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1. Introduction

No other industry demands higher levels of
cleanliness than the semiconductor industry, and
the standard is being raised as semiconductors
continue to evolve. To meet the rising standard,
required cleanliness levels are being raised for
semiconductor manufacturing devices and for
materials used for related facilities. Contamina-
tion of pure water or liquid chemicals in an or-
der of magnitude of ppb (parts per billion) being
used with semiconductor manufacturing equip-
ment can prevent the manufacturing process
from being started for weeks and even months.
Even a slight contamination that can occur all of
a sudden during a mass production run can im-
pact production efficiency.

Contaminants can be roughly classified into
particles (minute foreign particles), inorganic
and organic contaminants and metal impurities.
These substances can affect manufacturing pro-
cesses physically or chemically, causing such
problems as circuit pattern fault, haze genera-
tion and reduced reliability of gate elements.
For these reasons, materials used for the manu-
facture of semiconductors must be kept clean
and away from contaminants.

NICHIAS Corporation has been offering a
range of fluoropolymer materials for semicon-
ductor applications that are highly resistant to

chemicals and heat. Among these materials,
PFA and other types of tubing are used for
transferring pure water and liquid chemicals
and, as such, are considered to contribute
greatly to the maintenance of ultra-cleanliness.
For these reasons, it is extremely important to
be able to monitor the occurrence and develop-
ment of contamination. On the other hand, it is
not easy to accurately measure contamination,
typically minute and in trace amounts, with no
external influence.

This report (consisting of 2 parts in total) dis-
cusses techniques for accurately measuring
contaminants, minute and in trace amounts,
with the 1% part relating to particles and the 2™
part to TOC in trace amounts and to metals in
ultra-trace amounts. In addition, the results of
research on contamination of NICHIAS and
other PFA tubes in the field are presented in
this report.

2. Measurement of particles

2.1 Problems with conventional measuring
techniques

Two techniques are commonly for measuring
particles in gases and liquids. One uses tools
such as surface contamination detectors and
electron microscopes with filters and wafers.
The other uses particle counters with sensors
that measure particles by detecting scattered
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laser beam caused by particles. The first tech-
nique enables grasping the shapes and composi-
tions of particles via electron microscope imag-
es while the particles are being counted. The
technique, however, is labor intensive, time con-
suming and costly. The second technique costs
less than the first technique and is capable of
automatically counting particles in fluids after
they have gone through sensors. The technique
is often used for counting particles originating
from manufacturing line control and materials
used. Liquid particle counters (hereafter re-
ferred to as “LPC”) are used primarily for con-
trolling ultra-pure water and for performance
evaluation of liquid particle filters. However,
LPCs have a problem that is not shared by gas
particle counters. That is, bubbles which make
it difficult to accurately measure particles in flu-
ids. Specifically, when using a gas particle coun-
ter to measure particles in tubes, the tubes are
connected to the counter in a clean room (here-
after referred to as “CR”) and flow is adjusted
to enable measurement. On the other hand,
when using an LPC connected to tubes, and lig-
uid transferred in a CR, measurement error
(bubble noise) occurs, possibly caused by gases
entering from the CR (through the tubes). Simi-
larly, any dissolved air in fluids can be turned
into tiny bubbles by vibration or pressure fluc-
tuation, generating bubble noise.

This report presents a new technique that
has been developed to accurately measure par-
ticles in liquids being transferred in tubes while
minimizing the noise of bubbles of the air that
has entered through the tubing or has dis-
solved in the liquid.

2.2 Solving problems
2.2.1 Particle measurement and evaluation
system

Figure 1 shows the flow of the particle meas-
urement and evaluation system used in our
study. The system conforms to the “Particle Test

Method Guide for Evaluation of Components
Used in Ultrapure Water and Liquid Chemical
Distribution Systems” (SEMI F104-0312) ”. The
LPC used in the system was an HSLIS M65e of
Spectris (Particle Measuring Systems), capable of
measuring particles down to 0.065 zm in size. In
order for the system to be able to accurately
measure particles, fluids need to be run at a rate
of 100 ml/min *=10%. Any excess fluids are di-
verted for drainage. The drainage channel is also
used for purging air that enters the system dur-
ing replacement of samples.

Ultra-pure water o__,| 0.03um
(Degassed water) filter

Sample Jo—se—{ LPC p— 100mL/min

Drainage

Figure 1. Flow of particle measurement and evaluation
system

2.2.2 Bubble noise mitigation by pressurization

Experience tells us that bubble noise caused
by air ingress, which is mentioned in 2.1, can be
effectively mitigated by pressurizing the meas-
urement and evaluation system and using de-
gassed water . The following are the results of
our trials on these methods.

It was thought that noise mitigation effects of
pressurization and degassed water come from
the following factors.

Factor 1: Soluble air volumes are increased by
pressurization and degassed water.

Factor 2: Air bubbles are shrunk by pressuriza-
tion.

Figure 2 shows a presumed relationship be-
tween pressure and soluble air volume based on
Factor 1.

The solid line in Figure 2 represents the solu-
bility of air at 23°C, which was calculated based
on the table of formulas and physical properties
in the Chemical Engineering Handbook 6" Edi-
tion ¥. With the system open to the atmospheric
pressure, air can be dissolved in water up to a
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Figure 2. Presumed relationship between pressure and
soluble air volume

soluble air volume of 23 m/1 (A in Figure 2). In
our study in which degassed water was used,
the soluble air volume was considered to be 0
mg/l (B in Figure 2). Under these conditions,
the ultra-pure water used was pressurized to 3
atm, which brought the soluble air volume to C,
or 69 mg/l, in Figure 2. This shows that by us-
ing degassed water and pressurization, soluble
air volume can be increased substantially, mak-
ing air bubble removal easy.

The theory that air bubbles are shrunk by

pressurization (Factor 2) is based on the Boyle's
Law that the pressure on a gas and its volume
are inversely proportional to each other. It was
expected that pressurization shrinks the size of
air bubbles in fluid, making them harder to be
detected by an LPC.

To verify the above presumption, the fol-
lowing experiment was conducted. Clean
PFA tubing (4 mm in inner diameter, 6 mm in
outer diameter, 20 m in length) was connected
to the sample unit of the measurement and
evaluation system in Figure 1 and, after con-
firming an agreement between the LPC’s parti-
cle counts and noise levels, the PFA tubing
was vibrated to let any dissolved air turn into
bubbles. With this setup, average particle
counts were obtained for a duration of 15 min-
utes, from the start of vibration until 5 minutes
after the end of vibration, at various pressure
and flow rate settings. The results are shown
in Figure 3. By maintaining the pressure in the
measurement and evaluation system at 2 atm,
air bubble noise was effectively suppressed at
any of the four flow rates used.
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Figure 3. Effect of system pressure on air bubble noise
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2.3 Comparative measurements

Using the air bubble removal through pres-
surization method described in 2.2, comparative
measurements were conducted on NICHIAS
TOMBO™ No0.9003-PFA-HG “NAFLON™ PFA-
HG tube” (hereafter referred to as the “PFA-
HG”) and competing PFA tubes of similar di-
mensions (4.35 mm in inner diameter, 6.35 mm
in outer diameter, 20 m in length). Measure-
ments were taken in accordance with SEMI
F104-0312 using a system pressure of 3 atm, a
flow rate of 150 ml/min to the sample unit, a
flow rate of 100 ml/min to the LPC and an ex-
cess flow drain rate of 50 ml/min. Clean tubes
were used to grasp the significance of errors in
particle counts attributable to sample replace-
ment. The results are shown in Figure 4. The X
axis represents flow rate while the Y axis rep-
resents particle count. Logarithmic graphs can-
not show “no particle per milliliter” results,
which therefore were blotted as “1 particle per
milliliter” for expedience.

Particle counts while using clean tubes con-
verged several minutes after sample replace-
ment. Using these counts as blanks, particle
counts of the competing-brand PFA tubes were
examined. The results show different contami-
nation levels of different tubes and they all are
nonetheless marketed as PFA tubes. With the
above, it can be said that a particle counting
method has been established.

The 2" part of this report will discuss meas-
uring methods for TOC in trace amounts and
metals in ultra-trace amounts as well as the re-
sults of particle counts on competing-brand
PFA tubes.
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Figure 4. PFA tubes from different brands and generated particles
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*“TOMBO” is a registered trade mark or a trade mark
of NICHIAS Corporation.

*“NAFLON” is a trade mark of NICHIAS Corporation.

* The measurements presented in this report should be
used only as a guide and not as guaranteed values.

* This report is a modified version of the original arti-
cle published in the November 2014 issue of the Clean
Technology.
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77~ NAFLON"PFA-HG Tube
-- /‘\ TOMBO™ N0.9003-PFA-HG

The NAFLON™ PFA-HG Tube is made of NEW PFA material with minimal fluorine ion elution,
and has a flatter and smoother inner surface which has been achieved by controlling the PFA’s
high order structure (minimizing the size of spherocrystals). The NAFLON™ PFA-HG Tube is
ideal for applications requiring ultra-cleanliness such as semiconductors and liquid crystals.

Features

In addition to the known characteristics of the PFA tubing, the NAFLON™ PFA-HG Tube has
the following features.

Smoother internal surface _
(Rt = 0.2um) NEW PFA material

® Reduction in residual particles and liquid ® Reduction in fluorine ion elution
® Reduction in cleaning time ® Enhanced stress crack resistance (e.g.
@ Inner tube surface with a smaller area sulfuric acid/hydrogen peroxide mixture
resulting in less permeation of liquid and fuming sulfuric acid)
chemicals

® Higher tube transparency
® Higher dielectric strength




