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Abstract

100 nmZMERMAL-F /REIENFERL. MRE1ERY EHTHE VMEBLL XL TOLFER
EXFAREE R Tz, ChIZRY, MRS EETIEMEZI NV EZRBI N TH1MR7OTF
SOABENAF BREICETZDBESTOF LS ERERRTED EHEFEnD, LAHL.,
TOEHIZRET /RETFINARISES. RIS, 73 E0ERIEZERILL THRELOER Z
27022732 ENTARTHDH. BROF/REIZTR T/ REzHEAL THE
ZYVEZBEHONILTHAEL, ERCLEEETHD, —H. KRB, #HEH- LEHNRE
MAST /RETFNAZAOMBELTAVSNDHTZATH 2> TETFT /AT THNEHMEE
FedcEllBBL, AZAEFICEINF /REEHEBATZI/NIL/2ERLTEL, LAL, R
RTCENLTOBRBICHI VA AOEIVTIFII—22AVTEY, TA4Z«®@ﬁA
L7ORENRETHD, TTAARTE, T/ REHABANILT 2EE ICEB(CAREENR
BKETOVFII—RZ2RRELI, HZAOBELEFRIZLS T/ REFAICE10 MPad S EA" 2
ETHhB, TIT, T/RBNLTOLEBIIKERANA VORBZEREL., chZ/KERYT
EEBULENLTHES AT LAZBEL L, KEAYAVORBICEEZNA TS ETEZI0
UMD AT AN EEZF L, #8200 ym, RE80 nmOF/ RE/NIL T ZFHEAT D, LLEOREHICE
JE HZAOKNYTRIY - FUMIICKYYBKRETIOF1I—REF /RBHAMNILT 24
RAAREF /) RETINA RZER L Iz, BRUETFNARZAVTNLT OBMERIEZT 2,
HBRER REWVONmOF /REENILTICEBAL, KEAYAVORKOELE1 MPad D
BmErEels, EHEMCHEVAS AN BERHELNILT AU e 2®FBTEL, UL
ERULLEBKETIVFII-RIC&UEREBTEF/REFEBA/NILT OBERIEICKIIL .
Nanofluidics exploiting 100 nm spaces has developed and allowed chemical operations with the
volumes of femtoliter (fL) which is much smaller than single cell. By this new engineering
approach, creation of novel analytical methodologies for the fields of biology and medicine such as
single cell proteomics by comprehensive analysis of proteins produced from single cell is expected.
However, although chemical processing of fL samples by integrating various chemical operations
(mixing, reaction, separation, etc.) is required for such applications, current nanofluidic
technologies have no nanochannel open/close valves for switching reagents and thus, integration
of chemical operations is difficult. Recently, we have developed a valve for opening/closing
nanochannel by glass deformation, considering that even the glass, which is used as the material
of nanofluidic devices due to mechanical and chemical stabilities, can deform elastically in
nanometer-scale. However, since a millimeter-sized piezo actuator is utilized to drive the valve,
implementation of multiple valves on a device is still challenging. Therefore, in this study, we
developed a miniaturized high-water pressure actuator for highly-integration of the nanochannel
open/close valve. To open/close a nanochannel by the elastic glass deformation, a high pressure
in the order of 10 MPa is required. For this purpose, we constructed a valve control system
composed of a microchannel for applying the water pressure located in the upper side of a
nanochannel valve, and a high-water pressure pump connected to the microchannel. By applying
the high-water pressure to the microchannel, a nanochannel valve with 200 um width and 80 nm
depth can be closed by elastic deformation of a glass with 30 um thickness. Based on the design,
a nanofluidic device containing a high-water pressure actuator and a nanochannel open/close
valve was fabricated by top-down nanofabrication technologies. Using the fabricated device, proof-
of-principle experiments were conducted. A fluorescence solution was injected into a nanochannel
with 900 nm width and depth and the valve. By increasing the water pressure applied to the
microchannel by 1 MPa, closing the valve by the elastic glass deformation was confirmed.
Accordingly, we successfully verified the working principle of the nanochannel open/close valve
driven by the developed high-water pressure actuator.
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Construction of nanochannel integrated circuit by femtoliter—valve utilizing glass deformation

1. HIREBRFROBE

100 nm ZRAZFIALI=F/RIETENERL., #i8 1 BRYLHT TIPSR fL LRIV TOLRRENRIREL G 0Tz, ChISKY (1
MENELETIEMEI N\ VEREBEINT S 1 HRTOTAIVRGE N - BERICE T ABR AT OH =LA ERERILTED
EHFEND, LOL. ZDEDITFEF/RET NARITEE . RIS, DBLREDILPIREZRBIELTHIE L ORMBELLZTOEY
VISBHENTARTHAN . BROF/RAETETE S/ RBERBAL CTREZVVEZS-HODNILTHE KL ERET
Hd. —H RREL. BHH-LEHREUENST/RAT AL ADOMBELTAVONEASRATH>TEF /R 7—ILTHNILE
MERTHIELICEBL. ASRERICKYFT/REBERAMAT /L ITEAFELTE -, LHL, R TIE/NIULT DOEEERIZHIVH X
DETITIFATI—RERANTEY, TNAANDBEHNLVITOEENRBTHD, TCTAME TR, F/RBFAANILIZEBE
[CEBIETRRGNE - SKETIF1I—SERARELI ASADBHEERICES T /RERERICIT 10 MPa DEENDLETHSD. €
CT.H/RBANLTOEBIKERARAIVORBEREL., ChEBKERSTERBLIZ/ LT HIES AT LEBEL-, KERY
AVORBISHEEZMNATHETEES 30 um DAFZAMNBEEERL, 18 200 ¢ m., FE 80 nm OF/RBE/NILITEFATH, UL
DEFHEDIE ASADT IV -F/MIICKYBKET IV F2T—2EF/RBEARA/NNILITZBIAALE S/ RIKT INA RE4E
Btz FRLETNAARZAVTNLT O BERIEEIT o =, HALBRENE RS 900 nm DF /FRERENIVTIZEAL KERTA
DORBDENE | MPa § DEMEE-ECH. ENEMITHEWA SR EMEERL/ ILIDFALSIEEHERTE -, LLE FFL
F=EKET7VFaT—2ICKYERENT 57/ R/ LT OBIEREEICEIILT=,

2. MRERRAEEOBE R

Nanofluidics exploiting 100 nm spaces has developed and allowed chemical operations with the volumes of femtoliter (fL) which is
much smaller than single cell. By this new engineering approach, creation of novel analytical methodologies for the fields of biology
and medicine such as single cell proteomics by comprehensive analysis of proteins produced from single cell is expected. However,
although chemical processing of fL samples by integrating various chemical operations (mixing, reaction, separation, etc.) is required
for such applications, current nanofluidic technologies have no nanochannel open/close valves for switching reagents and thus,
integration of chemical operations is difficult. Recently, we have developed a valve for opening/closing nanochannel by glass
deformation, considering that even the glass, which is used as the material of nanofluidic devices due to mechanical and chemical
stabilities, can deform elastically in nanometer—scale. However, since a millimeter—sized piezo actuator is utilized to drive the valve,
implementation of multiple valves on a device is still challenging. Therefore, in this study, we developed a miniaturized high—water
pressure actuator for highly—integration of the nanochannel open/close valve. To open/close a nanochannel by the elastic glass
deformation, a high pressure in the order of 10 MPa is required. For this purpose, we constructed a valve control system composed of
a microchannel for applying the water pressure located in the upper side of a nanochannel valve, and a high—-water pressure pump
connected to the microchannel. By applying the high—water pressure to the microchannel, a nanochannel valve with 200 um width and
80 nm depth can be closed by elastic deformation of a glass with 30 um thickness. Based on the design, a nanofluidic device
containing a high—-water pressure actuator and a nanochannel open/close valve was fabricated by top—down nanofabrication
technologies. Using the fabricated device, proof—of-principle experiments were conducted. A fluorescence solution was injected into a
nanochannel with 900 nm width and depth and the valve. By increasing the water pressure applied to the microchannel by 1 MPa,
closing the valve by the elastic glass deformation was confirmed. Accordingly, we successfully verified the working principle of the
nanochannel open/close valve driven by the developed high—-water pressure actuator.
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