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Introduction:
RECAP (SPCC 2019, Portland)

> Enhancement of the polarization field of particles * Speciation Of non-volatile impurities
deposited on wafer: (carbon & silica)
» Enhanced Raman scattering-> Speciation (SPCC 2019)

» Enhanced total scattering-> Detection (particle size
estimation)

Optical scanning to detect
particles (size and location)

Selective amplification of
Wafer with particles optical response of particles
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Performance characterization methodology

1. Identification of the mean particle size of commercially available

particles

* Center-to-center distance measurement

2. Characterization of the UNISERS detection efficiency based on

standard silicon particles
* SEM-UNISERS correlation method

3. Characterization of the size estimation performance

 Size distribution histograms
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How to characterize the mean particle diameter
with SEM images?

Acquisition of clear images of sub-
50nm dielectric nanoparticles is
challenging due to sample charging
with electron beams. It is not clear
where the actual boundaries are
(thresholding).

SU8200 SIBKV x200k SE(U)

’\‘ www.unisers.ch

all rights reserved UNISERS Ltd.



Detection of center-to-center distances

A trimer of nanoparticles.

Center-to-center distances
are robust to charging effects.
Calculation of center-to-
center distances of trimers in
SEM images is a reliable
method to determine the
upper bound of the “mean
particles diameter”.

Y. center to center distance
3

Average particle size of trimer + gap between particles =
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Characterization of mean diameters based on

center-to-center distances

Some trimers used to detect center-to-center distances

_— Particle name | Particle Detected Producer’s
o ® type mean specification
s * e diameter
ol : Ludox TM50  Silica 29.7nm  22nm
Sy Ludox HS40  Silica 163nm 12 nm

: ‘. Ludox SM Silica 8.9 nm 7 nm
59 5 § si1so Silica 134nm 150 nm

i g PS31 Polystyrene 23.5 nm 31+3 nm
" i % PS23 Polystyrene 16.2 nm 2313 nm
by | Aus Gold 32.1nm  31nm

S © Au60 Gold 56.3nm 60 nm

Colloidal crystals can be created by spin-coating high-
concentration colloidal liquid sample.
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Characterization of the detection limit with SEM-
UNISERS correlation method

Spike Si-wafer with SEM image acquisition UNISERS image Particle-to-particle correlation of
standard silica on certain coordinates acquisition on identical SEM and UNISERS images using
particles (e.g. Ludox) coordinates particle deposition patterns

by spin-drying

SEM image UNISERS image

Acquisition time: 5 - 10s Acquisition time: 0.2s

UNISERS im&g(e)
®

OSumx 12 um

SU8200 2.0kV x10.0k SE(U) | . : 266 pm x 266 pm
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Example SEM-UNISERS correlation for Ludox TM50
on silicon wafer (mean particle size: 29.7nm)

SU8200 5.0kV x5.00k SE(U)

14 particles detected
O particle not detected
O particle not visible with SEM
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Example SEM-UNISERS correlation for Ludox TM50
on Au-coated wafer (mean particle size: 29.7nm)

21 particles detected
1 particles not detected

2 particles not clearly visible with SEM™*  *Surface roughness of Au film makes it difficult to
discriminate a very small silica particle on SEM images
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Example SEM-UNISERS correlation for Ludox H540
on silicon wafer (mean particle size: 16.3 nm)

Co

UNISERS Tmage

SU8200 2.0kV x10.0k SE(U)

22 particles detected with 100% probability
2 particles are detected with 50% probability* _
. *Depends on the haze (airborne molecular
3 particles not detected N
, _ _ contamination level)
0 neighbor particles are ignored
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SEM-UNISERS correlation test result

Particle type Bottom Number of Total single Cleary Detected with | Not detected

substrate SEM/UNISERS | particles detected 50%

images imaged with single particles | probability
SEM with UNISERS

Ludox TM50 Bare silicon 4 60 60 0 0
Silica, 23.7nm | A _coated 4 108 99 0 9

silicon
Ludox HS40 Bare silicon 16 312 242 42* 28
Silica, 16.3nm

*Very small particles can be detected if haze (background) signal is very low.

Detection efficiency of TM50: 90%-99%
Detection efficiency of H540: 75%-90%
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Example zoom-in UNISERS images

Ludox SM (8.9nm) Ludox HS-40 (16.3nm) Ludox TM-50 (29.7nm)

L

Threshold for particle detection: (a) Intensity (b) Pixel count
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30000 -

200nm 0 -

Producer’s specification

22 nm

SEM Center-to-center analysis 29.7 nm

UNISERS Analysis*
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*Mean particle diameter is calculated with Gaussian curve fitting
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» UNISERS analysis is performed on
individual particles deposited on the wafer
29.3 nm (not closely packed colloidal crystals)

UNISERS ANALYSIS RESULT

Different colors represent
different experiment with
different particle density
on wafer.

Bin size: 2 nm
Smallest bin: 7nm-9nm

10 15 20 25 30 35 40 45 50 55
Mean particle diameter Particle size (nm)




Example 2: Particle size distribution of Ludox HS40

35000 - UNISERS ANALYSIS RESULT
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10000 -

Detected particle number per cm2

5000 -
; < 0 -
3 WOV O e " ; *,200nm 10 15 20 25 30 35 40 45 50 55
Ludox HS40 Mean particle diameter Particle size (nm)
Producer’s specification 12 nm
SEM Center-to-center analysis 16.3 nm
UNISERS Analysis 16.0 nm
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Example 3: Particle size distribution of Ludox SM

SUB8200 4.0kV x200k SE(U) ’

Ludox SM

Mean particle diameter

Producer’s specification 7 nm
SEM Center-to-center analysis 9.3 nm
UNISERS Analysis 11.1 nm
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UNISERS ANALYSIS RESULT

10 15 20 25 30 35 40 45 50 55

Particle size (nm)




Example 4: Particle size distribution of PS31

UNISERS ANALYSIS RESULT

20000 -
10000
0 .
10 15 20 25 30 35 40 45 50 55
PS31 Mean particle diameter Particle size (nm)
Producer’s specification 31+3 nm
: » Much wider particle size distribution

SEM Center-to-center analysis | 23.5 nm compared to Si or Au
UNISERS Analysis 22.1 nm
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Example 5: Particle size distribution of PS23

50000 - UNISERS ANALYSIS RESULT
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Detected particle number per cm2

f’@’ 3
9 s

SU8Z00 3 0KV x200SE(U) 3 A b @00t 0- d g

PS23 Mean particle diameter 10 15 20 25 30 35 40 45 50 55
Particle size (nm)

Producer’s specification 23+3 nm

SEM Center-to-center analysis | 16.2 nm

UNISERS Analysis 14.9 nm
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Example 6: Particle size distribution of Au31

SU8200 3.0kV x200k SE(U)

Detected particle number per cm2

Au3l Mean particle diameter
Producer’s specification 31 nm

SEM Center-to-center analysis | 32.1 nm

UNISERS Analysis 32.2 nm
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Example 7: Particle size distribution of Au60

20000+ UNISERS ANALYSIS RESULT

15000
10000 -

5000 -

Detected particle number per cm2

0
35 40 45 50 55 60 65 70 75 80 85 90 95

Particle size (nm)

SU8200 3.0kV x200k SE(U)
Au60 Mean particle diameter

Producer’s specification 60 nm

SEM Center-to-center analysis 56.3 nm

UNISERS Analysis 54.2 nm
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Example 8: Particle size distribution of Si150

UNISERS ANALYSIS RESULT
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600 -
Bin size: 5 nm

400 -

200 -

Detected particle number per cm2

SU8200 3.0kV x100k SE(U) 0 -
. : : 110 115 120 125 130 135 140 145 150 155
Silical50 Particle size (nm) Particle size (nm)
Producer’s specification 150 nm
SEM Center-to-center analysis 134 nm
UNISERS Analysis 133 nm
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Example 9: Particle size distribution of Au5

6000 -

f=S

o

o

o
1

2000 -

Detected particle number per cm2

o
]

10 15 20 25 30 35 40 45 50 55

SUB200 4.0kV x200k SE(U)

Aub5 Particle size (nm) Particle size (nm)
Producer’s specification 5nm

SEM Center-to-center analysis Could not performed

UNISERS Analysis 7 nm
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Material-independent size estimation
14.9 nm PS

29.3 nm Si

20 - |
32 nm Au 133 nm Si

F r
54 nm Au > Material-independent

| size characterization
over a large dynamic
range (with a single
optical scan)
» Check appendices for

more particle size
characterization data

Particle count (%)

0 | l“”illlum.l LI \

10 20 30 40 50 60 70 80 90 100110120130 140150
Particle size (nm)
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General overview of UNISERS Particle detection
technology

 Particle detection limit: sub-10nm with a low light budget. Signal amplification for
20-nm particle is ~106.

e Detection limit is valid even on high-scattering backgrounds (e.g. metal-coated
substrates).

* Particle size estimation with (1) signal intensity & (2) pixel count: Large dynamic
range (sub-10nm to 150 nm with a single scan).

e 2-micron resolution for 30nm particles (can distinguish two different particles if
they are located with a minimum distance of 1 micron)

* Material-independent size estimation (true size estimation)

e 20mins/cm? scan speed for sub-10nm sensitivity.
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Application 1: Liquid particle analysis with
successive spin-drying

Concept of successive spin-drying and particle

deposition:
Particle deposition to the substrate happens:
1. during initial contact to the substrate and
& t,,~4s: Waiting time 2. after evaporation of UPW from the substrate
UPW drops between drops
\ (influenced by humidity,

temperature and Repeating this process on the UNISERS substrate

ventilation) increases the particle density. Experiments in this

document show the increase of the particle density is

Q linear with the applied drop number. For example,
‘/ applying 100 successive drops increases the particle
density on the substrate by x100. Increased particle

Continuous high-speed density on the surface means improved detection limit
spinning of the substrate for particle concentrations in liquids.
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Particle deposition results for Ludox HS40®

Ludox®-HS40 silica particle (16nm) spiked samples
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Sample ID

Concentration

Drop number

(ppt, Si)
HS40 0 240 100
HS40_1 60 100
HS40_2 40 150
HS40_3 40 100
HS40_4 40 50
HS40_5 20 100
HS40_6 40 30
HS40_7 12 100
HS40_8 40 10
HS40_9 4 100
HS40_10 4 100




Quantification of ligu
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drop no x particle number per mi
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id particle concentration

Total' tme Particle Detected
Drop required for : :
number | successive spin- concentration | particles (per
) of UPW cm2)
drying
1 1 min . 1000 1
particles/ml
10 2 min : 1000 10
particles/ml
100 8 min . 1000 100
particles/ml
1’000* 70 min . 1000 1’000
particles/ml
10°000* 12 hours . 1000 10’000
particles/ml

*Extrapolated data
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Conclusions

**UNISERS is a sub-10nm optical defect scanner.
**Currently, we can analyze up to 4-inch wafers or wafer pieces.

s Defect speciation with enhanced Raman in progress.
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Don’t hesitate to contact us with open
guestions, proposals for joint projects

or collaborations

ETH:zurich

CEO Dr. Ali O. Altun CTO Fabian Walter
altun@unisers.ch walterf@unisers.ch

+41 78 933 92 60 +41 79 420 05 02

UNISERS Ltd.

c/o ETH Zurich ieLab, HPL D16.2
Otto-Stern-Weg 7

8093 Zurich

Switzerland
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