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During the crystallization of amorphous YMa@hin film on Si(100) at 870 °C in a dry @ambient,

a nanoprecipitate layer was found between the YMradd the Si substrate. Lattice image
processing as well as high-resolution transmission electron microscopy showed that the
nanoprecipitate layer was a cubi¢Q; phase. Also, it showed that a native oxide was consumed by
the reaction with the Y atoms. Thj411] Y,O5 layer exhibited a local epitaxial relationship to the
c-axis oriented 0001 YMnO3. The formation of ¥O3 phase and the consumption of native oxide

at the YMnGQG,/Si interface are due to the Y atom which is better than Mn in its ability to oxidize
during heat treatment in Lambient. © 2000 American Institute of Physics.
[S0003-695(00/04550-2

The low dielectric constant in ferroelectric thin films has power density and chamber pressure were fixed at
been known as an essential factor for metal-ferroelectricd.85W/cnt and 5x10 3 Torr, respectively. The thickness

silicon field effect transisto(MFSFET), which is a cell de-
vice in the nondestructive readoiNDRO) ferroelectric ran-
dom access memorfFRAM).12 If the ferroelectric thin film

of the amorphous YMn©films was about 25 nm, and for
crystallization, the samples were annealed at 870°C for 1 h
in an oxygen atmosphere. After the crystallization process,

with high dielectric constant is used directly on Si for the the atomic structure and composition of the YMyISi in-
ferroelectric gate, the applied voltage for the ferroelectricterface were examined by HRTEM and AES. High-
thin film decreases significantly. This is due to the existenceesolution micrographs were obtained with a JEOL JEM
of the unwanted native oxide with low dielectric constant.2000EX microscope with point resolution of 0.21 nm oper-
Moreover, several problems concerning the reliability ofating at 200 kV. The atomic image processing was per-
MFSFET, such as retention, fatigue, depolarization, andormed using thesEMPER6 PLUSprogram, developed by Syn-
memory window, are strongly related to the ferroelectric thinpptics, Ltd. HRTEM images were compared with
film/Si interface. To improve these problems, ferroelectricdiffractograms using this image processing to confirm our
thin films with low dielectric constant have been proposed agpservations.
well as inserting an insulating buffer film between the ferro- Figure 1 shows a cross-sectional HRTEM micrograph of
electric thin film and S* YMnOs/Si. It was deposited at Ar ambient, and then an-
Among these ferroelectric thin films, YMnas a hex-  nealed at 870°C ol h in a dry Q ambient. This figure
agonal structure with lattice parametersact 0.614nm and  reyeals three distinct regions. First, there is a bottom amor-

c=1.140nm, and a single polarization direction along¢he phous layer about 13.0 nm thick. Second, there is a polycrys-
axis® In particular YMnGQ, has a low dielectric constant of

20, which is much lower than those of PRZr, _,O5 (PZT),

Bis »d-ag 7571501, (BLT), and SrBjTa,Oq4 (SBT). Therefore,
considerable efforts have been made to premasgis ori-
ented YMnQ films for the MFSFET® and to obtain ferro-
electric memory effects at low temperatutésHowever, al-
though interface information on YMn{Si structure is very
important in examining electrical properties such as the
memory window, the atomic structure of the YMgSi in-
terface is not seen carefully with high-resolution transmis-
sion electron microscopyHRTEM), lattice image process-
ing, and Auger electron spectroscofAES).

In this study, YMnQ thin films were deposited op-Si
(100 substrate with rf sputtering by using a YMp@®ingle
target (purity=99.9%) mixed with ¥O3; and Mn,O; at a
ratio of 1:1. During the deposition in an Ar ambient, the rf

A=057nm -
o, %

FIG. 1. Cross-sectional HRTEM micrograph of YMg(3i deposited in Ar

¥Electronic mail: jylee@mail.kaist.ac.kr ambient and then annealed at 870 °€ foh in a dry Q ambient.
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Y,05 [117]

(b)

FIG. 3. (a) Computer-generated Fourier spectrum of the interface structure
in Fig. 2 and(b) schematic representation.

FIG. 2. Highly magnified HRTEM micrograph of the polycrystalline thin

layer from Fig. 1. A1/B; andA,/B, are equal to 1.06. Imadet al. have re-
ported that (000) YMnOj; grows epitaxially on(111)
Y,0,/Si structures by molecular beam epitdx¥hus it is
very similar to the interface structure of molecular beam ep-
itaxial YMnO3; (0002 grown on Y,O3 (111) which was re-
rted by Imadaet al.

The formation of a polycrystalline )05 layer at the
nO3/Si interface is caused by the difference in the oxi-
dizing abilities of Y, Mn, and Sf.Also, as the Y/Mn ratio is
larger than unity in the starting amorphous I&\ieis natural

to infer that Y species diffuse to the interface easily and are
crystallized to %Oz The free energies for deoxidizing

talline layer about 8.5 nm thick. Third is a top layer of crys-
talline YMnO; about 20.0 nm thick. The distance between
lattice planes, indicated by “A” and “B” in the YMnQ

region, are 0.575 and 1.143 nm. These values are nearly e
same as 0.570 and 1.140 nm which are the interplanar spagy,
ings of the(0002 and (0002) planes, respectively. It means
that thec axes of YMnQ grains are preferentially oriented
normal to the Si(001) surface. This figure also shows the
interplanar distance between @il1) planes, 0.314 nm, as a

reference for the precise scale. Y,03, Mn,0O;, YMNnOg, and SiQ, which are thermodynami-

I_n order tq analyze _the polycrystalline thin Iayer_ more cally calculated at 870°C, are about 1558, 650, 1134, and
precisely, a middle section of Fig. 1 has been magnified, agqoq" ) 5/ respectively2° This means that the oxidizing
shown in Fig. 2. In a triangle drawn in Fig. 2, the distance !

ility of the Y at i t2.4ti ter than that of
between lines indicated by “A,” “B,” and “C” are 0.306, ability of the ¥ atom is abou mes greater than that o

0.246. and 0.433 h | v th Mn. The easily oxidizing ability of the excess Y species
240, and ©. nm. These values are nearly the same as tE)"r‘?)duced the interface layer of the crystallingO¢ phase at
spacings between thi@11} planes {133 planes, and211}

the YMnG;/Si interface. The most Mn species may not par-
planes of the YO; crystal, namely 0231,1’ 0.243,.and- 0.433 ticipate in the crystallization of YO; and diffuse to YMnQ
nm. These planes have a zone axis in f@&1] direction, oqion Thus, the composition of YMndilm on the crystal-
meaning that the 305 grain is oriented in that direction as ;a4 v,0, phase becomes more stoichiometric because ex-
well. Furthermore, the angles betweenl{} and (133

planes, (133 and (21) planes, and (211 and (3.1)

*
planes, which are indicated by«,” “ B,” and “v,” are 5 ;
77.5°, 42.5°, and 60°, respectively; these are very close to Q‘_——

the theoretical values of 78.0°, 41.5°, and 60.5°. These lat- B, = Ay =

tice spacings and angles between planes indicate that the 0.325 nm | 0.433 nm

polycrystalline layer is matched with a cubicQ; phase.
The diffractogram of the interface structure in Fig. 2 is A= dgy =0.375nm
presented in Fig. 3, together with a diagram identifying the

diffraction spots. Reflections from both the YMg@m and (a) Y20, (111) surface
the Y,0; precipitate can be clearly distinguished. The spac-
ings between diffraction spots in Fig. 3 are inversely propor- Cr O O
tional to the spacings of lattice fringes in Fig. 2. It is appar- 9‘\ e e /'le S I\(n)n
ent that the(0001) plane of YMnG, film is slightly deviated ol Cmmmnen O
from the Y,0O3[111] direction by the angle of 10°. In order SN SN ] [Bmdem
. Lo . Feo NSNS e =0.307 nm
to analyze the diffractogram quantitatively, the simulated & &5 A \;l:
atomic arrangements ¢£11) Y,05; and(0001) YMnOg crys- a, = 555t
tals are shown in Fig. 4. In the 05 (111 surface, the dis-

tance @,) between adjacent Y atoms is 0.375 nm and the dyoro = 0-531 im
spacing B,) between Y rows is 0.325 nm. Figuréb} also

shows that the spacing\g) between O atoms and the inter- (b) YMnO, (0001) surface

planar distanceR,) between O rows in the YMn{X0001)  FiG. 4. Graphic representations @b Y,0, (111) and (b) YMnO; (0003)
surface, are 0.354 and 0.307 nm, respectively. The ratios Glirfaces.
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10 oxide at the Si side of the interface. This suggests that the
(a) amorphous layer is not a native oxide but rather a Si-rich
Y-Si oxide. The driving force for reducing the Si@night
" p———— come from the crystallization of Y05 interfacial layer.

O\ Mn Y In conclusion, during the crystallization of amorphous
YMnO; thin film on Si(001) at 870 °C in a dry @ambient,
a thin Y,03; layer was formed at the YMngSi interface.
High-resolution transmission electron microscopy and com-

Peak to Peak Signal

10 (b) puter image processing revealed that the interplanar spacings
and angles between different planes were clearly matched
_,A_,,& e y e Ta . with those of cubic YOs. This polycrystalline ¥O; layer
ol Mn Si Y had a local epitaxial relationship of YMnQ0001)//Y ,04

(111). The formation of the ¥O; layer and the consumption
of SiO, in the amorphous layer are due to Y’s high affinity to
O during heat treatment in the,@tmosphere. This work

oll b Lo Lo 1111 suggests that, by depositing YMg@hin film directly on Si
390 570 750 930 1110 1290 1470 1650 1830 for metal-ferroelectric-insulator-silicon FEMFISFET), the
Kinetic Energy (eV) separate preparation of an insulating buffer layer is not nec-

_ _ . essary. Moreover, the )05 interfacial layer has relatively
FIG. 5. AES signals from(a polycrystalline region andb) amorphous high dielectric constant~ 15)13 compared with SiQ (3.9
region in YMnG;/Si interface. . . .

the layer might be the effect to increase the memory window

) o and breakdown voltage and so on. Also this work may pro-
cess Y species consumed by crystallization g@yphase at  yige us the opportunity to fabricate self-formed ferroelectric/
the interface. In the cubic Y05 structure, since th€lll)  jnsylator/semiconductor gate structures by only controlling
plane would have the lowest surface energy, (thel) ori-  ferroelectric materials.
ented Y,0; can be easily obtained during the solid-phase  Fyrther studies on the role of the nanoprecipitat®©y

crystallization. Thus, the-axis-oriented YMn@film can be  |ayer in the electrical properties afaxis oriented YMnQ@
grown on(111) Y;0;, taking account of the surface energy fiims are in progress.
and epitaxial relationship betweéd001) YMnO5 and(111)
Y ,05 during the crystallization. This study was supported by the Ministry of Science and
In the amorphous region, the composition is somewhailechnology through a Project for National Research Labora-
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