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l. Introduction
The ZrO2 film represents a promising alternative gare

dielectric because it exhibits a high permittivity of zs,
compatibility with silicon substrate without any barrier layer [l].
However, there are some potential concerns about low temperature
crystallization, as well as the degradation of equivalent oxide
thickness due to the increase in thickness and the formation of
silicate at high temperatures. To improve the thermal stabilify of
Zr O 2, we i nvesti gated nano I ami n ate (Al 2e I ZrO zl AlzO 3\.

2. Experimentals
Nanolaminate (Al2O3/ZrO2/Al2Or) was deposited by atomic

layer deposition. To improve thermal stability, remote plasma

nitridation in N2was performed. After the deposition of a l50nm-
thick layer of Pt, MOS devices with a gate area of 9xl0'6 cm2 were

defrned by photolithography and etching. For comparison, n*
doped polysilicon was deposited at 560"c and activation anneal
was performed at 700"C for l0min.

3. Results & Discussion
Fig. I shows typical C-V and I-V characteristics of

Mos capacitors with nanolaminate dielectrics. The effective
oxide thickness which include quantum mechanical effects
and the leakage current at lV below flatband voltage were
10.3A and 3x 10-a Alcmz, respectively. The physical
thickness was approximately 4.7nm including 0.6nm-thick .

interfacial layer as shown in Fig. Z. Fig.3 shows medium-
energy ion scattering (MEIS) spectroscopy result. Based on
simulation, we confirmed the stoichiometric Al2O3 and ZrO2
layer. In addition, SA-thick ZrspAlo.rOo.sz layer and 5A-
thick Al0.tsig 306 6 woro also found at the interface. Based on
XPS analysis, we confirmed Al, Zr and O peak in
nanolaminate.

To evaluate the bandgap of nanolaminate, we performed
XPS analysis as shown in Fig. 4. EF-Ey of AlzO: and ZrO2
was extracted from Fig. a(a). Ec-Er was extracted from the
value of XAS-binding energy as shown in Fig. a@). The
estimated bandgap of Al2O3 and ZrO2 was 7.9eV and 6.1eV,

respectively as shown in Fig. 5.

The leakage current mechanism of nanolaminate was

evaluated as shown in Fig. 7-10. The applied electric field of
each layer was calculated as shown in Fig. 7. It was reported

that PLD-ZrO2 exhibits Poole-Frenkel conduction 121.

Considering negligible temperature dependence as shown in
Fig. 8 and field dependence as shown in Fig. 9, the trap
assisted tunneling through ZrO2and direct tunneling through
Al2O3 can explain the I-V characteristics of nanolaminate.
As shown in Fig. 10, Poole-Frenkel fitting cannot explain I-
V results. Without Al2O3-layer, the leakage current was
significantly high.

Compared with Pt gate, MOS capacitors with
polysilicon gate electrode shows lower capacitance values as

shown in Fig. 11. The growth of interfacial oxide layer
during the activation annealing at 700"C for lOmin can
explain the degradation of capacitance. To minimize the
degradation of capacitance, we have performed plasma
nitridation in N2 ambient. Based on AFM analysis, the
surface roughness after nitridation is almost negligible. The
plasma nitridation of nanolaminate significantly reduces the
degradation of capacitance characteristics as shown in Fig
12. Fig. tr3 shows leakage current characteristics of both
samples with polysilicon gate" .A.lthough the capacitance
value of nitrided sample is higher, the leakage current was
slightly lower for nitrided sample which can be explained by
lower trap concentration of nitrided sample [3]. The effect
of nitridation on bandgap of both AlzOr and ZrO2 was
negligible which was confirmed by XPS analysis. As shown
in Fig. 14, the interfacial oxide growth which was confirrned
by the silicon oxide or silicate peak at 102eV in Si2p specrra

was significantly low for nitrided samples.

4. Summary
The excellent electrical characteristics of nanolaminate

have been investigated. By employing plasma nitridation
process, a significant improvement of thermal stability was
observed. The improvement can be explained by reduction
of interfacial oxide formation during high temperature
process.
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Fig 1. C-V & J-V of nanolaminate

Fie 4.(a) XPS data of
nanolaminate
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Fig 6. The band diagram
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Fig 9. Conventional fitting with trap
assisted model
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Fie 12. C-V of nitrided nanolaminate with
poly-Si & nanolaminate with poly-Si &
Pt

Fig 2. XTEM results
nanolaminate/p-Si
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Fig 3. MEIS data of nanolaminate
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Fig 5 The bandgap information
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Fie 7. The calculated electric field.
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Fig 8. The normalized current
density with temperature, . which
shows insensitivitv.
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Fie 14. Si2p spectra of nanolaminate
with process

mcr!||r.d .t lllHe
+ Pt, nrDonmhttr

\+ poty-61, n.notmtn.rG
tt

i
aE E_-\_

_o

q
\

o

I

I

\

I

\
a

\
rt

20.ot

15.0t

5.Ol

0.0

a
E
4

lr
o(,
tr
|!
(J
|E
CL
tEo

t0

I

E o'.'

g o.oi

S re*
lt te+

1E-5

tE-6

^12G'

e
Nlu tr
It?

Sio

0t28
v_M

Fie 10. The effect of
bottom stacked AlzOs

4

top and

bd.or
beld
bd.or
bd-oo

lrcldt
bd.o-'
brlo-3
frAO I
l'cld'
tud.d6
bd,d?
tudd"
bd.dt

"6
a
F)

E{
IL
oo
E6
tcc6o

o
Cg
o
t!

o
tro
g

0-2-4
VonageM

Fig.13 J-V of nanolaminate
&nitrided nanolaminate with poly-
Si
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