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On-Chip ESD Protection Design for Automotive
Vacuum-Fluorescent-Display (VFD) Driver IC

to Sustain High ESD Stress
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Abstract—A new electrostatic discharge (ESD) protection struc-
ture of high-voltage p-type silicon-controlled rectifier (HVPSCR)
that is embedded into a high-voltage p-channel MOS (HVPMOS)
device is proposed to greatly improve the ESD robustness of
the vacuum-fluorescent-display (VFD) driver IC for automotive
electronics applications. By only adding the additional n+ dif-
fusion into the drain region of HVPMOS, the transmission-line-
pulsing-measured secondary breakdown current of the output
driver has been greatly improved to be greater than 6 A in a
0.5-µm high-voltage complementary MOS process. Such ESD-
enhanced VFD driver IC, which can sustain human-body-model
ESD stress of up to 8 kV, has been in mass production for automo-
tive applications in cars without the latchup problem. Moreover,
with device widths of 500, 600, and 800 µm, the machine-model
ESD levels of the HVPSCR are as high as 1100, 1300, and 1900 V,
respectively.

Index Terms—Electrostatic discharge (ESD), high-voltage
p-type silicon-controlled rectifier (HVPSCR), human body model
(HBM), machine model (MM), secondary breakdown current
(It2), vacuum fluorescent display (VFD).

I. INTRODUCTION

H IGH-VOLTAGE (HV) transistors in smart-power tech-
nology have been widely used for display driver ICs,

power supplies, power management, and automotive electron-
ics. In smart-power technology, an HV MOSFET, silicon-
controlled rectifier (SCR) device, and bipolar junction transistor
were used as on-chip electrostatic discharge (ESD) protection
devices [1]–[7]. Some ESD protection designs used the lateral
or vertical bipolar transistors as ESD protection devices in
smart-power technology [5], [6]. However, fabrication cost and
process complexity are increased by adding bipolar modules
into the CMOS process. The HV MOSFET is often used as
the ESD protection device in the HV CMOS ICs, because it
can work as both output driver and ESD protection device
simultaneously. However, ESD protections for HV CMOS ICs
present a complex engineering issue. Because of physical limi-
tations on the power dissipation that results from high triggering
and holding voltages, the triggering characteristic of the HV
MOSFET is different from that of a low-voltage MOSFET.
So, the ESD robustness of such HV MOSFET is quite weaker
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Fig. 1. Original output cell of the automotive VFD driver IC realized with the
HVPMOS and pull-down resistor.

than that of the low-voltage MOSFET in CMOS technologies
[1]–[7]. Hence, ESD reliability has been an important issue for
HV IC products fabricated in CMOS technology.

In some specific applications, such as the driver IC for
vacuum fluorescent display (VFD) [8] in automotive instrumen-
tation [9], only HV p-channel MOS (HVPMOS) is provided
in a given CMOS process, which is developed by adding
a few additional masks and process steps into the low-cost
low-voltage CMOS process. To reduce the fabrication cost,
no HV n-channel MOS (HVNMOS) is used in such specific
VFD driver IC. For safety concerns in automotive electronics,
the ESD robustness was often requested to be much higher
than that of consumer electronics products. Thus, an additional
protection device is necessary in the HV I/O pin to sustain a
high-enough ESD robustness of the VFD driver IC for safe
automotive applications.

In this paper, a new ESD protection structure with the em-
bedded HV p-type SCR (HVPSCR) into the HVPMOS device
is proposed [10]. Only an additional n+ diffusion is added into
the HVPMOS to form the HVPSCR for ESD protection. The
HVPSCR device structure can greatly improve the human body
model (HBM) ESD robustness of the VFD driver IC up to 8 kV
in the specific 0.5-µm HV CMOS process for automotive
electronics applications without suffering the latchup issue.

II. ORIGINAL DESIGN FOR VFD I/O

The HV output cell of the automotive VFD driver IC that was
fabricated in a 0.5-µm HV CMOS process is shown in Fig. 1. In
this VFD driver IC, the output pull-up function is realized by the
HVPMOS, which is connected between the output pad and the
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Fig. 2. Device structure of HVPMOS in the specific CMOS process. An HV
p-well is used to surround the drain of HVPMOS to meet the HV application.

Fig. 3. DC I–V curve of HVPMOS in the low-current region, which has a
breakdown voltage of 65 V.

VDD of 5 V, whereas the pull-down function is realized by an
on-chip resistor of 300 kΩ for VFD. The resistor is connected
from the output pad to the VEE of −40 V for VFD applications.
Here, the internal core circuits are connected to the low-voltage
power supply with the VDD of 5 V and VSS of 0 V.

A. Device Structure and I–V Characteristic of the HVPMOS

The device structure of the HVPMOS is drawn in Fig. 2.
The HV region is surrounded by an HV p-well of lightly
doped concentration with a specified clearance from the HV
p-well edge to the drain (p+ diffusion) of the HVPMOS,
where the clearance is indicated as C in Fig. 2. Such HV
p-well with lightly doped concentration will provide the drain
of the HVPMOS with high-enough breakdown voltage for
VFD application. The breakdown voltage of the HVPMOS is
specified to be higher than 45 V for this VFD application.

While measuring the I–V characteristic of the HVPMOS in
the VFD driver I/O cell, the gate of the HVPMOS is connected
to the core circuits. The dc I–V curve of the HVPMOS in
the low-current region measured by curve tracer 370 is shown
in Fig. 3, where the breakdown voltage of this HVPMOS is
∼65 V. When the applied voltage is slightly larger than the
breakdown voltage, the current will increase sharply. While the
HVPMOS is switching from OFF-state to ON-state, the dc I–V
curve behavior is shown in the curve of Fig. 3 and marked
with “on.” However, while the HVPMOS is switching from
ON-state to OFF-state, the dc I–V curve behavior is shown

Fig. 4. TLP-measured I–V curves of HVPMOS (a) with a width of
600 µm and a length of 2 µm, and (b) with a width of 800 µm and a length
of 2 µm.

in the curve of Fig. 3 and marked with “off.” There is no
obvious snapback characteristic found in the dc I–V curve of
HVPMOS. The transmission-line-pulsing-measured I–V curve
of the HVPMOS with a width of 600 µm and a length of
2 µm is shown in Fig. 4(a). The trigger voltage (Vt1) of the
TLP-measured I–V curve of HVPMOS is ∼35 V. Due to
the inefficient parasitic p-n-p bipolar action in the HVPMOS,
no obvious snapback characteristic is found. Therefore, the
secondary breakdown current (It2) is only 0.07 A, which is
quite low for ESD protection. Moreover, the TLP-measured
I–V curve of the HVPMOS with a larger device size (with a
width of 800 µm and a length of 2 µm) is shown in Fig. 4(b);
the It2 is still only 0.08 A. Here, the difference on the trigger
voltage of the HVPMOS measured by dc and TLP is caused by
transient-coupling effect. The TLP is designed with a rise time
of 10 ns to simulate the HBM ESD event. The fast TLP dV/dt
transient voltage at the drain could be coupled into the device
through the parasitic capacitance in the drain/bulk junction to
lower the trigger voltage.
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TABLE I
TLP_It2 AND HBM ESD LEVELS UNDER NEGATIVE-TO-VDD (ND-MODE)

ESD STRESSES OF THE HVPMOS

Fig. 5. Measured I–V curves of the HVPMOS (with a width of 600 µm and
a length of 2 µm) in the VFD driver I/O cell before and after 1-kV ND-mode
HBM ESD stress.

B. ESD Robustness and Failure Analysis (FA) of the
HVPMOS in the VFD Driver IC

The HBM ESD levels and TLP-measured It2 of the
HVPMOS in the VFD driver I/O cell with different device
widths (but keeping the same length) are listed in Table I. With
device widths of 500, 600, and 800 µm, the It2 of the HVPMOS
are 0.04, 0.07, and 0.08 A, respectively. For such a lower It2,
the HBM ESD levels of the HVPMOS are all about ∼500 V
under the ND-mode ESD stress. Here, the failure criterion is
defined at a leakage current that is greater than 1 µA under
a 45-V bias on the devices. The measured I–V curves of the
HVPMOS (with a width of 600 µm and a length of 2 µm) in
the VFD driver I/O cell before and after 1-kV ND-mode HBM
ESD stress are shown in Fig. 5, where the voltage that is applied
at VDD, with the output pad grounded, is swept from 0 to 45 V.
Before ESD stress, the HVPMOS is turned off, so that there is
no leakage current between the VDD and output pad. However,
after ESD stress, the HVPMOS is burned out to cause a short
circuit in the I–V curve. The FA picture of this output cell on
the HVPMOS (with a width of 600 µm and a length of 2 µm)
after 1-kV ND-mode HBM ESD stress is shown in Fig. 6(a),
where serious contact spiking from the drain to source of the
HVPMOS is found. Moreover, the enlarged pictures of contact
spiking in the source and drain regions are shown in Fig. 6(b)
and (c), respectively, where the lightened contacts are damaged
by HBM ESD stress. Due to the too low TLP-measured It2 and
ESD levels, the HVPMOS is not suitable as the ESD protection
device for the output cell of the VFD driver IC.

Fig. 6. Scanning electron microscope failure pictures of (a) the output
HVPMOS with a device width of 600 µm and a length of 2 µm, (b) the contact
spiking in the source region of HVPMOS, and (c) the contact spiking in the
drain region of HVPMOS, in the VFD driver IC after 1-kV ND-mode HBM
ESD stress.

III. NEW ESD DESIGN FOR VFD I/O

A new ESD protection structure with the HVPSCR embed-
ded into the output HVPMOS is proposed to greatly improve
the ESD robustness of the automotive VFD driver IC. The
output cell with the embedded HVPSCR for automotive VFD
drive IC is shown in Fig. 7. With the addition of power-rail ESD
clamp circuit [11], the positive-to-VSS (PS-mode), negative-to-
VSS (NS-mode), positive-to-VDD (PD-mode), and ND-mode
ESD stresses [12], [13] on the output pin can be discharged
through the HVPSCR to the VSS or VDD with the cooperation
of the power-rail ESD clamp circuit.

A. Device Structure and Turn-On Mechanism of the HVPSCR

The device structure of the HVPSCR embedded into the
output HVPMOS is drawn in Fig. 8, where an additional
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Fig. 7. New proposed ESD protection design with the HVPSCR embedded
into the output HVPMOS to improve the ESD robustness of the output cell of
the automotive VFD driver IC.

Fig. 8. Device structure of the HVPSCR embedded into the output HVPMOS.

n+ diffusion is inserted into the drain region in the HV
p-well of the HVPMOS. The SCR path in the HVPSCR is from
VDD to the output pad, which is composed of p+ diffusion
(source of HVPMOS), n-well, HV p-well (drain of HVPMOS),
and n+ diffusion in the HV p-well. Here, only an additional
n+ diffusion is added into the HVPMOS to form the HVPSCR
for ESD protection. So, only a little increase of silicon area is
used to realize this HVPSCR. The final die size of the VFD
driver IC with the proposed HVPSCR for ESD protection is
almost kept the same.

The equivalent circuit of the HVPMOS with the embedded
HVPSCR device is shown in Fig. 9, where the anode of the
HVPSCR is connected to VDD and the cathode of HVPSCR is
connected to the output pad. The HVPSCR device is composed
of a lateral p-n-p bipolar transistor and a vertical n-p-n
bipolar transistor to form a two-terminal/four-layer p-n-p-n
(p+/n-well/HV p-well/n+) structure. The trigger voltage of the
HVPSCR device is the same as that of the HVPMOS, which
is determined by the drain avalanche breakdown voltage of the
n-well/HV p-well junction, such that, while the overstress
voltage reaches the breakdown voltage of the n-well/HV
p-well junction, the embedded HVPSCR will be triggered on
to discharge the ESD current. The turn-on mechanism of the
HVPSCR is somewhat similar to that of p-channel MOS
(PMOS)-triggered SCR [14], [15], where the PMOS is first
turned on by the ESD transient pulse and then the SCR can
be triggered on when the current reaches the trigger current of
the SCR.

During PD-mode ESD stress, positive ESD voltage is applied
to the output pad, and VDD is relatively grounded. The parasitic

Fig. 9. Equivalent circuit of the HVPMOS with the embedded HVPSCR.

diode (n-well/HV p-well junction) of the HVPMOS will be
forward biased to clamp the ESD voltage. During the ND-mode
ESD stress, the negative ESD voltage is applied to the output
pad, and VDD is relatively grounded. When the magnitude
of the applied voltage is greater than the drain breakdown
voltage of HVPMOS, the hole and electron current will be
generated through the avalanche breakdown mechanism. The
electron current will flow through the n-well to the n+ diffusion
connected to the anode of HVPSCR, which will lower the
voltage level of the n-well. As long as the voltage drop across
n-well resistor Rn-well is greater than the turn-on voltage of
the lateral p-n-p transistor, the lateral p-n-p transistor will be
triggered on to keep HVPMOS into its breakdown region.
While the lateral p-n-p transistor is turned on, the hole current
will be injected through the HV p-well into the p+ diffusion
(connected to cathode of HVPSCR) to increase the voltage
level of the HV p-well. As the injected hole current is larger
than some critical value, the voltage drop across the HV p-well
resistor RHVp-well will be greater than the turn-on voltage of
the vertical n-p-n transistor. The vertical n-p-n transistor will
be turned on to inject the electron current through the n-well
into the n+ diffusion to further bias the lateral p-n-p transistor.
Such positive feedback regeneration physical mechanism [16],
[17] will initiate the latching action in the HVPSCR. Finally,
the HVPSCR will be successfully triggered into its latching
state with the positive-feedback regenerative mechanism [16],
[17]. Once the HVPSCR is triggered on, the required holding
current to keep the n-p-n and p-n-p transistors on can be gener-
ated through the positive-feedback regenerative mechanism of
latchup without involving the avalanche breakdown mechanism
again. So, the HVPSCR will have a lower holding voltage
than HVPMOS. Therefore, the ND-mode ESD current can be
effectively discharged by the HVPSCR to protect the VFD
driver IC.

The latchup issue [18], [19] should be considered when
the HVPSCR is used for ESD protection. When ICs are in
normal circuit operating conditions, the HVPSCR device could
be accidentally triggered on by noise pulse [20]. However, for
VFD application, during normal circuit operating conditions,
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Fig. 10. Circuit schematic of the power-rail ESD clamp circuit, which is
composed by a resistor, capacitor, inverter, and NMOS.

the current from VDD through the HVPSCR to VEE will be
limited to some a smaller value of ∼0.15 mA by the large pull-
down resistor R of 300 kΩ. Such a limited current is much
lower than the holding current (∼35 mA, from the measured
result in silicon) of the HVPSCR, which can avoid the latchup
issue between the power lines during normal circuit operating
conditions. On the other hand, if the HVPMOS is triggered
on by the transient noise pulse, the unwanted transient noise
current will flow through the HVPMOS and be absorbed by the
VDD power supply. Therefore, the latchup problem will not
occur in such VFD driver IC with the HVPSCR embedded into
the HVPMOS.

B. ESD Protection Design for VFD I/O With Both HVPSCR
and Power-Rail ESD Clamp Circuit

To sustain high ESD robustness for VFD I/O, the power-
rail ESD clamp circuit between VDD and VSS is added to
support the ESD discharge path between the output pad and
VSS. The power-rail ESD clamp circuit composed of resistor,
capacitor, inverter, and n-channel MOS (NMOS) is shown in
Fig. 10. Here, the RC value is designed with a time constant
of about ∼1 µs to distinguish the VDD power-on event (with
a rise time in milliseconds) or ESD stress events (with a rise
time in nanoseconds) [11]. During the normal VDD power-
on transition (from low to high), the input of the inverter can
follow up in time with the power-on VDD voltage to keep the
output of the inverter at zero. Hence, the NMOS device is kept
off and does not interfere with the functions of the internal
circuits. When a positive ESD voltage is applied to VDD, with
VSS relatively grounded, the RC delay will keep the input of
the inverter at a low-voltage level within a relative long time.
Therefore, the output of the inverter will be pulled high by
the ESD energy to trigger on the NMOS device. While the
NMOS device is turned on, the ESD current is discharged from
VDD to VSS through the NMOS device. When a negative ESD
voltage is applied to VDD, with VSS relatively grounded, the
negative ESD current can be discharged through the forward-
biased drain-to-bulk parasitic diode in the NMOS.

The ESD current paths of the new proposed ESD protec-
tion for VFD I/O in four ESD-stress modes are shown in
Fig. 11(a)–(d). Under the PS-mode ESD-stress condition, the
ESD current will flow from the output pad through the parasitic
diode of HVPMOS to VDD and then through the power-rail

ESD clamp circuit to VSS. Under the NS-mode ESD-stress
condition, the ESD current will flow from VSS through the
power-rail ESD clamp circuit to VDD and then through the
HVPSCR to the output pad. Under the PD-mode ESD-stress
condition, the ESD current will flow from the output pad
through the parasitic diode of HVPMOS to VDD. Under the
ND-mode ESD-stress condition, the ESD current will flow from
VDD through the HVPSCR to the output pad. Therefore, the
new proposed ESD protection design can provide a higher ESD
level for such VFD driver ICs.

For VFD application, because of the large resistor R of
300 kΩ between the output pad and VEE, the ESD current from
the output pad to VEE will be limited by resistor R. Hence, both
positive and negative ESD stresses on the output pad, with VEE
relatively grounded, can sustain high ESD robustness.

IV. EXPERIMENTAL RESULT

A. I–V Characteristic of the HVPSCR

The dc I–V curve of the HVPSCR measured by curve tracer
370 under room temperature of 25 ◦C is shown in Fig. 12(a),
where the dc trigger voltage of HVPSCR is ∼65 V, which is the
same as that of HVPMOS. Before the SCR path is triggered
on, the dc I–V curve behavior of HVPSCR is the same as
that of HVPMOS. When the current is larger than ∼5 mA, the
embedded HVPSCR is triggered on into its holding state with
a dc holding voltage of ∼5 V. While the HVPSCR is switching
from OFF-state to ON-state, the dc I–V curve behavior is shown
in the curve of Fig. 12(a) and marked with “on.” However,
while the HVPSCR is switching from ON-state to OFF-state, the
dc I–V curve behavior is shown in the curve of Fig. 12(a) and
marked with “off,” where the holding current is about ∼35 mA.
Because the holding voltage of the HVPSCR is smaller than the
operation voltage (45 V), the HVPSCR could be triggered on
to suffer latchup failure in the VFD driver IC by the transient
noise pulse. However, the maximum dc operation current across
the pull-down resistor R between the output pad and the VEE
power pad is 0.15 mA. This dc current is obtained from the
maximum voltage drop, which is 45 V (between VDD and
VEE) divided by 300 kΩ when the pull-up HVPMOS is turned
on. The current of 0.15 mA is less than the dc holding current
(∼35 mA) of the HVPSCR, which can avoid the latchup issue
between the power lines during normal operating conditions.
Moreover, the dc I–V curve of the HVPSCR measured by
curve tracer 370 under a temperature of 125 ◦C is shown in
Fig. 12(b), where the holding voltage (current) is decreased
from ∼5 V (∼35 mA) to ∼3 V (∼20 mA), as the temperature is
increased from 25 ◦C to 125 ◦C. Although the latchup problem
is very sensitive to high temperature, the maximum current
flowing across the resistor is still kept at 0.15 mA for the high
temperature due to the large resistor R. The HVPSCR cannot
stay in its turn-on state if the supplied current is smaller than
its holding current. Hence, even for high ambient temperatures
such as 125 ◦C, the HVPSCR is still kept at the OFF-state
to avoid the latchup problem. Hence, under normal circuit
operating conditions, the HVPSCR can be free from the latchup
problem between the power lines in the VFD driver IC, despite
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Fig. 11. ESD current paths on the VFD driver IC with HVPSCR and power-rail ESD clamp circuit under (a) PS-mode, (b) NS-mode, (c) PD-mode, and
(d) ND-mode ESD-stress conditions.

of a potentially low dc holding voltage below the operation
voltage.

The TLP-measured I–V curve of the HVPSCR with a width
of 600 µm and a length of 2 µm is shown in Fig. 13. The trigger
voltage of the HVPSCR in the TLP-measured I–V curve is
about ∼53 V, and the trigger current is about 0.27 A. Moreover,
in the inset figure, a high trigger current of almost 0.27 A
can be obviously found, where the latchup immunity can be
achieved over 200 mA by preventing unwanted triggering
during normal circuit operation. Here, before the HVPSCR is
triggered on, the HVPMOS will handle the low TLP current.
As the TLP current is higher than 270 mA, the HVPSCR will
be fully turned on. With the excellent clamping behavior of
the HVPSCR, a very low holding voltage of the HVPSCR can
be obtained around 5 V. According to the power dissipation of
P = I × V , where I indicates the ESD discharge current and
V indicates the holding voltage of the device, the device with
a lower holding voltage during ESD stress can sustain a higher
ESD level. The TLP-measured It2 of HVPSCR is greater than
6 A, which is much higher than that (0.07 A) of HVPMOS. So,
the HVPSCR can indeed sustain a much higher ESD level for
the output cell of this VFD driver IC.

From the previous work [21], a similar solution was proposed
to improve the ESD robustness in a smart-power IC. An ESD
robust output switch, which is called SCR–laterally diffused
MOS (SCR–LDMOS), was modified from the standard lateral
LDMOS without any additional processing, where the device

structure of SCR–LDMOS is redrawn in Fig. 14 [21]. The
characteristics of the SCR–LDMOS are kept the same as those
of the LDMOS during normal circuit operating conditions,
and the SCR (p+/n-well/p-well/n+) will be turned on to a
low holding voltage to discharge the ESD current during ESD
stress. However, no n-type HV device (such as HVNMOS) was
provided in this paper with the cost-efficient CMOS process
for the VFD driver IC. So, such an SCR–LDMOS cannot be
applied in our VFD driver IC to improve ESD robustness.
Moreover, even with the use of SCR–LDMOS in smart-power
technology, the latchup problem still has to be watched during
normal circuit operating conditions. In our work, the use of the
HVPSCR did not cause a latchup problem between the power
lines in such VFD driver IC due to the large resistor R between
the output pad and VEE.

B. ESD Robustness of the VFD Driver IC

TLP-measured It2, and the HBM and machine-model (MM)
ESD levels of the HVPSCR under different device widths (but
the same length) are shown in Table II. The It2 of the HVPSCR
with device widths of 500, 600, and 800 µm are all over
6 A, whereas the HBM ESD levels can pass over 8 kV under
ND-mode ESD stress. Moreover, with device widths of 500,
600, and 800 µm, the MM ESD levels of the HVPSCR are
1100, 1300, and 1900 V, respectively. With both the new
proposed HVPSCR embedded into the HVPMOS and the
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Fig. 12. DC I–V curves of the HVPSCR (a) with a dc trigger voltage of 65 V
and a holding voltage (current) of ∼5 V (∼35 mA) under a temperature of
25 ◦C, and (b) with a dc trigger voltage of 65 V and a holding voltage (current)
of ∼3 V (∼20 mA) under a temperature of 125 ◦C.

Fig. 13. TLP-measured I–V curve of HVPSCR with a width of 600 µm and
a length of 2 µm. A high trigger current of ∼270 mA can be seen in the inset
drawn in the low-current region, so the HVPSCR can be fully triggered on when
the current reaches above 270 mA.

power-rail ESD clamp circuit, the HBM ESD robustness of
the output cell in the automotive VFD driver IC has been
successfully improved from 500 V up to 8 kV within almost
the same die size.

The partial layout view of this VFD driver IC with HVPSCR
in the I/O cell is shown in Fig. 15, which can fully meet the

Fig. 14. Device structure of SCR–LDMOS [21].

TABLE II
TLP_It2, HBM, AND MM ESD LEVELS UNDER ND-MODE

ESD STRESSES OF THE HVPSCR

Fig. 15. Partial layout view of the VFD driver IC with the HVPSCR in the I/O
cell, which can sustain HBM ESD stress of up to 8 kV.

ESD specification of automotive applications. Moreover, the
automotive driver IC has also successfully passed the 200-mA
quasi-static latchup test of EIA/JEDEC standard [22]. Such an
ESD-enhanced driver IC has been in mass production for VFD
applications in a car.

V. CONCLUSION

The HVPMOS is not suitable for ESD protection in a VFD
driver IC for automotive electronics applications due to its poor
ESD level. To greatly improve ESD robustness, a new ESD pro-
tection structure of the HVPSCR embedded into the HVPMOS
is proposed by only adding an additional n+ diffusion into the
drain region of HVPMOS. With almost the same layout area,
the It2 of the output cell has been improved over 6 A, and the
HBM ESD level of such VFD driver IC with HVPSCR can
sustain up to 8 kV. With device widths of 500, 600, and 800 µm,
the MM ESD levels of the HVPSCR are 1100, 1300, and
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1900 V, respectively. Moreover, the automotive driver IC can
also pass the 200-mA quasi-static latchup test.
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