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ABSTRACT Three main factors, layer thickness fluctuation, interfacial roughness and interdiffusion
of non-ideal soft X-ray optical multilayers were characterized quantitatively. The influences of the
three non—ideal factors on the grazing specular reflectivity of non-ideal soft X-ray optical multilayers
were calculated by using dynamic optical theory. The results indicate that the random layer thickness
fluctuations cause a remarkable decrease in the reflectivity, especially for the high—order reflections.
The cumulative layer thickness fluctuation destroys the long-range order which is conserved in ideal
multilayers, and thus increases the peak width. The interdiffusion and interfacial roughness both
make the reflectivity decrease, especially the high—order reflectivity. However, they don’t destroy the
long-range order of the multilayers, and thus keep the peak width unchanged. The mechanisms of
the decrease in the reflectivity caused by interdiffusion and interfacial roughness are different. For
the same interfacial width and interfacial roughness, the latter causes a much stronger decay in the
reflectivity. Monte—Carlo simulating annealing approach, which avoid complicated derivation and can
always find global minimum, was used to characterize Co/C soft X-ray optical multilayers. The
consistent results indicate that Monte—Carlo simulating annealing approach is quite suitable for the
structure characterization of soft X-ray optical multilayers.
KEY WORDS soft X-ray optical multilayers, layer thickness fluctuation, interfacial roughness,
interdiffusion, grazing specular reflectivity, Monte—Carlo simulating annealing ap-
proach
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Fig.2 Influence of random layer thickness fluctuation on
the grazing specular reflectivity of non-ideal Co/C

soft X-ray optical multilayers
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Fig.3 Influence of interfacial roughness on the grazing
specular reflectivity of non—ideal Co/C soft X-ray

optical multilayers
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Table 1 Fitting parameters of Co/C soft X-ray optical

multilayers
(nm)
Structure Parameter Mode! 1 Model 2
Thickness of Co layer 1.92 1.94
Thickness of C layer 2,93 2.95
Layer thickness fluctuation 0.03 0.02
Interfacial roughness 0.26
Thickness of transition layer - 0.31

FERE A - R L aES R

TR AN MR
LR IR i A B [ i EA L DA E i TS
— SANETE L]lft {2l A 0T i BE A T AL R
A E N FINTHLRE IR LS I B i B S80I
7 Fg B R BB BCR AE T (AR | A R HLEE T AR i
HOE PR & B R &5 FER E AT 48 7% X 4
£ W A 4 A (8152,
5 ik

(1) EEAY A HLFAS T O 4 Eﬁ%ﬁ*&ﬁﬁ‘]’%ﬁ%
. FREREESHEN T 2 2IRMICHATE. [#2
YHug e E

(2% F AT FCR) 5 R ) _§T4’5|5fﬂ5:. A R R
RSO E A ORI R NS (R TR N AN G R
VARSI R A

(3) UL I A R L R B s o i LR A
[Rl. 11 R BB R L B R SR A T, Rkl

B R ST T RN

{4) F-MEipLiE & Monte-Carlo fikaf Co/C #
X QiR S EMRMT T &5 g AH0E 8. FELE A
Monte— Car]o HEET R E AR BiE T A X 0Tek
Y % BAR BTG P o H A R0 SR L

ol B

[1] Spiller E. Wilczynski J, Stearns D, Golub [, Nystrom G.
Appl Phys Lell, 1959 61; 1481

[2] Colub L, Herant M, Kalata K, Lovas I, Nystrom G. Spiller
E, Wilczynski J. Nature, 1990, 31414: 542

{3] Spiller E, Stearns D. Krumrey M. J Appl Phys, 1993 T4
107

[1] McClain B R, Lee Iy D, Carvalho B L. Mochrie 5 G J,
Chen S . Litster J ). Phys Rev Letl 1994, 72: 246

[5] Stearns D G. J Appl Phys, 1989; 65: 491

[6] Barbee T W. Jr Opt Eng, 1990: 29: 711

[7] Barbee T W, Mrowka 5. Hertrick M .
24: ¥83

[8] Stearns D G, Rosen R 5. Vernon 8 P J Vac Technel, 1991,
AD: 2662

[9] Fullerton E E. Pearson J, Sowers C H, Bader S D), Wu X
Z. Sinha S K. Phys Hew, 19%3; B48: 17432

[10] Zymierka D, Auletner J. Cryst Hes Teeh, 1997; 32: 135

[11] Kim D E, Lee S M, Jeon 1 J. J Vac Sct Technol 199%
AlT: 394

12] Wang F P, Wang P X. Lu K Q. Fang Z Z, Gao M. Duan
X F, Cui M Q. Ma H J, Jiang X M. J Appl Phys, 1999,
Hb: 3175

[13] Krol A, Sher C, Kao Y H. Phys Rev. 1988; B33: 8579

(14] Chen H, Heald § M. J Appl Phys, 1989; 66: 1793

[15]

[16]

Appl Opi, 1985;

Parrat L G. Phys Rev, 1954; 35: 359

Fullerton E E, Schuller I K, Vanderstraeton H, Bruynser-
aede Y. Phys Rew, 1992; B45: 924

[17] Sinha 8 K. Sirota £ B, Garoff §, Svanley H B. Phys Hen,



126 R 378
1988; B38: 2297 [26] Holy V, Baumbach T, Bessiere M. J Phys D: Appl Phys,
[18] Savage D E, Kleiner J, Schimke N, Phang Y H, Jankowski 1995; 28(4A): A220
T, Jacobs J, Lagally M G. J Appl Phys, 1991; 69: 1411 [27} de Bohr D K G, Leenaers A J G. Physica, 1996; B221(1-
[19] Stearns D G. J Appl Phys, 1992; 71: 4286 4): 18
[20] Kimball J C, Bittel D. J Appl Phys, 1993; 74: 877 [28] Yoneda Y. Phys Rev, 1963; 131: 2010
[21] Gladyszewski G, Bruynseraede Y. Thin Solid Films, 1996; [29] Bruson A, Dufour C, George B, Vergnant M, Marchal G,
275: 184 Mangin PH. Solid State Commun, 1989; 71: 1045
[22]) Kopecky M. J Appl Phys, 1995; 77: 2380 [30] Kirkpatrick S, Gelatt C D, Vecchi M P. Science, 1983;
[23] Holy V, Kubena J, Ohlidal I, Lischka K, Plotz W. Phys 220: 671
Rev, 1993; B4T: 15896 [31] de Bohr D E G, Leenaers A J G, van den Hoogenhof W.
[24] Holy V. Appl Phys, 1994; A58: 173 Appl Phys, 1994; A58: 169
[25] Holy V, Baumbach T. Phys Rev, 1994; B49: 10668 [32] Dietrich S, Haase A. Phys Rep, 1995; 260: 1



