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The microstructure and electrical properties were investigated for polyerystalline Ba,,Sr,Ti0; (BST) thin films de-
posited on PHTi/Si0,/81(PTSS) and Pt/MgO(PM) substrates by metalorganie chemical vaper deposition (MOCVD).
BST films on PTSS have columnar and porgus structures, while on PM have an equiaxied and dense struclure,
The dielectric constant and a dissipation factor of BST films on FTSS and PM were 365, 0.05 and 205, 0.02 at 100
kHz, respectively. A charge storage density of 20 fC/um® on PTSS and 12 fC/um® on PM was obtained at an applied
electric field of 0.06 MV/em. Leakage current density of BST films on PM was smaller than that on PTSS. The
leakage current density level was ahout 8x 10° Afem® at 0.04 MV/cm.
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I. Introduction

erroelectric thin films such as Ph(Zr, THO," SrTi0,"
F and (Ba,Se)TiO.BSTY* are highly attractive as a key
material for 256 Mb and 1 Gb dynamic random access
memaries (DRAMs). Among these materials, BST is the
most promising capacitor material for DRAM use be-
cause the films have high dielectric constant with lower
leakage current level.

Various deposition technigques such as radio-frequency
magnetron sputtering,” laser ablation,” and metalor-
ganic chemical vapor deposition(MOCVD)” have allowed
successful synthesis of BST films. Among these tech-
niques, the MOCVD method is a promising process be-
cause of its potential advantages such as the ability to
deposit high-quality and the amenability to large-scale
processing. In this study, BST thin films were fabricated
by MOCVD with different substrates and the effect of
substrates on electrical properties were evaluated.

II. Experimental Procedure

The success of any MOCVD process depends critically
on the volatility and stability of the precurser material,
Bathfa),(tet) and Sr(hfa).tet) exhibit significantly im-
proved volatility and vapor pressure stability in com-
parizson to other precursors.” The metalorganic precursors
used in this work were Bathfa),(tet) and Sr{hfa),(tet) [(hfa
=hexafloroacetyl-acetonate; C;HF(0,); (tet=tetraglyme)]
for the barium and strontium source, respectively. Ti-
tanium ietraisopropoxide (TPT) was also chosen as the Ti
source. The deposition conditions of BST films were
shown in Table 1. BT films were deposited on Pt(150

204

nm)/Ti(h0 nm}Si0/SIPTSS) and Pt(100 nm)/MgQ(PM)
substrates. The film thickness was determined by using
the cross-section scanning electron microscopy (SEM). X-
ray diffraction (XRD) using Cu Ka radiation was used to
determine the erystal phase and preferred orientation of
the films. The dielectric and electrical properties of the
BT films were evaluated by capacitance-frequency (C-F),
current-voltage (I-V), and capacitance-voltage (C-V) plots.
They were carried out in a metal-insulator-metallic (MIM)
configurations, where the top electrode of Pt with a di-
ameter of 0.3 mm were prepared by de sputtering.

III. Results and Discussion

1. Film structure

Fig. 1 shows the XRD patterns of BST films deposited
on PTSS and PM at 850°C. From Fig. 1, BST films de-
posited on PTSS and PM have polycrystalline single
phase. Figs. 2 and 3 show the relationship between the
texture coefficient and the deposition temperatures of as
grown BST filing deposited on PTSS and PM. In order to
investigate the preferred orientation of the deposition
layer, texture coefficient TC (hkl) of each plane is ob-
tained using the Harris method® as follows;
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Where Ii(hkl) is the standard intensity of the (hkl)
plane, L(hkl) is the measured intensily of the (hkl) plane,
and n is the number of reflections. Fquation (1) shows
that TC(hkl) of each crystal plane is unity for a ran-
domly distributed powder sample while TC (hkl) of each
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Table 1. Deposition Conditions for BST Preparation

Bubbling Temperature of Ba(hfa), tet~ [ 120°C

Ar Carrier Gas Flow Rate of Ba 80 geem

Bubbling Temperature of Ba(hfa), tet. 120°C

Ar Carrier (Gas Flow Rate of Sr 80 scem

PB . o 30°C
ubbling Temperature of Ti(Q-iCyH7),

Ar Carrier Gas Flow Rate of Ti 20 scem
0O, Gas Flow Rate 200 scom
Total Flow Rate 400 scem
Growth Temperature 800-900°C
Growing Time 3h
Growth Pressure 4 Torr
Suhstrate Pt/MgO

PHT/SI0./S1

*hfa: hexafluoroacetylacetonate.
tet,: tetraglyme.
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Fig. 1. XRD patterns of BST films deposited on (A) PM and
(B) PTSS at 850°C.

crystal plane is larger than unity for the preferred
growth.

Texture coefficient analysis on PTSS reveals that the
BST deposit has (100) preferred orientation as de-
position temperatures increase. However, BST films on
PM have (111) preferred orientation below 850°C and
{100} orientation above 850°C. The growth direction of
BST films on PM switches from (111) to (100) as de-
pogition temperature increases. We could suggest that
BST film grows with (100) preferred orientation re-
gardless of substrate types as the deposition tem-
perature increases. Fig. 4(A) and {B) show the cross-sec-
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Fig. 2. Texture coefficient of BST films deposited on P13/

5i0,/31 with various deposition temperatures.
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Fig. 8. Texture coefficient of BST filims on Pt/MgO with
various deposition temperatures.

tional SEM images of BST films deposited on PTSS8.and
PM substrates respectively. BST on PM has the e-
guiaxied and dense structure, while on PT3S shows the
c-axis grown columnar and a little porous structure. The
micrastructure of BST films on two different substrates
affects the electrical properties.

2, Electrical properties

Fig. 5 shows the variation of dielectric constant and
digsipation factor (fand) as a function of frequency. The
dielectric constants of BST on PM and PISS were al-
most constant regardless of applied frequency. However
the dielectric constant and the dissipation factor of BST
on PTSS were larger than those of PM. Larger dis-
sipation factor of BST on PTSS than that of BST on PM
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Fig. 4. Cross-sectional image of BST {lms deposited on (A)
Pt/Mg( and (B) Pt/Ti/Si0,/St at 900°C.
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Fig. 5. Dielectric constant and dissipation factor of BST
film deposited at 900°C as a function of frequency. {—a—c—:
BET/PL/TI/SI0/8, ——k—: BET/Pt/Me().

could explain as follows. BST films on PTSS have a
columnar and a porous structure as shown in SEM mor-
phology. They have many defects (vacancy, mobile ions).
The charges trapped at these defects increased the dis-
sipation factor because they can not keep up with the in-
crease of the frequency. BST films deposited on PTSS
and FM have a dielectric constant of 365 and 205, dis-
sipation factor of 0.05 and 0.02 at 100 kHz frequency,
respectively.

Fig. 6 shows the capacitance vs voltage characteristics
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Fig. 6. Capacitance-vollage characterigtics of BST film de-
posited at 900°Clelectrode diameter: 0.3 mm, film thickness:
500 nm, frequency: 100 kHz).
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Fig. 7. P-E curves of BST films deposited on. PM and PT3S.

of BST films depogited on PTSS at 900°C. Capacitance-
Voltage measurements were performed at 100 kflz, It is
geen that the eapacitance was largely affected by the elec-
tric field within the region of applied voltage +3V. The
voltage of maximum capacitance shifted between -0.75 to
-0.256 V both for increasing and decreasing bias voltage.
Capacitance-Voltage characteristics shows asymmetric
behavior with bias voltage. This result was due to move-
ment of space charges in thin films. The fact that BST
films deposited on PTSS have a linear dielectric pro-
perties was shown in P-E eurve of Fig. 7. Asymmetric
behavior of BST/PTSS was due to the difference of in-
terfacial properties of Pt/BST and BST/Pt experienced dif-
ferent thermal hystories. The BST deposition was per-
formed at the same condition for PM and PTSS. The rea-
son for difference of P-E eurve will be studied in detail
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Fig. 8. Charge storage density of BST film ay a function of
applied field.

through the compositional analysis of BET films. The in-
set of Fig. 6 shows the C-V characteristics of BST films
deposited on PM. From this regult, we could explain that
the BST films on PM have paraelectric properties at
room temperature. Because BST films have paraelectric
properties at room temperature, we can caleulate the
charge storage density Qe using the following egquation :

Q=& & E

Where £, and e, are the dielectric permittivity of va-
cumn and the dielectric constant of (Ba,SriTi(O; films,
respectively. E is the applied electric field. The relation
between applied eleetric field and the calculated charge
storage density is shown in Fig. 8. The charge storage
density was calculated from capacitance-voltage meas-
urements of BST films. BST films deposited on PM and
PTSS have a Qc of about 12 fC/pm® and 20 fC/um®* at 0.06
MV/em, respectively.

Fig. 9 shows the I-V characteristics of the BST film de-
posited on different substrates. As shown in Fig. 9, leak-
age current density of BST on PTSS ahruptly increases
at lower electric field than that of BST on PM. Leakage
current behavior of BST on PTSS may be explained in
terms of charge carrier traps. As shown Fig. 4(B), this
film has porous and columnar microstructure which
might have a number of carrier traps. in the low electric
field region, carriers are localized arcund the traps reduc-
ing loakage current density(J). At the high electric field
region, the localized carriers begin to come out of the
trap, resulfing in an abrupt increase of J. However, leak-
age current density of BST on PM was smaller than that
on PTSS. As shown in Fig. 4(A), BST filins have
equiaxied and random orientation. This structure plays
a decisive role as the barrier of leakapge current path. As
shown in inset of Fig. 9, at low veltages, the leakage cur-
rent density is virtually linear. However, at high vol-
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Fig. 9. Leakage current density of BST film deposited at
900°C as a function of applied field.

tages, the leakape current becomes nonlinear. The IV
characteristics at low-fields indicated that the ohmic
behavigr of current flow is dominant in this regions. The
nonlinear relatienship in the high voltage region sug-
gested other conduction mechanisms. Conduction
mechanisms will be studied through detailed experi-
ments afterward,

n

1V. Conclusions

The polycrystalline Ba, 5r,Ti0; thin films were suc-
cessfully grown on PTSS and PM substrates by MOCVD
technique. The microstructure of BST films deposited on
two different substrates affects the electrical properties.
BST films deposited on PTSS exhibiled eolumnar struc-
ture, dielectiric constant of 365, dissipation factor of 0.05
at 100 kHz, and charge storage density of 20 fC/um® at
0.06 MV/em. The leakage current characteristies of BST
films on PM are superior to those of films on PTSS.
Leakage current density of films deposited on PTSS and
PM is about 5x 107 Afem?® and 8x 107 Afem® at 0.04 MV/
em, respectively.
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