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Effect of negative thermal quenching on optoelectronic properties of
acceptor-rich ZnO microtubes

PAN Yongman', YAN Yinzhou', ZHANG Yongzhe® , WANG Qiang’ , JIANG Yijian'"
(1. School of Physics and Optoelectronic Engineering, Beijing University of Technology, Beijing 100124, China; 2. Faculty of
Information Technology, Beijing University of Technology, Beijing 100124, China; 3. College of New Materials and Chemical En-
gineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: The effect of intrinsic defect types and concentrations on the behaviors of exciton transitions and carrier transports
in ZnO was investigated. The intrinsic acceptor-rich ZnO ( A-ZnO) microtubes were grown by the developed optical vapor
supersaturation precipitation. The oxygen growth carries gas (0, ) was used to realize the regulation of donor acceptor pair and
neutral acceptor bound exciton A°X concentrations. The negative thermal quenching phenomenon was attributed to the middle
energy state dominated by the defect concentrations. The abundant shallow acceptor concentrations and the middle energy state
shifting up result in the electrical resistivity reduction by 7 times and the response time decreasing by 51% compared with the A-

Zn0O microtubes grown in air, leading to the high-efficient ultraviolet detector with high electrical resistivity. The present work

November,2024

provides a novel platform to optimize ZnO-micro/nanostructures-based optoelectronic devices.
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Fig.3 a—PL spectra of A-ZnO microtube and air-ZnO microtube at 300 K
and 80 K respectively b ~ d—PL spectra of A-ZnO microtube at

different temperature
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Read-Hall, SRH) d:45 1 2 & 0 ZnO il vV, 765 i
TEAMMRMEED: (a) T VBM DL E251.82 eV
Rery 0/1 + HLff R A8 RE S (b) 7 T VBM L) |24
2.51 eV ALIY 1 +/2 + UG ASEEAERESL Y o T LASEIRT,
Vo /& A-ZnO FIORAE " SRR K 300 i H R 2 B
BEREZR . B 4b JER I FX ORI ACX KOG IR 1 T

w R ELTRS R Varshni 24 pEA LA
EU)=M®—§%; (3)
LA E(T) M EC0) 733K T K 10 K i} PL & S0
HIBRIERE s« 1 B A PG H 4. iR N 80 K B, #)
BEEREF A'X 5 FX &6 G TR 2 E A
15 meV, B IREETFRE, APX 20 2 1T 32 47 5 A
h FX, ARYEIA S5 R T AR AX 7 202 K 42
TR N FX R, 5T air-ZnO SOk AX K6
(TR I 3R BE (163 KON IEW] T & R U A K
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Fig.4 a—intensities of FA, FX and DAP emission of A-ZnO with tempera-

ture, and the corresponding fitting curves  b—photon energies of

FX and A°X emission of A-ZnO with temperature, and the corre-
sponding fitting curves c—energy level diagrams of air-ZnO micro-

tube and A-ZnO microtube, respectively
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Fig.5 a—schematic of the A-ZnO microtube detector ~b—voltage corre-
sponding to current of A-ZnO microtubes and air-ZnO microtubes
c—photocurrent response of A-ZnO microtube under various light
energy intensity d—the normalized photocurrent response of A-ZnO

microtube
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