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°F 100 nm, ©F 20 nm W A] ¢F 100 nm, ¢F 30 nm WA] F 100 nm, ¢F 40 nm W *| &F
100 nm, ©F 50 nm WA] ©F 100 nm, ©F 60 nm W A 2F 100 nm, &F 70 nm W A] ¢F 100
nm, ©F 80 nm WA 2F 100 nm, F 90 nm WA] ¢F 100 nm, F 2 nm WA] F 90 nm, &F
2 nm WA F 80 nm, &F 2 nm WA & 70 nm, & 2 nm WA &F 60 nm, & 2 nm WA
©F 50 nm, F 2 nm WA] 2F 40 nm, F 2 nm WA 2F 30 nm, ¢ 2 nm WA 2F 20 nm,
°F2nm WA 2F 10 nm, ©F 2 nm WA F 8 nm, ©F 2 nm WA ¢F 6 nm, == ©F 2 nm
WA k4 nme 7 A 7] A FA7F 2 0m By gk A5, AV 55
o] & 7] 1 SAtol=rE 9] 8 2 8 dk H 4 FAE UER =
ol &l Ass As] Uebd 4 §laL, 7] 55-G0 Zo-d 53 Y24 E
7] WS AR W s v Be) &) ol =] Al S A ol A A
A=o=2 A7t 5Hsl7] s F3-¢ 2862 7HE 7 gl vhd, A7) d 9
F17F 100 nm B0k T8 745 47 w2 AAE A7) 7] 96tk
AA SR =& AES QI7F et ot 5% H Yol AghE &= A
of .
o] - B3 A2 A o 9lojA,
71 G *J]/] FA R SR8 & 71 0] vl s,
3] A ghE = A& ot d & 59, 7] 54 2o A7) o
271 GO AN EE] o8l 3% Ao 59 v & oF 1 WA] 100: 1, oF 10 WA
100: 1, ©F 20 WA 100: 1, F 30 WH#] 100: 1, &F 40 W A] 100: 1, ¢F 50 WHA] 100: 1,
°F 60 WA 100: 1, &F 70 WHA] 100: 1, <F 80 4 A] 100: 1, F 90 WA 100: 1, ¢F 1
WA190: 1, 2F 1 WA 80: 1, &F 1 WHA] 70: 1, F 1 WHA] 60: 1, &F 1 W #] 50: 1, &F 1
WA 40: 1, &F 1 W A] 30: 1, &F 1 W A] 20: 1, ¢F 1 WA 10: 1, ¢F 5 WA 50: 1, ¢F 10
WA 50: 1, &F 5 W A] 40: 1, <F 10 W A] 40: 1 T= 210 WA 30: 1Y 5= 3

w519] 91 Falelol ol A, 4] 7| Al fl, Felvl, el i
Enra 249 29l o Al ia]u—] =2 (el Hl 2 A 3}o] =) [poly(ether
sulfide), PES] H=1= <5 2] (o & &l H| &| 32 &-¢| ©] E)[poly(ethylene terephthalate) S
Feteh= A 7 o, o]l A gy = A& oyt o & 5o, 7] 7 A7}

= ~
FHARAE BHA A, ot A= BEH o 5 o, o] Alghe = A

2

2ol A F& ool QoA V] B A= LFUFE(AD, 5(Aw), B (PY),
2(Ag), UZANI), 7-2](Cu), L E(Co), H(Fe), L o] &2 2T EZ o] Fo%
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[58]

[59]

[60]

[61]

[62]

St of el Al g = A& ofunt.
= 7 (Au), W (P, S(Ag),

u mo?ﬂ@m&ﬂﬁmwaRLQEM%muaoﬁ%ﬂZﬂgi

o] Fo) 1 el M A B = 2l Eeeks AU 52 o ool AlFE = A
ohu .

=99 d a3l t%ﬂﬂﬂ%@ﬂ@#ﬁ%w%ﬂi}b ARt
TZE 7= A Y = Ak A7) gzt A5 94X 4 7]
AR o) 9} o] A ﬂﬂﬂ%ﬂ%ﬂ%%%#ﬂﬁoTﬁ%ﬂﬂﬂ
M= 2K (cross)El FHIE WA g 2 2| BTk o] ¢ jF A= A o g o]
TEA R, WA A g a*ﬂi AR zupoo] TR
A AN 7] 5L, =) B B A g W) v we) xjel] b7t ld | A =eel
s oz S sia A dshiz v 30 A& ws) v ve] LA OB &
st 278 dlol 8 & ¢ E(read) 3T

2o A 3 Zﬂ87vwwﬂ¢Tﬁ%§@H}tﬂl*Wlkrﬁﬁ
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[6)
i‘j/]‘ﬂ ’“F/]*, T FEAEA 22 e, V] Eev e &
A 5}0] =) [poly(ether sulfide), PES] FEi= Z 2] (ol & @l gz e o) E
[poly(ethylene terephthalate)®d ) ol =
&7 717 AR =2
A e = A2 okt
ol A Aol oA, 7] -t A= R (AD, F(Aw), BT (P,
2(Ag), HANI), 72|(Cu), LLE(Co), E(Fe), R ol &2 £FE= o] Fofx]
Fol A A= 2AE Fabahiz A% 5 glenh, ool AwE = A ol
2ale] o Falolo] oA, 4] 71l Aol 4] S AFE BA e AR
Ao 2= =24 7173 S Z(physical vapor deposition, PVD), 3}8}%] 7|4+

2k (chemical vapor deposition, CVD), 2= B ¥ (sputtering), 2 2~ #| o] A
Z-(pulsed laser deposition, PLD), %~} (thermal evaporation), % A}

2
;O

-,—40

OlN olN OH
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'H (electron beam evaporation), ¥ A} 5-ZH(atomic layer deposition, ALD),
A o] 5] B A] Z=ZH(molecular beam epitaxy, MBE), &< ¥4, 4 o] 5 2]
dEE o] Folxl ol AEE = A4S 3et= Ad 9)\21}, o] <]
Al e = A1 ot}

ol A 7ol lof A, 7] 714 B skt = el B Al 1 51
2, 57 M9 545-G0 2o-d 5 U x=7xAE Edtehe 58 U124
o] At AV B3 Yt 2A S 452 A F o] F(vacuum filtration),
23 5 ¥ (spin-coating), 2> 3 & o] ¥ (spray-coating), % 7L A 3 &1 & (ink-jet
printing), =45 7| 2~ ¥ (drop-casting), J=+= 3.5 8] 4 712 3 (standard lithography)©]]
ol gk Ad = o, ofol A gk = A of T

EOJ/] A @l oA, 7] 3’01*2‘83/“3}3‘ w&S As)

T 7 o= Ao wE5d e, dE , AR =49l
Z(Ag), T 2l(Cu), &F1 (A, & H(Ta), & =-(W), FH H (Ru),
= ¢ B HE (Mo), Y Z(ND), to] 2 H(Nb), BFL(V), Bl BHE (T, B ©] &9
ZGLEE_ O]TO-]X] :ﬂ—o] }\1 A—]Eﬂﬂb :L/\ 2 _J.'o‘]- ]»L‘ 740 3,1 9\)\21}, O]Oﬂ
A gk = 231 of T

Vo] A FAdel oA, 7] ZAAE FAdshE w2 ] v A A
W35} v 2 2] A ol A 235 EF] 54 (charge trap center) & 2 A] 2} 4=
Ao, 7] 2 SAko| = A Bz 7] v A A7 s v 5] A%
Wl A FAaA A 2183 5= Aok Wb, 7] 54-GO Zof-4d 53
U2 A= 7] W SR A s v 2] 2 Yol A HEE ER R F-A A
SO RN Qg FAl AT 9

ol A ool lof A, 7] 1 /\01'7] Ch H
SAPO| = A EE 7Fe] A 74 A Agol o8 A Ut & 59, 7]
HH 2 SHs8E He= 7] 23 SAbol = ER e
tlad o]’ gtomH FHeE AN &, o)A

o
doox

]

O

ool AN A HA7] 4 FEAEL ol Gt AH = AL = o), ol
AR AL oLt
wele] A Pl ol A, 7] F4 2019l 713 ©F 20 nm WA 200 nm

A Uk 7] 4 mole] AT, ol E 5o, & Zoje] FHlel whel
ofn|7p debd o= 9lom, - (sphere) FH L A5 2735 vl shaL, bl g
- AE:el A B dFe AP 5 AU V] 5 Aol AVl A E

=01, 2F 20 nm WA 2F 200 nm, ¢F 30 nm WA ©F 200 nm, &F 40 nm W A] 2F 200

nm, F 50 nm WA F 200 nm, ¢F 60 nm WA ¢F 200 nm, ¢ 70 nm WA] <F 200 nm,
©F 80 nm WA ©F 200 nm, ¢ 90 nm Y} A] 2F 200 nm, ©F 100 nm W A] &F 200 nm, &F
130 nm WA 2F 200 nm, &F 150 nm WA] F 200 nm, ©F 180 nm WA] 2F 200 nm, &F
20 nm WA] F 180 nm, ©F 20 nm W A| 2F 150 nm, &F 20 nm WA] ¢F 130 nm, &F 20
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nm WA 2F 100 nm, F 20 nm WA] ¢F 90 nm, ¢F 20 nm WA ©F 80 nm, F 20 nm
WA 2F 70 nm, ¢F 20 nm W A] F 60 nm, ¢F 20 nm WA] F 50 nm, &F 20 nm W A] oF
40 nm, B 2F 20 nm WA ©F 30 nme = o1}, o] ol A gy = A& ol

w9 A Tl oA, A7) FwE Zo o] A 3] vk A3 ws)

]EF/] A7F9] 54?1 ON/OFF H] &, vfo]of 2~ 2913 gk S ol A = H % <l

2 o, ool AgkE = A& of T
Heol d Fa oo 017\1 371 GOAEE o& FAdd do] F7= oF2

nm l Fd 4= At ol & 7] o] FAA= ©F 2 nm WA 2F 100 nm, °F 4 nm
WA 2F 100 nm, F 6 nm LHZ] °F 100 nm, ¢F 8 nm WA] ¢F 100 nm, F 10 nm W A
°F 100 nm, ©F 20 nm W A] ¢F 100 nm, ¢F 30 nm WA] F 100 nm, ¢F 40 nm W *| &F
100 nm, ©F 50 nm WA] ©F 100 nm, ©F 60 nm W A 2F 100 nm, &F 70 nm W A] ¢F 100
nm, ©F 80 nm WA 2F 100 nm, F 90 nm WA] ¢F 100 nm, F 2 nm WA] F 90 nm, &F
2 nm WA ¢F 80 nm, F 2 nm WA ©F 70 nm, ©F 2 nm WA &F 60 nm, F 2 nm W A
©F 50 nm, F 2 nm WA] 2F 40 nm, F 2 nm WA 2F 30 nm, ¢ 2 nm WA 2F 20 nm,
°F 2 nm WA ¢F 10 nm, F 2 nm W A] ¢F 8 nm, ©F 2 nm WA] ©F 6 nm, == 9F 2 nm
WA k4 nme 7 A 7] A FA7F 2 0m By gk A5, AV 55
HoE 7] ad ¥ SAel = g7 Y o A TS vEh =
olg Y e s As vEbd o glar, AV] 4-G0 Zoj-d B3 T x2AE
7] WS AR W s v Be) &) ol =] Al S A ol A A
A=o=2 A7t 5Hsl7] s F3-¢ 2862 7HE 7 gl vhd, A7) d 9
F17F 100 nm B0k T8 745 47 w2 AAE A7) 7] 96tk
AA SR =& AES QI7F et ot 5% H Yol AghE &= A

olu}.

Hol g FEdo) oA, A7) F4-G0O Fol-d B3 b=z A ol glo] A,
7] = Aol HAde) 471 GO Ao FARG S8 2 23 o] uhE A s,

“1H]Eo] 58] AghE = A2 oyt ol & 50, V] w5 2o AV o
371 GO A EEC] o8l 49 Do Tl vl&-2 oF 1 WA 100: 1, 9F 10 WA
100: 1, 2F 20 W =] 100: 1, &F 30 WA 100: 1, 2F 40 W =] 100: 1, <F 50 W #] 100: 1,
ok 60 =] 100: 1, &F 70 WA 100: 1, F 80 W =] 100: 1, F 90 W #] 100: 1, ¢F 1
WA 90: 1, F1 WA 80: 1, ¢F 1 W% 70: 1, &F 1 W =] 60: 1, F 1 WA 50: 1, ¢F 1
AT 40: 1, <F 1WA 30: 1, 9F 1 W% 20: 1, 9F 1 W #] 10: 1, ¢F 5 WA 50: 1, ¢F 10
WA]50: 1, ©F 5 WA 40: 1, 9F 10 W %] 40: 1, == oF 10 WA 30: 19 5+ )
ool o F-3 oo 01}\1 A} 7] B Vb e 2 A S Alof] AR A o)

A E W, 7] AR A =2 F(Aw), WPy, 2(Ag), HANI), 7-2(Cu),
AL E(Co), (Fe), EF1F(AD, R o| 5 ZJHER o] Fo %l el A A H =
EAE L8k A = o, ool AldhE = A ol T

Ao d ol ol 7] B8 U2 A 5 el B A S
FAst7] e g o 2= =84 7] S ZH(physical vapor deposition, PVD),
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3} 814 7]/ < ZF(chemical vapor deposition, CVD), 2~ B ¥ (sputtering), 2 2~
Al o] A FZh(pulsed laser deposition, PLD), %% (thermal evaporation), 7 A4
%4 (electron beam evaporation), ¥ A5 Z- 2 (atomic layer deposition, ALD),
WA of 3 B Al F-ZH(molecular beam epitaxy, MBE), &9 374, 4 o] &<
Z3EF o] Folx Fo| A AEE)= T A4S 3= A }1 o1} o]o
AFE = AL o,

2419] 9 Faleol) loiAl, 4] WS 4G skl we] 2 22 o)
TEE A= A g 0 3 i*u} T2 2l 925 B4 )9
A=efel g o] 8} o] A ¥ o] af5ol A8k 5= JH 9 sHF- A = el o]
2 (cross) FEIE L H 25 ou| gt} o] 2] gl A& 2An) o] o]
A, W5 A A% A8 v 24 A2} ojdo] T
51, o] A A G WS e 2ol 7bt A AT ekel e
o2 ggsii A dats v S A s} w e el dlolE =
A A dolH & ¢ E(read) dh et
Holl thsto] AA o & o] &ato] FU -4 4 o2 d A7), 317
—“5:%91 olgf & 57| ¥t o AlEh= A, o] o] 5]

L. 5 H=23] 0] (AuNS) 2| &4

A Ed o) B o8l #1d H(citrate-capped) 2 7 55 nm2] AuNS7} & #] ¥
WHHLL, 1. F; Tian, X. D.; Li, S. B.; Anema, J. R.; Yang, Z. L.; Ding, Y.; Wu, Y. F;
Zeng, Y. M.; Chen, Q. Z.; Ren, B.; Wang, Z. L.; Tian, Z. Q. Surface Analysis Using
Shell-Isolated Nanoparticle-Enhanced Raman Spectroscopy. Nat. Protocols 2013, 8,
52-651°1 up&} Al 2= A} 29FsH, 0.01 wit% 9 3} F2k(chloroauric a01d) —rf-’“ oll
200 mL7} gt whe Sk ol 7R 1AL, 130°C7HA] 7R E AT L 5
wt% g A ECIE 14 mL7t 7] 7FA® G Aol w27 "7 AL, 30 2 7&
WREE QATE HE A 02 X5 P A4 9] AuNS & o] 5 H AT

2. AuNS@GO9] &4

T LAl =(GO)7H 4778 ¥ Hummer RS 0] &-8Fe] 941 Al 25 9l
GOE ol&3lo] 7] A Ed ol Ed o8 718 ¥ AuNSE
7N 3} (encapsulate) 3} 7] 13, & ¥ Wl [Hong, J.; Char, K.; Kim, B.-S. Hollow
Capsules of Reduced Graphene Oxide Nanosheets Assembled on a Sacrificial
Colloidal Particle. The Journal of Physical Chemistry Letters 2010, 1, 3442-3445]°l|
oy sl], stz GO Rl o}Rl 7] & vl ¥ o] ' (decorating) & S A
A E A aofshd, 248HE H =5 A2 ¥ 50 mL GO & ]
N-o -N-(3-tho] u| & o}r] =3 2 )7} K t}o] o] | =
] E] .t} o] = [N-ethyl-N'-(3-dimethyl aminopropyl)carbodiimide methiodide, EDC]
500 mg, °ll & #lt}o] o} ¥l (ethylenediamine) 5 mL, X E 2] ol €l o] ¥l (triethyl amine)
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1 mL&} 37 4 A1 ZHEQE ukE) Q). Aby] Al g AuNS7F AR E] B 9la1 1
AAE A AR BAF 3o F o] 3}k Eok

oFstAl aHkE e}, 7] Aol o &) A §do] A4
o] (residual) ¥H-&-E0] A 7 ¥ 931, AUNS@GOE =53 5= YA THE 1a).

3. 8] 3] 24 ReRAM U] u}o] 2 2] A %

Aol gk W 2g] 1 #]2] 10 7] 2] = & A H}(crossbar) ¢ #| ©] 7} PES 7] Al of] A]
A ZH Ak 100 mm 2] Z(width) 2 50 nm®] 57 (thickness)Z 7}2 Al &}
=0l 0.1 nm/s9] T4 45 2 106 mbar2] $FE ol A A& Z2hol] 2 &)
A ZE e} 7] Al 5HFE H=o] Aol e AUNS@GO E &8 29 A Y 57|
A UV 2F(ozone) S ©]-8-3Fe] 10 ¥5F AAHEH AT <F 40 nm 771 & 713
“Jol gk Bt ©] AuUNS@GO E E-°] 4 % (layer-by-layer, LBL) A}7]
Z H(self-assembly, SA)E ©]-8-3Fo] SHE A = Aol 60 Z 5 <F 1000 rpme] 2~
g o) ol A 2= A} 100 mme] F H 50 nme] FAE 7 Au g A=
2}Q1E 0] 106 mbar Y= el A 0.1 nm/s9] F3F S22 A& F2H Yot 7] 5
A5 AAES AL A el sl 422 wjEH o], 100 x 100 mme] 24
% 9 (active area)S 7HZ #] 22| H A 9] o] o] & FE3IUTHE 1b 2 1o).

4. 54 &4

471 AuNS 9] GO €& 54 FA317] &, vt A g o] of 7] 3hagol A,
HORIABA Jobin YvonE ©|-&3to] =55 At 447] 11 3 Ej= 5%

.= (tapping mode)©°l] 4| Dimension 3100 scanning force microscope (Digital

HatE 5= GO & 9ol WAy
1
o3 ]

Instrument) 2 A} 2} & W] 7 (field emission scanning electron microscopy,

FE-SEM)(JSM-6700F, JEOL)2 ©]-& 3} =}7t= §1w]| 7 (atomic force

microscopy, AFM)®l| 9] 3l] Z2ALE] QT A7) A28 tlvle] ~9f [ 7] 4 54

HES A A] 2= ¥(E5270B, HP4284A, 2 Agilent Technologies)& ©]-&3}o] 5+

sholl A 4 = AT

5. 2% % &4

(1) AuNS@GO 573

1) S AR o)) o) w1 w3 =223 o (AuNS@GO) 7} AuNS 2+ GO
G

[e]

PN T

A

T

1 E 2k} A 27 (electrostatic) & 2180l 71wk} A% 9t} 4 717]
Az gol 7]ubstel, Al E o] Eol o3 71 ¥l AuNS7F GOl 2] &

134 5 T} TEM o] V] 2] (5 3a)0ll LHEFd v 9} 2o], AuNPsi= BRI & o] Q3L
2}

>

Z(long-axis)2] 2742 50 nm WA] 60 nmo] It} Lot F-o8f a1

-k (yltrathin) €1 22 1 A E 9} A 3+ A 2 31(rough) 558 2 (crinkled) 57 ©]
AuNS oA WEs] #2 AL, o] & °F 51me] GO ¥ F7&
YEMH AT =712, 2 nm WA 7nme] T4 & 7Fx] o] $ GO o] 3t
A 2 ¥ A TH(E 4).

@G GO A 9-oF vlatste], 4] Al A 22 AuNS E AuNS@GO
NPs2] 33} 54 o] 2ALE AT &= 520l Y EFH vle} 7o), GO A& X385} =
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F3FeEA] &= AuNS 9] UV-Vis 5 =B Edo| A @A gk Z}o] 7}

AT}, 5 5b3= 630 nm ¢ 7] Slel| A YA EE = GO A E, AuNS, 2
AuNS@GO NPs®] e}vt ~F E )l & ehf a1, & 5ol A 5 719 7 24
3o RE ) 2 grt AHEo A D-ME W GUHETFFE
B2 A} ~1350 cm 1o A 2] D-l == gufo) Eol r24 AshAa, Bre)
el A f s Ak, ghH, 2l sp? BHA A1) By, BE ol A A&} - 4k(first
order scattering)©] G- =24 W ¥ ~1580 cm 1ol A I A E 5 A1 F T GO
gtk ~FE oA D-IE 2 G-WE=7}F ~1337 cm! 2 ~1595 cmtol| A ZF2+
2 ¥ At} AuNS 2] % Shencapsulate) F-°ll, T 7] 2] 57 4 31 A7} o 1 3]
FEE 5, D-ME 2D G-ES] A= T A F-+ ¥ o

(2) AuNS@GO®] AF-AAA-V) R =94 54

=223 o) (AuNS) 7} GO el 23] 28 ¥ 31(% 1a), & 1bol] e nl9}
o], ReRAM Tl H}lo] 2o 4 &A) F-7 2| F-(active dielectric layer) & 2 A
& Tk AuUNS@GO ZF°] Ale] HE ¥ PES 7] Al o] =& 7] 2~E (drop
casting) ¥ S TH(E 3b). AbA Zehz=mt A7 Fof], JF A=202X4 Au
2 E g E(strips)©] S 7] (evaporator) & ©]-&3Fo] F2E AT & 6a= A E A<l
AF-HAHI-V) EA S Ve 3=)], o] 714 AUNS@GOFEFE A =%
tlufo] 2o af Gali= -V AR 52 2] o] 5 A 4(hysteresis)©] =
AR} A7) Az H vlnpo] 2ol A A - 5 A (low-conductivity) OFF 4 Elf of] A
Zsto], 7] A Q7HE = A skol F7EEkel whelk A48 Frtskal ok
6b). 7] A= 9F 2.5 Vel "-2(turn-on) 1 ¢to] =& w7}x], v
FA A |- el M, A7 A= 108 A ol 105 AS = A 3
S 7Fa A AL (2= (sweep) 1), WHEkA] A]-H 5243 OFF 7l ol A
31-7 5 A (high-conductivity) ON 73 B} 2 t]ulo] = A o|(7] & &4, write
process) = WEFA Q1T /7] ON/OFF H] &2 9F 1030] AL, o] A& &L Baly
GO W ®.¢] Hufo] 2 B 7] sfo] B el = A| 2~El 9] Zrol H A gt} 4] ON
A= 9] ol B4 ol Ald FAE 7 AT 2 2 3). A HE
2~ (positive sweep)°ll A 7] ON A E & ¢1-& Fof], 3.5 VY S8k &2 713
FEAE| B ulo]o] 2 2 9(24] 4 A7) ON G HIE 27| OFF JHl = ¥ =4
NS F(A 5 37, erase process) XL Z1FSE 4= Q1 31w} A H] 3] A
A 71 = (rewritable) W] 28] t]v}o] A& Q| 3l "] E-8] E(read)-A] 5" Aol E &
ehd et 4= AT AV Hl B Hube] 2= A E e & A E 7H R E
25 & YER AT & 6coll A 7] Alo]l &2 F 2 (pulse) Aol Eoll 4 ON 2 OFF
e A AA S v glo], 7] S (write)S A3V, HEE g1y, ¢
Aes A -35vVe A2 A 2E W 2(1 ms B2 ) E ARSI ¥ 2
tlulo] 2~ 2] OFF % ON A H] 532 1000 2714 1 Vel 94 [t ~Ee 2~
stell A A2 7hsshal /P st 6d).

AuNS@GO*9 ¥ F7] a#E ZALsHY] 913), A7 tlufo] 29 [LVEA o]

R
we

2|

N

.
‘

[}

H
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AuNS@GO A GO 7 2] 38 ZALE AT} 5 7a L 7bi= B4l = (active
layer) & 2 A1 A 3= &=, AuUNS@GO2] AuNS 2] 8k GO 772 nm ©]&}) &
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