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| developed a superconducting nanowire (scNW) resonator based on a bridged carbon nanotube
(CNT), for elucidation of dynamics of quantum vortex lines causing quantum turbulence in
superfluid helium. The scNW was fabricated by sputtering NbN film directly on the CNT bridged
over a trench structure with undercut. However, there was a problem of burr of a Ni mask
remaining on the trench edge during the fabrication processes. | solved it by devising bilayer
photoresist with LOR 5A/AZ 5214E, in which the burr structure can be completely removed in the
NMP lift-off process. On top of that, the problem of alignment accuracy of e-beam lithography by
registration marks formed via the trench fabrication process was improved by preliminary
deposition of the mark with Ti/Au before the trench fabrication. Moreover, setting conditions of CNT
growth in the CVD process enabled to fabricate a long beam-shaped scNW resonator with a
diameter of 100 nm and a length up to 13 um, expecting high amplitude oscillation. A numerical
simulation revealed a fundamental mode frequency of the long scNW to be 3.14 MHz. In contrast,
an arch-shaped scNW was not bridged over the trench though a CNT was grown in arch shape,
which requires to be improved. | measured a temperature dependence of electrical resistivity of the
beam-shaped scNW using a cryostat and found a superconducting transition temperature to be
~15 K. | purchased chip resistors and coaxial cables for high frequency measurements and
prepared the wiring of the cables in the cryostat and electronic circuits. Preparation of operation
check test of the scNW and experiments using liquid helium are ongoing.
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Investigation of Quantized Vortex in Superfluid Helium using Superconducting Nanowire Resonator

1. HIREBRFROBE

BREANUILRICHITIEFERESIESECTEFRBROESNREDHEBICAIT, BEED—KRUF/F1—TCNDEARA-B
GBS/ DAV —(scNW)EIRB DR E T oIz TUA—HUFEET LU FHEED LIZEIESE - CNT IZ NbN BEEEZKF TS
T scNW HiRZBEDEEE T o=, TAEREHITFLOFIYDERIZ/EEI TS NI YRID N NERSEELNH o1, T2 T, AR
ITST4DT=ODL L A% LOR 5A/AZ5214E D 2 BHEEIZT BHIET NMP YIMADRFZ A 2 EESTRYRITALSHEL, £
= LU F ISR AR THERL-EFERERL AN —3ryv—4(REG)TIL. CNT BiEA DAL Co DRERBENHEY &
{Ighotz, ZZTREG ZRL U FERATICF O Ti/Au FRETERTIILET, JYBREICMEREMEFZFEHONDKLITH T,
NODWEITMA ., CVD HEEIZEITS ONT IREHZARITZET, HICTRS 13um FTRUOVER 100nm E—LEIZEFE scNW
HIRF[OEHIZRYIL. EFRAOBHERETIDIC+ R EEIREBIRENHFE TELTNARANRRCES -, V32— aviE
Mo, EARKIRETE—FEKRHIL 314MHz LRIBELONT=, — AT, BIRIET/NARAERD=OT7—FE scNW DEE(ZE YA
M. T7—FRIZCCNT ZHRSEBILETERLOD ., TNEHELTERBIEEETEELEI o1z, FlEHAZDREILAEBETH
%, LEEDE—LE soNW ZH KIEE 24— ICTHERZEZRVTENOEERTEINEET o5, BIGERER(Tc~15K)ZE
BIL. EEIZ scNW AL TSI EEFER L=, E5(2, scNW D EIRTFRMEERIZAT . SE R TEATEZFyTiBCRE Y
—IILEBEDHREEAL. S EHADEBRS IV EFRIEEZH-ICERL, BERIRTRAS KUHREAN D LIZEFEHEERIC
BT -#£EHIEITHTH D,

2. HIREREAEEOBE GER)

I developed a superconducting nanowire(scNW) resonator based on a bridged carbon nanotube(CNT), for elucidation of dynamics of
quantum vortex lines causing quantum turbulence in superfluid helium. The scNW was fabricated by sputtering NbN film directly on
the CNT bridged over a trench structure with undercut. However, there was a problem of burr of a Ni mask remaining on the trench
edge during the fabrication processes. I solved it by devising bilayer photoresist with LOR 5A/AZ 5214E, in which the burr structure
can be completely removed in the NMP lift—off process. On top of that, the problem of alignment accuracy of e—beam lithography by
registration marks formed via the trench fabrication process was improved by preliminary deposition of the mark with Ti/Au before
the trench fabrication. Moreover, setting conditions of CNT growth in the CVD process enabled to fabricate a long beam—shaped
scNW resonator with a diameter of 100 nm and a length up to 13 um, expecting high amplitude oscillation. A numerical simulation
revealed a fundamental mode frequency of the long scNW to be 3.14 MHz. In contrast, an arch—shaped scNW was not bridged over
the trench though a CNT was grown in arch shape, which requires to be improved. | measured a temperature dependence of electrical
resistivity of the beam—shaped scNW using a cryostat and found a superconducting transition temperature to be ~15 K. I purchased
chip resistors and coaxial cables for high frequency measurements and prepared the wiring of the cables in the cryostat and
electronic circuits. Preparation of operation check test of the scNW and experiments using liquid helium are ongoing.
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