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Abstract The electronic structure and surface phonon of the hetero-epitaxial ultra- thin MgO layer, which was depos-
ited by thermal evaporation of magnesium onto the TiC(001) surface and subsequent process of the oxygen exposure
and annealing, were measured by using UPS, XPS and HREELS. By measuring the electronic structure and surface
phonon of the epitaxial oxide layer which was grown on the conductive substrate, we intended to study the properties
of the ‘surface model” which had a two-dimensional characteristic separated from the bulk. The ‘surface model’ offers
merits such as the well-defined atomic structure and no surface charging problem. TiC(001) surface, which belongs to
the transition metal carbides, was selected as a substrate because it has a rock salt structure, small lattice mismatch of
2.6% with MgO, and very low resistivity. In the UPS spectrum of MgO layer on TiC(001) surface, the emission from
the OZp orhital was observed, and its shape, energy position and width were the same as those of bulk MgO. From the
XPS spectrum, it was revealed that small amount of electrons were transferred from the Ti2p and Cls orbitals of TiC
substrate into the MgO layer. It was confirmed that the MgO phase was able to be formed only via the oxygen expo-
sure of Mg metal at room temperature because the same UPS/XPS spectra were obtained before and after the anneal-
ing. Among the surface phonons of MgO, two macroscopic phonons (Fuchs-Kliewer and Rayleigh wave) and one mi-
croscopic phonon (Wallis mode) were detected in the MgQ/TiC(001) surface. The F-K wave of MgO layer was found
to have a higher vibration energy than that of bulk phase due to the two-dimensional character. The Rayleigh mode
having almost the same dispersion relationship with bulk MgO was measured at the non-zero wave vector. Wallis
mode (S,) has been detected with the same vibration energy as that of bulk, and does not disappear in the off-specular
direction.
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Fig. 1. Polar angle scanning of Ti and Mg peak intensities in
TOF-ICISS at the clean and MgO deposited TiC(001) surface
along the [110] azimuth. The intensity of Mg in MgO/TiC
(001) was magnified by 5 times.
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Fig. 2. Normal emission He-1 UPS spectra of the clean, the oxy-
gen saturated and the MgO deposited TiC(001) surface.
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Fig. 3. X-ray photoelectron spectra of the clean, Mg-deposited,
MgO-deposited and oxygen saturated TiC(001) surface.
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Fig. 5. Specular HREELS spectrum of MgO epitaxial layers
grown on TiC(001).
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Fig. 6. Off-specular HREELS spectra of MgQO layers on TiC
(001). q denotes the wave number parallel to the surface.

A Hehrt HE, ws W39 longitudinal#s AFT
(wio) ol 42314 2 93ic). Slabe) A7} F718td F
-K# 9] AEFE FeHEr Bdo P wike 2 o
Ak 7S wied A wro® o] FTTh & 7ol A
MgO =te] F-Kal= 3 Mg09 wst woerteld] e
7= 7102 vebydt}. oboll4 QAT whet o] MgO =t
L2 YAz 2 A sot web MgO 2 2344
Aol BEAg A H1, ole F-K}ej Alg47} HadA
B} 2 e 2 g we) $A47} 31 eE F-Kake
39| g AT Aoz ik

MgO =te] A2 EHE o] g = b JFS F-
Kol 7ol 4] yehdr), o] 24 2 ER-A 45
2} 2AEZL 100 AREY FA] A EELke] B2}
o] A} i Ao] 322 F-Kue] Zx & wf$ 72atA v
ehde}®, B edte 4] TiC(001) el Aas MO &t
uto] F-Kajol o3k 2709 A48 &4 939 2wt £
o}& 2Z(Poisson distribution)& ztx gled), =7}
7r2)8he g MgOwba A 9] 7498t Act. TiC7|#2
F-K3}& A= A7} 29 polaritone] Zo] == 23
9 FF Asze9 ¥4 walsly] @& HREELS®
7AZEER e, weba MgO/TiC(001) Ale F-K3}

e e & el

Off-speculardg}@Fo 2 o]E#H Fig. 60l4 B uiet
2ol A2 £4 ¥=7} tehdr] Azt ol A4
$%m o] 48 Rayleighwiolz, 1 AF duxs 3
71 ARl web F7hghe}. Fig. 7¢ MgO/TiC(001) ¢
3459 EW T [-Xitgo] ojd #4122 Oshima
Swel MgORhAA F9l Lol e AYP % WHe=AL 2
shsh @A EAlhgich 9 ¥go) Wael Weolw,
SP 9 SHX 7}7} sagital plane @ shear horizental 2=
& EATG 2 AeIA 38D T3t ALEHE v
& w), MgO/TiC(001) A ¢] Rayleigh®4ke A7} o
et Ao 2 Belrh @A AFgdtdRel TiC7 &
o A4ZE MgO whe] AAE s 1600C o=
#3519 w1rhade] Laol ulFol MgO w3t 7%} 2

2l

o (meV)

O o o a1 1

Fig. 7. The surface phonon dispersion relationship of MgO lay-
ers on TiC(001) (solid squares). The measured phonons and cal-
culated band of MgO single crystal, which are cited from
Oshima et al.*”, are also shown.

¥ Faugo g 253t Bril-
ol 4] F #929] Uzt AF Hefol =
7rsiehs ApAlS 2okl MgOzxwhahe] Aghg &7) 948l
e X A 249 Rayleigh® =5 548 227} ol
Fig. 5% 29 84 H=z9} F-Ka}2] Abojel] 656 meVe
A zre Al FHa3vh s & F otk o) FH=E
Oshima 5%0] A4 &3k v} 7o) w4 EH
Zizo] shitql WallisZE(S,)olch E9 850l 212
g Ab: JRbe] 7 AlFo] o] £AY A aleh
MgO wt4dA 9 A% off-speculardtako & wl# ™ Wallis
BT W30 wlcd So]7} resonance A E 57| W&
o] A==} o] Hl3led MgO/TiC(001)2] Wallis®E
= Fig. 60l vrebll ule}l 7o) 5571 002 RE F7}3}o
. 22E % ¢¢7 HREELSE #&=H 1 ). Fig. 725
B WallisE= & H= Wz sighitel AX¢E o 5 3
L4, o] MgO zutato] 2 UAapFo 2 ATHA oA
Wz wert 9As) FAEA @S e A
1

o

i zlo] Wz WMo oA 2HE Ro B A" E B3
T ojelre MgOe) 23k B4 0 glste] WallisZ=r}
=59},



B o AGHEKH  TIC001) He A3

I'Hel4 WallisRE2] AF Uzl F2P 9] 533
o} st Qlvh. A AP} S;REC) u)He dFS
ZAF3E7) 9#iAlE lattice dynamics®] A4be] He sl
et M2 ohg3 ZAvh. MgO zubehe] w4
A TIC7| Q) Ast 2Ago R lstod ot B3
o] gt} ol Wallis =2 softening S % A2
ok Z2efu AxpA ] gle MgO =2 AJ34] A7 &
Ao 2 4718 WRE 2o} A17)7) dste) TR 47
g uteko B dstE ol Zlo 2 oiEnt. old ¢
Wike) A e FiA7L, AR S,RE

v

Eo 2 Fig. 525€ 153 meVel] £A43=7} Hol3, 2
oltiz) e} ubol] sFEE 930 shoulderr} viehgds oF
= 9Jr}. Shoulder2] ¢+ MgO2] transverse = lon-
gitudinalz3-&tz =9} M3 o2 grolr}. =3k TiC 7199}
FEre(S,rr) = TIC(001) He s A 2 &
7}e] stiffening o 2 wAste Fgnc® E3g ofE gt
olch. 22]B & o]& LiF(001) EH¥ o4 2% 23} v}
FNAE 2v] o) Ade)] FAEhe F-Ko2 g 78 &
A =g 7R

4.

[N
]

TiC(001) Helol Mga4S dxFo2 ZaA7 £
Absh g dAe] AAHE AXA MgO 2tahg ARA)712,
A7 MgO =ho} xapate gl FHZ =g UPS, XPS ¢
HREELSE AHg-3le] «dF3tict. TiC(001) Holl Fa%l
MgO%-2] UPSA#HER A O2pAZZHH WEd 72
7b BAEgen, 02pA=e] Hel, vz 93 2 &
24 MgOe] ~dER I Fodslodn). MgO =) XPS
2HEz o 2 RE 7)%9] Ti2p 2 ClsA T o)A 27ke) A
247} MgOZ2-3 0 2 o] 535§ galshdet. e o
ZZ 53 UPS/XPSAHERS dglon], A2 4
o] ghatuke g MgO o] d48E & & Utk MgO
utube} T T Folld 2709 AXAH 2= F 179

Zio] AEHth F-Kab= MgOute) 231414 e
2 qlsted M=z AR ¥ AF NUAE T U2
t}. Rayleigh® =& M3 MgO9} fAR 2ARAE 23
t}. A" TiZoM Wallis(S,) RE7 EA4Fge0),
2 A A= HA A9} 2 off-speculardtglol A &

4957 @akeh.

r

4

b b

A

3
L)

#nFd

1. V.E. Henrich and P.A. Cox, The Surface Science of
Metal Oxides(Cambridge University Press, Cam-
bridge, 1994).

2. P.A. Thiry, J. Ghijsen, R. Sporken, J.J. Pireaux, R.
L. Johnson and R. Caudano, Phys. Rev. B39, 3620
(1989).

3. X.D. Peng and M.A. Barteau, Surf. Sci. 233, 283
(1990).

H MgO zutete] Aa72 3 FHE= 699

4. P. Gassmann, R. Franchy and H. Ibach, Surf. Sci.
319, 95 (1994).

5. T. Harada, M. Asano and Y. Mizutani, J. Cryst.
Growth 116, 243 (1992).

6. Y.C. Lee, P. Tong and P.A. Montano, Surf. Sci. 181
, 559 (1987).

7. H. Onishi, C. Egawa, T. Aruga and Y. lwasawa,
Surf. Sci. 191, 479 (1987).

8. J. Lahthinen, J. Vaari, A. Talo, A. Vehanen and P.
Hautojrvi, Surf. Sci. 245, 244 (1991).

9. R. Sum, H.P. Lang and H. -J. Guntherodt, Physica
C 242,177 (1995).

10. R.A. McKee, F.J. Walker, E.D. Specht, J.G.E.
Jellison, L.A. Boatner and J.H. Harding, Phys. Rev.
Lett. 72, 2741 (1994).

11. D.L. Blanchard, D.L. Lessor, J.P. LaFemina, D.R.
Baer, W.K. Ford and T. Guo, J. Vac. Sci. Technol.
A8, 1814 (1991).

12. P. Maksym, Surf. Sci. 149, 157 (1985).

13. H. Nakamatsu, A. Sudo and S. Kawai, Surf. Sct.
194, 265 (1988).

14. S. Yadavalli, M.H. Yang and C.P. Flynn, Phys.
Rev. B41, 7961 (1990).

15. M.H. Yang and C.P. Flynn, Phys. Rev. Lett. 62,
2476 (1989).

16. L.E. Toth, Transition Metal Carbides and Nitrides
(Academic Press, New York, 1971).

17. S. Otani, T. Tanaka and Y. Ishizawa, J. Cryst.
Growth 92, 359 (1988).

18. C. Oshima, R. Souda, M. Aono and Y. Ishizawa,
Rev. Sci. Instrum. 56, 227 (1985).

19. Y. Hwang, R. Souda, T. Aizawa, W. Hayami, S.
Otani and Y. Ishizawa, Surf. Sci. 380, 45 (1997).

20. L.H. Tjeng, A.R. Vos and G.A. Sawatzky, Surf.
Sci. 235, 269 (1990).

21. J.C. Fuggle, Surf. Sci. 89, 581 (1977).

22. S.P. Kowalczyk, F.R. McFeely, L. Ley, V.T.
Gritsyna and D.A. Shirley, Solid State Commun. 23
, 161 (1977).

23. D. Ochs, W. Maus-Friedrichs, M. Brause, J. G
nster, V. Kempter, V. Puchin, A. Shluger and L.
Kantorovich, Surf. Sci. 365, 557 (1996).

24. C. Ocal, S. Ferrer and N. Garc a, Surf. Sci. 163, 335
(1985).

25. L.I. Johansson, Surf. Sci. Rep. 21, 177 (1995).

26. R. Fuchs and K.L. Kliewer, Phys. Rev. 140, A2076
(1965).

27. P.A. Cox, M.D. Hill, F. Peplinskii and R. G. Egdell,
Surf. Sci. 141, 13 (1984).

28. H. Ibach and D.L. Mills, Electron Energy Loss Spec-



700 R Ests ] A7A A8F (1997)

troscopy and Surface Vibrations ( Academic Press, MgO7} 2 2 3}c}.

New York, 1982). 32. B.W. Dodson and P.A. Taylor, Appl. Phys. Lett,,
29. C. Oshima, R. Souda, M. Aono, S. Otani and Y. 49, 642 (1986).

Ishizawa, Surf. Sci. 178, 519 (1986). 33. Ph. Lambin, T. Laloyaux, P.A. Thiry, J.P.
30. C. Oshima, T. Aizawa, R. Souda and Y. Ishizawa, Vigneron and A.A. Lucas, Europhys. Lett. 2, 409

Solid State Commun. 73, 731 (1990). (1986).

3l ¢4y T2 FHARE A ddMde 339



