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The effects of oxygen annealing on the carbon content in MgO thin films were investigated. MgQ thin films were
deposited on 8i(100) substrate at different temperatures of 400 to 700°C and different deposition rates of 3.4 to
11.6 A/min. Using rf magnetron sputtering method. Carbon content change on the surface of MgO thin films
with the oxygen annealing at different temperatures was investigated using various method. The carbon con-
tent decreased as the annealing temperature increased. Pb(Zr, ., Ti, ,)O, (PZT) thin films were deposited on the
MgO/8i(100) substrates. The effects of carbon content on the phase formation and the electrical properties of PZT

thin films were also investigated.
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L. Introduction

t is well known that the epitaxy and the properties of
films strongly depend on the underlying films such as
buffer layers and the substrates. For example, the ferroelec-
tric thin films grown epitaxially to a certain direction had
shown much better electrical properties than the films
grown randomly.” Moreover, the guality of the buffer lay-
ers, such as crystallinity and impurities, affects the epitaxy
and the properties. Hayakawa et al.® observed that the crys-
tallinity and the superconducting properties of YBa,Cu,0.
(YBCO) thin films grown on MgO substrates were evidently
improved by annealing the substrate. Consequently, the pre-
paration of high quality buffer layers and substrates is a
key issuc for the epitaxial growth and the properties of the
films on the buffer layers and the substrates. Recently, MgO
single crystal has been used for the deposition of Ph(ZrTi)O,
(PZT) and YBCO films because MgO single crystal is very
gtable and has only 4 small lattice mismatch with both PZT
and YBCO films, which ensures the epitaxial growth. With
the same reason, MgO thin films have been widely used for
the buffer layers between the films and Si substrates be-
cause of the device integration and the economic reason. It
has been reported that MgO thin films adsorb carbon at the
ambient atmosphere, and carbon contamination affects neg-
atively the epitaxial growth and the properties of the films
deposited on MgO flms.** So it has been a key issue for the
epitaxial growth of upper PZT and YBCO films to prevent
the carbon contamination of underlying MgO thin films.
The effects of oxygen anncaling on the carbon content and the
crystallinity of MgQO films and the electrical properties of PZT
films deposited on MgO films were investigated in this study.
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II. Experimental Procedure

1. Deposition of MgO Films

MgO thin films were deposited using rf magnetron sput-
tering. The major experimental parameters being changed
in this study were substrate temperature and deposition
rate. The substrate temperature was varied from 400°C to
700°C, and the deposition rate were from 3.4 A/min. to 11.6
A/min. to find an optimum processing condition for the for-
mation of (100) oriented MgO thin films which are required
for the (100) oriented growth of PZT thin films. A relation-
ship between the deposition rate and the orientation of the
films deposited at 600°C was investigated by varying the
gputtering power. 600°C was chosen because the films de-
posited at that temperature showed a mixed orientation in a
prior study.” MgO target of 99.9% purity was used. P-type
8i(100) single crystal were used as substrates. Experimen-
tal processing parameters for the deposition of MgO films
are summarized in Table 1. After MgQ deposition, oxygen
annealing was carried out at different temperatures from

Table 1. Experimental Processing Parameters for the Deposi-
tion of MgO thin Films

Material MgO
Substrate 81 p-type(100)
Substrate temperature 400~700°C

1.2%1072 tory
3.4/min.~11.6/min
700~900°C

3 hrs

Working pressure
Deposition rate
OA temperature
OA time
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Table 2. Experimental Processing Parameters for the Deposi-
tion of PZT thin Films
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Table 3. Comparison between the Properties of Mg(Q(100) and
MgO(111)

Substrate MeO/5i
Deposition temperature Room temperature
Deposition Time 60 min

Annealing Temperature 700
Annealing Time 20 min

700°C to 900°C for 3 hrs. in the furnace. The crystallinity
and the orientation of deposited filims were analyzed using
%-ray diffraction method (XRD) with Cu Ko radiation and
XRD pole figure, and the microstructure was observed using
scanning electron microscopy (3EM) and Auger electron
spectroscopy (AES).

2.2. Deposition of PZT Films

PZT films were deposited on the Mg(O/Si(100) substrates
using rf magnetron sputtering. The films were amorphous
when they were deposited at room temperatures and were
crystallized in oxygen ambient at 700°C for 20 min. using
rapid thermal annealing (RTA). The crystallization temper-
ature and RTA process were chosen in this study to mini-
mize the annealing effect on the MgO films which were
annealed at the same or higher temperature and longer
duration. A typical thickness of the PZT thin films was
about 450 nm. Experimental processing parameters are sum-
marized in Table 2. The crystallinity and the orientation of
the deposited film were analyzed by XRD with Cu Ka radia-
tion, and the interface between the PZT thin film and the
buffer layer was observed by SEM and AES. The polariza-
tion vs. electric field (P-E) hysteresis curve of PZT/MgO/Si
was measured by RT66A.
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Fig. 1. The XRD patterns of MgO thin films deposited at dif-

ferent temperatures (a) 700°C, (b) 600°C, (¢} 500°C and (d)
400°C (: MgO(111) and 4 : MgO(200)).

Plane (100 a1y
Surface energy(eVinm?) 21.5 31.3
Lattice mismatch with Si(100) 3.2% 0.7%

Tl Results and Discussion

3.1, Deposition of MgO Films

The deposition temperature and the deposition rate have
dominant effects on the orientation of MgO thin films and
changed them in this study. The XRD patterns of MgO thin
films deposited at different temperatures are shown in Fig.
1. (111) oriented MgO thin film was grown at 400°C while
(100) oriented MgO thin film was at 700°C. We may specu-
late that this orientation change was due to the competition
between the surface energy of MgO and the lattice mis-
match with Si(100)® during the crystallization process. Com-
parison between the properties of MgO(100) and MgO(111)
are shown in Table 3. At relatively low temperature such as
400°C, (111) oriented MgO thin film was observed because
the attached atoms and molecules have not sufficient ther-
mal energy to rearrange to (100). At relatively high tempexr-
ature such as 700°C, (100) oriented MgO thin film was
grown because the attached atoms and molecules have suf-
ficient thermal energy to rearrange. The surface energy of
(100) is lower than that of (111), and (100) of MgO is easier
to grow than (111) when enough thermal energy is pro-
vided at high temperature. But the lattice mismatch be-
tween (111) of MgO and Si(100) is smaller than that be-
tween (100) and Si(100) and (111) is easier to grow when
insufficient thermal energy is provided for atomic rearran-
gement.

The XRD patterns of MgO thin films at 600°C with differ-
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Fig. 2. The XRD patterns of MgQ thin films with different
deposition rates (a) 11.6 A/min., (b) 6.5 A/min. and (c) 3.4 &/
min. (¥ MgO(111) and 4 : MgO(200)).
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Fig. 3. Pole figure taken from the MgO(100) deposited at
600°C and 3.4 A/min.

ent deposition rates are shown in Fig. 2. At high deposition
rate, the mixture of (111} and (100) oriented MgO thin film
was grown. At low deposition rate, (100) oriented MgO thin
film was grown. It may be also speculated that observed ori-
entation change was due to the time when the attached
atoms and molecules rearrange.” Fig. 3 shows the pole fig-
ure of MgO(100) deposited at 600°C and 3.4 A/min.. Strong
4-fold symmetrical (100) contours with a few minor spots
were observed, which indicates that the film orientation 1s
algo extended being parallel to the surface of substrate.

3.2. Oxygen Annealing Effects on Carbon Content in
MgO Films

Fig. 4(a), (b) and (c) show SEM images of the surface of
MgO thin films stored in air atmosphere for various dura-
tions. Surface of MgOQ thin films degraded as the exposure
time increased. As deposited, clean surface without signifi-
cant carbon contamination is observed We thought that the
black dots in Fig. 4 were due to the surface carbon adsorp-
tion of MgO thin films. So we tried to reduce this carbon
contamination using annealing in oxygen.

Fig. 5(a), (b) and (c) show SEM images of the surface of
MgO thin films annealed in oxygen at various tempera-
tures. The number and size of black spots were decreased,
but they are still observed after oxvgen annealed in oxygen
at 700°C and 800°C for 3 hrs. At 900°C for 3 hrs, the black
spots were disappeared, but the surface morphology was not
same as the deposited film. The carbon was removed by oxy-
gen annealing, which was conformed by AES depth study.
For crystallinity, there was no difference between films be-
fore and after annealing in oxygen. From this result, we
thought that the carbon contamination of MgO thin films
was confined only to the surface.
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Fig. 4. SEM images of the surface of MgO thin films stored
in air for various durations (a) as depogited, (b) 1 day and (c)
3 days

3.3. The effects of carbon contamination of MgO on
the PZT thin film

At first we compared two cases, PZT thin films deposited
by the in-situ processing and PZT thin flms deposited on
MgO thin films stored in air atmosphere for 1 day.

The XRD patterns of PZT thin films on MgO/Si substrates
are shown in Fig. 6. Fig. 6(a) is the XRD pattern of PZT film
deposited without breaking vacuum (in-situ) after the depo-
gition of MgQ film. Fig. 6(b) is the XRD pattern of PZT film
on MgO film stored in air atmosphere for 1 day. As shown in
this figure, PZT thin film by in-situ processing shows the
perovekite peaks, while PZT thin film on MgO thin films
stored in air atmosphere for 1 day dose not show the perovs-
kite peaks. Poor crystallinity of the PZT film deposited on
MgO film stored in air atmosphere for 1 day may be specu-
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Fig. 5. SEM images of the surface of MgQ thin films anneal-
ed in oxygen at various temperatures (a) 900°C, (b) 800°C
and (¢) 700°C for 3 hrs.
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Fig. 6. The XRD patterns of PZT thin films on MgO/Si sub-
strates (a) by in-situ processing and (b) stored in air for 1 day.
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Fig. 7. The Auger depth profiles of PZT/MgQ/Si structure (a)
by in-situ processing and (b) stored in air for 1 day.
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Fig. 8. The XRD patterns of PZT thin films on MgQO thin
films annealed in oxygen at various temperatures (a) 900°C,

() 800°C and () 700°C for 8hrs (%k: PZT(110) and 4 :
PZT(211)).

lated to the poor crystallinity of degraded surface of MgO
film and/or the lattice distortion due to the carbon contami-
nation.

The Auger depth profiles of PZT/MgO/81 structure are
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Fig. 9. SEM images of the surface of PZT thin films on MgQ
thin films annealed in oxygen at various temperatures (a)
900°C, (b) 800°C and (¢) 700°C for 3 hrs.

gshown in Fig. 7(a) and (b). For the PZT thin films on MgO
thin films exposed to air, carbon exists at the interface
between PZT and MgO while earbon is not shown for PZT
thin film by in-situ processing.

We deposited PZT thin films on MgO thin films annealed
in oxygen at various temperatures. Fig. 8 shows the XRD
patterns of PZT thin films on MgO thin films annealed in
oxygen at various temperatures. There are no perovskite
peaks in the PZT thin film on MgO filin annealed at 700°C
and 800°C, but at 900°C, the perovskite peaks are shown.
Carbon contamination still existed in the MgO film an-
nealed at 700°C and 800°C, but was removed in the film
annealed at 900°C. So the PZT thin film on MgO film an-
nealed at 900°C consists of the perovskite phase, but the
films annealed at 800°C and 700°C do not.

The surface SEM images of PZT thin films on MgO thin
films annealed in oxygen at various temperatures are
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Fig. 10. The P-E hysteresis curve of PZT/MgO/Si structure an-
nealed in oxygen at various temperatures (a) 900°C, (b) 800°C
and (¢) 700°C for 3 hrs.

shown in Fig. 9 (a), (b) and (c). The PZT films on the MgO
films annealed in. oxygen at 700°C and 800°C consist of the
amorphous phase and the PZT film at 900°C consists of the
perovskite phase.

The electrical properties of PZT/MgOQ/S1 structure were
measured. Fig. 10 shows the P-E hysteresis curve of PZT/
MgOQ/Si structure. Carbon contamination still existed in the
MgO film annealed at 700°C and 800°C, hut was removed
in the film annealed at 900°C. So the PZT thin film on MgQ
film annealed at 900°C consists of the perovskite phase and
shows the typical P-E hysteresis , but the films annealed at
800°C and 700°C does not.

IV. Conclusions

The effects of oxygen annealing at various temperatures
on the carbon contamination of MgO thin films were exam-
ined. The SEM and AES results indicated the evident
improvement. The improvement of the crystallinity and the
electrical properties of PZT thin films on Mg(O by oxygen
annealing was also examined. The PZT thin film on MgO
film annealed in oxygen at 900°C consists of the perovskite
phase and shows the typical P-E hysteresis.
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