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L Si/Si0,/Ti/Pt AF N HE K, >R FRG 45 Wk 5
il Pb[(Zrg 4sTig52)0.07Nbg.03]O3 (PZNT) A,
W 2 130 W, kS SR 0.5 Pa, Ar:O, 2K
90:2. % H L WAL X PNZT 4T 4% Ak b
P, 7R T M BN 10 VB IE Ul B, I
PR 10 min, 75 3560 45 Ak T ) A B 3 i A
K H#GE A £ CulnS, QDs, FRE 0.75 mmol
T R R (In(ac)y, 26 99.9%) A1 0.75 mmol (1)
WAL 4R (Cul, 265 99.0%), INAZEA 30 mL i
Jiz (C1sHg;N, 4l 90.0%) 1) = FHe N . ZEmS
AP EREIAE 140 ¢, BENRE QR KR
1.5 mmol By R FEHRK (C15H5N,S, 4 98.0%)
A 2.25 mL — 2Kk (CoH,,0, 4 90.0%) %
H, 76 80 °C T AN, AR5 AR A = SR,
THISF SO 5 min. B SN B IS BTV A 2w R,
A B EEFF LA 9500 r/min BY%E B0 3 min 55
CulnS, QDs ¥y K, F H A FIE O ke rh 3 2 5 15
. BT IECLER) CulnS, QDs %k 43 jie
URTEIE MM AL | 7 A AL ATEH ALY PNZT 35 I,
90 °C FHALI 5 min, KRR IESINEAE CulnS,
QDs I _E kS Au BB, S5F AN 1 .

Si/Si0,/Ti

1 CulnS, QDs/PNZT RRAM %5 ¥4 7% 3 &
Fig. 1. Schematic diagram of CulnS, QDs/PNZT RRAM
structure.

2.2 MXFRAE

FH X BHEEATEHMY (XRD, X! Pert Pro, PANa-
lytical, Holland) & fE PNZT A1 CulnS, QDs
() RS AE). A, SR 40 R0 S e W e
(HRTEM, JEM-2010F, Japan) iF CulnS, QDs ¥
TOIESL. S &Sl T W idE (FESEM, Zeiss
Ultra Plus, Germany) % PNZTW# L & CulnS,

QDs/PNZT 8 IR 2% 1 M Wi A 7B R AE. R
FHEAM G THERE (UPS, AXIS SUPRA, Japan) Fil
AT IR0 (UV-Vis, UV-2550, Japan) Xf
PNZT 8 5 i e O s 5 Bty 45 /) a7 3R AE. R
Hi Keithley 2450 i CulnS, QDs/PNZT RRAM
F A PERE SRR e M, I —0.1 V, i
JERK it A 1 ms.
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3.1 CulnS, QDs/PNZT £ & EEMH &
R EFSRAE

[ 2(a) & CulnS, QDs i TEM K 1%, w] IL

CulnS, QDs 2 FIrHERR 254, HERIEE R 47

&l 2(a) H 03 8 J& CulnS, QDs AY R SF 20156 B 7

&, w5 RS QDs RoSF¥—, 254 5 nm. [&] 2(b)

4 CulnS, QDs i) HRTEM &4, ¥ i B 52 i
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Fig. 2. (a) TEM image of CulnS, QDs (Inset is the size distribution histogram of CulnS, QDs); (b) HRTEM image of CulnS, QDs;

(¢) XRD pattern of CulnS, QDs.
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Fig. 3. XRD pattern (a) and hysteresis loop (b) of PNZT film.

s S 20 W ) 45 B9 CulnS, QDs HAT 8 i 145
B, QDs 1Y ff k% S5 8 R BE R 0.301 nm, X A T
CulnS, QDs #Y (112) fiE. CulnS, QDs 1) XRD [
EanEl 2(c) Frs, HAE 27.58°, 46.81°F1 55.23°4hk
A B A B0 XRD A7 5 45 5 0T AR v
PDF £ J (ICDD: 01-075-0106), =N fii 5
355 CulnS, H (112), (204) F1 (116) FhIATFENTY.
DL gL, Hl45 A CulnS, QDs ELA PY 7 A %
At 45 H.

[ 3(a) A PNZT ) XRD Ei, 7] WL PNZT
W ELAT DU 7 A S EK 4544 (ICDD 01-089-8266),
Fofme =W T 31.05°, X F PNZT [ (110) #hif.
&l 3(b) 2 PNZT fHL R A2k, 7] Il PNZT s
AR T A AL EE ) B 31.0 nC/em?, Bl
584 11.6 kV /mm.
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1 1Y) FESEM 4%, R W, CulnS, QDs JZ /&1
81 nm -4y, PNZT #EZ K 104 nm. PiE AL,

AR, QDs K280 H I B L. & 4(b) M
PNZT ¥ % 11 i FESEM K%, 7f W, PNZT
BB 21805, SRR AR RT3 —. &l 4(c) M
% CulnS, QDs J5 PNZT % FESEM &%, QDs
TE PNZT R TR 52 5053 0o A, Jo ] i Y T 5.
&l 4(d) /& CulnS, QDs #ERITER 53, A I, Cu,
In Fll S = Fh 50 2 ¥ 5) W43 A /£ PNZT i fE 119 2%
I, D455 3R B CulnS, QDs HEEC 29834511
B/ PNZT Wi L.

3.2 CulnS, QDs/PNZT E A HEHMATE
14 BE RAE
Gy BITEAS R A AR ZS 1) PNZT 5 F iE vk
CulnS, QDs il % CulnS, QDs/PNZT & 4 i,
LV IR &l 5(a) FiR, FF &R 1 B 5 L
&l 5(b), Bl 5(c)—(f) 434 CulnS, QDs RRAM
FTEHAL B IE U Al T CulnS, QDs/PNZT 24
TR BRI AP, AT UL CulnS, QDs/PNZT
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Au
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QDs 3 532 11 70 2 53 A 4]

Fig. 4. (a) Cross-sectional FESEM image of CulnS, QDs/PNZT RRAM; FESEM image of the surface for (b) PNZT film and (c)
CulnS, QDs film; (d) surface element distribution of CulnS, QDs film.

S W L BUSUR A B AR SR, ZEA IR AR T
T AR AR, ARSI WA 1.

F 1 AlFEEFRIBAZPERE
Table 1.  Resistance switching performance of the

different devices.

T AT
BNV Kk

CulnS, QDs RRAM —4.5/4.5  3.4x103

T ALPNZT /CulnS, QDs RRAM  -5.6/5.0 1.7x10°

EA#ALPNZT/CulnS, QDs
RRAM

f I ALPNZT /CulnS, QDs
RRAM

MikHTT

~6.4/5.7  1.8x10*

~4.1/34  4.8x10°

Al LLE 1, PNZT @ 5] A o] DL & 42 &
CulnS, QDs MYBHAEFF I H, JF 36 o A A TR i)
Ak FIABAWALH) PNZT WS, T PNZT
A By 1y 4 M, CulnS, QDs/PNZT & 4 v &
HRS 1 LRS HRAS 1 e BEAS [ R B b o, I 5GH
FE B 38, {H BHAS R G F i i T 24 102 1E [ 4
fb PNZT J#5Ad A5 T 56 o PRt — 2B 4 v, [ sl 44
= T LRSARAS M, $:3 CulnS, QDs/PNZT
52 A W PH AR T G L S iR A, A7y b Ak DU i 75T
S TR ] B, EEZ H CulnS, QDs I IT,
[ - FE A T CulnS, QDs/PNZT & &K LRS
R, S EPHA T C ik — 8. B

5] A PNZT 2k H AT LI 23 CulnS, QDs BJFH
ARPERE, T AR PNZT B4k 5 ) o] LR 9 2
A AR B AR 1 RE.

3.3 CulnS, QDs/PNZT E A HEHMA T
IR RAE

CulnS, QDs RRAM f4 - V 2R BRSO
WK 6 fir7s. &%) CulnS, QDs 4T HRS KA, 24
TR T 0 V #1-0.9 V IX[RINRT (Slopel),
HHZERRLRE 1.04, B 15 VUEL, |8 TR S
HLAT o Y I R AR F-0.9 V #-2.2 V X [a] i}
(Slope2), MIZLHHLE RN 1.99, FINH 15 12
BIE H, B L L sZ SCLC S ML 4% 4k
LEM MR E 2.2 V #]-4.5 V X [E] K (Slope3),
M2 LA RN 3.07, Bl 15 V307 iLFE I, %
W LR R A352 SCLC SEH L. ik 28I 5CH
JE (-4.5 V), CulnS, QDs #EA LRS IRZ, 4sitifn
FL R AR L, RASRAR, ilZk (Sloped) UG
RERA 1.05, SERGRE (SET) i3, #8124 CulnS,
QDs RRAM 4bF LRS A, HL L A Wi B ML
fil. ZEE A (RESET) i #& 1, 2% CulnS, QDs
AbF LRS AR, RIAE IE py it fin i A A 25 ek 28
ARAS, BERTIZE (Slopes) BIRFR N 1, & &4
H A F AL 325 S OE [t i e ik 31 4.5 V
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QDs RRAM 7 ¥ 52t (d) otk (e) Tumt b (£) iEm LAY CulnS, QDs/PNZT RRAM 7 3 £33 (4 181 Ay it

T4 K e 1)

Fig. 5. (a) I-V curves and (b) SET/RESET voltage histograms of CulnS, QDs RRAM and CulnS, QDs/PNZT RRAM with the dif-
ferent polarization orientations; (c) cycling stability test of CulnS, QDs RRAM; cycling stability test of (d) no polarized, (e) nega-
tive polarized and (f) positive polarized CulnS, QDs/PNZT RRAM (Inset is the applied pulse voltage).

if, QDs P& HRS ARZS, Akl Jin i ol FE AR
JE, RS BRI R 5.0—3.6 V IX[a]H}
(Slope6), WLI I5 V273 BLIE b, Ud B s i 3
K% SCLC FH ML B ARSI PR IL R 3.6—
0.5 V X [a] i} (Slope7), I'5 V192 g 1F H, FH I
B FL R i SCLC ML 35 24 R 0.5 V FEAIK
2 0 VI (Slopes), MeBrBery iy 1.12, £F
AW S L. BEEH Y CulnS, QDs 4bF HRS
Bk, FEL AL R SR L K SCLC MLl AL R = 5.

K 7 AR AL T CulnS, QDs/PNZT
AR BE NE A FR LG k. Al 7(a)
iz, fla ik B CulnS, QDs/PNZT & 4 i
FEPIRE AL F HRS R, 76 0 V #-0.5 V X [H]H}
(Slope9), J& TRRM S ML MHEA 205V
#-3.0 V IX[A]} (Slopel0), W& 7(b) Fias, ek
FLA SR R InT 5 V2 IEH, #HEHE S
TR IS T & BRI 32 AE-3.0 V #4101 V
X [8] (Slopell), J&F SCLC SHiALH. 4k 2| IT
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Fig. 6. Fitting curves of CulnS, QDs RRAM during (a) set process and (b) reset process.
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) X

&gk ERIL T CulnS, QDs/PNZT RRAM (e) %
WA M2

Ed K (f) Slopel8 BrEx iy L& 4L, (g) ZALid #2 & (h) Slope23 BBy

Fig. 7. Fitting curves of CulnS, QDs/PNZT RRAM under negative polarization in (a) set process and (b) Slopel0 stage, (c) reset

process and (d) Slopel5 stage; fitting curves of CulnS, QDs/PNZT RRAM under positive polarization in (e) set process and (f)

Slopel8 stage, (g) reset process and (h) Slope23 stage.
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Fig. 8. Optical performance of PNZT films: (a) UV-Vis spectrum; (b) optical band gap; (¢) UPS of PNZT film; (d) secondary elec-

tron cutoff and Fermi edge intercepts.
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Fig. 9. (a) Band structures of PNZT and CulnS, QDs. Schematic diagram of the interfacial band structure of CulnS, QDs/PNZT
film: (b) No polarization; (c) negative polarization; (d) positive polarization.
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Abstract

As a new type of non-volatile memory, quantum dot resistive random access memory (RRAM) has
attracted much attention for its easy preparation, fast responding time, high storage density, and smaller device
size. CulnS, quantum dot (CulnS, QD) is a kind of excellent resistive functional material with abundant
electron capture sites, high optical absorption coefficient, and high carrier mobility. In this work, CulnS,
QDs/Nb:Pb (Zrj5,Ti43)O05 (PNZT) films are prepared by spin-coating CulnS, QDs on PNZT films. The results
show that the resistive properties of CulnS, QDs RRAMs can be effectively improved by introducing PNZT
films and can be controlled by changing the polarization direction. The CulnS, QDs/PNZT film in the negative
polarization state promotes the interfacial electrons to enter into the PNZT film, which will reduce the height of
the interfacial barrier and the thickness of the interfacial depletion region. And it will reduce the resistance of
the composite film at the low resistance state (LRS). Compared with the switching voltage and resistive
switching ratio of the pure CulnS, QDs film (10%), the switching voltage of the device decreases to —4.1/3.4 V
and the resistive switching ratio increases to 10°. Furthermore, it maintains good stability in the 10% cycle
durability test. In contrast, the CulnS, QDs/PNZT film interface has a larger barrier height and depletion-layer
thickness when the PNZT is in the positive polarization state, which increases the resistance of the composite
film in the LRS state. As a result, the switching voltage of the device increases to —6.4/5.7 V with a resistive
switching ratio of 10* The resistive properties of the CulnS, QDs/PNZT film can be tuned by changing the
polarization direction, as the polarization direction of the PNZT changes the interfacial energy band structure
and affects the conduction mechanism. This work reveals the feasibility of using ferroelectric thin films to
improve the resistive properties of quantum dots RRAMs and thus providing an approach to further developing

RRAMs.

Keywords: CulnS, quantum dots, Nb:Pb(Zr 5,Tij 45) O3, resistive random access memory, interface regulation
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