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Research progress of surface acoustic wave ultraviolet detectors
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Abstract: Ultraviolet (UV) detectors based on the Surface Acoustic Wave (SAW) technology have
become an active field of research owing to their advantages such as fast response, high sensitivity,
simple fabrication, and wireless passive monitoring. In this study, the progress in the research of
SAW UV detection, based on the classification of UV-sensitive films, was reviewed. The sensitive
mechanism of SAW UV detection was analyzed and the characteristics, preparations, and UV
performances of gallium nitride, doped gallium nitride, zinc oxide, doped zinc oxide, nanostructured
zinc oxide, aluminum nitride, and other sensitive membrane materials were presented. This work also
demonstrated the latest advancements in SAW UV sensors and their prospects in future development
trends and challenges.

Key words: surface acoustic wave;ultraviolet detection; GaN; ZnO
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Tab.2 Summary of some research work on ZnO nanostructures

Ve (0D R W HL AR /MHz REEE/(pm + em™)
Wang(2009)°H ZnO 4K 128°YX LiNbO, 145 0.06X10
Chivukula(2010)F7" ZnO Gk Aok YZ LiNbO, 64 2.8X10°°
Peng(2012)" ZnO 9K 2k 128°YX LiNbO; 50.9 8.26X10 ¢
Lee(2013)0% ZnO Gy Kok 41°YX LiNbO? 235 3.34X107°
Chen Fu(2015)5° 18 Ag fi§ ZnO 4k Pk 128°YX LiNbO; 156 84.2X10°
Saha(2016)%) ZnO HIK 2% LCM — 0.096
Li(2019)5% ZnO Gk / ZnO R Va2 200. 2 93.7

T REE L H OB (Af/fo) Bl S21 XF 58 4h 5 5 B 1Y 4 A 451 #E fi # ; LCM: langasite crystal

microbalance, langasite((La; Ga; SiOy, ) fy AR i & K,

4.5 M ZnO HE SAW LM RN F

AR R, N il AL BB BT ZnO SAW 4855
T8 S i I 257 ity ity v Ay e A, AT T4 T 3T
ZnO W) ZE MR NI 2% . M F I &
THZPME ER R RAMR SR AL BOA 2 21
e RN RZ —, HET M SAW (1 5 4h
PR 25 P LA 25 g pbf v RN A Bz R FE R BB S
FHL - B Bk A B SR A . 2014 4R 5% R
AT WIRG: T WAL ZnO/PI 4544 (9 32 1 SAW
SEOMGHRIN 2 L 258 2 B B R I8 0 22 8 O W
Wy R EUE A 111.3X10°°/(mW » em ) (hif
F) F55.8X107°/(mW « em™ 2) (22 3 )5,
Hasan S84 3 T 3 TR 458 ZnO I SAW
T e R AME IR . AR MR E T,
A R A — B U0 B 2 T AR 1 i R
5B HMRIN 2% 9 P R A O . B InAE 3RS T L A%

P00 R HF39.2X10 ¢/ (mW » em ), [0] F 25
it 430, 8 X107/ (mW « ecm™ 2), [ I 25 i i 2y
18.5X107°%/(mW » cm™®), #RMF R BRI 1Y
A MR E M L AR R BT I UV O AR R
R B B Y R e SAW %
AN g B BT i 0] i AL (R A B
PEREAR ME 5 6 T SAW 2% 14 A1 He 480, 3 ™ = 4 2
T M AR BRI R S 0 R R R R
TC L RN TC E AL B 4

5 AR ERE SAW R IME %

BT GaN,ZnO # i, AIN, TiO, . MoS, . £5
R A JFL Al 0 v B ) 28 AR B A iR, [
GaN Ml ZnO — ¥, AIN s J& — Ff 1 42 47 Bt 55 2%
S RORL AR T A 2 S R T B A TE Y B AR



5507

FRAC U, 25 < P 3 THT I 5R AP LRI 4% 14 BT 5 o i 1441

6.1 eV, Li % 0F5E 72T AIN IR 1Y 5 5h
BRI 2% AE 2 ANE I K A 200 nm B, 0 R B B
K, 0.3 A/W. R AIN 7] DL A/E I £ 40618
MZeHF R (BT AIN B3 B 58 K T,
KA BE R RE B, ORI L T B E L TR
25 ] AIN AE R SAW 48 Hh 45800 5 1) i sk T4 JiE
B AR A B LR B R B2 5 3507 AR B AT L DA
2SRRI PERE T e, Walter S5 4R3E T TiO, 48k
PR SAW SRAMEII R , 723 Ky 365 nm [
ARG ARG W #% 35 2 540 pF, F 22
T TiO, HA k5 09 % o 76 M, H 4 K 25 4 mf
DA 5 58 A 6 I W i sk R, Zhou iR T
4k (2D) vE A B SR AL (MoS,) 4K 5 AE
SAW 851 (CUV) S5 14 B G 200 25, 76 % K
365 nm, JGIR K 4. 666 mW/cm® 114 48 41 % B 5t
T KM B AT 3k 3. 5 MHz, H R iR
2.05X10 *m/(uW « em™ ) 20 Mkl & R
JHP T MoS, 42K R iy i e 4R 451 % (UL GHz iy H
) F v b ALY Jiang WS TR T 4
FLARE Y R A SAW O 2 A5 SR L Kk BRI A5
RGOS R M R B R R
A[GAF] 31.5X10 °/(uW « ecm 2), HFE 4
R S H A5 D A Sk LA T I B R I

6 T SAW #9589 Em B HEk S5 Rk
R B AL

AR, R SAW SAM RN & B T H K
AT 5 R (FL e RO L i PR RE R ARE PR A
SE M A BB . SAW 52 S I T I 114 3 2k
A

(DB e PR . A RS
WA EAERZ BRZ AENT SAW %
SMRIAR o R AT B U RL S R TR AL
TR I A TR R Y T B AR A
AnAeT 5 I 5 SAW 58 S B U R 2 H I
1 — R PR

(2 1t e e AR 0 JRRIE S5 T 45 4 )t s 2R T
LT I R] SO 2/ S T 4t ) 5 A L HG Xk Rz Y B

S % Uk

(1] kBB, 2485, LA AREZED bk HIF5E
[J]. &% K,2000,26(4):289-293.

22 R LA g o O o O M R A B AT
fb AT R B (HOR BT A S5 R R
P 30 [ o 7 S A4 1% e 7 B [ R A2 T 3
F BT i T BTG A LT AL 6 A s RS R 1Y
PRI, SR 1T 7 6 T B () o 4 S o 4 1) o S R
S B ) I T AR AL A T AL 1 RS R TR

(3) 8 /o 7 B 9 K 5 4 1) R s o A R AL
20 K 235 P TV 25 6 A R A T R G BEAE D
(R, N 1 T R A | ESA O S e o v 3

C4) Gy 5 3] 55 J5 o 14 4 K 25 4 2 — A iR 1F
fiff TR 1) ) R, A0 AR LK R BRI L LA R
O3 O A1 %% AT SE R

C5) A f 5 4k 4B Ak R BB AL B

(6 4n ] 52 B 14 51 A6 45 B AL I, L) B TG 26
TFEALIERG N TR KRB 6 M5 & —1
ik .

KA T SAW AR 1 &M & e it
mF.

(1) TCZk To U5 4 I . 31 75 2 1 Ik 1) %%
AN AR B 2 — R LS TE &k TE U, B
AT L5 A B A B R U RIS R 5 R G, ROk
A LUK SAW FEI0 5 48 1 7R 8 18 28 oty Can = AL %€
Brf, 5 T B B A ST W PR R R A
B ERI S SO ae AL AF A AR AT R K .

() & B AME M SR Y IF & . HET SAW
S HMRMN A B P — Bl K R BRI, T ik 52
IR EE A4 Uk B 1 4 0 48 3 ok R R R A A A R
14 R 127 B A T A T 3 A () D B Y R AR
&%, LR A X r 2 e .

(3) 8 m R IR S I & . HAME
2% 1 & S 5300 125 1 & SR IR AT, B 2 7 T H
TN T B AR & R AN R 38 S AR 7R R T X
TR BE AR5 M, AT LASE IR L GHz Sl B 1) 785 4
S AN, LR IDRG B 25 KRR & .

(D N THHE+ KA 6 W, Ko
SAW %8 AP 38 AL AL AL T3 50 By B, 8 2 A0F 5%
TAEE AL T #5045 182 B b 312 T AR D
R e AT B R A A RS N T AL B, B 5 OR B i
A SRR 3 i N

ZHANG ZH L, LIU L D. Research on the application
of ultraviolet technology in the military [J1. Optical
Technology » 2000,26(4): 289-293. (in Chinese)

(2] kiR, 340, e, . SR AMIG O Ak AR R 4%



1442

K TR

5 28 &

(3]

[4]

(5]

L6]

L7]

[8]

(9]

[10]

[11]

PR (1. F Bk %,2019,12(1):19-37.

ZHANG M J, CA1Y, JIANG F, et al.. Progress of
UV-enhanced silicon-based imaging detectors [ J]. Chi-
na Opticss 2019,12(1): 19-37. (in Chinese)

XIE C, LU X T, TONG X W, et al.. Ultrawide-
bandgap semiconductors: Recent progress in solar-
blind deep-ultraviolet photodetectors based on inorganic
ultrawide bandgap semiconductors [ J]. Adw. Funct.
Mater, 2019, 29(9): 1806006.
ZHANG Y, CAI'Y, ZHOU J, et al.. Surface a-
coustic wave-based ultraviolet photodetectors: a re-
view [J]. Science Bulletin ,2020, 65(7) :587-600.
Bl&l,Z gk, B R, S G R A R0 I
BB [T 8 % 4 % T A, 2016, 24 (6):
1328-1334.

ZHOU J, WU X ZH, XIAO D B, er al.. Wave
mode analysis of flexible surface acoustic wave de-
vices [J]. Precision Eng., 2016, 24 (6):
1328-1334. (in Chinese)

i H R A B S8 IM] R A B
#£,2012.

PAN F. Surface Acoustic Wave Materials and De-

vices [M]. Beijing: Science Press, 2012. (in Chi-

Opt.

nese)
B RART R DA, FHRE ZnO w5
AN L AL B S [T]. Rl B kL2014,
36(1):12-15,18.

PENG W B, HE Y N, ZHAO X L, et al.. Investi-
gation of the response mechanism for ZnO thin film
based surface acoustic wave ultraviolet detector [J].
Piezoelectrics & Acoustooptics,s 2014, 36 (1) 12-
15,18.
WANG S, L1 Z J, ZHOU X, et al..

(in Chinese)
Advances in
nanostructured acoustic wave technologies for ultra-
violet sensing [ J]. Nanoscience and Nanotechnolo-
gy Letters ,2015,7(3):169-192.
PALACIOS T, CALLE F, GRAJAL J. Remote
collection and measurement of photogenerated car-
riers swept by surface acoustic waves in GaN []J].
Appl. Phys. Lett. 12004,84(16) ; 3166-3168.
CIPLYS D, SHUR M S, PALA N, etal.. Ultra-
violet-sensitive AlGaN-based surface acoustic wave
devices [C]. Sensors, 2004 IEEE, Vienna , 2004
(3):1345-1348.
CHIVUKULA V S, CIPLYS D, SHUR M S, et
al.. Capacitance controlled n-GaN SAW UV sensor

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[C]. Sensors, 2008 IEEE. Lecce,2008:984-987.

X 77 4y # A HR L GaN R 58 A1 R T 25 K SR
HESL [T, Bk 5 404h,2012,42(11):1210-1214.
LIUW J, HUX Y., YU S L. Development overview
of GaN-based ultraviolet detector [J]. Laser & In-
frared , 2012, 42 (11): 1210-1214. (in Chinese)
AMANO H, SAWAKI N, AKASAKI I, et al..
Metalorganic vapor phase epitaxial growth of a
high quality GaN film using an AIN buffer layer
(1. Appl. Phys. Lett21986.,48(5) : 353-355.
AMANO H, KITO M, HIRAMATSU K, etal..
P-type conduction in Mg-doped GaN treated with
low energy electron beam irradiation ( LEEBI)
(1. Jpn. J.Appl. Phys.1989.28:1.2112-1.2114.
WANG W L, YANG W J, LIU Z L, etal.. Syn-
thesis of homogeneous and high-quality GaN films
on Cu(111) substrates by pulsed laser deposition
[J]. Cryst Eng Comm , 2014,16(36) :8500-8507.
AL-HEUSEEN K, HASHIM M R. One-step syn-
thesis of GaN thin films on Si substrate by a con-
venient electrochemical technique at low tempera-
ture for different durations [J]. Journal of Crys-
tal Growth , 2011,324(1) :274-277.

ARIZAGA G G C, HERNANDEZ K V C, CAS-
TRO N C, et al.. Synthesis and characterization
of GaN rods prepared by ammono-chemical vapor
deposition [J]. Advances in Chemical Engineer-
ing and Science, 2012,2(2):292-299.

CIPLYS D, RIMEIKA R, SEREIKA A, et al..
GaN-based SAW delay-line oscillator [J]. In Elec-
tronics Letters, 2001,37(8) :545-546.

CIPLYS D, RIMEIKA R, SHUR M S, et al..
Visible-blind photoresponse of GaN-based surface
acoustic wave oscillator [J]. Appl. Phys. Lett.
2002,80(11):2020-2022.

CHENTC, LINYT, LINCY, etal.. Suitabili-
ty of surface acoustic wave oscillators fabricated u-
sing low temperature-grown AIN films on GaN/
sapphire as UV sensors [J]. IEEE on Transac-
tions on Ultrasonics Ferroelectrics and Frequency
Control » 2008,55(2) :489-493.

CIPLYS D, SHUR M S, SEREIKA A, et al..
Deep-UV LED controlled AlGaN-based SAW os-
cillator [J]. Phys. Stat. Sol. (a), 2006,203(7):
1834-1838.

KOH K, NAKAI K, NEGISI T, et al.. P2I-1



5 7 1 FRA i, 85 ¢ 7 3 T 58 AP ORI % 1 B0F 5 0E 1443
surface acoustic wave ultraviolet sensor using epi- Highly sensitive ultraviolet detector using a ZnO/
taxial AlGaN/(Al, Ga) N film [C]. 2006 IEEE Si layered SAW oscillator [J]. Thin Solid Films ,
Ultrasonics Symposium s, Vancouver, BC, 2006 2010,518(11) :3059-3062.
1774-1777. [33] SREENIVAS K, KUMAR S, SHARMA P. In-
[23] FAN Y M, XU K, LIU Z H, et al.. Ultraviolet teraction of surface acoustic waves with ultraviolet
photoresponse of surface acoustic wave device light [J]. Ferroelectrics, 2005,329(1): 69-72.
based on Fe-doped high-resistivity GaN [J]. J pn. [34] B¢, %5 A T ZnO/Glass 75 F 1 )
J. Appl. Phys. 2017, 56(5):050307. a0 v R AME SRR E RS [T R B B M A
[24] #A%k.3AEH KT, F. ZnO GIKHEE/CdS it F %,2014,33(9):35-37,41.
SR AT R Re T [T, Bk GU H, HE X L, LUO J K. Research on high-
#,2019,12(6):1271-1278. speed UV sensing characteristics based on ZnO /
HU YI, HU G X, ZHANG ] ]J. et al.. Prepara- glass SAW device [J1. Sensors and Microsystems »
tion of ZnO nanorods / CdS quantum dots and their 2014, 33(9): 35-37,41. (in Chinese)
UV-visible detection performance [J]. China Op- [35] YANG W, HULLAVARAD S S, NAGARA] B,
ticss 2019,12 (6): 1271-1278. (in Chinese) et al.. Compositionally-tuned epitaxial cubic
[25] NAKANISHI Y, MIYAKE A, KOMINAMI H, Mg.Zn,—. 0O on Si(100) for deep ultraviolet photo-
etal.. Preparation of ZnO thin films for high-res- detectors [J]. Appl. Phys. Lett. ,2003,82(20):
olution field emission display by electron beam e- 3424-3426.
vaporation [ J]. Applied Surface Science, 1999, [36] ENDO H, KIKUCHI M, ASHIOI M, eral.. High
142.233-236. sensitivity mid-ultraviolet Pt/Mg, 5o Zny. .1 O schottky
[26] ONDO-NDONG R. ESSONE-OBAME H,MOUS- photodiode on a ZnO single crystal substrate [J].
SAMBI Z H. et al.. Capacitive properties of zinc Applied Physics Express,2008(1):051201.
oxide thin flms by radiofrequency magnetron sput- [37] KIM IS, LEE B T. Design and growth of deep
tering [J). Jowrnal of Theoretical and Applied UV-range single crystalline ZnMgAIlO thin films
Physics »2018(12) :309-317. lattice-matched to ZnO [J]. Crystal Growth &
[27] KUMAR G, KUMAR R, KUMAR A, etal. ZnO Design, 2010,10(7): 3273-3276.
thin films: chemical vapour deposition, growth and [38] KUTEPOV M E, KAYDASHEV V E. KARA-
functional properties [J]. Reviews in Advanced PETYAN G Y. et al.. Deep UV light sensitive
Sciences and Engineering » 2016,5(2) :150-160. Zn, , Mg . Al O films with fast photoelectric re-
[28] WISZ G, VIRT I, SAGAN P, etal.. Structural, sponse for SAW photodetectors [J]. Smart Ma-
optical and electrical properties of zinc oxide layers ter. Struct. ,2019, 28(6):065024.
produced by pulsed laser deposition method [J1.  [39]  ULIANOVA V., ZAZERIN A, PASHKEVICH
Nanoscale Research Letters s 2017,12(1) :253. G, et al.. High-performance ultraviolet radiation
[29] SHARMA P. KUMAR S. SREENIVAS K. er sensors based on zinc oxide nanorods [J]. Sensors
al.. Interaction of surface acoustic waves and ul- and Actuators A Physical » 2015234 113-119.
traviolet ligh in ZnO films [J]. Journal of Mate- (407 N UNEZ C G. VILOURAS A, TAUBENAVARA]
rials Research Society, 2003,18(3) :545-548. W, et al.. ZnO nanowires-based flexible UV photo-
[30] EMANETOGLU N W, ZHU J, CHEN Y, et detector system for wearable dosimetry [ C]. IEEE
al.. Surface acoustic wave ultraviolet photodetec- Sensors Journal , 2018,18(19) :7881-7888.
tors using epitaxial ZnO multilayers grown on r- [41] XIANG Y, YUNS, LIU J, etal.. Simple fabri-
plane sapphire [J]. Appl. Phys. Lett. , 2004,85 cation of ZnO nanosheets/p-GaN heterostructure
(17): 3702-3704. and ultraviolet detection [J]. Physica E: Lowdi-
[31] KUMAR S, KIMG H, SREENIVAS K, etal.. ZnO mensional Systems and Nanostructures, 2018,
based surface acoustic wave ultraviolet photo sensor 102. 29-32.
[J]. J Electroceram s 2009,22:198-202. [42] WANG Z L. ZnO nanowire and nanobelt platform
[32] WEI C L. CHEN Y C. CHENG C C. et al.. for nanotechnology [I]. Materials Science and



1444

K TR

5 28 &

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Engineering R » 2009,64(3/4) :33-71.

FANG X S, BANDO Y, GAUTAM U K, et al..
ZnO and ZnS nanostructures: ultraviolet-light e-
mitters, lasers, and sensors [ J|. Critical Reviews
in Solid State and Materials Sciences, 2009, 34
(3/4): 190-223.

TANG J F, SU H H, LU Y M, et al.. Con-
trolled growth of ZnO nanoflowers on nanowall
and nanorod networks via a hydrothermal method
[1]. Cryst Eng Comm, 2015, 17(3):592-597.
MOHANAN A A, PARTHIBAN R, RAMAKRISH-
NAN N. Shadow mask assisted direct growth of ZnO
nanowires as a sensing medium for surface acoustic
wave devices using a thermal evaporation method []].
Micromech. Microeng,2016, 26(2):025017.

WU J J, LIU S C. Low-temperature growth of
well-aligned ZnO nanorods by chemical vapor dep-
osition [J]. Adv. Mater. » 2002,14(3): 215-218.
JIMENEZ-CADENA G, COMINI E, FERRONI
M., et al.. Synthesis of different ZnO nanostruc-
tures by modified PVD process and potential use
L)1
Chemistry and Physics»2010,124(1) ; 694-698.
SANG L W, LIAOM Y, SUMIYA M. A comprehen-

for dye-sensitized solar cells Materials

sive review of semiconductor ultraviolet photodetectors:
from thin film to one-dimensional nanostructures [J].
Sensors, 2013, 13(8): 10482-10518.
AT, LHRFU, F. HET ZnO L RERYGK
2R 7 R T R AR [T, shae At B B
H 3R,2008(1) : 263-267.
HE Y N, WEN CH B, LI X, et al.. SAW UV
detector based on ZnO semiconductor nanowire
film [J]. Jowrnal of Functional Materials and
Devices , 2008(1): 263-267. (in Chinese)
PENG W B, HE Y N, WEN C B, etal.. Surface
acoustic wave ultraviolet detector based on zinc ox-
ide nanowire sensing layer [J]. Sensors Actuators
A, 2012,184.34-40.
WANG W S, WU T T, CHOU T H, etal.. A
Zn0 nanorod-based SAW oscillator system for ul-
traviolet detection [ J]. Nanotechnology,2009, 20
(13):135503.
CHAI G Y, LUPAN O, CHOW L, et al..
Crossed zinc oxide nanorods for ultraviolet radia-

tion detection [J . Sensors and Actuators A,

2009,150(2): 184-187.

[53]

[54]

[55]

[56]

[60]

[61]

[62]

[63]

LIW, GUO Y]J, TANG Q B, etal.. Highly sen-
sitive ultraviolet sensor based on ZnO nanorod film
deposited on ST-cut quartz surface acoustic wave
devices [J 1. Surface and Coatings Technology »
2019,363: 419-425.

LAO C S, PARK M C, KUANG Q, et al.. Giant
enhancement in UV response of Zn(O nanobelts by
polymer surface-functionalization [J]. Am. Chem.
Soc. ,2007,129(40) :12096-12097.

FU C, LEE K J. LEE K, et al.. Low-intensity
ultraviolet detection using a surface acoustic-wave
sensor with a Ag-doped ZnO nanoparticle film
[1]. Smart Mater Struct 2015, 24(1):015010.
KHAN R. UTHIRAKUMAR P, KIM T H, et
al.. Enhanced photocurrent performance of par-
tially decorated Au nanoparticles on ZnO nanorods
based UV photodetector [J]. Materials Research
Bulletin ,2019,115:176-181.

CHIVUKULA A, CIPLYS D, SHUR M, et al..
7ZnO nanoparticle surface acoustic wave UV sensor
[J]. Appl. Phys. Lett. , 2010, 96(23):233512.
LEE K J, OH H, JO M, et al.. An ultraviolet
sensor using spin-coated ZnO nanoparticles based
on surface acoustic waves [ J]. Microelectron.
Eng. ., 2013, 111:105-109.

SAHA T, GUO N Q, RAMAKRISHNAN N, ez
al.. Zinc oxide nanostructure-based langasite crys-
tal microbalance ultraviolet sensor [ J]. IEEE Sen-
sors Journal » 2016,16(9) :2964-2970.

HE X L, ZHOU J, WANG W B, et al.. High
performance dual-wave mode flexible surface a-
coustic wave resonators for UV light sensing [J].
Micromech. Microeng, 2014,24(5): 055014.
HASAN S A, TORUN H, GIBSON N, et al.
Flexible UV sensor based on nanostructured ZnO
thin film SAW device [J]. 2019 IEEE Jordan In-
ternational Joint Conference on Electrical Engi-
neering and Information Technology (JEEIT),
Amman, Jordan, 2019: 85-90.

L1]J, FAN ZY. DAHAL R, etal.. 200 nm deep
ultraviolet photodetectors based on AIN [J]. Ap-
pl. Phys. Lett. ,2006(21), 89: 213510.

WATER W, WEN C W. Application of TiO, thin
film with nanorods to surface acoustic wave type
ultraviolet photo detection [ J]. Electroceram.,

2016, 36:94-101.



57 FRAC U, 25 < P 3 THT I 5R AP LRI 4% 14 BT 5 o i 1445

[64] ZHOU P,CHEN C S, WANG X, et al.. 2-Dim- [65] JIANGTY, JUZHY, LIUHF, etal.. High
entional photoconductive MoS, nanosheets using in sensitive surface-acoustic-wave optical sensor based
surface acoustic wave resonators for ultraviolet on two-dimensional perovskite [CJ. 2019 Interna-
light sensing [J]. Sensors and Actuators A, 2018, tional Conference on IC Design and Technology
271:389-397. (ICICDT), SUZHOU, China, 2019:1-4.

fEBE N BIWAESE:

B &1988—), B MK AL Bl
SR U e o1 o N S T & o
B N TR e AG Bt M Rl T A
B HTE %% . E-mail: jianzhou @ hnu. edu.

B (1996 —) , B, Wik 22N, Wi+
WEgE 4, 2019 4F F = e K2 315 24 +
27, 35 A P VA IO 4 G

A

5% o E-mail: yin. CS@foxmail. com

cn




