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1. Locate Desired Image File*
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*This example uses a
structure placed on a white
field (background).

Additional image processing
techniques not described in
this document may be
required to prepare an
optimized bitmap for FIB
milling.
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2. Save file to disk

Cpen Link,

Open Link in Mew Tab
Cpen Link, in Mew window
Save Targek As...

Prinkt Target

Saving in any file format Shou Picture

. . . Save Picture As... &

IS OK at th'S p0|nt E-mail Pickure, .. Right
Prink Picture. .. click
Go ko My Pictures
Set as Background

(20t

Copy

Copy Shorkcut
Paste

add to Favaorites, ..

Google Sidewikd. ..

Properties
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3. Open File in Image J

4 Confidential ':-:' FEI



4. Convert to RGB Color (if necessary)

File Edit fli=pEY Frocess Anakze Plugins window Help

oo chlE N . 5-nit

Wiand (fracin Adjust R 16-hit
Show Info. .. Ctrl+] d2-hit O
g-hit Color

Froperties. .. Ctri+zhift+F
Color ¢
Stacks b

FGE Stack

Hyperstacks »  HSE Stack
Crop Ctri+Shift+x

Duplicate. .. Ctrl+Shift+0

Fename...

acale. .. Ctrl+E

Transform »

200 4

Overlay 3

Lookup Tables »
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5. Spli annels o8 Image
. Split R,G,B Ch l
)y = _ >
=T
File Edit glgt=lE=g Frocess Analyze FPluding Window  Help
B olE Tye |G| J3n/a e m]ss|T >
Magnifying o Adjust
Showe IAfo. Cirl+
Froperties. .. Ctr+Shift+P
stacks » Merge Channels...
Hyperstacks *  Channels Tool. . ‘
Ctr+Shift+- Stack to FGE
Ctrl+Shift+0 Make Composite
S S — —

Transformm » Color Picker... Ctrl+Shift+k

200K

OraErl ey

Lookup Tahles
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6. Apply Bitmap Rules:

Bitmap Pattern

From the patterning page a pattern is available that allows yvou to import
bittmaps as a pattern. A bitmap file must be saved as a 24 bits bitmap. TABLE 5-23 COLOR SETTINGS

Each pixels consists of a red, green and blue component (RGEB).

The Red component is currently not used. The Green component Colour Result

determines if the beam is blanked. Any other value then 0 will unblank . o ] )

the beam. The Blue determines the dwell time per pixel If blue s set RGB0/0/0-black Beam is blanked

to 0 the dwell time of a pixel will be 100 ns. If blue is set to 255 the RGBO/1/0 Beam is on. 1000s min dwell
maximum UT dwell time is used. The dwell time for the pixels in Y ’ :

between these values is linearly interpolated based on the blue RCB0/1/355 Beam is on. Maximum dwell time
component value between the 100ns and the maximum Ul value and T T

than rounded to the value from a (fixed) dwell time table with 124 RGB 255/ 255 / 255 — white Beam is on. Maximum dwell time
entries. o T -

When drawing a bitmap it 15 recommended to use black (0.0.0) for
none milling points and blue for milling points.
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6a. Adjust Red Channel*

mage i x]

File Edit Image Analyze Pluging Window Help
0§ ||~ smootn crisshites b€ |F M us[T |»
Color picker (192,182 Sharpen

Find Edges

Find Maxima. ..

e corras EET x|

Moise

Shadows Walue: Im

Binary

Math 4 Add...

FFT »  Subtract.. I- Presiew

Filters Y Mutiply...

Batch p| DI QK | Cancell
AND.

Image Calculatar...

Subtract Background. ..
Repeat Command Ctri+Shift+R

*strictly, this is not

arequired step ...
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6b. Adjust Green Channel

File j=blifl Image Process Analy
¢ undo Ctri+Z Ijﬁ\
Freeh ot Clri+X
Copy Ctrl+C
Copy to System
FPaste Ctrl+y

Paste Control...

Clear

Clear Outside

Fill Ctri+F
Drawe Ctri+D
Invert Ctri+Shift+

=10

File Edit [f Frocess Analyze Plugins Window Help
Ofo e tyee 01| [snlalfe |F M fus|T >
D L

*Point® or rmu

»| Erightn A5

Window/Level...

Ctrl+l
Ctri+Shift+P

show Info...

Color Balance. ..
Threshold...
Color Threshold...

Properties...
Ctrl+Shift+T

Color
Stacks

Hyperstacks Size. .

Canvas Size...
Line Width...

Ctr+Shift+:
Ctri+Shift+0r

crop

Duplicate. ..

! greenChannel.bmp
300210 pixels; 8-hit, B2k

=10/ %]
NOTEs:
After binarizing the inverted
green channel, consider
o 235 ‘cleaning-up the ‘beam-
4 ¥ blanking mask’ by saving it
Minirnum to disk and opening in an
Al 10 image editor program such
haxirmurm as Photoshop or Paint. Use
Al [ ¥ tools to clean up specks, as
Brightness appropriate.
Kl [ 2
Contrast
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6c. Adjust Blue Channel

File Qs Image Process Analy.
I:Ll[ Undo Ctrl+Z Hf’—‘-

. NOTES:

Freeh

cut Crex *The blue channel controls the dwell time, scaling gray value of zero to 100ns
o crie and, grayscale value of 255 to the maximum dwell time permitted by xTUI.
Copy to System . . .

oot —_ Because longer dwell times (higher grayscale numbers) bright areas of the

original image produce deeper milling. Typically deeper milling results in a
darker area when imaged with ebeam SEs. For this reason, the blue channel is
Clear inverted to ensure that the contrast of the FIB milled image matches that of the
Clear Outside original image.

il ciriF B&C of the blue channel can also be adjusted to ensure the dwell time of the
e s beam at any given pixel neither under- or over-mills the sample.

Paste Contral...

Inwvert Ctri+5hift+

10 Confidential ':-:' FEI



/. Merge Channels into a Composite Image

'.L greenChannel.bmp

| redchnnel.bmp

300x210 pixels; 8-hit; 62K IZIIZIx21 0 pixels; 8-hit; B2

=101

File Edit Frocess AnaIyZE P'Ugins WWnCow He\p
Ofo = Tyee O |sola e |F m |asg|7 [»

*Straight*, se

ight click to switch)

Adjust 4
Show Info.. Ctrl+

Froperties... Ctri+3hift+P L Color Merge

Xl

N\
Stacks » lYED Red: |redchannel.bmp =l
[
[

Hyperstacks » Channels Tool... Green: |greenChannel.hmp

Crop Ctri+Shift+ Stack to RGE Elue: |b|uechanne|.bmp
Duplicate... Ctrl+5hift+D Make Composite

Rename... Show LUT

Scale... Ctr+E  Edit LUT...

Transform Color Picker... Cri+Shift+<

Zoom

Overlay oK | W— .
« B0
Lookup Tables '.'.-.,'.' F E I

¥ Create Composite

W Keep Source Images




8. Convert Composite to RGB and Save as .BMP

Process Analyze Plugins Window Help

Lookup Tables
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Baje e |B®)msl o | 4]a]_| |
*Point* or m Adjust >

Show Infa... Ctri+

Froperties. .. Ctri+3hift+P

ar d  Split Channels

Stacks »  Merge Channels..

Hyperstacks »  Channels Toal...

Crop Ctri+3hift+<

Duplicate. .. Ctri+3hift+D Make Composite

Rename. .. Show LUT

Scale. .. Ctri+E Edit LUT ...

Transfarm »  Color Picker... Ctri+5hift+k

Z00m L

Owverlay +

—

ICDmpusite vI

¥ Channel 1
¥ Channel 2
¥ Channel 3

Edit Image Process Anabze Pluging Window Help
Mew ’|A|Cl%|§ﬂ-?||:|| |3D.A-|[
Open... Ctrl+0
Open Mext Ctrl+5hift+0
Open Samples ’

Open Recent v
Import ’

Close Crl+y
Clase All

Save Ctrl+3
Fewvert

Ctri+R Gif...

Page Setup. . JREg..

Print. .. Ctisp  TEXLIMAgE...
2P

o Raw Data. .

Image Segquence. ..
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Milling a Bitmap: Procedure

Milling a bitmap procedure

1. Select patterning page control

2. Select the bitmap shape on the bottom of the pattern selection
dropdown menu.

3. Drag a square on the screen that represents the area of patterning.
The position of the square can be changed by dragging.

4. Select File in the properties menu and load the bitmap using the
open dialog. The bitmap should appear in the imaging quad.

5. Modify Aspect ratio to Free or Fixed depending 1f it 1s required to
stretch the bitmap.

6. Optimize other properties such as applications file, depth, leading
edge etc.

7. Start patterning.

Stream File Pattern

A stream file, created as an ASCII text or binary file that addresses the
patterning DAC directly, produces custom pattern files to support a
12-bit DAC resolution, so the patterning field of view 15 divided into
4096 steps. The range in X is 0-4095, butin Y is approximately 280-
3816. Y values outside of this range will be off the image area and
may not scan correctly.
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An Example from a Color Image
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Original Image

[
Split Channels

Y

Red Green Blue
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Red (2) Green (2) Blue (2)
% J—
Flatten
Composite
to RGB
Original
Red Channel:

«Set to zero

Green Channel:

1. Choose best
image *

2. Adjust Threshold™*

3. Invert LUT

Blue Channel:
1. Soft B&C
2. Invert
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*Choose Best Channel for Green Layer

4 N

\_ %

In fact, any one of these channels can be used for the mask (green) channel. Ultimately, one of the
channels will be converted into a binary image (0->beam blanked, 255> beam unblanked). So,
examine the images and make a duplicate of the image with the least saturation in the pattern of
interest. Here, notice that red drops the NY (255-white) and blue drops the NY (0-black), whereas the
green channel appears to have no extreme values anywhere within the pattern of interest.

So, applying the Imaged threshold function to the green channel will convert all pixels with values less
than 255 to a value of 0, converting the image to a black pattern of interest on a white field.
Thresholding appears to invert the LUT without changing the value of the pixel. You’ll have to invert the
image to create the final beam blanking mask (green layer) .

s+ FEIl
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**Converting Image to Binary via Threshold

firsififis
=1o1=| | Threshold - (ol x|
File Edit Process Analyze Plugins Window Help
[BClc Tye Ol ©[eefsel o] 40| | |»
SHIEDEE Brightness/Cantrast.. Cri+Shift+C | — =
Show Infa... G+ Window/Level... i 2 o
| - > 4l 20
Properties. . Ctrl+Shift+P  Color Balance...
Color Threshold... Ctrl+Shift+T | Default x| [Baw =l
Stacks Color Threshald. .. I Dark background
Hyperstacks Size...
YH Aut] eset | Set
Canvas Size...

Crop Ctri+5hift++

Line Width...

Duplicate... Ctri+5hift+D

Green Channel (raw) Green Channel (binary)

File Edit Process Anahyze Plug

Eols e :

Apply LUT

siran Fire

*Straight*, se Adjust » Grays
Show Info. Ctri+ e
Properties... Cir+shift+P  spectrum
Color ¥ 3-3-2RGB
Stacks ' Red
Hyperstacks Y Green
Crop Ctrl+shitt+¢  BIUe
Duplicate... Ctri+Shif+D  C¥an
Renarme... hMagenta
Scale. . Ctri+E  VEllow
Transfarm » Red/Green
Zoom * 16 _colors
Overlay 5_ramps

&_shades
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