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— 402

404

F0e £am Wiew ools  windows Hep —[a] x]
¥ = :
lo2a|d X952 a2
Mumber Step [Name Material Name | Thickmess | MaskName | Depth |1+ I — -
&1 SOL Wafer Setwp _U_..ﬁmcn_m\Mm _L_u-m_..q h_
2 Fin Madule [ F-Medeling Steps
B3 FinCut Module - [# Comments
IIA B4 Gate Module - [ Croce Section
L. ‘_ O <l o 4, 1 High- Gate Dielectric Deposition | HfO2 & ...En:mgs Python
- 42 Measure Film Thickness e MUm_ueu#
43 PVUF Til Depasition TIN_PWF & . Hjelectroplate
-l 4,4 Meazure Film Thickness mm_ﬁr -
St Barrier TaM Deposition TaM 2
412 | ) {45 \WF Resist Deposition Resist 250 [ Export Geometry
i 47 WF Lithography Resist 400 nsel - EgExpose Material
48 \WF TiN Remowal Etch 4 5 .@.u_.mn_.:_mjn Operations
- 4.9 W Resist Strip Resist mn.m"mm:m-m»m Mesh
14,10 MVIF TiN Deposition TIN_NWFE 10 - EGrow Oxide
2 ale Amorpho on Dep o phlA 204 ﬁb._._u—m:ﬁ
-1 4,12 Gate Amorphous Silicon CMP | - Einterface Growth |
» 14,13 Gate Hard Mask Deposition 5i3N4_PECYD | 100 | R F— 1
\ F{ 4. 19 Gate Patterning R ,
413 || m-as GateCut Patterning - elesemen
Il i {415 Gate Etch - Composite -+ % Modeling Parameters
~ i, 17 Measure C0 - EPlanar Deposit
\ﬂ 13 Save Model Components ...Mv_mzw:wm
S SiGe Module - - EgRemove Material |
| | - EPReplace Meterial W
L. \_ L. i ..._Wmm:m Mode! |
Step Name _mmem Amorphous Siicon Depaosition | gWafer Operations
icBion m Deposit --_\Wafer Setup
Wafer to e I
ey _S__mmn_.H h_ Material _m_l.m._._._o:u_._ﬁ}mu JWafer Setup ﬂ
=2
A.M o Mask Mame _ <rhoose > h —Thickness oB nm_;__wmw.w_nmuw |
IIA an |
MaskField | & Dark  C Light Distribution  [Scalar =i ~Eloridize |
s j = ~EGrom vide -LOCO |||
e ominal Value i I
op side =S =1
I Eotem sie —Arisotropy (vertical fateral) Bsalicide “
- =Polish |
Hltniton _mﬂ_wﬂ h ...Mn%ﬂ_ﬁo: Depaosit i
Nominal vaiue |1 Edit _ H-EoxideFill & ViaEtch |
&= Interconnect -1 Bee =
| Corner Type _xoc_._n_mn !H_ - ¥ _ |
s e — = =3 = i
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Ll
e

| Metrology.txt - Notepad _r o

File Edik Format WView Help

[THE__P AW 5. 000000
...ITMI_UPDEH.H 50. 000000
CD_DEWV__PLU 52 . 000000
CD_DEV_PD D2 . 000000
CD__DEYW__ PG 52. 000000
CD_FIKN_PU d4 0 000000
CD_FINMN_PD B4 . 000000
CD_FIMN_PG g4 0 000000
THE_STIDEP_MREX 200 . 000000
THE_STIDEP_PRX 200, 000000
THE_STIDEP_STI 295, 000000

THE_PADNMNITCMP_NRX = 40. 000000
THE_PADNITCMP_PR>X = 40. 000000
THE_STICMP_STI = 193. 000000

STP_STIPG_CMP
STP_STIPG_DGL

Mnar
FO. F3I28B33

qIfﬁlﬂubﬂqun-u_HHzl?__uﬂ.n = _H_. oD ooo0
THE_PADNITFIN_PRX = 0. 000000
THE_PADOXFIMN_NRX = 4. 500000
THE_PADOXFIN_PRX = 4. 500000
THE_STIFIN_STI = 1&0. 000000

5. 1a54a3
O.613I588

STP_STIFG_PRNS
S5TP_STIRPG Gy

|
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100

Assembly file STl Example.zam
Top Cell Cellgxa
Run 1.19:depth  1.22:depth 2:depth
1 15.5 52.5 2
2 12,75 52.5 2
3 20 52.5 2
4 22,75 52.5 2
i 24.5 52.5 2
B 15.5 56.25 2
7 17.75 56.25 2
8 20 56.25 2
9 22.35 56.25 2
10 24.5 56.25 2
11 15.5 60 2
12 1775 60 2
13 20 60 2
14 22,35 60 2
15 24.5 60 2
16 15.5 B83.75 2
[ 10

1002
1004

1006

= 1008

5 105 » 3t 295 (BT
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124 —

Assembly File C:\STI_Example\Virtual_3way_Grid\STI_Example.zam

Process File CASTI_Example\Virtual_3way_Grid\STI_Example.vproc

Layout File C:\STI_Example\Virtual_3way_Grid\Demo_Layouts.cat

Layer Map File

Top Cell Celléxé 1102

Output directory  STI_Example_batch
Working directory C:\STI_Example\Virtual_3way_aGrid

G O
Anvx Aﬁaf\ ﬁh.v\ -
& & & &

Q - .~...T\ Q 7 Q -
Run & A & & i
0(1} 15.5 52.5 2 24381656 167 11.985417 10.757186
1(2) 17.75 525 2| X7.539265 164 8.658854 7441053
2(3) 20 52.5 2 30.732833 160 5.37036  4.127793
3(4) 22.25 52.5 2 33.890625 157 2.116406 0.866027
4(5}) 24.5 525 2 37.047555 154 MNalN MNaN
5(@) 15.5 56.25 2 24.381096 167 11.871823 10.651563
6(7) 17.75 56.25 2 27.539265 164 8.382142  7.317439
7(8) 20 56.25 2 30.7328323 160 5.269715 4.032957 ‘_ ‘_ Oh.
31(3) 22.25 56.25 2  33.890625 157 2.0125843 0.780521 pm—
9 (10} 24.5 56.25 2| 31047585 153 MaM MaM
10(11) 15.5 60 2 24381656 167 11.795147 10.529056
11(12) 17.75 60 2 27.539265 163 8.481802 7.22371
12 (13) 20 1] 2 30.732833 160 5.165463 3.942212
13 (14) 22.35 60 2 33.890625 157 1.894331 NaN
14 (15) 24.5 60 2 37.047585 153 MaM MaM
15 (16) 15.5 63.75 2 243816596 167 11.693668 10.415309
16 (17) 17.75 63.75 2| X1.539265 163 8.37349 7.159459

—

e 11
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Fle Edt Tools Window Help

/\ anaitics | © Manager | T Process Edtor | /& Matersl Lbrary |

PSR GEMYE- B & md B X

Select
Input Factors

&

Run DOE

©

Select
Anzlysis Targets

-

W Use Case

¥ Design Method

Identify Impartant Paremetars ¥

Definitive Screening Design (DSD)
Morte Carlo

1400

Import Regression Data
for Calibration

7 & sack _ 7 Next B

& 14A
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1

File I'c ¥ Wi Al
S\ Amalytics _ 0 Manager _ .mmPEnEm Editor _ A Matarial Library _

EhfHeEMDC-H

oo
O

DOE Options

EEEE

Select
Input Factors

Run DOE

Select
Analysis Targets

>

m

+ Bk B X

J

Step Name

Wafer Setu. .
FEOL

Fin

DEP Pad0x
MEA THK P
DEP Padhit
MEA THK P.
DEP Mandr...
DEP MandO...
DEP Mandsi...
DEP MandRes
LTH Mand

MEA CD Ma.
RIE Mand
MEA CD Ma
MEA 5H Ma...

b 2.1.14 RIE MandRes
b 2.1.15 DEP FnSper..:
b 2:1.16 RIE FinSpcr...

FinCut
bottem rou...
HM remval

Variable Mame Defa *

1412

1

thickness FinM;
Ithography.... Finxg
Ithography.... 0

Ithography.... Litha

Availgble Inputs
Step Mum
I Wariables
Analysis
4 Process
[
4 2
4 21
b1
2132
S oy
214
g 0
216
o217
218
4 2,19
¥. 55 e
211
213
ik
2.2
P23
24
1|

(1]

Add

Remove
[ Removert |

1410

<

I

| Selected Inputs ‘_L.‘_L. ‘_L.‘_m
MName Levels valued valuel
2.1.9:lthography.dimensionzBias.xBias 5 -4 -2
2.1.15:thickness 5 35 37.5
2.2.9.2.2:meter@ls["/Siicon/].etch Type.aper.sidewallangle 5 3 4

Nurmber of Runs: 125

<@ Back Next G

& 14B
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| T i

Fle Edit Tools Window Help

A\ Analytics* _ ¥ Manager _ [ Analysis Editor _ .mmn.aﬁﬁm Editor _ A Material Library _

EhfESeEO9QC-H

+(Ekd B X 1422

] » [Avaiable Analysis

4 Analysis

C

|

| | Process
| Select | Custom
| Analysis Targets ”

|

Regression
Options

u ™
L]

m

Choose Outliers

Step Mum

| Analysis.1.1 Via Bottom CD
Analysis.1.2 Via Contact Area

Step Name Metrology Target

VIA_BOTTOM_CD
VIA_CONTACT_AREA

Results =

Add

1420

| selected >_._m._...m_m

Mame
VIA_BOTTOM_CD
VIA_CONTACT_AREA

ﬁ Back

Next G

& 14C
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File

Edit  Tools Wndow Help

A\, Analytics® _ ) Manager _ [ Analysis Editor _ .Mn._d.nmmm Editor _ A\ Material Library

EhfESeEM9C-H

©

Selact
Analysis Targets

ok

Regression
Options *

Choose Outliers

Results

-

m

(L B X

Inciude in Regression 1432 7 TERERRENIE -
¥ pdvanced 1434 [
Carrelztion Cutoff ,_H.u o
Stepwise Alpha for Enter 0.05 0:05
Stepwise Alpha for Leave 0.1 0.1
Dutlier Cutoff 3 3
1430 @ Back Next G

& 14D
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Fle Edit Tools Wndow Help

A\, Analytics* _ % Manager _ [ Analysis Editor _ .mlMPdnmmm Editor _ A& Material Library

1073345356-0

EhfEBQERY9Q-B £ BB X
» [Outlier Table
\a MName Code Value Include in Regression =
O b VIA_BOTTOM_CD  OK 7
a VIA_CONTACT_AREA OK =
Run-0 Statistical Outler 1267.24609375 [ False 1
Run-1 oK 1214.23046875 [¥] True
Select Run-2 0k 121044921875 [@]  True
Analysis Targets Run-3 Statistical Qutler 1267.46484375 []  Fake
Run-4 ok 1247.76171875 [¥] True
Run-5 ok 1210.94921875 [J] True
Run-G oK 123488671875 [¥] True
Run-7 oK 1236.80859375 [¥] True
Run-8 0K 1200.375 & True
Run-2 Statistical Outlier 1268.73046875 [ False
Run-10 ok 1202.203125 7 True
Regression - Run-11 Statistical Outlier 1306.11328125 [ False
Options Run-12 oK 1259.4206875 7] Tue 1442
Run-12 0.4 121448046875 [7] True
Run-14 Statistical Outlier 1271.28125 [l False
Run-15 oK 1199.21484375 [¥] True
> . Run-16 oK 1207.31640625 [¥] True
XX Run-17 Statistical Qutlier 1268.890625 [ False
Run-18 ok 1212.54396875 [7] True
Rup-19 Statistical Outlier 1269.59765625 [ False
= Run-20 Statistical Outlier 1267.67578125 [T False
Chioes Diitiiars Run-21 0K 1100.68350375 True
Run-22 OK 1205.08203125 [ True
Run-23 oK 1257.29296875 [¥] True
Run-24 ok 1198.71484375 [J] True
Run-23 0K 1219.47265625 [¥] True
Run-26 ok 1251.4921875 [V] True
Run-27 OK 1213.51953125 [@] True
= Varizbility Anahysis
Results -

[781184

5 18H » 3t 295 (A ET0)

FH LR A0202

107120904



[781184

| D i

Fle Edt Tools Wndow Help

}b:m;&nm _ 0 Manager _ [ Analysis Editor _ = Process Editor _ .ﬁ_sm.nmam_ Library _

EhfHeBm9C-H

=

Select
analysis Targets

Regression
Options

Choose Qutliers

Results

s

m

% By of @ X
Metrology Target _HSbIhDZA}h._‘LPm.m}
MNama P-Value Weight Relative Status
Intercept < 1 1075
3.7.5:matenak] [ Oxides/ ].etchRatio 0.01701 23.34 2:647  Sonincant
3.7.5:material['/Silicon/"].etchRatio ns 0 i} Not Significant
3.7.5:depth ns 0 0 Not Significant
3.7.5:type.legacyBasic. ateralRatio <0081 1718 1443 Significant
3.7.6.2:materials[/Metak/ ].lateralRatic ns 0 i} Not Significant
(3.7.5:materials['/ Oxides/"].etchRatio)}*2 ns 0 o Removed - Highly Colinear
(3.7.5:rmaterials[ '/ Silicon/].etchRatio)}"2 ns 0 i} Removed - Highly Colinear
(3.7.5:dapth)}"~2 ns 0 0 Removed - Highly Collinear
(3.7.5:type.legacyBasic.kte@Ratio})™~2  ns 0 0 Removed - Highly Colinear
(3.7.6.2:materials['fMetals/"].hteralRati.. ns 0 0 Removed - Highly Colinear
[2.7.5:materials["/ Oxides/"].etchRatio)}* . ns ] i Removed - Highly Colinear
ﬁm.w.mu.._.ﬂnmaﬂ.mﬁ.\Qx.ammm.u.mwgwwﬂoq&w.. <000l 1,528 1113 Significant
(3.7.5:materials["/ Oxides/"].etchRatio)}*_. ns 0 0 Removed - Highly Collinear
(3.7.5:materials["/ Oxides/'].etchRatio})™. . ns 0 0 Removed - Highly Colinear
(3.7.3:materials[ '/ Silicon/"].etchRatio)}™(... ns 0 i} Removed - Highly Colinear
(3.7.5:rmaterials[ "/ Silicon/ ' ].etchRatio}™(... ns 0 0 Not Significant
(3.7.3:materials['/ Silicon/'].etchRatio)™(... ns 0 0 Not Significant
(3.7.5:depth)*(3.7.5:type.legacyBasic.| . ns 0 i} Removed - Highly Collinear
(2.7.5:depth)*(2.7.6.2:matearials]'/Met.. ns il i Removed - Highly Colinear
(3.7.5:type.legacyBasic.btesRatio}*(3.... ns 0 0 Mot Significant
1454

4| il

Independent chart

[T Show Confidence Intervals

RS HA TR -

EFL_FEfl e

1as L 12=0.856466 A
RMSE=7.73981 5 N
" *
n=166 t%mw
1220 —
1200 f i
1180 | =
s
i T 1452
1160 1 | i | N
1160 1180 1200 1220 1240 1260
=

ﬁ Back

Next G
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1454

& 14G

Al i A
TR GBSl M ER

S P{E  #EE FfHEHEE N
WMAMHJL‘ = 0.001 1075
3.7.5:materials[ '/ Oxides/'].etchRatio 0.01701 23.34 2.647 BEHZEHY
3.7.5:materials['/Silicon/'].etchRatio ns ] 0 NEEEHY
3.7.5:depth ns 0 0 ANFEER
3.7.5:type.legacyBasic.kteralRatio < 0.001 1718 14.44 BHZEHY
3.7.6.2:materils['/Metals/"].lateralRatio ns 0 0 RNEEEHY
(3.7.5:materials['/ Oxides/"].etchRatio)~ 2 ns 0 0 HERERRIY) - = dLhm:
(3.7.5:materils['/Slicon/"].etchRatio)~2 ns 0 0 HERERRIY) - EdLhm:
(3.7.5:depth)*2 ns 0 0 HREEREY -
{3.7.5:type.legacyBasic.ateraRatio)~2 ns 0 0 HERERRIY) - EdLhm:
(3.7.6.2:material['/Metals/"].lateralRatio )}~ 2 ns 0 0 WEREERRY - S
{3.7.5:materials['/ Oxides/"].etchRatio)*(3.7.5:materils['/Siicon/'].etchRatio) ns 0 0 HERERRIY) - EdLhm:
(3.7.5:materials[/ Oxides/'].etchRatio)*(3.7.5:depth) < 0.001 1.528 11.13 SHZEHY
(3.7.5:materials'/ Oxides/'].etchRatio}*(3.7.5:type.legacyBasic.lateralRatio) ns 0 0 WRBREY - i
(3.7.5:materils['/ Oxides/"].etchRatio)*(3.7.6.2:materils[ {Metals/'].lateraRatio)  ns 0 0 WEREERT - AL
(3.7.5:materials['/slicon/'].etchRatio)*(3.7.5:depth) ns 0 0 WEREERTY - AL
(3.7.5:materials[/Silicon/"].etchRatio }*(3.7.5:type.legacyBasic. lateralRatio) ns 0 ] ANFHEH
(3.7.5:materials[ '/ Slicon/'].etchRatio)*(3.7.6.2:material['/Metals/ . ateralRatio})  ns 0 0 ANBHEH
(2.7.5:depth)*(2.7.5:type legacyBasic. lateralRatio) ns 0 0 WEFLlE - Sk
(3.7.5:depth)*(3.7.6.2:materials['/Metals/'].lateralRatio) ns 0 0 WREEREY - i
[3.7.5:type.legacyBasic.lateralRatio)*(3.7.6. 2:materials[ '/ Metals/']. lateralRatio) ns ] 0 ANFEEHY
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[781184

« |Availsble Analysis H HEERR) H A
EYN=N =
srEEE iR FHEEE G
. FinCD_Bot FnCD_Top 12 1
FinCD_Mid FinCD_Bot 27 1
FnCD_Top Remove Trench_CD 38 78
GapCD_top I GapCD_top 38 1
. Dees sidewall_angle Remaove Al
Calibration Targets Trench CD
% K
H
x = x
—t 1702
x

Parameter Bounds

Run Calhration

Calibration Results

m

1700

e 17
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Fila

Edit Tools Window Help

\/b:m;&nm» _ % Manager _ = Process Editor _ S Matarial Library™ _

-
x
X
x
3 5 x

EEREAFE

o}
o

NEeHG@ERDE-5H

¥ Optimization

Lt MR

Scoring Function

W Advanced ‘_ mom

MNumber of Trials

Mumber of Iterations/ Trial

Tolerance

1804 ?%mﬂ Optimization ¥
2-norm ¥
]
.E 10
100 | 100
186 ie6
1800

HEERIEEE |
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|3

File

Edit Tools Window Help

}b:m;&_nm» _ T Manager _ = Process Editor _ A Matarial Library™ _
BEhedGCERDG-8 % BiB X

=

Select
Calibration Targets

Parameter Bounds

Run Calibration

Calbration Resuls

-

m

Parameter Bounds

1900

28 1902 G ISEE 1904 TR LR
M.H.Huumm FnCD_Top, FANCD_Bot, GapCD_top, 35 45
2.1.%:lithography.dimensionalBias.xBias Trench_CD, GapCD_top, 4 4
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FnCD_Top Predicted Target Value 12 12.0027 1194989 132 12 12 12.0005
Select
Calibration Targets FinCD_Bot Predicted Target Value 27 27 27 27 27 27.0001 27
i Trench_CD Predicted Target Valuz 40.3671 40.3728 40.3871 40.3865 39.6618 40.3599 40.389
x
¥ Xy GapCD_top Predicted Target Value 38.023 38.0121 38.0031 38.0035 |3B.7277 38.0301 38.0002
X
e | :
o Trench_CD, GapCD_top, 2.1.9:ithography.dimensionalBias.xBias 1.0852 1.0925 1.0852 1.0855 1.4476 1.0988 1.0843
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| Calibration Results|

FinCD_Top, FinCD_Bot, GapCD_top,

FinCD_Top, FnCD_Bot, Trench_CD, GapCD_top, 2.2.9.2.2:materials[’/Silicon/].etchType.taper.sidewallangle 4.4031

2.1.15:thickness

35.2485 35.25Z0 35.2483 35.2485 35.2485 35.2485 35.2492

4.4023 4.4031 4,403 4.403 4.4031 4.4029
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