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B : = HEIDELBERG (MLA 150):
A HIGH SPEED DIRECT WRITE LITHOGRAPHY TOOL

|)  Directly expose pattern without prior fabrication of a mask resulting in a
significantly shorter prototyping cycle

2)  Light source at 405 nm and 375 nm

3)  Allows using substrates of any size and shape

4)  Exposure area upto 150 by 150 mm?

5)  Provides flexible change of pattern using drawing mode
6)  Produces structures down to 600 nm

7)  Alignment accuracy - as good as 500 nm

8)  Automatic labeling and serialization
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2. POINT-OF-CONTACT

Want to become a user of MLA-150 ?
 Swaroop Kommera / skommera@stanford.edu / (& 721-7546
Any question regarding tool, file preparation, and shadowing!?
* Wonijin Yun / wyun@stanford.edu / 650-862-2190

* https://web.stanford.edu/~wyun/Heidelberg/

Want to read full manual ?

* https://snf.stanford.edu/SNF/equipment/nSiL/heidelberg-mla-150

Check training schedule ?

* https://snf.stanford.edu/SNF/training/training-calendar



https://web.stanford.edu/~wyun/Heidelberg/
https://snf.stanford.edu/SNF/equipment/nSiL/heidelberg-mla-150
https://snf.stanford.edu/SNF/training/training-calendar

3. DESIGN YOUR MICROMODEL

AutoCAD-based design

File format conversion



AUTOCAD-BASED DESIGN TIPS

It will show an example of way to design channel using AutoCAD

You can download “tutorial.dxf” file from https://web.stanford.edu/~wyun/Heidelberg/

Couple of useful tools will be introduced for quicker and easier design
Mirror : easy to copy many objects at designated coordinates
Join: Connect all polylines, arc, and lines. Prerequisite to “hatch” command.

Region: redefine all object or joined object as Regions. Prerequisite to “Union” and “Subtract”

Union : Combine two regions into singleregion [ (O — [ D

Subtract : Subtract two regions [ @O — [ ¢
Hatch : Fill the region or joined object [ ¢


https://web.stanford.edu/~wyun/Heidelberg/
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DRAW OBJECT
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Plot table type Not available
View
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CREATE SQUARE
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DUPLICATE SQUARE VIA MIRROR
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MORE COPIES

Autodesk AutoCAD 2018 - STUDENT VERSION  Tutorial.dxf I Type a keyword or phrase
Home Insert Annotate Parametric View Manage Output Add-ins A360 Express Tools Featured Apps  Raster Tools

#+move ) Rotate - Trim - < A FT | Linear = gE ® %5  CONTROL - ﬁ P Create % [ Bylayer 1 e rll. ~ =
“ e p—

o - A= . - - - . . .
Co A\ mirror ‘@ Fillet - A& Leader - v 2 2 & Make Current ' Edit Bylayer * ]
C L | 4 A sert Match .. : Measure Paste Base
- I8 - W stretch Elscale am Array ~ gt b= & & =

Line Polyline Circle Text Dimension Layer In
o © g8 Table properties =% % %k T S Match Layer T ¥ Edit Attributes ~ properties ==~ ByLayer
Draw ~ Modify = Annotation ™ Layers ™ Block = Properties ™ Groups ™ Utilities ~ Clipboard  View ™ 3

Start Tutorial. dxf*

[=]Top][2D Wireframe]

x
No selection -~ W “:‘é (11
General = 3
Color Bylayer
Layer CONTROL
Linetype —— Bylayer
Linetype scale 1.0000
Lineweight —— Bylayer
Transparency BylLayer
Thickness 0.0000
3D Visualization
Material ByLayer
Plot style
Plot style ByColor
Plot style table None
Plot table attache.. Model
Plot table type Not available
View
Center X 319.4329
Center Y 1600.9655
Center Z 0.0000
Height 7048.8517
Width 17634.5045
Misc
Annotation scale 11
UCS icon On
UCS icon at origin
UCS per viewport
UCS Name
Visual Style 2D Wireframe

PROPERTIES

Layout] Layout?  + KA u~-|g~ 4|5

- Turma har v | (o =
@ O : ~ WA 5/2172018




ADD MORE OBJECTS
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UNIFY ALL OBJECT
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FILL THE AREA
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FILE FORMAT CONVERSION

This tutorial is to simplify and select layers from AutoCAD .dxf file using
Open-Source software (Klayout)

Klayout (installed in Heidelberg main PC) is a useful tool to quick check your
design beforehand and remove unnecessary layers as it is needed.




FILE CONVERSION (.gds)

File E:/Google Drive fSupris/EXP DATAPh.D/05_Asphaltene_Project/Report&Presentation/HeidelbergManual Tutorial.GDS I I N @ A -
Format | GD52 < Auto compression 7 I

-?nerTOﬂs--------------------- :

(L n N N N =& & &8 &8 = & & & ® =& _§ & B ®E _® N & B N} [N
Toyers o s [ — e e

Cell tree [] write non-empty cells only (skip empty cells)

[ write visible cells only (skip cells not shown with content)

-

[] Keep instances for dropped cells {make ghost cells)

HENN EENN DEEN DEEN NN DN B BN BN BN BN B BN BN BN B B -
\2 Writer Optlons

‘E" context Store PCell and lbrary context information (format spedific)

r—

‘name |LIE |
Max. B2l name length |31°UU | (eep empty for unspecified fmit) - LAhdL s
Max. velies 800 (<4000 recommended, absolute limit 8151) Layer Toolbox i =X
.mumemmmumaag———————q - -
(enables infinitely large polygons paths at the cost of compatibility) -- -
virite [] ceII Euﬂ TP S T L R U 7 = —— \ . .
[] Eliminate zerdMength paths (convert to BOUNDARY) \ . . . == ==
Virite current n\m time stamps (BGNLIS, BGNSTR) G 99 e [ ] | | |
3 More ..
1~‘ ® ©
[ I
[ | [
: [ | [ |
\ el AT _ | - |

. . Mone More ..
Custom Pattern ..
i 100 -
I |:|
. . D

T (Default) G xy -2782.50584 A567.66772

-

——

Using free software (Klayout), you can
make a simple file without all unnecessary
layers from AutoCAD generated .dxf
format master file.

You can install your own computer or
Heidelberg main PC has it already.

Heidelberg can read .gds format



FILE CONVERSION (.dxf)

| | -
© 25 -
e =, .
& Save Layout Options i b va | :- :C'(-?FTROL : .
' I I+ hatcn I Using free software (Klayout), you
I File ¥Y: /WWW Heidelberg/Tutorial_klayout_solid.dxf I I waferedge I . . .
I fomat o6 autocan) 5 N i I can make a simple file without all
Vo —————————————} : : unnecessary layers from master file.
Layers to save | Visible layers only v I L '
atabase uriy [0.001 | E Scalng facor [1.0 | s ee® You can install your own computer or
Il tree [] write non-empty cells only (skip®mpty cells) Layer Toolbox J J o
‘ [] write visible cells only (skip cells n‘shown with content) H e I d el be rg mal n PC h as It aI ready.
‘ [] Keep in*wces for dropped cells (make ghost cells)

Heidelberg can read .dxf format

Cell‘wtext Store PCell and library context inform‘n (format spedific)

DXF‘iter Options
L § N N N N N N ]

Polyglhandling ﬂite HATCH entity v i \

.dxf format is better choice for some
design that has tremendous small
polylines (e.g. vectorized rock image)

\

LT
N
BNEE - M I

"y Cance

T (Default) G



4. A USER GUIDE FOR MLA-150

(MASKLESS-EXPOSURE)

Step I:File (design) conversion
Step 2: Loading wafer + parameter setting

Step 3: Exposure + unload wafer



STEP | : FILE (DESIGN) CONVERSION

* Transfer your design from your USB to Heidelberg Main PC directory (/home/convert/gdsii/ ):

* Do not use too long file name, this causes error.

* Do not transfer your design into sub-folder that you
created in the directory (/homel/convert/gdsii/ ), this
causes error.



STEP | : FILE (DESIGN) CONVERSION

Screenshot of Main PC running MLA-150 program

File Tools User About

Exposure Setup Info = -
Setup Job Exposure Info Alignment Info Progress Info Hardware Info 8 0'[;”9’“2] o[g’;“;
Load Substrate Status Numeric Values
Job Name Job_11291 No. 11291 Exposure Status
= Expose Job Substrate Size [mm] Height Design Number of DMD oK Z Motor [Steps] 0
Fi Design Name Layer |FirstExp Stripe Number of Interferometer oK Piezo [Steps] 65535
oD et Design Type Convert Time [hh:mm] of Window : .Olf Stage Air Pressure oK
Sl Désigh Size [inm] Mogs - Write Head Initialized AF Air Pressure [bar] -2.50
Dose [mJ/cm?2] Defoc [:I'T:::r:;g s Stage OK Chuck Vacuum [bar] 0.01
falis Cameras OK DMD Temperature [°C] 53
SRS Laser OK Laser Power [%] 100.0
o Conversion oK Laser Wavelength [nm] 405

Setup Job

Job

) - - I 1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode.

| Name Number Exposure Mode fieviidh Restaet o 2) Substrate: Ch Substatat it h

[r———— ubstrate: Choose a Substrate template or shape.
Job_11201 11291 Standard i Load Job Save Job
3) Layer: Select the Layer to expose. In the chosen Layer, select the Laser wavelength and load or create a Design. For overlay exposure, load Alignment template.

Substrate

‘ Substrate Template Shape Size X Size Y Diameter Thickness Optional: In the chosen Layer select a Resist template.
Layer

\ Layer Laser I Design lMode_- Size X [mm] Size Y [mm] Expose Crosses Align Crosses Resist Thickness Comment Status Dose Defoc  Duration Angle Date

| FirstExposure 405 I Prepared

Add Layer Delete Layer

Proceed

Load Substrate { FirstExposure £ Unload Substrate




STEP | : FILE (DESIGN) CONVERSION

File lools User About

Exposure Setup Info
o Exposure Info Alignment Info Progress Info Hardware Info | & ol o0
Load Substrate Status Numeric Values
i Job Name Job_11291 No. 11291 Exposure Status
a8 Expose Job Substrate Size [mm] Height e g = Design Number of DMD OK Z Motor [Steps] 0
First Exposure Design Name Layer |FirstExp 1 1 Stripe Number of Interferometer oK Piezo [Steps] 65535
= > 2 Window oK Stage Air Pressure oK
Alignment Design Type Convert 2 Time [hh:mm] of . o .
g Desion Sicé [m] o i . Write Head Initialized AF Air Pressure [bar] -2.50
Series Remaining Time Stage oK Chuck Vacuum [bar] 0.01
Dose [mJ/cm2] Defoc i ' [hh:mm]
— Cameras oK DMD Temperature [°C] 53
Laser OK Laser Power [%] 100.0
Inspection Conversion oK Laser Wavelength [nm] | 405
5 [0 Show
Load De5|gn I Convert Design ILoad Cancel Refresh : Search Clear Oall ®next | 100 2 next 99 / 2039 loaded
Characteristics S ———
Name Date Time mode  size X size Y source format source file Layer / cell magnification mirror XOR inverted CD biasX CD biasY auto ce®
Noine BT _-__-
Source 01_Laura 01 _wonjin_0519_loop 5/19/2018 9:35:38 PM  Quality 40.078099 29.98 structure 02 30micron 0 0
Design Type Binary bosch_dd2 5/19/2018 5:46:09 PM  Quality 11.9975 11.999 structure bosch_dd2 ™M 1 off off off 1} 0 off
Mode Quality I online job_KD2 5/19/2018 3:57:49 PM  Fast 84.5 89.5 structure KD_4inchlayout_20180518_pocket_flat ™M 1 off off  off 0 0 off
Layer / Cell ™ nisi_strengthtest_scaled 5/19/2018 3:31:44 PM  Quality 85 90 structure NiRingWafer_strengthtest_2 cM ) off off on 0 0 off
Magnification 1 2_Stopper 5/19/2018 6:53:40 AM  Quality 104 104 structure 2_Stopper c™m 1 off off off 0 0 off
Mirror off nisi_strengthtest2 5/19/2018 2:38:05PM  Quality 85 90 structure NiRingWafer_strengthtest_2 cM 1 off off on 0 0 off
SR off 1_Gap_1st 5/19/2018 6:49:51 AM  Quality 104 104 structure 1_Gap_1st cM 1 off off  off 0 0 off
3_Gap_2nd 5/19/2018 6:55:47 AM  Quality 104 104 structure 3_Gap_2nd M 2 off off  off 0 0 off
Iverted ot MMW_E241_6in_dense_vi  5/18/2018 7:49:04 PM Fast  132.5 126.5 structure MMW_E241_6in_dense ™ 1 off  off off 0 0 off
CD Bias [nm] g 2 MMW_E241_6in_v1 5/18/2018 7:13:27PM  Fast 1315 127.5 structure MMW_E241_6in_new o 1 off  off off 0 0 off
Size [mm] 0.900 0.500 nisi_strengthtestwafer 5/18/2018 6:51:16 PM  Quality 85 90 structure NiRingWafer_strengthtest o™ 1 off off  off 0 0 off
Borders |/r [mm] -0.326 0.574 AL0518NiFePt 5/18/2018 5:30:59 PM  Quality 10.005 10.0034 structure Andrewli_ST-FMR_051618_stepv21_NiFePt ™ 1 off off on 0 0 off
Borders b/t [mm] -0.302 0.198 ALO518V2 5/18/2018 4:48:54 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 CcM p % off off on 0 0 off
Offset [mm] -0.326 -0.302 ALO518 5/18/2018 4:46:13 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 cM 1 off off off 0 0 off
Auto Centering off Training_05181802 5/18/2018 3:22:09 PM  Quality 11.704 9.309 structure Training_05181802 ™ 1 off off  off 0 0 off
Training_051818 5/18/2018 3:20:11PM  Quality 11.704 9.309 structure Training_051818 ™M 2 off off  off 0 0 off
p L5_20180518 5/18/2018 12:33:59 PM Quality 58 58.5 structure SiGe_TFET ™M 1 off off off 0 0 off
Eqt 180518_XMON02m2 5/18/2018 12:07:38 PM Quality 30.021886 30.025432  structure 20180518_XMON02_m2pp ™M 1 off off on 1} 0 off
New Edit Save Delete Canti3_1st 5/18/2018 10:28:21 AM Quality 65 45 structure Cantilever3-1 cMm 1 off off  off 0 0 off
Canti3_2 5/18/2018 10:29:33 AM Quality 65 45 structure Cantilever3_2nd ™ 1 off off off 0 0 off
Comment ytcheng_90GOF_v4 5/18/2018 9:19:59 AM  Quality 83.1 83.1 structure GO_90keV_Front_V4 cM™ 1 off off  off 0 0 off
diego 5/17/2018 9:07:40 PM  Quality 98.5 93 structure current_collectors-v2 cM 1 off off  off 0 0 off
L5_20180517 5/17/2018 8:26:16 PM  Quality 58 58.5 structure SiGe_TFET ™M b3 off off off 0 0 off
test4 5/17/2018 6:21:32PM  Quality 80.1 44.4525 structure Karen_Test4_wafer M 2 off off  off 0 0 off
180517_XMON02m1 5/17/2018 3:37:18 PM  Quality 30 30 structure 20180516_XMON02_m1pp ™M 1 off off off 0 0 on
job_1002 5/17/2018 2:39:14 PM  Quality 10.553 10.5575 structure SAmLargealignment ™M 1 off off off 0 0 off
iob 1001 5/17/2018 2:38:21 PM  OQualitv 9.823 9.82398 structure SAmGRectennafinal c™M 1 off off  off 0 0 off M
< >




STEP | : FILE (DESIGN) CONVERSION

POSUre S € Whats's This? Shift+F1

S About

F1

Load Substrate

= X GUIHIMT CONVERT .. 1.181

F Eite Togis [Help

(posure Info

Job_11291 No.

11291

mm]

Height

Alignment Info

Progress Info

Exposure Status

Design Number of
Stripe Number of
Time [hh:mm] of

1T Tem[%0 [o] i
—= Inspection | ‘ I'
. Load Search Show
Load DeS'gn I Convert Design Load Cancel Refresh Search Clear Oal @®next | 100 2
Characteristics )
Name Date Time mode  size X size Y source format source file Layer
Name 01_Laura 5/19/2018 10:15:08 PM Quality 0.900048 0.500048 structure 01_Laura Cc™M
Source 01_Laura 01_wonjin_0519_loop 5/19/2018 9:35:38 PM  Quality 40.078099 29.98 structure 02_30micron (@ Y]
Design Type Binary bosch_dd2 5/19/2018 5:46:09 PM  Quality 11.9975 11.999 structure bosch_dd2 CcM
Mode Quality | online job_KD2 5/19/2018 3:57:49PM  Fast 84.5 89.5 structure KD_4inchlayout_20180518_pocket_flat Cc™m
Layer / Cell M nisi_strengthtest_scaled 5/19/2018 3:31:44 PM  Quality 85 90 structure NiRingWafer_strengthtest_2 Ccm
Magnification 1 2_Stopper 5/19/2018 6:53:40 AM  Quality 104 104 structure 2_Stopper Cc™M
Mirror off nisi_strengthtest2 5/19/2018 2:38:05PM  Quality 85 a0 structure NiRingWafer_strengthtest_2 (@]
XOR off 1_Gap_1st 5/19/2018 6:49:51 AM  Quality 104 104 structure 1_Gap_1st CcM
3_Gap_2nd 5/19/2018 6:55:47 AM  Quality 104 104 structure 3_Gap_2nd (@]
Inverted & MMW_E241_6in_dense_v1 5/18/2018 7:49:04 PM  Fast 132.5 126.5 structure MMW_E241_6in_dense CM™M
CD Bias [nm] . & MMW_E241_6in_v1 5/18/2018 7:13:27PM  Fast  131.5 127.5 structure MMW_E241_6in_new o™
Size [mm] 0.900 0.500 nisi_strengthtestwafer 5/18/2018 6:51:16 PM  Quality 85 90 structure NiRingWafer_strengthtest cMm
Borders |/r [mm] -0.326 0.574 ALO518NiFePt 5/18/2018 5:30:59 PM  Quality 10.005 10.0034 structure Andrewli_ST-FMR_051618_stepv21_NiFePt cM
Borders b/t [mm] -0.302 0.198 AL0O518V2 5/18/2018 4:48:54 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 Cc™M
Offset [mm] -0.326 -0.302 ALO518 5/18/2018 4:46:13 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 CcM
Auto Centering off Training_05181802 5/18/2018 3:22:09 PM  Quality 11.704  9.309 structure Training_05181802 cM
Training_051818 5/18/2018 3:20:11 PM  Quality 11.704 9.309 structure Training_051818 Cc™M
. L5_20180518 5/18/2018 12:33:59 PM Quality 58 58.5 structure SiGe_TFET Cc™M
EdK 180518_XMON0O2m2 5/18/2018 12:07:38 PM Quality 30.021886 30.025432  structure 20180518_XMON02_m2pp CM




STEP | : FILE (DESIGN) CONVERSION

2 X [mm] Y [mm]
Alignment Info Progress Info Hardware Info 5
Setup Job Exposure Info g g v 0.092 0.048
Load Substrate Status Numeric Values
Job Name Job_11291 No. 11291 Exposure Status
Expose Job Substrate Size [mm] Height Design Number of DMD OK Z Motor [Steps] 0
Stripe Number of Interferometer OK Piezo [Steps] 65535
X Time [hhzmm] of Window OK Stage Air Pressure OK
Eile Tools Help Write Head Initialized AF Air Pressure [bar] -2.50
X G o Remaining Time
|hwE %O | } ool Stage oK Chuck Vacuum [bar] | 0.01
2a ' Cameras OK DMD Temperature [°C] 53
OK % 100.0
e Laser = Il:aser \F/’;Jwelr [mt]h - —
Conversion aser Wavelen nm
il gt g
1 | Add ~
earch Show
J e e Fe Cancel Refresh Saarch Claar () all__ @ next 100 k= next 99 / 2039 loaded
| <not createds | | TcL — X Load GDSIl Design X
B
f P |= | A
1 Time mode  size X size Y Look in: IJ/home/converngsii/ L] 4= 5 magnification mirror XOR inverted CD biasX CD biasY auto ¢
il S :
N Plate o l 8 10:15:08 PM Qua[rty 0.000048  0.50004¢ & kenan @i neumant® (@ sanchid @ Yanan 1 off off  off 0 0 off
u 8 9:35:38PM  Quality 40.078099 29.98 Sakge G New folder (=] Savannah (3 Yesheng 1 off  off off 0 0 off
g 8 5:46:09PM  Quality 11.9975  11.999 p (CLeeya Jokabe (shohaich  (Jytcheng 1 off off  off 0 0 off
¢ 8 3:57:49PM  Fast 84.5 89.5 _dlevent 1 parthi (] Settasit 1 YuMiao 1 off off __off 0 0 off
; 8 3:31:44PM  Quality 85 90 lisarozario  [_]pcomita (Jtbozorgg  [] 0000000000000000000000.gds
p 8 6:53:40 AM  Quality 104 104 lpeeters Ciplentz Citheuser el Sekem | e ool s g
¢ bl 5w e o C1iuts Capiins ST & 02 0nicion.qds
;| :
p 8 6:49:51AM  Quality 104 104 - maﬁ? I pmuscher —JT'”Q'Dg [ T %;%1 EE&?
3 8 6:55:47AM  Quality 104 104 -Jaae'n:“' ,—’gana‘" f'vwsongpv L g ’i ;D o
f 8§ 7+40.n4 DM Caet 129 & 106 € _J C enee - gnnag 3 — ang 2 :] ‘_qf ong_mask_rD_Jra_bluec
X _1MindaDeng [_]Qiang_Liu [Jweicong li |_] 1027 _gitong_mask_PD_3rd_green
1 8|7 1 mmoarea _1Roche _lwyun [ 1027_gitong_mask_PD_3rd_redco
f 8 _IMyusuf _1Sam 1xiyuan ;j 1027_QT_PD4thmaskphotocurrent
1 : | 2|
a
1 . File name: [02_30micron.gds : off of  off 5 o off
b B File type: [GDSI (*.gds) =] Cancel | 1 off  off off 0 0 off
1 8 41 off off  off 0 0 off
8 CM 1 off off  off 0 0 off
{ 8 CcM 1 off off on 0 0 off
| 8 ™ 1 off off  off 0 0 off
8 cM 1 off off  off 0 0 off
v 8 cM 1 off off  off 0 0 off
1 8 ™M 1 off off  off 0 0 off
8 c™m 1 off off  off 0 0 off
Sl SO 8 o™ 1 off  off off 0 0 off
8 c™m 1 off off  off 0 0 on
*8 CcM 1 off off off 0 1] off
iOb 1001 5/17/2018 ‘ Clear l Save | Save Selected CcM™M 1 off off off 0 0 off
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xposure Setup Info
E— Exposure Info Alignment Info Progress Info Hardware Info | & | <l
Load Substrate P 7 I 7 Status Numeric Values
Job Name Job_11291 No. 11291 Exposure Status
=] Expose Job Substrate Size [mm] Height PO [l Y [l ; 11Y [um] Design Number of DMD oK Z Motor [Steps] 0
{ X GUI HIMT CONVERT ) - ] 1 Stripe Number of Inferferometer OK Piezo [S.teps] 65535
| 5 ; Time [hh:mm] of Window OK Stage Air Pressure OK
| Eile Tools Help = 5 Write Head Initialized AF Air Pressure [bar] -2.50
IJJ . . k'_i [ « @| JJ @ | 4 4 [R'_?r:n:::.:?g i Stage oK Chuck Vacuum [bar] 0.01
[ aa : S S ositions Cameras OK DMD Temperature [°C] 53
,]‘X GDSII Options X ' Laser : oK Laser Power [%] 100.0
‘ | Conversion OK Laser Wavelength [nm] 405
GDSIl Structure: | TOP ~| scale: x 1, |B% 1
Search Show
Loac B Cancel Refresh I:l Search Clear Oal ®next | 100 2] next 99 / 2039 loaded
IV Layer Nr. 0: ||J v[ STEP ] =
CT | I Time mode  size X size Y source format source file Layer / cell magnification mirror XOR inverted CD biasX CDbiasY auto ce
| Nar 8 10:15:08 PM Quality 0.900048 0.500048  structure 01_Laura ™ 1 off off  off 0 0 off
Sot I I l8 9:35:38 PM  Quality 40.078099 29.98 structure 02_30micron c™M 1 off off  off 0 0 off
Des I [ 8 5:46:09 PM  Quality 11.9975 11.999 structure bosch_dd2 CM 1 off off off 0 0 off
Mot 8 3:57:49PM Fast 84.5 89.5 structure KD_4inchlayout_20180518_pocket_flat CcM 1 off off  off 0 0 off
Lay |_ o] 8 3:31:44PM  Quality 85 90 structure NiRingWafer_strengthtest_2 ™ 1 off off on 0 0 off
M—ag I_ _I 8 6:53:40 AM  Quality 104 104 structure 2_Stopper CcM 1 off off off 0 0 off
m 8 2:38:05PM  Quality 85 90 structure NiRingWafer_strengthtest_2 CcM 1 off off on 0 0 off
;& In| | 8 6:49:51 AM  Quality 104 104 structure 1_Gap_1st CcM 1 off off  off 0 0 off
. 8 6:55:47 AM  Quality 104 104 structure 3_Gap_2nd CcM 1 off off off 0 0 off
_M '— _J 8 TrANNA DAL Cact 122 8 ERT S hroctien MAAI CNA41 Kin danca CM 1 Off off off 0 0 off
|0l 8 X Main Status Window for a 7 o ; ™ 1 off  off off 0 0 off
ISZ Select all | Unselect &ll| view one | view &l | Default | updateTomn | 1B M 1 off  off off 0 0 off
ﬂ . . . ;8 ;““;;"l;';r" """" liFePt ™ 1 off off on 0 0 off
|Bor Cancel | 1 Create |I| Create Default i 1;8 O:n namey  used M 1 off off on 0 0 off
offt == | ’8 c™ 1 off off  off 0 0 off
lAutl| s | 0 0 28 cM 1 off  off off 0 0 off
~ 4 s | T ™ 1 off off  off 0 0 off
] 8 ™ 1 off off  off 0 0 off
Edit 8 ™ 1 off off on 0 0 off
'4 8 F”;"dngrsn’;w“'es: e oM 1 off  off off 0 0 off
8 e} 1 off off  off 0 0 off
Comm g | 0 TOP 1 M 1 off  off off 0 0 off
8 e} 1 off off  off 0 0 off
8 ™ 1 off off  off 0 0 off
Somplatilasks 8 M 1 off  off off 0 0 off
8 ™ 1 off off  off 0 0 on
— 8 e} 1 off off  off 0 0 off
lob 1001 5/17/2018 clear | save | save Selected | M 1 off  off off 0 0 off .
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File Tools User About

Exposure Setup Info

Setup Job

Load Substrate

= Expose Job

X
File Tools Help

Exposure Info

Job Name Job_11291 No. 11291
Substrate Size [mm] Height

Loac
Chara

Nan

Sou

Des

Mot

Lay|
Mag
Mirt

XOF
Inve

CcD

Size

Bor|
Bor|
Offs

Auty

Edit

Comnm

|RwE % O

a

—source File

| 02_30micron.gds ~| Type
| Rem |  options | Gosu

—HIMT File

| 02_30micron

[ Rem I Options I

' - -
VIEWER

=

£3 Labeling

Plate 0 |
02_30micraon I

—Expose Mode
& high guality
¢ fast

Select DMD Width Standard Options Design Management

[~ XOR Mode User: I
1000 «| Pixel 5
[~ invert Label: I

/

—Expose Window

% 40078099 [nm] T Design Width: 40078099 [nm]
ese
y: 29980000 [nm) Design Height: 29980000 [nm]

Upper Border [mm]

Left Border [mm] I 15 ﬂ,_I 0 Right Border [mm]
.S, Lower Border [mm] |.#49:048039,
+- 1} +i- 0
| -14.98 +- | 0
—Place CD Bias

I~ Automatic Centerin
X off | 0[] g 2x [0 =] i

Position Preview

¥ off | i

[mm] VIEWER et zZy |0 v| [nm]

Complete Tasks

iob 1001
<

8
8
8
8
8
8
8
8
8
8
8
8
8 |xm
8
8
8
8
8
8
8
8
8
8|
8
8|
8|

X HIMT Viewer Version 3.37

A||c File HNavigation Mode View Options Settings ToolBars

av4dpPLa,we s B

:
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6:5
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6:5

E

xm

lice

sdr
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sdb
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s MinMax
sdr

X v
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Memory Info

Overview @@

Mode  (8X]

~] Zoom

«» Measure
.+] Find Center
View Options (&)X]
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Lines
Points
|_| Color
|| Invert
| | XOR
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50.5 | [GB]|
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Job Name Job_11291 No. 11291 Exposure Status
»se Job Substrate Size [mm] Height Design Number of DMD oK Z‘Motor [Steps] 0.
First E Design Name Layer |Firstexp Stripe Number of Int.erferometer oK Piezo [SFeps] 655!
F—_— Design Type P Time [hhzmm] o Wnr-1dow : OK Stagt.-z Air Pressure OI:
g —— e s - . Write Head Initialized AF Air Pressure [bar] $2:8
Series Remaining Time Stage OK Chuck Vacuum [bar] 0.0
Dose [ml/cmz2] Defoc [hh:mm]
Dfaw Moda Cameras OK DMD Temperature [°C] 53
Laser oK Laser Power [%] 100
Inspection Conversion oK Laser Wavelength [nm] | 40!
) | Ry —— Show
)GSIQH Convert Design | Load Cancel Refresh : Search Clear Qal ®next | 100 2 next 99 / 2040 loaded
h LR N | -I
‘istics >

Name Date Time mode  size X size Y source format source file Layer / cell magnification mirror XOR inverted CD biasX CDbiasY :
aa 5/19/2018 10:24:32 PM Quality 40.078099 29.98 structure 02_30micron ™ 1 off off  off 0 0 C
02_30micron 01_Laura 5/19/2018 10:15:08 PM Quality 0.900048 0.500048  structure 01_Laura M 1 off off  off 0 0 C
Type Binary [Jo1_vonjn 0519 loop | on 1l ot Jof Jo_Jo___[{
Quality | online T ST T, - ——— - M 1 off off off 0 0 C
cell cM job_KD2 t_20180518_pocket_flat [@Y] 1 off off  off 0 0 4
cation 1 nisi_strengthtest_scaled 5/19/2018 3:31:44 PM  Quality 85 90 structure NiRingWafer_strengthtest_2 (@] 1 off off on 0 0 C
off 2_Stopper 5/19/2018 6:53:40 AM  Quality 104 104 structure 2_Stopper ™M 1 off off  off 0 0 C
oFf nisi_strengthtest2 5/19/2018 2:38:05PM  Quality 85 90 structure NiRingWafer_strengthtest_2 ™M 1 off off on 0 0 C
1_Gap_1st 5/19/2018 6:49:51 AM  Quality 104 104 structure 1_Gap_1st ™M 1 off off  off 0 0 C
d o 3_Gap_2nd 5/19/2018 6:55:47 AM  Quality 104 104 structure 3_Gap_2nd CcM 1 off off off 0 0 C
i [nm] g 9 MMW_E241 6in_dense vi  5/18/2018 7:49:04 PM Fast  132.5 126.5 structure MMW_E241_6in_dense ™ 1 off  off off 0 0 ¢
1m] 40.078 29.980 MMW_E241_6in_vi 5/18/2018 7:13:27PM  Fast 1315 127.5 structure MMW_E241_6in_new oM 1 off  off off 0 0 C
3 1/r [mm] -15.000 25.078 nisi_strengthtestwafer 5/18/2018 6:51:16 PM  Quality 85 a0 structure NiRingWafer_strengthtest ™ 1 off off  off 0 0 <
5 b/t [mm] -14.980 15.000 ALO518NiFePt 5/18/2018 5:30:59 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21_NiFePt ™M 1 off off on 0 0 C
‘mm] -15.000 -14.980 ALO518V2 5/18/2018 4:48:54 PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 ™ 1 off off on 0 0 C
antering off AL0O518 5/18/2018 4:46:13PM  Quality 10.005 10.0034 structure AndrewLi_ST-FMR_051618_stepv21 ™M 1 off off  off 0 0 C
Training_05181802 5/18/2018 3:22:09 PM  Quality 11.704 9.309 structure Training_05181802 (@] 1 off off  off 0 0 C
Training_051818 5/18/2018 3:20:11PM  Quality 11.704 9.309 structure Training_051818 ™M 1 off off off 0 0 C
L5_20180518 5/18/2018 12:33:59 PM Quality 58 58.5 structure SiGe_TFET CcM 1 off off  off 0 0 C
Edit Save Delete 180518_XMON02m2 5/18/2018 12:07:38 PM Quality 30.021886 30.025432  structure 20180518_XMON02_m2pp ™ 1 off off on 0 0 C
Canti3_1st 5/18/2018 10:28:21 AM Quality 65 45 structure Cantilever3-1 CcM 1 off off off 0 0 C
Canti3_2 5/18/2018 10:29:33 AM Quality 65 45 structure Cantilever3_2nd M 1 off off  off 0 0 C
ytcheng_90G0F_V4 5/18/2018 9:19:59 AM  Quality 83.1 83.1 structure GO_90keV_Front_Vv4 [@Y] 1 off off  off 0 0 4
diego 5/17/2018 9:07:40 PM  Quality 98.5 93 structure current_collectors-v2 CcM 1 off off  off 0 0 C
L5_20180517 5/17/2018 8:26:16 PM  Quality 58 58.5 structure SiGe_TFET ™ 1 off off  off 0 0 C
test4 5/17/2018 6:21:32PM  Quality 80.1 44.4525 structure Karen_Test4_wafer c™M 1 off off off 0 0 C
180517_XMON02m1 5/17/2018 3:37:18 PM  Quality 30 30 structure 20180516_XMON02_m1pp ™M 1 off off  off 0 0 C
lob 1002 5/17/2018 2:39:14 PM  OQualitv 10.553 10.5575 structure SAmLaraealianment CM 1 off off off 0 0 4




STEP | : FILE (DESIGN) CONVERSION

Exposure Setup Info

e Exposure Info Alignment Info
Load Substrate i
Job Name Job_11291 No. 11291
= Expose Job - >
Substrate Size [mm] Height
ure Design Name 01_wonjin_0519_loo| Layer |FirstExp
alignment Design Type Binary Convert | online
Design Size [mm] 40.1 x30.0 Mode | Quality
2 Dose [ml/cmz] Defoc

X [mm Y [mm
Progress Info Hardware Info Lty B
0.092 0.048
Status umeric Values
Exposure Status
Design Number of DMD oK Z Motor [Steps] 0
Stripe Number of Interferometer oK Piezo [Steps] 65535
Time [hh:mm] of Window OK Stage Air Pressure OK
Write Head Initialized AF Air Pressure [bar] -2.50
F{he':naini?g Time Stage oK Chuck Vacuum [bar] 0.01
mm
Cameras oK DMD Temperature [°C] 53
Laser 0K Laser Power [%] 100.0
Conversion oK Laser Wavelength [nm] 405

Setup Job

Job
_ ~ 1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode.
Name mber Exposure Mode ‘ New Job Restart Job
‘Standard "l 2) Substrate: Choose a Substrate template or shape.
{Job_11291 LTk Load Job Save Job
3) Layer: Select the Layer to expose. In the chosen Layer, select the Laser wavelength and load or create a Design. For overlay exposure, load Alignment template.

Substrate
= | b s e mmm mmmSisepe Size X Size Y Diameter Thickness Optional: In the chosen Layer select a Resist template.
LB N N N B N _§ | J
Layer

Layer (11T G =3 e ———— ‘Mode Size X [mm] Size Y [mm] Expose Crosses Align Crosses Resist Thickness Comment Status Defoc  Duration Angle

FirstExposure 405 01_wonjin_0519_loop Quality 40.078 29.980 Prepared
e N N B B N _§ | ‘

Add Layer Delete Layer

Proceed

Load Substrate { FirstExposure

&5 Unload Substrate




STEP |

FILE (DESIGN) CONVERSION

o ——p

unv

a = X [mm] Y [mm]
Alignment Info Progress Info Hardware Info B
Satim 30b Exposure Info g g + — o
Load Substrate Status umeric Values
Job Name Job_11292 No. 11292 Exposure Status = ;
Expose Job 2 DMD Z Motor [Steps]
P : Substrate Size [mm] Height Design Number of = = - [Steps] =
e Design Name 01_wonjin_0519_loo| Layer [FirstExp Stripe Number of i iezo Etp] -
" . - Z : Window OK Stage Air Pressure 0
Design Type Binary Convert | online Time [hh:mm] of =
Design Size [mm] 40.1 x 30.0 Mode | Quality Ve Hand L Al iv Pressiics foar] 5
Séries g Remaining Time Stage OK Chuck Vacuum [bar] 0.
Dose [mJ/cm?2] Defoc [hh:mm]
s Cameras oK DMD Temperature [°C] 5
. Laser oK Laser Power [%] 101
Conversion OK Laser Wavelength [nm] | 4
I earc Show
)ad Substrate I Load I Cancel Refresh Search Clear QOall ® next | 100 next 14 / 14 loaded
haracteristics —_—— A- =
Name Date Time Shape Size Type Sizex Sizey Diameter Thickness Detection Offset Marks Comment
Name Wafer 4 inch _Automatic rectangular 6/23/2016 6:41:38 AM  Rectangular Small 0 0 0 0 0 Undefined
Shape Round _Automatic round 7/7/2016 12:45:50 AM Round Small 0 0 0 0 0 Undefined
Small [5...12 mm] Standard 1 inch round 2/16/2017 4:14:51 PM  Round Standard 0 0 25 3.5 0 Undefined
Size X [mm] 0.0 o Mask 2.5 inch 4/11/2016 2:11:12 AM  Rectangular Standard 62.8 62.8 0 1.3 -0.35 Undefined
SizeY [mm] 0.0 - Mask 4 inch 3/9/2016 6:00:47 AM  Rectangular Standard 100.4 1004 O 2 0 Undefined
r = Mask 5 inch 4/11/2016 2:12:06 AM  Rectangular Standard 125.5 125.5 0 3 -0.5 Undefined
Diameter [mm)] 100.0 =
= = Small 4/5/2016  1:33:51 AM  Rectangular Small 5 5 0 0 0 Undefined
Thickness [mm] 0.5 = .
2 20 = Wafer 2 inch 4/5/2016  1:28:36 AM  Round Standard 0 0 50.8 0.28 0 Undefined
Detaciion/foet fmn] < = YT T T | I V-7 b Tih 1:29:13 AM  Round Standard 0 Undefined
il @m 11:06:44 AM | Round | Standard E-E-_ undefined| .|
Wafer 5 inc 7/15/2016\ 1:57:18 AM  Round Standard 0 0 127 0.625 0 Undefined
dit Wafer 6 inch 7/15/2016 \:57:07 AM  Round Standard 0 0 152.4 0 0 Undefined
New Edit Save Delete Wafer 7 inch 7/15/2016 Round Standard 0 0 177.8 0 0 Undefined
Wafer 8 inch 6/17/2016 4:49:50 AM  Round Large 0 0 200 0 0 Undefined

omment
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Exposure Setup Info

Alignment Info

v/ Setup Job Exposure Info
Load Substrate

Job Name Job_11292 No. 11292

= Expose 100 Substrate Size [mm] Height
st Exposure Design Name 01_wonjin_0519_loo| Layer |FirstExp
Alignment Design Type Binary Convert | online
' Design Size [mm] 40.1 x 30.0 Mode | Quality

Dose [mJ/cm2] Defoc

Progress Info

Exposure Status

Design Number of
Stripe Number of
Time [hh:mm)] of

Remaining Time
[hh:mm]

Hardware Info i X
0.092 0.048
Status Numeric Values

DMD oK Z Motor [Steps] 0
Interferometer OK Piezo [Steps] 65535
Window OK Stage Air Pressure OK
Write Head Initialized AF Air Pressure [bar] -2.50
Stage OK Chuck Vacuum [bar] 0.01
Cameras OK DMD Temperature [°C] 53
Laser OK Laser Power [%)] 100.0
Conversion oK Laser Wavelength [nm] 405

Setup Job

Job
1) Job: Load a Job or enter the name for a new Job. Select the Exposure Mode.
Name Netnber re Mo New Job Restart Job
' [Standard 2) Substrate: Choose a Substrate template or shape.
Hob_11292 21292 N et — Load Job Save Job
Substrate

| i R
ubstrate Template Shape Size X Size Y Diameter Thickness

% Wafer 4 inch Round 100 0.52 b

Optional: In the chosen Layer select a Resist template.

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

Layer
| Layer Laser Design Mode Size X [mm] Size Y [mm] Expose Crosses gle
FirstExposure 405 01_wonjin_0519_loop Quality 40.078 29.980 Prepared
Add Layer Delete Layer

Proceed

|» Load Substrate FirstExposure £5 Unload Substrate




STEP 2 : LOADING WAFER + PARAMETER SETTING

Material : 100 mm (4-inch) wafer
Prerequisite :
Photoresist coating has been applied on the wafer

2 mm EBR required




STEP 2 : LOADING WAFER + PARAMETER SETTING

4- push vacuum
button to hold wafer

in position
S
1- open window 2- place chuck ( 3- load resist-coated wafer, 5 - get rid of chuck

4inch = 100 mm flat bottom attached to the 6 - Close window
mark aligned with chuck , do not worried about
mark on the stage) precision of the wafer

location (MLA-150

automatically detect the

center of wafer)

L ——— 6 - Hit “load substrate” and hit “continue” in following screen so that the program

| 1 Load Substrate Iq—ﬁmr = Unload Substrate automatica”y center the Wafer_




Exposure Setup Info

STEP 2

: LOADING WAFER + PARAMETER SETTING

Setup Job
Load Substrate

= Expose Job

Alignment
Series
Draw Mode

Inspection

Exposure Info

Alignment Info

Expose Cross Positions

Job Name Job_11300 No. 11300
Substrate Size [mm] 100.7 Height 0.5 Pos X [pm]|Y [pm]
Design Name 01_wonjin_0519_loo| Layer |FirstExp 1 0 0
Design Type Binary Convert | online 2
Design Size [mm] 40.1 x30.0 Mode | Quality 3
Dose [m]/cmz] 90 Defoc =2 4

Positions 1

Progress Info

Exposure Status Exposing
Design Number 1 of 1
Stripe Number 262 of 409
Time [hh:mm] 0:03 0:04

Remaining Time
[hh:mm]

0:

0

1]

Hardware Info X Lol L0
0.000 0.000
Status Numeric Values
DMD OK Z Motor [Steps] 49812
Interferometer OK Piezo [Steps] 34556
Window oK Stage Air Pressure oK
Write Head OK AF Air Pressure [bar] -2.50
Stage oK Chuck Vacuum [bar] -0.48
Cameras oK DMD Temperature [°C] 54
Laser OK Laser Power [%] 100.0
Conversion OK Laser Wavelength [nm] 405

First Exposure

|
l

Expose with substrate angle (13.89 mRad)

Expose the crosses
: [] Auto-Unload

rocee

1
1
[
1
1
|

Expose the first Layer:
1) Double-check Design Name, Light Source, Dose and Defoc.

ose the design with the substrate angle, check
'Expose with substrate 3

3) Optional: Double-check the Expose Cross positions.

4) Start the exposure.

The design will be exposed at the zero position of the stage.
To set the current stage position to zero, click the 'Set Zero' button.

Tn avnneo tha dacinn with tha fannd cithetrata annla artivate tha

Unload I

o
o
5
3
3

o
Camera

Pi d
[ - -
Start Exposure I

i
h-----

Back

Design

X :100.7 mm




STEP 3 : EXPOSURE + UNLOAD

Exposure Setup Info I ] v ]
s mm mm
Alignment Info Progress Info Hardware Info
Setup Job Exposure Info 9 f2od _— —
Expose Cross Positions
Load Substrate - Status Numeric Values
Job Name Job_8939 No. 8939 Exposure Status Exposing
- Expose Job Substrate Size [mm] 100.7 Height | 0.6 Pos |X [pm] |Y [pm] Design Number 1 of 1 DMp oK Z»Motor [Steps] 32589
uf Design lame 550 e 1 0 0 Stripe Number 591 of 654 Interferometer [o]'¢ Piezo [Steps] 33632
= i N oK oK
S Design Type Binary | Convert | online 2 aulime oh:mm] 0:08 | of [ 0:09 M e
o Design Size [mm] SR A E0D Mode | Quality 3 Write Head oK AF Air Pressure [bar] -2.50
Series Dose [m/cm? 95 5 4 Remaining Time . 1 Stage 0K Chuck Vacuum [bar] -0.50
/cm2] Defoc [hh:mm] .
Draw Mode Positions 1 Cameras oK DMD Temperature [°C] 54
Laser OK Laser Power [%] 100.0
Inspection Conversion Laser Wavelength [nm] | 405
First Exposure
Substrate
‘ ‘ Expose the first Layer: ~
= ‘ 1) Double-check Design Name, Light Source, Dose and Defoc. Bt
2) Optional: To expose the design with the substrate angle, check
'Expose with substrate angle'.
Tix 3) Optional: Double-check the Expose Cross positions.
4) Start the exposure.
Expose with substrate angle (2.80 mRad)
The design will be exposed at the zero position of the stage.
To set the current stage position to zero, click the 'Set Zero'
Expose the crosses button. .
-<
Auto-Unload =]
[] Aute-Unloa: Unload 8 Camera
~
3
Design
Proceed




QUALITY CHECK OF
EXPOSURE & DEVELOPING

A ¥

Clean and fine 'edge of ‘
30 ym-width channel




QUALITY CHECK OF
EXPOSURE & DEVELOPING

Successfully developed 30 pm-width loop
channel without any channel blocking _—~




