P-9-13

Extended Abstracts of the 2011 International Conference on Solid State Devices and Materials, Nagoya, 2011, pp348-349

Electrical Characteristics and TDDB Reliability of ZrO,/Al,03/Zr0O, Stack High-x
Gate Dielectric
Cheng-Li Lin"", Shu-Ching Wu*, Chi-Chang Tang!, and Ming-Yen Li?
'Department of Electronic Engineering, Feng Chia University, No.100, Wenhwa Rd., Seatwen, Taichung, Taiwan 407, R.O.C.

%Fab 111 Thin Film Department, ProMOS Technologies Inc., No. 19, Ke Ya Road, Daya Township, Taichung County, Taiwan
428, ROC

Phone: +886-4-24517250 ext. 4969

1. Introduction

As devices dimension continuing scaling, the gate oxide
film is also shrunk below 1.6 nm, and it will increase the
gate leakage current, and degrades in the device performance
and power consumption issues. Thus, high «k dielectric mate-
rials such as HfO,, Ta,Os and ZrO, have been intensively

investigated to replace the conventional silicon dioxide [1-5].

Among these high x materials, the dielectric constant of
ZrO, material can be controlled by different crystal phase
[5,6]. The tetragonal phase of ZrO, film possesses higher
dielectric constant (k~47) than that of cubic phase ZrO,
(x~37) and monoclinic phases ZrO, (k~29) [5]. To reduce
the leakage current and to get the higher k value, the
amorphous Al,Oj; thin film is inserted into the ZrO, film to
achieve the superior dielectric. ZrO,/Al,O5/ZrO, (ZAZ)
structure has been used to improve the characteristics of
MIM capacitance [6]. Little study investigates the characte-
ristics of ZAZ gate stack dielectric and the reliability. In this
work, we investigate the electrical characteristics and TDDB
reliability of ZAZ gate dielectric. Additionally, the post de-
position nitrogen annealing (PDA) and post metal deposition
nitrogen annealing (PMA) are also investigated. The optimal
annealing temperature is also investigated in this work.
2. Experimental

Metal-insulator-semiconductor (MIS) structure was used
to evaluate the characteristics of ZAZ dielectric. The starting
materials were p-type, (100)-oriented silicon wafers. After a
standard RCA cleaning, tegragonal-ZrO, (4.5nm), amorph-
ous-AlL,O; (0.6nm), tegragonal-ZrO, (4.5nm) layers were
subsequently deposited by the atomic layer deposition
(ALD). After that, samples were separated to two groups.
One group samples were introduced to the PDA treatment
(from 400 to 700°C). A 50nm-thick TaN film was deposited
as the top metal gate electrode. The other groups were in-
troduced to the PMA treatment (from 400 to 900°C). Finally,
a 200 nm-thick Al was evaporated at the backside as another
electrode, the schematic of MIS structure and process steps
was shown in Fig. 1.
3. Results and Discussion

Fig. 2 and 3 show the gate leakage currents of
TaN/ZAZ/p-sub samples of TaN/ZAZ films following PDA
treatment at 400, 500, 600, and 700°C, and the ZAZ films
following PDA treatment at 400, 700, and 900°C in accu-
mulation mode. The leakage currents are obviously reduced
at 400°C PMA and 700°C PDA treatments. This is attributed
to the fact that thermal annealing reduced the number of de-
fects/traps in the high-x film. Presumably, the thermal an-
nealing changed the microstructure of ZAZ film, leading to
the large leakage current at higher PDA and PMA treatment.
The cumulative distribution of voltage ramp dielectric
breakdown (Vgpg) is shown in Fig. 4. For PMA treatment,
the distribution of Vypp at 600°C treatment is starting toward
negative bias direction. In the other hand, the 900°C PDA
treatment, the distribution reveals the smallest value of Vypg.
The cross-section TEM image of as-deposited
TaN/ZAZ/p-sub sample is shown in the Fig. 5. Obvious
crystalline phase of ZrO, and amorphous Al,O; were ob-
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served. The interfacial layer is around 1.5 nm in the interface
of ZrO,/p-sub. From the XRD analysis as shown in Fig. 6,
we presume the PMA treatment above 600°C, the top TaN
metal is enhanced to form the crystalline phase of Ta,N(101),
and/or the TaN is intermixed with under ZrO, film, leading
to the degradation the intensity of ZrO,(111) phase. This
also degrades the k value (see Fig. 10). For PDA treatment,
although the tetragonal-ZrO,(111) phase is increased by the
temperature of PDA treatment, another crystalline phases of
Zr0,(220) and ZrO,(311) also appears in the film, the net
contribution of tetragonal-ZrO,(111) phase will degrade by
others crystalline phases appearance. Fig. 7 and 8 show the
reliability of time dependent dielectric breakdown (TDDB)
of ZAZ structure with PMA and PDA treatment, respective-
ly. The time to breakdown (Tpp) is increased with PMA
treatment, except for the 700°C PMA treatment. Some pro-
gressive breakdowns are observed in the as-deposited and
400°C PMA treatments. At 700°C PMA treatment, more
defects/traps in the ZAZ structure, resulted in the soft
breakdown happen and inferior reliability [3]. For PDA
treatment, more clearly hard breakdowns are observed at the
400°C and 700°C PDA treatments. But PDA treatment at
900°C, ZrO, film reveals more crystalline phases, leading to
more defects/traps in the grain boundaries, and resulted in
the inferior reliability. Fig. 9 shows the Weibull distribution
of TDDB reliability, the PMA 500°C and PDA 700°C show
the longest Tpps. Fig. 10 shows the capacitance versus vol-
tage (CV) curve of ZAZ dielectric with PMA and PDA
treatments. The largest capacitance value is found at PMA
500°C treatment. Additionally, the PDA treatment will de-
grade the capacitance. Presumably, more non-tetragonal
ZrO, crystalline phases are appeared and degraded the di-
electric constant. The effective dielectric constant (k.g) is
calculated by the capacitance at -4V and the thickness of
ZAZ stack structure (including IL layer). Thus, the highest
Ker 1S 38 for the ZAZ structure following 500°C PMA treat-
ment.
4.Conclusion

This work investigates electrical characteristics and
TDDB reliability of ZrO,/Al,05/ZrO, (ZAZ) stack high-k
gate dielectric. The PMA and PDA treatments are beneficial
to improvement the TDDB reliability. In addition, the capa-
citance of ZAZ dielectric with PMA treatment shows the
higher value of capacitance than that of PDA treatment. The
PDA treatment will lead to more non-tetragonal crystalline
phases in the ZrO, film, and degrade the value of capacit-
ance (x value). Thus, the PMA treatment is better than the
PDA treatment. The optimal temperature of PMA treatment
is at 500°C, and the effective dielectric constant is 38.
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Fig. 5 TEM microscopy of as-deposited
ZrO,/Al,05/ZrO,/p-sub sample.
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Fig. 9 Weibull distribution of time-to-breakdown (Tgp) for
TaN/ZrO,/Al,05/ZrO,/p-sub samples under constant voltage stress

(CVS) in accumulation mode.
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Fig. 10 Capacitance-voltage (CV) curves of TaN/ZrO,/Al,04/ZrO,/p-sub
samples with various temperatures of (a) PMA (b) PDA treatments.
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