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ALD Deposition and Energy Dispersive Spectrum Analysis
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Abstract; ALQO,/HfO, composite films were deposited on GaAs substrates with different aspect ratios by
thermal atomic layer deposition (ALD). Through the analysis of surface and energy dispersive spectrum
(EDS), it is found that the deposition temperature has a great influence on the molar ratio of the composite
films. With the increase of the aspect ratio, there are residues on the surface and in the grooves. With the in-
crease of the ALD deposition temperature, the residues on the surface and in the grooves decrease, the mole
ratio tends to be uniform. When the aspect ratio is 2. 2, using the low deposition temperature of 150 °C, there

are basically no residues on the surface and in the grooves. However, when the aspect ratio is 4. 25, there is
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a large amount of residues. Only when the temperature rises to 300 “C, the residues on the surface and in the

grooves can be obviously eliminated. ALD technology can realize all-round passivation of various device struc-

tures, which is unmatched by other chemical vapor deposition (CVD).

Key words: Al,O,/HIfO, composite films; atomic layer deposition; energy dispersive spectrum analysis

0 5%

M 20 28 90 AR T IR, & T BFLLAb
R 8 (Quantum-Well Infrared Photodetector,
QWIP) i R i & ke ok . Horp LA GaAs/ Al-
GaAs MUK & T BFEOR B W i, 2l
Ei AN T S % S (N 1
T AR | v R RN 2 ik B A T B
TR R, 8t AlGa As 225 Fl
GaAs BESET I « 280, GRS A AR K
ZLANC AR, 5 HAth 28 AU 1Y 21 A0 PR I 45 A
. QWIP HA PRI A G5 L e 1 8 e A1)
KAf PSR Z 0. A6 8 A AL AT
FH (Metal Organic Chemical Vapor Deposition,
MOCVD) B4 ] A= = I g S Ve ds . Bk v . T
MERI Z 5 TR, X ORHIHES) T QWIP
1) & &

QWIP i@ ¥ 1 B MOCVD AR, FEf 4%
GaAs | FAK TG . W WY& 1 Bf
SERIH 50 ASTERE N 5.0 nm R TR . X
o B SR 35 nm 1Y AlGaAs )2 =
0. 28) i 5. & BIF WO 287 J2 thy SV i n 48
A GaAs Uil 2" 0 F 2 St i 20 31
BHETZE, Fakseihzl, HZ THMZE, N
M PRI A% 6. e, w8 a s il s,
AT 2R 0T Y FRL 23 ™ T 5 e 4 P
fiE. A BT R 1 98 Ak 2 AR DT (Plas-
ma Enhanced Chemical Vapor Deposition,
PECVD) E AR 47 SIN () 2 18 A d 4t 4k . R
Bl 10 TR 58 LY 3SR, PECVD 45 AR AR ME 52
RGN mEmeife, Bk, ALD $ R IF 46 %
S (SO B i N F= I A 3 N S D)
it () A S 4 T 5 TEAE AR DR A

Wu L FERI A ALD J7 % 4€ InAlAs |43
BV T ALO, Fl HIO, W, ALO, JZ g

INFRARED (MONTHLY)/VOL.42, N0.12, DEC 2021

I /0 ST AR A R T B E . 5 HO,/
InAlAs ¥ A L. ALO, /InAlAs MOS HL457E
I /0 FL AL 7 TR 6 B B A A L A MERE . Cao
Y Q& N4 FH AR R T R B A R R DU
(Plasma Enhanced Atomic ILayer Deposition,
PEALD) Fl# ALD W55 1E GaAs #§ g | ik
#17 HIO,/AIN Il HIO,/ALO, & £ ¥ B i) 41
T, S5REW . R PEALD #4519 AIN Fii
R0 LA 35 4 v A A AR E M. T HO,/
ALO; & HBEAE R K Z 527 4 Ka A
¥y, HMRBSBAESH I E L., R
M, PEALD W77 7E — & 1 Jm PR, & 2 Hoop
R H = LRIV RRAR . Y 8 B A 1 1 Bl
Tl 1) v R B LA I I, B ALD 7R IR I |
HA S0 = 4e LR

Chang P 2 A" % /] MBE 3 R 7F InGaAs
BR BRI T 3 A HREF R HIO, . AR5
AR ARNE T 3 nm B ALO; F1 4 nm B HEALO 7
JECE R 3 ANEF 2 HO, MIEZE54), TE L
ALO;/HIO, Fl HIAIO/HIO, WifpE &k, 5
BE HO, ML, B & WSS ] A7 2R m il
TR AR E ME . RBAS T 800 “Crailt, JFH
H-HER RS, WA BB AR, H
SRR AL R B IR B 3 5 O 146 nm A 1L 18
nm, fij B HIAIO/HIO, 254 () s o i A% . 2
H T MBE J7 2 i A K A R 5l e, — MR 2
AN2:R M MBE J5 kil s gl Au . Rk, #Fo
ALOs/HIO, BUZE &5 LI T2 K HLE. A
AL GaAs BrpFEy T AN T B AL, 42 m R
G AR EERAEEE L, HE G
A S e U R T D T K T Ak B i
A DA B3 A1 25 10 285 01 T8 B Jo 45 A o 1 3R
T 00T v R (R 4 25 <0, A 8 ol R T
SRRV € =R I

http: //journal.sitp.ac.cn/hw



BA2 %, o 12 )

. Ab 3

ARSCRA A EWF L M ALD £ AR AR [H
W98 Y GaAs 1€ L4 ALO,/HIO, B &
WA SMAE . I Bl 4 v B R BE 3% 43 A A1 A
WG T 35 RN EE R A 0, Ok i PR 96t GaAs
i RS B O RS TiTIN U TR [ e Wrege
HLRl
2 £

B\, A PECVD % 4 78 AT i 56 /Y
GaAs #HE E T H 500 nm (8 SIN FE B (1 2k
MR . RIFEZI 2 um SERHE, I F1
BERA %8 71K (Inductively Coupled Plasma,
ICPYH AR ZI i 2 pm 58 (% SIN R, # il
GaAs #Ji5; HA SINRILE . ME RIS .
EBRCZI M, A ICP 43 5 Z0 0t 4. 4 ym
8.5 um WA, e, B asi e GaAs &)
JECEI# ALD R G A7 I 200,

HALD F2 AR S5 0 i 9K A4 ik ip 22 8
AN, IFEDIREE bR A R mfbeE )
JNE T B A — A vk . HoA A BRI R AR
FRE S AR SZg i i # ALD JLEUR H E ™
KM-IC-T03 i £, %W #5655 I K o =X
BRG. RME., RIS REMEG RSN K
B4y A K = 4R CALCCH,) 5 » TMA) F1 Y
(H Z W) % (TEMAHD 188 45 J8 AL i 9K 44 5
M4 E HE Aok, 55 HO /E R &R Uil
B BE A 150 ~ 300 C, Ui BUJE A 80 ~
100 nm,

FE it 3 SR FH A8 ] 2% W) 20 | A 77 ) =300
Gy A U GO L R R 10 kV)
e SR F EDAX HL v SR 4E .

3 R

Kl 1) s AARTRSE [ (2. 2:1) GaAs %] i
Y ALO,/HIO, & & AN ERT ., 7T LUE
WL R R R . A K EERAY
o kL. 2 Ca) T 7 A e R R R R B
S o JEIEXE 5 A DX AT AR S I AT DL R B
HyA R Al/HE BE/R FUBH B /NF 2R84 Al/HE
FEIR G, WK 3. WHATLIEL, £

http: //journal.sitp.ac.cn/hw

AR O, Al HE S8 B TR, #E Ga,
As JTUEIEMTE . X BEII A ALD J T3 i KR
Vi LIRS R, R B S MR A R . RR S
S VAR N A IR AR TR B O, 5 B ] A
PACAE L A Ok ) TR SRR R

Bl 1) 7R by i YR 96 b (4. 25: 1) GaAs #f
K ) ALO, /HIO, & & AN EFR T, 7] LA
F i, BRSO A — SR, 54
B R LR AT — S A 9 K B R DU . R
2(b) It 7R S 7E 6000 5 UK T & B 1 18 1 Py
ghkl . HYUREIR DU ) AR 298 270 nm,
K2 410 nm, fEiRLE LR, E1
FERA A ALO, /HIO, 8 & WA R, Hot
REEIR H AN & 3 (h) H BE T 40 A A 265 5 A a5
e Al/HIEE IR H 5 R G 2% 0 01 B0 3k AR —
. ULIERUUEY £ o4 ALO,/HIO, B4
DORRWERE . 28 LT, FIRTE IS K, ek
ALD YIRS . 4 1 HLAR 25 ) 5% B3 3 48
KFEAR DT

WX LM T UEH,. &
K GaAs W EAE Z R BURY. X 55
W WRHE. AREEEHE XK, HILEEY
LY R T AT T & m it . hik—
> ALO, /HIO, A HIRTE S IR Y H GaAs
IR B ATIREUES . K UURREE R 150 C s
] 300 °C, B 1o fran i F FH# ALD (300 C)
KM ALO,/HIO, B & B IRTE GaAs #1E
DU R IIE S . v LUE . B 5 3 1w e A
R DU B A, A KEITUARRE
Y. B 2Ce) M 3 43l izt i i re 1%
MR XA RE IS A . R 3Co) I REIE 43 #T
ATDVE . TCIe R SRS R R N,
FEIR LLER LA 345, WA WA R AP, X i
DIRURE T & AT O B+ 5 Al gsRkyayg F1 HE
RISRAR IR A 25 6, TR R 3 T 40 3 B2 0 — 3K
4 it

ARSI ALD H A 23 B A e T 76K [H]
W58t GaAs #fiE L #4719 ALO, /HIO, & &
VTR TR SR RT R /A . Bl VA A R 9E e

INFRARED (MONTHLY)/VoOL.42, N0.12, DEC 2021



. A

2021 4F 12 H

Signal A= SE2 Dafe :23 Aug 2019

ZEISS
Meg= 1.00KX Time :9:12:56

10pm EHT = 10.00 kV
p— W= 10.5mm

(a) 4.4 pmi¥%, 2 um%E, 150 C

10 um EMT = 10.00 kV
WD =100 mm

Signal A= SE2
Meg= 1.00KX

Dete :22 Aug 2019 ZEISS
Time :10:25:34

(b) 8.5 umi%, 2 umE, 150 C

EHT = 10.00 kV

Signel A= SE2
WD = 10.5mm Mag= 1.00KX

Date :23 Aug 2019
Time :11:14.08

(c) 8.5 umi%, 2 um%, 300 C

K1 ALO,/HIO, & WMEAE GaAs #IE E i)

PR IUR T (<1000 )
38R, Akt B b T AR R T A R N 2 A
KEREY . @ mmE s, 1A KR
FESET-Ben] L/ i il NGk B ). 24 ALD T
FUOREE #1150 CHE %] 300 ‘CHf, HUTRE M
FVE N 5% B W] o 2D, 300 °C s iR i AR Y
O 5 Vb TS A V) R TR ) JBE R L B — 3k

INFRARED (MONTHLY)/VOL.42, N0.12, DEC 2021

1pm EHT = 10.00 kV
WD = 10.6 mm

Signal A= SE2
Mag= 6.00KX

(a)

Date :23 Aug 2019
Time :9:16:29

2pm EHT = 10.00 kV

WD = 10.1 mm

Signal A= SE2
Mag= 604KX

(b)

Date :22 Aug 2019
Time :10:51:40

2pm EHT = 10.00 kV

| WD = 10.4mm

Signal A= SE2
Mag= 600KX

Date :23 Aug 2019
Time :14:07:35
(©)

Kl 2 ALO,/HIO, & & HEAE GaAs #1IE L1

R TORR R TAT 04 J 3 R BT (X 6000 £i)
150 “CAI I 70 B 52 W 1S 080 A DN %) P8 JR LG D
i, MBI R 2. 2 FFFIH 150 °C AR IR IR
FERF, FTH SR T A TOER B . H SR L
4025 wF, 150 CULRI A KR ER B Y.
HUA YR TR 2] 300 CHY, FETH AN VAl B A
G R R YA BIE bR . X FIRSELs
4 DA b e i A e g Ak, DR & D

http: //journal.sitp.ac.cn/hw



Ha2, B2 4 Y 5
604 . . = . No.2 60- e " Nt
504 —=— O 50 - —s— O

—— Ga Y —e— (a|
40+ —— As 40 —— As
< —— Al < —v— Al
304 —— Hf 30+ —*— Hf
v -V v
204 v 3 3 I B 204 . . . &
10- /N 10
ol ~— L 0] &——+—+—+—
1 2 3 4 5 1 2 3 4 5 6
Row Numbers Row Numbers
(a) (b)
No3
60 - - = - a
504 —=— O
—— Ga
40+ —— As
< —— Al
304 —— Hf
0 =,
104
O
1 2 3 4 5 6

300 C, ARIXWEHER T @R L ALO, /HIO,
5 v T A o e e TR A AR . R e )

Row Numbers

©

Kl 3 A ALD YL T ALO, /HIO, 54 W 7T 3R 345 5]

fit GaAs QWIP [ fii| 2522 1 JEht

[1] ExzE, ST, AT, 5. GaAs/AlGaAs £
TR AR R S A [T B R=E,

S % Sk

2018, 39(1). 1-7.
[2] Billaha M A, Mukul K D. Performance Analysis [5] Chang P, Lee W C. Passivation of InGaAs Using

of II-V Based Long Wavelength QWIP []].

IEEE J-SAC, 2016, 4(13): 116-123.

[3] WU L F. Atomic-layer-deposited Al,O, and HfO,

http: //journal.sitp.ac.cn/hw

on InAlAs: A Comparative Study of Interfacial and
Electrical Characteristics [ J]. Chin Phys B,
2016, 25(10) . 108101.

[4] Cao Y Q, Li X, Zhu L, et al. Improved Thermal
Stability and Electrical Perperties of Atomic Layer
Deposited HfO, /AIN High-k Gate Dielectric
Stacks on GaAs [J]. Jowrnal of Vacuum Science
& Technology A, 2015, 33, 1-6.

in Situ Molecular Beam Epitaxy Al and HfAIO/

HIO,[J]. Journalof Vacuum Science & Technol-
ogy B, 2010, 28(3). 9-11.

INFRARED (MONTHLY)/VoOL.42, N0.12, DEC 2021



