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B 1 (a) a-MoO; FhRLEH; (b) 5-MoOs FhARLEH; (c) h-MoOjy fii A4 1y
Fig. 1. (a) Crystal structure of a-MoOyj; (b) crystal structure of 8-MoQOs; (c) crystal structure of ~~-MoOs.
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1) SE R A8 25 0 T WA 5 e 2 4 B Y L i
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BLRE EYor < BN, < Eyes, MKIER, 435124 1.85,
2.19 £ 3.20 eV. Inzani %5 12 WF57 T A ] 55 6 X}
Ret a5 B sE R, BREE IS ARS8/ a-MoO5 1Y
HHR, il 3 s, IWAL2Eit A 1.96 eV {2
01, 02 F1 O3 Hp) 1.64, 1.88 il 1.68 eV.
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Mo 38 J5 8 Mo* Fl Mo, A (i 5| ALkA
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SR, RIETAE D R IE S a-MoOjg 144 2)
PERIRT PN, 5082 — I MERR. F s 4s 1 LR
TR e BT AR B B a-MoOg BT7k.
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Fig. 2. (a) Bulk electronic structurel®; (b) monolayer electronic structurel®.
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B3 (a) TEALATHHR AR OL T MoOy BEARF &5 125 (b) 7E O1 Z 11K B T MoOj REAF &5 K11, (c) 7E 02 = AL BL T MoOj; figilr £k

FI2; (d) 12 O3 ZALE AL T MoOy fig i 2544 12

Fig. 3. (a) Band structures of MoOj; in the stoichiometric casel'”; (b) band structures of MoOj in the vacancy on O1 casel'?;

(c) band structures of MoOj in the vacancy on O2 casel'?; (d) band structures of MoOs in the vacancy on O3 casel'?.
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i, —25 S0 ] DL A 5 a-MoOg AR, HAT#
FERIB AR PR #2iH MoO, M THEIREE R
HUAR P R AR S HET) KRB B AT OG0
PR ASCEZE T KIAF a-MoOj il & 2 iy
KEESELEERE, gk 1081621 B 5] R 1 43 5
IR | 2 H ) SR SR B =y i A 7463k

Kl 4(a) A a-MoOg A K # 7R & B 19 3%
T8 H R A MoOs ¥y ARAE A R, fE—ESET
4 MoOg £, F il 5 #AREE R &, TTARTERS
i .l MoOy £ 7E 700 °C LL_EFHE, 600 C
PINFUUR, AFRBTTBURETE E) MoO4 TE5 &

A . 2017 4F Wang 55 13 R H] MoO3 By ARAEH
FT SR N AR 2 e, 5 SO e G T R A 38 K T AR
1) MoOg AK J. Bl o I I B2 () s, kiR 2
1 a-MoO3 #ITRTERNE |, I HIRSIAER, JEEE
/N, ZEIR T MoO,, 28 SAE AT 45 1Y h [ it
X, — HIRFERRAR, Bl Bl Mg, S:3
MoO, Hi#%. Diaz-Droguett 55 22 7£ 100—1200 Pa
PESET, ASE BRI EIEZE K MoOs,
AR MoOjy il MoO;, S A KE5 . KA
A 288 A H 5 T 52 M 2 K ) A RT I 2 T A Y
%, 7 600 Pa B2 SEIT, I EHE 763—910 C
Z AT 28 R ), SR IREE R I 7= R AT ik 100%, J2
Z, Hesma SRk 2 NE R SR H i AR, BR

£ 1 —HAE a-MoO; MAEKLMF (1 Torr = 1.33322 x 10% Pa)
Table 1. Growth conditions of a-MoO; prepared by one-step method.

Ref. Carrier flow Pressure Substrate temperature/C Growth time/min Lateral size Thickness/nm
[13] — Atmospheric 580 120 69.6 pm 5.3—89.8
[16] — Atmospheric 850—1050 30 0.72 cm —
[17] Ar Atmospheric 750 20 Centimeters scale 4.3—550
[18] Ar 310 mTorr 530 45 500 pm x 500 pm 8 £0.75
[19] Ar& O, 100 mTorr 150 90 Wafer-scale 30
[20] — Atmospheric 540 20 Centimeters scale =14
[21] N, Atmospheric 350—480 20 Several tens micron 2.8—14
(a) T Temperature
MoO, @ -
(d)
O 1s Mo 3d

Mo+ 3dy)s

Intensity/arb. units

L L y P
536 536 240 235 230
Binding energy/eV

B4 (a) TEPTR X B BT R S 5 i a-MoOg JiUEE [ 191 (b) 78 Si0,/Si % L2 K 1 a-MoOj B i 9 iR F 19; (¢) -
MoOy ) HRTEM B8, Pk 1 o AL F 35 555 e St ARl PR 1 0 £ L A 4 LR 19 (d) 2B 4K @-MoO4 B9 O 1s 1 Mo 3d B4 o 7 B

XPS fig i 19

Fig. 4. (a) Schematic illustration of synthesis of a-MoQj in a two-temperature-zone PVD system(’®; (b) photograph of as-grown a-
MoO; single crystals on SiO,/Si substratel'l; (¢) HRTEM image of the a-MoOj; sheet. Insets: corresponding TEM and FFT
images!'%; (d) high-resolution XPS spectra of O 1s and Mo 3d of as-grown a-MoOj/'%.
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bR 2R R Y HGE A, BR8N e T
DURERT G R, R4S 2 A JC e TE AR ] 25728
K. HTSKY 2 AW BT LA TS o-MoOj (A [ A
K, 2018 4F Zheng 45 19 [a] A F) FH 4 b 12,
A T A S SN Y NS, R HITSR ) 1 ik
JE. AT a-MoOg S 1] RT ROK )RR
AR, SE NN 2.1 cm B, P 5EEE AT
M 0.02 cm B4 K] 0.15 cm, KR M 0.68 cm
HERE] 0.72 cm. K] 4(b) HEDRGIWAIK R LT
KITIE, MoOz HIAL G843 5 UT ¢ A o Bl
. & 4(c) W3 PEE S L /5% (high resolu-
tion transmission electron microscopy, HRTEM)
R —E T a-MoOg 44K F #E AL B ) A K
J73%. [ 4(d) S X DL TRERIE (Xoray pho-
toemission spectroscopy, XPS), 115 nJ 52| 5§ i}
a-MoO3 44K Fr 1) Mo/O )Lt 2.97. FEIEE
filt b, Sun &5 07 [R]RER]FHAE 2 7k, 7EH T
% T H KD a-MoOg, ¥ NAEHR 2 cm B9 A JLEAE
N AR VRAS A R AR AR KA, HCETENAR N
8 cm H N, a-MoOj dnAR A KA A1 T8 Y P BE
b, FEERA RS O T 0N T AR E TR,
a-MoOj ARIARBERS I = W FREAS W HEER.

3.2 W EHIFE a-MoO,
3.2.1  EAERATE

F R A I S5y v A K I TR 22 o T i R
ZaRE, FrLUR T3 81 a-MoOg HiHE, i
FEHEN T SE5A 5 IR K T2 S B ) A
T 25 AT 452 1 K R AR 45 . Cauduro 25 23 1) FH B
J 0L B ol £ MoOg B, I U RE & 43 51 7E 90,
150, 200, 500 °C T #471iR &, XFF7E 500 C iR
KR, FERTDE T 2D WA AR RS MoO,
AH, 8T RO AR A PR R A AE T
e (2 ~ 3.0 Fil 2 < 3.0) A MoO,,. 1 i 1 i
(1) 2% T D) pRESHE— 258 a2 S AL B A 45 A IR 0, T eR
LR 5.5—6.2 eV (YR X, XN i B I8 Ji
MoO, (z < 3), JIEREKRT 6.3 eV (I 6.9 eV)
FR DI, X5 AR a-MoO,. Arita 25 24 FWI AL
B MoOg HERE. FE A B A IR IR EE (300 °C)
TIPSR T 50 WSS AR F R TR Mo
. Z 5, B AE 300800 °C 2 S vtk
10 min, 153 T a-MoO, M. G 5 Fis, X §4k
it (X-ray diffraction, XRD) Z554K&HH: 7E 400 °C
LA MoOy TR AR o A s A, #E 350—

400 °C A9BSR BE S TSR o FI B AHILAERY
MoOy; ff—4 IR KR (> 700 C) S RBGH
R 1 78 . R4 IR S 7 VA il £ a-MoOg $5 4 a7
B AR, 1E A A

200 [(a) D|I| As deposited
|
100 | I
0 [P, 'J..ll'-‘ -1
200 [(®) oj'| 300 <C
w 100 | 1
- £
g 0 [t ot [|\.J wad
o 8]
% 200 (&) /I 400 C
£ 100} @ ° |
Y e A\ 2
= (d) e 500 °C
=200 \ |'
100} | f I\ ] Wi
0 !”'J W'IU W/ l\w..../»-.«‘wj (S VO S
900 [ 600 °C
|
wob ) 4
0 bl st W MAL M M | O]
10 20 30 40 50 60

20/(%)

B 5 FEA R T 4L B Mo WY XRD 4 24
Fig. 5. XRD patterns of Mo films oxidized at various tem-

peratures(24,

322 RTERRE

JiF JZ UL (atomic layer deposition, ALD)
S — S SRR TR s, AR T
B il 2 1 R 12520, iy F ALD R JEFR R, 1T
DUKE A s IR E . 8] 6(a) A ALD il #5484k
BRI AR TP e R I YA W AR A IS
T, Z 53 AR SRR IR T i (Y RN R,
Je 38 SR B T AR R s N A5 38 B 2 1 AL AR T
JEE, I R — MG PR, e 3 R PR R ERRT DIAS
WEJETT MoOs WYJE . 2010 4, Diskus %5 28 ]
Mo(CO)g, O3, HyO YENRTERY), WF5E R A FKTE
FALSHAE RSB RER, I AR AR &M E
B AR K R R 0.75 AL B AITRTEM T ALD
TR EIH MoOs N ToE L #AR. 2012 4F, Diskus
8 ) i — 20 T T TE ) MoOs 1] a-MoOj %
ARG 2. 7R SR X MoOg 7E 400—600 °C
PR B 6(b) iR KA H= R AE. iR
KR EE ] 400 °C B, JTEETE MoOs 5678y 3-
MoOs, il B i — Tk 3 600 C B, JoE B
) MoOs 5725 K a-MoOs. Hi ALD J7 3528 1 ]
B R T HIRE N o-MoO, Wi, HEA =)
PE . — SRR A
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(a)
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(b)
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- B-MoOy b) |
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Intensity /arb. units
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Raman shift/cm~!

B 6 (a) R ALD & B MoOg #i B A9 — NG A T 205 B 7 (b) SR ALD 7£ Al,O5 I UTEAS 21 40 nm MoOg # i () H1 2
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Fig. 6. (a) Schematic of one cycle ALD process for MoOj film; (b) Raman spectra of 40 nm thin films of MoO; deposited on Al,Oy4

by ALD: a) as deposited, and annealed in air; b) 8 min at 400 °C; ¢) 4 min at 600 °C; d) 7.5 min at 600 °C[?%.

4 a-MoQOg 7 77 fif 1T B 473k 1y Jr A

[l

FHAZS XA o FEAR LR R AR B2 05T
WA BB DR Hp I 18] | B A B L 5 YR
4 JE AL SR (complementary metal oxide
semiconductor, CMOS) T 2% | #x /b R R %
Zy4i/NE 10 nm LR A5 B30 54 B R SRR
TEHLBETF G 1y W A B KOG, Kb 2 hReid
W 4 Jm A MoOg FE 5 = Dy pR gl K26
B i A LA A SRR e AR R, O B
REL) L BELAEG 2 T A B 2 — B439) TR SO 2R 4R
Ak 5H I 1 BH FEMLA7 A #% (resistive Random access
memory, RRAM) IWF5FTIERE.

4.1

JIr 1) 24364 m[ DU a-MoOs fE gt kL, HAT
R BITFI L | R AT AT | B R AR . Dh#E
INEEARH, 2012 4F Arita 25 24 ) B HE AL SR IR Y
7 EEH1 4 MoO, 3 RRAM #4444, WF9% T 1E 400—
600 °C & ALAYEES B TF R M. R Pt-Tr 241
VER TS LA, & BRI o P AT N M AT B
FE A BHAS T 56 FOAE 10—102 22 4] . {H AR Ak FH s
14 7 A5 380 1 B A 88 4 T O AR L A e P A 22
2015 4F Tan 25 56 F| F K #4006 A BB MoO;5 44
KA, IR Au/MoO;/Au ZEF I T —4ifH A8
. SRR I AR B SRR DGR, FFOC I
9103, FEMEIERS B 2019 4F Wang 25 B7) F F<AH
A T B R AR 2R a-MoOsy 442k HIf:
FIVE T BEAS 2 0F. aniEl 7(a) TR, 280F B B

411 ML AfEEA S 55 e PR ELTF AT, G I Pl I 25 PRI P
AL BH I B A7 it 4 I PEBE S A0 L an 3k 2 A& A e BEL I IR B A R 22 (set), AT DL S8 ARG BH
B2 SHULHIEIZIR BT
Table 2.  Comparison of performance of molybdenum trioxide memristors.
Ref. R/ Rost Endurence Viorming/ V Veet/V Viesot/V Retention/s Compliance/mA
[24] 10—10? 60 1.8—3 1—2 0.5—1 — 2—5H
[36] 10% - 922 1.7 3.3 10% 10°
[37] >10° 50 3.2—4.1 3—3.9 4.45—5.9 104 50
[38] 103 >6000 2.7 -2 2.5 =101 0.8
[39] 18 — 24.5 1.8 -1.1 3.6 x 10° 1
[40] ~350 . - 13 . 2.6 x 100 .
[41] 1.15 x 10° 7 — 4 8 45 x 10° —
[42] 1.6 x 102 500 — -3 3 — —
[43] 108 >100 — 0.8 -0.2—1.6 2 x 10* 102
[44] 20 — — 2.2 -1.1 1.4 x 10? 0.1
[45] — — Free 0.4 -1 — 0.1
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B 7 (a) BB BLIF AR FIEAT R, B AR 2 pm x 2 pm 1Y o-MoO; # FF = HIVA 85 iy -V il &k, Wik B R T
Au/Cr/a-MoO,/Au HiFF I J2 45 H i AR I G4 BHR , ZIBERARTR 5 pmPT; (b) a-MoOg BEAT 8% 171 T K7L 23R T BA T M PR35 1k
TE 0.01 V i/ i B R, S 3 I 4 e K B S HRS R LRSPT; (c) £7fiff o 5T 1E 52 TT SR 1R M5 o v - v R T2 B85 () I 3¢
JH B BT A (352 3R TR O 500 m VI 35 A5 Fr) v BELAED), 1A ik PR DA T A 0 ke R v 0 e T S oo e 7 A ik o 4 2 ) S

2 msk

Fig. 7. (a) Representative I-V curves of unipolar resistive switching behavior in the a-MoOj3 crossbar sandwich device with a lateral
area of 2 um X 2 pm. The inset shows the corresponding optical image of Au/Cr/a-MoO3/Au crossbar sandwich structures and the
scale bar represents 5 umP7. (b) Time-dependent measurements of a-MoO; crossbar device switch featuring stable retention at
room temperature. The resistance of the HRS and LRS is determined by measuring the current at a small bias of 0.01 VB7.

(c) Characteristic current-voltage curves of a memory cell subjected to repetitive switching cycles?. (d) Performance endurance
with respect to number of switching cycles (Resistance values obtained at a read voltage of 500 mV). The inset shows the voltage
pulse train during endurance measurement with duration of 2 ms of each pulse.

] R BELAOFE AR (reset), wh (o 26 FnZg (o 2643501 A
—IK set Ml reset 12, W LLEF], #5 (0 i £ 7
3.2 VI g AFREAE AL TRBHAR S, RO&8 40 46 1k
(forming) 3o . >4 1 Y I 1E [o] L (4 €5 it
22) IR F) 4.1V IRy A B 2R B B s PR, S AL
ik reset it . BIMPLLEA MR 3.2 V IS HLFH 2
TR R, BPFRL set, A I ] FRL s ) 2R S A0 76 £
HIBIER Tk &L reset, BAETH R, X A~id F
ST B e R BE T SCAT . W IEl 7(b) FiR, B
B = BHZS (high resistance state, HRS) F1K B 2%
(low resistance state, LRS) HfE AT LAiA ] 107, fiif
ANVERR S Al L 3 d JF HBA B4 ge e k.
2018 4, Rahman 4§ 3% {24 AHITA (chemical
vapor deposition, CVD) &G i T 2Kk MoO,
JBE, IR TS LT (29 2.7 V) T ol

SERY BRSO PERE. WE 7(c) M 7(d) Fios, #%
IR HEIA ) 103, B0 AR FRRT ) KT 104 s, i
ANERT PIGAE] 6000 K LA EIEFR.

412 AERABEETXEMH

2018 4, Hsu 55 121 ] FH S0 i 47 e Sty 12
# 7 MoO, Wi, i@t & O, il &, a4 =
i, H7ET Al/MoO,/Pt BHAS#F. #F9E T O,
X MoO,, #wfF H B AR S2 N, G 2 it
Y3, A Y I REL (3 K. B AR i
Sy NP ) IVATUE | BT i =0 W NS D e N S N
TARMF I fRRE. 1E MoO,/Pt FL1E T8 B 5 1 H 45
¥ 2k 3.3 eV, 7E Al/MoO, Jt 1 # 22 N
1.9 V. IXFRA XS FR A 42 Al (i e 415 ELAT A Ry
PE, I B E ARG R, B R ACR Bk
.2 O, 0ii: N 9 scem (1 scem = 1 mL/min) B,
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KB K (2.0 x 10%), W& 8(a) F1 8(b) Fr7x .
2019 4%, Du % BY R — 4k a-MoOy 44 K47 il
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R BN LAY B A 5 2 RO PR BH AR e TG IR
FLATIAE] 5.0 x 102, FFXHEZH 3 V. BT Ag
Fl a-MoOj Z [ Ml Fa BHA K, SR Ag fE M
W E AT LA S 34 % P 1) R 1) 1 {1 T G R,
3.5 VI, ML SR IIFAE L R IE A i A A
FREMRBLRES, mifE R LV &L TS
IEH R 2 FR. R 43K 30 H R R 2 0T
TRBHAR S AN RELRRE . 12 B FF A8 R AE B2 O
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dependent plasticity, STDP) 174, STDP %> pR
BT DR G M AP0 & 24 Ay P 2 filh 5 FLIA (excitatory
postsynaptic current, EPSC) 224k (AW) 5 At
K F. Wang 55 PYFI T a-MoOg WA £ 1 5 fih
A, TR KTE AR RAE SR T e s T 2
I 5578, AN o(d) FTzs. A TR 25 4%
il TS EE 5 x 5 B MBS, R AR T
“x7 Sy Rl e SRR Cx F ¢z B RS RS AL
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HHKAFIE1Z (long-term memory, LTM) FixCEi A .
&l 9(e) 7 L RS — 45 R LB e pnic B 20 A
KW BN AIRAS, BV A s — ki 8 s.
1E LTMBE R A By 55 )5, PR E
B, TR “2” B9 A T SRS, 722N
Grid BRI IX 3 1, A&l 9(f)—(h) PR, F
7RI 427 R 2 ARSI, R b A FH 2 ik B 5]
ST MBS IC e
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SRUESEN L ¥eX St A RPN DIl P da N )
S dst, A4S R A AS R b A A R SR Ay ) 5 7
(5 AR 5 2% 2SRRI R AR Y. 7E = om AR 4%
PEep A5 ST LA e U ] YA B A T A% 138, il o
AR HEA T B 545 S DT o 5 Ml AS A 78], (i
S RIS My 2] JE AL 1Y, I EL by TR L O
HALE TR fL i/ M2, PHCTE S il b A Th s %2
RUEBEHINFE, A REFE R KPR P73, a-MoO,
ORFIR S, A A T - B 1 10 ATl i AR
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Fig. 8. (a) Current-voltage characteristics of the MoO, RRAMs!*?; (b) endurance characteristics of the MoO, RRAMsl*2.
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Fig. 9. (a) Schematic illustration of vertical device structure and measurement; (b) I-V curves of negative voltagel’”; (c) I-V curves
of positive voltage, the insets show the variation of the current read at +0.25 V with increasing cyclel*l; (d) STM and LTM demons-
trated by applying 10 pulses with different amplitudes and widthsP"; (e) conductance change at the first pixel; the blue dashed lines
indicate the read-out moment after inputting the last pulse for a given letter™; (f), (g), (h) images memorized at the moments

marked by blue lines in (e) letters “x” and “z” are memorized in the STM mode, while the letter “y”

is memorized in the LTM
model,

TEBR RS R Y OBEUE @ P SRR AT ST B Ik
5, FET LR a-MoO; YRR TSR, HF5EE
AT TR I FAE B A 4 # 1) % e 1, B -
MoO; Al LIAREF -5 & M2t A T DC . Fiiga i 1
RFEIDIREZ MRS a-MoOs 14 T8 14 28 firh i (A 45
AIPEREXS [, MR 3 T L EDILA 1 a-MoO; 1R
B PRIA M R 55 75 T BAT ] S A o6,

Yang 25 P9 il V5 1 B TR 2 fik S AR
P 10(a) S — Bl A 2 338 S5 e A= ) 58 fi o 45 3 9 7R
B BRI HHRB R Z TN (S Ml AT fk S

MZTT) BEREY). 18 10(b) TR N a-MoO, 3%
Sk AR A, VAT 1) R AR A AR 2 RS R P el A
MR AE R a2, TSR AR AR AR S A 2 e i
i, (EMELRY b Yang 2567 X — 5 T o
MoOg 4HK Fr Ay YA T8 1) 5 fish s A A8 i A 79 B4 97 485
4, JEELUNE 10(c), F£T a-MoOy 2 fi i A% 1
MR ZERE e s oo, A T8 H A fk VRS T
S AL R B R SR S T T AR AR,
1 10(d) 3538 T A I 25 a3 e A0 45 1 1)
KGR, ATLAE 20 Rk 94.1%.
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%3 R VEREXT L

Table 3.  Performance comparison of synaptic transistors.

Ref. Channel material Electrolyte Operation votage/V Pulse width/ ms Energy consumption
[56] a-MoOj; EMIM(CF3S0,),N 2.5 1 9.6 pJ

[57] a-MoO, LiCl0,/PEO 2.5 1 ~(.16 pJ

[58] 1GZO Chitosan 2 25 1.0 nJ

[59] 120 Methyl cellulose 0.2—1 15—60 16 nJ

[60] MoS, chitosan 1.5 10 5 pJ
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Fig. 10. (a) Schematic illustration of a biological synapsef; (b) schematic diagram of the three-terminal synaptic transistor!®;

(¢) schematics of a synaptic weight layer composed of voltage programmed Li-ion synaptic transistor crossbar array and access

devices; (d) the recognition accuracy evolution with training epochs for 8 x 8 pixel handwritten digit imagel®”.

4.3 LIRSS

TR ) A Z A S AR AR NI TE R G
(S A DI RE TS 10 EAT AR 2 R v T, T LA
BLEIXIER, FH AL 2 fi B ] LU PR AL AN
VAR PREE A A — ik, RORSE @ T B A B 5
ARI6L62] Zhou 2 B9 1| 2 45 F G re e BB ALAT
fi#i#% (optoelectronic resistive random access mem-
ory, ORRAM) YRR fii i F, SEBL 1 BB RN
TCIIRE. FEMZIL B RGEH, ORRAM [4:51 #
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Ja Y R B A A B = TR N T M 2%, LL5e &l
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ORRAM B HE# A Z, WE 11(b), fEIIZR
S, S8 ORRAM FE3IHEATEAE, — P —
MBI AR, N THEIESWRERGE RN T
—ANH 6 x TIREIFE: p, u ¢ BYERA R
PGB e . DSR2 rh A BRUREAN 7 B A 5
i (1000 W EG) BEATER. 1] 11(c) Hode T
AEERHTJE AR, Gt hh PR AY IS 58 H B oR - REAR
BHRAE, SIS SO RS SRS I S Y 1E
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Fig. 11. (a) Schematic structure of an 8 x 8 ORRAM array®); (b) structure of the three-layered artificial neural network with

ORRAMP; (c) examples of images before (left columns) and after (right columns) ORRAM-based pre-processing®); (d) compari-

sons of the image recognition rate with and without ORRAM-based image preprocessing/*7.
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Abstract

In recent years, a-MoO; has received extensive attention in the research of memristor devices. The
variation of valence of molybdenum will lead the resistivity to change, and the unique layer structure is
beneficial to the implantation of donor ion into free space to adjust the conductance, so that it has a great
influence on the study of synaptic transistors. This paper mainly summarize the properties of a-MoQOs, the
method and characteristics of large-scale two-dimensional a-MoO3 and analyze the recent progress of in-memory
computing based on a-MoQOj. Primarily, this paper introduces crystal structures, band structure and defect
state of a-MoQO3. The synthesis methods of large-area a-MoQOj are compared with each other, including the one-
step method to directly obtain a-MoOj; nanosheets, and the combined post-annealing process of magnetron
sputtering or atomic layer deposition to prepare the thin a-MoQj; films. In the one-step synthesis method we
conclude that the chamber pressure influences the ratio of MoO; to MoO;_,, and the growth temperature affects
the ratio of a-MoO; to (-MoOs. That is to say, the phase composition of molybdenum trioxide, the
concentration of precursors has an important influence on the film size. The advantages of a-MoO; synthesis by
different methods in memory computing applications are discussed in detail. And then, this paper summarizes
the device performance of a-MoQO3 in memristor and the application progress of a-MoOj-based neuromorphic
devices, and analyzes the performance of a-MoQO3-based resistive random access memory such as switching ratio,
endurance, and stability in detail. The synaptic functions of different structural device units are extensively
studied, and various typical synapse functions are realized such as short-term plasticity, long-term plasticity,
paired pulse facilitation, etc. It shows the excellent characteristics of low energy consumption in the simulation
of synaptic plasticity. The use of short-term memory and long-term memory modes of the device can realize the
functions of image memory and preprocessing. Through the memristor array combined with the back-
propagation network, the high-precision handwriting recognition can be realized. Finally, combining the recent
research progress of a-MoQs, its opportunities and challenges in the field of memory computing are prospected.

Keywords: a-MoOQs, large-scale synthesis, memory computing, neuromorphic devices
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