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Synchrotron Radiation Induced Selective CVD of Al and
the Reaction Control Mechanisms
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The irradiation effects of synchrotron radiation (SR) on Al thermal chemical vapor
deposition (CVD) are studied. Two new phenomena, suppression of the thermal CVD
reaction on Si surface and initiation of that on SiO; one are observed. It is clarified that
these phenomena are caused by surface modified layer of atomic level thickness formed
by SR induced photochemical reaction. Photon energy dependence is clearly observed.
The suppression effect is observed by inner shell electron excitation, while the initiation
one is effectively caused by valence electron excitaiton. By using these SR induced
control of the CVD, negative and positive direct prOJectlon patterning of Al films are
successfully demonstrated.
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Fig.1 Schematic view of the BL-9B beam line.
LP: light point, FCV: fast closing valve, ADL: acoustic delay line, PM:
plane mirror, TM: troidal mirror, PGM: plane grating mirror, FM: focusing .

mirror, RC: reaction chamber.

Lo Laass, BTE, ZoREMEgcHHTE
NN RONTE D, HALFDUCE B OWTD
KEHLISTINE Ve %2 TRA I, WIELE
& - THESI N A RSO L,
NZEIGH U 7o 388k 7 o+ ZEiko & —
XHFR, D 2O DT SREME T 0 & 2 DWIFEAE
HTWH5B,

AT, DMAH (Dimethyl aluminum hy-
dride; Al (CHy).H) %K E 92 AIOBCVDH
~O SRIBHFZIROPIFLTROWIEa Nz, REDHE
PRGNS &S TR 2N L, 2D
SOCHIRHRS & IS RIRE iz > VLT~ 2777,

2. EE

SR JBETSEER I3 5 T R L — YR
SRR IR L7 LI €~ 454 VBL
~BTIT-720 ZDE—LTA L OFHIIEERT
BRI B A 12 DO TSI D W TR 5%, R
E— L5 A ORISR %RY . SIC¥H 3
Z—&Pt/SIO, oA 5N 5 —2HOTHREY
VIDRNUT 4TI Ry MPEDSRE12°D
MEETIR ALY, OYEsEE U TR ICE
HHTE 3ET 2 ¥ —[RAIL 310eVTH 5, SR
SRR 14 300mA DEFREBRMFIZHI 1 X 10pho-
s TH b,

tons/ cm?

v e e @
.....

Substrate

Patterned Al Film

DMAH
Molecular Beam

Fig.2 Schematic diagram of SR induced direct
patterning of an Al film.

BOBEEE IR THAEROTED, HEES X
10 Torr, E'— AR 3491 X 10%molecules/ cm?®

- s, ERPOKIEEEINES X 10°Torr TdH %,
OB TRERKISO KA T, SHH 2 KEUG
B TE 3, K212, SRIBHERIZHIT 2HF
SR, <27, BXU, ERoOMENIIEE
MR s SRICETFHRIE 90" TRZE L, #iR
3 FDRZFITHBEEN TV S, SRIGIFEM IR L
THIRIA 25° TIRET L TV 5,

SiFEMR K D LB EH O RCA Y L B
25t @ 1000°C, 1073 FIDOME S ) —= > 7 D
BRITEk > TTo 72 i, SIOEFHDERLT
1, 1.6 %D HFKIBIRIZIRE L7y 1) —



62

ST RT ol BERAOMERIZE, A—Yx
BTttt (AES) &RGTE T x V¥ —EFHREHT
(RHEED) %MWz,

R R R 2 ERTIE, tdER
WEH Y b7 4 VG~ N2 T 5T EITK
>, BHET 2INEMIRALA 12, JhEdNeds
D3IT—DHERELEZT, I7—~DSROAH
MALEZ B I &I » THEBERD ZZKA v b
TEHDTH 3, &3 F7—DHEEITL>THN
E— REP 6P, ETDSENH B, RLIZESD
JE— Mgkl 28T 2bF — R & HELE
HEEF D TRT . MEEEEFEDOERTHE
BONE— N THHEIFE LV E0VEFE L,
Lol, BEERSEHy T EHETRERLIC
AT & DITHEENEAL L, T BRI O
BOHICEEELDEENA > TL %, £IT,
SRR B PoE— NTOIERE, RS
ZOFFTHBEABELSTERL Y VTN VT
- FTHEBRET oo CDELEDE—FEP,
single & 975 &, T OEXRELIZAY 1212780, Py
P OFERHER LB TE 2L D12185,

3. #icvpH D SR BEIHE
AlDEACVDIZXd % SRIBHFIRDOHIA K 312

(a)

WEX BE8EHE1S (19954)

R o THOIEBILIZIRDY1 1 20um DIEATED
NiAvyiaZz<A7iZLTRoni AlED/NS —
VIEEORERTH B, (a)ldiEER Sigm L, b
SIO KA L DBETH 5, BCVDIE 200°CT 90
ST - 7co SROIEENZ () DA TIE CVD ik
BLUTITY, () TR, X UHD 1000721 IRE
UZco 1043 D ISR Rl Batif b U 7 IR IRERT ¢
Hbo Fic, SROWENEP,E— NTITWH, £
e ILF —FHEIE 310eV IR D ETLETH %,
Ho @ RATOAED I ALRPRE LTV S
T, BEIRF100nm TH %, HoFCRAT
BE L TFHED Si & 72id Si0, DI TH B, Al
IRDFELE,  in-situd— 2 = 8% FO T~/
LIA, FRISAIDEE LTV Z & - T,
INOD/NY — VDR G, BiROME

Table 1 Upper limit energy and the relative intensity
corresponding to the mirror mode.

Mode ; Upper limit energy/eV ~ Relative intensity
Pq 310 100
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Fig.3 Photographs of 20 um square Al films obtained by (a) the inverse
projection patterning on a Si surface and (b) the projection patterning on

a SiO; surface.
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Fig.4 AES spectra of the SR irradiated surface below electron energy of 140
eV on (a) a Si surface and (b) a SiO; one.
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Fig.5 Schematic models of (a) SR induced inverse projection patterning of Al
on a Si surface and (b) normal one on a SiO, surface.
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Fig.6 Photon energy dependence of (a) the degree

of the SR induced growth suppression effect
and (b) the Al LVV chemical shift of the
suppression layer on a clean Si surface.
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Fig.7 Photon energy dependence of (a) the degree
of the SR induced growth initiation effect and
(b) the Al LVV chemical shift of the initiation
layer on a SiO. surface.
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Fig.8 Photographs of Al films on a hydrogen-terminated Si surface obtained

by (a) inner shell electron excitation at 275°C and (b) valence electron
excitaton at 175°C.
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