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Fabricating nanochannels on glass substrates
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Existing technology and its problem
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Definition of a Nanochannel : “A nanochannel is a channel with a cross-section of

which one dimension is below 100 nm.”
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Highly pure glass plates are often used for nanochannel fabrication

« HOAZEIAIYD : =im. BR. 7BUE. 15HA

Benefits of using glass: High temperature, acid, solvent, transparent
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Existing technology and its problem
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Standard Fabrication of Glass Nanochannels

17_'“170 (Step) 1
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A substrate is patterned with an open nanochannel
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open nanochannel

/

7375 (Method) 1:

i BFC-LUVITI—. Rd ERAAE LI
% substrate RICEA A > TYF> %)
‘ / Electron beam lithography or focused ion beam milling

and reactive ion etching

755% (Method) 2:
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A=T>F )FrxI Wide channels— photolithography and reactive ion etching

J?{%’f open nanochannel
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Existing technology and its problem
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Standard Fabrication of Nanochannels

ATYD (Step) 2
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The channel is sealed

N plate 7375 (Method)
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Thermal and/or anodicbonding of a glass plate
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Existing technology and its problem
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Standard Fabrication of Nanochannels

FﬂﬂiEEE Problems
° H% ] 73\\73\73\5 time-consuming
* Erﬂb'ﬂﬁh\%ﬁﬁ expensive equipment

° OU—\/)I/—[Ai%iﬁ, cleanroom environment
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Our technology for nanochannel fabrication
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Direct laser writing of nanochannel pairsbetween nanocrystalline diamond films and glass substrates

STWRIIATYI B
F JHEEHAA(VE RE Simple One-Step Method
nanocrystalline
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Laser light causes the sample to expand (nanostrip)

BRI > X
microscope objective

L—t—3¢ laser light

« BARNRDORIBEZ 5|l
ZNEED (ZD20) F/FvRIVHRZRENS

The expansion causes delamination of the film

nanos n{;\ Ny which is followed by nanochannel (pair) formation

nanochannel
F)FvI

glass
substrate
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Our technology for nanochannel fabrication
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Demonstration nanofluidic device
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Open reservoir open microchannel nanochannel
BIBEE] schematic BAMERA A= microscope image
A-=T>A4H0F v I BACTEF I FrailL

open microchannel

closed nanochannel l

water-filled
nanochannel nanostrip l

-«
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open reservoir

suspended

\._ NCD film

e

air-filled water-filled
\._microchannel microchannel i
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close

Ik
refe rence structure
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Our technology for nanochannel fabrication
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Cross-sections of nanostrips surrounded by nanochannels
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NCD film nanostrip
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Y =P eny ——T ————"
- nanochannel ; nanochannel (

NCD film nanostrip

glass substrate

\
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glass substrate
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Our technology for nanochannel fabrication

Eﬁﬁéﬂﬁg'l‘i Tunability
s T)FrXIDEEE L-5—=/ULA
DIFIF—ECLOTHEET]EE
Nanochannel height can be tuned by laser
pulse energy E

H (nm)
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Benefits, properties, and limitations of our technology

*u""'—(_! Benefits

* %EDD:(ZOO mm/s) Fast fabrication (200 mm/s)

* tl.’.$§El’\J ﬁﬁﬁ@ﬁ%gﬁi Equipment is relatively inexpensive
* *Z*il(a*ﬁﬂﬂ@jx?_'ﬂ‘j)l/ Materials are inexpensive and sustainable
° %ﬂi”:::*%@b No sealing step

° OU_\/)I/_A(ZJ:Z:E A cleanroom is not necessary
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Benefits, properties, and limitations of our technology

Y51 properties
« IEB(COINANRT JFvRIV(400°C., iBIR. BEIRE)

Highly robust nanochannels (400°C, solvents, acids, ...)

« FLF T AN 0] HEE

Optically accessible

« YATFINRIMBH IR, KER)

Sustainable materials (glass, carbon)
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Benefits, properties, and limitations of our technology

ﬁ“?’ﬁg Limitations
o T)FrRINDIEEENZ/0O>

A nanochannel is several microns wide

— TRV VEEEFEDICCL

wide nanochannels clog less
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Expected application
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Nanovent for electronics packaging

AfTE EX
FIRYR cross-section top view
nanovent
T3 AR HATES R
glass plate diamond film
152 B EE through glass via
SISt A S glue with solvent

electronic device

EERIPOFECIDEDNEEDIN XY MILDERENS

The solvent of the glue generates a pressure thatis released by the vent

RO MNIEIKET. TN EVDTHRIFZ IOV

Jé%%mf The ventis hydrophobicand sufficiently small to block particles
OIST 13



Mlisi A=

eeeeeeeeeeeeeeeeeeeeeeeeeeeee ings!

S

IRESNDF

Expected application
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Analysis of individual biomolecules

BT AR
electrode electrode

\ \
F/Fv4), [nancchannel T [N

+ JZ Ny nanostrip
FIF0R) L

trapped biomolecule

BALIASBNIZERTD F

BIZ L R FeEBORECEAUIAD T, BT DIEN ] EE

For example, a biomolecule can be trapped between electrodes for further investigations
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Expected application

B
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Fabrication of microchannels

diamond film 5 v€> K&

/ HF(C2E
nanochannel 7/F vl HF dip
_

- microchannel
glass substrate 1j5AEMR I{I0F 2RI

« HFEEZFrRIVGGEEL. BIRTYFI(CEOYAI0F v IV ERZ AR

HF acid is guided into the channels and forms a microchannel by substrate etching

o AV EDRIEEHFICTIEN S

The diamond film is resistant to HF

o HVEVRIRCEEMNZT5IDIEHEIHE

The diamond film can be made electrically conductive
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Challenges for commercialization

FTIRAET AR - AR FrRIUHRULIAD

Nanofluidicdevice press liquid through the channels

« VW= U A-T>RA490Fv ) — BCIERA70F v IV

reservoir syringe, open microchannel closed microchannel

HABEE] schematic SAERA A—S microscopeimage

water-filled
nanochannel nanostrip l
—

suspended

\. NCD film l

A=T>A70F v
" open
A-=TH=)\—

open reservoir

EALIZ JFr I

annel

R

air-filled water-filled

\.microchannel microchannel
F AN T TR

. 2 J
F?ﬁ Llru ) l’ (yﬁ, reference structure
closed e C annel !
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Potential ways for technology transfer

¥FaT 1> R

Licensing

HEAT | x4 BRRA&EEFICHERERFRFE

Collaborations for specific applications
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Patent application status

8T J\WI—2 BYNRET )M X,
FRDFRERE. BLOFVRIVZRTTE

]R8 [ Channel Element, Package, Drug Delivery Device, Biomolecule Testing

RN
A&

RS
. PRERI ERIN AR FE R AFEFE
- Yo R AR AT Z-TJIVTA HEYR,

Apparatus, and Channel Forming Method |

43F82023-073856
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Contact
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TEL : 098-966-8937
FAX : 098-982-3424
E-mail . tls@oist.jp
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