ProLE-LE™ - the single workstation

version of ProLE™ Workbench

¢ Efficient batching of PROLITH™ simulations

<+ GUIl-based. No ProBATCH commands or syntax
needed

< Perform Monte Carlo Simulations (of aberrations

only)
< Investigate Higher Order Aberrations

< Eliminate undesired simulation matrix conditions

<+ Single workstation version of distributed-computing
ProLE system

¢ Complements and enhances your PROLITH
investment
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ProLE™ Workbench Menu Bar

 Workbench embeds ProLE, PROLITH, Data sorter and
Automated ProData plus other software utilities.

Close
(*)I[)j; PROLITH Info PrOLIf‘l;l“gllilent IEJ;L‘;;‘::;
' & Job Builder
1} ProLE Workbench

JU‘"‘ | Jﬂ' | !lQl ilﬁl

Dlsplay Dlsplay Analyze ProLE
Parameters Help PROLITH Simulation
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ProLE™ Workbench Setup Screens
* Select any PROLITH input parameter including File Based inputs

PROLITH Parameters

r— Current Parameters

Film Stack
Resist
Coat/Frebake
Mask
Imaging Tool

Expozure/Focus

d:

Yibrations
FEB
Development
Etch
Metrology

MNumerics

i

OoOdoOOodOoooooOoOooodoooooOoooooooooooon

elected Simulation Parameters I Output Parameters I Cluster Setup I Batch File Setup/Generation I

i
»
oono

Film Stack.
Layer 1: SPR 500 [resist)
Resist Thickness [nm)
Layer 2 Silicon [substrate)
Refractive Index Substrate [real)
Refractive Index Substrate [Imaginary)
Resist
Resist Type: Positive Conventional
Resist Material: SPR 500
Resizt Vendor: Shipley
User Defined: No
Developer: MFT 245/501
Resist Thickness [nm)
Coat and Prebake
Bake Model Ideal
Prebake Time [sec) ==
Prebake Temperature [C)
Resist Thickness [nm)
b ask
Type: 10 Binam Mask
Feature Type: Line
Faotate 90 degrees: Mo
Mazk Width [nm)
Mask Fitch [nm)
M aszk Bias [hm)
Imaging Tool
Conventiohal-Partially Coherent
Gaussian: Mo
lllumination Spectrum; MOMNE
Pupil Filker: MONE
Aberrations: NONE
“Wavelength [hm)
W avelength Range [hm)
Mumerical Aperture
Flare hd

[ Mane Selected
[ 1000.000000
[ Mone Selected
[ 6.4956392

[ 2 B0R323

O

a..
[ MWone Selected
O

O

[ Mone Selected
[ 1000.000000

0
[ Contral_PreBake_tMaodel

[ &0.000000
] 95.000000
[ 1000000000
|

..

0.
[ Contral_Mazk_FRotate_ S0

[[] 500.000000
[ 1000.000000
[ 0.000000

|

|

[ Contral_Source_iz_Gauzzsian

[ Mone Selected
[ Mone Selected
[ Mone Selected
[ 365.000000
[ 0.000000

[ 0.500000

[ 0.000000

| v

i parameters

FROLITH Parameters

r Selected Parameters

Selected Simulation Parameters [Futput Parameters I Cluster Setup I Job S etup/E secution |

=10 x|

Drelaull Sinulatiors |

Driagurials |

Murile Cailu |

[~ Simulation iz a Focus-Exposure Matrix

Automatic Dose to Size
simulation enabled.

— Murnerical [nput

Start Stop |nerement it of Steps Order
[Exposure (mi/em2) | 05 | 25 | 21 |1 v| ﬁ
[Focus (um) | 05 | 05 005 | a2 =

— File Bazed Inputs
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Input File Selection Screen

Select inputs defined by PROLITH database files and ProLE Workbench will generate
simulations varying the selected files automatically.

Available File-based Inputs

Aberration Files - .ZRN Vibration Files - .VIB New file type:
Mask Files - MSK Resist Files - .RES High Order Zernikes - . HOZ
1D Grayscale Masks -.GRY Temp.(Bake)Profiles - TPR  User Defined Distribution -
Source Shape Files - .SRC Pupil Filter Files - .FIL -UDD
Spectrum Files - .ILL CODE-V Aberrations -.INT

Fie Baser nput —

Browse | Show List Remove All |

| |
Selected Aberrations files

— Selected File

|- \Aberrations s TYPICAL 1990 divide by 10.ZAN
|:\dberrationshTrPICAL 1330div3. ZRN
I:\Aberrations\TrPICAL 1990divE.ZRN

F fifes selected Close Windaw
PETERSEN @AsAV:\\'[¢=s] LlTHDGHAlT'l\]ﬂCY
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Simulation Matrix Combination
Screen

Global Matrix Controls

— Current b atrix Controls
Dlagnnal‘l Diagonal 2 | Select All | Clear Al | |7 &l Eazes Diaganall | AlliTases Diagnnal2| Select &l Eazes Elear Al Eanditiors
2D Contact Hole Width {nm)

Diagonal 2 200 240 280 320 360 400

2D Contact Hole Height (nm) . s = - - - -

280 [O O & O ] ]

320 [ O 1 & [l [l

o [ O O O | [l

400 [ O O [ | 5

¢ Eliminate unnecessary simulations by taking
control of the Simulation Matrix

¢ Use ProlLE to simulate coupled inputs such as
Contact Hole Width/Height, Alt. PSM Chrome

Widths, and more

PETERSEN <@a=A"7:\\\[+]=s] LITHOGFIA!T'I\—IB(
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Aberrations Selection

+ |nvestigate Zernike BIIIC e
) walable Lemike Terms | Selected Zernike Terrns'
a be rratl O n S u p to Z 1 36 Please select the Zemike Terms to wamy
Term | Fringe Term | Aberration Type Nurma]jzatiunl Formula
+ Correlate PROLITH O o @) T 11
. . O 1 (Z3) Y- Tilt Sqrt(d) Risin(e))
aberrations with o @ X Tt Sarté®) Ricos(o)
C O D E V ™ L O 3 {(Z6) Primary 45Deg. Astigmatism Sqri(6) R"2{sin(2e))
- ens O 4 (Z4) Defocus Sqre(3) 2R2-1
. . O 5 (Z5) Primary Astigmatism Sqrt6) R°2(cos(2g:))
information O s @11) S@t® R'3(sin(3m))
. O 7 (Z3) Primary ¥- Coma Sart(8) 3R (sin(a)) - 2R(sin(g))
+ Load and combine O s @)  PrimayX Coma Sut® 3R3(cos(s)) - 2R(cos(s)
O 9 (Z10) Sqrt8) R'3(cos(3e))
ZRN, .INT and the SRR sonly Rt
. a 11 (Z13) 4th Order 45Deg. Astigmatism Sqri(l0)  4R4(sin{2g)) - 3R"2{sin(2a))
new .HOZ files O 12 (Z9  Primary Spherical Sqrt(5) 6R4-6R2+1
O 13 (Z12) dth Order Astigmatism Sqrt(10y  dR"4(cos(28)) - 3R 2{cos(28))
71 744

Copyright 2003, Petersen Page 6
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Example:
F/E with auto dose-to-size
centering, and Monte Carlo
generated aberrations
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Input parameter selection

44+ ProLE Workbench 1ol x|
F/E, aberration example page 1 SHEID Y EEEY
1’1’4 4% Quad550%ProLE_Work'\Support Files' PROLITH Templates' 0.85NA. — |EI|£|
PROLITH Parameters | Selected Simulation Parameters | Dutput Parameters | Cluster Setupl Job SetupJExecutionI
r— Current Parameters
LPH []Imaging T ool NN -
L] D D
. O Gausziarn: Mo [ Contral_Source_is Gaussian
o S elect any PRO LITH lnput ﬂl O lurination Spectrum: MOMNE [ Mone Selected
. ] . . Pupil Filter: MOME [ Mone Selected
arameter lnC ludlng F 1 1 e B as e d Fiesist berrations: 193_Stepper_ca2003 Mone Selected
Hlurination Polarization: Unpolanized (|
t Coat/Prebake Immerzion Enabled: No O
lnpu S O Wavelength [nm) [] 133000000
task | O YW avelength Flange [nm) [ 0.000000
Ii O MHumerical &perture [] 0850000
: Imaging Tool | Feduction F atio [ 4.000000
* Example: F/E with file-based £ = ot
. Exposure/Focus | | GQuadiupole Center Sigma [ 0.200000
ab erratlons O Quadiupole Badiuz Sigma [ 0200000
Wsnelians | O Zemike Coefficient O
O 21w tilk [ 0.000000
: O Z2: il [ 0000000
i Ab erratlons e O 23 power/defocus [] 0.000000
Development | O Z4: 3rd arder astig. 090 [ 0.052000
O Z5: 3rd order ashig. 45 1 -0.005050
SeleCted for later O Z6: 3rd arder % comadtilt [ 0.002140
. Etch | 0O Z7: 3rd order y comadtit [] 0.002020
f 1 b d O Z8: %id order spherical I |
1 e ase lnput tetrology | [ Exposure and Focus [l
Focal position relative to: OFFSET [ Contral_Focus_Origin
Mumerics O Positive numbers shift; UP [ Control_Focus_Direction
E xposure - Felative 1.530000
Focus [um) 0000000
Offzet [microns] [ -0.080000
b F O Cus and [[1Vibrations (|
O Yibration Model Mone [ Mone Selected
[ Development (|
EXposure seleCted O Develop Time [sec] [ 60000000
[ Mumerics (|
O Image Calculation Model: Vectar,0 O Input_Image_Model
O Type of Resist Model: ~ | |7 0.000000 -
(193nm, 0.85NA, 100:100nm line-space —— ’

Quadrupole 0.8/0.2 center/radius)

PETERSEN @=A:\\\[H=slp | I THOGRAPHY
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Choose aberrations to be varied

-t ProLE Workbench - [Advanced Aberrations] B ]
% =121 x
EHEIEIRIE ="
: Awallable Zermike Tems I Selected Zemike Tems I
Import PROLITH Zernike ZRM] File | Clear 2R Data | Import High Order Zernike [HOZ] File LClear HOZ [ata
Fleaze zelect the Zemike Terms o wary Double-Click any row to dizplay image of Aberration

Term | Fringe Term | Aberration Type Nurmalizatiunl Formula =

O 12 (FZ.9)  3rd Order Spherical Sqrt(5) 6R4-6R2+1

O 13 (FZ_12) 5th Order Astigmatism Sqri(10) 4R 4{cos(2e)) - 3R 2{cos{28)) J

14 (FZ_ 17 3rd Order Quad-Foil Sqrt(10) R4{cos(da))

O 15 (FZ_27) 3rd Order 45 Deg. Pent-Foil Sqrt(12) RS({sin(Sa))

O 16 (FZ_20) Sth Order Y- Tni-foil Sqrt(l12)  SRES5(sin(3@)) - 4R 3(sin(3g))

17 (FZ_15)  Sth Order Y- Coma Sqrt(12)  10R"S(sin(g)) - 12R 3(sinis)) + 3R(sin(e))

O 13 (FZ_14) Sth Order X- Coma Sqri(12)  10R"S{cos(e)) - 12R"3(cos(a)) + 2R{cos(a))

19 (FZ_ 19 Sth Order X- Tri-foil Sqrt(l2) SR"5{cos(3a)) - 4R "3(cos(38))

O 20 (FZ._26) 3rd Order Pent-Foil Sqrt(12) R "S(cos(38))

O 2 Sqrt(14) R 6(sin(6e))

O 2 (FZ 29)  5th Order 45Deg. Quad-Foil Sqrt(l4)  6R6(sin(dg)) - SR 4(sini4s))

O 23 (FZ 12) Tth Order 45Deg. Astigmatism Sqrt(l4)  15R™6(sin(2@)) - 20R"4(sin(2@)) + 6R"2(sin(2a))

O 24 (FZ._16) Sth Order Spherical Sqrt{7) 20R°6-30R4+12R"2-1

O 25 (FZ _21) Fth Order Astigmatism Sqrt(ld) 15R6(cos(2g)) - 20R"d{cos(2@)) + SR 2{cos(2a))

|:I| 26 (FZ 23 Sth Order Ouad-Foil Sartildy  SR"6icosidal -I SR 4icosidal) _Iﬂ

1 3

Monte Carlo Setup
LODE-Y Base Filename ||an”Btt [ Apply Marmalization Factar  Show in List Mumber of Maonte Carlo
Generate Aberration Files Generate and [mport b ProlE | :i gl:-.;vlii::gb:;;;lke? Conditions: |1 oo

——

F/E, aberration example page 2
Copyright 2003, Petersen Page 9
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Example: Set aberration file conditions

F/E, aberration example page 3

4+ ProLE Workbench - [Advanced Aberrations] ]
& =181 x
SldIEIRAY =
Available Zemike Terms  Selected Zemike Terms |
I Monte Carlo - |
—
Mean Sigma # of DiglL Distribution
[z4 (FZ_4) (Defocus) i |.005 f3 |2 - Gaussian Random = | Values are
Mean Sigma # of Digits user—speCiﬁed
[Z7 (FZ_8) (3rd Dider Y- Coma) i |.005 |3 |2 - Gaussian Random = | .
or probability-
Mean Sigma # of Digits Distribution . . .
[29 (FZ_10) (3rd Order Tri-Foil) jo J.005 |3 |2 - Gaussian Random = | dlStrlbuthIl
kean Sigma # of Digits Digtribution generated
[£14 (FZ_17) (31d Order Quad-Foil) o |.005 I3 |2 - Gaussian Random = |
Mean Sigma # of Digits Digtribution
[£17 [FZ_15) [5th Drder Y- Coma] o |.008 I3 |2 - Gaussian Random = |
Mean Sigma # of Digits Distribution
[£19 [FZ_19) (5th Order X- Tri-foil] o |.008 I3 |2 - Gaussian Random = |
=
// \ Monte Carlo Setup
| CODEY Base Filename |IntFilstt [~ Apply Mormalization Factor — Show in List Mumber of Maonte Carlo
Generate Aberration Files Generate and [mport to ProLE Al aval.lahle Zerr?lkes Conditians: |1 oo
\ £ Mnl Fringe Zermi
——

Generate aberration files or run directly e R
Copyright 2003, Petersen Page 10 -




Enter values for selected parameters

F/E, aberration example page 4

alrr e ey E= 4w

\Quad550" ProLE_Work' Support Files\PROLITH Templates'0.85MA.pl2 _ 0] x|

=10f |

PROLITH Parameters  Selected Simulation Parameters | Dutput Parametersl Cluster Setup | Job SEtupf'E:-:ecutinnI

— Selected Parameters

[refault Simul ations: Mhagonals | Maonte Carlo |

Automatic Dose to Size
simulation enabled.

— Mumencal Inputz

Skart Stop Increment B of Steps Order
IExpusure - Relative I 7 I 3 I A7 |1 j —
IFocus [um]) I -B I B I 05 I 25 |2 j

Selected Aberrations files

—Selected Files

YWAuadss0NProLE_work\Support Fileshdberation FileshntFiledt1.int
YWAuadS50NProLE_work\Support Files'Aberration Files\ntFilett 0.int
WOuadSE0NProLE_work \Support Files\Aberration FileshintFilef 2. int
WHuadsbhProlE_work WSupport Files'Aberration FilessntFilef3int
WHuadsbhProlE_work\Support Files'dberration FilesntFilefd. int
File Based Inputs—————— | |“+Buad550WProlE work\Suppart Files’Aberation Filesh/ntFiled5.int
WhEuadsB0WProLE_work\Support Fileghdberation FileshntFiledtE.int
WhEuadsB0WProLE_work\Support Fileghdberation FileshntFiledt 7. int

- YWAuadsB0NProLE_work\Support Fileshdberation FileshntFiledta.int
Blishise | B Lek I 4, QuadSE0NProLE_work\Support Files\abenation Filesh ntFiletd int

F 8 fles sefectfed Close Windaw
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Case table showing abberation

combinations

F/E, aberration example page 5

&} aberration Casetable txt - Notepad i ] 5
File Edit Format Help
cselected Zernike Coefficients: z4 (FZ_40 (pefocus), 27 (FZ_8) (3rd order w¥- Comal, J
Z10 (FZ_18) (3rd order 450eq. quad-Foil), 214 (FZ_17) (3rd order guad-Foill,
Z17 (FZ_15%) (5th order v- comal, 219 (Fz_19) (5th order =- Tri-foil)
Code v LINT File 01: ©.012, 0.003, -0,0002, -0.004, 0,003, -0,003
Code v .INT File 02: -0.001, 0.002, -0.002, -0.003, -0.001, 0.002
Code v JINT File 03: 0.0003, 0.007, -0.0001, 0,008, 0,007, 0,001
Code v JINT File O4: 0.002, -0.005, 0,003, -0,005, 00,0003, -0.001
Code v JINT File 08%: 0,003, 0,005, 0,003, -0,005, -0,008, -0,001
Code v JINT File 06: -0.001, -0.004, -0,0003, 0,001, -0.001, -0,009
Code v .INT File 07: 0.002, 0.007, 0.003, 0.009, 0.006, 0.003
Code v JINT File 08: -0.01, 0,004, 0,002, -0.003, -0,005%, -0.003
Code v LINT File 09: -0.015%, ©.001, -0.003, 0,001, 0,003, 0,002
Code v .INT File 10: -0.006, -0.005, 0.004, -0.006, -0.001, -0.004
1| | v 4

Copyright 2003, Petersen
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F/E process window (with ProDATA

analysis option)
F/E, aberration example page 6

i—':' Klarity ProDATA - [Abberation.pdZ : Abberation_01]
@File Edt Data FEM Critical Shape Tools  Window  User Preference  Help

=& %]
=18 x]

BTN TERE T I EEEEY SR TS IEEEEEIETEE

Fiw Digplay Options:

™ Show Only Individual P
= Show Only Overlap P
@ Shaw Both Pz

DOF and EL Selections:
DOF 0.57 um EL 10.10

¥ Show Best Focus/Exposune
rBest Focus
0.011872

—Best Exposure:
2.22839

—Depth of Focus:
0.568401

— Expozure Latitude:
0.222839

— Exposure Latitude (%) ——
10

For Help, press F1

Copyright 2003, Petersen

Overlap Process Window

Cose Group1

Doc: Abberation.pd? : Abberation_01

-01 02 0.3 0.4

Abberation_01 =————
Ahheration_05
Ahbheration_09

Aberration_02
Abheration_08
Aherration_10

Abberation_03
Abberration_07 —————
verlap

| rrr
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Abberation_04
Abberation_08
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Exposure latitude vs. DoF

F/E, aberration example page 7

E_:-'I(Iaritr ProDATA - [Abberation.pd?2 : Abberation_01] ;Iilil
File Edit Data FEM Critical Shape Tools Window User Preference  Help ;Iilil
IDEd@ ket hy WM EEES|REE

Exposure Latitude vs. DOF

Exposure Latitude (%4)
24

20

Abberation_01
—&—  Aherration_02
——  Abberation_03
—+——  Apberation_04
—+—  Abhberation_0&
—=——  Ahberation_06
—&—  Abberration_07
—=——  Ahberation_08
—+—  Abberation_09
—+—  Aherration_10

0.0 0.1 0.2 03 0.4 0b 06 07 0.8
Depth of Focus

For Help, press F1 ,—I—I_
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Lithography Drives Yield

¢+ PAL is the lithography expert

+ \We embed this experience into our products
¢+ Contact us to do the same for your products!

-002 um
."‘-[i:usilﬁm e SRR TR
0.073um

BB 0.1pm

11771 D e B SR A/ el

J. V. Beach, J. S. Petersen, M. J. Maslow, D. J.
Gerold, D. McCafferty, “Evaluation of SCAA ‘,
Mask Technology as a Pathway to the 65 nm =

Node,” SPIE paper 5040-17, 2003
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75 nm 1:1 dense lines.
SCAA mask and
0.75NA, 193nm, 0.15¢
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