PS-1-04

Extended Abstracts of the 2019 International Conference on Solid State Devices and Materials, Nagoya, 2019, pp631-632

Systematic analysis of electron traps of HfSiON/SiO: nMOSFETs
using TSCIS

Giyoun Roh!, Hyeokjin Kim!, Youngkyu Kim? and Bongkoo Kang!

'Pohang Univ. of Sci. and Tech., POSTECH
San 31, Hyoja-dong
Pohang, Kyungpook 790-784, Korea
Phone: +82-54-279-5939 E-mail: gyroh@postech.ac.kr
2University of Uiduk
San 50, Yugeom-Ri
Kangdong-myon, Gyeongju, Gyeongbuk 790-784, Korea

Abstract

This paper proposes a quantitative oxide trap
profiling method for both pre-existing and
stress-induced oxide traps using trap spectroscopy by
charge injection and sensing (TSCIS) and investigates
positive bias temperature instability (PBTI) mechanism
of HfSIiON/SiO: nMOSFETs based on the extracted
oxide traps. The extracted pre-existing traps and
PBTI-induced traps are located at ~0.3 eV and ~0.8 eV
below the HfSiON conduction band edge. The
experimental results indicate that the energy level of
electron traps can be shifted downward due to lattice
relaxation once electrons are trapped at pre-existing
traps by PBTI stress.

1. Introduction

The oxygen vacancies in high-k dielectric act
trap/de-trap sites of electrons or holes and can be generated
additionally by BTI [1-4]. K. Torii et al. reported that the
empty oxygen vacancies (V,2") in high-k dielectric act
electron trapping sites and oxygen vacancies level is shifted
downward for V," and V, due to lattice relaxation [5].

The distribution of oxide defects be investigated by trap
spectroscopy by charge injection and sensing (TSCIS)
method [6]. TSCIS method is consistent and quantitative
model for pre-existing oxide trap. However, high-k
nMOSFETs have large polarizability [7] and oxygen
vacancies in high-k dielectric can be shifted downward due
to PBTI, so both pre-existing and PBTI-induced oxygen
vacancies have to be investigated for identifying PBTI
mechanism and reliability of high-k nMOSFETs.

This paper proposes a quantitative oxide trap profiling
method for both pre-existing and PBTI-induced oxygen
vacancies and investigates PBTI mechanism of
HfSiON/SiO, nMOSFETs based on the extracted oxygen
vacancies in HfSiON.

2. Experimental devices

The devices for the experiment were nMOSFET with
gate length L = 48 nm and gate width ' = 10 um, which are
fabricated using 48 nm CMOS technology. The n* poly-Si
gate electrode was formed on the TiN layer which was
deposited on top of HfSiON by atomic layer deposition. The
gate dielectric material consisted of a 3-nm-thick HfSiON
layer and a 1-nm-thick SiO; interfacial layer. All electrical
parameters were measured using an Keysight B1500A

semiconductor device analyzer. The parameters for oxide
trap profiling are listed in Table 1.

Table 1 The parameters for oxide trap profiling

Parameter  Notation Value

é S¥Si0, barrier heights 32eV
#; HISION/SIO, barrier heights 1.7eV

773 SiO, thickness 1 nm

e HISION thickness 3nm

& Si dielectric constant 11.7

& Si0; dielectric constant 3.9

Eni HISiON dielectric constant 15

my Relative electron mass in SiO, 0.5m,

my Relative electron mass in HfSION 0.24m,

o Electron capture cross section in SiO, 1x10°'8 cn??
Ok Electron capture cross section in HfSION 1310718 e

3. Results and Discussion

The trap level of oxygen vacancies in high-k dielectric
can be changed when PBTI stress is applied to gate, so both
pre-existing and PBTI-induced oxygen vacancies have to be
investigated for identifying PBTI mechanism accurately.
The proposed algorithm to extract both pre-existing and
PBTI-induced traps was represented by following flow
chart (Fig. 1).
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Fig. 1 The algorithm of oxide trap profiling

For applying the algorithm, it is necessary to divide charge
voltage (V1) and stress voltage (Vg ). The separation of Ve
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and V. was determined by the stress-induced leakage
current (SILC), which is calculated from pre-stress gate
current /o(fresh) and post-stress gate current [g(stressed).
The SILC at V,=1.0 V was measured at different V. (Fig.
2).
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Fig. 2 The SILC for separation of Ver and Ve

The decrease of SILC means electron trapping at
pre-existing traps in HfSiON and the increase of SILC
means newly trap generation [8]. The results of SILC in
HfSiON/SiO, nMOSFET showed that both initial trapping
and newly trap generation was increased with increasing
Vesr and newly traps were generated at early stress time
when V. was increased. However, SILC at Vg = 1.7 V
was decreased consistently with increasing #, it means that
electron trapping occurs only in range of Vg < 1.7 V. Thus,
Ver was determined in range of V, < 1.7 V.

The algorithm in Fig. 1 had two-step procedure for
initial trap and PBTI-induced trap respectively. At charge
cycle for initial trap profile of stepl, Vy-shift (AVy) was
measured with increasing charge time () at Ve, (Fig. 3a).
At initial stage of step 2, PBTI stress was applied to gate
electrode for trap generation. Then, trapped electrons were
de-trapped by applying discharge voltage (Vaischarge). After
most of trapped electrons are de-trapped by repetitive
recovery phase, AV, was measured again with increasing 7.
at Ve, for identifying the change of trap density and trap
position under PBTI (Fig. 3b).
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Fig. 3 AV vs. ten at pre-stress (a) and PBTI stress (b).

The plots of Fig. 3a and Fig. 3b was converted to TSCIS
map using the proposed method (Fig. 4). The pre-existing
traps related to V,*" were located at ~0.3 eV below the
HfSiON conduction band edge. Once electrons were
trapped at pre-existing traps by PBTI stress, the energy level
of electron traps was shifted downward by ~0.8 eV due to
lattice relaxation. The lattice relaxation such as V,>" + ¢ —
V," is caused by large polarizability of high-k nMOSFETs

[10], so newly generated traps related to V," were increased
and pre-existing traps related to V,>" were partially
decreased under PBTI.

Fig. 4 The oxide rap profile at pre-stress and PBTI stress.

4. Conclusions

A quantitative oxide trap profiling method for both
pre-existing and  stress-induced oxide traps for
HfSiON/SiO, dielectric nMOSFETs is proposed. The
proposed method uses a TSCIS and measures the
stress-induced leakage current (SILC) to determine charge
voltage (Vo) and stress voltage (Vg). The extracted trap
energy level are shifted downward from 0.323 eV for V,*" to
0.798 eV for V,* under PBTI. The experimental results
indicate that the energy level of electron traps can be shifted
downward due to lattice relaxation caused by large
polarizability of HfSiON/SiO, nMOSFETs under PBTI.
Thus, the proposed method is very useful for oxide trap

profiling of high-& nMOSFETs which has large
polarizability.
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