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The surface reaction kinetics in synchrotron-radiation (SR) assisted Si gas-source
molecular beam epitaxy (SiGSMBE) was investigated using ultraviolet photoelectron
spectroscopy (UPS), which can be performed in situ under a pressure up to 5 X 10 ° Torr
of reactive gas. By in situ UPS, information on the surface chemical state of hydrogen
produced by dissociative adsorption and the growth rate can be obtained durng SIGSMBE
on Si(100) with Si:H, Then, SR-light useful for the stimulation of hydrogen removal is
available as a probe for such UPS measurements with high surface sensitivity. This makes
it possible to examine in situ the SR-irradiation effect of SIGSMBE exactly at the

SR-irradiated surface area with no probe-induced disturbance. The reaction efficiency of

SR-stimulated hydrogen desorption on photon energy and polarization is easily measured
by monitoring the current from the sample to the ground, corresponding to photoelectric
total yield. This is because the sample current shows a similar yield structure to that of
photo-stimulated desorption of positive hydrogen ions. In order to develop the SR assisted
semiconductor process, it is important to optimize the irradiation condition based on the in
site measurement of the surface reaction kinetics and the SR-irradiation effect during the

process reaction.
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Fig.1 Arrhenius plot of the growth rate in SIGSMBE
with SiH: on Si(100), compared with the
surface hydrogen coverage (Ref. 18).
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Fig.2 RHEED intensity oscillation during SIGSMBE
with Si,H¢ on Si(100) (Ref. 23).
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Fig.3 Schematic representation of SiH, adsorption at
Si dangling bond sites and photo-stimulated
Si- H bond breaking, leading to H* ion desorp-
tion.
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SR Irradiation to stimulate the surface reactions
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Fig.4 Reaction Scheme of the photo-stimulated Si-H
bond breaking and the subsequent enhance-
ment of growth rate in SIGSMBE.
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Fig.5 Schematic diagram of the in-situ analysis of
UPS, AES, PSD and PTY using synchrotron
radiation to stimulate SIGSMBE growth with
SiH: Cl..
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Fig.10 Block diagram of the sample heating with a
pulsed current and the photoelectron counting
during no-heating period to avoid the influence
of heating voltage.
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Fig.11 Time sequence of the sample heating and the
photoelectron counting. There is an interval of
0.7 msec between them,
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Fig.12 Schematic diagram of the PSD measurement
system, consisting of a quadrupole mass
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and a bellows for adjustment.
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Fig.13 PSD measurement geometry of light incidence
and PSD ion detection. The light incident angel
@+ is changed by rotating the sample around
[112] axis.
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Fig.14 Photon energy and polarization dependence of
the H-PSD vyield for the HF-treated Si(111)
surface (Ref.3).
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Fig.15 Photon energy and polarization dependence of
the photoaborbance for the HF-treated Si(111)
surface, compared with that of the clean
Si(111) - (7 X 7) surface (Ref.13).
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Fig.16 UPS spectrum of the HF-treated Si(111) sur-
face before and after 160-min SR irradiation.
Then the 23-eV light with an incident angle of
45" was used for the irradiation to remove
surface hydrogen atoms, based on the PSD
measurement in Fig14. The 23 - eV light for the
stimulation of H* PSD was also utilized for the
UPS measurement. To show the change due to
SR irradiation more definitely, a difference is
given in the bottom panel.
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Fig.17 UPS spectra of H. (activated by hot W fila-
ment), SiH; and Si:Hes adsorbed Si(100)
surfaces.
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Fig.21 Arrhenius plot of the clean surface area O s
during SIGSMBE with Si,H; at 5 X 1077 Torr
(Ref.50).

9 £ 912 500°CHAT Fiz monohydride D& HY
Honzdoizizn LT, 400 CRYTTIE 2 Ui
Z dihydride BN TWE, TDZ &0, {KE

BT HRIm AR O & 9m®fM®ﬂ%#Eﬁ
WZED D EF, IKEDWIEIRED L &>
WTWBHDEEZ 5N BY,

D& EKRBAIREDL I, KITER 3
K D1IZ, SiHs DR SOV IREE I HefE LT
ZALT 5L LTHIHTE 2, KillicP->T&E /S,

H 3 SIRASE AT OALE TlEd 2 & &, —FDX
J&T monohydride F TiZ5Eax it d 5 DTl L
<, [6Efiz dihydride 2 trihydride $ T, ##4
SINRIAZINT 5 & 1Tk % & SIRESEAT &
éof%%ﬁﬁt®fiﬁm#&mbm,%®ﬁ
F-7% B 22 RAINT IR T TEIRIED SR AN B

N, SURSEIRTFORIILEIZANLIITIE 5 DT,
AT LtEFE s s 45 &, K D{EA
T dihydride "I 2 Z E0RIATE 5, F
7z, Si(100) i< DK IGEF IV & L
T, =205 A< —DMjiizBiE Uik
(monohydride) [EITDRT 1) > 7z & b H, i
WHEUS LT 25500, BIHE I T 59,

WX HTEEIE  (19944)

SioH,
— 26

P—fil?—ﬂ
H@TMH

™\

pl—ff’

Ferd)
ol
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with dimer dangling bonds on the Si(100) - (2
X 1) surface (Ref.50).
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Fig.23  Semi-log plot of the surface state intensity vs

the Si.Hs pressure during SIGSMBE with
SiHe (Ref.SO).
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Fig.24 Time dependence of the UPS intensity of the
surface state during SIGSMBE with Si,Hs at 5
X 10”7 Torr (Ref.55).
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Fig.25 Arrhenius plot of the growth rate obtained by
photoelectron intensity oscillation in Fig.24,
compared with the surface hydrogen coverage
measured simultaneously in Fig.24.
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234

ik & SIHERIDFE ST & 2 SN I R EDZA L
ERTOAIHERL N, UPSTHERENEIC & 55K
B [0 ] MEicbnTd, RiTKE
U7z SIOME U 7o Bl ) 7S SR ~ DI 0 5A
AT & > TH U B RIFEFRANOZ/LE R TV S
DTHbD, &IAD, MExE N AT ONTH
EE— KD AT v 7« 7o—0 6 __IRoclnkiE
EZE LD, ERM T LD h I S
B & COBRITEVTHRED T 6N 5, Lk
Mo T, EMEHIND 72 O SOGNE Ui
BRSOV, &7, RMPEEFOREIZL S
LA 2 DIREE DIIINT B 503, FEdh A
5H4 5 & (B) & (O DBUTHEE DI AL Tl S
WEEZ NS, BERS, KR TOWIEHE
BTt I NThH, WG SIOHY) I KIHLHR D
BATHEIIIECE & Ui pug, BRI o FiH: %
ZEERITHL>TLEIDNSTH S, LT, BIX
JEAT y T L TOW B TidiE, B
FELanEar st LTwn s, FlAE, 220
EFIVTIE, SIBEERTFOUKFEPEE AR LT
L ERRE U, L LIRS, Wiz, WEK
##&wﬁﬁ%®xﬁm&h&®xozﬁmﬁé
MEERIHLMIZEINT VIR, S O
B AR oITiE, IO SUREET ORI DI
WBARIREZEZ ONTWVWD, TOXHET En
5, BEMMBIEAT v iz 2B S0
XN, FREDONT, EDORT v TDED
IS 2 NS4 2 A EIX U TSI 45 Z
LIk, & EOREER & SO S
naboEEbns, INSOREEMIT 57
BDITIE, KIZB~B &9z, BRI O TN
D [ZDY ] HEINEIZIE - TL %,
SiKMOWIBROR TR BEETHD, ZD
WEIDRIHE NS UEE S8V DI ST IR F
DXL DOBET & & NI O D 2 BUE
WCEZ BT H B, TOSURERTIE, Sk
Ericike XM s, LarL, K~
DSIHHAI N E ETH, Eilicd 5 &, KRR

MR EBTEHE3IS (1994F)
F2Fy TR E N SIRERTNT 7 A L
%m%”ofm%ozmﬁwﬁﬁ¥@$m’

EENE T — KO LT 323 <Hon
TM%oﬁ@Q?EX%Lﬁ&WmmF@%&&
AN, L> 20 &R ITREEBAET, L<
ADEEEFATF T s Tu—RELEE, 25
D, O SURE T34 A stz I35
BEINF TESHZEINTEST, @Mﬁ@%
D4 < ST T O 75 WEHIN RS 15
WTIEED R EHA D E 2 ST &/, Sk
EERT ORI >V T D, 20’ ok &
il U< BB OKSE EFEE Uic & & TRAL
00 EIDHbECHLMIINTLREL, b
L, IO SiBEEET Oz S kEd 5 & U
Fo b, SUREE AT ORISR - T
DRI 20N E S bR - THANTHS
MR B HZOTRIE OO EEDbN S,

T, [#F08] B UPSHAHWT, bk
E LAz, HBIZEBSizyF 0 VU ©Si
BRLSOE 2B 0T h, SIBGERTNTEL %
2 L TOWB I EERE LI, 2DKDIT,

ERSIRETORISEWTT 21260 TE, €D
DIV EETH D, L hbif, SIEERFO
BT OB EILAE A LD 2 LIz 5 &
bn%o:®&5mmﬁ . BBROE VLRI

BOCRIE 252 T ehite 7" o & X DBHFE
BOTid, MESESHEREEREMtT 2 bo s
%, FOWEFHEDO—>E LT, AWYETEHTEL
1 [ D8] B UPS L EINcEr > & &M
Do

7.2 4AvFyvzr bEMEToER
LW, LT, ERMEEIE Y ot 2%
FELTOL fedizid, BEHEEIERE DA 75 5
¥, R [Z 08 JM%@meﬁwim—i
WHFIHT A 2 EDEETH S & 2ARWHT DI
Ubuﬁ&tom%mé,%mﬁﬁﬁéﬁwét
D DIEIBE A DIBA LR,  SUGHIEIT: 258



WA BTEEIS  (19945)

PO DRIGRBIEOMIC, [Z05] BiEikia
HIMBL >N 5 TH b, £ LT, £ho 20D
MEOHAEGHED T, Hr L WEBSHEE 7 o
CANEHTEADOTREONEZZL LN, £
DA A —=VER2T % H EITKRITD LIBNTHI
AR

AWIZHT L v,  SiKh L TOIMERRI N
BV TEOBREDRARFOEANZ T -7
ELUTHWA UPS BT, KARBAFINEDHA 1S 5
T, ERRERES [Z208) WETEAI &b
RUTze LIcdd-> T, IHE TREGHENT X
D OSRRE D &2\ T T 7z0ny, [8 Uitz
W, RIAREN E D & DL L THIIERE
Nl &0 D IGHETP, &O &5 UG T
LTWahEnsd, IR, RESHBIZOWTX
BT —HAREE 18 - T B TN 5 DRFTIC
WET-EF NP2 INETHEN LD, &=
T BFARVKIBATHRBRICRREIZE S D L
WEFah s, T, ISHEEIZOWVWTPSD,
PTY, UPS, AEST [ZD¥] €=4 —MTZ
B e B, FDI%, RIGHHEESRIO [Z
DI BB & B RISTRERE OO I E
SN, EORINEEAGIET 27/.D1tx 0

What reaction is stimulated
and how effective is the reaction ?

REACTION STIMULATION
(PSD,TEY,UPS,AES)
.

SYNCHROTRON
RADIATION

REACTION ANALYSIS
(UPS,AES)

REACTION MONITOR
(UPS Osciliation)

What is produced ?
INTELLIGENT SR-ASSISTED PROCESS

Fig.27 Schematic representation of the intelligent
synchrotron-radiation assisted semiconductor
process, in which SR for the reaction stimu-
lation is utilized as a probe for the in-situ
analysis of the surface chemical state and the
reaction rate.

How does the reaction proceed ?
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