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The Characteristics of Atomic Layer Deposition Technology and its
Application Status in Aerospace Field
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Abstract  Atomic layer deposition (ALD) is a kind of coating preparation technology with high precision that
can realize the coating growth at the level of atomic thickness. ALD has great advantages in the coating thickness
controlling, coating uniformity, coverage degree of complex structures, etc., and is considered as a very effective
preparation method of high—density coatings. In this paper, the characteristics, key technical problems, and the
latest developments of ALD technology in the aerospace—related fields are reviewed. Aiming at the two key technolo-
gies of determination of reaction window temperature and the improvement of the deposition rate of ALD technolo-
gy, the technical path of the theoretical research method based on the first principles and the space atomic layer de-
position technology (SALD) are proposed, respectively, which provide ideas for the further development and appli-
cation of ALD technology in the aerospace field.

Keywords Atomic layer deposition, Coating thickness, High density, Temperature window, Deposition rate

WE R TR (ALD) & — Bl sk B VR 2 A AR R RS AT DL S I 7K S B AR G o iR R 7 TS 52 i 42
il RS EESA ) 5 TR RA A 1 7 i A A T LA AR R M P8 Bl ok i il 4 i BOR IR R AR R A AU . A SIS
SR Z DR ARSI GBI 51 )2 DURR B AR AR AR S G L T SR B S AT 4504 . B X IR T IR DO AR 2 Bt
TS T (B0 A R v T AR SR 0 G BB R, 43 000 SR R 1 A — e D S F 5 vk R 2 ()R T R DR R
(SALD) BYEARBEAR , S i JZ DU ARAE A R S — 25 & R RS A J i) £ P L

XgiE ETEUR REEE SERE O OREHEO DIBER

FE 43S :TB43 XEAARIZAD : A doi:10. 13922/j. enki. cjvst. 202111012

Ji )2 DU B $ R (Atomic Layer Deposition, AR, BEE S AR OR T A R, A TTXF ALD
ALD) AR T IRAMER A B BAr 0 7048 FOBRTERUIHRE 2, A4, 42 e B 1) 2 e 38
R LR Gl R BRI JER T R RERUE AORE ST, BT ALD i
RSB RAR fh ALO, MR THE, 1985 4 Fte,  PARIREIIEL, JONFIATE] TR, g T
W I RO T -V BRI -V (1 BIRLSUIRIR SRR i Lok
P N B oL PR BT SERR A T B ARSI R SR AR
Bg%ﬂﬁfﬁi ;}f ;j . iif;; O’i@?zij f; (R 5 B R AT U 7 T BLIR 3775

A RO R
HOR B K R R AR T IR
(BB A RS R . 1 BRI AR
P W T A S TR R T 90 TR LB R A SR 1 R R

Yo B :2021-11-17
EE&TE : Hill & A ARER 4T (20JRSRA082) ; [ 5 A AR R 4T H (U1937601)
* BEZ AN :Tel: (0931)4585520; E-mail: xiongyq@hotmall.com



238 =

K

(R T S N

542 4

[F] 1 52 52 490 3 300 LA AR ok i 2 =58 8 i A 1) s i
P PEAT A O, 283 B SO B AT LA SRR
JE JEEJE I . — > Se B R BT R ALD T 2058 A
NI HA DR

(1) Jz b B A (Gn Ir(acac),, AL(CH,), 55 ) 2233
IR Ry A 5 T R s B SO A s (2) Fi
BRATE A 3R T P A W B, 2] 1 A A 1
AR H £ 60 Ji 1 s TSR A s 4 TR T
F (T, ALSF) , EEH2 09 LR 17 9K A4 1 3% 14 25 ]
(WN-acac,-CH, %) ; (3) Zead — B (0] 5, 38 o 1 1
A T 2 1) LA AR 25 5 3 R B T i g = 3R RE
(AT IR AT 1 BN 38, ST BT PR AR R 1
T, A 1 e A 2 28 5 (4) 6 S i SR (4 0, NH,,
IKFEAEE) Kz B O # o, 55 225 I i v
FETH Y L1 1 Ak AT A A W B B Ak 2 Sy, T TR 1
H i 320 iR, Hoh i 8 )5 R SO SUE; (5) B
Je 3 AE P AU E 2 AR 0 AR RN BT, e 2 0E
JCHT A TR IS, TP 1 TP S 4 PR . B2
b NS A 9 08 B TR, AT A4S B 9E TR R Y
A
L% et s

o

v LoLb o Lb o LL o LL LL LL L
Rofiofiofiofici- i1
S

Lo \ % N
oo e e e
2 SIS
‘: * S L}‘?.
L@ L @ Lol

3 SIS S
0 00 0 0

Y T777777777777
K1 2 TR RN R
Fig.1 Schematic diagram of atomic layer deposition reaction

process
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Tab.1 Comparison of ALD technology with other deposition

technology
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Fig.2 Schematic diagram of the suitable temperature range of

atomic layer deposition reaction

FI A LS 56 07 12 0 )1 J= OB I
JEBTH AR RIS T A T SRR
A IR S5 B B, TG B 2 f S 4 R ] 3 R F
FUIAS o BT XF I A T e 14 MERSL , A 5 A< I
TIRVURRBARNE L, 7T A A i R R 2 oA
SR A TR IO, DR LA IH et BE T i B AA 3 Y

AE 0] DARCSIY . — LI 3 Ao R T, AT IR
S HRTT R A 2% kAR R R S 2 SAR TR
FRE, X6 I AR SR A B Bt AN Sl sl . BEF bR
BAEF A ALD DURR R 2 o0 78 rp By o F i B 2
LR T S R A T IR AR () P e 1 . A T I
LR, B AE 0 DR 1 B o — PR SR B A3 U7 s
FE A8 1AL X ] P (250°C—-400°C) BUA [ 119 L
XF D 2 TR AR U )23 B I 3K A = 2 Tt P K (T
(acac),) ¥E1T 8l 1122 OB, 43 F 2540 an 1 3 Fir o
(PR, 2068, TRK €8 AN /N ER 53 R ik
JR T, SRR R ANEUR T ) | R R Pk
A B HT IR AT N BB 8 10 0% Bl i 2 I AR 2 1A
r A A e R R I =2 ] Y g o 2 R SR 2 O A
(1) i T 7% P DX [a] A AR AR B o A6 AN W) A9 L B T
BS54 FE o (M BB = 35 6, AN SRAE %R EE IX
[ PR WS, D R ZR B R AT LR AR R 2T
FREBAR VS e 0 F 10 SN o Qi SREAE X By A9 3L B R AR
WSS, o I Y e g it 2 A8 A RR AR S0 R AL o R rh
A~ R] A e M LR AR SR A g i g AR Ak
A ANISCSE, 3 P i OO0 10 B T SR A ) 22 2 A1 T 2R T J
N7 AT IR R, X )4 R Bt 2 k2
SMUURFEAR . ZT IR, 7258 Pk PR A TR
£ 543 51K 250°C . 300°C .350°CHT400°C, 45 - B,
1£250°C . 300°CH1 350°C T Ir(acac ), FRE f P J2 UL 8L
(4, 11T 24 1 B 400°CHY  FERS L R e i A T
SRR RIS 22 JC PR, AR ALk RN e ST £ Hip
2k, X U B R AR R RN RES ﬁlr(acac)ﬁﬁ
KA AT R )2 DU & R 2 0 . MR I Tr
2 T80 IR T )2 DURUR AR il 55 50 2 1 52 50 56
UE, 2 BEe pF o 4508, DR B 1% 2 300°C, 1t
PERTURAR RN S AR A Ir(acac), A10,, RS 1S
5SCHRL 13 g 25 R O — 300, BT R A %
VST A A I J2 DORR BN B 3 BE ) S SR T
1T
22 SEZXRALDITR

ALD 1 fie R 45 352 DTRHUR KAR , B 177 B
T2 E R RS, 2 ALD #E—2 & B R a0, 2
Wbl E — A EA TR R B e 2 A T
2, UUR R X [A]— B A 100-300 nm/h, {H 2525
UER, — i ALD R TRRE BE IX A& — N )2 1
15%-50% , A U R IL T RS T ALD B2
BERAE KR, IR, FEUR 2 DI E K GE
FRARA RN A L, 2 VA9 T AL = A5 1 -



240 H o= B

5 R = R

542 4

K3 Tr(acac), 53 F45H4
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Fig.4 Effect of steric hindrance of precursor on the growth rate

of thin films"”

e R A R Y 7 B TR A A Rk, £
A FE I AL B AR S B RIS R TR U
FEARZ it B . S ALD A K R 1 [H R AR
Z Bl FZ IR R TR 298 . BT T
MERT B 5T S AR U T — e bt (B HA K
LT+ 25 1)

ALD $ A S5 K45 # R DU AR, A 7
H b 0 5 A B A, 2 ALD S23RE—25 % JR A
AT, 5400 ALD A 2 115 9K 1A Fn s 7 A=
DUk o IE SR vk s2 B i 28 R XA T
T SRR I s [] FH 4 P SR I 3 e R S L
FUSCRA A FERE Sy o BF X R F 2 DR A R 18
(RIS, AR5 23 1 T 4 () JR P )2 DR B R (Spa-
tial ALD,SALD) ffIR 7 58 o A SE A T BR A& FN
J N SRAE R B A [ 7 B S s 58 g 2
W B 0 T A T 2 B 3o AR AT DAAE 2 R AN [
BB S HEAT ) SALD $ AR T LUTE S 52 1 i
HOE R AR TR AR T DO R ke
FE M R 38 AS 2 vh B A T 0 TsF T e S 10 T 2 32
B T AT R A Ak A R AR S A 2 R
X ) &% 3h fir 7 A9 BsF ) 0 B i 10 0 B e e B
— T L AL 58 ALD H AR UTRL M (1 TR R /N T
1 A/eycle, 1M SALD $EARVTALE R 0] DI 2 1 nm/s,
DU RS2 TR PR = . H AT, SALD $i AR
O 2 S T 2P 145 14 R0 K BH BB B AR 48 s 1
Tl AL EA A ;= a] PASEEE /N A 156 mmXx156 mm
3000 /h At AL RS

B X L O 2 i) P et A5 3% T T o YL B AR TR 2
FRT 7 R 5 SR L A 5 B 7 AR 4 3 T T — b i 7
2B R T R TURE AR 5 2 S TR AR AH S
B A HAR, FHEWME S R, %25 &
FAR T IR J2 DR A il 4 110 0 2 0% M v A
b2 SR U AR TR HU R P 34, 52 B0 R o 4
RISV, /] LI S DUBRACR . AR
A AT J5 2 DT R S T 527 A4 BT B 9
fIEJ7 T80 T R R A5, BE A AH G 18 B Ar U B A
X ALD AT HE IR A AR FN 503

3 EFERBREARE KN A
31 EEmELSREMNH&

WE R A e R 2 MRS S EN
BFE WS KT RSP ZS 0] AT as LB =
A BIHRBE 2 B AR, X 28 R BBl TAE R, IR EE A



e TR 28« D7 22 U RRB AR S BB A A R AT AR 14 10 FH AR 241

ALDJ CVDE: ALDJE:
K5 ZEETZTIBEAR R

Fig.5 Schematic of composite atomic layer deposition technology™
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Tab.2  Conditions of optical films by ALD technology

SN )+ 3EAR i EErC
AICL+AL (OC,H,) /Si 300
ALO, AIC1+H,0/glass 150-240
Al (CH,),C1+H,0/glass 120-250
Al (CH,),+H,0/ Si(110) 60-220
SiCl,+ H,0/ Si 120-280
Sio, SiCLH+ H,0/Ge 120-280
SiCL,H,+0.,/Si0, 120-280
Si SiCl,+Si,H, 120-300
SiCLH,+ H, 120-300
TiCl,+H,0/Si(111) 100-300
Ti0, TiCl,+H,0, 100-260
TiCl,+H,0,/Si(100) 230-375
Gr,0, Gr0,Cl,+ H,0/Si 180-320
ZxCl+ H,/Si 300
7:0, Z:Cl+ 0, 280
7r(0C,H,),+ H,0 150-300
HfO, HICL,+0, 180-240
HIO,-Zr0, HfCl,+ ZrCl,+ H,0/8i 300
Ta,0,~Z10, Ta(OC,H,), +ZrCl+ H,0/Si 300
Nb, O, Nb(OC,H,), + H,0 230-260
Ta,0, Ta(OC,H,), + H,0/glass 225-325
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