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Self-assembled PbTiOs nanoislands were prepared on Pt/SrTiOs substrates by 
metalorganic chemical vapor deposition. Pyramidal-shaped (width 17·200 nm, 
height 5·50 nm), triangular·prism·shaped (width 10·350 nm, length 25·830 nm, 
height 9·120 nm) and square-shaped (width 40-130 nm, height 4·10 nm) 
nanoislands with ordered in-plane orientation were formed on Pt/SrTi03(lll), 
(101) and (001), respectively. These islands were epitaxially grown on the 
Pt/SrTiOs substrates and consisted of {lOO} and {001} facets irrespective of the 
orientation of the substrates. Piezoresponse force microscopy indicated that the 
three different types of self-assembled PbTi03 nanoislands were ferroelectric. 
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1. INTRODUCTION 
Ferroelectric nanostructures have attracted 

much interest not only from the viewpoint of 
high integration of electronic devices, such as 
non·volatile ferroelectric random access 
memories (NV-FeRAMs) and nano·actuators in 
nanoelectromechanical systems (NEMS), but 
also from that of the finite size effects. 

Ferroelectric nanostructures have been 
fabricated by patterning continuous films using 
micro processing techniques, such as electron 
beam (EB) lithography, 1 focused ion beam (FIB) 
milling,23 EB·induced patterning,'· 5 and imprint 
lithography.6 These techniques have a capability 
of producing well-ordered nanostructures with 
the desired size and shape. However, the mini· 
mum feature size was limited to 70·100 nm, and 
ferroelectric properties may be degraded by 
processing damages.7 

On the other hand, self-assembled process 
was one of another techniques for the prepara
tion of ferroelectric nanostructures, which have 
the potential to produce high quality nano· 
structures smaller than 50 nm without process· 
ing damages. 8.

15 For example, ferroelectric 
nanostructures with lateral dimensions 20·50 
nm were obtained by chemical solution deposi· 
tion (CSD),8

'
9 sputtering'0 and metalorganic 

chemical vapor deposition (MOCVD)''" methods. 
In our previous study, we also fabricated PbTi03 

and Pb(Zr,Ti)Os nanosized islands on Pt/SiO)Si 
and Pt/SrTiO, by MOCVD in the Volmer·Weber 
(V·W) growth mode at the initial stage of thin 
film growth. 1

""' However, there have been very 
few reports on structural control of the size, 
shape and in·plane direction of ferroelectric 
nanostructure by self-assembled process. "-'L" 
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In this study, we demonstrate control of 
shape and in-plane orientation of self-assembled 
PbTiO, nanoislands epitaxially grown on 
Pt/SrTiOs(001), (101), (111) substrates by 
MOCVD. The piezo· and ferroelectric properties 
of self-assembled PbTiOs nanoislands are also 
discussed. 

2. EXPERIMENTAL PROCEDURES 
For the three-dimensional island growth of 

PbTi03, 90 nm·thick Pt thin fihns were deposit· 
ed on SrTiOsClll), (101) and (001) single 
crystals at 630oC by rf magnetron sputtering. 
Epitaxial growth of Pt thin films on SrTi0,(111), 
(101) and (001) substrates were examined by 
XRD pole figure measurements. PbTiOs 
self-assembled islands were grown on the 
Pt(ll1)/SrTi03 (111), Pt(101)/SrTi0/101) and 
Pt(001)/SrTi03(001) at 540°C by MOCVD using 
triethyl· n·pentoxy lead ((CzH)aPbOCHzC(CHa)a) 
and tetra·i·propoxy titanium (Ti(O·i-CsH7),) as 
precursors, and 0 2 as an oxidizing gas. The size 
of PbTi03 islands were controlled by changing 
the deposition time from 5 s to 10 min. The 
in·plane orientation and epitaxial growth of 
PbTi03 islands were examined by XRD pole 
figure measurements. The size, shape and 
microstructure of the PbTi03 islands were 
observed by atomic force microscopy (AFM) 
(Seiko Instr. Inc.: SPI·3800N) and transmission 
electron microscopy (TEM) (JEOL: 
JEM20 10FEG). Piezoelectric and ferroelectric 
properties of PbTiO, islands were measured by 
piezoresponse force microscopy (PFM). 

3. RESULTS AND DISCUSSION 
From XRD profiles of self-assembled PbTiO, 
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nanoislands grown for 2-5 min on the 
Pt/SrTi0/111), (101) and (001) substrates, it 
was found that PbTiOs nanoislands had (111)·, 
(101)- and (OOl)·orientation, respectively. XRD 
pole figures of the (200), (200) and (220) peaks of 
PbTiO" Pt and SrTi02 for 
PbTiOa!Pt1SrTi03(11l), (101) and (001) revealed 
the epitaxial growth of PbTi03 nanoislands on 
Pt/SrTiO:l substrates. 

Figure 1 shows AFM images of 
self-assembled PbTiOs nanoislands grown for 
10·60 s on Pt/SrTiOs(ll1) substrates. When 
deposition time increased from 10 s to 60 s, 
lateral size and height of pyramidal shaped 
islands increased from 35 to 96 nm and 7 to 27 
nm, respectively. The in·plane direction of 
PbTiO, islands were arranged in an orderly 
manner because of their epitaxial growth on 
Pt/SrTiOs. The direction of the apexes of the 
triangle were arranged along the [112]-direction 
of SrTiOs (Fig. 1(a)). Line profiles along A-B and 
C-D in Fig. 1(c) show that the cross sections of 
PbTiOs islands on Pt/SrTiOsClll) were triangle, 
which indicates that PbTi03 islands on 
Pt/SrTiOs(lll) were triangular-pyramidal shape. 

0 
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Fig.1 AFM images of self-assembled PbTiO:l 
islands prepared on Pt/SrTi0,(111) for (a) 
10 s, (b) 30 s and (c) 60 s. 

Their three side facets were tilted by 50·55" to 
the Pt(l11) surface, which is almost the same as 
the angle between the {lOO} and {l11} planes, 
53.9", or that between the {001} and {111} 
planes, 56.4", calculated from the lattice 
constants of bulk PbTiO,. Therefore, the three 
facet planes of the triangular-pyramid were 
found to be {lOO} and {001} planes. 

Similar growth behavior was observed for 
PbTi03 grown for 10·60 s on Pt/SrTiOsClOl), as 
shown in Fig. 2. When a deposition time was 10 
s, square·shaped islands were observed. Average 
width, length and height of PbTiO, islands 
deposited for 10 s were 80, 70 and 10 nm, 
respectively. As the deposition time was longer 
than 30 s, average length increased to 250 nm 
and the shape changed to a rod-shape. The 
in-plane directions of PbTi03 islands were 
arranged along the <0 10> direction of SrTiO, 
due to the epitaxial growth. From line profiles 
along A-B and C·D in Fig.2(c), the cross-sections 
along the <lOl> (A·B) and <010> (C·D) direc· 
tions were triangle and rectangle, respectively. 
This result showed that PbTi03 islands on 
Pt/SrTiOaC101) had triangular-prism shape. The 
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Fig.2 AFM images of self-assembled PbTiOs 
islands prepared on Pt/SrTiOs(lOl) for (a) 
10 s, (b) 30 s and (c) 60 s. 
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side facets of the triangle (A-B cross-section) and 
rectangle (C-D cross-section) were tilted by ~45o 
and ~90o from the Pt(101) surface, respectively, 
showing that the facets were {100} and {001} 
planes. 

Figure 3 shows dependences of width, 
length and height of (101)-PbTi03 islands on the 
deposition time. When the deposition time 
increased from 10 s to 10 min, width and height 
linearly increased from 80 to 280 nm and 10 to 
100 nm, respectively. Growth rates along the 
direction of width (<IOl> direction) and height 
(<101> direction), which were obtained from the 
slope of fitted lines, were 19 and 9 nm/min, 
respectively. On the other hand, the growth rate 
along the direction of length ( <0 1 0> direction) 
decreased from 200 to 34 nm/min at the deposi· 
tion time of 1 min. This decrease in the growth 
rate along <010> direction is due to the coales· 
cence of PbTiOs islands. 

From these results, the shape transition in 
growth of PbTiOs nanoislands on Pt/SrTi03(101) 
is explained by the surface energy for PbTi03 

islands with a square-shape and by the stress 
relaxation for those with a triangular-prism· 
shape. At the early growth stage of islands, 
square shape was favored because the surface 
energy of the square-shaped islands was smaller 
than that of triangular-prism-shaped islands for 
same volume. As the volume of islands in· 
creased, island elongated along <OIO>·direction 
and minimized the island energy because the 
elastic relaxation which occurred at the edge of 
islands lowered the total energy of islands at the 
growth temperature. This shape transition in 
growth of strained islands agrees with the 
theoretical model predicted by J.Tersoff et aZW 
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Fig.3 Dependence of width, length and height 
of PbTiOs islands on the deposition times. 
Larger scattering in the length is due to 
the higher growth rate along <101> 
direction than those along <101> and 
<101> directions. 
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Fig. 4 An AFM image of self-assembled 
PbTiOs islands prepared on Pt/SrTiOa(001) 
for 60s. 

When PbTiOa was deposited for 60 s on 
Pt/SrTiOs(001) substrate, square-shaped islands 
with widths of 30-150 nm and heights of 4-10 
nm were observed, as shown in Fig. 4. In:plane 
orientations of the four sides of the square shape 
of PbTi03 islands were <100> and <010>, which 
corresponded to <lOO> and <010> directions of 
SrTi03 • From the line profile along A-B, the edge 
facets of the square-shaped PbTiOs islands were 
normal to the Pt(001) surface and the cross-sec· 
tional shape was rectangle. Therefore, the edge 
facets of the PbTiOs nanoislands on 
Pt/SrTi03(001) were {lOO} planes, which is the 
same as that of PbTiOs nanoislands on 
Pt/SrTi03(111) and (101). From these results, it 
was found that the shape of self-assembled 
PbTi03 nano·islands was dependent on the 
orientation of Pt/SrTiOs substrates because the 
islands consisted of {lOO} and {001} facets 
regardless of the different orientations of the 
substrates. 

In the next stage, piezoelectric hysteresis 
loops of PbTi03 nanoislands were measured by 
PFM. Figure 5 shows typical piezoelectric 
hysteresis loop of PbTi03 nanoislands on 
Pt/SrTi03(111). Triangular-prism shaped and 
square-shaped PbTi03 nanoislands on 
Pt/SrTi03(101) and (001) also showed piezo· 
response hysteresis loops. These piezoresponse 
measurements revealed that the three different 
types of self-assembled PbTiOs nanoislands were 
ferroelectric. 

In summary, three types (pyramidal-shape, 
triangular-prism-shape and square-shape) of 
self-assembled PbTiOa nanoislands with ordered 
in ·plane direction were obtained on 
Pt/SrTi03(111), (101) and (001) substrates by 
MOCVD. These PbTi0,1 nanoislands were 
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Fig.5 A typical piezoelectric hysteresis loop of 
PbTiOa islands on Pt/SrTi0a(l11) grown for 
30 s. 

epitaxially grown on Pt/SrTiOa substrates and 
consisted of {lOO} and {00 1} facets irrespective of 
the orientations of the substrates. Therefore, 
shape and in-plane orientation of PbTi03 

nanoislands were controlled by introducing of 
epitaxial relation. Piezoresponse measurements 
indicated that the three different types of 
self-assembled PbTiOa nanoislands had ferro· 
electricity. 
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