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Abstract

The impact of local strain on low frequency noise (LFN) is
investigated under dynamic body biases. For 60 nm pMOS, the
uni-axial compressive strain from e-SiGe can contribute 75%
effective mobility (ues) enhancement and near 80% boost in
current (Ips) as well as transconductance (G). However, the
strained pMOS suffer more than 80% higher LFN (Sip/lp2) and
the increase of Hooge parameter (oy) in mobility fluctuation
model is identified as the key factor. Forward body biases (FBB)
can reduce LFN attributed to reduced normal field (Ee), but
reverse body bias (RBB) enhance LFN due to enhanced Eg.
Bothe the benefit from FBB and loss from RBB become
insignificant in strained pMOSFETS at a nanoscale dimension.

l. Introduction

Strain engineering has evolved as an indispensable technology
for mobility enhancement and current boost at 65 hm node and
beyond [1]. However, the potential impact on noise, particularly
the low frequency noise (LFN), brings a critical challenge. Maeda
et al. reported flicker noise increase in pMOS under both
compressive and tensile stress, namely bi-directional noise
degradation[2]. Stress induced traps and dipoles were assumed
responsible for flicker noise degradation. However, Ueno et al.
claimed improved 1/f noise in strained pMOS with e-SiGe [3]. In
this paper, a novel and interesting result of uni-axial compressive
strain effect on LFN in pMOS under dynamic body biases is
presented. Mobility fluctuation model can be used to explain the
strain and dynamic body biases effect in nanoscale pMOS.

11. Experimental

As shown in Fig.1, strained pMOS with e-SiGe in S/D for
uni-axial compressive strain were fabricated in 65 nm process and
the standard pMOS free from strain engineering act as the control
devices. The power spectral density (PSD) of drain current noise,
namely Sjp was measured by LFN measurement system,
consisting of Agilent dynamic signal analyzer (DSA 35670) and
low noise amplifier (LNA SR570). The LFN measurement
generally covers a wide frequency range of 10~100K Hz.

I1. Results and Discussion

Fig.2 indicates that the uni-axial compressive strain can
realize around 78% boost in Ips and G, for 60 nm pMOS.
Interestingly, the pe extracted from linear I-V shown in Fig. 3
exhibits a significant dependence on gate length (Lg). For shorter
L, strained pMOS gains higher pe but control pMOS suffers a
dramatic degradation in pe. As a result, the pes enhancement due
to this local strain can attain 75% for 60 nm devices, which
contributes near 80% increase in lps and G, as demonstrated.
Furthermore, this ps enhancement leads to 65% higher Ips in
saturation region, shown in Fig.4. Fig.5(a) presents Vt vs. Ly with
a dramatic difference due to this uni-axial strain. The control
pMOS show an apparent RSCE but the strained pMOS reveal a
V7 roll off for Ly scaling to 60 nm. Fig.5(b) exhibits Vy shift (AVy)
under forward and reverse body biases (FBB/RBB
Vgs=-0.6/0.6V). Note that strained pMOS have a smaller AV
under both FBB and RBB, particularly for 60 nm device due to a
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V7 roll off. This feature will influence dynamic body bias effect
on pegr and LEN.

Fig. 6 indicates a remarkably faster increase of Sip/lp? with
L4 scaling for strained pMOS and more than 80% higher Sip/lp? in
60 nm devices. These results cannot be explained by number
fluctuation model[4]. Referring to Fig.5(a), the dramatic RSCE in
control pMOS suggests a highly non-uniform channel doping
profile and potentially worse LFN based on number fluctuation
model [4]. However, the experimental for pMOS exhibits an
opposite trend. Fig.7 shows an analysis of LFN in terms of Sp/1p
vs. Ips under various Vgt and Vigs. The Sip/1p? follows a function
proportional to 1/1ps, which can be described by Hooge’s mobility
fluctuation model [5] given in (1). Note that the mobility
fluctuation model in (1) is useful to predict the dependence on
device parameters (W, L, Coy, Mefis 1), Ips, Ve, and to explore
the origins responsible for the worse LFN in strained pMOS. The
increase of pes and Hooge parameter oy will lead to higher Sip/l1p?
under a specified Ips. It explains why the strained pMOS with
short Ly indeed gain higher pes but suffer worse LFN. Fig.8
exhibits a remarkable increase of oy with Ly scaling in strained
devices and suggests that local strain may increase oy and make
LFN worse. The enlarged difference in oy with Lg scaling is the
major factor responsible for the substantial difference in Sip/lp.
An accelerated phonon scattering in strained lattice is considered
the potential mechanism responsible for increase of o in strained
pMOS [6]. Fig. 9 displays dynamic body biases effect on LFN in
terms of ASp(Ves)/Sip(Ves=0), ASip(Vas)=Sin(Ves)-Sip(Ves=0)
under FBB (Vgs=-0.6V) and RBB (Vgs=0.6V). For both strained
and control pMOS, FBB can reduce Sip (AS;p(Vgs)<0) whereas
RBB makes LFN worse (ASp(Vgs)>0). However, the dynamic
body biases effect on LFN is degraded in strained pMOS with a
smaller amount of AS;p(Vgs)/Sip(Ves=0). The critical
dependence of ay on per shown in Fig. 10 can facilitate an
understanding of the mechanism responsible for dynamic body
biases effect on LFN. FBB can help increase p. under a specified
Vet due to smaller normal field (Ee) resulted from reduced body
depletion charge. The increase of pe in this way can achieve
lower oy and then realize lower LFN. On the other hand, the p
enhancement from the uni-axial strain is accompanied with larger
ay and leads to the penalty of worse LFN.
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