[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

Ge/SiDOOO0O OOOOOOLOODbDODODOO

Fabrication of Ge/Si core/shell nanowires and their application for
thermoelectric devices

go:0o0o0oog,

oooooo:0o0o0ooag,

O000:00103190,

00000 :20160 90 2000,

ooooo:0oog,

ogoo:0bO oo, 000 00,00 oo,0o0oo,0000,00 0o
Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:J [0 1031901,

Conferred date:2016/9/20,

Degree Type:Course doctor,

Examiner:,,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

wm X EE

THESIS SUMMARY

LEE . TR O Mt

)
Department of Academic Degree Requested Doctor of
FERA fRgzE () -

/NE fRER

Student’ s Name Academic Advisor(main)

fEHA &) -

Academic Advisor(sub)

{8 ATHE

R (F13 2000 FRE)

Thesis Summary (approx.2000 Japanese Characters )

ARG SCIE Fabrication of Ge/Si core/shell nanowires and their application for thermoelectric devices
GelSi 27> = F I/ UATOEREBERFICH) EBELELTHPLRoTND,

% 1 % “Introduction” (JF#) TlX, AMFEOE L HMAZ IR TWS, RERERTY T 7 7)1
T A ZADFIFEITIBN TRV F— " —_Z MERED I T & 5 BVEA B B OB A2 T L,
ZAUCEET 2 EATHIE OB M A& FRlk LT D, ABFZEO BHRYIE, TERMEE K 0 BVEZEHL) 3
PEVMEE LTHETH D GelSi =27 v =V ) A Y OREFR IR A a5 2 &
ELTW5%,

55 2 B “Theory of the growth of nanowires and thermoelectric characteristics” (7/ U A ¥l & EL
BERHEDHER) TIX, AR TIY 9 T/ U A ¥ ORI L OBVEREIZEE T 2 BRI DOV
TIRRTWD, BARMITIE, Ge T/ U A Y DORRIZE T 5 vapor-liquid-solid £ o JU B 2 5 B 3~
% LA, BVEMBNI BT 2 Bk iR, BB ROBERIC OV TRIR LTV D,

%5 3 % “BExperimental techniques” (SEBREAT) CTlx, AR TIERI L7 GelSi =27 v = /U A
YORERM L T3 2GR L OT A 2R T 72 2O TR TH D, BARRIZIE,
Ge/Si a7 v =T VAT OEEIHM LIARE L5 ARHERE (LPCVD) %&(E DOff 4 DR /S
TA=HIZOWTERIR LTS, £/, R AT v 7 7r B ATHE LT GelSi 27 ¥ =/v) )
T A ¥ OBERFFER X OBNERHEZ 50T 5 72 OIS 0T e T A AOHEE & ERLT 7 22200
TR LT 5,

5 4 F “Growth of Ge/Si core/shell nanowires” (Ge/Si 27 > = /L U A ¥ OREE) TlE, AL
THHE 72D GelSi a7 >z /T ) UAYOREIECOWTRAB L T\ D, BAERIZIE, Gels
a7 UAYOREORRECTHEE LTEELE Ge &/ VA YRR, S0~ A
7 U—3 a3 LK DBEE DA & F DOFRIEIZOWTIRRTWD, ki O~ A 7L — a3y
(B LTI, JRBR A D GeH, % Si 3 = VHERRIECHT % THEREAIICTE L £ & W 5 AR 72 BB
FEERE L, HENE BT (TEM) KO3 F—08 X #0870 (EDX) (2 & 2
ZHWT, ThbOBRBEE RRHDRZ LB ~TW 5,

%5 5 B “Electrical characteristics of Ge/Si core/shell nanowires” (Ge/Si 27 ¥ =/ 7/ U A ¥ DE
SURFME)TlE, GelSi a7 > = /b)) U A Y OBRUREE & &0 a7 BURAFMHICEE T 5 3Bz >»
THANTWD, BARICIE, 4 T ERREORR, a7 &MY T2 & GelSi =27 v =)/
U A ¥ OELIHEELETHINT 5 LB~ TWD, /o, GelSi 27 =0T/ UAYDORKREIZSH
% Si0,/Si FRED KM T v 7 SNBMIC L DB EEEB LIy Iab—vaildih o
BREMATE D LB RTW D, Ge a7 % 20nm L W /&< 95 & SilGelSi # 7 v ~T atfik




WA CIAD G EALRESEEMNT 220 L0 . F v U TIREIFEICHENT 5 L xTns,

%5 6 ¥ “Thermoelectric characteristics of Ge/Si core/shell nanowires” (Ge/Si =27 > =/} / T A ¥
DOERERE)TIE, GelSi a7 v /v ) T A YORERNED a2 7 RIKFEMEICET 2 ERER L5
BUZONWTIRARTWD, BEARIZIE, GelSi 27 v =) ) U A YOIl AN 7= & 125
LLEENEZIEL, By 7R E RV —T 7 7 F—2HMH Lf:ffz*%‘% 22V CREIR LT
%o AT RN 20nm > 5 80nm DFIPH TIEE— v 7 {RH D o 7 REFAEIEGED by, BRmE
FEOREZ IR LT, Ge 2 7RBHINEENRT—T 7 7 X — mﬂiﬁ‘é EIRRTNWD, Fe, v
Lalb—va ALY, 200m LT a 7T, BURER SN TS GelSi a7 =T/ UA
YONRT—T 77 5“‘%%7’_6ﬂ%‘%ﬁ§3@5 EIRRTWND,

% 7 E “Conclusions” (i) Tld. K@D FE L O LFERICOVTIRRTND,
UL EZEFT 212 AR TILGelSIi 27 > =V T / UAYOREIZE LT Ge 7/ VA ¥ ORfiE,
BRLF- DA T L—3 a AR DEMEDIER R £ OMUEZ R LTz BT, GelSi =27 v =/vF
) UA Y OBKHFE - BERED Ge a7 BRIKFMEOERT — X 2frL, ¥ Ialb—Yarzx
FAWT, Ge = 7% 20nm LL IS 2 2 LT K 0 B 2 BVEZHROm EAHIRFTE D
ZLERLTWS, ZHUTKY GelSi a7 > /b)) UA I & BEEFR IS O ATREN: % B
Wz L7z,

i« FRSCEBIL, FI3C 2000 =& 930 300 354 1 ET O 52 b L<ITIEL 800 5% 1 FRH L T E&E W,
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This study focuses on the fabrication of Ge/Si core/shell nanowires for thermoelectric device
applications. The electrical and thermal characteristics of Ge/Si core/shell nanowires grown in
this study were investigated to explore their potential for thermoelectric device applications.
This thesis is divided into seven chapters.

Chapter 1 “Introduction”

Chapter 1 describes the motivation and objectives of this study. Ge/Si core/shell nanowire has
potential for thermoelectric device applications because of their high electrical conductivity
and low thermal conductivity. Ge/Si core/shell nanowires were first grown and their potential
for high-efficiency energy conversion applications was studied systematically.

Chapter 2 “Theory of the growth of nanowires, and thermoelectric characteristics”
We introduce the theory of nanowire growth mechanism (vapor-liquid-solid mechanism),

thermoelectric transport, and thermal efficiency in chapter 2.

Chapter 3 “Experimental techniques”
In chapter 3, we demonstrate the growth of Ge/Si core/shell nanowires using a bottom-up

process and the fabrication of Ge/Si core/shell nanowire devices.

Chapter 4 “Growth of Ge/Si core/shell nanowires”
Experimental results of the growth of Ge/Si core/shell nanowires with high conductivity are

presented in chapter 4.

Chapter 5 “Electrical characteristics of Ge/Si core/shell nanowires”
We present the measurement results of electrical characteristics of Ge/Si core/shell nanowire
in chapter 5. The relationship between the diameter and electrical conductivity of Ge/Si

core/shell nanowire is also described in this chapter.




Chapter 6 “Thermoelectric characteristics of Ge/Si core/shell nanowires”
Measurement results of thermal characteristics of Ge/Si core/shell nanowire, such as Seebeck
coefficient and power factor are presented in chapter 6. We also examined the relationship

between power factor and nanowire diameter.

Chapter 7 “Conclusions”
Summaries and conclusions of this study are provided in chapter 7.
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