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In this work, experimental measurements of the electronic band gap of low-k organosilicate
dielectrics will be presented and discussed. The measurement of bandgap energies of
organosilicates will be made by examining the onset of inelastic energy loss in core-level atomic
spectra using X-ray photoelectron spectroscopy. This energy serves as a reference point from
which many other facets of the material can be understood, such as the location and presence of
defect states in the bulk or at the interface. A comparison with other measurement techniques
reported in the literature is presented. © 2014 AIP Publishing LLC.
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. INTRODUCTION

In this work, experimental measurements of the elec-
tronic band gap of low-k organosilicate dielectrics will be
presented and discussed. The measurement of bandgap ener-
gies of organosilicates will be made by examining the onset
of inelastic energy loss in core-level atomic spectra using
X-ray photoelectron spectroscopy (XPS).! This energy
serves as a reference point from which many other facets of
the material can be understood, such as the location and pres-
ence of defect states in the bulk or at the interface.’

XPS is used to analyze the binding energies of the
atomic core-level electrons in a material. These core-level
spectra are representative of the chemical composition of the
material near the surface (i.e., within the electron-escape
depth) and, among other things, can give detailed informa-
tion about changes in the atomic structure near the surface
due to processing-induced damage. In addition to measuring
the photoelectron intensities of core-level peaks, XPS can
also be used to analyze the inelastic collisions that occur
during photoexcitation and photoemission of electrons from
the sample. These inelastic processes include band-to-band
electronic transitions and excitation of “plasma waves” by
Coulomb interaction with other electrons below the Fermi
level, or equivalently for insulators and semiconductors
(assuming there are no defect states below the Fermi level),
with electrons in the valence band. As will be shown shortly,
analysis of these inelastic processes can be used to determine
the bandgap energy near the surface of the dielectric.

According to the three-step photoemission model,® a
photo-emitted electron in XPS undergoes three distinct tran-
sitions after photoexcitation but before reaching the electron
analyzer. These processes are as follows: (1) the electron is
excited by an incoming (X-ray) photon, (2) the electron is
transported to the surface of the material, and (3) the electron
escapes from the surface of the material into the vacuum.
During step (2), a fast-moving charged particle can lose
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energy in the bulk material to collective high-frequency
plasma oscillations of electrons in the valence band. The
quasiparticles resulting from the quantization of these
plasma oscillations are called plasmons, and the minimum
energy of a plasmon excited in the bulk is given by

hiw, = \/4nh*N.e? /m,, where w, is the plasma frequency in

the bulk, m, is the free electron mass, and N, is the density
of electrons in the valence band.* Because most solids have
a valence band density of 10*>~10%* electrons/cm®, typical
plasmon energies are on the order of 4 to 30eV. For a
detailed derivation of the electron interactions leading to the
energy loss spectrum discussed here, see Ref. 5.
Additionally, inelastic scattering may occur at the sur-
face, i.e., during step (3), where the escaping electron can
excite collective oscillations known as surface plasmons. An
electron that excites a surface plasmon “loses” energy equal
to the surface plasmon energy fiw; = fiw,/ V2, where o is
the plasma frequency at the surface. Single-particle excita-
tions due to band-to-band transitions (i.e., exciting another
electron from the valence band into the conduction band)
can occur during either step (2) or (3) and result in a third
inelastic loss mechanism with a corresponding single-
particle energy loss of AE,, = FEf — E;, where E; is the
energy of the final state of the excited electron and E; is its
initial state.” Because single-particle excitations involve the
promotion of an electron from a filled state to an empty state
of higher energy, in thermal equilibrium, these excitations
must excite an electron from below the Fermi level to above
it. For insulators or wide-bandgap intrinsic semiconductors,
this is equivalent to the condition that an electron must be
excited from the valence band into the conduction band.
Hence, the fundamental lower limit of inelastic loss is equal
to the bandgap energy. As will be discussed shortly, the pres-
ence of filled states (e.g., due to dopants or defects) above
the valence band edge can also contribute to this signal, but
since the density of such states is typically smaller than the

© 2014 AIP Publishing LLC


http://dx.doi.org/10.1063/1.4867644
http://dx.doi.org/10.1063/1.4867644
http://crossmark.crossref.org/dialog/?doi=10.1063/1.4867644&domain=pdf&date_stamp=2014-03-06

094105-2 Nichols et al.

density of electrons in the valence band, these states
typically act to “smear” the signal corresponding to the onset
of inelastic losses.

These inelastic collisions act to reduce the final kinetic
energy of the photoexcited electron measured by the XPS
detector. We can write the final kinetic energy of an electron
having lost energy by all three inelastic mechanisms as
Ey = hv — Ep — hw, — hwg — AEg,, where hv is the X-ray
photon energy, Eg is the original binding energy of the elec-
tron, and the other terms are as defined above. Certainly not
every excited electron undergoes inelastic collisions before
being detected, so the primary energy of interest (i.e., the
binding energy Ep) can still be determined by conventional
XPS.!

However, if a sufficient number of electrons lose energy
due to these inelastic processes, photoelectron energy peaks
with decreased kinetic energy relative to the core level can
be experimentally observed.® These “loss-spectra” peaks
will appear as broadened copies of the core-level peaks
shifted to lower kinetic energy. Because most commercial
XPS software converts kinetic energy to binding energy
automatically, in practice, peaks due to inelastic collisions
will appear to have increased binding energy relative to their
original level. The exact position of the peaks will depend on
the magnitude and mechanism of energy loss, and the onset
of the inelastic energy loss spectra corresponds directly to
the bandgap energy.®

Sections II-VI describe the results of using this method
for determination of the bandgap energies of organosilicate
dielectrics. Confirmation of the efficacy of this method will
be initially achieved by measurement of the bandgap of ther-
mally grown SiO,. The method will then be used to measure
the bandgap energies of low-k organosilicate films including
UV-cured and as-deposited SiCOH as well as photopattern-
able low-k materials.

Il. SILICON DIOXIDE

In order to measure the spectra due to inelastic energy
loss, a suitable primary photoelectron peak must be chosen.
Although in principle, any core-level spectra will exhibit the
same inelastic losses, the measured photoelectron intensity
must be large enough so that a sufficient signal-to-noise ratio
can be achieved with suitably high resolution. Consequently,
a preliminary survey scan of the sample must be performed
to determine the primary photoelectron peaks present across
a wide range of energies. Using XPS, survey scans for all
samples were made using a pass-energy of 57eV (resulting
in an absolute resolution of 2eV) and a step size of 1eV. A
non-monochromatic MgKe; » doublet X-ray source with a
centroid photon energy hv = 1253.603eV was used for all
measurements.” The results of a survey scan for a 100-nm
thick SiO, sample are shown in Figure 1.

The essential feature of this survey scan is the observa-
tion of a high-intensity core-level photoelectric peak, which
in this case is due to O 1s core-level electrons. As mentioned
in the preceding paragraph, inelastic losses can be observed
as a low-intensity core-level peak shifted to higher binding
energies. Also observed in the figure are primary elastic
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FIG. 1. XPS survey for thermally grown SiO, showing primary photoelec-
tron peaks, Auger peaks, and background intensity attributed to
bremsstrahlung.

peaks due to Si 2p and Si 2s binding energies at lower inten-
sities with corresponding (small) inelastic loss peaks. Three
distinct peaks due to production of Auger electrons can be
observed at high binding energy and are labeled as “KLL”
peaks because of the core level hole due to photoemission
(K-shell, 1s orbital) and the initial states of the two Auger
electrons (L-shell, 2p orbital). The background signal due to
bremsstrahlung is also shown as the gray shaded area. In
Secs. Il and IV, a Shirley background fitting® is applied to
all XPS spectra, and the background level is used as the
zero-intensity reference.

A high-resolution scan of the peak with the largest
observed intensity is shown in Figure 2. All high-resolution
measurements were performed by selecting a pass energy of
21 eV with a corresponding absolute resolution of 0.5eV.
Decreasing the pass energy will increase the resolution of
the energy analyzer at the expense of significantly decreased
signal intensity. Because the resolution of the XPS system
used in this work is inherently limited by the finite linewidth
of the MgKo X-ray source (~0.7eV), increasing the
electron-detector resolution further would only result in a
degraded signal-to-noise ratio. For SiO,, the largest signal
corresponds to the primary photoelectron peak due to the
oxygen 1s core level electrons located at 533.6eV binding
energy. Because they tend to have higher cross sections for
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FIG. 2. XPS spectra for the O s peak in SiO,. Note the horizontal axis is in
increasing binding energy units.
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absorption of X-ray photons, photoelectron peaks at higher
binding energies typically have a correspondingly larger
photoelectron intensity (for a given atomic concentration).
Hence, the O 1s peak is dominant for both SiO, and for the
organosilicate films to be discussed in this work.

As can be seen in Figure 2, the bulk plasmon loss peak is
observed at approximately 556.1 eV, corresponding to a bulk
plasmon energy 7w, =556.1eV-Eg;s=22.5eV. A smaller
inelastic peak is observed at ~550eV binding energy with a
loss energy equal to 15.4 eV. This peak is attributed to excita-
tion of a surface plasmon resonance, which has an expected
plasmon energy of hw, = hw,/ V2 =15.91eV. Additionally,
two small overlapping peaks measured at ~525eV (i.e., lower
binding energy) can be attributed to X-ray satellite peaks at
8.4 and 10eV due to Koz and Koy transitions from the
non-monochromatic Mg X-ray source.’ Because of the atomic
structure of magnesium, no satellite peaks from this source
can occur in the region of interest for studying the inelastic
loss spectra. The approximate onset of inelastic losses corre-
sponding to the band-gap energy is labeled in the figure as E,.

To find the band-gap energy, a linear fit is made to the
measured loss spectra curve near the approximate location of
onset of inelastic losses.'® Next, by subtracting the Shirley
background fitting, the background “zero” level is deter-
mined. The energy corresponding to the onset of inelastic
losses is found by extrapolating the linear-fit line and calcu-
lating its intersection with the “zero” level. The bandgap
energy is equal to the difference between the core-level peak
energy and the onset of inelastic losses. This procedure is
shown in Figure 3 for a 100-nm thick film of thermally
grown Si0O,. The location of the O Is elastic peak was deter-
mined to be 533.6eV as shown in Figure 2. A straight line is
fit to the loss spectra; this fit is shown as the solid line in
Figure 3. The background level for this measurement was
calculated using AugerScan commercial software and is
plotted as the horizontal dashed curve in the figure. The
intersection of these two lines was calculated to occur at
542.4eV. Thus, the bandgap energy is calculated as
E, = Ej5s — Eo1; = 8.8 eV. This result is in excellent
agreement with the established value of ~8.9 eV."!

4000

01s@5336eV | ™

2500 3000 3500

Intensity (CPS)

2000

1500
| S SO GEPEPNONpNY I SN MR

1000

550 548 546 544 542 540 538 536
Binding Energy (eV)

o
w
S
o
w
N

FIG. 3. Measurement of the bandgap of SiO, using onset of electron energy
loss spectra.
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lll. ORGANOSILICATE FILMS

By measuring the onset of inelastic loss relative to the O
Is core level peak, the bandgap energies for organosilicate
films can also be determined. To further verify the efficacy
of fitting a linear extrapolation about the inelastic loss peak,
bandgap energies were measured for 644nm k=2.75 as-
deposited SiCOH films using the linear-extrapolation method
as well as with an alternate method using commercial XPS
curve-fitting software (CasaXPS). Results from the latter
method are shown in Figure 4. This software automatically
determines the peak onset by fitting a modified Gaussian-
Lorentzian curve to the inelastic loss spectra. Using this soft-
ware, the onset energy was determined to be 543.8eV.
Subtracting this from the O Is peak at 537.1eV, a bandgap
energy of E, =6.7eV was computed.

Extrapolating a linear fit to the loss curve as was done
with Si0, yielded a bandgap energy of E, =7.0eV. Although
these two numbers are within the margin of error of the mea-
surement of *0.7eV, it is hypothesized that the linear-fit
method is more accurate. This is due to the fact that defect
states have been shown to exist near the valence-band edge
of carbon-containing SiO, using reflected energy-loss spec-
troscopy.'? Specifically, defects in these carbon-containing
oxide films have been observed at 7.4 eV and 7.6eV binding
energies, produced by oxygen vacancies and carbon dangling
bonds, respectively.'? Because the density of these defects is
low relative to the density of electrons in the valence band, in
practice, these defects can result in the onset of the loss peak
appearing to be “smeared” out towards lower binding energy
rather than appearing as a sharp transition. Hence, the
bandgap measured by the commercial software is more likely
to underestimate E, than the linear-fit method.

For the as-deposited films, the observed inelastic loss
spectra were too smooth to discern the loss maxima pro-
duced at the onset of plasmon resonance. Additionally,
despite the fact that data collection was averaged over a
period of hours, the onset of the loss spectra was still unex-
pectedly indistinct. We hypothesize that this is due to the
fact that the density of electrons in the valence band of the
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FIG. 4. Bandgap measurement for as-deposited SiCOH using commercial
software.
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as-deposited film varies as a function of position across the
sample surface. Since the x-ray source used in this work illu-
minates an area of approximately 1 mm?, the measured pho-
toelectron energies are sampled over the entire area. Hence,
lateral variations in the electron density in the valence band
near the surface will result in a measured spectrum that is the
convolution of the different band energies.

Next, this method is applied to 500-nm thick UV-cured
SiCOH films with k=2.65. Figure 5 shows the onset of
inelastic losses near the O Is core level. It can be observed
that the data show significant qualitative improvement com-
pared to the as-deposited samples, and considerably less mea-
surement time was needed to obtain a satisfactorily high
signal-to-noise ratio. For the UV-cured films measured,
although no distinct peak could be attributed to surface plas-
mons, peaks attributed to the onset of bulk plasmon resonance
could be clearly identified at binding energy of 556.0eV. This
corresponds to a bulk plasmon energy of 7w, =22.1¢eV.
Interestingly, this value is quite close to the value of 7w,
=22.5eV observed for SiO,, implying that the density of
electrons in the valence band (and hence, the valence band
structure) is quite similar for the two materials. For SiO,, the
valence band structure is comprised primarily of O 2p non-
bonding and (O 2p-Si 3p) or (O 2p-Si 3s) bonding states."”
Although the low-k organosilicates like SICOH contain a sig-
nificant fraction of carbon (~30% atomic concentration for
this film), the carbon atoms have been verified using FTIR to
exist predominantly as non-crosslinked CHy groups (i.e.,
bonded primarily to one silicon or one oxygen atom only),'*
and consequently, since the remaining Si and O bonds are
highly crosslinked (through O 2p-Si 3p and O 2p-Si 3s bond-
ing states), it is reasonable to believe that the valence band
structure is of similar composition to that of SiO,.

By fitting a straight line to the inelastic loss spectra,
shown as the solid line in Figure 5, and extrapolating this to
intersect with the background level (dashed horizontal line),
the onset of inelastic losses is found to occur at 541.6eV.
Using the measured O 1s energy of 533.9eV, the bandgap
energy was calculated to be E, =7.7¢eV.

Despite the fact that this procedure of determining
bandgap energies has been demonstrated to be in very good
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FIG. 5. Bandgap measurements of UV-cured SiCOH showing linear fit to
inelastic absorption (solid line) and background level (horizontal dotted line).
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agreement with reported values for SiO,, error bounds on the
calculated value must be also considered. For the line-fitting
method, the largest source of error is due to uncertainty in
the process of linear extrapolation (i.e., extending the line
past the measured spectra data).

In order to quantify this uncertainty, Figure 6 shows the
95% confidence intervals in the linear regression (least
squares fit) to the inelastic loss peak. For this plot, the x-axis
corresponds to the electron energy loss, which is calculated
by subtracting the measured energies from the O 1s elastic
peak energy. In this way, the energy lost due to inelastic
processes can be read directly from the axis.

By taking the upper and lower bounds of the confidence
intervals and finding their intersection with the background
level, it is possible to find upper and lower error bounds on
the band gap calculations. According to this analysis, we can
determine with 95% confidence that the bandgap energy lies
between 7.2eV and 8.2eV; in other words, the bandgap
E,=7.7 = 0.5eV with 95% certainty.

IV. PHOTOPATTERNABLE LOW-K DIELECTRIC FILMS

Because photopatternable low-k materials share essen-
tially the same chemical structure as the SiCOH films ana-
lyzed in this work, it may be reasonable to expect that their
bandgap energies are similar. To verify this hypothesis,
bandgap measurements were made on 324 nm, k =2.75 UV-
cured PPLK films. The results of this analysis are shown in
Figure 7. As with UV-cured SiCOH, the O 1s core level is
used as a reference point, and is observed to be at 534.20eV.
As before, a straight line (shown as the solid line in the
figure) is fit to the observed inelastic peak, and the intersec-
tion of this line with the background level (dashed horizontal
line) is found. The intersection point was calculated to
be 542.45eV, corresponding to a bandgap energy of
E,=8.25eV. To determine the uncertainty in this value,
95% confidence intervals are constructed from the linear
regression, and their intersections with the background level
are calculated. This gives bandgap energies between 7.75
and 8.75 eV, which is equivalent to E; =8.25 = 0.5eV with
95% confidence.
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FIG. 6. Electron energy loss spectra showing linear fit (solid line) with 95%
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FIG. 7. Bandgap measurements for k=2.75 UV-cured PPLK materials
showing 95% confidence interval.

V. LEAKAGE CURRENTS

It has been suggested that the level of leakage currents
could also be representative of the bandgap. Figure 8 shows
the leakage currents for as-deposited and UV-cured SiCOH.
The bandgap for as-deposited SiICOH was measured to be
7.2eV and that for UV-cured SiCOH was measured to be
7.7eV. The leakage current in as-deposited SICOH is always
higher than in UV-cured SiCOH and it also has a lower
breakdown voltage. The leakage currents in these low-k films
(~500nm thick) are primarily caused by the presence of
defects or impurities in the dielectric, some of which are pres-
ent in the bandgap. These defect concentration levels more
typically appear as a result of processing procedures and are
likely responsible for the leakage currents, rather than having
them caused by tunneling through the bandgap itself.

VI. COMPARISON WITH OTHER REPORTS OF THE
BANDGAP ENERGY

As has been mentioned previously, the knowledge of the
bandgap energy provides a necessary energy reference for
understanding the depths of trap states with the band gap as

—=— UV cured
—e— As deposited

0 1 2 3 4 5 6 7

Electric Field (MV/cm)

FIG. 8. Comparison of leakage currents versus electric field for as-deposited
and UV-cured SiCOH.
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well as interfacial energy-barrier heights. Because the con-
duction mechanisms in low-k dielectrics are fundamentally
dependent on accurate knowledge of these energies, discrep-
ancies in the apparent bandgap energies between different
measurement techniques are quite significant. Hence, it is
worth discussing the organosilicate bandgap measurements
made in this work within the context of other available litera-
ture on the subject.

Most past references concerning the band gap of organo-
silicate films come from the work of Grill and his group."
This group was responsible for the initial invention and
subsequent development of carbon-doped oxide materials
deposited by PECVD, which includes low-k SiCOH.
According to their work, the band gap in organosilicate films
is strongly dependent on the plasma parameters used for film
deposition and on the fraction of carbon added to reduce the
dielectric constant. For “early” dense low-k films, these
researchers cited bandgap energies between 4.74 and
5.92eV depending on the dielectric constant.'® Interestingly,
the band gap was not found to scale linearly with the dielec-
tric constant. Later investigations, which focused on films
with higher porosity content and lower k-values, cite even
smaller gap energies.'” These ranged from 2.91eV to
3.62eV and were found to be proportional to the concentra-
tion of CH, groups added during the deposition process (i.e.,
inversely proportional to k-value).'” Adding to this confu-
sion, other researchers claim to show that the band gap
energy was equal to 9 eV, which is more than 66% larger
than the next largest cited value found in the literature.'® The
results of the bandgap measurements from these studies and
from the present work are summarized in Table 1.

To compare these past results to those from this work,
their methods of determining the band gap energy must first
be discussed. According to the Grill group,'® film thick-
nesses, optical properties, and band gaps in the above cited
papers were measured using a spectrometric reflectance tool,
specifically the N&K model."® According to the manufac-
turer, the range of wavelengths used by this tool is between
190 and 1000nm, and it calculates optical constants from
reflectance data using the Forouhi-Bloomer relations.
Indeed, the Forouhi-Bloomer (F-B) equations are quite suita-
ble for optical property calculations from reflectance meas-
urements made on amorphous materials.” The F-B
equations, which determine the index of refraction and
extinction coefficient as a function of photon energy, are
derived from the quantum theory of absorption of light, have
a direct dependence on the material bandgap (and hence, the
bandgap can be calculated from experimental data), and can
be shown to satisfy the Kramers-Kronig relations. Hence,
when used appropriately, these equations can provide a
physically rigorous determination of the optical properties of
amorphous dielectric films.?

However, as noted by others, the F-B equations were
originally derived for use in the interband energy region of a
material.?! In other words, they were meant to be applied to
measured data that is taken using photon energies larger
than the bandgap energy. Since the wavelength range of the
N&K analyzer used in the above-cited work is limited to a
maximum photon energy of 6.53eV (190nm wavelength),
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TABLE I. Bandgap measurements in low-k organosilicates.

J. Appl. Phys. 115, 094105 (2014)

Dielectric K Eg (eV) Method Reference
Dense SiCOH 3.99 4.74 Optical reflectance Grill (1999), Ref. 16
Dense SiCOH 3.25 5.92 Optical reflectance Grill (1999), Ref. 16
Porous SiCOH 2.6 2.91 Optical reflectance Grill (2003), Ref. 17
Porous SiCOH 2.1 3.62 Optical reflectance Grill (2003), Ref. 17
Porous SiCOH 2.55 9.0 VUV spectroscopy Lauer (2010), Ref. 18
Porous SiCOH 2.65 7.7%+0.5 XPS This work
Porous SiCOH 2.3,2.8 8.0+x04 REELS King (2013), Ref. 24
As-deposited SiCOH 2.75 7.2 XPS This work
PPLK 2.75 8.25*+0.5 XPS This work
Thermal SiO, 39 8.8 XPS This work

the vast majority of the measured optical data correspond to ~ VIl. SUMMARY

photon energies lower than their bandgap measurements of
~6eV.

Hence, it is plausible that the light source used in pre-
vious work by the Grill group was not capable of emitting
short-enough wavelengths for accurate determination of the
optical bandgap energy of the films they studied. In fact,
other work has confirmed this precise shortcoming of the
F-B model. In one instance, optical-property measurements
of a thin film of amorphous silicon nitride were made over
the wavelength range of 240-1000nm.**> The optical data
were then analyzed using three separate models: the F-B
model mentioned above, the Lorenz model, and the Tauc-
Lorenz model.?? In each of the three cases, film thicknesses
and optical constants showed good agreement with each
other, indicating that certain properties can be accurately
determined using the limited wavelength range. However,
despite this apparent agreement, the F-B model was found
to dramatically underestimate the bandgap of the sample
material, giving a value of 2.85eV (with high uncorrelated
error) compared to the value of 4.3 eV (with small uncorre-
lated error) from the Tauc-Lorentz model (note that
the Lorenz model does not explicitly include bandgap
energies). The latter value is in good agreement with the
expected value of amorphous silicon nitride films, which
have been confirmed using a number of methods to lie
between 4.5e¢V and 5.3eV depending on film
composition.*?

Given the above considerations, it is possible that the
claims of <6eV band-gap energies stem from a possible
misapplication of an otherwise physically sound model,
despite the fact that it can still provide accurate thickness
results even with a relatively poor estimate of the bandgap.
Additional verification of the results presented here, based
on the onset of electron energy loss, comes from very recent
work?*?> using the method of reflected electron-energy-loss
spectroscopy (REELS) in a Auger electron-spectroscopy
system. Their work confirms a bandgap of approximately
8.0 = 0.4eV for UV-cured SiCOH (irrespective of dielectric
constant). This value falls well within the margin of error for
the bandgap of 7.7 £0.5eV presented in this work. Hence,
there is good evidence to assert the validity of the methods
used here leading to the conclusion the correct bandgap
energy is ~7.7eV.

In this work, analysis of the inelastic loss spectrum in
core-level XPS spectra was used to determine the bandgap
energies of low-k organosilicate dielectrics. This method
was verified by first measuring the bandgap energy for ther-
mally grown SiO, films, which were determined to be
E,=8.8eV in good agreement with past literature. The
linear-extrapolation method was compared with fitting the
loss spectra to a Gaussian-Lorentzian using commercial XPS
software. The latter was hypothesized to underestimate
bandgap energies due to the presence of defects near the
valence-band edge. Gap energies of 7.2eV were measured
for as-deposited films, 8.25eV for UV-cured photopattern-
able low-k films, and for UV-cured SiCOH films a bandgap
energy of E,=7.7¢eV was found. Relative confidence in the
bandgap measurements was established by constructing 95%
confidence intervals based on the inelastic loss spectra linear
regression and extrapolation. Using these confidence inter-
vals, the bandgap energy of UV-cured SiCOH was found to
be 7.7eV £ 0.5eV with 95% certainty.

Because this energy is of fundamental importance for
determination of leakage-current processes in these dielec-
trics and in order to determine defect-state energies within
the bandgap and obtain an estimate of band alignments and
barrier energies with other materials, in-depth analysis of the
existing (and potentially conflicting) measurements was
undertaken. After the analysis, it was hypothesized that some
of the previously cited lower values can be due to a slight
misinterpretation of the Forouhi-Bloomer equations for cal-
culating bandgap energy from measured reflectance data.
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