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We investigate the impact of heavy ion irradiation on a hypothetical static random access memory (SRAM) device.
Influences of the irradiation angle, critical charge, drain–drain spacing, and dimension of device structure on the device
sensitivity have been studied. These prediction and simulated results are interpreted with MUFPSA, a Monte Carlo code
based on Geant4. The results show that the orientation of ion beams and device with different critical charge exert indis-
pensable effects on multiple-bit upsets (MBUs), and that with the decrease in spacing distance between adjacent cells or
the dimension of the cells, the device is more susceptible to single event effect, especially to MBUs at oblique incidence.
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1. Introduction
The effect of spatial mutiple-bit upsets (MBUs)[1–10] has

increasingly become a crucial single-event effect (SEE) prob-
lem for technology downscaling. When an incident ion is
traversing the device, it is possible to generate MBUs, which
give rise to the corruption of two or more physically adja-
cent cells, especially with the decrease in the size of electronic
devices,[3,4] and the critical charge.[4] One noticeable observa-
tion from recent stuides[3–8] is that the ability of a single strike
of incident particles flipping multiple-bit cells is extensively
dependent on the technological device layout. Naseer et al.[9]

presented that discrepancy in the critical charge characteriza-
tion results in different estimations of soft error rates. The
effect of spacing between memory cells on the MBU proba-
blity has further been explored previously.[10] In addition, the
sensitive volumes (SVs) with respect to ion track structure
have been examined as a complementary aspect to analyze the
MBU sensitivity. For instance, Palau et al.[11] discussed static
random access memories (SRAMs) in response to internal ion
tracks generated by nuclear reactions, and Merelle et al.[12]

analyzed charge collection using ion tracks on a 130-nm bulk
SRAM, in which the detailed characteristics of the ion track
structure, particularly radial distribution of electron–hole den-
sity, have been obtained to predict MBU probabilty and multi-
plicity. Therefore, a realistic ion track structure appears to be
more applicable, particularly in SEE characterization.

The aim of this work is to elucidate the MBU suscepti-
bility in the case of the heavy ion irradiation at oblique inci-
dence. We propose an analytical tool named multi-functional

package of SEE analysis (MUFPSA), which has outstanding
advantages of flexibly modeling various geometries of the tar-
get device, as well as incorporating underlying physical mech-
anisms (e.g., model of charge diffusion–collection, ion track
structure profile). To be more specific, the charge collection
process is modeled at diverse incident directions, and the spa-
tial effect on MBUs is discussed. Additionally, the approach
to recording the position of each cell in error allows us to dis-
tinguish patterns of spatial MBUs.

2. Principle of MUFPSA package
The package of MUFPSA based on Geant4 is a comput-

ing tool for Monte Carlo evaluation of SEEs. The Geant4 is a
complete simulation toolkit for emulating the passage of parti-
cles through matter, written in C++.[13] In this work, the devel-
oped MUFPSA has the ability of deriving the radial ionization
profile and spatial MBU sensitivity for specific hypothetical
devices.

Previous work showed that the physical processes for
SEE characterization should be composed of ionization, elas-
tic and inelastic nuclear reaction, and multiple scattering.[14]

Due to the complicated physical processes between incident
ions and devices, it is more accurate to inject a space sci-
ence physics list, including bosons, leptons, hadrons, neutrons,
ions, and decay, into simulated physical processes. MUF-
PSA has indeed combined the device test structure and all the
physical processes together. Besides, it develops a diffusion–
collection model to detect MBUs above two bits when heavy
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ions irradiate the surface of device. A detailed description
of constructing device test structure and the model of charge
diffusion–collection are presented as follows.

2.1. Device test structure

The hypothetical SRAM device is commonly assumed to
be composed of two superposed layers, as shown in Fig. 1(a).
The overlayers are made of SiO2 as the first layer, and the sub-
strate corresponding to the second layer is made of natural sil-
icon. The layer of the SVs is where the charge collection hap-
pens. In addition, it is frequently associated with the depletion
region, for the charges generated in the depletion region are
collected very efficiently within the SV via the drift process.
Therefore, when energetic ions pass through a microelectronic
device, the SVs are reponsible for charge creation and collec-
tion, which makes it a crucial and prerequisite ingredient in
predicting the SEU occurrence.
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Fig. 1. (color online) Structural chart of 6×6-bits SRAM cell archi-
tecture for device simulation. (a) Front view of a hypothetical device.
Interconnect and passivation layers have been simulated with a cuboidal
surface area. (b) Three-dimensional diagram of the process of incident
ions traversing through the device outputted by MUFPSA.

The relative locations of incident ions and the device un-
der irradiation are illustrated in Fig. 1(b). In reality, if inci-
dent ions travel through the air layer before interacting with
the device, the incident energy will be attenuated. Thus, it is
supposed that ions strike directly upon the device surface. In
addition, to achieve the validity and accuracy of heavy ion test-
ing, all the incident beams are performed as mono-energetic
and randomly striking the surface of device. As can be seen in
Fig. 1, a pattern of 6×6-bits SRAM cells is defined and repli-
cated as the actual layout. The main reason for this design and
architecture is that the device SEU sensitivity to incident ions
depends on whether the deposited energy within the SVs ex-
ceeds the critical energy or not. Consequently, this test struc-
ture allows us to identify accurately the multiplicity and spatial
distribution of MBUs.

2.2. A model for charge diffusion–collection

It has been revealed that charge sharing between drains
has an impact on the amount of charges collected by drains,
and accordingly, on the MBU sensitivity. Therefore, to study
spatial MBU sensitivity, several adjacent cells mentioned
above were modeled in a three-dimensional (3D) domain.

For the convenience of checking mappings of incident ion
impacts, the SVs have been labelled with numbers. Detailed
arrangement and the parameter of spacing are illustrated in
Fig. 2(a). The merit of the MUFPSA package is that charge
generation and collection have been taken into consideration
not only for those happening within the irradiated SVs, but
also for the charge diffused in the neighboring SVs, as de-
picted in Fig. 2(b). Moreover, omnidirectional charge collec-
tion has been simulated by combining energy deposition and
electron–hole pairs’ collection along the track over 2π stera-
dians. The radial distribution of charge density is optimized to
be suitable for heavy ions in silicon materials, and given by

D(r) =
2.84×104Z∗2

3.6αβ 2t(t +T )

(
R− t
R+T

)1/α

(1+K(t)),

K(t) = A
(

t −B
C

)
e−((t−B)/C), (1)

where D(r) is the charge density in a coaxial cylindrical shell
of thickness dt at a distance t from the path of an incident
ion of effective Z∗ moving with a relative velocity β = v/c
through silicon. In addition, K(t) is the corrected expression,
B = 0.1 nm, and A and C are the parameters about β .
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Fig. 2. (color online) (a) Top view of SVs. Here, Lx and Ly are the
drain-to-drain spacing along the x and y axis. (b) Schematic cross sec-
tion of the process of generating and collecting charge when an incident
ion strikes the device. The parameter t denotes the radial distance from
the ion path.
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Ultimately, in the integration of the marked SV arrange-
ment and omnidirectional charge collection, the model of
charge diffusion–collection reveals the influence of radial ion-
ization profile on SEU occurrence, especially on the MBU sen-
sitivity.

3. Validation of MUFPSA through the simulated
results
To identify SEEs in virtual radiation environment, the

classical curve of SEU cross section versus the linear en-
ergy transfer (LET) is an effective and accurate criterion for
testing the ability of MUFPSA. In the section, SEE studies
have been typically performed in a mono-energetic heavy ion
irradiation environment. As for the species of commonly-
accelerated incident ions in heavy ion research facility in
Lanzhou (HIRFL) SEE experiment, heavy ion irradiation pa-
rameters of ion species, energy, and range in silicon, listed in
Table 1, have been input into MUFPSA.

Table 1. Heavy ion irradiation parameters in silicon used during Monte
Carlo evaluation of SEEs.

Ion Energy/MeV Effective LET /MeV·cm2·mg−1 Range/µm

40Ar
268.41 12.03 77.42

146.24 15.45 38.54

10887.97 18.48 1600

8012.80 22.63 991.54
132Xe 4656.33 32.00 444.18

2521.00 45.05 197.74

1112.57 61.82 81.49

209Bi
6369.43 65.00 350.62

4305.13 75.06 223.05

According to the device test structure, it is supposed
that the number of incident ions on the device is N, and the
cuboidal surface is Sorigin. An SEU occurrence at the i-th in-
cident ion is denoted by ni. Thus, SEU cross section can be
given by

σ=P(Sorigin,Sreal)
Sorigin

N

∞

∑
i=i(Qcrit)

ni, (2)

where P(Sorigin,Sreal) = Sorigin/Sreal, Sorigin is a constant for a
specific testing device, and Sreal is the real area of the device
striked by ions. In addition, the i-th incident ion is assumed
to go through the device and create charge Qi. If Qi ≥ Qcrit

(i = 1,2, . . . ,n), one bit flip happens. For SEU calculation,

ni =

{
0, (Qi < Qcrit),
1, (Qi ≥ Qcrit).

(3)

The MUFPSA has been performed for heavy ion irradia-
tion in combination with the above-mentioned principles. In
this section, the irradiated device has been simulated as 90-nm
SRAMs in accordance with Ref. [15]. The length and width

of the SV are identical and defined as L, and spacing Lx = Ly.
During the simulated irradiation, for each heavy ion source,
each simulation run consists of 104 primary incident ions (us-
ing the general particle source) striking perpendicularly (along
the Z axis) on the device test structure (see Fig. 1).

As shown in Fig. 3, the SEU cross sections have been
evaluated as a function of LET. The cell-to-cell spacing ranges
from 0 to L in simulations. It is clear that the SEU cross sec-
tions decrease linearly when the spacing increases, which ap-
parently results from the fact that closer adjacent SVs make
incident ions traverse SVs with larger probability. In spite of
the influence of the drain-to-drain spacing on the sensitivity to
SEU cross section, it should be noted that no MBU event was
detected for spacing close to the cell dimensions.
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Fig. 3. (color online) Sensitivity curve of the SEU cross section versus
the LET.

Currently, the results of the heavy ion irradiation for SEE
characterization are most conveniently described by a Weibull
fitting, which is also a function of the LET in the form of

σ = σsat

{
1− exp

[
−
(

L−Lth

W

)s]}
, (4)

where σ sat is the saturation value or the limiting and plateau
cross section, Lth is the LET threshold value, W and S are fit-
ting parameters, W denotes the width, and S is a dimensionless
exponent.

It is a practical and simple method of calculating the theo-
retical upset cross section versus LET curve and verifying the
Weibull fitting function. On the basis of the curves of cross
section as functions of the LET, it is revealed that simulated
results are in very good agreement with the Weibull fitting
function. In addition, the Weibull parameters for all spacing
SEU cross sections are listed in Table 2.

4. Influence factors in SEU/MBU sensitivity
As the integration of SRAM continuously increases,

while its characteristics gradually decreases, the problems
of SEE become increasingly serious, particularly under the
effect of MBU. Therefore, the impact of radial ionization
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Table 2. Fitting parameters of the Weibull function from the evaluation of SEEs.

Spacing Lth/MeV·cm2·mg−1 W /MeV·cm2·mg−1 S σ sat/cm2 R2

0 11.65 17.15 1.00 1.26×10−9 0.98
0.2L 11.49 19.18 0.98 8.98×10−10 0.98
0.4L 11.74 16.70 0.93 6.41×10−10 0.98
0.6L 11.62 16.85 0.97 4.76×10−10 0.98
0.8L 11.81 18.68 0.93 3.92×10−10 0.97
1.0L 11.87 22.62 0.81 3.50×10−10 0.98

profile on the SEU occurrence becomes significant, especially
in the case that a particle generates a radial distribution of
electron–hole pairs of nearly the same order of size as that of
an elementary transistor. In Ref. [16], ion track structures were
studied, and an analytical model was proposed for ions in ar-
bitrary materials. In particular, previous studies have demon-
strated that radial ionization profile plays a vital role in ex-
plaining the effect of the ion mass and energy on the response
of the device.[4,9] In this section, another novel approach is
performed to simulate the radial ionization profile of the irra-
diated beam.

The spatial distribution of energy deposition density from
incident ions and secondary particles has been evaluated as a
function of the radial distance from deposits to the ion path.
The results are plotted in Fig. 4, which are well consistent
with the previous work.[4,9] In addition, given that the maxi-
mum range of δ rays is Rmax = 67827 nm, the track radius of
incident ion 30.48 MeV/u 209Bi is indeed larger than the deep-
submicron device’s SVs. Moreover, if the size of the SV is
smaller than the track radius, part of heavy ion charge will not
participate in the process of charge collection. Consequently,
we conclude that the excursion outside of the ion track may
induce variations in charge collection and have an impact on
the device response to the SEU/MBU sensitivity.
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Fig. 4. Distribution of the heavy ion charge/electron–hole density of
incident ions 209Bi (30.48 MeV/u) in silicon along the radial direction.

Followed by the description of radial ionization profile of
incident ions, the simulation approach combining Geant4 and
MUFPSA is then applied to study the factors that influence
SEU/MBU sensitivity and the dependence of SEU/MBU sen-
sitivity on oblique incident effects (using 30.48-MeV/u inci-

dent ion 209Bi ) with critical charge and the spacing in adjacent
cells.

4.1. Oblique incident effects

As in the diffusion–collection model, when an incident
ion travels through a device at an oblique angle, it can proba-
bly disturb the neighboring SV, as shown in Fig. 5.

SV neighboring SV

incident ion

θ

ϕ

Fig. 5. (color online) Schematic diagram of the ion track structure af-
fecting the neighboring SV in an oblique incidence way.

In order to take the contribution of incident ions at the
oblique angle to the amount of charge into consideration, the
way in which incident ions traverse on the surface area of de-
vice also invokes the program of general particle source. The
detailed angular distribution is given by

Px =−sinθ cosϕ, Py =−sinθ sinϕ, Pz =−cosθ . (5)

In all the simulations, the MBU rate is calculated by

RMBU =
NMBU

NSEU
×100%, (6)

where NMBU is the number of incident ions arousing more than
one error, and NSEU is the number of incident ions causing at
least one error.

4.1.1. MBU multiplicity with different angles

Our simulated results indicate that angled strikes have a
significant effect on SVs, and hence affect MBU multiplicity.
Theoretically, the total number of patterns of SEUs probably
induced by incident ions is given by

Npattern =
n

∑
k=0

Ck
n, (7)

where k is the number of flipped bit cells, and n is the number
of bit cells. For a specific device, n is a constant. In this work,
n = 36.
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As expected, the presence of many MBUs, even more
than 5 cells, has been observed in the process of angled strikes.
For instance, patterns of spatial MBUs, such as SBU, DBU,
and TBU, are presented in Fig. 6. These mappings verify the
feasibility and accuracy of MUFPSA in modeling the MBU
probability and multiplicity.

(c)

(a)

(b)

Fig. 6. (color online) Examples of patterns of spatial MBUs in an SEU.
(a) Single-bit upset; (b) double-bit upset; (c) triple-bit upset. Open box:
normal bit cell; solid box: flipped bit cell.

4.1.2. MBU sensitivity with critical charge

In an attempt to predict accurately the MBU sensitivity in
the condition of an oblique incident effect, we keep the 90-nm
SRAM geometry but change the critical charge to observe the
distinction of MBU probability and multiplicity.

The results are depicted in Fig. 7. The ratio of heavy-ion
MBU is a function of incident angle with three different crit-
ical charges: 0.8, 4.0, and 20 fC. As can be seen in Fig. 7,
although MBU probability has some discrepancy at 20◦ and
80◦ incident angle, the difference of MBU probability at 40◦

and 60◦ is larger for different critical charges. An explanation
lies in the differences in charge collection. In the cases of 20◦

and 80◦ incidence angle, the collected charges are distributed
in an extreme condition, compared with critical charge, most
of which are located around the critical charge. However, in
middle-angled cases, collected charges are mainly distributed
at a larger fluctuation relative to critical charge. Moreover, the
induced errors are easier to be observed and their patterns be-
come diverse when increasing the incident angle. Especially,
at higher angle of 80◦, 6-bit upsets have been detected at lower
critical charge of 0.8 and 4.0 fC, whereas no 6-bit upsets have
been found at 20 fC.
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Fig. 7. (color online) Ratio of heavy-ion MBU between numbers of
MBUs and SEUs as a function of incident angle for three different val-
ues of spacing.

The detailed partition of SBU and MBU along with the
variables of incident angle and critical charge are shown in
Fig. 8. These simulations make it clear that MBU multiplicity
gradually increases as critical charge decreases and incident
angle increases. Especially in the case of incident angle 80◦,
MBU (≥ 3) has been observed. For instance, in the worst en-
vironment of critical charge 0.4 fC and angle 80◦, SBU is only
29.91% of the total bit failure, whereas MBU (≥ 3) is 18.35%.
Thus, with incident angle increasing, MBU becomes more di-
verse and its multiplicity gets larger with decreasing critical
charge.
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Fig. 8. (color online) Ratio of single-bit upset and multiple-bit upset.

4.2. Spacing between adjacent cells

The spacing between adjacent cells plays a vital role in
the calculation of MBU multiplicity. Previous studies demon-
strated that closer sensitive nodes in adjacent cells would
give rise to more MBU multiplicity.[15,17] Besides, the MBU
rates were proved to decrease exponentially when the spacing
increases.[17] Therefore, it is quite important to quantify the
effect of spacing between adjacent cells on MBU sensitivity.

The heavy-ion MBU probability as a function of incident
angle for four different values of spacing are shown in Fig. 9.
The cell-to-cell spacing ranges from 0 to L in simulations. This
indicates that, the layout topology greatly affects the ratio of
the heavy ion MBU. As shown in Fig. 9, MBU probabilities
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Fig. 9. (color online) Ratio of heavy-ion MBU to SEU as a function of
incident angle for four different values of spacing.
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for different spacings (0, 0.4L, 0.8L, L) are drastically differ-
ent no matter what the incident angle is. The MBU probability
increases with increasing angle because of the diffused track
structure model mentioned above, in which the influence of
radial distribution of δ rays is taken into account. When spac-
ing is smaller, the effect of δ rays or radial ionization profile
on MBU sensitivity would be greater. Thus, spacings of 0 and
0.4L lead to larger MBU multiplicity at an incident angle of
80◦, whereas only 2-bit upsets have been obtained under the
conditions of 0.8L and L.

In addition, the specific MBU multiplicity and percentage
of SBU and MBU are presented in Fig. 10. It shows the pro-
portion of SBU and MBU versus incident angle and spacing.
As revealed by the worst part of incident 80◦, the MBU mul-
tiplicity decreases as the spacing increases. However, MBU
multiplicity at the incident angle 80◦ is still larger than that
at other angles. With regard to spacing at incident angle 80◦,
MBU (≥ 2) comprising 70.09% and MBU (≥ 5) have been
observed at spacing of 0, whereas only MBU (2) has been ob-
tained at spacing of 0.8L and L. These simulations display
adequately that MBU multiplicity resulting from the diffusion
model is affected not only by incident angle, but also by spac-
ing.
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Fig. 10. (color online) Proportion of single-bit upset and multiple-bit
upset.

4.3. Dimensions of the simulated device

Concerning device scaling, the main parameters for the

SEU and MBU susceptibilities are discussed in aspect of lay-

out properties. In this section, heavy-ion irradiations are car-

ried out on 65-nm and 45-nm SRAMs respectively to investi-

gate the effect of the cell area on MBU sensitivity. The char-

acteristics of the studied SRAMs in this work are illustrated

in Table 3. The critical charge and silicon film thickness are

referred to in previous work.[3,18]

Table 3. Characteristics of the studied SRAMs for layout properties.

Technological Cuboidal surface
SV surface/µm2 Silicon film Critical

node/nm area/µm2 thickness/nm charge/fC
65 0.625 0.132×0.132 60 0.6
45 0.400 0.105×0.105 50 0.5

Incident angle/(O)
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Fig. 11. (color online) Evaluation of MBU probability at 30.48 MeV/u
Bi ion irradiation with different incident angles. Inset: contribution of
event multiplicity in total event SEUs for the extreme angular incidence.

With the integration of parameters in Table 3 and MUF-
PSA evaluation, the results of heavy-ion MBU probabilities
are obtained on the condition of 30.48 MeV/u Bi traversed
(see Fig. 11). The inset shows the event multiplicity in total
event SEUs at the extreme angular incidence.

As shown in Fig. 11, increasing trends of MBU probabil-
ity and multiplicity have been observed when increasing inci-
dent angle until 60◦. The 45-nm device presents more MBU
and higher multiplicity than the 65-nm technology does, which
has a decent agreement with previous literatures.[3,5] It is how-
ever interesting that the 65-nm technological mode has higher
MBU probability than the 45-nm mode does. The emerged ex-
ceptional data point in the 45-nm technological device at 80◦

incidence is probably derived from the improper ratio of the
dimensions of cuboidal surface area and the thickness of lay-
ers to the size of SVs. Consequently, the over-layer SiO2 is
deleted to clarify the emerged odd situation at 80◦ incidence
as a complementary study.

Figure 12 exposes clearly that MBU probability increases
slightly from 45 to 65 nm technology, and the abnormal data
point has virtually disappeared. The trends for MBU probabil-
ity as incident angle increases are reasonable and similar to the
previous work.[3] Similarly, the higher-multiplicity events ap-
pear at incident angle 80◦, as the inset shows. The 45-nm tech-
nological mode has higher multiplicity than 65-nm one does:
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MBU (≥ 2) 68.73% and MBU (5) 0.69% for the former, and
MBU (≥ 2) 66.61% and MBU (5) 0.21% for the latter, re-
spectively. Thus, the influence of over layer can dominate the
MBU sensitivity, including MBU probability and multiplicity.
Therefore, it is recommended that studies on device layout and
dimensions should first characterize the over-layer effects and
radial ionization profile.
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Fig. 12. (color online) Heavy-ion MBU probability as a function of in-
cident angle on the architecture without over layers by a 30.48 MeV/u
Bi ion. Inset: contribution of event multiplicity in total event SEUs for
the extreme angular incidence.

5. Discussion
This work is performed for some hypothetical devices. In

view of different critical charges and spacing between adja-
cent cells, our results seem to be applicable to other devices
for heavy-ion irradiation, through varying the parameters of
device geometry and incident beams. However, it should be
recognized that this work focuses mainly on the physical pro-
cess, while overlooks the electrical property of device. It is
possible that some other simulated results would be different
for the characterization of MBU sensitivity if considering elec-
trical field inside device.

In addition, as to the particular section of dimensions of
device analysis, the unusual phenomenon attracted our great
attention to the radial distribution of energy deposition. There-
fore, if we ignore the over-layer effects on the energy deposi-
tion, simulating accumulated energy will be meaningful for
the interpretation of MBU probability and multiplicity.

As mentioned above, to study the role of radial track
structure more deeply, we offered an explanation based on
the simple diffusion–collection mechanism which states that
charges are accumulated within the area of radius along the
radial direction of an incident ion. In Fig. 13, the observa-
tion of accumulated charge is induced by 30.48 MeV/u 209Bi
in silicon at the depth of 80 nm. The accumulated charge de-
creases with the area’s growth. In addition, it is important to
point out that the maximum accumulated charge is 32.3 fC at

the first area of radius 0.5L, which is several times larger than
the critical charge. Therefore, it is reasonable that these inci-
dent ions have the ability of triggering MBUs. Furthermore,
from the radial ionization point, it is equally demonstrated that
the interpretation of MBU characterization and susceptibility
should factor spacing in adjacent cells and dimensions of de-
vices. Consequently, utilizing a detailed radial ionization pro-
file for MBU, predication and analysis of SRAMs become a
necessity, especially at oblique incidence.
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Fig. 13. (color online) Accumulated charge within the area of radius
along the radial direction of incident ion 30.48 MeV/u 209Bi in silicon
at the depth of 80 nm.

6. Conclusion
In this work, SBU and MBU occurrence in simulated

SRAMs have been investigated using MUFPSA. An advantage
of MUFPSA is that it has successfully combined the diffusion–
collection model and radial ionization tracks of incident ions
along with device simulations. With the diffusion–collection
model, it is substantially observed that an ion track penetrat-
ing the SVs might induce MBU multiplicity. After validation
of the MUFPSA, the variability of the MBU probability is then
simulated and discussed on oblique effects with MBU multi-
plicity and different critical charge, spacing in adjacent cells,
and dimensions of device.

The evaluation of MBU multiplicity and the correspond-
ing probability at oblique incidence have been done because it
contributes greatly to the exploration and recognition of MBU
susceptibility. Incident angle is proved to have an influence
on the charge collection and radial distribution of heavy-ion
charge density along with the ion track, and thus on the sensi-
tivity of SBUs and MBUs. As a conclusion, on the relevance
of the detailed impact parameters of critical charge, spacing
between adjacent cells, and dimensions of the device, it is
demonstrated that with the decrease in the critical charge and
spacing between adjacent cells, MBU probability and multi-
plicity are getting larger, which can also arise from increasing
incident angle. In addition, the influence of dimensions of de-
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vice on MBU sensitivity is more involved in the device testing
structure, especially in over layers.
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