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Abstract

Polycrystalline PbTi@ thin films have been prepared on Si substrates with ultra-thin &i@ ALO3; buffer layers by chemical
solution deposition, respectively. Although capacitance—voltage characteristics show hysteresis loops in both cases, the memory windo
of PbTiOs/Al ;O3 stacked dielectric is 3.3 V larger than that on &ifh addition, well-behaved capacitance—voltage characteristics are only
obtained in PbTi@Al O3 and the PbTi@films on Al,O3 have the dielectric constant of 116 larger than 42 of PRTiléhs on SiG. The
leakage current density of PoTi@\ 205 dielectric is 13 x 10-7 Acm~2 at—2.5V, which is low enough for deep sykm application.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction with thickness lower than 10 nm can be used between Pb(Zr,
Ti)O3 films and Si by pulsed laser deposition (PLRY],
Recently, ferroelectric devices have attracted much at- this equivalent oxide thickness is still too large for advanced
tention for future generation memory applicatifin-4]. In CMOS integration[13]. In this paper, we have developed
fact, one transistor and one ferroelectric capacitor (1T1C) the ultra-thin AbOs films with the thickness of 4nm as
structure has already been used for memory product. How-the buffer layerd14]. This ultra-thin insulator films could
ever, in order to minimize the device area, ferroelectric thin prevent the formation of interfacial pyrochlore phase and
films have to be directly integrated to MOSFET to form a further decrease the working voltage of this device. Good
new ferroelectric MOSFET structur®,6]. Although this capacitance-voltage characteristics, low leakage current,
1T memory has strong advantages, the process integratiorand large memory window are simultaneously obtained for
issues are very difficult. The basic challenge is due to the PbTiOz (PTO)/AlLO3 gate dielectric.
reaction of ferroelectric material with Si that would form
an interfacial layer of a non-ferroelectric pyrochlore phase
even at temperatures as low as 50]7]. The formation of 2. Experimental procedure
this unwanted pyrochlore phase would lower the yield and
damage the performance of devices seriously. To overcome Four-inch, p-type (10 0) Si wafers were used in this work
this difficulty, many kinds of materials such asQ3 [8], with a resistivity of 102 cm. A HF-vapor passivatioi4,15]
CeG [9], MgO [10], and SrTiQ [11] have been investi-  was used to suppress the native oxide formation before other
gated as the insulating buffer layer between ferroelectric treatment. In comparison to #0D3, conventional thermal
material and Si. However, these insulating buffer layers still SiO, grown on Si of 4 nm was grown in oxygen ambient and
have other integration concern. It is obvious that thinner annealed at 90TC for 5 min. On the other hand, after in situ
insulating buffer layers and larger capacitance are requirednative oxide desorption, amorphous Al layer was thermally
for next generation high performance and low voltage oper- evaporated on wafers. The Al layer was oxidized at a tem-
ation. However, little research has been available with thin perature of 400C for 2h to form 4 nm A$O3 and finally
insulating buffer layers. Although it was reported that 8iO annealed at 900C for 30 min in nitrogen ambient. Before
ferroelectric thin film deposition, the chemical solutions
"+ Corresponding author. Tel:886-3-5731818. have to be synthesized. Following the mettjb@,17], lead
E-mail address: sychen@cc.nctu.edu.tw (S.Y. Chen). acetate trihydrate and titanium isopropoxide were used as
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precursors and dissolved in the acetic acid and methanol, re-
spectively. These precursor solutions were then mixed at any

proportion to obtain the desired PbBCPT) compositions.
The PT thin film were fabricated on ultra-thin SOr Al,O3
buffered Si by multiple spin coating at 4000 rpm for 30s.
Between each coating, the wet films were dried atI5€0
drive off the solvent and then pyrolyzed at 3%Dfor sev-
eral minutes. After multiple coating, the films were directly
annealed at 550C in air for 1h. We used X-ray diffrac-
tion (XRD) to determine the phase and the crystallinity of
ferroelectric thin films. The surface morphology and the
thickness of ferroelectric films were observed by scanning
electron microscopy (SEM). For electrical properties mea-
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surement, gold was deposited as upper electrode with areaig. 2. XRD patterns of 250nm PbTiOon: (a) SiQ and (b) AbOs

of 5 x 10~%cn? and Al contact was made at the bake side
of Si substrates. Capacitance—voltage\{) characteristics
were measured fot-10V sweep voltages. Moreover, cur-
rent density—voltageJEV) characteristics were measured
from 0 to—20V to check the stacked gate dielectric quality.

3. Results and discussion

We have first checked the high frequer@yV characteris-
tics of 4 nm AbOs gate dielectric. As shown iRig. 1, good

buffered Si substrates.

stable ferroelectric perovskite phase rather than undesirable
non-ferroelectric pyrochlore phase although the buffer layer
thickness is just 4 nm.

We have further used SEM to observe the microstructure
of PTO films. The thickness of PTO films is determined to
be 250 nm by the SEM cross-sectional images. The surface
morphology images are shown filg. 3(a) and (bfor PTO
films on SiQ and AbOs gate dielectrics, respectively. As
shown inFig. 3(a) the PTO films on Si@are polycrystalline

C-V characteristic at 1 MHz is observed and dielectric con- gnqg have smooth surface without cracks. Additionally, poly-
stant of about 9 is obtained from the measured capacitanceystalline structure and continuous films are also observed

value that is two times larger than that of SiG\n equiv-
alent oxide thickness of 1.7 nm is obtained for 4 nm@®@d
that could be used for subbm technology generation. The
good gate dielectric property would be further considered
to integrate PTO thin films on AD3 gate dielectric.

Fig. 2(a) and (b)show the XRD patterns of PTO films
deposited on 4 nm SiDand AbO3 gate dielectrics on Si,
respectively. As shown irfrig. 2(a) the relative intensity
of (100) peak is much higher than other directions so that
PTO films grown on Si@ are (100)-orientedFig. 2(b)
displays XRD pattern of PTO films on ultra-thin 4nm
Al>Os3. The result reveals that PTO films ono@&l3 are
also polycrystalline but the XRD pattern is similar to that
of bulk materials without preferred orientation. According
to the results ofFig. 2(a) and (b) both PTO films have
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Fig. 1. C-V characteristics of 4nm AD3 at 1 MHz.

Fig. 3. SEM pictures of 250nm PbTiOon: (a) SiQ and (b) AbOs
buffered Si substrates.
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Fig. 4. C-V characteristics of 250 nm PbTi®n: (a) SiQ and (b) AbOs3 0 -5 V0|t; oe (V) -15 -20
buffered Si substrates at 1 MHz. (b) g

Fig. 5. J-V characteristics of 250 nm PbTi®n: (a) SiG and (b) AbO3
buffered Si substrates.

for PTO films on ApOs shown inFig. 3(b) The grain size

and distribution in both cases are similar that would not
be affected by the different buffer layers. The dense poly- C-V curves and the higher dielectric constant of PTO films,
crystalline microstructure in both cases suggests that PTOthe larger memory window of 3.3V is also obtained for
films could be integrated on Si with either ultra-thin SiO  PTO/AL O3 dielectric. These excellent results indicate that

or Al,O3 buffer layers. PTO films could be integrated on Si if using highAl,03
The electrical properties of PTO films are further ex- rather than SiQ gate dielectric as the buffer layer.
amined byC-V measurementrig. 4(a) and (b)show the Both J-V characteristics of PTO/Sgand PTO/A}O3

C-V characteristics of PTO/SiOand PTO/AbO3 stacked are shown inFig. 5(@) and (k) respectively. Typical
dielectrics, respectively. The sweep voltages in this mea- Fowler—Nordheim (F—N) tunneling currents at high voltage
surement change betweerl0 and—10V back and forth at  region are observed in both cases and it indicates the good
the frequency of 1 MHz. For PTO/SiCstacked dielectric,  quality of both stacked dielectrics on Si with little dielec-
as shown irFig. 4(a) an accumulation capacitance of only tric defect-induced leakage current. The current density of
64 pF is measured. Besides, the transition between accu5.6 x 10~8 and 13 x 10~/ Acm~2 are measured at an ap-
mulation and depletion regions is elongated and distorted plied voltage of—2.5V for PTO/SIiQ and PTO/A}O3 and
from the typical high frequencZ-V curves. The obvious they are acceptable for gate dielectric application. Because
distortion in C-V curves indicates that more interface trap the grain sizes in both PTO films are very similar, the larger
density was generated in the Au/PTO/SI8 capacitor. In leakage current in PTO/AD;3 is not due to PTO structure
other words, the PTO probably tends to react with SiO itself but due to the slightly inferior quality of AD3 gate

to form a non-ferroelectric pyrochlore phase at PTO/SIO dielectric to thermal Si@ However, the leakage current is
interface even at temperatures as low as%5({¥]. The di- still low enough for advanced deep spia application.
electric constant of PTO films on Sy about 42, which is

relatively low as compared to the data reported in literature

[18]. This result suggests that different buffer layers would 4. Conclusions

affect the electrical properties of the ferroelectric films. In

contrast, as shown iRig. 4(b) PTO films on AbOs have In conclusion, we have studied the characteristics of fer-
the higher capacitance value of 170 pF and the higher di- roelectric PTO thin films on both ultra-thin Sj@nd AbO3
electric constant of 116. In addition to the well-behaved gate dielectrics buffered Si. The PTO ony®g has much
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better memory performance than that on thermabSihe

excellent memory characteristics are evidenced from the

large 3.3V threshold voltage difference, well-behaté/
curves, and small leakage current.
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