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AREmCIE. “Study of semiconductor quantum dot transistors and ELGP nanopore for DNA

sequencer” (CHRE(AET F v b LEEEME A v FF /K7 DNA &~ —7 v HICBEHT 3 H%8)
CHL, FENSEIOHEINLTWS

Chapter 1 “Introduction” (Fi) TlZ. B Fy b+ 7 vy 2, EEREES® - % (ELGP)
>/ BT OFELCHT T, 10 nm AN F / MELEEFE L L COBTFHRY V77 7 4
(EBL) XU ELGP, HETF 7 v ¥ 2%, 1 XuMkle LTD Te, 7/ HT DNA & —7
VAICBE S 2Tl E 2RI L. AR OER L HIV 2R~ T3,

Chapter 2 “CdS quantum dot transistor based on HS-Au/Pt nanogap electrodes” (~7 &
TEXF Uy ABRRKE BeS ) Fry TEMEMN R~ CAS BF VY P EFT VYR
2) Tld, B— QD o BLRMFEZ LT 2 7-01c, Fv v 7Rz v 4 KR CdSQD (=
TH3.8nm) LFELWA~AT IR F P AR (HS) &/H&F) /7 Fr v 7Ekkz R
L. {L¥EIC L >TCASQOD b7 vV RAZER Lz, 2OTFT N4 RE, BFFy FH
BEBrh7vy 2% (QD-SET) & LTHEEL., 7—wv v 7 uy 7 — FERICX 2 MmN &
HETF M AVERICMZ T, 2aER ER2ZEHIL 72, 2o aE R EA X, QD ©
HIERR R 72 = 4 v F — HERL % b Lk%%b/ﬁ»*%@ﬂ FENTAE R & —B T2 2 L 2
T L7z, 2RI, H— QD F 4 20 EHICEWT HS-&/HEF / ¥+ v 7F TT@ﬁFH
zrdedic, QD BEHOFETH 2 LG+ v ANBRZFHTE 22 L 2L DI
720

Chapter 3 “Te nanowire transistor” (Te >/ 7 4 ¥ b 7 v Y 2 %) Tix, p BEET 1
RICMECH 5 Te BT, BTHRY V277 7 41 XY HE 20 nm ©F /7 7 4 ¥ & Fl
L. 0001 502239 7 A4 YHhgm & ATICRM T 22 b2 7= v atic K VLA L
Te 7/ 7AY T v Rap3p BRRERE T v 22E LTEIEL, Te D& TALHERLIC
RE L&Y — 27037 — PEFREICE W TBISI N2 2L 2L 2T Lz,

Chapter 4 “ELGP nanopore for DNA sequencing” (DNA ¥ —7% v X(C[fF 7z ELGP 7
JRT) TiE, FERF /BT DNA Y =7 VY RDOFLWT 7y b7 +—2& L TELGP 7
JRT#IEE L, ELGP F/ £7 Ol 7 v & 2 %7 L7, ELGP 7 # 73, EBL,
Y7 A7, FI7A4BL0 Y=y by F v 78, ELGP i X o CTE#L 7z, ELGP +
JETICEB T, —AK#H (ss) DNA ORRYIA A v EFGEN > 7 F L 28I L. ss-DNA
BeANICRER L7z A A VERY 7B L7 L ZHL I Lz,

Chapter 5 “Conclusion” (#%ifi) Tld. AW TH O N2 R 2B L. Ko




SHDORBLER BT\ 5,

PIEZBES 2 ICARIE TR, BTRY V2774 CEBRED > 2 IcHIE, 3HED
F ) T ZADVEREAOMEL, 734 AEEZEHL T b, B~ CASET F v FHE
TFIVYRRATIR, 7—mvT7ay s — FERIGER L ZERIC, G+ v 3 VBRI
FELCHEINEZ 2SIl EBBLOY 7 A7 CERIL T Te 7/ 74 Y37
A YA EIC 0001 AAEAE A LTRSS L, /7 AXY P I v R TEIfET A2 L
B 5 2ic L, EBL & ELGP FiE %5 L THLEE 3nm © ELGP +/ K7 %l 4 2 Fik%
72 L. ss-DNA ORISR T2 4 4 vE R 28I T 5 2 EHBARETH 5 Z L &
LT L7z,

5% FSCEEE L, Fa3L 2000 52 & JE3C 300 3% 1 #3282 HT 22, & L<IFTEL800 354 1 HifRM L T 728wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  WSCERIE, H LRIV —FURIN (T2R2) IZTAU X — Ry MARSNET O T, AR ATREZRFFHO N TIERL TEEW,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).



(HLRRRR)

Doctoral Program

X EE

THESIS SUMMARY

Foea—R AL H HRE T (Yo« L (T22)
Deprtment of, Gradute major in 1%‘ 7{4,{' a— A Academic Degree Requested Doctor of

L e =

LA o FEE A e
Student’s Name Kl B Chief Examiner 2E B

HE (JE3C 300 FEFLE)
Thesis Summary (approx.300 English Words )

The concept of nanotechnology was first proposed by Feynman in 1959 and later named
by Taniguchi in 1974. Processing at the sub-10 nanometer scale opens up possibilities for
novel devices, leveraging quantum properties or enabling single-molecule detection,
functionalities unattainable at larger scales.

This thesis focuses on establishing fabrication processes for three types of single-nanoscale
devices using electron-beam lithography: CdS quantum dot transistors, Te quantum nanowire
transistors, and electroless-Au plated (ELGP) nanopores for DNA sequencing.

| successfully fabricated CdS quantum dot transistors and Te quantum nanowire
transistors, and subsequently characterized and analyzed their electrical properties based on
the quantized energy states of their respective nanostructures.

Additionally, 1 developed a fabrication technique for ELGP nanopores, combining
electron-beam lithography, dry and wet etching, and electroless gold plating. This enabled
the successful readout of ion current signals from single-strand DNA.

This thesis consisted of five chapters.

Chapter 1 provides an overview of the background and technologies relevant to the
research, including the history of semiconductor miniaturization, lithography techniques, and
the working principles of nanodevices.

In Chapter 2, | established the fabrication process of a semiconductor QD transistor. |
introduced heteroepitaxial spherical (HS) Au/Pt nanogap electrodes with gap separation of a
single nanometer fabricated by using electron beam lithography (EBL) and electroless gold
plating (ELGP), which are close to the particle size of the QDs.

In Chapter 3, | established the fabrication process of 20 nm width Te quantum nanowire
transistor based on EBL and lift-off. The compatibility of Te evaporation at low temperatures
with the EBL and lift-off process was established.

In Chapter 4, | established the fabrication process of ELGP nanopore for DNA sequencing
as an application of nanotechnology in biotechnology.

In Chapter 5, | concluded the thesis and discuss future perspectives.
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