Development of high-sensitivity and
high-accuracy measurement method for fine
particles in ultrapure water
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Abstract

In recent years, with the development of the semiconductor manufacturing process,
ultrapure water (UPW) used to wash semiconductor devices have required high purity.
In particular, particles in UPW are strictly controlled.

We experienced successful 10 nm class particle counting by the SEM method with the
newly developed membrane and new sampling system. Our 10 nm SEM analysis can
measure 10 nm particles, which was previously impossible. This article presents the
results of measuring 10 nm particles in the existing ultrapure water system. We
clarified the behavior (including generation sources and compositions) of 10 nm
particles in ultrapure water systems in order to optimize and enhance.

Furthermore, in order to measure particles of 10 nm or less, we focused a particle
measurement technique using the spray-drying method. A new residual-free atomizer
was designed to transfer colloidal nanoparticles measuring less than 100 nm into
aerosol phase. Direct injection of colloid suspension enabled precise control of aerosol
number concentrations by colloidal concentration (105 — 1011 particles*mL! of liquid).
Correlations between the size distributions of colloid and aerosol were also investigated
using aqueous suspensions of the standard nanoparticles sized 10 — 100 nm. It was
found that the aerosol size distribution was in very good agreement (.e., less than 1 nm

accuracy) with that measured by scanning electron microscopy.
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Table 1. UPW quality requirements for semiconductor manufacturing.?

Year 2017 2018 2019 2020 2021 2022

Logic industry “Node”
Labeling (nm)

MPU/SoC Metal % Pitch (nm) 18 18 14 14 12 12

Critical particle size non -

;(1071 “105’ (:75’ «79! ‘(5’5 “5”

electrically active (nm) 18 18 14 14 12 12
clectricaly active () 0 9 7 7 6 6

Quality Parameters

EAP #/ml) 10 10 10 10 10 10
Non-EAP #/ml) 10 10 10 10 10 10
UPW particles (EUV mask) at 1 1 1 1 1 1

12 nm all years #ml)

Metals in UPW (ppt) 1 1 1 1 1 1

H,0, (ppb) 10 10 10 10 10 10
Reactive Silica (ppt) 50 50 50 50 50 50
Critical metals for image 0.9 09 0.9 0.9 09 09

sensors (Co and Mn) (ppt)
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Fig. 1 SEM image of anodized membrane
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Fig. 2 Sampling system: (a)PFA tube for pressure reducer, (b) flowmeter, (c) drain flow

volume adjustment valve, and (d) ultrasonic flowmeter.
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Fig. 3 Experimental setup for measuring PSL particles.
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Fig. 4 Number of PSL particles trapped on the membrane.

DIW Polishing Loop (~20 m¥%h
g Loop ( ) POU
1 1 Heat Ultraviolet  Cartridge  Membrane Ultrafiltration [~
S Exchanger  Oxidizer Polisher  Degas filer Module

R —
EJ—@—{ HE }» Uo - CP > MD '

i i i v i

(*) () (*) (%) (%)

Fig. 5 Particle measurement in ultrapure water system.
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Fig. 6 Measurement of 10 nm particle count in the ultrapure water system.
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Fig. 7 Example of composition analysis of the particle at the outlet of the CP resin tower.

Table.2 Results of analyzing particles at the outlet of each equipment in the ultrapure

water system

. . Particle Conc. Main Particle
SamPINSFOnt | (pes /mi@z10nm)

HE out 1,194 C, N, Si
UV out 753 C, N, Si, Fe
CP out 156 C, Si, S
MD out 221 C, S, Fe

UF out 12 C,Si, S, Fe
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Fig. 8 Principle of particle measurement by spray drying.
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Fig. 9 Experimental setup used in this study. (a) Line for measuring total number
concentration of the RAE and nanoparticles. (b) Line for measuring the size distribution

of the RAE and nanoparticles.
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Fig. 10 Size distribution of aerosol generated by spray drying the suspension of 29-nm

PSL colloidal particles with different concentration.
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Fig. 11 Size distribution of aerosol by spray drying Fig. 12 Aerosol number concentration
plotted against number concentration

of PSL and Au colloids.

108 particles-mL! suspension of (a) 29, 48, 100-nm
PSL colloids and (b) 10-nm Au colloid.
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