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Foreword
SAC/TC 203 is in charge of this English translation. In case of any doubt about the contents of English translation, the Chinese original shall be considered authoritative.
This standard was drafted in accordance with the rules given in GB/T 1.1-2009.
This standard replaces the GB/T 29055-2012 (Multicrystalline silicon wafers for photovoltaic solar cell）in whole. Compared with GB/T 29055-2012, the main technical changes except editorial modifications are as follows:
—Revised the scope of application, and the previous terms “it is applicable to multicrystalline silicon wafer for solar cell produced by casting multi-crystalline silicon ingot cutting perpendicular to the crystal growth direction” is replaced by “it is applicable to casting multicrystalline silicon wafers (including quasi-monocrystalline silicon wafers) for photovoltaic solar cell.” (see Chapter 1; Chapter 1 of the 2012 edition).

—Removed GB/T 1551 and SEMI MF 1535 from the normative references. Added GB/T 30860, GB/T 30869, SJ/T 11627, SJ/T 11628, SJ/T 11630, SJ/T 11631, SJ/T 11632 and YS/T 28. (see Chapter 2; Chapter 2 of the 2012 edition).

—Removed the definition of “dense saw mark”. Added definitions of “saw marks” and “microcrack” (see 3.1 and 3.2; 3.1 of the 2012 edition).
—Modified the classification of side length from 125 mm × 125 mm and 156 mm × 156 mm to 156.75 mm × 156.75 mm. The increase or decrease of side length is recommended to be an integer multiple of 1 mm. (see Table 1; Table 1 of the 2012 edition).

—Combined the classification of dimensions with the requirements. Modified the side length, thickness and allowable deviations. (see 4.1; Chapter 4 and Chapter 5 of the 2012 edition).

—Modified the requirements of total thickness variation and bow. (see 4.1; 5.2 of the 2012 edition). 

—Modified the requirements of carrier lifetime, interstitial oxygen content, substitutional carbon content. ((see 4.2.3, 4.3; 5.3.3, 5.3.4, 5.3.5 of the 2012 edition). 

—Added the requirements of breakgae and microcrack in surface quality. (see 4.4.1). 

—Modified the requirement of edge chipping defects in surface quality. (see 4.4.2; 5.1.2 of the 2012 edition). 
—Removed the requirement of color spots, edge defects, number of grains in surface quality and dense saw mark in dimension specifications. (see 5.1.1, 5.1.3, 5.1.4, 5.2 of the 2012 edition). 
—Added the requirement of quasi-monocrystalline silicon wafer. (see Chapter 4). 

Revised the batching, inspection terms, sampling and justification of inspection results. (see 6.2, 6.3, 6.4; 7.2, 7.3, 7.4 of the 2012 edition).

Revised the requirement of packaging. (see 7.2.1; 8.1.1 of the 2012 edition).

This standard was jointly proposed and regulated by the National Technical Committee for standardization of semiconductor equipment and materials (SAC/TC203) and the sub-technical committee on materials of the National Technical Committee for standardization of semiconductor equipment and materials (SAC/TC203/SC2).

The previous editions of this standard are as follows:
—GB/T 29055-2012.
Multicrystalline silicon wafers for photovoltaic solar cell
1 Scope
This standard specifies the requirements, test methods, inspection rules, marking, packaging, transportation, storage, quality certificate and ordering form (or contract) of multicrystalline silicon wafers (hereinafter referred to as silicon wafers) for photovoltaic solar cells.
This standard is applicable to casting multicrystalline silicon wafers (including quasi-monocrystalline silicon wafers) for solar cells.

2 Normative references
The following documents are indispensable for the application of this document. For references dated, only the dated versions are applicable to this document. For references undated, the latest versions (including any amendments) are applicable to this document.

GB/T 1550 Test methods for conductivity type of extrinsic semiconducting materials

GB/T 2828.1-2012 Sampling procedures for inspection by attributes - Part 1: Sampling schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection

GB/T 6616 Test methods for measuring resistivity of semiconductor wafers or sheet resistance of semiconductor films with a noncontact eddy-current gauge

GB/T 6618 Test method for thickness and total thickness variation of silicon slices

GB/T 6619 Test methods for bow of silicon wafers

GB/T 14264 Semiconductor materials-terms and definitions

GB/T 29054 Casting multicrystalline silicon brick for photovoltaic solar cell

GB/T 30860 Test methods for surface roughness and saw mark of silicon wafers for solar cells

GB/T 30869 Test method for thickness and total thickness variation of silicon wafers for solar cell

SJ/T 11627 Online test methods for resistivity of silicon wafers for solar cell

SJ/T 11628 Online test methods for geometry electrical characterizations of silicon wafers for solar cells

SJ/T 11630 Test method for geometric dimension of silicon wafers for solar cell

SJ/T 11631 Test methods for surface defects of silicon wafers for solar cell

SJ/T 11632 Test method for microcrack defects of silicon wafers for solar cell

YS/T 28 Package of silicon wafers

3 Terms and definitions

Terms and definitions defined in GB/T 14264 as well as the following terminologies are applicable to this document.
3.1 saw marks
Irregular traces of strip convex and concave shapes left on the wafer surface during slicing process.

3.2 microcrack
Micron scale cracks that cannot be directly identified by the naked eyes.
4 Requirements
4.1 Dimensions
The dimensions and allowable deviations of silicon wafers shall meet the requirements of Table 1.

Table 1
	Item
	Requirement
	Allowable deviation

	Side lengtha, mm
	156.75×156.75
	±0.25

	Chamfer length, mm
	1.5
	±0.5

	Thicknessb, μm
	160
	+20
-10

	
	170
	

	
	180
	

	
	190
	±20

	
	200
	

	TTV (Total Thickness Variation), μm
	≤30
	—

	Bow, μm
	≤50
	—

	Right angle of the adjacent two sides, °
	90
	±0.25

	a, The increase or decrease of side length is recommended to be an integer multiple of 1 mm.
b, The increase or decrease of thickness is recommended to be an integer multiple of 10μm.


4.2 Electrical properties
4.2.1 Conductivity type of the silicon wafer is P type.
4.2.2 Resistivity of the silicon wafer is 0.5 Ω·cm to 3.0 Ω·cm.

4.2.3 Carrier lifetime of the silicon wafer should meet the requirement of GB/T 29054, and the quality shall be guaranteed by the supplier.

4.3 Interstitial oxygen content and substitutional carbon content
Interstitial oxygen content and substitutional carbon content of the silicon wafer should meet the requirement of GB/T 29054, and the quality shall be guaranteed by the supplier.

4.4 Surface quality

4.4.1 The surface of the silicon wafer shall be clean without any defects such as breakage, contamination, visual crack, microcrack and hole.

4.4.2 The surface of the silicon wafer should not have edge-chip defects of the "V"-type breakage. However, it is allowed to have edge-chip defects with depth less than 0.3 mm and length less than 0.5 mm, and the whole wafer shall not exceed 2 places.

4.4.3 Depth of saw mark on the surface of the silicon wafer shall be no more than 15μm.

4.5 The percentage of the largest single crystal grain area of quasi-monocrystalline silicon wafer

The percentage of the largest single crystal grain area of quasi-monocrystalline silicon wafer should meet the requirements of Table 2.
Table 2

	Item
	Requirement

	
	Class I a
	Class II

	The percentage of the largest-single crystal grain
	100%b
	＜100%

	a  Compared with Czochralski and float zone silicon crystal, class I of quasi-monocrystalline silicon wafers may have higher dislocation density and orientation deviation.
b  The percentage of the largest single crystal grain area of class 1 quasi-monocrystalline silicon brick is generally required to be 100%. If both supplier and customer agree, the percentage of the largest single crystal grain area can be 97%.


4.6 Others
If the customer has specific requirements for the technical specifications of the silicon wafers, supplier and customer may negotiate and specify the specifications in the contract.

5 Test Methods

5.1 Side length and chamfer length shall be measured in accordance with SJ/T 11628 or SJ/T 11630. The arbitration methods shall be conducted in accordance with SJ/T 11630.

5.2 Thickness and TTV shall be measured in accordance with GB/T 6618, GB/T 30869 or SJ/T 11628. The arbitrary tests shall be conducted in accordance with GB/T 6618.

5.3 Bow shall be measured in accordance with GB/T 6619, or the method determined by the supplier and the customer.
5.4 Right angle of the adjacent sides shall be measured in accordance with SJ/T 11628 or SJ/T 11630. The arbitration methods shall be conducted in accordance with SJ/T 11630.

5.5 The conductivity type shall be measured in accordance with GB/T 1550.
5.6 The resistivity shall be measured in accordance with GB/T 6616, SJ/T 11627 or SJ/T 11628. The arbitrary tests shall be conducted in accordance with GB/T 6616.

5.7 Surface quality (excluding microcracks and saw marks) shall be measured in accordance with SJ/T 11631, or the method determined by the supplier and customer.

5.8 Surface microcracks shall be measured in accordance with SJ/T 11632.
5.9 Surface saw marks shall be measured in accordance with GB/T 30860.
5.10 Examine the percentage of the largest single crystal grain area of the quasi-monocrystalline silicon wafer under the illumination condition with light intensity of 430 lx to 650 lx, and the position is 30 cm to 50 cm perpendicular to the surface of silicon wafer.
6 Inspection rules
6.1 Checking and acceptance 
6.1.1 Inspect products by supplier’s Quality Inspection Department to ensure the products meet the quality specification and the ordering (or contract) and fill in the quality certificate accordingly.

6.1.2 The customer shall inspect the products received in accordance with this standard. If the inspection results are inconsistent with this standard or the ordering (or contract), the customer shall submit the differences to the supplier in writing and settle through negotiation between the supplier and the customer. Any objection to the dimensions or surface quality shall be raised within one month from the date of receipt of the product; objections relating to other performance shall be raised within three months from the date of receipt of the product. If arbitration is required, it shall be determined by both the supplier and the customer.
6.2 Batching
Submit silicon wafers for acceptance checks in batch. Each batch shall consist of silicon wafers of the same dimensions, conductivity types, and resistivity ranges produced under the same process. 
6.3 Inspection terms
Inspection terms of each batch of silicon wafers are shown in table 3.

Table 3

	No.
	Test items
	Test level
	Acceptance quality limit (AQL)

	1
	Length sides
	S-2
	2.5

	2
	Chamfer length
	
	

	3
	Thickness
	
	

	4
	TTV
	
	

	5
	Bow
	
	

	6
	Right angle of the adjacent two sides
	
	

	7
	conductivity type
	
	

	8
	Resistivity
	
	

	9
	Surface quality
	Ⅱ
	0.65

	10
	The percentage of the largest single crystal grain area of quasi-monocrystalline silicon wafer
	
	


6.4 Sampling and justification of inspection results
The sampling of each inspection term shall be based on the normal inspection sampling plan in GB/T 2828.1-2012, and the inspection level and acceptance quality limit (AQL) shall comply with the provisions in table 3. In case of other schemes, it shall be determined by the supplier and the customer.

7 Marking, packaging, transportation, storage and quality certificate

7.1 Marking
7.1.1 Label the packaging box of qualified silicon wafers with the following information:

a) The name of product;

b) The technical requirements of product;

c) The batch number of product;

d) The quantity of product.
7.1.2 Pack the silicon wafers in boxes, and mark the outside of each box as follows:
a) The name and trademark of the supplier;

b) The name of product;
c) The technical requirements of product;
d) The quantity of product;

e) “Handle with care”, “moisture proof”, “Fragile”, “number of stacked layers” shall be indicated.
7.2 Packaging, transportation and storage
7.2.1 The packing of silicon wafer shall be carried out according to YS/T 28, which can also be determined by the supplier and the customer through consultation.

7.2.2 In the transport process, silicon wafers shall be loaded and unloaded lightly, not squeeze and throw. Take anti-shock and moisture-proof measures.
7.2.3 Silicon wafers shall be stored in a clean and dry environment.

7.3 Quality certificate
Each batch shall be attached with a quality certificate with the following information stated:

a) The name of supplier;
b) The name of product;
c) The quantity of product;
d) The batch number of product;
e) Inspection results and inspection department remarks;
f) The code of this standard;
g) The date of delivery.
8 Content of the indent (or contract)
The indent of the products listed in this standard shall consist of the following information:
a) The name of product;
b) The technical requirements of product;
c) The quantity of product;
d) The code of this standard; 

e) The contents required by the standard to be indicated in the contract;
f) Others.
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