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Abstract

The W/A1,0; thin films deposited by atomic layer deposition (ALD) were annealed in a nitrogen
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atmosphere and characterized by a high-resistance meter, scanning electron microscopy (SEM), and
energy-dispersive X-ray spectroscopy (EDS) to investigate the effects of annealing on their electrical
properties and surface morphology. The results show that under a 1 h annealing duration, anneal-
ing at 400°C~600°C not only significantly reduced the sheet resistance of the films but also led to a
continuous decrease with increasing temperature; however, when the annealing temperature in-
creased to 700°C~800°C, the sheet resistance deviated from the decreasing trend and exhibited a
pronounced increase. When the annealing time was extended to 2 h, the films maintained a decreas-
ing trend in sheet resistance at 400°C~500°C, whereas a marked increase in sheet resistance was
observed at 600°C. SEM and EDS analyses indicate that the electrical anomalies are closely corre-
lated with the degradation of surface continuity in the films.
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1. 3]

WU TE B (Microchannel Plate, MCP) Ay sy R B 1538 S8 A% O 2, A2 55 EHR DA B AR BR300 45
A B RN HMME. TFER, ETE T E TR (Atomic Layer Deposition, ALD)RE A & 1 e 15 fE 45 1)
IHT AL MCP il £ J5 151 7 52 20V [1] [2]« ALD FOR B R ()R FE nT st fm A 2 6e 71, REEAE =gl
REELTUEE 1 N BETE S S IR [3], T stk a5 — B hd it 1 B EH AR F B [4].

FEHT Y ALD FodE AR e i) 2 o F e, PORR 58 B0 (I8 208 o 7R B I — e AL B IR, DU 2 J5
ST Z AT R [5] [6]. AT, PACBE AT RE MR R TS0 . 2 DA K H 2 it e = A 2
S [7]-[9]0 FENRAEE SRR R, 18 JCRFEFR KON [A] 12840 o] B 3 B E PR Re K A2 80, #
A Y, TTRE S| LR I 45 MR R B 2 M e S 5 [ 101, AT REMA 284 P B PR R T S [11] [12] R,
B IR K S R 30 5 F A M RE RO I A, o Ok ALD floBIE AR () T ZE S50 HE R

WIALOs KA T AE DhRESE KR &, FLAVEREXS Pb B SR BUNBURK[13] [14]. HI%E ALD fpil
TE R ] 3 I AR P BT R B BRERT, RS ARG TT 1A AR KR B 53R KR [R] 64 T WIALOs 4K
FELRTHI TS0 I L2 P R IR ARARFAE o Sl 7 B s BRI 148 7 SR A (SEM) K R B s X 9 4&3 (EDS)
S3HTIR KIS AR rh IR BT AL S AT B I, e ALD RS E R G B A B TR A
I ARHE -

2. SEWME R 75

SEI6 A A SR TG, A B EAR(TTV)ZE 1~3 um LAWY, FEHAEE(RMS)/MT 0.2 nm K
MR AEEN, EEN1Imm, K15cm, % 1cm.

PR FH B NS0T PR A AL BR15], DA B HLIS Y it 9] ASRTHTEVENL sl o AR BE 5 Ak IR TETC /K
LTERNEE ALK P P IS BE % 15 min, BEJS LAS4l N RT4&H . WIALOs B & MK H 5 F )= Ui (ALD)
JiF A, MAEHECH 20, AEKIERIE N 250°C . AlOs |2 LRTIK & = H IS (TMA)FI H0 A8 B iR, W 2
PAHT IR AR WF6 F11 SioHe 22 B ITAY, R F il B i3 iU AR i B . WRe &5 SioHe kP [R] )y 0.02s, ¥iif RE B
[ 3s, MANEN 10s; TMA 5 HoO Fkyfif a2 0.04's, WA 10s, #S N4l Noo ALD it

][l
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RE I KR SR 75 e s R 3]
= A-OH" + Al(CH,), —> = Al-O-AI(CH; ), +CH, T
=Al-CH; +H,0 »=AI-OH" +CH, T
= Al-OH" + WF, - = AI-O-W-F, + HF T
=W-F, +x/2H, > W° + xHF T
FEIRAE BV R HHTIR KO, FHREE N 20°C-mint, FEBREREEE Lh sk 2h, BiE7E N;
AR A B R . IR KR VS 400°C~800°C, FHirf 400°C~600°C ¥ E 1 h 5 2 h Bt [a], )&
3 il A e [R] 38 i 5| A RS B KAk B4 14 R B [16] [17], 700°C &5 800 CAL % E 1 h 1 Jy syl i .
ok, B LUK S S R 1R

Table 1. Sample number and annealing conditions

®1 HRESESRAFEN

B b IR K [E/h IR KR C
A1-S400 1 400
A2-S500 1 500
A3-S600 1 600
A4-S700 1 700
A5-S800 1 800
A6-L400 2 400
A7-L500 2 500
AB-L600 2 600
A9-N

I B AL v, AT AE ARG IR K X T A 2R Gt U RGR K IR T) RIORE , [ A ) Y v i 2B A A
X, TR FEHE— 2D T o WIALOs 9K BT 30 5 PR RE R . B A HL =2 PR RESR A 7 B
PEBEATRAL. fEH] 75y ADVANTEST R8340A fi e B TH7E S I 2% A8 N 3EAT MK, 00 4 P9 s i
21417 x 102 Pa, MMKHLIEDY 1000 Vo AR FERLIEI 3 DASFEAL ERATINE, ARERREEA S SIS 5
R, B DN S A A A 9 iz i AR M DT B . WEIRER TR SR SEM BEAT LS, Inid
R 3.0 KV, TR 376 F Dy 500%~2000x, 38 1% AS[FIR K SFAFRE S TS0 b, 70 B il kL E 55 e
(L0 R T e« ARPALE RS B B0 SO RIS o DAl By 7 A 3 Ak L0388 I3 1 2 350 B 7 38 2 A1 AL
2, SR Re i (i X T2k RE 1 (EDS)EATRAE. EDS 73 #r4i& SEM 255G, H T Ak R i oo
oA S, IR BT R B I TALR K SR A TR ARHIE DX T R L R B T A R PR A AR

3. BREIHR
3.1. FFHReEPABRIR A RE SHERIEWL
B 7B KA E R I SIHEAT 17 b BRI A3 G R IR A TR LIRS 22 5 3 40 BT S A
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AT EE PR RS L BE T A — A R KR JE O BB AR . RR BT RO, FEdh A9-N UM T SEM
REEHRAL, S 5IB K5 AR T

NI HTIR KR IR K TE S WIALOs B A PERE 2, HE B 1 AR I ) 2% A b
J5 B B AEIR K AT JE AR A B L. 2 208G H T 1h 5 2h B KGR, & 5L X RRE i 1) 7 e i L
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Table 2. Comparison of sheet resistance changes of samples under different annealing time and temperature conditions
% 2. T EIRARESIRAGRE G TR HREHET LI

PE ARG IR KN [Rl/h BRI ZIC BRI P /Qo? B AJEITRA/Q o
A1-5400 1 400 1.72637 x 10% 1.38659 x 10%
A2-S500 1 500 1.80766 x 10% 5.40702 x 108
A3-5600 1 600 9.79671 x 10% 9.69191 x 10°
A4-S700 1 700 2.90757 x 10% 2.55039 x 10%
A5-S800 1 800 6.13821 x 10% 5.40702 x 10%?
A6-L400 2 400 5.01328 x 10% 7.97254 x 10°
AT7-L500 2 500 1.20517 x 10% 5.67811 x 107
AB-L600 2 600 3.78636 x 10% 2.95114 x 104

DN SE LU EE AN [ IR K T8 S AR 1 7 R v BELRE AR K IR B AR A a3, B4 2 v (IR IX TR) 0k 45
Ry B 1h 5 2 h B KEEAEN FAR K577 B r B I BE U 2 1 i B e ELIET, - 5] 1 o

1015 1015
1014} 1014} *
103 1013}
’g\ 1012} R A ,D: 1012}
8 10" A c 101
poee]
= 101 % 1010 .
® ®
= 10°F & = 100
108 108} "
107 A 107
106 1 1 1 1 1 106 1 | 1
400 500 600 700 800 400 500 600
HE (°C) I (°C)

(a) T8 I 1B AN (e 38 KI5 E 2 3 o Ry 7 e L (b) 238 I 1] AN [e] 38 K3 BE 24 A o By 7 e i L

Figure 1. Variation of sheet resistance with annealing temperature after annealing in the medium-low
temperature range under different annealing time

E 1. AERABEFETPREXER A GG REEERAGREHIELE

HE 1), £ 1 h B RR S, 5B KATALL, IR BER K R 7 He i B85 I 2 35 A,
VR TT B AR 400°C~600°C [X (8] A B AR G FE T e R FE(G &S, SR IZI A REZ A, THE SE AT
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REAR I 5 F B IE (W R S () a0 WA PSRBT, ST B 25 T A SR SRR S B P 386 22 5 B30 8k
TIEAE G 5R), MR AR i B, T IR KR P THE & 700°C K PA B, 1% T BRSO B AL,
JrYe s I B B ;s #E 400°C A1 500°C A T, IEKIRKI I 2h J5, &b 77 B e BEAR G TR K AT
BRI, 5 1h, 400°C~600°C X A &4 % —5; itk 600°C. 2h %4+ T, Fih A8-L600 [/ H e
RELJU 2.2 T 1

HAFEREME, FEbh A4-S700, A5-S800, A8-L600 JrHerifH HBL EFFa%s, BRI g R fa
Ab, IRATRE S ERR K S BN T AR AL WA AT L SRR R IS R R B A R
AR HESFVHI TS GG B RAERE—PHE

RS R N, TE TRl I AR ORI R KR KRR, B K R AR R — B RIS, WIALOs
YRR LA MR R3S P RE AR AR AL, ANIER K S5 T FBHER T s I, 73 HH B K S A o0 i e v 2%
AT N EA B 0 BB R AE , N 5 2R 4 G IR T TR0 TG R 0 AT S G5 AT AT R — 5 0 M S At 74K 48

3.2. BABIRRAFFSHHMHR M

NG HTIR K AT WIALOs 9K i 5 32 THI T 505 340 S M 52 e, 6P ASRDR K % PHAE S EAT T SEM %
Mg, W 2 Fias. [l 2(a)~()7 BI%s RikE i A1-S400~A9-N.

Figure 2. SEM surface morphologies of W/AI203 nanofilms under different annealing conditions

2. NEHRAZMHT WIALOs HASEZR) SEM RE 5T

ARIBKFE A9-N (15 2(0) B ATE SO —, RITA WK E AN SRR, 23 RURRHIE
PIEISREL” WITESURRAL ;s [R]I7E Jm) 38 DX T WL 1) 55 1A 25 SUIRTE S5 S0 (PT RE -5 2 IR AR TR &5 B 6 1F
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FHIR), AE AR DL K TR AR A 2L | 45 il B30 S 1) R ) 0 45 o 12245 SR 3 W S RS s T R T 8 1 B 1k R 4
AR N SRR KR i T A A0 P %o HE R v

A1-S400 (%] 2(a), 400°C, 1 h)ZFRHLA4H/NF ST, BRI SMERGF, R LB BRI E 8K
2y A

A2-S500 (/4] 2(b), 500°C, 1 h)FARATILRFRIESE, (5] W52 3/ % (0 i INER B Bl 3511 AL-
S400 B&A T R

A3-S600 (1% 2(c), 600°C, 1)1 2 LB S HG I, a3 H B AF G B R 5 sl SRR R AR, (HLE A4
UNESEE48I72 I W NTE 28 S N A AR A

A4-S700 (14 2(d), 700°C, 1h)L 400°C~600°CHf AR L 22 7 L3 . 3R 1T H BB IR I T IR AR £
PREEH), WG, S RARREANAECE BRI A A . IR S AR SN A T IR R R IR R T K
AT REEN, WAMESREETGE TR,

A5-S800 (5] 2(e), 800°C, 1 h)FIHIEI KA IR, TSR AR FfR &5 . B R 7
5 EUPIRIZREFE, 53X IR R SHAD/ R BAES” WL, BAES B A ZREME
BITE 800°C. 1 h %M MR A E MR E AL

AB-L400 (1€ 2(f), 400°C, 2 h)BARE BT, FURKFIEIAEAE, (] WL S X 5 K o s /30
KEo3 A SR R LEF RS .

AT7-L500 (] 2(g), 500°C, 2 h)ZRIH 5 sURFfE % B AG-L400 S0, I 2 “ IR/ 23 07 5% RURE
Ik, JRRie T WIS B, REAR ML AEE S Pt — P 8

A8-L600 (/4] 2(h), 600°C, 2 h)ESiktadn i 0 HILRTARAS KL ) Bk 2544 5 320 57375 Wi 1 341
B IR, SR DX W AR, AR S S S MY B R B

ZEE I 2 W FEPRRIRX AN, 1 h 3B K (A1-S400~A3-S600) AR R EFES ISR, (E R 1 SR
FEAE B IR R T s, 2B R THE & 700°C~800°C (A4-S700. A5-S800)i, T ik I i Fil B &
HR G RAZRFIE, JUHAE 800°CHf R SR ESHHER H; 7 2 h 1B KA T (A6-L400~A8-L600),
B I 400°CHETH % 600°C, KMMIEH MBI, FFIE 600°C. 2 h (A8-L600) H I I 25 3% 4L 14
N5 BRI B AR

RIS SRR, IR KR R K T E KB R RE PR WAL O 91K I ¥ R 11 TE A
EME. A HTIA T B PN SE R T LUK BL, £ 1 h iBK&E N EI 700°CH1 800°C PA K 2 hiB K &4 R
600°C, L ZEEREY HBLI R %A1k SN SEM BUG A, X SLRf Sl 7R 2R B S35 0 3R T EE AL
BENE R UE T IRGEFAE. FIRXT R RE], HEAIXSIR KA T ERAEWNERIER AR, Kl
RE 5 A MR RE S W IR THT N B UIMI O . JR LR m 454 EDS 545 R AESE— 5 /0 M Ho 5 s 22 R AT N 2 TR (1)
KEX,
3.3. IRKHMETMEAY EDS S

NRE— 5 Wt iR K I TR K SRR TN WIALOs 9K T IR 3R 1] o TS 45 44 () 2HL CRR A, 75 SEM 3R
TSRt X A RE M X 183347 T EDS 73 #r. EDS PR E ik HL SEM % b H AT 1 &
X G ZE SR IX A, B A PR ERAS H ) 5 440 [X 33 DA A 408 AR G P B 5 X 3, DA FEAS [ T2 30 X 3
RO AR .

AR 2, EDS ot EEH TIRMMERT oK M tsct e8GR, HEREERBA
[ V2 300 DX 3 ) PRV AR S B A3 22 7 T AR 70 36 AL SRS AT 5 -

B S 7 e e BELII 8 o e B LR SR AR AR 700°C . 1 h B KRE S (A4-S700), XFH: SEM I B B
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Figure 3. Schematic diagram of EDS analysis points for sample A4-S700
3. ¥ A4-S700 EDS S s EE

Table 3. EDS test results of sample A4-S700
# 3. & A4-S700 EDS #MILER %

B o EE 1 R 2
JoE fE54H 2
wit% at% wit% at%
o} EDS K £ % 37.38 64.45 38.07 55.01
Al EDS K& 29.98 30.65 50.89 43.60
w EDS L&A 32.64 4.90 11.04 1.39
M 100.00 100.00 100.00 100.00

Xt 800°C. 1 h i KAE(AS-S800)H SEM N2 | 1R 45 44 A il S b R4 iE X 3328 4T T EDS 43
Mro Wl 4, £ 4FR, EREW, FPREWXIBESHAERXBZ MK TRESIATFERHEER, B

7~ i 2 T VAR I A7y AT (R AR X STt — 2D HE i

5700°C. 1hFEMALE, 800°C. 1hiBKFESHRIEIKATE NEE, EDS FJrifzmifcER o Z
SRR K o 3K — 45 A5 12 b 8 5 B L BN R B S (1 57 AR AR IR KOO B BAT — B, Ui
S VR IR IR T VAR T 5 ) 5 B o A P R T SR ZL AR A
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Figure 4. Schematic diagram of EDS analysis points for sample A5-S800
4. #& A5-S800 #9 EDS ST mEE

Table 4. EDS test results of sample A5-S800

%< 4. ¥E&h A5-SB00EDS #4E Rk

B o WEE 14 WEHE 7
JLE G54 2
wt% at% wit% at%
0 EDS K 28 & 26.81 53.35 40.53 56.22
Al EDS K& 33.74 39.81 52.15 42.90
W EDS L% 39.46 6.83 7.32 0.88
oy 100.00 100.00 100.00 100.00

1N E AR A I TRDE K 25T S BE HE IR 28 778 /Y 600°C . 2 h 1B K FE i (A8-L600), XJH: SEM

PG A AN 5 g X3 B AR 4R 1 S IXIGEAT T EDS X EL AT, il 5. 3% 5 s

Table 5. EDS test results of sample A8-L600
% 5. ¥& AB-L600 EDS # LR %

- N wE 12 A 9
JoE fF52M %
wit% at% wit% at%

0 EDS K& 78.50 86.06 79.05 86.63

Al EDS K 28 & 21.43 13.93 20.52 13.33

W EDS L&A 0.07 0.01 0.43 0.04

oy 100.00 100.00 100.00 100.00
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Figure 5. Schematic diagram of EDS analysis points for sample A8-L600
[ 5. #& A8-L600 i) EDS TR nEE

ZiE EDS P Hr& R mI LI i, 600°C . 2 h 3B JCRE ity v RS AR e 2 70 AT DA N 29 50, R SR DL B 2
Iy B AR BEHR IR - 456 SEM SR E W 2 45 RN, 1Z4F dh 78 LAk e _E I 57 4 AR A0 B AT g
SR R IR KA T MR DR SEVE SR I A5 M) 58 Ve R %, T AR BB AR i A A B 51

LR o U R AN TR R it 55 PP ARG K I (BB JCRE ) EDS 0 BT SnT UKL, 7E B 25 R 30
FEHRER KRR, HBERA RIS X R AR I — € R R TR A A . X RITR KR
35 AN DU I ) R T SRR e 1, TR AR S SRR e 70 7 A 7 AL 52, A Ja 45 6 LA M BE AR A
ATV AR AL 1 B0 2 T ) SEBR RCHR

3.4, JEREBRT WIALO, Ay B S MBS A TS

A TTHL IR, SEM RIHEIHME LA EDS /A Hrgs R, w LI ASFLE K264 WIALO; 92K
VRS P25 1 B (AL RR AR AT A AN T 8

£ LhiB KA, HEAE 400°C~600°C [X 7] A B AR K il B ey I HH 7 B e B RF 4 FRAIR a3, %
FIFERR I SEM RIMESUVRMIRRRES:, (RPN mURFIES B0 2k iR KR — P a =
700°C Y 800°CHY, T PP HA FELE R A TR, 1M SEM EUE U H L BRI ER . IR
GERE B3 SIME T B SRR, R IATE iR S5 B N 45 0 5 TR SRR e M R AR A R

16 2 h Bk, ETE 400°C~500C 414 FHIHEAAT NG 1 h B KRS R I AU, iTE
600°C. 2 h Z&fFF, WM Her R A B BT . YR SEM 5 EDS 45 IR, 1% SR H BT
FARNIELR 5N, FErERE B R AT R YIS, TR TR KR IR X 1R N [RIRE AT e S 350 i g
PR e T AR .

MBI R, WIALOs & ] W8 T HUAH /- BT A G Ak R i AR BB A &, LM
VERe EEIGR T S AR Z M 1A ROEEFEE . SRR B R THEEM R TR R AR, BT
i BRI PO BRSO AR, R R s P s B IR IR KR T R, A R E T RN
HaE R R A S EHE, 480 T 5 E G 8 1A AR BRI e T R AR, R W S
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TP R SE P RE IR T 3 L BRCAE B SR P O RO AR . IR RE TR, BB AT S
AL 2 T J 4 A ) A AN 3 PR 0 53 5 T 2408 IR P vy R K T, S B AT e AR
—BIEM . BIRERITEN, ARSI 4 3 A s E R R A . I RS TR R
ROETERE TR, AE MR 1 78 708 Y2 00 B RS SR A e B8, AT S BUE M F B35 R R 7
Ber PSR T [, AR IR T RE 5 MR S SV A NI T P AR R R AR S2 BE, 2B TOR LR
BRTHAT N -

FIREERIRY], TR IE L IR R KR IS R AR KN R, IR KRR R E R A, WIALO;
AP ) LA R R Y T R Y S AR N AR . XM R A R AT AR IR KSR S MR TR 3 R
Fa Koy o AR AN B G BAT — B, RVIR KR AE X f A PR E L RTS8 0) 70 A B AT U R R

ARSI AT E BRI S B AT R A SR IR A5 IR, OG- ER A R T A S HLT B A R RE S )
BRI Rt — 0T LR RO JA S M EEHRAL A FER N B IR KSR WIAILOg G JH i HL 27
FEHAT IR T Sei A

4, &g

ARSI TS T 3B KR FE 53R KR A T 2 TR WAL O3 249K 78 55 28 T FF 35 M Hi e MR RE R i o 485
R, TEHIRIRIR KX [8](400°C~600°C) 4, 1 h iR ] 535 BRI e v BH, LBl IR K IR v v BH
SRR, XFRFEAN ) SEM RIS BRI ERIES:, ¥WAIMERGF . 2470 (R RE X 1) P4 2E KB K ] %2 2
h i, HEAE 400°C~500°C 2% fF F AR I L FH FFARAT A, {HAE 600°C 2 h 2% fF T 77 B B H L2 35 K
Th, %R SEM G By B0 B B A T AN IE SR 454, EDS 20T SR iR 3 T A 5] [X 3 ) 7 A0 A AN Y

T i 1B K 2 A N (700°C~800°C, 1 h), L)y B e B AN P A8 82 A fIC I DX [A) (9 Py, T S 300 H A
BAmES: AR SEM RIS H IR RE5 M) . R0 HE A KISV R B SERRIE, EDS 45 IR X
HAAE TR M A IG . LREAFEIR KB AR R 0T DUE H,  Jo il i 4 il R B 2 1 KR K
], IR KRR — B FE ST, WIALOs 9N K B F 2 M R 35 W] R BR C5C8 3 A8 O S i 84k, Lo
FWAT NER K AT | SR KA ot R AR BA — 8k

PR SRR B R KRB IR AT R A ALD OB TE AR AL EE T 2R L B 5, HH AR
TNIX 53 347 56 8% B LA 5 4% il SR AN 52 R 25 8] () MCP fifL A 38 JLJRLDH A6 T, FL P e 5 o 3 3 i 7 L
I oA AR IR ST LS E A 2 o 7 A ESAFAE I 22 5 TP R, 2 A T ARG T
(RTS8 KRR R B N RO R 7 30 B0 T8 45 By BT H B b AT s T 7E MCP 7L
ST by AR = s ol s TS a1 L O 2 770 T A W Nl SO 7y 2 | Pt ) W G B S O
DA J2 52 BRI A AT A3 ol BEAS IR P IHFE . XS, 7R PIA LR BT “ oM
5 SRR BT S0 B, TERCL P A R RR R i — Bk, G AR T RER B —
MNEFAE KR R R AL B w3 S AR G T2 11, i R a7 n] S 0 B — IR

R, ARHF 90 26 T AP ARIRE OB R T B 7 BB s IR K AT B 51 R L2 5 i S TSR R Rt 45
W, BEIEE B — R R A, TS T B IR AR B MCP AL N AR IR . S 2, PR
FYEFER B SE RAeE TR KAEF B “E5 MR £ 57 ) LRI X T BRI E S,
HHN MCP LB H IR L EWIURARHE , AF0F T BRI P A 5 475 5 45 6 S L PN A ot B S s #8225 1)

DOI: 10.12677/japc.2026.152012 119 Ly PR R=Svi


https://doi.org/10.12677/japc.2026.152012

| Df
i
‘?t:_?

%

iﬁg

AR, WU, A S BAR IR SIS T IR A A 2 R A B S TERUA, Hox MCP

AL R IE LR IR E B S H 55 DG THZ I, WA B BRI NRE TZEM. X &MU
BB, A BT8GR o T 2 S A AAKE R R AN, (RN AR J ST R LS MCP S5 T it — 2D it
TR T I

EHEWH

M RET I B3 H Science and Technology Department project of Jilin Province (Grant/Award Num-

ber: 20250102142JC).

SE

(1]

(2]
(3]

(4]
(5]

(6]

[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

Bohérquez Martinez, C., Vazquez Arce, J.L., Cuentas Gallegos, A.K. and Tiznado, H. (2025) Enhanced Oxygen Sensing
in ZrO2 Thin Films via Atomic Layer Deposition by Post-Deposition Annealing. Ceramics International, 51, 9464-9471.
https://doi.org/10.1016/j.ceramint.2024.12.380

R, K&, WEH, & T EUURBIBER T FCEERI]. #kHSR, 2020, 34(3): 86-95.

Kawasaki, S., Yamashita, Y., Oka, N., Yagi, T., Jia, J., Taketoshi, N., et al. (2013) Thermal Boundary Resistance of
WI/AI20s Interface in W/AI203/W Three-Layered Thin Film and Its Dependence on Morphology. Japanese Journal of
Applied Physics, 52, Article 065802. https://doi.org/10.7567/jjap.52.065802

Xu, Y., Xu, T., Liu, H., Cai, H. and Wang, C. (2017) Gain Regulation of the Microchannel Plate System. International
Journal of Mass Spectrometry, 421, 234-237. https://doi.org/10.1016/j.ijms.2017.07.017

Mamun, M.A., Baumgart, H. and Elmustafa, A.A. (2015) ALD Zirconium Oxide (ZrO2) Thin Films Mechanical/Struc-
tural Properties for High-Tech Applications. ECS Journal of Solid State Science and Technology, 4, Q35-Q37.
https://doi.org/10.1149/2.0051505jss

Xu, R., Selvaraj, S.K., Jursich, G., Feinerman, A. and Takoudis, C. (2013) Nucleation Behavior-Morphology-Resistivity
of Atomic Layer Deposited Pt on Atomic Layer Deposited Yttria-Stabilized Zirconia Films. ECS Journal of Solid State
Science and Technology, 2, P452-P456. https://doi.org/10.1149/2.017311jss

Cui, Y., Zhao, Y., Zhang, G., Zhu, M., Song, C., Tao, C., et al. (2021) Influence of Annealing Temperature on the
Performance of TiO2/SiO2 Nanolaminated Films. Chinese Optics Letters, 19, Article 121406.
https://doi.org/10.3788/c01202119.121406

Wang, J., Russo, P.A. and Pinna, N. (2023) Impact of Surface Hydroxyl Groups on CuO Film Growth by Atomic Layer
Deposition. Langmuir, 39, 11603-11609. https://doi.org/10.1021/acs.langmuir.3c01109

Zhao, H., Yang, P., Li, S., et al. (2022) Effects of Microwave Annealing Time on the Structure, Optical and Electrical
Properties of HfO2 Thin Films. Rare Metal Materials and Engineering, 51, 1325-1331.

Golovina, I.S., Falmbigl, M., Plokhikh, A.V., Parker, T.C., Johnson, C. and Spanier, J.E. (2018) Effect of Annealing
Conditions on the Electrical Properties of Ald-Grown Polycrystalline BiFeOs Films. Journal of Materials Chemistry C,
6, 5462-5472. https://doi.org/10.1039/c7tc05755e

Wang, X., Qin, X., Wang, W., Liu, Y., Shi, X., Sun, Y., et al. (2018) Interface Chemistry and Surface Morphology
Evolution Study for InAs/Al203 Stacks Upon in Situ Ultrahigh Vacuum Annealing. Applied Surface Science, 443, 567-
574. https://doi.org/10.1016/j.apsusc.2018.03.009

Kim, C.R,, Lee, J.Y., Heo, J.H., Shin, C.M., Lee, T.M., Park, J.H., et al. (2010) Effects of Annealing Temperature and
Al203 Buffer Layer on ZnO Thin Films Grown by Atomic Layer Deposition. Current Applied Physics, 10, S298-S301.
https://doi.org/10.1016/j.cap.2009.07.033

Kim, C.R., Shin, C.M., Lee, J.Y., Heo, J.H., Lee, T.M., Park, J.H., et al. (2010) Influence of Annealing Duration on
Optical Property and Surface Morphology of ZnO Thin Film Grown by Atomic Layer Deposition. Current Applied
Physics, 10, S294-S297. https://doi.org/10.1016/j.cap.2009.11.071

Wang, Y., Shen, H., Bai, Y., Tang, Y., Liu, K., Li, C., etal. (2013) Influences of High-Temperature Annealing on Atomic
Layer Deposited Al.03/4H-SiC. Chinese Physics B, 22, Article 078102. https://doi.org/10.1088/1674-1056/22/7/078102

Bhattacharjee, A. and Kim, T. (2021) Extensive Analysis on the Effects of Post-Deposition Annealing for ALD-Depos-
ited Al203 on an N-Type Silicon Substrate. Materials, 14, Article 3328. https://doi.org/10.3390/mal14123328

Langston, M.C., Dasgupta, N.P., Jung, H.J., Logar, M., Huang, Y., Sinclair, R., et al. (2012) In Situ Cycle-by-Cycle
Flash Annealing of Atomic Layer Deposited Materials. The Journal of Physical Chemistry C, 116, 24177-24183.
https://doi.org/10.1021/jp308895e

DOI: 10.12677/japc.2026.152012 120 Bk Sei


https://doi.org/10.12677/japc.2026.152012
https://doi.org/10.1016/j.ceramint.2024.12.380
https://doi.org/10.7567/jjap.52.065802
https://doi.org/10.1016/j.ijms.2017.07.017
https://doi.org/10.1149/2.0051505jss
https://doi.org/10.1149/2.017311jss
https://doi.org/10.3788/col202119.121406
https://doi.org/10.1021/acs.langmuir.3c01109
https://doi.org/10.1039/c7tc05755e
https://doi.org/10.1016/j.apsusc.2018.03.009
https://doi.org/10.1016/j.cap.2009.07.033
https://doi.org/10.1016/j.cap.2009.11.071
https://doi.org/10.1088/1674-1056/22/7/078102
https://doi.org/10.3390/ma14123328
https://doi.org/10.1021/jp308895e

R 5%

IO

[17] Petrova, D., Napoleonov, B., Minh, C.N.H., Marinova, V., Lan, Y., Avramova, |., et al. (2023) The Effect of Post Dep-
osition Treatment on Properties of ALD Al-Doped ZnO Films. Nanomaterials, 13, Article 800.
https://doi.org/10.3390/nan013050800.

DOI: 10.12677/japc.2026.152012 121 Ly PR R=Svi


https://doi.org/10.12677/japc.2026.152012
https://doi.org/10.3390/nano13050800

	退火对原子层沉积W/Al2O3纳米薄膜形貌与电学性能的影响
	摘  要
	关键词
	Effect of Annealing Conditions on the Morphology and Electrical Properties of Atomic Layer Deposited W/Al2O3 Nanofilms
	Abstract
	Keywords
	1. 引言
	2. 实验材料及方法
	3. 结果与讨论
	3.1. 方块电阻随退火温度与时间的变化
	3.2. 退火对薄膜表面形貌与均匀性的影响
	3.3. 退火样品表面的EDS分析
	3.4. 退火条件对W/Al2O3纳米薄膜电学特性影响的综合讨论

	4. 结论
	基金项目
	参考文献

