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(7) ABSTRACT

A field effect transistor (FET) is used as the protection
circuit. The gate is grounded through an electrical element.
The voltage source is connected to the drain of the FET. The
load is connected to the source of the FET. At low input
voltages, the FET conducts in body diode mode. At higher
input voltages, the FET turns “on” and conducts more
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SYSTEM AND METHOD FOR PROTECTING A
LOAD FROM A VOLTAGE SOURCE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The invention relates generally to electronic
devices and more particularly to protection circuits for
protecting loads from voltage sources.

[0003] 2. Background

[0004] Many electronic devices have electric circuits,
known as sensitive circuits, that require protection from
certain problematic electrical conditions, such as voltage
and power conditions. Common problematic conditions
include high voltages (above some threshold), negative
voltages and fast changing, negatively moving voltages, also
referred to as fast negative transients.

[0005] Examples of devices that commonly have circuits
that require protection include portable electronic equipment
such as, for example, personal digital assistants, laptop
computers, and wireless communication devices, including
at least cell phones and pagers. Commonly, the sensitive
circuits need protection from other circuits to which the
sensitive circuits may be connected. For example, AC and
DC power sources may present problematic electric condi-
tions to the sensitive circuits. The power source may also be
a car power adapter. Another source of problematic electrical
conditions is failed AC to DC adapters. Some failed AC to
DC adapters may fail such that they present an AC output at
the DC side of the adapter.

[0006] The numbers and types of electronic devices and
their adapters and connections to other electronic devices are
growing constantly. It is sometimes troublesome for con-
sumers to be certain that they are connecting the correct
connector (e.g., power supply) into their electronic devices.
For example, a consumer may have more than one cell
phone and more than one charger for each cell phone. The
consumer does not want the cell phone to break if the wrong
charger is mistakenly plugged into one of the cell phones.
Alternately, cell phone manufacturers do not want their cell
phones to break if a consumer mistakenly connects the cell
phone to the wrong charger. Several companies make cell
phone chargers, known as after-market chargers, for other
companies’ cell phones. The cell phone manufacturers
would like to be as certain as possible that the after-market
chargers do not break their cell phones, even considering
that the after-market chargers may not contain adequate
protection circuits.

[0007] Some known solutions include connecting the
source to the load through a diode, as shown in FIG. 12. The
diode 200 is connected to a voltage source 210 and a load
220. The FIG. 12 circuit typically results in poor energy
transfer (e.g., charging) efficiency. Diodes have a non-zero
forward voltage V. They therefore consume energy, lower
the voltage available to the load, and produce heat.

[0008] Another known solution is shown in FIG. 11. The
FIG. 11 circuit also uses a diode 230, but in this case, the
diode is connected between ground and the input 240 of the
load 220. A fuse 250 is connected between a voltage source
210 and the load 220. A problem with the FIG. 11 circuit is
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that when an excess current condition occurs, the fuse
becomes a permanent open circuit and the source 210 is no
longer connected to the load.

[0009] Some solutions do not provide for protection from
fast negative shoot-through. That is, problems occur if an
input voltage drops quickly. Fast negative transients can
cause negative shoot through. Negative shoot through hap-
pens when a fast negative transient results in a negative
voltage appearing on the load side of a device. For example,
a protection circuit may be designed to prevent negative
voltages from passing across the protection circuit to a load.
A negative shoot through occurs when a transient negative
voltage reaches the load due to a fast changing negative
input voltage.

SUMMARY OF THE INVENTION

[0010] In order to overcome the problems associated with
conventional approaches for protecting sensitive electric
circuits from problematic electric conditions, a field effect
transistor (FET) is used as the protection circuit. The gate is
grounded through an electrical element. The voltage source
is connected to the drain of the FET. The load is connected
to the source of the FET. At low input voltages, the FET
conducts in body diode mode. At higher input voltages, the
FET turns “on” and conducts more efficiently.

[0011] Advantageously, the FET conducts energy from the
source to the load more efficiently than some prior solutions.

[0012] Other aspects, advantages, and novel features of
the invention will become apparent from the following
Detailed Description, when considered in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Preferred embodiments of the present inventions
taught herein are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying
drawings, in which:

[0014] FIGS. 1-7 show block diagrams illustrating a pro-
tection circuit connected to a load and a source voltage.

[0015] FIG. 8 shows a graph illustrating a relationship
between a gate voltage and a drain to source resistance when
a FET is “on”.

[0016] FIG. 9 shows a graph illustrating a relationship
between an input voltage and a gate voltage over time.

[0017] FIG. 10 shows a graph illustrating an expanded
portion of the gate voltage of FIG. 9, with additional
voltages superimposed.

[0018] FIGS. 11-12 show block diagrams of prior art
protection circuits.

DETAILED DESCRIPTION

[0019] FIG. 1 shows a block diagram illustrating a pro-
tection circuit 25 connected to a load 30 to be protected from
a voltage source 35. The protection circuit has a field effect
transistor (FET) 40 connected between the load 30 and the
voltage source 35. As will be understood, the source, drain
and gate each have conductors or conducting pads, for
making electrical connections to other electric components.
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[0020] The FET may be a metal-oxide semiconductor FET
(MOSFET) as is shown in FIG. 1. As is well known in the
art, a FET has a gate 45, a source 50 and a drain 55. The
drain 55 of the FET 40 is connected to the voltage source 35.
The source 50 is connected to the load 30. The gate 45 is
connected to a an electrical element 60. As shown in FIG.
1, the electrical element 60 may be a resistor 60.

[0021] Configured as in FIG. 1, as a positive voltage is
applied to the drain 55, from a zero voltage, the MOSFET
will first conduct in body diode mode. In body diode mode,
the gate to source voltage Vg of a FET is below the
threshold Vg to put the FET in an “on” state, or turn the
FET on. In the “on” state, the series resistance of a FET is
negligible, but in body diode mode, the FET has a non-zero
forward voltage, which is equivalent to having a non-
negligible series resistance. In the body diode mode, the FET
acts like a diode from drain to source. Thus, as the input
voltage applied to the drain 55 by the voltage source 35
increases from zero, the FET will not conduct until a diode
bias voltage of the FET body diode is reached. The diode
bias voltage is typically about 0.5 Volts (V)

[0022] The voltage at the source 50 will follow and stay
lower than the voltage at the drain 55 by about 0.5 V. As the
source 50 voltage increases, a voltage develops from the
gate to the source, that is, the source 50 is at a higher voltage
than the gate 45, because the gate is grounded. Grounding is
shown through resistor 60. However, the gate may be
grounded directly, that is, without the use of resistor 60.
Alternately stated, resistor 60 may have zero resistance.

[0023] When the source 50 voltage reaches Vggrpy the
FET will start to turn on. As will be described later with
reference to FIG. 8, a FET turns on fairly quickly with rising
Vgs, but it is not an ideal switch with an absolutely abrupt
change from on to off. Once the FET is on, the FET conducts
from the drain 55 to the source 50, with a very small series
resistance Rpgon-

[0024] Advantageously, the voltage drop across an “on”
FET is much smaller than that across a diode, known as the
forward voltage V. In other words, the FET acts much more
like an ideal switch than a diode, allowing positive voltages
to more efficiently pass through the MOSFET and reach the
load. The MOSFET consumes less power than a typical
diode. This results in less heat generation and more efficient
power transfer from the voltage source 35 to the load 30.
Less heat generation can result in several advantages,
including avoiding thermal breakdown of devices and avoid-
ing degraded performance due to thermal performance coef-
ficients of various components.

[0025] FIG. 2 shows a block diagram of a protection
circuit, load and voltage source similar to those shown in
FIG. 1. In addition to the FET 40 and resistor 60, the
protection circuit includes a capacitor 63 connected from the
load input 66 to ground. The capacitor 63 serves to store
charge to supply positive voltage to protect against any
negative voltage that may pass through the other portions of
the protection circuit. The capacitor 63 serves, in a sense, as
a last line of defense for the load 30 against fast negative
transients.

[0026] FIG. 3 shows a block diagram illustrating a pro-
tection circuit, load and source similar to those in FIG. 2.
Compared to FIG. 2, an electrical element 69 has been
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added. The electrical element 69 may be a resistor as shown
in FIG. 3. The resistor 69 overcomes a disadvantage of the
circuit shown in FIG. 2.

[0027] The circuit in FIG. 2 does not limit the voltage Vg
that can develop across the source and gate. FET’s have a
breakdown voltage known as the gate to source breakdown
voltage, of Vgspreakdowns A FET with a higher Vggry
typically has a higher Vi gp o ardowns a0d @ FET with a lower
Vstr typically has a lower Vogp,eardown: FOr MOSFETs,
a typical Vggpreakdown 18 12 V for a Vg of 25 V.
Alternatively, a MOSFET with a higher V5gp,eatcdown ©f 20
V might have a Vggy of 5 V. Alternatively a MOSFET with
a lower Vggpieakdown Of 0 V might have a Vg of 1.8 V.

[0028] A lower Vgpy is desirable, because a MOSFET
with a lower Vg typically (1) has better performance,
such as a lower Rgon, especially for low gate to source
voltages, and (2) allows for operation of the MOSFET at
lower source 35 voltages. Lower Rpgon, 1n turn, results in
better power transfer from the voltage source 35 to the load
30. However, a higher Vigpreardown 1S also desirable,
because voltages above Vg oorciown applied across the
source 50 and gate 45 result in destruction of the MOSFET.
The destruction (failure) mode of a MOSFET is to become
an electrical short. Thus, in failure, the MOSFET conducts
all the power that destroyed the MOSFET 40 toward the load
30. This can be catastrophic for the load, especially when
and if the power source becomes negative. Therefore, it is
important to ensure that Vg never exceeds Vigsprpax-
DOWN.

[0029] Resistor 69 has been added in FIG. 3 to reduce the
likelihood that Vgg will exceed Vggpreaxpown: Resistor
69 causes the gate 45 voltage to follow the source 50
voltage. Specifically, a positive voltage at the source 50
brings the voltage at the gate 45 up as well. The voltage at
the gate Vg is a fraction of the voltage at the source Vg,
according to the well known voltage divider function,
Vs=Vs*R1/(R1+R2), where R1 is the resistance of the first
resistor 60 and R2 is the resistance of the second resistor 69.
Since V follows Vg up when Vg goes up, V44 stays smaller.
This helps prevent Vg from exceeding Viogpreaxpown:
However, at some higher input voltage from the voltage
source 35, resulting in a higher source 50 voltage, Vgspreax-
pown can still be exceeded. Furthermore, the circuit of FIG.
3 has the disadvantage that power is consumed by resistor 69
and resistor 60. The power consumption has the disadvan-
tages of power consumption described above.

[0030] Further, the circuit of FIG. 3 has the disadvantage
that Vg varies nearly proportionally to the input voltage
supplied by the voltage source 35. As such, at low source 35
voltages, the MOSFET 40 may often operate in a state that
is not fully enhanced. Referring to FIG. 8, a typical MOS-
FET operating conditions are graphed. The vertical axis 72
shows Rpgon While the horizontal axis 75 shows V. As
Vgs increases from zero V, Rpgon goes from a very high
resistance to a very low resistance. At a value Vggry, the
MOSFET is considered on, but the MOSFET is not in its
more desirable mode of operation until V4 exceeds V-
HANCED. Rpyg.,, 18 very low when Vg exceeds Vinpancep-
This results in efficient power transfer from the voltage
source 35 to the load 30. Referring again to FIG. 3, the
voltage divider of resistors 60 and 69 cause Vg to change
responsive to the input voltage, and possibly go below
Venmancens causing inefficient power transfer.
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[0031] The FIG. 4 circuit has several advantages over the
FIG. 3 circuit. In FIG. 4, the resistor 69 has been replaced
with a different electrical element 80. The electrical element
80 is a zener diode 80. For purposes of this specification and
the appended claims, an electrical element is any element
that can conduct electricity. The following is a non-exhaus-
tive list of examples of electrical elements: resistors, capaci-
tors, inductors, diodes, zener diodes, transistors, integrated
circuit portions such as CMOS connecting lines and vias and
integrated capacitors, inductors and resistors, and any com-
bination of components including one or more electrical
elements.

[0032] The zener diode 80 primarily operates to keep Vg
nearly constant as long as the input voltage Vi supplied by
the voltage source 35 is above V,+Vypgon, Where V, is the
zener diode turn on voltage and Vypgon 1S the very small
voltage drop from the drain to the source of the MOSFET
when the MOSFET is on. As is well known in the art, zener
diodes have a nearly constant voltage once they are on.
Thus, once the zener diode 80 is on, it holds V44 to a nearly
constant value. With careful selection of the zener diode turn
on voltage to correspond to a voltage above Viygancens
butbelow Vi spreaxpowns it can be ensured that Vg gpreax-
pownN is not exceeded, and that the electrical element 80
does not limit gate to source voltage of the MOSFET while
Vg is below V.

[0033] Using a zener diode 80 especially improves the
performance of the MOSFET, improving power transfer
efficiency, when Vi is less than V,+Vihgon, because then
the zener diode 80 is practically like an open circuit. That
increases Vg over the FIG. 3 circuit, for low input (source
35) voltages.

[0034] But the FIG. 4 circuit does have some drawbacks.
First, zener diodes are relatively expensive compared to
some transistors and other diodes. Second, a zener diode
with a lower zener voltage is generally preferred for use with
a MOSFET 40 with a lower Vinpgancep and therefore a
lower Vipgson. However, zener diodes with low zener
voltages, and therefore compatible with low Vg MOS-
FET’s typically have poor temperature coefficients, higher
leakage current and less sharp knees, compared to zener
diodes with higher zener voltages. A poor temperature
coefficient means that the performance characteristics
change more with temperature. More leakage means that in
the off state, that is, at voltages below the zener voltage,
more current still leaks through the zener diode. This would
raise the gate voltage, which would decrease Vg, which
would increase Rpgon, Which would result in decreased
power transfer efficiency. Having a less sharp knee means
that a lower zener voltage zener diode turns on more
gradually as the voltage across the zener diode increases.

[0035] The FIG. 5 circuit has several advantages over the
FIG. 4 circuit. In FIG. 5, the zener diode has been replaced
with a transistor 77 and two resistors 79 and 81. The
transistor 77 has a collector 83, an emitter 85 and a basc 88.
The collector 83 is connected to source 50. The emitter is
connected to the resistors 60 and 81. The base 88 is
connected to the resistors 79 and 81. The resistor 79 is
connected between the source 50 and the base 88. The
resistor 81 is connected between the base 88 and the emitter
85.

[0036] Thus, the transistor 77 is configured as a program-
mable zener from collector to emitter. In other words, Vg
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acts as the zener voltage. Vg is controlled, or selected, by
selecting the resistors 79 and 81 which act as a voltage
divider to control Vg and Vgg.

[0037] Advantageously, the transistor is cheaper than a
typical zener diode, and offers better performance in terms
of leakage current, temperature coefficient and operating
current.

[0038] Even with all the protection provided as discussed
with reference to FIGS. 1-5, there may still be a problem
with a negative voltage passing through the protection
circuit from the voltage source 35 under certain conditions.
Specifically, negative shoot through may be a problem.
Negative shoot through is the result of fast changes from
some voltage to a more negative voltage. This causes the
parasitic capacitances of the MOSFET to send transient
negative voltages through the protection circuit to the load
to be protected 30. The protection circuit protects from
slowly changing voltages, but fast transients created by fast
negative changes may get through and damage the load 30.
As will be understood by those of skill in the art, fast
transients can be in part due to parasitic capacitance between
the MOSFET gate and source, between the MOSFET source
and drain, and between the MOSFET drain and gate.

[0039] The FIG. 6 circuit has some advantages over the
FIG. 5 circuit. In the FIG. 6 circuit, a diode 92 has been
added, connected between ground and the gate 45 of the FET
40, with the forward bias direction of the diode 92 being
from ground to the gate 40. The diode provides protection
against negative shoot through. Specifically, the diode limits
the gate voltage V4 to be no lower than one forward bias
voltage of the diode 92 below zero, or ground. That is, Vg
is always greater than or equal to —Vg, where Vp is the
forward bias voltage of the diode 92. Since the gate voltage
can go no lower than -V, that means the source 50 can go
no lower than Vggry—Vg, While the FET is in the “on” state.
Through careful selection of Vggry and Vi, it can be
assured that Vg 1S greater than Vi, so that Vg is never
below zero, or ground. Since the voltage at the load 30 is
essentially equal to Vg, the voltage at the load 30 is never
below zero, or ground.

[0040] The operation of the diode 92 within the protection
circuit will now be described with respect to FIGS. 9 and
10. Referring to FIG. 9, a fast negative changing input
voltage Vi is shown as input voltage line 96. Vi is an
example input voltage provided by voltage source 35. Vi is
plotted against the horizontal axis 100 of time. Vi has a fast
negative changing portion 104. The negative changing por-
tion 104 is shown as a vertical line. It will be understood that
vertical portion 104 is an ideal representation of a fast
negative changing voltage, whereas real physical quantities
are not ideal. The ideal fast negative changing portion 104
is shown to make the point that the negative change occurs
fast enough to cause a problem for the protection circuit
without the diode 92.

[0041] Vg is also plotted against time in FIG. 9. Even
though the FET 40 turns off as Vi drops below zero V, the
parasitic capacitance of the FET allows V, to briefly drop
below zero as shown by dip 112. If not accounted for and
corrected in the protection circuit, the dip 112 below zero
volts can cause a transient negative voltage to appear at the
load 30, possibly causing damage. An expanded view of a
portion of FIG. 9 designated by circle 114 is shown in FIG.
10.
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[0042] FIG. 10 shows the voltage response of the protec-
tion circuit with a fixed forward voltage device, such as
diode 92, protection diode 92 is superimposed on voltage
response of the protection circuit without a fixed forward
voltage device, such as diode 92, both in negative shoot
through conditions. FIG. 10 is a graph of voltage on the
vertical axis (not shown) against time on the horizontal axis
118. Several different voltages are shown in FIG. 10. A
V. 18 shown as line 108, where Vgyyp refers to Vg
unprotected, that is, the gate 45 voltage as a result of
negative shoot through without a fixed forward voltage
device, such as diode 92, protecting against negative shoot
through. In other words, Ve 108 represents the gate 45
voltage that could occur without protection diode 92.

[0043] A Vgunp line 116 shows the source 50 voltage that
may occur without protection diode 92. Vgyp 116 is at least
Vst above Vgunp, because the minimum difference in
voltage between the gate 45 and the source 50 is V gy, S
is shown by arrow 120. Since voltage line 116 shows the
voltage at the source 50, it is representative of the negative
voltage that could damage load 30 in cases of negative shoot
through.

[0044] The addition of protection diode 92 changes the
various voltages present at various points in the circuit
during negative shoot through conditions. As described
above, the diode 92 is connected to ground, which keeps one
end of the diode at zero V, or ground. When negative shoot
through conditions occur, the cathode of the diode can go no
lower than -V, because the diode 92 has a constant forward
voltage (or zero forward voltage). V is limited by the diode
92 to no less than -V, as shown by dashed line 124. Vg is
at least Voo above Vg, as shown by arrow 132. Thus,
advantageously, VS can be restricted to positive voltages,
even in cases of negative shoot through, as long as Vg
is greater than V. The load 30 is protected even in cases of
negative shoot through.

[0045] With a diode 92 connected between ground and the
gate of the FET 40, the negative shoot through protection
will be limited only by the resistance connected to the gate
45, the parasitic capacitances present, the capacitance of the
capacitor 63 and the negative recovery time of the diode. In
some cases, it may be advantageous to use a majority carrier
diode, such as a Schottky diode for diode 92. Schottky
diodes have a negligible reverse recovery time, because they
are majority carrier diodes. As such, a Schottky diode will
protect against negative shoot through even better than a
normal diode.

[0046] The FIG. 7 circuit has some advantages over the
FIG. 6 circuit. As shown in FIG. 7, a transistor 135 replaces
the diode 92. As is well known in the art, the transistor has
a base 145, a collector 150 and an emitter 155. The base 145
is connected to ground. The collector is connected to the gate
45 of the FET 40. The emitter 155 is connected to ground.
In this way, the transistor 135 is configured as a diode, from
collector to base. This is not the common way to configure
an npn bipolar junction (BPJ)transistor as a diode though.
Traditionally, or commonly, an npn BPJ transistor is con-
figured as a diode from base to emitter, as is well known in
the art. Configuring the transistor as a diode from collector
to base typically produces the advantage that the resulting
diode has a higher reverse bias limit than a diode resulting
from a transistor configured as a diode from base to emitter.
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[0047] Advantageously, the third transistor 135 can be part
of a single integrated circuit package with the second
transistor 77. Commercially, transistors are commonly avail-
able in two-transistor packages. Thus, replacing diode 92
with transistor 135 may reduce the cost of the protection
circuit.

[0048] 1In one configuration, resistor 79 may have a resis-
tance of 56 K ohms. Resistor 81 may have a resistance of 10
K ohms. Resistor 60 may have a resistance of 2 K ohms.
Capacitor 63 may have a capacitance of 2.2 microfarads.
However, it will become clear to one of skill in the art that
many values of the above-mentioned components are pos-
sible. Further, a single design can work for a broad range of
component values. For example, resistor 79 may have a
resistance of 65 K ohms and still contribute to effective
operation of the protection circuit. As another example,
resistor 60 may have a resistance of 10 K ohms and still
contribute to effective operation of the protection circuit.
Further, FET 40 may be a commercially available FDC6036
MOSEFET. Transistors 77 and 135 may be situated together
in a Rohm EMX2 or UMX2N transistor package.

[0049] Various combinations of the circuits shown in
FIGS. 1-7 are possible. For example, FIGS. 4 and 6 could
be combined to produce a protection circuit having a zener
diode 80 connected between the gate 45 and the drain 50 of
the FET 40, while having a diode 92 connected between the
zener diode 80 and ground. Such a protection circuit would
have the advantages of the FIG. 4 circuit and some of the
advantages of the FIG. 6 circuit, but not all of the advan-
tages of the FIG. 6 circuit.

[0050] Commonly the load and the voltage source are
contained in two different devices. The protection circuits
described above may be integrated in the device containing
the load, the device containing the voltage source, a single
device containing both the load and the source, or a separate
protection device altogether. Additionally, some of the pro-
tection circuit may be in one device while another part of the
protection circuit may be in another device, so long as the
components can be connected as described when the devices
are connected together. For example, the capacitor 63 may
be contained in the electronic device containing the load 30,
while the FET 40 is contained in the electronic device
containing the remainder of the protection circuit.

[0051] 1t will be understood that while the protection
circuit has been described with a p-channel FET 40, FET 40
could be replaced with an n-channel FET (not shown),
reversing the polarity of the protection circuit. Such a
protection circuit could be used in conjunction with a source
and load having a positive ground. In that case, the source
and load voltages would be negative in normal operation and
the protection circuit would protect against at least one of the
following: positive voltages, high absolute valued negative
voltages, and fast changing positive moving voltages. The
drain of the n-channel FET would be connected to the
voltage source 35. The source of the n-channel FET would
be connected to the load 30.

[0052] An advantage of using an n-channel FET is that the
performance of n-channel FET’s is generally better than that
of p-channel FET’s, because n-channel FET technology is
more mature than that of p-channel FET technology. An
advantage of using a p-channel FET is that a p-channel FET
works in a protection circuit with a negative ground. This is
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particularly useful in devices having other circuits with a
negative ground. For example, in a wireless communication
device, RF circuits typically use a negative ground. Thus, it
is advantageous if the DC circuits, such as power supplies
and charging circuits, use a negative ground.

[0053] The other circuit elements shown in FIGS. 1-7,
would be configured the same as in FIGS. 1-7, except that
the polarities of the active elements (diodes, zener diodes
and transistors), if present, would be reversed. For example,
if an n-channel FET were used, a zener diode, in a similar
configuration to that shown in FIG. 4, would be connected
between the n-channel FET source and the n-channel FET
gate.

[0054] Further, while embodiments and implementations
of the invention have been shown and described, it should be
apparent that many more embodiments and implementations
are within the scope of the invention. Accordingly, the
invention is not to be restricted, except in light of the claims
and their equivalents.

What is claimed is:
1. A protection circuit for protecting a load from a voltage
source, the protection circuit comprising:

a field effect transistor (FET) having a drain, a source and
a gate a load output conductor connected to the source;

a voltage source input conductor connected to the drain;
and

an electrical element connected to the gate and to an

electrical ground.

2. The protection circuit of claim 1, further comprising a
second electrical element connected between the gate and
the source of the FET.

3. The protection circuit of claim 2, wherein the second
electrical element comprises a constant voltage element.

4. The protection circuit of claim 3, wherein the constant
voltage element comprises a zener diode.

5. The protection circuit of claim 4, wherein the zener
diode has a turn-on voltage that is higher than an enhance-
ment voltage, Vgsenmancens Of the FET.

6. The protection circuit of claim 3, wherein the constant
voltage element comprises a second transistor.

7. The protection circuit of claim 6, further comprising:

aresistor connected between the gate of the first transistor
and the base of the second transistor; and

a second resistor connected between the base of the
second transistor and the collector of the second tran-
sistor; and
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wherein the collector of the second transistor is connected
to the source of the first transistor and the emitter of the
second transistor is connected to the gate of the first
transistor.

8. The protection circuit of claim 6, further comprising a
second constant voltage element connected between the gate
and the electrical ground.

9. The protection circuit of claim 8, wherein the second
constant voltage element comprises a third transistor.

10. The protection circuit of claim 9, further comprising
an electrical conductor electrically connecting the emitter
and the base of the second transistor.

11. The protection circuit of claim 3, wherein the second
constant voltage element comprises a majority carrier diode.

12. The protection circuit of claim 1, wherein the FET is
a metal-oxide-semiconductor FET (MOSFET).

13. The protection circuit of claim 1, wherein the FET is
a p-channel FET.

14. The protection circuit of claim 1, wherein the FET is
an n-channel FET.

15. Amethod of protecting a circuit from a voltage source,
the method comprising:

providing a FET, the FET having a drain, a source and a
gate;

connecting the drain of the FET to the voltage source;

connecting the source of the FET to a conductor for
coupling to the circuit;

connecting the gate to a resistor; and

connecting the resistor to an electrical ground.

16. The method of claim 15, further comprising coupling
an electrical element between the gate and source of the
FET.

17. The method of claim 16, further comprising coupling
a constant voltage element between the gate and the elec-
trical ground.

18. The method of claim 17, wherein the constant voltage
element comprises a transistor.

19. The method of claim 18, wherein the constant voltage
element comprises a diode.

20. The method of claim 16, further comprising charging
the circuit with the FET in a body diode mode.

21. The method of claim 20, further comprising charging
the circuit with the FET in a conducting mode.

22. The method of claim 21, further comprising increas-
ing a voltage difference between the gate and the source,
responsive to increasing the voltage at the source.
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