A1 &5 1 L AR L 25 2 Bt 2 4 2024 4 8 A
Vol. 41,No. 1 Journal of Shandong University of Aeronautics Aug. ,2024

[In=4# %)
GaN #fJK E ZnS AR FERHE M S F B F45HE

IHRE &

G ZR M A 22 e Wit as TR =B - Il 7R ¥ 256603)

B OE.RARSEARBREARE GaN At R L & T ZnS ok g, @it XRD o SEM
ST A ABRBEM AT T KA, SN F T ZnS 9K B &5k #F ZnS/GaN F i
SW VAR EE, INSHAEBATAARYELRE . FHETHEL 00U L, itk
K22, iEd R, FV HEME RN, ZnS/GaN B R T F R 4 A fo il = 48 & A8k 09 3%
AR, EERRETRLAMEL R Mg R, BRXAEEFREH Fi@EERD, Xk
HHER IS UABRELANBERERMELTF AL PO LS ZRE ERIRNE KK
o, S AR IR R A AR 0 R A,

KR ZnS K FE R GaN ARG IR R AR BSOS FV St &

hESES: TB 383; TN 23 XEkFRIRFE: A DOI:10. 13486/]. issn. 2097-4973. 2024. 01. 006

LA AR DR B T 1 S i R E A BR 25 5 5 RS A AU T SR R S R R 2 R T
TR TSR . B A MR UE B T4 SR B R R pn g5,

ZnS J& 11 - VI 5eat Bl S b bt B B B 1, S R AR S 20 3.7 eV Il 45 A REL R
40 meVHY . BT F RO FERE M E A E FIE R R . ZnS M e T AR PHAE L b 453 8] T
RS ZnS SR — R 5 R S A — SO AR i A9 AR AE 8 000~12 000 nm I Bt H A7 1R b 1Y 1%
TRt g 76 T DL SE R b 21 A1 U Bt A A s 0433 A 2R, AT LA SR i A T8 P 38 AR AR SRS L ot L R 2%
L, GaN E—Fh B BRI AR A L SRR AR SERE N 3. 39 o VL R AR AR R AM R, BT
GaN ELAT 5 A IS 30 g o, 40 v v B B R B, L % SRR e ) 02 O AE 8 B TR s R S R
ARG AR A AR DL R R A R DR RAT AR R R AR AN R L RO O A
R R FHAT S L b, GaN SR O 5 A9 B w8 5 e v L/ ROSE RN REOR 3 A5 BB R e 2 L B BT
(22 AU K HE B . i T GaN AT SR A T S J5RE A 18 R L TN I e ) 32 I A A A R L
HIE M RG R SIHLRNE RRE TR BRI,

F Xk AR AT A B R A p A ZnS 9K Sore Fofh p BUBERE B AR n B ZnS 4K 5 AL
M 2 SO TR B . ORI S TS &6 T O A A A Bl p BUAERL L GaN A ok 2
RAREAEE A . B AR AR A & 5 R4S o] LIRS — e AL R a0 dkett. 578 1997 4.
Piquette 21 4> F sRAME Jr 4 £ T ZnS: Ag/GaN S i 45 , 25 7N p-GaN A n-ZnS: Ag 1, A
SEPLT — A R 2 SO N . 2014 4R, Cuai FV Bk SO DU R AE GaN % EVIRR T ZnS.

I #5 B #3:2024-07-03

BEEWE mMNAE 2 R A H R H (2023SHFZ023) 5 1 N 2% B BHF 3 42 01 H (BZXYLG2117)
F—EEBN: ERRA982— D Lo INRIGIT A B2 1, 2N R G0 B RO B ES ST
E-mail: caifeng668(@163. com

e 55



L AR L 25 2 Bt 2 4 AL %

Mn G 92 BT T 8 A O AR LD S EOL K . 2018 4F, Hassan %507 IR )2 YU % T ZnS/
GaN S B&5 e B T8 mot i Ak 27 K A PR RE . R KT ZnS/GaN 55 A RHA £ (AT 58 7. 2 15 3
[l N AN YOG I BT REIME A 4 Ol v P BT B S it 95 1 45 A )y B 4 T 1 AR DG F 50 1k e L (ELJE: B 0
WEFEXT ZnS/GaN S R4S HY A K A F RO R IEIE AN RARRA B B ik — P OF S TR R . I . A3
K FH ek 1 Jikosp OE DT (PLD) $ R 146 T ZnS/GaN S Fi 45, 3 %t H 450 62 A 2 vE e b A7 7 140
WF5E . o8 RO T a8 A BB A 588 T — E 9 JE Al

1R ik

i & B AL S VIBUE TR E S E A M A LR N 1 pm () Mg 824 p-GaN SME 5 (Inlead
Technology Corporation, 15 ) ME MATIE . FEVIE ZnS 9K 2 /. 7 K BR 3% B8 15 B . 4l 8 75
PR35 A AE I B U GaN #JiK; o 17 3F — 25 1 B 79 B A A8 52 48 BR 09 A AL« [6) sk 2% B TR T 3% B8 .
GaN o JiKUTE £ e 4R 37 15 Uk s S 1 A0V B T A s 700 8% B L B DR T V6 )5 T ELAS B8 R AR A 70D G %
GaN # R e Jo e £ B T /KPR k. i KeF #5970t 45 (COMPexPro 201, Coherent &y A BR
ANED GAE 248 nm WK TAE . TR A Ot RE R 300 m], EE MR N 5 Hz, #f K25 & il H
2 10" Pa, HHRIKZEMEE R 5 cm. R PLD $R7E p-GaN #fJi§ | 300 CHK TIEEA N
250 nm ¥ ZnS B . FIFH PLD # A% Ti/Au(30 nm/50 nm) Fl Ni/Au(30 nm/50 nm) 4 J& H % 45 BT
£ n-ZnS Ml p-GaN K. J7E H 25 400 ‘C iRk 30 min DLSCIUBR M E2 fil . R T 0038 ZnS 94 K 38 155 11
Spafs ok M AR TR 25 A5 R AE A S IS TR T ZnS G K

i X B4 477 5 (XRD) (Rigaku D/MAX2500V 7444, Cu Ko 5845 76 20°~60°1 20 115 Bl P9 % 44
WEEHEAT T AR RAE . ] Hitachi S-4800 37 & S 49 1 v 7 W U358 (FE-SEMD #4788 # 1H0 JE 25 40 #r .
FHH A B A 7= g UV-2550 U5 00T L2 66 B T HIL ZnS 9K AR 1) 2 i % . i A Keithley
2611A P A S T AS ) LV OREME

2 HERAHE

2.1 7ZnS/GaN RIRGEHEM
18 ZnS/GaN R &M n B E (O fMRmIE S E (b . HE 1 a8 ZnS/GaN J i 45 /0 ™ 2
gEfy, ERAE GaN LAY ZnS 9K B B9 3 LU . DA ZnS 99K IR A= K R R 4 .

Ti/Au 30/50 nm (@)
n-ZnS 250 nm Ni/Au 30/50 nmi dgs

p—GaN:Mg 1 um

BRI [T | B e — ]
B 1 ZnS/GaN RRZMENTEEMBELSRE

& 2 K ZnS/GaN SR L) XRD K. 16 28, 4°H1 34. 1°kbA A7 55, 43 50 %k B T B-ZnS(111) Al
GaN(002) FhIg ", Fe W ZnS Gk BB A BEOL B A KR tE . HUAR ZnS 9K AT GaN 44 i =2 [ 1
AR SR LA K S H ZnS 4 K S I 190 477 S5 058 00 45 3 o 106 B ZnS 4 K WSS 100 &85 5t T i A . et AR K Ah B
J TS A 9 000 S 1] D80 A IO o AELAYT S 0 i B8 WY 3 K. ZnSCL1T) W 1 2 8 4 5 T LA R Ak B 1k 1 Joit
BN R A TR I B A BT R . A0 IRT 2 TR LB KR . ZnS 900K IR AY A v 42 /) L 18 B 45 G BT
RIS . 53 Ah . ZnS 9K IS f Rz ) R /Nt T DL 33 ZnSCL11) i 1T AT 56 06 114 2 w8 4 5 R o8 o A o8
D=0. 891/ (Becos OFHFE o, D Ay fiki JSF, P 2=0. 154 nm, 324 ZnSCI11) i i 2 55 42 55 . 6 Ry Xof 1

¢« 56 o




%14 FERRGIBEE  GaN #JE I ZnS G4 KR 19 25 44 | O 2% L 22 R

MRS . B KR FRS 24 FE i 0. 71708/ A 0. 62°, Fki ROT Hi11L 41 nm 3% Kk 13, 20 nm, 13 ]
1B JCRT DA R b ) DR A B B A R AR R RS R AT PG A DT B R R ST AR R 16 BH AR kA )
TGS YRGS .

2.2 7ZnS/GaN RREN X FHH

F 3(a) A BEASIE b ZnS 9K MR 1935 B 6 1% . ZnS
90 K U 7 T LS IX (400~ 800 nm) [ - £ 35 3ok % i 1 T ;’)iggg O Gavom
804 . 2 3R b L HE - R TR B R KR . ooool
2 I ) 245 R R L el R B L S B A D . ZnS Y 4;:3 136000} U BAE

102 000+

KR AT B85 (93 1 T LS 32 B AE K R B 2
SR B BT 0 BT PR B R R e T O n
S, R ZnS oK S A4 10 3 W1 oL 9 I o i

it

el TR g Bl 45 7 32l i 9 B 58 2% 1 » P T 85 3 0 4 A O T
A R L9 D8 Ll 1 A TR 5 9 BT 11 4R A 25 98 7 £

2 ZnS/GaN R XRD B it
BEH

ZnS R AY CA AE 350 nm BT L 285 3B kL WSO 1) S I B RS Bl BT S 5 R R A Dl o
WL, T RE— BRSO A P B, R 5 EE ZnS KR O B I A T=1/1, I=1,(1 —
R)e “a=—In T/w, . T i1 HEFOCHMIE . Lo 9 AGOCHTERE R R Z 09 U5
(— el LB 0) s oo R i IR JEE 88 o S O R By b 2URT DLAR B ZnS R IR B il RS Bl R 2
BB IEER . IO X T ZnS JXFE Y B #9848 B2k SR M B 8 — D EE A Taue KR (dhy)’ =
ACw—E) . h Bt TReR A RWEGE, BB, MR8 Taue &R M (ah)® -hy HIZe. AN 3(h)
s s M Z BT ZE S A AL AR S5 T 0 (9 Ay Bl AH 58 9 58 0B R DA B E o iR B 3 (b ml R 7R S 6 ] 45 19
ZnS GOKHEE) E, RN 3.75 eV 4 THM BT B UL W] ZnS 999 K W5 45 5 o & B08F . ZnS 94K
VR S K B R ) PR 2 P T 8 G A SO0 RO HEL R v e 4 OGO AE

100

AR K
BKE

500 600
P l/nm

400

700

800

(ahvy*/a.u.

(=) —_— (i8] w £ W (=) ~
q T T T T T

(b)

— RiEK
- B KA

hvleV

B 3 ZnS 4ok R 0 IE SR g A S S

2.3 ZnS/GaN RREMEZHMH

Bl 4 /R T ZnS/GaN SRS FEZE R T IV RpPE il 2k G 51 3R W ZnS Q0K 11 Au/Ti B AR FI
GaN 4 Ji& 1A Au/Ni AR TE B T R G 19 jK 0 22 ik . TRl 4 A9 3 317 o 2B ZnS/GaN 5 5 45 (19 B 1
ZnS/GaN F 45 B EA N 7.5 VS iR K5 i R/ R 4.0 V 2247 3% 5 #E R 0Y 5: i PE g
A G . R IR AT AT ZnS g K B v (Y 5 7 3/ A R T R TR T ) A R A R ik
AR AR R e (1t o R K BN T R [R] BRI A I B R . [A] Es R AT DA A A A R
S 63 5 A0 5 BT A T 4% 4 B R 100 R R AT S G 0 S PR R L DR O A BT g 100 R D F i 2
T BT RS T R iy A I )i S R S b R R ) I T 4 K i A B 1k i R L JLF o 0. AR
W -V OREE R R £R O ) B 5 R ) LI 2 b IR KR Y ZnS/GaN #E 129, 8 VB IR L2 Sk 75,

e 57 e



S H L A B 5T M 4515 B 0 ZnS 45 K LY 5 R 8 e [0
U FE AT LG K1 3 it 3 L 3 Al R 5 9050 SR I
JeHt PLD $5 ARG %, ABFILI B AL Rtk e ! o
GaN 5 76 6 #1717 846 o JH T 5 10 ZnS 454 4
H ZnS/GaN T 4s 5T HOR s R ok L 3578 T PE REAL

it PLD Jr 4 GaN 45 b s il 45 7 % &t B i
U 15 B RA ZnS AR, 28, AYRT SIS XTI F B[] = OO Rk
ZnSC11D) FhTa . 280 3B koAb 1, A7 5 i 34 5, 35 o R Tt
5. ZnS/GaN 5 45 (0 i S Ve RE B . 5 AT AR5 45 $Wf%¢

0.004]

—e— iR k5

N - 0.020

HLifT/mA

— 0.015

L3t/ mA
T T

-0.004]

— 0.005

L —0.00s IV

- -0.010

S0 5 A LI o 75 B 10 ZnS 94K 8 B B4 ZoS/GaN SRER) 1V 5 %
B K 2 BRSO HL B8 T B0 I . 4 2B 109 T4 o T 20 e 0 ZnS 40K T 1 L L 3
R i — A/ GaN L ZnS 22 11 9 6 2k A oK A0 20

S % LAk :
[1] BHARANIGHA V,SHUAIB Y M. Electrical properties of nano composite materials for electrical

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]
[12]

[13]

machines[ ] ]. Electrical engineering,2023,105(2) :633-646.
KIRILL A,ASLANCZM,YU G A.,et al. Enhanced gas sensing performances of ZnO-based com-
posite nanostructures C]//2022 Conference of Russian Young Researchers in Electrical and Elec-
tronic Engineering (EIConRus). Saint Petersburg:IEEE,2022.
GAO M,YAO J C,YAN C,et al. Novel composite nanomaterials with superior thermal and pres-
sure stability for potential LED applications[ ] |. Journal of alloys and compounds,2018,734 :282-289.
PERUMAL S,GNANAM S,KRISHNASAMY K,et al. Study of structural and spectroscopic char-
acterization of ZnS nanoparticles and its application as supercapacitor ] ]. Modern physics letter B,
2023,37(32):2350150.
TRAN M T,TRUNG D Q.DU N V,et al. Low threshold room-temperature lasing emission from
high-crystalline ZnS nanowires and nanobelts[ ] ]. Applied physics letters,2023,123(15):151107.
OBk, KRETR,F.CdSe/InS EFF E T T E- TR T LGB RREH A FARLI] H#E
%5 k3% 547 ,2024,44(1) :56-61.
SALIH A T,NAJIM A A,MUHI M A, et al. Single-material multilayer ZnS as anti-reflective coat-
ing for solar cell applications[J]. Optics communications,2017,388:84-89.
AGRAWAL D,SUTHAR D,AGARWAL R,et al. Achieving desired quality of ZnS buffer layer by
optimization using air annealing for solar cell applications[ ] ]. Physics letters A,2020(24):126557.
FRMELHRAE, A LF. ZnS: Cu B8 A S EA RS AL B EEHMET] PE KRS ,2017(4) 8.
FNERT B BN/ IoS MR E BT R4 RIRN B I 0 R AR BERL[D]. 4. &lex
X #,2020.
Lje. N &g — 2 ZnS R F 8 T b M A W H A BHHAE[D]. 4. 48Tk X 5.2016.
CHEN Z G,CHENG L,XU H Y,et al. ZnS branched architectures as optoelectronic devices and
field emitters[J]. Advanced materials,2010,22(21) :2376-2380.
HE Z,SUN C,XIONG B, et al. Simple and accurate dispersion measurement of GaN microresona-
tors with a fiber ring[J]. Optics letters,2023,48(8) :2182-2185.

« 58 .



o1 3 FERRGBEE  GaN HHE L ZnS 44K M 10 2540 27 F 22 Rk

[14] SAEIDNAHAEI S,HA J D,KIM J S, et al. Radiative emission mechanism analysis of green In-
GaN/GaN light-emitting diodes with the Si-doped graded short-period superlattice[ J]. Journal of
luminescence,2023,253:119440.

[15] PIQUETTE E C,BANDIC Z Z,MCCALDIN J O,et al. Growth and characterization of light emit-
ting ZnS/GaN heterostructures[ ] ]. Journal of vacuum science techndogy B,1997(4) :1148-1152.

[16] CUIJ,ZENG X,ZHOU M, et al. Tunable blue and orange emissions of ZnS; Mn thin films deposi-
ted on GaN substrates by pulsed laser deposition[ ] ]. Journal of luminescence,2014,147;310-315.

[17] HASSAN M A,KANG ] H,JOHAR M A, et al. High-performance ZnS/GaN heterostructure photoan-
ode for photoelectrochemical water splitting applications[ ] ]. Acta materialia,2018:S1359645418300193.

[18] WANG C F,HU B, XU L. Preparation and luminescence of ZnS:; Mn nanoparticles on GaN sub-
strates by hydrothermal method[ ] ]. Optik,2021,231(1):166329.

[19] WANG Y, YU N. Fabrication visible-blind ultraviolet photodetector based on ZnS/GaN hetero-
structure with fast response[ J ]. Materials express,2020,10(5) :629-633.

[20] #AERES ARAR. AdBe k5l R Xt SH AR & 2 RT3 L 8 2447 ,2022(12) : 72-76.

[21] #5022 K. F. R4 ZnS ) # & ik B At &[], Ao T4 B A#,2019(5) :51-54.

[22] WANG C,HU B,CHEN L,et al. Optical and electrical characteristics of ZnS/Au/ZnO multilayer
with variable Au thicknesses as transparent conductive films via pulsed laser depositon[]J]. Optics
&. laser technology,2022,153.108189.

[23] E#F.RZHAALF A THRES LT HAAXBIERE[T]. XFH,2016,35(7):37-41.

[24] BWZE.LE0AR - ZER . EEZRAAR « ZFFR.E. RALR KA 3T ZnS/Si L 45 &b A4k 6
Frealll. s, 2018(12) :97-101.

Structure and Optical and Electrical Properties

of ZnS Nano Thin Films on GaN Substrates
WANG Caifeng, XING Zhenyue

(School o f Aeronautical Engineering » Shandong University of Aeronautics , Binzhou 256603 ,China)

Abstract:ZnS nano thin films were prepared on GaN substrates using pulsed laser deposition tech-
nology. The crystallization and cross-sectional structure of the thin films were characterized by XRD and
SEM,and the transmission spectra of ZnS nano thin films and the IV characteristic curves of ZnS/GaN
heterojunctions were measured. ZnS nano thin films have a high transmittance in the visible light region,
with an average transmittance of over 80 %. After annealing,the transmittance increases. The I-V charac-
teristic curve indicates that ZnS/GaN forms a heterojunction and has rectification characteristics similar
to ordinary diodes. Under forward bias, the current increases with the increase of voltage. The conduction
voltage of the heterojunction after annealing treatment decreases. These characteristics indicate that ZnS
nano thin films have potential applications in such fields as photodiodes, photodetectors and photovoltaic
cells in unmanned aerial vehicle sensors and avionics systems.

Keywords:ZnS nano thin films; GaN substrates; pulsed laser deposition; transmission spectra; -V
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