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Abstract— Capacitance-voltage (C-V) characteristics and
carrier transport properties of two-dimensional electron
gases (2DEGs) in an undoped Si/SiGe heterostructure at
T = 4 - 35 K are presented. Two capacitance plateaus due
to density saturation of the 2DEG in the buried Si quantum
well (QW) are observed and explained by a model of surface
tunneling. The peak mobility at 4 K is 4.1 x 10° cm?/V's
and enhanced by a factor of 1.97 at an even lower carrier
density compared to the saturated carrier density, which
is attributed to the effect of remote carrier screening. At T
= 35 K, the mobility enhancement with a factor of 1.35 is
still observed, which suggests the surface tunneling is still
dominant.

Index Terms—Undoped Si/SiGe heterostructure, C-V
characteristics, surface tunneling.

[. INTRODUCTION

Ilicon quantum dot (QD) qubits have gained much at-
S tention in the past two decades due to their long spin
decoherence times and their compatibility with the very-large-
scale integration (VLSI) technology [1]-[5]. Silicon QDs can
be formed in a metal-oxide-semiconductor (MOS) channel
[2], [3] or an undoped Si/SiGe heterostructure [4]-[7]. Fast
quantum gate operations (> 30 MHz) were demonstrated
in Si/SiGe QDs [7]. The interface quality in the Si/SiGe
heterostructure (1 ~ 2,400,000 cm?/V-s) [8] is much better
than in the Si MOS system (1 ~ 9,800 cm?/V-s) [9], which
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could improve the device performance for a large-scale qubit
system.

To realize a full-scale quantum computer, cyro-CMOS de-
vices and circuits [10] have been proposed to interface physical
qubits to reduce serious issues such as complicated wiring and
latency. While a quantum integrated circuit (QIC) with QDs
and mixed-signal circuits were reported on a Si MOS platform
recently [10], only few works on cryogenic logic devices
on the Si/SiGe heterostructure were reported [11], [12]. At
cryogenic temperatures (T < 40 K), Si/SiGe heterostructure
transistors show a negative transconductance, which can be
explained by a surface tunneling model [11], [12]. Electrons in
the buried quantum well (QW) tunnel to the surface layer and
are trapped at cryogenic temperatures. By manipulation of the
carrier distributions in the Si/SiGe heterostructures, we demon-
strated a cryogenic flash memory device [13]. This bilayer
device contains two conduction layers, where interlayer tun-
neling can occur when the gate voltage is modulated to modify
the charge distributions in the buried and surface Si layers [11],
[12]. Thus, its threshold voltage can be manipulated by gating,
leading to two states required for flash memory operations
[13]. Conventional flash memory devices are fabricated on a
Si MOS platform and tunneling occurs in the oxide layers.
For our devices, electrons tunnel between the buried and
surface Si layers through a crystalline SiGe layer, which could
improve the device reliability [14], [15]. Furthermore, only a
single oxide layer is needed, which further improves device
reliability and simplifies the fabrication process. Our prior
work demonstrated a high endurance of 10* in the Si/SiGe
heterostructure flash memory at 4 K [13]. This device can
also be integrated with Si/SiGe quantum dot devices to form
quantum system-on-chips (QSOC) for quantum computing
applications [10]. While the electron density and mobility
extracted from Hall measurements further confirmed the I-V
characteristics at 4 K [12], device characteristics at elevated
temperatures have not been investigated.

In this work, we report C-V measurements characterizing
the carrier distributions in an undoped Si/SiGe heterostructure
at 4 - 35 K, and compare the results to Hall measurements.
Two capacitance plateaus are clearly observed, corresponding
to the density plateaus revealed by Hall measurements. This
shows that the surface tunneling mechanism for the carriers
in the buried Si QW still dominates at elevated temperatures
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Fig. 1.
Si/Sio.s86Geo.14 heterostructure gated Hall-bar device. (c) TEM/HRTEM
image of the Si/Sip.s6 Geo.14 heterostructure. (d) |-V transfer character-
istics of a gated Hall bar device at V45 = 0.1 V.

(a) Cross-section and (b) top view of an undoped

up to 35 K. In addition, mobility enhancement by a factor
of 1.35 and 1.97 is also observed at T = 35 and 4 K,
respectively, and can be explained by remote carrier screening
[12], [16]. Because of the surface tunneling mechanism, the
channel at the surface Si QW becomes conducting at high
gate voltages and screens the buried channel. Therefore, C-
V measurements can be performed at different frequencies to
observe the response of carriers and the charge distribution at
elevated temperature, which together with Hall measurement
results are important for understanding the electrostatics and
carrier transport properties.

[I. DEVICE FABRICATION

The undoped Si/Siy gsGeg.14 heterostructure used in this
study was epitaxially grown on a lightly doped p-type Si
substrate (resistivity p ~ 20 -cm) using ultra-high vacuum
chemical vapor deposition with SiH4 and GeHy as precursors.
The growth details can be found in our prior work [17]. To
investigate the transport properties of two-dimensional elec-
tron gases (2DEGs) in the undoped Si/SiGe heterostructure,
planar gated Hall-bar devices were fabricated. The schematic
cross-section of the device structure is shown in Fig. 1(a).
First, source and drain regions were formed by phosphorous
implantation followed by rapid thermal annealing at 635 °C
for dopant activation. Then, 90-nm AlyO3 was deposited using
atomic layer deposition at 200 °C. A Ti/Au stack was then
deposited for the gate and contact metallization (Fig. 1(b)).
A high-resolution transmission electron microscope (HRTEM)
image of the Si/SiGe heterostructure is shown in Fig. 1(c).
The actual thicknesses only slightly deviate from the target
thicknesses, showing high-quality epitaxial growth by ultra-
high vacuum chemical vapor deposition (UHVCVD).

The I-V characteristics of the Si/SiGe undoped structure
at 4 K is shown in Fig. 1(d). The current first increases
with the overdrive voltage (defined as the gate voltage minus
the threshold voltage) since more carriers are injected from

the source to the buried Si QW. Meanwhile, the Si cap
layer is insulating at cryogenic temperatures since there are
many disorders at the Si/oxide interface. As the gate bias
increases, carriers are injected into the Si QW, leading to
high electric fields in the SiGe barrier and high tunneling
rates of carriers to the surface. With an overdrive voltage
of ~ 1 V, the drain current saturates due to the balance
between the tunneling rate from the Si QW to the Si cap
and the injection rate from the source to the Si QW [11],
[12]. As the overdrive voltage increases further (> 4.0 V),
the current decreases since the carrier density in the buried Si
QW decreases due to surface tunneling, resulting in a lower
conductance in this bilayer system. By further increasing the
gate bias, carriers are injected from the source into the Si
cap layer and the carrier density and mobility in the buried
Si QW are constant [12]. Since the mobility at the surface
is extremely low due to the disorders at the oxide interface,
the conductance is dominated by the buried channel and the
current saturates. The devices were placed into a cryostat with
automated temperature control. Effective capacitance of the
gated Hall-bar device was measured with a precision LCR
meter (Keysight E4980A) and the Hall measurements were
performed using standard lock-in techniques at T = 4 - 35 K.

I1l. RESULTS AND DISCUSSION

A. Carrier Transport Properties and C-V Characteristics
of 2DEG

Carrier density and mobility of the gated Hall-bar device at
4 K are plotted against the gate voltage in Fig. 2(a). Unlike
conventional transistors, the carrier density first increases with
the gate voltage and then saturates due to surface tunneling
[17]. The density then decreases and saturates to a lower
level due to the onset of surface channel conduction [12].
As the gate bias increases, more carriers are injected from
the source into the buried Si QW, leading to a higher electric
field along the gate direction. Then carriers in the Si QW
tunnel to the Si cap layer and are trapped by the disorders
at the Si/oxide interface. Since this tunneling rate is balanced
by the carrier injection rate, the carrier density and current
no longer increase with the gate bias. By further increasing
the gate voltage (Vo ~ 5.5 V), the density decreases and
saturates at a lower level due to the onset of surface channel
conduction [12]. As more electrons tunnel to the Si cap layer,
the disorder at the oxide interface is effectively passivated and
the surface layer becomes conducting. As the gate bias induces
more electrons into the bilayer structure, the decrease in carrier
density in the buried channel leads to a smaller conductance
and reduced current. At even higher gate biases (Vo, > 6 V),
carriers are injected into the surface channel and effectively
screen the buried channel, leading to a constant carrier density
and mobility in the buried channel. Note that at Vo, =6V, a
mobility peak was clearly observed, which is attributed to the
screening effect of the surface layer on the buried channel [12],
[16]. The details of these unique properties were explained by
a surface tunneling model [11], [12], [16], [17].

While the surface tunneling phenomenon has been demon-
strated in Si 2DEG [11], [12], [16], [17] and Ge two-
dimensional hole gas (2DHG) systems [18] through Hall
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Fig. 2. (a) Hall density and mobility and (b) effective capacitance vs

gate voltage for a gated Hall-bar device at 4 K.
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Fig. 3. (a) Capacitance (f = 200 Hz) and (b) Hall density vs gate
voltage of the undoped Si/SiGe heterostructure at T = 4 - 35 K. Dash
line in (b) represents the equilibrium carrier density of the buried channel
calculated by a SCSP solver.

measurements, the Hall density and mobility do not represent
the actual density and mobility of each channel in a parallel
conduction system, where both the buried QW and the surface
layer are conducting. Thus, we performed C-V measurements
to characterize the carrier distributions in the undoped Si
2DEG systems. Gate-to-channel capacitance of the gated Hall-
bar device was measured at 4 K (Fig. 2(b)). As the device
is turned on, electrons are initially induced in the buried Si
QW. In this regime, additional carriers induced by gating are
injected to the Si cap layer, where the channel is formed due to
the effective passivation of disorders by the electrons tunneling
from the buried Si QW. Hence, the effective capacitance
is the oxide capacitance. Due to the low mobility of the
surface channel, the carriers cannot respond to high frequency
signals (> 5 kHz) at cryogenic temperatures and the effective
capacitance decreases with frequency at Vo, > 8 V.

We performed C-V and Hall measurements at temperatures
up to 35 K to systematically investigate the temperature
effects. Fig. 3 shows the low-frequency capacitance (f = 200
Hz) and Hall density against the gate voltage for T = 4, 20, 30,
and 35 K. The device characteristics at different temperatures
are similar, with two plateaus observed for both the C-V and
Hall results. The effective capacitance of the first plateau is
close to the series capacitance of SiGe barrier and AlsOs
oxide (Fig. 3(a)), which suggests that the system is dominated
by the buried QW at temperatures up to 35 K. As the gate
voltage increases (Vo,, > 6 V), the effective capacitance
becomes larger. This observed increase is because at higher
gate biases, additional carriers induced by gating are injected
into the surface channel rather than into the buried QW. As
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Fig. 4. (a) Saturation density in Fig. 3(b) vs temperature for the undoped
Si/SiGe heterostructure. Schematics of the band diagrams at (b) T = 4
Kand (c) T = 35 K. Eo,s and Eg,1, represent the ground state subband
energy of the surface and burried Si QW, respectively. Ec and Eg¢
represent the conduction band and Fermi level in bulk semiconductor,
respectively. (d) Simulated tunneling distance and current density vs.
electric field.

the gate voltage increases further (V,, > 7.5 V), the effective
capacitance is close to the oxide capacitance, indicating full
screening of the buried QW by the surface channel. The two
capacitance plateaus in the C-V characteristics for the undoped
Si/SiGe heterostructure are unique due to the presence of
two conduction channels [12]. Note that as the temperature
increases, the effective capacitance increases with the gate
voltage with a faster rate [inset in Fig. 3(a)], which could be
attributed to the higher thermal energy at higher temperatures.

The carrier density shown in Fig. 3(b) first increases with
the gate voltage and then saturates due to surface tunneling
[12]. At temperatures up to 35 K, density saturation was still
clearly observed, suggesting that surface tunneling dominates
in this undoped material system. After the surface channel
becomes conducting upon increasing the gate voltage further,
the Hall density drops to a lower level, which is close to the
calculation results from a self-consistent Schrodinger-Poisson
(SCSP) solver [19]. The system is then in thermal equilibrium
where both the surface and buried channels conduct and the
latter is screened by the surface channel. Thus, increasing the
gate voltage will not change the carrier density in the buried
channel. Hall density in a bi-layer system can be expressed by

(nap1 + nape)?
Ny} + nofi

NHall = (1)
where nq(ns) and pq(us2) are carrier density and mobility
in the buried (surface) channel, respectively [20]. Since the
mobility of the surface channel is much lower than that of the
buried channel, the Hall density is dominated by the buried
channel. Due to the screening from the surface channel, the



Hall density saturates to an equilibrium value.

From the results of C-V and Hall measurements, two
saturation density regimes are clearly observed at T < 35
K. The first regime at lower gate voltages exists due to the
balance between carrier injection from the source and surface
tunneling [11], [12]. The second plateau occurs owing to the
bi-layer conduction behavior with the surface layer screening
out the buried channel [11], [12]. Note that the saturation
density in the first regime decreases with temperature (Fig.
4(a)). This could be attributed to higher effective tunneling
rates of electrons in the buried QW at higher temperatures.
Figs. 4(b) and 4(c) schematically show the band diagrams for T
=4 and 35 K, respectively. As the temperature increases, more
high-energy electrons populate above the Fermi level in the
buried QW due to a finite Fermi tail. If the electric field is the
same at higher temperatures, for those high-energy electrons,
the associated tunnel barriers are smaller, leading to a larger
tunneling rate. Then, at higher temperatures, a smaller electric
field is required for the surface tunneling current to balance
with the injection current from the source, which results in a
smaller saturation density.

To evaluate the tunneling efficiency of the buried 2DEG to
the Si cap, we estimate the tunneling current density using
Gauss’s law, the WKB method [21], and an Fowler-Nordheim
(FN) tunneling current model [22]. The tunneling distance and
current versus electric field are plotted in Fig. 4(d). The electric
field corresponding to the saturation density of 2.4 x 10!
cm~2 in Fig. 2(a) is ~ 3.8 x 10 V/cm. At the onset of surface
tunneling, the device is in a non-equilibrium state and a small
increase in the electric field leads to a temporary surge in
the tunneling current to restore the steady state. Furthermore,
the difference of the conduction band offset at the Si/SiGe
heterojunction is not strictly determined and a small deviation
also leads to a large change in the tunneling current. As the
band offset between Si and SiGe is reduced from 116 meV to
96 meV, the tunneling distance and current density are ~ 25
nm and ~ 40 nA/cm?, respectively, which is comparable to
the tunneling current density in a MOS system with a 6-nm
SiO, layer (10~7 ~ 10=2 A/cm?) [23].

B. Mobility Enhancement

Fig. 5 shows the Hall mobility against the Hall density for T
=4 - 35 K. Fig. 6 shows the corresponding carrier distributions
in the device. The Hall mobility first increases with density
due to the electron self-screening in the buried QW (segment
A in Fig. 5). Only the buried 2DEG in the Si QW conducts
in this regime. The surface Si layer is insulating due to the
proximity of the disordered oxide interface (Fig. 6(a)). As the
gate voltage increases, surface tunneling continues to occur
and the Al;O3/Si interface eventually is effectively passivated
by the electrons that have tunneled to the surface (Fig. 6(b)).
As a result, the surface channel becomes conducting and the
Hall density decreases with an enhanced mobility (segment B
in Fig. 5) due to the remote screening effect by the surface
carriers [12]. Once the surface layer conducts, the electron
density in the buried QW decreases to its equilibrium value, so
the self-screening effect of the buried 2DEG becomes weaker,
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leading to a decrease of the Hall mobility (segment C in Fig.
5). A bi-layer conduction dominates in the undoped Si/SiGe
heterostrucutre at high gate voltages (Fig. 6(c)). At T = 4
K, the peak mobility can be increased by a factor of 1.97
at 7.6 x 10'0 cm~2. At elevated temperatures (35 K), the
enhancement factor is 1.35 at 5.6 x 10'° cm™2. Note that the
Hall mobility decreases with increasing temperature, which
could be attributed to stronger phonon scattering.

For future device applications, the effects of surface tunnel-
ing could be utilized for realizing cryogenic memory devices
in an undoped Si/SiGe heterostructure. By operating gated
devices at high gate biases, the electrons in the buried Si QW
tunnel to the oxide/semiconductor interface and are trapped
at the defect states [11], [12], [16], [17]. Those electrons
will remain trapped unless a negative gate bias is applied to
detrap those electrons, leading to a threshold voltage shift of
the device [13]. Thus, cryogenic non-volatile memories can
be demonstrated in undoped Si/SiGe heterostructures. The
detailed operation mechanisms and the physics behind this
memory device are still under investigation.

IV. CONCLUSION

In this work, C-V and Hall measurements were performed
at T =4 - 35 K in 2DEGs to characterize the effective ca-
pacitance, carrier density and mobility in an undoped Si/SiGe
heterostructure. Two plateaus in Hall density and C-V curves



were observed and explained by surface tunneling of carriers
from the buried QW to the surface channel. In addition, the
mobility is increased by a factor of 1.97 (1.35) at 4 (35) K,
which is attributed to remote carrier screening by the surface
channel.

ACKNOWLEDGMENT

The authors thank Prof. Chee-Wee Liu for his helpful
discussion on the epitaxial growth of Si/SiGe heterostructure.
This devices of this work was grown by UHVCVD at Taiwan
Semiconductor Research Institute. This work was performed,
in part, at the Center for Integrated Nanotechnologies, a
U.S. DOE, Office of Basic Energy Sciences, user facility.
Sandia National Laboratories is a multi-mission laboratory
managed and operated by National Technology and Engineer-
ing Solutions of Sandia, LLC., a wholly owned subsidiary
of Honeywell International, Inc., for the U.S. Department
of Energy’s National Nuclear Security Administration under
contract DE-NA-0003525. The view expressed in the article
do not necessarily represent the views of the U.S. Department
of Energy or the United States Government.

REFERENCES

[1] A. M. Tyryshkin, S. Tojo, J. J. Morton, H. Riemann, N. V. Abrosimov,
P. Becker, H.-J. Pohl, T. Schenkel, M. L. Thewalt, K. M. Itoh et al.,
“Electron spin coherence exceeding seconds in high-purity silicon,”
Nature Materials, vol. 11, no. 2, pp. 143-147, Feb. 2012.

[2] M. Veldhorst, J. Hwang, C. Yang, A. Leenstra, B. de Ronde, J. Dehollain,
J. Muhonen, F. Hudson, K. M. Itoh, A. Morello et al., “An addressable
quantum dot qubit with fault-tolerant control-fidelity,” Nature Nanotech-
nology, vol. 9, no. 12, p. 981, Dec. 2014.

[3] R. Maurand, X. Jehl, D. Kotekar-Patil, A. Corna, H. Bohuslavskyi,
R. Laviéville, L. Hutin, S. Barraud, M. Vinet, M. Sanquer et al., “A
CMOS silicon spin qubit,” Nature Communications, vol. 7, no. 1, pp.
1-6, Nov. 2016.

[4] B. M. Maune, M. G. Borselli, B. Huang, T. D. Ladd, P. W. Deelman,
K. S. Holabird, A. A. Kiselev, I. Alvarado-Rodriguez, R. S. Ross, A. E.
Schmitz et al., “Coherent singlet-triplet oscillations in a silicon-based
double quantum dot,” Nature, vol. 481, no. 7381, pp. 344-347, Jan.
2012.

[5] E. Kawakami, P. Scarlino, D. R. Ward, F. Braakman, D. Savage,
M. Lagally, M. Friesen, S. N. Coppersmith, M. A. Eriksson, and
L. Vandersypen, “Electrical control of a long-lived spin qubit in a
Si/SiGe quantum dot,” Nature Nanotechnology, vol. 9, no. 9, p. 666,
Sep. 2014.

[6] D. Zajac, T. Hazard, X. Mi, E. Nielsen, and J. R. Petta, “Scalable gate
architecture for a one-dimensional array of semiconductor spin qubits,”
Physical Review Applied, vol. 6, no. 5, p. 054013, Nov. 2016.

[7] J. Yoneda, K. Takeda, T. Otsuka, T. Nakajima, M. R. Delbecq, G. Al-
lison, T. Honda, T. Kodera, S. Oda, Y. Hoshi et al., “A quantum-dot
spin qubit with coherence limited by charge noise and fidelity higher
than 99.9%,” Nature Nanotechnology, vol. 13, no. 2, pp. 102-106, Dec.
2018.

[8] M. Y. Melnikov, A. Shashkin, V. Dolgopolov, S.-H. Huang, C. Liu, and
S. Kravchenko, “Ultra-high mobility two-dimensional electron gas in a
SiGe/Si/SiGe quantum well,” Applied Physics Letters, vol. 106, no. 9,
p.- 092102, Feb. 2015.

[9] D. Sabbagh, N. Thomas, J. Torres, R. Pillarisetty, P. Amin, H. George,

K. Singh, A. Budrevich, M. Robinson, D. Merrill et al, “Quantum

transport properties of industrial 28Si/28Si0s,” Physical Review Applied,

vol. 12, no. 1, p. 014013, July 2019.

L. Le Guevel, G. Billiot, X. Jehl, S. De Franceschi, M. Zurita, Y. Thon-

nart, M. Vinet, M. Sanquer, R. Maurand, A. G. Jansen et al., “A 110mK

295, W 28nm FDSOI CMOS quantum integrated circuit with a 2.8GHz

excitation and nA current sensing of an on-chip double quantum dot,” in

2020 IEEE International Solid-State Circuits Conference (ISSCC), Feb.

2020, pp. 306-308.

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

K.-Y. Chou, N.-W. Hsu, Y.-H. Su, C.-T. Chou, P.-Y. Chiu, Y. Chuang,
and J.-Y. Li, “Temperature dependence of DC transport characteristics
for a two-dimensional electron gas in an undoped Si/SiGe heterostruc-
ture,” Applied Physics Letters, vol. 112, no. 8, p. 083502, Feb. 2018.
Y.-H. Su, K.-Y. Chou, Y. Chuang, T.-M. Lu, and J.-Y. Li, “Electron
mobility enhancement in an undoped Si/SiGe heterostructure by remote
carrier screening,” Journal of Applied Physics, vol. 125, no. 23, p.
235705, June 2019.

N.-W. Hsu, T.-M. Wang, C.-T. Tai, C.-T. Harris, T.-M. Lu, and J.-Y.
Li, “Modulation of turn-on voltage in undoped Si/SiGe heterostructure
insulated-gate field-effect transistors (IGFETs) for cryogenic memory
applications,” in 2019 2nd joint International SiGe Technology and
Device Meeting (ISTDM)/International Conference on Silicon Epitaxy
and Heterostructures (ICSI), June 2019.

J.-D. Lee, J.-H. Choi, D. Park, and K. Kim, “Degradation of tunnel oxide
by fn current stress and its effects on data retention characteristics of
90 nm nand flash memory cells,” in 2003 IEEE International Reliability
Physics Symposium Proceedings, 2003. 41st Annual., Mar. 2003, pp.
497-501.

Y. Cai, Y. Luo, E. F. Haratsch, K. Mai, and O. Mutlu, ‘“Data retention in
mlc nand flash memory: Characterization, optimization, and recovery,”
in 2015 IEEE 2Ist International Symposium on High Performance
Computer Architecture (HPCA), Feb. 2015, pp. 551-563.

C.-T. Huang, J.-Y. Li, K. S. Chou, and J. C. Sturm, “Screening of remote
charge scattering sites from the oxide/silicon interface of strained Si two-
dimensional electron gases by an intermediate tunable shielding electron
layer,” Applied Physics Letters, vol. 104, no. 24, p. 243510, June 2014.
T. Lu, C.-H. Lee, S.-H. Huang, D. Tsui, and C. Liu, “Upper limit
of two-dimensional electron density in enhancement-mode Si/SiGe
heterostructure field-effect transistors,” Applied Physics Letters, vol. 99,
no. 15, p. 153510, Sep. 2011.

Y.-H. Su, Y. Chuang, C.-Y. Liu, J.-Y. Li, and T.-M. Lu, “Effects of
surface tunneling of two-dimensional hole gases in undoped Ge/GeSi
heterostructures,” Physical Review Materials, vol. 1, no. 4, p. 044601,
Sep. 2017.

G. Snider, 1d poisson, pc version beta 8, a self-consistent Poisson and
Schréodinger solver, Department of Electrical Engineering University of
Notre Dame, https://www3.nd.edu/ gsnider/, 2010.

M. Reed, W. Kirk, and P. Kobiela, “Investigation of parallel conduction
in GaAs/AlxGaj_xAs modulation-doped structures in the quantum
limit,” Journal of Quantum Electronics, vol. 22, no. 9, pp. 1753-1759,
Sep. 1986.

E. Merzbacher, “The WKB approximation,” in Quantum Mechanics,
2nd. ed. New York, NY, USA: Wiley, 1970, ch. 7.

M. Lenzlinger and E. Snow, “Fowler-Nordheim tunneling into thermally
grown SiO2,” Journal of Applied physics, vol. 40, no. 1, pp. 278-283,
Jan. 1969.

M. Depas, B. Vermeire, P. Mertens, R. Van Meirhaeghe, and M. Heyns,
“Determination of tunnelling parameters in ultra-thin oxide layer poly-
Si/Si02/Si structures,” Solid-state electronics, vol. 38, no. 8, pp. 1465—
1471, Nov. 1995.



