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JAPANESE INDUSTRIAL STANDARD J1s

Surface Particle Counters B 9924-1990

1. Scope

This Japanese Industrial Standard specifies surface particle counters
(hereafter referred to as "counters") which optically measure the particle size
and number of particulate contaminants (hereafter referred to as "particles")
adhered on a mirror surface substrate (hereafter referred to as "wafer").

Remark: The measuring method by use of this counter is shown in
Informative Reference.

2. Definitions

For the main terms used in this Standard the definitions in JIS B 9921,
JIS Z 8122 and JIS Z 8103 apply, and the rest of the terms shall be as follows

(1) count efficienty = The ratio of surface particle concentration (N)
displayed on the counter to surface PSL particle concentration ()
of particle sizes about 0.5 um or more visually counted by using
an optical microscope.

N

Count efficienty (%) = w5 x 100
Q

(2) noise equivalent particle size The diameter of PSL particle (the value
corresponding to the minimum measurable particle size) at which SN
ratio ( V;/ V,) becomes 1, where -V; is the peak value of the pulse most
frequently appears in the output before signal proeessing displayed
on the CRT oscilloscope and V. is that of white noise (peak-to-
peak value).

(3) practically measurable particle size by pulse  The diameter of PSL
particle at which SN ratio of the most frequent pulse output signal
before signal processing becomes 3.

(4) practically measurable particle size by histogram The diameter of PSL
particle at which the ratio (#/k.) of minimum value ( 4, ) to maximum
value ( %, ) on a histogram produced by a multi-channel pulse height
analyzer (PHA) from the output signal after signal processing becomes
0.7.

(5) output before signal processing The non-processed signal output at
output end of the wide-band pre-amplifier directly connected to an
optical detector. .

Applicable Standards:
JIS B 9921-Light Scattering Automatic Particle Counter
JIS Z 8103-Glossary of Terms Used in Instrumentation

JIS Z 8122-Glossary of Terms for Contamination Control
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(6) output after signal processing The signal output after subjected to
such signal processing as waveform normalizing, AD conversion,
noise elimination, and pulse height analysis.

(7) pressurized atomizer A dev1ce which produces mist of suspensmn
PSL particles by means of pressurized air.

(8) calibration wafer A wafer of silicon single crystal the surface of which
1s mirror grounded without special oxide or thin film coating applied.

(9) 1inspection duration The average inspection duration per one wafer
obtained in such a manner that the time from the instant when the first
wafer is taken out of the cassette to the instant when the display of
processed signal is completed on the last wafer contained in the cassette

is measured and the time so measured is divided by the number of wafers.

3. Principle of Measurement

The wafer is irradiated by laser light or lamp light. The scattered light,
diffracted light, polarized light, fluorescence, etc. caused by particles
adhering on the substrate are converged into a photoelectric converter and
converted to pulse electric signals. The particle size is measured from the
pulse peak value (including the pulse area value) from the fact that the
peak value of the electrical signal and the diameter of particle adhering on
the wafer are under a certain relationship. The number of adhering particles
is measured from the number of pulses. The particle size measured by this
method does not express the absolute value but expresses the relative value
corresponding to the diameter of PSL partlcle whlch causes equivalent

scattered light.

4, Structure

4,1 Basic Configuration of Counter The counter shall, at least, consist of
optlcal source, irradiation optical system, scanmng system (light beam,
specimen table, and mechanical or electrical scanning device of light beam),
light receiving system, photoelectric convertor, signal processor (including
pulse height analyzer) and display as shown in Fig, 1.

Fig. 1. Configuration of Counter (Example)
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4.2 Cleanliness Maintenance Mechanism of Counter The counter shall
provide a means to prevent the contamination due to discharged air in its’
interior, or a mechanism which facilitate the dust proof measure against
environment.

5. Performances

5,1 Count Efficiency When PSL particle of an optional particle size not
less than about 0.5 um are attached to the wafer and the count efflclency is
measured according to the test method specified in 6,4 on the above specimen,
the measured value shall be not less than the value declared in the specification
of each particle counter.

5.2 Noise Equivalent Particle Size, Practically Measurable Particle Size
by Pulse and Practically Measurable Particle Size by Histogram When the
noise equivalent particle size, practlcally measurable particle size by pulse,
and practically measurable particle size by histogram are obtained according
to the test methods specified in 6.5 (1), (2) and (3), each value shall not
exceed the relevant value declared in the specification of each particle counter.

5.3 Repeatability - When PSL particles corresponding to the practically
measurable particle size by pulse or the practically measurable particle size
by histogram are attached on the wafer, and repeatability (standard deviation/
average value) is measured according to the test method specified in 6.6 on
the above specimen, the measured wvalue shall not exceed the value declared
in the specification of each particle counter.

5.4 Inside Cleanliness of Counter The cleanliness of the measunng‘ part
of a counter obtained according to the test method spec1f1ed in 6.7 shall be
such that the number of contaminant particles of particle size 0.3 pm or more
per a wafer of 125 mm diameter shall not exceed 0.5 (particles/one measurement),

% 5.5 Inspection Duration The inspectmn duration, when it is obtained
accordlng to the test method specified in 6.8, shall not exceed the value
declared in the specification of each particle counter.

5.6 Voltage Characteristic If the power supply voltage fluctuates + 10 %
from the rated voltage at the rated frequency, repeatability of measurement
shall be such that the standard deviation based on 6.6 does not exceed 5 %
of the average value.

5.7 Temperature/Humidity Characteristic Under ambient conditions of
temperature 20 + 5°C and relative humidity 45 * 15 %, repeatability of measure-
ment shall be such that the standard deviation based on 6.6 does not exceed
5 % of the average value.

5.8 Influence of Noise In the measurement state of the wafer, even if
there are electrical noises caused by start or stop electrical light or other
electrical devices, repeatability of measurement shall be such that the standard
deviation based on 6.6 does not exceed 5 % of the average value.

5.9 Dielectric Withstand Voltage No abnormality shall appear when a.c.
1 kV is applied between the power supply lines and the enclosure for 1 min at
relative humidity not exceeding 80 %.
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5.10 Insulation Resistance The insulation resistance between the power'
supply lines and the enclosure measured by applying d.c. 500 V at relative
humidity not exceeding 80 % shall be not less than 2 MQ.

6. Tests

6.1 Test Conditions - The tests of 6.3 to 6 11 shall be carried out under the
conditions given in Table 1.

Table 1. Test Conditions

Reference conditions

Room temperature 20 £ 5°C
Humidity 45 +15 %
Air pressure Ordinary pressure

Power supply

voltage Rated voltage

6.2 Preparation of Test Prior to use of a counter, the power supply switch

is closed and the device is allowed to stand for 20 to 60 minutes for stabilization.

Then normal operation is verified according to the method stated in the
instruction manual of the counter by means of a prescribed verification
program or by means of the prescribed verification wafer attached to the
counter (including the verification wafer 1nd1v1dua]ly prepared by the
user of the counter), and the adjustment is carrled out according to the
instruction manual, if necessary.

6.3 Calibration of Counter

6.3.1 Calibration Test Specimen The calibration of response character-
istic of the counter shall be made by using a mirror-surface wafer adhering
PSL particles thereon as given below.

(1) Calibration Wafer

(a) Dimensions The dimensions of the wafer shall be that prescrlbed
in the specification of each counter.

(b) Materials The wafer shall be of single crystal of silicon and
the surface shall be without special oxide or thin film coating
as a rule.

(c¢) Flatness and Surface Roughness ' The flatness of the silicon wafer
shall be such that the difference between the maximum thickness
and the minimum thickness in each division is not exceeding 1.5
um, when the wafer is divided into the divisions each sized 15 x
15 mm in 98 % of the total surface. The surface shall be mirror
grounded.
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(d) Surface Cleanliness The surface cleanliness of the wafer before
adhesion of PSL particles shall be such that the number of small
partlcles of 0.3 ym or more is not more than 10 or that of 0.5 um
~or more is not more than 1 per wafer with 125 mm diameter.

(2 Calibration Particles

(a) Material of Calibration Particles The calibration particles shall

be spherical PSL particles of enough monodisperse with known
refractive index.

(b) Determination of Particle Size of PSL Particles The size of the
PSL particle (most frequent diameter or arithmetic mean diameter)
shall be measured by at least two methods of different principle
chosen from physical methods as transmission type electron
microscope method, gravity/electrostatic force balancing method,
sedimentation method, and electrostatic gradmg method. PSL
particles with a relatlve error of 2 % or less in the most frequent
diameter or the arithmetic mean dlameter shall be used..

The procedure for determination of particle size is given in
Annex 1,

(3) Generating Method for PSL Particles PSL partlcles are generated
by spraying clean suspension of PSL particles using a pressurized
atomizer. The generation of PSL particles shall be as specified
in Annex 2.

(4) Adhering Method of PSL Particles on Wafer

(a) Adhering Method The PSL mist generated is introduced into an
adhesion chamber and deposited on the wafer by gravitational
sedimentation and diffusion. The adherlng method of particles
shall be as specified in Annex 3.

(b) Surface PSL Particle Concentration The concentration shall be
in a range not exceeding 50 particles/cm?2 so that no coincidence
of counting appears.

(¢) Environmental Conditions of Ahesion Chamber The concentration
of airborne particle not less than 0.1 um shall not exceed 1.2 x
10" particles/m3,

6.3.2 Adjustment and Calibration of Particle Size versus Output Voltage
Adjust and calibrate the particle size versus output voltage characteristic of
a counter by the procedures given below using the test specimens of 6.3.1,

(1 Scanning all the surfaces of specimen at a scanning rate prescribed
in the specification of the counter, and adjust the apparatus so that
the output pulse signal (at output end of signal before processing
or of signal after processing shown in Fig. 1) has a prescribed
peak value.

In this case, the peak value is obtained, as a rule, from the maximum
value on the pulse height distribution characteristic curve which is
obtained by a multi-channel pulse height analyzer.

Reading from a CRT oscilloscope is allowed if convenient.
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