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O method is also applicable, in general, to forming an n doped region, a p doped region or an n and p co-doped region within a silicon

material substrate.
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SILICON MATERIAL SUBSTRATE DOPING METHOD, STRUCTURE AND
APPLICATIONS

BACKGROUND
Cross-Reference to Related Application
This application is related to, and derives priority from, United States Non-Provisional Patent
Application serial number 13/910,310, filed 5 June 2013, and titled Silicon Material Substrate
Doping Method, Structure and Applications, the content of which is incorporated herein fully by

reference.

Field of the Invention

Embodiments relate generally to doped silicon material substrates. More particularly
embodiments relate to doping of silicon material substrates which may optionally additionally
include a background doping such as a p-type background doping or an n-type background
doping.

Description of the Related Art

Regionally selective and regionally non-selective doping of silicon material substrates is known
in relevant arts such as but not limited to the microelectronic, optoelectronic and photovoltaic
arts, in order to fulfill electrical performance characteristics of desirable microelectronic,
optoelectronic and photovoltaic structures. Insofar as microelectronic, optoelectronic and
photovoltaic arts continue to evolve, desirable are improved methods for doping silicon material

substrates used in the microelectronic, optoelectronic and photovoltaic arts.

SUMMARY
Embodiments provide a doping method (i.e., preferably but not limited to a p doping method) for
forming a doped structure (i.e., preferably but not limited to a p doped structure) within a silicon
material substrate, as well as the silicon material substrate within which is located and formed

the doped structure that is formed using the method in accordance with the embodiments.
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The preferable p doping method in accordance with the embodiments in particular uses a boron
doped aluminum oxide material layer as a p dopant diffusion source layer, and under appropriate
circumstances also as a passivation layer, when forming the p doped structure within the silicon
material substrate. In comparison with a boron doped silicon oxide material layer as a p dopant
diffusion source layer, the boron doped aluminum oxide material layer provides for improved
properties of the p doped structure. Such improved properties may include, but are not
necessarily limited to: (1) a reduced sensitivity to oxygen during drive-in diffusion (thus
allowing for simplified processing and the use of a thinner, if any, capping layer, thus providing
improved optical properties within a resulting structure); and (2) an increased minority carrier
lifetime following diffusion (i.e., greater than 500 micro seconds, as may be demonstrated with a
90 ohms per square sheet resistance), thus allowing for simultaneous doping and surface
passivation in one process step. Additionally, due to the lower sensitivity to oxygen during
drive-in diffusion, the boron doped aluminum oxide material layers in accordance with the
embodiments may under appropriate circumstances be diffused without the use of an additional

capping layer (e.g. SiO, or other silicon oxide material).

A particular method in accordance with the embodiments includes forming a doped aluminum
oxide material layer upon a silicon material substrate. This particular method also includes
thermally annealing the doped aluminum oxide material layer formed upon the silicon material
substrate to form a dopant depleted doped aluminum oxide material layer upon a silicon material

substrate that includes a doped region.

Another particular method in accordance with the embodiments includes forming a boron doped
aluminum oxide material layer upon a silicon material substrate. The particular method also
includes thermally annealing the boron doped aluminum oxide material layer formed upon the
silicon material substrate to form a boron depleted boron doped aluminum oxide material layer

upon a silicon material substrate that includes a boron doped region.

A particular structure in accordance with the embodiments includes a silicon material substrate.
This particular structure also includes a doped region located within the silicon material

substrate. This particular structure also includes a doped aluminum oxide material layer located

2
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over the silicon material substrate and contacting the boron doped region, where the doped

region and the doped aluminum oxide material layer comprise the same dopant.

Another particular structure in accordance with the embodiments includes a silicon material
substrate. This particular structure also includes a boron doped region located within the silicon
material substrate. The particular structure also includes a boron doped aluminum oxide material

layer located over the silicon material substrate and contacting the boron doped region.

Within the embodiments, use of the terminology “over” within the context of a first layer or
structure with respect to a second layer or a structure is intended to indicate a relative vertical
and overlapping disposition of the first layer or structure with respect to the second layer or
structure, but not necessarily contact of the first layer or structure with the second layer or
structure. In contrast, within the embodiments, use of the terminology “upon” within the context
of one layer or structure with respect to another layer or structure is intended to indicate the same
type of relative vertical and overlapping disposition of the first layer or structure with the second
layer or structure, but with contact between the first layer or structure and the second layer or

structure.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects, features and advantages of the embodiments are understood within the context of
the Detailed Description of the Embodiments, as set forth below. The Detailed Description of
the Embodiments is understood within the context of the accompanying drawings, that form a

material part of this disclosure, wherein:

FIG. 1 shows: (a) a blanket boron dopant diffusion; and (b) a selective boron dopant diffusion,
into a silicon material substrate to form a boron p doped region within the silicon material

substrate, in accordance with the embodiments.

FIG. 2 shows a secondary ion mass spectroscopy (SIMS) spectrum illustrating boron p doped
region diffusion depth profile into a silicon material substrate in accordance with the

embodiments.
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DETAILED DESCRIPTION OF THE EMBODIMENTS
Embodiments provide a method for forming a doped structure (i.e., particularly but not limited to
a p doped structure) within a silicon material substrate, as well as the silicon material substrate
that includes the doped structure (i.e., particularly but not limited to the p doped structure)
located and formed therein in accordance with the embodiments. Thus, the embodiments also
contemplate n doped structures and p/n co-doped structures formed in accordance with

analogous methods in accordance with the embodiments with respect to p doped structures.

The p doping method in particular uses a boron doped aluminum oxide material layer as a p
dopant diffusion source layer to provide the silicon material substrate that includes the p doped
structure that has: (1) a highly controllable sheet resistances within a range from about 15 to
about 300 ohms per square; and (2) a minority carrier lifetime in excess of 500 microseconds on
high-quality monocrystalline silicon wafers (e.g., for a doping level corresponding with a 90

ohms per square sheet resistance).

The p doping, n doping and p and n doping methods in accordance with the embodiments in
general use an aluminum oxide material layer that may include a p dopant (i.e., such as but not
limited to boron), or alternatively an n dopant (i.e., such as but not limited to phosphorus or
arsenic). Further alternatively, the p and n doping method in accordance with the embodiments
may use at least one p dopant and at least one n dopant selected from the foregoing p dopant and
n dopants. Within any of the foregoing embodiments, the p or n doped aluminum oxide material
layer has a thickness from about 10 to about 40 nanometers and a p and/or n dopant

concentration from about 1 to about 25 atomic percent, as indicated below.

FIG. 1A and FIG. 1B show a pair of series of schematic cross-sectional diagrams illustrating the
results of progressive process steps in forming a p doped structure (i.e., p doped region) within a
silicon material substrate in accordance with the embodiments. FIG. 1A shows a blanket p
doped structure (i.e., p doped region) within a silicon material substrate while FIG. 1B shows a

selective or localized p doped structure (i.e., p doped region) within a silicon material substrate.
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FIG. 1A, first diagram, first illustrates a silicon material substrate. Although not specifically
limiting to the embodiments, the silicon material substrate is intended as a crystalline silicon
material substrate, and in particular a monocrystalline silicon material substrate. Such a
monocrystalline silicon material substrate may comprise any of several crystallographic
orientations as are otherwise generally known and generally desirable within the context of
specific applications within which are employed the monocrystalline silicon material substrate.
Such crystallographic orientations may include, but are not necessarily limited to 111, 100, 110,
and 001 crystallographic orientations. As well, the silicon material substrate may also be
provided with a background dopant of either an n-type or a p-type to provide the silicon material

substrate with a bulk wafer resistivity from about 0.5 to 500 ohm-cm.

Similarly, while the embodiments illustrate the invention within the context of a monocrystalline
silicon substrate, the embodiments also contemplate applicability within the context of substrates
comprising in general semiconductor materials that are silicon containing. These additional
silicon containing materials may include, but are not necessarily limited to, multicrystalline

silicon, silicon-carbon alloy materials and silicon-germanium alloy materials.

Most typically and preferably the embodiments contemplate a silicon material substrate that
comprises a pure monocrystalline silicon material substrate that includes any of the several

crystallographic orientations that are listed above.

FIG. 1A, second diagram, illustrates a boron doped aluminum oxide material layer located and
formed upon the silicon material substrate. FIG. 1A, second diagram, also illustrates an optional
capping layer in phantom located and formed upon the boron doped aluminum oxide material

layer.

Desirably, within the context of the embodiments, the boron doped aluminum oxide material
layer is formed to a thickness from about 10 to about 40 nanometers upon the silicon material
substrate. Also desirable, within the context of the embodiments, the boron doped aluminum
oxide material layer has a boron atomic percent dopant concentration from about 1 to about 25

atomic percent, depending on a desired sheet resistance, as well as a desired diffusion time and a

5
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desired diffusion temperature. Additionally, the use of the capping layer, e.g. silicon oxide (or
other appropriate dopant diffusion inhibiting capping material), with a uniform thickness of
about 40 to about100 nanometers can also be used located and formed upon the boron doped
aluminum oxide material layer, to facilitate boron diffusion into the silicon material substrate.
Although not necessarily limiting to the embodiments, the boron doped aluminum oxide material
layer may be formed using an atmospheric pressure chemical vapor deposition (APCVD)
method. Any of several alternative methods, including but not limited to other chemical vapor
deposition methods, as well as physical vapor deposition methods, may also be used for forming
the boron doped aluminum oxide material layer upon the silicon material substrate. As well, any
of several methods, and additional materials as noted above, may also be used for forming the

capping layer.

Typically, the atmospheric pressure chemical vapor deposition (APCVD) method with respect to
forming the boron doped aluminum oxide material layer also uses: (1) a silicon material substrate
temperature from about 330 to about 380 degrees centigrade; (2) a reactor chamber pressure at
approximately 760 torr; (3) an aluminum source material flow rate from about 10 to about 30
standard cubic centimeters per minute; (4) an oxidant source material flow rate from about 0.5 to
about 1.5 standard cubic centimeters per minute; and (5) a boron source material flow rate from

about 0.1 to about 5 standard cubic centimeters per minute.

Typical but not limiting source materials may include, but are not necessarily limited to: (1)
aluminum alkoxide aluminum source materials; (2) oxygen or ozone oxidant source materials;
and (3) borane, diborane or boron trichloride boron source materials. Also contemplated within
the context of the embodiments is the use of diluents and non-reactive carrier gasses. As is
understood by a person skilled in the art, substitution of a boron source material with an
alternative p dopant source material, or further alternatively an n dopant alone or with a p dopant
source material, will provide alternative p doped structures, n doped structures and p and n doped

structures in accordance with the embodiments.

FIG. 1A, third diagram, illustrates the results of a thermal annealing process step applied to the

microelectronic structure of FIG. 1A, second diagram, where the microelectronic structure

6
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including the silicon material substrate having located and formed thereupon the boron doped
aluminum oxide material layer is thermally annealed to provide the semiconductor structure of
FIG. 1A, third diagram. The third diagram thus illustrates a boron depleted boron doped
aluminum oxide material layer located and formed upon a silicon material substrate that now
includes a boron doped region. The thermal annealing is undertaken at a temperature from about
800 to about 1100 degrees centigrade for a time period from about 15 to about 30 minutes to
provide the boron dopant depleted boron doped aluminum oxide material layer, as well as the

boron doped region within the silicon material substrate.

The series of schematic cross sectional diagrams that is illustrated in FIG. 1B follows generally
from the series of schematic cross-sectional diagrams that is illustrated in FIG. 1A but also newly
includes a mask layer selectively interposed between the silicon material substrate and the boron
doped aluminum oxide material layer. Such a mask layer generally provides for formation of a
localized boron doped region within the silicon material substrate (as illustrated in FIG. 1B,
fourth diagram) rather than a blanket boron doped region within the silicon material substrate (as
illustrated in FIG. 1B, third diagram). Although a mask layer may in general comprise any of
several mask materials, such as but not limited to hard mask materials and soft mask materials,
within the context of the embodiments the mask layer typically comprises a temperature
insensitive hard mask material such as but not limited to a silicon nitride, silicon oxynitride or
titanium oxide hard mask material. Typically, the mask layer comprises a titanium oxide hard

mask material that has a thickness from about 50 to about 100 nanometers.

FIG. 2 shows a graph illustrating a dopant depth profile within a monocrystalline silicon
substrate for forming a boron p doped region in accordance with the embodiments. Also
illustrated for reference purposes is a silicon concentration and a aluminum background
concentration. As is illustrated within the schematic diagram of FIG. 2, the boron concentration

decreases to a background level at a depth of about 400 nanometers.

The graph of FIG. 2 results from a monocrystalline silicon material substrate having located and
formed thereupon a boron doped aluminum oxide material layer of thickness about 20

nanometers and a boron content about 20 atomic percent. Additionally, a silicon oxide capping

7
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layer of about 80 nanometers was deposited onto the boron doped aluminum oxide material layer
to facilitate diffusion of boron into the monocrystalline silicon material substrate. The
monocrystalline silicon material substrate and the boron doped aluminum oxide material layer
were thermally annealed at a temperature of about 945 degrees centigrade for a time period of
about 40 minutes to provide a resulting structure whose depth profiling graph is illustrated in

FIG. 2.

All references, including publications, patent applications, and patents cited herein are hereby
incorporated by reference in their entireties to the same extent as if each reference was
individually and specifically indicated to be incorporated by reference and was set forth in its

entirety herein.

The use of the terms "a" and "an" and "the" and similar referents in the context of describing the
invention (especially in the context of the following claims) is to be construed to cover both the
singular and the plural, unless otherwise indicated herein or clearly contradicted by context. The
terms "comprising,” "having," "including," and "containing" are to be construed as open-ended
terms (i.e., meaning "including, but not limited to,") unless otherwise noted. The term

“connected” is to be construed as partly or wholly contained within, attached to, or joined

together, even if there is something intervening.

The recitation of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it was individually

recited herein.

All methods described herein can be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., "such as") provided herein, is intended merely to better illuminate
embodiments of the invention and does not impose a limitation on the scope of the invention

unless otherwise claimed.
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No language in the specification should be construed as indicating any non-claimed element as

essential to the practice of the invention.

It will be apparent to those skilled in the art that various modifications and variations can be
made to the present invention without departing from the spirit and scope of the invention.
There is no intention to limit the invention to the specific form or forms disclosed, but on the
contrary, the intention is to cover all modifications, alternative constructions, and equivalents
falling within the spirit and scope of the invention, as defined in the appended claims. Thus, it is
intended that the present invention cover the modifications and variations of this invention

provided they come within the scope of the appended claims and their equivalents.

Thus, the embodiments are illustrative of the invention rather than limiting of the invention.
Revisions and modifications may be made to methods, materials structures and dimensions in
accordance with the embodiments to provide a method and a structure in accordance with the

invention, further in accordance with the accompanying claims.
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CLAIMS

What is claimed is:

1. A method for forming a structure comprising:
forming a doped aluminum oxide material layer upon a silicon material substrate; and
thermally annealing the doped aluminum oxide material layer formed upon the silicon
material substrate to form a dopant depleted doped aluminum oxide material layer upon a silicon

material substrate that includes a doped region.

2. The method of claim 1 wherein:
the doped aluminum oxide material layer comprises a p doped aluminum oxide material
layer; and

the doped region comprises a p doped region.

3. The method of claim 1 wherein:
the doped aluminum oxide material layer comprises an n doped aluminum oxide material
layer; and

the doped region comprises an n doped region.

4. The method of claim 1 wherein:
the doped aluminum oxide material layer comprises a p and n doped aluminum oxide
material layer; and

the doped region comprises a p and n doped region.

10
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5. A method for forming a structure comprising:

forming a boron doped aluminum oxide material layer upon a silicon material substrate;
and

thermally annealing the boron doped aluminum oxide material layer formed upon the
silicon material substrate to form a boron depleted boron doped aluminum oxide material layer

upon a silicon material substrate that includes a boron doped region.
6. The method of claim 5 wherein the silicon material substrate comprises a silicon material
selected from the group consisting of silicon, silicon-carbon alloy and silicon-germanium alloy

silicon materials.

7. The method of claim 5 wherein the silicon material substrate comprises a monocrystalline

silicon material substrate.

8. The method of claim 5 wherein the boron doped aluminum oxide material layer is formed

using an atmospheric pressure chemical vapor deposition method.

9. The method of claim 5 wherein the boron doped aluminum oxide material layer is formed to a

thickness from about 10 to about 40 nanometers.

10. The method of claim 5 wherein the boron doped aluminum oxide material layer includes a

boron content from about 1 to about 25 atomic percent.

11. The method of claim 5 wherein the boron doped region has a sheet resistance from about 15

to about 300 ohms per square.

12. The method of claim 5 wherein the thermal annealing is undertaken at a temperature from

about 800 to about 1100 degrees centigrade for a time period of about 15 to about 30 minutes.

11
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13. The method of claim 5 further comprising forming a capping layer upon the boron doped
aluminum oxide material layer prior to thermally annealing the boron doped aluminum oxide

material layer.

14. A structure comprising:

a silicon material substrate;

a doped region located within the silicon material substrate; and

a doped aluminum oxide material layer located over the silicon material substrate and
contacting the boron doped region, where the doped region and the doped aluminum oxide

material layer comprise the same dopant.

15. The structure of claim 14 wherein:
the doped aluminum oxide material layer comprises a p doped aluminum oxide material
layer; and

the doped region comprises a p doped region.

16. The structure of claim 14 wherein:
the doped aluminum oxide material layer comprises an n doped aluminum oxide material
layer; and

the doped region comprises an n doped region.

17. The structure of claim 14 wherein:
the doped aluminum oxide material layer comprises a p and n doped aluminum oxide
material layer; and

the doped region comprises a p and n doped region.

18. A structure comprising:
a silicon material substrate;
a boron doped region located within the silicon material substrate; and
a boron doped aluminum oxide material layer located over the silicon material substrate

and contacting the boron doped region.
12
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19. The structure of claim 18 wherein the silicon material substrate comprises a silicon material
selected from the group consisting of silicon, silicon-carbon alloy and silicon-germanium alloy

silicon materials.

20. The structure of claim 18 wherein the silicon material substrate comprises a monocrystalline

silicon material.

21. The structure of claim 18 wherein the boron doped region has a sheet resistance from 15 to

300 ohms per square.

22. The structure of claim 18 wherein the boron doped region comprises a blanket boron doped

region.

23. The structure of claim 18 wherein the boron doped region comprises a localized boron

doped region.

24. The structure of claim 18 wherein the born doped aluminum oxide material layer has a

thickness from about 10 to about 40 nanometers.

25. The structure of claim 18 further comprising a capping layer located upon the boron doped

aluminum oxide material layer.

13



WO 2014/197577 PCT/US2014/040883

capping

112

| Deposit aiffusion mask and
resnove selectad area

M ATE

B pelype
iort formied

Local gt of p-type
region formad

FIG. 1

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/040883

WO 2014/197577

2/2

i 13 craber

3084

i

e

1022 .

el

10"%

ubeguaIuD’y

1258

1pa0

2540

58

Depth {nm)

FIG. 2

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/040883

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/265(2006.01)i, HO1L 21/324(2006.01)i, H01J 37/317(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/265, HO1L 21/469; HO1L 21/336; HO1L 21/31; HO1L 21/3205; HO1L 21/00; HOIL 21/44, HO1L 21/324, HO1J 37/317

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: aluminum oxide, anneal, dopant, deplete, diffusion

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7662658 B2 (CHANDRA MOULI et al.) 16 February 2010 1-25
See column 6, lines 19-32, column 7, line 34 — column 8, line 62, claim 1

and figures 7-9.

A US 2002-0086555 A1 (KIE Y. AHN et al.) 04 July 2002 1-25
See abstract, paragraphs [0034]-[0039] and claims 1, 22.

A US 2010-0055905 A1 (SHREYAS S. KHER et al.) 04 March 2010 1-25
See abstract, paragraphs [0013], [0022], claim 1 and figures 2-3C.

A US 2009-0221120 A1 (TIEN YING LUO et al.) 03 September 2009 1-25
See abstract, paragraphs [0014]-[0016] and figures 1-3.

A KR 10-2001-0065161 A (HYNIX SEMICONDUCTOR INC.) 11 July 2001 1-25
See abstract, pages 2-3 and claim 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 October 2014 (29.10.2014) 29 October 2014 (29.10.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division
¢ Korean Intellectual Property Offlce ) » CHOIL Sang Won
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701, % \\\\\ X
Republic of Korea &\

. N\
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8291 \\\§\§\2\ “

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/040883
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 76626568 B2 16/02/2010 US 2004-0251398 Al 16/12/2004
US 2005-0167711 Al 04/08/2005
US 2006-0008938 Al 12/01/2006
US 2008-0096302 Al 24/04/2008
US 7122408 B2 17/10/2006
US 7226803 B2 05/06/2007
US 7573113 B2 11/08/2009
US 2002-0086555 Al 04/07/2002 US 2002-0086521 Al 04/07/2002
US 2002-0086556 Al 04/07/2002
US 7112543 B2 26/09/2006
US 7235446 B2 26/06/2007
US 7241673 B2 10/07/2007
US 2010-0055905 Al 04/03/2010 US 8163343 B2 24/04/2012
US 2009-0221120 Al 03/09/2009 US 7741183 B2 22/06/2010
KR 10-2001-0065161 A 11/07/2001 US 2001-0024860 Al 27/09/2001
US 6524918 B2 25/02/2003

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

