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Abstract

In order to study the nonlinear optical properties of Graphene and molybdenum disulphide compo-
site materials, Al,03/MoS;/Graphene composite film samples were prepared by magnetron sputter-
ing method, liquid phase stripping method and vacuum filtration method. The structure and mor-
phology of the materials were characterized by SEM and UV-visible spectrophotometer. The nonli-
near absorption characteristics of composite films under different conditions were tested by using
the open-hole Z-scan technique, and the nonlinear absorption mechanism was analyzed. Test results
show that the wavelength of 800 nm laser pulse energy 800 nJ inspired and wavelength of 1030 nm
800 nJ excitation laser pulse energy, composite film samples show the saturated absorption proper-
ties, and as graphene and molybdenum disulfide composite film markedly improved nonlinear ab-
sorption effect, it shows that the composite film has better than separate graphene and molybdenum
disulfide thin film of nonlinear response. The Al,0s/MoS;/Graphene composite film sample pre-
pared has a good application prospect in ultra-fast photonics devices.
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1. 5|8

BT JUAE, 4R ERAPRE B T R 1R ' 27 R F 23 1 ST AR FE AT 2 AR 7S, A SR IR TE 2004 4F
{1 R fgt 38 o ARG SR 1 1) 7 Y T e 3 LA e IR A R B, R IR PRI FIE RN 1.5 x 10
em®/V-s, UbAh, A SRIETE 58 I BB R H A H DR AR A 6 s R B LRI R B2 7 x 10° em ™! [1]-[6]. {HA
SR 1) A BR PR 1) T AR TP OB N o T A A M R 4 EIRB . SR H TR
FE AT L6 DX Ry S5 A T 51 T B A TR O R . AR oz —, HRlRMEHE MoS,
(R 4271 BRON~1.29 eV, (HZFEFH MoS, BRI KA g B I Ay Bt b ELHE T B i A8 SR IR 42 B, Al B
i LI K EI~1.9 eV [7]-[12]. I H MoS, N2 JZA8 3 2|/ EZ I 5 3 F A oA JZ s, 2 SEH 17
FEHUIRIIEE MoS, T AN e I 52 31 [ REAE IR U 0 LA SO BUR G IR ITRELE . Wang 558 A AE 2013 4 [ I
T RAH R B VE R B S PRS2 T MoS, 49K, I HdE i WD z Sl H R S8 T 29K i BA MRl
FEPE[13]. Tao 48 ATE 2014 EEHESL T MoS, /£ PMMA AR (RO FRIERF [ 14]. Zhang %5 AFE 2015 £
FL T MoS, M AT WG £ 4P I mT i AR U 1 BB 15]

FEIXT T AR, FRATIE I B2 ek AR A R 255§ % 7 Graphene/MoS, 4K & & #E, IRk H i
o Bl B REAR IR VE T 45 10 ALO; WL b, RIS, SEM St RSNG4 R HEAT RAE, Ik
Ah, BB T AT AL Os/MoSy/Graphene 49K E G H 5 ALOs/MoS, 41K H & I Al,O5/Graphene
YK A IEAH LLTE 800 nm A1 1030 nm Ab38 R I H 5235 (0 M RIS Jof, S Pt s T DAVE PR 1 520 5
MoS, 2 [f] [ LT .
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2. HEmBIHI&ERRIE
2.1. HmEEIE

R P BUAR 3R B A B 5 i A ) 4 AT SIS ROR A, B AR 9K Graphene/MoS, 4K &
R, IR R AHEA R & ) ALO B B, 15 1 AR AR K s .

Ales A1203 ‘ A1203

(a) (b) ()

Figure 1. Structure diagram of composite film samples, in which, figures (a), (b) and (c) are Al,Os/Graphene film, Al,O;/MoS,
film and Al,O3/MoS,/Graphene film respectively

E 1. S4EEEREHE, EDE(a), (b)F(c)7 A AlLOy/Graphene SEE, ALO;/MoS, EREFI Al,05/MoS,/Graphene
R

T S R IR AR & ALOs AR, 43 5 F JE /K L BEAN 25 B 1 /K M UG A S 3 3 A SR R AT B 75 1 ok
20 min, FEef R B RRT G, i H IDZ045CB01 BRI IG5 s BLY BCA RS, TEATK B T ALO;,
VEREE, SR A ) AR S AR O R A S (LB 99.999%), it FH U7 2O S AT R P2 I B, S i3k P B A
N ALO; B EHE(EAZ 60 mm, 41T 99.99%), WkHHIE NI E 2 E N 6.9 x 10* Pa. EIRSHIFEF, TAEE
T S S Th AR 4 A ] 3.0 Pay 50 W ORI 50°C . ASAKIRIE N 40. BT, F AR S F R R RS
P(LPE) il 4 A1 S JA R0 2 1) AL B, HL R R D Sk B i 0 SR R D AL B R A T
N- I e B (NMPYIE VR, WREEI N 0.5 me/ml, A7 8845/ —BRAGAR DL 1:1 B9 & L FRE > BUEE NMP
T, BB P AN MR BN R TR R 75 A B 3~5 AN/, AR5 K o B B DURE 24 /NI, B JE R 250
HLEA 3000 5/5r 850 30 0%h, B UEES O =02 — 1 LG, ENESHEM SRS . MEE
B 3RAR I B WOIAT B e AL B, R BT RIS 10 LiE O R fa s IR URRAE FLAR N 200 nm O |,
B¢ SRR T A 1 T FE T 5 0 o s ¥ 461 45 ) ALO S S |, SR Ji AL,Os/Graphene 40K & £,
A1L,O3/MoS, 4K & AT AlL,O3/MoS,/Graphene 99K A I . b AL O, #EFE 1) 1E H & LE i B e % 5
LF KB PEAT S o

2.2. HEMRBYFRAE

il 2 fras, B 2(a)s B 2(b)s B 2(c) /AR A SR 9K IR, — i Ab B 90K T R MoS,/Graphene
YK AR SEM IS, w] WIS AR R B, BRI ] &t ok SR IE AL/D 2 10 itk eR, &l 2(c) T A

Figure 2. Sputtering power is (a) Graphene film (b) molybdenum disulfide film and (c) MoS,/Graphene film SEM image
2. WHTHERA(2) AEFER(D) ZHUIEERA(c) MoS,/Graphene &R SEM Elf&
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DL AR AN K 78 55 AR AT SR IGNK A AR S T A SR AN AR R S BT 3 N BRI ik
YK E AR EDS feit i, EhSoim Nm &2 5HEIETHBICER, T ILH&NE S ERENSF
Mo, C, S, O Fl Al JTE, XFEHEUEM 7R &b &R .
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Figure 3. EDS spectrum of graphene/MoS, thin films
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Figure 4. The absorption spectra of the three films, including the black line, red line and blue line, are Graphene nano film,
molybdenum disulfide nano film and MoS,/Graphene nano composite film

4. ZMERERORUBILTE, HhERLk, TEMBELIHAABHENKER, “RLEMHAKERFT MoS,/Graphene £
KRESER

i AR RO 1 T DA B AT SRR ANOK R A W R AR R, T BB A PN, X d T
FAEAT BN k 2A NPT S 8013 . 1 MoS,/Graphene 49K & A& 5 T LA 22 T4 S0 40 K 78

DOI: 10.12677/app.2021.111003 20 I EEY/BEH


https://doi.org/10.12677/app.2021.111003

i &

BRI AR AR, I ELG AW MO , 350 E 9 52 A T s ) 4 EL L2 PO (i F
T A K A T S K R

3. 4RI ML F T
3.0, WRAFGE-FFL Z AR

FIH Z FH 4+ AR (Z-scanning technology) X 1 i R AE 2R ME FE 2 M i HEAT T IIRSRAE, SCU0 3% & IR #E a0
5 B HABKHBOC NS 2150 RERBS) L5 270 R, Horh —HRBHRIIES D1 £, HRIE NSO
RO R B S IR B . 5 — RSB B (Lens) S AR IR BB A WAL 5 L, B PR3 D2 Skis
DURE S B R . MRS AR RO R o Z #l, PR SEEEE MR M SR, Ak
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Figure 5. Schematic diagram of Z-Scan test apparatus
5. Z-scan MIX XU R EREE

3.2. E6EERNIES RS

FIF iR Z FEAR, KA NAYAG B NEIE, &K~ 190 fs, EEMR N 137
Hz, BOGHIRIEEEN 33 um, HOEH KL S 800 nm, FOGARERIAF] 800 nJ, MR 7 H & MIHAE R =
MraEZe e 2a i, A RE A MBIl Z B2 e 6 Fix.
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Figure 6. (a) Z-scan curves of the three films under the condition of 800 nm laser wavelength and 800 nJ pulse energy; (b)
Z-scan curves of the three films with a laser wavelength of 1030 nm and a pulse energy of 800 nJ

6. (a) IR H 800 nm, BKAEEEH 800 n) fER T=MERAFFFL 2 HErhZE; (b) B AKH 1030 nm, Bk
AEE 9 800 nJ FER T =HMERAFFL 2 3Lk
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Bl 6 =R B IEAEA R BN BTFAL z SRR, L i 2o A 4k, Aa@maRiEm, — itk
YK HIRA Graphene/MoS, 49K E 4 MK 4 i FH S t0, ALK (LR RoR. B E 6(a)FA 10 LA F
R I F A A S L HE T AR UL (SA) P, Graphene/MoS, 4K E AT AL z T A Lk B T
SRR T ISR R AL BN R , IXIE B T A SRR AL I R A G T AR R IR R LR M AN
N T UESEX— WA, BATR UK E A I REE AT 1 T SR RAT = FhAS [R5 FrD 388 e A 2 1 MR i 3R 8
FT3RAS R AR LR MR IR 2B —1.788 x 1077 m/W, —2.713 x 1077 m/W F1-3.477 x 107 m/W. 85T ¥d nf
LA £ Graphene/MoS, 4K & M AE L MR IR BRI 5110 . Bl K 9K EEAT T 1030 nm, 800 nj
FFFL z FEEAE, Wl 6. BRI IIITAL z S A i 2R R H =P gl oK T 5 S 300 H AR A
(45t H. Graphene/MoS, 9K AR L z FREHE it 2802 = T S0 oK SR — it Ak BH M K T s
(17, UESE T A BRI AN IS 5, BRATTRE S5 X B A B B E AT TH R SR AR e R R 8L, 75 800
nm, 1030 nJ 558N FT3RAS 00 BAGGUKERE, ALK A Graphene/MoS, 99K & A IR 1
WIS R BUK CN—9.530 x 107" m/W, —1.789 x 107 m/W F1-2.553 x 107 m/W. X—&5RAEIE T 9k A
FE TR R LR MR IS BRI — 41 . BTV S I I 1.

Table 1. Nonlinear absorption coefficients of nanocomposite thin film samples

1. PRESEEERPOIFLERI R Y

WA B 44 55 T% B (/W)
Graphene 7 fi5 51 -1.788 x 10™°
800 nm, 800 nJ MosS, i i 36 2713 x 107
Graphene/MoS, i 27 —-3.477 x 107
Graphene 7# 5 63 -9.530 x 10°71°
1030 nm, 800 nJ MosS, i 42 -1.789 x 107
Graphene/MoS, i 29 —2.553 x 107°

AR ST A R AR AR 2 MRS I BT AR S O RE T S e Z RN R TR RS, HRERANIE 7 R . ot
MR R S S IR I, 2 A SR AR S EOCAH A, (2 ARFE DI % B O s (VB)THUAR A
TR T RE R T 5 (CB)IRARERIE,  JF FL 5 18] £ ) A% [ 1) 3 i S 78 st 3 80 s BO TG . Bt
NI EHG 5%, P (R L F R el ol ] L RO T BE 2 BT (AL S P E BRI 2 /B 1 47

’ 066 =660
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Figure 7. Schematic diagram of the sample energy level system
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i &

VRIS S SRR T IO SR, 7 AR AT (SAVT Ay FF HLBATTAT LA I 36 94 oK 5 7 B £ 28 P I i
JEUERARAFHBE KRRy 1.83 eV, 11 800 nm ALY T RERN 1.55 eV, LT FHEWI e 7 HIAER M
BB T, R R G — X0 TR L. [FIEE, £ 1030 nm ARG TREE N 1.20 eV,
HL T3 IH 5 2RSS T I RE B R 2 T, X B2 — S XO6 TR L] 55—,
AR IR LA TR, BRI R A H A SR B i B B8 B AL AR A
i b, BT B A A R RS B0 SRR Al L, IR N 5 A R TR S R R 2 T,
2L, FEEWUBCR THORE TN 53 Graphene/MoS, 942K 5 & IR 15 S A7 B2 06 A AR A BH AR LU
AHE LRI R o ST GR R A BRI AR Ak SR -

4. g

WAL T A SRR AR, iR EH 4 KR Graphene/MoS, 49K & & v 5 1) A 26 VERWSCRE I, 7B
K 800 nm kv 800 nJ FIMHOGIEA A K 1030 nm Rk EE R 800 nJ FIIE ML N ATE 9K 2 A H Y
KON AT R, HAS A A SR g K R A B AL S 9N K IR AR EE . Graphene/MoS, 49K & & 1
JE B A S iR () AR ZME WSR2 o 23 A 8 SRR, WO RS 2 3 B0 AR M RTRIA i) BR DR R AE WO IERT T
A SRR ARG AT SO ST R ESRIEAT IO A B, LIRSS ROR T RO SN, PR A T AN
WIS, T Graphene/MoS, 442K 52 TR B AT 51 5if 1) AR 2 M IR SURR 2 119 J5L DAL A sibd A — A BH Ay 5
[P DUEAT 388, SRR T 2 (7, b — DR s 7 B8R, [RItkH5% | Graphene/MoS,
Eub NCRE RV IE (S 23 e T g g

E&WE
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