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Abstract

The combination of semiconductor-on-insulator (SOI) substrates with ultrathin Si (or Ge) channel and gate insulator layers opens
new opportunities for nonclassical CMOS-compatible devices and possibly optical sources. Unlike their III–V counterparts, which often
came first, SOI-based devices have the crucial advantage of potential integrability with dominant silicon technology. We discuss the
examples of lateral and vertical tunneling transistors, as well as a tunneling-based SOI intersubband laser. None of these devices has
progressed beyond either proof-of-concept demonstrations or, in the case of the intersubband laser, a purely theoretical concept. Still,
the unique characteristics deriving from quantum mechanical tunneling make such devices an interesting playground for innovative
device research, especially as standard Si CMOS heads towards the rapidly approaching end of scaling.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Semiconductor-on-insulator (SOI) transistors built in
thin fully-depleted Si channels on top of an insulating bur-
ied oxide [1] are an attractive alternative to bulk Si CMOS
in ULSI technology [2] due to their superior scaling prop-
erties, enhanced performance, and improved device isola-
tion. In mainstream technology, it is clear that one needs
both new materials, such as high-j dielectrics and possibly
non-Si channel layers, and new device layouts, such as fin-
FETs, to continue scaling down to ultimate CMOS – the
main controversy regards the most appropriate device tech-
nology that can meet the stringent reliability and yield
requirements. At the same time, the continuing miniaturi-
zation of SOI devices, with available channel and gate insu-
lator thickness dropping to the nanoscale is opening the
door to quantum effect and hot-electron devices. Many
such devices, based on quantum tunneling, hot-electron
injection or charge quantization, have been demonstrated
in III–V heterostructures over the past two decades, driven
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by the bandgap engineering capabilities and nearly perfect
heterointerfaces of modern epitaxy [3]. Yet the mainstream
semiconductor technology continues to be dominated by Si
CMOS. Today, it appears hardly conceivable that any
stand-alone III–V quantum effect or hot-electron architec-
ture will make inroads against Si ULSI [4], and the same is
true for other contender devices, like carbon nanotube or
molecular electronics [5]. At the same time, the end of
CMOS scaling, visible within a couple of decades due to
absolute physical limitations, endows the search for
ULSI-compatible innovative devices that can be integrated
with standard CMOS with a particular urgency.

In this paper, we will present several device structures
that appear suitable for exploitation in the SOI world: lat-
eral and vertical tunneling transistors (TTs), as well as an
intersubband laser based on vertical tunneling. All of these
devices can and have been envisaged and, in several cases,
demonstrated in III–V heterostructures. However, SOI
implementations offer the crucial CMOS compatibility,
which history indicates to be more important than stand-
alone performance. We emphasize that while some of these
SOI devices have been demonstrated at a rudimentary
proof-of-concept level, others exist only as proposals, and
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Fig. 1. (a) Schematic layout of a lateral interband n-channel TT with a
counterdoped source in partially depleted SOI: dashed line shows the
electron inversion channel under the gate, body is tied to source (similar
bulk Si devices have been integrated in advanced CMOS [22]). (b)
Schematic layout of an interband TT without an inversion channel
implemented in SOI, bold line marks the pn junction while the dashed
lines indicate the corresponding lateral depletion region. Ideally, the gate
overlaps the depletion region only to minimize capacitance (hatched); in
the first fabricated prototypes [18], the gate overlapped source and drain
space charge regions (dashed).
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none is likely to have immediate technological impact. All
require some fabrication advances beyond the current state
of the art, whether in terms of material integration or
extreme control over layer thickness and composition. At
the same time, these devices do not abandon CMOS com-
patibility or room temperature operation, making them
somewhat less exotic than the much researched single-elec-
tron devices, like gated quantum dots built in SOI that
show strongly nonlinear conductance due to single-charge
tunneling [6–8]. What we hope to convey is that novel
devices and functionalities can still be grafted onto the rap-
idly growing SOI technology – an opportunity that device
physicists should not miss.

2. Interband tunneling transistors in SOI

A device class that was originally proposed and realized
in III–V materials but appears eminently suitable for SOI
implementation is the tunneling transistor (TT), where
the current transport occurs via quantum-mechanical tun-
neling. This tunneling can either be interband, with carriers
tunneling between conduction and valence bands, as in the
Esaki diode [9], or resonant, with carriers tunneling into a
reduced-dimensionality subband, as in a resonant tunnel-
ing diode (RTD). In both cases, the tunneling of carriers
requires an available final state on the other side of the bar-
rier. The hypothetical advantage of TT over standard
FETs is twofold. First, unlike thermionic injection over a
barrier, tunneling through a barrier can, at least in princi-
ple, beat the 60 mV/decade limit on the subthreshold cur-
rent of an FET, although this holds over a relatively
narrow range of VG and VD [10]. Second, TTs can produce
extremely nonlinear current–voltage characteristics, includ-
ing regions of negative differential resistance (NDR), that
may add logic functionality and hence reduce the area
required for a logic gate or a memory cell. A number of
TT-based devices and small demonstration circuits, typi-
cally involving the bandgap engineering available in epitax-
ial III–V heterostructures, were investigated over the past
decades [3]. In this paper, we will restrict our focus to
devices that can be fabricated within silicon-based SOI,
only mentioning the direct III–V antecedents when neces-
sary to illustrate the operating mechanism.

First, we consider the lateral interband TT where the
drain current flows via interband tunneling modulated by
a gate electrode. The original idea for controlling interband
breakdown via a gate can be traced back to the 1960s,
when Shockley and Hooper proposed a gated avalanche
pn junction [11]. However, an avalanche drift region occu-
pies too much area, so a transistor-like layout is preferred
for ULSI compatibility. The simplest lateral interband TT
layout requires a standard MOSFET with the source and
drain of opposite doping, as illustrated in Fig. 1a. This type
of structure, first demonstrated in GaAs [12] and subse-
quently in bulk Si [13–16], uses the gate voltage VG to influ-
ence the electric field F (and hence the interband tunneling
current) between the inversion channel and the source or
drain. The effective cross-sectional area of the channel-
drain pn junction in Fig. 1a is kept small by the physical
depth of the inversion channel. The channel-drain or chan-
nel-source junction can be either forward or reverse-biased,
since as in the Esaki diode a heavily-doped pn junction
passes current in reverse bias as well [17].

An alternative implementation without a channel alto-
gether is based on a heavily-doped lateral pn junction in
an ultra-thin Si channel on SOI, with a standard gate oxide
and a gate electrode overlapping the junction depletion
region – a schematic illustration is shown in Fig. 1b. Here
VG controls the source–drain interband tunneling current,
while the cross-sectional area of the pn junction is set by
the actual thickness tSi of the Si [18]. In both variants of
Fig. 1, the electric field F that drives the tunneling current
depends on both VD and VG. A serious hindrance to the
technological insertion of interband TTs is the lack of an
adequate quantitative model for interband tunneling in
indirect materials like Si and Ge [19–21]. Most of the avail-
able expressions contain adjustable parameters for the elec-
tron–phonon coupling constant and predict a sharply
increasing current with the electric field F. Their quantita-
tive accuracy is open to question, especially since the cali-
brations on planar heavily-doped pn junctions [10,22],
where maximum F is normal to the junction, are difficult
to apply directly to the three-terminal TTs of Fig. 1, where
the magnitude and direction of maximum F is self-consis-
tently determined by VG and VD. Since interband tunneling
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between the heavily-doped contact region and the body is a
limiting process to conventional CMOS FETs and is gain-
ing relevance in standard technology, we expect further
gains in the theoretical understanding of indirect interband
tunneling in the future.

Fabrication and CMOS process flow integration of
counterdoped TT analogous to Fig. 1a has been pursued
by a German university–industry collaboration [16,23,24],
with results on a bulk CMOS process at the 65 nm node
recently reported by Nirschl et al. [24] The measured TT
performance appears slightly better than a comparable
MOSFET as regards to static leakage in the off state, but
the on-state current is also lower, likely due to the added
tunneling resistance of the source–channel pn junction.
Simulations for this type of device predict an improved
subthreshold swing for some range of VD and VG biasing
[21], although as mentioned previously the quantitative
validity of empirical interband tunneling formulae used in
industrial simulators is open to question.

The ID(VD, VG) characteristics of a TT without an inver-
sion channel as in Fig. 1b is shown in Fig. 2. Ideally, an
ultra-narrow gate would overlap only the depletion region
of the lateral pn junction, minimizing gate capacitance
and leakage. However, in the first proof-of-concept devices
a standard CMOS process with the LG = 0.35 lm gate over-
lapping the junction as well as regions of source and drain
was employed (see Fig. 1b). The channel thickness tSi was
�40 nm and the pn junction was formed by double implan-
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Fig. 2. Reverse-bias ID(VD, VG) curves for interband TT without a
channel at T = 300 K as a function of VG of both polarities (double-
implanted pn junction doping of 6 · 1019:1020 cm�3, LG = 0.35 lm,
W = 10 lm, Si channel thickness tSi � 40 nm, gate oxide �5 nm).
tation. As expected, VG of either polarity adds to the drain-
voltage controlled lateral F in the junction, operated in
reverse bias, and hence modulates the drain current. How-
ever, due to insufficient doping and sharpness of the pn
junction, the current drive is unacceptably low for these
W = 10 lm devices. Estimates of FMAX(VD, VG) in such
devices indicate that a truly abrupt junction (even at lower
doping levels) would lead to much higher current drive, with
the same caveat that only empirical tunneling current
expressions are currently available [10]. Another possibility
is the use of a Ge-on-insulator channel, where the interband
tunneling barrier would be much lower because of the smal-
ler bandgap – the development of thin epitaxial GeOI layers
on Si substrates is particularly promising in this regard [25].

The TT without an inversion channel has no intrinsic
current saturation mechanism: as long as FMAX is due to
both VD and VG, ID should increase with VD, limited only
by extrinsic factors, such as series resistance in the contacts.
If we consider such a device operated in reverse drain bias
for high-speed analog amplification, the limitation on its
high-frequency operation arises essentially from the capac-
itance, since in reverse bias there is no minority carrier stor-
age. However, given the absence of the inversion channel,
the gate capacitance in the ideal TT of Fig. 1b, where the
gate overlaps the source–drain depletion only, is minimal.
As for the source–drain capacitance, it depends on the dop-
ing level of the pn junction. The trade-off between source–
drain capacitance (increasing with pn junction doping) and
the tunnel resistance (decreasing with pn junction doping)
will determine the proper design point. Obviously, the dou-
ble implantation procedure employed to produce the
devices of Fig. 2 is not ideal, with the source region under-
going two high-dose implantations and the junction sharp-
ness suffering from lateral diffusion during activation.
Epitaxial regrowth of the source region would be better,
although the resulting nonplanar TT layout would compli-
cate the gate level lithography.

Finally, it should be emphasized that with source and
drain contacts of opposite polarity, the no channel variant
of lateral TT of Fig. 1b is not affected by short channel
effects and does not obey the scaling limitations of a MOS-
FET. This may become important for future end-of-the-
roadmap ULSI devices. Conversely, the counter-doped
FET variant of Fig. 1a appears to scale similarly to
advanced CMOS, but with lower leakage and hence less
static power consumption [24].

3. Vertical resonant tunneling transistor in SOI

Turning to resonant TT, the idea of employing the sharp
I(V) nonlinearities and NDR arising due to tunneling into
a reduced dimensionality quantum well to perform device
functions was extensively explored in the 1980s and 1990s
[3]. However, Si-compatible double-barrier epitaxial het-
erostructures with sufficiently tall barriers and monolayer
control over barrier and quantum well thickness have
proved elusive. The much studied Si/SiGe heterostructure
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is limited by the lattice mismatch considerations to barriers
on the order of 0.2 eV [26], insufficient for strong quantiza-
tion, at least at room temperature.

However, now that the Si channel thicknesses tSi in SOI
can be reduced to a few nanometers, one can envisage a
vertical TT with lateral extraction of the operating tunnel
gate current IG. The principle of operation, first proposed
[27] and demonstrated [28] in epitaxial GaAs/AlGaAs
(with a thick AlGaAs second barrier in place of the buried
oxide), is illustrated in Fig. 3a. Carriers tunnel from the
gate electrode into the quantum well, where two-dimen-
sional (2D) subbands EN arise from size quantization. Elas-
tic tunneling through an ultrathin gate oxide into subbands
EN conserves energy and transverse momentum k? [29], so
the tunneling current depends on the alignment between
EN and the occupied states in the gate. This alignment, in
turn, is controlled by the voltage on the back-gate electrode
VBG, which induces an electric field that changes the 2D
confining potential and alters the alignment between the
channel and the gate [3,27]. In principle, once E1 is lowered
below the bottom of the occupied states in the gate elec-
trode, the tunneling current is cut off by the energy and
Fig. 3. (a) Schematic vertical band diagram through the VTT under bias,
indicating the electron tunneling into the quantized Si channel (the lowest
three subbands E1, E2 and E01 are shown) and their subsequent lateral
extraction via the (shorted) source and drain contacts. Control of the
tunneling current IG via VBG is due to the penetration of the electric field
through the Si channel, which alters the alignment of EN with poly-Si gate.
Inset shows the in-plane dispersions of the lowest subbands, the E01
subband (dashed) is due to the light electron mass normal to the quantum
well and is therefore heavy in the plane of the QW. The open arrow shows
the radiative transition of the proposed intersubband laser. (b) Tunneling
IG(VBG) characteristic at T = 4.2 K for VS = VD = 0.2 V (arrow marks the
transconductance g � oIG/oVBG minimum), together with smoothed
g(VBG) for various VS = VD = 0.2 � 0.35 V. At VD = 0.35 V a second g

minimum appears.
transverse momentum conservation, leading to NDR in
the IG(VBG) characteristic and hence a negative transcon-
ductance, g � oIG/oVBG < 0. The tunneling IG is extracted
laterally, via a separate contact to the quantum well. If the
VBG is increased further, the process is repeated, with the
tunneling current dropping due to E and k? conservation
once E2 is lowered below the occupied states in the gate –
this is the actual alignment illustrated in Fig. 3a. As a
result, the IG(VBG) curve should contain repeated regions
of both positive and negative transconductance, provided
the quantization in the Si channel is sufficiently strong
and the channel thickness tSi is sufficiently uniform.

First proof-of-concept SOI resonant TT devices were
reported [30], with tSi � 5 nm under the gate produced by
sacrificial oxidation and an ultrathin densified native oxide
of �1 nm thickness serving as the tunnel barrier. The gate
was in situ doped poly-Si gate material (P-doped to
�1019 cm�3 range), the device followed standard transistor
processing using e-beam gate level lithography (LG =
0.1 lm), nitride spacers, and low-energy source/drain
implants. Despite the ultrathin Si channel and gate oxide,
these devices successfully operated as standard transistors,
with good subthreshold slope and acceptable drain-induced
barrier lowering [30,31]. Once the channel is depleted with
VG < VT, an even more negative VG results in a slowly
increasing and relatively temperature-insensitive tunneling
current through the ultra-thin gate oxide. At low T =
4.2 K, this tunneling current can be modulated by VBG,
as shown in Fig. 3b. For this measurement, source and
drain electrodes are shorted together and biased to a fixed
voltage VD with respect to the grounded gate electrode.
The tunneling current IG is then modulated by VBG and
the resulting transconductance g first increases and then
drops, with one or more clear minima in-between. The ini-
tial increase of g with VBG corresponds to the VBG-induced
lowering of E1 with respect to the gate, leading to a higher
IG. The eventual drop in g at large VBG (VBG > 15 V, see
Fig. 3b), corresponds to a large carrier density being estab-
lished in the Si channel, which screens the VBG-induced
electric field. The minima in g at intermediate VBG corre-
sponds to the E1 subband going out of alignment with
the occupied states in the gate (at larger VS = VD the next
E2 subband gives rise to a second feature). In these early,
proof-of-concept devices, g does not really go negative
and the VBG required to modulate IG is unacceptably large.
However, a truly uniform (and thinner) Si channel would
lead to much sharper features at noncryogenic tempera-
tures, while a thinner buried oxide would (an expected
development in SOI technology) would reduce the neces-
sary VBG. Finally, a major problem with the proof-of-con-
cept implementation of Fig. 3b is the ultrathin SiO2

tunneling barrier that keeps the tunneling IG to impracti-
cally low values because of its DEC > 3 eV conduction band
offset. This very high barrier suppresses tunneling in
standard MOSFETs, which is a plus because there the tun-
neling electrons mean an undesirable gate leakage. How-
ever, there is currently an enormous research effort into
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alternative high-j dielectrics, in order to enhance the gate-
to-channel capacitance (and hence the MOSFET transcon-
ductance). A number of metal oxides that have been
investigated for high-j applications, such as zirconium sil-
icates and barium oxides, have relatively low DEC, in the
0.5–0.8 eV range [32]. While such low barriers are problem-
atic for standard MOSFETs, they might prove ideal for
vertical TTs. Evidently, the high-j dielectric barriers would
require both smooth interfaces and low defect densities to
keep interface-roughness-assisted and defect-assisted tun-
neling components acceptably small and prevent these
contributions to the valley current from swamping the res-
onant current peak [3]. Another important valley current
component is due to phonon-assisted inelastic tunneling,
where phonon emission (or absorption) relaxes the energy
and transverse momentum k? conservation. The phonon-
emission mechanism is very strong in polar III–V hetero-
structures, such as GaAs/AlGaAs RTDs [33]. In Si-based
TTs phonon-assisted tunneling should be weaker, but
should certainly be taken into account (thus, in the pro-
posed intersubband laser, below, the energy separation of
the subbands in the Si quantum well is set below the optical
phonon energy).

4. Intersubband laser in SOI

Provided a sufficiently uniform, smooth, and more
transmissive tunneling barrier becomes available, a slightly
modified vertical TT structure could enable an intersub-
band laser compatible with dominant SOI technology.
The fundamental operating principle involves preferen-
tially filling a higher-energy subband E2 in a quantum well
via tunneling and extracting the carriers from a lower sub-
band E1, producing stimulated emission at �hx = (E2 � E1).
Population inversion requires that once carriers relax rad-
iatively to E1 they should leave the active region faster than
E2 is filled. An intersubband source involving resonant tun-
neling for both filling E2 and emptying E1 in a double-well
structure was originally proposed for GaAs/AlGaAs [34];
and the same mechanism underpins the rapidly developing
of III–V quantum cascade lasers (QCLs) [35]. Since the
radiative transition is intersubband, no direct bandgap is
required and a Si quantum well can also be used for the
gain medium. However, directly translating III–V QCL
design into Si-based materials is hampered, as always, by
the relatively low barriers and strain in Si/SiGe hetero-
structures [36].

The proposed SOI-based intersubband laser is based on
the vertical TT structure of Fig. 3a. The added modifica-
tions are that the poly-Si gate thickness should be kept
down to �20 nm and the substrate should be undoped,
with only a thin, heavily doped layer near the buried oxide
interface to which VBG can be applied. This minimization
of doped region is necessary to reduce free carrier absorp-
tion, as discussed later.

Exactly as in the vertical TT, electrons tunnel from the
gate electrode into the E2 subband in the Si QW and are
extracted laterally at the contacts. The in-plane dispersions
of the relevant subbands in the Si QW are shown schemat-
ically in the inset of Fig. 3a. Doubly-degenerate subbands
E1 and E2 correspond to the heavy m* = 0.98m0 electron
mass in the quantization direction and to the light m* =
0.2m0 in the plane, whereas the fourfold-degenerate sub-
band E01 lies above E2 and is heavy in the plane. Coupling
between E2 and E01 reduces the in-plane diffusivity in the E2

subband.
Once injected into the E2 subband, electrons diffuse lat-

erally towards the contacts with a diffusion constant D2.
They will relax to the lowest E1 subband with a character-
istic lifetime s and there also diffuse towards the contacts,
with a different diffusion coefficient D1. As long as the
energy separation (E2 � E1) lies below the Si optical pho-
non energy, nonradiative relaxation to E1 is suppressed.
Assuming uniform injection from the gate, the diffusion
equation in the QW can be solved, leading to carrier densi-
ties n2 and n1 for the upper and lower subband, respectively
[37]. Defining LD � (D2s)1/2 as the diffusion length in the
upper subband with respect to relaxation to E1 and setting
LG = 2L symmetrically about the x = 0 midpoint of the
gate, one obtains in the limit of LD > L:

n2ðxÞ
n1ðxÞ

¼ D1

D2

12L2
D

5L2 � x2
� 1

� �
ð1Þ

Since x varies from zero to L, Eq. (1) predicts population
inversion even for equal diffusion coefficients D1 = D2, be-
cause the electrons do not have time to relax from E2 to E1

during their diffusion towards the contacts. The ratio D1/
D2 increases the inversion further, as the in-plane diffusivity
D2 is expected to be markedly smaller because of the
hybridization of the E2 subband with the E01 subband that
lies closest in energy and has a heavy in-plane mass (as well
as a large density of states) – see Fig. 3a. Given that optical
phonon scattering is turned off in the proposed structure,
as (E2 � E1) <�hxLO, the main nonradiative relaxation pro-
cesses are acoustic-phonon assisted or the weaker multi-
electron Auger-like processes. In a similarly narrow GaAs
QW, the acoustic phonon intersubband scattering time at
T = 77 K was calculated to be in the several tens of ps
range, implying LD of several lm [38].

Several other necessary conditions are needed of an
effective infrared source, using a typical vertical III–V
QCL design for comparison. Given the intersubband nat-
ure of the E2! E1 transition, the optical matrix element
in our Si QW is, in principle, quite similar to that in a GaAs
QW. In order to avoid competing nonradiative relaxation
via phonon emission, the Si QW in Fig. 3a should not be
too narrow, e.g., if tSi = 6 nm we have (E2 � E1) �30
meV < �hxLO in Si. Optical mode confinement for far infra-
red wavelengths has been a major issue in III–V QCL
designs because of the relatively small change in refractive
index available in the epitaxial III–V heterostructures. On
the other hand, the active region in epitaxial III–V QCLs
can repeated many times to bring the total active thickness
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closer to k, increasing the gain to counter the additional
optical losses due to incomplete confinement. In our device,
the structure is based on a single QW and cannot easily be
repeated, due to the SOI substrate fabrication technology.
As a result, the optical confinement C at k = 40 lm is very
weak for the TM mode, despite the large refractive index
discontinuity between Si and SiO2 [39]:

C ¼ 2p2ðd=kÞ2ðeSiO2
=eSiÞðeSi � eSiO2

Þ � 10�3 ð2Þ

where d � 25 nm is the total thickness of the active struc-
ture (thin 20 nm poly-Si gate, tunneling dielectric, and
tSi = 6 nm SOI channel). Consequently, there is no signifi-
cant difference between the optical field intensity in the Si
QW gain region and the doped poly-Si gate and substrate
regions, which are the regions of optical loss due to free-
carrier absorption. Estimating the energy broadening in
the Si QW to be �5 meV, corresponding to monolayer fluc-
tuations in tSi and assuming strong population inversion
(n2 � n1) � n2 as predicted by Eq. (1) for LD < L, we obtain
a gain a � 350(n2/1011) cm�1 [37]. This gain must overcome
the optical losses due to free-carrier absorption in the poly-
Si emitter, in the narrow doped region under the buried
oxide, and in the lateral contacts, as well as possible
absorption in the SiO2 cladding layers [40]. Free-carrier
absorption in heavily doped semiconductors aL is given
by aL � Nk2, where N is the carrier concentration. In n-
Si, absorption in the infrared was measured by Spitzer
and Fan [41]: at T = 77 K the absorption for Si doped
ND � 3 · 1017 cm�3 is roughly aL � 150 cm�1 when extrap-
olated to k = 40 lm. Since the total thickness of the doped
regions in our device is 40 nm whereas the quantum well
tSi = 6 nm, to overcome the free-carrier absorption losses
we need to get the sheet density n2 in the upper E2 subband
to reach at least 3 · 1011 cm�2. The tunneling current den-
sities measured in the vertical TT of Fig. 3b were far too
small to achieve such a charge density in the well, but an
alternative dielectric barrier with a smaller barrier height
[32,42] could be used to increase the current density. As a
result, operation at k = 40 lm may be feasible.

The remaining question regarding the feasibility of SOI-
based unipolar laser concerns the uniformity of the Si QW
on top of the BOX layer. The possibility of thinning the Si
channel by means of repeated sacrificial oxidation is a
relatively recent development [43], and the near-perfect
control of layer thickness by epitaxy, crucial to existing
III–V QCL designs, is not yet attainable. As a result,
devices based on the existence of sharp 2D quantization
in the QW suffer from the subband broadening due to
QW thickness nonuniformity. In our device, given a rea-
sonable carrier density in the well, the lateral diffusion of
these electrons to the contact regions will not be affected
by the local potential dips and hills due to thickness fluctu-
ations. At the same time, recent reports of photolumines-
cence from Si QW down to 2 nm thickness sandwiched
between SiO2 barriers on SOI indicate that thickness non-
uniformity is dropping towards a single monolayer [44]. It
is this monolayer nonuniformity that we assumed to esti-
mate the available gain.
5. Conclusions

In this paper, we have briefly presented several nonclas-
sical device prototypes, ranging from tunneling transistors
to a proposed intersubband laser, that had their beginnings
in III–V heterostructures but can possibly be implemented
in SOI-based Si technology. More generally, the ultrathin
Si layers becoming available in SOI, in combination with
Si-based heterostructures, ultrathin oxides and other Si-
compatible dielectrics, beckon device physicists and design-
ers to transfer the entire arsenal of bandgap-engineered,
size and charge quantized device ideas to the world of sili-
con technology. While it is uncertain that any nonclassical
devices will have genuine technological impact in the
CMOS-dominated semiconductor industry, various end-
of-the-roadmap scenarios do envision the integration of
alternative devices with CMOS in the not-too-distant
future.
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