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(57) Abstract: A method of manufacturing an integrated light emitting diode display is provided. In one exemplary embodiment,
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& a predetermined color upon the application of energy thereto. In another exemplary embodiment, a method of manufacturing a light
& emitting diode is provided. The method includes depositing a biological material over the substrate, the biological material having
an affinity for a pn junction material, and exposing the deposited biological material to the first pn junction material to form a doped
area of a pn junction. In still another exemplary embodiment, a light emitting diode is provided. The light emitting diode includes
a substrate and a biologically formed pn junction disposed over the substrate, wherein light having a predetermined color is emitted

upon application of energy to the pn junction.
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METHOD OF MANUFACTURING INTEGRATED LIGHT EMITTING DIODE DISPLAYS USING
BIOFABRICATION

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
60/691,148, filed June 15, 2005.

FIELD OF THE INVENTION

[0002] The present invention generally relates to displays, and more particularly relates to
displays having integrated light emitting diodes that are manufactured using biofabrication

methods.

BACKGROUND OF THE INVENTION

[0003] Light Emitting Diode (“LED”) displays are used for myriad purposes, such as for
advertising, traffic control, sporting events, and other means of communication. Typical
LED displays are made of numerous LEDs that each includes a semiconductor chip that is
disposed in a bulb. Each chip is created from a wafer having various layers of crystalline or
polycrystalline semiconductor materials deposited thereon, and a particular semiconductor
material is used to provide a particular color to a LED. Typically, a wafer yields a number
of LEDs that are capable of emitting the same color light when energy is supplied thereto.
Because each LED contained in the display is a discrete element, a number of LEDs made
from different wafers are needed to produce a multi-colored display. As a result, large
amounts of materials may be needed. The individual LEDs are then assembled in a

predetermined pattern, and coupled to a power supply to form the display.

[0004] To reduce the amount of materials used to create multi-colored displays, the use of
an integrated LED (“ILED”) display has recently been proposed. An ILED is typically
constructed on a single conventional semiconductor substrate, such as a silicon substrate,
and similar to conventional LED displays, emits light when supplied with energy.

However, the current process for manufacturing a multi-colored ILED involves very high

1
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temperatures (~1000°C), is relatively complex, and time-consuming to perform. As a result,
the costs associated with ILED fabrication are relatively high. Additionally, because ILEDs
are generally formed on semiconductor materials, light extraction is not as efficient as in
conventional LED array displays. Attempts to increase light extraction have included
constructing ILEDs over transparent substrates, such as, for example, glass or plastic
substrates. However, the deposition of particular materials capable of emitting certain
colors require a relatively high temperature, e.g. above about 1000° C, which does not allow
use of the transparent substrate materials, as process temperatures for those materials are

typically limited to around 300°C or less.

[0005] Accordingly, it is desirable to have a process for manufacturing an ILED display
that is relatively simple and capable of being performed at temperatures below 300°C. In
addition, it is desirable for the process to produce high quality multi-color ILED displays.
Furthermore, other desirable features and characteristics of the present invention will
become apparent from the subsequent detailed description of the invention and the appended
claims, taken in conjunction with the accompanying drawings and this background of the

invention.

BRIEF SUMMARY OF THE INVENTION

[0006] A method of manufacturing an integrated light emitting diode display is provided.
In one exemplary embodiment, the method includes the step of biologically forming a pn
junction over a substrate, the pn junction capable of emitting a light having a predetermined

color upon the application of energy thereacross.

[0007] In another exemplary embodiment, a method of manufacturing a light emitting
diode is provided. The method includes depositing a biological material over the substrate,
the biological material having an affinity for a pn junction material, and exposing the
deposited biological material to the pn junction material to form a first doped area of a pn
junction capable of emitting a light having a predetermined color upon the application. of

energy thereacross.
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[0008] In still another exemplary embodiment, a light emitting diode is provided. The
light emitting diode includes a substrate and a biologically formed pn junction disposed over
the substrate, wherein light having a predetermined color is emitted upon application of a

energy across the pn junction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like elements, and

[0010] FIG. 1 is an exemplary integrated light emitting diode (“ILED”) display;

[0011] FIG. 2 is cross section view of an exemplary light emitting diode (“LED”) that
may be implemented into the display of FIG. 1; and

[0012] FIG. 3 is a flow diagram of an exemplary method for manufacturing the ILED
display depicted in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The following detailed description of the invention is merely exemplary in nature
and is not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the preceding

background of the invention or the following detailed description of the invention.

[0014] Turning now to FIG. 1, a portion of an exemplary multi-colored integrated light
emitting diode (“ILED”) display 100 is depicted. The display 100 is preferably constructed
on a single substrate 110 and includes a backplane electronics layer 201 (shown in FIG. 2)

over which a plurality of diodes 200 are formed. The diodes 200 and the backplane
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electronics layer 201 are coupled to, and powered by, a display drive electronics 112 that

supplies power thereto.

[0015] The substrate 110 is divided into a plurality of regions, each of which is further
divided into at least three areas 102, 104, 106. Each of these areas 102, 104, 106 is capable
of emitting light when energy is supplied thereto. Preferably, each area emits a light of a
single color and the light emitted from one area is a different color than the light emitted
from another area. For example, the first areas 102 are each configured to emit light of a
first color, the second areas 104 are each configured to emit light of a second color, and the

third areas 106 are configured to emit light of a third color.

[0016] To generate a color image on the display 100, color composites comprising three
primary colors are preferably used. In one exemplary embodiment, additive color
composites are used, and accordingly, the first, second and third colors used in the display
100 are red, green, and blue. In another exemplary embodiment, subtractive color
composites are employed. In this regard, the first, second, and third colors are cyan,
magenta, and yellow. Although the areas 102, 104, 106 are depicted in FIG. 1 as being
disposed in a particular pattern, it will be appreciated that the areas 102, 104, 106 are most
preferably disposed in a pattern that optimizes the ability of the additive or subtractive color
composites to create different colors. Thus, the areas 102, 104, 106 may be disposed in any

other suitable pattern.

[0017] Light is emitted from the plurality of areas 102, 104, 106 via the diodes 200.
Although a plurality of diodes 200 is shown disposed in each of the areas 102, 104, 106, it
will be appreciated that fewer or more may be alternatively incorporated therein. Turning to
FIG. 2, one exemplary diode 200 is depicted. The diode 200 is formed over the backplane
electronics layer 201 of a substrate 202 and is capable of emitting a light of a predetermined
color. Each diode 200 includes a pn junction 204 and two conductors 206, 208 that are
coupled thereto. In some embodiments, the diode 200 also includes a reflector 210 disposed

between the substrate 202 and one of the conductors 206.

[0018] The substrate 202 may be any size and is configured to serve as a base upon which
the plurality of diodes 200 are formed. Preferably, the substrate 202 is made of a relatively

lightweight material and may be transparent or reflective. Suitable materials include, but
4
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are not limited to glass, plastic, steel, or aluminum. The backplane electronics layer 201 is
configured to control the energy, for example, the voltage or current, that is supplied to the
pn junction 204 and is thus preferably formed as a thin film transistor array for the ILED.
The backplane electronics layer 201 may be constructed from any one of numerous
semiconductor materials suitable for forming a thin film transistor, such as, for example,

amorphous silicon, polysilicon, and organic semiconductor material.

[0019] The pn junction 204 is disposed over the backplane electronics layer 201 and
includes a first doped area 212 that has been doped with a p-type dopant, and a second
doped area 214 that has been doped with an n-type dopant, or vice versa. It will be
appreciated that any one of numerous conventionally used semiconductor materials may be
used; however, the first and second doped areas 212, 214 are preferably both made of the
same material and the material has been doped by an n-type or p-type dopant. In one
exemplary embodiment, the materials that form pn junction have dual properties for light
emitting and other electromagnetic radiation detection/sensors functions, such as radar. In
such case, suitable materials may include, but are not limited to ZnS and the like.
Preferably, each pn junction 204 disposed in the first areas 102 of the display 100 include a
first material, each pn junction 204 disposed in the second areas 104 of the display 100
include a second material, and each pn junction 204 disposed in the third areas 106 of the
display 100 include a third material. Reasons for the use of the various materials will

become clearer in the description further below.

[0020] At least a portion of each of the first and second doped areas 212, 214 is in
electrical communication with the conductors 206, 208, respectively. The conductors 206,
208 are configured to receive energy from a non-illustrated power source, such as the
display drive electronics 112 in FIG. 1 via the backplane electronics layer 201, and to
provide a voltage or current across the pn junction 204. The conductors 206, 208 may have
any one of numerous conventional configurations and may be made of any one of numerous
conventionally used conductive materials. In one example shown in FIG. 2, the conductors
206, 208 are layers of conductive material that are each deposited or otherwise formed
adjacent the first and second doped areas 212, 214 of the pn junction 204. Also shown in
FIG. 2, the bottom conductor 206 is disposed between the pn junction 204 and the
backplane electronics layer 201, while the top conductor 208 is disposed over the pn

junction 204 and exposed. In another embodiment, the exposed top conductor 208 is
5
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preferably made of a substantially transparent material, such as, for example, indium-tin-
oxide, or indium-zinc-oxide. Alternatively, any other suitable transparent conducting
material for a top emission structure for extracting the emitted light from the top of an
organic light emitting diode (OLED) device may be used. Examples of other suitable
materials include, but are not limited to nanomaterials, carbon nanotubes, fullerenes,

nanowires, organic semiconductor materials, conducting polymers and alike.

[0021] In some embodiments, the diode 200 includes a reflector 210. The reflector 210 is
configured to efficiently reflect the light emitted from the pn junction 204 back towards the
front electrode 208 and then to the viewer. In this regard, the reflector 210 may be formed
from any one of numerous reflective materials. Examples of suitable materials include, but
are not limited to aluminum, and chromium. In some top emission embodiments the bottom
conductor 206 may also serve as a reflector, thereby eliminating the need for a separate

reflector 210.

[0022] In one exemplary embodiment, the bottom conductor 206 is made of a transparent
conducting material for light extraction from the bottom of the display through the substrate
202, and reflective material 210 is placed on top of the conductor 208. In this bottom
emission embodiment, the top conductor 208 may also serve as a reflector thereby

eliminating the need for an independent reflector 210.

[0023] Turning now to FIG. 3, an exemplary method 300 for constructing the multi-
colored ILED display 100 is illustrated. First, the backplane electronics layer 201 is formed
over the substrate 202, step 302. Then, pn junctions 204 are biologically formed over the
backplane electronics layer 201, step 304. The pn junctions 204 are then electrically
coupled to conductors 206, 208, and thus to the backplane electronics layer 201 and the
display drive electronics 112, step 306.

[0024] As briefly mentioned above, the backplane electronics layer 201 is formed over the
substrate 202, step 302. It will be appreciated that the backplane electronics layer 201 may
be formed using any one of numerous conventional techniques. Preferably, a technique
suitable for forming a thin film transistor from materials, such as, for example, amorphous

silicon, polysilicon, and organic semiconductor materials, is employed. In one exemplary
6
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embodiment, the backplane electronics layer 201 is formed with one of the conductors 206
disposed thereover. In another exemplary embodiment, the backplane electronics layer 201
is formed with a reflector 210 thereon. In still another embodiment, reflective material is

disposed over the bottom conductor 206.

[0025] Next, the pn junctions 204 are biologically formed over the backplane electronics
layer 201, step 304. First, the pn junction 204 materials and biological materials for forming
the pn junctions 204 are selected. Preferably, the pn junction 204 materials are selected for
their capability to emit a colored light when energy is applied thereto, and the biological
materials are selected from any one of numerous biological materials having a surface that
has a binding specificity for a particular element or compound and that can be manipulated
at relatively low temperatures.  The selections of these materials may be mutually
dependent on each other. In particular, the pn junction 204 materials are selected not only
for suitably constructing the pn junctions 204, but also for including the element or

compound for which one of the selected biological materials has an affinity.

[0026] For example, in the production of the multi-colored ILED display 100, at least
three different types of semiconductor materials are used for forming the pn junctions 204
and at least three different corresponding biological materials, such as three different
proteins, are selected. In one example, a first pn junction is formed using a gallium nitride-
based semiconductor, a second pn junction is formed as a gallium arsenide-based
semiconductor, and a third pn junction is formed as a gallium aluminum phosphide-based
semiconductor. Accordingly, a first protein having an affinity for gallium nitride is selected,
a second protein having an affinity for gallium arsenide is selected, and a third protein

having an affinity for gallium aluminum phosphide is selected.

[0027] After the materials are selected, one of the biological materials is deposited over
the substrate 202, or alternatively, over the backplane electronics layer 201 or the conductor
206, in a predetermined pattern and is contacted with a source of its corresponding pn
junction 204 material. In an exemplary embodiment in which three pn junction materials
have been selected and the deposition pattern of the material is similar to the particular
pattern of the first, second, and third areas 102, 104, 106 of the display 100 shown in FIG. 1,

pn junctions 204 are first formed over the first areas 102, and the second and third areas
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104, 106 are masked. The areas 104, 106 may be masked using any one of numerous

conventional masking techniques that may be performed below about 300°C.

[0028] Then, a first biological material having an affinity for a first pn junction material,
is deposited in the first areas 102. The biological material may be any one of numerous
biological materials having a surface that has a binding specificity for a particular element
or compound and that can be manipulated at relatively low temperatures. In one exemplary
embodiment, the biological material is a protein. It will be appreciated that the protein may
be encapsulated in any one of numerous packages, such as as a bacteriophage, or other virus
or bacteria, influencing the surface thereof to bind to a specific element or compound. The
biological material may be obtained off the shelf, or may be specifically engineered. The

first areas 102 may be sprayed, dipped, or otherwise contacted with the biological materials.

[0029] Next, the first biological material is contacted with its corresponding pn junction
204 material. In one exemplary embodiment, p-doped pn junction 204 material is first used;
however, it will be appreciated that n-doped material may alternatively be used. The
corresponding pn junction 204 material is suspended in a solution or a plasma, and is
contacted with the first biological material in any one of numerous manners. For example,
the pn junction 204 material may be sprayed on the areas 102, or alternatively, the substrate
202 may be bathed or dipped into containers containing a solution having the pn junction
204 material suspended therein. In any event, the solution or plasma preferably contacts the
areas 102 for an amount of time that sufficiently allows the pn junction 204 material to bind

to the first biological material to thereby form the first doped area 212.

[0030] After a sufficient amount of pn junction 204 material is grown in the first areas
102, first area 102 deposition of the first biological material is repeated and additional
corresponding pn junction 204 material is contacted with the first biological material. In
one exemplary embodiment, n-doped pn junction 204 material is contacted with the first
biological material until a sufficient amount is deposited on the substrate 202 to form the
second doped area 214. It will be appreciated that if n-doped material is employed in the

previous step, p-doped material is preferably used in this step.

[0031] The second and third areas 104, 106 are then unmasked using any conventional

technique and the process is repeated for the formation of the pn junctions 204 in the second
8
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and third areas 104, 106. For example, after the pn junctions 204 are formed in the first
areas 102, the first and third areas 102, 106 are masked and the second area 104 is exposed
to a second biological material and its corresponding pn junction 204 material. Then, at
least the third area 106 is then unmasked, while the first and second areas 102, 104 are
masked. The third area 106 is then exposed to a third biological material and its
corresponding pn junction 204 material. In any event, each step in the formation of the pn
junctions 204 preferably occurs in a temperature range that does not adversely affect the
structural integrity of the substrate 202 material. For example, in an embodiment in which
the substrate 202 is glass, the temperature range preferably does not exceed about 300°C. If
the substrate 202 comprises a plastic substrate such as heat stabilized PEN (PolyEthylene
Naphthalate), the temperature range preferably does not exceed about 180°C.

[0032] After the pn junctions 204 are sufficiently formed over the areas 102, 104, 106, the
biological materials are removed therefrom. It will be appreciated that the removal step
may occur several times throughout the contact process, or may occur once. For example,
in processes in which several pn junction 204 materials and/or masking are used, the
biological materials may be removed after each solution is appropriately contacted to the
substrate 202. Alternatively, the biological materials may be removed at the end of the
entire pn junction 204 formation process. Removal may be achieved using any one of

numerous conventional thermal or chemical techniques.

[0033] Next, the top conductor 208 is formed and electrically coupled to the pn junctions
204, step 306. The top conductor 208 is common to all the pn junctions in the ILED. It will
be appreciated that the conductor 208 may be formed using any one of numerous
conventional techniques including conventional masking, deposition, and etching processes.
The conductor 208 and the backplane layer 201 are then coupled to the display drive

electronics 112 or other suitable power source.

[0034] Thus, when current is supplied by the power source to the conductors 206, 208
thereby supplying a energy to the pn junctions 204, each area 102, 104, 106 of the display
100 will emit a light having a color corresponding to the semiconductor material used in
fabricating the pn junction 204 material disposed therein. Multiple colors may be created by
manipulating the supply of voltage or current to one or more of the areas 102, 104, 106,

and/or one or more of the diodes 200 disposed in the areas 102, 104, 106.
9
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[0035] There has now been provided a process for manufacturing an ILED display that is
relatively simple and capable of being performed in temperatures below about 300°C. In
addition, the process uses a single substrate and yields high quality multi-colored ILED
displays thereon.

[0036] While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It being understood that various changes may be made in the
function and arrangement of elements described in an exemplary embodiment without

departing from the scope of the invention as set forth in the appended claims.

10
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PCT CLAIMS

What is claimed is:

1. A method of manufacturing an integrated light emitting diode display (100),
comprising the steps of:

biologically forming a pn junction (204) over a substrate (202), the pn junction (204)
capable of emitting a light having a predetermined color upon the application of energy

thereto.

2. The method of claim 1, wherein the step of biologically forming comprises
the steps of:

depositing a biological material over the substrate (202), the biological material
having an affinity for a pn junction material; and

exposing the deposited biological material to the first pn junction material to form a

first doped area (212) of the pn junction (204).

3. The method of claim 2, wherein the step of exposing comprises exposing the
deposited biological material to a p-doped or n-'doped first pn junction material and the
method further comprises:

depositing the biological material over the first doped area (212); and

exposing the biological material to the other of the p-doped or n-doped first pn

junction material to form the second doped area (214).

4, The method of claim 1, wherein the step of biologically forming comprises

creating a plurality of pn junctions (204) over the substrate (202).

5. The method of claim 4, wherein the step of creating comprises:

biologically forming a first plurality of pn junctions (204) over first areas (102) on
the substrate (202) from a first pn junction (204) material, the first plurality of pn junctions
(204) capable of emitting light having a first color upon application of energy thereto;

biologically forming a second plurality of pn junctions (204) over second areas (104)
of the substrate (202) from a second pn junction (204) material, the second plurality of pn
junctions (204) capable of emitting light having a second color upon application of energy

thereto; and
11
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biologically forming a third plurality of pn junctions (204) over third areas (106) of
the substrate (202) from a third pn junction (204) material, the third plurality of pn junctions
(204) capable of emitting light having a third color upon application of energy thereto.

6. A light emitting diode, comprising:
a substrate (202);
a biologically formed pn junction (204) disposed over the substrate (202), wherein

light having a predetermined color is emitted upon application of energy to the pn junction
(204).

7. The light emitting diode of claim 6, wherein the substrate (202) comprises

glass.

8. The light emitting diode of claim 6, further comprising conductors disposed
over the substrate (202) and electrically coupled to the pn junction (204).

9. The light emitting diode of claim 6, further comprising a first, a second, and
a third pn junction (204) formed over the substrate (202), each pn junction (204) capable of

emitting a first, second, and third color, respectively, upon application of energy thereto.
10.  The light emitting diode of claim 6, further comprising a backplane

electronic thin film transistor disposed between the substrate (202) and the pn junction
(204).

12



WO 2006/138538

100

PCT/US2006/023446

173
,..8 -
2 «
( \
B) \’\‘
oo ool oooo] oo oo
ooo‘roo O Og® O [0 Oyo ©
o QO © 0900 OQOO
S—+ 0 000 O [0 0T0 O |0 O OO0
NQ 0000l 00 00O 0O0O0OCO
Q —
N P
O 00Ol OO OO0} OO0 OO
00,00 |0o0o.00 [0 00 O
(N
o 0 glo o og'oo o%oo
S OO0 o0 |ocoo |ooo o™
N 0O 0 00|l 00 OO 00 OO
Q —
N P T
oo o0l oo ool oo oo
O Qg0 010 OO0 O |0 O 0 ©
o 0o gjoo| o goojogoo
65— 0 CC0O 0 |0OO0TO0 O |O 00O
N[foo ool oo o000l 0000
Q — ‘
N = i
0O 0 o0}l o0 OO0OC| OO0O0OO
© 0,0 O |0 Ou0 O |0 Oyo O
o O gloo| o ool ogoo
Q—L O 000 O O o0 O |0 O 0 02
N O o000l oo o0} 00 00O
00 00|l oo.00| 60 00
00,00 |00,,00 |O0O.0 O
QN
o OQIOO o%]oo o%oo‘_
Q-0 000 0 |O 000 O |0 OO0 O
N O 0 00| OO OO} 00 OO0
A //
o
Q
A

N

~

200 200 200
FIG. 1

200

200



WO 2006/138538

PCT/US2006/023446

2195
Q N © o N
g 1 41818

FIG. 2

204 <



PCT/US2006/023446

WO 2006/138538

313

& Ol

(el

90¢-

SY0LINANOT 0L
SNOLLONNT Nd GINM0ISNVL
F1dN0J ATIYONLIAT

3

Y02~

1HOM q307100 INILLINA
40 T18Yd¥3 SNOILONNT
OINI SNOILONN Nd

WHOASNYAL ATTYOID070Id
)

202~

A1VULSENS Y30
SNOILIND Nd 04

(s )




INTERNATIONAL SEARCH REPORT Intemational application No
PCT/US2006/023446

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1L33/00 HO1L27/15

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)

HO1L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulied during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 706 022 A (HATO T) 6-10
6 January 1998 (1998-01-06)

column 8, Tine 46 - column 10, Tine 26
X EP 1 310 934 A (SONY CORP) 6-9
14 May 2003 (2003-05-14)
paragraphs [0044]1 - [0077]
X US 2005/057641 Al (OGIHARA M ET AL) 6-8
17 March 2005 (2005-03-17)
paragraphs [0080] - [0093]

D Further documents are listed in the continuation of Box C. See patent family annex.

* Speclal categories of cited documents : . . »

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A' document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international *X* document of particular relevance; the claimed invention
fiing date cannot be considered novel or cannot be considered 1o

L docurrrllent V\{high may thro'\:./ doubt% lon priority claim(s) or involve an inventive step when the document is taken alone
which is cited lo establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

'O document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P* document published prior o the international filing date but in the art.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 October 2006 06/11/2006
Name and mailing address of the 1SA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax:(z;m—?g) 340-3016 P VAN DER LINDEN, J
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Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: '
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 1-5

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

[y

As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)
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Continuation of Box II.2

Claims Nos.: 1-5

Present claims 1-5 relate to a method defined (inter alia) by reference
to the following unusual parameter / unclear feature: biologically
forming a pn junction.

The use of this unusual parameter / feature in the present context is
considered to lead to a Tack of clarity because independent claim 1 does
not clearly identify the methods encompassed by it as the parameter /
feature cannot be clearly and reliably determined by indications in the
description or by objective procedures which are usual in the art. This
makes it impossible to compare the claims 1-5 to the prior art.

As a result, the application does not comply with the requirement of
Art. 6 PCT.

Indeed, even when considering the passages in the description relating
to this parameter / feature (paragraphs 25-32), no examples are clearly
defined, supported and disclosed by it which allow restriction of the
search of claims 1-5 such that a meaningful search is possible.

In particular, paragraph 25 only specifies that ’biological materials
for forming the pn junction are (preferably) selected from any one of
numerous biological materials having a surface that has a binding
specificity for a particular element or compound and that can be
manipulated at relatively low temperatures’ (cf. the wording of claim 2:
’biological material having an affinity for a pn junction material’),
which in fact does not provide any particular Timitation / clarification
as to the selection of the biological material. Paragraph 25 furthermore
specifies that ’the selection of the biological material may be
dependent on the selection of the pn junction material’, i.e. it can
even be selected independently of the pn junction material.

Paragraph 26 describes an example in which ’at least three different
types of semiconductor materials (i.c. GaN, GaAs and GaAIP) and at least
three different corresponding biological materials such as three
different proteins are selected’. The term ’protein’ does however not
provide support for a (restricted) claim in a manner sufficiently clear
and complete for the invention to be carried out by a person skilied in
the art. Notwithstanding the particular semiconductor materials
mentioned in this example, the generic term ’protein’ for the biological
material is not considered to provide sufficient information as to
render the selection of the particular materials to be used in
combination with GaN, GaAs and GaAlP purely a matter of routine for a
person skilled in the art, i.e. such that the selection may not be
considered as requiring undue experimentation. Because no further
examples are described, the disclosure of the invention is consequently
not considered sufficiently clear and compiete as to provide the
information which is sufficient to allow the invention to be carried out
by a person skilled in the art, as of the international filing date,
without undue experimentation (PCT Guidelines 5.45).

As a result, the application furthermore does not comply with the
requirement of Art. 5 PCT.

In conclusion, claims 1-5 are so unclear (and so inadequately supported
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 21

and disclosed by the description) that no restriction of the search of
claims 1-5 is possible which would render the search meaningful.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.
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