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Improving Strained-Si on $L,Ge, Deep Submicron
MOSFETSs Performance by Means of a Stepped
Doping Profile
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Abstract—\We have made use of a stepped doping profile to im-  As is well known, mobility improvement in strained-Si

prove the performance of strained-Si ultra-short MOSFETSs. Elec- channel MOSFETS is mainly due to the following two facts:
tron mobility curves are calculated by a Monte Carlo simulator

including electron quantization and Coulomb scattering, in addi- 1) the reducti'on i'_" the C?‘rrier conductivity effective_ mass;
tion to phonon and surface roughness scattering. In the first part 2) the reduction in the intervalley phonon scattering rates
of the paper, the effect of Coulomb scattering due to both inter- [5]-[71.

face charges and bulk impurities is carefully analyzed. We show . i
that the strain enhances the Coulomb-limited mobility due to the Both facts are a consequence of the splitting of the six-fold

interface-trapped charges as a consequence of a better screeningd€generacy in the Si conduction band minimum caused by the
of these charges by mobile carriers. However, we also show that Strain [8]. The six-fold degenerate valleys separate into two
this improvement in the Coulomb-limited mobility does not occur  groups: two lowered valleys with longitudinal mass axis normal
if the Coulomb scattering is due to bulk doping impurities, since g the interface, and four raised valleys with longitudinal mass

they share the same physical space with the carriers, and there- __. : :
fore the screening is the same for the same inversion charge con-2X1S parallel to the interface [8], [9]. According to the above,

centration. Nevertheless, we have shown that the use of a steppedMost of the inv.ersion electrons, Which _Wi” occupy the two
doping profile bypasses this inconvenience. The introduction of a lower valleys, will have a lower conductivity effective mass for

low doped layer below the oxide reduces the scattering produced by transport in the direction parallel to the interface. Intervalley
the bulk ionized impurities, enhancing Coulomb-limited mobility phonon scattering rates are also reduced by the valley splitting

in deep-submicron devices. On the other hand, we have seen (by . : .
using MINIMOS-NT) that the use of the low doped silicon layer due to the separation of the energy levels associated with each

significantly improves the drain current while degrade the turn-off  tyPe of valley. In this respect, the intervalley scattering rate
behavior of very short-channel devices only moderately. This de- between nonequivalent valleys (f scattering events) is reduced
sign provides the possibility of taking full advantage of the great since the energy difference between initial and final states
reduction in phonon scattering produced by the strain in the Si  jhcreases and, therefore, the scattering processes are less likely
layer in these MOSFETS. [5]-[7] [10], [11].

Index Terms—nversion layers, MOSFETSs, SiGe, simulation. In a previous paper we studied the isolated contribution of the
two effects to mobility improvement as strain increases [6]. In
the conclusions, we reported that the contribution of the reduc-
tion of intervalley scattering is not as important as the contribu-

HE technological improvements achieved in relation to thgyn of the reduction of conductivity-effective mass in the low
growth of Si/Si_. Ge, heterostructures have enabled th@yngjtudinal-electric-field transport regime; in other words, the
fabrication of devices in which a very important enhancement jaduction of the conduction effective mass is the main factor re-
electron mobility has been experimentally observed [1]. For exponsible for low-field mobility improvement in strained chan-
ample, significant mobility improvements have been reportege|s. In the same paper, we showed that a reduction in the in-
not only in modulation doped heterostructures, but alse-in tervalley scattering rate mainly produces a stronger electron ve-
and p-MOSFETSs with strained-Si channels grown on relax@stity overshoot effect as the Ge mole fraction increases.
Si;_.Ge, substrates, manufactured using standard CMOS pro-previous studies performed have focused on the contribution
cessing [2]-[4]. of surface-roughness and phonon scattering mechanisms to in-
version layer low-field mobility [6], [12]. However, we should
not forget the role of Coulomb scattering, specially now, when
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in threshold voltage and to an important decrease in electron

- -2
mobility, which strongly degrades the electrical properties of ::**l.‘,\N" oem
the device [13]-[16], [19]. The reduction in electron mobility 1035, Temeeann
caused by Coulomb scattering is so important that it is be- D i —
coming one of the main limiting agents that have to be dealt > \\\
with in order to continue the dimension reduction process. NE (a) T=300 K

Bearing in mind the above, it is clear that a study of the influ- o
ence of Coulomb scattering on the transport properties of elec- > (b) N=1x10""cm?
trons in strained inversion layers is welcome in order to accu- E
S 10°
=

rately assess the suitability of strained-Si/SiGe deep-submicron zd",.af::"f ]
MOSFET technology. g}gfﬁ \KN

To do this, we implemented a Monte Carlo (MC) simulator T
and made use of MINIMOS-NT [20] to evaluate, respectively,
electron mobility and the drain current in strained Si on re- 108 106
laxed Si_,.Ge, MOSFETSs. The effect of Coulomb scattering Effective Field (V/cm)
on electron mobility in strained Si/Si,.Ge, is summarized in
Section Il. We found a very interesting and curious pattern 6fy. 1. Electron mobility: (a) without Coulomb scattering and (b)
electron mobility depending on where the scattering centers df@'ding Coulomb scattering versus transverse effective field at room

: . . temperature in strained silicon inversion layers grown on_SGe,
located. Thus, if the main source of Coulomb scattering Cefd; a low doped substrateNs = 9 x 104 cm-%) (solid line:
ters is the interface trapped charge, the greater the germanium0;0: z = 0.1, A : 2 = 0.2;¢ : v = 0.3; W : v = 0.4).
mole fraction the lower the Coulomb scattering, and therefore
the higher the electron mobility. However, in the case Whe\rﬁe
Coulomb scattering is mainly due to substrate doping impuriT
ties, the strain does not contribute at all to reducing Coulo
scattering. A physical explanation of this behavior is providz‘iB
in Section II.

re self-consistently solved. A detailed description of this sim-
ation can be found elsewhere [21]-[23]. In addition, the non-
rabolicity of conduction band effects has been included [24].
this work, the effect of the strain is included only in the band
structure as the valley splitting energyE’ = 0.67z (z being

an\(/zlv'?h\lljv;"i rieer(;?/estfw?ggd:l)ﬁgtlitr% it’[izerr?gl\)/i{lﬂi?t?r?ﬁiOLThZ(itr: fe Germanium mole fraction) between the two lowered valleys
P y gnly doPeq i, longitudinal mass axis parallel to the interface and the four

samples we should physically separate bulk |mpgr|t|es from 'Bised ones with longitudinal mass perpendicular to the inter-
version layer electrons. An easy method to achieve this se 2o assuming that the strain does not modify the shape of the
ration between bulk impurities and channel carriers is to ma '

. . . Slleys. Changes in nonparabolicity with strain were neglected
use of a stepped doping profile [13}-{15]. In Section Ill, ele.cés second-order effects. The effective masses of electrons were

tron.mobiIiFy curves and I-v characteristicg of stepped do.pm%sumed to be the same as in unstrained silicon, as is usually
profile strained silicon MOSFETS are provided. A compariso hne. The coupling constants for phonon scattering were also
of these results with those obtained in unstrained-Si devices

. . ; 255umed to remain unchanged.
also shown. Finally the main conclusions of our work are pre-
sented in Section IV.
A. Interface-Trapped Charge
In the first instance, we analyzed the effect of the Coulomb
Il. COULOMB SCATTERING IN STRAINED interaction due to the charged centers located right at the in-
Si/Si,_,,Ge, MOSFETs terface or inside the oxide. Therefore, we assumed a low uni-
form doping concentrationNy = 9 x 10'* cm™3), and that
In order to study the effect of Coulomb scattering we devethe Coulomb scattering is only due to charges trapped right at
oped a comprehensive Coulomb scattering model [21] that e interface. The simulated MOSFET structure was formed by
cludes the effects of the charged-center space correlation argtrained silicon layer (10 nm thick) grown epitaxially on a re-
the random nature of the charged centers in the Born apprdeixed Si_,Ge, substrate. The oxide thickness was assumed
mation. Using this model we were able to accurately reproduttebe 5 nm. Fig. 1 shows simulated mobility curves assuming
experimental effective mobility in unstrained silicon inversioifa) no Coulomb scattering and (b) an interface charged layer of
layers, in a wide variety of situations [22], [23]. We used thi&;, = 1 x 10*! cm~2, for strained silicon inversion layers.
Coulomb scattering model in the framework of a one-electron In the present case, as the Coulomb scattering is only due to
Monte Carlo simulator, which enabled us to study the stationaghiarges trapped right at the interface, i.e., right at the limit of
transport properties of the electrons in such devices, and, in pilue electron distribution, there is a spatial separation between
ticular, to evaluate the stationary drift velocity and the low-fielélectrons and Coulomb scattering centers [8]. In this situation,
electron mobility. a modification of the electron distribution in the direction
Electron quantization in the inversion layer has been showerpendicular to the interface (in order to move it closer to
to play a very important role in the performance of these dthe interface-trapped charge) causes the screening to increase,
vices, and therefore, it was properly taken into account in otlnus decreasing Coulomb scattering, even when the proximity
simulation. To do so, the Poisson and Schroedinger equatiarighe carriers to the scattering centers is lower and therefore
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Fig. 2. Coulomb limited mobility versus transverse effective field at room 2
temperature in strained silicon inversion layers grown Qn SGe, for different 5103+ —g—x=0 |4
values of the Ge mole fraction. §° —0—x=0.1
o —8—x=0.2
. . . . . g —v—x=0.3
the bare scattering potential (that is to say, without screening) 5 —0—x=0.4
. . . . o
102
is stronger. This is what happens when the population of o0 105 72105

the ground subband is increased as a consequence of valley Effective Field (V/cm)

splitting as the germanium mole fraction, and therefore the

strain, increases. This effect is similar to what happens in &ig. 3. (a) Electron mobility including Coulomb scattering versus transverse
unstrained silicon inversion |ayer when the transverse eﬁectigécmc field at room temperature in strained silicon inversion layers grown on
. . ] . A I, .. Ge, forahigh doped substrate. (b) Coulomb limited mobility for the same
field increases: the Coulomb limited mobility increases thankg,ices as in Fig. 3(a).

to a higher screening, even though carriers are closer to the

scattering centers. . :
To show the effect of the strain on the Coulomb scatterin@onun'form doped substrates are used to avoid short-channel

we made use of the Matthiessen rule and the mobility curvé ects. In such cases, channel impurity profiles are carefully

of Fig. 1 to isolate the Coulomb scattering contribution to the€lected to obtain higher transconductances and to prevent
mobility (Fig. 2). The following conclusions can be drawn.  Punchthrough [13], [15]. We have considered one of these

. ) annel impurity profiles, and studied the effect of the strain
1) As mentioned above, the well-known fact that the great%?] the Coulomb scattering due to this doping profile. The

the effective field the greater the Coulomb limited moé)rrofile considered was the result of an ion implantatiBir
bility, as a consequence of better screening of the inter- 37
Y d 9 0 KeV,1 x 10'* cm—2) over a substrate concentration of

face charges by the mobile carriers [23] even when t 55 x 101> cm-®. Although this profile has a peak concen-

reater the effective field the closer the electrons are 1o . .
'?he interface-trapped charges tration of 1 x 10'® cm™2 at about 0.0:m under the silicon

2) For a fixed value of the transverse electric field, thgurface, the doping impurity concentration right at the interface

greater the Germanium mole fraction the greater g 2 > 10™" cm™2. Therefore, in this case, in contrast to the
Coulomb limited mobility. As the Germanium moletase studied above, there is no physical separation between

fraction increases, the higher band splitting caus Soulomb sgitter;_ng c;atr;]tersl art1d |n(;/_e:s_|t;)r1[_ele_ctiﬁnsd_ Fu?her-
the ground subband population to increase, thus ore, a modification of the electron distribution in the direction

creasing the number of electrons in the excited subban grpendlcular to the interface does not modify the proximity of

Therefore, the screening of the charged centers by t e electrons to the bulk impurities and thus the screening (in

: ; : : . _this case only a modification of the total number of carriers
mobile carriers will be more effective, thereby reducin . R . o
y ot its redistribution in the different subbands, would modify

Coulomb scattering, and increasing the electron mobility. . . .

This latter result is very important since it proves th € screenlmg). Fig. 3..Sh0WS elect.ron mobility curves (a) and
the strain also contributes to improve electron mobility b OUI.Omb '"T“ted mobility (b) for different German-|um.mole
decreasing the Coulomb scattering effects and not only acuon;. Fig. 3(b) shows tha_t Cqulomb scatt_enng IS very
reducing intervalley scattering and the conduction effecti\feh,gh.tl.y improved by the stralr_1, since screening 1S harc_ily
mass as has been maintained until now. modified Ipy the strayn as explained above. Neverthel_ess,_ itis

In this context, we would like to draw the reader’s attentio}q'Orth noting that Fig. 3(a) shows_ tha.lt as the gffecnve f'e.l.d

ncreases, so that Coulomb scattering is not dominant, mobility

to the important role of quantization: if quantum effects are i o :
ves separate, maintaining the enhancement provided by the

nored, screening only depends on the total inversion charge, }irv I ttering and conduction effective m reduction
therefore, no Coulomb mobility enhancement would be apprJ lervaliey scattering and conduction eflective mass reduction.

ciated as strain increases.
[ll. STEPPEBDOPING PROFILE
B. Doping Impurity Charge As established above, the strain does not contribute to im-
In the previous analysis we considered a very low doped syiroving the mobility behavior in highly doped substrates due
strate. Nevertheless, in state-of-the-art technology, very higghthe fact that carriers and Coulombic centers share the same
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physical space. As a consequence, the carrier redistribution due 108
to the strain does not enhance the effect of the screening and
therefore, does not improve the mobility. Therefore, if we want
to take advantage of the strain to improve the Coulomb lim-
ited mobility we should physically separate carriers and scat-
tering centers (doping impurities), and thus, a modification of
the carrier distribution in the channel could effectively modify
the screening, reducing the total Coulomb scattering rate.

In doing this, it is clear that Coulomb scattering would be
reduced as a consequence of the greater distance between
scattering centers and carriers, but not only or even mainly
due to this reason, but rather as the Ge mole fraction increases
(and therefore so does the strain), by a more effective screening
(which becomes the main reason for the decrease in Coulomb
scattering) [16]-[18].

To test the previous statement, two types of MOSFET were
simulated. Basically, both devices consist of a low-doped ul-
trathin silicon layer over a heavily doped substrate, which in
the strained case isSi,.Ge,, and in the unstrained case is just
Si. In the first case, the epitaxial silicon layer is strained asF#. 4. (a) Mobility curves versus effective-electric field at room temperature
consequence of the different lattice constants of silicon and gﬁrt Conventional S} m;hdifaferg]pt'\clg:ue"s"ggasségh::ge(1;3?8”3}{;‘2g{? of
icon-germanium, while in the second case, the epitaxial silicgg) 10 nm, (4) 0 nm. (b) Mobility curves versus effective-electric field at room
layer is unstrained, since it is grown on a silicon substrate. Wpigllﬂilr:?e;%rcz iﬁgrergcgnscg?t?aego?gf%31 g?ﬁg&szgfeFEIfzr\év:P
both cases, the thickness of the epitaxial silicon layer is denofgfP e e, (L 230 i = 5o (2) T = 4, = 50 nm, (3)
asx;, and its doping density is set equal¥@,,, = 10'* cm=3. T, = &, = 10 nm, (4)T.. = 30 nm,z; = 0 nm. In both figures To = 5
This means that for the strained-silicon channel case, the 100 Now = 10+ cm™%, Ny, = 10° cm™).
doped layer exactly coincides with the strained silicon layer.

The Ge mole fraction was assumed toibe- 0'13' The doping  he |ow-doped zone. From the comparison of Fig. 4(a) and (b),

concentration of the substr.ate W%ig}l =10%cm2inall following facts can be observed.

devices. For the sake of simplicity, we also assumed that the

stepped doping profile was perfectly abrupt. In both devices, 1) In both devices, electron mobility increases as the low

oxide thickness wa%., = 5 nm, and a*-poly gate was as- doped-layer thickness increases, as expected from the
sumed. greater separation between inversion charge electrons

The width of the depletion region in the centre of the channel _ @nd bulk impurities [16].
was calculated following the procedure explained in [16] 2) Itisalso clear that mobility in strained devices [Fig. 4(b))]
assuming that drain and source junction depths are 30 nm. ishigher than mobility in unstrained ones [Fig. 4(a)]. This
Basically, the same results reported in [16] for conventional-Si ~ behavior is as expected, due to the reduction in conduc-

Unstrained Si

y (cm2/Vs)

Nit=4x1 010 cm-2

102
103

//7\ Strained Si

) S
@

Electron Mobilit

Nit=1x1011 cm-2

(b)
106
Effective Field (V/cm)

@

102
105

MOSFETs were obtained for the strained-Si case, that is to say,
the depletion region width remained fixed until = 30 nm,

and then increased concomitantly with In this respect, short 3)

tion effective mass and the reduction in the intervalley
scattering rate [6], [7].
The comparison of Curves 1 and 2 in the two figures

indicates that Coulomb scattering is also reduced in the
strained case (Fig. 4(b)), even when the interface charge
concentration is much higher than in the unstrained case
(Ny; = 10 cm™2 in the strained case versug;, =

4 % 10'° cm~2 in the unstrained case). As established in
Section Il above, this behavior could be also predictable
as a consequence of the more effective screening of the
interface-trapped charge (when they comprise the main
Coulomb scattering source) due to the greater population

channel effects are under control as in high-uniform-doping
MOSFETs both in the unstrained- and strained-Si cases for
x; < 30 nm.

A. Electron Mobility Curves

Electron mobility curves versus transverse effective field are
plotted in Fig. 4(a) for unstrained-Si devices and in Fig. 4(b)
for strained-Si devices, considering different thicknesses of the oul 4 -
low-doped silicon layer. Typical interface charges were used in ~ Within the ground subband in the strained case.
each caseN;, = 4 x 101° cm~2 for the unstrained-Si MOS- In order to understand, from a physical point of view, the
FETs[16] andV;; = 1 x 10! cm~2 for the superficial strained- causes of the Coulomb scattering reduction that is obtained in
Si/Sih.7Gey 3 channel MOSFETS [2]. It is necessary here tétrained-Si MOSFETS, we studied the mobility curves of these
draw the reader’s attention to Curve 1 in Fig. 4(b). This mobilit§evices step by step.
curve corresponds to a device with a low-doped silicon layer 30Mobility curves for strained- and unstrained-Si devices for
nm thick, grown over a Qi-Gg) 3 substrate that, in this case,z; = 30 nm (open squares) ang = co (solid line) are plotted
also remains undopdd:; = o). So, in this case, the thicknessn Fig. 5(a), taking into account only the effect of the bulk im-
of the strain silicon layer does not coincide with the thickness pfirities in the Coulomb scattering rate calculation, that is to say,
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. . . . . . _Fig. 6. Coulomb limited mobility for the same devices as in Fig. 6 at room
Fig. 5. Mobility curves versus effective-electric field for conventional Si an?emperaturer =5 M, Niow = 10 cm~3, Ny, = 1018 cm=3, T, =
Hox = s Now = s NVuign = L =

superficial strained-Si/$i; Gey s channel MOSFETS at room temperature. The, ~ — 39 nm). In (a) Ny, = 0 cm2. In (b) Ny (Unstrained) = 4 x 10%°
mobility curves '|nc|ud|ng Coulqmb scattering me(_:hamsms'are plotted N OPER-2 N, (Strained) = 1 x 10 cm~2.

squares; solid lines show mobility curves with this scattering mechanism off.

(Tox = 5 nmM, Nigyw = 10™ cm™2, Ny, = 10¥ em=3, T, = z; = 30

nm). In (@) Nie = 0 cm2. In (b) Ni¢(Unstrained) = 4 x 10 cm~*, strain in this kind of highly-doped substrates is a direct
N (Strained) = 1> 107 em=). consequence of the stepped-doping profile.

In order to consider the simultaneous effect of inter-
assuming a null interface charg#;; = 0). The separation be- face-trapped charge and doping impurities, the same mobility
tween the two mobility curves (solid and open-squares curvegjrves shown in Fig. 5(a) are plotted in Fig. 5(b), adding
is smaller in the strained case. This means that the contribut'@rtypica| interface-charge in both types of devices in the
of Coulomb scattering in the strained-Si case is lower than in ugoulomb scattering rate calculatiolV§ = 4 x 10'° cm=2
strained-Si. This fact can be observed more clearly in Fig. 6(#&r a conventional-Si MOSFET and/;, = 10! cm™2 for
where Coulomb limited mobility was extracted by using thg surface strained-Si/SiGea)s MOSFET). Once more, we
Mathiessen rule. In Fig. 6(a), we have also added the Coulongptained the Coulomb limited mobility by using Matthiessen’s
limited mobility curve corresponding to a less strained-samplgle [Fig. 6(b)]. Despite the greater interface charge concen-
(z = 0.15) in order to observe the gradual effect of the straitation in the strained case, Coulomb limited mobility remains
on the Coulomb limited behavior. much higher than in conventional-Si devices. This means

Fig. 6(a) only corroborates the results previously obtainebat the mobility enhancement obtained by the improvement
for the interface-trapped charge in Section IIA, but now for thef screening by the strain is much more important than the
doping impurity charge. In addition to the well-known fact thateduction that the much greater interface trap concentration of
the greater the effective field the greater the Coulomb limiteHese devices would produce. In this respect, the use of these
mobility, as a consequence of the better screening of the chargeshped doping profile structures in strained-Si MOSFETs
centers by the mobile carriers [22], the following conclusionsould be an interesting alternative to support the role they
can be drawn from Fig. 6(a). might play when they are considered as serious alternatives to

1) For a fixed value of the transverse electric field, thgonventional-Si CMOS technology.
Coulomb limited mobility due to bulk impurities is much ) .
higher in the strained case than in the unstrained orfe. Simulation Results
As the Germanium mole fraction increases, the higher Device simulations have been performed to show the effect
band splitting causes the ground subband populatiofithe stepped doping profile and the strained Si layer on the
to increase, thus decreasing the number of electronsdevice performance. The mobility data depicted in Fig. 5(b)
the excited subbands. Therefore, the screening of thas been used in tabulated form in MINIMOS-NT [20]. The
doping impurities (which are now separated from thmobility roll-off at small effective field strengths has been ne-
carriers) by the mobile carriers will be more effectiveglected in the simulation. Instead, mobility was kept at its max-
thereby reducing Coulomb scattering and increasirghum value down to zero field in order to extend the mobility
electron mobility. It is worth stressing this result, since inlata to the whole field range, which is in qualitative compliance
nonstepped doping substrate devices, Coulomb-limitedth analytical surface mobility models [25], [26]. The quantum
mobility in strained and unstrained silicon channelsorrection of Hansch is employed [27] to ensure a more realistic
almost coincides, as shown above [Fig. 3(b)]. Therefordistribution of the inversion layer charge in the conventional de-
the improvement in Coulomb limited mobility due to thevice simulation.
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show that the measures taken to optimize the on-current degrade
the turn-off behavior of the device only moderately.

IV. CONCLUSION

We have studied the effect of Coulomb scattering on elec-
tron mobility due to both silicon bulk impurities and to the in-
terface trapped-charge in strained-Si on_$iGe,. It has been
demonstrated that strain contributes to enhancing Coulomb lim-
ited mobility when charged centers and electrons are physically
separated, since in this way the strain enhances the screening
effect. We have also studied in depth the mobility improvement
obtained in superficial strained-Si devices when a low doped
layer is introduced beneath the oxide in deep-submicron de-
vices. It is shown that this design can enhance the mobility at

Fig. 7. Simulated output characteristics for the strained (S¥Sie.s) and
unstrained channel devices. The parameters of the devicds-are 100 nm,
Tox = 2.5 M, Nigyy = 10 ecm™3, Nyi, = 10¥ cm=3, T, = 2; = 30
nm, Nj; (Unstrained) = 4 x 10'° cm™2, Ny, (Strained) = 1 x 10** cm=2.

low effective fields by reducing Coulomb scattering and there-
fore taking full advantage of the conduction effective mass and
phonon scattering reduction that can be obtained in strained-

Si MOSFETSs. Finally, we have seen (by using MINIMOS-NT)

100 ¢ " T T
1wk T
~102F
< (1]
E
103 ¢
E 2
3104k
® 3
5105k
— Strained [4]
106t [ [ - Unstrained 4
107 l . [5]
05 1.0 1.5 2.0
Gate-Source Voltage (V) (6]
Fig. 8. Subthreshold characteristics of the simulated devices in Fig. 7.
(7]

Fig. 7 shows the simulated output characteristics for the
strained and unstrained channel devices. The parameters of tHél
devices arelg = 100 nm, T, = 2.5 nm, x;, the thickness
of the low doped Si layer, equals 30 nm, and for the substratg9]
doping Ny = 10'® cm™2 is assumed. The on-current at
Vbs = 2 V of the unstrained device is already as high as 76q10]
wA/pm, whereas strain increases this figure up to 820;m.

In Fig. 8 the subthreshold characteristics of the simulated de-
vices are depicted. From these results the subthreshold swing%&]
Vbs = 2 V is estimated byS; = 85 mV/dec, whereas drain
induced barrier lowering (DIBL) is extracted as 52 mV/V at 12
Ins = 0.1 pA/pm. To show the influence of the low doped
Si layer on the turn-off behavior, a device without such layer is
simulated. ThatisV4 = 108 cm~3 both in the channel and the [13]
substrate. For this device the extracted parameterS;aze75
mV/dec andDIBL = 43 mV/V. These comparative simulations

]

that the use of the low doped silicon layer significantly improves
the drain current while degrade the turn-off behavior of very
short-channel MOSFETSs only moderately.
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