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AlGaN Based Deep Ultraviolet LED for Inactivating Coxsackie Virus
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Abstract: To explore the virus inactivation efficiency of AlGaN based LED with different light emission wave-
lengths fabricated on high-temperature annealed (HTA) AIN templates, 7 groups of AlGaN based LEDs were fabri-
cated with emission wavelengths varied from 257 nm to 294 nm, and the inactivation efficiency for Coxsackie virus
was explored. The experimental results show that the threading dislocation density of HTA AIN templates can be de-
creased to 1.33x10" ¢cm™, which is beneficial for fabricating AlGaN based LED. The Coxsackie virus inactivation
rate is more than 99. 90% for the AlGaN based LED with central emission wavelength between 257 nm and 278 nm
under the experimental conditions (inactivation distance of 2 ¢cm, UV irradiation time of 30 s), while the Coxsackie
virus inactivation rate only reaches 99. 47% and 96. 15% for the LED with central emitting wavelength of 288 nm and
294 nm, respectively. According to the above results, AlGaN based LEDs with emission wavelength between
257 nm and 278 nm are suitable for application in virus sterilization field, while the LED with wavelength longer than

288 nm has poor efficacy in virus sterilization under the experimental conditions.

Y m B HA: 2024-04-12; 11T HH3: 2024-04-25

EE&WH: B KE LM &4 (2022YFB3605000, 2022YFC2704401,2022YFB3605102,2018YFB0703704,2017YFB0405401) 5 4 #k
B ERIE
Supported by National Key Research and Development Program of China(2022YFB3605000,2022YF(C2704401,2022YFB3605102,
2018YFB0703704,2017YFB0405401) ; Postdoctoral Funding Project of Jilin Province



1392 K b/

¥R 545 &

Key words: high temperature anneal; AIN template; AlGaN; LED; virus inactivation

13l

TR AN IR ARG B AN B TH R ST 2 A T
2 R R A B R R R R BE YOk Tk
W95 B L 40 T 14 35t 12 ) o B AR 1 T R AP 5 A il
HR R M F AR R R
D7 ¥R AT TC L BE AR S JE SRR O AR i ]
Bl 45 TG A% B AR AR B BT, MR AL R Y
B AN AOG IR S W KO Kl 254 nm 1Y K
ST AR R & Jm X AR DL R B B T
(M fe F, 6F NP A 2 T Ak N R 4 DL
Jili LR B A g ERR A R By BE R AE T 20
T4 50 A AR, B AR K AR 4 Kk A — i B OR Tolk &
IRHET G 0 K B 7 O A R
FORVG Y E MY, T, 128 N E R Kb
X2 E T(RT RO KMAZD),ZRE 24 E A
2020 4F AL, B AR R A Rk R
SR, AATTXE F 24 IR IS A kA 5
HE 3G o I8 A B 6 s 75 8k Lok, (ol A AT] %t
TEOW R BE AT 0 B S IR R R AR o R,
FE % B TR KT 1 3 AL 48 A1 3 2% 6 TR J2: 24 i A 5%
)y M Z—,

AlGaN Fe 2 SR M EL LA 3.4~ 6.2 eV Z[H]
T 25 T R LA B, e R B 36 T 200 ~ 365 nm,
JE i 4% 2 S A SR AN 6 R A B AR AR AT
1B GE 1 AR AT LA B ST 45 22 OB R, Fo ikl 4 1 Al
GaN Z: &L 244 (LED) A R BUN B Wl fa e
P A AL SR, Z IR T AlGaN 341
REA [R) S Aed RS B 5% S AN AE AR K TR R A
7 4 2 B A 10°~10" em ™ g% (Y [R) B, 1K
A TAESCRIY AlGaN 3 IR 22 4h % 't 2% 111 4%
M DL S, 29 T AIGaN 3 LED Y ML 1k 7
FHUL T e L A A B T R A AR R 4R Y AT LA
R AT AN A A Ao IS o7 4685 8 B i) R Gy i o OB
Ji B Ay ) 5 U K Bl AIN A4 k) b 7 £ T %
K, I il 2% 1) AIN B A 5 %% 8 0T B 28 10° em ™ 1
Y, N ST EIRAR AV 4l 9 B A1GaN JE 1 R A1 FE A K R
1o AR AR A T A BEE T AR RESE AR, RS B
O 4H 25 &% TAEX 3T 40 B AIN AR 1
£ 19 AlGaN HE 5 22 4 LED Kz H X% 95 T 110 7K 3% &%
ST HRE AR R A DGR IE 2 25 TR K
FRILAS 3 K B AlGaN %£ LED #E47 . W H A F W

nu\4

Ak S Al T &GRS 275 nm (9 LED,
IR 58 FLXF 7 96 5 7 09 KIS AR, R B 2. 6 mW/
e’ (56 Gt BB R, 5 s 4 BRUS B el 9 2 K 76 R GA
99.999% ; 3t 5t K 2 W 5% N Bt 7E & il #4b B AIN
BEH b 45 T 275 nm AlGaN % LED , I 45 5¢ H xt
B KR R K AF AL 5 IR
A GUMERTE T 5 T o TR A A 3 AN BEA i) £ & O
WK N 256,265,278 nm H AlGaN % LED X 3 7
s B L FH AL T RN I A RO T A RS RO, R
0.8 mW/em 4 i B R, 7] DAZERR IR 10 s NS0
KT 99. 9% 11955 75 UG &R 45 450 SR,
T G I U S B AT B, B AR TR
TS B A 15 1) R WG S O 5 T B R TS T AR
THT 17 9 281 AT F22 i A2 1 AH DG 1R U] O &R
S5 1 BE T T PO B AIN AR B 25 40 LED K3 4R
AT AlGaN JE LED 7595 B 7K 3% J7 T8 19
FHARCR B /D B3 1 P AR 4

FT UL B I, A TR R T U AL B AIN
B, 76 K I K ] 257 ~ 294 nm Z 6] il £ T 74
WK B LED , I 44 5 Hook al 3 oo 34 A3 | i
2 A 435 A I 4 5 B TR AR o AH C R Ry
AlGaN %& LED 75 B I A% 45048 7 FH £ 15 358 43 4
i, F T AlGaN £& LED % 28 41 1 1 2% B 1k
W H o

2.1 HERE&

| FH S 7 i 478 % 5 2R 42 (iTops-A230) , 7E ¢ T
W T A S RS IS B DUARURE B 2904 200 nm #Y AIN,
il & AIN BN o Wk I Z 8O M 246 3 kW, AL/
AR GE A LB R 84. 5%/15%/0. 5% . I TE
1700 C % M AR SAE T i AL 1 h, 15
B a7 U AL R AIN BEAR o R A AR B A 1, R
& JE A ALY AR 2% SO DR U7 (MOCVD, Hp
ProMaxy®UV) 4b 4 A= £ AIN #} 4E 22 J2 AlGaN 3
LED 8 {4 4h SE 25 ¥y . AIN . AlGaN #h % 2 A= K i
BE A K TR B8R 43 9 R 1250 °C/4 000 Pa, 1 150 °C/
5000 Pa, TMAL,TMGa NH; %3 % F 7E A1 JE . Ga J&
PLEN R Hy 38
2.2 HEmKRIE

X 9 2k 1i7 F (Bruker D8 Discover) $& 2 il 2k



5 8 ]

SOAB, 4. AlGaN ELVR £ 41 LED S U5 K I 0 5% 23 95 1 i 5% 1393

(XRC) Y2 7 58 (FWHM) 45 50 AIN B 4 o7
B B A T BB (SEM, Hitachi S-4800) %
T80 2 3 20 T B0 Rl KOH : NaOH 40 31 /5
() A Ah AN A5 25 385 (o7 45 %% 3, 1T SEM I
g7 2% 5 T R AE A1GaN 3£ LED #5314 (i 41 4iE 45 44
5T 1 W85 (AFM, Bruker Multimode 8) il i k¢
i 2 T TE SVORLRE B FR 3 Bk 2R 48 (BU Mo 5 e L S
BBy A BR 2N B, HAASsuiteUV/ATA it ACS &
LCS R A6, Ot 3k 48 59 11 8 5 i HAAS-2000-
UV, 3 & I & 55 Fl A 200 ~ 400 nm, 2 14 77 58
1 nm, P K HERPE20. 1 am) LI KT 2R 2Ok
T Kt KOG JLED KT ER R OC TR AN
TG 43 A (B AT 3% O R A B2 W, OHSP-
350U VS, I & 1 4 i [ R 200 ~ 450 nm) H il 8
T BB T KT R AR O IR
3 ZR54#%
3.1 SEHAME AIN R &

Xof v i FRAD BRI S A ALN R B A 4 R
A1 XRC MG DAAG 3807 5 5 B o e TR AR BT S
AIN AR ) XRC A 25 R A& 1(a) (b)) FioR . (&

T PR BEAT AIN B4 (0002) K (10-12) [ XRC ]
ik FWHM 43 5] 2] 25 340 arcsec M 2 614 arcsec, J
r iR I AR T AIN B AR () XRC Hh 2258 AR 55,
FEJE W T AIN SR A TR L T, SR
AIN B ORE rb 9 457 85 2 B2 A v, A XS 4 AT 5 T )
TC A [ — 77 ) 4 R A7 33, 5 350 XS R AT S 1
R B ES (0 R AT I 0 B FWHM 8K i A
1 700 °C = i #4h BE 1 h J5 L AIN A5 B XRC ] 3
FWHM 73 5l AKX 2 115 arcsec M 162 arcsec, iiE ]
o ik AR A 3 Tk T LR B R R AIN B AR A4 R
b, ARk e 0 A B R AR AR ALN BEAR A 17
g A

p. = B 1 (202 x |b.|), (1)

p. = Buo ! (2mIn2 x |b,]7), (2)
Hopp, &8 RS p N &I i
B L 8 9% B . Bk XRC Ik FWHM /4 918 B {1,
|6, |5 | b, | KA 2> B R AIN (9 ¢ B 15 o 5 AR K
B AR A 2 S AT B AT AIN A AR Y A A
BE 2R 3.82x10" em™, & i H Ak B AIN A 55 %
29 9 1. 74x10° em™, AIN A5 47 ) 437 48 25 135 15 L)
R BE WA o

(a) ()50
e | nannealed AIN e [Jnannealed AIN
16000 e HTA AIN e HTA AIN

60
3 =
7 12000 &

= £ 40
£ 8000 - 5
£ i

4000 | 20

0 i 1 - 0 R
176 178 180 182 184 23 24 25 26 27 R j\"ﬂ. k

(0002) plane XRC/(°)

(10-12) plane XRC/(°)

P Ca) oA BA KR B0 R o i 240 A B AIN B £ (0002) T XRC IR £ 5 5 (b) oA $A Ak 1K g i 4 b B AN BE A £ (10-12) T
XRC AL R 5 () it KOH/NaOH 21l 5 i 440 2L AN B2 1 (57 5 2] falt e SEM A 45

Fig.1 (a)The (0002) plane XRC of AIN template W/O HTA. (b)The (10-12) plane XRC of AIN template W/O HTA and AIN
template W/O HTA. (c¢) SEM result of dislocation etching pits on the surface of HTA AIN template using molten KOH/

NaOH etching
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(a)Normalized EL luminescence spectra of AlGaN based LEDs with different central emission wavelengths. (b)Light out-
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Tab. 1 The irradiation intensity of LED with different wave-

lengths at 2 ¢cm

KWK mm I E/(mW - em™) 068 9% fum
257 0.89 10. 6
265 0. 90 1.1
269 0.93 11.8
274 0.8 10.7
278 0. 89 9.7
288 1. 10 12.2
294 1.12 10. 5
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Fig.4 The Coxsackie virus inactivation rate of AlGaN based
LEDs with different wavelengths under the experimen-

tal conditions
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