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Synopsis :

A new type of X-ray diffractometer for ultra-thin-film, applicable in vacuum, has been
developed. This analysis method has made it possible to increase peak intensity of
diffraction measured in vacuum in comparison with in air, resulting in successful
detection of an ultra-thin film less that 10 nm in thickness. Its application to the surface
film analysis revealed that (1) the thickness of FeCr204 film formed on AISI 304
stainless steel during bright annealing increased rapidly when the dew point exceeded
-40°C, and (2) crystallization temperature of amorphous metal of the Fe-B-Si system

depended upon the annealing atmosphere and crystallization started at the surface.
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X-Ray Ultra-Thin Film Diffraction Method Equipped

with Vacuum Pass Line
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Synopsis:

A new type of X-ray diffractometer for ultra-thin-film, applicable
in vacuum, has been developed. This analysis method has made it
possible to increase peak intensity of diffraction measured in vacuum
in comparison with in air, resuiting in successful detection of an
ultra-thin filn less than 10 nm in thickness. Its application to the
surface film analysis revealed that {1) the thickness of FeCry0O, film
formed on AISI 304 stainless steel during bright annealing increased
rapidly when the dew point exceeded —40°C, and (2) crystallization
temperature of amorphous metal of the Fe-B-Si system depended
upon the annealing atmosphere and crystallization started at the sur-
face.
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Fig. 3 Effective penetration depth changes with incident an-
gles by the normal (8-20) diffraction method and the

low incident angles (@=2.3) diffracticn method
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Fig. 4 Mass absorption coeflicients of several elements
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Fig. 5 Principle of the thin film goniometer (Rigaku 2655A1)
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Fig. 6 Comparison of peak intensities between measurement
in air and that in vacuum
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Fig. 7 X-ray diffraction spectra of Si thin films deposited on
glass plates
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Fig. 8 XRD patterns of Fe thin films deposited on glass plates
obtained by the thin flm goniometer
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4.2 304 R 7 LA\ O L Ig MO R Lk

04 A7V vARERI, FHENIZY T, AMEE (CR)
#, PREMEF AR TRIREZET 0 EREM (BA) 2h3, o
D k5t BAF FRBERICL ), BECHEENLEESR

JIESgRstiR Vol. 21 No. 2 1989

10

9= a-Fe(l10)

Ooe

Cr201 type
(104)

Peak intensity (counts x 1{%)

FeCr:Qu type
{311

50 100 150 200
Coulomb (C/dm?%

Fig. 10 Peak intensity changes with coulombs for dissolution
of oxide fitms

4k

DI'—-38°C
M

DI —42°C

® FeCr20:Type

Intensity (counts)

a r-Fe

0 t i |
. 30 35 40

2 §{CuKa)
Fig. 11 X-ray diffraction spectra of 304 stainless steels bright
annealed with different dew point (DP) temperatures

15
&~

Ahb, EHFERORS (DP) #4 ¢ {2 27, BAHEEK
BHEIhopELE oL, B OBERYHRT Lic, BREE
BOMHEBSIUA—OM B EERMFRNORAY —58°Cnb
—35°C ¢, HYrEEe UM 3 - HERELB O XigE
-+ & —vo—f% Fig. 11 Wi+, XEEHNOSMEES T
i FeCrn 04 311) 2@ ® B A TLE, BEs —40°C 2
TR EAEEL Ly LinLiknih, Ay -8 Ckiu
—35°C I bA+5E FeCrn O @ (311), (220) 2R BREAS



600

500 - |
400 ]
300 |

200 =

FeCr204 intensity {counts)

|
CR — 60 —50 — 410 —30
Dew point ('C)

Fig. 12 Diffraction intensities of FeCr.Q4 layer depending on
dew point temperatures

H, BUBEOEELEMETL TV RO bhb, —F, CrOs
BABBR STy, Fig. 12, XSEHTE O & — 7 i
EBREROBFEYART, BAN —40°C 38w, ERH T FeCn O,
B BRI L3S, th X b BEM AN L T a5,
2D X5, BEEOREL, FROB A LR o s
FRTLZENH LD, BETE, BEECESTENTH
hTuwi,

4.3 {EEREXTF L ABREO SRS

ATVVAMIROLEEAEEL LT INCOBY piEfii LT
Who ZOHE, S« - ABEETCES, ILEEOAEYE
fbedzp, LoRCBRInLHEER, A4, 020 TR
WERTETH D, Fig. 1312, INCOETHE 2 h - BHESX

4k

(220) (311)
M

A
O FeCr2Ou type

Intensity {counts)

0 1 ]
25 30 35 38

2 8 (CuKa}

Fig. 13 Thin film diffraction spectra of films on 304 stainless
steels

—27 —

RS2 & (370 X SRmo 81

BEHT S % — v D— PR, BEARL, BENO BAMH, Rits
ERDOZDL O, AHCE LUDRWRS D VILEESE AL O
R AR LD THD, FeCra O BERIAED Sh 2 45,
BT, FeCrO e SBO LD E b ~ v — = 2 5
Hbhb, CRIVUDTH, @R, SERELECEEMALYTT -
W, LORERMEAEI D LAHEL, BEE A BERTE L
B Biniis - oo

4.4 Fe-B-Si REBEARORRIL

He - X0 STt fE Y £, WA T
CERIDEANAETD IR bR TV, i, SRR
LAETOBAER X T, EMEASIEREL, HECPHRE
HTEH0C, BEREIETCERT s LELLEY, UL
Ah, EEEESCL - T OEREEEATETS D LB LM
Ligotee Fig. 1412, BEMURNE (400°Cx 1 h) i—EC, FRER
KEBELTHRM IR Fen B Sis @V 41 v O ¥ E X BEPF2 & —
YO—flERR Y, FF94A He 3K T No-0: A CEEM X h
oV F Y TIERLIEZ o Tuv iy A5, v =y + He (DP50°C)
FAFHEACHM I hio ) v Tt aFe o ¥ -2 @noh, &
#|EOF st L s 0 LM X hie,

Fig. 15 &, — MG fbdd Ui ) v 2 34500 020 iisE L
a=2" —FEALTHE S ho XBEE 2 & — v 357+, EMANRT
ME2 i x5 —v (A) 11, BEMT v & s TMEsE LT
LDILEAHEEINDN, CUMTEC LB 25— (B) 11, HA
EE (26) DEMFRIZERC (2200 RE®» LAKG, DI ki,
XBEEAREIHE L v BFOHFMEEL, oKk, SBAFCT
HERERRBZ LMD, BALREALALEZ s CWaZ LR
LTwd, Chik, Vv oliffRE»s b BEIhi,

] I I T
400°C x Th

1I2

Nz, N2 +20% O:

Intensity (counts)

aFe(110)

{200

(211}

(220

20 40 60 80 109
2 8 (CuKa)

Fig. 14 X-ray diffraction spectra of FersBi3Sis amorphous rih-
bons annealed in the different atmospheres

ISRk Vol. 21 No, 2 1969



82 IR AR & A X TS

12k
a-Fel(ll)
. (A)27-2¢
£
2
é {200) [¥a8)] (220
=
(B) §-28
|
20 50 100 1
28 (CuKe)

Fig. 15 X-ray diffraction spectra measured by (A) thin film
goniometer and (B) conventional ¢.2¢ goniometer

5 W

i}

BRI S R 5 B oK METACRR S hr, St
B H DR AMREXRET A2 B e ERA L, LT o

B3 oRh,

(1) AEPMECHS, HEARCT S 2 LT X b 30% o
IOl o LA tz,

(2) 020 chiliSdvigds » b, FF3 AR LICHES St S 3%
WoES kil shiz,

(3} #5ARECEEER SR 10mm T oBENRS oFe pt
BRI,

(4) 430 AT v v ABIEO B LBIL, FeCr Oy & Cr, Oy 23desg
T3,

(53 430 A7 v v AMEOERLEIL, 200 C/dm?® © 97~99% Bhiz
2h5,

(6) 304 A7V v REBHDOKIESEH T 2 h % B{EIEL FeCr,
Oy 0%T, JBas —40°C L hSBER AL LEL {HmT5,

(7) INCOBTHEIhAEESOE T FeCnO ¢, &H, B
MEEE X oS ELRS,

(8) Fe-B-SiREREGEYL, BHBETT X » TR
£UD, ¥, RABERERIVERINS,

T, AEBOEMO 1 STHEIEAADIENT, 8
BRI TRt s, S ok L B E S,

2 E ¥ B

1) Rk, WkITA: gkl 72 (1986) 5, 5418

2) M. Shimizu and M. Katayama: I'rans. ISIJ, 27 (1987) 3, 239

3)  hLEEE JEPKEIA, WETHET: 07 24 I X SRR BT SN
SIMTETRSCHE, (1987) 121, 96

4) mlsEEE GKEA: X EOPTOES, 19 (1988), 281

5) H.S. Peiser, H, P. Rooksby and A. J. C, Wilson: ‘“X-ray Diffrac-

MRk BiEt Vol. 21 No. 2 1989

tion by Polycrystalline Materials®’, Inst. Phys., London, (1955), 159
6 M=, TR W XEohogls 7 (2975, 49
7) B.D. Cullity GaRER): X IREHFER], (1956), [7 2 ]
8) BIARE, FiFAME: AFv LR, 81 (1987) 4, 1
9) HFEST, MMTHF BAERTF WTHET: BALER S 52
(1988) 4, 420

— 98 -



	★j21-077-082
	j21-077-082

