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BCD Process
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Abstract— Energy handling capability of large-array
devices (LADs) is one of the most dominating concerns
for the designers that affect the device design and its
reliability. In this paper, the improvement of the avalanche
ruggedness capability by using an optional implantation
layer has been investigated the first time for the application
of 5-V n-channel large-array MOSFET in a bipolar-CMOS-
DMOS (BCD) process. Experimental results with exten-
sive measurements verified that the maximum avalanche
current (IAV) achieved from the modified device is enhanced
by more than twice. Moreover, the energy in avalanche
single pulse (EAS) capability is improved by more than five
times. A significant improvement is noticed in the avalanche
safe-operating-area (A-SOA) as compared to the original
device, and the failure analysis is discussed in detail. In
addition, the impact of an optional implantation layer on the
total gate charge (Qg) is also compared for a LAD with a
total width of 12 000 µm.

Index Terms— Avalanche ruggedness, avalanche
safe-operating-area (A-SOA), current in avalanche (IAV),
large-array device (LAD), time in avalanche (tAV), total gate
charge (Qg), unclamped inductive switching (UIS).

I. INTRODUCTION

IN RECENT years, low-voltage power MOSFETs with high
avalanche capability and low specific ON-resistance are

actively developed due to the extensive expansion of their
applications in various areas such as automotive designs,
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wireless communications, portable devices, dc-to-dc con-
verters, lights, battery charging, and computer peripherals
[1]–[3]. MOSFETs are widely used in high switching fre-
quency applications. Hence, the assessment of their stability,
robustness, and reliability is vital for the development of high-
frequency switching power systems. For low-voltage power
MOSFETs, extremely fast switching speed, high reliability,
and simple fabrication process with small conduction and
switching losses are mostly preferred. However, the continuous
shrink of the power integrated technologies and enhancement
of the device functions of the designed circuit contradicts
with the device robustness. Therefore, the assessment of their
stability, reliability, and robustness is vital for the development
of fast switching systems [3]–[5]. In low-voltage applications,
the effect of the avalanche operations is uttermost crucial for
the durability of the devices. Hence, it is necessary to estimate
how many avalanche operations a device can withstand before
failure. The avalanche ruggedness of the device is usually
assessed under the most rigorous test conditions, known
as the unclamped inductive switching (UIS) test [4]–[6].
The characterization of the device ruggedness also depends
on the electrical and thermal safe-operating-areas (SOAs).
It is a challenging concern for designers to maintain the
device ruggedness along with SOAs, especially for large-array
devices (LADs) having the device size more than 5000 μm.
The correlation between the device ruggedness and related
tradeoffs with ON-resistance, breakdown voltage (BV), and
SOA is shown in Fig. 1. The ruggedness for LADs majorly
depends on the parameters such as the device area, the junction
temperature TJ , and the ambient temperature TA can be
improved by the compact layout and the optimizations of the
process [4]–[14].

Recently, for avalanche ruggedness improvement, many
different techniques have been reported to improve and ana-
lyze UIS performance [13], [15]–[28]. Several high-voltage
rugged device solutions have been proposed and analyzed
such as improving the device robustness by layout techniques,
especially under analysis of large current and temperature
distribution area [14]–[16] or embedding silicon controlled
rectifier structures into LAD [17], use of floating RESURFs,
trench, floating p-well splits, implanting spacer [18]–[23], cop-
per metallization, suppressing channel conduction techniques,
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Fig. 1. Correlation between the device ruggedness and related trade-
offs with ON-resistance, the BV, and the SOA.

and oxide charge balance process optimizations [24]–[26].
However, unlikely to HV MOSFETs and discrete devices,
a very few studies were found for UIS ruggedness for low-
voltages (especially lower than 20 V, not ever reported to
the author’s knowledge) MOS devices. For the low-voltage
power switch devices, operating in the high-stress region
with high current needs to be thoroughly understood for its
efficient design. A novel low-voltage (30 V) trench power
MOSFET was reported for enhancing both ON-resistance
and the avalanche capability in the 0.5-μm technology [27].
A marvelous low ON-resistance for 20-V rated SAT-MOS was
proposed in a 0.35-μm large-scale integrated (LSI) design rule
with high forward blocking voltage and large current capability
[28]. There have not been many instances to characterize
the ability of low-voltage (LV) MOSFETs to withstand the
single-pulse UIS because many designers have not demanded
UIS requirements. The increasing use of LV MOSFETs in
automotive and switching applications makes the necessity
to have the avalanche ruggedness under UIS at inductive
operations [2], [4], [5], [8], [9].

In this paper, a 5-V n-channel LAD MOSFET structure in
a 0.15-μm bipolar-CMOS-DMOS (BCD) process is studied
first time to analyze and enhance UIS capability. It was found
to have very poor avalanche current withstand ability for the
original device. Significant improvement in UIS performances
is noticed and compared to the original device after using
additional implantation at body area without affecting the
electrical parameters such as threshold voltage, ON-resistance,
and so on. The total gate charge is also studied and compared
for the devices.

II. DEVICE DESIGN

The LV MOS studied in this paper is fabricated in a
0.15-μm BCD process. The layout top view and the cross-
sectional view of the original along with the modified device
are shown in Fig. 2(a)–(c), respectively. The only difference
between the modified structure and the original device is
additional p-type Boron implantation, named as zener diode
implant (ZDI) implantation at the P+ body area. ZDI layer is
an optional layer provided by the foundry. The original device
without additional layer is labeled as NCH while the device

Fig. 2. (a) Layout top view, (b) cross-sectional view along the A-A’
line for the original device in which P+ body pick-up is inserted after
every 2 fingers, and (c) cross-sectional view along the A-A’ line with an
additional implantation (ZDI) at P+ body area in the original device.

with the additional ZDI layer is labeled as NCH_ZDI. For
this work, LAD structures were drawn in multifingered layout
style with a total effective width (W ) of 6000 μm (80 fingers)
and 12 000 μm (2 × 80 fingers) to emulate the high-current
driving capability of the output array. The channel length and
each device width are kept the same for all MOS transistors,
i.e., 0.6 and 75 μm, respectively. P+ guard ring is surrounding
the whole device to define that the body potential will affect
the turn-on uniformity in LADs. To improve the secondary
breakdown current (It2), the additional body pickup structures
of “two fingers per pickup” are inserted into the source region
of the LADs, as shown in Fig. 2, which will effectively balance
RSUB between parasitic BJTs [9].

In order to prevent the failure during the device operations,
especially when integrating LADs into the analog power ICs,
the most important electrical parameters including OFF-state
BV, threshold voltage (Vth), and the specific ON-resistance
(RON,sp) of the large array is noticed carefully to achieve
the optimal performances [9]. For the correlation between
the device ruggedness and SOA, the electrical and thermal
instability characterization should be examined at shorter and
longer pulsewidths, respectively. The additional ZDI implan-
tation layer impact on SOAs and its dc performances were
discussed in [9]. Table I shows the characterized comparison
of the dc, transmission line pulse (TLP), and the thermal SOA
(T-SOA) for NCH and NCH_ZDI under 12 000 μm.
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TABLE I
COMPARISON OF DC, TLP, AND T-SOA CHARACTERISTICS

Fig. 3. (a) Schematic UIS test circuit recognized by JEDEC std.
(b) Operational UIS waveforms.

III. UNCLAMPED INDUCTIVE SWITCHING OF NCH AND

NCH_ZDI

For switching applications, rugged devices are important,
as these devices must have to sustain a great deal of stress,
especially when inductive loads are involved. To analyze the
impact of additional ZDI layer to the device ruggedness under
normal circuit operations, UIS test needs to be determined.
UIS is an extremely high-stress test used to determine the
maximum amount of avalanche energy a device can handle
by forcing a charged unclamped inductor to discharge through
the device under test (DUT).

To analyze the avalanche ruggedness characteristics,
an improved, optimized, and industry-recognized single-pulse
UIS test circuit is used for this work. The schematic UIS
test circuit and its typical operational waveforms recognized
to the JEDEC standard are shown in Fig. 3(a) and (b),
respectively [29]–[31].

A high-speed switch (HSS) and freewheeling diode are
added to the traditional test method, as shown in Fig. 3(a).
During the UIS test, the control circuit turned on the HSS
and the current rises to the desired level through the inductive
load (L) results in the charging of the inductor. The major
advantage of the modified UIS test circuit is that its VDD can
be increased beyond the MOSFET’s maximum rated VDS. This
will speed up the inductors initial charge time (tcharge = T2
− T1) leading to overall faster test times as well as less device
ON-state time and, therefore, less self-heating of the device
prior to the avalanche.

When the MOSFET’s gate is switched on, the HSS is also
enabled, as shown in waveform [Fig. 3(b)], its drain current
rises to the desired test current in a fixed time interval (T2
− T1) at the rate of

di

dt
≈ VDD

L
(1)

where the total series resistance along the circuit is assumed
to be small, L is the load inductor, and VDD is the supply
voltage.

Once the desirable test current is reached, MOSFET’s gate
and the HSS are switched off immediately. This turns off
the DUT and simultaneously removes the power supply to
the device so that only the energy stored in the inductor
field is available for dissipation in the device under avalanche
conditions. A normal DUT now develops a high avalanche
voltage (VAV) that rapidly dissipates the inductor’s magnetic
field. The value of the expected rate of inductor field decline
is calculated (T3 − T2) for each type of device, using the
inductance selected, the given peak current, and the rated
drain-to-source voltage (rated VDS) parameter value for the
device. The energy, which is stored in the inductor, is dissi-
pated on the DUT during the avalanche time period (tAV = T3
− T2), and the device will enter into the dynamic avalanche
breakdown (VAV) mode. At this point, the DUT must withstand
a BV until the drain current decreases from the maximum
avalanche current (IAV) to 0 in a time period of tAV. The time
in avalanche (tAV) is expressed as

tAV ≈ IAV ∗ L

VAV
. (2)

After the HSS is turned off, the freewheeling diode becomes
the path for the circulating current and thus keeping the voltage
drop in the inductor equal to the avalanche energy. The energy
in avalanche single pulse (EAS) is calculated as

EAS ≈ 1

2
∗ L ∗ I 2

AV. (3)

In this paper, the UIS test is performed for LAD structure
having a total effective width (W ) of 6000 and 12 000 μm
using the ITC 55100 UIS load tester under SOP-8 package.
In order to identify the avalanche behavior of the DUT, UIS
measurement test conditions were defined by VDD = 5 V and
VGS = 6 V. The measurements were performed on numerous
devices at room temperature with different inductive loads.

The maximum pass case typical current and voltage wave-
forms of original (NCH) LAD structure for the inductance
load (L) equal to 2 mH under 6000 and 12 000 μm are
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Fig. 4. Maximum pass case typical current and voltage waveforms of
NCH for the inductance load (L) = 2 mH under (a) W = 6000 µm and
(b) W = 12 000 µm.

shown in Fig. 4(a) and (b), respectively. For a passing test,
the avalanche current (IAV) decreases almost linearly to zero
at t = tAV. Smaller avalanche current is achieved by the
original device (NCH) because both the hole and electron
current will produce sufficient amount of voltage across the
body-drain capacitor and the body resistance to turn on the
n-p-n bipolar junction transistor (BJT). The parasitic BJT is
activated early even at small avalanche current due to increased
base resistance. The measured avalanche current sustained by
NCH is 0.3 and 0.4 A for 6000 and 12 000 μm, respectively.

In order to improve the device ruggedness, the ability to
achieve the maximum avalanche current during UIS events
must be improved, and at the same time, the turn-on ability
of the parasitic drain-body-source n-p-n BJT must need to be
suppressed. Fig. 5(a) and (b) shows the maximum pass case
waveforms of NCH_ZDI for the inductance load (L) = 2
mH under 6000 and 12 000 μm, respectively. Using the same
analysis as the original device (NCH), the parasitic BJT is
activated at avalanche current of approximately 0.8 and 1.4 A
under 6000 and 12 000 μm, respectively. The charging time
(tcharge) is different in Figs. 4 and 5 because the measurements
were performed for the maximum pass case of the DUTs. The
maximum current sustained by the NCH and NCH_ZDI is
different so as tcharge. From UIS plots for NCH and NCH_ZDI
as shown in Figs. 4 and 5, it is inferred that adding ZDI
implantation in P+ body area is an effective way to suppress
the parasitic n-p-n BJT. The avalanche current sustained by
the modified device (NCH_ZDI) is more than twice that of
the original device (NCH) for L = 2 mH.

Fig. 6 shows the device cross-sectional view with the ZDI
implantation layer to effectively suppress the turn-on of the

Fig. 5. Maximum pass case typical current and voltage waveforms of
NCH_ZDI for the inductance load (L) = 2 mH under (a) W = 6000 µm
and (b) W = 12 000 µm.

Fig. 6. Device cross-sectional view with ZDI layer to suppress the turn-on
of the emitter-base junction.

emitter–base junction. During the avalanche event, the device
is subjected to a voltage in excess of its BV, and the electric
field across the junction will reach a value at which the
avalanche multiplication will commence. A large number of
impact-generated carriers are created to form the avalanche
current (IAV) to consume unclamped inductive energy. The
maximum electric field occurs due to the PW6V diffusion
resulting in most of the avalanche current entering into the
body region. The lightly doped region constitutes a body
resistance, which will give rise to a voltage drop beneath
the N+ diffusion. The p-n junction formed by the body and
source diffusion is the base–emitter junction of the parasitic
n-p-n. Once the voltage drop grows larger than built-in poten-
tial of N+ source/PW6V (∼0.7), the avalanche current or body
resistance (RB) becomes high enough so that the p-n junction
will become forward biased and turning the BJT-on to form
a current path with the thermal breakdown. The rise in
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Fig. 7. Typical UIS waveforms of (i) maximum pass and (ii) immediate
failure for L = 0.5 mH (a) NCH and (b) NCH_ZDI under W = 12 000 µm.

Fig. 8. Measured maximum avalanche current (IAV) comparison at
different inductance values for NCH (solid lines) and NCH_ZDI (dotted
lines) under W = 6000 and 12000 µm.

avalanched induced base–emitter voltage due to a positive
resistive temperature coefficient while, at the same time, due
to nonuniformity in the diffusions, the negative temperature
coefficient of base–emitter voltage associated with a forward
biased p-n junction. The heat generated by the energy from
avalanche current and current crowding will rapidly result in
the secondary breakdown of the parasitic transistor. Under
the large time-varying current, the failure may be caused by
electromagnetic induction exerts on all interconnects to affect
the behavior of transistors may be attributed to the skin effect
at the early turn-on [32]. With an applied voltage, a critical
field is reached where impact ionization tends to infinity and

Fig. 9. Calculated EAS comparison at different inductance values for
NCH (solid lines) and NCH_ZDI (dotted lines) under W = 6000 µm and
12000 µm.

Fig. 10. A-SOA comparison for NCH (solid lines) and NCH_ZDI (dotted
lines) under W = 6000 and 12000 µm.

carrier concentration increases due to the avalanche activation.
The strong electric field causes the maximum current to flow
in close proximity of the parasitic BJT. In order to suppress
the bipolar to turn-on, a p-type implantation layer at the P+
body area will reduce the parasitic resistance due to higher
doping concentration as compared to PW6V. The net effect of
reducing RB will decrease the voltage drop on the resistor to
prevent the BJT to turn on and neglect any kind of domination
of the skin effect, which eventually leads to generate higher
avalanche current in comparison to the original device (NCH).
UIS measurements were performed under low inductor values
(short avalanche duration) for their maximum pass (just before
failure) and immediate failure cases so that the avalanche
robustness of both the devices (NCH and NCH_ZDI) are
limited by the activation of parasitic BJT but not the rise in
junction temperature.

Fig. 7 shows the UIS performance of NCH and NCH_ZDI
under identical conditions VDD = 5 V VGS = 6 V, and
L = 0.5 mH. Fig. 7(a) show the original device (NCH)
performance, whereas Fig. 7(b) shows the performance of
the modified device (NCH_ZDI) in which (i) is the max-
imum pass and (ii) is an immediate failure case under
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Fig. 11. Failure devices after UIS event (a) decapsulated die and delayered DUTs to OD for (b) NCH devices and (c) NCH_ZDI device under
W = 6000 and 12000 µm.

12 000 μm, respectively. In the immediate failure case,
the avalanche current is large enough to activate the parasitic
BJT at some location of the device due to the negative
temperature coefficient of the base–emitter junction. A hotspot
may form due to either current crowding or thermal runway
occurrence at the location of the activated parasitic BJT.

In high-performance circuits and applications, designers use
to push devices to its extreme condition of switching speed
and current. In order to achieve high currents, designers will
use parallel MOSFET devices but it should be noted that
MOSFETs connected in parallel do not equally share current
when they are avalanched. The maximum avalanche current
the device can sustain is obtained from the peak value of the
drain current waveform shown in Fig. 7(i). Meanwhile, due to
self-heating during the avalanche with a larger inductor, the
rate of reduction in the maximum avalanche current is faster.
The maximum avalanche current performances of both the
devices are compared under 6000 and 12 000 μm as shown
in Fig. 8. It shows that the maximum IAV is a function
of the inductance value. In case of NCH, the maximum
avalanche current (IAV) for the pass case is 0.1 A with different
dimensions (W = 6000 and 12 000 μm) under L = 8 mH,
as shown in Fig. 8. The minimum measured current and
measurement step for ITC 55100 UIS load tester are limited to
0.1A. Both the devices fail for 0.2 A under a similar condition.
The curve shown in Fig. 8 can be used to design an application
circuit considering the prevention of the MOSFET failure in
case of unintended avalanche conditions.

Since the EAS dissipated in the device is equal to energy
stored in the magnetic field of the inductor, this is calculated
by using (3). The amount of inductively stored energy that the
device is capable of dissipating without the failure actually
increases as the inductance increases. The EAS comparison for

both the devices under different sizes (6000 and 12 000 μm)
is shown in Fig. 9. The calculated EAS capability is inversely
proportional to the maximum avalanche current. The energy
rugged capability is improved by more than five times than
the original device.

To support the designers in determining the maximum
avalanche current and the energy handling ability over a
range of avalanche conditions, the avalanche SOA (A-SOA) is
shown in Fig. 10. The curve is plotted between the measured
maximum avalanche current (IAV) and time in avalanche (tAV)
for different inductors. The curve is drawn to ensure that
the device will never exceed its actual capability nor push
the device beyond the safe mode of the operation. It allows
designers to estimate, under a wide range of inductances and
currents, whether the device is exceeding its avalanche capa-
bility or not. Fig. 10 shows the comparison of the avalanche
SOA (IAV vs. tAV) for NCH and NCH_ZDI under two different
dimensions of LAD structures. It can be seen that the peak
avalanche current sustainable by the device decreases with
increasing the avalanche duration, i.e., when a larger inductor
is used, a smaller peak current is needed to destroy the device.
For the real IC applications, the size could be much larger
than 6000 or 12 000 μm. However, the devices of 6000 or
12 000 μm studied in this paper can be as a useful reference
for designers.

IV. FAILURE ANALYSIS AND FOM

Avalanche is a critical working condition for any power
MOSFETs to analyze how the variations in current affect its
behavior [33]. To investigate the location of failure on the
die during the UIS event, the failure analysis is performed
on several failed devices. The image of a decapsulated die is
shown in Fig. 11(a). No defect can be seen from the top, and
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it indicates that there is no melting of metal layers during
the avalanche failure. For further analysis, failed DUTs of
NCH and NCH_ZDI are delayered to OD, as shown in
Fig. 11(b) and (c), respectively. The damages on the drain,
poly gate, and the source contacts verify that the failure is
caused by the current crowding due to the activation of the
parasitic n-p-n BJT. The destruction point seems to be melted
probably due to the abrupt current concentration at a weak
area. Carefully inspected to all the failure DUTs, it was found
that the damage points of the original device (NCH) samples
are similar and located near the edge, as shown in Fig. 11(b).
It verified the early activation of parasitic n-p-n BJTs that
lead current crowding in the source–drain area and domination
of the skin effect due to higher RB . The heat generated by
the energy from the avalanche current and current crowding
rapidly result in the secondary breakdown of the parasitic
transistor. On the other hand, additional ZDI implantation at
the P+ body area will reduce the base resistance to prevent
the device from early turn-on as well as reduce the domination
of the skin effect during the UIS event. Fig. 11(c) shows the
damage locations are in the center of the devices. It verifies
that the current distribution uniformity of NCH_ZDI is better
than the original device. The failure point around the middle
part of the modified devices indicates the less efficient cooling
within the device around the center; since near the edge, pads
are known as a good heat sink.

Immediate failure curves shown in Fig. 7 for L = 0.5 mH
indicate that failure caused by the current as both the devices
hold the avalanche BV for a finite time before destruction.
The experimental waveforms during the failure of NCH and
NCH_ZDI under 12 000 μm shown in Fig. 12 are evidence
for the current failure. It has been found that the original
device (NCH) and the modified device (NCH_ZDI) hold its
avalanche BV for ∼200 ns and ∼10 μs before destruction,
as shown in Fig. 12(a) and (b), respectively. The destruction
in the NCH device inferred that the current crowding effect is
more prominent due to higher RB , which leads BJT to turn
on much earlier than the modified device.

To give the interpretation and verify the mechanism of
silicon test results and failure locations, a 2-D device UIS
simulation using TSUPREME and MEDICI is performed for
NCH and NCH_ZDI under the eight-finger structure. Fig. 13
shows the UIS waveforms of pass and failure cases for (a)
NCH and (b) NCH_ZDI at a fixed load inductor (L = 0.15
mH) under different gate pulses. Eight-finger NCH device
meets the failure at a gate pulse of 1000 ns (pass for 900 ns);
while NCH_ZDI shows the failure at 1300 ns under the
similar condition (pass for 1200 ns). Both the devices hold
its avalanche BV for a few nanoseconds before destruction, as
shown in Fig. 13(a) and (b). The failure of NCH at lower
gate pulse inferred the nonuniformity and massive current
crowding in the source–drain area that leads BJT to turn
on earlier as compared to NCH_ZDI. Fig. 13(c) shows the
net doping profile before MEDICI UIS device simulation to
verify the structural difference between NCH and NCH_ZDI
in TCAD process simulation. The total current, hole current,
and the temperature distribution profiles are compared during
UIS failure for NCH (at 1000 ns) and NCH_ZDI (1300 ns) at

Fig. 12. Immediate failure curves for L = 0.5 mH of (a) NCH and
(b) NCH_ZDI refer the current failure.

2E-6 second. Failure locations are interpreted at a position of
current crowding and the maximum temperature distribution
from the TCAD profile. The failure location observed in
the NCH device is nearer to the edge while for NCH_ZDI
is around the center part of the device. NCH_ZDI device
capability to sustain longer pulsewidth and its current and tem-
perature profile during UIS failure inferred that additional ZDI
implantation reduces the body resistance (RB) and improve the
device uniformity that leads to delay the BJTs turn-on. The
failure trends of waveforms and the failure locations during
TCAD simulation for both the devices are almost similar to
the silicon measurement.

Since a significant improvement is observed in dynamic
parameters like SOAs (E-SOA and T-SOA) and the avalanche
ruggedness, the total gate charge (Qg) needs to be compared to
observe the impact of additional ZDI implantation. The value
of Qg is a key parameter because it gives other essential infor-
mation about switching such as gate driving loss, switching
time, and so on [34].

The gate–source voltage versus time measurement is per-
formed for both the devices under the same measurement
conditions VDD = 5 V, VGS = 6.5 V, and IG = 0.05 A.
Qg is a product of gate current (IG) and time (t). The
impact on Qg due to stray capacitance is excluded. The
total gate charge (Qg), the gate–source charge (Qgs), and
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Fig. 13. UIS TCAD simulated waveforms comparison at different
gate-pulse funder eight-finger structures of (a) NCH and (b) NCH_ZDI.
TCAD profiles comparison including (c) doping and (d) total current, hole
current, along with temperature distribution for the failure case.

the gate–drain charge (Qgd) are compared, as shown in
Fig. 14 or both the devices under W = 12 000 μm. It shows
that the differences are almost negligible in term of Qgs,
Qgd, and Qg between both the devices. The measured Qg
value for NCH and NCH_ZDI is 0.215 and 0.218 nC, respec-
tively. The ON-resistance of both the devices is the same

Fig. 14. Measured Qgs, Qgd, and Qg are compared with exclud-
ing the impact of stray capacitance for NCH and NCH_ZDI under
W = 12 000 µm.

(mentioned earlier in Section II). Hence, the figure of
merit (FOM) that is the product of ON-resistance and the total
gate charge (Qg) remains the same.

V. CONCLUSION

The improvement of the avalanche ruggedness under the
UIS test has been investigated the first time for a 5-V
n-channel large array MOSFET with an optional implantation
layer (ZDI) at the P+ body area in 0.15-μm BCD process.
Measurement results showed that the maximum withstand
current is improved by more than twice while energy handling
capability is enhanced by more than five times compared
to the original device without affecting their dc parameters
such as ON-resistance and threshold voltage. The A-SOA
has also showed a significant improvement. The improved
A-SOA provides an advantage to the designers to calculate the
safe margin for their applications. In addition, the total gate
charge (Qg) comparison showed that FOM remains unaffected
after using ZDI implantation in the P+ body area. The modi-
fied device actively can be used as a load switch, fan speed and
e-fuse controller, hot swap, battery charger, power manage-
ment, and automobile’s applications.
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