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Abstract

With the advancement of science and technology, more complex scientific problems

to be solved have also increased. For example, complex quantum systems, even with

traditional supercomputers, may take tremendous amounts of time to complete the

calculations, on top of specific traditional computer processes; we can utilize another

concept, called a quantum computer, to increase the speed of calculations.

Quantum computers are recognized as the computing tools of the next generation.

The concept of quantum computers is based on quantum states used as logical bits, called

qubits. Compared to the transistors in traditional computers, they have more degrees of

freedom to express the state, making it possible to surpass the computing speed of

traditional computers under certain kinds of logical calculations. Therefore, it increases

the number of opportunities to solve many complex scientific problems that traditional

supercomputers nowadays cannot. There are also many types of quantum computers, one

of which is called topological quantum computers, also known as fault-tolerant quantum

computers. It uses anyons as qubits, and its topologically protected state makes it difficult

for quantum states to be damaged by the external environment and can minimize errors

in the calculation of quantum computers. In addition to increasing the total number of

qubits, quantum computers possess high calculation speeds, characteristics of multi-bit,

and parallel computing which have the potential to solve many unsolved scientific
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problems today's supercomputers are unable to and bring more common development

across different fields. According to scientists’ predictions, one of the anyons, Majorana

zero-mode, has the opportunity to be found in topological superconductors. Therefore,

research on topological superconductors is important.

In this study, we successfully synthesized 2D single crystal Sb2Tes using the physical

vapor transport method and chemical vapor deposition method. Through parameter

adjustment and process standardization, growth reproducibility is optimized, and the

micro-scale and nano-scale measurement electrodes of the sample are successfully

fabricated by the lithography process, the etching process, and the thin film process. The

physical properties are also successfully measured. The crystal structure and sample

composition are checked by transmission electron microscope and energy-dispersive X-

ray spectroscopy. According to the measurement results of the transmission electron

microscope, we found that the Sb2Tes sample prepared by the physical vapor transport

method possesses high quality. The fitting of the HLN model to the WAL effect supports

the existence of topological surface state on the sample surface at normal state. The zero-

resistance effect began to appear at about 2 K. In the resistance measurement under

externally applied magnetic field and current, it was observed that the superconducting

state was suppressed by the applied magnetic field and current which is the typical

behavior. According to our McMillan theoretical model fitting, it is found that the origin
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of the superconducting mechanism of the samples are divided into triplet pairing and

singlet pairing, corresponding to batch A and batch B samples respectively. On the other

hand, the Sb:Te; sample prepared by chemical vapor deposition method displayed a

sudden drop in the resistance near 1.5 K, but there was no zero-resistance effect. Typical

superconducting state suppression by the external magnetic field was also observed under

different applied magnetic field. Based on the fitting and analysis of the WAL effect by

the HLN model and comparing it with the Sb2Tes sample of physical vapor transport

method, we believe that it may have more disorder and defects in the samples that went

through chemical vapor deposition method, which leads to no zero-resistance. The

phenomenon may also have been caused by the non-uniform distribution during the

preparation process, and the resistance measurements under different DC currents

supports this possibility. Finally, we believe that to synthesize 2D single-crystal Sb2Tes

with uniform composition, good quality and superconducting properties, the physical

vapor transport method is a relatively suitable choice.

Key words: 2D materials, topological insulator, topological superconductor,

superconductive effect, quantum computer
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Pl ARAEEAY CHBERTF IEEFH ABLERY 2R A IaE

AARR QDB ETFHTHFT DT IERS S F AP OM G
Loy >=8x > 2.1)

HoqaArTm maPF e @iEPE LA TpRFSTHOREFRE - §

IR P
d
=<V >=0 (2.2)
N(2.1)E N Q2.2) AT g
<V >=T=—uE, (2.3)
Ho P RBY FPT LT
m=a (24)
Foaf - BEMEABER CRTAFRMT LB
2
j=nq <V, >= %Ex = nquE, = oE, (2.5)

v

He g 2 & LB BhT EX >0 7B L TN
o =nqu (2.6)
FReEPPFER AL f S RTEFFR L 5 T A

0 = Neelle + Nyl 2.7)

232 R (Halleffect) [11]

1879 & » Edwin Herbert Hall 3% 91 7 Zf»cfs > Bh it § 3 — @b pd

et

WHREAR BT LG nd S gD - F g

Fy = quyB, (2.8)

7
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Be v s+ mpER -
N F R PR E g L ENPR T AL AR A F DT SRS
e R A HRS BITE AL TGRS PRORES AL - RRA
Ho e 24 BES PYGRT B

quxB, = qE, (2.9)
HPE LT3 o BOREDIF RS- RO F AL o R ES RATA

4T REL > T FERE TR (hallvoltage, Vi) e F A P BRI &S T R 5 wo B2

FOUERE TR Ve R S

Vy = v, Bw = ’:% = ::d (2.10)

BA T amEREHTindaRkENFR -

Ff¥#ERuOEE S

=ty _Vud _ 1 (2.11)
H ™ B,jx 1B,  ngq

FEAPEFER LT B Ve dehiE s {7 U REFREOFFRR 2

4TS Veind | @RSl R P SR AT -

233 3 BBl (Weak localization) [12]

14

! -

&
3
|

B Rt d I BRERY DI pF KRG TES TS

BEFME - APFT UEES BRFAE R > HELF LFWY Dl fad
T 3ah 4 42 1 (mean free path) :
P AR HRRERYE S TEREFOTHER > 2 IR B RERY

WERE T PNTIHER

0 =48+ & R 1y (phase coherence length) :
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hERE Y ik AR o AiER T BER o

%
4.¢

fAIRE S AR B2 B o X T A LA AT
lp < I
FIEHIwH A o
lp > I
B OTION S BRI AT R R R OBERIFEAZES S
o @ PR AR PR AT BRI T R P R et AR i
'é"*"@%’rﬂtbgé_i? FE & b i3 eI % ’L”“IEL‘?W]? 233 B oo (weak

localization, WL )

23.4 3 F BBy (Weak anti-localization) [12]

(s
(A

oM kRp GRS R ReF A P Mg ER R -
B o0 A5 P £ 4 2 (spin-momentum locking) o § & §F rApE 3 o @ F
TR AP AR B AR e AR o MR G ST

CET R o QIR Gew FEG 33 F BBk (weak anti-localization, WAL ) e

L

EhEB AP A EBE BB %7 2 * Hikami-Larkin-

Nagaoka(HLN) > 425V 45 i 2 $£ & ¢
_ e By 1, By Bso+Be 4 Bso+Be
0 = 525 In(52) = (24 2) 2 (25202 -2 (4 22) -
31n G)BSO"'Be + 39 1 + (g)BSO+Be (2.12)
B 2 B

B R BN RS

Ao = 0(B) —a(0) (2.22)
BpsipizAp+ & K » Bso» P HUE FHFT R R > B, s BPEFFRAE Y2 BE

#ef Sk (digamma function ) » % A E AP R R BB R 5 ¢
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B, = - (2.23)

e}
BAlg s tpidpF LR 2 lgop T+ XTI SEPE 23 5% PR B IFEY > @
L] 5 T30p d BT - tip p 52 uig 8 6 ek LY o ApiAp+ & R B p R
ERPBEMTRG:
ly > Iso

Flot HLN = 2587 @ i+ 5 ¢

8o =) -w(+)] e

TE B e R EA)5 [13][14]

ae? h 1 h
AG = -5 [ln <4—eprB> B (E + 4eL§,B>] (2.25)

¥
BN R T RS R S 55 h BTRA SR R il £ 9

B Rt R Ly -

10
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2R PEH P RE

AGIBAG AT RS SR PRBAFHKY ¢ 5

feo B e g0 M E G AR R R R F B

AR 2 B e TRERING F 2 MEER SR RS RME

" & 4
po SRR A B4 e R

0.3K =& P17k T E P o F B Arde @ 3-1-

SELE R
(PVT - CVD)

Hhon i

#ie E AR
5 EHUE TR

EHBIEBRE
A
BT Btk

S M

B 3-1 7 %A H

11
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3.1 i B F 48k & 3t (Chemical vapor deposition, CVD)

CEFAAHZEZ EEECEF BESHLMRE - A3 2 B 2

g P PR S AR MR -RFEIZCFFAAAREE AT REE

Bl 32 5 F Apdh s

3.2 Xk kK&K (X-ray diffraction system )

X ESS A B I ATHAR L WEHE - S P R FRORE -
WP REZ TREARZNEERE TN AL REBRARE  TEFSEE
- RFFPOTIEE T A RS ITES R ME BT S FRLE
BT T AT o B REA WAL R S B & ik B
FHEY SR B > T @b e BAEATY AT E 1 e B
GRS X KR AR R L L N A D S R b
LE A

12
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Bl 3-3X kf & itk

3.3 R+ 4 BEikd (Atomic force microscope, AFM )

Bt RS E AR AG N a2 ERFREELDRE - BB R
RAFS ARG 23 (8% 4 9r 4 4 gon g 0 )% BT R e B AR 41
A BE o TTFRHE LA > SHEAHP LG DY Big - HEHE NG
B B fE i R e A o WERE o AR EHRTIY RS 4 BB R AR 8 R

T r R RRETEFEFEE A o

13
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Bl 3-4 RS 4 Mk

34 BEHEZEERTF L %3 (Dual-beam focused ion beam, DB-FIB)
FRAT T ERETIEERRELT T A &2 RefFh WEREIF

EHENESLG DG EVTR G RBTF REHE L RF I EY > g A4 -

1
-
&3
4

FroftaF ~FlX EXHFH. . 2055 - X7 F T A FHT 5 Bk
o IR el R gl HEHE S A G 3T AT NI L 2 F o

EHEREHET L A PRFERE T HFH T F ¥ e (scanning electron
microscope, SEM)& B & 35+ { (focused ion beam, FIB) » ¥ F Pk 5 3 F 14l it
BRWRGE 2 N BB R AT R o R R NIRRT R
A e FHEERMTEOSHERAEBH > AT HRER TR TELD
Bfs £ E o

14
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Bl 3-5 FEHRLHEF & ks

35 5 ¥Rk (Mask aligner, EVG-620)

Bo HER LS T I E S kR REBN R A S R R R o Akl
glAeed ol RERERUIAF L AR L K ARETRY BERANLE
AL BT EERE R A R E RSP RBOR LN T RAK
VRV ERS SRR LR E TR (DR E ) HERR DB FAR
B (M) kiea 3 > SREDHFFHERROZIERKF > §LEp4p
Fo W RET#ET lum hBARE > ¥ % P RBEFRE > A L) DRETAF
EEBT I AR ARAH G { enfaii R arF %Y A PRY S
HRERLP? = i £ DR RBRT BRI ERR > B R DTRYTA

o T ke BT BT

15
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B 3-6 Hm $ER L

36 73 &k (E-beam writer)

TFAREBN AT BRAZFTHTFRRAE LY B LR
ko BRT AV AT E B A A RO H Gk T3 AR BT ¥ Y 0E
o ~ I BT R A% I T ARERIU T 5T ezl FE

RITR R AR > 0 F IR K sz AR OTEER -

16
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Bl 3-7 T+ AP

3.7 ®rEi# %4 % (Thermal evaporator)

AFERAGEE RS 29 BF R EL - cBELT EMBE T REE
BT UREFOD AL AR AT LG o RWIAR S NI R T RE
FRFA G TIEAREHEE T FABEFHER AF R TR Y DA TR

P

FHR SERGUP SR AL PRI B G R E OP S i

34

mREZERBE R M NEF R LG A AHENRE P T
WERPEEEERTET R

17
doi:10.6342/NTU202003353



Bl 3-8 R IE;EEER

3.8 F B3 4% % 5t (Reactive ion etching, RIE )

FRCHF 4% A gea %2 - i B & SRS mAt R T RS S b
AEAEL > fRYE AL B F BT A4 T % R R e S R
32 R ehFaHE o €83 2 RPBYFH (A RN ER ) a8 F
AL DAY CARE TR A AL RN A D MR P 1 F RS AT 8%

SV kg EF L o

18
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39 § = ™ £ % 3% (3He refrigerator)

=2 MEEPR A A e s [ Kpot 12 § = pote feik g MR kAP o

2

IKpot - @24 fmeng F » * 2R 5 5 U hg §F B4 o § 1Kpot & Jif
BECHBERPF PN RTE NG R R EERR L f RS RS §
W fek F B RRFE et je i (AT F AR foE F R F BT
TR R ) AW AR PN RS et Mg LR RIRBIER O AT
BT BV M kLT 18K e

3 4BV EFYRT S 42K A 4 3R 5 32K § 1 Kpot i kLR

332K 18 0 ki kv ey 33*2"% Fm'kr'wa?f% é/tﬁ FEE R - 2R APY g%ﬂﬁr‘—"
BiTE 3ERAIEA BV RBESEREMTIH03K 2% > FiEMN &

AR EESRD 03K PBEREE > A PG ARRI AR ER G o

19
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W 3-11 $ s Rk s

20
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Yr® B agRs?

41 - Rz HnE S AEB

*F % * I F 4P @ %2 (physical vapor transport, PVT) [15]£ i & § 4p
7 4% i# (chemical vapor deposition, CVD) [16] & & 7 § 1= & i* = 4 (antimony
telluride, Sb2Te3) % 5t & 5 (Nanoflake, NF)# & °

hAEGY EHEEESLAF AP HIEHEUAALE HWUEB R
P ELARAGRSAEEEEGY AL gt E > A £ S EAEB RS
ERISER AR EH%Y Fear L Emp & WA RS 2 e

EEHABAY AP ERFRIeF L AFETEPN ~hE o AoB] 4-10
BERFAMCBERMEEE LRI RFHE ORFRIE DA BTN E
AFILFAFE >R IS R EE LS BH IR ET cF P ETR
H52xX10Ctorr s HEAPEME TATETE » B BB o o 420 T
KL EREFT e o AHPE g X [ BAEFEAED 600 °C> L3F 4B
PE e BAFREARY o A L R INUE R §7% A 200 °C o #74 £ I i SbaTes f

e TEWAFZ 83 TENRF LG RS 4oBl 43 977 o

AN
Sb,Te, 4t #+ BN E SiO,/Si kg LHE

Bl 4-1 R FAp 2 EET LF

21
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B 42 PEFAAGEZFHRER

B 4-3SEM - # £t A4 4 5 i 55

22
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bEHAMABY S APEARZAAF AR AM c RAMEMIE L Sk
FFHR e RS AR DEEFE PRI R DG EELLAG DL RF
PORFERERPAMBAMME LRI RFH o RRRAH AILE AP g
Pk Z Fpit = 40 4ol 47 R FHREDZ A A oWl 480 1 B RN
CEF AR RSP o2 (i 8g F (Ar(g)) i » kAT 3 F 4L E 3 (flowmeter )
BEZRFRM (valve)» 4o@) 44 & 4 5B 4 3 (vacuum gauge ) B om 2 & 4
T XU TR ST B4R T B EER A BRBENF T
(heating filament ) o 3% i ¢ Ip PF#- A5 87 = Ffr i = 4 4 W] 3 400~450 °C&2
500~600 °Cx &g 0.5~1.5 /] f s » [ B4 (7 p REE > 7 % S Uche Bldo™ & 97

R LA E R S o S-S C o SR A N U

L4 EF AR N AR

0.0050 60~80 1.00~5.00 400~450 500~600 0.5~1.5

Flowmeter

Tube furnace

o e
(G00) (606)  (6006)

Heating filament Vacuum
gauge

Valve

_/, 3 ® \  Vacuum

pump

B 4-4 - FF AT LW

23
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B 4-5 1§ g ks

Bl 4-6 15 FARAAE ks - e B R

24
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Bl 4-7 33 & A - 4

B 4-8 24 Adr

25
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42 PeREERLH R
421 pek B R RITEOY (F
oA B T AR A BT 0 BB A M T LR R T R R Y
# -l R (5 100100 pm? ) 3 4% B S MR A § & et 2 g¢(alignment key )
BAPL AT EANTEET 2 N akEE ek RTE -
BPAAPERR YA EF A KRS RE > Sdhed AT o E 4 LORSB 12
2 S1813 chfh Fl a3t F i * SISI3#-¢ ¢ ikt p o o ke

B ARG HPRG T

A
v % 3 4o B 4riE A% (liftoffprocess ) ¥ enF#t o & LORSB &2
S1813 Fe PR R/ ™ » M- & 4 &7 (undercut) thigtf » RGP T4E 4 s
BERG BRI S ROERT > g kg B REM 5 L EFRER
wif i L

GRHBBAE AL AP ERT KN RT B S Y Lo

(lift-off process) #E % % » » i T
P REEE
AR R L

’ﬁi A BT RE RS iR 4 LTS R A%

SIS Sk

Fo 42 B R AR - kg F S

LOR5B 4000 25 160 5
S1813 4000 25 110 1.5
% 43 ek R - BRIk

TMAH 2.2%

¥R

+ 4k

¥R
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ho4-4 Mok mE R - ] Rk

02 20 0.02 40 y -

4 45 BrF mT AR - S

i§ ek Cr 7.2 0.305 10

T Au 19.3 0.381 70

Bape il APERLPEAE ~AME PRSP I g5 A RieiBiES

B> 2ie Flichod 40T 0 B (SR F ek 8 THRACE] 4-9 Y1 o

3 4-6 Hrt mTte- Bk

o fe 40 30

PRS 40 30

IPA TR 5

DI water TR 5
27
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B 4-9 Mok s R = = F

422 % B ERIT e

4R F R NEFERRESRTE L R L RHEFE FHER TS
AREPE TR F BRI b PR ABET A R RS
Pk 0TS AR B S G R Y BB RS SRR 1 B R
#% (AutoCAD) Z&£7T 3 AR LB -

BRA TR AP E MR Y LT PMMAGA 12 ¥ 3 AR %
BoRAFEARE A REFVH LY FEHMITELF OB FRER S A
g & BERE (MIBK © IPA=1:3) $13 BB 3 S5 16 F s 4L+ & % % seif 5 4t
ARG e FHced A7 o Bt 0 A g Y BB RE 7Y I

POk e o R B AE > = S ik BAc B 4-10 1T o

28
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047 MR RITAREEEF Sk

PMMA 6A 4000 25 180 4 - 7

Z 4-8 BB R T IBE P S

1 MIBK : IPA=1:3 TR 60
2 B AR TR 30
3 3 3K ¥R 10

% 4-9 Bcd P T s ] Sk

02 20 0.02 40 30

F 4-10 HcE R T 4N 2

¥ ok Pd 12.02 0.357 15
T Au 19.3 0.381 250
29
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43 PRRFRRATBK

EAFLY AP ERURESRRE P IV ERAEY RF RIS WAE
BlAs? X Hg 2 RABRAARE e Bl AT o MR ER o H
WE A GEE R el S B S Y AR B S AR 411 4T 0 BT R
HArE 412977 0 ATREAF A RAPHESE A BESRRI 2 ER R0
A BRI R B ST RS B 4o B 4-13 957 0 A e ¢ 9 Keithley 6221 AC DC
currentsource i £ I H SO T N TR T L AR RLEAY R E B ERT I
TR T P ¢ i 449 2%+ B(Lock-in amplifier 7265)i& 7 £ |1 1% o

0B e TR DRSO BRSPS R a e B ket &
fe B 4oB] 4-14 #77 o BT R AR 4-15 977 0 B IR E AR ok SR
o LN A PR I SENa R E g F g T REA PR
se {47 B (gate voltage ) » j’%’t"’ﬁ WE R Ei o PR AT o BB LML
L AT AP FPRAAPHESEFe B EREERE IR L RER

Be i@ et de Bl 4-16 970 0 TR R RS TR T &R i # Keithley 6221 ACDC

30
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current source £ 4§ 4p 2 = % (Lock-in amplifier 7265) -

B~ BORLE AR R 7 R B

X B

B 4-12PVD # 54T &% 37 1B

31
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Keithley 6221 AC and DC current source

() 1
/ '

Lock-in Amplifier 7265

I+ V+ V- I-

Si;N,

Si;N,

Sample holder

Bl 4-13PVD & 5 & BT i 457 4 B

32
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B 4-15CVD # 5477 &% 37 1 B

Keithley 6221 AC and DC current source

() |1
N '

Lock-in Amplifier 7265

),

I+ V+ V- I-
Sb2T83
Au
Cu —

Insulator

I
I
<

Sample holder

Bl 4-16CVD # 5 &k BT i 47 2 B
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FIF REREFAPFAEMH

50 $2FHBEZ RS ERES
511 #H&EEF fELs 47

SbaTes & ¢ % & %if (quintuple layer, QL) % £ & H =~ #73adp I ek AR
o BY - BIERBHOERGE - A ol 5-1ed PG AR BE WL G
e (EHREBA) APRALFEL R ALFHLBEANGHR > HY T A D
BSERRAEASTIO242/F RRBARSERARF AN 2272 K27
3B 52 FFERRIFS T AR AT AN A R T e o B 53 5
B AT R 7 %k R (HRTEM) $Hk & chd 6 & k> 2 A7 7 SboTes & % 2
BRI 2EY T EA S R ATt i B MBSt 4 17 (selected-area diffraction,

ab T

F_L
=

SAD) ¥ F-a 78 % o 4rB 530 o0 5 PR3 A3 R RE

&

BB ,:é-_,}# v ‘J'%‘Dfﬁ'/’?\ 2 ﬁﬂﬁ%ﬁfﬁlg ’?‘F”I’ K ’]‘i LN [ 24

o

I E o A BT A TR
(energy-dispersive spectroscopy, EDS ) ena 478 % > e 54 - 1tk 5% ® Sb &

Techia wH353 > a0 h+H Sb:Te 5 40.0:60.0
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W 5-2 SEM-#j i 4 % # # 1+ 4/ 5

35
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Bl 5-3 TEM-# - &%

19

41

58.81

40.06

59.94

Sb
Te

EDS 4 45 £ mapping

Ju s
3

A

i

B 5-4 &pivah % F

36
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RN E R IIE (ETE e ST o Py TP TR S NS S S
s H

3

L8 A S Eac R e s Ayl ot wivs F 5T e Bk S8k
BB Eo RS NFO 5 A A(NFY A8 2 & 5B EEREYE S 92 Kk ®)
4ol -5t PEE Y AT ROE TRk SE RPN LN BT 4 BB EFERD

4ol 560 BEET NFIKR&ETER 59.6+04nm -

Bl 5-5 SEM @] - # & NF9

-
o

a

9.6 + 0.4 nm

Thickness (nm)

v

0.25 0.50 0.75 1.00
Position (um)

o

Bl 5-6 =+ 4 BB L RIS % - k& NFO
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HFHABRRBOHR SIS FREARTBE T 0 AB A RH R SOTIEF R
B

fan kT LE B 5T R S8c R & K T cnelges £ 0k

]

ErovBGoa g P RAM AP FA AR (ARSI R H G I RGO T L
2 WA o d B 5-TH S5-8 FHUBFRFHRBREDTIEFRFI A KT
/J‘a -}rLL+\.]FB"Ilj JE*’%‘?PH“B’B:PW/’?’# b‘E‘:HELL ‘g‘_, Aj\],,«‘ o-&\.lr p,uﬁﬁ

FAAOTIEF LR LD NHEY hTe 3 EHPFRAG 2 5 PR FTER

g FRREOT SRS ERHS K E YRR S [S] S AL R
T AR BERRLEAMESO TR PG BRBE TR 0 doR

500 MR FEF A R LW AL KB hF G Te § RIS @ @RS

T § ERS  BRESPTIF S HFARA 2 80 Fer § R

ek

o

e
L1

60 (a) E::.;. f_——-lu.:: Group A
— 5 8l f“"’""‘
£ 50 Z ot J —+—NF9
a 24 1 —— NF7
3 40 b e 2 h“" — NF5
0t N N ; L
> 0o 1 2 3 4 5 &
.E 30 J Temperature (K)
= 1.9 .4 § P —ee e s o
D 20t
/2]
()
X 10}
J
0 -unn—.m ) . ﬁ
1 10 100

Temperature (K)

B 5-7 RH.AKRSEE-7 EFAELE

38
do1:10.6342/NTU202003353



Resistivity (uQ-m)

12

10

o=t —t— 0¥

(b)

o0—0— 04

——o— 04

35¢

Group B z;,|

o] L

—o— NF27 ;iz .

—o—NF19 245

NF17 G410}

—o— NF16 ®os5(
—e—NF12 00

—e— NF11

00
—0—0-0-00000:0 .m-o.o-oi-.'.. ...j
i

09-0:0=0-0.00000:0 0900 :0: 00 0-0:0:0080

0-0—=0-0'0'0000¢ om-.-o-om-o-uﬂ-.'.:ﬂ
9—0-0-00000:0 0080-0. 000-0.0.0000-09

0o 1 2 3 4 5 & Jf

Tem perature (K)

o’..

o

g —
o o

Resistivity (uQ-m)
(3)}

1 10 100
Temperature (K)
B 5-8 %3 Bi&SEAE-T IESFAESE
e QTV=17 o°
" e QTV=1.6 o
—e— QTV=1.5 o
/./.
.
L .
.
o
o
@
/./.
,,o". °®
i /o/./. o** °

50

100 150 200 250 300

Temperature (K)

B 59 7k FEp MHHEEE-TEFAES R
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# 5-1 "¥H A& 2 RRR &

Group A | RRR Value (R300k/Rix)
NF5 1.032409
NF7 1.064806
NF9 1.252804

% 52 "H. B &2 RRR &

Group B ‘ RRR Value (R300x/Ru4k)
NF11 1.410720
NF12 1.404799
NF16 1.491033
NF17 1.323544
NF19 1.458901
NF27 1.736426

1-8 L] L] L] L] L] L] L] L] L] T T
. [ ]
1.7} / ]
7
1.6 e .
7
x15} ° 4 b

% 7 .

X1.4f e 7 i
=4 7/

X 13f ¢ .

. e Group A
12p 7 e GroupB 1
11k 7 — — Guiding Line
o’ — — Guiding Line

1.0
4 6 8 10 12 14 16 18 20 22 24 26 28
Thickness (nm)

Bl 5-10 R3oox/Rak ¥t & 5 & 453 F)
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512 H&EER LTI T oM G

AT R REARY 0 AP * Quantum Design PPMS ™ % § = M8

Il

SR RWATRBITNT Y 0 AR BT TR S T E R T A
P T gl e s A RS G e RS NFIL & NFI12 0 e £ R %
P APT UG ERFRE PO TR A RQERFIERAS W L22K
2K (Al B R T &S REHSERD? FBER ) A FH B> AP 78R4z
HTeh B A FHRSERH 4 0 5 NS gt o
ARAADTIEFEREE? o doB 570 F UFRES NFS 22 NF7 § @
BMAAORTIERG  a REBAEAEALS YL 127K 2 151K - @ 5 NFO P #_4i8
BEITISKPE  F ] GRDTIT S > B4 FTRREF L c Rehkiw» BH
AbthEERA (7)97 K ﬁ%mﬁﬁgﬁ%°%7%*ﬁ%i£ﬁﬁﬂ
FRETe z LB ¥ g oo g gting EERET S sk
B %o BRI ehk o] Bt R A o AP EOT AR TR B o
P RHAAEBOTIEEREE A PFERN fEEHERSERE T EF
2B G e FHREIG DA G AT R ALBER  APTURTEFRLT

3O

o= ZO'Sfd—d-l-O'b (5.1)

He 5 dm BB BBOERER o 20 BT EF 0, 5 BT |
Food Bl 5-11> ¥ ARABOTIEFEREERDEHEE IR SEH G 2%
S RFORSOBHFLEL LAk Tk R EN2EME DL s & (non-
overlapped surface states ) it 7 ¢§9:‘E}*J< THT O ARABoRES TR R G
g AL ENPELT B E > 2 d B F R ARK B hRERET

A AR ER G AR T R G B E P TRGER RPN T A DT R R
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