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A survey on X-ray scattering techniques for structural characterization of advanced
thin films

Tetsuroh SHIRASAWA

Abstract

Metrology requirements are driven by advancement of industrial material and its processing technology. Research in the

electronics industry has focused on reducing the thickness of thin films in the device components, integrating 3D

structures with ever decreasing dimensions into the device architecture, and utilizing emerging materials for novel

devices such as atomically thin materials. Such research relies on highly-reliable analytical techniques which can measure

structures of objects with a desired length scale and dimension. One potential candidate is X-ray scattering, since this

method is nondestructive and the obtained data are traceable to the standard unit of length. This report focuses on the

following X-ray scattering techniques: X-ray reflectivity (XRR) for density and thickness of thin films, X-ray crystal

truncation rod scattering (CTR) for atomic structure at interfacial region, and critical dimension X-ray small angle

scattering (CD-SAXS) for 3D shape of nano-structure. The principles and characteristics are reviewed, and the problems

and prospects for practical applications are discussed.
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E3 v 7 nm A7 — )V TONARREEEHI AR D 5 1
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HECTH D XA CTR (crystal truncation rod) BRELEE, B
L O VARRE R FHIIE T H B MR X /A #GEL (critical
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PEBIZEC & 275, HEFHR CIRHFP O M E 1 R 2 %

T A0, RHEFHMASRO S5ND A ¥ T4 VEHINOIS
MEEBEASET D, T72, BEPRIRIIKES 5 374k
BEDQFEDID, 7T AN PEOKE fEOFHNIX
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TEM WTE RO AL 0.1 e T
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WETHEAL, HEORME R M & AR & o FUI U
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B2SHN S (Kiessig 7Y ¥ V). Kiessig 7 IO
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DERBOE S, BEE, RIS, FH S OFHR
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FTLEET 200X WHELOBHMTH L. Z D720
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%l, FBHMOLERHGEL Y EET HUENH D, LEH
BELOBRIT AR E v (B 104 DLE) & &2
F %5, XBEAROFEIIE, KMz BIT 5 R
LR & ZRE L 72 Parratt DRSS B D30,

XRR MI7E T, XA M 25 a0 TRy I/ 1
HEHT 2 UER D D720, FITHEOEC XY — L0
VBN . F72, BIE NS Kiessig 7~ VA XM
BOWRIRD Y AL L > TFT R VwE H 12, H
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MPEERELTH720, IBOPCXHE — A5 F L,
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< ﬁi_ik&’iwv g 1~10 ! g:0.01~1nm? AR
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WS L7z, HAZ S NMI 237 A MIBINT %
Lz, FMERE L LT GaAs/AlAs BT HE I (%
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W EDREHEICRE BT 5720, &EME (top
layer) & ZDEFORE (L6) 2B 2 JEIE 77
EENZFN42m BL 3 1m & RKEL o7z 2
HEHDS Yy Favy s 2 hcid, FEESEE LTS
EWREICEESELEZSH 13m0 Tag s, EEH2
nm O TaN & CEEMREL 725 OBV S, Ta EIEME
2B 2 RETH O T HLE R 0.04 nm 1220 S hrzsy,
COLHIZ, XRRFZEMBROLELZIT LD, £
S OB UICE A EHEEHIT & 25 ) R T
HDHIEDPBOLN, [XRREIZLZEREOE S, 1
AL & OFFAl — 2EEOFRFIH, 74 A2 N LB
FrilgisEE, 77— WL, 7— 5 ik, skismdl] &
L T ISO/TC201 12 3 \» T = B % #E b = 7 72 (ISO
16413:2013).

3.2 X#& CTR (Crystal Truncation Rod) &{&ELi%
3.2.1 X#% CTREELEDRE

X #% CTR $4ELik L, £\ X MEEo—fETh D,
i i O ZETI 38 R0 AR PR PRI 0 NS 35 X DS TH O A s i
FZHV 515 8:9.%) X i CTR B, &N
AWML ETHEENZORBE T LW LN L
(truncation) = & THA: U 589 F2i % AR L 7256 5
A5 O X #E AT A5 Bragg B RIZHEA S D D)
LT, 5 @) l2R"d & 912, CTR Bl ISR E 2
Fia (2 ) (B (rod) RICHAT 5. 5 (b) 1R
T X H1C, CTRHREL 70 7 7 4 JVIE KT O JE T & %
KM S 120 L TR THUIETH V30, @ric L h %
M- RiB L OEENHOETERE% 102 nm 205 10°
nm OFGE T T & 5.

JF 5 0 % & B 5 EEH K CTR 205 z Ji M O1FHD
S, JEIMH B CTR 7205 z JilA1 B & O N J5 1R 0 1%
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WMAyESN D, $EH S CTR 1Z XRR @ g, DK & 758
WY T 5720, WOREXRR LIFENS 2 LD5H
530 26 IZHEE BT CTR & XRR DB 2R, SiC
HAR E o Sioz #E (BE 10 nm) 122w, JEIE 0.3
nm @ SIN RGP 26 (Bf) Lnige (k)
WZOWTHE L2707 74 VThAH. XRRFH (¢- <
10 nm!) Tid SiOz HEA 5 OF G LM TH 5 720
200707 7 A NVIEFAETH LD, L Y K& 7% ¢ (CTR
BRELAFI) (2B CiE, SIN BB O 512 & % %
ENBHN TN D,

XRR #: & Rk, €7V Icxt LCEHR L7z CTR
BEL7T O 7 7 AN FRT =S T4 v T4 v T DT
ET, WELEEERE SN, K - FL e A
HWORTHRELREL, ETOME, R4 bod
B, FTME S X (BRBICHERE) 2 2%L LT
TAYTAYTETD. TOOOEERLEN Y 7+
EARENTWE® ), HEE TV EHVTI,
FEERT — & O EBEWICHEERITT 27V 7 ) —ikd
PRINTWE940 CTR JLmEORIE TR, £F
BELET S 2 LB 22 XRR I & 1, BELESR VN & v
ZENORFHE L 1 FEELLPAHBNE . SO E
WAk R OF AR .

CTR #HL 8 3 C U BOAF #1 105100 B2 2 1,
XRR FHI O LD b 24005 6 i/~ & (M6).
COFEIZ, g BKREL BBIZON, FEFPSD X FEL
BLAVNE K 2 B v ) FE R R RISz, BT iEw
5EICLAMTEEDIT (Debye-Waller ®5) 25&
KREL DO THAHD . CTR HHFELO R DS TIE

t ®) KERFE
XHRAREL (¥ ZER) BRRE 0.01 nm DLHE = REMES
IFHERHICTR
Fasr
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— ERXE
- REBOER
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X-ray scattering intensity/a.u.

3.0 4.0
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5 Xt CTR BELOM &R & 55, (a) it 2 220
D DRGSO X CTR #ihl. (b) Fmifss (-
B) &HHEES CTR 7127 7 4 voZft (FR).
TR O TR L (% ¢ B KRR RS bV
o THIEAL L 7218,
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FEREXMELHC SN2 206k Sl
MR O WBEEATR E N2 BUE TR E X B o F
MWEHLTWAD,

CTR BELHEIE T, X2 (0) 1R & ) ICIR W AR
FICHAB L OMIL SR A EET 2 VEL D b 720, il
O XBEFIALECTH L. — MO X HETEE TH
WHND AHEATEE VT D LS, I XA AT
WETHG SN D 2 WEHTEH 2 242 HHEHY 7% &0
BHHERRE AT S &, XBESAE —E o7 F
FCTREEL. 707 7 A VEWETE D720, HEMH%E
X A SH R AT IC e T 5 2 L TRIEEY L
T, ORENERS DNy Z 75y FRERT A2
EDSTE L, 612, SNSRI XMEPTE 2 HWD &,
W5E T — & %A 7 — & 128§ 2 B ORI IE K 155
T wIHIFELH DD,

3.2.2 X#E CTREEEDOEEFNAICH T 7-58RE

X % CTR BAELE S X M & 9 7 i BRI %
VEETHIEhS, BEBYCHWAFHIIEE LT
LR LT, 5HIEB X ORI, EEbShT
V7S, XRRE LM TH D, FRAIE O #1274
B DIE XRREL FAFRIC X EREAETH L. X MK
EOFTIIZL AR S1E XRRELEFETH B, L
TUISRANZ X912, AEOT NI K DAL SITKEC
NS BB RATEND. AIFtOAEREZ 10%° &
T4 &, XRRETIEEELAD/N S W22 Z OB
R & <, BIEMIZ 102 nm-10° nm O A & A3
A%, —J7, X# CTR BEELECIIEEL A 25 10 AR
KEL D720 AERAEDEEBIKEINSS Y, &

SiC 0012

100 LI N T

|

P | I
30 40
q,/nm!

—_
(=]
S0

sond el o el o sl e el

Reflectivity

—_
<
3

20

50

X6 Hiid CTR #EL 71 7 7 1 v & XRR DIk (71
Ffi). < R 1 6H-SIC FEAR 112 Sioz g (i
JE 10 nm) 7% 454, BEOfhiid Sioz i (B
10nm) B X O SIN FfE (BE 03 nm) 255 %
W, 22008V E— 2713 SiC HEHRD 006 B & OF
0012 Bragg ST
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X AEEELER N & & SEvin ISR O I FE Al L2 B S % BRI AR

X B ETEOTHEASIF 10 mm DTFIC% 5. %
72, XRRFIZHARTHFFAPKE WO FEEE LT
O X HEFHRRIT NS 2D, BBOFRIBIRIC L2
I ADEAEZ I HTRENS R 5.

b L2k 912, XH CTR #4ELEEILH o X AR E T
EECOEMEICHECTE, MTd IRMES TH L. L
AL, CTREELOMIE I, BHAEH VST WS &
O X MRECTH 25 BEsBH AR L D b 100 f5F 2L
M AR TH Y, N EEFHANDE K
W ARDODRKELERNE o TWnhb. ZOFEE fFR
TR E LC, SEEFH OV LSV AD
MEAEIZ X o TEEE XSSV A ERT 8T
Ty XRESPR STV S0 i o H
BEAE100m PLETH LR L, a7 b X
FERBEOY A I m TH Y, BIEFT L NV CTHERR
BHTX2HBETH L.

M7, MEE DRSSP0 72 8 D REHEN) B D e &
ECH L, BHEYHIZIE, RKEB L OFDTEE R
fLLTBY, ORGP TLZOMEPRFEESNLE L
WRDOEND . MRS LT, SiCEREICZES ¥
VY NVEELLY S 72 Vg %, L SIC ERE
R L 722 ) a r BRE bR S50 %, SiTiOs %2 MgO
R Al203 7% EOBALIFEHER S E 2 N5,

3.3 AR X#/NAREE (CD-SAXS)
3.3.1 CD-SAXS Qi

— My 7% SAXS 12OV THERE L 727212, CD-SAXS 12
DWTHRNL. SAXS 1k, #EhOF /KT E, BT
EREHS A D FHI A O A4 U D X ARBLEL A & EHINY B
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