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Fabrication of magneto-mechano-triboelectric energy harvest
system and the application to the internet of things

Lim, Kyung-won

Department of Electronic Materials Engineering
Graduate School, Korea Maritime and Ocean University

Abstract

Introducing accelerated water-soluble nano-bullet modified nanostructures showed
a high output magneto-mechano-triboelectric nanogenerator (MMTEG) to convert
an alternating current (AC) magnetic field into electric energy for self-powered
Internet of Things (IoT) system. The Aerosol deposition (AD) process accelerated
the crash of NaCl salt nanoparticles with high kinetic energy on perfluoroalkoxy
(PFA) films to fabricate complex nanomorphology on the triboelectric active
surface. The MMTEG generated an open-circuit peak-to-peak voltage (V) and a
short-circuit current of 708 V and 277 uA, respectively under an alternating
current (AC) magnetic field of 7 Oe. Also, the harvester produced a maximum
peak power of 21.8 mW and continuous AC output power of 4.8 mW. A
self-powered indoor IoT positioning system was combined with the MMTEG, a
power managing circuit, a storage component, and an IoT Bluetooth beacon.
MMTEG’s electrical energy enabled Bluetooth beacons to continue operation, and
after successfully verifying the exact location of the installed wireless positioning
system, the indoor location was transferred to the main monitoring computer. Near
a 60 Hz power cable connected to the consumer electronics, the MMTEG
generated an open-circuit V4, and a short-circuit current of 330 V and 23 uA,

respectively, which were enough to turn on 108 blue light emitting diodes (LEDs).

KEY WORDS: Triboelectric generator; Magneto-mechano-electric; [0T; Aerosol
deposition; nano
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2.1 Perfluoroalkoxy2] E4

Perfluoroalkoxy (PFA)= Tetrafluoroethylene3} perfluoroethers®] & s&ol <
3 FAHHE s3rEolth ol= tEZAHA EASFA (fluoropolymenZ E-47 1 o A
HZ& (PTFE) FARsith 4 FolA PFAE O & E4&FART 2& AL
< dolst =2 Ae 2d¥e JHA A, Al b4 dAE
7lell, PTFEES O ¥tEHsta Hojd #5, 98-S
2= A, WekEA, WA, WA ol . F= 58 75, Y
& 71A, Bt=A Az FolA AREHT o e Table 2.1 o] Aol A}
PFA ZE¢| S0l &

=
o
Els

»
o
&
>
Sl

2.2 Aluminum ¢ &4

Aluminum (AD2 tHEZR] +5¢ 4= F7]eF FolA 135 3570 &
st w4 Ao tH47] dAFS 26.987 g/mol, =32 660.32 C, =
[e)

2519 C, AEE 2.7 glem’o|ty, ewalo] ypWy RE Fhog AP 7S
oL F FA Uk F shelth /M WP 2 4L o83 A4
g AE= Hol AHEHEY. HARF F AA7|A ofg CMOSE IC, #i, CPU &
g UEnE Y2 AW AWV 392 o) EUS EL e A<
RES AANE A% JAE Fe 5 JvH4sl AAAE FASE THI} 9
of HYAHMZHY 95 FeS FAY W zolAY, 9% Fe AdsE B
Hoz WE 5% AL Sold HA M uE Aol yxel AML A
.
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Table 2.1 PFA 2 &9 &8 % EA4

. ASTM Metric Metric
Properties .
Method Value Units
H| = D-792 2.12-2.18
Yield (1 mil film) 18 m?/kg
Water Absorption <0.01 %
Tensile Strength @ Break D-882 21 MPa
Elongation @ Break D-882 300 %
Young's Modulus D-882 400 MPa
Initial Tear Strength 2 mil D-1004 4.9-5.3 N
Propagating Tear Strength 2 mil D-1922 2.4-2.7 N
Fold Endurance (M.I.T.) D-2176 >600000 cycles
Dielectric Strength 1 mil D-149 185 kV/mm
Dielectric Constant 1 kHz D-150 2.1
Dissipation Factor 1 kHz D-150 0.0005
Melt Point D-3418 302-310 °C
Continuous Service Temperature 260 °C
Specific Heat 1172 J/(kg-°K)
Coefficient of Thermal
. D-2863 0.195 W/(m-°K)
Conductivity
Coefficient of Linear Thermal - mm/(mm-
. D-696 9.9%10
Expansion °C)
Flammability UL-94 V-0
Limiting Oxygen Index D-2863 95 %
Refractive Index D-542 1.35
Solar Transmission E-424 96 %
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Polyformaldehyde 1 3-1 4 (cantinued)
Etylcellulose Polyester (Dacron)
Polyamide 11 Polyisobutylene
Positive | Polyamide 6-6 Polyuretane flexible sponge
Melanime farmol Folyethylene Terephthalate
Wool, knitted Falyvinyl butyral
Silk, woven Falychlorobutadiene
Aluminum Natural rubber
paper Polyacrilonitnle
Cotton, woven Acrylonilrile-vimyl chilonde
Steel Polybisphenol carbonate
Wood Polychloroether
Hard rubber Paolyvinylidine chloride (Saran)
Nickel, copper Palystyrene
Suffur Polyethylene
Brass, silver Polypropylene
Acetate, Rayon Polywmide (Kapton)
Folymetiyl methacrylate (Lucte) | Polywvinyl Chicride (PVC) Hogubve
Palyvinyl alcohol Folydimethyisiloxane (POMS)
(continued) Folytetrafluoroethylene (Teflon)

Fig. 2.2 thoFst

=] ntEA7] HE AP F
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24 AF Al

2.4.1 Planetary milling

Planetary millinge A1&<] Z=d #E5 $1¢ milinge] B 5 shiolth
Planetary millinge Fig. 2.33 #ro] grinding ball2 YR oz 7o 4&5F
grinding jar2 TAETH49]. F M9 3 &5 grinding jars &322tk A
Aol Mo gE FAA &52o] grinding jars sun wheelo] FAo 2 3o
A= wet FA (revolution) gt & 3hte] A &2 grinding jar ZHA)
o] 2A (rotation) ©|th. o] F 3A &= A=E wgutsko 2 3 AL A T
a1, o] 2 Qlsf AR AA4Y B AR &Y Y £ 235 =Y o

] e 2L Mol wg 283} o]& Fig. 249l grinding ball#} &
4 2= s =2 el ltt. Planetary millinge oJ# FAHEo] <
=d, ZA F 7KAE #& 7 Atk A AR HAF A A= 1 gmARE
TEE HAM B3V JhsstteE Aeolth. EAl= ball millingel HlE wWE &%
2 grindinge] 7}s3dtth= AHo|th

k
i

H
rulo

AW
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Sun wheel

R Grinding Jar

Fig. 2.3 Planetary milling®] #z% R2l%

Horizontal section

Movement of the
supporting disc

Centrifugal
force

Rotation of the milling bowl

Fig. 2.4 Grinding ball#} 2% E¥=2 #& =4 %=
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2.4.2 Aerosol deposition (AD)

Aerosol deposition A2 HIAIS EEES &F 7l2o AojA rHoE FAF

13 29 Aty Z®HSS sk ZoltH50] o714 9 ooz

gozn 7
e 5 nmolshe] ARz FEH YAEC] FHHT Yt FE 9 ooz
£ tha izt glom, A7 £A vl A EAA Y YAl shzol
AeA gursEls AHE Uehita B gle] &tk o 2He oy 23Se)
e AR 1% =Y Jbs, gedd Adsta Fdol gl =HE
4, 29F 24 L FFFE Y Aol gol, #4 tmrlel olhe] AHY
E2 2: B9 AdY 293 A%, 245 ALY, 34 184 50U
NB S, TFF ARz mHel sbssithe ATl Utk 53, Lol
QU3 Aoty mEol ol TolAE e FHH BHNM WP FuEe zoE
ot £ Bexgw 34 5L /|BOE s A 45 44 glo] 2YT
F Ane A usd

ADe] AA & Fig. 259 EAE=Z Adyo] Hrh
AL o o] Fo] AA kil e
st B, Fig 269 22 AP o]FojAE Acw AL Utk &
TolAE A" FHo] ohegt Zgm ] NaCle] ¥hsl= S o] &3ttt
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0] MFC [
Particles+gas X-Y-Z stage Vacuum pump
=
Dense
coating

Carrier
gas

-

Fig. 25 ADE 93t AX 9] M=, % 72 (carrier gas)7} Allgte] Eito]
T AHE FAHI, dAZE AW WX FfFste mAgE Ak
EUES oA IEdE e 24 Yol e 7]—&2% &S Foh

AR 7182 XSH YF, 2502 23d &+ At
s L1 L1
CTPERD. | _ EEn
(a) (h) (c)
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25 57 A

2.5.1 SEM

SEM (Scanning Electron Microscopy)2 A 22| £H-& HAMS FASt o]
X8} gt AAAu A dFoltHbl] 1&e] HAAE WASHH o] HAIL Al
o W FESHA HUA FEAEst] AlgAA 221 A}t X-rays o
4ol HouA Hed, 15 AAE BAske Wolth SEME 7[EA o=
AYHe 9 ol &Y ¥y AeHE Us 7 AoH, AT THE A
ARlo]l F&EALH d=ide AAH o] AT MARICZ A Ho AlA
of =&3stA At WA HAAF (electron gun)> FstAT|F oA FLde] H4ES
st AAE eI VFEAIA HAAE FEcte 98 T Aq7A, F 7R Y

Y E S 7tdete dAE WEste dxdapt<Eas A
AZE 7tsted HAAE BEste AAEHl Ao dRbFor dAAYESH O
2 HES WE SEMolg} stal AAEHel o9& wEoil S
(Field Emission-Sc g4 RWEALEA
U ¥h-8-3sle] WEE = secondary electron (221 AzZpE HES L 2or] Y3
detector= Z <2 o|t}. Detectore T4 24ZE scintillatore} photo-multiplier
tubeZ A F o] Qt} Scintillator= A& FEHo|A U2 secondary electron
3 BAs wgetA 51, o] WS photo-multiplier tubeE E#}ste] A2 Al
T2 WSt ojmAE wEA "k ol d HeE YEhd SEMO| RA ==
Fig. 2.7¢9} 2t}

Q)

canning Electron Microscopy)o]gtal sttt A

_16_
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Column

Vacuum
chamber

Electron Gun

=== =N Anode

@ /\ [ Alignment Coil

Condenser Coil 1

Condenser Coil 2

—— Scanning Coil

Objective Coils
Deflection Coil

Stigmator
I -
’}Etectnf
| eo— e
Sample

Fig. 2.7 A A o] 24 %
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o kY =
electrong AZ3sl7] wjFo B0 Rt} T3 AE7) Zo] g3FHo] A% dH
olyf W 2TVl & AHE FES=Y fFelsith =3 F1EA A&7 A=
o] 7}&

EDS (Energy Dispersive x-ray Spectroscopy)<t
WDS (Wavelength Disperswe x-ray Spectroscopy), F¥ataHAE SAHE S
A+ BSE (Back Scattered Electrons) & ©] At Fig. 2.8914 HAH o] A5
PARE A 9o B AT 2 AEE E45= AE7] dal et Ao

_18_
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electron beam

Auger Electrons (AE) Secondary Electrons (SE) (300 nm)
surface alomic composition lopographical information (SEM|

Backscattered Electrons (BSE)

Characteristic X-ray (EDX) \ atomic number and phase differences (500 pm)

thickness atomic composition

(~1nm) Ceontinuum X-ray
Cathodoluminescence (CL) (Bremsstrahlung)
electronic states information (~1-4 pm)
(~1-5 pm) f (~1-3 pm)

SAMPLE

Inelastic Scattering

composition and bond states (EELS) Elastic Scattering

Incoherent Elastic struclural analysis and HR imaging (diffraction)

Scattering

Transmitted Electrons
morphological information (TEM)

Fig. 2.8 A 8olA WEH= A2 1 252

M
1%
P,l',
rlr
i
e
N
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X-A FHA B337] (X-ray photoelectron Spectroscopy, XPS)=

43 (¢ e BAT 5 dE b del AeHE B A9y

qUuAY ez Alg mH FAL, AR RN WEH= HAAE

Ao wHe] Ze3shd JRE fFd e &4 Aotk XPSe| T
SA4L FaE A9 EE daERYH ¥ AVIE Zte vavt
doiA L, gan dael o] Aol AR IS YAERFTH WE

o F&o| &olstH, 43t FEiyt A&k A FE Z2 Foo] A AH
of 7103t= 3}3H4 o] (chemical shift) @/Fe] #EFHAZTE=

A ool SAC=RE XPS7F Alm ¥ 74 d4, =49 8

FHY 43t AT Al s FHHEE A 54 T &

olgtAl o] &2 + Ut Fig. 2.9& XPSe| 4 HAelol ths] Hr33)

[541.
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Photo-electron Spectroscopy* AREER

Electron Spectrum
10000
Cu XPS
13 2p3 Survey Spectrum
|5 of Pure Copper
s (cu)
:| E
4 g Cu
| E 2p1
4 @
E Cu Cu Auger Cu
I 25 electrons Cu
e " %) 4 )

Binding Energy of Electrons (EV}-

Usual Analysis
Area and Depth

Top 20 atomic layers

Fig. 2.9 XPS¢] =4
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2.5.3 Oscilloscope

Oscilloscope= #Z3sk= 2157 Algke] tste] o4
‘]

k<2
= dol FEHOR BE FAF Mo 2/E, FHF] LS Uit

o
il
f
2
o
wn
Q
o
w
(@)
(@]
o)
D
l
(o))
=
o
N
e
o
fil

FHoE WEHE A4 NEF FAGEd AgAL o] /7 BEIAA
Azrel whe} Wkshe AEE Fr1E0lw wEAQ Shte] AY FeE ot
S ootk BBy edRimEos gAYt £O8 UEE HofF 5 U=
S A Agel hE =FE EAHCIUL o n%yel AY HA/HA,
_Zr A

>
U

5 o
FABE Aol T. HALEste] AWk fAE 2o WA weEt s
Analog-to-Digital ConverterE AR&3le] HX|E =2 HEslo] W g] o A Asha,
CPUE &3l AsAEE st ddste 4o HAE AZ~IZE F
£3th. A Bl TFT-LCDE F2 A&t dxe] ofgza e
H ASE A7) ojgda, A As Z3o] ofH. ey HAE3 st
AT E A7 AdAT. eIV A, A
A T EAA A5 Arvs FA dHH, LAEAIIZIE AT AZE
B AZRY 7MAE AN ER ﬁi AAAANA AsAE Al B
T T T AT A5 dEe FE 2 == U9 ASE FA
EAZY. 2332 CRO(cathode-ray  oscilloscope), DSO(digital — storage
2 47 QAR2~FIIZE YT AYNIEE AEHOE #
T F Ae A A 71719 TR oA e "UAE AEE SAS)
Adste] opdzT Az 9l A HAE ATE F Aol H

o ARG 2H FA7IE dASIE @

(@]
wn
A
—.
=
o
wn
a
(@]
o)
D
A
olﬂ

Collection @ kmou



2.5.4 Sourcemeter

Sourcemeter= F=Z Source Measure Unit (SMU)gtx A& 3}a, o]= A
AFE AgstA =zsta FAo A4S st AL ZeoHb6]. =35 7
d 571, dAE HEvH DMM), AF a2, AR Bs1r]e 7155 3y

o AR Anz AJY 5 A dEH M 712Z Q] "EelA SMU Al

O:

715 AF-ARWUV) 5435E Al st F3dE A8 £FAdH 5, 9
A Zetelot gAY FEME, RFLYZE st AF7|el AdAIR Aol
o SMU AZ7€ AF/E FAHsHEA ¢S 244G Aasta, dsdks =
AAAE AFE LAAL AT £ Ak ol2d IAY AZV &EFA
e AW B3y FF AR 7%, A AF 22, 6% ABE gAY HEUE
(ODMM) o] sty L7, V Ee | D2 278 34, x4 23 g EgA

15 shue] A
Z oA & e vE EFFHA Ho] P 2 Aotk olHd WY F
o= qlsf SMU AZ7e =829 A7t d &4 9 7] A= A% &
FoRRE H2E F FXE RIgth olgd Ao R A3 SMU A7

¥ rff
o

SMU AZ71E st9] 33 FAET 84 o Be o EAcldel A4sd 5
Atk SMU AZ71E S5ok ADHS welste] AAHYOnT 4o ATe
Sl FF AABT A w=n] SMU A9 FH BHAPES 94 stopn,

a8ar SMU AlS71< 39 3w ARG 828 5 {2 2s B9 9 23
o

H
9/ AYe & % Yok AT MU AZAE 42 D A3
que & 5 gomz dAl 48 5ol AFsatn, B TF AA9 A%
w2 25| st o Jse WEHe, B AA Ex Jl8 uA A
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A3 AF 9

31 ARE BANA JARFHRA $8= ol YuT=A A% T

2189 agS AEE3 4o planetary millings ©]-&3ske] 3 AlZF &<+ 150
rpmo 2 5 39t} Planetary millingS EW &, &AF £9L 80 ColA 1
AR AZRE g dEEs FEAFT Y a5 22 HoldES &7

FHE F4dte] vA JAE FASAT Fig 31e vhE tid e F4E
AT HE IS 77171 f@l AD &4l o 7FEE Nall vdie dA=
ARgElE Ui TZ2A A 3AS RAEt. oS 1 34 tid A A

golth ) FAlelA S Gvee @& sk 23 e 8% 2F
at

rok
S

(~300 m/9)7FA] 7hH&EE o] =& E—EOHLM 71 Ux TS FA4sta, ol
A 2ol A (~0.5 T AW oA AD FAel o3 mb# M7 A GollA
=2 7] %‘JE%— zt= PFA & (A : 50 pm)e] T vFs]H 57
581. AD FA 9 A, Uk &5 dAe &% 7h2=9 E£3E] FEE 53y
=E2 o]Feta (% ¢ 28 Limin) AAAE FAY =& (&8 Abo]= 1 35 X
0.5mmA)EFE FEAlste], Ao 05 Torrd 714 JF ¢HS zt= AF A
W e PFA &0 FE3T As &6 3 ol %E—E 3.1 mm/s<>l

A A %z} AzHe 16 Zolth. o] Aol AEHE &7
328 Fustd Ak St o Buw o shaol &

a3l SHOH59].
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i) AD Process

oo

=+ Aerosol
<~ Deposition
o

— Salt F gt

Fig. 31 AD 247 22 Ur 448 B88 Y724
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Fig. 3.2 NaCl yx J=#+e] SEM AFR
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a9

2w YA= o] 4
[60]. i) ¥ Ae &
=3 AH 7 ¥ 1417
< vHEAY. Triboelectric series oA NaCle 73k o= E2 =2 vz 7] 3
2E o B Aol AZgE A e dod 4 ] Wi A7 dAE

o
271 PFA HEoA AAF o oF TH6l] i) PFA FF9 Y724 FA
TS B AxFgoEx ddET. AdEEy Fx9 MMTEGE Al&str] ¢

—_—

U
]_

sto FRlo] Au =& Z®ES T F, HASe o8&t Ti 718 (F7: 300
pmell 238k aL, 7 7] NdFeB #A4& dgA = /‘Pgs}@] w7 A% W
oAl WEEZAQl flokef & T F JEF SFATHE]L Al &L 15 um-4 -
AE 7HAAL 1AL, rpER 7] shEl 2B o] &S &A 2 PFA o] o] £
3t} Al £93 PFA B89 292 747 ¢ TJr So AAIER A3 A4S
o vpaas] SMzEE HET 4 A0

32 fRAANHE o] 8% 2472 A B BH 43

o] A E# o] COMSOL Multiphysics T2 1S o] &3l P AT}
AEdold ALks 918 Table 3.13 Zo] Tiz} NdFeB A4, PFA # &9 714

A ste}u) e (Young® s moduluse}t WX, Poisson’ s ratios ¢ =3t
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Table 3.1 A& ol

a3 =dE9 vy

) Young’s modulus ) 3 Poisson’s
Materials Density(kg/m”) )
(GPa) ratio
Ti 78 4506 0.32
NdFeB 160 7500 0.24
PFA 0.48 2200 0.46
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33 MME mH2417) shil28 A% 2 2354 57}

Aesx 298 FYH (F7 : 14 mma WolZolE THYoR TA

H od 5 Fdoth A5Ex IY UFE AAYL ZH & Aole Ae
1259} 62.5 mmolH FFE= FAo| S wet FAFANA 225 mme] R ol
A FAE A7) "o] AAATE Yo Ay olgE A= zkzF 1.07 QF 15
mHolth, FE&= L2 1 A9 4Y ufF HAFE Fall 6 Oeo] A7FAE 2
A F JIEF AAHNOH, e d5EE= I 12 A9 uF ARE

A7bste] ZHde] T Il 7 Oed A7|A= YAHANAHAT. 1/ A7 Hol
A MMTEGS] =3 A3 A st HAY edzZrd
(WaveSurfer 44MXs-A, Teledyne Lecroy) <} Sourcemeter(2611A, Keithley)E 7+
zt ARk

=
i

AN

ol

ol

ok,

N
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A4 29 27

4.1 MMTEG®] Y=1ZA

411 MMTEGS] z&F dg

Fig. 4.1¢] 79L& np#x7] &35 o]-83 MMTEG 3tul =Bl 9] 25 <dzle}

WF A7 Yol AW W o3 AXT] FEE HAFHH15, 621
At o]FL 2709 mEH7] 9 7] HE olHe Y HH A= LAY}
A =t} (Fig. 4.1-). PFA ZE3 Al 99 wHo] 9F A7|&o Hk$3l=
Mg F2E £z 93] A= = u], PFA Y29 AR Fdo] S A3}
7h Al 5] R wWdE it e (Figo 414D Sl

Aol

triboelectric seriesoll A o] W&FoA o WFoz AFHT o] F &
Ao R EE|EW PFA ZEH Al 599 ®9d &3 59 v eyt &
o} PFA BE o] Ay A= Wy Ash/h =9t (Fig 4.1-i). Fig. 4.1-ivol
AAE A Zo), A AstEo] 43 W2 FEir 24 2 WA A

A A7) FEAES TFA7] f8 F bR S Abele] ALt s Atk

580l AL 1 ¥, 4 FFOoEe AEL T Y npHRAI] F Aol
Al OA gadA T ole] vhERs] Fo AUE daAA A el ASA
THE gaE AshE AAS s AR
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i) Initial @ Al
PFA
© Au
* Adhesive
® Ti

- Magnets
v) Pressing

N
iii) Releasing ' iv) Released

Fig. 41 15 7] oA MMTEGS] 2% w7 =
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4.1.2 MMTEG A|~H]

Al ¢ !

off FAT WF ANFE BE 5 9

s 24 4 ATHes) AF AP

A3 45 AEIHE AY Beol P
fEstgh =9 AgYH 259 3

B F 5 7] MEA AN RS E 9
S48 24 5 eH6d]

Collection @ kmou
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413 FE-SEM

Fig. 4.3 & A&7°] AA YUzt ¥ PFAZRE :xEHo SEM A& HAFEG
Fig. 4.4@¢°) AAR AAYE YxFZA+= PFA 5o 1WA AA g +
datA AN, Fig. 44b)olAM = &5 Y A= F84ES 7IAT 3l
oA Eoll & EE FHA &3] AHReS AT F Aok 27 BH
o] Ab¥IQl Fig. 4.5} Hlwdte] ®kES i, NaCl &'2o] 7F&5EI o] &l A]
SalE = TR0 et wEr 4 3] HHoE Rx =29 FH
UsTZ2AE AFHoZ e F e AS Ak
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Mapping of F element

Fig. 44 (@) PFA 2&9 AAFHANA dx=T2A7E FHE S BAFE
SEM ARz (b) Ux FZAE A3 FTH Fluorine Y4

ol A= £ &3 e) vl (mapping) 23
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Fig. 45 Yi=7=A7} 457 o] W3 PFA

e

59 SEM ARx
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4.2.1 XPS

U FRAZE 49 T Y4 2-HLe XA FHEA B3 X-ray
photoelectron spectroscopy, XPS)& At&ste] B39y I A3+ Fig 4.63
%E‘r. PFA &9 & A& o= mW %2 Fluorine Yx7F EAjsk= 3

A, Fig. 4.7 &A19 ZA ¥ Nadt Cl &9 99 Fist] 54% XPS A
Abell Al molz2wt A& EHE AS & & 4 vk E=3 Fig. 4.89] vt gl%ol
HHS ZT=uE FhoprtdA S43 A

=
91 Fluorine®} Carbon, Oxygen A &% A&, o= npEdy] &

[©)
2RE £F $20] 3 AAHNSES BelZth o714 Fluorine dat A
NHoE e Ao 9 LA o), BT vhEAs] shuzEe &
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Fis

Intensity (a.u.)

F Auger
1200 1000 800 600 400 200

Binding Energy (eV)

Fig. 4.6 Y=7=AE 7}xl PFA @& &9 XPS 2%
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1075 | 1070 ' 1065
Binding Energy (eV)

(b) lﬂk.

)
ol

:

Intensity (a.u.)

I~
ol

210 195

205 ' 200
Binding Energy (eV)
Fig. 47 XPSE o] g3t 5 Na (@ 9} Cl (2] HES &Asr] 3
U 7247 4% PFA 229 ®W B4 Ay o] JgzE o]

Nas} Cl 9z= NaCle] &3] 34 F #2394 ¢ee g
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2
9
w

—
o

Oprensnpnogeosamonsnepo e gmeed
0 200 400 600 800 1000 1200 1400

Etch Time (s)

Fig. 48 %W < o4 sleA 243 XPS £4 23

Atomic Percent (%)
=
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4.2 MMTEG®] #7134 &9 &3

42.1 A<k, A, A9 4

B Ao es + 3 =
MMTEGY] =9 Ads< dotRdtt AEdH Fxo HA w3
mm?o] 3z, whEZ7] PFA &9 &4 992 50 x 20 mm’elth. MMTEGS]
33X Fyaes AEEW Eol 7 e AH AFA (T 105 9 14T
FEfoll A 143.2 Hz oAtk mpEA7] shul 2B o] Aol i v x4
adE AFsHr] 98, MMTEGE &5 A WA g7l € PFA 537 obF-d
A& A Ze dx ARE e 89S vustYrt Fig 4.99 Fig. 4.10%
Hots o, 1432 HzellA 7 Oedl wF{F A7 oA dxT2A7E e
Al &£ open-circuit peak-to-peak voltage (Vpp)2} ©Heh {2 k& 708 V, 277

wAelal YxFZzA|7F gle AlsEe 448 V, 118 nAE RAFUY. Y ©3
AD AL U shlzule sl Z 158 % 2 235 %o & AL
ARE H1Hos FYAL &

_43_

Collection @ kmou



400 w/o Nanostructures | w/ Nanostructures
S 200-
)
D o)
g PRIy
<>D-200- I ‘ | ‘

-400-

000 002 004 006 008 0.10

Time (sec)

Fig. 4.9 Yx FxA7} = MMTEGSE 1l MMTEG &7 71 3= A

300- w/o Nanostructures | w/ Nanostructures

< 200;
27
T 100

Curre

30 60 90 120
Time (sec)

Fig. 410 Y= FZA7} A& MMTEGSH §le MMTEG Axbe] @ 32

A

- A4 -
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Fig. 4.11(a) oA B0l 3 OeollA 11 Oe7tAle] A2 & A& w33t
o YFxAlE 7= MMTEGE] A7 €8S+ SAsAHT. S 292 2]
o] kel meEt S7kskAAL 9 Oe A olM Aol =3 HAey & = 3]
=8, ol 9 OeollA 11 Oe Atole] &7 /o] 3 Oe oA 9 Oeol Fol H|
3l A A FaHA7] W Zolt
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— i —50e—TOp—30e— 1100

Fig. 4.11 (@) Ti 7| #2& wr= MMTEGY L/ A7 Al7]o & 71
3z Aok =9, ) ~ O A7 sl & Lo Moo M3s
Hol &
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128 HY, & 2o FA9 Wolg A& SUS 304 2HIQlE
AS HHG IukHor Y ALGe ArFe =77}

7 shell wel Frikekth. 23y SUS 304 2ElRlElx A 7| Ti 73 b
W o, 74 Ti 7189 29 AG2 F 1A 3 FagolA A8 wTh
Zkzke) 7% ©4 AFrE SUS 304% 193 GPaolx Tie 77.4 GPa o]7)el,

5 22 Jo] JeliAe W, drkd A ¥ AR ¢ e =2 Aol
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3 Og——5 Og —— 7 Og —— 9 Og—— 11 Oe
@191.6 Hz

8 B

il .I. L
e
——

i

Voltage (V)
8 o

-80-

-120-
000 005 010 015 020 0.25
Time (sec)

Fig. 4.12 7]¥o] SUS 304= whEolxl MMTEGS] #7174 wislel w& 7§

= Hd =49
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eTxA e 7o mE MMTEGS &9 v3 A9 vlasty] 98, Fig.
4.13 3} Fig. 4.14°14 B = 5o 143.2 Hzoll A 7 Oeql F #7174 WlolA
1 kQXE 1 Ga7ZtAe 9% Hgoz A 9z AY (4D & ZH3Hch
AVE HIHez F718te 1 GQAFA £33 HU A
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Fig. 4.24+ 912 ¥&3 A2 Aol o] tig3te =84 A& &vE =
o mUEY ZEO9 A o|nAE HAFH ) AREAE 154 AXd
0T ®¥Z3 vl Hojd J&< vetdth Z=792  ‘No signal” HHE U
etk i) AREAZE 1349 Eol A2 e W, A== <dsted loT /‘1§7}
oFgl7] wiwo 22 ‘Far’ ZHIE FAIYCH i) ARV 154 &
ot ¥, 2O ‘Near’ AEIE WElWl, ol AZPEE A HIE A
2®lo] ~utE e ZAHA JAS5E Yr|gth wpxHo®E, ‘Near’ AEjolA
v AREAESY] 91X ARV 7 JIEUE F3 ~rE gEoA F EUEY A
FHE HAEHAT (Fig. 4.25). FALW A 1Y BE dAe 534
(https://pubs.rsc.org/en/content/articlelanding/2019/ee/c8ee03008a!divAbstract) ol
ZI5E AT o] Ao ®E MMTEG7E 9% ol Wi wjel2] glo] IoT Al

do] 2R3 AYS ALHOE FRY & ST HAYTH
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i) No Signal ii) Far State iii) Near State
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I‘. Ho Signal
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Fig. 4.24 Ak-8=ke} 0T B 7te] E8]4 A8 ( ‘No Signal” # ‘Far’ ,
‘Near’ )oll sligst= ~ntEES RUE Y 2289 A o|u|A|.

From: wezone <hélp@weron com:
Sent: Th

day, March 15, 2018 5:44 PM
To: gthwanp@kims, u.Lr

Subject: werone - B

Share moments with your friends.
Share a beautiful life with your famity.

Wezon HIZ2 28 HIAl Al

Mr. Lim is arriving at Room 1

Copynight < Vinetech. co.itd ANl Righis Re

in Reserved
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o] A&3E A S TFsI= AR, o]l AnEZA FA Q

A QIEY Al
Z =UHY AFEH 348 Aoy
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39, X FIaE 2457 A8 AdEy 2 FEdd 12 /e A4 (18 g
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aoe] A (4] 3, )7} Fig. 4.28 (A7) AolE3 A Aol FAH Alo]
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siite] glojEgtolofe] AFo =, HYUAlEL 5.0 AS RMS w7 A/
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F3otal, ol ¢Hoje HAROE A4S 3tH (4] 5) ¢F 0.7 Oedll 7483t
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A8 Ve 161 Vol 11.7 pA2l @A FE A3,

_ kol 4rx< 107 TH/m <54 — B
Im= 5.0 A, B= — 5 1A =7.14x10 °T="71.4uT=0.710e (5)

Fig. 4.32= A8 FAolE TXx2 MMTEGS AHFA =¥o] 108 719 HA
ol

LEDE dA%xog destsd A4 A4sd & 9o dehu

_7']_

Collection @ kmou



(a) 1

Current (A)

000 005 040 015 020
Time (sec)

Voltage (V) E
o 8. 8 8

o8 8 8

00 0.05 0.10 015 0.20
Time (sec)

—
O

S’
-
n

—
e

Current (pA)

én

-10

10
Time (sec)

Fig. 431 (@ 3htel sloj=etolol s A3
7. (), (© AL AolEANA FAstE=E nF A7
M 32 [t 9 et

< WY A Aol wF{ A
1742l 2o o3 MMTEG2]
&

Collection @ kmou



L’\ Rectifier

Light up 108 blue LEDs

. .
G020 005905040 ' ® .0 60708

222083508, 30,.0%2 %50 g0 VOO

Vg e2®y5785002000%¢gg 9, %¢

Fig. 4.32 MMTEG®] @8] 55+ 108 7ie] A LEDS] AR

_73_

Collection @ kmou



B =RodMe Ay A 99X Az"e] A¥E TF7] Y8, Ui @l
o3 WIPHE FRE JHloz st= A4S MMTEG Hd dF+E o
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