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ABSTRACT

Simulations with kinematic X-ray diffraction theory have been done on the effects of
imperfect periodicity in the superlattices (multilayers), such as random fluctuation, systematic
deviation, local deviation, co-existence of two periods and transition layers in interfaces. Not
only the peaks at low angle, but also the satellite peaks at the high angle have been
calculated. The results show that all kinds of the imperfect periodicity reduce the intensities
of the peaks but their effects on the shapes of the peaks are different from each other. For
example, the random fluctuation can produce small peaks around the superlattice (multilayer)
peaks and lower the low angle peaks more than the high angle satellites; the systematic
deviation can lower the peaks more seriously and widen the peaks, and the high angle
satellites are more sensitive to this kind of deviation than the low angle peaks because the
penetrating distances of X-ray are different for these two cases; the local deviation can make
the peak wider or split it to two peaks; the co-existence of two periods can also widen the
peak and split it but the shapes of the deformed peaks are different from each other.
Different order of peaks has also different sensitivity to the imperfect periodicity.

When epitaxial superlattices are thin (the thickness is less than 10% of the extinction
distance), the results of the dynamic theory are close to that of the kinematic one. But Even
the epitaxial superlattices are thick, the effects of imperfect periodicity simulated by the
dynamic theory are qualitatively similar to that by the kinematic one.

It is demonstrated by simulations that the peak profile is sensitive to the imperfect
periodicity. Double crystal diffraction has been used to measure the rocking curves of Ta/Al
multilayers. The peaks of three typical samples are discussed. After simulating the deformed
profiles of the peaks, it is found that there is a systematic deviation in one of the three
samples and co-existed of two periods in another one, and the quantities of the deviation are
given. _ o

Absorption is important for the soft X-ray diffraction of multilayers. The effects of
absorption on the peak intensity and width of multilayers have been simulated. When the
number of periods is larger than the effective number of periods, the intensity and width of
the diffraction peaks hardly change with the number of periods increasing. The effective
number of periods is small in the soft X-ray case. The calculated ratios of the reflectivity of
WSi,(MoSi,)/Si to W(Mo)/Si multilayer in soft X-ray range show that the reflectivity of the
former is not worse than that of the later. WSi,(MoSi,)/Si multilayer, whose thermal stability
is better, can be used to replaced the W(Mo)/Si multilayer.

The structural study with TEM on the sputtered Pd, Mo and Si thin layers has been
done. The results show that Si thiri layer is homogeneous amorphous with little effect on the
interfacial roughness in the multilayer, while Pd and Mo layers grow up island-likely when
they are thin. There are many gaps between the metal grains which can obviously result in
the interfacial roughness in the multilayer. In the same thickness range (several nanometers)
of the metal sublayer, Mo layer is smoother than Pd layer. When the thickness of Pd layer
is less than 2 nm, Pd grains in the layer are isolated, and Pd,Si is easy to be formed after
sputtering alternatively Si and Pd. :
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wmE W(Mo) / Si 1 WSi,(MoSiy) / Si & B

§ 1 5lF

B X HRRSER mz%&%%mﬁimﬂ:nﬁmm PR O S B W R OCH  HL A
FEMEFHHEFEILR, SEARHNRSE,. O ? ERHRBRHRNEZER, &
WEERATEZKN, BIZREIHHRENERLNEESEIMNRKRREEX, T
PNBERARONERERRBBENERERL . BAEENTRE X SRMTRM
XA ST F R ERORE R,

BEHEEE, FRENEEEMN X J6 AT § 58 BE SV IE KT TR A B SE u@mw
EETRABH. EFX X FREENBRERREBKR, W Si HAERKABE 1=0.154nm,
0.607nm Hl 6.44nm Bf4+51% 68.9cm’ / g. 2630cm’/ g fl 7.74x 10%cm’ / g, BEF PR
i, WERPERERNEL. BETR, EHEEREK X HER %N, R
ERAT 2R, ﬁﬁﬂgﬁﬁéﬁﬁiﬁéﬂﬁm%&%ﬁEXﬁﬁﬁZTEﬁ%ﬁ%ﬂﬁ39 55§
FEARREE THEERELHESRE, R mERE bz .

EZ BB NERD. RERRTFIHERANE. EXRX MM, BE%
ERFTRERBNA AT R RER © . WERNTHORANEEE, FE
RATHEREZBENHBEHEREE. FEEHN X PEFEHTHERK, S5 BEATRE R
HIEBEXE] S00THE P, BMERNATR X HEAFEHNEZEMAS BIFHARE
#., TEENABREHEE TS TERTHR ¢ . W/ Sifl Mo/ Si R BHRR 5
ERFNEEE, HENE 400CEANRFHERTRY, NTERSETRE. W/ Si
BB A N R YR WS, @ 1% ' Mo/ SiZREF, Mo 5 Si RN MBAYR
MoSi,. P #EH8E WS, RE W/SiZEBFMN W, MSi, 0% Mo/SiZREH/
Mo, IRATEMRAY WSi,/ Si fll MoSi,/ Si Z R EAEZHE WSi, 5 Si. MoSi, 5 Si 74
BRERN, AHNTREEZEBRNABEHE. BRENS W/Si. Mo/SiZ 2B,
KWW ARKaFEE. BHETFHEHNNT, BHHEFREMER, WS,/ Si
MoSi,/ Si ZRBRHM B K TR R—ELL W/ Si. Mo/ SiZREE.

EX—FER, RMNEEDETREZZEMRFEARE. REMNEWR, IZEBRA
PP ERGRE, RERLHET WSi,/ Si, MoSi,/ Si £RBX EKM 0.6070m
2] 10.8nm WATHTHGRE R SR, HEHMEM W/ Si. Mo / Si & 2 B4R .

§ 2. R 2 B IR ST R BRI R R v
AL ERGE, £RB X SRR R 5 R RO RIEH, TS A
BORS W, AR, Rk BT S0 55 R R R BE I SC R I R AR BT R O

FWHM =kX/ (tcos ) “4-1

Heb 28 XOEBRK, t ARENEE, 0 ATHEMAREA, K ARE UTFRIMK
=1. EZRBRY, SEEENAIAPENSAY DM, BhABELAR
2Dsinfy =nA, (n ’»‘Jﬁiﬁ]‘?&ﬁ)%ﬂﬁ(4—1)_14%£}?:ﬁﬁf§1ﬁﬂﬁ¥m% SR N HXF:



FWHM =1g0, /(n+ N) L ¢-2)

RATBZsrEE e R T AR 2.240m. W 5SiREERE 1: 2
B W/ Si ZRBAE X SHRBK N 3.16nm B RFE RPN 8 1 AT, ¥R 53
RIS N RS Ak A B ANAE 4—1 F1HE 4-2 TR,

MHE 4-2 FA] IR, ﬁ%%&ﬁ%ﬁﬁt)ﬁﬁﬁ%ﬁiﬁbmﬂé HBEFHERAR
FPER—8, ERFEEARGE-)FE /N, Bkt k RBUM 1%, YRR
B—EEE, ERERFE/D, XRENREMIEE, LT A B A7 5 A T8k
PR, EMHFTRERESNE SHAARNMHEENRZE, BX—SNEAREHKRIE
BRAPE Ny X AR RIBAEZT N MNABNEZBBERWZ G, TRIETHAS
RIEN S%ALh. WE 41 PATRUER, RN S ENERMZ L. YEHK
BUNR, MORBERBECY T MA M. AR N /5, Wk BR800 i s
FRER. A N AT R B R B RAHEK 90% L4,

Nex ARAS X HIRE TR 1/ e LM ABERY 345, KB 4-1 FIE 4- 2 Fwy 41,
#E N/ 3 RERIREIR A0 N o ALK 50%, MR AT N o AR,

EULEHHES, HEREUTBREKEFHRD, HEEGRLE, WEHE 1 FHK

#, G REFEHEEF).

*4-1
Wi | FHWM@E)  #38  Ng [N/ N, BEHL XEEZW
0.5u| 1120 0048 176 | - 2 1982 1/1.98
0.75 1660 0.022 117 | 133 1.33 1/1.34
f 2220 0.012 88 1 1 1
4y 8250 9.68x 107 24 0.27 0.282 1/0.27
- % 4-2
A#i(am) | 26, FWHM@#) | n | N, | FWHM=tg,/ (n Ncﬁ)(ﬂ)
22.4 90.2 2220 1 | 88 . 2353 .
44.8 29.2 3330 1 | 24 3352
67.2 427 4800 1 |1 4891
44.3 90.2 2220 | 2 | 44 2352
67.2 570 ~ 2700 -2 | 20 2800

M 4-1 EP_HHL R R BE4E %l@ Ny HI3E4L, Hiltt?"ﬁzﬁgli&?ﬁ ‘ﬁ#é'%}ﬁﬂﬁ}ﬂt
A Neg B(JIFTV.;FH Ny AEIZURIE H. ‘
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JLAARFEABIN W/ Si 2B X SRR 3.16nm BHELIIE B ART 5 w2k 5
ESRABMAARTRENERTI TR 425, EHP, W/ siZZROFHECY 100, B
AT N

F 42 FHENENESESARTEN LR EEME. YZEENAEABEATS
F Neg Bf, AT Nop FRASR 42 ARty @ .

MM ERESE REEERSEERB AN NEROPIREX, BAEEERMN
SEREEA AT LA, BRSPRENHEEN X SRERGR)EDNS T, FHE
HAREER—RE, FEARHAREARXNENEERREBHERIFR:

AA/A=ctgh+ A8/ B o “4-3)

BHSR BB A R S TR WS SRS PR EA R I8, T2 T ASER
ARAA., BERERNRHEHEN R<9_93_ ; °tan68>, N BT
10—72g), &M R S5 K:

0

A—A
A

0

R’().—lo)=1(l—/lo)_[R(6—-BB— ®tan ), )de - “4-4)

M RI(A=1) LR LRI AL/ 2o SRIEBER 4 HEK.

B ERERE A, AR E RRE, CENARERS PR, RKBHT
ZRBHOBRSHE, LFRPEOEME N i, BBRF, £F N, WAPRERM,
AT 8 e K TRRAR /DS

§3 WS,/ Si. MoSi,/SiZEESE W /Si, Mo/ Si /2B 553 i
W. Mo. SiERREKTHEFEHETF [ AEERKRE », RRFEMN, B0
{57 DA STRRISIFER. WSi, il MoSi, MRRBMAR, BRp, =Zp 4, /24, @

Ko FRMFEFIOKRE, WSi, 1 MoSi, K HEH MM FKRRMGEEITHE. Si. W
Mo. WSi, #l MoSi, B % K 4 3 2% : 2.33g/cm® 19. 35g/cm? 10.2g/ cm’,
9.827g / cm® il 6.284g / cm®,

W. WSi,, Mo. MoSi, f Si KIEFESETF f, M 4-3 Bim. WSi, 5 Si WEFE
HEFZENT W 5SifzE, AR MoSi, 5 Si METFHHRFENT Mo 5 Si iy
ZE., ENINERBRKETF u, 1A 4-4 iR,
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i g Ve IR B K I UL R IR e B R B TR '
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#F 4-3 W(Mo)/Si. WSi

(MoSt,) / Si £ R BEA B T (9 B R TR

2 ‘ u(1/ cm) Xopt (1 / cm)  Xgp
(nm) Si w WSi, (W/Si|WSi,/Sij Mo MoSi, Mo/ Si| MoSi,/ Si
.607 | .613E4 | .772ES5 | .306ES5 | .28 31 | 929E5 | .972E4 | .46 46
.713 -816E3 ._246E5 .104E5 |23 .26 138E5 | .616E4 | .24 31
834 | .127E3 | 344E5 | .146ES5 | .23 27 .202ES5 | 911E4 | .25 31
.989 | .201E4 491ES5 | .211E5 | .23 .28 .302ES5 | .137E5 § .25 31
1.04 | .233E4 | .546ES5 | .235E5 | .23 .28 342ES5 | .146E5 | .25 31
1.19 | .336E4 | .710ES5 | .309ES | .23 28 463ES5 | 213E5 | .26 32
1.23 |.363E4 | .751E5 | .328E5 | .23 28 A95ES | .228ES5 | .26 32
1.33 | .457E4 | .882E5 | .388ES5 | .24 29 597ES | 277ES | .26 32
1.46 | .578E4 | .104E6 A460E5 | .24 30 .723ES5 | .339E5 | .26 32

| 1.60 | .743E4 | .123E6 | .551E5 | .24 30 .883E5 | 417E5 | .26 32
1.76 | .958E4 | .144E6 | .656ES | .25 31 .104E6 | .500E5 | .27 33
1.83 | .106ES5 | .153E6 | .701ES | .26 32 111E6 | .537ES | .27 33
1.95 | .125E5 _.170E6 J85E5 | .27 | 32 | -123E6 | .604E5 | .28 34
2.16 |.164E5 | .188E6 | .895E5 | .28 33 ~ .147E6 | .734E5 | .30 34
2.23 | .178E5 | .197E6 | .943ES | .28 33 .155E6 | .779E5 | .30 34
2.36 | .205E5 | .213E6 .103E6 | .28 .34 .170E6 | .866ES5 | .30 .34
2.43 | .219ES _ 219E6 .107E6 29 34 .171E6 | .884ES 31 35
2.74 | .275E5 | .252E6 | .125E6 | 29 34 .176E6 | .960ES5 | .32 .36
3.16 ‘384E5'. .269E6 | .143E6 | .31 .36 206E6 | .118E6 | .33 .38
3.98 | .659ES5 | .327E6 | .192E6 | .33 .40 .208E6 | .146E6 | .38 42
4.47 | .857E5 | .364E6 | .207E6 | .35 | .42 .167E6 | .150E6 | .44 45
5.84 | .151E6 | .385E6 | .298E6 | .40 ‘ | 44 .531E5 | .171E6 | .62 49
6.44 | .180E6 | .387E6 j .329E6 | .42 | |44 .559E5 | .201E6 | .62 49
6.76 | .196E6 | .381E6 | .341E6 | .44 - | .45 572E5 | 217E6 | .63 .49
7.22 | .217E6 | .373E6 | .360E6 | .45 46 .589E5 | .239E6 | .63 49
8.21 |.247E6 | .358E6 | .383E6 | .46 | .46 .647E5 | 271E6 | .63 49
8.34 | .247E6 | .354E6 | .381E6 | .46 46 .654ES5 | 271E6 | .63 .49
9.34 | .254E6 | .373E6 | .396E6 | .47 46 .699E5 | .280E6 | .63 49
10.9 | .263E6 | .389E6 | .411E6 | .47 46 .765E5 | .292E6 | .62 49
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By /B, —B)=n,/(u, —Hp)
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0.607nm £ 0.989nm XX 5 Zt#%, M 1.044nm T 2.74nm B 3 Z0&, M 3.898nm Z[ 10.87nm
W10k, ME 4-5 A0, M 1.044nm ZE 2.74nm, WSi,/ Si &R 3 RIEERE T/
T W/si ZREM 3 RERE, XRENELRRETRKNER, WSi,/ Si £ 2



Xope BET 033, B} WS, B 5 SiEMEREWEET 11 2, Brll WSi,/ Si 1) 3 Rl
5, BETHEX. MoSi,/ Si ZEBMNHRERANMMN. {HEE 1=2. 74nm B, Mo/SiZR
JERS Xop 7 0.32, Mo BES SiREZ WHEET 1: 2, FrUAe MoSi,/ Si itk
Mo / Si R,

£ A /NF 5.84nm BTN, WSi, BTSSR W/ Si z%@mfﬁﬁn‘ﬂ&?&ﬁx
£, MoSi,/ SiZRBMNATHRERAT Mo/ SiZRBRMRE., XRHT SifbEX—
EEANERNASUNT W R Mo FARKAR, AT Ny 8K, BT HTHRGEE
%ﬂﬁ%ﬁﬁiﬁ%Z%&fM‘J?ﬁi H4-6 AHTXILFHEERAEMNEERN, KR
SR T N fE.

£ A KF 5.84nm B 10.87nm KB A, BT Si FRECEM, SiHRREARBE KR
FWH Mo AR WER, AT Si bW micts b W Mo Bk, BT Bh it
MoSi, /'Si #l WSi, / Si Z ZEMARFAMBLHEN Mo/ Si. W/ SiZRENEREH
4, BEMMEBRELENT 1. NE 45 FHERETLUEFEL, M MoSi,/Si &
WSi,/ Si R BN RER L Mo/ Si | W/ Si ZRBMMHRED, BERRER
FZHEN., BTRBESHEN 3 REEXFENERMEENMR™E, FUERERREM
REH AR, EXESHEEMME, XN FRAGNZSREERG, 1 RELREERN, BE
HXEMEE. RE-SFANRERFLIHEMARNN BREARA—EEHR. A LS
A, WA E R AR DU BRI, AN TRSAIATSISREE. BT e AR R I,
o, RSB TSR AR 57 5 0 .

UEEBIME 90° REENHER, EEH B MoSi,/Si % Mo/Si ZRBIKH
WSi,/SifRE W/ SiZ 2, BEMNHERFIASB/MEE, ERHLEKETSHMN.
FETFENTHSPRATERL T F—EH 1 MoSi,/ Si Z 2BA Mo / Si £RBAERFNEE
T, BURFEMAS AR 1 ZERHR.

ZEBEMNEHYN: APEN 6om, x=0.3,. x 3 Mo 5 MoSi, ZEER#HH &R
#, BMBCH 140(BE R THEFHBERWEZRHE). HEH K MoSi,/ Si Z B 1
Kk Mo/ SiZEBM 1 RissR 2 WETE 479, FMEKTH 1 RIERIEA B 75
RS AXMITHRBETE. BTRASXESHRBETTRE, Frolgih st RE
FU. XtRTE 4-7 & EMNE SRR BN E 4-8 Fik.

B 4—7 WTAFE H, MoSi,/ Si ZR BT IRBERRE 1=0.607am 1 1 KF 6.44nm
ME Bz 5h, HABBMMHRENHE Mo/ Si ZBBMAHERAREMES. 5E
4~8 PEFBPAXTR, H Si BBk, MoSi,/ Si & RIRMAEBFAME /T Mo/ Si
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