Nanoscribe Photonic Professional GT 3D Lithography System

The Nanoscribe Photonic Professional GT system utilizes two-photon polymerization for 3D micro printing and
maskless lithography. Printing of 3D structures can be achieved using conventional direct laser writing (DLW) or
Nanoscribe’s dip-in laser lithography (DiLL). The system is equipped with a piezo for printing in high resolution arbitrary
3D trajectories and a galvanic mirror for fast layer-by-layer printing. Features 200 nm in size to structures of several
millimeters can be printed. Significant reduction of printing time can be achieved with the “scaffold and shell printing”
method with post development UV curing. The system accepts STL files which can be created using CAD software. The
files can be converted to Nanoscribe’s GWL code using its Describe software. Users may also opt to create structures by
writing GWL code directly. Nanowrite software allows for easy operation of tool with AxioVision software allowing for live
monitoring of the process. The system can be used for a broad range of applications on the nano-, micro-, and mesoscale

including; from optics, plasmonics, microfluidics, sensors, micro-robotics, biomimetics, to life sciences, and more.

Technical Specifications:

e Objectives - 63X immersion, 25X immersion, 10X Immersion and 20X (for air)

e Laser - Class 3120 mW, 780 nm, 150 fs, 80MHz fiber laser

e 100 x 100 mm2 motorized XY stage range

e 300 x 300 x 300 um piezo range for 25X and 1mm diameter for 10X

e Sample holders: DiLL (dip-in laser lithography) 1 X 1-inch glass slides, users can bring their own substrates
e Nanoscribe’s Proprietary Photoresists: IP Dip, IP-L 780, IP-S, IP-Q, IP-Visio

o Dymax BlueWave 200 curing system available for curing of structures post-writing
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Parameter Edits

You will need to edit the parameters to be used for your print job. The editing is done in Nanoscribe’s Describe
software and is converted to GWL code upon saving the file. A detailed description of each parameter is given in the
appendix. This manual only covers Dip in Lithography (DILL). Other forms of printing are cover in supplementary

manuals that the user can request.

DILL printing uses the 25x objective along with IP-S. It can also be done with the 63x objective along with IP-DIP. The

objective moves away from the substrate during printing so ITO covered glass or other substrates can be used.

1. Open your .STL file in the Describe software BRE:EE
2. You will see the following page come up. From the Input dropdown menu, select the 25x objective. Once done,
click Slice at the top of the page. If you wish, change the size of the structure using Scaling. The Lock Aspect Ratio

option can be used to scale the structure in all 3 dimensions simultaneously.

Mesh statistics ;
MNumber of triangles IV]Ode|
40334
Dimensions Input
X 2100 pm _ . |
Y : 77.697 um beefyshark-medium.stl Browse

Z: 82453 pm

Last session parameters Browse |
Volume

7.12x104-5 mm? Last session parameters

Default parameters

Display options IP-Dip 63x Solid (Fused Silica) -

Disable preview IP-5 25x Solid (ITO) o Reset |
IP-5 25x Shell {(ITO) I
[ Options | Orientation

& (&) (&) [+
Scaling
Axis Absolute (um) Relative
X 00 ¥ 140446 5
¥ 77697 ¥ 140446 %
z 82453 & 140446 3

W Lock aspect ratio

3. Inthe Slice window, select the Slicing Mode you want. Also, enter the maximum and minimum Slicing Distances

you want. Click Slice at the bottom to save any changes. Once done, click Fill at the top.
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Slicing stats Slice
MNumber of slices 405

Slicing parameters

Mumber of points 33047 Slicing mode

Display options Fixed (© Adaptive

Disable preview Slicing distance 05 5

Minimum slicing distance 02 ¥

Options

Slope evaluation

Average Max

Surface normals

Smoaoth Flat
Voxel aspect ratio 6 ¥
Simplification tolerance 005 ¥

| Fix self-intersections

Slice

4. In the Fill window, select the Fill Mode you want. Also, changes any other parameters you want. Click Generate

Shell at the bottom to save any changes. Once done, click Scaffold at the top.

Display options

Clipping Fl ||

Axis X @y Oz Fill mode

Offest Solid @ Shell & Scaffold

T Shell parameters

] Show mesh overlay Hatching distance 05 =

Disable preview -
Shell contour count 12 5
Options |

Base slice count 23
Hatching angle .ﬂ.utc:i
0" 360° 0%
Hatching angle offset
0" 360° 0%

Generate shell
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5. In the Scaffold window, select the Scaffold Paramters you want. Changes any other paramete

Generate Scaffold at the bottom to save any changes. Once done, click Output at the top.

Display options

Scaffold

Clipping
Axie X Y @7 Scaffold parameters

Hatching distance 05 %
Offset

Scaffold type
| Show scaffold

Triangles @ Tetrahedron
| Show mesh overlay Planes Hollow
Disable preview
Scaffolding Spacing Thickness
Options
Walls {vertical) 20 % 15
Floors (horizontal) 25 ¥ 15
Scaffold offset
X oS ¥ 0% Z 0%
vl Secondary scatfold walls__| = 2

Stagger scaffold walls

Generate scaffold

6. In the Output window, select the Overwrite Existing. Changes any other parameters you want

Save at the top. Close the Describe software.

4

rs you want. Click

. Once done, click

| Array
Output !
Count X 150 1%
Cutput options
Base file name  beefyshark-mediu | Browse‘ D
Splitting mode
Job file beefyshark-medium A None Rectangular @ Hexagonal
Block size
Data file beefyshark-medium A
X 05 Y 035 Z 70 3
| Overwrite existing
Block offset
Scan mode Piezo X 4253 Y 14253 I 0%
9 Galvo
Block width
Z-Axis 9 Piezo X Bl6ym Y 9lym Z  Tlpm
Micrescope z-drive
Block shear angle 15 =
. Block 1. 23
Exposure @) Different for shell & scaffold MRS
Constant Layer overlap 1s
Black order
Z-Direction @) Upwards (+Z) ~ § E E
Downwards (-Z)
V| Avoid flying blocks
Hatch lines @1 O ¥| Group neighboring blocks
¥| Backlash correction
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7. In new window that comes up, you will see the GWL code that has been generated. Click the 3D Preview, then
click Generate 3D Preview. A preview will be generated. You can click play at the bottom to watch an animation

of the printing process.

EiffelTower (repariert)_job = ribe 2.5
File Edit Debug Window Help
EiffalTc zenerate 30 Preview F5 =
1 ¥ Fi Regenerate last 30 Preview Shift+F5 I s
4 Inve  FitVisible E7
? ¥ | Switch to Standard View 3
/ Galy Rendering Mode J
8 Cont
g Piez
16 Galy Save Screenshot F12
11 Stag
12 Quick-5ave Screenshot Ctrl+F12
10 o -
15 YO 3D Preview Options...

beefyshark-medium_job.gwl X

tlingTime 10
eleration 1@

JaicerSca-lng 1.2

var $shelllaserPower = 180
war $shellScanSpeed = 190000
var $scaffoldLaserPower = 108
war $scaffoldScanSpeed = 128400

var $baselaserPower = SshelllaserPower
war $baseScanSpeed = $shellScanSpeed

var $interfacePos = 8.5
include beefyshark-medium_data.gwl

MessageOut|

1 £ 00014
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Sample Preparation and Writing

The sample holders are in the cabinet next to system. This section of the manual will cover how to use 25x objective for

DILL with IP-S photoresist on ITO coated glass. The preparation for other resists for other printing modes is similar.

1. Open the cabinet and take out the sample holders, tape, and sample holder stand. Depending on the size of

your sample, choose the holder appropriate for you.

2. Place the sample holder on the sample holder stand with the part labeled BOTTOM {RESIST} facing up towards

you.

BOTTOM | RESIST |

3. Place the sample in the appropriate shape. For ITO coated glass piece, make sure the ITO coated part of the

sample is facing up toward you. Tape down the sample.
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ITO COATED SIDE
[OF THE GLASS
SHOULD BE FACING
UP TOWARD YOU.

s o e =
4. Pick up the photoresist bottle and wipe off the excess on the bottles edge. Place a drop of resist on the glass.
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5. Open Nanowrite software HEIEIEE. You will be asked if you want to calibrate the stage. Click Calibrate and allow

initialization to complete. Once done, the message Initialization Done will appear in the Nanowrite dialog box.

Please remaove any ebstacles out of the movement area
of the stage and make sure that the micrescope display
indicates "lower z-limit reached” before clicking [Calibrate].

CAUTIOM: The movement of the stage cannot be stopped

and might lead to serious injuries!

| Calibrate | [Disable stage]

Messages

THiliaileing Syscemo -

System . pa
WL mini script Zalvescanner initialized in analeg mode!
Initializing interlocks. ..
- Initializing illumination... i
Exchange Submit Initializing microscope...
Holder 50% VIS - 50% L

LSM Duo T 80 / R 20 IR
Objective Pos.: 5, i LCI Plan-Neofluar
Approach 25x/0.8 Imm Korr DIC M27

Initializing piezo...

Initializing stage...

ue
Moving stage to default position. ..
Load Cleaning up compilation cache. ..
Job Initialization done.

m

- Move to sample center .

Moving stage to default positien. ..
Lower objective...

Ready for exchange...

Moving stage to defsult position... L4

PerfectShape Interface Tit Create Skip
Settings Finder Carrection Service Report Piezo Posttion (um) Stage Position (M) perrocs

rape @
Interface at (um) x Jo00.004 0000.000 EIED
Invert
0.000 ¥ H000.001 0000.000 e =
i Z Yo00.008 0000.000 Step (um) | 1

sty
Find iterface lumination (e B
Oonioff

Reflection
Tumination (88

Start Job

Progress | 00.00:00 Estimated Time  00:00:00 Estimate Time [

6. Click on the Exchange Holder tab in Nanowrite. Check the LCD monitor (Nanoscribe Control Display) on the
table and make sure the message LOWER Z LIMIT REACHED is displayed. If not, turn the large knob on the side

of the monitor anti-clockwise to display the message. Click OK on the Confirm Excahnge Holder dialog box.

UIC Nanotechnology
w4445 Core Facility
COLLEGE OF ENGINEERING



7. Onthe LCD monitor on the table, press Microscope and choose the objective lens you want to use for writing.

NOTE: SOMETIMES THE TURRENT MIGHT NOT ROTATE TO POSITION. IN THAT CASE, FEEL FREE TO ROTATE
IT INTO POSITION BY HAND. BE GENTLE.

NOTE: THE 20X OBJECTIVE IS FOR AIR ONLY. DO NOT DIP IN PHOTORESIST OR OIL. PLEAESE TELL NCF STAFF
IMMEDIATELY IF THIS HAPPENS SO THAT THE OBJECTIVE CAN BE CLEANED.

8. The Desktop should show this screen. PLEASE NOTE: DO NOT EXCHANGE, UNLOCK OR TOUCH SAMPLE HOLDER
IF THIS SCREEN IS NOT DISPLAYED.

==

Choose sample holder

It is now safe to exchange the
sample holder. Please choose
and insert the new sample
holder, After doing so click
"OK" to continue.
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9. Hit “Open” on the interlock panel on the machine. Then lift the handle to open the loading area.

10. Gently open the locks on the piezo and lift up until it locks. Once locked, pull the pin on the right to make it
completely vertical. MAKE SURE IT IS LOCKED. IF IT FALLS, IT CAN COST A LOT TO FIX.

12. Once done, engage the locks of piezo and gently rest piezo on the locks for putting in the sample holder. DO

NOT FORCE THE HOLDER IN.
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13. Once sample is in, lift piezo and disengage locks of piezo to put piezo back and then lock it in place.
14. Close the lid and press gently until locked.

15. On the computer, choose the position your sample is in on the picture and click OK.

-
Choose sample holder u
——

|| It is now safe to exchange the
sample holder., Please choose
and insert the new sample
holder. After doing so click
"OK" to continue,

DILL

< T

16. Click on Transmission/Illumination in Nanowrite.
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12

B and click on Live View.

File Edit View Acquisition Functions Annoctation Measure Evaluate Applications Teools Window Help

' IF E« ‘ . il * e ﬁg @ u | | m| =
: Openlmage Browser SaveAs | Preview | ROl CopyROI | Cut Copy Paste bnap Scale bar Text | Mavigator Workarea Gallel

18. Click Approach Sample in Nanowrite. For ITO coated glass and IP-S resist, the software should find the interface

automatically. Once found, you should see the message Interface Found, Strength: XX @ XX. You should also

see the ripples in the Interface Finder window.

—
Messages 7 | Interface Finder [ .=
Lillldiddllalnly J.J.J.L‘J.?LLIJ.I:'.L.J.UIJ._ --
- Binned Data

Initializing microscope. ..

50% VIS5 - 50% L

L5M Duoc T 80 F R Z0 IR

Objective Pos.: 5, i LCI Plan-Neofluar
25x/0_.8 Imm Forr DIC MzZ7

Initisli=zing piezo..- .

Initisli=zing stage...

| | | | | ] | | o

IMoving stage to default position. - .- 5 :mnn:: D kI iy L0Y AREE
ixel

Cleaning up compilation cache. ..

Initialization done.

m

Mowve to sample center. ..

Mowving stage to default position. - .-
Lower objective...

Peady for exchange...

Moving stage to default position. ..

1 1 | 1 1 i [ [ o
400 500 800 700 800 900 1000 1100 12001276

Zpproaching sample. - . e Fixtindex
Approaching done.
Interface found, strength: 378 @ 37 = |5 . Q itude Ol 6504 AF Pasiticn (Pixel)

1

19. Click Load Job in Nanowrite and choose the desired job file. In your folder, click on the ABC_job.gwl file. You

should see the message ABC_job.gwl Loaded in the message box.
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Messages

UL jECLLve EUS-- 9, L Lol Elan-neuriuar
25x/0.8 Imm Eorr DIC M2Z7

Initializing piezo. ..

Initializing stage...

Moving stage to default position. ..
Cleaning up compilation cache...
Initialization done.

Mowve to sample center. ..

Moving stage to default position...
Lower cbjective...

|Ready for exchange. ..

Moving stage to default position. ..
Approaching sample. . .

Approaching domne.

Interface found, strength: 378 @ 37
Loading job.- ..

beefyshark-medium job.gwl loaded.

13

E

-~

m

1

20. If you have not found the interface of the sample and resist yet, click on Find Interface in Nanowrite find the

interface.

NOTE: The microscope is equipped with an autofocus system to automatically focus the laser spot at the substrate

surface. The autofocus system approaches a grating on the front focal plane of the microscope objective. The position

of the image of the grating on the autofocus camera is an indicator of the position of the focal spot of the laser on the

substrate. A detailed description of the autofocus system may be found in the supplied manual of the Definite Focus.

21. Click Start Job in Nanowrite to start printing. At any time, the job can be aborted by clicking Abort.

22. Once done. You will see the message Job Done. Click Exchange holder an

Reached appears.

Meszages

LEEL ySIlaL K- MEULUE UG . gwl  LUade .

Interface found, strength: 467 @ 97
Writing. ..
Interface found, strength:

Job done.

Objectives

Home |

517 @ 37

Loading job. ..

Compiling beefyshark-medium job.gwl
Compiling beefyshark-medium data.gwl
beefyshark-medium job.gwl loaded.

Interface found, strength: 882 @ 98
Writing. .- .
Interface found, strength: 1451 @ 38
Job done.

23. Pull out sample holder.

d ensure the message Lower Z Limit
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DEVELOPING THE SAMPLE

1. Place a cleanroom wipe in the fume hood and label the wipe with your name, the name of the chemical (s), and

the date. There is dedicated Nanoscribe glassware in the cabinet where the sample holders are located.

2. Place the sample in the special holder for glass slide and put it in SU-8 Developer. Once all the resist is gone,
remove the sample and place it in IPA. The let the sample air dry. Do not use N2 gas to dry the sample. It could

damage the structure(s) you just printed.

3. Put the chemicals in the waste bottle once done. Rinse the sample holder and glassware. Put glassware back

into their box.

NOTE: You may bring your own sample holder for development. You may also bring your own glassware.
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Cleaning Up and Shutting Down

Clean the sample holder with IPA.

Put the sampler holder and sample holder stage back in the cabinet. Put the resist back in the fridge.

Clean up the glass ware and rinse them with DI water.

Exit all software. Wait for the program to close completely (including all overlapping icons in the task bar)
Make sure the objective z-drive is completely lowered. If not, press on Load position on the touch panel and
wait for the movement and the press Set work position.

Log out from the PC. DO NOT SHUT DOWN.
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