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Why is pattern fidelity important?

The ultimate shape of a structure affects the optical, electrical or fluidic

performance of devices

* Medical devices (tissue engineering) & m 1
* Biofluidic devices : 2
2 um um m

e MEMS
e Thermal sensors }
 Microfluidics wr

+

=

What are the determining factors and how to easily improve?
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Optical Proximity Effects

* Beam has a ,,blur® which spreads
the intensity radially, not
necessaraly radial-symetric

e Exposure is on a pixel grid, typicall
much smaller than the beam Y Z

* x/y dependency by scan / step ‘ ‘
X  Top view X Side view

e Beam is focused to one plane,

depth of focus is NA dependent Beam size is larger than pixel Not constant along z-axis
(write head) size & it’s direction dependent

* Resist is not fully transparent,
mostly bleaching, leading to depth
dependent intensity
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Process Effects

e Resist is not ,, digital”, most
laser resists are quite low
contrast

* Dissolution rate depends on
local intensity (3D!)
* Lateral development

* Depth dependent
development time

* Resist development loading
effects

* Macro-loading (very large
area)

* Micro-loading (very small area)

Proximity & Process Effects
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& DY, Analysis using 3D Laser Simulation

Layout Laser Exposure

3D Bulk Intensity 3D
Concentration 3D Resist
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& Genldys BEAMER improves Laser Lithography

BEAMER provides the tools to
to correct for major proximity BEAMER

and process effects 2 pm
Laser direct write systems (also I i
MLA) can use BEAMER to

prepare data for exposures

How?

/ BEAMeeting EIPBN 2024 7




e'p‘ GenISys

Advancing the Standard

/

Expose and

process calibration

/
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Rule-OPC calibration and correction

Measure results

with CD-SEM
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Create correction rules
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* The tool

LN HEIDELBERG

Maskless Aligner 150

Writing performance Write Mode |

Minimum feature size [um]

Minimum Lines and Spaces size [um]

Global 2nd layer alignament [nm]

Local 2nd layer alignament [nm]

Backside alignment [nm]

Exposure time 405 nm laser for 4“ wafer [min]

Max. write speed 405 nm laser [mm#%min]

0.6
0.8
500
250
1000
35
285
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* The layout

~ B H
-t B E | |
' @ E Gratings at 0, 50, and 100% density
Y m e Lengths 100 pm / 10 um
F__ I = . CD - 0.4—-1puminstepsof 0.1 um
s ' — 1.2 -2 um in steps of 0.2 um
l .-= — 3—=5uminsteps of 1 um
-1 m
I mE
SEL
imm
-1 WK
m

T

o Y S e v

~ E:L.__._T._._!_.T!T.!-'Eh ...........................................................................
Density -

The experiment

* The process

We thank Dr. Srimongkon for her
support during the experiments

fLIN HEIDELBERG
UL INSTRUMENTS

Type Mask
Material Glass
Substrate Size 2.5inches
Provided by HIKK (Clean surface)
Name AZ1500
Type Positive
Photoresist Thickness 500 nm
Spin coating N/A
Baking 30min@95°C
Developer AZ 400K
Development Dillution 1:4
Time 1 min
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e The Iayout * SEMs of 2 um gratings @85 mJ/cm?

Gratings at 0, 50, and 100% density
Lengths 100 pum / 10 um
CD - 0.4—-1puminstepsof 0.1 um
— 1.2 -2 um in steps of 0.2 um
— 3—=5uminsteps of 1 um

0%

50%

‘A B BB BN EEENEN
ST EHEESEEEEEER

100%
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* ProSEM to process ALL the SEM images

2um_iso_vert_85mJ_d0_4k | Rectangles | M_1 What Ca n be CorreCted ?

Center X[um] : 20.8305

Center Y[um] : 14.3581 M

Rotation[deg] : 0.04 o Wldth
idth [um] : 2.1627

Height [um] : 10.4948 R

Fitted Arealum™zZ] : .06909 [ H e I g ht

BBox Width[um] : 2.2200

BBox Height [um] : 10.6120

Area [um™2] : 22,7312

e Corners

2um_50pct_85mJ_d0_4k | Rectangles | M_1
Center X[um] : 20.4917

Center Y[um] 1 13.6963
Rotation[deqg] : —-0.01

idth [um] : 2.1623
Height [um] : 10.50567
Fitted Arealum”™2] : L1163
BBox Width[um] 1 2.2240

BBox Height [um] : 10.6024
Area [um™2] 1 22.7342

B Target structure
2um_100pct_85mdJ_d0_4k | Rectangles | M_1
Comter dlm 2 .| Contour structure

Rotation[deqg] : 0.01

idth [um] : 2.2085
Height [um] : 10.6028
Fitted Area|um™Z2] : 23.4160
BBox Width[um] : 2.2628
BBox Height [um] : 10.7226
Area[um”~2] 1 23.4575

s BEAMeeting EIPBN 2024 13
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1. Emulate experimental beam conditions
2. Obtain Serifs to improve corners

3. Analyse the Bias to improve width and height

B Target structure
| Contour structure

4 BEAMeeting EIPBN 2024 14
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e Using Laser simulation to find the Resist Threshold

5] Layout & -

Gaussian beam

2 ProSEM Contour
" Threshold simulation
Target layout

Model Settings
Results Data Type
Result Setting
Image Contour
Advance d —
BEAMER Commen t 9%threshold%
/" BEAMeeting EIPBN 2024 15
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@ Advancing thggofrd / The Strategy

1. Emulate experimental beam conditions

2. Obtain Serifs to improve corners -

3. Analyse the Bias to improve width and height

B Target structure
| Contour structure
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* When only minor or localised corrections are required

1l
]
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Gen Sys 2D lithography corrections

M Rule based Process Correction

General Advanced Signal Definitions  Label/Comment

e Rule-OPC
Adjustment of Rules according to

Quick Access

|
Layer(s) *

1st section

Min Free Edge Size [um] 0.050000 Min Segment Size [um] 0.100000

ea S u re e ntS feed ba C k (S E I\/I i Min Corner Size [um] 0.150000 Max Segment Size [um] 1000000.000000
I I I I I I l I l () Bias Limit [um] 0.000000
Action ‘ Dependence Param | Scenario | Condition |
. Insert
Bias CcD ‘AnySegment true
Serif - Corner true Delete
&«
CutCorner - Corner true 7
P
Hammerhead - LineEnd true
D
PEC Bar - AnySegment true own
i ~ 2nd section
e Condition true
\_/j Shape E-Beam
Size [um] 0.010000
Process
Correction Shape Laser Distance [um] 0.020000

size

ges  3D-PEC

Verification

[=]=]
an
s

Corner-PEC

&

Control

P2 Rule-OPC

/ BEAMeeting EIPBN 2024 18



Layout Segmentation

[ | LongSegment

QuterCorner

—

Rule-OPC proces

Applying rules

Lo
_IrI_I]_I
0 LA e

e

-

15

15t section of parameters used to
split layout to segments

Min Free Edge Size [um] 0.050000 Min Segment Size [um] 0.100000

Min Corner Size [um] 0.350000 Max Segment Size [um] 1000000.000000

() Bias Limit [um] 0.000000

S

2"d section of parameters — table of
rules determines changes for each

Dependence Par Scenario | Condition

Insert

Delete

Up
Down

4 BEAMeeting EIPBN 2024
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* Using loops allow us to quickly examine several conditions
Size [um]
03 0.7 1

e’

Overlap [%]
.
0

0.5

-
--

B Rule-OPC structure
] Simulation )

BEAMeeting EIPBN 2024 20
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@ Advancing the Sggrd / The Strategy

1. Emulate experimental beam conditions

2. Obtain Serifs to improve corners

3. Analyse the Bias to improve width and height

B Target structure
| Contour structure

4 BEAMeeting EIPBN 2024 21
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GenSys Getting the bias

* Using ProSEM to get the height and width of the inner gratings

Image Group ID | Measurement |D | Validation | Center X[urn]| Center Y[um] Rotation[ddg] | Width[um]| Heightfum] | fitted Arealum”2]| Fit Error Mean[um]
1.6um_100pct_85mJ_d0_5k Rectangles M_1 Validated |16.4469 11.3185 -0.02 1.8084 104027 1p.8121 0.0153
1.6um_100pct 90mJ_d0 5k Rectangles M_1 Validated 16.7099 11.1834 -0.02 1.8799 10.5294 1p.7941 0.0146
1.6um_50pct_85mJ_d0_5k Rectangles M_1 Validated 16.1315 10.8724 0.01 1.6835 10.3311 |1§.3927 0.0145
1.6um_50pct_90mJ d0_5k Rectangles M_1 Validated 16.1013 11.4737 0.02 1.7196 10.3741 |1§.8388 0.0187
1.6um_iso_vert_85mJ _d0_5k Rectangles M_1 Validated 16.6224 10.9765 0.04 1.6747 10.3339 |1§.3064 0.0136
1.6um_iso_vert_90mJ_d0_5k Rectangles M_1 Validated 16.8243 11.2963 -0.01 1.7083 10.4092 1§.7815 0.0169
1.8um_100pct_85mJ_d0_5k Rectangles M_1 Validated |16.8402 11.2105 -0.06 19970 104053 | 2p.7800 0.0156
1.8um_100pct 90mJ_d0 5k Rectangles M_1 Validated 16.4565 11.0266 -0.04 20710 10.5061 21.7578 0.0165
1.8um_50pct_85mJ_d0_5k Rectangles M_1 Validated 16.6447 11.0873 -0.07 19091 10.3210 |1p.7039 0.0151
1.8um_50pct_90mJ _d0_5k Rectangles M_1 Validated 16.4950 10.9646 -0.03 19363 [10.3796 | 2p.0976 0.0193
1.8um_iso_hor_85mJ_d0 5k Rectangles M_1 Validated 12.8937 15.0530 89.91 1.8849 10.2291 |1p.2805 0.0155
1.8um_iso_hor_90mJ _d0_5k Rectangles M_1 Validated 12.6883 15.2405 89.95 1.9448 10.2920 2p.0160 0.0182
1.8um_iso_vert_85mJ_d0_5k Rectangles M_1 Validated 17.1521 11.3481 -0.16 19125 10.3093 1p.7168 0.0141
1.8um_iso_vert 90mJ d0_5k Rectangles M_1 Validated 16.5857 10.9592 0.02 19430 104000 2p.2073 0.0177

ACD = CDpegsured — CDtaTget

WD 11.7 mm Std.-PC 30.0 HighVac. @XS,OOO
2023 07 24

BEAMeeting EIPBN 2024 22
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ACD [um]

ACD = CDpeqsureda — CDtm‘get

Linearity and process signhatures

0.35

_ % )
0.30 A B I F— spmm ]

%<7~ X

' X T Xy )
0.25 - < b

- l ”——‘ .
0.20 - I+ * ="+

i +’X ’%’__’_.—-——' ______________
015 % .27

' 1 + /’/ %

| 'I. /"/ _l_
0107 1 g ¢ 0%

| ——- fit 0%
*0>7 M + 50%
0004 , ——- fit 50%

' X 100%
~0.05 - ~—~ fit 100%

1 2 3 4 5
CD [pm]

Iso-Dense

Different calibration scenarios are exposed and measured

Dense

/ BEAMeeting EIPBN 2024 23
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" |Laser Proximity and Process Effects
= Calibration for MLA 150

" Rule Based OPCand results

= Conclusion
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e Serifs and Bias rules are all included in a single Rule-OPC module
(one for vertical and one for horizontal gratings)

I Rule based Process Correction

General Advanced Signal Definitions  Label/Comment  Quick Access

Layer(s) 155(0)

Condition (absangle == 90 or absangle == -90) and dens < 0.8

€D fum] Bies um)

2y H B BB B B
Min Corner Size [um] 0.35 Max Segment Size [um] 1000000.000000
8 Bias Limit [um] 2
Dependence Param Scenario Condition Insert
O Bias CcD AnySegment (absangle == 90 or a|
P
Bias CD AnySegment (absangle == 0 or ab Delete
Bias CD AnySegment |(absangle == 90 or a| U
P
Bias CD AnySegment (absangle == 0 or ab;
. - Down
Serif ‘Corner |(absangle_prev == 9(
?ﬁ- Rule-OPC (3) Serif Corner (absangle_prev == -€

0.400000 |-0.020000 I
0.500000 |-0.022670
0.600000 |-0.029265
0.700000 |-0.035402
nannnnn l.nna1inz |
v/ -
EE Laser ‘1) E Exported_ﬁle ‘\’ Import...  Insert Delete . La yo ut

+ -

] Rule-OPC

Ready for a second exposure!

/ BEAMeeting EIPBN 2024 25
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Experimental Results after correction

I I “ Gratings of 5 um @85 mJ/cm? exposure

50% 100%

Did we do better?

4 BEAMeeting EIPBN 2024 26
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99 2 bd / CD before and after corrections

Without With

K correction / correction

0.35 0.35
1 X X 1 e 0%
0.30 ey mmm e oo 0.30 - - fit 00
_ X XXX I 7 fltc())/o
0.25 - 5(’ ———————— 0.25 - 1 S0%
] y N 7 -~ fit 50%
— 0209 L/ + G P P ? _ 0.20- X 100%
E | ¥ o ozm T £ | ~—- fit 100%
=2 0159 /e .22 = 0.15 A
Q 1 ”. /:’/ t Q 1
% 0.10 A T Fd . 0% g 0.10 A
| & ——- fit 0% '
0.051 7 o 0.05 -
x fit 5°o'=y ks L X +
Target] 0.00; - -~ fit 50% Target| 0.00 ] ,zq’% . +
- ¥== :_======= ======t=====_
* X 100% e i S - R
—0.05 1 ~~- fit 100% -0.051 ¥ 4 x +
X X

_ X
1 2 3 4 5 1 2 3 a4 s
CD [um] CD [um]

e BEAMeeting EIPBN 2024 27
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.  Contours taken using ProSEM

 Corners overlap to compare roundness
0% 50% 100%

500 nm
0% [nm] 50% [nm] 100% [nm]

Without Correction 505.36 404.28 555.89
With Correction 277.95 328.48 252.68
[ Target structure
.| With correction _
B Without correction Can we do things even faster?

/ BEAMeeting EIPBN 2024 28
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* [AB can simulate the experiment with the first exposure

2260

Layout Fm

Laser wo/correction Fm

2255

Laser w/correction Fm

y [um]

2250

2245

T
240 245 250 255 260

Simulation 1st exposure
result

e BEAMeeting EIPBN 2024 29
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* [AB has an internal Optimizer within the Rule-OPC module that avoids
external Loops

LaYOUt rl Genessl Advanced  Signal Defintions  Label/Comment A4 ¥ EY ‘ u Wil B L X woorsssege B8~ ¥ 2 Genersl Advanced  Signal Definitions  Label/Comment G FEERL XS B L X wodsdge - ®s 2
Layerls) * Layerls) 1350 Layer Tee Doses Cl¢]*
| CI1 nput
3 Keep Indial Layout = () Keep Initial Layout (=) oo
Laser wo/correction Fam E pae B e
B ) 350
r Min Free Edge Sze [um]  0.0%0000 Min Segment Sece [um] 0100000 a Min Free Edge Size [um] 0050000 Min Segment Size [um] 0.100000 [E:;-;s:?lmrlnm
Ru IE‘O PC | Min Comer Size [um]  0.330000 Max Segment Size [um]  1000000.000000 5] | MinComerSize [um]  0.350000 Max Segment Size fum] 1000000000000 <) I OPC
[ I Simulated Contour
BiasLima fum]  0.00000X 2 0 Bio Liwit fum] 0000000
Laser w/correction s e i BoLow ore
acton Oegencence Parem Scenare Congeon Optemze t Acton Dependence Param Scenaro Condton Optimze Inaert
Sert E Comer e ] Seit I Comer e ]
Delete (m} Delete
™ up
Down Down
Condition e Condtion (sbsangle_prevs +90 and sbsangle_nexts = 180) of (sbsangle_preva = 180 and sbiarn
Type of Send Manhartan Type of Serd ‘Manhattan
Min Edge Length [um]  0.010000 Min Edge Length [um]  0.010000
Min Distance [um] 0035000 Mo Dutance [om] 0055000
Size [um] MOIOSI% Sae [um] I0.10:3510.404691%
Overlap [um] woOs% Overiap [um] ROOSIOI21674%
Cellinformation Messurementinfo Pick D( * |+ E |
To optimze pararmter use thes syntas: Slowes_bound:ftep_tizeupper_bound)optimaer_resull)% To optimize parameter use this syntax: %{lower_boundstep_sizeupper_bound}(optimizer_result)% |
Spechng s e 1z ponal. TReseore: ou Can o the ep e ogethe weth one o the colons smn,-mgmm size is optional. Therefore, you can omit the step size together with one of the colons
presented in the parentheses after the brackets present
Meouse posiban (Layeut Ongen [um: 240.1187.2271.T864 View Area [um: 236591, 2239.484 264103, 21129 Mouse position (Laygff Origi) [um: 281.2920,2251,1200 View Ares [um]: 236,382, 2239.492; 264,103, 2271.920
oK Cancel ey Update Preves

oK | Cancel Help Update Preview

Immediate visual feedback

e BEAMeeting EIPBN 2024 30
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= Gen Sys Modeling the experiment

Without With
correction correction
Layout l'_- - o— { gl \ ) ) ‘ ]
Laser wo/correction Fm |
Rule-OPC Ta e | _ | (55 l
Laser w/correction Fm .- ‘

Squares

instead of ‘

rectangles

BEAMeeting EIPBN 2024 31
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e BEAMER provides numerical means to improve
layouts

‘ Rule OPC (among others)

e Rule-OPC allows selective modifications to a
structure

* A team effort speeds up a process

B Target structure
- - - = 3 1 1 Contour structure
BEAMER LAB TRACER @ Rule OPC structure

/ BEAMeeting EIPBN 2024 33
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Thank Youl!

support@genisys-gmbh.com

BEAMER TRACER R Y

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49 (0)89 954 5364 0

+49 (0)89 954 5364 99
P< info@genisys-gmbh.com

USA Office

GenlSys Inc.

P.O. Box 410956
San Francisco, CA
94141-0956

USA

+1 (408) 353 3951
P4 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenlSys K.K.

German Industry Park

1-18-2 Hakusan Midori-ku
Yokohama 226-0006

JAPAN

+81 (45) 530 3306

+81 (45) 532 6933
P4 apsales@genisys-gmbh.com
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