009/062011 A1 |00 000 0 0O 0. 00O 0O

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

(19) World Intellectual Property Organization | o
International Bureau :

(43) International Publication Date
14 May 2009 (14.05.2009)

) IO O T O O

(10) International Publication Number

WO 2009/062011 Al

(51) International Patent Classification:
GO3F 7/00 (2006.01)

(21) International Application Number:
PCT/US2008/082761

(22) International Filing Date:
7 November 2008 (07.11.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/986,071 7 November 2007 (07.11.2007) US

(71) Applicant (for all designated States except US):
MASACHUSETTS INSTITUTE OF TECHNOL-
OGY [US/US]; 77 Massachusetts Avenue, Cambridge,
MA 02139 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ARORA, William,
J. [US/US]; 540 Valley Road, Lake Forest, I1. 60045 (US).
BARBASTATHIS, George [US/US]; 21 Massachusetts
Avenue, Apt. 705, Boston, MA 02115 (US).

(74) Agents: CONNORS, Matthew, E. et al.; Gauthier & Con-
nors Llp, 225 Franklin Street, Suite 2300, Boston, MA
02110 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

(54) Title: METHOD OF FORMING A LOCALLY PERIODIC 3D STRUCTURE WITH LARGER-SCALE VARIATION IN

PERIODIC PROPERTIES AND APPLICATIONS THEREOF

22

Light source

28

\ALALAAAEAA LA

Exposing light

YYYYY

Photomask with chirped feature sizes 26

- L2 RS S ER-EN SN IO N .

Photosensitive material ,4

Substrate

o 32

30
FIG. 3

o (57) Abstract: An optical structure is provided. The optical structure includes a substrate structure. A photosensitive material layer

is positioned on said substrate structure. The photosensitive material layer having uniform periodic geometry and a period length
throughout associated with a 2D periodic pattern. The 2D periodic pattern includes a period length greater than the exposing light
wavelength and spatial variation in the duty cycle of the features of a mask layer used in the formation of said 2D periodic pattern.



10

15

20

25

WO 2009/062011

1

METHOD OF FORMING A LOCALLY PERIODIC 3D STRUCTURE WITH
LARGER-SCALE VARIATION IN PERIODIC PROPERTIES AND
APPLICATIONS THEREOF

PRIORITY INFORMATION

This application claims priority from provisional application Ser. No.
60/986,071 filed November 7, 2007, which is incorporated herein by reference in its

entirety.

BACKGROUND OF THE INVENTION

The invention is related to the field of optics, and in particular to a technique
of forming a periodic, three-dimensionally micro-structured material with a two-
dimensional variation in micro-structure duty cycle.

Coherent diffraction lithography, also known as the Talbot effect and the self-
imaging effect, is a method for optically replicating periodic structures. The effect
occurs when a periodic amplitude or phase mask is illuminated by coherent light.
Optical images of the periodic mask are formed at interval distances behind the mask,
known as Talbot distances. By placing a photo-film at one Talbot distance, the grating
is copied by exposing and developing the film. If the photopolymer is several Talbot
distances thick, the periodic pattern will be copied into it at each Talbot distance.
Exposing and developing the film will create a periodic porous micro-structure out of
the polymer. The 2D periodic pattern of the exposure mask determines what 3D
geometry is formed. Many 3D geometries have been made including face centered
cubic and body centered tetragonal. Varying the exposure dose controls what fraction
of the photopolymer remains behind, or how thick the micro-structure is.

These 3D structures are typically made in photopolymers such as SU-8 but

could be made in any photosensitive material using either one-photon or two-photon
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exposure. The main limitation of the Talbot effect is that it can only be used to
replicate periodic patterns. This is very well known and efforts to replicate non-
periodic patterns, even for periodic patterns with single element defects, do not work.

This is because the patterns become blurred out in the photopolymer.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided a method of
fabricating an optical structure. The method includes providing a substrate structure
and positioning a photosensitive material layer on the substrate structure. Moreover,
the method includes positioning a mask layer on the photosensitive material layer.
The mask layer includes a 2D periodic pattern with period length greater than the
exposing light wavelength and having spatial variation in the duty cycle of the
features of the mask layer. Moreover, the method includes illuminating with a light
source the mask layer and photosensitive material layer to form a 3D micro-structure
having uniform periodic geometry and period length throughout associated with the
2D periodic pattern.

According to another aspect of the invention, there is provided a system for
fabricating an optical structure. The system includes a substrate structure and a
photosensitive material layer is positioned on the substrate structure. A mask layer is
positioned on the photosensitive material layer. The mask layer includes a 2D
periodic pattern with period length greater than the exposing light wavelength and
should have spatial variation in the duty cycle of the features of the mask layer. A
light source illuminates the mask layer and the photosensitive material layer to form a
3D micro-structure having uniform periodic geometry and period fength throughout

associated with the 2D periodic pattern.
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According to another aspect of the invention, there is provided an optical
structure. The optical structure includes a substrate structure. A photosensitive
material layer is positioned on said substrate structure. The photosensitive material
layer having uniform periodic geometry and a period length throughout associated
with a 2D periodic pattern. The 2D periodic pattern includes a period length greater
than the exposing light wavelength and spatial variation in the duty cycle of the

features of a mask layer used in the formation of said 2D periodic pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a Fresnel simulation of optical intensity within a cross-section of a
photosensitive material formed in accordance with the invention; FIG. 1B is a
computer simulation of the photosensitive material structure after the exposure of
FIG. 1A and development;

FIG. 2A is a Fresnel simulation of optical intensity within a cross-section of a
second photosensitive material formed in accordance with the invention; FIG. 2B is a
computer simulation of the photosensitive material structure after the exposure of
FIG. 2A and development;

FIG. 3 is schematic diagram illustrating the preferred technique of practicing
the invention; and

FIG. 4 is a schematic diagram illustrating an ideal fiber to waveguide coupler

bends in accordance with the invention

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a technique of forming a periodic three-dimensionally

(3D) micro-structured material, with a two-dimensional (2D) variation in micro-
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structure duty cycle. The structure is formed by optical exposure through a contact
amplitude photomask. It is discovered that optical exposure can replicate spatial
variations in the duty cycle of periodically spaced features on a photomask in the
optical field produced behind said mask. The optical field has the same lateral
periodic spacing as the mask features and is also periodic vertically, forming a 3D
pattern. The wider an attenuating mask feature is (or larger the duty cycle), the darker
the optical field behind said mask feature and vice versa.

FIG. 1A shows a Fresnel simulation of optical intensity 2 within a cross-
section of a photosensitive material 6. Exposure light (400nm wavelength) is incident
on a mask from the top and forms the optical pattern 4 shown. FIG. 1B is a computer
simulation of photosensitive material structure 14 after the exposure of FIG. 1A and
development. The minimum distance over which the duty cycle can be significantly
varied (for example, from 25% to 75%) is approximately 10 mask periods. The exact
distance depends on mask, polymer and properties of the exposing light field and can
be determined by computer simulation. As long as the duty cycle modulation is
sufficiently gradual, there is no blurring of the optical exposure in the photopolymer.

FIG. 2A shows a Fresnel simulation of optical intensity 8 within a cross-
section of a photosensitive material 12 having a parabolic duty cycle. Exposure light
(400nm wavelength) is incident on the mask from the top and forms the optical
pattern 10 shown. FIG. 2B is a computer simulation of photosensitive material
structure 16 after the exposure of FIG. 2A and development.

The optical intensity within the photosensitive material will have a 3D
periodic patterns 4, 10, examples of which are shown in FIGs. 1A and 2A. After
exposure, the photosensitive material 6, 12 is developed. The resuit is a 3D micro-

structure 6, 12 with uniform periodic geometry and period length throughout, but
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areas that received more or less dose will be more or less porous, respectively. It is
important that enough of the original material remains to form a stable 3D micro-
structure that will not collapse.

FIGs. 1B and 2B show examples of what the developed micro-structure could
look like for the exposure patterns of FIGs. 1A and 2A. In FIGs. 1A and 2A, a
negative resist was used (exposed areas remained behind). It is also possible to use a
positive resist to obtain the inverted structure. The gradient in duty cycle of the mask
becomes a gradient in pore size of the 3D micro-structure and is replicated uniformly
through the entire thickness of the photosensitive material without blur and minimal
distortion. The gradient is only shown in 1D; however, the gradient may be 2D. The
resulting unique 3D structure has many applications.

The invention is practiced by exposing a photosensitive material 24 with an
amplitude contact mask 26, as shown in FIG. 3. In the preferred embodiment, the
exposing light source 28 is monochromatic and spatially coherent (for example,
collimated laser light). However, monochromatic light that is not perfectly spatially
coherent can also be used (for example, a filtered lamp). In most cases the exposing
light will be normally incident on the contact mask 26, but off~axis illumination will
also work. The photosensitive material (usually a polymer or glass) 24 should be flat
to make good contact with the mask 26 features. Typically, the photosensitive
material 24 will be spun or deposited onto a flat substrate 30 to the desired thickness
(typically 5-500um). Light reflection at the substrate-photosensitive material interface
32 should be minimized although this is not required.

Reflection minimization is accomplished with an anti-reflection coating, by
using an optically transparent substrate (for example, quartz), or any well known

method from the field of optical lithography. The mask 26 should have a 2D periodic
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pattern with period length greater than the exposing light wavelength and should have
spatial variation in the duty cycle of the mask features. The spatial variation should be
approximately 10 times lower frequency (or less) than the mask 26 feature spacing
frequency. In the preferred embodiment, the mask 26 features are fully attenuating;
typically 60 nm of metal such as chromium will suffice. However, phase masks or
part-amplitude, part-phase masks can be used as well. The mask 26 should be placed
in conformal contact to the photosensitive material 24, and then illuminated with the
exposing light source 28.

The 3D micro-structure formed by using the invention is a useful optical
structure because of the refractive index contrast between the photosensitive material
and air. If the structure is illuminated with light of wavelength much larger than the
micro-structure period (for example 1000nm light incident on a 400nm period
structure, or visible light incident on a 200nm period structure) the incident light sees
only a spatially averaged refractive index instead of discrete regions of high and low
index. The local refractive index at any point will be the average of the photosensitive
material and air refractive indices, weighted by the size of each.

For example, if the air pore is 70% of the micro-structure period with
refractive index of 1 and the photosensitive material is 30% of the micro-structure
period with refractive index of 1.5, the averaged refractive index is 0.7x 1 + 0.3 x 1.5
= 1.15. Where the polymer micro-structure is more porous, the effective index will be
smaller and vice versa. The structure therefore has a gradient index (GRIN) and can
be used as a GRIN optic. A lens is achieved by a radial parabolic effective refractive
index modulation.

GRIN lenses are currently manufactured by chemical diffusion of impurities

(Ag is common) into glass. Where the impurities are of highest concentration, the
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refractive index is lowest. To our knowledge the maximum dielectric contrast
achieved by this process is 0.09. The refractive index modulation resulting from
diffusion can only be parabolic; this happens to work well for making lenses, but still
has aberrations. The minimum lens diameter found is 500um with a numerical
aperture of 0.53 and a lens length of 1.15mm.

In comparison, GRIN lenses formed by the technique described herein have
many advantages over the existing chemical diffusion process. The refractive index
contrast is higher, and depends on the material used. If a 3D micro-structure is made
in a polymer such as SU-8, which has a refractive index of 1.6 in the visible, the
refractive index contrast will be 0.3, assuming a 50% duty cycle modulation. If the 3D
micro-structure is made in a photosensitive inorganic material such as arsenic sulfide
which has a refractive index of 2.5 in the visible (and 2.3 in the infrared) the index
contrast will be at least 0.75.

Furthermore, techniques of recasting a polymer 3D micro-structure into a
different material can be used to create higher refractive index structures. For
example, infiltrates a polymer micro-structure with TiO,, and then selectively
removes the polymer. TiO; has a refractive index of 2.5 in the visible, so the resulting
refractive index contrast will be about 0.75. The freedom to choose lens material
(polymer photoresist, inorganic photoresist, or recasted material) is another
advantage.

For example, GRIN lenses made out of polymer could be used as contact
lenses. The higher index contrast enables higher numerical aperture and axially
shorter lenses. Depending on the amount of index contrast, the lenses could be one

third as long or shorter. The minimum lens diameter depends on parameters used to
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create the 3D micro-structure and is probably about 20um. Simulations show that a
42um diameter lens is feasible using the microstructures of FIGs. 2A and 2B.

There is no limit to the maximum size of the lens. The ability to define custom
index gradients (not necessarily radially parabolic) allows one to make aberration
corrected lenses. This invention allows GRIN lenses to be made directly on a
substrate, aligned to other features such as a charge-coupled or CMOS device array.
Alternatively, the substrate can be removed after the GRIN is formed. The fabrication
of GRIN lenses by this method is fast (<15 minutes for optical exposure and
development), low cost (the masks are the most expensive component but can be
reused indefinitely), and mass manufacturable (many GRIN lenses can be made side-
by-side with a single mask exposure). The only possible challenge in making GRIN
lenses this way is that they may need to be several hundred microns thick.

If the technique cannot expose such a thick material, the lens may have to be
made in several separate layers, by exposing and developing the first layer, then
depositing the second on top, exposing and developing it, etc. If necessary, each layer
can be exposed with a different mask to create step-variations of duty cycle, or any
other parameter including period, geometry or the like, in the vertical direction.

The GRIN optics formed by the invention can have nearly arbitrary 2D
refractive index gradients and are not limited only to creating lenses. A fiber to on-
chip-waveguide light coupler 34 can be made out of a GRIN formed by the invention,
as shown in FIG. 4. This coupler 34 requires a non-parabolic refractive index
gradient, so it cannot be made by impurity diffusion. The current method of making
these couplers is to deposit a film and vary the composition of it (and hence its
refractive index) as it is deposited. This results in a 1D refractive index gradient

through the thickness of the film.
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The ideal fiber to waveguide coupler 34 bends the light rays 40 as shown. This
can be achieved with a custom GRIN 38. The GRIN 38 will be formed in the x-y
plane, and must be rotated 90° so that GRIN is in the x-z direction. The FIG. 4 shows
the coupler 34 after being rotated into place. A waveguide taper 42 is used to
accomplish matching with a waveguide 44.

This structure 38 will couple light vertically from a fiber 36 into a waveguide
44, but a 2D refractive index gradient will achieve higher efficiency (theoretically
100%). The 2D GRIN 38 can be made using the techniques described herein.
However, the gradient must be in vertical direction and the direction of the waveguide
44 coupled to the coupler 34. Therefore, after the photosensitive material is exposed
with the appropriate contact mask and developed, it must be rotated 90° by a
mechanical micro-fabrication technique. Alternately, the GRIN optic can be
fabricated separately, rotated, and placed onto the chip.

Although the present invention has been shown and described with respect to
several preferred embodiments thereof, various changes, omissions and additions to
the form and detail thereof, may be made therein, without departing from the spirit
and scope of the invention.

What is claimed is:

PCT/US2008/082761
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CLAIMS

1. A method of fabricating an optical structure comprising:

providing a substrate structure;

positioning a photosensitive material layer on said substrate structure;

positioning a mask layer on said photosensitive material layer, said mask layer
comprising a 2D periodic pattern with period length greater than the exposing light
wavelength and having spatial variation in the duty cycle of the features of said mask
layer; and

illuminating with a light source said mask layer and photosensitive material
layer to form a 3D micro-structure having uniform periodic geometry and period

length throughout associated with the 2D periodic pattern.

2. The method of claim 1, wherein said substrate comprises a transparent substrate.

3. The method of claim 1, wherein said light source comprises monochromatic or

spatially coherent light source.

4. The method of claim 1, wherein said light source is normally incident on the mask

layer.

5. The method of claim 1, wherein said photosensitive material layer comprises a

glass or polymer.

6. The method of claim 1, wherein said 3D micro-structure comprises a refractive

index contrast between the photosensitive material layer and air.

7. The method of claim 1, wherein said mask layer comprises features that are fully

attenuating.
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8. A system for fabricating an optical structure comprising:

a substrate structure;

a photosensitive material layer is positioned on said substrate structure;

a mask layer is positioned on said photosensitive material layer, said mask
layer comprising a 2D periodic pattern with period length greater than the exposing
light wavelength and should have spatial variation in the duty cycle of the features of
said mask layer; and

a light source illuminating said mask layer and said photosensitive material
layer to form a 3D micro-structure having uniform periodic geometry and period

length throughout associated with the 2D periodic pattern.
9. The system of claim 8, wherein said substrate comprises a transparent substrate.

10. The system of claim 8, wherein said light source comprises monochromatic or

spatially coherent light source.

11. The system of claim 8, wherein said light source is normally incident on the mask

layer,

+ 12. The system of claim 8, wherein said photosensitive material layer comprises a

glass or polymer.

13. The system of claim 8, wherein said 3D micro-structure comprises a refractive

index contrast between the photosensitive material layer and air.

14. The system of claim 8, wherein said mask layer comprises features that are fully

aftenuating.
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15. An optical structure comprising:

a substrate structure; and

a photosensitive material layer being positioned on said substrate structure,
said photosensitive material layer having uniform periodic geometry and a period
length throughout associated with a 2D periodic pattern, said 2D periodic pattern
comprising a period length greater than the exposing light wavelength and spatial
variation in the duty cycle of the features of a mask layer used in the formation of said

2D periodic pattern.
16. The system of claim 8, wherein said substrate comprises a transparent substrate.

17. The system of claim 8, wherein said exposing light wavelength comprises a

wavelength association from a monochromatic or spatially coherent light source.

18. The system of claim 17, wherein said light source is normally incident on the

mask layer.

19. The system of claim 15, wherein said photosensitive material layer comprises a

glass or polymer.

20. The system of claim 15, wherein said photosensitive material layer comprises a

refractive index contrast with air.

21. The system of claim 15, wherein said mask layer comprises features that are fully

attenuating.



WO 2009/062011 PCT/US2008/082761

1/4

FIG. 1A

FIG. 1B 14



WO 2009/062011 PCT/US2008/082761
2/4

LRl
v L

FIG. 2A

S
OOCOOCCKK U0 A OCCCE LR TR0 0000000000000
RO LA RPN
LR ‘.‘ rl.l.I.I.I.I.I.I.III'I.I'I.I 1] e l.lllll.I'I.I.l.llI'I.l.l.l'l.l.l.l'l.l'l.l’lll.l.l.l.lll.lll.lll |:|:|:.:.:|:|:.:.:.:0‘0%’.‘.‘.

A ALY

FIG. 2B



WO 2009/062011 PCT/US2008/082761
3/4

22

Light source 28

Exposing light

L AR AAASS S A 1‘1 v ¥ V‘! A

Photormask with chirped feature sizes 26

[ W T O GO O ST W

P It FET R EE T ER SRR 0K

Photosensitive material ,4

Substrate 30

FIG. 3



WO 2009/062011
4/4

«——Optical fiber 36

GRIN micro-structured material 38
Optical ray paths in polymer 40

Waveguide taper 42 Wave

FIG. 4

PCT/US2008/082761

44



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/082761

A. CLASSIFICATION OF SUBJECT MATTER
3F7/00

INV. GO

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

B. FIELDS SEARCHED

GO3F

Minimum documentation searched: (classmcation system followed by classification symbols)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

EPO-Internal, INSPEC

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

.figure 3

paragraph [0140]
paragraph [0133]

grating mask"

VA; US,
vol. 5347, no. 1,

XP002422582
page 65; figure 4

paragraphs [0107], [0108]

PROCEEDINGS OF THE SPIE, SPIE, BELLINGHAM

1 January 2004 (2004-01- 01) pages 62-70,

Y US 2006/286488 Al (ROGERS JOHN A [US] ET 1-21
AL) 21 December 2006 (2006 12-21) '

Y "JINWON SUNG ET AL: "Analog micro-optics 1-21
fabrication by use of a binary phase

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*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
filing date

‘L* document which may throw doubts on pnonly claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0* document referring 1o an oral disclosure, use, exhibition or
other means

'P* document published prior to the international filing date but
later than the priority date claimed :

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

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to Involve an inventive step when the
document is combined with one or more other such docu—
m%rlns such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the aclual completion of the interational search

26 January 2009

Date of mailing of the intemational search repont

05/02/2009

Name and mailing address of the ISA/

European Paltent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pérennés, Frédéric

Form PCTASA/210 (second sheet) (April 2005)

Relevant to claim No.




" INTERNATIONAL SEARCH REPORT .

International application No

|: PCT/US2008/082761

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Cétegory' )

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

ZANKE CHRISTEL ET AL: “Large-area
patterning for photonic crystals via
coherent diffraction Tithography"

JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY:
PART B, AVS / AIP, MELVILLE, NEW YORK, NY,
us,

val. 22, no. 6,

13 December 2004 (2004-12-13), pages
3352-3355, XP012074730

ISSN: 1071-1023

the whole document

JEON SEOKWOO ET AL: "Three dimensional
nanoporous density graded materials formed
by optical exposures through conformable
phase masks"

APPLIED PHYSICS LETTERS, AIP, AMERICAN
INSTITUTE OF PHYSICS, MELVILLE, NY,

vol. 89, no. 25,

18 December 2006 (2006-12-18), pages
253101-253101, XP012087776

ISSN: 0003-6951

the whole document

fractional Talbot effect in layered
heterostructures of composite
metamaterials”

PHYSICAL REVIEW E (STATISTICAL, NONLINEAR,
AND SOFT MATTER PHYSICS) APS THROUGH AIP
USA,

vol. 74, no. 3, September 2006 (2006-09),
pages 36612-1, XP002511870

ISSN: 1539-3755

the whole document

1-21

1-21

1-21

Form PCT/ASA/210 (continuation of second sheet) (April 2005)




INTERNAﬂONALSEARCHREPQRT”

Information on patent family members

international application No

PCT/US2008/082761
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006286488 Al 21-12-2006  NONE

Form PCT/ISA/210 (palent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

