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Abstract

This work presents the results of the effects of mechanical planar biaxial tensile strain applied, post-fabrication, to Si/SiGe HBT

BiCMOS technology. Planar biaxial tensile strain was applied to the samples, which included both standard Si CMOS, SiGe HBTs,

and an epitaxial-base Si BJT control, for both first and second generation SiGe technologies. Device characterization was performed

before and after strain, under identical conditions. At a strain level of 0.123%, increases in the saturated drain current as well as

effective mobility are observed for the nFETs. The Si BJT/SiGe HBTs showed a consistent decrease in collector current and hence

current gain after strain.
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1. Motivation

Straining silicon is widely recognized as a potential

alternative to dimensional scaling for enhanced CMOS

performance. Several publications have demonstrated

significant drain current improvements (10–30%) associ-

ated with increased carrier mobility. Strain induced

from Si–SiGe lattice mismatch, as well as process-

induced strain, has been explored by various groups

[1]. In the Si–SiGe lattice mismatch method, the Si
channel is under biaxial strain. Some limitations of this

method are Ge migration, high defect density and larger

percentage of strain requirement for any pFET enhance-

ments. Process-induced strain, either uniaxial or biaxial,
can be used to optimize nFET and pFET devices on the

same wafer independently by applying different levels of

strain [2].

A third way of inducing strain is mechanical, which is

presented here. This method is applied post-fabrication,

unlike the two other techniques mentioned above [3,4].

Both uniaxial and biaxial strain can be realized in this

manner. Previous work has studied the effects of uniax-
ial mechanical strain on MOSFET devices [3]. Although

much work has been done on the MOSFET devices,

very few attempts have been made to investigate the

effects of strain on the modern Si BJT and SiGe HBTs

[5]. In this work, we report results of mechanical planar

biaxial tensile strain applied to a Si/SiGe HBT BiCMOS

technology. Unlike the other mechanically induced
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strain experiments, Si BJT/SiGe HBT and Si CMOS de-

vices are biaxially strained together on the same die.

Biaxial strain is known to alter both the conduction

and valence bands of Si. Fig. 1 illustrates the biaxial

strain induced splitting of the previously degenerate Si

conduction band. In the valence band, biaxial strain

reduces the heavy hole and split off band energies with
respect to the light hole band. The strain alters the shape

of valence bands, while leaving the shape of the conduc-

tion bands unchanged [6].

2. Device technology and experiment

Three fully integrated BiCMOS technologies were
investigated in this study: a 0.50 lm, 50 GHz peak fT
SiGe HBT BiCMOS, the 0.35 lm standard Si CMOS

on this technology platform (strained together on the

same die for unambiguous comparisons), a 0.50 lm epi-

taxial-base Si BJT control (fabricated identically in the

same wafer lot as the SiGe HBT), the 0.35 lm standard

Si CMOS on this technology platform (identical to the

Si CMOS on the SiGe HBT wafer), and a 0.18 lm
120 GHz peak fT SiGe HBT BiCMOS, with three dis-

tinct 0.18 lm Si CMOS device versions [7,8]. A sche-

matic cross-section of the Si/SiGe BJT/HBT and

CMOS devices (nFET) is depicted in Fig. 2. These

wafers were diced and thinned to (flexible) membrane

dimensions (625 lm thickness). Planar biaxial strain

was achieved by using a novel differential thermal bond-

ing technique [9,10], in which the thinned membrane is

bonded to a substrate of different coefficient of thermal

expansion (CTE) at high temperature.
The biaxial strain is induced as the bonded pair

returns to ambient temperature (see Fig. 3). The applied

biaxial tensile strain was calculated to be 0.123%. Pre-

and post-strain measurements were carefully made using

an Agilent 4155 Parameter Analyzer.

3. CMOS results

Fig. 4 depicts the output characteristics of a 1.8 V,

high VT, 10 · 10 lm nFET as well as a 3.3 V, 10 ·
0.5 lm pFET. In the case of the nFET, there is a

9.52% increase in the saturation current (Isat), as well

as a reduction in channel resistance after strain. We

see that the applied strain has decreased the pFET satu-

ration current by approximately 2.93%. Fig. 5 illustrates
the corresponding nFET and pFET transfer characteris-

tics for pre- and post-strain, on a linear scale. The effec-

tive mobility (leff = gd/((W/L)Qi)) versus effective field

(Eeff) for a 1.8 V, high VT, 10 · 10 lm nFET and a

3.3 V, 10 · 0.5 lm pFET are shown in Fig. 6. After

strain, the nFET leff is improved by 9.54%, however

there is a degradation in the pFET leff after strain.

The enhanced nFET performance with strain is
attributed to the reduction of both the in-plane effective

mass and intervalley scattering [11,12]. Our results

indicate that pFET performance, in general, tends to

degrade with this method of induced tensile biaxial

Fig. 1. Conduction band splitting for biaxial strain.

Fig. 2. Schematic cross-section of the SiGe HBT BiCMOS technology.

Fig. 3. Process flow for the planar biaxial strain by differential thermal

bonding.
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Fig. 4. nFET and pFET output characteristics for both pre-strain and

post 0.123% strain.
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