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Abstract; To research the stability of Mg-based multilayers, two groups of multilayers, [ Mg/Co ],
and [ Mg/SiC],, were coated on a Si(100) substrate by magnetron sputtering method. The two sam-
ples were tested by a microscopy. a surface roughness experiment and an X-ray grazing incidence re-
flectivity test at room temperature and a relative humidity of 80%. The contract experiments on multi-
layer damage for Mg/Co #1 Mg/SiC were performed in the same condition. The results show that after
being exposed in the atmospheric environment for 4 days, the damaged area and surface roughness of
the Mg/SiC multilayer sample are up to 26.34% and 10 nm, respectively, while those of the Mg/Co
multilayer sample are 2. 78% and 5 nm, respectively. After 6 days, the 1st reflection peak of Mg/SiC
sample is completely disappeared, and Mg/Co sample still has a peak of 47. 63% reflectivity. The ex-
perimental results show that the Mg/Co multilayer sample has a better environmental stability as com-

pared with the Mg/SiC multilayer. The X Photoelectron Spectroscopy (XPS) shows that the produc-
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tions of the damaged Mg-based multilayers are mainly MgCQO,, Mg(OH), and modest MgO. Moreo-
ver, the content ratio of Mg (OH); and MgCQ; in the inner layer is significantly higher than that in
the surface layer. Experimental results suggest that the reason for Mg-based multilayer damage is the

erosion of H,O(g), so the capping layer of Mg-based multilayer should prevent the H,O(g) penetrat-

ing into the mulilayer.
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Tab.1 Damaged spot numbers and areas

of Mg/Co and Mg/SiC multilayers

Mg/Co Mg/SiC
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SECRE BIHR/ Q0 sBE BER/ O
Day 1 4 0. 004 167 0. 394
500X Day 2 4 0.015 257 0.874
Day 3 22 0.023 428 2.215
50X Day 4 2.778 - 26. 340
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Tab. 2 RMS roughness of multilayer sample surfaces

(nm)
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Mg/Co  0.29 0. 34 0.98 4.58 5.09
Mg/SiC  0.72 1.43 2.15 10. 93 9.24

A BT, Mg/ Co 2 )2 BERE i 1) REURE B2 76 55
— RS R Z 18] I I A B2 iy 3 s (B 31 55 =
KB RLRE B2 AR A6 A K, N P aE T PST I 4 A
K. MR, Mg/SIC £ 2 3 Hi 48 Mg/Co
Z 2R RS . 7E 8020 RH i@ J& 5 85 o 7 ik — K
J& » Mg/SiC 2 i MRS B B A % 3% fin. PSI A
VST W RS =T o 25 R 3 R WL 7E 806 RH
T B PR e Mg/ SiC 22 )22 [ 114 2 TR B 3 S HL 3
KT Mg/Co Z)2 .,
3.3 X SN G K5 (GIXRR) Uiz

KX B AT 3 (B [E Bede A ] DI R
%5.Cu iy Ko $148 . 0=0. 154 nm) K R £ 2

SER . HTFERFAFAET.X FLE

2 J2 I 1 28 3 TR B AN [A) L GIXRR 4k b oA [ 1
Bragg J S5} W SR AL (4 I8 )23 007 8 VR B A Ir A [m) = 42
SR SR W R — 5% 0 S BRI UK 1 S S e 2 A R
T )23 1) 45 A 15 2, o T 8 o R R ) o S W = B 3%
IR 22 P S 8 A 1 52

K 4Ca) Al (b) 434l i Mg/Co il Mg/SiC £
JZ BETE AR X R 80 Y0 RH 34 858 Hh A7 i — 2
[0 i X 2k B0 A S s o IOt k. H
Day 172 Wil % 1Y 2 2 GIXRR i i i £ Ch 2.
TNE A B ORI Bl 2R AR RS TT 3 AN RS0 .
Mg/ SiCHE i 3 il 28 14 42 5 3 0 F1— 2% Bragg
S 06 [ S 6 TS (] Y S R T AT B L B R Y
3 £ 4 B SpF 0 — 2 Bragg [T W ¥ IF b A
HH 0 10 T B8 5 56 7S DR 1R I il 2 b L 5 L = Rk
S5 06 2 FRAG B A /AR I il 2 b LA T

M Dayl
= Y\, o DAY 2
s a
E: YWAY ~ w\.\zay;
£ N\ \ v WA
2 \“M‘/\\“ n \\ NN e 8
g L WAVAY NS
e R _—~~ A X o S W
S [L A o
A A NN A0
AN VAN Davil3
et M M o DY
Firad /\'\% ‘/\J
| Py WJ"I Wi 1 1 IDay 30
0 1 2 3 4
20/()
(a)Mg/Co Z 2
(a) Mg/Co multilayers
M"‘Mu Mt DAY 1
A o
; i "W fr b O Day2
<
= WA vad?t i D2y 3
@ i 4, Day 4
%] b
5
2 Iy DAY 6
) o AN Ay, Day 8
TN TN, g o Dy 13
o N
VoY } ‘A\M‘NJA‘MHW‘"N oty i Day 30
. y
0 1 2 3 4
260/(°)
(b)Mg/SiC £ 2 ik

(b)Mg/SiC multilayers
B4 ASE BB SE 50 0 8] 5 i Mg/SiC 2 J2 IR H AT
S 55 it £
Fig. 4 XRR curves of multilayers exposed in high

humidity air for different days

JREE )2 1) s ik W, Mg/ SiC £ )2 I Bragg 5t
WETE R R Z R BEEE R KRR S IR,

Mg/Co 2 2 B 458 A S 52555 1l 26 1) 45 0 5 35
VETERT 3 KA B 0 T R 5 N R I 4
g F—2% Bragg W45 4 36. 80 % Fll 47. 63 % 1y
S8 B R G ) RS 0 T B R BRI,
B, Mg/Co £ 2 i B 3K 32 B 48 1 J2 . 4TS
NEZBELEH . (E 80% RH WA BE o - 47 — 4
HZJG «Mg/Co Z J2 AT AT L I A5 25 2R 1 S5 5
W, B 22 2 RS 45 F 1) 5 I A1 S S e U 1 A A1 1Y
Ty — A JE AT R 22 2 BRI S A B A6 G ket
I XS 2R Y IR

% 3 7 GIXRR I 79 Mg/Co il Mg/SiC £



1384 b=

e TR

J2 HEEAE f A SRS S S I ) — S e S S R AR
3 RPN 2 TR IR il — GG S I SR B A I ]
ML 22 B 5. 181 5 i 40T R i R R R
718 T4 IR A P18, Mg/ SiC £ 2 i — S i ) 5
AL LY R R 208 Mg/ Co ZJZ MY 2 1.

%3 Mg/Co 1 Mg/SiC & EiE X STZ N5t
R8T 2 £ R STuE N — R g R 5T E
Tab. 3 Total reflections and 1st peak reflections of
Mg/Co and Mg/SiC multilayers

Mg/Co Mg/SiC

g — gk e — gk
Dayl 0.488 8 0.6311 0.454 5 0.508 4
Day2  0.490 4 0.614 2 0.432 0 0.467 8
Day3  0.487 0 0.604 0 0.346 4 0.405 8
Day4 0.436 5 0.550 3 0.220 2 0.277 0
Day6 0.416 3 0.538 8 0.052 6 0.075 0
Day8  0.368 0 0.476 3 — —
Dayl3 0.081 0 0.122 6 - —
Day30  0.002 0 0.002 6 - —

0.7

— —m— Mg/Co 1 peak reflection

0.6 "\. —-¢=-Mg/SiC 1 peak reflection

0.5+ ’x\\ \_

04} ~

\
S \
03 "\
0
0.2 F A
\.
0.1} N
0.0

01234567 891011121314
Time/day
Kl 5 Mg/Co Fl Mg/SiC £ )2 IR X 5 & £50 A 5 I 5
it £ — S0 i S A
Fig. 5 First peak reflections of Mg/Co and Mg/SiC

multilayers

O 2 I U I i 2 T AL B KR X G
AL S G A 25 2R 1 SR B Mg/SiC £ 2 i
2 THT45 I 0 G 25 1y Y 450 DR B 2 W 35 PR T Mg/
Co ZJZ . Mg/SiC Z JZ it 1 5t I8 3 i 29 O
Mg/Co £ 2 AR FE /) 2~3 1.

3.4 X Gt& S Fif (XPS) ik

S FEREJZ PR LB ] X RO
i (X-ray Photoeletron Spectroscopy, XPS) /3 ff
TR G Ly . SR 2 B R 2 R Y
K-Alpha . XPS I 32 3% 51 I8 5 19 22 )2 A

%21 &
X104
7"
Ols
6l Etch time=0 s
£ 4
3
s 4
g 3 Mg(OH)
= g(OH),
2 MgO
[l
542 540 538 536 534 532 530 528 526
Binding energy/eV
(a) &2 Ols fgik &
(a) Ols spectra on multilayer surface
4.5 X104
Ols
4.0 | Etch time=50 s
g€ 35}
3
3
5 3.0
=
3
o 2.5
2.0

1.5542 54]10 538 536 534 5I32 530 528 52
Binding energy/eV
(b) Ar i F3ZIMh 50s J5 Ols A i il &
(b) Ols spectra after 50s Ar™ ion sputtering
K6 HIRJF M Mg/Co £ 2 XPS Il X
Fig. 6 XPS Ols spectra of Mg/Co multilayers ex-

posed in high humidity air for one month

#EAT XPS . MIROEIE R Al 1Y Koo 48,013
B2 A 400 pm, R 50 eV, LR 0.1 eV, D
C-C(286.5 V) 4 & Be 2 b fE X RE 315 #4742 1 .
WK 6 fr s . 558 J5 19 Mg/ Co i & 11 1) XPS
i Ols W F1 Mgls 043 5] {7 F 533. 3 eV M
1305.7 eV, ZRBEMING Mg A4 W 2N
MgCO, Mg (OH), fil/b& 1 MgO, X —4i3R1 5
SCHRAR AR AT X UIR IR B Mg/ Co FE i B
FHRZI v 50 s J5.O01s 3% kA& 7 B 88 oA,
CO* ZHE TK,OH & & EJF. Regina Soufli
R RN Mg/SIC Z Z MK 7E T RIZM
SiC 2R R e 4 25 <. Mg )2 5%
AH) H, OCg) 2 4l Mg (OHD, » 52 S i
CO, it —2P R A= i MgCO, ikl R 2 =R A
FINZE . Mg/Co Z JZ B BB A8 Y T Mg/
SiC )2, nl gE 2 K b 42 @ Co J)Z 5L SiC IR 2 2



% 6 39

KRBT, A Mg/SiC. Mg/Co £ )2 i iy fa o v 1385

. R mILEA ik — 205 . Sk E
M Mg 3k Z R IR GR37 J2 - BUA WF T 45 ] 3%
W DRI 2R 2 B R X g By 1k KR EE AR Z

A% SC R VR 45 W% S TE STC100) 58 | B 1] e
RE5H 573 R [Mg/Co s [ Mg/SiC 1o, it i 41 £
JE I 3 AR E R AT 80 %0 RH Y A Xt
T R BT P A B S AT S AOBE L % T HLURE 2
A X LA R R 6 BEgE T Mg/ Co
M Mg/SiC Wi f 2 )2 25 H i IR B fe e vk . iE:
4 KJg . Mg/SiC i 38 w1 LUk 26. 34 %6, 3% T HL B

S & k-

[1] SPILLER E. High performance multilayer coatings
for EUV lithography [J]. SPIE, 2004, 5193:89-
97.

[2] ATTWOOD D. Soft X-rays and EUV Radiation
Principles and Applications [ M]. NewYork:
Cambridge University Press, 2000.

[3] KORTRIGHT J B, RICE M, CARR R. Soft-X-ray
Faraday rotation at Fe 12,3 edges [J]. Physical
Review B, 1995, 51(15):10240-10244.

[4] PLATONOV Y, BROADWAY D, DEGROOT B,
et al.. Deposition of X-ray multilayers on long size
substrates for synchrotron applications [J]. SPIE,
1997, 3152, 231-235.

[5] WINDT D L, DONGUY S, SEELY J. et al..
EUV multilayers for solar physics [J]. SPIE,
2004, 5168. 1-11.

[6] SUMAN M, MINAPELIZZO G M, WINDT D, et
al.. Extreme-ultraviolet multilayer coatings with
high spectral purity for solar imaging [J1. Appl.
Opt. s 2009, 48(29) . 5432-5437.

[7] ZHU]J T, WANG Z S, ZHANG Z, et al.. High
reflectance multilayer for He-II radiation at 30. 4 nm
[I]. Appl. Opt. , 2008, 47.C310-C314.

[8] PELIZZO M G, FINESCHI S, CORSO A J, et
al.. Long-term stability of Mg/SiC multilayers
[J]. Optical Engineering , 2012, 51(2):023801.

9] A=A .FKE. 9%, F. AFAAKEEET SIiC/
Mg th 5 5h 2 J2 i il 45 AT . e 5 A A2
2009,17(12) :2946-2951.

ZHU J T, HUANG Q SH, BAI L, et al.. Manu-

FEZ2R 10 nm; Mg/Co Ay 38 1 FLZ Ky 2. 78,
FIE KL EE R 5 nm, 6 K 5. Mg/SiC £ 2 %
GIXRR —Z¢ )2 i 0§ 5¢ 4 15 2k » Mg/Co £ )2 it —
Gpile [N 47, 63% ., 45 B8 Mg/Co £)2
A i R B e E M. XPS Pt i Mg £ )2
JEEAS IR J5 1 7 ) £ 2 MgCO, Mg (OH), Fiizb
M MgO, HNJZ Mg(OH), 5 MgCO, & &1
POl T 00 2. BF 98 45 R 2 W KRR o R
Mg J 2 )22 B 0 1 3 22 J5 1A 0 B 2 52 M Mg
REZEBEREENERHNER., SEwEE LR
FH SEM 43 #fr Mg/SiC Fl Mg/ Co 2 )22 JIE 3 1 1) 441
WIEH IR AR 3 2 5 48 8 Mg 22 IRi
FE P H R B Lk K P B2 R

facture and measurement of SiC/Mg EUV multilay-
er mirrors in different base pressures [J]. Opt.
Precision Eng. , 2009, 17(12):2946-2951. (in Chi-
nese)

[10] ZHU]J T, ZHOU SK, LIH C, etal.. Compari-
son of Mg-based multilayers for solar He-1I radia-
tion at 30. 4 nm wavelength [J]. Appl. Opt.,
2010, 49.3922-3925.

[11] MAURY H, JONNARD P, LE GUEN K, etal..
Thermal cycles. interface chemistry and optical
performance of Mg/SiC multilayer [ J]. Eur.
Phys. J. B., 2008, 64:193-199.

[12] ZHU]J T, ZHOU SK, LI HC, et al.. Thermal
stability of Mg/Co multilayer with B,C, Mo or Zr
diffusion barrier layers [ J]. Optics Express,
2011,19(22) :21849-21854.

[13] TAKENAKA H, ICHIMARU S, OHCHI T, et
al.. Soft-X-ray reflectance and heat resistance of
SiC/Mg multilayer [J]. J. of Electron Spectros-
copy and Related Phenomena, 2005, 144-147.
1047-1049.

[14] EJIMA T, YAMAZAKI A, BANSE T. et al..
Aging and thermal stability of Mg/SiC and Mg/
Y, O; reflection multilayers in the 25-35 nm region
[I]. Appl. Opt. , 2005, 44(26) :5446-5453.

[15] HENKE B L,GULLIKSON E M.,DAVIS J C. X-
ray interactions: photo absorption, scattering .
transmission,and reflection at E=50—30 000 eV,
72=1-92[]J 7. Atomic Data and Nuclear Data Ta-
ble ,1993,54(2) :181-342.

[16] ABRAMOFF M D, MAGELHAES P J, RAM S

J. Image processing with Image [J]. Biophotonics



%21 %

International , 2004, 11(7):36-42.

ARDIZZONE S, BIANCHI C L, FADONI M, et al. .
Magnesium salts and oxide: an XPS overview [J]. Ap-
plied Surface Science, 1997,119.253-259.

VINCENT C B. Handbook of Monochromatic XPS
Spectra; The Elements and Native Oxides [ M].

EER N

KRFEFEQI8—) . B Y. AT
Ui, 2005 4F T & B K5 A% W4 2 0r
FEMNERESNG X LRSS
B AR WF 5., E-mail: jtzhu @ tongji.

edu. cn

RETE (1987 —) . 5 WAL BEIM A BT L
WEIEAE 2010 4F F [ ¥ K22 4Rk 15 2% &
ESVRER:-YE 3/ I F -y 3 E SN

o E-mail: lanzhus@163. com

T #HFA980—), B IR AL P,
+:,2002 45,2005 4% F = B K245 B 3k
2 2, 2009 4E T B H R
P7 il L e o VA S = = 7 R R R
6 B A BF 9% . E-mail: dingtao @

tongji. edu. cn

England: John Wiley &. Sons, 2000.
SOUFLI R. NICA FERNANDEZ-PEREA M., BAK-
ER'S, etal.. Spontaneously intermixed Al-Mg barri-

ers enable corrosion-resistant Mg/SiC multilayer coat-
ings [J]. Appl. Phys. Lett., 2012,101(4).04311-
1-5.

O RIS ). L MR FEA L
WFFE 4, 2007 48 T 5 1 K22 3R A3 % &
AL, 2011 48 T AR BT R AR R 15 B
B, 32 BN OGRS W T T i A
%% . E-mail: 1110488@ tongji. edu. cn

21986 —) B3 L PRT A  +-F
A ,2008 4E T H B R 54K 15 % 1 2
B, FENER SN x FLO6¥ I
B9WF5E . E-mail: 1010103003 @ tongji.

edu. cn

(FRIERE REWWT FEEH)



