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Bi1'5ZI’11.()Nb1‘5O7 (BZN), BizMgz/ng4/307 (BMN), and BizCU2/3Nb4/3O7 (BCN) pyrochlore
thin films were prepared on Cuw/Ti/SiO./Si substrates by pulsed laser deposition and the
micro-structural and electrical properties were characterized for embedded capacitor
applications. The BZN, BMN, and BCN films deposited at 25 °C and 150 °C, respectively
show smooth surface morphologies and dielectric constants of about 39 ~ 58. The high
dielectric loss of the films deposited at 150 °C compared with films deposited at 25 °C was
attributed to the defects existing at interface between the films and copper electrode by an
oxidation of copper bottom electrode. The leakage current densities and breakdown voltages
in 200 nm thick-BMN and BZN films deposited at 150 °C are approximately 2.5 x 10™® A/em®
at 3 V and above 10 V, respectively. Both BZN and BMN films are considered to be suitable

materials for embedded capacitor applications.
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1. INTRODUCTION

Embedding of passive components such as capacitors
into polymer-based printed wiring boards (PWB) is
becoming an important strategy for electronics
miniaturization, device reliability, and manufacturing
cost reduction. To date, much research has been involved
in preparation of dielectric films directly on the PWB
using ceramic/polymer composites[1,2] and polymers
[3,4] with medium permittivity.

The bismuth-based pyrochlores were investigated by
Safronov[5] and Cann[6]. Also, the preparation,
characterization, and properties of bismuth-based
dielectric thin films have been investigated by many
research groups[7,8]. In our recent work,[9,10] dielectric
properties and leakage current densities as well as
structural properties in bismuth-based pyrochlore thin
films were systematically investigated for embedded
capacitor applications.

In this study, BZN, BMN, and BCN thin films were
deposited on Cu/Ti/SiO,/Si substrates at 25 °C and 150
°C by pulsed laser deposition. The structural and
electrical properties of various films were investigated
for film thicknesses of both 100 and 200 nm.

2. EXPERIMENTAL

Please BMN, BZN, and BCN thin films were prepared
at 25 °C and 150 °C by pulsed laser deposition (PLD)

using a pulsed KrF excimer laser (248 nm, Lamda
Physik COMPexPro 201). A ceramic of 1 inch diameter
was used as a target. The base pressure of the chamber
used was approximately 5.3 x 10 Pa. The laser density
and repetition rate was 1.5 J/em® and 4 Hz, respectively.
The laser impacts the target at 45 ° to the surface and the
substrate is centered along the target normal as shown in
Fig. 1.

Oxygen was added into the chamber during deposition,
and the oxygen pressure was maintained at 30 mTorr.
Thin films were deposited on Cu/Ti/SiO,/Si substrates at
temperatures of 25 °C and 150 °C. 20-nm-thick Ti layers
in Cu/Ti/SiO,/Si substrates were used in order to
improve the adhesion between Cu and SiO,. Film
thicknesses were constantly maintained at 100 and 200
nm at deposition temperatures of 25 °C and 150 °C,
respectively. Surface morphologies were characterized
by scanning electron microscopy (SEM). For electrical
measurement, Pt top electrodes with dimensions of 100 x
100 um® were exactly patterned by lift-off lithography
and sputtered by dc magnetron sputtering. The dielectric
properties of Pt/pyrochlore films/Cu capacitors were
evaluated by impedance analyzer (HP 4194A). The
leakage current characteristics of metal-insulator-metal
(MIM) capacitors were investigated by HP 4156A
semiconductor parameter analysis.
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Fig. 1. A schematic diagram of pulsed laser deposition
equipment.

3. RESULTS AND DICUSSION

Figures 2(a), 2(b) and 2(c) show SEM surface images
of 100nm thick-BZN, BMN, and BCN thin films,
respectively, deposited at 25 °C. BMN and BZN films
show smooth surface morphologies even though films
are deposited at room temperature. On the other hand,
BCN films show an inhomogeneous morphology
because BCN target used in this study have a low density
compared with other materials. Film quality deposited by
PLD technique definitely depends on the target density.
The grain size of BMN films deposited at room
temperature was approximately 4 nm by XRD and TEM
analysis[11].

The dielectric constant and dissipation factor of BZN,
BMN, and BCN films deposited at 25 °C was shown in
Fig. 3. As shown in Fig. 3, dielectric constant and
dissipation factor of the films are varied from 39 to 53
and from 0.6 % to 0.8 %, respectively, depending on the
‘materials. The reason that the films deposited at room
temperature show a high dielectric constant is due to the
crystalline phases crystallized partially within the
films{11].

Figure 4 shows variations in leakage current density
vs. applied voltage for films of various materials. Three
different films show similar leakage current behaviors
for an applied voltage. Leakage current densities of the
samples were approximately 2 x 10 A/cm? at an applied
deposited at 25 °C. voltage of 3 V.

The absolute leakage current density of the films was
comparable to that of 1.3 pum thick-Pb(Zr,Ti)O; films for
embedded capacitor applications[12]. Bismuth-based
pyrochlore thin films exhibited the breakdown strength
of 300 kV/cm.

Figures 5(a), 5(b), and 5(c) show SEM surface images
of 200 nm thick-BZN, BMN, and BCN thin films,
respectively, deposited at 150 °C. Films deposited at 150
°C showed more dense and smooth morphologies than

Fig. 2. SEM surface images of 100 nm thick-(a) BZN,
(b) BMN, and (c) BCN films.

films deposited at room temperature shown in Fig. 2. An
increase of deposition temperature produces the dense
structure because molecules arrived at substrate surface
easily migrate on the surface. The smooth morphologies
of the films contribute for an improvement of leakage
current characteristics. Figure 6 shows the relationship
between dielectric constant and dissipation factor for
three different films deposited at 150 °C. As shown in
Fig. 6, the dielectric constant of the films was varied
from 49 to 58 and dissipation factor was maintained at
1% irrespective of materials. An increase of dielectric
constant by an increase of deposition temperature was
related with an increase of grain size in the films. The
BMN films deposited at 150 °C exhibit grain size of
approximately 8.7 nm. An increase of dissipation factor
in the films deposited at 150 °C was due to the increase
of defects (such as oxygen vacancy) at interface between



86

60 0.020
= D_ielectric constant |
- © Dissipation factor g 018
50 J
et - 0.016 =)
8 [ ] =
1] u 3
c 40} _— 0.014 <
] =
o ] 2
= 40.012 ®
‘g 30 | .%
B 40.010 g
[ d
20 | 0O C J40.008
O E
40.006
10 L 1 [l
BZN BMN BCN

Bismuth based materials

Fig. 3. Variations in dielectric constant and dielectric
loss of 100 nm thick-BZN, BMN, and BCN films
deposited at 25 °C.
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Fig. 4. The relationship between leakage current density
and an applied voltage for various bismuth-based
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pyrochlore films with 100 nm thickness deposited at 25 °C.

films and copper by an oxidation of copper bottom
electrode. An oxidation of copper electrode in films
deposited at 150°C was identified by TEM analysis[11].
An increase of dissipation factor in films deposited at
150 °C on Cu/Ti/SiO,/Si substrates was compared with
films deposited at 150 °C on Pt/TiO,/SiO,/Si substrates
[13]. Films deposited at 150 °C on Pt bottom electrode
show a dissipation factor of about 0.1 % smaller than
those on copper electrode. This result suggests that the
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Fig. 5. SEM surface images of 200 nm thick-(a) BZN,
(b) BMN, and (c) BCN films deposited at 150 °C

films deposited at 150 °C contain many defects such as
oxygen vacancy at interface between the film and copper
bottom electrode. Figure 7 shows the variations in
leakage current density (at 3 V) and breakdown voltage
for 200 nm thick-BZN, BMN, and BCN thin films
deposited at 150 °C. The BMN and BZN films exhibit
the low leakage current densities of approximately 2.5 x
10® A/cm® at an applied voltage of 3 V. On the other
hand, BCN films show the high leakage current density
of about 2 x 10° A/cm® as compared with BMN and
BZN films. The high leakage current density of the BCN
films may be attributed to the variation in copper valence
in the films deposited in oxygen ambient at 150 °C. Both
BZN and BMN films exhibit the breakdown voltages
above 10 V, while BCN films show a low breakdown
voltage of about 3 V. From these result, BZN and BMN
films are considered to be suitable for embedded
capacitor applications.
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Fig. 6. Variations in dielectric constant and dielectric
loss of 200 nm thick-BZN, BMN, and BCN films
deposited at 150 °C.
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Fig. 7. Variations in leakage current density at 3 V and
breakdown voltage of 200 nm thick-BZN, BMN, and
BCN films deposited at 150 °C.

4. CONCLUSION

The microstructure and electrical properties of various
bismuth-based pyrochlore films were characterized for
embedded capacitor applications. The BZN, BMN, and
BCN films deposited at 25 °C and 150 °C show smooth
surface morphologies and dielectric constants of about
39 ~ 58. The high dielectric loss of the films deposited at
150 °C compared with films deposited at 25 °C was

attributed to the defects existing at interface between the
films and copper electrode by an oxidation of copper
bottom electrode. The leakage current densities and
breakdown voltages in 200 nm thick-BMN and BZN
films deposited at 150 °C are approximately 2.5 x 10
A/cm® at 3 V and above 10 V, respectively. Both BZN
and BMN films are considered to be suitable materials
for embedded capacitor applications.
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