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8 -EHTz FAAA9 s}l RHEED(Reflection High Energy Electron Diffraction)4x]2 A#A - )=t
gt Az oA 0ollA 20keV7ER] Q& 7pHe) rl5EER slgdon] Mabde] P& Ar|ARE o]
&9} o] AAE B A7 Aztgk z2ualFavldd Aasld K, Co/Si(111) A9 EH72E 34siqc)

R SI(111)7X7 8-S R 718e) S8 A2 2 200C~700CH 4] Kot CsF 23217 S o wissi=
BHT2E RHEEDZ ##slgcth Ko A9, A2 Si(111)7X7-K, 300C~550T 4] 3X1 % 550 o] Akeil A]
1X1 P27} #2523, Cs2] A9 Fol4 250C7A1E 1X1, 300CT o4 /3X/3, 350C~400C 4 /3X/3+
3X1727F BE=9h

Abstract—RHEED apparatus which is one of the systems of surface structure analysis has been constructed.
Electron beam is focused by means of magnetic lens, and the beam divergence is about 1X107° rad. The Accelera-
tion voltage of this RHEED apparatus is continuously variable from 0 to 20kV. K and Cs-adsorbed structures
on Si(111)7X7 surface at room and high temperatures(200X700C) have been investigated by RHEED. It is
observed that the K and Cs-adsorbed Si{111)surface structures at saturation coverage are Si(111)7X7-K and
Si(111)1X 1-Cs at room temperature, respectively. When the specimen temperature was elevated during evapora-
tion, the 3X1 structure appears in the range of temperature between 300T and 550, and the 1X1 structure
appears above 550C in K/Si(111)system. Also, in Cs/Si(111) system the \/§>< \/3— structure appears at 300T,
and the v/3X4/3+3X1 structure appears between 350C and 400T.

1. A = WAE ol we dFe} dHe AFs gk ey

z)edd.e 4] eVollx 100keV A=A AHE-3}9,

A8 A2 1927\ Davisson?} Germer[ 1]l <13 ol \ix] =276l u}z} LEED(Low Energy Electron Di-
ffraction), MEED(Middle Energy Electron Diffrac-
tion), HEED(High Energy Electron Diffraction)
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Fig. 1. Ultra high vacuum system eqipped RHEED
XPS, quadrupole mass spectrometer and ion
gun for surface analysis.

violet Photoelectron Spectroscopy)& ©]&38te] o2t
2|24 HYdEd = Li/Si(111)7X7 A & 7X7
F%9} K-saturated 7X7 ZAATFR] 39 HAA
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oo}, K/Si(111)7X7 Al thsix= §7X7 +2F
galg 4 gd®, ohah, Si(111)7X 73 o}F KA
Si(111)7X 7-K(K-saturated 7X7018t2% ) #H=
< #EF ¢ gk 5L of 2AATRE DAS
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Fig. 2. Schematic diagram of RHEED gun.
1) Wehnelt, 2) Filament, 3) Movable slit, 4)
Fixed slit, 5) Movable slit, 6) Focusing coil,
7) Deflecttion coil, 8) Main chamber, 9) Sample,
10) Screen
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7= Atglel  (tin-doped  indum  oxide :
In;—,Sn.0;-.) & 3 Fgehg AMg-siqdch A&l
A ~7AA7A8] A#](camera length)¥ 150 mm
Az o]} Fig 3o+ RHEEDZ-2] %4 7]|(controller)
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gadolw 20V, 3A9 AFHUVE A3, 4

X-Y Deflection Coil

Scree|
Focusin
Coil
sov| [ ==
01AT Sht Sample
20V 3A
~ H.V Power Cupply v,
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Fig. 3. RHEED gun controller.

Fig. 4. Photograph of RHEED gun.
& (wehnelt) 9} ZlalE Alojoll&= 350V, 0.1A9]
AEAYE AHeskch Fig 4 £ AT Az
3t RHEEDZ¢] AEAbzlelrt. RHEEDZ: & Z233l
F4710 B2 F, 22AF47) A LEE 150
T~200CE 3% A7} &< bake-out H{H& #HH
FgAoR of 2X107 ¥ Torre) AF-%o =231}
AFEol] WslE FAYE AR HWes FE3)
7hd gt obg, ARAY AURE TeAR &7
98 MYe MAE) mskew 2ok 5kV, 10kV,
15kVel A 47 ofe] 7} 2A& WA 3
H2RAE A=F dien, olFA A <& A
Z2tz 72 Table 13 Zri[23].

3. K, Cs/Si(111)AI2] HHol| cist
RHEED 4+

3.4 #

Age B od7FAdA Aag Fig 19 2uiF
47](Ultra High Vacuum Chamber)Weol|A 3=
o) Aol AR A 8e AW He2® Py Si(111)
wafer(8~15 Q-cm, 4X16X0.35 mm®) o]t} 4|8 %
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Table 1. Optimum operation condition of RHEED gun.

Beam energy(keV) 5 10 15
Focusing coil(V,A)  5.6,0.38 6,045 7,0.55
Filament(V, A) 21,18 21,18 175, 2.0
Wehnelt(V) 200 210 213
Beam spot(mm<®) 0.8 0.6 0.5
Beam current(uA) 1.0 1.1 11

Fig. 5. Si(111)7x7 RHEED pattern. The primary ele-
ctron beam is parallel to [112] and accelera-
tion voltage is 15 keV.

He AFE7)4e ¥7] Aol A Ishizaka 5[24]l
o]t #3td oupabgo g AHI F, o)7S oHH
NAALE Bo} 2 g, AlE 247N 2AHAA
$71&0) Yok 2T A REHE ARSI
(11D7x7 e w57 §siA A5 AH A
FE e dhe A4 12000 HEE 109 27F
78}, L5232 Optical Pyrometer(Chino Wo-
rksAke] IR-P2L) & M4 A sgich K, Cs-35Ld2
K, Cs-dispenser(SAES GettersAte] #E)E o] &3l
3, o]Ae Algaxe] o 2~3cm Yolal ol A
A Fodok AFE7E59 EAFEE 20X107°
Torr AEZ §AA1F2m, K, Cs &3l 7X
107 Torr, RHEED #&$& A48 oo AF=+= 4
X10"°Torr A=gr}. RHEEDZ9 7434
15~20 kVell A A&-gic}. RHEED #H&le] #&2 <
gelgs ZapA] 7|He) x5 AR 9 200TolA
o 4] A)zt3led 50TH AR FIAA 7 3
3k

3.2. #dx 9 =2
3.2.1. K/Si(111) A

LTI, 414 A 1E, 1992

Fig. 6. A RHEED pattern from the Si(111)7X7-K sur-
face after room-temperature K deposition on
the Si(111)7X7 surface.

Fig. 7. A RHEED pattern after annealing the Si(111)7
x7-K surface at 200T ~350C.

Aol A ARE Si(111)7X7 EH(Fig 5 FA
Aoz K& F34)7I4, £ Eol =27 A2
yEE dAZ FFA 7] A Fell= Fig 65
Zre gjelo] AZHEW, o of FAAE FTM
A% RHEED #Aelol& Wl glddek o7& 03}
Laue zone¥ 13} Laue zone Aloldl] sl& =7A A
(superlattice spots) 9] d¥7} XA} Alehal
AL AYstre YA AR Si(11D7X7 T
z9} o}F A3 W H(modified)7X7 FH¥le] 3k
259t} o) A= Mizuno $[21]0] L3 E
A e Si(11D7X7 ezt dAstw gler, L3
Hdgs FA=EE Z2FY o2 AR &4 5
gont, Ab2ela Si(111)7X7 EHe| K& 3%
Aol o dAReF o)Ak FAHA ke T3S
Fo] ¥ AR FAHAD Tz & AYelAe
Ino £[20]J0) B2g 8§ 7x7 #Hele A& + ¢
Ark.
819 AheelA de Si(111)7X7-K 7285 7|39
L= 200Co)Ake R sldstHA &3 A, 350
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Fig. 8. A RHEED pattern from the Si(111)3X1-K sur-
face.

Colslell A& swle] 71 & npeke] 4] 7)(background
intensity) 7} Z7}gjen], FAlol ol sl& AR
HEo] AAH 22 2w A (diffuse) o}F 3w 5HA|
A9 1X1el 7i7ke A (Fig 7)ol AEEg ey,
3] AlpRRAE gkskth 350C oo rpddt
AgelE oA Y] TXT 2AHAER 27 24
A Eo] A8 vehdr] Alapsbe, 700T o) 4o
Lxot = Ao shAg e 7X7 Avleg 5
Eol & A& = qlglch o9} e AR HE
Aol A Si(111)7X 7 Exdol F2kd K =52 350
TolAHRE] A7) &3te]7] A|ztsle] 700T o] 42
Tolde shAs gl RHos gk
Si(111)7X7 7% =& 200C~600CE 3
s K& FRA07 49, dA3E F3A1U50T
A IX1727F YAEEE dale F3Azhe]
@& Fol] 200C~250TA A Aol 7392 AR ¥
35 7x7, 300C~550CaH| A& 3X1(Fig. 8), 550C
ol Aol A& 1X1 P27 2= ek =, Si(111)3X
1-K RHEED sj&l-& 450C TubellA] 713F A siA|
HAelo] F2=F ek o) o 300C~550T4 AL
Si(111)3X 1-K A7 450ToA 1% |4 o
A] annealinga}® &4} Si(11D1X1-KF2E 4HHo]
7} dofido] F2Egich T, YA F3A]7H450
TolA 3X1727E A SR 2317
Aol 3X1 2ARAF27F vephe 25939(300
T~550T) el A WEH 7X7+3X1 Hrle] B==Eg
t}.
322. Cs/Si(111)A)
Aol A 7|RE Si(111)7X7 ®EH] Cs& F3
A7l gAY FEA e 223l Helle K9] 73

Fig. 9. A RHEED pattern from the Si(111)1X1-Cs su-
rface.

Foll E3idEelN #&5E 4+ U™ Fig 63 &
A YR TXT7 25 B 4 ok 28 9Ae
Z3ka 7o) A FFell= Fig 99} 2-& 1X158lo] 2}
253, 2 ¥ ZFPpHEHEHE ZrAE o)
RHEED #®lell& wiglr} #3557 ofgirh Csol %
Folx 94 Ino Fo] B1F § 7X7 F2[20]=
5 gdooh 99 AR Aol 4] Si(111)
7X7 EHe Cso] F2Hd u] 3 Fo) Hekral ghe
& g govt o ol F34HR e EZsHEe
e Aer 24N T, 2w FHTEE 2F(K) 9
Atk 2l 1X172E 7 Ao s #2359,
A4 Cs F3A] Jeue 9o 5 71x
RHEED sl t3le] 7|he) x5 t}A] 200~700
T7A) st F #53 A9, modified 7X7 FERE
300C7HA= s”le] W3S Mo]x| Yrhr} 350T o)
ARE A Y Si(11D7X7 F22 A A8 wstge
FE3tdch ey 2IHAE oluelM FAEE
Hog FAHEE IX1F2E 7|9 &55 < 500
T7HA] 8% WsE Holx ¢zl o 550THE
TX7 728 ARG #&H7) Azbsld oF 700
THE A Si(111)7X7 Hele] B2 ¢} e}
A gl A Si(111)7X 7¢l Cso] F2Hd moll&= 1X1
TE7F 74 AHE F2Q Qe g
o2 Si(111)7X7 7199 258 200~700C 2
A8 Cs& F38 74, ALdAe xagq)
ol Ag3he Fa(1X10) YAHE 2RA7H R
o} 2} 9ol 200~350T 7] A& 8-AF§F mo-
dified 7X7 3 &lo] IS 22t 400C~700
o 7B e 1X1 #Ele] T2}
A 1X 1725 YAshed dele 237k
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Fig. 10. A RHEED pattern from the Si(111)/3X/3-
Cs surface.

(23=)) oo g CsE F3AZ A+(V8 255
200C~250C 8 fAlshaA]) AellAleh 3Fe] 1X1
Tz} $&Egch A2l #39 RHEED =izt
vlas] 2 w Cs 23HA] 200C~250TC 8 7|H2EE
Amstel Qe FA FeE & 5 Uk Csol F
2% o 7| BEE of 300CE A% A5, Fig
103 Ze /3X/3TF27E #5590k Fig 109
RHEED ##¥1-8 Mizuno®} Ichimiya[21]7} ¥.513} Si
(111)7X7 E=e) Lio] 38 7$9 /3XV3
RHEED #®lz 543 a5 vhehix sick
28] 350C~400C ) rlBemdE /3X\/3
Fz9} 3X 1727} FAlel FEH LUK Fig. 1D). °&
Z3pA) 129 sldelA FAY AHMEL ] an-
nealingdt 7% 400C~500Co4 1X10]m, 600C
HERE A3 ddel Si(111)7X728 Eo7h]
A zksted 700C TH A AE HERHS AT
2 glelth. o] 23E ©]Fe] B w el Y
g ooz FAR CsgAEL 700C A=W &

23 2s)e AoR S
4.8 £

4.1. RHEEDZEXR|

FuTz 34X ZA RHEEDE: 258 1§48
Wel7h gelxAm Utk 53 MBE gA<AM=
RHEED7} 9587143 EF24 o)45x l=[8-
12, 2 919) FollAE 83 FHETEAN &
|3 glch 2 el A=s RHEED A+ o™
87 ¥g3td 1 a72AE FEAE T Us
Az oje] HAFaxAD FA £ AFAA 42 K

ZAFE A, A 149 A 13, 1992

Fig. 11. A RHEED pattern from the Si(111)y/3%/3
+3X1-Cs surface.

Cs/Si(111) A1 8] ¥4 Aoz =t o
ghx] ko g o] A} 3 microcomputer system
2 z}& TV-cameras o]4&3lo] RHEED #&lof +}
e AR S A A7 S-S T AR
wolsiohd F4 9 wkeA 2wl IMHE S5
gt} AR T2, P4 2 A 59 Wizl
g oS A ARE A 7 Ue TEY 2W
AR $48 F Ug eg "

4.2. K/Si(111)A

1) ARo| A Si(111)7X7 EHe] K& F34]719
AxE ZHA|7ke] A FellE Si(111)7X7-K(K-
saturated 7X7) FZ7} dA=HA, S3teke FoH
715 RHEED sl tj o)At} wislr} Bolx] &
o} 2) K234 Si(111) 7)9e] &5F 300C~550
2 X 3x1243 F2E 7, 450C 2
el A 7HA A 3x1 #"le] #&dct 3) Si
(1113 X 1-KF2E 450Ce 4] 1% ©|4 t}A] annea-
ling 3h A 1X12.2 APHolE deoirh

4.3. Cs/Si(111)A

1) AeoA Si(111)7X7 ZEel Csol F2= 7
S IX 1R} P R TR Ao FAH
o, 2) Cso] FFA] 7|@e) Lxg AL oo
A3 o 30008 HFEs)A 1X1elA /3X\/32
2 AAelzt ejubam, 350~400CelAE /3X
V3+3X1 F2% 7Ptk

9 o]T K, Cs/Si(11) A8} o= Ag-ollxt &
sefoli} ZHA] 7|we] o= AAgle) Si(111)7
X7 o] 5% K % Cs YAEL 700C Tl A
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