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+ Laser thography

* Exposure and Development Simulation

* Application Cases
e 2D

e Matrix of Squares

* Gratings
* 3D

» Diffractive Optical Elements (DOEs)
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e Spatial Light Modulator (SLM) used to read layout

Layout scanned on wafer using a Deflector + Lens
Direct laser exposure - No need of a mask
Llow and mid-volume production (R&D)

High-volume production (Industry)

Laser Lithography Basics

Laser Beam Lithography

FAAY

Source

Modulator

Deflector

Lens

Substrate

/
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https://www.tech-fag.com/photodetector.htm| |

Diffractive Optical Elements (DOEs)

https://www.jenoptik.com/products/optical-systems/optical-precision-components/diffractive-optical-elements-doe-microoptics
https://www.agc.com/en/products/electoric/detail/doe_and_diffuser.html /
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https://en.wikipedia.org/wiki/Solar_cell
https://www.tech-faq.com/photodetector.html
https://www.jenoptik.com/products/optical-systems/optical-precision-components/diffractive-optical-elements-doe-microoptics
https://www.agc.com/en/products/electoric/detail/doe_and_diffuser.html
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2 um -

2um_jso_vert_90mJ_d0_4k | Live Measurement
CD[um]: Mean = 2.4280 Min = 2.35841 Max = 2.48

Internal corners Shape lost
rounded

Structures
widening
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& TSN, Laser lithography challenges

Tool factors:

* NA and wavelength define imaging
nerformance

* Beam spot larger than pixel size

* Intensity not constant along Z-axis

Processing factors:

* Dissolution rate depends on local
intensity (3D impact)

* Lateral development
e Depth-dependent development time

X Side View
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5um

2um_jso_vert_90mJ_d0_4k | Live Measurement
CD[um]: Mean = 2.4280 Min = 2.35841 Max = 2.48

LAB simulation replaces many experimental iterations
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e Laser Lithography

* Application Cases
e 2D

e Matrix of Squares

* Gratings
* 3D

» Diffractive Optical Elements (DOEs)
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* Import
* Formats: gds, dxf, png, etc.

Layout Vg

e Simulation
* Laser Exposure

* Modelling
* Resist Models: Mack-4, Development Rate, and Threshold
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/ Overview of LAB simulations

LAB easily imports a pattern allowing simulating laser
exposure on any photoresist and subsequent

Layout Fm

n Resist - Resist
i |
Regions |R1 »‘
| I Laser - Intensity Image - Region R1 - - o x E )r\ . ﬁ ﬂl j-\ -
| User Settings Applied
nnnnnnnn v [Hﬁ?ﬁ%] |
HENE=EMNL wut = z=0.15 [um] | .. !
T DAT [s]
_________________________________________________ 2D View Mode . 25
Discrete  © Contirwous St X '
Color Range Determination Min 00198799 ~ Z-5cale
© Automatic ©) Manual 21515

100

AR Y A A S I

i
Gratings and iso-line -
example Grating.resist ot gsnr
Grating 2D ~ profile
Intensity image
/
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Resist Fm

/

Stack Tool

Layout Parameter

Simulation  Analysis

Label/Comment

Laser Exposure

Laser Exposure Settings

* Settings to establish the experimental conditions

Threshold [mJ/cm#2]:  0.500000

Metrology position settings

Bottom (%):  10.000000
Sidewall angle
Bottom (%): ~ 45.000000

Resist Comment AZ1512HS

Positive DNQ

Wafer stack

Substrate: 4" glass plate (soda lime)
Coated with 2.0um of AZ1512HS

Exposure
DWL66+ Write Mode Il and optical autofocus (gra;
% (filter) of 230mW (405nm diode laser)

Development
Developed with AZ726MIF 3min. @21°C

{8 Load resist optical data from database
AZ1512HS si02
Use Post Apply Bake Model

Wavelength [nm] n unbleached k unbleached n blead

0.0336 1.6714

aser Exg

Region Stack simulalion Analysis L

Machine Type

Wavelength [nm]

Pixel Size [nm]

Number of Gray-Tone Levels
NA

Focus Offset [um]

Flare Background

IncomingLayout (Oinvert Tone  May : < : :
Reg:on ool Simulation Analysis Label/Comment
Layer(s)
Stack Type Planar
2 Wi fn] i Min foen) Tope Material Thickness [un] | To
@ 45 -1.5 -
= Reit m— |
2 = =
Define Metrology by:
© Center, Orientation, TargetCD
Insert Delet: I rt.
Type Center X [um] Cente e e e
@ Line -43.000000

(O Wafer Parameter
Beam Size FWHM [nm]
© Tool parameter

Gaussian Beam Radius [mm)]
Focal Length [mm)]
Exposure Dose

© Direct Input

Exposure Dose [m)/cm*2]

Gauss

405

100.0

0

0.500000

0.000000

37

Region Stack Tool nalysis L)

Grid X/Y [um] | 0.100000

Grid Z [um] 0.050000

Vertical range

O Resist (O User defined

Zmin[um] 0.0
Z Averaging |0

Region Periodicity in X

© Periodic (O Non-periodic

Region Periodicity in Y

© Periodic O Non-periodic
Influence Range
Automatic Manual

Region Stack Tool Simulation abel/Comment

@ Aerial Image (intensity without stack, assuming air)
8 Bulk Image (intensity with stack material)
@ PAC Image (Photo-Active-Compound concentration)

() Reflectivity Analysis  AZ1512HS

Focus Exposure Matrix Dose to Size Reflectivity Swing Curve

Dose To Size...

/
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e Laser Lithography
* Exposure and Development Simulation

e Application Cases

e Matrix of Squares

* Gratings
* 3D

» Diffractive Optical Elements (DOEs)
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4 |deal Resist Contrast Curve
for positive resist

* Traditional 2D lithography is Binary

100%

Thickness

Dose to Clear Dose

Source: MPI Munich y,
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e Laser Lithography
* Exposure and Development Simulation

* Application Cases
e 2D

* Gratings
* 3D

» Diffractive Optical Elements (DOEs)
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e Layout: Matrix of 1 um squares

e Substrate: 500 nm of AZ1505 on SiO,

e Tool resolution: 600 nm

]

Layout

[

1 Pick [um] X: 4.9998, Y. 6.5340,

Bbox [um] LL (4.0000, 6.0000), w 1.0000, h 1.0000
f/noname/gro
Rect (L:1(0), E:1.0000, A [um"2]: 1.0000, CoG [um]: 4.5000, 6.5000)

me/grouped_1

Binary lithography

SEM image

1 um
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=
| ‘ Laser Fm
Tool settings Resist Ta

Lay Bulk image

Intensity
[mJ/cm?] SEM image

max

min

1 um

d Laser Simulation Webinar 16




enlSys . .
g Advancing the S¥dard // RESISt MOdEI I I ng

Laser squares___matrix Fa
Photoresist I laser Fm

Resist

parameters

Layout SEM image 3D Resist View
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* LAB speeds up finding optimal experimental conditions:
* Process
* Bossung curve
* Process window
* Pattern
* Rule-OPC (Optical Proximity Correction)

...........................................

/ Laser Simulation Webinar 18
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squares_ matrix Fm

* Laser Exposure mp Analysis msp Focus Exposure Matrix

e e ™. ©GroupFilter
e 11 1| fmmmn e Select area of interest
i o I B e Bottom, Top, Bulkimage, Center,
B ? R i Aerial
G ol ; * Measure Filter
S s | T * Select analysis parameter
.m CCCCCCCCC ] CD, Contrast Right/Left, NILS
i S Right/Left...

_ Plots analysing CD as function

of focus and dose are called
——— Bossung curves

/ Laser Simulation Webinar 19
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squares_ matrix Fm

| N Analysis View — [m] X
[ ) =|l= N v Process Window:
Exposure Latitude 0.775 (Best Dose 2.977)
@ Auxis Depth of Focus 1.800 (Best Focus 0.400)

Horizontal Axis: ‘ Defocus

3885""I,.||'IlI"'.Evh"|‘45’||||||||11|||'||

Set of Curves: | Dose

Set of Curve-Values:

@ Group Filter
[JBottom (@ Center
[ Top () Aerial
() Bulkimage

e Range of parameters of the
process to yield a desired
result

* Min, Max and Mode

e Acceptability limits for the
process

@ Measure Filter

@co (C) Contrast Left
[ Contrast Right [CJNILS Left
([ NILS Right Sidewall Angle Left

Sidewall Angle Right (] CSE
() Intensity Contrast () Corner Radius

@ Process window restriction

© @12 T:1.5000 um

| Group | Measue Min Max Mode
@ Center CcD 13500 1.6500 Abs
® [JC1, T 0.0000 um

-05 03 -01 01 0.3 05 0.7 09 1.1 13
Defocus [um]

With optimal parameters, an exposure is further improved via design
optimisation

d Laser Simulation Webinar 20
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* [AB has an internal Optimizer within the Rule-OPC module

squares_matrix Fm

General Advanced Signal Defntions _ Label/Comment Gl FE=ERU 27O BL X wodsdgee ~ 2 BT 2
Layer Tee Doses Cl*|°
() Keep Initial Layout El  input
~ 1o
Optimizer Result
Min Free Edge Size [um]  0.050000 Min Segment Sze [um]  0.100000 (] ImopC
Il Simulated Contour

Min Comer Sze[um]  0.150000 Max Segment Size [um]  1000000.000000

(O Bias Limit [um]

Target Layer oPC

R u b _D Pc r. “Action Dependence Param Scenaro Condton Optmze.

Serif - Comer true [-]

Laser (1) W=

Condition true

Type of Serif Manhattan v

Res_ﬁt r. Min Edge Length [um]  0.010000

[=]

Min Distance [um] 0.055000

Size [um] %[0.1:0.5)(0-236190) %

Overlap [um] 9%6[0:0.5)(0.246511)%

Al Hide Show  Cellinformation Measurementinfo Pick Dz ¢ |*
To optimize parameter use this syntax: Se{lowes_| d: T r_bound] _result) %
Specifying a step size is optional. Therefore, you can omit the step size together with one of the colons. .. ... ...
The optimizer result is presented in the parentheses after the brackets. [ [ [ 1] [ B |
Start Optimizer  Stop Optimizer [N . . sms
Mouse position (Layout Origin) [um]: 8.4315,15.2933 View Area [um]: 7.755, 13.577: 9.358, 15.398
oKk | Cancel Help Update Preview

Rule-OPC module allows manual adjustment
to optimize segments in the layout
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Exposure after
Layout 15t exposure optimization with LAB

squares_matrix Fm

Laser Fm

I

Rule-OPC Fgn

Laser (1) Fm

Resist Fn

Laser Simulation Webinar
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e Laser Lithography
* Exposure and Development Simulation

* Application Cases
e 2D

e Matrix of Squares

/

* 3D

» Diffractive Optical Elements (DOEs)
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* Layout: Gratings at 0, 50 and 100% density
e Substrate: 500 nm of AZ1500 on SiO,

e Tool resolution: 600 nm

0%

Layout SEM image

B50%

/
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* ProSEM to process ALL the SEM images

2 rt_85mJ_d0_4k | Rect I M_1 :
e - feganale What can be fixed?
Center Y[um] : 14.3581

Rotation[deq] : 0.04

Tdth [um] : 2.1627 ° Wldth
Height [um] : 10.4948

Fitted Arealum™z] : . 69609

BBox Width [um] : 2.2200 .

BBox Height[um] : 10.6120 4 Helght

Area[um”~2] : 22,7312

e Corners

2um_50pct_85mJ_d0 4k | Rectangles | M_1
Center X[um] 20.4917

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

idth [um] : 2.1623
Height [um] : 10.50567
Fitted Area[um™Z] : 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
Conces eim) 20,555 ] Contour structure

Center Y[um]

Rotation[deqg] : 0.01
idth [um] : 2.2085
Height [um] : 10.6028
Fitted Area[um™2] : 23.4160
BBox Width[um] : 2.2628
BBox Height [um] : 10.7226
Area[um”~2] 1 23.4575

Pro SE-M

d
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Process threshold

* Using Laser simulation in BEAMER to find the Resist Energy Threshold

Gaussian beam

BEAMER

5] Layout & -

Model Settings
Results Data Type
Result Setting
Image Conto
Advance d Threshold
%threshold%
Commen t

M ProSEM Contour
@ Threshold simulation
Target layout

d Laser Simulation Webinar 26
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* [AB can simulate the experiment with the first exposure

2260
|
33
.
o

Laser wo/correction

2255

Laser w/correction

y [um]

2250

2245

I
240 245 250 255 260

X [um]

Simulation 1st exposure
result
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Optimizing Rule-OPC

* Serifs and Bias actions to improve pattern fidelity:

General  Advanced Signal Definitions  Label/Comment

TEHFESSRU X0 BL X wosege - F8- 0®
Layerls) "

T2 Genersl Advanced Signal Definitions Label/Comment Al @LERU XS L X wordsdegee - ®¥ 2
Loys e Doses Clt® Layeis)  1550) Layer Tee  Doses Cl¢]®
[ | e
Keep Initial Layout 7] | ©)Kep initiol Layout (*] Mo
(=] e
Layout @ BT
Min Free Edge Saze [um] 0030000 Mun Segment Scze [um] 0100000 = Min Free Edge Size [um]  0.050000 Min Segment Scze [um]  0.100000 -;:[::]ﬂlllrhsuh
. Mhin Comer Size [um] 0330000 Max Segment Seze [um] 1000000000000 =] Min Corner Size [um]  0.350000 Max Segment Size [um] 1000000,000000 [ Il orc
[#] Il simulated Contour
Bias Lt [um] =] 0 Bias Limit [um] 0.000000
Target Layer opc Target Layer opc
RU le ‘0 PC r. acten Dagensence Param Scanare Cenaten Ogtmze -t Acton Dependence Param Scanaro Cenaron Optmize Insert
Sent - Comes e [ ] Seni - Comer true [ ]
Delete: o Delete.
Laser w/correction ~ S
Down. DOown
Conddtion e Condton (absangle_prev==30 and absangle_next==130] or (sbsangle prev==180 and absan
Type of Serd Manhattan Trpe of Serd Manhattan
Min Edge Length [um] 0010000 Min Edge Length [um] 0010000
Min Distance [um] 0055000 Min Distance [um]
Size [um] OIS

0.055000
Size [um] %10.1:0.5)(0 409469) %
Overlep [um] OO

Overlap [um] N{0:0.5)(0.327674) %

an e Cell information Measurement info Pick Dc * | *
To optimaze parameter use thes syntas: “lowes_ bound:step_szeupper_bound)optmazer resul)%
Epc"'ﬁlﬂq)mnw Therefore, you can omi the step size together with cre of the ¢clons.

presented in the parentheses sfter the brackets. | ]

Cell Information  Measurement Infa  Pick D * | *
To optimize parameter use this syntax: %(lower_bound step_size:upper_bound(optimizer_result)%

Speciying a step size is optional. Therefore, you can omit the step size together with one of the colans.
ol The optimizer result is presented in the parentheses after the brackets.
i} vt Optirioss | [ Shep Opiiner |
Maouse postion (Layout Orgn) rw;mamzzﬂm View Aves fum: 236.591, 2235.484 264103, 2271529
oK Cancel Help Update Preven

i
View Area [um): 236.502, 2239492 264.103, 2271.920

[T Concel

Immediate visual feedback

d
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Gratings - The results

e After correction, the CD and corner rounding are closer to the

- i

target design

ACD [um]

Target

0.35

0.30-
0.25 -
0.20-
0.15-
0.10-
0.05;
0.00 +

—0.05 ~

Pattern linearity

% no corrected
g ——————— oe——————-
XX
25 ). g XX +
e s iE | s B e R o
,,& I e
il e T+ ?
TIx B S e
o e
1 ,.’% _,_*
Pt /,, [ ]
:'g/
[
I
/
+
*?( X " 1 corrscted +
+ 5"&:- o ot U S 0
‘..._..h. _____ 5 G S S ——— [ S ——
————— T_X__—______—_____________
1 2 3 4 5
CD [um]

0%

fit 0%
50%

fit 50%
100%
fit 100%

0% |
i
[ ] Target structure
50% | With correction
B Without correction
100%

500 nm
100% [nim]
Without Correction 505.36 404.28 555.89
With Correction 277.95 328.48 252.68
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e Laser Lithography
* Exposure and Development Simulation

* Application Cases
e 2D

e Matrix of Squares

* Gratings

» Diffractive Optical Elements (DOEs)
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* Traditional 2D lithography is Binary ¢ 3D lithography is grayscale based

Resist Contrast Curve

Thickness [um]
%] = o

100%

Gray value

+¢ll‘ +¢ll‘

4

Dose to Clear
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e I|deally

‘ Energy is linear with the
gray value

100

~
W

Energy [%]
wm
o

N
w

o

0 100 200
Gray Value

Real energy profile for 3D

e Reality

Energy is non-linear with the
gray value and depends on the

resist
Byl T

~Y

100

~
w

Energy [%]
w
o

p L
% 100 200
Gray Value
rd
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o ' i

o L L) |

{ "1'1!”3 ¥ .
1 [ | B

B

1.
=
=
3

i}
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i

| AP

Convex Ienses Fresnel lenses

Source: Heidelberg Instruments | J
/
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e Laser Lithography
* Exposure and Development Simulation

e Application Cases
e 2D

e Matrix of Squares

* Gratings
* 3D
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 Layout: Diffractive Optical Element (DOE)
e Substrate: 6 um of AZ4562 on SiO,

e Extra information: 3.2 um pixel size and exposed height from 1- 5 um

png image

Optical image

SEM image

| - 4
3, ) 3
! !
s
’ | |
o )

—‘.T.a}
P T L L L LR
= B - Sactnen '*' ¢

| ERew

”
-
'

Source: Heidelberg Instruments
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Simulating the DOE

Intensity

[mJ/cm?]
MmaXx

min
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* [AB offers Laser exposure simulation to support 2D and 3D exposure of
patterns

* The optimal exposure conditions are retrieved using a Process Window
simulation

e 2D-pattern fidelity is boosted via Rule-OPC optimisation using
e Serifs to improve corner rounding
* Bias to control shape widening

* [AB predicts Resist contours allowing to do process-corrections without
many experimental iterations

Laser Simulation Webinar
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Thank You!

BEAMER TRACER

support@genisys-gmbh.com

ASKER VIEWER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49-(0)89-3309197-60

+49-(0)89-3309197-61
P< info@genisys-gmbh.com

USA Office
GenlSys Inc.

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

USA

+1 (408) 353-3951
D4 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 (0)45-530-3306

+81 (0)45-532-6933
P4 apsales@genisys-gmbh.com
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