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Standard of Japan Electronics and Information Technology Industries Association

Standard specification for high purity polycrystalline silicon

1. Scope This standard specification specifies quality of high purity polycrystalline silicon (hereafter called

polysilicon) and measurement method and size for material of semiconductor silicon single crystal.

2. Normative references The following standards containprovisions which, through reference in this Standard,
constituteprovisions of this Standard. If the indication of the year of issue [the year of coming into effect, in case of
the Japanese Industrial Standard (hereinafter referred to as JIS)] is given to these referred standards, only the edition
of indicated year constitutes the provision of this Standard but the revision, amendment or supplement made
thereafter in not applied. The normative references without the indication of the year of issue (or the year of coming
into effect) apply limiting only to the most recent edition (including the amendment and supplement).
JEITA EM-3503 Standard test method for substitutional atomic carbon content of silicon by infrared
absorption
JIS H 0615-1996 Test method for determination of impurity concentrations in silicon crystal by
photoluminescence spectroscopy
JIS K 0121-1993 General rules for atomic absorption spectrochemical analysis
SEMI MF 1708-96 Standard Practice for Evaluation of Granular Polysilicon by Melter-Zoner Spectroscopy
SEMI MF 1723-9¢  Standard Practice for Evaluation of Polycrystalline Silicon Rods by Float-Zone Crystal
Growth and Spectroscopy

3. Definition of term The definitions of main terms used in this standard are as follows.
(a) CZ chunks Lumps of an unfixed form that are crushed from pillar-like polysilicon for use in CZ (Czochralski
method) single crystal manufacturing.

(b) FZrods Pillar-like polycrystalline rods for use in FZ (Float-Zone method) single crystal manufacturing.

4. CZ chunks
4.1  Quality The impurity concentration and the level of surface metal contamination of CZ chunks should be
as listed in section 4.1.1 of this standard, and in addition, each measuring method should follow section 7 of this
standard.
4.1.1 Impurities concentration
Acceptor components
B less than 0.05ppba (2.5x10'? atoms/cm”)
Al less than 0.05ppba (2.5x10'? atoms/cm?)
Donor components
P less than 0.3ppba  (1.5x10'* atoms/cm”)
As less than 0.05ppba (2.5x10'? atoms/cm”)
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Carbon less than 0.3ppma  (1.5x10'° atoms/cm’)
4.1.2 Surface metal contamination
Fe less than 3.0ppbw (1.5ppba)
Cr  less than 3.0ppbw (1.5ppba)
Ni  less than 3.0ppbw(1.5ppba)
Na less than 3.0ppbw (3.8ppba)
Zn less than 1.0ppbw (0.5ppba)
4.2  Size Chunks should have a maximum dimension less than 120mm, and a minimum dimension greater than

10mm.

5. Granular polysilicon for CZ
51 Quality The impurity concentration and the level of surface metal contamination of granular polysilicon
should be as listed in section 5.1.1 of this standard, and in addition, each measuring method should follow section 7
of this standard.
5.1.1 Impurities concentration
acceptor components (sum of boron and aluminum)  less than 0.1ppba (5x10'* atoms/cm®)
donor components (sum of phosphorus and arsenic)  less than 0.4ppba (2x10" atoms/cm”)
carbon less than 0.3ppma (1.5x10'atoms/cm’)
5.1.2 Surface metal contamination
Fe less than 3.0ppbw (1.5ppba)
Cr less than 3.0ppbw (1.5ppba)
Ni  less than 3.0ppbw (1.5ppba)
Na less than 3.0ppbw (3.8ppba)
Zn less than 1.0ppbw (0.5ppba)
5.2 Size The granules shall be less than 3,500 4 m and greater than 150 ¢ m.

6. FZrods

6.1 Quality The impurities concentration and the level of surface purity of FZ polysilicon rods should be listed
in 6.1.1 of this standard, and in addition, each measuring method should follow section 7 of this standard.

6.1.1 Impurities concentration

Acceptor components

B less than 0.05ppba (2.5x10'? atoms/cm?)

Al less than 0.05ppba (2.5x10'? atoms/cm?)
Donor components

P less than 0.3ppba  (1.5x10'* atoms/cm”)

As less than 0.05ppba (2.5x10'? atoms/cm”)
Carbon less than 0.3ppma  (1.5x10'° atoms/cm”)

7. Measuring method

7.1 Hazards(') The following measuring methods are based on the usage of acids for etching silicon surfaces.
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The etching solutions used in this standard are potentially harmful and must be handled in a fume hood with the
utmost care at all times. Hydrofluoric acid solutions are particularly hazardous. All precautions normally used with
these acids should be strictly observed. They should not be used by anyone who is not familiar with the specific
preventive measures. This specification does not cover all safety problems on usage. It is the responsibility of the
user of this specification to take appropriate safety and health problems and set limits to the applications.

Note (') SEMI MF 1723-96 ""Standard Practice for Evaluation of Polycrystalline Rods by Float-Zone
Crystal Growth and Spectroscopy'. About this clause, we did not check the conformity and
used SEMI standard unconditionally.

7.2 Impurity concentration (acceptor and donor components) Determine in accordance with JIS H

0615-1996, "photoluminescence spectroscopy".

7.2.1 Sample preparation

(a) CZ chunk and FZ rods For FZ, take a sampling rod using a 19+ Imm inner diameter core-drill from the
perpendicular growth layer containing the filament. Grow a single crystal ingot from this polycrytalline rod
using the FZ method. For CZ chunk, take a sampling rod from the polycrystalline rod as above before smashing,
and grow a single crystal ingot from this rod by the FZ method.

Take slices from the single crystal ingot, and use them as samples for is given, uses as the sample for
photoluminescence spectroscopy after treating the surface. The details of the FZ growth conditions, the
locations to take the slices, and surface treatment should follow JIS H 0615-1996, 3.2 polysilicon sampling.

(b) CZ granular polysilicon Melt granular polysilicon solidify it to make a circular polycrystalline ingot, then
monocrystallize the ingot by FZ process. Cut a slice from the predetermined location from the single crystal
ingot, and use it as the sample for photoluminescence spectroscopy after treating the surface. The details of
conditions should follow SEMI MF 1708-96, or any equivalent measuring method that yields the same
detection sensitivity and accuracy.

7.2.2 Measuring method Determine in accordance with JIS H 0615-1996.

7.3 Impurity concentration (carbon) Determine in accordance with JEITA EM-3503, "infrared absorption

analysis".

7.3.1 Sample preparation

(a) CZ chunk and FZ rod Obtain the FZ ingot as described in 7.2.1 Sample preparation.

Cut a slice from the bottom portion of the ingot, and use it as the sample for photoluminescence spectroscopy
after suitably treating the surface. The method to take the slices, and the surface treatment should follow JEITA
EM-3503.

(b) Z granular polysilicon Use same procedure as in 7.2.1 Sample preparation.

7.3.2 Measuring method Measure the sample prepared as described 7.3.1 in accordance with JEITA

EM-3503.

The carbon concentration of the slice obtained from the near end of FZ pass can be regarded as the

representative value of whole polycrystalline ingot, because the effective segregation coefficient is low (near 0.1).

7.4 Surface metal contamination of CZ chunk and granular polysilicon for CZ  Collect metal

contamination elements of CZ chunks or granular polycrystalline surface by etching, then measure the collected

etching solutions by atomic absorption spectroscopy analysis.

Other analyzing techniques with the same or better detection sensitivity, such as ICP-MS (Inductively Coupled
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Plasma Mass Spectroscopy) also be used.

7.4.1 Collection of surface impurities Use any collection method with the lowest quantification limit of
0.1ppbw.

7.4.2 Measuring method When measuring by the atomic absorption method, follow JIS K 0121-1993, except

that a graphite heater should be used for the ample atomizing unit.
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Explanation for Standard specification for high purity polycrystalline silicon

The following description have been compiled to describe the matters provided in the standard proper and their

associated matters, and is not part the standard.

1. Purpose of revision JEITA EM-3601 has been established in December 2002 by aligning JEIDA-22-2000
with the style JEITA standards and by adding the English edition. After that, ASTM standard quoted by JEITA
EM-3601 was transferred to SEMI standard, it revised and published.

2. Main points of revision The term “ASTM standard” was changed into the “SEMI standard”. And “ASTM F ”
was changed into “SEMI MF”.

3. Correspondence between JIS/JEITA and SEMI standards The measuring methods specified by this
revision have also been standardized by SEMI, and almost all of the clauses are equivalent. The correspondence is
shown as Explanation Table 1.

However the following differences exist.

3.1  As the method of sample preparation for photoluminescence measurement, JIS H 0615-1996 specifies to core
perpendicularly to the filament of a rod. On the other hand SEMI MF 1723-96 specifies not only the same as JIS H
0615-1996 but also allows coring parallel with the filament.

3.2 In this standard, the carbon sample is prepared by coring perpendicularly to the filament of polycrystalline
rod, then monocrystallizing by the FZ method. On the other hand, SEMI MF 1723-96 specifies coring both
perpendicularly to and parallel with the filament. The former core did not monocrystallize but heat treated to 1360°C
to prepare the sample, while the latter core is monocrystallized by the FZ method, to prepare the sample.

3.3  JIS H 0615-1996 specifies only the high excitation condition for photoluminescence analysis, but SEMI MF
1389-92 specifies both low and high excitation conditions

3.4  The standard for CZ chunks for the surface impurity contamination measuring method, SEMI MF 1724-96
standardizes in detail the sampling, etching solutions, and collecting method of impurities. For reference, the
description is extracted from the SEMI as follows:

"From one lot of chunks choose approximately 3 by 3 by 3 cm, at 50g each. A minimum of three of the six
pieces should have an outside surface before crushing.

The six chunks are loaded into clean PTFE (polytetrafluoroethylene) bottles, covered with volume ratio
HNO;:HF:H,0,:H,0=1:1:1:50 acid solution, heated on a hotplate and the surface of the chunks dissolved. Etching
weight should be less than 1%, but recovery efficiencies of surface metal impurities should be above 90% required.

The chunks are removed from the etchant, and the etchant heated to dryness to be the residue. The dried etchant
residue is dissolved by adding 2ml of 5 % HNO; and 8 ml of H,O to make a total of 10 ml extracted solution. Then

analyze by atomic absorption analysis or by other analyses."
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Explanation Table 1

Correspondence between JIS /JEITA and SEMI

JIS/JEITA SEMI
Donor and acceptor concentration Sample preparation
(for photoluminescence method) CZ chunks JISH 0615-1996 | MF1723-96
FZ rod
Sample preparation
CZ granular JEITA EM-3601 | MF1708-96
Polysilicon
Measurement JISH 0615-1996 | MF1389-92
Carbon concentration Sample preparation
(for Infrared absorption method) CZ chunks JEITA EM-3601 | MF1723-96
FZ rod
Sample preparation
CZ granular JEITA EM-3601 | MF1708-96
polysilicon
Measurement JEITA EM-3053 | MF1391-93
Surface metal Sample preparation JEITA EM-3601 | MF1724-96
Contamination content Measurement JISK 0121-1993 | MF1724-96
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