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Strategic International Collaborative Research Program (SICORP)
Japan—Italy, Hungary Joint Research Program
Executive Summary of Final Report

1. ProjectTitle : [FEmtosecond laser Advanced manufacturing for Ship-In-a-Bottle Lab-on-
chips Enrichment (FEASIBLE) |

2. Project Period : October 1st, 2014 ~ March 31st, 2017
3. Main Participants :
Japan-side (up to 6 people including Principal Investigator)

Name Title Affiliation Role
Pl Koji Sugika | Unit RIKEN Center for WP1, WP3 (Processing of
leader Advanced Photonics, | photosensitive Foturan
glass and applications to
RIKEN biochip fabrication)
Collaborator | Jian Xu Research RIKEN Center for WP1, WP3 (Processing of
Scientist Advanced Photonics, photosensitive Foturan
glass and applications to
RIKEN biochip fabrication)
Collaborator | Felix Sima Visiting RIKEN Center for WP3 (Fabrication of
Scientist Advanced Photonics, | biochips for detection,
functional investigation,an
RIKEN dmanipulation of cells)

Total number of participating researchers in the project: 3

Partner-side (up to 6 people including Principal Investigator)

Name Title Affiliation Role
PI Rebeca Staff Institute for WP1, WP2, WP3 (
Martinez Researcher | Photonics and Processing of fused
Vazquez Nanotechnologies, silica and applications to
National Research biochip fabrication.
Council Development of multibeam
parallel processing
system.)
Co-PI Lorand Research Biological WP2, WP3 (Beam shaping
Kelemen Associate Research Centre, for TPP using SLM.
Hungarian Academy | Development of multibeam
of Sciences parallel processing syste
m.Practical applications of
fabricated biochips)
Collaborator | Roberto Senior Institute for WP1, WP2, WP3 (
Osellame Researcher | Photonics and Processing of fused
Nanotechnologies, silica and applications
National Research to biochip fabrication.
Council Development of multibeam
parallel processing
system.)
Collaborator | Pal Ormos Director Biological WP2, WP3 (Beam shaping
General Research Centre, for TPP using SLM.
Hungarian Academy | Development of multibeam
of Sciences parallel processing syste
m.Practical applications of
fabricated biochips)

Total number of participating researchers in the project:

4
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4 . Scope of the joint project
The aim of this research is to develop ship-in-a-bottle laser integration technique that allows
us to highly functionalize biochips performing reaction, analysis, detection, separation and
purification of biochemical materials with benefits of high-speed, high-sensitivity, and high-
efficiency. Specifically, RIKEN developed the technique to fabricate biochips using
photosensitive Foturan glass for detection, determination of functions and manipulation of
bio cells. INF (ltaly) developed the technique to fabricate biochips based on fused silica,
enabling label free sensing of bio molecules. BRC-HAS (Hungary) introduced the beam
manipulation technique using a spatial light modulator into femtosecond laser manufacturing
system to enhance the process efficiency and fabrication resolution.
Through collaborative and complementary research between EU and Japan, this research
has established novel laser manufacturing technology that realizes highly functional biochips.

5. Outcomes of the joint project

5 — 1 Intellectual Merit

Novel laser fabrication technique highly functionalizing biochips has been developed.
Specifically, hybrid of femtosecond laser subtractive processing (3D glass
microfabrication) and additive processing (two-photon polymerization) enabled
integration of 3D polymer micro and nano structures with diverse functions into 3D glass
microfluidic devices, which is termed ship-in-a-bottle integration technique. Additionally,
introduction of the beam manipulation technique using a spatial light modulator into the ship-
in-a-bottle integration technique succeeded in enhancing the process efficiency and
fabrication resolution. The developed technique allowed us to fabricate biochips for label free
sensing of bio molecules and detection, determination of functions and manipulation of bio
cells.

5 — 2 Synergy from the Collaboration

Through collaborative and complementary research between three research teams in EU
and Japan, novel laser manufacturing technology that realizes highly functional biochips has
been established. RIKEN and INF (Italy) employed different kinds of glass substrates for
fabrication of microfluidic chips by laser processing, which diversifies applications of
fabricated biochips. Meanwhile, the beam shaping technique developed by BRC-HAS
(Hungary) contributes to highly functionalize the ship-in-a-bottle biochips.

5 — 3 Potential Impacts on Society

The technology developed in this project enables us to fabricate biochips with different
structures and different functionalities that cannot be fabricated by the other existing
technologies. Thus, the functional biochips fabricated by the developed technology are
expected to be used in wide area including chemistry, biology, medicine, environment, food,
etc.
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femtosecond-laser fabrication for in situ control of electrotaxis”, RSC Adv. 5, 24072-
24080 (2015).

J. Xu, K. Midorikawa, and K. Sugioka, “Nanoaquarium: Manipulation of bio-cells and
worms in electrofluidics fabricated by hybrid femtosecond laser processing”, Proc.
ICALEO2015, N101 (2015).

B. Xu, W. Du, J. Li, Y. Hu, L. Yang, C. Zhang, G. Li, Z. Lao, J. Ni, J. Chu, D. Wu, S. Liu,
and K. Sugioka, “High efficiency integration of three-dimensional functional microdevices
inside a microfluidic chip by using femtosecond laser multifoci parallel microfabrication”,
Sci. Rep. 6, 19989 (2016).

J. Xu, K. Midorikawa, and K. Sugioka, “Femtosecond laser fabricated electrofluidic
devices in glass for 3D manipulation of biological samples”, Proc. SPIE, Vol. 9735,
97350B (2016).

C. Zhang, Y. Hu, W. Du, P. Wu, S. Rao, Z. Cai, Z. Lao, B. Xu, J. Ni, J. Li, G. Zhao, D.
Wu, J. Chu, and K. Sugioka, “Optimized holographic femtosecond laser patterning
method towards rapid integration of high-quality functional devices in microchannels”,
Sci. Rep. 6, 33281 (2016).

J. Xu, H. Kawano, W. Liu, Y. Hanada, P. Lu, A. Miyawaki, K. Midorikawa, and K. Sugioka,
“Controllable alignment of elongated microorganisms in a 3D microspace using
electrofluidic devices manufactured by hybrid femtosecond laser microfabrication”,
Microsystems Nanoengin. 3, 16078 (2017).

F. Sima, D. Serien, D. Wu, J. Xu, H. Kawano, K. Midorikawa, and K. Sugioka, “Micro and
nano- biomimetic structures for cell migration study fabricated by hybrid subtractive and
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Vizsnyiczai G, T Lestyan, J Joniova, BL Aekbote, A Strejckova, P Ormos, P Miskovsky,
L Kelemen and G Band, "Optically trapped surface-enhanced Raman probes prepared
by silver photoreduction to 3D microstructures”, Langmuir, 31, 10087-10093 (2015)
Oroszi L, A Buzas, P Galajda, L Kelemen, A Mathesz, T Vicsek, G Vizsnyiczai, P Ormos,
Dimensionality constraints of light-induced rotation, Appl. Phys. Lett, 107, 204106 (2015).
Aekbote BL., T Fekete, J Jacak, G Vizsnyiczai, P Ormos, L Kelemen, "Complex
microstructures for indirect optical manipulation of single cells", Biomedical Opt.
Express,7, 45-56 (2016)

Surya S. K. Guduru, Francesco Scotognella, Alessandro Chiasera, Valligatla
Sreeramulu, Luigino Criante, Krishna Chaitanya Vishnubhatla, Maurizio Ferrari, Roberta
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chip for fluorescence detection,” Opt. Eng. 55(9), 097102 (2016),
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F. Sima, K. Sugioka, R. Martinez Vazquez, R. Osellame, L. Kelemen, and P. Ormos,
“Three-dimensional femtosecond laser processing for lab-on-a-chip applications”,
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F. Sima, J. Xu, D. Wu, and K. Sugioka, “Ultrafast laser fabrication of functional biochips:
new avenues for exploring 3D micro- and nano-environments”, Micromachines 8, 40
(2017).
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J. Xu, K. Midorikawa, and K. Sugioka, “Flexible manipulation of biological cells in
microscale space using electrofluidics fabricated by femtosecond laser’, The 6th
Shanghai-Tokyo Advanced Research Symposium on Ultrafast Intense Laser Science
(STARG), Hangzhou, China, May (2015). (#f4%:#7H)
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Academy of Photon. and Laser Engin. (IAPLE) Conference, Honolulu, USA, Aug. (2015).
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The 7th International Congress on Laser Advanced Materials Processing, Kitakyushu,
Japan, 26 - 29 May 2015 (HEE¥ )
Vizsnyiczai G, Aekbote BL, Buzas A, Ormos P, Kelemen L, "Optical micromanipulation
and imaging of single cells", 12th Multinational Congress on Microscopy, Eger, Hungary,
23-28 August 2015 (7R A Z —%3)
Vizsnyiczai G, Aekbote BL, Buzas A, Grexa |, Ormos P and Kelemen L, "High accuracy
indirect optical manipulation of live cells with functionalized microtools", Optics and
Photonics, Optical Trapping and Optical Micromanipulation XlIl, San Diego, Ca, USA,
28 August — 1 September 2016 (1 §A% )
English, E. Lepera, L. Kelemen, P. Ormos, R. Osellame, R. Martinez
Vazquez,"Optofluidic label free sensor fabricated by hybrid femtosecond laser
micromachining", BIOS Photonics West 2017, San Francisco, USA, 02 February 2017
(MR )
Lepera E, Horvath B, Kelemen L, Ormos P, Osellame R, Martinez Vazquez R,
Optofluidic label free sensor fabricated by femtosecond laser micromachining, SPIE
LASE 2017, SPIE Photonic West 2017, San Francisco, California, USA ([158%3%)
Vizsnyiczai G, Buzas A, Aekbote BL, Fekete T, Grexa I, Ormos P, Kelemen L,
“Application of indirect optical micromanipulation in fluorescent, 3D live cell imaging”,
11th EBSA Congress, July 16-20, 2017, Edinburgh, UK, accepted for oral presentation
(MR )

T—ray 7 vIf—- VURYTLEORIE

The 16th International Symposium on Laser Precisoon Microfabrication, Special
Session on Hybrid femtosecond laser manufacturing (F:{&# : ] 3=k, Rebeca
Martinez, Korand Kelemen, /13 4%% : 350 44) . dLJUNERESEES. LU, 2015 4
5H26 H~5H 29 H

BRTE Rkt Reethe LRt 2 X2 2 L—Y 7 ek o v FEIHAERMZE R
= HSEIFERS (FHRE  BHM=R, ZMER :154) ., BEHRFREA T 1 A, K
L, 201511 H 27 H

4. BFFERIRO FEiA

A A & F FERERE~OFR] (AARAFTET — 2 A =D H)

2014 £ 11 H 27 H~2014 412 H 1 A, Jian Xu (BELZ=WFZERT. FFRAFSER) | Institute
for Photonics and Nanotechnologies. National Research Council («f # V7 7 /),
Tavael bR I AT I—T 4T R bAY

20154:2 H 8 H~20154-2 H 15 A, ik FE{LFIIERT, 2= MU —&—)
SPIE Photonics West 2015 Ck[E > 7 F &), The Aerospace Corp. (K[
nAT YV R), T LAY (RebecaMartinez) . AUEME. EEEESH#ESIN, fF
IS

201543 H 16 H~2015 4 3 A 17 B =R (B AR, 2= F U —& —),
Laser Photonics China 2015, 10th Intl. Laser Proc. And Systems Conf. (HF[E _Lif#) .
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AR, ERSESN, I

201546 H 21 H~20154 6 H 25 A =gk BYLFM7ERT, 2=y U —&—),
CLEO-Europe 2015 (KA I = >~), %84T B4+ (Rebeca Martinez) | sl i 5
ERRSFSN, fHRIEE

2016 £ 2 H 14 H~2016 42 2 A 20 A &Zhdzzk (UL ISR, == F U —&—)
SPIE Photonics West 2016 CK[E  H>7 T vz a) 7847 H 44 (Roberto Osellame) |
RCRERE . ERRSRESIN, HHIE

2016 4 2 H 13 AH~2016 4 2 A 20 H. Jian Xu (FLFA5EFT, WH9EE) . SPIE
Photonics West 2016 CK[E H > 77>y xa), 78I HA+E (Roberto Osellame) .
RCRERE . ERRERESIN, HHIE

2016 4F- 8 H 27 H~2016 /£ 9 H 7 A, sk BMLFAERT, 2=y b —&—),
Institute for Photonics and Nanotechnologies, National Research Council (%" K/~
»H V=) ICPEPA-10 (753 a7 N—<=7), Ful=z=s hI—F 47 W%
fILatE, RS, EERSHESN., 1 #INE

2017 42 H 21 H~2017 %22 A 26 A &5k (BULFIFERT, ==y F U —&—)
FTAPS 2017 (3 /LY v UAE), RS, EFRSHESIN, fHHuE

FHFEMRID S AARMA~OFGR GHFMFIET— LA /X3 —D )

2015 4= 5 H 25 H~2015 45 H 31 H. Rebeca Martinez Vazquez (Staff Researcher,
Institute for Photonics and Nanotechnologies. National Research Council) . JbJuM[E
PRy, AL, EfRS#CoOART vy vy v a VORAfE, el FI—T 4
7

201545 H 25 H~2015 45 H 31 H,Roberto Osellame (Senior Researcher, Institute
for Photonics and Nanotechnologies. National Research Council) . At /U [EB 3555
I, EEEHETOARY vy Ly a VORE, a2 NI —F 4T
2015 4 5 H 25 H~2015 4 5 A 31 H. Ldérand Kelemen (Research Associate,
Biological Research Centre, Hungarian Academy of Sciences) . At /uLNEFESH#Y. b
TN, HEE#HETOARY Yy ey v a v ORfE, TuY ey NI—T 47

2015 4= 5 H 25 H~2015 4 5 A 31 H. Pal Ormos (Director General, Biological
Research Centre, Hungarian Academy of Sciences) . At JuNERESFYS . dEIuN,
R TDOANY YLy a VOB, 7uv=s hI—T 407

20154-11 H 25 H~20154 11 H 30 H,Rebeca Martinez Vazquez (Staff Researcher,
Institute for Photonics and Nanotechnologies. National Research Council) . ¥1b“#4f
ZEHT. F, e Y=l b =T 4 T BRIOMIRITHAEE

2015 4 11 H 25 H~2015 4 11 A 30 H. Lérand Kelemen (Research Associate,
Biological Research Centre, Hungarian Academy of Sciences) . BV =AFFERT. Frt.
vzl NI —T 4 T BIOMRITBAE

2015 4 11 A 25 H~2015 4 11 A 30 H, Pal Ormos (Director General, Biological
Research Centre, Hungarian Academy of Sciences) . ¥{L2EFZERT. Fok, 7 mn v =
J NI =T 4 T BIOMWEbAEYE

2016 4 2 H 28 H~2016 4 3 A 3 H. Rebeca Martinez Vazquez (Staff Researcher,
Institute for Photonics and Nanotechnologies. National Research Council) . #AL50F
GEET. F, YuY =/ FI—T 4 U BIOMEITHAYE

2016 4 2 H 28 H~2016 4 3 A 3 H. Roberto Osellame (Senior Researcher, Institute
for Photonics and Nanotechnologies. National Research Council) . L2 AFZEFT. i
o, TuY=l P =T 4 T BIOMIET LAY

2016 4+ 2 H 28 H~2016 4 3 A 3 H.Lorand Kelemen (Research Associate. Biological
Research Centre, Hungarian Academy of Sciences) . H{L 78T, Fidt, 7 r o=
J NI =T 4 T BIOMWEbAEYE
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11) 2016 -2 A 28 H~2016 43 A 3 H.Pal Ormos (Director General, Biological Research
Centre, Hungarian Academy of Sciences) . B LFAF50FT, fdt, 7oz I —F
74 7B IO HEE

® FHFEMNS AARMA~OFER  (HFAIFFET — 2 A 3 —LIS})

1) 2015411 H 25 H~2015 4 11 H 30 H . Eugenia Lepera (Postdoctral Fellow, Institute
for Photonics and Nanotechnologies. National Research Council) . B {L=2AFZEFT. i
o, TaYxl FI =T 4 T BIOMIET LAY

2) 2016 4= 7 H 13 H~2016 4= 8 A 4 H. Felix Sima (Scientific Researcher, National
Institute for Lasers, Plasma and Radiation Physics) . (L0, Ft, FLEAFZE

3) 2017 422 A 18 H~2017 4 3 A 8 H. Felix Sima (Scientific Researcher, National
Institute for Lasers, Plasma and Radiation Physics) . FLEAFZEAT. Foot, H[RIAFZE

5. Fratii
0

6. ZH%
1) ZHE Bk, BEOLH : The IAPLE Fellow, %2 EH : 201548 H 4 A
2) ZHE#F : EMZR, BO4H : The OSAFellow, ZEH : 201646 A 5 A
7. ZOfth

1) CONCERT-JAPAN Final Conference at Izmir, Turkey, December 2014: Oral
presentation for explaining FEASIBLE project (2014 4)

2) LE FRONTIERE DELLA LUCE: Viaggio alla scoperta della luce estrema
(http://www.dsftm.cnr.it/le-frontiere-della-luce-viaggio-alla-scoperta-della-luce-
estrema/): Oral presentation for advertising femtosecond laser micromaching (and
FEASIBLE project) to High school students at Rome, Italy, October 2015. (2015 )



