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HIO, & 1.6 nm 3.9 nm
Post anneal @630°C 15 min RER 28 am |7 am
Characterization: TEM K. Yamamosa o ol Jpn. |, Appl. Phys, 42 15008 12008).

Fig.2 HfO,/Hf-v U 7 —

TEM &

F/SiEVEHA, BOESL 3 L TR

142 © #5435 May 2006 Vol.19 No.3

SiHEMBICH S HER S R RAR OB R LI+ 5 & X
M, T EIFHERES HE &8 i Eic Xk - Tl
SN LaRRL T0b, k72, BIEWOLF Y7 i
#4.0eV THLOICH LT, 3K B TlEf3.0eV L/h
SHE VU =PIl T0WA I EBghoT,

KA HE 4f FBA AT FIVDT —— VR EARIE % 3
N7z, Fig. 51279 LD, as-grown OFRKHT B\ T, Hf
Af OV — 7 (LiENH18.3eV THADICHL T, R BT
1317.4 eV L/ Tn o Tz, 900°CHnES, 14.6 eV
WICHE VU A FOV—7 8HBLL, v U B A FAERHE
1952 DM Toe CORBIEIHHAE 460" IZHE T T
WEd 5 & L7zC &b, HEO,/Si RHiC &85
BB E N2 LB, —T5, FHRBBTIE, 900°ChnEk
BCOLD LB SFBESNE» o/, TOREM

HF 47 v BOO 6V 0,0 4 nm HiOy HF 4/ = 8006V 80" | 7.5 am HiD,
HE 4f;, Hf 4,
Hidfy HI 4f;,
W0y

ﬁu pror

Tndensity {arb. units}
Intensity (arb. unit)

uuuuuuuuuu

P R P P
6:4\1|- E

Relative Binding Energy (eV) Relative Binding Encrgy t:\"}

Fig. 3 HIO,/Hf-v U — | /Siidkt A © HE 4f7‘z'¥f?7\/\7 k
JV(a) & 7nm Hf0,/0.5 nm Hf->/ 1 & — I /Si &Rk
50 H 4F BT A7 Fv(b)

B e

$i2p hv=B00eV 8,=0° (a)

] [T T T T T T T T T

Si 27 hv=800eV 8.=0° (b)

1.6nm HIO, 39um I HIO,
28 nm 8i0, 1.7nm : Hf-silicate
$i (001) 81(001)
Hf-metal
1000 °C 1000 °C predeposition
J zJ

HBTHME (EEEM)

8765432IOI‘28?654321012

HABETALE— (V) EREETRLY— (V)
Fig. 4 MNEGRFEIC L % HEO,/Si %D Si 2p B F AT FIVOE

ft



Rt 1 SIEERSIEE A ORI high-k &7 — MMERIRDEFIRERT

M B B B B LI I B B B B
Hf4f hv=800eV (a)| | Hf4/ hv=800eV (b)

— =" — =0
s B 60 v B0

1000 °C

*x 100
900 °C,

\ x 100
80D °C

as-grown,
L L 1 L 1 L
24 22 20 18 16 14 12 10 24 22 20 18 16 14 12 10

BEEIRILF— (eV) BETRILE— (V)

Fig. 5 Mn#EGEEIC &k A HfO,/Si %O Hf 4f X EF A7 FILD
ZAt

KBTIEE (EEMED

5, Hf @ERIAUIIC & - T U Y A FALREIH S h
5T EHY, YA FERONEE TR EREOR S 5 &
UHHRICKEKET H T EBHL DI - 72,

2.2 Poly-Si &f&/high-k B&/Si BERFEICH T D N0E
IC & BLERREZL

High-%& 7" — b #ufg e E OB R & L C poly-Si i %
#> A1)y Fi, CMOS %< % n-MOS & p-MOS 12
BRIz ARG A T VAL, ZOHRMESFHETS L
THFEEABZBHICHE A LICH A, 72721,
poly-Si (3 ¥-E Ak ThH % DT, TBOFMEET S »n%E 21
(depletion) 9 % 7zDICBILIEE & Cox & 22 ZIBE 7 Coep
DOEFN D, HERPEIPLTLED, INE<id
i, TIN®NiSSiZmEDOER7— FEBRICEBITL 22H 5
7, ALFEBEOFIE, FABL: & OFERE-> T\ b,
poly-Si WO EITIE, [ A VHEABOEALT ——1
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Analysis of electronic structure of next-generation
high-k gate dielectrics using synchrotron radiation
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Abstract Electronic structure of next-generation high-k gate dielectrics/Si interfaces has been precisely
analyzed using synchrotron radiation photoelectron spectroscopy and X-ray absorption spectroscopy. Based
on the in situ analysis of gate electrode/high-k dielectrics/Si interfacial reactions, reaction mechanisms have
been discussed thermodynamically. Furthermore, we have developed a new method to judge the crystalliza-
tion process from electronic structures of valence and conduction bands. We also have proposed a precise
method to determine the band offsets in comparison with the theoretically calculated values.
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