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Effects of N-rich TiN Capping Layer on Reliability hardly affects the IL because the nitrogen is myostl
in 20nm Gate-L ast High-k/M etal Gate MOSFETSs contained within TiN capping layer. From the X-ray
photoelectron spectroscopy (XPS) depth profileRim 2),
K.D Baé"™’, K.T Leé, H.C Sagony M.H Choé, HW Leé,  the N-rich TiN capping layer sample shows the high
S.E Kinf, K.S KinP, J.K ParR S.W Pagand J.W Pafk nitrogen concentration in the high-k layer but the
concentration is low in the IL. The samples fakigdawith
aSystem LS| Division, Samsung Electronics Co. N-rich TiN capping layer shows negligible differenin
®Samsung Semiconductor Institute of Technology, Kore gate leakage current compared to the reference (no

ab 5an #24 Nongseo-Dong Giheung-Gu, Yongin-City,  hitridation) sample while PN sample shows a nobbea
Gyeonggi-Do, Korea 446-711 increase (shown in Fig. 3) at the given Tinv thigkses. As

indicated above, the sample by PN is supposed @ ha

One of the major challenges for the gate-first apph in ~ more defects, resulting in the more gate leakage,td N
high-k/metal-gate (HK/MG) transistor fabricationfisding ~ injected into IL. On the other hand, N-rich TiN pamy
the gate stacks that can survive high temperatuneading layer itself only affects the gate stack with néiuance on
(typically over a thousand degrees, °C) and corgatiith the IL. Hence, there is no difference of oxide defeand
strain techniques. As transistor size scales divibecomes ~ gate leakage current in this study.
hard to find the metals which can endure 1000°Gher Fig. 4 shows that NBTI on the sample with N-rictNTi
high annealing temperature without the metal woricfion ~ capping layer has a slight increase in, \8hift(AVy,)
shift that causes performance degradation. Thezgfar ~compared to the reference sample; however, it ¢din s
gate-last technology where high temperature protess surpass 10yr lifetime reliability goal. The PN sdenpas
been decoupled from the metal gate processing bas b >2x higher degradation than the reference. We datecu
introduced [1]. However, reliability concern is lbaging that the plasma-enhanced nitrogen results in mefects
severe, since gate stack can't suffer enough tHermaon IL due to plasma damage. In case of PBTI (shown
treatment [2]. Fig.5), AVy, for the N-rich TiN capping layer and PN

In this paper, time-dependent dielectric breakdownsamples showed large reduction compared to theerefe.
(TDDB) and bias temperature instability (BTI) of Itis attributed to the nitrogen passivation ofet$ (known
transistors fabricated in 20nm HK/MG gate-last teithgy as Oxygen vancancies) in the high-k bulk layer.. Fg
are studied with focus on nitrogen enrichment ieside  shows that TDDB characteristics of the nFET regeasliof

HK/MG stack and its reliability effects. N-rich TiN capping layer and PN have also more ionpd
over the reference. However, PN technique hasdtinits
Experimental results and Discussions to simultaneously meet TDDB and BTI. In conclusid\,

Nitridation in HK to reduce oxygen vacancy is orfe o rich TiN capping layer can be optimized to meethbot
candidate methods for improving reliability in HK@®1  BTI/TDDB reliability requirements without increase the
technology [3]. However, to prevent,dduced defect gate leakage current.
generation leading to extra NBTI degradation, désirable
that nitrogen should be concentrated in the bul®Hfhile
interface layer (IL) is nearly nitrogen free. Tda@t such
stack, deposition of N-rich TiN capping layer vesqlasma
nitridation (PN) was used as,Ncuring methods are
compared in this study (in Fig.1). N-rich TiN dejiosn
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Fig. 1. Schematic diagram of 20nm gateFig. 2. XPS depth profile of HK/IL+Si Fig. 3. Comparison of gate current

last HK/MG MOSFETSs with N-rich TiN stack by N-rich TiN method sample. density shows that N-rich TiN capping

capping or plasma nitridation. layer induces no significant difference
compared to the reference.
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Fig. 4. A slight difference between thémig. 5. N-rich TiN capping layer Fig. 6. Comparison of TDDB
sample with N-rich TiN capping layerdecreases 4Vy, significantly due to characteristics between N-rich TiN
and the reference. nitrogen passivation. capping layer and PN method.



