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2.1 EHIEHI&F

I 2 v il A2 W S5 25 11 % ZeN/TaN 9K £ J2
JEE. SR QX-500 L% S W i 48 I S ¢ 4%,
JEh NG Si(100) $l0' fr. ¥R A 428 Zr B
(41 99995%) Fil4x )@ Ta #E (45 99995%) ik F 4
RS, AR AR A S VE 15 min, WEVEIFHL TG, (E R
235 i LR RIS VE 15 min, A EATKE S N
1.0 x 107 Pa. il 4% 7 He H.)2 Mk 2 )2 I, K il
A Ar, Ny Fil He [FJIRA R, Hil#% tH (1o 4 5
JZ ZeN B, L2 TaN s, LR I 30,
50 A1 100 nm ) ZrN/TaN £ J2 . Ik 5 i Ar, N,
Al He M EREFAAR, 537024 25, 15 A1 30 scem
(1 scem = 1 mL/min). A 51 He ¥ i 1) P St
R 0.3 Pa, 51\ He £ 5t (IS U4 0.8 Pa.
Bk T U R A 30 nm (1) 2 2R S 1200 nm,
SLARE O IS JEL RS 38 2424 1000 nm. 47 B i)
%1975 He BE 5, ZeN T TaN J# 158 f) 2 1 3 42 93
A4 19.5 nm/min A1 17 nm/min. #4573 He FIFES
1, ZeN FIl TaN 85 ) A2 KH 2243 3] 8 8.3 nm/min
A112.5 nm/min. A HITEFE S He B9 BORE 80 X R
i HE4T 600 °C, 30 min [ L2451 K, 1 KO 3L A
AMETF 1.0 x 1072 Pa, VI THRE L 5 °C/min.

2.2 HIRRIE

F H A3 2% D/Max-3A X 5 26 7 51 (X (XRD)
R I B AR 5 K (Cu-K, 40 KV, 40 mA). ik
S BT (FESEM, B3 S-4800) 43 4T 4 11 T 34,
K8 IE A0 (SPBA) I FE iy 1) He AH
IR B TR JE B o3 A, S0 2 AE QUK 24 HEAT (1.
1E HL Y5 R B A2 22Na JEUR IR, FH v 2l 5 R 00 2
M E T - R T BE R 511 keV 1)
y G TF IR, BEAN 25 0 e i 0% 1) Sk O
100, 3 A 1] VEPFIT? Rl & S 46453 %1 S i (S
B2 SR RETE S11 keV U6 1) v o THT B U 1 8 o
ez ). S H 5 Bk B B b ROST A O%, Rk
0 BB R ST, S (O, SR T 5 T 1Y
HUR (EPBS) A4 KL He 175 & X A0 Ai. 15 HUR
BT IR 2% 0 2.5 MeV i1 f s 2%, P i1
NSTRER A 2.0 MeV, 1 ELTFF SR S, HE A
R 20°, B F A 160°.

3 ZmERE TR

3.1 He B95IANRIRAE He SRk
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TR He (98, 1 He MR T A0 . 1
FLJZ TaN JJEAE S L FIR K5 #5C He £714E, XK
W] TaN FL 23 JBE R W He F1E He fE ) #4259, 1M
ZrN/TaN 2 M5B H — 2 W He fig ).

1 5N He MPTBAFLE KASFEM ) He &5

UUAS He/ 1B KA He/
5 LR

10" atoms-cm™2 10" atoms-cm™2

ZrN 403.759 0 1

TaN 0 0 1
ZrN/TaN(30 nm) 1070.860 488.683 40
ZrN/TaN(50 nm) 276.269 0 20
ZrN/TaN(100 nm) 357.225 0 10

1 2 187 8 W14 30 nm & He (1) ZrN/TaN
Z )2 BT AR KA1 EPBS figil. WK 1 h
A G H, Wk 30 nm [#17 He 2 2 B7EE K
600 °C J&5 74> He BEJH, X A B ANEEE ¥ He [H]
Bt J5i 1~ LA B 2 1 DX 3k 1 He B (230, 22 44, B -k
J& 30 nm [ 2 2 H He MIRFERTTIX 45.6%, 1X
TR E R4 30 nm 2 2 A — 2 (I [H He
B . TS E A 50 nm A1 100 nm [ £ 2 I AE
iB ‘K J& He JH 2.
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PN )R %54 He 8 (W18 4(b) o). B 1
(1] EPBS 25 FH1 oK, %A M E S T He &2 2
e R, X U He 1T BB Bk FArT 3R, (H R BETE K
AL He Y. 0% 2 2 BT 600 °C 3Bk
AbFE S, I ST A Rl SR F R SE R 15—20 nm
(17N He Y248 70 AT (Ul 4(c) Bx N7 B X
BN FTR), 1K 3K W He 1T fig MRS 4l 3R 11 ol o Ak
JEBT, AT I SR AR . {HIX 2% He ¥ il 122 3
Fi i1 LA K A B R B, S RBAE ST A AR
He B AAAE, X 33T EPBS il i% 2 2 A
1Bk J5 He MIRFEZEN 45.6%.

U 4 50 nm A1 100 nm [ 22 2 156, £F
ARGIN He I8, FHI0Z OGS T (WA 4(d), 4(2) Fim).
51\ He J&, WIFE ZeN 22 LA R S 1Ak A7 oK &2 s
9 40—50 nm [¥] K He i H I (41 & 4(e), 4(h) Hk
N5 XA BT R). 10— 20 X 1K 1 41 il 3k
17 600 °C 3B K AL FE 5 2 B, P9 4H 2 J2 IEAT: i () S
T TF A ASER, B TR AR i 2 S I He VAR AZ £
JOSFAR RIS, ST 6 He 614 046047 B (o
4(f), 44) JI7r), He FFUGE Fr SR 4R, KRR, UL A
AP He S B A F (LR 1).

4  ZrN/TaN Z 24500 SEM JE3  (a) JUARAS 30 nm ZrN/TaN; (b) 5 He JUARAS 30 nm ZrN/TaN; (c) 7 He i K7 30 nm
ZrN/TaN; (d) JUARZ 50 nm ZrN/TaN; (e) 75 He JUAHZS 50 nm ZrN/TaN; (f) 75 He 3B K2 50 nm ZrN/TaN; (g) IR 100 nm
ZiN/TaN; (h) % He JTFLA 100 nm ZeN/TaN; (i) 7 He 3B K4 100 nm ZrN/TaN; (c), (e), (h) HF i BN R s X 8O 1, 5
JEX 424 He ¥l

34 FE5EERE He 1488

K 5 2090 R T ANE T He TIBLRE L S 2450
BEAN A IE HL i AN RE R AR . I S-E i n]
AL HIEHEARER/ANT T keV I, IEH 7 L%
DRI b 1 045 S BN IE T RER K9 N,
PR S (L35 43 Bl — A 08 s (11 &, B WIAE
ULV 5V L He AH G 10 25 (07 204 sl oy £ 3 B 52 P58 90
W AT 5. LA R SE1 0 30 nm 22 2B S K

Y6 SR, I B G RER. X e T I% A b
&2 SR WA R, PR R D, S TR R e Ak
% JA BRI R TE 2. He 5 4 51 Ak 1) 45 437 AL ke
B3, T2 He- 2 R &8k He ¥4, FEUER T
TFARIABEI 2, AL S (R AR P71 B
R S B 12 R, VORI He SR
Fe e, X UG AT RENS A He MR, LIRS
VE R, B K IR I He fRFFAHN 45.6%,
KRG AMERERS ] He WM, 1My HAEAE
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He UA44°K 2% He 018 78 2XAS E A7 AR, Mk 31 [
He 11 H 1.

T 5 R 9124 50 nm AT 100 nm (RAE , H
S >, APV R S AR KES BEF- 1, UL
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%, VIS AL E H B He 38 (Wi 4(e), 4(h) FToR).
1B G A2 He HI4FAE, RWIA 2 T4 He iy
JF M, X b 5 380R K E He PPRL X T2
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M S (E G AR, — HIB K, He EEAY BRI
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R EE2)

BEAE T N BE R A ARG R, FEM Y S 3 B
TR, TN GE R B EE T BRI, AL
AR KA I, DR 5 e R R P DT i) A, S B AR G
ANERAR, iR B R HLr A AN

S 22, N TR X L R 5 R T R, AE RS 1 1
BRI, ZJRBRA L Wi He #i0iTERE. ¢
ITIAFAES oA DA T 2 5806 448 He
HE Y 52 W B8 K. AT 3 =2 (1 R ) 9] L KR R
He IR HL 0 A1 3 20 (10 22 J2 B, SRBUAE S-E il
2P n] U R KBS T S (7 & A R4
REM M2 JZ R R, A REAL He FRUEAFAET 2 )2
J IR ST AL, 352 22 JZ R He (1) H K.

4 %

SO R A5 B S 7 121 9% 1Y) ZeN/TaN 22 J2 it
I XRD, SPBA, EPBS Hil SEM [l #1453 #7, w]
A LLUT 518 1) fEiE Ui R, 2 2 EE
Wi He #1407, S ORFFAEE, T 4] He 147 HL LA
J He MK, 12 2 P AR % [1); 2) ZIN
R Z IR AE SR B AW He PEAE, 1T He 7E TaN
B H G TR, X 2 R R TaN JZ
() He PR 1R S 10 AL I B 5 11147 B 3) 1 i) &
124 30 nm (1) 22 JZ I, HL 5 AL B AT 2 1) He AH
Ok B HLAr A 385, AR SCHIRE R B, il vk th
BAR &N, KEE SEFEMZZEEE, iz 2
JE SRR il T AT — € (1[5 He PERE, M AliH4
KLY He $405 1 GE 3G 58, Jk/> He I AP R REIA
FIFE .

TR ECBUR 2 W) PR 2 15 BOR 27 e A A8 R ] 1A 2L
T S A FH R SR AR S H
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Interface effects on helium retention properties of
ZrN/TaN nano-multilayers *
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Abstract
In this paper, ZrN/TaN nano-multilayers are fabricated in mixing atmosphere by radio frequency magnetron sputtering. The phase
structures, He-related defects, helium content and cross-section morphologies of ZrN/TaN nano-multilayers are characterized by X-ray
diffraction, slow positron beam analysis, enhanced proton backscattering spectrome and scanning electron microscope, respectively.
The results show that the interface of ZrN/TaN nano-multilayer with 30 nm modulation period is stable and could resist the damage
of helium even annealed at 600 °C. The He retention rate of ZrN/TaN nano-multilayer with 30 nm modulation period can reach up to
45.6%.
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