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Confidentiality Statement

The following document is KLA-Tencor Corporation confidential.

Copyright KLA-Tencor Corporation (2009). All rights reserved.

It should be considered confidential under mutual Non Disclosure
Agreement (NDA) between KLA-Tencor Corporation and the
customer using this material.

Do not distribute without any permission from KLA-Tencor
Corporation.
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PC Recommendation for PROLITH X3.1

= Multi-core desktop (Workstation) preferred over laptops

= 2 GHz Intel or equivalent AMD processor ( > 2.5 GHz is best choice)

= 3GB of RAM and higher (>4 GB is best choice)

= 4 cores preferred (8 cores would be best choice)

= 64-bit Vista O/S is most preferred as it does better memory management
compared to XP (32 or 64 bit)

= Nvidia hardware accelerated graphics card is recommended
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PROLITH X3 Releases

CY 2009 CY 2010

PROLITH X3 Platform (X3.0, X3.1, X3.2)

Discrete source spec General Wafer - General Wafer Topography
Topography (LLE, for ArF/KrF/i-line

: . "
Slellglue Inelee e LELE) «  Stochastic for ArF/KrF

1 *
Multi-layer mask Non-planar «  Resist database

Accelerated Mask EMF BARC/Resist . Enhanced resist models

PSF Flare Import first pass *  Accelerated mask EMF

_ _ profiles for second - Export GDS contours
Stochastic resist model pass simulation

w/ Photoelectron model - 1DOPC
Parametric XY Polarization

Image in Media

A@@UTEQ U@ER FRHEN@LYQ FA@T Reflectivity w/ Topography

* yersion 12.0 feature
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PROLITH X3 Releases - Chronology

CY 2009 CY 2010

PROLITH X3 Platform (X3.0, X3.1, X3.2)

X3.0 - Oct-09 X3.1 - Feb-10 X3.2 —= Nov-10

General Wafer Topography
Resist database

1D OPC

GDS Export

Stochastic Model for
ArF/KrF/EUV

Photoelectron Model
for EUV

Isothermal resist
model

Gradient parameters
for full physical model
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Accelerated mask EMF
(ArF/KrF/EUV)

PSF Flare (ArF/EUV)
Topography:

Import first pass to
second pass (LLE)

Image in Media

Reflectivity w/
Topography

Parametric XY Polarization
Metrology changes
PPI Changes




Training Outline

1. General Wafer Topography

2. Mask Model Updates

1. Accelerated Mask EMF (ArF/KrF/EUV)
2. 1D OPC

3. Imaging Tool Updates

1. Sparse source shape (especially for
EUV sources)

2. Parametric XY Polarization
3. PSF Flare (ArF/KrF/EUV)

4. Resist Model Updates

Isothermal resist model
Resist and material database

Stochastic Lithography Modeling
(Licensed Option)

4. Photoelectron Exposure Model
(Licensed Option)

5. Metrology updates
6. PPl Updates
/. Export GDS Contours
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General Wafer Topography




Activating Wafer Topography — Numerics Screen

PROLITH - [30_TMPLTE]
l_!_,-JFile View Parame {ndle  Window Help

N @i fYbdrF=Ed+"®EB FETLRL2HNME U += &
N/

Ta change the Image Calculstion Mode, Exposuwe Passes of Resist Model dizable Ywafer
—  Topographw

CheCk Wafer Image Calculstion Mode: |
topography Ewposure Passes: | |

on ‘numerics’page FoNModel | E
[O N I y aVv a| I ab | e | n & pel Topography!  Dizabling wafer topography will iemove any etch process steps from the 'wafes Process Stack,

VeCtO I I m ag e Source Giid Memoey
Cal C u | atl O n M O d e] Slowes, More Accurate Faster, Lezs Accurabe Avwalable Memoay [Mb]: 1587
e, Recuined Memaory for Resist Profle Simulation (Mb) 10
Speed Factor a
| . ' . T ' ' ' . i
‘Water Gnd Actual Grd Sees
(" Speed Factors Saunce: 0040
| r . 1 . i
4 [mmi): 1.964
o ¥ [ran} 1970
T e —

& Tanget Giid Sizes
W' [nm] 20

Z [} 20
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Wafer Processes Screen

PROLITH - [32nm node dp - non-planar topo.plt]
@ File ‘Wiew Parameters Single ‘Window Help

DEE S FRdrkedys

s SRR AR Ay H | [ b

‘wiafer Topography l ‘wafer Topography Advanced ]

Process Stack

0| i | V|

Step | Type | Mame | Thickness {nm)
g Resist: 32nm node Double Bagter ... 90,000
7 Coat Upper_bilayer_t@ 19,000
6 Coat Lower_bilayer_al 18,000
5 Etch Line

4 Deposit a-Polysilican 50,000
| Deposit Si Dioxide 70,000
2 Deposit a-Palysilicon 50,000
t ||

288l []

Process Properties Step: 1 Type: Substrate

Mame: |Si|ic0n Load... | Save To Database

Riefractive Index at 193.0 Real: 0.883143 |mag: 2777792

Fiefractive Index [real] Fiefractive Index [imag]

e a—

100 200 300 400 500 £00
‘wavelength [nm)

Real
Imaginary

[ e =
[T RS- o}

Mgﬂﬂ * %z 4z | —Pattern v Mask.

276

243
210

51
38

o
B4 35 13 13 38 =
|

Process Stack
= Add process steps
= Remove process steps

= QOrganize process
stack

Process Properties
» Load materials

= Set material optical
properties

= Set coating
characteristics

= Set etch pattern and
parameters

Wafer cross section

Topography pattern/mask
Image
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Wafer Processes

Spin Coat

Etch

eI A A R e s

opography Advanced ]

MajT opograpiy ] W af

Profess SHAck
@a@xl 1/

»= Process stack can contain up to 99
process steps

= Add steps using the buttons

= New steps are inserted above the
selected step

» Resist step is controlled by loading
materials from resist screen

= \WWafer topography must be enabled

Step | Tvpe Marne Thickness {nm
4 Resist S2nm node Double Patter. .. 90,000 to add an etch step, or to SpeCify the
3 coat Do AR40A 100.000 nature of a deposition or a spin coat
2 a-Paolysilican 100,000 step
1 Substrate Silicon _
= Only 1 etch step can be defined
= Only 1 layer can be applied above
the resists, either a CEL or a
material
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Resist and Material Properties

T —— = Resist details only display on the wafer
S — processes screen, it must be loaded
on the resist page.
= \When wafer topography is active, coat
e and deposition methods can be
_ . defined (see following slides)
= Coat, deposit and substrate materials
] can be loaded as parametric
(on material tab)
= User defined n & k values can be
supplied
Refractive Index [real] Refractive Index [imag)
‘ : = QOptical properties are for selected
z ) — wavelength
: : = Database materials can contain data

100 200 300 400 500 E00

et from multiple wavelengths
[ Load As Parametric Cancel
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Deposition Processes: Conformal

‘i afer Topography l wafer Topography Advanced

Process Stack. Pracess Properties Step: 5 Type: Depoasit

QEJ ﬂ JM Material Deposition

{* Canformal

Step |T§.-'|:ue |Name |Thiu:kness i |

4 Resist 32nm node Double Patter. . 90,000 £ Planatizing
3 a-Palysilicon " Partial Fill
z Etch Line

1 Substrate Silicon

» A conformal deposition is applied the current

115
topography stack. 59 -]
: : : : 63
* The layer thickness is defined in the wafer 35 '
rocess grid 12 Yoy,
SS 1d.. 7] 25n 25nm
P g 14 & T
» Depositions may be stacked, but cannot be -40 4 > 250m|<-
place over a spin coat. :g?:
» The nature of the deposited material is defined :ug 1 | | . |
on the ‘material’ tab. 00 60 20 20 80 100
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Deposition Processes: Planarizing

‘' afer Topography l YWater Topography Advanced
Process Stack Process Properties Step: 3 Type: Deposit
il ﬂ x \l/ Material Deposition
£ Conformal
Skep |T':.f|:|e |Name |Thin:kness (i) | - N
4 Resisk 32nm node Double Patter. .. Q0,000 * Planarizing
3 a-Polysilican (~ Partial Fill
2 Etch Ling
1 Substrate Silicon

A planar deposition is applied above the current

topography stack. 1;3 J
« The layer thickness is defined in the wafer ggz .
process grid, and is measured from the 12 25rm
highest point on the prior topography. 14 3 K3
« This is deposit behavior in PROLITH V12 o
- Depositions may be stacked, but cannot be 173
place over a spin coat. 143 3 —

' I ' T g T
* The nature of the deposited material is defined -1 80 200 00 B0 100
on the ‘material’ tab.
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Deposition Processes: Partial Fill

Wafer Topography l Wwhafer Topography Advanced

Process Stack Process Properties Step: 3 Type: Deposit
QEJ ﬂ Jﬂ Material Deposition
" Conformal
Skep |Tv|:|e |Name |Thi|:kness iy | .
4 Resist 32nm node Double Patter. ., 90,000 f Planarizing
3 a-Palysilicon i+ Partial Fill
z Etch Line
1 Substrate Silicon
* A planar deposition is applied to the base of the 90 5
current topography stack. g; g
« The layer thickness is defined in the wafer Ef—:
process grid, and is measured from the _2'42
lowest point on the prior topography. 47 ]
» 70 v
» Depositions may be stacked, but cannot be 97 ] 25nm
place over a spin coat. 115 +
. - . 138 . .
« The nature of the deposited material is defined 100 80 90

on the ‘material’ tab.

200

GO 100
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Coat Processes

Focess cgaries 5 6 Trp:Conk = Coat surfaces may be defined in
one of three ways

i

Interaction Length 5.0 . . . .
T » Planarizing coat (same functionality
Load Spin Coat E] as PROLITH V12)

Seleq:'.ﬁn-!.cm ; ) ) .

S = Parametric spin coat model

Parsmsiric Exampls =5 Srface

= User definable database file

= The user ‘loads’ the coat process
using the same paradigm utilized
for other processes which can be
defined parametrically or by
database item (e.g. sourceshape,
polarization and mask)

= Parametric option appear in the left

ol | window pane

» Database items appear in the right
window pane.
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Spin Processes: Planarizing

water Topomaphy | Waler Topogaphy Advanced

Process Stadk Process Properties Step: 5 Type: Resist

E__ B T S Resist  Coalting
Steo | Type Name Truckgess (o) Name: | Planarizing Load...
B resst |32 node Double Patter 90.000)
| e o
I substrate
A planar coat is applied above the current '
topography stack. .y
» The layer thickness is defined in the wafer 160 90nm
process grid, and is measured from the 134
) : : 109 - T
highest point on the prior topography. 84
» This is coat behavior in PROLITH V12 ggz
» Spin coats may be stacked or applied over 8
etches and depositions. ,E ]
- I [ I I

e The nature of the coated material is defined B4 38 13 13 28
on the ‘material’ tab.
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Spin Processes: Parametric

Waler Topography | waler Topogiaphy Advanced
Process Stack Process Properties Step: 5 Type: Resist

[y Resist  Costing
-

Wame: | Parametric Load
Sep | Tehe MNane Thicig ——
RN Rt |2rm node Double Patter. . B ) Interaction Length

Etch Limé r-'l.nn_t,vr.nml:::
Deposk 5 Dicide T0.000

;

« The parametric spin coat model has 169

three input parameters 149

128

1. Nominal thickness (nm) 108 -

88 -

68 -

3. Minimum Thickness (nm) 3;—_

7

* The purpose of each input parameter will be 14 3
outlined on the following slides B4

-64 38 13 13 38
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Spin Processes: Parametric — Nominal Thickness

‘Waler Topography | waler Topogiaphe Advanced

Process Stack Process Properties Step: 5 Type: Resist
‘ Resist Coaling
Wame: | Farametric Load, I
Sep | Tehe MNane Thicig
CRMllresst  [32nm node Doubie Patter. . o Interaction Length; | 35.0
4 Etch Line Mirdmass: Thicknass: 1 ]
3 Dol S Dacade 70,000
4 Dl s-PobyLiicor S0, 000
1 Suubecty ate Sibcon

 Nominal thickness (nm)

« This parameters defines the
thickness that the spin coat film
would have, when applied to a
planar substrate.

« The PROLITH coating algorithm 7
generates a coating which has an o
equivalent volume to the planar B4 .38 13 13 38
case.

Resist volumes are equal when nominal thickness
Is the same
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Spin Processes: Parametric — Interaction Length

Waler Topography | waler Topogiaphy Advanced

Process Stack Process Properties Step: 5 Type: Resist
Eaad Resist Coaling
-
Wame: | Paramestnc Load
Aep | Tyhe MNane Thickress (mim)
1 mm Interaction Length
: Erch —L... P Thackness
3 Dieposk S Doide 70, 000
Fd Dotk a-Pohysiico 50,000
1 Swibecty e Sibcor

» The interaction length specifies the
half-width of the Gaussian used to
convolve the topography shape

* High number = more smoothing

19 KLA-Tencor Confidential. Copyright KLA-Tencor Corporation. All rights reserved. Kléyencor



Spin Processes: Parametric — Minimum Thickness

‘wafer Topography l ‘Waler Topography Advanced

Process Stack Process Properties Step: 4 Type: Resist
ﬂJJ Resist  Coating l
-
Marne: |F‘arametric Load,..

Thickness (nim)

Step | Twpe

4 3enm node Double Patter. .. Inkerackion Length: | 35.0

3 Etch Line Minimum Thickness :@
2 Deposit a-Polysilicon 50,000

1

Subskrate Silicon

* Minimum Thickness (nm)

* When the coating thickness is less than
the topography step height dewetting of
feature corners is often predicted. [not
observed in Expt.] Onm 3nm

* The minimum thickness constraint
defines prevents the material thickness
going below a defined value yielding
more realistic coverage.
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Spin Coat Model Example Calibration:
Experimental BARC for SPIE Paper

120 nm Pitch 130 nm Pitch

400 nm Pitch 500 nm Pitch 700 nm Pitch

»= Analysis of X-section images shows

1. Thickness of BARC over steps approximately 12nm (10 — 15 nm)
Note: SEM images of etched collected also

2. Thickness of BARC center of gap is always approximately flat wafer
thickness (26nm).

3. Estimate of error in measurement £3 nm
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Experimental Topography Set-Up

Lithography on ASML Twinscan /1900i and TEL Lithius i+ cluster
= 1.0 NA, Dipole 35° Y, 0.9650/0.69ci, X Polarization
" 6% AttPSM Mask
= Very long lines (mm)

Etch on LAM 2300 VERSYS
» BARC Etch: CF4-based recipe with end-point detection
= Silicon Etch: CH2F2/SF6-based recipe. Timed for etch depth target
» Resist strip: O2-based dry strip recipe

Etched Structures
= Nominal 40 nm Width, 60 nm Deep, Etched Silicon
= Pitches vary from 110 nm through 700 nm
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Spin Coat Model Calibration

For each pitch of interest etched topography was assumed to be
ideal, i.e. 40 nm wide and 60 nm deep with rectangular profile.

The BARC thickness above the center of the etched line and the
middle of the etch gap were measured for each pitch (110 nm,
120 nm, 140 nm, 150 nm, 170 nm, 190 nm, 200 nm, 230 nm, 280
nm, 500 nm, 700 nm)

Spin coat parameters were manually adjusted with goal of 12 nm
BARC thickness above the line center and 26 nm BARC thickness at
middle of gap.

Good results (within measurement error) were obtained:
Nominal thickness = 28 nm

Interaction Length = 19 nm
Minimum Thickness = 8 nm

23
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Spin Coat Model Calibration Results

35

30

N
(6]
!

(

l

Spin Coat Model Thickness (nm)
N
o

10 +

Thickness over Line. Target 12 nm (+/- 3nm)

5 T T T T T T T T T T T T 1

100 150 200 250 300 350 400 450 500 550 600 650 700 750
Topography Pitch (nm)
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Calibrated Spin Coat Model: Profile Comparisons

o R i s 700 nm Pitch

JU =
/ : \ 130 nm Pitch

/ \ 110 nm Pitch

AN
Y

a
D

&80

T T T T
-150 -100 -50 0 50 100 150
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Import Spin Coat Surface

Load Spin Coat EJ

Select Spin Coat

= If the spin coat model cannot Ao '
create the desired shape,
. +-[] Code v (5)
the user can add their own 41 () Develop Rates
. . +-(_] Uumination Sps _
arbritrary coating surface as 50 Jones Pupls (1] "
. r - +-[_] Mask Models (5 1:3
a database item. Specifying o O Vasks - 1D.Gra]
. . - [ Masks - 20 Gra 10
height versus position. () Masks - Difrac|
+-{_7] Masks - 2D (38 &

" TWO examples (2D and 3D) + gr::tttzrfl:f({;f} " 60 B0 40 a0 20 A0 0 10 20 30 40 50 D
are provided in the o
database. These can be Dbl = | [e=
exported to show the file 8 o Cont dufaces @
format L o e R e

[verszion]

13.0.0.27

[Parameters]

Example »Z surface i surface name

45, -54.000, 64,000 1% dimensions [points,min,max] = points >= 3

1, -&4.000, 64,000 1% dimensions [points,min,max] ¥ points == 1 ar ¥ points »>= 3
jIEESFS]Ed, 143,925, 143,848, 145,591, 143.124, 142,292, 140,306, 138,588, 134.015, 130.353, 124.144, 115. 084,
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Import Spin Coat Surface

‘w'ater Topoagraphy l YW afer Topography Advanced

Process Stack. Process Properties Step: 4 Type: Coak
2 by /I\ \I/ Material Coating l
Marmne: | Example =7 Surface Load... | Save To Database
Step | Type | Mame | Thickness {nm |
5  Resist 32nm node Double Patter. . 90,000 Bt e [+, 63.00]
3 Etch Line
> Deposit a-Polysilicon 50.000 & Horizontal  C ertical >
1 Substrate Silicon

= Thickess is defined between highest
point on stack and highest point on
imported surface.

v
= Surface can be N
= 1-D Surfaces are always defined in the +

x direction, these radio buttons are
used to rotate the data into the
y-direction
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Import Spin Coat Surface

“wafer Topography l ‘wafer Topography Advanced

» If the coating thickness is set Pracess Stack
such that the imported o] | x| ] V)
surface intersects an existing step [Type [ Mame [Thikness o) |
5 Resisk 3Znm node Double Patker. .. 90,000
topography surface, the s Lower_blayer ARC
S p I n C O at WI I I b e CI I p p ed by 2 E:::usit I.;nli-lF‘E;Iysiliu:u:un 50,000
1 Substrate Silican

that topography

= [n a 3D simulation, a 2D
surface is assumed to extend
infinitely in the perpendicular
direction.

10nm

| |«

= 3D surfaces cannot be
rotated since they are
potentially non-symmetric.
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Process Properties — Etch Pattern

—Process Properties Step: 5§ Type: Ekch .
pattern | xching | = Parametric or database etch
Marne: Idatabasepattern Load... Save ko Database pa‘tterns Can be |Oaded
Feature E‘;ﬁ?:;ir;rva;:ﬁ:em Parameters ——— . .
e caten st = Parametric patterns contain
Name: [Crne [Eag] sove toDssboss | editable feature parameters
Feature Parameters ———————————— Patkern Parameters ———————————
Comer Roureing (um): [ .0 = 2D Database masks can be used
wikh (o [ 0.0  shit (o [ 08 as templates for etch patterns
" Haorizontal % Vertical % Shift {re); | 0.0
= Database patterns contain fixed
e ® polygon features
Select Parametric of Database Pattern
L | | Parametric; Disbabase:
= Patterns +-Fr Masks - 2D
IF Pattems
Rectangle
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Process Properties — Etch Behavior

—Process Properties Step: 5 Tvpe: Etch

patem Exching | = Etch tone can be specified as
| ot e Brightfield or Darkfield

© eanoshiom) [70 = Etch depth can be specified:

(% Etch Stop |5i Dioxide 4|
Profile Type: ISidewaII angle (deg) j - H H
e Using a fixed value
Bis (m): 0.0 = Using an etch stop material
= Additional profile parameters can be
specified, including:
Process Properties Step: § Type: Etch = Profile Type
Patarn Etching
- = Profile Value
* Brghtfield Carifield
* Etch Depth(nm) 0.0 u Bias
Fvuh; Type: | Sidewal Angle (deg) v|

- sdevial Andle (deg
Profte Vaue: (Foorer (height - nem)
Corner Radus - Top (nm)

Bias (AM):  |Corner Radus - Bottom (nm)
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Process Properties — Etch Pattern

—Process Properties Step: 5§ Type: Ekch

patern |etching | = Parametric or database etch
Marmne! Idatabasepattern Load... Save ko Database patterns Can be |Oaded

Feature Parameters ———————— —Pattern Parameters ———————

_P;°:“P|r°pe;“eslsmp’5 Tvpe: Eeh = Parametric patterns contain editable
attern | Ekching
feature parameters

The
edit

Mame: ILine |§'i;'5'é'a':':':"§| Save ko Datal:-asel

» 2D Database masks can be used as

Feature Parameters Patkern Parameters

Sy e templates for etch patterns
wWidth {nm): | 50.0 % Shift {re); | 0.0
£ Horzontal Vertical ¥ it g [ 0.0 = Database patterns contain fixed

JLociratien X polygon features

r—Select Parametric or Database Pattern

Parametric: Database:

[#- Patterns [y Masks - 2D
E-[7 Patterns

...... [7 diagonal line

I
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Create Etch Pattern - Example

Load a 2D mask

Setup the parameters to create the
desired printed CD

= Adjust feature bias
= Set exposure energy

= Set a 2D simulation region
Run a resist profile

Select Z slice at desired profile
height

Click Save to Database and enter a
name for the saved pattern

—Mazk Parameters

Feature ‘Width [nm]: |37.0

Feature Height [nm]: {1000.0

[E] File  Wiew Paramet

Metro, Index [hm);
I 8.40 - l

Z

Save to Databaze...

Fitch [mm]: (192.0
Murnber of Colurmnsz: E
PROLITH - [HandsOnWithProlith_Demo3.j
] File Wiew Parameters Single Window H
DEE Sk EdrF

Metrolagy Type: Fiotation:
- =
A8 W ﬂ
ExnlE]
Zoom:lT

Contour Shown on Metralogy Plane:

Mone

Metrology Results:

-

C3D - Avg [hm) 35,646
CSD - 80th [nm) 55.203
CSD - 35th [nm) 56.174
CSD - 39.7th [rim) 56.346
CSD - Max [rm) 56.348
I i

Alternate Graph:
IMetroIogy Plane Slice 'l

| Exchange Graphs

Save Contour to Database as 1[

Enter Pattern Mame:

Add to Databasel Cancel

-
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Import topography from PROLITH Simulation

LLE Process 1St Pass Simulation

= Run first pass lithography as
a standard PROLITH
simulation with topography — csseiieizesoas spammnne s
off.

= Save the PL2 after running ===
the simulation through resist =z~ "
rofie B

= 2D and 3D simulations as
supported.
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LLE Process 2"d Pass Simulation

Note: There are many business rules. Please use online help by pressing F1
for more information about business rules.

= For Pass 2 use a PL2 with -

topography active @@ N

= Use import lithography stack - e
button on the wafer processes - TOK TAF Pi6-00IME (F 90,000
page to bring in the resist 1 m_
features from the saved Pass 1
simulation.

= The Pass 1 resist is imported as a topography material with the n &
k of the resist of the previous simulation.

» The 18t Pass PL2 must be created with the same version of
PROLITH as is being used for the 2" pass and contain the
simulation data for the final resist profile.
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LLE Process 2"d Pass Simulation

Wafer Topography | Wafer Topography Advanced |

Process Stack Process Properties Step: 3 Type: Profile
i | W (s ? 4k @ Material lF‘attern ]
tes |T}rpe |Name |Thickness C | - Name: [Frozen] TOK TArF PiS-0DIME (FC) -bin € | Load...
4 Resist TOK TAF Pi6-001ME F... 90.000 Refractive Index (Real): 169
3 _ Refractive Index (Imaginary):  0.030333
2 Coat Brewer ARCE295R 95.000
1 Substrate Silicon

= Once the lithographic stack is imported the user can:
= Change the n&k of the 15t pass resist
= Alter the thickness and n&k of the BARC layer
= Spin coat 2" resist over the imported frozen resist profile
= Add substrate contamination to the 2" pass simulation

= NOTE: In PROLITH X3.2 the imported resist is truly frozen, i.e. is completely
inert.
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LLE Process 2"d Pass Simulation

B rROUTH - [Pass-2.

[L] Fle Wiew Parameters Single Window [ats Help

D @i A=+ ER ETAaiBENME = & &)
;ﬁ::ltu‘h‘nl
Y ooy

Z Pavstion jirm)

Saliokogy Plans

shetrology Indest [}

Hetrology Fesuls
Migrba of Maagidanent: | 1
FAeasist CON [rum | w7y
Placemerd Emor [nis| -0
OO Emon %] 1
Sadewall Angls - Righl [dsg ] | B
Sutemall Srgle - el [deg | | [
Sadewall Angls - Bwg [deg ] | B3
i
0

Fasgisd Loees frnn|
Tore= o Clear 580

Abgirals Giapl
Paofin b

Enchangs Graphs

L

I~ 300 200 100 100 200 500

r 3y

X Position (nm)
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Mask Image

| 8| 8|8 ¢ vz vz B —patam sk = Zoom in/out on a section of the

image using the + and - magnifying

77 4 glass buttons

58

33:2 = Turn on/off display of the etch

0 e . pattern or mask using the

-19

138 checkboxes

-58

3 o = Change the cross-section shown in

96 -586 -19 19 58 96 the wafer stack image

= Select horizontal or vertical

= Use the arrow selection tool to move
Green = Mask Pattern the cross-section

= Click the Update button in the
process stack image to refresh the
wafer stack image
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Wafer Stack Image

= Image will not be shown until update
IS selected (unless a single run has

® 2 been executed through the wafer
topography output view)
gig _ = Image is for cutline shown in Mask
510 Image
Ejf = Zoom infout on a section of the
1;2: image using the + and - magnifying
44 3 glass buttons
;;: = Update the process stack image
B R S S S after making changes to the steps
64 38 -13 13 a8

= Thickness information is now output
on the ‘wafer topography’ output
view.
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Wafer Topography Advanced

PROLITH - [Untitled1]
@ File Wew Parameters Single ‘Window Help

DEE Sl Evp¢erF=hs+Z 4B BEEADEHNM L U =

‘wafer Topography  Wafer Topography Advance dl

Maxwel Simulation Mode
@ Avalable Memary (Mb): 1,484
i+ EMF1 (RCW’Q)E Required Memory For Image In Resist Simulation {Mb): 2

Speed)Grid Size Trade-of f

Skep 2 5 Step Z: 2

Slower, Mare Accurd te Faster, Less Accurate Slower, Mare Accural e Faster, Less Accurate
| |
i 1

Size %15 Yl Size Z{nm): 5.22

Maxwell Simulation
Mode (only RCWA at
this time)

Speed Factor/Grid
settings

(recommend 5 for 3D
topography
simulations)

Source Integration

S S (recommend 3 or 4)
1
Source sample plan
Memory estimates
. o
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Wafer Topography Output View

= New ‘wafer topography

@ File Wiew Parameters Single Window Help

g - NEd @i drR=Eh*+ 4B FEHAALENML L‘Eﬂ%ﬂ&:ﬁ:ﬁ@ﬂ,—*_nx
output’ view present when i = =
wafer topography is active. e o

. Zoom:’T
= Topography which corresponds
to the ‘mask’ region is g
displayed. :
= For 3D simulations the defined |§
mask region is displayed.
= For 2D simulations a square
region is shown with both sides o
equal to the mask pitch. R
= The
is displayed -
on this page ‘ y
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Wafer Topography Output View

= The 3D image can be rotated _
using the mouse when the DEd Bl H¥brroE0 4+ =8B FTARAMNMLL & & Eher

- Slice Type: Rotation 3
‘shift’ key is held = 3] X

|||||| i s Wﬂ
EE I P eyl

= When the user 2o 16

= Layers above the selected
material are no longer displayed

= The alternate graph thickness
information for that layer is

d | S p | aye d . Focal Refersnce (rml: 273.72
= |n the alternate graph area comie |

thickness and height
information for the selected
layer is displayed = St
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Wafer Topography Output View — Alternate graphs

= The alternate graph can display pere——=
either ‘cross section’ (the SET TIPSR EX LT S 3E T BN P TTTE PRI LY
same as on the topography set- |=wm

Lower_bilayer_ARC Thickness

up screen) or ‘layer height’
information.

= When ‘layer height’ is selected
a line plot of either 200

can be shown

for the ‘active’ material. e

= The direction of the plane can o Sewete M
be toggled from Xto Y. 0

*= The position of sample plane 0 G0 S0 w0 w0 w0 0 @ % o w0 @
can be moved across the

mask region.

42 KLA-Tencor Confidential. Copyright KLA-Tencor Corporation. All rights reserved. Klﬁencor



The Focal Reference Plane

Problem: Where should
focus offset be anchored to
for complex topography?

After consultation with
scanner vendors the final
solutions is that the
reference focal planeis
the average top surface
height of the stack.

An offset can be applied.

The plane is recalculated
dynamically as topography
and coat/deposition
processes change.

@ File Views Parameters Single ‘Window Help

DEE S S¥drF==b++

B RELARSEINME DT =

i

[Pass

Expozure Doze
Exposure Energy [ml/emz]: [B.9

Calculate Dose To Size... |

Dose Calibration

Location of stepper's doze meter: © Masgk Side ™ Wafer Side

Doze Comectable: |1.0

Mazk Facus
Focal Position [microng): |0.0

Poszitive numbers move the mazk towards the objective lenz

‘Wafer Focus

Focal Position (microns]: |0.01

Position is relative to offset position

Offzet from the top [microns]; (0.0
Positive numbers move the Focal Position | down =

[ Enable Focus Averaging

Relative \water Focal Position

__Focal Plane
__ Reference Flane
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Aerial Image

= Aerial image is the image of the mask projected into the imaging
media without the film stack present. Although the aerial image
doesn’t really exist in real lithographic imaging, it is easy to calculate
and is a convenient proxy for the final resist image.

= The un-aberrated aerial image should be symmetrical round focus
equals zero.

= In PROLITH v 12 and earlier, the aerial immage was measured at a
special plane at the top surface of the resist film.

» Thus the expected behavior is observed when the ‘wafer focus position’ is
determined by the ‘resist top’.

» Due to the piece-wise evolution of PROLITH, the expected behavior is not
observed when other ‘wafer focus position’ references are chosen, or a
top-coat is employed. In such cases a stack dependent focus offset is
Introduced between the aerial image best focus and the zero focus
position.
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Aerial Image

= The introduction of general wafer topography necessitates a change
In the special aerial image plane as the top surface of the resist may
not be planar in all cases.

» The special aerial image is now sampled in the defined ‘focal
reference plane’.

= This new plane is utilized for all simulations, not just wafer topography
simulation

»= An un-aberrated aerial image will always be at ‘best focus’ when the
focus value is at zero, no matter which position wafer focus is measured
against.

= The aerial image results will not change when the stack is altered (i.e., it
IS uneffected by changes to top coat or resist thickness).
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Version 12 Examples: NILS versus Focus

il Image HILS - g Jierss i age MALS - g

-|Best Focus ‘ o . . Best Focus
H. Onm i L : '120nm
a <« Aerial Image <«— Aerial Image,
.| Best Focus . Best Focus
131 +90nm 13/ '120nm
o8 - <— Aerial Image
o7 Aerial Image 05 l
03 02 0.1 Foci“(um) 01 0.2 0.3 03 02 01 o U.U(Um) 0.1 0.2 0.3
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Version X3 Examples: NILS versus Focus

+Best Focus *  ° E ~ "+ Best Focus
' Oonm * ) - 1 . Onm

“IBest Focus o '8 <~ Best Focus
14 Onm i 5 ”. - " Onm

11
o i
10
ns
. oa
| | .
ar
| { n& |
. . . . N . . - s . . . " . .
i1 1] (iR ] [n] 1 [ I} a1 no
F oo [us| Foous [us]
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‘Image in resist’ Output — Main View

= The ‘image in resist’ view shows the
intenSity in the StaCk for a” reglons [Ed Eie Wiew Parameters Single Window Data Help
that are co-planar with the resist |-~ - =t m R BEESsRIRLEE SRR Es

i Position: [rm) Image In Resist

region for the active metrology

Z Pasitian [nm]

plane.

Metrology Plane:
™

= The displayed region extends from |q====—
the lowest point in the resist sim
region (Z=0) to the highest point i -

Relative ntensity

—
2 E 0.7807

g::;:Eerrlr?;r[vl/W]Ennr [nm] 54058 5 . ggg;g

. . . . Intensity Aversas 0320 g 05501

= All interfaces within the region are | & 2 R
. Slope rAvg- [ um] E.045 @ ESES

shown as black lines Lol Lot Vi) 287w W

< > 00121

Alternate Graph

= All metrics for this view are =
calculated using the standard
PROLITH mEthOdS. -BD —40 —-ZO o Z0 40 60

¥ Position {nm}
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Image in Media

= In X3.0 and X3.1
PROLITH only displays the [ e wmmime e Fo e SaRIRLE 2
light intensity for the resist D 157
region and materials in the @EMFL (ROWAK Required Memary For Image In Resist Simulation (MB); 0

same p I ane. SpeediGrid Size Trade-off

Step ¥/ 5 Step 2 2
Sloweer, Mare Accurate Faster, Less Accurate Slower, More Accural 1{} Faster, Less Accurate
* |In PROLITH X3.2, th . -
N 2, INe user
Size 5 ¥l Size Zinm): 5.22

can opt to display the
intensity through the full
process stack.

= Note: This requires
additional memory and
Increases computation
time.

Image In Media
Height Abave Film Stack {Ar): | 0.0

Depth Inta Substrate {nm): | 0.0
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Image in Media

= PROLITH X3.0 (3.1) could be tricked into providing image in the
stack but was slow. Image in topcoat was not possible.

= New option delivers same result but in significantly less time.

TP 1 |

60 200+
404 175 1804
e Relative Intensty i R elative Intensity

147 1604

06445 i 06445

- 05815 121 140 - 05815

05182 B n.a1a2

0.4543 - 120+ 0.4545

03915 a 03915

03261 o 100 03261

0.2648 &0 0.2645

0.20$1% 17 i 02015

01331 a Al — 01381

. 0.0748 a B . 0.074s8

00114 40 o014

20+

R e
B4 .38 -13 13 38 64 —-50 0 50
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Image In Media

= Can now use etch in the stack (instead of being used to induce ‘trick’)

= Now possible to get the image intensity in top coat

= User can optionally extend the image intensity into the substrate or
superstrate (typically air or water).

o 500 _ =
= TCX041 400 '

 Resist 200—

: 200

- IBARC 100+

SO, 0

" |Substrate - 1004
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Reflectivity Options with PROLITH

Standing wave amplitude

Planar film stacks

PROLITH™

140 iy 13:.“; ‘
120 i
- i Along the feature edge,
7 intensity looks like a
swing curve.
40
20
-50 O 50
- 0.3
B —— ] @ 025
D
g o2
c
; 0.15
2 o4
8
(ST £ oor
. . - O j j '
*Split topography into regions that can be 0 50 100 150
approximated with planar film stacks. Height (nm)

*This is a global metric, so it should be used for *Calculate “swing ratio” and report as Standing Wave Amplitude (SWA)

general solutions. *This is a localized metric, so it should be used for specific solutions for
critical features.

*Pros: Calculate reflectivity as usual.
*Pros: Easy to understand. Can be calculated locally.

'Cons What if topography is Sma” and *Cons: For thin films, may not get full “swing”, so SWA may not be
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Reflectivity with Topography — New Metric

Reflected Diffraction Efficiencies

ZeroOrder =R,

All=> R,

Scattered = All — Zero Order

Resist & Substrate reflectivity
= Zero order, Scattered, & All

A global metric, so good for general solutions

Zero Order Reflection Efficiency is what is reported in scatterometry.

All Reflection Efficiencies is total energy reflected off grating.
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New Reflectivity Outputs - Image in Resist

e =

@ Eile View Parameters Single Window Data Help
i TS

DEEH @ Z¥bdrF==20+4+ R ECLREENML| & | ik =EER

4 Az i
5 Position [nm) Imadge In Resist

Az

Z Poszition [nm]

£ Buis:

Relative Intenzity 100

tetrology Plane:

A ==

b etrology Index [nm]: i

no a0 -

— T Felative Intenzity

Metralogy Resulks: = - 05529
MILS - Left 1135 - = =0 — 05380
MILS - Awg 1135 el i gigg‘lz
Standing Wave Amp - Fight | 0.076 & sp- 04422 |
Standing " ave Amp - Left 0.078 ’_Er 0:3483
Standir mell5 e T 03014
DE~bstiate Zen Order | 0.002 D‘f’ 40 0.2545
POE - Substrate Scattered 0.004 i 0.2076
DE - Substrats Total 0.005 = ™ zp 01607
DE - Stack Zero Order 0.013 01138
DIE - Stack Scattered 0.ooz T

\'E - Stack Total 0.015 = 20

Alternate Grapr 10+

[Profile - .

I Exchange Graphs I 0

— —40 - 20 Q 20 40
¥ Position {(nm)

—

Reference: Reflectivity metrics for optimization of anti-reflection coatings on wafers with topography. Mark D.
Smith, Trey Graves, Stewart Robertson, and John Biafore, SPIE 2010. SPIE, 7639, 763935
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‘Image in resist’ Output — Alternate Profile View

= When exchange graph is toggled to

the profile view, the contour of the T2 T T LT, L. ys roia mmmro o v cees
resist image intensity (defined on
the metrology page) is displayed for |-~
the active metrology plane. s

= The contour is displayed in grey. |

= The upper and lower interfaces of |- ¢
the resist are displayed as red e —
contours i S’ 523

= When the contour data is exported 2
(using either the “data menu” or |!"‘ “‘!| e
<ctrl> and mouse drag, only the o EE T
resist image intensity contour

values are included.
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‘Latent Image before PEB’ Output — Main View

» The ‘Latent image before PEB’ view

. . [E] File Wiew Parameters Single Window Data Help _8 x
ShOWS the relat|Ve Concentratlon Of D?ﬂ Bl Y r e B+ ¢ @R FELARIEMNMA LU & e
remaining Photo-Acid Generator Latert g Setors PEG
(PAG) for the active metrology
p I an e . l‘:elmlogy Plane: . 120
- - Metrolagy Indes [nm)] 110 M
= No values are available for regions
outside the resist, these are shown  |e="—m== _ . i
as solid color. e e = S =
= Normal ‘latent image before PEB’  |swis 7, ¢ 2 1
metrics are displayed provided the ..o
“r: . [Pofic - 20
specified measurement height only  |= 10]
contains resist, otherwise zeros are "o o o o m % m
returned. \ f % Paosition {nm)
= Exchange graph will result in a

profile view following that behaves ===
much like that for ‘image in resist’
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‘Latent Image after PEB’ Output — Main View

The ‘Latent image after PEB’ view
shows the relative concentration of
blocked sites for the active
metrology plane.

No values are available for regions
outside the resist, these are shown
as solid color.

Normal ‘latent image after PEB’
metrics are displayed provided the
specified measurement height only
contains resist, otherwise zeros are
returned.

Exchange graph will result in a
profile view following that behaves
much like that for ‘image in resist’

Iﬂﬁila Wiew Parameters Single Window Data  Help

DEH @k fbdrF=E 0+ @B FELRLEHINMR L

=% e

X Auis:

I Pasition (nm]

Y Auis:

Z Pasition [nm]

£ Auis:

Blocked Polymer Concentration
Metralogy Plane:

v

Metralogy Indes (nm]

Metrology Result

Contrast 0.000
CD [nm] 00
CD Error [%] 0o
Placemen t Error [nm) 0o

verage 0320

Slope - Right [1/um) 0.000
Slope - Left [1/um) 0.000
Slope - Awg [1/um) 0000
Lag Slape - Right [1/urn] 0.000
Lag Slape - Left [14um) 0.000
<
Alternate Graph:

Profile: -

Exchange Graphs

N

Z Pasitian (nm)

Latent Image After PEB

T T —T— T
-8 —40 20 4] 20 40 B0
X Pagition {nrm)

Blocked Polymer Concentiation
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‘Develop Time Contours’ Output — Main View

The ‘Develop Time Contours’ view
shows the evolution of the resist
feature during the development
process. Each contour represents
the feature at a particular
development time.

No values are available for regions
outside the resist, these are shown
as solid color.

The metrology results are the same
as those reported in the ‘resist
profile’ output screen.

Exchange graph will result in a
profile view following that behaves
much like that for ‘image in resist’

mﬁle View Parameters Single Window Data Help

DEH Sl Fiddrr20++T#R ESL2IENML

&= Ee

X Az
i Position [nm)

Metralogy Plane:
¥

Metrology Index [rm).

Metrology Results:

CD [rm] 273
CD Enor %) 7.2
Sidewall Angle - Right [deq.) | 84.6
Sidewall Angle - Left [deg.) | 846
Sidewall Angle - Avg (dea] 846
Resist Loss [nm) 01
Placement t Errar [nm] -0.0
Time to Clear [sec) 0.3

<

Alternate Graph:
Profile

Exchange Graphs

AN

7 Position {nm)

120
110
100
90
80
70
60
50
40

30

20

10_\‘
o1

Develop Time Contours

—60

T T T T T
40 =20 0 20

¥ Position (nm)
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‘Resist Profile’ Output — 2D

= The 2D ‘resist profile’ output screen
shows the resist features in the

current active metrology plane, Elésﬁﬂt'r%;mlﬁw‘:r[:élm'rf LB FTNALENMLL & ¥ B -
Topography coplanar with the resist |7 100
is also displayed. 10
. . Metrology Plane: 1 O O
= The CD dimensions reported are osnn 50
calculated using the new “collapse . = 80
resist volume™ method detailed on S 70
subsequent slides. S a1 2 60
" g 50+
= Exchange graph will result in a ( o~ 0]
contour plot outlining the resist T 30
feature in grey. The upper and lower | —zeee | 207
bounds of the original resist region 7

—40 20 G 20 40
¥ Paositien (nm)

are shown in red and blue vertical
lines are included to indicate where
the CD measurement has been
taken.
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‘Resist Profile’ Output — 3D

= The 3D ‘resist profile’ output screen
shows the resist features in the sim
region and the topography stack. T

* Wrdew Oata ek
1@ B KLl TR FTLRLEINMD 2 W

» Topography stack can be toggled
‘on/off’ using :

= The CD dimensions reported are
calculated using the new “collapse
resist volume” for the active
metrology plane (transparent plane).

Arghe - §
Arghe - L
Argh
Vv
4 Eame
>

= Select metrology plane using .
drop-down list — including new —_——
‘top-down Z’ view — see later slides

= Rotate 3D view using <shift> and
mouse

= Exchange graph gives contour plot
for the active metrology plane.
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Metrology Issues: The Problem - Case 1

= How do we measure CD when the
feature straddles topography? e

= Really want to mimic top-down CD
SEM behavior.

= Traditional PROLITH metrology
would return the width of the resist
volume at a particular z height.
Obviously, this would not be the
desired output in this case. e o ——
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Metrology Issues: The Problem — Case 2

= How do we extract the contour of a
line crossing topography?

= Again, we really want to mimic top-

down CD SEM behavior. ,'
= Extracting a z contour at a fixed

height doesn’t reveal a continuous /

line.
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The PROLITH X3 Solution: Collapsed Resist Volume

Issue: How to define a z-plane.
Constant height value could not
extract this line.

Solution: Use weighted profile. Drop
all “weight” of resist to flat plane
then use %age height or constant
height from that plane.

When wafer topography is active, X
and Y plane metrology performed
upon the collapsed volume.
Additionally, a “top down z-plane’ is
available which shows z-contours
on the collapsed volume
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Raw versus Weighted Profiles

= As with previous PROLITH
versions the collapsed volume can
be used for raw or weighted
measurements.

* |n the ‘raw method’ the profile is
collapsed to the substrate with it's
basic profile shape remaining in
tact, i.e. a re-entrant profile will
remain a re-entrant profile.

= |n the ‘weighted method’ all of the
mass of resist over a given point is
dropped to the collapsed plane.
Thus a re-entrant profile will
become prograde. This more
mimics the behavior of a top-down
CD SEM.
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Using the Collapsed Volume

= When wafer topography is active, its recommended that
= Only an ‘Absolute Measurement Height’ is employed.

= The Measurement Height should be kept to less that half the nominal resist
thickness, ideally 0 — 25%.

= Choosing the raw collapsed volume and a measurement height of
0 nm measures the CD between the points where the resist contacts the
material beneath it

= Choosing a weighted collapsed volume and a measurement height of 0 nm
measures the CD at the widest point of the feature.
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Collapsed Volume: Case 1

PROLITH - [example1. pl2]
@ Eile Miew Parameters Single ‘Window Data Help

DEE @ AtdrFreEid>r+2 40 BEENOLIEHMNME W &= & B2
H Ais

i Pasition ()

Y Az

£ Position [nm)

tetrology Flane:
Profile
tetralogy Index [nm]: 709
4 . =
188 s ’

Metralogy Aesults: 167 __/
O [rm) 1386 ] <
CD Errar [%] 2746 147 4
Sidewall Angle - Right [deq.] | 79.6 —_ ]
Sidewall Angle - Left [deg] |74.2 = 126 -
Sidewall Angle - Avg [deg.] | 7E.9 = .“/
Resist Loss [nm) 0.0 = 1 -
Flacement Error [nm] -4.1 g 105 r—"_/
Time to Clear [sec) 0o 8 -_,_,——'—f/

a 84

~ ]
< b3 B3
Allernate Graph: 1
[Profie 42 ]
| e 91 4

0 T — T T T T T T
-150 -90 -30 30 a0 120

KA Position (nm)

Using the Weighted Collapsed Volume
allows a good approximation of real feature width to be obtained
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Collapsed Volume: Case 2

L) Ble wew Parameters Sngle Window [sts Help
DEE @i 2 drF=Eh +"00 FTLAIEHNRLY & &

Metology 1408 Rgistion
2 Topdown =

wlamn ®
!-'-."\'.- lrn.ier:lruul_ — —]
oo = R Ll
2o 2

Zoom |10

Save o Database
Coariou Shovan o Metiology Plare
oo
o - Riasist Frofile
v Diplay Topography

etrology Fesils 100 —_
LS00 - g [rmi] 27 QA &0 —
CSO - BDth ol 47435 e T
CSD - S5ih jm| 62435 G =
=0 - 59,75 | [ = 40
C5D - Ma [nm) [ZEIH E |

=

2 0

" " g 0
Abwirale Grapt |:|- |
IMl‘lll.ll.Li_'\-'Pell‘l.“l.l‘ i | B Ly
[ Escbangs Giaphs | B0 -
80

| 100 S — R
-200 -120 -40 40 120 200

¥, Fagition (nm)

Using the Collapsed Volume and the z top-down plane
allows a good approximation of an SEM contour to be obtained
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Mask Model Updates




PROLITH Mask Model Options

Kirchhoff

PROLITH Mask Model Options

Accelerated

Rigorous Maxwell
9 Maxwell

RCWA FDTD
Range of Angles l
: Arbitrary
Grid Angles Angles l é
i KL/.gl'encor
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New Mask Simulation mode — Maxwell

Accelerated

= New mask simulation mode
‘Maxwell Accelerated’ in addition
to ‘Kirchhoff’ and ‘Maxwell

I PROUTH - [Ustitied )
[T] fia e Parameten
D@ HE @l &® b rF=s

~ | Dasign | Fnaks Duzigs | Hoxdel B OFT | Hack

w  Help

RS RSB

o
T Lo Cowrboerasd

Rigorous’ : _ = T
= This option is only applicable for BEC i e Y I

‘Manhattan’ masks (e.g. features
running horizontal and vertical —

Al remicosarrariz in naih. dneroen

90 degrees) = L A
= Available for all monochromatic
technologies NE
= Uses domain decomposition » oo o
approach
= RCWA algorithms used (FDTD
not available with this approach)
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Accelerated Mask EMF Formulation

(a) )] (c)
I i
= + - I

1, 180° 1, 180° 1, 180° 1, 180°

(d)

r— — — 7
| p— =4
F——< 1 Fr =1
Lo 2k L ]

= =1
—

Step 1: Construction of 2D Rectangles from 1D simulations

= A

ra
Il
L
X
Sl
I
I
L |

-
|
4

Step 2: Stitching Rectangles into 2D Manhattan Polygons

= Based on the idea by Kostas Adam (from Andy Neureuther group).
= Same ideas investigated by Andreas Erdmann for both ArF and EUV.
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Accelerated EMF — Example 1

_—))

e

vorl sl materg | TTiCKness| Refractive Refractive Etch Bias | Bias —_— Profile
=H[=L LEEE inm) | Index (real)| Index Depth Type | (nm) B Valug
[irmae & [nm
_ _ 1 T TR 23| 0em | B T |00 Sewal Aok 5o T
2 Quartz 50| 1512 00 50 |Top | 0.0 |Sidewall Angle (deg) 90.0
3 Quartz ubstrate) 1.56312 0.0 0.0

* Simulation run on 8 Core PC

Rigorous and Accelerated provides

similar results

Aerial Image CD Execution Time*
Rigorous
Kirchhoff - | Rigorous Accelerated (FDTD) - Accelerated

Set-up nm (FDIBY-nm| EMF~am Seconds EMF - Seconds @
1 Angle 76.6 59.2 616 \| 1315 26 51
5 Angles ( \

(Grid) 76.6 58.3 60.1 30156 129 234
9 Angles \

(Grid) 76.6 \57.7 60.1 63920 233 274 /

\/ SN~

Up to 250x Faster
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Benefit of Accelerated EMF Option — Example 2

Rigorous Contour Comparison
60 B L L L L L L L ]
50 0.5 Rigorous
Rigorous 0.4 Fast
0 0.3 Kirchhoff
~70 minutes 0.2 401- f
-50 0.1
-20 0 20
ast EMF, Mean error = -0.40%, RMS error = 0.939%20 [ ]
50 0.5
Accelerated 04
0 0.3 g 0 i
~30 seconds =
0.2
-50 0.1
-20 0 20 20+ -
irchhoff, Mean error = 26.64%, RMS error = 47.28%
0.6
Kirchhoff 0.4 -0 i
~1 second 0.2
-60 C r r r r r r r i
-30 -20 -10 0 10 20 30

X (nm)
Rigorous and Accelerated contours are
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1D OPC - Feature detall

= PROLITH 10.2 and higher allows users to apply model based OPC to 2D mask patterns.
= With PROLITH X3, model based OPC can also be applied to 1D mask patterns

Mask PROLITH - [32Znm Node DP - Non-Planar Topo.plt] |
Wi ndoW @ Eile '\.I'IEJ\ Parameters Single Win =p - 5 X
—
Do @ Lo tARAs =4+ =8B FZL@L A1 =
= D esign ] Feature Deslgn Model Based OPC ask wiiter ] k azk Simulation ] b &l Advanced ]
E The mask display is for reference only. To view the results of OPC application, see
S [ Invalidate en OPC Final State invalidated the Mask output view.
Mame Walue
Starting Criteria
Initial Bia= (nm} 5.0
Model Damping Factor 0.75
Stopping Criteria
Based DSE Target (nm) 10.0
Max terations 4
b Stop If Mo Improvements: =
O PC ta Mowvement Limits
Max= Per keration {nm} 25.0
Options
Final State

Aerial Images
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1D OPC Set-up

Step 1. Load Parametric Mask

Step 2: Set anchor feature target and calculate anchor dose

Step 3: Set feature sizes and pitch to OPC

Step 4: Set OPC Parameters

Step 5: Run OPC and View Results
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Step 1 — Load parametric mask

" L []x]
' o
* On Mask window, load any of £ . ., e\ Mask
the following parametric masks  [; o/ i X Window
. g Sefect Faramernic or Dartsbase Mask
= 1D Line : e -
= 1D Space - mm 5 @ Wada . 2

= 1D Line with Assist Features

= 1D Space with Assist Features

= 1D Island
= 1D Contact sk Eori
= Set feature size and pitch of o
anchor feature. et
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Step 2 — Set anchor feature target and calculate

anchor dose

PROLITH - [45nm Node Lines AttPSM.plt]

@ File View Parameters Single Window Help Metrology - 8 X

O @ L34 vF == 5 ] # o — o ) .
A
1D Metrology Planes l Litho Metmlogy] cs Me‘tmlogﬂ Simulation Region ] Analysis ] WI n d OW
= Resist Type: Positive
Exclude Litho Aerial Resist

ST From Symbol Plane Name WValid? B2 ST LEETE Target CD| _Image Profile

Plane | cimulation (nm} (nmj) PPH‘)‘-_?B'H\ Tone S T CD
1] r CI Yes -45.0 45.0 45.0 |Line ine et arg et

& Tone

Active Metrology Plane ﬂ IK g J J

e Metrology calculated at Y = 0.00.

Showl Symboll Legend |
r #i | Simulation Grid Points
M --- |Sim Region
|~ —_ Pa=s= 1 Mask
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Step 2 — Set anchor feature target and calculate

anchor dose

PROLITH - [LS-1D-SRAF.pl2]

FOCUS @ File View Parameters Single Window Helg - a x
e T =) TR E NS IR = | &
Exposure

Fielative “wafer Focal Position
wWindow

__ Focal Plane
__ Reference Plane

Dose

Dose Calibration

Location of stepper's doze meter: & Mazk Side =

Focal Position [microns]: |0.0

Fositive numbers mowe the mask towards the objective lens

Focal Position [micrans, 1. |00
Fosition iz relative to | affset - | position

Offset from the top [microns): (0.0
Anchor dose: Use Dose To Size to calculate the dose to print

target feature
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Step 3 - Set feature sizes and pitch to OPC

PROLITH - [45nm MNode Lines AttPSM.plt]

File View

Parameters

= & | & He

Single  Window

Help
JZ 3 & . F - =S

M E S L AR
Design ] Feature Dezign ] tModel Bazed OFC ] b @zl “afriber ] bl azk Simulation ] bl el Adwanced ]
Load Masgk... | |

[F‘ass1 7 @

| Mame: |10 Binary - Line
Elack = 0% transmittance
M| Reficts S0 dleghizes “whhite = 100% transmittance
Bias

Global Bias [nm): 0.0

M azk Parameters

Feature “»fidth [rnm]:

Pitch [rim]):

M aszk Coordinates
Top [nm):| 0.0
Left [mm):| -67.5

67.5 | Right [rim)

Bottor [nm]: | 0.0

M azk Background

Transmittance: |1.0 Phase [deg): (0.0
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Step 4 - Set OPC Parameters

PROLITH - [45nm Node Lines ARtPSM_plt]

e Mew Parameters Single

Help

iy

GH @i b mrsE S+ R FTLSENM L &
O P C Tab %.n [esign  Model Based OFT | Mas) wiites | Mask Simulation | Maswel Advanced |
&
E The mask dsplay is for reference only. To view the results of OPC application, see
[ Invalidate OPC wine " & irvadidated the Mask output wvievw.
¥ Ersble
] Name Wakss
Starting Criberia
il B (nm) 1.0
Damping Facior 0%
Slopping Crlera
O PC DSE Targst (nem) 1.0
* Wax Herations 10
Parameters S o rprovran r
Movemesnt Limits
Max Per Beraton (nmi) £Q
Owtions
Final Slate |ns=_|'='l>|:'l-3v -l

Aedial mage
mage In Ressi
Rasisl Profie
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Step 5 — Run OPC and View Results

ITH - [45nm Node Lines AttPSM.plt]

@ File View Parameters Single Window Help - O x
- o & T I
RUN OP Crrseiigriir—isimiimfrr—pp———y—; FPLOMMME U = &
b Show | Symbol | Legend |
§ Ird —— |Simulation Region
_ r —  |Design
r —  |Transformed Design &1
—_ Desired Shape
r — | Original Image =0
Ird lteration Image
—_ teration Error Segments
—_ teration Segment= = DSESS 40
Ird lteration Mask
I —  |Final Mask
30
| Save Final Mask to Database. .. |
20
Save Final Mask to GDS File... |
o ' 10
OPC Iterations [* Indicates Fi
teration | Dseof |
- D __I:.D D _________________________________________________________________________
lterations AR T =Y
ﬁ 2 45.00 8.00 B I aS -10
< 3 383.63 5.00
4 1764 12.0 I d
5 .14 14.42 pp e 20
8 381 15.20
7 1.70 15.81
* 8 16.09 =i
\
-40
OPC was successiul,
-50
OPC Status ot
-50 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
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Simulation Set — Set-up

PRO H - [45nm Mode Lines AttPSM.plt] @
=

[E] Eile wiew Parameters Single Window Help A S
O @i B darrF=Ei5s "B Bl EINMERS ﬁ%nﬁ)‘ Simulation’
— Set

Setup ]

Selected Simulation Set: Mew Simulation Set Corfiguration:
|[New Simulation Set] j Custom j

Inputs
Available Inputs: Selected Inputs:

Wariable Name Value =] Variable Name Initial Final | Step | Typs
+- Wafer Processes Mask Pitch (nm) 90 200 10 Independent

+- Resist

+--- Coat and Prebake
=] Mask

-

Background Phase (deg.) o
Feature Width {nm) 45

- Feature Groups
Background Intensity Transmittance

+]- Imaging Tool
+|-- Exposure and Focus
a1 Brct Ewrmen s Balea -
< | >
Expand Al Collapse Al 12 Tatal Simulations
Outputs Launch
+-[1 Reflectivity
= MNomal = Masks B I aS O lat:t "{E‘Ltave finished selecting inputs and outputs, name the simulation set and
Simulation Mask _ unch button. You can check the Queuwe Window for progress.
™ Special 1D OPC Bias
+-[] Diffraction Pattem
+-[] Aerial Image
Image In Resist
Select Al =0 : ; .
== +-[] Exposed Latent Image Simulation Set Name: _
+--[] PEB Latent Image Custom #1 [™ Launch .m
Clear +--[] After Develop
v Generate Unigue Mame
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Simulation Set — Results

PROLITH - [45nm Mode Lines AttPSM.plt]
@ File View Parameters Single Window Help

OFHEd @ derrF==2l%% &6 BFEENEEMERS =

Setup Results l
Metrology Flane:
| J Customn H2
X Puds:
| Mask Pitch {nm) =1 1D OPC Bias
Y Puds: 50
[1D OPC Bias B3
40 b
Show Min & Max...
30
20
E Wariable Mame Walue
kM azk Pitch [nm] Htmis
10
O
-10
50 100 110 120 130 140 150 160 170 180 190 200
b azk Pitch [nm)]
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Example — 1D Line with Assist Features

PROLITH . % 10 5HA i 1]

Dl @k vy +T @2 FTLLIIENG L ol

Mask. Farameters SR irbeg ot b
Feature width [nm]: |70.0 pas I
Pitch [rrn): (3000 e = =

Mumber of Seattering Bars: |1 v _ #E -

Scattering Bar Size [nm]: 45.0 N - Metriogy ceCulsted at ¥ = 000

Primary Scattering Bar Spacing [m): 117.5 EI_WI .' '
Mask Set-up Metrology

Design] Feature Design  Model Based OPC Mask\N’Hler] P ask S\mulatiﬂn] Maxwel\AdvancEd]

™ Invalidate OPC when OPC Final State invalidated the Mask output view.
W Enable

The mask display is for reference only. To view the results of OPC application, see G e BE R RS- Lt T LN =l

Name Value
Starting Criteria
Initial Bias (nm)
Damping Factor 0.6
Stopping Criteria
DSE Target (nm}
Max fterations 20
Stop If No Improvements. r
Mowvement Limits:
Max Per tteration (nm} 50
Options
Final State Resist Profile

] - - L

s F e Mk b [ abbsme
g, Pl gk i B Pl

PL B v [~ bbb Fis Mk |

OPC Output il
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PPl Command

* Retrieve bias for single run simulation
» GetOPCSingleRunBias()

= Retrieve bias for simulation set
» GetOPCSimSetBias (SimSetindex)

85 KLA-Tencor Confidential. Copyright KLA-Tencor Corporation. All rights reserved. Klﬁencor



Imaging Tool Updates




Sparse Source Shape in X3.1.1

Patameters  Single Window Help

T
@ [riscrete PC SF1 . Hotepad
i Ble Eck Fomst Yew bep
I['varstan]
13,2.0.1

PrERE RTLSBNMA G

REX
= = Y 52
W @i ¥ bk ==
Scurce Shape | |humnation | Objactive Lens | Aberations | Jones Pupd |
Graph Ogtons
W Sowce Shage Irdenaty|
Sendahon
A ar ed as_x, ¥
cxoand yoa alatiuve
sFOF Tha

Load

Name {[n

[

o Vauslaahon ¢

Save o Database
[T Dihacson Paten Eackhal

" Surlece

Graph Type % Cordour

Ditplay ENective Scusce o
& EwtPupd Entance Pugd

Erabie Dobque Incidence af the Mask

05

2
Pupil Position

-0.5

Points are very sparse so Contour plot is has snapping
issues (See next page)

suser pEfined Sourcs Shape Mape
sFormat {0 = grid, 1 = discrertel

Eive Teng pupil)

New ‘Discrete’ option

intensity
caordinates (relative to the obj
the coordinates must be svenly spyded and cover the Tull range from
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87



Sparse Source shape in X3.1.1

New Plot when “Simulation” is Selected

2B PROLITH - [Untitled1]

@Ei\e View Parameters Single Window Help
DEE @b, Fe2id>y+EmM80 FEENLIEHNME @ &

= Source Shape ] Humination I Objective Lens] Ahenahnns] Jones Pupil ]

w
ﬁ Source Graph Options
Load.. | Save to Databage ‘ ¥ Source Shaps [Intsg
- - " Visualizatio
Mame: |D|screta Spiral
[~ Diffraction Pattem [Kirchho

v i

Graph Type: & Contour

Dizplay Efective Source at
& Ewit Pupil

1.0

Y Pupil Position

™ Enable Oblique Incidence at the Mask

o
o

-05 0.0 05 1.0
> Pupil Position

For Help, press F1 LENERERRBY Unsupported PRE-Release Iteration MNUM
h

= When “simulation” radio button is selected, discrete source shapes are shown with an
XY scatter plot. This eliminates the “snapping” errors in the contour plot.
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New option for Polarization

= Parametric XY polarization added to the current list

i© N
- Spectium Polasizabon
Select Parametric or Database Polarization
Load Load Unload
Parametric: Database:
Azimuthally Polarized 45degree_Polarized Name: XY-polssized
Radia larized ¥pol_S0percentPol
< : X¥_Polarization Wavelength [nm} 1930 Degree of Polanzation: 1.0
Polamzation Rotaton [deg ) U0
@ Linex Eflphc
No specirum data cunently in use
—_— — .4{‘.- — —
054
¢ <t
¥ Y
3o 0 51 05 10
¢ ——
0 5-‘
|
e e
”
Polareaton Map
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What iIs flare?

* Flare is the long range “halo”
shown in the picture.

= Flare level is proportional to
the intensity at each point in
the image without flare.

= Halo is present at every point
In the image, but we only
notice the part near the sun
because it is the brightest point
In the image.

= How do we simulate this effect
in lithography?

(Source: wikipedia.org entry for “flare”)
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Imaging Point-Spread Functions

Overall Point Spread Function Overall PSF (Close-up)

12 12

=]
=)
I‘f(

P——— “Normal” PSF ———z-cs !

Relative Intensity
o
m

Relative Int

=]
e
=]
e
N~
-'_'—-—-—._.
|

— Flare PSF—_|

\
;

o
o

-50 o 50 100 01 -0.05 o 0.05 01

KA
[=]
o

Distance (microns) Distance (microns)

= Image is calculated in two steps:

= First part is imaging without flare. This image has very high resolution,
and is a “normal PROLITH calculation.” The Point Spread Function
(PSF) for this part is very narrow (a few nanometers).

= Second part of calculation adds flare. The Flare PSF is the same as the
“halo” on the previous slide. The Flare PSF can be very long-range
(several millimeters).
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Basic Flare Equation — Starting Point

Itotal(r) - (1_TIS o DC)I ideal (r) + PSF (r) ® Iideal(r) + DC ) Iaverage
where

TIS =Total Integrated Scatter

DC = DClike long range flare

I = Average over entire field

average

Basic Inputs are Flare PSF DC term, as well as pattern density
Information outside of the PROLITH mask region.

This model is taken from the paper “Evaluation of stray light and
quantitative analysis of its impact on lithography” by Kim, De
Bisschop, and Vandenberghe in JIM3 (2005). (Also very similar to the
model by Stearns et al. in Journal of Applied Physics, 1998).

DC-like term is similar to equation from Chris Mack (SPIE 2003)
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PSF Flare — Inputs & Outputs

= |nputs

= Flare Point Spread Function
= Parametric
= DC, Gaussian, Fractal, Double Fractal

= Database

= Pattern density (“flare context”)
= Parametric — Uniform

= Database — ASCII file format
= QOutputs

» Modified aerial image and image in resist
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Inputs for Flare PSF — database and parametric

= Database — two columns of data: distance and stray light.

= Parametric — fractal, double fractal, and Gaussian

( K f s r2

] orr > T, Kexp| — 52 forr>r_
Fractal = - Gaussian =

for r<r_
|0 To min | 0 forr<r.
( K1 K2
rn1+1 rn2+1 forr > rmin
Double Fractal =+
0 forr<r.

» Spectral index (n) and ¢ are straightforward inputs in PROLITH GUI

= |nput of amplitude (K) is through TIS (total integrated scatter) — this is the
total amount of flare for an open-frame exposure .
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Flare as new Tab on Imaging Tool Window

Imaging Tool

I8 PROUTH - (32 Node P - g
:!,cl File View Faameters

L RSEEDA -l

Avalatle Mermcry (M) 3977
Nemory Reguired for Flare Caloulyton (M) 3

Part Sread Functon Squation

losd... fron =(1=DC) 1y < DC -1, ag

o b e [Loadpor sorems i L ==
oC: 0.0 -

§ 2 " ] O
1 jreage 1 e average of [, over the wafer

Parametric an
defined flarefpoint
spread funclions sy

Total Stray Ught: O

10 1m

Diglance [mcrons]
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Fractal PSF

@ File VYiew Parameters Single Window Help

H| ia@|x%5§-u;‘ i) *F.la'm' TR

l PROLITH - [Untitled1] = ]

HRIFTL@SENME |

l Pass 1

| Enable Flare

Point Spread Function | pattern Density

Paint Spread Function

Load... Save to Databas

Mame: Fractal

lare Spectral Index, n:

Rmin {microns):
DC:

Total Stray Light:  0.05000

Relative Intensity

1.00e-01
1.00e-03
1.00e-05

1.00e-07

Source Shape | llumination | Objective Lens | Aberations | Jones Pupil | Flare

Available Memaory (Mb):
Memory Reguired for Flare Calculation (Mb):

Paint Spread Function Equation

I =(1-TIS —=DC) . + PSF @Iy +DC -1, .
where

TS is the total integrated scatter

I is the pattern density

averzge 15 the average of Tpp, over the wafer

SF— K Tfor v >y,

(n VYA rm,,
P¥ia

K=

How to obtain these parameters ?
*Kirk test
*Ask scanner vendor / lens maker
*Calibrate (need to know the practical range)
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Double Fractal PSF

@ File View Parameters Single Window Help

NEE @2 drFEFEhF+ 2B ERENARLEHMNME | = &

Source Shape | lumination | Objective Lens | Aberations | Jones Pupil | Flare

[ Pass 1

/| Enable Flare Available Memory (Mb):

Memory Required for Flare Calculation (Mb):
Point Spread Function | pattern Density

Point Spread Function Point Spread Function Equation
Load... Save to Datz I =(1-T18 -DC\I,, +PSF@-IFD+DC-I_,_‘.§;E
MName: Double Fractal where
TIS is the total integrated scatter
TIS: 0.05 . .
I is the pattern density
Primary Fractal ) ;
Flare Spectral Index, nl: 1.5 I_a\-azge is the average of Jop, over the wafer
TIS Fraction: 0.7 PSF = KFl + K: for r = .
rﬂ__l ;;__1 min
Secondary Fractal DTS
H, — Foin
Flare Spectral Index, n2: 1.1 Kl M
2
Rmin {microns): 0.2 K (] F¥ i, =1 IIS }‘II,
DC: 0.0 - 2T
Total Stray Light: 0.05000 f is the TIS fraction

Relative Intensity

1.00e-01

1.00e-03

1.00e-05

1.00e-07
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Gaussian PSF

@Eile View Parameters Single Window Help

D @ % brF=EEts+ R BN RLEMNME| -5

- Source Shape | llumination | Objective Lens | Aberations | Jones Pupil | Flare
w
& | Enable Flare Available Memaory (Mb):

Memory Reguired for Flare Calculation (Mb):
Point Spread Function | pattern Density

Paint Spread Function

Load... Save to Dat

Mame: Gaussian where

Paint Spread Function Equation

I =(1-TIS —DC)1,,., + PSF ® I, + DC-1,

Average

TT5 is the total integrated scatter
TIS: 0.05 . .
I is the pattern density
Si i : 10,0 c
igma (microns) I yereee is the average of Ty over the wafer

Rmin {micrens): 0.2

/ 2
.
oc: 0.0 PSF:KE:xpil i :forr > Fain
\ 20
Total Stray Light: 0.05000 (o2
IS [ ¥ pin™
K= SEXp — o |
2o ” L 207 )

Relative Intensity

1.00e-05
1.00e-06

1.00e-07

1.00=-08
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Database PSF

-

- I )

Eile Edit Format ¥iew Help

[Versdion] -
13.2

[Parameters]

Example : Flare PSF name
: data as distance (microns), relative intensity
[data] =
o.2 0. 6882177875

.21 D. 589364275

0. 2205 O. 509181414

0.231525 0.4329910124

0.2432310125 0. 2B00G65261

0. 255256313 0. 328363845

0. 268019128 0. 282697537

0. 281420085 0. 245108865

0.295491089 0. 211770686

0. 3102656432 O.182968447

0. 225778925 0.158084851

0. 342067872 O.126586627

0. 3259171265 O.11801 3084

O. 377129828 0.1019662325

0. 329598632 O.0BB10O226

0.415785636 O.0781241 24

0.436574918 0. 065775257

0.458403664 0. 05682395

D.481323847 Q0.049108704

0. 5052900329 0. 04243407

0.530659541 0. 026667116

0. 557192518 0. 03158436

0. 585052144 0. 027379123

D.8143047 51 D.022659243

0. 845019989 0. 020445097

O.&6877270988 O.01l7667897

0.711134538 0. 015268214

O.748691264 0.013194704

0. 784025828 0.011403011

0. 8232227119 0. 009854809

0. 864388475
0. 907607899
0.9529882904
1. 000637708
1.050669594
1.103203074
1.158363227
1.216281389
1.277095458
1.32340950231
1.407997742
1.47839763

1.552317511

0. 00851699

0. 007260947
0. 006361966
0. 005498695
0. 004752684
0. 004107994
0.003550854
0.002069365
0.002653246
0.002293614
0.001L982794
0. 001714155
0.001481966

[Ty — e

|

ILT}[n!e View Parameters Single Window Help

Ned B f*brFEEd*+80 FTLOLIHMMA

Scutce Shaps | Ihuminsion ‘ Objecive Lare | Absnatons | Jonss Pupd | Flae

i
[ ¢ Enabie Mare

Port Spread Funchon | Pattern Density
Point Spread Funciion Equation
Lo =(1-TIS)I

where

Pant Spread Function

Load... Save to Database +PSF @I

(EP D

Name: Example
15 is the total mtegrated scatter

TIS: 0.17

o

I 1s the pattern density
PSF 15 user defined

Rmin (microns): 0. 20000

Relatve Intensty

10001

1.00e-05

1.00e-07

1 IZIZ\\:--UJ |
!
!
I

99
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Long, Medium, and Short-range Mask

Information

“Tile Distance”

= Long range and medium range information comes from
= Database — 2D array of intensity values

= Parametric — rectangular region with transmittance

= Short range information is rigorous imaging calculation tiled out from
the PROLITH mask region
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Parametric Pattern Density - Uniform

= User can select parametric or
database pattern density Neme: Uniform
= For long range and medium it (icrans: it (ricrons):. 20000,
range user can choose Uniform - Perodee
pattern density:
= User can specify the area e e w0000
Right: 10000,000 Bottom: -10000.000

= Same transmittance is applied
to the entire region
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Database Pattern Density — User defined

o . - —a -
@ Eile Wiew Parameters Single window Help - &

OEd @fc ¥ bdrr=20++48 REL@LENMIL a

Source Shape | llumination | Objective Lens | &berations | Jones Pupil | Flare

[#]Enable Flare Available Memory (MB): Static
Memary Required For Flare Calculation (ME): Static
Point Spread Function | Patkern Density

Long Range Mediurn F.ange Short Range
Load... ] [Save to Database ] Load... ] [ Unload. .. ] [Save to Database ] Center ¥ Position {microns): | 13190.0
Mame: | Tile Test Coarse MName: | Tile Test Refined Center Y Pasition (micrans)i | 6450.0
Pixel Height (microns): 100,000 Pixel Height {microns): 10,000 Tile Distance {microns) | 0.5
Pixel Width {microns): 100,000 Pixel Width {microns): 10,000 Pattern Coordinates {microns)
[Perindic Die Center ¥ Position (mickons): | 13200,0 el 1R VEEE S

Right: 13190.564 Botkomn: &6449.436
Center ¥ Position {microns): | £450.0

Pattern Coordinates {microns) Pattern Coordinates {microns)
Left: -185,000 Top: 11047,500 Left: 12400.000 Top: 7000000
Right: 20115000 Botkomn: -52,500 Right: 14000.000 Bottom: 5900,000

Guidelines
Long range pixel size ~ 10 - 500 um
Medium range pixels size ~0.5-10um

EEEEENEEEEENEN
EEEEEEEEENEEE Short range Tile distance ~ 2 X rmin ON

EEEEEEEEEEEN PSF (or larger)
NN e EN

% shows location of mask region.
Biox shows location of Medium F.ange Pattern Density,
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Database Pattern Density File Format

a) Database Pattern Density File Format
1) A database pattern density will be available for long and medium range pattern densities.
i) The database entry will consist of:
(1) The name of the pattern density.
(2) The top, right, bottom, and left dimensions in microns.
(3) The number of rows and columns
(4) A 2D array of transmittance values. Where the transmittance is between 0 and 1 (inclusive).
iii) An example of the file:

[Version]
13.2.2.1

[Parameters]

Example Pattern Density ;Pattern Density name

130000, 120000, 100000, 100000 ;Pattern density dimensions [top,right,bottom,left] (microns)
300, 200 ;Rows, columns

[Data]

0.04258 0.10708 0.10711 0.10746 0.1074 0.10826 0.10802 0.1064 0.10724 0.10585 0.03009 ...
0.04145 0.10718 0.10602 0.10767 0.10598 0.10519 0.10606 0.10656 0.10419 0.10633 0.02693 ...
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Workflow to set-up pattern densities

Full Chip GDS
Viewer/Editor

KT can help in
translating file
formats

Long and Medium range
pattern densities in
PROLITH
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Example of pattern density file generation usin

QckVu and Areafill software from Artwork

= Command to generate coarse pattern density with 100 um x100 um pixel size
C:\WCAD\AreaFil\areafill.exe tiletest.gds tile_test coarse.txt = +2 -tile:100,100

= Command to generate coarse pattern density with 10 um x 10 um pixel size

C:\WCAD\AreaFil\areafill.exe tiletest.gds tile_test_refined.txt = +2 -tile:10,10 -window:12400,5900,14000,7000

File Edit Format View Help
Layer: 2 i~
Tile # Row Column Tile center (x,y) Filled area (um~2) % Relative J " Tile Test Coar

1 1 1 (-135.000000,-2. 500000) 0.000 0 ™~ File Edit Format View Help

2 2 1 (-135.000000,97. 500000 0.000 0.000 [[version] n
3 3 1 (-135.000000,197. 500000) 0.000 0.000 Ni3.2.2.1

4 4 1 (-135.000000,297. 500000) 0.000 0. 000 . . .

5 5 1 (-135.000000,397. 500000) 0.000 0. 000 —_

CR I S oA 5:9%8 5:9%8 . Relative area fill = transmittance value

7 7 1 (-135.000000, 597 500000) 0.000 0. 000 -52.% .

8 8 1 (-135.000000,697. 500000) 0.000 0.000 in PROL'TH (15% = 0 15)

1 (-135.000000,797. 500000) 0.000 0.000 [ .

10 10 1 (-135, 000000, 897. 500000) 0.000 0.000 0 0.0475 0. 2370 oramm Ui S G T e e e 0. 2375
11 11 1 (-135. 000000, 997. 500000) 0.000 0.000 0.2375 0.2375 0.235 0.3 0 0. 0. 0. 0. 0. 0. 0.3 0.3 0.3
12 12 1 (-135.000000,1097 . 500000 0.000 0.000 0.3 0.3 0.3 0.3225 0.4125 0.4125 0.4125 0.4125 0.4125 0.4125 0.4125 0.4125 0.4125 0.4125
13 13 1 (-135.000000,1197 . 500000) 0.000 0.000 0.4125 0.4125 0.4125 0.4125 0.30188 0.27312 0.285 0.26125 0.26125 0.285 0.27313 0.26125 0.27313 0.285
1 1 1 {-135.000000,1297. 5000002 9. 000 9. 000 §i501EY B E0tEs B a8 BT I B OO O 613 Didz03s 0,435  0.42375 0.42375 0435  0.42935 0.42375
15 15 1 (-135.000000,1397. 500000) 0.000 0. 000 . 3 B - -32813 0. - -42375 0.42375 0. - 4237
Te Te 1 (_135. 0000001497 . 500000) 0" 000 0. 000 0142038 0435 0142375 0.42375 01435 0.42938 0142375 036188 0 0 0 o o 0 e
7 7 1 (-135.000000,1597. 500000) 0.000 0.000 0.50875 0.51625 0.50875 0.51625 0.50875 0.51625 0.50875 0.51625 0.50875 0.51625 0.50875 0.07875 0 0
18 18 1 (-135.000000,1697. 500000) 0.000 0.000 0.30875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.07875 0
19 19 1 (-135.000000,1797. 500000) 0.000 0.000 0.3275 0.4 0.4 0.4 0 0.4 0.2725 0 0 0.1275 0.4 0.4 0.4 0.4
20 20 1 (-135.000000,1897. 500000) 0.000 0.000 0.1 0.0725 0 0 0.30875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875 0.3875
21 21 1 (-135.000000,1997. 500000) 0.000 0.000 0.3875 0.3875 0.07875 0 0 0.4375 0.50875 0.51625 0.50875 0.51625 0.50875 0.51625 0.50875 0.51625
22 22 1 (-135. 000000, 2097 . 500000) 0.000 0.000 0.50875 0.51625 0.50875 0.07875 0 0 0.44625 0.525  0.525 0.525 0.525 0.525 0.525  0.525
23 23 1 (-135.000000,2197. 500000) 0.000 0. 000 g 525 g-izs 8-225 g 225 g 27875 g 5 0.5 o5 0.5 os o.s 0.5 0.5 0.5
3535 T (1330000002397 3000009 0:000 6:600 I T O O T T T A O
26 26 1 (-135.000000,2497. 500000) 0.000 0.000 075 0.5 0.75  0.75  0.725 0.575 0.6 0,55  0.55 0.6 0.575  0.55  0.575 0.6

7 7 1 (-135.000000,2597. 500000) 0.000 0.000 0.55 0.55 0.6 0.57 0.55 0.565 0.6 0.5 0.6 0.6 0.6 0.6 0.6 0.6
28 28 1 (-135.000000,2697 . 500000) 0.000 0.000 0.6 0.6 0.6 0.6 0.6 0.6 0.65 0.83 0.84 0.82 0.82 0.84  0.83  0.82
29 29 1 (-135.000000,2797. 500000) 0.000 0.000 0.83 0.84 0.82 0.82 0.84 0.83 0.82 0.7 0 1] 0 0 0 0

30 30 1 (-135.000000,2897. 500000) 0.000 0.000 0 0 0 1] 4] 4] 0 [ 0 [} ] 0 0 0.5087
R 31 i (-135. 0000002997 . 500000) 0. 000 0. 000 036625 0.93875 0.30625 063875 0.30625 0.05875 0.30625 0. 63875 0.30625 0.65875 0.30625 0.33 0 O

32 32 1 (-135. 000000 , 3097 . 500000) 0. 000 0. 000 7 7 7 7 -7 .7 -7 -7 .75 0.7 -7 1 R

33 33 ] 7135, 000000 3107 500000) 0. 000 0. 000 06125 0.75  0.75  0.75  0.75  0.75  0.5125 0 0 02375 0.75  0.75  0.75  0.75

. 075 0.1375 0 0 0.6 0.75  0.75 0.7 0.7 0.7 0.75 0.7 0.75 0.7

34 34 1 (-135. 000000, 3297. 500000) 712.500 7.123% 0.7 075 015 0 0 0.50875 0.36625 0.65875 0.36625 0.65875 0.36625 0.65875 0.36625 0.65875
35 35 1 (-135.000000,3397. 500000) 1500.000 15.000 0.36625 0.65875 0.36625 0.15 0 0 0.85  0.55375 0.475 0.92125 1 0.55375 0.475  0.92125 1
6 36 1 (-135.000000, 3497 . 500000) 1500. 000 15.000 0.55375 0,475  0.92125 0,15 ©

7 7 1 (-135.000000,3597. 500000) 1500.000 15.000 0 0.1 [¢] 0.5 0.5 0.5 0.5 0.5 0.5 0.3 0.5 0.5 0.5 0.3

38 38 1 (-135.000000,3697. 500000) 1500.000 15.000 0.5 0.5 0.475 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

319 39 1 (-135.000000,3797.500000) 1500. 000 15000 0 o5 st oAl o7s 073075 075 973 075 s 075 075 0.5
40 30 1 £-135.000000, 3897. 300000) 1300.000 13-000 055 0.55 0.6 0.575 0.55  0.56125 0.575 0.575  0.575 0.575 0.575 0.575 0.575  0.57
41 41 1 (-135.000000,3997. 500000) 1500.000 15.000 0.575  0.57/5 0.575 0.575 0.575 0.575 0.62813 0.81938 0.83  0.80875 0.80875 0.83  0.B1938 0.B0875
42 42 1 (-135.000000,4097. 500000) 1162.300 11.625 0.B1938 0.83  0.80875 0.80875 0.83  0.81938 0.80ET5 O.69063 O 0 0 0 0 0 0
43 43 1 (-135.000000,4197 . 500000) 0.000 0. 000 H H o 2 a a H 0 0 2 a H 0 0.84125 -
44 44 1 (-135.000000,4297 . 500000) 0.000 0. 000
45 45 1 (-135.000000,4397. 500000) 0.000 0. 000
16 186 1 (-135.000000,4497 . 500000) 0.000 0.000 -
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Aerial Image w/ and w/o PSF Flare for EUV

EUV Example w/ flare (35 nm lines)

=¢=\/0 Flare
==w/ Flare

Less Contrast w/ Flare

-40 -30 -20 -10 0 10 20 30 40
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Resist Model Updates




Chemically Amplified

Resist Model

:
= [nformation Tab plus 4 [T e e e s = [olix

DEH @i % prFa20 5+ #B BRELASEMNME U =

parameter tabs &

Load Resist... ‘ Save Resist to Database | M ame: |Generic ArF Resist

Information ]F'AB ] Expose] PEB ] Develop]

General Comments:
Wendor: Generic

PA B (S Oft b ake) Technology: ArF Genreric &F resist File
‘Wavelengths: 193,00
Tone: @ positive ¢ Megative

Exp Ose Resist Model:

Simulation Mode: |

Process Information
P E B Tvpe of Resist:
Wavelength: 193nm

PAE:

PEE:
D eve I O p Develop Time:
Thickness:
BARC:
Dose ko Size:

-
< | B
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Chemically Amplified Resist — PAB Tab

= 2 Options PROLITH - Uit BEE

@ File Yiew Parameters Single ‘Window Help
[

= None. Choose this op‘[ion’ DEE @i S prFaEt 4+ 240 REARIEHNME U & &

the thermal deCOmpOSitlon Load Resist... ‘ Save Resist to Database | M ame: |GenericA|FHesist
model describes the

Infarmation  FAB lExpose]F’EB ]Develop]

decomposition of PAC o ot [T
in conventional (Novolak) -
resist, not appropriate for 1
Chemically Amplified
systems.
= Thermal Decomposition:
this option is included to o e e T e e
support legacy files only.
Lnfan) (1/s): [-1000.0 Ealkcalimole): [00
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Chemically Amplified Resist — Expose Tab

PROLITH - [Untitled1]

= Only one expose model (Dill) e bl vt o
NDEH @i L2 frF=EdSr+"00 T
" SpeCIfy Optical Parameters Liowd Resist Save Resist 1o D atabase | Hame: |Gersng aF Fead
= Dill A, Dill B and Acid Generation iomatin| PAB Evpose | PE8. | Devek |
rate C (Dill A should usually be 0) e
Ol Praamastiens (8 1530 rom
= Specify unexposed index and delta o 1 [
.. . DB (1 b [15
upon exposure (this is retained for o e 1
Iegacy reasonS) Rahacima Indax & 133.0/nm )
= Vertical Reactant Gradients A
u NeW user feature Redatve Quencher Concerration: [02
. . Veilical Aaactant Gradenl:
= Precise Profile Control PAL Fislive Suface Cancsnirsion:[11
. . it Giadiert Depth (el [100.0
u See fO”OWIng Sllde Querches Relstve Suilace Concenirabon: | 1.0
Quenche Gradient Depty fnmE ET
= NOTE: Quencher loading is
specified here.
|Fo Help, prass F1
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Chemically Amplified Resist — Expose Tab
Gradient Effects — Profile Control

Quencher Gradient

Rel. surface conc.=1.2
Gradient Depth = 45nm

No
Gradients

PAG Gradient
Rel. surface conc. =4
Gradient Depth = 1.5nm

Both
Gradients
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Chemically Amplified Resist — PEB Tab

PROLITH - [Untitled1]

IE File Wiew Parameters Single ‘Window Help

DEE SHe %4k = [

LTI 2

- T

#E FELSHINMRE

B

Load Resist... |

Informationl FAB ]Expose FEE lDeveIop]

Save Resist to D atabase |

PEE Model: |Tem erature Dependent FxD ﬂ

Aoid Diffus| 2
Ln [&r]) [nm2dz) (1.5 Ea [keal/male]: |U.U

Foom Temp. Diffusion Length [nm]: (0.0
Diffugivity Mariation Type: | Constant -

Quencher Diffusivity Rate

LifAr] [nm2dz): 1.0 Ea [keal/male]: |0.0
Diffusivity ' ariation Type: |Constant hd

Mame: |l3 eneric &F Resist

Amplification Reaction R ate

Show Temperature Dependence of:

Lt [&r) (145):|-1.0 Ea[kcal.-"mole]:|D.D
Amplification Reaction Order: |1.0

&cid-Guencher Meutralization Fate

Ln [&r) (143 |25.0 Ea [kcal/male]: |0.0
Diffusion-Controlled Reaction Fate

Ln (Ar) [1/nm2): |25.0 Ea [kcal/male]: |0.0

Acid Evaporation Rate
Lri [&r) (142): |-1000.0 Ea [keal/malz): 0.0

Bulk &cid Loss Rate

Ln (&) [142): |-1000.0 Ea [kcal/mole]: | 0.0

| scid Diffusivity Frate |
Rate Constant (hm2/s)

&

90 95 100 105 110

Temperature [C)

o

= Two PEB options available: Temperature dependant and Isothermal.

= Temperature dependant: is a rearranged version of previous model.

= |sothermal: Simplified model with essential parameters to ease user calibrations.
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Chemically Amplified Resist — PEB Tab

New Isothermal model

@ Eile ‘iew Parameters Single ‘Window Help

DFE @f ¥ prF=E20sy+"#EB BN SEMNMAI &

-

Load Resist... | Save Resist to Databasze | M ame: |Generic ArF Resist

Informatioan’.&.B ]E:-:pose FEE ]Develop]

PEB Model: RNk

Reaction-Diffugion Rates

Acid Diffuzivity R ate [nm2/s]: |30
Quencher Diffusivity Fate (nm2ds); (4.0

Amplification Reaction Rate [1/3): (0.5

Acid-Ouencher Meutralization Rate [1/42]: {1.0

o

A

= |sothermal removes the Arrhenius behavior from each variable.

= Based on our extensive calibration experience, other model facets have been
removed or hardwired to the values seen in 99.9% of calibration cases.
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Chemically Amplified Resist — Develop Tab

PROLITH - [Untitled1]

@ File Yiew Parameters Single ‘Window Help - g x
. Ned Sl e drF=E2++ " #B0 BN LIEMNM L
= Develop Tab essentially B
u n C h an g ed Load Resist... | Save Resist to Database ‘ Mame: |Generic ArF Resist
o Polym er radius of gyration Information | P48 | Evposs| FEE  Develop |
param eter ad d ed to al I Select Developer for this Resist: ~ 3000
models for stochastic £ oo
. . Development Model: E
S|mU|at|0nS, but |eft Origiral Mack Model ﬂ E 1000
available in continuum Development Fmas (s} [30000 5
Development Rmin [nm/s): [0.001 0.00102030405060708091.0
m O d e' (See Later) pDev;IupmentMth: ’057 Relative Concentration of Unreacted Sites
Developrent m; ’T
1.0
£ ng]
3 06
Relative Surface Rate: (1.0 E 0_4:
Intikition Depth i [1.0 E 02]
0o L

0 20 40 6O 80 100 120
Polyrmer Radius of Gyration [nml: (0.0 Distance from the Top Resist Surface (nm)

-
4 | »
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Chemically Amplified Resist Model

Change to Exposed Latent Image Output Screen

E.!E\IE ‘Wiew Parameters Single Window Data Help

L Exposed latent image NoH Sl B br Rkl ¥+- 00 FEAAMNMLL & & £EBE

output screen updated |
from relative PAC (SiC) [

Metralogy Plane:

concentration to :
relative acid

Relative Acid Concentration
Metiology Results:

. Contrast 0.443 A _—
01666
CD (] 46.7
CD Emnar [%)] 37 - .
concentration g 01552
Flacemen t Errar [rm) 0o el 01439
Concentration Average 0107
. . Slope - Right [14um] -3.024 % g:: 212]6
Slope - Left [1./um) -3.024 o— .
*= This help consistency | =
Log Slope - Right [1./um) 31.019 O 00984
Log Slope - Left [1/um] 3.019 w al
[

0087

with stochastic output |" ’ | R

and visualization of
gradients.

—-40 =20 0 20 40
¥ Pasitian {nm)
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Changes to Wafer Processes Screen

PROLITH - [X3p1_test.pl2]
|§! File Miew Parameters Single vindow Help
DEeEd S {*drF=E0l++2 480 FEENLIEHNM L e
‘wafer Topography l wiater Topography Advanced |

Process Stack,

Process Properties Step: 3 Twpe: Resist

T R | o
Marme: | Generic ArF Resisk
Step | Tvpe Marmne Thickness {nm}
K] Generic ArF Resisk Refractive Index at 193.0 Real: 1.72 Imag: 0.023038

2 Coat Brewer ARC 294 G5.000
1 Substrate Silican

Resisk changes can be made on the Resist Input screen, Frs

-
< | »

» Resist refractive index given on film stack page for both encrypted
and unencrypted resists.

* Imaginary index (k) is calculated from absorbance parameters.
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Photo Resist Database

= The photo resist database has been overhauled for PROLITH X3 in
collaboration with Dow Advanced Materials, JSR, Shin-Etsu and TOK.

= Resist (.res) files exist in two formats:

= Machine readable [ labelled with the - bin’ extension]

= Text files [no additional extension] - ~
) ) . ) @ e Tech\;?:;: EronAdvanced Materials
» The available resist fall into the following ie smamgia s
. h Chemically Amplified: Yes
categories: fore e -
= Generic resists — open parameter files with
typical values, to use as start point for e iﬁii‘;( )
AutoTune calibrations.
= FINLE Certified (FC) — State-of-the-art
calibrated resist models (RMS Error < 2.5nm)
= Non-FC resists — Various older KT calibrated -
files with higher RMS errors and vendor supplied o PRZT; e
models with good pedigree are also provided. b o _ . ‘ ’
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Material Database Update

* The materials database has been updated with the help of AZ
Microelectronics, Brewer Science, Dow Advanced Materials and JSR
to add new materials and remove obsoleted products.

= Material parameters are available for

= Up-to-Date Commercial Bottom Anti-Reflection Coatings for all key
wavelengths.

= Commercial Top Anti-Reflection Coatings

= Commercial Immersion Topcoats

= Example spin coat surfaces have been added to the database for the
new general wafer topography feature.
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Stochastic Lithography
Modeling




Activating Stochastic Modeling — Numerics Screen

= To enter stochastic simulation mode several conditions must be met:

1. Wafer topography
must be off.

2. Single Exposure
Pass Only

3. Wafer Grid must be
in ‘Target Grid Size’
Mode.

4. Simulation region
must be 3D (have
an X, Y and Z
extent. (Requires a
2D Mask)

5. NOTE: Model based
OPC must be off.

PROLITH - [X3p1_test.pl2]
@ File Wiew Parameters Single Window Help - 8 x

D @ fEpdrFeEt5+2 8B RSNLSEHNME U &= &

Image Calculation Mode; -

Exposure Paszes:

@wd:

|Wormal PROLITH Dperation [Full Physical Models) |

Enabling wafer topography will remove any process steps that contain CEL materials from the Wafer Process Stack and will dizable
resizt bleaching. The wavelength range of any ilumination spectum will be capped at Snm.

Source Grid M emary
Slower, More Accurate Faster, Lezs Accurate Arvailable kemory (Mb]: 1.860
Required bemory for R esist Profile Simulation (b 156
Speed Factor: 3 |
-
‘whater Gnid Actual Grid Sizes
i
I
-
Ly
Lo
Speed factors will be removed in a future PROLITH release. We suggest
oy peesErgEegag sizes for more consistent rezults.

* Target Grid Sizes

The masimurmn recommended grid
batad> 20 gioe for stochastic resist

zimulations iz 5 nm.
Z [nm): 20
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The Advanced Chemically Amplified Model

= The Advanced
Chemically Amplified
Resist Model can run
In stochastic or
continuum mode.

= Same basic tabs as
the CA model, but

PROLITH - [X3p1_test.pl2]
@ Eile Yiew Parameters Single Window Help

NEE S H¥pr kb +

R RN SEIM

n

Load Resist |

Infarmation l FaR ] Expnse] FEB 1 Develnp]

Wendor: Generic

Technology: ArF
‘Wavelengths: 193,00
Tone: + positive  © Megative

Simulation Mode: ©* Conkinuum ¢ Stochastic

Process Information
Type of Resist:
Wavelength: 193nm
PAE:

Save Resist to Database | Mame: |Generic AiF Resist

= PAB model is always
None

» PEB model is always
isothermal

= Exposure model
switches from Dill to
Formulary
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Modeling photon and molecule counting with the Poisson distribution

n
Poisson distribution:  probability (n; A1) =e™" —
n!
. n photons n molecules
A =time x n pnotons n =n photons A =vol x I n =nmolecules
S VO

The probability of emitting n photons over a time interval Probability of finding n PAGs in 1 nm?3 volume

Ly - - - . - - T T T T

Distnbution:  Poisson ) ? Distnbution:  Poisson ]

Wean 235574 o Mean 0.0481063
Yariance 00481063 4

omstE ., _.
“Wanance: FH 574

i
L=
=

Oy
(e

W s

0u02 -

QoS-

Probability

[sl=TaT TP

Probability

e D00

15 25

n PAGs

0 0.5

1] 20 i}

n photons

Poisson’s approximation to the binomial distribution is used to model the statistics of discrete
photon and molecule counting
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The average number of photons absorbed by a volume

Conservation of energy means that no absorption, no photochemistry
We are therefore interested in the number of photons absorbed by a volume of resist
The average number of photons absorbed by a volume or resist with absorbance alpha:

ﬂ/
hot =a-1-t-V.-—
(np oons) (94 e

a = absorption coefficient, 1/m

| -t = exposure dose, J / m?

A =wavelength, m

h = Planck constant, J - s

¢ = vacuum velocity of light, m/s

The probability of absorbing n photons in a volume of
resist is a Poisson distribution with mean <n photons>
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Acid generation by direct photolysis of PAG vs.

lonization & electron scattering

PAG conversion by electron kinetic energy
Probable exposure mechanism at EUV

PAG conversion by photolysis
Exposure mechanism at ArF

G hv> Eact N G* M hv>IP N M + n eKE:hV_IP
prob(G" - A) =D G __KE=hv-IP KE= Eact ., (3*
prOb(G* —)G):l—q) prob(G* _)A):(D
< . L

p=l G =PAG prob(G" -»G)=1-®

M = Resist ¢>0

A= Acid

® = Quantum efficiency

n Acids

= =Quantum yield
n absorbed photons

Acid yields at EUV are not explained by direct photolysis of PAG. Acid generation at EUV is
hypothesized to be similar to that found in e-beam resists: via ionization and electron scattering
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Simulation of electron scattering in resist

Discrete electron scattering in resist is modeled using the
continuous slowing-down approximation coupled with a
Monte Carlo method.

Fixed Set of Axes

The resist will be considered as a medium with a lattice of
atomic nuclei and a sea of light electrons, some tightly
bound, some not. The MC method will model elastic
collsions, inelastic collisions (and SE cascading) and the
energy lost by each electron over a step. The method is
valid to kinetic energy of about 20 eV (ca. 3-4 x the Fermi

energy)

Several physical parameters controlling the interaction of
electrons with the resist must be calculated as a function of

x €nergy. Ay = elastic mean-free path
5 A

inel

= inelastic mean-free path

dE_ stopping power
dS

0, ¢ = scattering angles
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Energy loss function

Energy loss function for polystyrene
1.4. |8 |8 U L L

121 o

6 10 20 30 40 50 60
ho(eV)
The energy loss function is the imaginary part of the dielectric spectrum

Can be computed from the resist dispersion curve over a range of energy
Energy loss function may be used to compute some low-energy electron scattering parameters
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Elastic mean-free path, inelastic mean-free path and stopping power

Example scattering parameters are computed based on the properties of polystyrene

Elastic mfp = f(E), nm

4.95

Stopp

ing power = f(E), eV / nm

4.9

»
» ©
© a

elastic mean free path, nm

»
o
o

4.7

4.65

35 T

301

N N
o (5]
T T

stopping power, eV
=
(9,1
T

10

60 70 80 90
energy, eV

a(2+a)E%;
Ay = N7 2"

20 30 40 50

100 20 30

meZ E/2

60 70 80 90
energy, eV

40 50 100

-1

inelastic mean free path, nm

1

Inelastic mfp = f(E), nm

60 70
energy, eV

50

2 E/2

me -1

}Ge (h—wjha)dha)
E

mL(O,ha})

= I
AneL 27h°E 0

o] (2 oo

Stopping power = energy lost by an electron over a step, by energy loss function

Inelastic mean-free path = average distance between inelastic collisions, by energy loss function

Elastic mean-free path = average distance between elastic collisions, by first Born approximation
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Discrete acid yield and electron scattering from one EUV ionization event

Simulation Parameters:

Resist Atomic Density = 100 atoms per nm?3 Energy, eV
) : ) - -80
Average atomic number = (8*6 + 8*1)"(1/3)
_ = 470
PAG loading = 0.1 / nm?® 5]
- 460
PAG reaction radius = 2.7 nm 17
; = 450
lonization potential =8eVv ~ E °- K

PAG Excitation Energy = 2.0 eV

1 primary photoelectron

2 secondary electrons

Quantum yield = 2
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The Advanced Chemically Amplified Model

The Expose Tab

The Expose Tab for
the Advanced
Chemically Amplified
model switches to
Formulary Mode

Dill Values are
calculated from other
iImputs

Gradients behave
identically to the
Chemically amplified
model

Photoelectron
Exposure is optional
(EUV Only)

PROLITH - [Untitled1]
@ File Yiew Parameters Single ‘Window Help

NEE @ S¥ - F=Ebs+

#E EELSENME

Load Resist.. | Save Resist to Databaze

Infolmation] FAE Expose ] FEE ] Developl

Exposure Maodel: Formulary

Dill Parameters & 133.0 nm
Dill & (1 fumn); (MK
Dill B [14um); |2.5623

Acid Generation Rate C [cm2/md ) |0.0892

Refractive [ndex @ 193.0 nm

Resist Real Refractive Index: |1.72
Palyrmer Imaginam Refractive Indes: |0.01
Yertical Reactant Gradients
P&G Relative Surface Concentration: |1.0
P&G Gradient Depth (nm): |100.0

Quencher Relative Surface Concentration: |1.0

(Quencher Gradient Depth [nm): (20.0

s |

| Warne: |Generic ArF Resist

Acid Generatar

Average PAGs per nm3: |0.05
tdolar Absorbance [cm2/mol]. |1e+008
Quantum Efficiency: |0.24

Quencher

Average Quenchers per nm3: (0.0
Muaolar Absorbance [cm2/mall: [100.0

[~ Photoelectran Exposure

1111
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The Advanced Chemically Amplified Model

The Expose Tab — New Parameters

Real index (n) for the RESIST film
Imaginary index (k) for the resist POLYMER

Average number of PAG/Quencher molecules
per nm?3 in the DRY RESIST FILM.

The Molar Absorbance of the PAG/Quencher.
The molar absorbance is defined as
—logl10(l_trans / |_inc) / (path length *
concentration) where |_trans is the intensity of
the transmitted light and | _inc is the intensity of
the incident light.

Quantum Efficiency of the Acid Generator:
Specifies the probability that an electronically
excited photoacid generator (PAG) will convert
to acid. Acid generators may be electronically
excited by direct photon absorption or by a
transference of kinetic energy.

Refractive Index & 193.0 nm

Resist Real Refractive |ndex: |1 g2
Palymer Imaginary Refractive [ndesx: ||:|.|:|1

Acid Generator

Awerage PAGz per nm3: |EI.EIE
bolar Absorbance [crdmol): |'| e+003
Eluantum Efficiency: |EI.24

[uencher

Ayerage Quenchers per nm3: |
Molar &bzorbance [cm2/mal): |'| 000
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The Advanced Chemically Amplified Model

The Expose Tab — Photoelectron Expose

= Electron Generation Efficiency: Specifies
the probability that the resist will be ionized
upon absorption of a high-energy photon

= |onization Potential (eV): Specifies the
minimum energy required to eject an
electron from a molecule in the resist. The

maximum kinetic energy of the ejected W Phatoslection Exposure

photoelectron will be KE = hv — IP. Electron Generation Efficiency: |0.5
= Acid Generator Reaction Radius (nm): lonization Patential [V]: {5.0

Specifies the square root of the photoacid Acid Generator Reaction Radius [nm]: [3.0

generator (PAG) reaction cross section, that
IS, how close an ejected electron must pass
to the PAG center of mass to electronically
excite the PAG.

Acid Generator E wcitation Energy [V | 2.0

NOTE: Photoelectron exposure is only
= Acid Generation Excitation Energy (eV): available in stochastic simulation mode.
Specifies the minimum kinetic energy
required to electronically excite a photoacid
generator (PAG).
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The Advanced Chemically Amplified Model

The PEB Tab

= The isothermal model is
essentially the same as
that for the standard
chemically amplified
resists, except that the
units for the Amplifications
Reaction Rate and the
Neutralization Rate change
to reflect the absolute
nature of the PAG and
Quencher loadings

Iﬂ File “iew Parameters Singe Window Help

a X

DEE @ ETpgr =B+ #B BRENALSENM L B
Load Resist... | Save Resist to D atabase | M arne: |GenericArF Fiesist

Information]PAB ]Expose FEB lDeveIop]

FEB Model: [sothermal FixD

Reaction-Diffusion Rates

Acid Diffugivity B ate [nm2/s): Ed
Quencher Diffusiviny Bate (nmz/fs); (4.0

Amplification Reaction Rate [nm3/s): |0.5

Acid-Ouencher Meutralization Rate (nm3/s): (1.0
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The Advanced Chemically Amplified Model

The Develop Tab

H - - PROLITH - [Untitled1] E@E
= From consideration of Critical [EF o o Bovomeirs Sie. sindon b X

. . NEHE @ P dr RS+ 0B BR2NLSENME S
lonization theory a new -
parameters is added to [iowsieie, | SoeRetopates | o forca e

developments Polymer RadIUS Information | PAB | Expose | PEB Develap |

Select Developer for this Besist:

of gyration. g 2

. Development Madel: E 2000

= The value is used to 3 R
Development Rmax [nm.e]: |3000.0 E

d ete rm i n e th e ave rag e Developrent Rrmin (hrmds): |0.001 EI‘ZI.D 0102030405060708091.0
. Development Mtk ,057 Relative Concentration of Unreacted Sites

bIOCkIng Ievel Of eaCh Developmentn:,T

polymer molecule and 8 05

decouple the SimUIation from Relative Surface Rate: ’107 § Ei

the granularity formed by the st A L

0 20 40 6O 8O 100 120

C h osen S' mu I a‘“ onre g | on g rl d Poprier Racius of Gpraton ek [T0 Bieliara s Tap Fssik Gufzes

size. ‘ o
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The Advanced Chemically Amplified Model

The Develop Tab — Impact of Radius of Gyration

0 nm
Radius of Gyration

1nm
Radius of Gyration

2 nm
Radius of Gyration
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The Advanced Chemically Amplified Resist Model

—Information Tab — The Stochastic Mode

When an advanced chemically
amplified resist is selected the user
can toggle between continuum and
stochastic simulation modes.

In continuum mode, a regular
‘mean-field’ simulation is performed
using the parameters defined in the
model (NOTE: at this time
photoelectron exposure has no
continuum implementation)

When stochastic mode is chosen a
probabilistic (Monte Carlo)
simulation is performed.

Load Resist. .. |

Save Fesist to Database

| M arme: |Generic

Infarmation l FAE ] E:-:pu:use] FEE ] Develup]

General

Yendar:
Technology:
Wavelengths:
Tone:

Resist Model:

Simulation Mode;

Process Informakion

Tywpe of Resist;
Wavelength:
PAE:

PEE:

Develop Time:
Thickness:
BARLC:

Dose ko Size;

Generic

Advanced Chemically Amplified j

" Continuum ™ Stochastic

193nm

Random Mumber Generator

Fandom Mumber Seed: | 1

Simulation Set Increment: | 1

Generate Seed
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The Advanced Chemically Amplified Resist Model —

Information Tab — The Stochastic Mode

Fandom Mumber Generatar

= During a stochastic simulation random
numbers are used to determine the
outcome of many events based
on their probability of occurring.
e.g. Once a PAG is excited by a photon is an acid generated? (the
probability in this case is the quantum efficiency).

= PROLITH uses a stream of random numbers keyed of a seed value.
Every time the same simulation is run using the same seed value the
same answer is obtained. This allows PROLITH to be validated from
version to version.

F.andom Number Seed: | 865319 iSenerate Seed:

Simulation Set Increment: | 1

= Since the user, will typically not want the results of a simulation set
experiment to be highly correlated, a ‘seed value increment’ can be
specified. PROLITH will increase the seed number by this value for
each unique point in the simulation set. (The use of Zero will mean
that the same seed is used for all points in the simulation set).
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The Advanced Chemically Amplified Resist Model -

Switching Between Continuum and Stochastic Mode

Infarmatian l P48 | Expose | PEB | Develop |

* |In photonic exposure mode Generel
(le not with phOtoeIeCtron Technology: ArF
. Wavelengths: 193,00
exposure active). The user Tone: ¢ EESEE - Negative
can toggle between Contlnuum Resist Model: |Advanced Chemically Amplified ﬂ

Simulation Mode: € Continuum % Stochastic

and stochastic mode getting

consistent results.

Average Error Between CD results

= There is a metrology stochastic and continuum

sensitivity to how well the _
mapplng Operates. Threshold Raw Weighted
= Best agreement is seen when 10% 221nm | -1.73nm
the ‘raw’ measurement option
IS chosen 50% 1.84 nm 2.20 nm
90% 1.83 nm 6.50 nm
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The Advanced Chemically Amplified Resist Model -

Switching Between Continuum and Stochastic Mode

Stochastic vs. Continuum
65nm/130nm Spaces, 5 Trials

120

100 \ \ / / i

Average Error = 2.21 nm

a0 E I l’ —Dose 25
I i i ¥ E E— o ——Dose 27
_ | = X ) T I T Dose 29
ar | ]
E 50 . | L T T + I | N Dose 31
8 L T 1 L l l 1 T L L ——Dose 33
1 -[ ——Dose 35
] u
/.//—\ \ | ——Dose 37
40 l/ = = \ i3 ——Dose 39
--'"""-F—'_‘-"""ﬁ-...__
20
[] T T T T T T T
04 0.3 0.2 0.1 0 01 0.2 0.3 04

Focus (microns)
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Changes to Metrology Planes — XY Planes

The Averaging Length

u Averaglng Length @rrSingle Window  Help B_Eﬁ' .x
Specifies in nanometers a NEH S KB b+ FeEhy+= @R FTLLEMML U & W
Iength Orthogonal to and Y Metm'UQ.'r'P'aneslZMetroIogyPIanes] LithoMetroIogyl CS Metrologyl Simulation Hegion]AnaIysis]
centered on the metrology LA Fosive
plane' SPIII:::: S:-n:n:::l)llﬁ:iin Symbol Plane lame  |Valid? xms::;t Y{“S::;t }::rln]\(}l }f:rln]\(}l Tali;:%?} A‘I’;Tg:::u |?;I£E Efgﬁz:
= For resist profile metrology, |HE F . T — v i
PROLITH performs
measurements along the
avera.glng Iength at Active Metrology Plane ﬁmﬂJ J
sampling points consistent E = -
with the wafer grid and 500
returns the averaged value. | F=oa— 150-
I === |hietrology Yolume 100 -
v —  |Pasz 1 Mask J
= For default planes, the ¢ o
length is restricted to on sodilU_p
grid values. 100
-150 4
= For user defined planes any ggg
length can be entered. i e T2
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Changes to Metrology Planes — XY Planes

The Metrology Volume

= PROLITH uses the St -
averaging |ength tO form D SHe &% 4 F=2d+4+2¢E0 B2 BNE S = | i
th e eXt entS Of th e ®Y M9tf0|09.'r'P|an93lZMetroIogyF‘Ianes]LithoMetroIogylCS Metrology | Simulation Region | Analysis |
metrology volume. e
Show | “prom | Symbol|  Planellame |vaiigz| XStrt | VStart | XEnd | YEN | pgeq cpl AVCIA0NG | yage | profie
= If the averaging length T T e e
value places any of the e
metrology volume
outside the simulation ARy LY
region , the metrology B <] .
volume will be invalid. 200]

Show | %'mhol| Legend |

* This metrology volume is b =D
used when output is of a
volumetric nature. e.g., p
‘# of PAGSs’, ‘# of
quenchers’, “# of
absorbed photons” or
‘Quantum vyield’

150
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Changes to Metrology Planes — Z Planes

The Averaging Length

= All z planes have an implied (non-editable) averaging length which
extends from the lowest point in the resist to the highest.

= The extent of the averaging length is unaffected by the height of the
main z —plane (i.e., the averaging length doen’t stay centered on the
primary plane as it does on XY planes.

= Consequently, the metrology volume associate with all z-planes is the
entire volume of the simulation region.
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The Advanced Chemically Amplified Resist Model

Output screens — Continuum Mode

In continuum mode, the output data and graphs are essentially the
same as standard output for the chemically amplified resist.

Output graphs are for the main metrology plane (not averaged
through the volume).

On the ‘exposed latent image’ output screen only the acid
concentration map is available, it's unit are altered ‘acids per nm? to
reflect the absolute PAG/acid loading used in the advanced chemical
amplified model. (The standard chemically amplified model uses a
relative PAG/acid loading).
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The Advanced Chemically Amplified Resist Model

Exposed Latent Image Outputs — Stochastic Mode

@ File Wiew Parameters Single Window Data  Help

DEEH @ b= +24#0 B NI EMNML B R Rl

s

% Position [nim) Latent Irmage Before PEB
Y Az

Z Position [nm]

Z A

werage Acids per nm3

tetralogy Plane:

A4

120 -

tetralogy Indesx [nm):
oo

100

¥ Pasition (nm)

L

s =
Metrology R esults E
Generated Acids 20347 5 8 O
Absorbed Photons S57346
Guantum ‘Yield 0.144 — '
Abzorbed Energy (ket] 36843 o
Random Nurber Seed 1918 = B0

[fp]

O

0 40

I
< >
Altenate Graph: 2 O
Abszorbed Photon Density j

Erchange Graphs | O T T T T
—-100 —50 O 50 100

Awerage Acids per nim!

0.04569
. 0.04112
0.03655
0.03133
0.02742
0.02285
n.01gze
0.0137

0.00914
. 0.00457
0.00000

= The primary graph of the latent image output graph is acid density.

This is averaged through the active ‘metrology volume’ in the

direction of the ‘averaging length’.
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The Advanced Chemically Amplied Resist Model

Exposed Latent Image Outputs — Stochastic Mode

The available numeric output are: Metrology Results:
. . Pals 2h3304
= The number of PAGs in the active Quenchers £2439
metrology volume. (only available Generated Acids 80347
h ol lected Abzorbed Photons Bh734E
when z-plane selected) Quantum Yield 0144
. Bhzorbed E ket 3584 3
= The number of quenchers in the posatbed cnengy [ReV)  hos
active metrology volume. (only

available when z-plane selected)

= The number of photons absorbed
In the active metrology volume.

= The number of acids generated in the active metrology volume.

* The overall quantum yield (# of acid/ # of photons absorbed) for the
active metrology volume.

= The absorbed energy (KeV) for the active metrology volume
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The Advanced Chemically Amplied Resist Model

Exposed Latent Image Outputs — Stochastic Mode

@Eﬂe Wiew Parameters Single Window Data  Help - O x

NEE @ E¥drrF=E05+2#EB RSN SEMNME = kEEE

Bz

¢ Position [m] Average Photon Density
Az

& Position [hm]

Z Bis:

Bverage Acids per nm3
etrology Flane:

N

tetralogy Index [nm): 1 2 O
i)

100

Metrology Fesults:

Generated Acids a0347
Absorbed Photors 857846
[uantum Yigld 0144
Abzorbed Energy [keV) 3584.3
Random Mumber Seed 1318

Aug Absorbed Photons per nm3

0.3021
. 0.2731
02442
02153
01863
01574
01284
00335

0.0706
. 00416
nmaz

0
[

60

Z Position (nm)

40

(]
(]

Altemate Graph:

e O

—100 —-50 0 50 100
¥ Pasition (nm)

= The first alternate graph on the exposed latent image output page is
the average photon density for the active ‘metrology volume’
(averaged along the ‘averaging length’).
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Why Use Averaged Plots for Photon and Acid

Densities?

7 Fosition {nm)
- Mo B @ o~
O o0 Do o O a a0
o m

7 Position {nm)
- M L) B ~l (D
T T R S S o T o T

B0 —40 =20 O 20 40 6o

» —-60  —40 -Z0 O 24 40 G
Position [nm]

¥ Position [nm]

Photon Density Photon Density
Single Y plane - EUV Averaged over 250 nm - EUV
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The Advanced Chemically Amplied Resist Model

Exposed Latent Image Outputs — Stochastic Mode

FHL) i A aimplie. p uu
@E\Ia View Parameters Single Window Data Help

Dl @ f#drreEds+2 B RELSEHNME D & 2ERDE

3 i

< Pasition rm) Acid Locations
W Bz

¥ Pasition [nm]

Z A

Awerage Acids per nm3

Metrology Plane:

Y -
Metiology Index [nm):

0o -
Metiology Results:

Generated Acids o0347
Absorbed Photons 557946
Quantum vield 0144
Absorbed Energy [keV] 35843

Random Number Seed 41915

7 Position (nm)

£ >

Alternate Graph:

— 100 —50 0 50 100
X Pesition (hm)

= The second alternate graph on the exposed latent image output page is a 2D
plot of the acid locations in the metrology volume viewed along the ‘averaging
length’ axis. (Only available if ‘# of acids’ < 100,000 for the active volume)
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The Advanced Chemically Amplied Resist Model

Exposed Latent Image Outputs — Stochastic Mode

[ T
Iﬂ File Wiew Parameters Single Window Data Help - 0 X
DEE @ ¥ drR=Ed>+0#0 RYNISENME D & & xE e
b
. Prasition [nm] Acid Locations
iz
2 Position [nm)
Z iz
\werage Acids per nm3
Metralogy Plane:
M =
tdetrology Index (k)
0o -
tdetrology Fesults:
Generated Acids 80347
Absorbed Photons 557346
Quantum ‘ield 0.144
Abzorbed Energy (ke] 35843
Random Mumber Seed 21918
< >

= The third alternate graph on the exposed latent image output page is a

3D plot of the acid locations in the metrology volume. (Only available if
‘# of acids’ < 100,000 for the active volume)
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The Advanced Chemically Amplified Resist Model

PEB Latent Image Outputs — Stochastic Mode

@ Eile VWiew Parameters Single Window Data Help

DEE @He £ 4

IF = =5+

PR EENSEINML

R A =

¥ Awis:
& Position [nm)

W Az
Z Position [nm)

Z Bz

Metralogy Plane:
Ay

I etrology Index [hm):
0.0

Metralogy Fesults:

Blacked Polymer Concentral

tion

Exchange Giaphs

Cantrast 0141 -
CD [nm] oo

CD Erar (%] -100.0
Placemenl t Error (mm) 0.0
Concentration Average 0.696

Slope - Right [1/um] 5.641

Slope - Left [1/um] 7.080

Slope - Avg [1/um] 6.361

Log Slope - Right [1.4um)] -7.940

Log Slope - Left (1Aum] -9.763 -
< >
Alternate Graph:

| Profile |

7 Position (nm)

Latent Image After PEB

1204
1004

B0

60
40
20

0

»

=100

\
=50 0

¥ Position (nm)

\
50

Blacked Polymer Concentration

03453
. 09134
07803
07484
07160
06535
0es10
06185

05860
. 05535
05210

100

= The primary graph of the latent image output graph is blocked polymer
concentration and is for the primary metrology plane only (not averaged
along the line). The numeric outputs are the same as for continuum mode.
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The Advanced Chemically Amplified Resist Model

Resist Profile Outputs — Stochastic Mode

I-UB» Yiew Paraveters Snge ‘Andow Qs Hep

NoE @ P " FEd++ R FETLOWMMM LY & &

SN

= Two extra planes are displayed to indicate the ends of the ‘averaging length’

= Movement of the standard planes is restricted, so that the active metrology
volume always remains valid.
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The Advanced Chemically Amplified Resist Model

Resist Profile Outputs — Stochastic Mode

When the averaging length is greater than zero Moo Rosus -
= - urber o eazurements bt
the following numerical outputs are returned: Flesist CD -Mean(m] 50

CD Standard Deviation [nm)] | 2.3

= Number of measurements in the averaging length ||tz fmfaswesim) 62
LER - Left [rm) 42

= Mean CD Foshi T i (] =
£ >

» Standard deviation (o) of the CD measurements o

M etralogy A esulks:

* The LWR (30) Egi;‘mi?;ﬁg:‘;’: -
= The LER values (Left, Right and average) Sidewal Ange Fichi (deg) |82

Sidewall Angle - Left [deq.]  |83.1
Sidewall dngle - Awg [deg.] |S2E

= The Minimum and Maximum CDs measured RessLos o) o1
< >

= The average placement error

Alternate Graph:

= The average Sidewall angle and resist loss

»= The time to clear for the metrology volume (not
averaged)
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The Advanced Chemically Amplified Resist Model

Resist Profile Outputs — Stochastic Mode

\!4] Fle Yw Parameters Snge ‘Window [ata Help

DFE @ K¥E-FoBEd>+T#B RTLSWMMMAG & & = =

Matrology T gpe

clahon

|y 5
Metro. Indes (nem| —
{ac v| e
Sty tan [} ) AR
{100 - e« 1B
End Postion (nm}

[10

Cor U L ogy P

N

Mebology Resus

fNrn:-:l of Maagusarme 1
| Resst CO - Mean om)

iLLI Standaid Devayaon jam)

{ Line ‘it R oughnecss [nm)
[LER - Fight frm

{LER - Lekt (rm)

|LER - Avg rm)

{Resst CO - Min i v
<
Abatnate G

Mevclogy Plans Sk

W

= When feature bridging occurs the average statistics become
unavailable (i.e the measurement failed)
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The Advanced Chemically Amplified Resist Model

Stochastic Mode — Simulation Sets

@ File Yiew Parameters Single ‘Window Help

Thickness [nhm)

Average PAG per nm3

PG Molar sbzorbance [cm2/mole)
PaG Quantum Efficiency

Averane Nuencher ner i3

<

Expand &l

Callapze &l

2 ¥ g L e JIT2
DEE @i ¥ drFe=Edh++"#80 FENIEINM L Cillice
A
Setup l
Selected Simulation Set: Mew Simulation Set Configuration:
|[New Simulation Set] j Custom j
Inputs
Awailable Inputs: Selected Inputs:
Wariable Mame Value = atisble Natme Initisl Final | Step | Type
+- \Wafer Processes |- Expozure (mJicm2) 30 40 1 Independent
I Resist Focus [um) -1 m n2s Independent
Trial Mumber 1 10 Incepencent

130 J

0.08

Te+002 «‘-'
024 J
nn il

[ or

4,950 Tatal Simulations

= |In simulation sets, a new input appears under the resist tab: Trial

Number

» This allows repeats runs of an experiment to be run with a different
outcome each time (provided that the ‘'simulation set increment’
value on the resist information tab is non-zero).
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Output individual cut-line data for averaged

metrology plane

B AU - (e sk Lines Al
l: File Yew Paoness Wndow |[Deta| Mol

fZUUH"”‘ﬁ = 1 &
Vet gy T " [

= In case where ‘Averaging =
Length’ is used on metrology ;s e
set-up, resist profile metrics only ig:gj._&,‘._:-w .4 T —
shows the ‘average’ statistics ~ |= "=

Expart Gragh %o ¢ Btrrap Fike

= User can export ‘raw’ metrology
measurements to text file

= Only available active planes w/ _
non-zero averaging length o | A ,

| Resist Profile.txt - Notepad E‘!

File Edit Format View Help

[version] -
il3.2.0.4?

[Parameters]

Plane Name="vy"

X start (nm)=-70.0 ¥ start (nm)=0.0 X End (nm)—70 0 ¥ End (nm)=0.0 Litho Target cD (nm)=35.0 Averaging
Length (nm)=140.0 Aerial Image Tone="Line"

o

[Summary]

; Number of Measurements Resist CD - Mean (nm) CD standard Deviation (nm) Line width
roughness (nm) LER - Right (nm) LER - Left (nm) LER - Avg (nm) Resist €D - Min (nm) Resist
CD - Max (nm) Placement Error (nm) CD Error (%) Sidewall angle - right (deg.) Sidewall angle -
Left (deg.) sidewall angle - Avg (deg b} Resist Loss (nm) Time to Clear (sec)

71 30.19 1. 14 3.41 1.74 .60 2.17 28.39 32.02 0.01 -13.75 84.20 84.08
84 14 0.486 0.5

; Distance Resist CD Resist Tone Placement Error CD Error Sidewall angle - RrRight
Sidewall angle - Left sidewall angle - Avg Resist Loss Time to Clear

[Data]

00 30. 27 1 0. 87 -13.52 85.00 88.11 86.55 0.44 0.50

68 00 30.41 1 0.98 -13.13 84.70 88.24 86.47 0.44 0.50

66.00 30. 52 1 0.98 -12.80 84.56 85.81 85.18 0.45 0.50

64,00 30.55 1 0.84 -12.72 84.79 87.72 86.26 0.45 0.50

62.00 30.52 1 0.61 -12.80 B85.37 B7.09 86.23 0.42 0.50

60.00 30. 36 1 0.28 -13.27 86.15 86.90 86.53 0.44 0.50

58.00 29,99 1 -0.10 -14.32 B86.88 86.99 86.93 0.44 0.50

56.00 29.63 1 -0.39 -15.35 87.62 87.13 87.38 0.44 0.50

54.00 29.42 1 -0.51 -15.94 88.08 87.21 87.65 0.45 0.50

52.00 29.30 1 -0.53 -16.30 8B.36 87.19 B7.78 0.47 0.50

50.00 29.19 1 -0.47 -16.59 88.41 87.06 87.74 0.47 0.50
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Increased # of user defined planes to 200

# of User defined XY metrology planes (2D designs) increased from 20 to 200 in X3.2

B PROUTH - (5o ArF [ AESW PV CAIY
L

_l,; ble Vew Psameters Single Window Hep

OFE @ ¥t rF=Ed-+E#RFTLIEMMME &+

WY Netriogy Planes 2 Metology Planes | Utho Metoicgy | C5 Metrology | Sedation Region | Analyss
4 X u H Pesst Type: Postive
Exclude . Litho Aarial Rese *
Show From Pa— Plane Kame Vald? X Start Y St X End Y Ena Targer COf Averagng imege Profi
Plane (nm) (nm) {nm) {nm) Length
}ﬂ“ (nm) Tone Ton
& _——
0 XY 193 » 450 00 LER 0 000 00 | Lne
201 19 Yes | S0 00 IS 0 2000 00 /Lne e
212 X [Ves &0 00 $0] 00 %000] 0.0 |Lie [oe
id_,‘ p » 7
Acsve Netoogy Pane
v
Sr-cwI Sm’boll Legend I 21b
/ === | Sm Begi
J == Vetroiegy Valume 173 *
| w— | Pass 1 Nask
1 M M
B6 -
43
e
0+ e—Jg——J e
43
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Measure arbitrary CD

» User can measure distance between any arbitrary polygons on resist profile view
= User can draw and arbitrary line and get the length of the line as well.

Right click on the graph and use ctrl + drag to draw arbitrary line.

Right click on graph and use drag to draw line between two edges.

This is available for 2D Aerial Images as well.

This is available for 1D and 2D Image in Resist as well as Resist profile window

wr Wwdim s Heip

-l'n-q:-\-'.p-gx-l_ ™
-tH kPl rR=Ed X5 bR FTORLOENDN & & E .il-l Hpﬁ.- lTr'.‘|TT+I FTLBSENEN#+ - -]

g

0
O
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Overlap Process Window Metrics using PPI

I FRCUTTH - [ Poace

= ALL XY metrology plane Don e e o i -

: e
Dl g G irF=l 4B FTLOREDL '

provides the overlap

process window metrics on
GUI

= Same metrics are now
available through PPI

= EL vs. DOF plot for cut-line
specific PW as well as
overlap PW are also
available through PPI now

= Until X3.2, ‘ALL" metrology
plane PW metrics were
only available through GUI
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MATLAB Example to get Overlap PW Metrics

$Set sim engine object

prolith = COM.Prolith.Application;

document = prolith.ActiveDocument;

MySimEngine = invoke (document, 'SimulationEngine');

%$Add simulation set inputs for Focus and Exposure
invoke (MySimEngine, 'AddInput', 29101, 20, 60, 4, 0);
invoke (MySimEngine, 'AddInput', 29102, -1.5, 1.5, 0.25, 0);

%$Add simulation set output for Resist Feature Width, CD
invoke (MySimEngine, 'AddOutput', 21);

$Run simulation asynchronously and wait for results to be available
invoke (MySimEngine, 'SimulationRun');

while invoke (MySimEngine, 'IsDataSetReady') == 0;
pause (0.2)
end

%Get analysis results

retVal.BestFocus = get (MySimEngine, 'BestFocus');
retVal.BestExposure = get (MySimEngine, 'BestExposure');
retVal.DepthOfFocus get (MySimEngine, 'DepthOfFocus');
retVal.ELAbsolute = get (MySimEngine, 'ExposurelLatitudeAbsolute');
retVal.ELPercent = get (MySimEngine, 'ExposurelLatitudePercent');

retVal.OverlapBestFocus = get (MySimEngine, 'OverlapBestFocus');
retVal.OverlapBestExposure = get (MySimEngine, 'OverlapBestExposure');
retVal.OverlapDepthOfFocus = get (MySimEngine, 'OverlapDepthOfFocus');
retVal.OverlapELAbsolute = get (MySimEngine, 'OverlapExposurelLatitudeAbsolute');
retVal.OverlapELPercent = get (MySimEngine, 'OverlapExposurelLatitudePercent');

retVal.ELvsDOF = invoke (MySimEngine, 'GetELvsDOF', 'X');
retVal.OverlapELvsDOF = invoke (MySimEngine, 'GetOverlappingELvsDOF');
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Export GDS Contours




Feature detalls

= User can now export top down (Z contours) in GDS format

= Contours can be exported from all output views
= Aerial Image,

» Image in Resist
= |atent Images

= Resist profile contours
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Export GDS file from ‘Data’ menu

PROLITH - [65ren Hode Contacts tP5M An " pit]

DEFE @ %+ I

Export Profie t0.a PralIATA Fle...

Hl_ll,i._vl T taa Ao
) B | " -” " Swport Gragh toos Test B,
Melm. Indes [l ' = ~ Export Graph to s Bibmap Pie....
000 = LU £vport Grach o FES Fle..
z[an 2 Hesis! Profhlke
Zoowt 1.0 170 005000
Garse o [atabiase
) 136 4
Contow S hown on M etrologe Plans
Hore -
102 -
Msstology Aeals
50 -Bag iy W L2 A8
50 - B0 fram] it Csk
50 - Th frm) Wt Cab _
(350 - 3 oy bt Lk E 34
G50 Wi e hit o =
E
= 04
[\
« ¥ i
Aeists Graph > M-
Hetalogy Plane Shoe -
=
102 4
4 . A3
" 1
‘ ] -A70 T T 1
i 170 102 -4 34 102 170
' F X Posatian {nem)
GDS write out precision is 0.001 nm
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