
Bnended Abstlacl! of the 2000 Intcmational Cotrfcrclrcc on Solid Ststc Dcvicd and Materisk, S€ndri, M, pp. 162-163

A-3-4
Effects of Step Coverage, Cl Content and Deposition Tenperature in TiN Top Electrode on the

Reliability of Ta2O5 rnd Al2O3 MIS Capacitor for 0.13 ,rm Technology and Beyond

Hyun Seok Lim, Sang Bom K*9, In Sang Jeon, Gil Heyun Choi,
Young Wook Park, Sang In Lee and Joo Tae Moon

Process Development 2, semiconductor R&D Center, Samsung Electronics
San #24 Nongseo-Ri, Kiheung-Eup, Yongin-City, Kyungki-Do, KOREA

TEL 82-33 1-209-4975, FAX 82-33 I-209-6299, E-mail: Itsleem@samsung.co.kr

1. Introduction

The need for a MIS (Metal Insulator Silicon) capacitor is
increasing more than ever with continuing scale-down of
DRAM. Currently, the most widely studied technique for the
metal electrode is TiCL-based CVD-TiN. As the dimensions in
the next generation of DRAM shrink, not only the improved
electrical properties but also superior reliability is required. In
this work, the effects of Cl content, step coverage and
deposition temperature of TiN process on the electrical
properties and reliability of TazOs and AbOr MIS capacitor are
investigated in fully integrated lc-bit DRAM based on 0.l3pm
technology. In addition, a novel ALD (Atomic Layer
DepositionFTiN process is compared to the conventional
CVD-TiN.

2. Experimental

The electrical properties and TDDB (Time Dependant
Dielectric Breakdown) properties of TiN processes with high Cl
content and poor step coverage are compared to the normal
TiN process as listed in Table I. The normal CVD-TiN films
are deposited at 620"C, and ALD-TiN films are deposited at
525T. The effect of TiN deposition temperature is also
investigated. The tested sfructure of MIS capacitor is
poly/TiN/dielectric/rugged-poly in lc-bit DRAM based on 0.13
/an technology. The stressing and measuring voltages of TDDB
are 5V and lV at 125C. the correlation between TDDB and
device reliability is confirmed by Vp dependence of solid "0"
l0sec fail bit counts.

3. Results and Discussion

Step Coverage and "Cl" Content
The cross-sectional SEM images of lc-bit DRAM

capacitors based on 0.l3gm technology is shown in Fig.l. The
complicated structure of the storage node and the morphology
of rugged poly-Si require a conformal deposition of the top
electrode, The most important consideration for TiN electrode
process in high density DRAM is step coverage and impurity
content such as Cl. Fig.2 shows the effects of poor step
coverage and high Cl content on the I-V and capacitance
characteristics of TwOs capacitor. The leakage current of TiN
with 39% step coverage (sample 2) at l.2Y is three times
higher than that of 80% step coverage (sample l). The level
of leakage current depends critically on the step coverage of
TiN. On the contrary, increasing the Cl content of TiN from
lYo to 3olo results in negligible effect on the level of leakage
current (sample 3). However, the mean time to failure of
TDDB for high Cl content is about one order of magnitude
shorter than that of poor step coverage, as illustrated in Fig.3.
The TOF-SIMS analysis result in Fig.4 shows that the amount
of Cl diffused to the Ta:Os after post heat treatment is
proportional to the Cl content in TiN. Although the negative
effect of poor step coverage is dominantly displayed in leakage
current characteristics, high Cl content has a stronger effect on
the degradation of the reliability in MIS capacitor.

Effect of Deposition Temperature on Tazos
One of the drawbacks of CVD-TiN in MIS top electrode

application is the reduction of the dielectrics by NH, which
may lead to severe reliability problems. Fig.5 illustrates the

effect of TiN deposition temperature on TDDB with TazOs.
The mean time to failure is substantially decreased with
increasing deposition temperature. The longest failure time is
obtained with ALD-TiN in which the deposition temperature
is more than l00C lower than that of CVD-TiN with
comparable Cl content. This phenomenon is reconfirmed by
the I-V curves in Fig.6 in which TarO, is exposed to NHr at
various temperatures before' the deposition of TiN. The
exponential increase of leakage current by increasing the
temperature of NH. exposure is related to the reduction of
Ta:Os, which implies that lower deposition temperature of
CVD-TiN is desirable as long as NH: is used as reactant.
With ALD-TiN process, conformal and low resistive TiN
films can be deposited at relatively low deposition
temperature of 500C with minimal NHr effect. [l]

Effect of Deposition Tenqterflture on AIzOt
The negative effect of high deposition temperature is

applicable to all dielectrics including ALO.. Fig.7 shows the
TDDB results of AlrO. MIS capacitor as a function of TiN
deposition temperature. The mean time to failure is rapidly
degraded when the deposition temperature of TiN is 700C or
above. The leakage current and capacitance characteristics are
almost identical even for 700C. The difference between Al,O.
and TazOs is that there is no gradual degradation of mean
failure time with AlzO:. This difference can be attributed to
the thermodynamic stability of AlzO. against reduction. [2]

TDDB vs, Vp Dependent Solid "0"
Fig.8 illustrates the Vp dependent solid "0" fail bit counts

with ALD-TiN at 525"C and CVD-TiN at 700C which
exhibit a substantial difference in TDDB mean time to failure
as shown in Fig,7. The Vp for generation of solid ''0'r fail
bit with static reflesh time of 10 seconds with ALD-TiN is
higher than 2.0V. In contrast, exponential increase of fail bit
counts is observed at Vp of l.3V in the case CVD-TiN
which is deposited at 700C. Although the identical leakage
current and capacitance characteristics cannot be correlated to
the solid "0" results, TDDB results are well correlated to the
trend of fail bit generation.

4. Conclusion

In conclusion, the reliability of TazOs and ALO, MIS
capacitor depends strongly on the factors such as Cl content,
step coverage and deposition temperature of TiN top electrode
process. Among those factors, only poor step coverage shows
distinct electrical properties. Although similar electrical
properties are measured with high Cl content and high
deposition temperature TiN processes, difference in the orders
of magnitude is observed in TDDB measurements.

In addition, the degradation of TDDB characteristics is
directly correlated to early generation of Vp dependent solidtr0r' fail bit counts. Due to relatively low deposition
temperature as well as excellent step coverage and low
resistivity, ALD-TiN process is ideal for enhancement of the
reliability in MIS capacitor.
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Table 1. Basic properties of each sample

Step Coverage

(%)

Reststtvity

(uA'cn1
Cornment

Sample 1 t0 150 Normal

Sample 2 39 155 Poor step coverage

Sample 3 80 355 High Ct content
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Fig. I Cross-sectonal SEM images of lG-bit DRAM capacitor based
on 0.13/an tcchnolory. (PoIy-St fu removed by chemical etching. Only
Taros and TiN remain)
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Elg. 4 TOF-SIMS analysis of armealed samples which have
a TiN films with different Cl content level
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Fig. 6 Degradation of leakage curnent in TazOr after
exposing to I\II3 as a function of temperature.
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fig. 5 TDDB charac{erisdcs of TazO: with TiN films
wlth dlfferent deposition temperature.
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Fig. 7 TDDB characteristics of ALO, with TiN films
with dilfenent deposition temperrture.
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