J. KIEEME
Vol. 24,
DOI: 10.4313/JKEM.2011.24.3.182

No. 3, pp. 182-187, March 2011

182

La0| EAE DFMA/HE HOIEJI HEE Lt 27
NMOSFETO|A{2] PBTI ME|d2] §Ed 24
Ao, sold, gag| S¥S, oy, A5, AN, Y,
DHE’, o1/’ o5y’

L R B

Analysis of Positive Bias Temperature Instability Characteristic for
Nano-scale NMOSFETs with La-incorporated High-k/metal Gate Stacks

Hyuk-Min Kwonl, In-Shik Hanl, Sang-Uk Parkl, Jung-Deuk Bokl, Yi-Jung Jungl,
Ho-Young Kwakl, Sung-Kyu Kwonl, Jae—-Hyung Jangl, Sungyong G02,

Weon-Mook Lee2,

and Hi-Deok Lee"®

! Department of Electronics Engineering, Chungnam National University, Daejeon 305-764, Korea
’ DMS Co., Ltd, Suwon 443-803, Korea

(Received January 13, 2011; Revised February 7, 2011; Accepted February 18, 2011)

Abstract: In this paper, PBTI characteristics of NMOSFETs with La incorporated HfSiON and HfON are
compared in detail. The charge trapping model shows that threshold voltage shift (AVr) of NMOSFETSs
with HfLaON is greater than that of HfLaSiON. PBTI lifetime of HfLaSiON 1is also greater than that of
HfLaON by about 2~3 orders of magnitude. Therefore, high charge trapping rate of HfLaON can be
explained by higher trap density than HfLaSiON. The different de-trapping behavior under recovery
stress can be explained by the stable energy for U-trap model, which is related to trap energy level at
zero electric field in high-k dielectric. The trap energy level of two devices at zero electric field, which is

extracted using Frenkel-poole emission model,

is 1,658 eV for HfLaSiON and 1,730 eV for HfLaON,

respectively. Moreover, the optical phonon energy of HfLaON extracted from the thermally activated gate
current is greater than that of HfLaSiON.
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Fig. 1. Threshold voltage shift (AVr) increases during
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Fig. 2. Comparison of sub-threshold slope (SS) and
Gm.max for HfLaSiON and HfLaON under PBT
stress. (a) SS degradation (b) Gm.max degradation.
Vr induced by
negligible under PBT stress.
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Fig. 3. Dependence of AVt on various temperatures
(25C, 80C, and 125C) under PBT stress.
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Fig. 4. PBTI lifetime of HfLaSiON is about 2~3 orders
of magnitude greater than that of HfLaON. Severe
degradation of HfLaON indicates that bulk trap density
of HfLaON is greater than that of HfLaSiON.
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Fig. 5. Different behavior of threshold voltage shift
between HfLaON and HfLaSiON under relaxation
stress. This shows that the deep recovery of HfLaON
is due to the difference of stable trap energy level at
negative U-trap model.
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