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New Approaches on Controlling Schottky Barrier Heights
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We have found that the Schottky barrier heights at metal/6H-SiC(0001) interfaces
are controlled widely with Schottky limit by changing metal work functions when the
6H-SiC surface was boiled in a pure water before metallization. The surface is completely
passivated by the boiling water dipping, resulting in the formation of the ideal interfaces
with very low densities of interface states. We experimentally observed the charge
neutrality level (CNL) at 0.76eV below the conduction band minimum. Further, we
have developed a local clean process systesitu without exposing them to air for
cleaning of semiconductor wafers and for metal depositions onto them. Using this local
clean system, we have found that oxygen in cleaning solution and in air is the main
origin of the leakage current in Schottky barriers of Al/Si(111) interfaces.
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Fig. 1 Index of interface behavior S as a function of the electroegativity
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from reference 1 and the S value for SiC has been revised byus.
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Fig.4 Ti/6H-SiC(0001) interface observed by cross-sectional
Transimission Electron Microscopy. It is found that the
deposited Ti layer is grown epitaxially on the SiC substrate.

0000000000000 000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 000000000000
00000000000000004000000000
0000000000000000000000000
oooooo™o

§dO00O0Od/si0000OOO0DOOOOoDbOOO

SiD0000000D000000D0000ooOn
0000000000000 000000000000
SchottkyD OODODDOOOODODOOOODOOOO
0000000000000000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000SiD000000NONNooooD
0000000000000 000000000000
DoOoooO00oooDooooooooo'oooooo
0000000000000000000000000
0000000000000 000000000000
00000000000/Si000000000Sioon
00Si00000000D000000DN000oOOn
OSchottkyD 0O0OOODOO0OODDOO0ODOO
0000000000000000000000000
0000000000000000000000000
0000000000000 000000000000
000000000000 00000SchottkyDOODO
0000000000000000000000000
0000000000000 000000000000
0000000000000000000000000

sasth< 10 Torr

%Fﬁ7')-)jﬂt7{¢/x7_-_£\ Eiﬁiﬂﬁ ~g00C”
at EEH E-gun @4
Evaporator !
Oxygen-Controlled —_—
Contamination-free Glove Box Transfer

for liquid treatments

UPW

| With Ligquid $TM (in future)
| J
Q2 ~0.1 ppm in N2
Pure N:2 J

0.003Lm
Pure Ar filter

Oxygen-free
Parhgcl e-free

Qz~2 ppm
0.2 ppb in DO

Class <1

With Kelvin Probe (in future)

(> 0.1um)

Box

AES/
LEED/
XPS/ §

CAICISS §

Fig. 5 Local clean process system at Electrotechnical Laboratory. We can transfer samples without exposing them to

air through the transfer box.

—+£ 16 O—



00000000 OschottkyDOOOOOOOOOOOO 17

gobooooooobooboooboboooooboboboo
gobooooboooouobobobooogooobood
SchottkyO OO OGOODOSIODODOOOOOOOODO
00000000 OO0OO0ODOODOSchottkyO OODOOO
goboooooobooouoobboooouoboboooo
goboooooobooouoobboooouoboboooo
gbobobooooobobooooboooooobobooo
SchottkyOOODOODOODOOOODOOOODOOOOO
gooooooobooouooboboooouoboboooo
goboboboooboboobooobooboobooobo
gooooooobooouooboboooouoboboooo
go0o0oOooDoOOdschottkyDOODODOOODODO

go.oboobooooboobooboboon
gooooooobooouooboboooouoboboooo
goboobobooooboobooooboboobooooboboobooo
goUuHV-STM)DOOODOOOOOOOoooooood
Oin-situ0 000000000 0O0OODOO0DODOC(Fig.
5) 0000000000000 0C0ODO0oO0ODOoOoOon
gooooooooooobobobobzepmiddogoog
gopoOol1o0s0000000OD00O0OCDUOODDOOO
gobooooooooboooobobooboobooboboboo
goboooooobbooouoobboooouobobooog
g0olpph0000CO0DOODOOOOODODODOOOOO
gboboboooooboboooobooooobobooo
0.lmmOICOOC0OO0ODOUOD0OO0OUOOUOCOCO/mOOOOO
gobooooooboooouoobbooouobboog
0gooooooooooooboobbbbOD0TorrdoQd
gobooooooooboooobbooooobbobooo
goboooooobooooobbooouoboboooo
goboooooooboobooobboobooooboboobooo
goboooooooboobooobboobooooboboobooo
goooooooboooouooboboooouoboboooo
goboobooooobooboooobboobooooboboobooo
goboobooooobooboooobboobooooboboobooo
uLSiocooooooooouoooououoouoooooa
gobobobooobooboobooboobooobao
O0o0oO0oO0oUoouooooooooond((fftt,0.3 mm)
goboooooobooouoobbooouobobooog
gobooooooooboooobbooboooobobobooo
goooooooooooobbobbboDbn

O0.00D0000CDO0O0OO00DOOOOoAl/SE Schottky

oo oooooo
gobooboobobooboobooboobuoobo
OO0SchottkyO ODODOOODOOOODOOODODOOO

0000000000000000000000000
00000000005%x10%em?0 n-Si(111)00000
0000000000000000000000000
000011000000000000000000000
000000000000 00RCA(SC-1&SC-2)0 00
0000000000000000000000000
0000000000000000000000% 00
0000000000000000040%0NH,FOO0O0
0000D0O0000ONHFOOOD0DOODDO000000
0(0.2ppm)0 00000000000 OOOOODOOO
00000000000000000(0.2ppb)000O
00000000N,0000000000000000
0000000000000000000000000
00000000002000000000000000
000D000000000000000000000
0000008000000 00000O0O0OOODOO
000000000000000000002x10Torr
000000000000000005x104TorrD 00
ooo

OFig.60000000000000000000000
000000000000000000000000
SchottkyDOODODOOOOOnIO0O0O0O00DOO0O0O
00nP00000000000000000000000
0000000000000000000000000
00000000000000000000000NHF
0000000000000000000000000

Y
0.65 E _ FIg 2:
(ERFEEE |
> OOpe 0 TEEEE,
L L R R
T C iEEL
o 09F  dmmmms
0 TFhihorig s
T T s
SRR v R

n factor

Fig. 6 Schottky barrier heights of Al/Si(111) electrodes. In process 1

Al was deposited on Si(111) samples at room temperature. In
process 2 Al was deposited on samples at 193K.
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Fig. 8 Schottky barrier heights of Al/Si(111) electrodes. In process 4
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hour before metallization.
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