay HEMT source/drain

|Selecti0n: |53

All | ﬂonel Qsedl Eesetl

LCancel | 0K I

Click on the Working area icon and select the Working area Writefield
Calibration and confirm with OK. Adjust the UV position by clicking the
corresponding icon.

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

X

Patterning Properties

Database: IE:\ionLiNE\Userkﬁ.dministralor'\ﬁDSII\DEMD.ESF

Structure: IChip

' Layer |

|53

:EI “Working Area I L: I 200,000 pm ta I 500.000 pm
¥ | 200000pm o | 500,000 prm

m Position | L: I 0000000 mm W I 0.000000 mm

I 100,000 pm

Patterning Parameter > |

“wiitefield Size:

Cancel |
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STEP 7 ) Activate the Positionlist. Select Scan > All from the menu bar. The stage
will now drive to the corresponding position and the manual mark scan during
patterning will be initiated. The software will generate the positionlist Align.pls.
The positionlist will be filled with the corresponding Marks scan. The scan-
ning of the positionlist will start automatically and after the first image, the
software will pause to await interaction with the user.

STEP 8 » 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 pressed and the left mouse button pressed while moving the mouse
cursor to the real mark position. Once you have reached the new position,
release the Ctrl key and a blue cross will be displayed at the selected position.

Figure 8-13 Green . ; =
cross positioninginthe | - The green cross shows the
images. position where the mark is
expected
=10l
oum [wr=100m  PAve=16 Lint=1 |
| [@u=noszert venoees [Mu=odzert v=no0sezs | |mm
The cross can be moved to the
exact mark position. Once the
location is accepted, a blue
cross appears at the mark B A
position and the former center is
marked as well.
STEP9 ) Click on Continue to proceed with the positionlist and the following mark
scans.
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Task 5 Automated Writefield alignment

STEP1 p Move the stage back to the first mark, for example by pressing the
corresponding icon: El

STEP2 ) Open the Writefield Manager window, select 100 um Writefield from the
list.
Figure 8-14 Sclect the |~ 00
erteﬁeld Manager O H | X = | rd | o | Database values
window. ~Magnification—— | [ Eield size
w490 ’_F 100.000 pm
['T Mame | Mag. + | Sizefpm |
E 49 3, 1000.0 pm 49 1000, 000
245 3, 200,0 pm 245 200,000
g & 490 x, 100.0 pm 490 100.000
90 %, 50,0 pm S0 50,000
1960 x, 25.0 pm 1960 25.000
XY
n M SE00 %, 5.0 ym 9800 5.000
(147
STEP 3 p Open a new Positionlist.
STEP 4 p Select the structure Chip from the database Demo.csf and drag and drop it
into the positionlist.

(WR=g  NN=TEENECE NN VRN

|Demo.cst

Figure 8-15 Opening a

o . [Chin Edit | iew
new Positionlist. wod| L8 o
EHM0|@ B2 X454 8-> | [0 ] Boude Jrore o] || e
171 Chi
[o Jomom  Jutmm  Jattribute [template [comment [options [Tvpe ﬁ o DD:E
[#]o -n.15000c-0,15000C M Uy chip EXPOSLRE. (3 dats

[ Fresnel
[7] Fresnel SPL

K|

|

- Geometic_Shuctures
1 Lot 10: [whaferID: (3 Global_Mark
[ Hemt

T

[ highres
|4 highres_grating
[7] Marker
[ Monius100_2
[ MoniusMitte:
-3 overlay
[ overlay2_HEMT
[7] Raith_text
3 Star
[ WF_Mark

SN OWE Mark Aran
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8 Mix and Match Patterning Task 5 Automated Writefield 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.

rigure S-16 Selectlayer AR

61.

W 063: manual markscan |

M 061: automatic markscan
W 012 outer pads

M 011: Global markers

W 010: dats

W 003: overlay HEMT gate

Selection:  |&1

All ‘ ﬂnne| Qsed| Eesel‘ LCancel ‘ ok |

STEP 6 » Click on the Working Area icon.
Figure 8-17 Working
o, x
Edges ” Center/Size
Mo. |Hame |Center ] |I:enter i |Size u |Size\-" |
1 Inrer Part 150,000 150.000 300,000 300.000
2 |Complete Patters 150,000 150.000 FO0.000 FO0.000
wiritefizld Calibration 150,000 -150.000 100,000 100.000
4 |Contact Pads 150,000 150.000 300 000 00.000

LCancel | 0K I

Select the work area Writefield Calibration. Confirm with OK.
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STEP7 p Adjust the UV position by clicking the Position button.

Higure 818 Patternin e S -

Pr oper ties par ameters. — —
Database: |I::'\|DnL|NE'\User\.&dmmmtratm\GDSII'\DEMD.CSF

Structure: ||:hiI3

Wlae | e

Working Area | L ’m tar Im
w[ zm0momm [ 0oooum

&m Position 1: 0.000000 mnm 'S 0000000 rarm

Wiiitefield Size: [ 100.000 pm

Patterning Parameter »» | Cancel ‘ ok ‘

Press Position
button.

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

STEP8 b Activate the positionlist. Select Scan > All from the menu bar. The stage will
now drive to the corresponding position and the auto mark scan during pat-
terning 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.
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STEP9 )

The next step is to find a parameter set such that during the automated writefield
alignment 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.

Figure 8-19 Settingup [EErIInES

the automated writefield = H & 1 ¢ E = X | 2 % 4 6 b ohde [d 7] Euchde [rore 7]
alignmentprocedurein D |L| |V |.ﬁ.ttlibute |Template |E0mment |Dpti0ns |T_I,Jpe |F'Ds'l |PDS2
the POSiﬁOl’lligt 1 0 | -0.036500 -0.040000 LE* dliv Autoalign W15TaY; RaUTOSCAR -40597 -39.398
- o E‘I -0.040000 -0.036000 LS dliv Autoalign U7 STAY; RaUTOSCAR-41.194 -38.797
@f? 0038500 0040000 LE* dLiv Autoalign W STAY; RaUTOSCAR 39 403 40602
@|3 -0.040000 0044000 LE* dliv Autoalign LI STAY: RAUTOSCAR-41.194 -38.797
o 0043500 004000015 duy Autoalion Vi STAY; R&UTOSCAR -40.597 33,398
@] 0.040000 -0.036000 LE- duy tutoslian U] STAY; R&UTOSCAN 35806 41.203
[@fs 0043500 0.040000 LE- duy dutoslion Ve STAY; R&UTOSCAR 39.403 40502
el 0040000 0.044000 LS duy tutoalign Ue STAY; R&UTOSCAN 35,806 41.203
| | 5 | 0.000000 0000000 h dli Alignment m STAY: MACRO
| ]
| B T wafer 1D; [slat:
Green indicator light = successfully executed
Blue indicator light = not used
Redindicator light = error

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

STEP 10 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 click on the Apply button.

Figure 8-20 The

Select the Threshold Algorithm.
Linescan is now ]

- Linescan Example single peak._lsc

displayed. EHSE

2 | 4 | Fiter:§ [ Threshold Algorithm SlfE X e

1400

1200

1000

800

GO0

Intensity f counts

400

200

18 108 2018 38 4018

Position £ nm
[Intensity=1495

I ke G015 T0E

| |Pasition=5556.17 nm
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Task 5 Automated Writefield alignment

STEP 11 p»

STEP 12 p

Figure 8-21 Applying
the Threshold
Algorithm.

Threzhold Algorithm - Example

Parameter zet

Left: |1 cedge O fomleft € fromright  at |50
Right: |1 edge € fromleft € fromright  at |50

~Threshold

haode: Lawer: Upper: Unit:

Irelative ﬂ |45 55 % of max. intenzity difference
—Edge definition

4

4

Stucture

Type: WWidth range:

Ima:-timum ﬂ |1DD to 10000 nm
—Display

+ Position = Width

| Apply I Cancel | |

Ok

Click on the Apply
button.

Select the parameter called Writefield alignment from the dropdown list.
Select Relative. For Lower select 50, for Upper, select 70. For Edge Defi-
nition, 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-
rameter set chosen to the corresponding Line scan. If you were able to
detect a mark, then the corresponding result will be displayed in the line scan
by plotting red bars and a particular line width bar.

- Linescan Example single peak. lsc

= 3 2| 4 | Fiter [Thieshold Algarithm =l H X

L3

M[=1E3

1400

1200

1000

ann

500

Intensity f counts

400

200
pos:4019.0 nm

18 1018 2018 3018 4015 2018
Position / nm

G018

T0E

[+ [Pasition=861.91 nm [Intensity=1237
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Threzhold Algorithm - Example

{I_l'?".

[I‘

STEP 13 p The next step is to optimize the parameter set. In our example, increase the
Lower Threshold value.

Go back to the parameter set window and select a structure width range of
400-800. Press Apply again.
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STEP 14 ) In our example, the thresholds of 50% and 70% were not well selected. By
reducing both thresholds to 30% to 40%, improved results were achieved.
Figure8-22 Changing _i5/x]
the Threshold values. | 2 | & | 23| 4+ | Fiter [Threshold Algorithm =la ¥
4n
30
§ 20
%- [
- JN
a L ___,.Widﬂ;u:ﬁﬂ.l?_ T, perspornt
18 1016 201§ 3015 4EII18 5018 6016 701§ 8018
Pazttian § nm
[ [Position=5755.34 nm [Intensity=45 |

Threshold Algorithn - Align weite field il

—Parameter set

Iﬂ.lign winite field ﬂ QI El El

T hreshold

Fl ode: Lo Jpper; Unit:

Irelative j IBD an % of max. intensity difference
rEdge defimtion

Leit: |1 edde & fomleft © fomnght &t IEU =
Fight: |1 edge  © fromleft & fomright  at |5|] %

S bructune

Tupe: Width ratige:

|masimum | |40 to 200 i
rDizplay

i Pogition o Width

Cancel I OF. |

Since we have now defined the parameter set, the software will be able to
detect the line successfully in the Threshold Algorithm window. Save the
parameters and close the window with OK. In addition, close only the Line
scan window but leave the positionlist Align.pls open.
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8 Mix and Match Patterning

Task 5 Automated Writefield alignment

STEP 15 p

Figure 8-23 Scan All
positions in the

Positionlist.

HINT

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.

8 Positionlist NONAME _pls

EHEOeE|(25X |4 5[4 8-> |ndede: | 7] Ecude: [rore 7]

1] |U |V |Attribute |Template | Comment  |Options |T_l,lpe |F'os‘l |F'os2 | Pos3
< |0 J-0.036500 -0.040000 L5* dly Autoalign W1 5TAY; RAUTOSCAN -40.537 -33.338 -39.938
(1 0040000 -0.035000 LS dlw Autoalign U7 5TAY; RAUTOSCAN-41.194 -38.797 -39.935
\&|2 |-0.036500 0.040000 LS du Autoalign Wi 5TAY; RAUTOSCAN 29,403 40,602 40.002
|3 |-0.040000 0.044000 LS du Autoalign LI STAY; RAUTOSCAN-41.194 -38.797 -39.995
'@|4 0.043500 -0.040000 LS du Autoalign Wi STAY; RAUTOSCAN -40.597 -33.398 -39.938
'@|5 | 0.040000 -0.036000 15" du Autoalign U] STAY; RAUTOSCAN 38,806 41.203 40.005
2|6 0.043500 0.040000 LS dly Autoalign Ve STAY; RAUTOSCAN 33.403 40.602 40.002
2|7 0.040000 0.044000 LS dlw Autoalign U STAY; RAUTOSCAN 38,206 41.202 40.005
| |2 0.000000 0.000000 k du Alignment m STAY; MaCRO
[ | 0
[ ¢t et wafer ID: [slat:

After the positionlist Align.csf has been performed successfully, close the
window.

If the 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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8 Mix and Match Patterning Task 6 Patterning

Task 6 Patterning

STEP1 p Select the first positionlist, e.g. NoName.pls, and press with the right mouse
button on the corresponding line. Select Properties again.

STEP2 p 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.

STEP 3 p Choose Patterning 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?.

STEP 4 p 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.

STEP5 p The last task is now to execute the positionlist. Depending on your selection
of either automated procedure (Layer 61) or semi-automated procedure (63),
user interactions may be required. After completion, the sample can be de-
veloped and inspected.
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9 Automation

AIM

The aim of this chapter is to explain the automated features within the Column
Control. The parameters voltage, aperture and working distances can be se-
lected and automatically initiated from the positionlist. It is also possible to start
and stop the Column or to select standby from the positionlist. In addition, an
automated Writefield alignment can be initiated from the positionlist.

Task 1 Setting Column Control parameters

Task 2 Activating Column Control in a Positionlist
Task 3 Automated Writefield alignment

Task 4 Further automation

9-1



9 Automation Task 1 Setting Column Control parameters

Task 1 Setting Column Control parameters

STEP1 p Click on the Column Control icon in the control bar to open the Column
Control window. In Column Control you can Start and Stop the column and
the EHT. You can also set Voltages with Apertures, as well as the Working
distances automatically.

Figure 9-1Column Click on this icon to Edit Dataset Values. _ o
Click on this icon to

Control Parameters. "SI Column Control a8 .
= X | 2 Iil activate the selected
. > mode.
Active Mode:  Stop [GUN Settings]
71 | O @) zoumacene You can select different
- O 10KV 10mm WD Apertures with Volt-
— 8 o ages and Working Dis-
Tﬂ O 20KV 2mm WD tance combinations.
O 20KV Fm WD
x5 (O 30V 7rom WD
UV = O 20urn Aperture
O 10KV 7 WD
s O 20KV Trom WD
i O 30K Trom WD
— =1 (®) ,,g Swstem Ramp-down Modes
(e () Column Standby
: : (& Calumn Stop
Select the Column Control icon.
HINT It 1s highly recommended to edit these parameters only via Column Control,
N not via the Raith EO software, since the Column Control automatically ramps
s up to the selected setting, thus avoiding any damage to the system,

In Column Control, if you check Column Standby, the vacuum will be
maintained, but the EHT will be switched off and the column will be kept
running.

Column Stop will stop the column.
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9 Automation

Task 1 Setting Column Control parameters

STEP2 p

Figure 9-2 Edit
Dataset Values
Parameters.

To Edit Dataset Values, you can either double click on the selected voltage
and working distance or alternatively you can click the Edit Dataset Values
icon. This will open a new window, Edit Dataset Values, in which all of the
values for acceleration, voltages, detector, apertures, magnification etc. can
be set.

~ | Edit Dataset Values @

[ [[30KY 10um Bpa) [ Group

Fillarnent Signal CliCk on the Current
Emissian cur. v Brightniess | # Values button to
il ' B B transfer the currently
4 agnificatior Beam Current o
Factor v Mode Current active Va‘lues from
Lens Beam Aligr the Ralth EO SOft'
ObjectivewD [00TTmm | g || x oo _ ware to the dataset.
Condenzar '7 P g i 7
Stigrnator Matorized Aperture
Mumber l—_l
b =
i 7 i 4
Asgociated Wiitefigld
wiritefieldname | C J
Caomment
>
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9 Automation

HINT

Figure 9-3 Clicking on
the icon Activate
Selected Mode in the
Column Control
window will initiate this
process.

Once you have edited all of your typical values, it is important to click the
Current Values button. The values from the Column Control will be taken

over into the dataset automatically.

To activate the settings, click on the icon Activate Selected Mode in the

Column Control window.

Inilializing TORVOmm WD (300m Aperture) 1

Time

Progress:
ANNNNER

= 41733
w0 41734
v 41734
€ 41734
v L1735

Ewent

Start activate dataset: 10KV 10mm WD

Wacuum state ready’?
Wacuum ghate readyl
|5 the right detector zelected?
Signal detectar ready!

Cancel
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Task 2 Activating column control in a positionlist

9 Automation
Task 2 Activating Column Control in a
Positionlist
STEP1 p To use these Column Control parameters, you can drag and drop them into

Figure 9-4 Drag &
Drop Column Control
parameters into
Positionlist.

the positionlist.

ﬁh Positionlist NONAME. pls

EHEO e8| 55X Bk« 8~ Include: |aII j Exclude: |n0ne j

jis] |U,|’rr|m |V,|’mm |Attribute |Template |Cumment |Optiuns |Type |PUsl,|’um |P052,ium |P053,|’um |Link |File |L
|0 0.000000 0,000000 YN Ly 30um Aperture: 10kY 10mm WD STAY  WICOL 30urn Aperture 8
(1 0.000000 0.000000 W oy 30um Aperture: 20kY Zmm WD STAY  |WICOL 30um Aperture 1
@ |2 0.000000 0,000000 %YM Ly GUM SETTINGS: Colurnn Standby STAY  WICOL QUM SETTINGS -
L] E 0.000000° 0,000000 YN LY GUM SETTINGS: Column Stop  STAY  WICOL GUM SETTINGS -1
] (2]
e 101 1 Lot ID: ‘WalerID: Slok:

In the Positionlist shown in this example, we dragged and dropped the
10kV30umaperture command into the first row. For the second position in
the positionlist, we chose to use a higher voltage of 20 kV. It is also possible
to include Column Standby and Column Stop into the positionlist. When
the positionlist is executed, the column parameters will be changed accordingly.
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9 Automation

Task 3 Automated Writefield Alignment

STEP1 p

Figure 9-5 New
Writefield properties

dialog.

STEP2 )

Figure 9-6 Saving the
values.

Task 3 Automated Writefield Alignment

Go to the Writefield Manager window. We will now enter new Writefield
properties. Click on the icon Register new Writefield and a new dialog
box, New Writefield properties, will be displayed in which you can enter
Name, Magnification and Field size.

> o0
O | X ®| 7 oF : .
e e Click on the Register
Maqnification Field size ) ~
%1000 100,000 pm new Writefield icon.

_[“']- Mame 1 Mag. + | Size/pm I
il 500 x, 200.0 pm S00 200,000

(¥) 1000 x, 100.0 pm 1000 100.000
g 2000 =, 50,0 pm 2000 0,000

New Writefield Properties

XY
i Hame:
| |
“':' - Magnification: Field size:
i [1000 [100.000 pm
Al T
.3 Cancel | Ok

At first, this new Writefield property value will be shown in red. This is to
prompt the user that the new value has not been saved yet.

The next step is to Save the New Writefield properties to the database.
The writefield definition will be taken over, as well as automatically saving the
corresponding writefield alignment parameters. To save, click on the Save

icon.
Writefield Manager L2 ) Click on this icon to
== ‘ v
L=l = 2 save the param-
TMagnification Field size
41000 100,000 pm eters.
_["'j_ Mame | Mag. + | Sizepm |
hld 500 x, 2000 pm S00 200,000
C"} 1000 =, 100.0 pm 1000 100.000
g 2000 x, 50,0 pm 2000 50,000
4000 x, 25,0 pm 4000 25,000
10000 x, 10,0 pym 10000 10,000
XY 2
U




9 Automation Task 3 Automated Writefield Alignment

Figure 9-7 Saving the

> Writefield Manager & @ (Click on the Save
data to Database. = )
0 l XKE| 7 oW icon to save the

Maanification Field size

%1000 100,000 prm parameters.
["'] Mame | Mag. + | Sizefpm |
-F
500 x, 200.0 pm 500 200,000
(¥) 1000 %, 100.0 pm 1000 100.000
¥ 2000 %, 50.0 um 2000 50,000
4000 %, 25.0 pm 4000 25.000 ]
10000 w, 5.0 pm o000 =000 I_Yalues are displayed
A} in red to prompt user
o to save them .
> X
OH & | g [ Database values
@ Magnification Field size
%1000 100,000 pm
_[_T] Mame | Mag, + | Size/Jm |
.l 500 3¢, 200.0 pm 500 00,000 Blue values alert the
») 1000 %, 100.0 pm 1000 100.000 f— user that the values
g 2000 x, 50.0 pm 2000 50,000 in the Writefield
4000 x, 25.0 pm 4000 25.000 .
10000 3, 5.0 pm 10000 5.000 Manager differ from
A ] the saved Database
L
file.
HINT If the position in the Writefield Manager window is displayed in blue, it

alerts the user to the fact that the values in the saved Database file differ from
those in the Writefield Alignment window.

HINT Itis always possible to work within the Writefield Alignment window, to
carry out Writefield Alignment and to use the correct values for Zoom, Shift
and Reotation in the window, without saving the parameters. To save them,
click the Save icon in the Writefield Manager window.
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Task 3 Automated Writefield Alignment

STEP 3 p

Figure 9-8 Drag &
drop Writefield
Alignment into

positionlist.

You can drag & drop the Writefield Alignment into the positionlist.
Executing the positionlist will set the Writefield Alignment values.

oo
a E|F| e~

Maqnification Field size
% 1000 100.000 pm
Mame | Mag. + Sizefum |
500 x, 200.0 um 500 200,000
Drag and drop the ») 1000 x, 100.0 pm 1000 100000 |
SERT Z000 =, 50.0 Z000 S0.000
hlghhghted'p' roce.:dure 4000 %, 25.0 prm 4000 25,000
into the positionlist. 10000 %, 5.0 pm 10000 5.000

B8 Positionlist NONAME. pls

EHRO @ E EE X L_i |- B ~ Include: |4l v | Exclude: |nore -
ja] |U,|’mm |V,|’mm |Attribu!i |Template |C0mment |Opti0ns |T pe |Posl,|’um |P052,|'um |P053,|’um |Link|FiIe
40 0,000000 0000000 FN duy STAY  WRITEFIELD 1000 x, 1000 |-'"TI
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Task 4 Further automation

STEP1 )

Figure 9-9 Automated
window.

Figure 9-10 Drag and
Drop Automation into

position list.

Task 4 Further automation

Itis also possible to drag and drop scripts into the positionlist.

If you open the Automation icon, a list of pre-written scripts and records
will be displayed. These are saved in the User Script folder. The scripts and
records can be dragged and dropped into the positionlist.

2 9o
DEaX| =& »H
* Files |Cnmmand|
Mame | Tupe "ﬂ
' 2 wait JScript
) [l wait tacro
5 %L_embbOft Macio
¥ El %L embbOn td acro
[El %L HToff tacro
o B %L Info Macio
E i Bl ®L_scanmode tacro
UV B L _set1 DRy Macto
- Bl %L set20ky tacro
% ~ E %L setl Macio
2 Bl %L_spot tacro
Scan Manager =

Click on this icon to
open the Automation
window.

AL N IPeS
-G Adjust UY Procedures
[ Align wite Field Procedures
[d Beam tracking calibration procedures
% [alibration Scan
[ Image Linezcans
[ Images
[+ % Linescans

(58 Positiontist NOMAME. pls
EHR0 eS| FE X |54 8- W | e [ +] Exclds: [none [+

[=]umm  Jwpmm|attribore [Template |Comment |Gptions [Type  |Post fum |Poszom [Pos3iom |Link |Fie |Laver [poseFactor |Femsares

EUI‘UUDUDU 0.000000 MM dly STAY  MACRO “ollserRoot%SCRIPT|ACCERTWAIT. IS

Bm|

[ 1| 1 Lot ID: \waferID: slat:
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Task 4 Further automation

STEP 2 p

Figure 9-11 Drag and
Drop Automation into

position list.

02
0@ X | = & »

Files ]Cnmmandl

N arme | Type |:

2 Magrification1000 JSeript

2 Magifications00 JScript

2 ShutDown JScript

2 StartUp JScript

i ait JSerpt .

bt
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To open the Scripting Editor, click on Files in the Automation window.
Select the file script you wish to open and double click on it.
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Task 4 Further automation

HINT

Figure 9-12 Viewing a

Script.

Figure 9-13 Opening a

New Script.

If you want to create or edit a script, you can open the Scripting Editor in
the software. You can also create record files within the same editor. Any
changes must be saved into the User folder. This will update the listin the
Automation window, and saved items will become available for drag &

drop into the positionlist.

Double click on the required script and a new window will open, displaying
the details of the script.

P'

% 'Script Wait. js TEE

-

To open a new script, go to File > New Script.

(=N Project  Extras  Window

Close

Mew irmnage
Openimage...

Zpen linescan...

T positionlisk
Open positionlist. ..

M waFermap
Cipen wafermap...

Mew scripk

Open scripk...
Open navigator...

Exit Ak

A new script can now be created.

9-11

7 > | =] E
[
2SS SCRIPT NAME: Wait.js
3/ VERETON: 4,00
4 /f FUNCTIONALITY ! Waits for a time given in seconds
5 /7 AUTHOR : A. Rampe, Raith Company
& [ LAST MODIFIED: A. Rampe, Raith Company
7
g
3 /S this example shows kow to use the wait function
10 var Time to_wait = 10; A4 time in second
11
1z App.WaitMsg ("Pause”, "Please wait ...", Time to_wait, 1):
1z
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Task 4 Further automation

HINT

Figure 9-14 RAITH
Scripting Help.

The RAITH Scripting Help teaches you all of the special commands for
the RAITH software. The full scripting is based on Java script for internet
files. In addition, you have the records files, into which commands from the
Command tab can be dropped. These can be written and used for
programming.

In order to access the RAITH Scripting Help, go to Windows Explorer,
select your RAITH product. Then select Help then Script. Within the Script
folder, double-click on RaithScriptingHelp.chm.

File Edit Wiew Fawftites Tools Help

GBack - \_/l Lﬁ

Folders
= [C5) RAITHIS0-TWO

() Bin

= ) Help

/..__j Search ‘ Il_“

-

RaithScriptingHelp.chm
A Zompiled HTML Help File
= 105 KB

Folders

[ =

E? Raith Scri sting Help
ol @ &

Hide  Back§ Forward Refresh Home  Print

Contents  Ihdex 1 . o

Type in the keyword to find; Raith Scnptlng Help

[wail The following predefined objects and classes are available in the applications scripting module
SetUseMotorBrake - Objects

SelvalveStatus W App

SetVanable Chip

SetuwriteField Column

SetwriteFieldByName DPGen

Show Gi

SpolSize Lls

Stage Object Image

StandBy IniFile

Stigmator< Linescan

Stigratory’ WdiChild

Stop

StoreMew PlList

T Stage

Tauchdlam Waferlap

u

1

Uz [r— - —— o

Orlock E® o= 55 Ba Scripting Help
Userlevel a i ‘

UserMame

Uset/alue

W Copyright © 2008 by RAITH GmbH  www Raith.com
iial
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9 Automation

Task 4 Further automation

™
Hide  Back Fonward Refresh Home

Contents  Index ]

Type i the keyword to find

[wait

[Getsetataiake
Sef/atveStatus
Setifariable
SetwiiteField
SetwiteFieidByblame
Show

SpotSize

Stage Dbject
StandBy
StigmaloiX
Stigmator’

Stop

StoreNew

I3

Touchdlam
u

u

uz
Unlock
UserLevel
UseName
Usei/alue

V2
Wersion
WVisitle
W

‘waitPositionR eached
warkingDistance
wiieBool

Raith Scripting
Wait Method

The Wait method delays script execution for a specific time given in seconds.

App.Wait (time, flags)

Remarks

The Wait method delays script execution for time seconds. During this time the user has full control over Raith application.

Arguments
time

Numeric expression that defines the dalay time (in seconds) for script execution.

flags

Numeric expression. required. This parameter is reserved for future use and should be 0

Example

The following code illustrates the use of Wait method
// Lock the application for § seconds
Bpp.Lock("Epplication is locked!"):

Zpp.Wait (S, 0);
Bpp.Unlock(}:
See also
EnMsg | InputMsg | WaitMsg
Applies to
App Object

Copyright @ 2008 by RAITH GmbH  www Raith com

The word wait will then be highlighted in the list. Double click on the word
wait to access the information.
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10 Patterning on wafer

AIM

Before a patterning on wafer can be carried out, the user has to create a new
wafer layout and carry out the wafer orientation. This tutorial will take the user
through the steps required for creating a new, unpatterned wafer, performing the
wafer adjustment using a flat on the side of the wafer and finally the Deskew
procedure. Afterwards, the wafer exposure can be carried out.

Task 1 Creating a Wafermap
Task 2 Performing the Wafer adjustment
Task 3 Performing the Deskew
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10 Patterning on Wafer

Task 1 Creating a Wafermap

STEP1 p

Figure 10-1 Opening
the default Wafermap.

STEP2 p

Figure 10-2 Opening

the Waferlayout.

HINT

Task 1 Creating a Wafermap

The first step is to either open or create a new wafermap. Go to File>New
wafermap. A default wafermap window will open.

Project  Extras  Window

Close

Mew image
Qpen image...

Qpen linescan. ..

Mew positionlisk
Open positionlist. ..

MNew wafermap

Open wafermap. ..

Mew scripk
Open scripk...

Open navigator...

Exit Alk+x

20 mm

The next step is to define the wafer layout. Go to File>Waferlayout. A new
window, Edit Waferlayout, is now displayed, in which all parameters can

be edited.
M Edit  View Options Project E»
Close
Close all
Qpen, ., Chrl+0
Save Chrl+5
Save as.., Ctr+-shift+5

Link positionlist. ..
Open chipmap. ..

WWaferlavout, .,

Mew image
Open image...

Open lingscan...

If you want to use an unpatterned wafer, you must check the checkbox
Unpatterned wafer in the Edit Waferlayout window. In our example, we
will start with an unpatterned wafer.
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Task 1 Creating a Wafermap

STEP 3 p

Figure 10-3 Edit
Waferlayout.

Check the checkbox Unpatterned wafer.

In the Dimension fields you must enter the dimensions of your unpatterned
wafer.

You can enter the Filename at the top. Click OK to confirm.

Enter the dimensions of the unpatterned
wafer. The size of 150 mm indicates that
an unpatterned 6 inch wafer is being used.

S

Filename: |DEFAULTwLO | =
Wwiafer ]

Enter a Filename.

Dimensions

Shape: Rectanqular - Rest. Area: 0.000000 mm
Size L: 150.000000 mm Size V! 150.000000 mm
Drigin U: 75.000000 mm Drigin 75.000000 rrm

Coarze Alignment

Type: MHatch - Puaszition: Battam -
Size: 0.000000 mm

Colors

Frame: |wihite v| Fil |whits v| Test |Black -

Background Image

Image File: | B

[ Full veafer size Anchor; :ﬂ:

Size L: 0.000000 rarn Size ¥ 0.000000 rarm
Offzet L: 0.000000 rarn Offzet ¥ 0.000000 rarm

s | [O7]

Check the checkbox for Click on OK to confirm.
Unpatterned Wafer if you wish to
work with an unpatterned wafer.
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10 Patterning on Wafer Task 1 Creating a Wafermap

A blank wafermap will now be displayed, showing a white field.

Figure 10-4 Showing [ A e a1 =((=){E3
the Unpatterned B Ha
Wafer.

u

o

20 mm

mm

STEP 4 ) For easier wafer orientation, it is often useful to either create a Flat, Square or
Notch on your wafer. Go back to Edit Waferlayout, Coarse Alignment
and click on the downward arrow of the Type field. Select either Major
Flat, Square or Notch. In our example, we will create a Major Flat on the
left hand side of the wafer. The Position can be chosen by clicking on the
downward arrow of the Position field. The selected Coarse Alignment will be
shown on the waferlayout.

HINT The flat helps with the orientation of a round wafer, to define the center of the

ﬂ wafer and for general orientation.
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10 Patterning on Wafer Task 1 Creating a Wafermap

Flgure 10-5 Creatlng a Edit Waterlayout X
Flat on the

Filename: |DEFAULT.WLEI =
Unpatterned Wafer.

wiafer |

~Dimengion

Shape: IHectanguIar vl Fest. Area: I 0.000000 ram
Size U: I 150.000000 rmm Size V: I 150000000 mm
Drigin U: I 5000000 rarm Origin : I 75.000000 mm

LCoarze Alighment

Type: INntch vl Puazition: IBottom vI
Size: I 0.000000 rmm

You can create a Major Flat, Square or You can select the
Notch onto your unpatterned wafer. position of your Flat,
Notch or square.
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10 Patterning on Wafer Task 2 Performing the Wafer adjustment

Task 2 Performing the wafer adjustment

STEP1 p Go to the menu bar Edit> Unpatterned wafer adjustment.

The Wafer adjust window will open, in which we can carry out the wafer
adjustment using 3 marks.

Figure 10-6 Performing File W58 wiew Cptions Project  Extras  window 7
the Wafer Adjustment. ‘ Delete. . . K| @ «

== Preadjustment...
Unpatterned wafer adjustment, .,

Adjuskment
Selection
Measure

STEP 2 p First go to the position using the Flash icon for Perimeter Mark #1, then
activate the Column Control software. Using the joystick, locate the edge of
the sample, then save this first mark position by clicking on the Read button.

STEP 3 p Repeat the same procedure for the Perimeter Marks #2 and #3 positions.
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Task 2 Performing the Wafer adjustment

Figure 10-7 Reading in
the Coordinates.

STEP 4 p

Use the Flash icon to move to the Perimeter mark. Move to the
selected position on your sample using the joystick. Confirm the
coordinates by clicking the Read button.

—/aferlayout <t Wafermap New Wafer.WLO

Diarneter: I 50.000 rom
Center U: I 0.000 ram
Center v I 0.000 ram

Perimeter b ark:

[ Odeg |ﬁl Fead | %
I~ 42 [120deg 4| Read| 9|
43 [20dea 5| Read| B

I 0 deg ! Ratate h

Deskew Mark:
[~ # 7| Read| #|
[~ #2 7| Read| 98|
Result

Shift U: I
Shift ¥: I

LIV Angle:

Adjust

Click the Rotate button to obtain the center
of your wafer.

Next, you will obtain the Rotation, which will now give you the center of
your wafer. In this way, all of your structures will be positioned correctly on
your wafer.

By entering a value next to the Rotate button, the three arms of your parameter
marks will rotate.
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Task 3 Performing the Deskew

STEP1 p

Figure 10-8 Performing [ ® Waferadjust N...

the Deskew.

Task 3 Performing the Deskew

Finally, to give your structure an orientation on the wafer, and to be able to
find this orientation again using the flat of the wafer, the so-called Deskew
marks are saved by the software. The term Deskew refers to the process of
correcting for the non-horizontal orientation of the surface of the wafer.

Check the checkboxes for Deskew Marks.

W aferlapout
Diarmeter: Im
Center L: Im
Center W: Im

- Perimeter Mark.
o [ 005 5] | 0
W 2 [120deg 4| Fead| @ |
v w3 [200deg 4| fead| @ |-
ITEEI Rotate | l.

Deskew Mark,

W #1
v H2

Result
Shift U:
Shift :
L% Angle:

Click on Adjust to confirm the deskew.

Check the checkboxes for Deskew Marks.

To use the parameters again, you need to go through a location procedure
using the parameter marks.

Drive, using the joystick, to locate the real edge position of your sample, then
Read in the coordinates. Drive to the second position and then click Read to
read in the coordinates.

Click on the Adjust button to confirm the Deskew.

The wafer layout and orientation are now completed.
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Index

Symbols
3-points adjustment 8-5

A

Activate Selected Mode 9-4

Active working area 5-21

Add a Layer 5-16

Adjust UVW 3-2

Adjust UVW window 8-5

Adjust W 3-5

Advanced Patterning Parameters 7-17
Advanced Pattern Design 6-1
Alignment Procedure 4-19

Angle correction 3-2

Aperture alignment 2- 3

Area 7-10

Area Dose 7-10

Area Dwell Time 7-10

Astigmatism 2-6

Auto placement 4-6

Automated Writefield alignment 9-6
Automated alignment procedure 4-11
Automated Writefield alignment 8-11
Automatic with Images 4-11
Automation 9-1

B

Base UV 3-6

Beam blanker 1-7,7-5
Beam current 7-5
Beam tracking 4-20
Brightness 1-9

Cc

Calculation Width 7-17
Calibrated beam 4-19

CCD camera 1-5

Chessy 6-7

Column software 1-2
Column Standby 9-2
Command line 3-7
Contrast 1-9

Control bar 1-8

Create a Matrix 5-22
Create a New Structure 5-3
Create GDSII Database 5-2
Create reference image first 4-14
Creating a design 5-2
Creating a spot 2-8
Creating a Wafermap 10-2
Crosshairs 3-2

Curved Elements 7-10

D

Defining local UV positions 8-3
Demo pattern 7-2

Designing FBMS elements 6-10
Deskew 10-8

Deskew Marks 10-8
Developing the sample 7-14
Different layers 5-15

Digital addressing 3-6

Dose colors 5-13

Dose factors 5-20

Drive tab 3-6

Dwell time 7-10

E

E-Beam Optimization 2-1

Edge Definition 8-15

Edit Dataset Values 9-3

Edit Waferlayout 10-2

Enable automated focus correction 8-6
Estimated Patterning Time 7-12
Exposure 7-1

Exposure Details 7-17

Exposure Parameter Calculation 7-9
Exposure Properties 7-7
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F

Faraday cup 7-5

FBMS 4-18

FBMS Area 7-16

FBMS elements 6-10
FBMS elements only 7-16
FBMS Line 7-16

Finding your sample 1-12
Flash icon 3-4

Focus 2-2

Focus Control 1-10
Focus Wobble 2-4

G

GDSII Database 5-2
GDSII Editor 5-18

GDSll layer 5-17

GDSII Toolbox 5-5
General Pattern Design 5-1
Getting Started 1-1

Global 3-2

H

Hierarchy 6-2
Home Position 1-6

Image Matrix Filter 4-6
Imaging mode 1-3

J
Joystick 1-12
L

Layer Properties 5-15
Leveling limits 2-10
Line Step Size 7-10
Linescan 8-14

Load Lock 1-6

Load Sample 1-6
Local 3-2

Macro execution 4-8
Magnification 1-10

Mark procedure 4-5
Marked sequence 4-13
Matrix Copy 7-15
Measuring a distance 5-14
Mix & Match Exposure 8-1
Modifying structures 5-10
Multiple exposure 7-15
Multiple_structures 5-10

N

New Positionlist 7-6
New Script 9-11

(o)

Obtaining animage 1-7
Origin correction 3-4

P

Password 1-2
Pattern design 5-5
Patterning mode 1-3
Perimeter Mark 10-6
Pipette 3-2
Placement parameters 4-5
Point average 4-4
Position absolute 3-6
Positionlist 4-7

Post Processing 4-6
Protocol 4-16

R

RAITH Scripting Help 9-12
RaithProtocolTool.exe 4-16



S

Sample holder 1-5

Scan Manager 4-3

Scan properties 4-4
Scan Speed 1-7
Scripting Editor 9-11
Select Working Area 7-8
Semi-automated Writefield alignment 8-8
Set New Writefield 4-2
Show dose 5-13

Stage Adjustment 3-1
Stage Control 3-6, 7-5
Start the system 1-2
Stigmation 2-6
Structure reference 5-11
Studying chessy 6-7

T
Threshold Algorithm 8-14

U
Unpatterned wafer 10-2

w

Wafer adjustment 10-6
Wafer Exposure 10-1
Waferlayout 10-2
Wafermap 10-2

Width range 8-15
Wobble Amplitude 2-4
Working Distance 1-10
Writefield Alignment 4-1
Writefield Calibration 8-9
Writefield Manager 4-3
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