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Abstract

This paper investigated the impact of SHE on NBTI
degradation at 16nm SOI FinFETs by 3D TCAD simu-
lations. The SHE causes about 11.7% of Ias degradation
and aggravates NBTI degradation severely. The modi-
fied NBTI model with SHE is proposed and verified
under various stress conditions.
1. Introduction

FinFETs are regarded as the most promising candidate
for scaling down due to their excellent electrostatic integri-
ty [1]. However, heat dissipation in such nano-scale struc-
tures with narrow fins and buried oxide presents significant
challenges for device optimization and circuit design [2].
Although many works [3-5] have been reported to investi-
gate the self-heating effect (SHE) experimentally and theo-
retically, only few works assesse the influences of SHE,
especially on reliability issues. In this work, 3D TCAD
simulations are performed to explore the impact of SHE on
negative bias temperature instability (NBTI) in 16nm SOI
FinFETs under circuit operation. The modified NBTI mod-
el is proposed and verified under various circuit operation
conditions.
2. Device structure and simulation method

The simulated SOI FinFETs structure is illustrated in
Fig. 1(a) with parameters listed in Table I. The structure
and electrical parameters of SOI FinFETs in the simula-
tions are designed with reference to the 2013 ITRS re-
quirements for high performance logic device at 16nm
technology node [6]. 3D hydrodynamic transport model
and density gradient quantum correlations self-consistent
with lattice temperature equation are employed to investi-
gate SHE by Sentaurus [7]. The boundary thermal con-
ductance [8] are applied to the contacts shown in Fig. 1(b).
Our simulation is calibrated with experiments of 90nm
p-channel SOI FinFETs [9], as shown in Fig. 2. The
two-stage NBTI degradation model [10] coupled with the
transport model and lattice temperature equation are em-
ployed to assess the impact of SHE on NBTI degradation.
Considering the accuracy of this NBTI model in long stress
duration [11], the simulation stress times range from 1us to
Is.
3. Results and discussion

Fig. 3(a) illustrates the temperature distribution in the
16nm SOI FinFETs at saturation condition. The peak tem-
perature is over 410K located in drain extension. The Zgs- Vs
with/without SHE is shown in Fig. 3(b). The 45 degrada-
tion caused by SHE at Vg=V4=-0.86V is 11.7%. This indi-
cates that SHE can’t be ignored in 16nm SOI FinFETs. The
thermal resistances (Rg) in SOI FinFETs are extracted in
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Fig. 4. The statistical average temperature in silicon under
various total power for SOI FinFETs with gate length is
shown in Fig. 4(a). The slope of average temperature with
respect to total power is the extracted Rn shown in Fig 4(b).
With the gate length scaling down, the Ry increases and
SHE becomes severer.

In order to investigate the impact of SHE on NBTI re-
liability during circuit operation. Gate voltage stress (Vstress)
with a small drain bias (Vgs) [12] was applied. The lattice
temperature distribution along the channel with different
stress condition is shown in Fig. 5. The temperatures are
not uniform along the channel and increase with Viress at a
constant Vgs or Vs at a constant Vgress. The NBTI degrada-
tion simulation results with different stress conditions are
shown in Fig. 7 and Fig. 8. Fig. 7 shows the V; shift with
respect to stress time at different Vsress With a small Vi,
bias (V4=-0.5V) with/without SHE. The results show that
the SHE aggravates about 50% of NBTI degradation at
Vstress= 1.5V Vgs=-0.5V. Fig. 8 shows the V; shift with
stress time at different Vs bias with a constant Vesgress=1.0V
with/without SHE. The degradation without SHE decreases
with increasing Vs bias because large Vys decreases Eox.
However, when takes the SHE into consideration, the deg-
radation increases with increasing Vg bias due to that large
Vs causes high channel temperature based on Fig. 5.

Considering the impact of SHE on NBTI, the tempera-
ture (Tambient) in conventional model should be modified.
Therefore, lattice temperature (7iatice) is used to represent
Tambient sShown in Fig. 6. Based on the modified model, the
NBTI simulation at Tlasice Without SHE (line) is consistent
with the simulation with SHE at Tambienr (Open symbol)
shown in Fig. 7 and Fig. 8. Those indicate that the modified
model is valid for NBTI with the impact of SHE.

4. Conclusions

A 3D TCAD simulation is used to assess the impact of
SHE on NBTI degradation at 16nm SOI FinFETs. The SHE
leads to 11.7% of I4s degradation at saturation condition and
the temperature distribution along channel is not uniform.
The NBTI degradation with SHE increases with increasing
Vestress at @ constant Vs or increasing Vys at a constant Vgiress.
The SHE aggravates about 50% of NBTI degradation at
Vestress= 1.5V Vg=-0.5V compared with the NBTI degrada-
tion without SHE. The modified NBTI model with SHE is
proposed and verified under various stress conditions.
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Fig. 3(a) The temperature distribution in the 16nm SOI FinFETs. The peak temperature is
above 410 K and locates in drain extension at saturation operation. Fig. 3(b) The lgs-Vas char-
acteristics with/without SHE. The lgs degradation caused by SHE at Vgs=V4s=-0.86V is 11.7%.
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Fig. 4(a) The average temperature in silicon under various total ~ Fig. 5 The lattice temperature distribution
power for SOI FinFETs with different gate length. Fig. 4(b) The along the channel (cross line of plane C1 and

extracted thermal resistance with different gate length.

C2) at different stress conditions.

Fig. 2(a) (b) TCAD calibration with 90nm SOI
FinFETs experiments, showing the validity of the
simulation methods.

NBTI model[10]
Q=Q,+Q,=0aN, <s,+s, >
+0gN, <s,f >
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C C

NBTI W/O SHE:
AVt = A(on ’Tambient) th
Modified NBTI W/ SHE:
AV( = A(on 'TLattice) th
= A(on 'Tambient + Idsvds Rth) th
Fig. 6 The two-stage NBTI
model and modified NBTI mod-
el used in our simulation.
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Fig. 7 The Vi shift with stress time at different  Fig. 8 The V¢ shift with stress time at different h 1 Dobi 1x105cm
Vgstress With @ small Vs bias with /without SHE.  Vgs bias with constant Vgstress=-1.0V. It shows Channel Doping (Ner) 0 em
It shows that SHE aggravates NBTI degrada-  that Vi shift decreases with increasing Vas with-  S/D Doping (Ns/p) 3x10%c¢m™
tion seriously and the modified NBTI model is  out SHE because large Vgs decreases Eox. Vi shift The precursor density in o
validity for NBTI with the impact of SHE. increases with increasing Vs with SHE because  NBTT simulation (No) 5x10%“cm

large Vs leads to high temperature.
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