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A virtual fabrication environment for semiconductor device fabrication that includes an analytics module

for performing key parameter identification, process model calibration and variability analysis is discussed.
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[ 3237 ] A virtual fabrication environment for semiconductor device fabrication that
includes an analytics module for performing key parameter identification, process

model calibration and variability analysis is discussed.
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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

|

> 3t 295 (@9 E )

®1H

1112053014-0

FREHESE A0101

111136832



1808399

100 F B 2SS I IR Y

e IR e
802a

.

(o FH B AL R B RS o - S A B 571

804a

.

{5 B A 2 75 | i AR T 2 R

802b

A E G 2D BeEtBdR ()
804b

|

TENLERTAIRIE 2R 2D aa 3%

806a 806b
o P 5 7 ot L T T g, ) _
W s s _T ! e lel !
808 L e e e - H ||||||||| I
EHEEIUR A RIER .2 3D FEAL e A 3D fEAl T AR RGNS S ERCTRT T
PRE BB B NP s _ B RO s _
818 812a I e 812b _ _ _ _____ 2
x 1
vy ¥ - v
TSP 3D M 1t 3D B T e | i 1B
SHEIRTEORA% (SEM - TEM %) brie|  |SERE OIS 3(CD - OL %) bh
814a 814b
_ _
@ ok - %ﬁmﬁ%@@
816
815

» 3k 29H (B A )

F8H

1112053014-0

FREHESE A0101

111136832



1808399

{80 B EE O ER R 74 ) {87 888 2D BT Esds
o%mm @OMU *
v i}
0 H B R 2 ML LU T AT B RGP ML LU T AT
904a 904b
v 1
4 BRI R E AR
{58 &R m?+ﬁ%%ﬁm> i T 41 K28 AD = b
906b
_ |
-
HHBEE B2 EEESRT
908
3D AL (BT wu%
AMEHERG T =
910
+
@Hwﬁ Eepilin) jany=y S dlessS
G5 B SR GTRTRER K ﬁm_:r
912
_
£ A Mwﬂﬁrwﬂmwwlm#mﬁ%mq
1] s T B8 bitl) TR [EipIZ ks >
fEHEERZ 3D ﬁ%wmq\ﬂmm%m@ 3D fEAl : ﬂW 4 7 e 2
914b
| |
v

B N 916

[ 9

1112053014-0

120)

=]

» 3£ 29H (A

FI9H

FREHESE A0101

111136832



1808399

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
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124 —

Assembly File
Process File
Layout File
Layer Map File

C:\STI_Example\Virtual_3way_Grid\STI_Example.zam
CASTI_Example\Virtual_3way_Grid\STI_Example.vproc
C:\STI_Example\Virtual_3way_Grid\Demo_Layouts.cat

Top Cell Celléxé 1102
Output directory  STI_Example_batch
Working directory C:\STI_Example\Virtual_3way_aGrid “
| F & & &
Sm,r,n.. S«mﬂ# Anvx AA/ ﬁh.v\ 4
5> ..o.“.a. %«w o] m,/ ..Tww 2 muo, 2 w%r
Run N 5 4> & & & & —_
0(1) 15.5 52.5 2 24.381096 167 11.985417 10.757186
1(2) 17.75 52.5 2 27.539265 164 8.658854  7.441058
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.B66027
4(5}) 24.5 52.5 2 37.047595 154 MaM MaM
506} 15.5 56.25 2  24.3816596 167 11.871823 10.651563
6(7) 17.75 56.25 2 27.539265 164  B.582142  7.317439
7(8) 20 56.25 2 30.732833 160  5.269715 4.032957 ‘_ ‘_ OL.
31(3) 22.35 56.25 2 33.890625 157 2.012543 0.780521 pm—
9 (10} 24.5 56.25 2 37.047585 153 MNaN MNaN
10(11) 15.5 60 2 24.381696 167 11.795147 10.529056
11(12) 17.75 60 2 27.539265 163  B.481802 7.22371
12 (13) 20 B0 2 30.732833 1e0  5.165463 3.942212
13 (14) 22,25 60 2 33.890625 157  1.894331 MalN
14 (15) 24.5 60 2 37.047585 153 MNal MNal
15 (16) 15.5 63.75 2 24.381696 167 11.693668 10.415309
16 (17) 17.75 63.75 2 27.539265 163 8.37849 7.159459
s’
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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
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Erift

Fllg I
S\ Amalytics _ 0 Manager _ .mmPEnEm Editor _ A Matarial Library _

EhfHeEMDC-H

+ Bk B X

» |Avaiable Inputs Add Selected Inputs ‘_ L.‘_ L. ‘_ L.‘_ @
nu || Step Num Step Mame  Varable Mame Defa * Name Levels valued valuel
H I Wariables 2.1.9:lthography.dimensionzBias.xBias 5 -4 -2
O‘ Analysis 2.1.15:thickness 5 35 375
4 Process Remave 2.2.9.2.2:mater@ls[’/Slicon/].etch Type.taper.sidewzlAngle 5 3 4
i k1 Wafer Setu. . !
DOE Options 3 4.2 FEOL BgA
4 2.1 Fin
p 2.1.1 DEP PadOx
- 212 MEA THK P
@— » 2.1.3 DEP PadNr 1412
m ey 214 MEA THKP.
&  2.1.5 DEP Mandr.. i
» 2.1.6 DEP MandO.. 3
p 2.1.7 DEP MandSi...
Selact + 2.1.8 DEP MandRes
Input Factors 4 2.1.9 LTH Mand
thickness FinM;
Ithography.... Finxg
Ithography.... 0
Ithography.... Litha
2.1.10 MEA CD Ma.
p 2.1.11 RIE Mand
2.1.12 MEA CD Ma.
2.1.13 MEA 5H Ma... =
Run DOE b 2.1.14 RIE MandRes
» 2.1.15 DEP FnSper...
b 2:1.16 RIE FinSpcr...
b 23 FinCut
\ r 2.3 bottom rou...
O b 2.4 HM rermval ™ e | i
bl U r Humber of Runs: 125
—_— 1410 @ Back Next G
Analysis Targets =

& 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

x
X
x
X

Choose Outliers

m

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

Hame

VIA_BOTTOM_CD
VIA_CONTACT_AREA

ﬁ Back
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& 14C
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|3

Fle Edit Tools Wndow Help

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

EhfESeEBO9QC-B AR X

-

\a Include in Regression
O 1432

¥ Advanced 1434

Selact Correlzton Cutoff
Analysis Targets

ok

Regression
Options

Stepwise Alpha for Enter
Stepwise Alpha for Legve

Outlier Cutoff

ﬁ

m

Choose Outliers

L

La

i 1430

Results =

7 <@ Back 7 7 Next P
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Fle Edit Tools Wndow Help

1112053014-0

17)

=]

% 18H » £ 29H (31

1808399

A\ Analytics® _ ) Manager _ [ Analysis Editor _ .mm Process Editor _ A& Material Library
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
Chios Oitiisrs Run-21 oK 1199.68350375 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 ﬁ Back Next @
Results -
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| 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
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1160 1 | i | N
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ARG
TR GBSl M ER

S P{E  #EE FfHEHEE N
T < 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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Fle Edit Took Window Help

\/.p:qunm* _ .w Manager _ .mmnqcnmwmmnﬁo_, _ h. Material Library™ _

ELhPfEHeRAYCE-B + BB X

Cr

Select
Calibration Targets

x X

X
x
®x

Parameter Bounds
Run Calhration

Calibration Results

-

m

Availgble Analysis

TR EE
FinCD_Bot
FinCD_Mid
FnCD_Top
GapCD_top
sideval_angle
Trench_CD

1702

Remove

1700

HEEER HE

it RS E MEEH
FnCO_Top 12 1
FinCD_Bot 27 1
Trench_CD 38 l;
GapCD_top 38 1

1704
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|3 e

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

1800

7 Indirect Optimization

2-norm
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100
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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
2.2.9.2.2:materizls [/ Slicon/"].etch Type.taper.sidewzllangle AnCD_Top, AINCD_Bot, Trench_CO, GapCD_top, 3 7
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|3 [t

Fle Edit Tools Window Help

}b:m;&_nm» _ T Manager _ = Process Editor _ B Matarial Library™ _

SREESEM9C B + 4B X
\\)) - 28 2004 TG | Tl | dmel2 | T3 | T4 | Tals | Tl
e d 2002 Converged Converged Converged Converged Conwerged Converged Converged
FnCD_Top Predicted Target Value 12 12.0027 1194989 132 12 12 12.0005
Q__U_NW_M_”H._w.mﬁDmﬂm FinCD_Bot Predicted Target Value 27 27 27 27 27 27.0001 27

L X Trench_CD Predicted Target Valuz 40.3671 40.3728 40.3871 40.3865 39.6618 40.3599 40.389
HH xﬂﬁl GapCD_top Predicted Target Value 38.023 38.0121 38.0031 [38.0035 |3B.7277 |38.031 38.0002

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
FinCD_Top, FnCD_Bot, GapCD_top, 2.1.15:thickness 35.2485 35.2526 35.2483 35.2485 35.2485 35.2485 35.2492

Parameter Bounds

Run Calibration

m

FinCD_Top, FnCD_Bot, Trench_CD, GapCD_top, 2.2.9.2.2:materials[’/Silicon/].etchType.taper.sidewallangle 4.4031 4.4023 4.4031

2000

4,403 4.403

4.4031 4.4029

fr

|
ﬁ
w
v
|
_
|

| Calibration Results|

|
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Variahiity Anahysis Main ECDF Overlay Plot

Target [VIA CONTACT_AREA - | [FEFL_FEEf g (i
e [==1 -
\m/,m_m_\mﬁ%mmm@lm&m 2204 ” = -
o.0a F ! : : = R 1208.29
AR 95% CT 1205.18 2 1211.39
1250 fE 20.2427
FEHESE1K 95% CI 18.2743 2 22.69
0.03 - 1 HREMERE 73 (p=0.001)
- /ME 1159.16
www 0.5% 1160.04
=
) 2.5% 1167.4
-
% 0.02 i 5% 1178.71
Wmm 1200 259 1198.71
@m 50% 1205.48
75% 1213.8
0.01 4 95% 1249.58
1175
97.5% 1253.58
99.5% 1259.28
B 1259.43
i | | | 7 * | 1 I I
1160 1180 1200 1220 1240 1260 1175 1200 1225 1250 2902
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| Variabiity Analysis Man | ECDF T2 [H] |
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