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Abstract—Currently, both the band-structure calculation and
the mobility measurement are used to assess the electron piezo-
effective-mass coefficients in strained nMOSFETSs. In this paper,
we present a new experimental method through a fitting of the
strain-altered electron gate direct tunneling current. The core of
this method lies in the sensitivity of the direct tunneling to the
position of the subband level in the presence of the electron piezo-
effective-mass coefficients. First, a correction-coefficient generat-
ing expression is systematically constructed to compensate for
the error in the subband levels due to the use of a triangular
potential approximation. Then, with the known deformation po-
tential constants and uniaxially compressive stress in the channel
as inputs, a strain quantum simulator is carried out. The resulting
gate direct tunneling current is used to fit experimental data,
thus leading to the values of the piezo-effective-mass coefficients
associated with the twofold and fourfold valleys. The comparison
of the extracted piezo-effective-mass coefficients to those published
in the literature is made.

Index Terms—Effective mass, mechanical stress, MOSFET,
piezo, quantum confinement, tunneling, uniaxially compressive
strain.

I. INTRODUCTION

OR SILICON n-type metal-oxide—semiconductor field-

effect transistors (nMOSFETsSs) formed on (001) substrate,
the quantum confinement effect [1] around the inversion layer
makes the bulk conduction band split into two distinctive com-
ponents: 1) a twofold (As) valley and 2) a fourfold (A,) valley.
The longitudinal effective mass (m;) and transverse effective
mass (m;) associated with those subband valleys essentially
remain intact [1]. The energetic difference between A, and Ay
levels can further be changed through the applied mechanical
stress as in the state-of-the-art strain engineering. The stress-
induced subband shift has thoroughly been theoretically studied
[2] in terms of the deformation potential constants [3]—[5].
Recently, a sophisticated band-structure calculation [6]-[8] on
(001) silicon surface has pointed out that only with the strain
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dependence of m; and m; taken into account can the strain-
induced mobility change be elucidated. The significance of the
strain-dependent electron effective masses in the (110) case has
also been mentioned [9]. Thus, in addition to the deformation
potential counterparts, the strain dependence of m; and m,
or, equivalently, the electron piezo-effective-mass coefficient,
Tm., should not be absent in the strain-altered conduction-band
structure.

So far, the mobility measurement method has been con-
structed to experimentally determine the ,, of the inversion-
layer electrons [10]. On the other hand, the effect of the
mechanical stress on the electron gate tunneling current has
experimentally been observed [11]-[17]. In the citations [11]-
[17], however, the impact of the 7, on the electron gate tun-
neling current has not been noticed. According to the quantum
confinement picture [1], a change in the electron quantiza-
tion effective mass due to the stress produces a change in
the subband level, which will, in turn, dramatically change
the transmission probability. Thus, through the inverse mod-
eling technique, the electron gate direct tunneling current in
strained devices should, in principle, serve as a sensitive de-
tector of m,,. However, few studies on this subject were done
to date.

The aim of this paper is to assess the 7, through the fitting
of the measured electron gate direct tunneling current change
in uniaxially compressive strained nMOSFETs, which will be
carried out in a triangular potential approximation due to its
widespread use. To compensate for the subband level for the
use of the triangular potential approximation and hence en-
sure the data fitting quality, a correction-coefficient generating
expression will systematically be established. Then, a strain
quantum simulator dedicated to the electron gate direct tun-
neling will be performed. To practically demonstrate the fitting
process, we will make use of the literature data stemming from
the externally applied [14] and process-induced [16] uniaxial
compressive stress (001) nMOSFETs. The resulting 7,,, will be
given, followed by the comparison with those obtained by the
band-structure calculation [6]-[8] and the mobility measure-
ment [10].

II. CORRECTION COEFFICIENT GENERATOR

In the context of the triangular potential approximation
as characterized by a surface field F§, the solving of the
Schrodinger equation in the quantum-confined direction normal
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to the SiO/Si surface yields As subband level 7 in the absence

of the stress [1]. We have
5 /s Y
) (3o (i-3))

Epno i = (

where m, a9 is the Ay quantization effective mass. Equation
(1) can apply to fourfold case by replacing As with Ay. To
examine the validity of the triangular potential approximation,
a self-consistent Poisson—Schrodinger equations solver, Schred
[18], was used. The resulting conduction potential profile is
shown in Fig. 1, along with the five lowest subband levels. In
the figure, the drawback of the conventional triangular potential
approximation is clear, particularly in the higher energy levels,
where the corresponding electric field deviates from the surface
field F. To address this issue, different methods have previ-
ously been proposed: 1) the variation approach dedicated to the
correction of the lowest subband [1], [19] and 2) the effective
field Fog, instead of Fy, in (1) [14], [16], [20]-[23], i.e.,

Feff _ nQinv + Qdep
Esi

h2
2mz,A2

(D

2)

where Qi is the inversion-layer charge density, Q4cp is the
bulk depletion charge density, and eg is the silicon permit-
tivity. The correction coefficient n in (2) is constant with a
spanned range from 0.5 to 1.0: = 0.75 for As and 1.0 for
Ay [14], [16], n = 0.5 for all subbands [20], and 1 = 0.75 for
all subbands [21]-[23]. However, the previous improvements
that led to (2) are not enough, because from the aspect of the
direct tunneling, each of the subbands involved in the tunneling
should have its own correction coefficient such as to ensure the
proper direct tunneling calculation. Obviously, due to different
electric fields encountered from level to level as revealed in
Fig. 1, different correction coefficient values should correspond
to different subbands. To take this into account, we suggest the
individual correction coefficient a2 ; for Ay level ¢, and the
corresponding effective electric field can be written as

_ nAQ,iQinv + Qdep
Esi

Fro

)

3)

The same procedure can apply to the Ay case: Fay,; corre-
sponds to 1a4 ;. Again, to quantify the correction coefficient
values, the solver Schred [18] was conducted in a metal-oxide—
semiconductor (MOS) system on (001) silicon surface. The
following key process parameters were included: 1) the
substrate doping concentration, Ngyp = 1015, 10167 10177 and
10'® ecm™3; 2) the gate oxide thickness, t,x = 1, 3, and 6 nm;
and 3) the different gate stacks in terms of a polysilicon and
a metal electrode. By matching the subband levels produced
by Schred with those from (1), with F§ replaced by Fao
for the twofold valley and Fa4; for the fourfold valley, the
values of the na2; and 7ma4,; result. A scatter plot between
the correction coefficient values and the corresponding subband
levels is given in Fig. 2, which is made with the surface field
Fy as a parameter. Strikingly, the figure points to two relevant
relationships. First, under fixed Fj, all data points fall on or
around a straight line, indicating that the correction coefficient
linearly depends on the subband level. Second, the straight

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 58, NO. 1, JANUARY 2011

L conduction band

P ——

A—Si substrate

_ Ngyp=10"8cm-3

—2-fold subbands
—— 4-fold subbands

_~—_ valence band

10 20 30 40 50 60
Distance from Surface z (hnm)

Fsz
1077

0.5

Electron Energy (ev)

Fig. 1. Silicon energy-band diagram near the SiO2/Si surface produced by the
simulator Schred [18] (black solid lines), along with the five lowest subband
levels (blue solid lines for Az and green solid lines for A4) and the Fermi level
(dotted line), as well as the straight line (red line) for the triangular potential
approximation under the same surface field Fs of 2 MV/cm as that of Schred.
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Fig. 2. Extracted correction coefficient versus the corresponding subband
level, with the surface field as a parameter. The fitting lines are drawn. The
intercept, 7o, of the extrapolated line at the zero-subband level is inserted and
plotted versus the surface field. A fitting line is also shown in the inset.

line appears to shift with F§. This specific behavior can be
modeled by the intercept, designated as 7,, of the extrapolated
line at the zero-subband level. In the inset of the figure, 7, is
plotted against F, clearly showing another linear relationship,
regardless of the Ny, tox, Or gate stack material. This result
is expected from the aspect of the MOS electrostatics. The
combination of these two linear relationships therefore leads
to a subband-level correction-coefficient-generating expression
suitable for both Ay and Ay, i.e.,

Nazja; = —0.003Ea2/4; + (1. 01 + 0. 308F).  (4)
The units of Faz/4,; and F§ in (4) are given in millielectron-
volts and megavolts per centimeter, respectively. Equation (4)
can provide a transparent understanding of the effect of the
subband level and surface field on the calculated correction
coefficient. Interestingly, (4) is also self consistent, because
for those of the subband levels close to the reference point
(that is, the classical conduction band edge at the surface), the
correction coefficients lie in the close proximity of unity, and
hence, the effective electric field approaches the surface one.
To testify to the validity of (4) in the subband level calculation,
the results are compared with those from Schred [18], as given
in Fig. 3 for two different gate stacks. Excellent agreements are
evident, obtained without adjusting any parameters. Note that
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Fig. 3. Subband levels calculated by the triangular potential approximation
based on the new 7 correction generator (solid dots) and by Schred (lines) for
two cases: (a) n+ polysilicon doping N1, = 1029 cm—3, tox = 1 nm, and
Naup = 1017 em™3 and (b) metal gate with zero flatband voltage, tox = 3 nm,
and Ng,p, = 1018 cm—3.

the expression (4) is valid only for the (001) substrate. Further
study is needed to examine the underlying physical origins and
the applicability of the two linear relationships in Fig. 2 in case
of different substrate orientations.

III. STRAIN QUANTUM SIMULATOR

The correction coefficient generator (4) was incorporated
into a strain quantum simulator in our previous works [24],
[25]. The resulting subband level in the presence of the uniaxial
channel stress o in the (110) direction can be written with
respect to the nonstress conduction-band edge at the Si/SiOq
interface [3]-[5], [14] as follows:

E/AQ’i :EA27i + (Ed + ?) (Sll + 2512)0‘

n (g) (S12 — S11)o (5)

Epyi =FEnai+ <Ed + H;) (S11 +2S512)0

=
—u

- <6> (S12 = Sui)o (6)

where the elastic compliance constants S7; = 7.68 X
1072 m?/N and Sjp =—2.14x 10'* m2?/N, and the
hydrostatic and shear deformation potential constants
=4 =113 eV and Z, = 9.16 eV [26]. The effect of different
deformation potential constants will later be described. The
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Fig. 4. Schematic energy-band diagram of the n+ polysilicon/SiO2/p-Si
MOS system under uniaxial compressive stress along (110) on the (001)
substrate. The black solid lines represent the conduction and valence band edge
without the stress. The blue and green solid lines represent the stress induced
conduction band splits. The EDT current from the subband levels is also shown.

carrier repopulation under stress can accordingly be calculated
[27] as follows:

ma,a2/4kpT
mh?

Ep — /A2/4i
X ln 1 + exp T (7)
B

where gaz/4 is the Ao (Ay4) valley degeneracy, mg a2y is the
2-D density-of-states (DOS) effective mass of the Ay (Ay)
valley, Er is the electron Fermi level, kp is the Boltzmann
constant, and 7' is the absolute temperature. Finally, the electron
gate direct tunneling current density can be computed from
the following expression, which can be deduced from the
unstrained case [19], [24]:

Nazjai = gaz)a (

Je=Y_ afaziNaziP (Eng i)+ afasiNasiPr (Eag;)

®)
where  f  represents the electron impact  fre-
quency on the Si/SiOs interface and is equal to

(aFn2/4.1/2)2m. a2jaBazyas) /% and  Py(Ely ), ;) is
the electron transmission probability across the SiOs film.
In Fig. 4, the energy band diagram of the MOS system
under study is schematically shown, where the electron direct
tunneling (EDT) process from the subband level is highlighted.
Throughout this paper, only five lowest subbands (three
subbands of Ay and two subbands of A,4) will be adopted to
calculate the gate current. The accuracy of the calculated gate
current will later be addressed.

Here, the electron effective mass in the oxide for the
parabolic-type dispersion relationship was used with myyx =
0.50 m,, which is equivalent to mex = 0.61 m, for the tun-
neling electrons in the oxide using the Franz-type dispersion
relationship [28]. The SiOs/Si interface barrier height in the
absence of stress is 3.15 eV. Given the situations that the
deformation potential constants are known and the uniaxial
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Fig. 5. Schematic silicon conduction-band structure in terms of six constant-
energy surfaces in the Brillouin zone. The electron effective masses in the
presence of a uniaxial compressive stress are also labeled.

TABLE 1
NOMINAL VALUES OF THE UNSTRAINED ELECTRON EFFECTIVE MASSES
USED IN THIS PAPER AND THE REFERENCES [6]-[8], [10]

61 | [71 | 8] | [10] | This work
m, 0.918 | 0.916 0.916
m oy 02 | 0.196 | 0.194 0.19
m o] 02 | 0.196 | 0.194 0.19
mgo| 02 ] 0196 | 0.194 0.19
m, 0.19
my ., | 0.89 0.916
me | 02 0.19
mgy | 0.42 0.417

Units: my/GPa.
Oblique line: Not available.

channel stress can be determined by other means, we have
the following four variables in using (8) to quantify the gate
direct tunneling current: 1) the twofold quantization effective
mass m; a2; 2) the twofold 2-D DOS effective mass mg a2;
3) the fourfold quantization effective mass 1m, a4; and 4) the
fourfold 2-D DOS effective mass mg4 a4. The DOS effective
mass can relate to the aforementioned m; and m; of the valley:
ma.n2 = (M aoyme, a1 )2 and ma ag = (my aame,aa)/2.
Here, my a2 and my a2 are the in-plane transverse effective
mass of As in the direction parallel and perpendicular to
the stress direction, respectively, and m; a4 and my a4 are
the in-plane longitudinal and transverse effective mass of Ay,
respectively. All the effective masses involved in this paper are
depicted in Fig. 5 in terms of the conduction-band structure in
the Brillouin zone. The corresponding nominal values (i.e., in
the absence of the stress) are listed in Table I.

IV. DATA FITTING

The measured electron gate direct tunneling current change
due to the externally applied uniaxial compressive stress as
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Fig. 6. Comparisons of the measured (symbols) gate current change due to
the external uniaxially compressive stress [14] with the calculated (lines) ones
obtained using the nominal values in Table I for the electron effective masses.
The process parameters used are Ng,p, = 1017 em™3, tox = 1.3 nm, and
Nploy = 1020 ¢cm~—3. Poor fitting is encountered if the piezo-effective-mass
coefficients are not included.

cited in [14] is plotted in Fig. 6 for three different gate volt-
ages. In addition, Fig. 6 plots the calculated results using the
nominal effective mass values only, which do not appear to
agree with the data in a wide range of stress and gate volt-
age. Although we tried other different nominal values for the
effective masses in silicon, the deformation potential constants,
the effective mass in the oxide, the doping concentration, and
the gate oxide thickness, a poor fitting such as in Fig. 6 still
remained.

Obviously, for a general effective mass m, the piezo-
effective-mass coefficient 7, must be added as follows:

©)
(10)

m(0) + mp 0

mq(0) + T q0.

Here, we impose a small stress to make possible a linear
approximation and thus ensure the validity of (9) and (10).
To assess the underlying m,, (T, 2A2, Tm,dA2, Tm, A4, and
Tm,dA4), @ sensitivity analysis was performed during the
data fitting. First, one of four m, factors was alternately
selected in applying (9) or (10), with the remaining three
factors kept at zero. Strikingly, we found that the 7, a4 is
the primary factor, because it can have the strongest effect on
the calculated gate current change, as illustrated in Fig. 7 for
Tm,za4 of 0.03, 0.05, and 0.07 m,/GPa. It is shown in the
figure that the fitting can be somewhat improved by simply
increasing 7, .a4. Next, we also found that the 7, 4a2 can
serve as the secondary factor in refining the calculated gate
current change. This condition means that both 7, ;A4 and
Tm,dA2 are enough in producing the reasonable fitting. Thus,
in the subsequent work, we set m,, ;a2 and 7,, gas4 tO zero.
The following set of the m,, .a4 and mp,, ga2 values was
hence extracted from the best fitting, as displayed in Fig. 7:
1) Tm,2aa = 0.03 m,/GPa, and 7, ga2 = —0.03 m,/GPa;
2) Tm,2aa = 0.05 m,/GPa, and 7, ga2 = —0.02 m,/GPa;
and  3) mp.a4 =007 m,/GPa, and T, ga2 =
—0.017 m,/GPa. Obviously, the increasing Tm,zA4 18
accompanied with the less negative m,, 4ya2. The piezo-
effective-mass coefficient values obtained in the data fitting are
listed in Table II.
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Fig. 7. Comparison of the data (symbols) [14] with the calculated re-
sults (lines) for (a) mp,, »a4 = 0.03 mg/GPa (dashed lines); and 7y, A4 =
0.03 mo/GPa and 7, ga2 = —0.03 mg/GPa (solid lines); (b) 7y, A4 =
0.05 mo/GPa (dashed lines); and 7, A4 = 0.05 mg/GPa and 7, ga2 =
—0.02 mo /GPa (solid lines); and (c) 7y, »a4 = 0.07 mg/GPa (dashed lines);
and 7,, A4 = 0.07 mg/GPa and 7,,, ga2 = —0.017 mg/GPa (solid lines).
Tm,zA2 and 7T, ga4 both are zero.

Here, we give plausible explanations for the assessed 7, »A4
and 7, ga2 and, particularly, the difference in the polarity
between the two. First, a positively increased 7, a4 Will
decrease the A, quantization effective mass [see (9)] under
uniaxial compressive stress, which will, in turn, increase the
Ay level. As a result, due to the repopulation of the valley,
more electrons are transferred down to the A, subband, and
hence, the direct tunneling is reduced. Second, a less negative
Tm,da2 Will increase the effective DOS in A, [see (10)] under
uniaxial compressive stress. Thus, the increased population in
A, dictates that the gate direct tunneling is reduced. To corrob-
orate this condition, additional work was done by decoupling
the gate current change into different components according

TABLE II
COMPARISON OF THE ELECTRON PIEZO-EFFECTIVE-MASS COEFFICIENTS
FROM THE BAND-STRUCTURE CALCULATION AND MOBILITY
MEASUREMENT [6]-[8], [10] WITH THOSE OBTAINED IN THIS PAPER.
THE MECHANICAL STRESS IS APPLIED ALONG THE (110)
DIRECTION ON THE (001) SILICON SURFACE

] 16] 17] 181 [10] This Work

[compressive] | [tensile] | [tensile] | [tensile] | [tensile] [compressive]
Tmuzy|  -0.014° -0.012" | -0.016 | -0.012* | -0.048
Tomdz 2 0.013% 0.014" | 0.029 | 0.013" | 0.029
T2 0.0071* | 0.002" ~0
Tya2 0.0005 0.001 | 0.0065 | 0.0005 | -0.0095 | -0.03 ~-0.017
T ias 0.0026 0.0024
T t14 0.001 0.001
T oad 0.03 ~ 0.07
Tt 0.0017 0.0016 ~0

#: Linear approximation over a range of <110> uniaxial stress ¢ on (001)
substrate from 0 to 300 or -300 MPa.
Units: my/GPa.

T T
g O =-240MPa closed: A2
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Fig. 8. Calculated gate current change ratio and its decoupling into differ-
ent components: the impact frequency faz/4, the transmission probability
Py A2/4. and the electron density Na2 /4. The repopulation of the valley is
the main factor responsible for the gate current change.

to (8). The results are depicted in Fig. 8. One can see in
Fig. 8 that the repopulation is the main factor that affects the
calculated gate current change. Again, here, we want to stress
that, even with only the three lowest subbands (two subbands of
Ay and 1 subband of Ay) used in the gate current calculation,
little change in the listed 7, in Table II can occur. In this
sense, the total number of the six lowest subbands remains
valid.

V. COMPARISON AND DISCUSSION

The published formalisms and/or graphical data in the cita-
tions [6]-[8], [10] can furnish the quantified 7,, of the lon-
gitudinal effective mass m; and the transverse effective mass
my for twofold and fourfold valleys, except for the fourfold
quantization one. To determine the corresponding DOS m,,,
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we derived the following analytical expressions from the linear
approximation in (9) and (10):

- 1 Tmt, A2/ Tmt,A21
Tmd, A2 = =~ + Ve A2 T A2 1
2\ mynoy  miazl
(11)
I (Tpi,as | Tmt,A4
Tmd,Ad = = — + ' Vi aame g (12)
2\ mya4 My, A4

The results are added to Table II. Although the strain de-
pendence of the fourfold quantization effective mass was not
provided in the studies [6]-[8], [10], and hence, it is impossible
to directly examine the validity of the extracted 7, .a4 in this
paper, some comparisons can still be made through Table II.
First, the published values of m,, .A2 and 7, gas [6]-[8], [10]
are very small in magnitude, which support the hypothesis
of approximately zero m, a2 and 7, ga4 in the aforemen-
tioned data fitting. Indeed, we found that little change in the
assessed 7, >A4 and 7, ga2 can be observed if the literature
values of m,, a2 and 7, gas [6]-[8], [10] are used instead.
Second, the assessed m,, qa2 is negative, quite close to that
(—0.0095 m, /GPa) obtained from the mobility measurement
[10]. Finally, Table II provides the maximum 7, in magnitude
available to date, i.e., 0.048 m,/GPa [10]. In comparison,
the assessed 7, »a4 (ranging from 0.03 to 0.07 m,/GPa) in
this paper seems to quantitatively be reasonable. Note that,
according to (11), a negative m,, 4a2 means that at least one
of T, ta2) and 7, ¢a21 IS negative and its magnitude is larger
than another having the positive value.

To strengthen the applicability of the assessed m,,,, we further
cite the previous work [16] in terms of the measured electron
gate direct tunneling current change due to the process-induced
uniaxial compressive channel stress, as shown in Fig. 9. In ad-
dition, Fig. 9(a) depicts the calculated results using the assessed
Tm, exhibiting a large deviation from the data points. This
condition is expected, because in the manufacturing process
with the built-in stressors, the devices may encounter additional
effects such as the stress-induced dopant redistribution [29] and
the stress-induced thermal oxidation change [25], which are
apparently not present in case of the external stress [14]. Here,
we attribute this significant difference to the decrease in the gate
oxide thickness of the device undergoing the process-induced
uniaxial compressive stress. The physical interpretations are
that the oxide growth rate will be retarded under the influence
of the compressive stress in the manufacturing process. In this
sense, one can define a piezo-oxide-thickness coefficient 7oy
as follows:

tox(0) = tox(0) + Tiox0. (13)
The data were again fitted, leading to mox of 0.012 nm/GPa.
The quality of the fitting, as demonstrated in Fig. 9(b), is fairly
good. In addition, the extracted 7.y is reasonable compared to
that (~0.02 nm/GPa) of the p-channel counterparts on the same
test wafer [25].

Therefore, it is claimed that, due to the corroborating evi-
dence in terms of the literature 7,, values [6]-[8], [10] and
the oxide thickness retardation [25], the electron gate direct
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Fig. 9. Comparisons of the measured (symbols) [16] and calculated (lines)
gate current change due to the process-induced compressive stress in the (110)
direction. The calculated results come from (a) wox = 0 and (b) mgox
0.012 nm/GPa. The piezo-effective-mass coefficients used correspond
Fig. 7(¢): T, A4 = 0.07 mg /GPa, 7, ga2 = —0.017 mg /GPa, 7, - A2
0, and Tm,dA4 = 0.

to

tunneling current fitting as the sensitive detector of 7, in
uniaxially compressive strained device is judged. Finally, we
want to stress that the fit to process-induced data [16] works
well [see Fig. 9(b)], whereas there is quite a large discrepancy in
the fit to external stress data [14] (Fig. 7), particularly at lower
gate voltage. To address this issue, we suggest that the stress
distribution in the quoted device under the external stress [14]
is nonuniform. This argument can be drawn from the calculated
results in Fig. 7, which clearly point out that the stress effect
of the gate current change is enhanced with decreasing gate
voltage. Oppositely, this effect becomes weak for larger gate
voltage. Thus, the gate current change due to a local stress
variation may be amplified if the gate voltage applied is as
low as 0.5 V. Relatively, for higher gate voltage at 1 V, the
local stress variation accordingly produces little change in gate
current. Fairly good agreement over the stress in Fig. 7 for
gate voltage of 1 V supports this approach. In a sense, the
gate voltage factor in the proposed gate current method can be
helpful in clarifying the responsible mechanisms.

VI. CONCLUSION

A new correction-coefficient generator has systematically
been created to compensate for the subband levels for the
use of the triangular potential approximation. Then, with the
known deformation potential constants and uniaxial compres-
sive channel stress as inputs, the strain quantum simulation



LEE AND CHEN: GATE DIRECT TUNNELING CURRENT IN COMPRESSIVE STRAINED nMOSFETs 45

dedicated to the gate direct tunneling current has rigorously
been performed. Reasonable reproduction of the measured
gate direct tunneling current has been achieved, leading to the
underlying electron piezo-effective-mass coefficients. The con-
firmative evidence has been presented in terms of the published
piezo-effective-mass coefficient and oxide thickness retardation
values. The ability of the electron gate direct tunneling current
in uniaxially compressive strained device as a sensitive detector
of the electron piezo-effective-mass has been verified.
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