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NiCr alloys are prepared onto poly-Si/SiO./Si substrates to replace Pt bottom electrode with a
new one for integration of high dielectric constant materials. Alloys deposited at Ni and Cr
power of 40 and 40 W showed optimum properties in the composition of Ni; ¢Cryo. The grain
size of films increases with increasing deposition temperature. The films deposited at 500°C
showed a severe agglomeration due to homogeneous nucleation. The NiCr alloys from the rms
roughness and resistivity data showed a thermal stability independent of increasing annealing
temperature. The 80 nm thick BST films deposited onto Ni; ¢Cr; ¢/poly-Si showed a dielectric
constant of 280 and a dissipation factor of about 5 % at 100 kHz. The leakage current density of
as-deposited BST films was about 5 x 107 A/em” at an applied voltage of 1 V. The NiCr alloys
are possible to replace Pt bottom electrode with new one to integrate for high dielectric constant

materials.
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1. INTRODUCTION

Barium strontium titanate, (Ba,Sr)TiO; (BST), thin
films have received a great deal of attention as a likely
candidate for dynamic random access memory (DRAM)
applications[1-3]. The direct integration of BST films
onto polycrystalline silicon plug for a DRAM capacitor
structure has many problems. One of the primary
problems is the need to deposit the BST films under
oxidizing conditions and to minimize postdeposition
thermal treatments under low oxygen partial pressures,
as the perovskites are susceptible to reduction. This also
limits the choice of electrodes as well as barrier layers
for the capacitor stack to either Pt, Ru, or conducting
oxides, because insulating oxides formed at the BST-
electrode interface will lower the stack capacitance. The
choice of electrode structures is very important for both
processing and integration.

Ferroelectric thin films are normally fabricated with
metal-ferroelectric-metal (MFM) structure using Pt

which has been the most commonly used metal electrode.

The conductive oxide electrodes, such as IrO, [4], RuO,
[5-6], YBa,Cus;0; (YBCO)[7], (La,Sr)CoO; (LSCO)[8]
and SrRuOs;[9] have been intensively used in the

preparation of ferroelectric Pb(Zr,Ti)O; (PZT) and
SrBi,Ta,0y (SBT) thin film capacitors. The conductive
oxide electrodes including Pt, Ru, and Ir metals have the
drawbacks of high cost and/or complicated structure for
the memory device application. The promising electrode
materials are known to be Ni-alloys, which have
characteristics of excellent heat- and oxidation-resistance
even at high temperature[10-11]. The cheap and simple
Ni-alloy electrodes can replace Pt and Ir-based
electrodes with a new one for integration of ferroelectric
thin films.

In this study, the structural and electrical properties of
Ni-alloys as the bottom electrodes for ferroelectric thin
films were investigated with deposition parameters.
The BST films deposited on the optimum NiCr bottom
electrode were investigated for the dielectric properties
and leakage current through the observation of
BST/NiCr interface.

2. EXPERIMENTAL

NiCr bottom electrodes were prepared on
polycrystalline silicon (poly-Si) by dc magnetron
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Table 1. Deposition conditions of NiCr alloys by dc sputtering and BST films onto NiCr bottom electrodes by rf

magnetron sputtering

Ni/Cr Electrode BST Thin Films
Target material Ni, Cr metal target Sintered (Bag ¢5Srg.35)Ti05
Substrate poly-Si Ni—Cr/(l)aoly—Si
Base pressure of system 5% 10-6 torr 5%x10" torr
Working pressure 7 ~ 50 mtorr 10 mtorr
Sputtering power Ni: 10 ~40W 70W
Cr:10~40W
Sputtering gas(Ar:O;) 10:0 7:3
Deposition temperature RT ~ 5000C 5000C
Annealing temperature 500, 600, 7000C

sputtering using multi-target of Ni and Cr metal. In order
to eliminate native oxide of the poly-Si, Silicon wafers
were etched with the following schedule. Wafers were
etched for 10 sec using a HF 2.5 mol % solution and then
rinsed with deionized water for 5 min in ultrasonic
cleaner. After rinsing, wafers were again etched for 5 sec
in the solution in which mole ratio of HF 2.5 mol %
solution and C,HsOH is one to six. Finally, they were
blown with nitrogen (99.9999 % purity). The detailed
deposition conditions of NiCr-bottom electrode by dc
sputtering and BST films by rf magnetron sputtering are
summarized in Table 1. The film thickness and the
surface morphologies were determined from cross-
sectional and surface images by scanning electron
microscopy (SEM, AKASHI DS-130C). The surface
roughness and the crystal structure of the films were
examined by atomic force microscopy (AFM) and x-ray
diffraction (XRD), respectively. The film composition
was identified by Rutherford back scattering
spectroscopy (RBS). The NiCr/BST interface was
characterized by Auger electron spectroscopy (AES).
The resistivity of electrode structures was measured by
electrometer (CMT-SR 1000) using a four-point probe.
The dielectric and leakage current properties of
Pt/BST/NiCr/poly-Si structures were measured by
impedance gain phase analyzer (HP 4194A) and
Keithley 617 programmable electrometer, respectively.
Pt top electrodes ( A = 2.0 x 10™ cm® ) were deposited
through a shadow mask onto the BST thin films by dc
magnetron sputtering.

3. RESULTS and DISCUSSION

Figure 1 shows x-ray diffraction patterns of NiCr
electrodes deposited at room temperature in 7 mtorr
ambient as a function of Ni and Cr dc power. The dc

power of Cr was varied from 10 to 40 W in constant Ni
power of 40 W. The NiCr electrodes are crystallized even
at room temperature irrespective of Ni and Cr dc power.
The x-ray peak-position exhibiting the NiCr was slightly
shifted depending on the dc power of Cr. At Ni and Cr
power of 40 and 40 W, peak position of NiCr was
correctly consistent with that of the standard sample.
Therefore, all of data were obtained from the 40/40 W dc
power of Ni/Cr.
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Fig. 1. X-ray diffraction patterns of NiCr alloys
deposited at room temperature in 7 mtorr with various
Ni/Cr powers of (a) 40/10, (b) 40/30, (c) 40/40, (d) 30/40,
and (e) 10/40 W.

Figure 2 shows x-ray diffraction patterns of NiCr
deposited at room temperature in dc power of Ni
(40W)/Cr(40W) as a function of system pressure. The
crystallinity of NiCr decreases with increasing system
pressure. Generally, the deposition rate of films by
sputtering decreases with increasing above critical
system pressure because sputtered atoms or molecules
have a short mean-free path and are easily scattered in
high pressure ambient[12]. The decrease of film
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Fig. 2. X-ray diffraction patterns of NiCr alloys
deposited at room temperature with Ni/Cr powers of
40/40 W in various system pressures of (a) 7, (b) 10, (c)
30, and (d) 50 mtorr.

Fig. 3. SEM surface and cross-sectional images of NiCr
alloys deposited at various temperatures of (a) room
temperature, (b) 200, (c) 400, and (d) 500°C. (deposition
conditions : system pressure of 7 mtorr and Ni/Cr power
of 40/40 W)

__NiCr
poly-Si

Fig. 4. SEM surface and cross-sectional images of NiCr
alloys (a) deposited at room temperature and annealed at
(b) 500, (c) 600, and (d) 700°C in an O, ambient.
(deposition conditions : system pressure of 7 mtorr and
Ni/Cr power of 40/40 W)

thickness deposited at high pressure causes the decrease
of crystallinity. The optimum system pressure for NiCr
electrodes is about 7 mtorr in dc power of Ni (40 W)/Cr
(40 W) at room temperature.

Figure 3 shows SEM surface and crosssectional
images of NiCr electrodes deposited at various
temperatures under the deposition condtions of 7 mtorr
and dc power of Ni (40 W)/Cr (40 W). The grain size of
electrodes increases with increasing deposition

i temperature. The films deposited at 50°C showed a

severe agglomeration due to homogeneous nucleation.
The films deposited even at high temperature of 500°C
have a clear interface between NiCr and polySi. The
SEM surface and cross-sectional images of films as
deposited at room temperature and annealed at various
temperatures are shown in Fig. 4. The samples annealed
at 500°C in oxygen ambient had a typical surface
morphology due to the oxidation of Cr in the grain
boundary ( as shown in XRD patterns of Fig. 5) and
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showed a severe intermixing at interface between NiCr
and poly-Si. A severe interdiffusion at interface after
annealing at high temperature was due to the relief of
compressive stress formed in as-deposited films by
sputtering. The samples annealed at 700°C showed a

X : Ni-silicide
(Si) Y : Cr-oxide

Arbitrary Intensity

Fig. 5. X-ray diffraction patterns of NiCr alloys (a)
deposited at room temperature and annealed at (b) 500,
(c) 600, and (d) 700°C in an O, ambient.
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Fig. 6. RBS spectrum of NiCr alloys deposited at room
temperature in 7 mtorr with Ni/Cr power of 40/40 W.

abrupt increase of grain size, as compared with samples
annealed below 700°C. The NiCr electrodes deposited at
room temperature in 7 mtorr and dc power of Ni (40
W)/Cr (40 W) have the composition of Ni;¢Cr, o from
the RBS spectrum shown in Fig. 6.

Figure 7 shows the variation of the roughness and
resistivity of NiCr electrode with annealing temperature.
The rms (root mean square) roughness of NiCr electrode
slightly increases with increasing annealing temperature.
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The absolutely large roughness of NiCr electrode
deposited onto poly-Si was due to the large roughness
( rms roughness : around 3.5 nm) of 100 nm thick poly-
Si substrate used for NiCr deposition. These results
suggested that the roughness of deposition layer was
greatly influenced by that of substrate. The NiCr
electrode as-deposited at room temperature showed a
large resistivity compared with that of samples annealed
at various temperatures. The resistivity of samples
annealed at 500°C abruptly decrease and slightly
increase with increasing annealing temperature. The
resistivity of conducting materials depends on the
product of carrier mobility and carrier concentration. The
carrier mobility is inversely proportional to the film
roughness, and the carrier concentration is proportional
to the grain size[13]. The roughness of NiCr with
increasing annealing temperature up to 700°C showed
only a slight increase, compared with the as-deposited
electrode. The grain size of NiCr also showed a slight
increase with increasing annealing temperature. From
this result, resistivity of NiCr is seen not to significantly
vary with increasing annealing temperature, if NiCr is
not affected from the barrier layers. On the contrary, as-
deposited NiCr showed a large resistivity even though
samples showed similar roughness to annealed samples.
The films deposited at room temperature by sputtering
showed less dense structure and smaller grain size than
those deposited or annealed at high temperatures.
Therefore, the NiCr electrodes deposited at room
temperature had a high resistivity. The NiCr electrodes
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Fig. 7 The rms roughness and resistivity of NiCr alloys
annealed at various temperatures in an O, ambient.
((deposition  conditions as-deposited at room
temperature, system pressure of 7 mtorr and Ni/Cr power
of 40/40 W)
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Fig. 8. (a) Dielectric properties vs. frequency and (b)
leakage current density vs. applied voltage of BST thin
films deposited onto NiCr bottom electrode at
500°C.(deposition conditions of NiCr : system pressure
of 7 mtorr and Ni/Cr power of 40/40 W at 400°C)
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Fig. 9. AES depth-profile for the interface characteristics
in BST/NiCr/Si structures. (deposition conditions of
NiCr : system pressure of 7 mtorr and Ni/Cr power of
40/40 W at 400°C)

annealed even at 700°C in O, ambient after deposition at
room temperature have a low resistivity of about 55p Q-
cm that is enough to apply for integration of high
dielectric constant capacitor.

Figures 8 (a) and (b) show the dielectric properties and
leakage current behavior of 80 nm thick BST thin films
as-deposited at 500°C onto NiCr/poly-Si substrates by rf
sputtering. As shown in Fig. 8 (a), dielectric constant of
BST films slightly decreased with increasing an applied
frequency and dissipation factor was maintained
approximately 5% for the increase of applied frequency.
As-deposited BST films on NiCr electrodes have a
dielectric constant of 280 and a dissipation factor of 5 %
at an applied frequency of 100 kHz. The leakage current
of BST films showed a symmetric behavior for positive
and negative bias voltage without top electrode
annealing. The leakage current density of as-deposited
BST films was about 5 x 107 A/em® at an applied
voltage of 1 V.

Figure 9 shows the characteristics of NiCt/BST
interface using an AES depth-profile. During deposition
of BST at 500°C in an O, ambient, Cr diffused on the
NiCr surface reacts with Ba in BST films and forms
approximately 30 nm thick interface between BST and
NiCr. The formation of interface produces the Ba
deficient BST films and then degraded the dielectric and
leakage properties of BST films. The further experiments
need to be performed to prevent the diffusion of
chromium to NiCr surface at high temperature in an O,
ambient.

4. CONCLUSION

NiCr alloys deposited at Ni and Cr power of 40 and
40 W showed the optimum properties in the composition
of Ni; ¢Cr)o. The grain size of electrodes increases with
increasing deposition temperature. The films deposited at
500°C showed a severe agglormeration due to
homogeneous nucleation. The NiCr alloys from the rms
roughness and resistivity data showed a thermal stability
independent of increasing annealing temperature. The
BST films deposited onto Ni; 4Cr o/poly-Si showed a
dielectric constant of 280 and a dissipation factor of
approximately 5 % at 100 kHz. The leakage current
density of as-deposited BST films was about 5 x 107
A/cm” at an applied voltage of 1 V. The Ba deficient BST
films by the interface formation between NiCr and BST
films showed the degraded dielectric and leakage
properties. The cheap NiCr alloys are possible to replace
Pt bottom electrode with new one to integrate for high
dielectric constant materials.
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