
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date W O 2013/045767 Al
4 April 2013 (04.04.20 13) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H01L 31/028 (2006.01) H01L 21/3105 (2006.01) kind of national protection available): AE, AG, AL, AM,
H01L 31/18 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/FI2012/050937 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

1 October 2012 (01 .10.2012) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(25) Filing Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(26) Publication Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

(30) Priority Data:
201 15966 30 September 201 1 (30.09.201 1) FI (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: AALTO-KORKEAKOULUSAATIO [FI/FI]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

P.O. Box 11000 (Otakaari 1), FI-00076 Espoo (FI). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,(72) Inventors: HAARAHILTUNEN, Antti; Sahamaenpolku
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,

25, FI-01860 Perttula (FI). SAVIN, Hele; Pitkajarventie 17
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

A, FI-02720 Espoo (FI). YLI-KOSKI, Marko Veli;
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Suolakivenkatu 20 C 26, FI-00810 Helsinki (FI).
ML, MR, NE, SN, TD, TG).

(74) Agent: BERGGREN OY AB; P.O. Box 16 (Antinkatu 3
Published:

C), FI-00101 Helsinki (FI).
— with international search report (Art. 21(3))

(54) Title: METHOD FOR DECREASING AN EXCESS CARRIER INDUCED DEGRADATION IN A SILICON SUBSTRATE

320 300

\

330
3 10

Figure 3
©

(57) Abstract: An embodiment of the invention relates to a method for decreasing an excess carrier induced degradation in a silicon

o substrate (310), the method comprises providing a charged insulation layer (320) capable of retaining charge on the silicon substrate
(3 10) for generating a potential difference between the charged insulation layer (320) and the silicon substrate (310), and heat treat -

o ing the silicon substrate (3 10) for enabling an impurity causing the excess carrier induced degradation and being in the silicon sub
strate (3 10) to diffuse due to the potential difference into a boundary (330) of the silicon substrate (310) and the insulation layer
(320).



METHOD FOR DECREASING AN EXCESS CARRIER INDUCED

DEGRADATION IN A SILICON SUBSTRATE

Technical field

The application relates generally to a method for decreasing an excess carrier in-

duced degradation in a silicon substrate.

Background

Silicon solar cells with efficiencies higher than 15% are typically made of multicrys-

talline silicon or single crystalline silicon, which can be either grown by Czochralski

or Float-Zone technique. When manufacturing costs of solar cells need to be min-

imized, it is used the multicrystalline silicon. Solar cells made from Czochralski and

float-zone silicon are comparable in cost, but Float-Zone silicon is used for high-

efficiency applications.

It has been studied that both Czochralski and Float-Zone solar cells suffer from an

unstable efficiency, which tends to degrade under sunlight when a minority-carrier

lifetime in the solar cells reduces. This phenomenon is known as a light induced

minority-carrier lifetime degradation and it is currently a serious problem limiting a

solar cell efficiency.

It is known that the light induced minority-carrier lifetime degradation has a clear

dependency on a copper concentration regardless of the silicon material. The life-

time degradation due to copper can be explained by the fact that the copper has a

high diffusivity in silicon also at room temperature. Light activation of the interstitial

copper reduces an electrostatic repulsion between positively charged interstitial

copper ions and copper precipitates, which enables copper to precipitate in the

wafer bulk even at a low concentration level. Such formation of the copper precipi-

tates increases the recombination activity, which naturally has a strong negative

effect on the solar cell efficiency.

Summary

Therefore, one object of the invention is to withdraw the above-mentioned draw

back and provide a method for improving a performance of solar cells that can be

carried out to even a raw material of solar cells.



The object of the invention is fulfilled by providing a method of claim 1, a silicon

substrate structure of claim 8 , and an apparatus of claim 9 .

According to an embodiment of the invention a method for decreasing an excess

carrier induced degradation in a silicon substrate comprises providing a charged

insulation layer capable of retaining charge on the silicon substrate for generating

a potential difference between the charged insulation layer and the silicon sub

strate. The method further comprises heat treating the silicon substrate for ena

bling at least one impurity causing the excess carrier induced degradation and be

ing in the silicon substrate to diffuse due to the potential difference into a boundary

of the silicon substrate and the insulation layer.

The term "silicon substrate" refers to any kind of silicon substrate. The silicon sub

strate can comprise e.g. p-type and/or n-type silicon depending on used dopants.

The p-type silicon comprises e.g. boron, aluminium, gallium, and/or indium, and

the n-type silicon e.g. phosphorous and/or arsenic. When the silicon substrate

comprises both p-type and n-type silicon, it naturally has a p-n junction at a

boundary between the different silicon types. The silicon substrate can also com

prise compensated silicon, in which the p-type silicon also comprises e.g. phos

phorous and/or arsenic or in which the n-type silicon also comprises at least one

p-type dopants.

The term "excess carrier degradation" refers to e.g. a light induced degradation or

a minority-carrier injection based degradation.

The term "impurity" refers at least one impurity, e.g. one or more impurity atoms.

According to an embodiment of the invention a silicon substrate structure having a

decreased excess carrier induced degradation comprises a charged insulation

layer for generating a potential difference between the charged insulation layer

and a silicon substrate. The charged insulation layer being capable of retaining

charge and being provided on the silicon substrate. The silicon substrate structure

further comprises the silicon substrate being heat treated for enabling at least one

impurity causing the excess carrier induced degradation and being in the silicon

substrate to diffuse due the potential difference into a boundary of the silicon sub

strate and the charged insulation layer.

According to an embodiment of the invention an apparatus having a decreased

excess carrier induced degradation comprises a silicon substrate that has been in

fluenced by a charged insulation layer generating a potential difference between



the charged insulation layer and a silicon substrate. The charged insulation layer

being capable of retaining charge and being provided on the silicon substrate. The

apparatus further comprises the silicon substrate being heat treated for enabling at

least one impurity causing the excess carrier induced degradation and being in the

silicon substrate to diffuse due the potential difference into a boundary of the s ili

con substrate and the charged insulation layer.

Further embodiments of the invention are defined in dependent claims.

A method according to embodiments of the invention eases a silicon substrate

treatment since it does not require a completed solar cell structure with a p-n-

junction. The treatment for decreasing the lifetime degradation is possible to carry

out with a simple p-type or n-type silicon substrate.

In addition, a method according to embodiments of the invention simplifies and

eases the silicon substrate treatment since it is possible to carry out in a room

temperature without any extra heating process in temperatures higher than the

room temperature.

In addition, a method according to embodiments of the invention efficiently im

proves a performance of the silicon substrate material as well as a performance,

e.g. efficiency, of solar cells produced by such silicon substrate material.

The verb "to comprise" is used in this document as an open limitation that neither

excludes nor requires the existence of also unrecited features. The verbs "to in

clude" and "to have/has" are defined as to comprise.

The terms "a", "an" and "at least one", as used herein, are defined as one or more

than one and the term "plurality" is defined as two or more than two.

The term "another", as used herein, is defined as at least a second or more.

The term "or" is generally employed in its sense comprising "and/or" unless the

content clearly dictates otherwise.

For the above-mentioned defined verbs and terms, these definitions shall be a p

plied, unless a different definition is given in the claims or elsewhere in this d e

scription/specification.

Finally, the features recited in depending claims are mutually freely combinable

unless otherwise explicitly stated.



Brief description of the figures

The exemplary embodiments of the invention will be described with reference to

the accompanying figures in which

figure 1 illustrates a flowchart of a method for decreasing an excess carrier in-

duced degradation in a silicon substrate,

figure 2 illustrates how corona charging influences to a silicon substrate,

figure 3 illustrates a cross-section of a deactivated silicon substrate, and

figure 4 illustrates a cross-section of a solar cell having a deactivated silicon

substrate.

Detailed description of the figures

Figure 1 illustrates a flowchart describing a method 100 for deactivating an impuri

ty causing the excess carrier induced degradation, e.g. copper, in a silicon sub

strate and, thus, decreasing an excess carrier induced minority-carrier lifetime

degradation in the silicon substrate to be used e.g. in a solar cell fabrication. The

impurity that causes the detrimental excess carrier induced degradation, i.e. in this

case a light induced degradation, can also be e.g. iron.

During a method start-up in step 110 , a blank monocrystalline or multicrystalline

silicon substrate is manufactured by means of e.g. a Czochralski process or a

block casting process. The silicon substrate can comprise p-type and/or n-type sil-

icon depending on used dopants. The p-type silicon comprises e.g. boron, alumin

ium, gallium, and/or indium, and the n-type silicon e.g. phosphorous and/or arse

nic. When the silicon substrate comprises both p-type and n-type silicon, it natural

ly has a p-n junction at a boundary between the different silicon types.

In step 120 an insulation layer that is capable of retaining charge is provided di-

rectly on an outer surface of the silicon substrate. Such insulation layer can com

prise at least one of e.g. followings: native oxide, thermal oxide, and an aluminium

oxide layer.

The insulation layer can be produced e.g. by enabling the silicon substrate to react

with ambient air and air pressure, whereupon the native oxide (silicon dioxide) lay-

er is generated on the silicon substrate, or by depositing in a process chamber the

thermal oxide (silicon dioxide) and/or aluminium oxide layer.



In step 130 the insulation layer is charged for generating a potential difference be

tween the charged insulation layer and the silicon substrate in order to manipulate

a copper distribution, in the silicon substrate. The charging process can be provid

ed by applying a corona charge, e.g. a negative corona charge, into the insulation

layer.

Alternatively, the provided insulation layer can be a naturally charged insulation

layer, e.g. the aluminium oxide layer, whereupon there is no need to the distinct

charging process.

It is also possible to develop e.g. a silicon nitride layer on the provided silicon diox-

ide layer in step 120 and the charging process step 130 is carried out by means of

a positive corona charge.

In step 140 the silicon substrate together with the charged insulation layer are heat

treated in e.g. a room temperature, i.e. in temperature of 20-25 °C, for enabling

copper in the silicon substrate to diffuse due to the potential difference into a

boundary of the silicon substrate and the insulation layer such that the copper is

collected into the boundary and its influence to the lifetime degradation in the s ili

con substrate is deactivated. Alternative temperature can be used in step 140 and

only limit for the temperature is maximum temperature that is about 300-400 °C.

The heat treatment of step 140 is continued in step 150 until the copper has dif-

fused. Duration of the heat treatment depends on a used temperature, charge,

and/or silicon substrate.

Then, in step 160 it is possible to ensure a result of the manipulation of the copper

distribution by stabilizing the controlled copper into the boundary by another heat

treatment and/or by illuminating the silicon substrate and the charged insulation

layer, whereupon the deactivation has been completed. Again, duration of another

heat treatment depends on a used temperature, charge, and/or silicon substrate.

Duration of the illuminating process depends on a used temperature, charge, s ili

con substrate, and illumination means.

The processed silicon substrate, where copper atoms have been attached and

controlled on a vicinity of the outer surface of the silicon substrate, can be used as

a raw material for a solar cell.

Then, the method 100 is ended in step 170.



In figure 2 a table 200 shows how corona charging deactivates copper in a gallium

doped silicon. A horizontal axis representing a corona charge and a vertical axis a

defect concentration Nt in the doped silicon that is determined as follows:

wherein t2 represents a minority-carrier lifetime after an illumination and t1 repre-

sents the minority-carrier lifetime before the illumination.

As one can see from the table 200, a negative corona charge influences to the

doped silicon having a copper contamination so that the defect concentration de

creases drastically as an arrow 2 10 shows. Even if the doped silicon is exposed to

a positive corona charge after deactivation, the defect concentration still remains

essentially same as an arrow 220 shows.

Figure 3 illustrates a cross-section of a silicon substrate structure 300, e.g. a mul-

ticrystalline silicon substrate structure, which has been processed by the copper

deactivation method 100 for decreasing an excess carrier induced degradation.

The structure 300 comprises a copper contaminated and gallium doped silicon

substrate 3 10 that is manufactured e.g. by the Czochralski process. Directly on an

outer surface of the silicon substrate 3 10 has been provided a charged insulation

layer 320 that is capable of retaining charge.

The insulation layer 320 to be charged is provided by enabling the silicon sub

strate 3 10 to react with ambient air and air pressure in order to produce a native

oxide layer, and/or by depositing a thermal oxide and/or aluminium oxide layer on

the silicon substrate 3 10 in a process chamber.

The provided insulation layer 320 is charged by applying a negative corona charge

into the insulation layer 320, whereupon a generated potential difference between

the copper contaminated silicon substrate 3 10 and the insulation layer 320 enforc-

es copper atoms to diffuse towards a surface area 330 that locates on a boundary

of the silicon substrate 3 10 and the insulation layer 320.

Then, the silicon substrate 3 10 has been exposed to a heat treatment, e.g. in a

room temperature, for collecting the copper atoms into the boundary 330 and,

thus, for finishing the copper diffusion.



The silicon substrate 3 10 having a controlled copper distribution can be further

heat treated and/or illuminated after the copper diffusion has been completed for

stabilizing the copper into the boundary 330. The stabilized silicon substrate 300

can be used as such or after a further processing as a solar cell material.

Figure 4 illustrates a cross-section of a solar cell panel 400 capable of absorbing

solar radiation.

The solar cell panel 400 comprises a solar cell 4 10 and a transparent cover 420,

e.g. a glass or polycarbonate cover, which allows the solar radiation to pass to the

solar cell 4 10 and reduces heat loss from the solar cell 4 10 . In addition, the solar

cell panel 400 comprises required connections between the solar cell 4 10 and a

battery to be charged, and a panel frame 430 that together with the cover 420

shelters the solar cell 4 10 and the connections. Naturally, the solar cell panel 400

can comprise more than one solar cell 4 10 and required interconnections between

solar cells 4 10 .

The solar cell 4 10 comprises a copper contaminated silicon substrate 440 where

copper has been deactivated by means of an insulation layer, a charging process,

and a heat treatment for decreasing an excess carrier induced degradation. In ad

dition, the solar cell 4 10 comprises contacts 450a, 450b and an antireflective layer

460.

The silicon substrate 440 comprises at least a p-type silicon layer and a n-type s il

icon layer, and a p-n junction between the silicon layers. At least one of the p-type

and n-type silicon layers is treated such that copper atoms in a silicon layer 440

are deactivated. The silicon substrate 440 may comprise an insulation layer that

has been used in the copper deactivation on one side of it, but it is also possible

that the insulation layer or part of it has been removed when the contacts450a,

450b and the antireflective layer 460 have been produced.

Copper atoms in the silicon substrate 440 have been deactivated by providing d i

rectly on an outer surface of the silicon substrate 440 the charged insulation layer,

e.g. a silicon dioxide layer, which is capable of retaining charge.

The insulation layer to be charged is provided by enabling the silicon substrate

440 to react with ambient air and air pressure in order to produce a native oxide

layer and/or by depositing a thermal oxide layer on the silicon substrate 440 in a

process chamber.



The insulation layer has been charged by applying e.g. a negative corona charge

into the insulation layer in order to generate a potential difference between the

copper contaminated silicon substrate 440 and the insulation layer, whereupon the

potential difference enforces the copper atoms to diffuse towards a boundary of

the silicon substrate 440 and the insulation layer.

Then, the silicon substrate 440 has been exposed to a heat treatment, e.g. in a

room temperature, for finishing a collection of the copper atoms into the boundary

and achieving the copper deactivated silicon substrate 440.

It is possible to improve a result of the copper deactivation, by heat treating and/or

illuminating the silicon substrate 440 having a manipulated copper distribution after

the copper diffusion has been finished for stabilizing the copper into the boundary.

The invention has been now explained above with reference to the aforesaid e m

bodiments and the several advantages of the invention have been demonstrated.

It is clear that the invention is not only restricted to these embodiments, but com-

prises all possible embodiments within the spirit and scope of the invention

thought and the following patent claims.



Claims

1. A method ( 1 00) for decreasing an excess carrier induced degradation in a s il

icon substrate, the method comprises

providing ( 1 20, 130) a charged insulation layer capable of retaining charge

on the silicon substrate for generating a potential difference between the charged

insulation layer and the silicon substrate, and

heat treating ( 140) the silicon substrate for enabling an impurity causing the

excess carrier induced degradation and being in the silicon substrate to diffuse

due to the potential difference into a boundary of the silicon substrate and the in-

sulation layer.

2 . The method of claim 1, wherein an insulation layer to be charged is provided

by enabling ( 1 20) the silicon substrate to react with air and/or by depositing ( 1 20)

in a process chamber.

3 . The method of any of preceding claims, wherein the charged insulation layer

comprises at least one of followings: native oxide, thermal oxide, and aluminium

oxide.

4 . The method of any of preceding claims, wherein the insulation layer is

charged by applying a corona charge into the insulation layer.

5 . The method of any of preceding claims, wherein the heat treatment is provid-

ed in a room temperature.

6 . The method of any of preceding claims, wherein the method further compris

es stabilizing ( 1 60) the impurity into the boundary by heat treating and/or illuminat

ing the silicon substrate after the diffusion of the impurity has completed.

7 . The method of any of preceding claims, wherein the processed silicon sub-

strate is used in a solar cell.

8 . A silicon substrate structure (300) comprising a silicon substrate (31 0) pro

cessed by the method of any of claims 1-7.

9 . An apparatus (400) comprising a silicon substrate (440) processed by the

method of any of claims 1-7.
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