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Fig. 1. Schematic diagrams of molecular thin filmsembedded with NPs for devices named as: (a) Embedding;

(b) core-shell; (c) buffer layer; (d) sandwich structures, respectively.
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Al/PVK/Au NPs/PVK/AL %4 [8]; (g) Al/PI+In203/Zn0O NPs/ITO #4]; (h) Al/PMMA+ZnO NPs/ITO [18] gf}:

Fig. 2. TEM images of (a) Al/PVK+Au NPs /ITO [26]; the inset represents the Al/PMMA+ZnO NPs/ITO devicel7];
(b) Al/PS+Au NPs/Al B, the inset represents the Al/PCm-+Au-Pem NPs/Al device 401 (¢) Al/PI4+CusO NPs/PI/Al41];

K2 9 F & NPs ¥ B E S A B
071 (b) Al/PS4+Au NPs/A1139],
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(d) Al/PMMA /USG/PMMA/A143]: (e) Al/Alqs/Ni NPs/Alqs/Al2Y; (f) Al/PVK/Ag NPs/PVK/A1Y); the inset repre-
sents theAl/PVK/Au NPs/PVK/Al device [8); (g) Al/PI+Ina03/ZnO NPs/ITO [*4]; (h) Al/PMMA+ZnO NPs/ITO [!8]

devices; respectively.
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phenylenevinylene]) (7147, (b) PVK (poly(N-vinycarbazole)) [72); (c) P3HT (poly(3-hexylthiophene)) [36]; (d) PVP
(polyvinyl pyrrolidone) 461, (e) PMMA (polymethylmethacrylate) [36]. (f) PS (polystyrene) (697, (g) PI (polyimide); (h)
PVAc (polyvinylacetate) [56]; (i) Algs (Aluminum tris(8-hydroxy-quinoline)) [73]; (j) 8HQ (8-hydroxyquinoline) [69]; (k)
a-NPD (N; N-bis (1-naphthalene)-1; 1’biphenyl4-4”diamine) [70]

Fig. 3. Chemical structures of some organic molecules mentioned in this review: (a) MeH-PPV(poly(2 methoxy-5-
(2-ethylhexyloxy)-1, 4-phenylenevinylene])[71’47]; (b) PVK (poly(N-vinycarbazole)) (721, (c¢) P3HT (poly(3-hexylthio-
phene)) 361, (d) PVP (polyvinyl pyrrolidone) [*0]; (¢) PMMA (polymethylmethacrylate) [26); (f) PS (polystyrene) [69;
(g) PI (polyimide); (h) PVAc (polyvinylacetate) [°6l; (i) Alqs (Aluminum tris (8-hydroxy-quinoline))[73]; (j) 8HQ (8-
hydroxyquinoline) (697, (k) a-NPD (N; N’-bis(1-naphthalene)-1; 1’biphenyl4-4”diamine) (701,
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Algs NNTHRZ EMERBEIN T, =48
¥4 I 1 IR I [ DA AL N RIT AL—O B 45 4 601 g3k
PR TR R, FE BUR G 5
RE T 4y 1 5 ) S 0 R AN AR SR B
BB K Ry, 7 PR AR B R B AR 98] Ouyang
25 121 %2 B 24 Al/PMMA+8HQ+Au-DT NPs/Al
bt 1 PMMA Al Au-DT NPs, 1A /N1
SHQ B, %A B 5 1 PHAR R, 102 B Ay it
— WA JE, AT 8HQ HOMO ) HE13k15
TR DT 7+, N Autk. Bij5 8HQ
I HOMO #5543 3 78, SHQ A Au 43 )71 1E HFl it
H, TR PR FLIg, EH U BT SR 199), o-NPD
NE N T2 AR ZE AR, {H Park 25 7O B 58
a-NPD Hil Alqs EA& # K, o-NPD F5] ANE3E
PEEIR FIERE R B P4, UiBH o-NPD 7E iZ 28 &
PN T Z .

03 A B oy A5 R R R B 2 B R
PRI 2. Ouyang 25 121 23 5 I PMMA Al
PS A Au-2NT NPs 5 K3 — & T < th A #H
7], fiff B PMMA 1 PS ¥ 0 48 Zx # kL, X4+
Wi LR EZEN. Park ZPRAHREKT
Al/Alqs/Ni/Alqs /Al Z84%, KILHZ Alqs & JE 4
25 nm I, JFOCRe L f i, BE LS L 3G, &8k
TR ORFFPE A VLRS- 5)2 B 2 i 3
PRI Toge, JRFS SCLC A #A A S ALER 1) 52 5 J5 5%
M. %20 79 14 T a-NPD/Alqs /Ni/Algs /a-NPD
A, B o-NPD Fl Alqs JEJE, X E T AL 145
) S JEE N 2 A F 2 REPE I 2 . R BB o-NPD
JERFERG R, R ATAR e 3 BRI, 26 o-NPD 3k
JZEERI AL Alqs 2RI, Lo FRAR = 4E
WIEAT, Vi o-NPD B 3 S1E .

®1FHNBEN T TOMERAE

Table 1. Energy band and physical properties of organic molecules.

¥ LUMO/eV ~ HOMO/eV  Band gap/eV W VA A BRTFERE B RE
MeH-PPV 3.2 5.4 2.2[74] AR R 10~6 78
3.0 5.3 2.3175]
2.8 4.9 2.1176]
PVK 2.0 5.5 3.58 N NI {3 105 176
2.2 5.8 3.6177]
2.5 6.03 3.53[78]
P3HT 3.0 5.1 2117 £l 103 10 [80]
3.6 5.4 1.89[79]
PVP 1.6 5.9 4.3 VNN — 160
PMMA 7.2 0.4 6.8 119] A T E <1012 105
PI — — 3.51 IR 10713 250—385
Algs 3.0 5.8 2.8173] — 10~ 7I81] 175
2NT 1.5 5.9 44 T 2Tk A R — —
8HQI74] 1.9 6.1 4.2 2B R e DRI — 150

B, AT 45, NPsRLAR oy Ay 17
R L A1) % 5 A A, oy R R R NPs o5 PE PR A4 1
AN T %o A6 9 O O AR A 1k B A KRS, JF O L
e Al 2 T AN E . W 4, SRS T
P BB FE SR LL A /N, T 4R 24K o L 5 HF 5%
e s, AU R MAFAE T 4> A ZnO NPs
AR I [5285,15.67) - Ay NPsRAR7E 5 nm BAF, BR
Au/Alqgs+Au NPs/ALZ8/F B Au NPs 75 K il %
A, HAKEE AR 2NT, PCm 5l DT Bt 4 7 5 4k

SFEANEE. Ouyang %5 112 FH PS LA, 51N
AR/ T SHQHHT S A 5, JFR it m—
NG, Vi BRI/, 1E# A PS+Au NPs i
BRETF S HLER /& 2NT 4 7 [ fL T 5 Au NPs [A] 1)
HLf 6 7, 51O\ SHQ 454 5 L tmf 54 4% R A2 76 SHQ
5 Au NPs i, i SHQ 45 H T 66 /1 5, Mg {71
L. Lai 1 Chen P4 AN PVK MMEEE[F E 1)
7R ER AR T A T R, Algs AR 1 A
FE A LHE A L Af PR A7 3R 5 R i (841,
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—a— Vi, -pT O F1010
5 4 O Ionjoit ]
<
D) Ji08 2
£ o4t £
o
8 s
=t A g
2 A {108 °
m
= A O O E
= \%A —-DT
O 3104
oL ZONT eva. —PCm
Q 72NT 1 1 1 E
PS PS+8HQ Alqgs PCm P3HT PVK
Matrix
[ 4 ANE 5 F A3 Au NPs § Al 8 Au/poly+Au

NPs/Al 2% Vi, F1FF 5% LE L 52 (eva.
%)

Fig. 4. Comparison of the V4 and on/off ratios for
the Al or Au/poly+Au NPs/Al devices with different

organic matrixes (eva. represents the evaporated Au
NPs).

6 NPs 38 % ¥ FE e 2 45 [ 09 521

6.1 NPsfhEpI5200
2 2 9 NPs Fh 26 %F Alqs /NPs/Alqs = B ¥ 45

Fon Au WA R

Kfileg, BRI AL 4RI A2 1072 1107 nm/s
&K NPs fl Algs. LRI, ALHE Au NPs #8144 ]

B W R BAR, PR, A tEami, 23R
N Au NPskife/h, 5 F o5 ) Hoh ok
K, HERAMEHZEE A REF IR E £ 7 prag 2o
AL 10 nm AR (301 8 5 1 5% Eb 0 10° B
EHERD(~1 V), EFNNERALG KR
ST KR 29 2.0 nm 247 AT, SR R K
i, Algs T3R5 2 B REERE 5 ALOs 522 5
BEN AVZ BT 3R, (88 F AR MRS, mT
AL O3 I 22 4EH, AT9KEZ I T A g ik
Bt )5, AR R TPIRE. Lingk BY
¥ Au B 3RTE Algs H, W] HLE I E mik 101K, A
N AU Algs BT HOMO Z A # 0.7 eV, 1%
s JEF HELAef 2 8 Au NPsAE3R, 1 Au | % B A 5
B A, WO N R 1) HL 3% B F 3R R A R AR R
. B ZnO I 7 #R TR BN AR 1.4 eV
#ze HH T Algs I HL T I2HRF 1 B Algs B BR A
A, Algs/ZnO [A12 T8 B R Z, [FRE=
255 1.15 oV PO BEAK T Al Alqs IA135 22, #MOT
FEEER /. NiZE RIS NPs 2 2 i — 2 1)
At P BB 1F B B A HLEE AN B . Park
& 10V N AE B HLZE A NPs 18] 5] A5 M2 vl 4 v
KUK, P R EUB IR 42 8 NPs 2 38 in {5
B [

®2 AF NPs X EL ALY ERRERTTREAR R L Algs /NPs/Alqs ST AL R
Table 2. Effects of NPs materials on switching performance of Al/Alqs/NPs/Alqs devices grown on various substrates.

Theez NPs if% /nm JEE /nm HEME PRI BERE/V O JPRRE
Algz/Al/Alqs 15 50/5/50 ITO 102 — — [85,86]
20 50,/10/50 10° 1.0 3.5 x 103
30 50/15/50 102 — —
35 50,/20/50 102 — —
10 50/5/50 Al 103 2.7 — [10]
Alqgs/ZnO/Algs 30—60 70/1.5/70 ITO 2 x 10* 5.5 103 [67]
Alqs/Au/Algs — 50/2/50 Au 104 2.4 1011 [84]
Alqgs/Ni/Alqs 9 25.5/10/24.5 Al 7.2 x 103 2.0 103 [22]
36.5/10/35.5 5.5 x 103 2.2 250
— 35/10/35 Al 5.8 x 103 1.9 5 x 10? [70]
NPs [a]ff 4—5 30/10/35 Al 103 2.2 5 x 102 [21]
Algs /MoOs/Alqs 30 50/5/50 ITO 2 x 102 2.1 100 [42]
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Z MoO. A
19} o3 .
g VAN 4103
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0.4 0.8 1.2 1.6
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Bl5 NPs/fmsr T S B NS 20 24 S 52
Fig. 5.

NPs/polymer interface on the switching performance.

Effects of the carrier injection barrier of

K5 9 Alqs /NPs/Alqs # B, NPs/#& 7 1
) R 7 VR N B 220508 # AF T 5% R 1tk 1 52 e e
B NPsIj & B i i/ 3K 5 5 8 ZnO
(4.19 eV 1)) Al (4.3 V), Au (5.1 eV), Ni (5.15 éV)
I MoO3 (5.65 eV 57), Alqz FJ HOMO A 5.8 eV, H
W RTINS 2N H B TR, BEE
WENS L2, ST G i, TR a9
KT 5 Algs [0 3 22800K, e LA fanis L1 7
o0 IR B K H &2 U RE A IR R A 3R, R I DA 5% L AL B
{\NTITPA = /=0

Al —H WL 754 [F 4 J8 40 NPs 5 & 4%
PR 2R YEAN ], W PPV & A TiO, 5 ZnO NPs
AR, RTE B O e OE A 4 A NDR(f 4073 e
BH) IR, BA XU A TF S RO, T 1E 2 i) 394
Al,O3, CeOq, Zr0O, 8 Y,05 5 PPV H & E A
NDRELG, A5 XU P AT KA i 2 2 L

T b A 12 A g 18

XPPVK T &, HR3FE 6 W, A [H
NPs Ja =AM BEAENLEEH A E. Aus V9T
N Coo MHATHEMH T 50T, WAEAB T2,
M PVK Al E AT 451K, 2 KA B
L, SAE TR AR 599072 Hifn, GdQCs, H
Ceo fFHHLTREST 58, 3050 KA G i 4%, L a3
(T R LR Vi, 05 0 M1 190, 5 28 A A0 Hh i
73R 5 RO, ) L TH] 34 22 0 4% S5 RE 4 2= RE 1A I
b, SRR [38] H Al/PVK+CIS/ZnS NPs/ITO K]
FF % b i F A 4L BTl Galn/PVKA4-NiO NPs/ITO
A DU DO RUAFERR AP AL T i 74K, AITO
BEBR N B B 25 X 75 B 2 ZinS J2 313k CTS, #oe HLi
BT Vi, 6 . AL TiO, NPs I B i TS e
L2 HJAEHME LATE 1, B LA T4 5 2S, WOR HLIR
AR

O 510¢

Threshold voltage/V
® w
R
OVD
O\}j
>

5 5

on/off ratio

o) 4103
1
G

6 A NPs % PVK L35 LA I R R s
Fig. 6. Effects of NPs materials on the ON/OFF ratios
and threshold voltage of PVK composited films.

%3  AF NPs St PVK 38 SR et 1 sz
Table 3. Effects of NPs materials on switching performances of PVK composited films.

NPs % E NPs}ift/nm 7 L/ Rtk SCHR/A BFMA/mm? KL BERE TFRALEE SCHk
PBD* 120 A A1/ITO 10~° 0.0314 5x102 0.45 ES GER iR 2 o A LT
Gd@Cg2** 50 i Al/ITO 107 0.64 104 1.5 [90]
Ceo HRPUEmRm  Al/ITO 10-8 0.16 106 2.8 [72]
Au-HilE 130  1.5—6.5 LiES Al/TAN 10710 0.04 10° 3 [92]
Ag 100 R Ag/Au 1010 — 108 4 AR SR [16]
Au 100 2—3 R Al/ITO 107° 0.14 4x10° 0.7 [26]
CIS/ZnS 3 GBS Al/ITO 108 0.07 3.9x10* 3.1 [38]
ZrOq 10 ] Galn/ITO 1076 — 7.5x103 2.4 [91]
NiO 27 A Galn/ITO 1076 — 5x103 2.1
TiO, 60 20—40 TEE Al/ITO 10~ 1! — 10° 3.4 Mzt 5]

*: 2-(4-tert-butylphenyl)-5-(4-biphenylyl)-1, 3, 4-oxadiazole; **: &J& & ¥4k
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6.2 NPsKE MR ZaI2 0

MR 4TI, NPs il £ 77 2O 8844 I 56 52 0]
AR, LR BRI AR A 2 20 NPs TE R &
S PRI A0 AT, T IS4, Son 25 17 il 4%
TS HI I PMMA G ZnO NPs ¥ 28, &
MNPsIRE N 1.5 wt% B, FF R iR, BIME &
BN HEE ML, Tseng & P21 YR T ZnO gkt
JEFIPMMA 2, R ILFF SRR 2 1 J5 IR T i a2 7K
WRUTR NPs 2 {80 I SR EREE 3G I 48 O 5555 1
A EL S, ZnO 9K B S R A, fH5¢
HEL U8 K. Ramana 25 5] F1 Son 25 (93] B F NPs ]
F TR AR R, BT BEER 0.5 wt% B ZnO NPs
FMPMMA B &Y, KBLNPs kA%, J5#& 4 H
1 wt% [ NPs JEAT 525, #01% NPs 5 1] fg K 4
A%, SEF R HFEME102 £ 4. FHPVP 4 Hl 4
O wt%, 4 wt%, 6 wt%, 8 wt% 110 wt% [ ZnO

NPs, i JEITIC L e 3 K S5 9D, T DR 50 e WK
i AH 48 NPs [8] 70 V7 F A i o, 5 850 BELAS B v ot
& 529 [FARE, Dao % 181 & L ITO/PMMA+ZnO
NPs/Al %% 1 NPs : PMMA = 107° £ 0.2
A HH K. Ouyang 2 1210y Al/PS+Au-2NT
NPs/Au #1F 4 NPs B 5 FF L Vi, R R Bl
NPs ¥ J&Z Tt i, Vin 36K, 2438 5 o NPs K 214 2|
PR, 5 b 43008 Au-2NT, JF IR #4748 i
AL AR AN Ih 8 J2 2 8] [ FL A 47 3R 5 80 Son %5 9
F Dao 5 1181 43 551 B BR 2k B e 3 Jit A0 3 771 4
Iy R 4% T RI4% 10 nm BL T B9 ZnO NPs, ¥ LA
1.25 wt% iR FE /) NPs B HE T PMMA #1, A3 JF %
t4)10%. NPs B 42 H ik B2 L, Das 2 %)
MK Heg/CdSe NPs/Hg #%14 I-V 55V J5 K BURL %
M 3.5—8.7 nm MK, W BRAL A, L5 A A ) 42 22
TN, WO HLTLEAR, R K.

#4 RF ZnO NPsKEXT Al/PMMA+ZnO NPs/ITO ${FIF S48 E IR
Table 4. Effects of ZnO NPs concentrations on switching performances for Al/PMMA+ZnO NPs/ITO devices.

LI R Fif% /nm il % 7 i gl TR Vin/V SCHR
1.5 wt% 5 TR R R i — 5 x 104 1.25 [17]
2.5 wt% 5(HI%R) — — 102 2
1.25 wt% 5 P B A R e — 4 x 10* 1.25 [94]
1.25 wt% 9.241.4 R R ] 104 3.2 (18]
1.0 wt% 60£10 — 2- L HE O 40 4 [93]
0.5 wt% 60410 — GiES 103 0.5 [20]
— 150 x 1000 Frima Bl + KR K 4(%%?0&%) z [45]

6.3 SEIRLMFIEERIZNE

Ouyang 25 21 7 T Al/PS+Au-NT NPs/Au
A A b Ty fie 2 R PR R BE AR R E H R RS, R R
FE20—160 nm A, 518 s [ IR J5 3G n 52 2 1 T
o, AR AL L H AR RN T 8 JZ 18] A7 76 1) FRL 17 6 8
T, TR N FL AR S S N KL A,
e JZ 45K o NPs JZ UOAR R B2/ T10 nm B, T &
RORASE S50 4, AR A Y4 8 B4 e Ak
P R K RBOR R, #4028 R B L R 25 7 AR
KR 7, 2 TH R8I 0, S 8 1) SR T 2 R
PR SR RLR AR &, U R 2R TH A R4 2 Mk
Kao 25 07 4% 7 Al/Alqs/ZnO NPs/Alqs/ITO %%

1, HNPs H &4l ZnO ¥y K728 K PTAR 1.5 nm K5
i3, #i4830—60 nm. JR ¥ 7 8 W &R
NPs 7E Alqs 2 FAFE R, 5.5 VI Vi, iz 5 T [
WA, 5 Al/Alqs/TTO 284F Vi, L1121, Reddy
2 3580 i ¢ T Al/Alqs/Al/Alqs /ITO #4F, &
PIBE Al Y22 H 089 % 20 nm J&, JFo2 L2638 K5I8
/N, E10 nm A E KL 10%; 1E# N, BRI
AR FAMIES —Z411.52.0 nm JEH) Al O3 44
5%, PO AL E B /N T 4 nm B, KR4y
AL, MDA R AL/ Aly O 155 55 W4T 3K FL A7,
WO G ELEL /DN, 2 AR KT 10 nm B, 2B 0%
SEi AL, I FA7 3R B AT (1 NPs Ji b, FF 2 L [
B
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Kao 2 O W58 T ZnO 7645 LR A 47 X6
T L LR M. SEIG R, fRIE T Z Algs B R
140 nm A2 KB ZnO NPs FEUL ITO/ Al ST
i, JFOC L sk 104 HRME B R B, k2, T
SURIBEAR, BIE IS S BT, R AT RE S 2 R
25 10 ALY SO A HLZ, B RN 1 LA 17 3K,
2 7Zn0O NPs FET Al AR, ZnO NPs Fff il 43 #i
Al Foxs2m L farig i, {22k ZnO NPs Fl Al HLK
Z IS8, BOFRMEA R, SR, AEANL -4
J& - LA B RAF I G, a2 M Bk
Sk, AR ELL &8, RIARIE NPs R 81T 5
&)@ A, JRET A A TR

TN I BELRE JZ AT $ R e ) G Kim 2 1)
#1457 Al/PMMA+Cgo NPs/Aly03/1TO 281F, H
T A5 IR Al Os 1E N BHRRZ, &I R N P42 5
TR, ELTE AlyOg 235 Loge /N, FFoR L s —

MR

6.4 NPsZ&KEXMERIZN

NPs Z 2 80 TAZ 3R 5 R, il i 35
R KB, 2 FEUEERIE K, 7% NPs
F M DA/ R R P, BRAR R T8k, o
PR, Xie 25 DO BB IR SR Agh 1 %
T Ag i MER ZnO NPs, AgE N2 RAZSR 055
T ZnO NPs 3R, 2 AgiRIE N 0.2% I,
S A T P A A PRI W] B4R . Shi 2k [46]
FLYTIE S % T SiOo 21 ZnO NPs, JéiR 3T
PVP b 3 BECHDRE B 20 1 nm, 0T A ot 1)
i, H st R T 9% b T 20 386 K 2 102, {3 ] i
700 s HINF] 10 s, Pi B NPs 2ot o] $2 5 NPs 2 B
PR 2 25 R/ B A % I ST o A ) R T
Chen %5 P74 ZnO 9K #E A  IAE K7E 15 nm BR
R Au NPs Efi, 5 PVP IR &5 iR i, JFx
4 x 103 47, Vin 292 V. AEE N ZnO gl KA ]
KWL PR R LR T AR 3R B 2 R T,
Bi 1k Au NPs [2] 558 s FL 8 BE AR, AT 38 5 28 2 11
FAAEREE.

7 [HA&ALE

7.1 SHEMm

A AL BE A L 0 3 A 22 LB, SCRT A
Ja& < SRS AL AN B A 2.5 X1 K L BE T HL IR

T 386 00 A O8], bR R RE R & B R T R
J A M 4 8 NPs 7] /g 5 504 @ 4l 22 (T i 19, 4]
2SN 22 22 NAEAE & B B e Kon T s ), —
H DX B AE T8 2 A 41 22 A R TR R T TR SR AR
Ak, T 4 B A 22 A R R T ke, HLR R RO R —
FFEULL D00 BRramL 5 E SHIB L RETAH
ML, 1 Al/PHEMA (58 9 25 T4 0% R B ) /1T O
AR PETT FH 4 JE OB A 22 R R LT O3, & Jmdn«
SRR B PR AR S R R P ANTE R, Bk
Y1 22 1A T2 15 T 24 ) 5 R0 3 v UL T 2R S 0 I AR
P o o,

FEEPH AR B R AR E B R AR R R T S
EE, Ay R A A R SR A RS L
WA H PH BT B S AT R AT L e R
PVK+TiO, NPs# i/, TiO, NPs & PVK i fii
BB 2 5 B0 AL AN 22 T R SRR S s P
Ak S R A I A BRI i g 2 )5 T B A,
MW, 2RAEIR B = BHAS. Colle £ (1921 F 4 5 7Y
LLAMNBIEFAE AU Al/blue polyspirofluorene (1
%)) /BaAl # A E AR, R UG FELAS I 2848 A
B RIIBEH L, 1 B A BEIE AN R, Bl e
ALY, DA A BE A AL B2 I T T A AL R AR AR AL 2
N ATGHZZ AT RS 5L, Maenosono 26 18] @ it 55
53 I S R B I Al/PMMA+ZnO NPs/ITO
A, R PLPHASHLEL 2 AM I L 8 ZnO NPs7E L
T R [R) SR AR TR R LB E TS T Lin %5 99 %
Al/PCm+Au-PCm NPs/Al 2% 447 Yo U AE W
BRI, R IER A 2 T JORAS T 5 HLE U A7 7E B
LIS, AT RHLEE S Au NPs FEBFREZ 1)
HWafR.

7.2 HEEMFIRERN

Simmons 1 Verderber [ $ 1} 7 MIM £ 28 1
IV il 2 i) SV ALY, I\ A 5T )= v A7 £ F 7 45 5
) 2% o1 e 2 AR B B e 2, SR AR 4R AT IR,
NDR X i e T, H Aar 4% Béa B 47 3R T 1 5 M & 07
Ie) A S B 2 18] HL g, DL B 2 TR =X A7 7E T B B
LR BRI RE. Scott 25 11O R B Al/Alqs/Au
NPs/Alqs /AL Z8 114 (1) B 22 5 PR B A RF & SV AR AL,
ANFZ AT IRFEBFREZ T Au NPs HH 44 B RER T
By A B is SRR

B B AT A7 A T AR 5 A B A T K& Ow
WY H. Au/PMSSQ/Au NPs/PMSSQ(% H

017101-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 1 (2017) 017101

B RE £ 2F A br)/Sias R UOMIR B X B T
H13E 75 4 SCLC ML ¥, B Si F1 PMSSQ ] f 5
[ I A NS Tl o NGl e
SRAE & ST A A 3 1 Au NPsH.  H &
T Vi, B, Au NPs B BF A (6 B for K B R K,
SR PE 4%, Chen F1Ma % NPB (N, N-
dinaphthalene-1-yl-N, N-diphenyl-benzidine) 1 %%
43T DCJTB (4-Dicyanomethylene-2-t-butyl-6-
1, 1, 7, 7-tetramethyljulolidyl-9-enyl-4 H-pyran) 3t
ARZEITO I, 745 Ag B, K IUAF it Fe 1 2
M Ag R4 Bt A LY 5% 2 ST B BT K,
TIE ST 38 0 B IR R T R T ORI, ek ar T
WRTAE N BB 3 A, 25 o6 BBk A, 5 Al
S JR 18] B 8 R RRRS, FlL A7 A 5 7 3R, Paud 25 1107
P 8 HEIEIESE T Al/PVP+Ceo /ITO #54F i B
MIAEAE, I v FELAS B BRI Coo VWG 2, TPk
B IR G Z R B JFE AL, AR FEF Coo 2
TAFIR B TR, 1E#H H Si02/Si AR, Xt il
AL 5 B PVP B C-V KR, KILATE Vin
291.3 Vi Ja & LI, k0 R CHLE N
HLFF% %F PVP 24 Coo 123X ATEL.

Son % PO 78 7 Al/PVK+Au NPs/ITO %%
P A LT AR IR S . Au NPs B 20 o6 501K T
PVK [JHOMO fe 2, RTHRAERERE. BT f 1
ENB R EL3.2 oV, MUE TS, 5 SV Ak
A, Au NPs 2 5 PVK 7 B A H 501 24 R e 42
W i 318K, DR AS BRI T 23 50l 75 & UK W SCLC
A TCLC ##4E, SCLC A TCLC i F2 43 51 15 AN 8
T BT HOMO Re 28 4b 25 S SR AT 8. 3 2 vy,
i, AITO VENI 2 70k JG 3E N E IE 1 HOMO #g
S, FIR w7 17 FN BE 28 24033 ) Au NPs /1, %
BHASTE . it n— & f i 1, 44 3R 1 25 /U )
P B PVK H 9 B FN B % 4% 1 2 1TO, W H
k.

0 HEA 5 2 FH B A SRS WA D AR BRI )2,
B Au, Ag fl Al1%: 4 )& NPs 4b, &S A HL/N
51 F0 Coo 553907 FHAE AT 3K s Aar BRI R B Mood-
ely 25 PV 2 T Al/PMMA4-ZnO NPs/ITO %1,
R FRHUER S SV HLEEAS [, e 0 1F i s Bk 5
% ZnO NPs B B B 78 NPs Al PMMA 43 71 4
1E HURD 6 R T RS AIT B 3% 1) AR TR A P 4 (]
H13%. Hong %5 3% T-1TO L Jigi&k PVA #lp & PPy
NPs VB & VBTG 7855 Al F ), 455 KRB NPs R

SRR, BT AARRR R R 2 AR A HL T 2
PPy NPs{#3K AT A 51 KB R, TRIK
BHZ. Kim 25 19176 Al/PMMA+4Cgo NPs/ITO %%
PRI T FAR AN T RE S (385 0 Al, O BEFR 2, IE W
TH TR FNBE 5 2 Coo MBI, 2B BF
W ey v PHAS e A RBEAS, A HL I B I 43 25 5
PRI B, it 0 S v e e 2200 HL PR Vioge S, BRI T4
3R HL TR 2 PMMA F1 Aly O 8] 5 5 45 ST
Ak, Af IS A RE M SRR B, Sleiman 5 100 35 i
7 PMMA 0, 35 B BE i 49 K 8 (CN'Ts) 7 JI5 7 PHL AR,
HRAE 4> o 20 22 A5 8, (1% PELAS I JR) 357 5 P J 3 . o
FLAef LR A% i, (R o 2 AT CNTs R,
TRHME TR Ji B 2 BEAS WM 1) AL AR At 22 AR
TFIRHLE R Ay FLAT A2 3R 5 B, CNTs A 9 B
AR AR B 2 1 PMMA #5 2 [ H 1

BRI 23 iR B B AR B B, bl TR0 A6 4 e
POK BE AR T BB O BB G, WA B BT L B A 22
FEAR LA 2 N s T Ve I, SR BER T
Bea B0 RE R, TR BRI S 4, NS R T
A E BT, EICPLAREAE. Kim % 107 &+
SCLCHRHF 52 T Al/PMMA+SnO, NPs/ITO %%
A v g ik B AN A0 AT -V R PR s, 3R B IE
J& i o A () SCLC B AL, 7

H, E — E)?

nE) = o[- E] )

Hrb, n(B) NWEB AR, Hy NESFEBFEE, B A

BHARRE, o0 NGB L, 2B b St 45 AT & 1

T RGBS, BB PRCE I 2, K

AN, m A IR IREBHCEE 2
7 ER A U Vi, 80/, ARPHAS R ANAE.

Hauff 2 1081 | SCLC# & #l & 7T

Au/MDMO-PPV/ITO # £ ff1 J-V M 45 R, &

I v BEL S /)Ml s DX A 0 o e BT 25 2 43 A, B

_N-N; [_ E72]

exp [—

9(E)

= exX
V2no P 202
Ny (E — Et)2
P [ BB
27’(0} P 20’1;2 ( )

Hp g(B) NEEEESA, NNBEEE ol
HOMO 1715 5, Ny iR B R, B 8- BE
B, oo NBABE AT RS, IX 2 R AR T 1R I B
158 I3 B 23 A7 AR 28 R R T A v B AR A B, 3 B
J-V KA.
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7.3 HEER

W R AEE LS ZARPDRL, 23T CHLEE 2
RS2 R 5 BB . Ouyang 109 1£
Al/PS+8HQ-+Au-DT NPs/Al 88 fEHE 78 4R i 7
FEL A B RS IR 2, AN SHQ AT Au NPs 43 il A H
TR AR, BRI R B A, AT
SHQ # 2 % Au NPs, DT ] B 1l # fif [ )i &,
A ORFEFIRAS s it — 52 B 1l i e, FRLART s 1)
F B2 2o F 1 B s P A, PVK A3 PBD i [89)
FE A 37 5, PVK F1 PBD 7] 4 35 o 17 i 7
B 01 o T N T e NG e [ s L]
L3, HRIH — 30 4 4 B3 Wit BH Lk o gk — 25
N, BEEF A R B, 2w R 3G AV, B, PVK
W T RS R S RE R PVK M PBD [H] #4322, #F
A PBD 1) LUMO ¥, i 7% AT 48K
A3 AF T FE IG5, M BHASFE N IRBAAS. 10 Song
S A YR N 2 FEPVK I HOMO
. LUMO T #, {4k 56 BE A 42, I A5 60, 2 25k
Jo T L .

H A7 % F% B T Kk ZE 7E HL AR 5 NPs ] 5K 4 1
PR, Xt Al/PS+Au-2NT NPs/Au a4 jiti in 1F i
JE, N HLH ALRIARIE NPs 43 94 1F BF1 47 H, —
HRAAMENEB. AuBE K5 Au-2NT NPs
] TG HEL 7 BE R, ALS NPs 48l 5 3% 7 9E %k |y
Sk 0 Liu % 1508 ITO/PVK-GO (% AL
F R AL AR, R IE B Vi, B, TR T
P HAL AT 55 2 11 T 20 PVK 1 HOMO #E X GO (1)

x5

LUMO #UIE, i i GO BN sa b, 41 8206 i1
TR TG X i R A7 SRR R Ik 4% I
BRI A 28T R S, ARSI M R A AR,

8 LIk % el 1

X RS REAT 25 Ay S, a6 g W e A R PR AR
BRI AT VP4l H LA PR RE. BT 1k 2R 25 47 1% 52 &b
K4k, bl — Mk A R R PR Al Cu sl
Au g 20081 IR TR B 58 YR 51 45 g T
L MR ZHE S TREY, K
G WU AR R B R S 10 5 4
JBR 98 A L RS B o TR A 6L RS R R
JRIEESR. il /e 35 van ) % A I 2, BE i HA
K FR B2/ T i A A A e TR e A
K, MRS B K B R s S 4h, R A AL 14
RE ATV SR 204 & R M F P 3 R I 2K,
OLED JJi 3t if Wt i % /5 K T 90%. W W5
EPFERAR AR RE N 5, PEN (RE — WK
. —FE R, polyethylene naphthalate) f1 PET (%
X2 ZHIR 2, RS, polyethylene terephalate) i%
IKRAR, Mk 2 Hos ) 17 PET leAAR, (Hifif b
i 2 V8 o a FRER S HIAR YL, PEN A
ZEHHUR T PET BI2R R, $& 1 1 NI, H G e
PEANR AR v T PET U)ol my B 36 A4 k)
A, PES (IABE, polyethersulfone), PT (FEEKIL[Z,
polyimide), PC (ZikERE:, polycarbonate) Fl PEI
(SREEEK I, polyether imide) .

TRMIERIERE

Table 5. Thermal, mechanical and optical properties of flexiblepolymer substrates.

B WRHLIEE /°C 58 /MPa R/ MPa T 750 BKE/% BE/%
PET 68 200 44 EZ4 0.35 88.2
PEN 120 93 588 iR B Bl P 2 0.1 85.0
PES 225 111 2600 AN B P 71 0.54 88.0
PI 250—385 170 3000 AN B P 7 2.1 91.7

T LG Y RIS, P R AN 5 P
AT, IR N ), SRR R A
S MR, YA AT RS REBA
VI (1201 ) — J RS0 AR [F) 242 NS A AR =2 11
RAFAR[F. Jung £ 121 5F PET 3£ i 1 47 88 )75
JEHEAT 3 mm %5 H BRI ShE SR, KILN

5041 I R EL B 23 3 5 8% A160%, AN R
SR T = ol N YR X VR s A kol NRE VAN
Gy e AR BRAL, WA I A S A i S AR O 2 AL
{5 AR, 10 Tseng 25 1221 Y Xt PES 348 /)
ZnO+ AL B N 25 23 7= A2 5K R AR ) 3K i DA i
W A B A [F T8 Chung 2 1121 Al Onlaor %5 [129]
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SEIG R, N AN RS TT O B AR /.

B A T I K T DL — 8 2P AR [ R AR e R 2
B Bl (a), 8555 BO7E R AL A 4 S
SRR, BT R T G HE S
Son 25 124 %3 PMMA £, 3 47 843 5 2 8 5L i o
RS A 22, A1 57 24 (T 70 B0 2 ) AT 51 G 4
22 55 B 2L, A ATT R 9 1 i B PMIMA /F
S5 05 /PMMA JE, %5 97 £ 42 10 mm I JF 5% L i
4.4 x 108455 1 x 107, iz ] FHEFE %% 7
JE £)127 um ) Al/PMMA /USG/PMMA/ITO #%
£, 10 mm AME AR T REF6 h 5, TP 1 % 10°
S E 5 x 100, 2547 J5 v LA & LU X log (1)-
log(V) #Z1GK, YN 4 7 BLPMMA BEZK
H B BEE A OR, 2R % 4. PMMA:PCBM
HEWHBAE 10 mm ZBHrE2T, Vi, BICHITRE
P LA BRI ST G iR A R e, &I
P T ) B g P S, AR I 100 IS FF ORI
2. AN NPs J5 T, ST 2 ik
fi&. Yun 2% 31 %f Al/PS+CdSe-InP/ITO #1443 5
BEAT 20 F1 10 mm ARy, TFIRLE MK 102, 7]
HEVEW T 12 E N, ZnSe/Al/Alq; H K
BTG A RIS, FFOCLE P HERT 1 2.7 x 10
Ik Bk B2 A5 L 119 1.9 x 1040250, 1ff Tseng % 11221 %
WL 7 242 X Au/Parylene-C/Au NPs/Parylene-
C/ITO # A 1 H PRS2 M A/

B A T 0 AR R R TR R B
M. Yan %5 1200 5t g%+ PET b PMMA /P3HT
AP I 0.5% % 1.0% HINAS, i 758
HLENG N b, B 5 AR EALNA 1T 2 546
FHTE. AN [F] A28 i AT A4 % pe-Si/SIN, /PEN
A PR BEAT 5 T, R IR AR 1Y R, T R A e 1
i, R = 5 mm B FF G K 28%; R = 15 mm
I, BEOR RF I 18] 9 K, Vi 6 SR AL R R T
R = 1.5 mm W, JgH A A 8N, R4k LN,
Ton 5 T RN 02710 [R]— 2L 12 F 897, A5 HLE A
PR 2R R I A T O LA . R A
X 75 2 25 T 11 e S K 11 8 T P AR T ) A U
B 127 R SR

B A B BUK 55 23 52 R A A R
Y. Fan 2 128 % Ca/Al/P3HT: PCBM/PEDOT:
PSS/PEDOT: PSS/PET %% {4 #F 47 100 ¥k %5 7 5
B, RDLT AR 2 AL B SR S RN B
BMSA K18, J M FFIRE D S E

AR S R B, T RE 2 Ca i Mk, X PEDOT:
PSS/PMMA /P3HT/PET A HL & 74 & 2 41 500 IX
Ja, FIER RN T R, s S dk 120 Ma-
hajam 45 1291 i it 58 v i 4% 7 (0 3 Ag 4 K 28 1Y
PETHJE, BIFHE R = 12 mm Z 7 1000 K i
LIS G R %, R = 6 mm Y BB K 1.5 4%, $393#
RG] AR AL, B AT, EARBITIEN SR etk
B AR o 8 B () AR TEAT R IEAT T — 58 IR R, HR 7
S IFEENA LI T HIBEAE . AR5 R LT A,
N5 AR T NPs RF RIS A7« BHAS HLE AN A bl X
AT AU 1L R 2.

9 HWEHEEZ

g5 b, AL T AL NPs BH AR 5 K 2% 1 £ L
U Pt Btk /N R LS T /NPs S
SRR R R 2 —, B S
HLJZ 18] T 95 42« < Je FLAM 28 R I A TR R 3 IO
J S LA 22 L AN 5 T AR B 1 S R AR AR R
SN, oy T NPs R 254 1 200 B 1% 5%
AN G =28 VLR R 2 v A v PHL S 3R 1 1
BETT ST SRRV, w4 A HLETF G HA Vi 1)
=T R AR TR A BUE RN BN
THCAR G, BC AR NPs (8] ] 7 A4y B1d7y, 30E T 50
FREBRIT R, B E NPs TN EJE . &8
AAEANND T, Au NPs BA RS/ A#
JRASRE RN R BRI R 585 TR W1 ZnO NPs
WHBIRKIZRETER, AT 5ANLD T8 BEIR K 57
%42, 1REIT R BRRESN, NPs 704 S il BEXS
R S BEL AR R A 5 i AR OK. R 28 B ) £ NPs I
)R BTN, e BRI AK B, A2 A AN
RS T A JT ) 23 3 B NPs X 8001 1 4nig 1k
PR X F B RN, ST R PEAR 2. 50 71
JiE NPs JEIT R L2 T B HE, 3 R gi 22 FL A {3
IR RO A A 5 = K38 Dy sie Il KT AR 1k
BH AR A7 fifi A1 582, 6 81 2 AU N0 7 1 s
PLUUT R 1) KT B IR 4% e, Teik sl
KRR B3 A 5y 375 e FLR )R AN
515 2) S RUZ IR L R HL AN ) S U,
A A8 P a7 JBE 4 T BRI 3R 5N R %5 3) NPs
FEABUZ P oA AR ) J, AROKREFE BRI T 7
B FR A A R PR AT 25 RO TT SEVE 4) kb B 2%
LA HLEE (K T B, Rl A1 5% a1 Bl / v it 2=
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Abstract

Resistive switching of molecular film incorporated with nanoparticles (NPs) has become a hot topic in the infor-
mation storage industry, which is systematically reviewed from the aspects of electrodes, film structure, NPs, switching
mechanism and mechanical properties. There are three sorts of structures i.e., layered, core-shell and complexed films,
in which the film thickness affects the device charge transport and switching performance to a large extent. Usually,
higher on/off ratio and lower threshold voltage can be expected for device with less-conductive active layers than that
with more conductive ones. As a key factor, the interfaces of electrode/organic and molecule/NPs may largely affect
the switching performance. It is shown that the type, size and distribution of NPs and molecular structure govern the
interfacial behaviors, which in turn influences the switching mechanisms including filament formation/ rupture, charge
trapping/ detrapping or charge transfer. For the case of filament theory, it may be ascribed to metallic, oxygen vacant
or carbon-rich model. The as-embedded NPs can be classified as metal, metal oxide and/or carbon-like materials such
as Au, Ag, Al, ZnO, TiOz, or graphene etc. The Au NPs show distinguishing features of little diameter, high chemical
stability and large work function. On the other hand, the metal oxide NPs may form deep interfacial barrier with the
target molecules and thus improve the switching characteristics. Small molecular-weight organics are also studied as
embedding materials complexed with polymers as to strengthen the switching properties, and charge transfer is believed
to be responsible for such an enhancement. Except for concentration and diameter of the NPs, their distribution in
the active layer critically influences the memory behavior. The NPs can be made onto the molecular layer in-situ by
vacuum thermal evaporation of different metals or sputtering deposition of various metal oxides. In such cases, the
thickness of the deposition layer is a key parameter to obtain good switching performance. Although great progress has
been made for static devices in small-scale, it is crucial to develop roll-to-roll manufacturing, precise NPs’ distribution
and dynamic mechanical properties in order to fabricate large-scale, low-cost and flexible memory devices. It still needs
hard work on understanding the switching mechanism and engineering the interfacial properties of molecule/electrode
and molecule/NPs, especially under bending conditions. New techniques should be developed to fabricate organic mem-
ory films embedded with NPs so as to avoid the problems of pinhole, effects of solvent and dust normally existing in

traditional spin-coating films.

Keywords: resistive switching, organic thin films, organic/inorganic interface, flexible electronics
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