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AL, “A study on the functional advancement of charge sensors in physically defined silicon
quantum dots” (BT U 2 &1 Ky MIBIT 5 EMN T o OEER EICOWTOMgE) L, L6
FEINDRER STV,

%13 “Introduction” (FFim) Tit. WA B Pa—XOFEBRITIL, By FOERBHREIZST
T, BB COIRICVEE RIEMPAREZGIEH LN ED T RERSH D EBXTND, HHoY
HEfEy PeHL, YU aryAvrEf Yy MIBITFOERMEBIFER Y o 2 LoBEMRE VR THE
BREINTNDEBRTND, TOXIREROL LT, BFEY TS AT o 2087 By MREED
e LEARIZ 31 2R LIS 7R R 2 15 L. AR SCTIT o 7o — @ ORFSE D B 1) & ARG SCORERIZ D
WTHEBI LT D,

5 2 B “Theoretical background” (BEFRMIETH) TIE, YV a v AV VR TFE Y NAEBETLT NS AL L
TOET Ny ORI L | EMA L U REOFRAH L FEAHE L Tnd, &7 Ny OBk L7z x
NF AN L | AN LT AR R A e T I e A BB LTV D, I, T A B REEO EE
MAHAHLTFELELC, JUVFEFECHETHIEE T NT VP A4 (Radio frequency-single electron
transistor: RF-SET) % 2@ th LEAT 2B Y 1F, RE-SET (B & 72 5 R OB Nz T, £ 2
WCEENDHERY ETOREFEEHRHAL CND, T2, T3 ZAEMEOIRMEZ BAY L LT, Technology
computer aided design (TCAD) > =L —3 3 VORENZONTHEEL L TV 5,

¥ 3% “Device fabrication employing negative—tone e-beam resist” (BRI LA MEFEH LT
N ZAER) T BBy T ZERT 0t A OB LAER L 7o 73 2 FIV T S2BRAE RIC OV TR
LTS, KX CTEME LICMBEOKRE LT, WHEHRET Ny NOBRICETHA ALY A MR- Z
Ll by S — FOMEIMEIZ L D REJREPED R EEZET T D, (R LB ARE 7 Ny N OBERRES
MARIE T TR, BERETHERINDIMAMET Ny FORE L LEHRICREN K> b 0o, B—Ef
Wik S % 7 —a v A A YE BT LR TERERRTND, £z, REEMETIEZ, by
57— b Offi/IMb A R UC RE-SET &t v J OIGEERSE SN EHP LT D, I HIZ, GHz #iliTo X
EURBEEREIC OV T HEIE R E T Ky R CTHID TRIFE L 72 o 72 LTV 5, RS0 TR L2 ERE T IE,
B Ry RT LA DA —)LT v 7R CMOS Hiilf & OFEA AT e BERBEHIFCH 5 LT 5,

% 4 3 “Demonstration of inductor—shunted matching circuits toward frequency multiplexed qubit
readout in silicon” (VU 3 TOJHEHELEDOEFE Y MFiAH LICHNT 72081 ¥ 7 ZEEARIFOHE
AE) TIE, LCEIERICA & 7 # 2 WHNTEI LT L-L B OREE - 235 L | 2 oHiAH LIERERHmIZ 2V TER
LTS, BEEEIEOEASE ISR 2 HAEMS 25O EMEIKET VAHBEL, KR N To S /R A
—ZPEEITH & THEERY ZME Lz L _RTW2, i LIS AR 2 31T L-L B OF%EE - Lt E217
STER, 1 GHz F CTORNEEEEITIC B CHRIREE BT A 2 8 Lc Lib T b, S HIZ, RF-SET Eff
TV OFMIZL Y 1 MHz L EOFBEA M Ll G o, &R FTIEO B A2 9 2 & VR 7z Lk~
TWb, ZOFEL, BAEEZERICIYEFE Y FORIIFIESIGA M LA RIS T 5 fE»>G R T 7' m
—FTh 2 LT TV,

%55 % “The functions of a reservoir offset voltage applied to physically defined p—channel Si
quantum dots” (EJERK p F v r v ) av&y Ny MCRMMEN D U F =4 7% v MEEOKRE) Tid,
V=R RLAVBFOY PN HEOA 72y NEETHB VY NN—F 7ty NBIEZHIMSE7ZBEO R
T Ky hORT Uy VEIZOWT, TCADIZL BV 2 L— 3 v ERIKIR T ORI F O ik 247 - Tt
BIL T2, TCAD ¥R = b—a Y& To i, V¥ A=A 71y MEEICE > THIEEEAEE Ty,
ZHETF ¥ RADT =)V IHEM LMEFHHRDO T RN X —ZDOEIC L s TF vy XMCHE R INDIF Y IV TH
ERET 2 LICERTZ LR LTS, & My beEEr 2B LEETE, VPR —F 78y
NBIEIZ L DEME T OF X U THEEOEDIHEORET Ky MIHT 5017 — & LTHRIEEL TWnD &
WARTWD, ZORRIE, 7= MEBRPRWGEE TS, & F Ry FORT o v LV AZETATREIC T 5 EE 8
FIZRETHHLOTHD LT3,




% 6 T “Conclusions” (f&am) TIX. KX O e ABDOBEL ELHTVD,

L8350, Rk, ERECEEEELICHER2HBIIRET Ky ORI, [R5
HE LS ATREZ: L-L BEATRIIT X 2 RS BALEA, B o KB RT Ny FORT v v AR %
BEZE L, JFRBCLH AR Fa s Ca— 2 BRI CTEEAREERM R0 THY . T%E, HEkT
BHEZANKEW,

%« FRSCEE BRI, FI3L 2000 7 & 9532 300 34 L ERT ORI T 52, b L<ITTEL 800 5% LRI L T 7230,
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This paper, titled “A study on the functional advancement of charge sensors in physically defined
silicon quantum dots,” consists of six chapters. Chapter 1, “Introduction”, discusses the necessity
of extracting the required technical insights for expansion at each stage to realize a universal
quantum computer, depending on the scale of qubit integration. It highlights that, among various
physical qubit implementations, silicon spin qubits are considered promising due to their high
compatibility with existing integrated circuit fabrication processes. It follows as Chapter 2,

“Theoretical background,” which includes the basics of quantum dots (QDs), a discussion of charge
sensing, a rapid readout technique called RF reflectometry, and device simulations. In Chapter 3

“Device fabrication employing negative—tone e—beam resist,” in addition to fabrication process of
silicon physically defined QDs, which is our focus among the many silicon qubit systems, we discuss
the differences from industrial qubit fabrication methods and the characterization as a quantum
device. In Chapter 4, “Demonstration of inductor—-shunted matching circuits toward frequency
multiplexed qubit readout in silicon,” we implement a new and two—inductor resonance circuit
designed for frequency multiplexing and discuss the readout performance evaluation of its readout
using RF reflectometry. In Chapter 5, “The functions of a reservoir offset voltage applied to
physically defined p—channel Si quantum dots,” we explore an underlying operation method, the
reservoir offset voltage, which reduces the number of wires required per qubit by incorporating gate
functionality into the charge sensor. Finally, we conclude this thesis and research perspectives
towards qubit integration and fast qubit readout in Chapter 6, “Conclusions”. Device fabrication
has translated from university cleanroom methods to industry—-compatible approaches. Additionally

by enhancing charge sensor functionality for qubit readout, we demonstrate a method for independent
access to all qubit arrays while minimizing wiring connections across temperature stages. These

achievements mark key steps toward scalable quantum computing
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