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Electrical Properties of TaN /Hf based-high-k /Si
Gate Stack Structure
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We investigated the electrical properties of TaN/HfO2/Si gate stack structure. It was found that
the effective work function (®es) strongly depends on the interfacial layer formed near the TaN/HfO,
interface. The analysis by X-ray photoelectron spectroscopy (XPS) indicated that Ta oxide is formed
near the TaN/HfO:z interface. The results suggested that the modification of @t is attributed to the
change in the composition of the interfacial layer. The modified @ is discussed on the basis of the

XPS results.
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Fig.1 C-V characteristics of TaN/high-4/Si capacitor
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Fig.2 C-V characteristics of TaN/high-&/Si capacitor with
PMA at 300°C for 3min. (a) frequency dependence,
(b) hystersis characteristics.
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Fig.3 Plots of flat band voltage versus EOT for
TaN/high-&/Si sample. (a) sample with PMA
at 300°C for 3 min, (b) sample with PMA at 600,
750, 900°C for 1min. Deposition pressure of TaN
was 2.0 Pa.
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Fig.4 Dependences of ®@uerr and Qerr on PDA temperature.
The experimental conditions were the same as
those in Fig. 3.

6 1% Dmerr 2 O Qetr  PMA {EJER MR FE LT
5, 900°CD PMA TliE, Dmett 2T Qett I3 4.91 eV,
+4.56x1011 em2 OfiZ 7~ L, 600°C & ik LT Ometr
1340.3 eV OB R S 72, Pmetr DHIINIL, X4 T
SR LT 2.0 Pa TOFERICHRTELL 2o T 5,
4 J N6 TR Lo R & a3 5 70 HEFEIE S 2.0
F TR 0.5 Pa T TaN/Si02/Si-MOS ikt Dl B4 kI
D,

X 7(a) & ONb)I%, HEFEIE /2.0 PaTOTaN/SiOs/Si-
MOSDOPMAIR 253 5 EOT-Va, plotdii 5% R L
TW5, PMARB00COHE, Pmerrldd.44 eVER L
720 600°C DA, Pm et F300°CITHLTHEEDMTAEL |
ZOfEIT4.41 eV TH o7, [M8I1E Dm itz VQett PMA
EERFIEEZE L TN D, OmertIPMAIRE OB
% LN L TW 5, 900°COPMATIE, ®mefr
K U'QeelE4.56 €V, +4.38x1011 cm20{E % ZHEh
R, 600COFER & i U C Omertl3+0.12eVOHE I

DRI,
0.6 [ T T T T T T T T

0.5
0.4k @ s000c =4.64 eV

O = Al

)
~_
o
Poard

o 03 4
< o0zf -
>e 0.1} 4
o 00[ o 350°C ]
w 3 o
_0.1 1 1 1 1 1 1 1 1
0B ————
0.5([; = ------"=3
'~ >
04F @, 0.=4.80eV
0.3 --e - - . S
02} Pamc=461eV g~ goooC T V3
0.1p o 750°C ]
0.0} .
_0 1 [ 1 1 1 1 v 1 900?(: 1 1 A
"0 2 4 6 8 10 12 14 16 18
Effective oxide thickness EOT (nm)

Flat band volta

Fig.5  Plots of flat band voltage versus EOT for
TaN/high-&/Si sample. (a) sample with PMA
at 350°C for 3 min, (b) sample with PMA at 600,
750, 900°C for 1min. Deposition pressure of TaN

was 0.5 Pa.
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Fig.6 Dependences of ®@neir and Qerr on PDA temperature.
The experimental conditions were the same as
those in Fig. 5.
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Fig.7 Plots of flat band voltage versus EOT for
TaN/SiOs/Si sample. (a) sample with PMA
at 300°C for 3 min, (b) sample with PMA at 600,
750, 900°C for 1min. Deposition pressure of TaN
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Fig.8 Dependences of ®@uer and Qerr on PDA temperature.
The experimental conditions were the same as
those in Fig. 7.
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Fig.9 Plots of flat band voltage versus EOT for
TaN/SiO2/Si sample. (a) sample with PMA
at 350°C for 3 min, (b) sample with PMA at 600,
750, 900°C for 1min. Deposition pressure of TaN

was 0.5 Pa.
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Fig.10 Dependences of ®ner and Qer on PDA
temperature. The experimental conditions were
the same as those in Fig. 9.
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Fig.11 Dependence of ®mer on PDA temperature for
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T, ETOBHAEIL 90° IZ%E L7z, PMA R T
o Hfaf ek R, BE 28 19.7 & 18.1 eV Tl
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Fig.183 XPS spectra for TaN/high-k samples with and
without PMA. Deposition pressure of TaN
was 2.0 Pa
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Fig.14 XPS spectra for TaN/high-k/samples with PMA at
900°C. Deposition pressures of TaN were 0.5
and 2.0 Pa, respectively.
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Fig.15 XPS spectra for TaN/SiOz samples with PMA at
900 °C. Deposition pressures of TaN were 0.5
and 2.0 Pa.
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Fig.16 Model for ®@meff modulation after PMA at 900°C.
(a) TaN/HfOs, (b)TaN/SiOs.
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Fig.17 Formation of interfacial layer by the diffusion of
oxygen in HfOs and TaN.
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