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&/ Genlsys ProSEM — easy and flexible

Core ProSEM features at glance:

Seamless integration of SEM images _ 1B
Metrology on standard CMOS, complex & arbitrary shapes
Robust automatic edge detection & find similar
Quick batch processing and custom recipe creation
e Easy data handling and export (csv, gds)

* Python scripting support & more..

Extended ProSEM functionality:

* Layout integration & Metrology

* Line Edge analysis for 2D shapes

* Find modified shapes

* Pixel size calibration from 2D pitch
* Digital interface for SEM automation

e BEAMeeting Stuttgart 2024 2




Applications

(c)
(d)
(e)

500 nm
A. Guskov, Nanomaterials 12(11):1854, 2022
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Advancing the Standard

GanZetal., Light Sci Appl 11,89 '2 47 59 73 90

(2022)
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Before etch

LER =

10.0 nm

(a)

Iw%

Original etch

(optimized for 248 nm resist)

LER =

17.2 nm

T =200 nm

Applications

Optoelectronics

(c)

(d)

(e)

T =300 nm T =500 nm

A. Guskov, Nanomaterials 12(11):1854, 2022

Improved etch
(optimized for 193 nm resist)

LER = 8.3 nm

CalvinG. et al,,

AMD ICMI 2003
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ProSEM Application Use Cases

. Nanostructure image analysis
 Corner rounding analysis
 Line Edge Roughness

 Side-wall analysis

 Layout-based metrology

BEAMeeting Stuttgart 2024 5
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Nanostructure image analysis
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Nanostructure image analysis
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Advancing the Standard

Nanostructure image analysis
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GenISys /

Nanostructure image analysis

Measurement 1D ‘ “alidation] AreaErro

M 1 Success -0.50%
M 3 Success -0.43%
M 4 Success -0.57%
M5 Success -0.671%
M 6 Success -0.56% - .
M_7 Success -0.54% .
M_8 Success -0.57% '
M9 Success -0.63%
M_10 Success -0.47%
M 11 Success -0.75%
M 12 Success -0.32%
M 13 Success -0.50%
M 14 Success -0.53%
M 15 Success -0.26%
M 16 Success -0.09%
M 17 Success 0.26%
M 18 Success -0.38%
M_19 Validated -0.55%
M 20 Success -0.53%
M_21 Success -0.70%
M_22 Validated -0.55%
M_23 Validated -0.53%
M 24 Success -0.671%
5 T dy 34 > M_25 Success -0.45%

00mm  EHT= 1SS ATy < e M_26 Validated -0.20%

— i ¥ @i M_27 Validated -0.60%
M_28 Success -0.44%

Aspect Ratio

Signal A =1 te :8 Feb 2017
File Name = nod002_d2p0_wf40 ]
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Advancing the Standard

Corner Rounding

(© Feature Detection wh | Name: P_1 P2 P_3 P4
Feature Type S ted Cont Al

: L SR Position Mid Mid Mid Mid

ROI [nm] LLX  105.909 LLY 143.818 CD %

: Width 303.112 Height 557.043 = Method Sigmoida Sigmoida Sigmoida Sigmoida

Polarity Rising Rising  Falling Falling

Edit Edge(s) Define Measurement...

Fit |Arc Arc Arc Arc

Show Results

/ BEAMeeting Stuttgart 2024 15
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Advancing the Standard CO rne r Rou n d i ng

SEI 100kvY X50,000 WD36mm 100nm

| P_1 Diameter{nm|

442
() Feature Detection : wh | Name: P_1 P2 P3 P4 475 | P_2 Diameterinm] e e e R e T
Feature Type Segmented Contour a | 363 350 m gi?;z
: lPOSition Mid Mid Mid Mid 34.4 35.0 - :
ROI [nm] LLX 105.909 LLY  143.818 cD % 626 740 86.5 m 0.1762
E Width 303.112 Height 557.043 L |Method Sigmoida Sigmoida Sigmoida Sigmoida 610 56.6 65.6 58.1 0.3310
| Polarity Rising  Rising  Falling Falling 76.9 26.8 75.5 0.4586
Edit Edge(s) Define Measurement... = 424 3.2 504 04951
Fit Arc Arc Arc Arc >8.7 89 0.4586
Show Results 36.0 61.9

455

Feature Fit Quality: Describes how well the chosen shape fits the measured edge points J/

BEAMeeting Stuttgart 2024 16
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Advancing the Standard

RectanglesArray_01 | Group_1 | M_3

BBox Width[um] : 10.7574
BBox Height[um] : 20.3727
Area[um”2] : 214.6134
Slice S5 1 : N.A.
Slice S 2 : N.A.
Slice S5 3 : N.A.
Slice S 4 : N.A.
Variables:

BoundingBoxArea = 219.16
ContourArea = 214.61
DifferenceInAreas = 4.54

Corner Rounding

d

BEAMeeting Stuttgart 2024
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Advancing the Standard CO rne r Rou n d i ng

Group Summary
tour Table Shapes Array Table
1 Vatdato] BoundngBorea Conourea Diferenconaeas]

Success 0.0 2z 4.48

Success 220.36 214.31 6.05

Success 279.16 214.61 4.54

Success 221.42 215.13 6.29

Success 217.77 213.18 4.59

Success 218.90 213.77 5.13

Success 218.32 213.71 461

Success 219.42 214.32 511

Success 217.83 213.66 4.17

Success 217.90 213.61 4.29

Success 278.66 214.08 4.57

Success 220.43 215.71 4.72

Success 279.85 214.81 5.04

Success 218.91 214.15 4.76

Success 218.66 214.39 4.27

Success 217.60 213.20 4.40

Success 278.13 213.77 4.35

Success 217.83 213.78 4.05

RectanglesArray_01 | Group_1 | M_3 ‘ - o Ml Ml Success 218.88 21455 433

BBox Width [um] : 10.7574 RectanglesArray 01 Group_1 M_20 Success 217.78 213.58 4.20

BBox Height[um] : 20.3727 RectanglesArray 01 Group_1 M_21 Success 218.22 213.83 4.39

Area[um”2] : 214.6134 RectanglesArray 01 Group_1 M_22 Success 218.14 213.97 4.17

Slice S 1 : N.A. RectanglesArray 01 Group_1 M_23 Success 219.44 215.18 4.27

Slice 5_2 - N.A. RectanglesArray 01 Group_1 M_24 Success 218.75 214.64 4.11

Slice S 3 : N.A. RectanglesArray 01 Group_1 M_25 Success 218.54 214.09 4.45

Slice S_ 4 . N.A. RectanglesArray 01 Group_1 M_26 Success 218.62 214.61 4.00

- RectanglesArray 01 Group_1 M_27 Success 217.01 213.06 3.95

- RectanglesArray 01 Group_1 M_28 Success 218.07 213.82 4.26
Variables:

A RectanglesArray 01 Group_1 M_29 Success 218.21 213.70 4.51
BoundlngBoxArea = 219.16 RectanglesArray 01 Group_1 M_30 Success 279.08 214.35 4.73
ContourArea = 214.61 RectanglesArray 01 Group_1 M_31 Success 218.57 21363 494
DifferenceInAreas = 4.54 RectanglesArray 01 Group_1 M_32 Success |217.43 21354 390

RectanglesArray 01 Group_1 M_33 Success 279.54 213.49 6.06

° RectanglesArray 01 Group_1 M_34 Success 220.73 216.08 4.64

M ea S U re m e nt S I I Ces RectanglesArray 01 Group_1 M_35 Success 279.39 214.53 4.86
RectanglesArray 01 Group_1 M_36 Success 279.80 215.12 4.68

Bounding Box: Uses the outer bounds of the measured feature, along the image axis

/ BEAMeeting Stuttgart 2024 19
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Advancing the Standard Line Edge Rough ness
Advanced LER and PSD 8 8 E & B | g

 LER (left/ right) and LWR reported per line

e Standard deviation (3-0) from linear fit

Power Spectral Density plot (PSD), white noise corrected
e Correlation length (&) and roughness exponent (a)

« PSD display and easy .csv export

/ BEAMeeting Stuttgart 2024 21
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Advanced LER and PSD

 LER (left/ right) and LWR reported per line

e Standard deviation (3-0) from linear fit

Power Spectral Density plot (PSD), white noise corrected
e Correlation length (&) and roughness exponent (a)

« PSD display and easy .csv export

10—& -
10754

1075 4

PSD

1077 4

1078 4

10—9 <

Power Spectral Density

—— Left LER

——- Left LER (Fitted)

10° 101
Frequency (Cycles/Micron)

10?

Line Edge Roughness

b
2
$
3
3
¢
£
3
b
b
3
S

Power Spectral Density

—— Right LER
10-4 4 ——- Right LER (Fitted)

107

10—6 4

PSD

10-7 4

10—E 4

19—9 4

100 10 10?
Frequency (Cycles/Micron)
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Advancing the Standard

Power Spectral Density

1074 4

107° 4

PSD

10774

1075 4

1079 4

—— Left LER

——- Left LER (Fitted)

101
Frequency (Cycles/Micron)

Power Spectral Density

1075 .

1076 4

1077

PSD

10784

1094

10—10 4

10-11 4

Line Width Roughness

Line Width Roughness (Fitted)

Line Edge Roughness

Power Spectral Density

10°

1'01
Frequency (Cycles/Micron)

10?2

3 f,' i —— Right LER
$ 3 ! 1079 - ~=—~- Right LER (Fitted)
§
:3 : § 1075
& |
£ &
g’ k 10* -
g 3 [m]
£ 4 8 0
i § &
5 10-7 4
‘% {
: £
i 105
i
o 10-9 4
100 10 10?
Frequency (Cycles/Micron)
K__Line_Edge_Roughness | Lines & Spaces | Summary
CD Mean[um] Mean = 0.1739 Min = 0.1735 Max = 0.1746
Rotation Mean [deg : Mean = 90.15 Min = 90.11 Max = 90.20
: Mean = 0.0205 Min = 0.0203 Max = 0.0206
Left Correlation Length (Xi) [um] : Mean = 0.9652 Min = 0.465¢6 Max = 1.3255
(Alpha) : Mean = 0.0000 Min = 0.0000 Max = 0.0000
: Mean = 0.0211 Min = 0.0210 Max = 0.0213
Right Correlatlon Length (¥Xi) [um] : Mean = 2.5368 Min = 1.1690 Max = 3.8310
Right Roughness Exponent (Alpha) : Mean = 0.0000 Min = 0.0000 Max = 0.0000
|LWR 3*Stdpevium] : Mean = 0.0119 Min = 0.0114 Max = 0.0129
LWR Correlation Length (Xi) [um] : Mean = 0.2936 Min = 0.2061 Max = 0.3388
LWR Roughness Exponent (Alpha) : Mean = 0.2323 Min = 0.1912 Max = 0.2953

d
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Power Spectral Density

1074 4

107° 4

PSD

10774

1075 4

1079 4

—— Left LER

——- Left LER (Fitted)

101
Frequency (Cycles/Micron)

Power Spectral Density

1075 .

1076 4

1077

PSD

10784

1094

10—10 4

10-11 4

Line Width Roughness

Line Width Roughness (Fitted)

10°

1'01
Frequency (Cycles/Micron)

10?2

LER group average

Power Spectral Density

Line Edge Roughness

—— Right LER
10~ 4 -==- Right LER (Fitted)
1075 5
10—6_
a
0
o
10—7_
10—&-
1072 4
100 10 10?
Frequency (Cycles/Micron)
K__Line_Edge_Roughness | Lines & Spaces | Summary
CD Mean[um] Mean = 0.1739 Min = 0.1735 Max = 0.1746
Rotation Mean [deg : Mean = 90.15 Min = 90.11 Max = 90.20
: Mean = 0.0205 Min = 0.0203 Max = 0.0206
Left Correlation Length (Xi) [um] : Mean = 0.9652 Min = 0.465¢6 Max = 1.3255
(Alpha) : Mean = 0.0000 Min = 0.0000 Max = 0.0000
: Mean = 0.0211 Min = 0.0210 Max = 0.0213
Right Correlatlon Length (¥Xi) [um] : Mean = 2.5368 Min = 1.1690 Max = 3.8310
Right Roughness Exponent (Alpha) : Mean = 0.0000 Min = 0.0000 Max = 0.0000
|LWR 3*Stdpevium] : Mean = 0.0119 Min = 0.0114 Max = 0.0129
LWR Correlation Length (Xi) [um] : Mean = 0.2936 Min = 0.2061 Max = 0.3388
LWR Roughness Exponent (Alpha) : Mean = 0.2323 Min = 0.1912 Max = 0.2953

d
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&~ Genlsys 2D Line Edge Roughness

Edge roughness analysis for 2D shapes

e LER extended to fitted 2D features * PSD plot with fit corrected for white noise

« Circles, ellipses, rectangle, and triangles * Deviations at corners are excluded

«  Standard deviation (3-0) relative to fitted shape * Correlation length (§) and roughness exponent (a)

BEAMeeting Stuttgart 2024 25
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& Genldys 2D Line Edge Roughness

Edge roughness analysis for 2D shapes

e LER extended to fitted 2D features * PSD plot with fit corrected for white noise

* Circles, ellipses, rectangle, and triangles * Deviations at corners are excluded

«  Standard deviation (3-0) relative to fitted shape * Correlation length (§) and roughness exponent (a)
Power Spectral Density Power Spectral Density
—— PSD ( 3s5s=0.0176 | xi=0.1710 | a=1.0611 | B=3.4987e-08 ) | —— PSD (35=0.0027 | xi=0.0351 | a=0.9428 | B=1.4053e-11)
—— PSD fitted —— PSD fitted
10~° b
1075 | -
g) g 10_10-_
1077
LER 3-StdDev[um]: 0.0176 10-11 4
LER Correlation Length (Xi)[um]: 0.171 ]
LER Roughness Exponent (Alpha): 1.0611 . .
101 102

T
10!

Frequency (Cycles/Micron) Frequency (Cycles/Micron)

4 BEAMeeting Stuttgart 2024 26
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g Advancing the Staynldard Slde-wa” analySIS

Single Edge Measurement

* Define Edge polarity
(Rising/Falling)

» Set the Signal position to define
the part of the feature

* Inner and outer side-wall widths

BEAMeeting Stuttgart 2024 28
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g Advancing the Staynldard Slde-wa” analySIS

Single Edge Measurement

* Define Edge polarity
(Rising/Falling)

» Set the Signal position to define
the part of the feature

* Inner and outer side-wall widths

llllllllllll>
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Batch processing & determination of side-wall symmetry

Symmetric Edges Asymmetric Edges
2.0 2.0
wn wn
AL i e }'.., x>
] - - — p— r .
E -E *’# - \\\ 1, K J'J
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Layout-based metrology
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gt
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Shift Left-Click into the layout to create a measurement ROI.

2
£
2
(=]
m
2
5
E
g
2
=
&
B
@
o
&
&
-8
2
:
2
3
=

Laver Status
measured

Find Similar

Feature Tyne

Circles

Heiaht [uml

0373

Center X [uml Center Y [um] Width [um]

1(0)

-]
M

0417

2.155

1481

31
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Advancing the Standard

Measurements | Image Registration| Measurement Info Pick Data Info

Options
@ Enable Scale Alignment
@ Enable Rotation Alignment

@ Enable Downsampling by Factor

Re-Registration

@ Registration on Link Register Current

Register Unregistered Register All

Layout-based metrology

Layer

O by @ o000 0000®
w0 9000000000000 000000000000
=m0 9000000000000 000000000000
02000000000000000000000000
4uom 11D 9 O 0000000 000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000000000000000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
000000000000 0000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000

Measurements limage Registration Measurement Info Pick Data Info

Shift Left-Click into the layout to create a measurement ROI.

Center X [uml Center Y [um] Width [Juml | Heiaht luml | Feature Type Find Similar Laver Status
1.481 2.155 0417 0373 Circles . 1(0) measured

d
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Advancing the Standard

Measurements §Image Registration| Measurement Info Pick Data Info

Options
@ Enable Scale Alignment
@ Enable Rotation Alignment

@ Enable Downsampling by Factor

Re-Registration

@ Registration on Link

Register Current

Register Unregistered Register All

Layer

Ol Lay.
O'mmo(0)
¥/ m1(0)

Center X [um] Center Y [um] _Width luml

Layout-based metrology

edeGe
%0
02¢2
0200
X
%
0%
0%
e20%e
®
0%20%
020%e
0%0%e
0%
%@
0%
%%
0%
0%
0%
0%e
0%
0%
0%
0%2¢%
®
%
O
0%20%0
O
0%20%
O
0%
®
%%
%
0%0%
0%
®
O
020%
0%
02000
eg0g0

Measurements limage Registration Measurement Info Pick Data Info
Shift Left-Click into the layout to create a measurement ROI.

Heiaht [uml
1.481 2.155 0417 0.373

Feature Tyoe  Find Similar Laver
Circles a2 1(0)

HexArray_280nm_440nm_1pt4_1_Mod_1 |Group_1 M_1

HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray 280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray 280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1
HexArray_280nm_440nm_1pt4_1_Mod_1

Group_1 M_2
Grof™
Gro LayoutShift<[nm] | LayoutShiftY[nm]
Gro 1.6 -6.3
Gro -0.2 -6.5
Gro -29 -4.5
Gro -34 -29
Gro 1.9 -1.1
Gro 7.6 -2.0
Gro 4.6 -9.3
Gro 14 -5.0
Gro 3.2 -4.1
Gro 0.6 -34
Gro -1.3 1.7
Gro 4.6 4.2
Gro 3.8 -8.0
Gro 2.2 6.7
Gro -4.8 -4.3
Gro -19 -1.6
Gro -2.8 -0.7
Gro 2.6 24
Gro -1.6 -4.0
Gro -3.3 -4.5
-1.4 -6.5
-6.2 0.8
-0.0 -0.8
-2.6 25

d
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Advancing the Standard

3200 1 O Measured Centers
® Layout Centers
3000 A
0 ° 0 ® ®
2800 A
2600 A o ® @
2400 1
® . ®....
500 1000 1500 2500 3000

Placement Analysis

é--9

O Measured Centers
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Power Spectral Density

—— PSD (35=0.0176 | xi=0.1710 | a=1.0611 | B=3.4987e-08 )
—— PSD fitted

 Nanostructure image analysis

LER 3-StdDev[um]: 0.0176
LER Correlation Length (Xi)[um]: 0.171
LER Roughness Exponent (Alpha): 1.0611

* Line Edge Roughness

10t
Frequency (Cycles/Micron)

e Side-wall analysis

* Layout-based metrology

Ratio of Inner Sidewall Widths

Image ID
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Thank You!

support@genisys-gmbh.com

BEAMER TRA

CER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49 (0)89 954 5364 0

+49 (0)89 954 5364 99
P< info@genisys-gmbh.com

USA Office

GenlSys Inc.

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

USA

+1 (408) 353 3951
P4 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenlSys K.K.

German Industry Park

1-18-2 Hakusan Midori-ku
Yokohama 226-0006

JAPAN

+81 (45) 530 3306

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