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FBL TR GaN Z2FLEGH | i A 5 25T T FROA 1
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(4.8 107) Fbk. Li % 2R B & T —RhEr B Ag R T
10 241 GaN/Ag GPKREEEFI I S5 G RN 25
15 25 F RGBS TR, IZAEE 1V iR
T, JERHNZ R I 101 Jones, MM HEEZ R 180 us;
AN, Li 4 P2 E H 4B 735 T MAPbBry 5241
GaN IR G451 5P G RIS . &5 1F7E 5V Ih
. 325 nm SAMERS T BA mH R/ G (2
5000) LA B HEs IR (0.21/0.44 s) Fibk.
FERE 2 TUAR, NATTHE SEA I & TH i T
KRBT, 0] Re A 58 T 061 i BRME L
Huang %5 23 il & T 41 886 /HfO,/MoS, 454 1)
LIRS, S0 T 4732712 nm 78 [ 448 5 I Bt
SEREIN, HOGE R BE A 5.36 A /W, i R I [A] 4 2
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TR IEE R R T C R ERIIES . 2O EIN#%
SEEL T WSS BN LA XIS S S TS R, A
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ERVERRT S, (HEESE BRI T R A | A E L
RAEMERE . o T gk FREORAE, HATC 24k
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T GaN FRFE T B FERATR 7, ARUE T Ak
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WK HEAT 15 min (488 745 15 335 0 T AU 45 .
TEZFL 2 s2 a2 /i, A GaN AR #E4T 15 min
10 5L ST VR LA IR B SR K Bt Y. TS 4 3 R
U5 IE b 43 0l H2 81 GaN Ffn Pt B b, 3F4%
GaN R fil Pt R i# A%H 10 mL B (1-2 -
3-HFE R g = iU H i R R ) A pef b, o R4
i HL R RN ZI Pl s (] SR AR AN [R] B i () 241 GaN.

2.2 %7 GaN/CuZnS R/RE&EMHH&

TSR H] AT IR AR VTR A 0.12 g B
TR AN 3.36 g BEFREEAE 200 mL 258 T /K HIRA .
W B: 1.92 ¢ & DU 4R — 415 100 mL )2
BT KIBRGHEM B C 1.2 gL B S
100 mL B2 & F/KIR G M. Kl B S A
IRAIFEE A 20 min; Pl 58 280t SR K AL B ) 2 5L
GaN — T R AW D, 357 B3 C A
FNEE Y AR, AR 75°C; 1 h 54
GaN BUHH I B ARG UE /AT, Ie,
BG4 (InGa) M4 (In) 730 7F h GaN # 5 Fil
CuZnS M) Al LA

2.3 MRIRAEFNSE BN

Z 4L GaN I CuZnS I 3R 18 14 1002 5L
4 L F BB (scanning electron microscope,
SEM) 7E 10 kV By HL T #E47 3R AE. T8 52 40-1]
L4656 B (H 57 U-3900H) . X AT 5 (X0
Pert®) i T Z L GaN #IEF CuZnS w5 1) 0
FRELL K CuZnS B4 W ah R S5 1. BB
B T U EE T RS Ay B IR RO Y (Ecopia
HMS-5000) 3 47 51 IA . 5% FH 48 41 % i i it 2 45
(Zolix SCS10-EQ99-DSR) Xf 5 Jl & # (i T

MR, Z ARG S (Keithley 2612B) F10] 1R
KT . 6T %% FE (@ i Nova 11 1% i (OPHIR
photonics) M. BT 090 & ¥ 2 E W AT
AT

3 #£R53

T E AR AN, R ME A KA
AR W GaN J R 2 sk Z2 L2548 191, 1 ) 3
i f PR Ak 2% K U TR SE B CuZnS W B TE £ fL
GaN FWJEM A K. A5, GaN Z L4511
Tt BT i B A AE 300 W AT AT R, GaN
WSt B f AT L - A R 2 5l TS
AN EIAER, TR 2S 7T R A AL 4y B
GaN R i ;= 4 T K it 25 7O A Ak, 7] B
Ga=N #WH. /EAEHHEERT, Ga* S
Fih ) CF3S0 5 I M G4, GaN @R P i
ZALEE5H. I 1(a)—(c) Bon T £ 4L GaN JHE  F
Il GaN A CuZnS A i) SEM %, H
o IR 1(a) A58 06T 7 2 A B S 1 e s ik £
LR, HALHARZ N 5080 nm, X 5 GaN
G R SRR (B 1(b)). tkabh, TR
AR B CuZnS #ERECH 2% A B
2y (K 1(c)), XEZIHHFEF ZnS Fl CuS B/NEY
Fn R RS (<10 nm) DL AT A AH L R A= 4 1991,

Planar GaN

500 nm

Bl 1 (a) ZfL GaN, (b) i GaN LA} (c) CuZnS AR 1Y
SEM #AiF; (d) CuZnS #EAY EDX 7 #r

Fig. 1. SEM characterization of (a) porous GaN, (b) planar
GaN and (c) CuZnS film; (d) EDX analysis of the CuZnS

films.
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TE CuS il ZnS BUAZ A K b #2 rh, AT ok 5 i 4%
B S Cut AT Zn2 R0 B Tk BE L R 9 BRI
HR MTAESE CuS 1 ZnS 44K SEAKRTE BRI 7
] B A AR . Bl 45 CuZnS R EDX 43
MraniE 1(d) Frs, nl LA Hoo R 4.
El 2(a) N2l GaN HIEAIF-TH GaN BT
e AR ML, WK 2(a) ATE W, £9L GaN #
RN T GaN ARAE 360 nm 2 {ij HAT R 58R £ 41
W, SER R ILT- N 0. BEE A S K AR,
ZfL GaN BRI 1 GaN [ 1% S5 R 1 &
JABA R, X AT GaN RIRAIEES MM e 11 1l
M ASHEIE K KT 360 nm B, Z24L GaN R )
O RS 2 e B AR . R SR AE 370 nm B, 2L
GaN I 1) S 53R (3.9%) Y92 F- 10 GaN Jfs 1Y
T (38.8%) A9 1/10(F& 2(a) ). H it v %1
ZVME GaN SR K Z LA A UK T
FERSR, RKRIEE T GaN OEHIZREES. & 2(b)
b CuZnS HAE ) XRD 3%, B ha] LIS 2 E 3
CuZnS #IFETE 28.6°, 31.7°F1 47.9°%t i H A3 B
FIRFAE AT ST I, 8t 5 ZnS F1 CuS AYFTETIE R H
ATLVE H, CuZnS #ERE D 1B T CuS #1 ZnS
MR AAH, I TCHAbB AR ™= A=, R T CuZnS 4
KA A VT ) P ) 4, X 5 2T TARSE R —
B4, Horp, 78 28.6°F1 47.9°40 %R ZnS 1) (102)
A1 (110) 1, MAE CuS H 31.7°H1 47.9°43 51X}
(103) F1 (118) *F-Ti. CuZnS JHBEEHH ZnS 9K i
IR ETE CuS 9K Fh AR W 28 Z 8], AH B 32 L1
CuS 99K fb K M 45k CuZnS WAL T = E S
. K 2(c) 45 T 24l GaN, CuZnS &£l GaN/
CuZnS 545 i IH— 5 4b- Al IR IBO LS. 241
GaN 7£ 370 nm iz BA BEIE RIS R . )
i Tauc 223 B3:
(ahv)® = A (hv — Ey), (1)

Hob, o HRIREL, ho JDOGTRER, B, HESE
e B, A E L A 2L GaN fl CuZnS
(R 6 2547 B0 90N 3.35 eV Al 3.6 eV (& 2(c) ffi
). AR HOG AT B, AR TAEH CuZnS AT KB
B CuSy 9:ZnS, s FAAY.

3R A In Fl InGa /E2A CuZnS J#AEF GaN
WA Rl b, M T SR SRR, HEE R &
N 3(a) AR, [ 3(a) B T 241 GaN/
CuZnS 5 Jf 45 4 A7 SR IKE F 370 nm 45 41 B8 5
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Fig. 2. (a)

heterojunction; inset in (c) shows the Tauc plot of the

Reflectance patterns of porous GaN and CuZnS
films; (b) XRD patterns of CuZnS films; (¢) UV-vis absorp-
tion spectrum of porous GaN, CuZnS films and GaN/CuZnS

CuZnsS films.
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Voltage/V
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—O— o
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El 3 (a) Z 1L GaN/CuZnS 5 5 25 2% {1 () -V 5 iy £
(i K 2 2 fL GaN/CuZnS 5 J5t 45 #% 11 45t " B H );
(b) CuZnS #§ fF A1 (c) 2 fL. GaN 2§ F i -V 45 ¥ ih 26
(b) F1 (c) A 1143531 7R T 4% A7 370 nm ST O 4 )
A It R RAR I F A 1 45

Fig. 3. I-V characteristics of the (a) porous GaN/CuZnS
heterojunction PD, inset in (a) shows the schematic illustra-
tion of the porous GaN/CuZnS structure; I-V characterist-
ics of the (b) CuZnS PD devices and (c) porous GaN PD,
insets in (b) and (c) show the I-¢ curves under switching
370 nm light illumination and corresponding device struc-

tures, respectively.

TR - R (V) F5E. I R E ST,
A LAFE B Z L GaN/CuZnS 5545 & 14 5 i 0
M BA I WA AR XS RS 1, SR A PN 45
TR ) TR, T IR N R AN S T
I8 T 24l GaN/CuZnS 5 Fi%h, 47 HI% L2 MSM
51 CuZnS #E M ZfL GaN st fT T LV
W, g5 R an & 3(b) ME 3(c) i, £l GaN
R R A Rz Ak, T CuZnS #4442
TR AR 22 i, SR AR 5 4w 2 (R 1 R34
225 0] L2, R T GaN/CuZnS # 4 5 [n)
SRR T R TEE . Ak, i R RSO R A
MEFSHERD WA UE T GaN/CuZnS 55 PN 45
PTG DA 1 8 ZR A0 540 1T 1, CuZnS
BRI Z2 £l GaN W B 730k 5.24x 10 ¢m?
A1 1.39%1017 cm 3. & 3(b) FIE 3(c) A4 & 25
JEoR T 2SS LA AR T A (T = 10s) B
) B JE-FF [0 (I-¢) k. 29l GaN g e B4
TG JE 1A S5 23 30 HE B S 1% JET 0 e 1y, LAk a3,
M1 nA RS LR E IS K E 10 nA BRI
FaE T 8.5 nA. Tl CuZnS g E7EAEAT G 56
P TCIH M R . Ak, 224l GaN/CuZnS
R4S A EAE -2 V i K | 370 nm (986.3 pW/cm?)
SHMDCIRET AT, U ARG S AY 0.56 nA
F 15.2 pA, JelE LT B 4 MRS, BoR
5D e e

itk — ik Z 4L GaN/CuZnS 5 525 4 F
SRR, IR TAFRZIMA S (V=10, 15, 25 V)
XoF AP e B 5 e R, R R IR A 44 Tl S1, S2,
S3 f, IFAH B A% 1 19 6 HL 3 (photocurrent,
L), Wi B BE (responsivity, R,). #b & 5 & %
(external quantum efficiency, EQE) F1 Hb #£ 2
(specific detectivity, D) #4770 8. Hrpr, Ry
EQE /& PPl G B R0 5 R SR 1 S S 4L, mT LA
Sy (2) 2R (3) AT B30 i DY
AR ' P AR 255 7 T 7 PRI RGN 5545 5 1) R
AEAT (4) AORPEAL [0

LI

= 2

RA pA ) ( )
124

EQE — AO « Ry, 3)

pr=—_ (4)

Iy 1/2°
2 -
(€A>
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# 1 CuZnS MIEAZIL GaN MR IRE0N R E R
Table 1.  Hall-effect test data of CuZnS films and porous GaN.
Sample Temp./K  Bulk Con./cm 3 Resistivity/(€2-cm) Conductivity/(Q-cm) ! Mobility /(cm?(V-s) 1)
CuZnS 295 5.24x10'® 0.324 3.08 36.7
Porous GaN 295 1.39x 107 0.127 7.89 355
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Fig. 4. (a) Photocurrent and light-to-dark ratio, (b) re-

sponsivity and (c) specific detectivity of PDs prepared for
different etching voltages (V = 10, 15, 25 V); inset in (c)
shows the external quantum efficiency of PDs.
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Fig. 5. (a) Light intensity dependent I-V characteristics of porous GaN/CuZnS heterojunction PD under 370 nm light illumination;

(b) light intensity dependent photocurrent and the corresponding linear fitting curve; (c¢) responsivity and detectivity as a function

of light intensity; (d) the schematic energy band diagram of the porous GaN/CuZnS heterojunction.

F 2 JCUEMAR . A PD B SAL L
Table 2.  Comparison of typical parameters of filter-free, narrowband PDs.

Active materials Peak wavelength/nm FWHM/nm Bias/V EQE/% R/(mA-W'!) D"/Jones On/off ratio Ref.

PC, BM:PbS 890 50 -7 183 1310 8.0x10% ~10* [37]

Hybrid perovskite 780 28 0 12.1 76 2.65%x10"2 - [45]

P,HT:PC,,BM 650 29 10 49.0 255 1.3x10" ~102 [46]

P;HT:PCBM:CdTe 660 80 -6 ~200 ~1064 7.3x10" ~10* [47]

Organic ISQ 680 80 -2 15.0 82.3 3.2x10% 1.8x103 [48]

p-NiO /n-ZnO 380 30 0 0.5 14 — — [49]
Porous GaN/CuZnS 370 8 -2 136.8 413.7 9.8x1012 >10* This work
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Abstract

Narrowband photodetection systems are widely used in fluorescence detection, artificial vision and other
fields. In order to realize the narrow spectral detection of special band, it is traditionally necessary to integrate
broadband detectors with optical filters. However, with the development of detection technology, higher
requirements have also been placed on the power consumption, size, and cost of the detection system, and the
applications of traditional narrowband photodetectors with complex structures and high costs are limited. Thus, a
filterless, narrowband near-ultraviolet photodetector based on a porous GaN/CuZnS heterojunction is
demonstrated. The porous GaN thin films with low defect density and CuZnS thin films with high hole
conductivity are fabricated by photoelectrochemical etching and water bath growth methods, respectively, and the
porous GaN/CuZnS heterojunction near-ultraviolet photodetectors are thus fabricated. Benefiting from the porous
structure of GaN and the optical filtering effect of CuZnS, the photo-dark current ratio of the device exceeds four
orders of magnitudes under —2 V bias and 370 nm light illumination; more importantly, the device has an ultra-
narrowband near-ultraviolet photoresponse with a full width at half maximum of <8 nm (peak at 370 nm). In
addition, the peak responsivity, external quantum efficiency and specific detectivity reach 0.41 A/W, 138.6% and
9.8x 10" Jones, respectively. These excellent device performances show that the near-ultraviolet photodetectors
based on porous GaN/CuZnS heterojunctions have broad application prospects in the field of narrow-spectrum
ultraviolet photodetection.

Keywords: ultraviolet photodetector, heterojunction, porous GalN, narrowband response
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