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Abstract—In preparing lead zirconate titanate thin films under hydrothermal conditions, we investigated the effects
of concentrations of nutrient and mineralizer, reaction time and reaction temperature on crystallinity, grain size and
shape. Experiments were performed in the ranges of 0.1-1.0 M Pb@&@ 0-6.0 M KOH with varying reaction time
from O to 48 hours at 60-20Q. In the experiment, lead zirconate titanate thin film of homogeneous crystalline grain
was obtained through a 24 hour reaction with 0.4 M PhN@d 5.0 M KOH at 140C. The thickness of the film
was 0.9-1.6um, and it exhibited a saturation polarization (Ps) of u€&n¥, remnant polarization (Pr) of 74/
cnt and coercive field (Ec) of 0.41 kV/cm. The dielectric constant and &ssdasured at 1 kHz were approxi-
mately 1020 and 0.15, respectively.
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INTRODUCTION EXPERIMENTAL

Recently, lead zirconate titanate thin films have been widely in- Pb(NQ), solution (0.1-0.5 M) was put into an autoclave with
vestigated for their applications in DRAM (dynamic random ac- the addition of a mineralizer, KOH. Mineralizer was added to in-
cess memory) or NVRAM (nhon-volatile random access memory)crease the solubility of the feedstock, which results in a decrease in
because of their high values of dielectric consgntdmnant po-  the required reaction temperature for crystal formation. The mole
larization (Pr) and Curie point [Park et al., 1995]. Reaction con-ratio of Pb/Zr/Ti in reactant solution was 1.0/0.52/0.48. Then a Ti-
ditions for preparing lead zirconate titanate thin films have beenmetal substrate was put into the mixed solution. The autoclave had
studied because the properties of thin films strongly depend on rea 500 ml working volume. The volume of the feedstock remained
action conditions such as ratios of Zr and Ti, annealing temperaeonstant throughout the experiment. The range of reaction time
ture and reaction time [Schwartz et al., 1997; Vi et al., 1984]. Awas 0 to 48 hours, that of reaction temperature was 60 €200
variety of techniques such as sol-gel [Aoki et al., 1993], sputteringand that of the mineralizer concentrations was 0 to 6.0 M. After the
[Park et al., 1998] and chemical vapor deposition (CVD) [Kim et autoclave apparatus cooled down, the product was washed conse-
al., 1996] have been used to fabricate thin fims. But these methodsutively with de-ionized water, acetic acid and ethanol, and again
bring about undesirable chemical phenomena such as stoichiometvith de-ionized water to remove impurities. The chemicals used
ric change of the film composition due to the loss of Pb compo-in this procedure were extra pure reagent grade [Seo and Kong,
nent during the reaction and annealing process at high temperd999]. The experimental procedures are schematically shown in
tures [Wang et al., 1999]. Therefore, when PZT thin film is fabri- Fig. 1.
cated using sol-gel or sputtering methods, an excess amount of Ph In the experiment, Ti-metal substrate of 99% purity was cleansed
is required [Amanuma et al., 1993]. On the other hand, when thevith acetone, methanol and de-ionized water consecutively, then
hydrothermal synthetic method is introduced for thin film fabrica- etched with hydrofluoric acid in order to remove the oxide layer,
tion, films of homogeneous and uniform grain size having highand rinsed again with de-ionized water.
crystallinity can be prepared directly from feed stock solution with-  To determine the degree of relative crystallinity of the products,
out a high temperature calcination step [Seo and Kong, 1999the synthetic film was analyzed by X-ray diffractometer (XRD:
Kajiyoshi et al., 1991]. Hydrothermal synthesis has been recogMXP3, Mac Science Co.) using a monochromatic {alliation,
nized as a wet-chemistry technique that produces complex inor40 kV, 30 mA in the range of 20-60he surface roughness, mor-
ganic oxide powders in supercritical state and/or sub-critical statghology, microstructure and cross-section of the film were observ-
[Seo and Oh, 2000; Jung and Seo, 1997]. ed using a scanning electron microscope (SEM: JSM-840A, JEOL)

In this study, the effects of process parameters such as nutrieand an atomic force microscope (AFM: PARK, Scientific instru-
concentration, mineralizer concentration, reaction time and reacment LS). The film composition and its depth profile were meas-
tion temperature on crystallinity, grain size, grain shape and physiured by auger electron spectroscopy (AES: PERKIN-ELMER,
cal property of hydrothermally prepared lead zirconate titanate thilPHI-670). The thickness of the thin film was measured by the

films for DRAM or NVRAM applications were investigated. mechanical stylus profilometer (Tensor, P-10). To measure electri-
cal properties of the thin film, Au was deposited on the film sur-

To whom correspondence should be addressed. face as a top electrode. The dot size wag.80th diameter. The

E-mail: kwseoi@madang.ajou.ac.kr remnant polarization (Pr) and coercive field (Ec) were determined
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Fig. 1. Experimental procedures.

from P-E hysteresis loops measured by a ferroelectric tester (RT
66A, Radiant Technologies, Inc.).

RESULTS AND DISCUSSION

1. Effect of Nutrient Concentration
Fig. 2 shows XRD patterns of PZT thin fims formed on Ti-me- Fig. 3. SEM photographs of PZT thin film prepared with various

tal substrate in 24 hour reactions when different concentrations of Pb(NO,), concentrations and 5.0 M KOH from a 24 hour

nutrient were used with 5.0 M KOH at 140 The mole ratios of reaction at 140°C (A: 0.2 M, B: 0.4 M).

the PZT solution were Pb/Zr/Ti=1.00/0.52/0.48. As shown in this

figure, the peaks of crystalline PZT appeared at the concentratiofabricated as the nutrient concentrations are increased.

of Pb(NQ), over 0.25 M. Fig. 4 shows an SEM micrograph of the PZT thin film cross-
Fig. 3 shows SEM micrographs of Pb(jiahin films formed section prepared from a 24 hour reaction at°CA@hen 0.4 M

from a 24 hour reaction when (A) 0.2 M and (B) 0.4 M of Pb Pb(NQ),was used with 5.0 M KOH. As we can see in this figure,

(NO,), were used with 5.0 M KOH at 140. When the concen- the Ti-metal layer and PZT layer are clearly distinguished. The

tration of nutrient was low, as shown in Fig. 3(A), only amor- thickness of the PZT layer was about{dn3.

phous PZT grains were set on the film surface. However, when th@. Effect of Mineralizer Concentration

concentration of nutrient Pb(NJRincreased to 0.4 M, as shown in Fig. 5 shows XRD patterns of PZT thin films formed from a 24

Fig. 3(B), crystal film of small, regular and compact grains (abouthour reaction when different concentrations of mineralizer were

800 nm) was formed. We can confirm from these figures that PZTused with 0.4 M Pb(NQ), at 140°C. Peaks of PZT crystallites did

thin film with more regular and compact crystalline grains can benot appear when the concentration of mineralizer (KOH) was be-
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PZT layer

Fr-maztal layer
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Fig. 4. SEM micrograph of PZT thin film cross-section with 0.4 M
Pb(NO,), and 5.0 M KOH from a 24 hour reaction at 140

0 g
" (C)40M ()50 M

Fig. 7. AFM micrographs of product thin films for different min-
eralizer concentrations with 0.4 M Pb(NQ), from a 24
hour reaction at 140°C (A: 1.0 M, B: 2.0 M, C: 4.0 M, D:

5.0 M).
Y
i AN JA L«ﬂ[fﬁ‘,\v\—ﬁ/’w 3om 140°C. As we can see in these micrographs, amorphous PZT
Yan ———— ““LM‘ i : . .o’;‘w grains were partly formed on the surface of Ti-metal substrate
A - JvR ;  om when the concentration of mineralizer was 1.0 M. And, as the con-
o % 24% % 60 centration of mineralizer increased, smaller and more compact

PZT grains were formed. The sizes of PZT grains shown in these
Fig. 5. XRD patterns of produc_:t thin films prepared with various figures are about (B) 100-1,000 nm, (C) 600 nm and (D) 400-600
mlnerallze_r concentrations and 0.4 M Pb(N@Q, from 24 nm. From this result we can say that the relative supersaturation
hour reaction at 140°C. . . .
of the reactant solution increases as the concentration of mineral-
izer increases, and therefore, the nucleation rate becomes relatively
faster than the growth rate, and the number of crystal grains in-
creases, but the size decreases.
Fig. 7 shows AFM micrographs of PZT thin films formed from
a 24 hour reaction when different concentrations of mineralizer
(KOH) were used with 0.4 M Pb(NJpat 140°C. The surface of
the PZT thin films roughened as the concentration of mineralizer
increased. However, when the concentration of mineralizer was
over 5.0 M, the roughness of the PZT thin films decreased. This
result was due to the fact that re-dissolution of crystallites by the
strong alkali solution increased as the concentration of mineralizer
increased. Therefore, the optimum amount of mineralizer should

5% 3

LT TR
Fig. 6. SEM micrographs of product thin films prepared with var-

ious mineralizer concentrations and 0.4 M Pb(NG), from i
a 24 hour reaction at 140C (A: 1.0 M, B: 3.0 M, C: 4.0 M, A\ URINN | & N WY AL U N\ /2h
D: 5.0 M). 2/ AR VAN ' oh
5 O ) JV \ T T
W\, 4h
1h
low 0.1 M, but were seen when the concentration of mineralizer o o p A 6-0‘"‘
was over 2.0 M. 26
Fig. 6 ShOWS_SEM micrographs of PZT thin films formed from rig 8 xRD patterns of product thin films prepared for different
a 24 hour reaction when (A) 1.0 M, (B) 3.0 M, (C) 4.0M and (D) reaction times with 0.4 M Pb(NQ), and 5.0 M KOH at
5.0 M of mineralizer (KOH) were used with 0.4 M Pb(})Gat 140°C.
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. . . . Fig. 11. SEM micrographs of product thin films prepared at dif-
Fig. 9. SEM micrographs of product thin films prepared for dif- ferent reaction temperatures with 0.4 M Pb(NQ), and
ferent reaction times with 0.4 M Pb(NQ), and 5.0 M 5.0 M KOH from a 24 hour reaction (A: 120°C, B: 140
KOH at 140°C (A: 0 hour, B: 1 hour, C: 4 hours, D: 48 °C, C: 160°C, D: 180°C).

hours).

of perovskite structure §222°, 37, 45 and 558) appeared at re-

be used for the best fabrication of thin films under hydrothermalaction temperatures over 140
conditions [Seo and Kong, 1999]. Fig. 11 shows SEM micrographs of PZT thin films formed from
3. Effect of Reaction Times a 24 hour reaction when 0.4 M Pb(NQvas used with 5.0 M of

Fig. 8 shows XRD patterns of PZT thin fims formed on Ti-met- mineralizer (KOH) at different reaction temperatures. As the reac-
al substrate at 14C with different reaction times when 0.4 M tion temperature increased, as we can see in Fig. 11(B), (C) and
Pb(NQ), and 5.0 M KOH were used. As shown in the figure, the (D), smaller and more compact PZT grains were formed at the
crystallinity of the PZT thin film was enhanced as the reaction surface of the thin fim. The sizes of the PZT grains are about (B)
time increased. 500 nm, (C) 450 nm and (D) 400 nm. It is expected that the grain

Fig. 9 shows SEM micrographs of these PZT thin films. PZT size distribution becomes narrower as the reaction temperature in-
thin films of homogeneous crystal grains were obtained with reacereases due to an increase in the rate of the nuclei formation re-
tion times of 4 hours or more. The crystalline grains on the film action [Seo and Kong, 1999].
surface became more compact and clearly distinguished as the re-Fig. 12 shows the relation between film thickness and reaction
action time increased. The size of the PZT crystal grains shown inemperature. The thickness of PZT thin films was about 0.9-1.6
Fig. 9(C) ranged from 600 to 800 A and in Fig. 9(D) from 400 pm at 140-170C. As we can see in the figure, the thickness of

to 700 A. PZT thin films increased gradually up to 2@0 However, when
4. Effect of Reaction Temperature the reaction temperature was raised to ovef@,7the fim thick-

Fig. 10 shows XRD patterns of PZT thin films formed at differ- ness decreased drastically. Therefore, we can say that the depend-
ent reaction temperatures from a 24 hour reaction when 0.4 M
Pb(NQ), and 5.0 M KOH were used. The PZT crystallite peaks

1800
20 g E .
_ ®
& -8 g - Reaction E 1o
E J\/L g v 8 g \ £ 1m- .
/o ! UALAJ\_A' - s
A . 180°C ? 40y
s me w iy tive WA Al
/I . ,K : L {120°C :_=> 800
/I . ,\ . \— 80°C =
20 30 ) 50 60 &0 T

20 w w0 W 180
Fig. 10. XRD patterns of product thin films prepared at differ- Reaction temperature (C)
ent reaction temperatures with 0.4 M Pb(NQ), and 5.0 Fig. 12. Relation between film thickness and reaction tempera-

M KOH from a 24 hour reaction. ture.
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80 high voltage, since the nonstoichiometric perovskite PZT layer was
1 A g : c formed at the layer nearest the bottom electrode by an interdiffu-
60 ; o sion of Pb. Therefore, the perovskite PZT grains were not formed

s ; near the bottom electrode. Dielectric constants and dielectric loss

%01 (®) of the thin film, which were measured at 1 kHz, were approxi-

404 mately 1020 and 0.15, respectively, at the room temperature.

Atomic %

30 4

CONCLUSION

204

101 Experiments were performed to investigate the effect of the re-

: action parameters, such as concentration of nutrient mineralizer,
20 0 20 40 6 8 100 120 140 reaction time and reaction temperature on PZT thin film fabrica-

Sputter time (min) tion under hydrothermal conditions. The results are summarized as
Fig. 13. AES depth profile of PZT thin film prepared with 0.4 M follows:

Pb(NO,), and 5.0 M KOH from a 24 hour reaction at
140°C. 1. When the concentration of nutrient, PbgGncreased over
0.4 M, crystal film of small, regular and compact grains (about 800
ency of film thickness on the reaction temperature is significant. nm) was formed.
5. Electrical Properties 2. As the concentration of mineralizer increased, smaller and the
Fig. 13 shows the AES depth profiles of Pb, Zr, Ti, O and C in more compact PZT grains were formed.

the PZT thin film from the surface up to the titanium layer, which 3. PZT thin films of homogeneous crystal grains were obtained
was prepared at 14Q from a 24 hour reaction using 0.4 M with reaction times of 4 hours or more when 0.4 M of PRfNO
Pb(NQ,), and 5.0 M KOH. The zirconium and titanium signals was used with 5.0 M KOH.
followed each other throughout the film, decreasing slowly as the 4. As the reaction temperature increased to oveiCl48maller
titanium metal was reached (in region ‘C’). The amount of carbonand more compact PZT grains were formed at the surface of the
was greatest at the film surface (in region ‘A) due to the presencehin film. And the thickness of PZT thin films was about 0.9-1.6
of absorbed carbon caused by atmospheric contamination. Onlym at 140-170C.
a trace amount of carbon was detected inside the film. Fig. 13 5. Spontaneous polarization (Ps), remnant polarization (Pr) and
shows that an interdiffusion of Pb into a Ti bottom electrode wascoercive field (Ec) were about 1§18/cnt, 7.4uClcnfand 0.41
observed for the PZT thin film (in region ‘C’). From this result kV/cm, respectively. Dielectric constants and dielectric ysef(
we can say that the nonstoichiometric perovskite PZT layer waghe thin film, which were measured at 1 kHz, were approximately

formed at the layer nearest the bottom electrode. 1020 and 0.15, respectively, at room temperature.
Fig. 14 shows a P-E hysteresis loop of a prepared PZT thin fim
that was measured by a Sawyer-Tower circuit. Au-top electrodes ACKNOWLEDGEMENTS
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