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Bruker optical profiler introduction
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Product Line: 40+ years innovation, Comprehesive, Industrial proven mav ey

The Most Versatile Metrology Solution by WLI

Contour GT-X

l am?
3
Insight WLI

NPFLEX-LA NPFLEX
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Technology: Key Patents of Bruker's WLI, Developing and Innovation

<)

The most advanced innovations over 40 years, focusing on WLI

Instrument hardware and algorithms

7654685
Dual Light

5446547
1cm close loop

5813809
Thread

7212356,
7375821
TT™

5978086
Anti-thermal

6266183
Anti-Crash

© 2022 Bruke

Application

7605925
HDVSI
5555471
Thin Film
5471303,
6493093
VXI

5717782
Data Restore
6459489
SureVision

5987189,
5991461,
6185315
Stitch

9664509

Signal sectioning for
profiling printed-circuit-
board vias with vertical
scanning interferometry

7808652
Interferometric
measurement of DLC
layer on magnetic head

8643847

Interferometric
technique for measuring
patterned sapphire
substrates

Innovation with Integrity | 3/5/2024 15

Best WLI Metrology solution on market
Resolution and slope

Sub-nm vertical
resolution

resolution

Defect on 1000 lines/mm
diffractive polymer

0.76nm vertical details on SiC
mirror

© 2022 Bruke

Sub-um lateral

18.000

Steady &
w slope

gt T

36,000 54,000

Si etched pyramids with 45°slope
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Vertical resolution
White Light Interferometer profiler
0.0007T UM |r==———————————————————————
- 2.5x objective
1 Sa=0.058nm Lol
i » _
AL ) ) ®
\ Effective vertical /’ Standard optical profiler
resolution /
/
Sub-nm o ,'
resolution for - 20x objective /
all FOV and WD i Sa=0.053nm ,I
' 10um K
0.55x Field of View 230x
115x objective .
Field Of View ¥ Sa=0.057nm Best vertical
Working Distance oo metrology
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Lateral resolution

190nm diameter
structure

From
100nmto
10'smm

-
v

50pm powder

700mm sapphire

' wafer

= Deterministic calculation for focus

Interferometry

Q s Additive manufactured

Direct height extraction for
each pixel results in best
lateral resolution

Ultimate lateral

resolution

-Bruker Confidential-

White Light Digital Microscope

Focus Variation

Multiple pixel averaged out for
height extraction, lowering
lateral resolution
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Interferometry, Interferometer: principle

Interferometer is an optical device that divides a beam of light exiting a single
source (like a laser) into two beams and then recombines them to create an

interference pattern.
difference in paths the two beams traveled.

© 2022 Bruke
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The combined pattern can be analyzed to determine the

InnovationwithIntegrity | 5 March2024

Typical interferometer: principle

CCD

Reference arm

A
“4 | | Reference
- > )
2 v A Mirror

Test arm

Beamsplitter

Sample

Optical Path Difference (OPD)
- difference in optical path lengths that beams
travelin Referenceand Testarms.

© 2022 Bruke
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‘The expanded beam
exiting from the light
sourceis divided by a
Beamsplitter into two
beams.

‘One beamis reflected
from the reference mirror,
and the other one from
the sample.

*These two beams are
recombined by the
beamsplitter to interfere.

‘Theimaginglens
images the interferogram
onto the CCD camera.

InnovationwithIntegrity | 5March2024 |
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Demonstration of 3D Optical Scan
Step Height Measurement

10mm height cone D

Step Height
Sample T~
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Demonstration of 3D Optical Scan s
Hemisphere Measurement

)
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Light source

All XY data captured
in single acquisition

per Z plane
haguss
3z
Focus L
movements
Focus

WLI 3D Microscopy
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Universal
Easy Access & All type of surfaces

Safe operation @

) P Shiny & Curved
high magnifications

Improve access

) - Transparent
with LWD objectives

Access vertical walls RO Y Black color .
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Repeatability tests

Super smooth mirror Step (um) 10 (um) 10 (%)
Sa=0.1nm 0.088 0.0001 0.08%

F 7.319 0.0030 0.04%
Trust in results 46.472 0.0265 0.06%

Step Avg  Magnification[Step Avg  Magnification
m

um
FE)FS)QIE r?é;ng) Cross-hatch pattern Measurement Number Always Always ays Always
on fuel engine Always Always Iways Always
mm step Sa=0.1um Step Height Meta Data tep Height Meta Data
1 84119 4964 42476 498
2 84104 4.964 42784 498
3 84143 4964 42597 498
4 84128 4964 42856 498
5 84075 4964 43183 498
6 84182 4.964 42962 498
7 84105 4964 42864 498
Tmm step height 8 84125 4964 42883 498
9 84159 4964 42984 49.8
10 84117 4.964 42920 498
To=0.003um To=0.002um
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High magnification objective

InnovatEokaith 20404

Optical resolution and lateral sampling

Two major lateral resolution limitations

= QOptical diffraction

Higher NA optics and shorter wavelength provide better feature measurement

= CCDpixels

Higher number or smaller size pixel cameras does not necessarily provide better feature measurements

InnovationwithIntegrity | ~ 5March2024 | 16
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Objectives

Wide selection of objectives for your application
= Standard objectives 2.5x, 5x, 10x, 20x, 50x, 115x
= Long working distance (34 mm): 2x, 5x, 10x, 20x

= Large area: 1x

S0 E8EFEL B G LG

© 2022 Bruke Innovation with Integrity | 5 March 2024 I 17

Optical resolution

2-point optical resolution for incoherent light:

Rayleigh criterion Sparrow criterion
Points separation = 0.6 | / (NA) Points separation = 0.47 | / (NA)

© 2022 Bruke Innovation with Integrity | 5 March 2024 | 18
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Lateral resolution limits
System is limited by System is limited by
detector optics
Larger pixels limit More or smaller pixels do not
image delivered by optics help in resolving smaller
features

© 2022 Bruke Innovation with Integrity | 5 March 2024 I 19
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Large Field of View for new 5M CCD L0

Combined with better lateral resolution

New ContourX

Full Image

10x objective with 0.55 zoom

Digital Zoom In

© 2022 Bruke

Circular Average Power Spectrum Density

Logarithmic Power [

! — New Camera '\\\
3 '
High repeatability
Mode Step(um) 10 (um) 106 (%)
PSI 0.0884 0.0001 0.08%
usl 7.4745 0.0030 0.04%
VSI 46.4722 0.0398 0.09%
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115x Objective Overview

= Designed for use on all Bruker 3D
microscopes

= |Increases the ability to measure
steep slopes on smooth surfaces

= |Increases the ability to measure
small features

Innovation with Integrity |
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Specifications

Smooth Surfaces

Feature Specification
Magnification 115x
Interferometer Type Mirau
Murmerical Aperture 0.80
Working Distance 0.7 mm
Depth of Field 0.8 pum
Heference Surface Reflectivity 20%
Maxirmum Theoretical Slope on 53 degrees

Lateral Resolution Using Sparrow
Criterion

314 nm on Bruker GontourGT
series and Bruker NT2XXK series
30 microscopes; 375 nm on prior
models

Innovation with Integrity |

5 March 2024
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Keys to Measurement Success
= The 0.7mm (700um) working distance requires close proximity to the sample surface
= This short working distance greatly increases the risk of contacting measurement surface
= |t is possible to make a long enough VSI scan to contact the measurement surface
= The reference mirror inside the objective must occasionally be refocused
= Due to small depth of focus autofocus must be used for PSI measurement to get the best results
= Reference generationand removal should also be performed
2Brul InnovationwithIntegrity |~ 5March2024 | 23
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200nm Horizontal Lines (1x FOV-USI)
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Results

200nm Horizontal Lines (1x FOV-USI)
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Results

200nm Grid (1x FOV-USI)
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What are the top 8 applications by Bruker WLI
in publication?

InnovatEokaith 204 i%]

3D OM CUSTOMER PUBLICATION ANALYSIS REPORT

mieGRr
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Top 8 applications typical data by Bruker WLI in publication

H
]

g8

1% DS
W 20%DS
W 3% DS

_mos, s

’ ° 30% DS 7

[N l N | M e W et
Grapt d 55 pm heN P

Wear scar (um) 3

200 400 600 800 1000
Scanning width (pm)

Lubrication

L 131 o=
| i = A
-
Micro manufacture & - ] )

Precision machining Corrosion Function materials Additive Manufacturing
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3D OM CUSTOMER PUBLICATION ANALYSIS REPORT

sRGRER
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Why is Bruker WLI used for above research? - |

= 1, Tribology: Quantify wear volume, depth/width of wear track, evaluate precisely without contact; even for
wear mechanism studying together with SEM sometimes

= 2, Surface property: Quantify surface texture/structure for studying Superhydrophobic, Surface
Morphologies & Gloss Appearance, Antifouling, Oil/water separation, Superoleophobicity, Self-cleaning,
Wettability, Self-healing, Biocompatibility, Anti-icing

= 3, Lubrication: Quantify wear volume, depth/width of wear track, morphology investigation

= 4, Medical device/Biomaterials: in-situ, non-contact direct observation; 3D dimensions for Microfluidic
device; Surface finishing of stents, implants, etc.; Morphology, roughness for studying Biodegradation,
Antifungal Efficacy, Adhesion strength, Functionalized surface, Antibacterial, Osteogenic

2022 Bruke N N Innovation with Integrity | 5 March 2024 I 29
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3D OM CUSTOMER PUBLICATION ANALYSIS REPORT

BROSKR
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Why is Bruker 3D OM used for above research? - Il

= 5, Micro manufacture & Precision machining: 3D dimensions of device/structures, quantify surface
finishing for ultra precision machining method validation, parameter optimization; Frequently used in laser
texturing, precision drilling, ablation, cladding, and single-point diamond turning, micro electroforming,
injection molding, etc

= 6, Corrosion: Quantify corrosion depth/profile, corroded volume, for studying pitting, cavitation erosion,
fretting corrosion, microbiologically influenced corrosion, galvanic corrosion, tribocorrosion, erosion—
corrosion

= 7, Function materials: Film thickness, structure depth, roughness measurement for electronics/optical/etc
film/coating

= 8, Additive Manufacturing: Surface topography/morphology characterization, process optimization

022 Bruke: Bruker Confidential- InnovationwithIntegrity |~ 5March2024 | 30
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Tribology study

SARDVANGERS

www.advancedsciencenews.com

A) worn SisNs pin

(]
POSItion may ©

B) Pt-Au wear track

K~ -6.4 x10* mm*%Nm
Vo = 1.3 X10% mm?

pol SSRaAR
o e

A) worn ALOs (sapphire) pin

1 o%s
POSItON mapy O2 120
B) Pr-Au wear track

70 oTs
POSIION rrapy

© 2022 Bruker
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€) worn cross-sectional area

~246um

Pt-Au mid-track wear
K~ 1.6x10" m
v,

-3.2

total sliding distance ~ 200
ertz suess = 1.1 GPa

04 os

02 03
position (mm)

©) worn cross-sectional area

sapphire ball wear
K- a.4x10°

Pt-Au track avg wear
K~ 2.6 x10° mm*/Nm
Vi~ 5.2x10 >

200 m
2 stress — 1.1 GPa

| total siiding distance
I max Hes

& B 100 120 260
position along wear track cross-section (um)

DOI: 10.1002/adma.201802026
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Corrosion study

MultiRegion Analysis

5.3 |
1M
] o
Title: Process A

Note:

© 2022 Bruker
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Two-cimensions! vews of ISGROr Fens 2 ClA Snd CHC SRer 24 1 of S1800 AG D/TBNG SADOSIBS.
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Other typical data by WLI on metal
Wear after shot peening o Al Foil for LIBs
Bruker Confidential- Innovationwith Integrity |~ 5March2024 | 33

Advanced materials study by 3D OP
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Power device
8-inch wafer SEM WLI direct measurement

trenches Cross section with 115x

© 2022 Bruke Innovation with Integrity | 5 March 2024 I 35

Power device : Top CD, 1.37um(SEM) vs. 1.36 pm(WLI)

Top CD=1.36pm

55: 00
a0

e 20 ¢

520 403
o 51
0 20 40 60

pm

¥ Profiid aX=13645 | 47=0.2377 pm
m

R

I W11

6.07um

SU8000 5.0kV 7.2mm x10.0k SE(UL)

© 2022 Bruke Innovation with Integrity | 5 March 2024 | 36




3/5/2024

Power device : Bottom CD, 1.09pm(SEM) vs. 0.97pm(WLI)

Bottom CD=0.97 pm

dE3i7um 55 00

40, 20
£ ‘0. €
S 20 g 40 3

o Ex

020 40 60
pm

¥ Profilef 4x=0.9558 pmr7=-1.0443 pm
™

] ] YA
T T

SU8000 5.0kV 7.2mm x10.0k SE(UL)
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Power device : Depth, 6.07um (SEM) vs. 5.90pm(WLI)

Depth =5.90 ym

55 00

. 20 ¢

S 20 S 03
o 51
0 20 40 60

um

¥ Profile: 4X=-1 8702 pm{rZ=-5 8998 um
™

I 1T RV Y

SU8000 5.0kV 7.2mm x10.0k SE(UL)
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Mold groove: teeth dimensions by 115x objective

Tooth Width = 13.977 pm Tooth Depth = 336.509 pm

6020um

zown | zow _sum
Teeth Pitch = 0.7 mm | N P S ) P
L ———————— .
3ruke e "33 InnovationwithIntegrity | 5 March2024
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MEMS:

Step and Trench Depth/Height
= Volume of trenches, flow cross sections
= Etch Depth Control for Production

= High Aspect ratio structure

= Roughness

= Ra indicator for fluid flow wyviscosity and adhesive
properties

= CD measurements
= Channel spacing

= Flow channel pitch, widths

= Fjlm Thickness

2022 Brukei Bruker Confidential- InnovationwithIntegrity | 5 March2024
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MICRO MANUFACTURE & PRECISION MACHINING: STRUCTURE/FINISHING
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International Journal of Machine Tools & Manufacture 165 (2021) 103717
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SURFACE PROPERTY: MORPHOLOGY AND ROUGHNESS (“)(’7
T Cassie-Baxterjid g IR 5H Nhvay
15 AL A0S 2 N 2 2 B s PR A T LRI 41 bR Y SRR
AEIRZE FHIRASAE(E '?Ra;&f}}%' g pmmyw'“ e ‘E“','f'ii'*““ ?
Loy . / Gliss *, Mm n:
MZ}“ Stretehed 4‘}f9.,p:vms 2 P);p)}ﬁdﬂl ‘“\::;;"}

FAMG strain sensor

,  eleo%

9 Ra=3.923 ym T
Adv Funct Mater. 2020, 2000398

© 2022 Bruk

Ra=4.896 pm

-Bruker Confidential-

‘

S
~FAS Ag NPs [ Graphene (5] Overiapped graphese ~MWENT -~ APTES [ PDMS.

« HIETPDMSHEM, REBEAPTESE
EEMIMWCNT/GrapheneSEER
=BG, BIEImLAAGYEKETRIFN
FAS, FZBKFAS / Ag / MWCNG /
G-PDMS (FAMG) RZx{ERKES,

- ZIEREEEEERRME (TRirT
MEH TSRS EREI1989) |
BERENEE (0.1-170%) , HuER
NZAHE] (150 ms) F11000:RAI{6FE
AR SRR e,
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SURFACE PROPERTY: MORPHOLOGY AND ROUGHNESS

BT AEHSEYN ERARFIERESRE- R EN - AR BH-K

RER R TR E =4S

(a) 39.24 pm 1.7 ym

Fig. 4. White light interferometry images of (a) SSM, (b) CaCO3-8SM, and (c) SA/CaCO3-SSM.

Chemical Engineering Journal 405 (2021) 126597

22 Bruket
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» water @ oil

© NETMHBEUKIERERTS (CaCoO 3) REARE
R (SSM) |, 1ZMIE RS SRIEDH U8
ANHNE, FEFREMERER (SA) HETRmEILE.

o ETEYHWIER, ESSMEEAIES, B
BIEsLHCaCo g2, FRGBFEKMERFL
(CaCO 5 -SSM)

«  SI#BIFEKCaCO 5-SSMIH TSAKME, LUSKEHBE
KEIRIBR (SA / CaCO 5-SSM)

+ SA/CaCO; -SSMIEMIB/ /K BEME LS
R (> 94.8%) .
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For HKUST device

ribbons/wires ?
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Shape memory alloys
© 2022 Bruke Innovation with Integrity | 5 March 2024 | 45
MICRO MANUFACTURE & PRECISION MACHINING: STRUCTURE/FINISHING

BRUKER

A [E] E R R IR SCE EEORTE S /R E LT ISR MR A b

SCELE FUREEs

~500pm? HFHFEEES -
_ ﬂiﬁ/jffﬁ’hﬁ . 3D OMI{%

AT

Figure S1. Surface morphology of 600 pm thick
Al substrate measured using interferometer.
The surface of the substrate comprises of
groove patterns, where the average width
between two grooves is about 24.9 + 7.8 um.

Nano Lett. 2020, 20, 3263-3270

© 2022 Bruke

100um?H15x8 pm? [FIFRR A A

AFME5:

(d) CYTOP/ZnO/Al surface

(€)  ZnOJAl surface

(a) Droplet on ZnO/Al (b) Droplet on CYTOP/ZnO/Al

iy, -

Wenzel state transformed into a
Wenzel/Cassie-Baxter mixed state
by coating a thin hydrophobic layer
of CYTOP. (c) (d) shows that the
nanoscale roughness is reduced
after the surface is coated with
CYTOP.
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Summary
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Bruker Stylus and Optical Metrology (<0
Products

2

NPFLEX-LA Standalone NPFLEX 1000 Standalone Contour SP Insight WLI
LA BN i =i REN

- =
===

DektakXT Dektak XTL ContourX Serial Benchtop
N Y N e ContourX 1000 Standalone
BILT BN 12BN RERNENHTE EI AT
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Best WLI Metrology solution on market )
Robust metrology
Region | R Mean | Ra 45um step
. 15472 | 2552 Tum flatness
. 16843 | 4858 S e e o s o o ouBENSRCHOR, .
100nm coplanarity
. ust | 6oz SEETE LN N%ES
sedad3W %% Fre
. 7183 4796
. ) |l Dedicated analysis

F: Form removed (LS-sphere, R=24.9 mm)
S-filter (As): Robust Gaussian (order 2), 2.5 ym
L-filter (Ac): Robust Gaussian (order 2), 0.25 mm

el Height parameters

= = sq 555 nm
sk 087
o Sku  8.86

S 491 mm

Any surfaces R s 291 mm

sz 782 mm

4 Sa 365 mm

Innovation with Integrity | 3/5/2024 1 49
. . : L BROSKR
Most strong local technical supporting from service to application team “( >3

We are always here for our customers

= Staff: More than 30 experienced scientists and = Locally service
engineers, who mostly have master or doctor’s

= |ocal diagnose and repair
degree

= Domestic backup warehouse

= Regional support team
= On-line support 9 PP

. = Extended warranty
= Training course

= Local trainin
= Training video g

= WeChat group

= Remote support
= 400 Hotline: 400-890-5666

= Email: support.bns.cn@bruker.com
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Thank you!
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