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1. Brief introduction

2. Exposure procedures
« Standard — 1st and 2"d layer (overlay exposure)
« Series exposure

3. Tips for AutoCAD users
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Scope and Safety

+ SCOPE
*  The purpose of this document is to describe requirements and basic operating instructions for the Heildelberg MLA150 Maskless Lithography System. The use
of this tool is limited to approved processes only.
« SAFETY
*  Be sure that you are trained and signed off to use this equipment.
»  Besure to keep all doors and protective shields in place before operating this equipment.
*  Use care when operating around high voltage or high current.
« If you are unsure about any procedure or indication while operating this equipment be sure to contact a staff member or trainer for assistance.
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Heidelberg MLA 150 specifications

System features

Laser wavelength (nm) 375
Substrate size (mm?2) 5X5 — 200X200

Substrate thickness (mm) 0-12

Minimum feature size (um) 0.6

Global 2" |ayer alignment (3a, nm) 500

Local 2"d layer alignment (3o, nm) 100
Grayscale 128 gray levels
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Data
Design file generation
Laser Y » GDSII, DXF, CIS, and Gerber formats
. Design 1
SLM Mirror
(Spatial Light Modulator) Job file generation in the Heidelberg MLA150 PC
Feiisin * Input laser exposure parameters
re 9 » Convert design to machine-readable data

Scan width

(stripes) Q

Exposure
« Standard: binary lithography
= » Series: dose and focus tests for optimization
' ‘ » Draw: adding features to a previously patterned substrate such as lines,

PN e shapes, or bitmap.
\ . - - ’
- o
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Save your design file in a proper location

Open Windows explorer

2. Copy your file in a proper according to your file format.

* For example, test.gds file should be placed in the gdsii directory
(Designs/gdsii/your place)

* No special characters or spaces are not allowed.

« Extension should be lower case (test.GDS will not appear during conversion)

=

m Home Share WView

= = ~ P » This PC » MLA(C) » HIMT » Designs

Mame Date modified Type Size
v 3 Quick access
. s bitmaps 8/9/2023 3:16 AM Shortcut 1 KB
Designs ] B
a1 cif 4772021 1:13 AM Shortcut 1 KB
HIMT s dxf 4/7/2021 1:13 AM Shortcut 1 KB
HI1434_MLA130_TexasAM_US o | gdsii 4/7/2021 1:13 AM Shorteut 1 KB
MLATS0 s gerber 4/7/2021 1:13 AM Shortcut | KB
. uploads 7 labels 47772021 1:13 AM Shortcut 1 KB
% OneDrive

# OneDrive - Personal

~ [ This PC
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Main software

IVILR U YIS L

File ools ser  Info  Abou

Information

Setup Job
s Setup Exposure Info Alignment Info Progress Info Hardware Info a X [mm] ¥ [mm] .
Load Substrate 0.000 0.000
= Expose Job Tob Nama Tob_0428 o i Exposure Status Status Numeric Values I
First Exposure Substrate Size [mm] Height Design Number of DMD oK Z Motor [Steps] L
- Design Name NanoCavity_layerl_ti| Layer |First Bx Stripe Number of Interferometer oK Fiezo [Steps] 65535
- Design Type Binary Convert |Prepare Time [hh:mm] of Window E Stage Air Pressure oK I
Design Size [mm] 125.0 x 125.0 Mode Quality Remaining Time \;utrrite Head Init\;:\(zed AF Air Pressure [bar] : Off
Draw Mode Dose [m/emz] Defoc [hh:mm] age Chuck Vacuum [bar] 0.04 I
Cameras OK DMD Voltage [V] 5.13
repeeen Laser OK Laser Power [%] 100.0
Conversion oK Laser Wavelength [nm] | 375 I

Setup Job
Job 1 2 b | — — — — — — — — ] ] | I — — — — | | _ | .
1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode. I n St r u Ctl 0 n S
Name Number Exposure Mode New Job Restart Job I I

dard 2) Substrate: Choose a Substrate template or shape.
Job_0428 428 ELELIED d Load Job Save Job

I 3) Layer: Select the Layer to expose. In the chosen Layer, select the Lightsource wavelength and load or create a Design. For overlay exposure, load Alignment template.

Substrate
3 Substrate Template Shape Size X [mm] Size Y [mm] Diameter [mm] Thickness [mm] Optional: In the chasen Layer select a Resist template.
Wafer 4 inch Round 100 0.5 I
Layer 4 5 h I I I I I I I I I I I I I I I I I I |
Layer Laser [nm] Laser Power [%] Focus Mode Design Mode Exposure Bitmaps Alignment Settings Resist Status Dose [mJfcm2] Defoc Duration Angle [mRad] Date
FirstExposure 375 100% Pneumatic ~ NanoCavity_layerl_training Quality Prepared

6

L B MELE: BRGNS SErEraes i ‘Standard’: standard binary exposures, single, overlay exposures

2. Exposure Mode: exposure option ‘Series’: dose and focus test on a single substrate

iy - v

3. Selection proper substrate template
‘Optical’ for high resolution (0.6 - 1um features are in the design)

4. Focus mode: ‘Optical’ or ‘Pneumatic ‘Pneumatic’: focusing using pressure sensing ( > 1um features)

5. Design CAD file -> machine-readable file

6. Resist: a file for exposure information, required exposure parameters can be typed in manually later
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Standard exposure (15t layer)

File Tools User Infe  About

Start a new job from your new design — Exposure Info Alignment Info

Load Substrate

1- CIiCk ‘NeW JOb, button : ExpG_SfE_J(_jl-JH B Job Name Job_0399 No. 399

First Exposure Substrate Size [mm] Height
2. Select Exposure mode yer_|FestEn
) Design Type Convert

3. Double click the ‘Substrate — | e . e
Template’ and choose the substrate.
4. Double click the ‘Design’ and

convert your design from CAD file. setup Jot \

)
Name Number Exposure Mode /Eﬁob/_' Restart Job
2) Subst
)

Job_0399 399 M Load Job Save lob

Restart a job [ B S— e
1. Click ‘Restart Job’ button St Tamohe  Shwpe_ Sopxérl Saev(om) et () Todoss ol | ot

Layer

Load a JOb M Laser [nm] Laser Power [%] Focus Mode Design Mode Exposure Bitmaps
1. Click ‘Load Job’ button —
2. Then, click ‘Restart Job’ go further

/ FirstExposure 373 100% Fneuma tic

. . TEXAS A&M UNIVERSITY
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Standard exposure
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Selection of a substrate template

File Tools User Info About

Setup Job .
Exposure Info Alignment Info
Load Substrate
- Expose Job Job Name Job_0399 No. 300
Substrate Size [mm] Height
Design Name Layer |First Bxj
Design Type Convert
Design Size [mm] Mode
Dra Dose [mlfcmz] Defoc 1
Setup Job
Job
1) Job: |
Name Humber osure Mode (e L rEE L
2) Subst
Job_0399 399 Sl hd Load Job Save Job
3) Layer
Substrate
Substrate Tem“t{ Shape Size X [mm] Size Y [mm)] Diameter [mm] Thickness [mm] Optional
Layer
Layer Laser [nm] Laser Power [%] Focus Mode Design Mode Exposure Bitmaps
FirstExposure 375 100% Pneumatic

Double click ‘Substrate Template’: the software

will bring you to the Load substrate (below)

Select a template that fits your substrate. If not
found, choose one with similar dimensions with

your substrate.

| H ___ List of substrate template

. . Lnad .....
SU bstrate |nf0rmat|0n Load Cancel Refresh l:l Search Clear O All
Characteristics ~
Name Date Time Shape Size Type Sizex Sizey Diameter Thickness F
Hame Mask 4 inch |
_Automatic rectangular 6/23/2016  8:41:38 AM Rectangular Undefined 0 0 0 0 C
Shape FEIENEOT _Automatic round 7/7/2016  2:45:50 AM Round Undefined 0 0 0 0 c
Size Type Standard Chip 11/27/2023 2:48:30 FM Rectsngular Standard 25 25 0 0.5 C
Size X [mm] 101.6 = chip_half_inch 12/7/2023  2:52:15PM Rectangular Standard 15 15 0 0.5 C
Size Y [mm] 101.6 = cover_glass_1 10/24/2023 3:34:23 PM Rectangular Standard 20 20 0 1.25 C
Diameter [mm] 0.0 = ITO_glass 12/1/2023  3:17:07 PM Rectangular Standard 50 50 0 1.1 [
Thickness [mm] 2.30 * Mask 2_5 inch 8/17/2023  3:21:43 AM Rectangular Standard 63.5 63.5 0 C
o ot Thcmems T & _n
Detection Offset [mm] .00 = Mask 5 inch 8/17/2023  3:22:00 AM Rectangular Standard 127 127 0 C
Mask 6 inch 8/17/2023  3:22:10 AM Rectangular Standard 152.4 152.4 0 1] [
Advanced Parameters Small 4/5/2016 3:33:52 AM Rectanqular Small 5 5 0 a C
Wafer 2 inch 4/5/2016 3:28:38 AM Round Standard 0 0 50.8 0.28 C
Autofocus Mode [raztinzt Wafer 3 inch 4/5/2016  3:20:14 AM Round Stndard 0 0 762 0.8 C
Check with Overview Camera Wafer 4 inch 4/18/2024  2:15:39 PM  Round Standard 0 0 100 0.5 t
Skip Find Plate Center (FPC) Wafer 5 inch 4/1/2022  8:10:34 AM Round Standard 0 0 127 0.625 C
FPC: Use Piezo Freezing Wafer 6 inch 4/1/2022 8:11:14 AM Round Standard 0 0 150 i} C
Focus Offset X / Y [mm] 0.0 = 0.0 = Wafer 8 inch 6/17/2016 6:49:52 AM Round Standard 0 0 200 1} C
Focus Offset Z [mm] 0.000 = Wafer 9 inch 6/9/2023 7:25:55 AM  Round Extended 0 0 228.6 ] [y
Max Velocity [mm/s] 0.0 =
Stop Autofocus Air |
Expose with Camera Focus |
Edit
New Copy Edit Save Delete

TEXAS A&M UNIVERSITY
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Converting your CAD file to the machine processable file

File Tools User Info About
Setup Job .
Exposure Info Alignment Info
Load Substrate
- Expose Job Job Name Job_0399 No. 399
re Substrate Size [mm] Height
Design Name Layer |First Exj|
Design Type Convert
Design Size [mm] Mode
Draw Mode Dose [ml/cm?2] Defoc
Inspection
Setup Job
Job
Name MNumber Exposure Mode [ 1T
Job_0399 399 Standard > Load Job
Substrate

Substrate Template

Shape

Size X [mm] Size Y [mm] Diameter [y/ﬂnckness [mm] Optional
Layer /
Layer Laser [nm] Laser Power [%] Focus Mede Design / Mode Exposure Bitmaps
FirstExposure 375 100% Pneumatic

1. Double-click the ‘Design’ in the Layer section — Design
Conversion screen below
2. Click ‘Conversion Design’. Then, small window will be popped

left top. Be patience!

\

File Tools User Info About
Setup Job .
Exposurg Info Alignment Info Progress
Load Substrate

= Expose Job ob Name \ Job_0428 No. Exposure ¢
Substrate Size [N] Height Design Mul
Design Name \ Layer  |First Bx| Stripe Nun
Design Type Convert Time [hh:i

Design Size [mm] Mode -
Remaining

Dose [mlfemz2] Defoc [hh:mm]

. Preﬂre Load Search
Load D95|gn Convert Design Load Cancel Refresh Search
Characeristics Start Conversion software N

Name Mode  Size X Size Y Source file Prep Mode D
Name dose_test I!
Source dose_test Nanncawtyl 10/17/2023 4:19:01 PM  Quality 8l Nannca\ntyl Completed B
Design Type Binary mla_50 10/16/2023 4:18:44 PM  Quality 50 49.152 MLA1000_S0mm  Prepared B
Mode Quality Completed FAT_100mm_L1 10/13/2023 12:23:04 PM  Quality 100 08.304 MLA1000_100mm Completed B
Layer / Cell ™ FAT_100mm_L2 10/13/2023 12:38:33 PM Quality 99.8 08.304 MLA1000_100mm Frepared B
Mirror off MLALOOO_L2 10/12/2023 12:53:58 PM Quality 2.8 8.192 MLAL0OO Prepared B
XOR off MLALOO0O_L1 10/12/2023 12:51:00 PM Quality 3 10.96 MLA1000 Completed B
Tverted off FAT_(Q_1708 8/17/2023 3:54:31 AM  Quality 96.96 103.051113 MLA320_Version0 Completed B
Test200mm 8/16/2023 5:33:53 AM  Quality 200 200 MLA320_Version0 Completed B
CD Bias [nm] 0 0 DoseDefoc 8/16/2023 3:30:01 AM  Quality 0.64 1.62 MLA320_Versiond Completed B
Size [mm] 0 0 Extendedarea_200x200F  8/16/2023 2:31:52AM Fast 200 200 MLA320_Version0 Frepared B
Borders |/r [mm] -9.375 9375 Extendedarea_200x200  8/16/2023  2:26:47 AM  Quality 300 200 MLA320_Version0 Prepared B
Borders b/t [mm] -9.375 9.375 newlUEA 8/15/2023 9:54:45AM  Quality 200 200 MLA320_Version0 Prepared B
Offset [mm] -9.375 -9.375 200mm_UEA 8/15/2023 B8:00:44 AM  Fast 200 200 MLA320_Version0 Completed B
Auto Centering off Test_200mm 8/15/2023 7:47:07 AM  Fast 200 200 MLA320_Version0 Prepared B
Longlines 8/15/2023  3:53:36 AM  Fast 15.750625 120.3 longlines Completed B
cdit job_01 8/15/2023 3:18:16 AM  Quality 1.075 2.066 pfm800 Frepared B
FAT_L1 Quality 8/11/2023 7:22:04 AM  Quality 118 117.999998 MLA320 Version0 Completed B
Complete Designs Delete Design HIMT_Pyramids 8/11/2023 4:17:39 AM  Quality 1.02 3.825 apyras_dxf Completed G
HIMT_Lenses 8/11/2023 4:15:38 AM  Quality 0.12 0.48 MLA_convex.bmp Completed G
Comment FAT_L2_Quality 8/10/2023  2:06:57 AM  Quality 96.84 98.951 MLA320_Versiond Prepared B
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/ 1. Click ‘new’ or File - new 1. From the popped up window, Click ‘new’ icon or in the
X GUI HYAT CONVERT ... 1.276 - o x menu, File — new
Ele PO el — ' 2. A new small window. Input your file name and click Ok.
ee %6 1@} 3. Extended window, click ‘Add’ button and select the file
; type you brought from the Window system.
\ Extended Window for file name
| X Set New Job 5 44 | NI —
Job Mame : E HE”;I;IS i:"p w O 1@
Cancel Ok : ,F“E‘; ! :_:;I .

Gos | u | vigw -
essage window
DXF Grayscale
X Main Status Window for job_0D - O X

Input your file name, if you want. e
Click Ok for moving forward

|

3. Click ‘add’ and select your extension type

Complete Tasks

TEXAS A&M UNIVERSITY
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Continued (example with .gds file)

Eile Tools Help

R wE[% O
job_00 | /
—Source File

‘Nano_Cavity_training.gds’ selected

|Nano_Cavity_training.gds | Type

add~| Rem |  optons | Gpsn
—HIMT File
|<n01 createds = | T
add | | | m | vigw
Plate 0 |

[
b

Complete Tasks

AggieFab Nanofabrication Facility

1. For .gds, both the cell and the layer should be selected properly.
2. The cell can be selected on the drop down menu of ‘GDSII

Structure’

3. Inthe red dashed box, the layer can be selected.
4. Complete by ‘Create’ or ‘Create Default’

Another popup
window. The
detail depends on
the cad file
structures

‘Wafer_V2’ cell selected

X Gpsil Optinn\ - m| X
GDSI Structure: Scale: ¥ | v 1
r | | | | | | | [ |
I M Layernro: |1 -] sTEP | I
™ Layer Mr. 1: I I I
b T ==
I [T Layer Mr. 2: I | I
= | R I | | |
[ Layer MNr. I— _I
| o as=l N ——
\ — 1
Select layers and operations for your exposure
select &l | Unselect all| view one | view anl | | Default | Update To a0 |
Cancel | Create | | Create Default I

X+ | TEXAS AsM < I
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Continued

. Check your design with ‘VIEWER’ if you want
. Set parameters

N 1
| 2
3. Check your design boundary (red box)
4

| Eile Tools Help

LY EIRET)

L - Check the message window
| | =l e 1. Make sure there is no error.

| rem | options | epsu
~HIMT File /

2. WARNINGS mostly accepted

i
|
|
test hd . . . ‘ y
| | wierie s 1| e 5. Everything is okay, click and save
. | Retn | Optians | Ed Labeling | le 4 )
| oo | your job file
test | X Main Status Window for job_00 - O X
Exposa Mode Select DMD Width Standard Optians Dasigh Management number of nodes: 1] ~l
& high quality ™ “OR Mode sl I— number of hoxes: 0
 fast IWDD ]" Pixel I invert Lahel: Ii number of saved polygans: 187
' number of savad circles: ]
numhber of gaved calls: 0

Expose Window
wo eebroizz o] Reset Design Width: 26670122 [l ! COCCOOOCOoCtnes code: 47
y: 20002738  [nm] Design Height: 20002738 [rl'n] g->macroZsub=10

g-=sub_pixel_size = 16.000000

Processing -= barder main
Upper Border [mm]

wmin: 13663876  ymin: -10986608  wmax: 13004246  ymax 3016730
Left Barder [mm] I 901613 +J,_I 0 Right Border [men] I #min: 13665376  ymin: -10986608  =xmax: 13004246  ymax: 3016130
— — wmin: 13665876  ymin: -10386608 =max: 13004246  ymax 9016130
-13. 665576 13.004z248 .
| - R Lower Border [mm] | et I !
+- a +i- 0 | d i
I -10.986608 +’f'l 0 cp Xguisvarkgob_00/merge.cfy Xguitwarkjob_004est_merge.cfiy

rm ¥guifworkdjob_00/convert.cfg
campleta_himt_creationg
Adding "test” in Cell "test”

mCE_ I I I I I I I I Mas I J_

Automatic Centerin
X off | 0 [mm) I d zx [0 =] i

Position Preview

\r’m’fl o [mm] VIEWER ™ TCL Zy ID v[ [rm]

-

Save Selected

Complete Tasks

TEXAS A&M UNIVERSITY
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Continued

File Tools User Info  About

Setup Job
§ Exposure Info Alignment Info Progress Info Hardware Info X fmm] ¥ [mm]
Load Substrate 0.000 0.000
= Expose Job Tob Name Tob_0428 o L Expocure Status Status Numeric Values
F Substrate Size [mm] Height Design Mumber of DMD &l Z Mator [Steps] £
Alianment Design Name Layer |First Bx Stripe Number of Interferometer oK Piezo [Steps] S
- Design Type Convert Time [hhzmm] of Window oK Stage Air Pressure 0K
Series Design Size [mm] Mode ”. Write Head Initialized AF Air Pressure [bar] off
Draw Mode R — ——— Remaining Time Stage oK Chuck Vacuum [bar] -0.04
Y - I I d - f I d - b f I Cameras OK DMD Vaoltage [V] 5.13
ou will see your design file converted to a job Tile. Laser oK Laser Power [%] 1000
CI iCk ‘RefreSh, may Show your file_ Conversion oK Laser Wavelength [nm] | 375
; Prepare Load Search Show
Load De5|gn Convert Design Load Cancel Refresh l:l Search Clear O Al ® Next | 100 2 Next Loaded: 34 [ 37
Charactenistics tme Date Time Mode  Size X Size Y Source file Prep Mode Design Type Bi Dir Layer / Cell Mirror XOR Inverted CDbiasX CD biasY Auto Center Offset X Offset”
Name NanoCavity_layer1_training NanoCavty_layer1_training _ﬂ-ﬁl-_-m—
Source Mano_Cavity_training dose_test 10/18/2023 2:54:43PM  Quality 18.75 18.75 dose_test Completed Binary True CM 0 0 -9375000 -93750
Design Type Binary NanoCavityl 10/17/2023 4:19:01 PM  Quality 86 86 Nanocavityl Completed Binary True CM UFF oﬁ’ oﬁ’ 0 0 UFF -43000000 -43000
Mode Quality | Prepared mla_s0 10/16/2023 4:18:44 PM  Quality 50 49,152 MLA1000_50mm Prepared  Binary True CM off off off 0 0 off -25000000 -24576
Layer / Cell cM FAT_100pfm_L1 10/13/2023 12:23:04 PM Quality 100 98.304 MLA1000_100mm Completed Binary True CM off off off 0 0 off -50000000  -49152
Mirrar FF FAT M0mm_L2 10/13/2023 12:38:33 PM Quality 99.8 98.304 MLA1000_100mm Prepared  Binary True CM off off off ] 0 off -49900000 -49152
YOR . . . ‘ y 8.192 MLA1000 Prepared  Binary True CM off off  off 0 0 off -1400000 -40960
veried Dou ble CI |Ck you r' f| Ie Or Cl |Ck Load 10.96 MLA1000 Completed Binary True CM off  off off i 0 off -1500000  -54800
103.051113 MLA320_Version0 Completed Binary True CM off off  off 0 0 off -48479998  -49999
€D Bias [nm] Test200mm B/16/2023 5:33:53AM  Quality 200 200 MLA320_Versiond  Completed Binary True cM off  off off 0 0 off -99999999  -10000
Size [mm] Iy Iy DoseDefoc 8/16/2023 3:30:01AM  Quality 0.64 1.62 MLA320_Versiond  Completed Binary True CM off  off off 0 0 off 160000  -12000
Borders |/r [mm] -62.500 62.500 Extendedarea_200x200F  8/16/2023 2:31:52AM Fast 200 200 MLA320_Version0  Prepared  Binary True CM off off  off 0 0 off -100000000 -10000
Borders b/t [mm] -62.500 62.500 Extendedarea_200x200 8/16/2023  2:26:47 AM  Quality 300 200 MLA320_Versiond Prepared  Binary True CM off off  off 0 0 off -200000000 -10000
Offsat [mm] -62.500 -62.500 newlUEA 8/15/2023  9:54:45 AM  Quality 200 200 MLA320_Versiond Prepared  Binary True CM off off off 0 0 off -99999999  -10000
Auto Centering off 200mm_UEA 8/15/2023  8:00:44 AM  Fast 200 200 MLA320_Versiond Completed Binary True CM off off  off 0 0 off -100000000 -10000
Test_200mm 8/15/2023 7:47:07 AM  Fast 200 200 MLA320_Version0 Prepared  Binary True CM off off off 0 0 off -99999999  -10000
Edit Longlines 8/15/2023  3:53:36 AM  Fast 15.750625 120.3 longlines Completed Binary True CM off off off 0 0 off -5000625 -60150
job_01 8/15/2023  3:18:16 AM  Quality 1.075 2.066 pfmaon Prepared  Binary True CM off off  off 0 0 off -537500 -52100
Complete Designs Delete Design EAT_L1_Quality 8/11/2023 7:22:04 AM  Quality 118 117.999998 MLA320 Versiond  Completed Binary True €M off  off off 0 0 off -58999999  -58999
HIMT_Pyramids 8/11/2023 4:17:39 AM  Quality 1.02 3.825 4pyras_dxf Completed Grayscale_8_Bit True CM off off  off 0 0 off -510000 -20400
Comment HIMT_Lenses 8/11/2023  4:15:38 AM  Quality 0.12 0.48 MLA_convex.bmp Completed Grayscale_8_Bit True CM off off  off 0 0 off -60000 -24000

TEXAS A&M UNIVERSITY
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Load your sample

1. To move forward, click ‘Load Substrate’ and follow instructions in etch step.
2. Load your substrate

Setup Job
Job
1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode.
Name Number Exposure Mode i il
2) Substrate: Choose a Substrate template or shape.
Job_0428 428 S - Load Job Save Job
3) Layer: Select the Layer to expose. In the chosen Layer, select the Lightsource wavelength and load or create a Design. For overlay €
Substrate
— The Design file selected
Substrate Template Shape Size g Optional: In the chosen Layer select a Resist template.
Wafer 4 inch Round \ 100 0.5 |
Layer \
Layer Laser [nm] Laser Power [%] Focus Mode Design * Mode Exposure Bitmaps Alignment Settings Resist Status Dose [mlfcmz] Defoc Duration Angle [mRad] D
FirstExposure 375 100% Preumatic ManoCavity_layerl_training Quality Prepared
Add Layer Copy Layer Delete Layer
Proceed /
|» Load Substrate First Exposure =% Unload Substrate

. . ofo Texas A&M Englneerlng TEXAS A&M UNIVERSITY .
abrlcatlon FaC"lty J‘.Inl'[ ?F?(\AESR A?M ﬁ ‘ Experiment Station iInld Department of Electrical
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Continued

1. Load your substrate on the stage: open the window and follow the instructions in the PC or
visual guide on the machine.
2. At the end of configuration, DO NOT FORGET to input Dose & Defoc

Alignment: Exposure

Exposure Settings Substrate
4-Point-Alignment completed!
Design Name | job_00 |
Laser [nm] | = | 1) Double-check the Exposure Settings. _
Laser Power [%] | 100% | 2) Select the Alignment Correction Options.
| Pneumatic v|

Dose [mJfcm2] 4) Optional: Delay the Exposure.

\ Focus Mode
.\

)
)
3) Optional: Expose Bitmaps or expose as Field Alignment.
)
)

Defoc [-10...10] o= 5) Start the exposure.
Alignment Correction Options Comment
Rotation [mRad] | -37.845 | Use [ Auto-Unload the Substrate
Scaling X / Y | 0.999971 / 1.000006 | ] use
[] Delay Exposure [hh:mm]
Shearing [mRad] | -0.012 | [ use =
N .
N Carnera
[] Expose the Bitmaps 3
3
Proceed
Design
|» Start Exposure Back <} Setup Job —
| X: 207 mm I

AggieFab Nanofabrication Facility i | TEXAS AsM TEER | Texas As Engincering. FTY | Departmentof ecvica
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2"d layer exposure (overlay exposure)

« Alignment marker information
* Finding and accepting markers on a substrate

AggieFab Nanofabrication Facility i | TEXAS ASM JEER | [o s Sneneenne Ky | Sepaurentofcecvica
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Standard exposure — 2" |ayer (overlay exposure)

Start existing or new job and fill the Substrate Template
Click ‘Add Layer’ to bring a new layer

Put your design

W

Setup Job @
Fill out the ‘Alignment Settings’
Job I ou e ignment setlings
1) Job: Lt
Name Number Exposure Mode E LA FESRNIEE
2) Substr
Job_0428 428 S > Load Job Save Job
3) Layer: Select the Layer to expose. In the chosen Layer, select the Lightsource wavel
Substrate
Substrate Template Shape Size ¥ [mm] Size ¥ [mm] Diameter [mm] Thickness [mm] Optional: In the chosen Layer select a Resist template.
Wafer 4 inch Round 100 0.5
Layer /
Layer Laser [n Laser Power [%] Focus Mode Design Mode Exposure Bitmaps Alignment Settings Resist Status Dose [
FirstExposure 375 100% Pneumatic  ManoCavity_layerl_training Quality Prepared
Layer2 375 100% Pneumatic Prepared
Copy Layer Delete Layer

Proceed

Load Substrate

N e

Alignment

<= Unload Substrate

TEXAS A&M UNIVERSITY
Department of Electrical

TEXAS A&M Texas A&M Engineering
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Standard exposure — 2" layer

. . Load Search Show
LDad Allgnment SEttlngs Load Cancel Refresh I:l Search Clear O Al ® next | 100 2 Mext Loaded: 15/ 15
Alignment settings / =
| | Name Date Time X1 Y1 X2 Y2 X3 Y3 X4 Y4 XS Y3 X6 Y6 X7 Y7 X8 ¥B #£Positions Camera Mode Camera
_Manual 5/7/2018 2:49:50 AM 0 0 1 Frontside Macra
Top Surface ~ i
no1 3/29/2024  10:32:11 AM -8500 0 8500 0 0 8300 O -8500 4 Frontside Macro
Pus | X[pm] ¥ ] 111 2/23/2024 4:21:48PM  -40180 O 39800 0 2 Frontside Macro
3 . 3inchall 1/22/2024 12:18:56 PM -35000 -9500 35000 -0500 -10800 32500 9000  -35500 4 Frontside Macro
6 Cap_W2 2/12/2024 2:50:09 PM  -8500 i 0 8500 8500 a ] -8500 4 Frontside Macro
7 dielectric 1/18/2024 1:12:17 PM  -3500 4000 -3500 -3700 3500 -3700 3500 4000 4 Frontside Micro
8 = Dwayne_layer2 12/14/2023 2:49:42 PM  -9000 a000 9000 9000 -9000  -9000 9000  -9000 4 Frontside Macro
Positions 1 gratingcover 1/21/2024 4:45:41PM 8000 0 -8000 0 0 8000 0 -8000 4 Frontside Macro
Job0641_11 1/21/2024 4:59:22 PM 3000 0 -8000 0 0 Booo o -8000 4 Frontside Macro
Camera for Alignment JobDB42_L1 1/22/2024 12:28:58 PM -27000 -1500 27000 -1500 -10800 32500 17000 -27500 4 Frontside Macro
@ Low Resolution NanoCavity_layer2 3/1/2024  1:14:36 PM  -8500 i 0 §500 8500 O 0 -8500 4 Frontside Macro
. . new 3/28/2024 3:19:49PM  -40180 0 39820 il 2 Frontside Macra
O High Resolution )
Sahar 3/27/2024  12:28:17 PM -25078.2 9355.7 30802.8 9364.2 2 Frontside Macro
Alignment Correction Options training 2/13/2024  10:48:28 AM -40180 39820 2 Frontside Macro
Rotation [mRad] 2] Use R YT YT e N T S = N = == S %

Scaling X/ Y [] use

Shearing [mRad] [] Use

Move to Zero after last position

Edit

1. Select your file if exists.

2. Click ‘New' if you need to make your file for your markers.

3. Then, put the title and your markers’ coordinates, up to eight.
4. Save and Load it.

Mew Copy Cancel Save Delete

Cummk \

. . ofo Texas A&M En |neer|n TEXAS A&M UNIVERSITY .
abrlcat|0n FaCIIIty :‘Iﬁ ?F:X\AS A&M Eﬁ ‘ ExperimentStgtion & iFd Department of Electrical
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Load your sample

3) Layer: Select the Layer to expose. In the chosen Layer, select the Lightsource wavelength and load or o
Substrate
Substrate Template Shape Size ¥ [mm] Size ¥ [mm] Diameter [mm] Thickness [mm] Optional: In the chosen Layer select a Resist template.
chip_half_inch Rectangular 15 15 0.5
Layer
Layer Laser [nm] Laser Power [%] Focus Mode Design Mode Exposure Bitmaps Alignment Settings Resist Status Dose [m)fcm2] Defoc Du
FirstExposure 373 100% Pneumatic  job_00 Quality Frepared
Layer2 373 100% Pneumatic  job_00 Quality YYYY Frepared
Layer3 373 100% Pneumatic  job_00 Quality Frepared
Select your proper layer: Layer 3 is selected.
Then, Load Substrate will be activated.
/ Follow the instructions for loading your substrate
Add Layer Cofoy Layer Delete Layer
Proceed
Load Substrate Alignment 2% Unload Substrate

AggieFab Nanofabrication Facility i | TEXAS AsM TEER | Texas As Engincering. FTY | Departmentof ecvica
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Standard exposure — 2" layer

Alignment page
You will have options for alignments. Select one.
. Click ‘Move To First Cross’

Alignment

Alignment Settings

1
2
3. Search your marker on the camera screen and ‘Measure’
4. ‘Accept Position’ if you are satisfied

5

Stage and Camera Control

Camera Control

Top surormy | ca . Repeat until you are done with your markers Oveiew  LowRes  Highes
Top Surface I L) LULIDIG LI G YR s PO .
Origina
e X [um] | Y [um] Find the Alignment cross positions: |F°C”S [-10...10] | D| '
1 8500 0 2
2 -8500 ] 1) Use the Stage Control to move the first Alignment cross to the —h |Brightness [...] | 314| '
- camera center.
3 0| 8500
4 0] -8500 " If the first layer was exposed at the center of the substrate, click the Stage Control
Ty 4 ( utton Mowve to First Cross.
Z)J Driving Speed [um/s] '
/ 2) If the cross is smaller than the camera window, mark it using the
button Resize Detection Area. X/ ¥ Step [um] | 5000| 5000
Use Angle (-21.72 mRad) Move To First CroSs | | oo oo
Note
Move To Zero Substrate Center

Cross Measurement
Alignment Mode

CrossAlignment ~

Resize Detection Area

Measure

N

®

Proceed

Continue

9 Skip Position

Accept Position

Choose lower resolution cameras to help finding the cross.

If required optimize the camera picture with the 'Focus' and the
'Brightness' sliders.

When skipping alignment positions, two positions must remain.

@

<| Restart <}) Setup Job

[ELR A Y

a
Camera

Design

Ko 2007 mm

Set Zero o) Stop

TEXAS A&M

TEXAS A&M UNIVERSITY

abrication Facility

i
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Continued

1. Load your substrate on the stage: open the window and follow the instructions in the PC or
visual guide on the machine.
2. At the end of configuration, DO NOT FORGET to input Dose & Defoc

Alignment: Exposure

Exposure Settings Substrate
4-Point-Alignment completed!
Design Name | job_00 |
Laser [nm] | = | 1) Double-check the Exposure Settings. _
Laser Power [%] | 100% | 2) Select the Alignment Correction Options.
| Pneumatic v|

Dose [mJfcm2] 4) Optional: Delay the Exposure.

\ Focus Mode
.\

)
)
3) Optional: Expose Bitmaps or expose as Field Alignment.
)
)

Defoc [-10...10] o= 5) Start the exposure.
Alignment Correction Options Comment
Rotation [mRad] | -37.845 | Use [ Auto-Unload the Substrate
Scaling X / Y | 0.999971 / 1.000006 | ] use
[] Delay Exposure [hh:mm]
Shearing [mRad] | -0.012 | [ use =
N .
N Carnera
[] Expose the Bitmaps 3
3
Proceed
Design
|» Start Exposure Back <} Setup Job —
| X: 207 mm I
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Series exposure (1/2)

Information

|
y" Setup Job . % v |
I o bt Exposure Info Series Info Progress Info Hardware Info | o 0 e
oad Substrate . !
I Series Parameters [
= E Job Status Numeric Values
| xpose Jo Job Name Job_0403 No. 403 Name Dose_defoc Exposure Status 1
I First Exposure Substrate Size [mm] Height Step Size X / Y [mm] 0.0 0.0 Design Number of DMD ol Z Motor [Steps] g |
I B Design Name dose_test Layer | Series Dose Defoc Stripe Number of Interferometer OK Piezo [Steps] 65535 I
1 Design Type Binary Convert |Prepare MNumber of Fields 3 5 Time [hh:mm] of Window - _O'f Stage Alr Pressure LK I
| erie Design Size [mm] 18.8 % 18.8 Mode quality Start Value a0 2 e Time Write Head Initialized AF Air Pressure [bar] Off I
I Mode Dose [m)/cm?] Defoc Step Size 20 1 Chhem] itage 2; E::;i V;cuun[qv[]bar] 501812 :
| End Value 120 2 ameras oftage .
[ inspectiol Laser 0K Laser Power [%] 100.0 1
| Conversion OK Laser Wavelength [nm] | 375 I
I
Setup Job
Job 2
1 | 1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode.
MName Number =xposure Mode =y 12 Reesirar 1iik
2) Substrate: Choose a Substrate template or shape.
Job_0403 403 [Fenzs = Load Job Save Job
Supstrate Optional: In the Series, you can change the template or the design and select a Resist template.
3 Substrate Template Shape Size X [mm] Size Y [mm] Diameter [mm] Thickness [mm]
Wafer 4 inch Round 100 0.5
Series
Series Template Series Mode Laser [nm] Laser Power [%] Focus Mode Design Mode Resist Status Duration Angle [mRad] Date
4 Dose_defoc Dose and Defoc 373 100% Optical dose_test Quality Frepared
1. nam number: machin ner ‘ . : :
Job name & numbe achine generates Standard’: standard binary exposures, single, overlay exposures
EWEm . i ‘Series’: dose and focus test on a single substrate
. EXposure Mode: exposure option : g
] ‘Draw’: draw shapes onto substrate via view camera
3. Selection proper substrate template

4. Selection or generation of dose and/or focus split test file Eyartie=l? (el sl (015 - A (zauies A fin dhe dedia

5. Focus mode: ‘Optical’ or ‘Pneumatic’ ‘Pneumatic’: focusing using pressure sensing ( > 1um features)

6. Design: your cad file

TEXAS A&M UNIVERSITY

Texas A&M Engineering Department of Electrical
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Series exposure (2/2)

Series
Fik 1 bty houwt
Exposure Setup | fo Parameters
3 Expose a Series of Designs:
A Exposure Info Design Name l rk800
v Load Substrate Note-
R — Lightsource [nm] , 375 A Series of just one parameter will be exposed horizontally, centered
— ; around the zero stage position.
s Mode Dose and Defoc
Ve 6 A Series of both parameters will be exposed two-dimensionally, also
1 Dose Series centered around the zero stage position. Defoc variation in X, Dose
‘ : = variation in Y,
Number of fields 75
Farine Start value [mJ/cm?2] 30 1) Double-check the Design Name.
K + {
‘_ Step size [m)/cm?] | 1 Select the Mode
SO dosstnst { End value [m)/cm2] 36
Mode |Dose andDefoc = 3) Entéxthe Parameters. For a Series of just one parameter, also
——— ‘ enter the (fxgd) value of the remaining parameter.
Murber of Neids Defoc ser‘ns
“ ‘ gfbakyekn two adjacent Designs.
Number of fields 13t
= Start value [-10...10] -10 5) Optionally set the stage™to auto-unload the substrate after the
Step size 1 o
End value [-10...10] 2 6) Start the exposure.
\ 8i L )
Comment
T 78 pu—— ‘ Step size in X [mm] | 4 \ Test of new resist
tep 520 1 Y [mm 23 " Step size in Y [mm] 8
e =7 | Total range in X [mm) 50.0
\\ Total range in Y [mm] 53.6 (%] Auto-U Unload
Auto Unload b
Fronsed
Start Exposure s Proceed
|- Start Exposure Back J4 Setup Job
. d
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Series exposure (2/2)

Series
Fik 1 bty houwt
Exposure Setup | fo Parameters
3 Expose a Series of Designs:
A Exposure Info Design Name l rk800
v Load Substrate Note-
R — Lightsource [nm] , 375 A Series of just one parameter will be exposed horizontally, centered
— ; around the zero stage position.
s Mode Dose and Defoc
Ve 6 A Series of both parameters will be exposed two-dimensionally, also
1 Dose Series centered around the zero stage position. Defoc variation in X, Dose
‘ : = variation in Y,
Number of fields 75
Farine Start value [mJ/cm?2] 30 1) Double-check the Design Name.
K + {
‘_ Step size [m)/cm?] | 1 Select the Mode
SO dosstnst { End value [m)/cm2] 36
Mode |Dose andDefoc = 3) Entéxthe Parameters. For a Series of just one parameter, also
——— ‘ enter the (fxgd) value of the remaining parameter.
Murber of Neids Defoc ser‘ns
“ ‘ gfbakyekn two adjacent Designs.
Number of fields 13t
= Start value [-10...10] -10 5) Optionally set the stage™to auto-unload the substrate after the
Step size 1 o
End value [-10...10] 2 6) Start the exposure.
\ 8i L )
Comment
T 78 pu—— ‘ Step size in X [mm] | 4 \ Test of new resist
tep 520 1 Y [mm 23 " Step size in Y [mm] 8
e =7 | Total range in X [mm) 50.0
\\ Total range in Y [mm] 53.6 (%] Auto-U Unload
Auto Unload b
Fronsed
Start Exposure s Proceed
|- Start Exposure Back J4 Setup Job
. d
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Working with AutoCAD (dxf)

Draw your design Set drawing units

1. Drawing units: AutoCAD is unitless. Make sure the unitin L R -
AutoCAD is aligned with your design. A% i =

2. Exposed area is defined only by closed shape. If you draw lines, :j_‘:ﬂ = i
make sure they are joined together. Unfortunately, it is difficult to = e ——
contrast exposed areas (shapes) in AutoCAD. To make it sure, = -
it'd be better to make hatch patterns for the exposed areas z: e
(shapes) - EA———

 ‘Hatch’ command —r—

» Select the exposed areas

» Hatch patterns will be shown for closed shapes that will be
exposed.

« Or, warnings for not closed shapes (gap for red circles)

T HaTcH
L B HATCHEDIT
W1 HATCHTOBACK
[ HATCHGENERATEBOUNDARY
[N HATCHSETORIGIN

¥ HATCHSETBOUNDARY
12 euaTcH

[E] HATCHCREATION
&8 Hatch: ACAD_ISO02W100

TEXAS A&M UNIVERSITY
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Working with AutoCAD (dxf)

3. Remove all the lines: the closed shapes without the hatch pattern is exposed in the Heidelberg MLA.
Hatch pattern with the originally shapes result in double exposure.

4. Move the center of your design to (0,0)

5. Save as .dxf extension that is accepted.

Recommendation

The maskless aligner manufacturer recommends to use gds file. To convert dxf to gds, you can open your
dxf file in the Klayout and save as a gds file format, which is free software for 2D photomask design and can
be downloaded here, https://www.klayout.de/.
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