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(57) Abstract: A pulse-transformer-based isolated gate driver circuit uses a small count of high-temperature-qualified components to
drive a power semiconductor switch with asymmetrical voltage biases. A differential driver generates a pulse signal from a pulse-
width-modulated signal, which is passed to a charge and lock circuit through a transformer. The charge and lock circuit includes an
activation path and a deactivation path, which are selectively open to current flow based on positive or negative voltage pulses in the
pulse signal, to selectively turn the main semiconductor switch on or off. The charge and lock circuit can lock voltage across the
main semiconductor switch to keep the main semiconductor switch in an "on" or and "oft" state.
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SIMPLIFIED GATE DRIVER FOR POWER TRANSISTORS

Technical Field
[0001] The present disclosure relates to drivers for transistors, such as metal-oxide-
semiconductor field-effect transistors (MOSFETSs), generally and more specifically to drivers

designed for high-temperature environments, such as down a wellbore.

Background

[0002] Transistors, such as field-effect transistors, are electrical building blocks used
across many fields. Some transistors can act as main semiconductor switches, allowing
current to pass through them when in an “on” or “closed” state or allowing them to inhibit
current passing through them when in an “off” or “open” state. Placing a main
semiconductor switch in an “on” or an “off” state can require the semiconductor switch being
driven, such as by providing a certain voltage across the gate and source contacts of the main
semiconductor switch. To operate properly, certain main semiconductor switches, such as
MOSFETs, are driven using driver circuitry (e.g., a gate driver). Challenges in designing
gate driver circuitry can occur, such as because of the particular semiconductor that needs to
be driven or because of the environment in which the gate driver will operate.

[0003] New types of transistors, such as Silicon-Carbide (SiC) MOSFETs can
provide advantages over existing Silicon (Si) MOSFETs, but also may require different
driving strategics. For example, many Si MOSFETS may be driven with symmetrical
voltage biases, where the positive and negative voltages are provided at the same magnitude
(e.g., £10 Volt (V)), but SiC MOSFETs may be driven with asymmetrical voltage biases,
where the positive and negative voltages are provided at different magnitudes (e.g., +25 V
and -10 V). Many driver circuits are incapable of providing asymmetrical voltage biases,
especially in compact, high-temperature-capable packages.

[0004] Additionally, in certain environments, gate drivers are isolated. For example,
galvanically isolated gate drivers may be used to drive power semiconductor switches in
power processing circuits, such as power converters, power transmitters, and other such
circuits. The isolation is necessary because the power switch usually does not share the same
ground as the gate control circuit, such as the high-side switches in an H-bridge topology.
Some isolated gate drivers include a floating power supply to provide the necessary power
across its isolation barrier to drive the gate of the power switch, and an isolated signal

transmission circuit to send the low-power control signal to the gate of the power switch.
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Such gate drivers may be bulky and complicated, especially when created for high-
temperature environments (e.g., environments with a temperature above 125 °C) because of
the limited choices of integrated and temperature-qualified components.

[0005] In wellbore operations, drivers for semiconductor-based circuits may be
subjected to harsh environments by, for example, being used in tools that are placed within a
wellbore.  Drivers may need to withstand high temperatures (e.g., above 125 °C).
Additionally, available space may be severely limited, necessitating drivers that are small in
size or use fewer components. Finally, due to the very high costs involved in retrieving tools
that have been positioned within a wellbore, drivers may need to be reliable, especially at the
high temperatures described above. Other requirements may exist that further disqualify the

use of existing gate driver circuits.

Brief Description of the Drawings

[0006] The specification makes reference to the following appended figures, in which
use of like reference numerals in different figures is intended to illustrate like or analogous
components.

[0007] FIG. 1 is a schematic diagram of a wellbore servicing system that includes a
tool having a main semiconductor switch driven by a gate driver according to certain aspects
of the disclosure.

[0008] FIG. 2 is a schematic block diagram depicting a gate driver having two
transistor switches according to certain aspects of the disclosure.

[0009] FIG. 3 is a schematic circuit diagram depicting a gate driver having two
transistor switches according to certain aspects of the disclosure.

[0010] FIG. 4 is a schematic diagram of the charge and lock circuit of FIG. 3 during a
turn-on phase according to certain aspects of the disclosure.

[0011] FIG. 5 is a schematic diagram of the charge and lock circuit of Fig. 3 during a
stay-on phase according to certain aspects of the disclosure.

[0012] FIG. 6 is a schematic diagram of the charge and lock circuit of FIG. 3 during a
turn-off phase according to certain aspects of the disclosure.

[0013] FIG. 7 is a schematic diagram of the charge and lock circuit of Fig. 3 during a
stay-off phase according to certain aspects of the disclosure.

[0014] FIG. 8 is a schematic block diagram depicting a gate driver having one

transistor switch according to certain aspects of the disclosure.
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[0015] FIG. 9 is a schematic circuit diagram depicting a gate driver having one
transistor switch according to certain aspects of the disclosure.

[0016] FIG. 10 is a schematic diagram of the charge and lock circuit of FIG. 8 during
a turn-on phase according to certain aspects of the disclosure.

[0017] FIG. 11 is a schematic diagram of the charge and lock circuit of Fig. 8 during
a stay-on phase according to certain aspects of the disclosure.

[0018] FIG. 12 is a schematic diagram of the charge and lock circuit of FIG. 8 during
a turn-off phase according to certain aspects of the disclosure.

[0019] FIG. 13 is a schematic diagram of the charge and lock circuit of Fig. 8 during
a stay-off phase according to certain aspects of the disclosure.

[0020] FIG. 14 is a schematic block diagram depicting a gate driver having two
transistor switches and two secondary windings according to certain aspects of the disclosure.
[0021] FIG. 15 is a schematic circuit diagram depicting a gate driver having two
transistor switches and two secondary windings according to certain aspects of the disclosure.
[0022] FIG. 16 is a schematic diagram of the charge and lock circuit of FIG. 15
during a turn-on phase according to certain aspects of the disclosure.

[0023] FIG. 17 is a schematic diagram of the charge and lock circuit of Fig. 15 during
a stay-on phase according to certain aspects of the disclosure.

[0024] FIG. 18 is a schematic diagram of the charge and lock circuit of FIG. 15
during a turn-off phase according to certain aspects of the disclosure.

[0025] FIG. 19 is a schematic diagram of the charge and lock circuit of Fig. 15 during
a stay-off phase according to certain aspects of the disclosure.

[0026] FIG. 20 is a set of time-aligned graphs depicting a pulse-width modulation
(PWM) signal, a pulse signal, and a Vg signal according to certain aspects of the disclosure.
[0027] FIG. 21 is a schematic diagram depicting a gate driver according to certain

aspects of the disclosure.

Detailed Description

[0028] Certain aspects and features of the present disclosure relate to a pulse-
transformer-based isolated gate driver circuit using a small count of high-temperature-
qualified components to drive a power semiconductor switch (e.g., a MOSFET) with
asymmetrical voltage biases. The gate driver can include a differential driver circuit that
generates a pulse signal from a pulse-width-modulated signal, which is then passed to a

charge and lock circuit through a transformer. The pulse signal can include positive, neutral,
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and negative voltage pulses that can be used by the charge and lock circuit to turn a main
semiconductor switch on or off. The charge and lock circuit can include an activation path
and a deactivation path, which are selectively open to current flow based on whether the
pulse signal includes a positive or negative voltage pulse, to selectively turn the main
semiconductor switch on or off. During a neutral voltage pulse, the charge and lock circuit
can lock the voltage across the main semiconductor switch to keep the main semiconductor
switch in either an “on” state or an “off” state. During negative voltage pulses, the
deactivation path provides a negative voltage across the main semiconductor switch that is
smaller in magnitude than the positive voltage applied across the main semiconductor switch
by the activation path during the positive voltage pulses. The term magnitude is used herein
to describe the absolute value of the voltage, irrespective of a voltage’s polarity.

[0029] The pulse transformer can have a primary winding (e.g., primary coil), to
which the pulse signal is supplied, and one or more secondary windings (e.g., secondary
coil), through which the pulse signal is provided to the charge and lock circuit. The pulse
transformer provides signals to open and close alternate ones of a pair of transistor switches
located in the activation path and deactivation path. The transistor switches can be field-
effect transistors (FETs). The power to operate the charge and lock circuit, including power
necessary to open and close the main semiconductor switch, is provided in the pulse signal,
eliminating the need for a separate floating power supply. The pair of transistor switches
allow current to flow through either the activation path to turn on the main semiconductor
switch or the deactivation path to turn off the main semiconductor switch. The transformer
can provide a turn-on transient (e.g., a positive voltage pulse), a turn-off transient (e.g. a
negative voltage pulse), and a steady state (e.g., no change in voltage across the primary
winding, or a ncutral voltage pulse). A “necutral voltage pulse” can be the time of steady
voltage between a positive voltage pulse and a negative voltage pulse or between a negative
voltage pulse and a positive voltage pulse. During the turn-on and turn-off transients, the
driver circuit can turn on and off the main semiconductor switch, respectively. During the
steady state, each of the pair of transistor switches may be closed (e.g., off) and the use of
diodes can keep the main semiconductor switch in either an “on” or “off” state for a period of
time. During the steady state, one or the other of the pair of FETs can act as a capacitor to
help maintain the voltage across the gate and source of the main semiconductor switch.
Maintaining the voltage across the gate and the source may reduce power leakage and
increase the amount of time that the main semiconductor switch can remain in an “on” or

“off” state without sending power through the transformer.
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[0030] A voltage across the main semiconductor switch can be a voltage applied to
the main semiconductor switch across the gate and source of the main semiconductor switch.
The main semiconductor switch can be an n-channel MOSFET operating in enhancement
mode. The main semiconductor switch can be a power MOSFET. The main semiconductor
switch can be a MOSFET operating in enhancement mode or depletion mode. The main
semiconductor can be a p-channel MOSFET. The main semiconductor switch can be a
junction gate field-effect transistor (JFET) or an insulated-gate bipolar transistor (IGBT).
The main semiconductor switch can be selected to sustain a blocking voltage of 120 or 1200
volts. The main semiconductor switch can be selected to sustain a blocking voltage of any
amount between 120 and 1200 volts. The main semiconductor switch can be selected to
sustain a blocking voltage above 1200 volts or below 120 volts. The main semiconductor
switch can be any suitable power transistor or power semiconductor device.

[0031] In one example, a Zener diode is used to provide the asymmetrical voltage
bias. During a turn-on transient, the pulse transformer can provide a positive voltage pulse
that will induce a positive voltage in the secondary winding that causes the second
transformer switch to open, thus opening the activation path from the secondary winding,
through a first diode, across the main semiconductor switch, through the second transformer
switch, and back to the secondary winding. During a turn-off transient, the pulse transformer
can provide a negative voltage pulse that may induce a negative voltage in the secondary
winding that causes the first transformer switch to open. Causing the first transformer switch
to open may open a deactivation path from the secondary winding, through a second diode,
through the main semiconductor switch, through the first transformer switch, and back to the
secondary winding. The Zener diode can be present on the deactivation path, such as
between the main semiconductor switch and the first transformer switch, providing a
clamping voltage to be overcome for the current to flow through the deactivation path during
the negative voltage pulse. The negative voltage bias being applied across the main
semiconductor switch during the turn-off transient has a smaller magnitude than the
magnitude of the positive voltage bias applied across the main semiconductor switch during
the turn-on transient. The clamping voltage of the Zener diode can be adjusted to provide the
desired asymmetrical voltage bias. In a steady state after a turn-on transient (¢.g., when a
positive charge exists on the gate of the main semiconductor switch), the first transistor
switch, which is off, can behave like a capacitor, being initially charged by the voltage across
the main semiconductor switch, to keep the main semiconductor switch from discharging and

turning off. Additionally, the first diode prevents discharging through the activation path. In
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a steady state after a turn-off transient (e.g., when a negative charge exists on the gate of the
main semiconductor switch), the second transistor switch, which is off, and the second diode
can keep the voltage across the main semiconductor switch from discharging through the
secondary winding. The Zener diode can further reduce power leakage during a steady state.
[0032] In another example, two secondary windings in the transformer are used to
provide the asymmetrical voltage bias. During a turn-on transient, the transformer can
provide a positive voltage pulse that will induce a positive voltage in the first secondary
winding. The positive voltage in the first secondary winding causes the second transistor
switch to open and opens a current path from the first secondary winding, through a first
diode, through the main semiconductor switch, through the second transistor switch, and back
to the first secondary winding. During a turn-off transient, the pulse transformer can provide
a negative voltage pulse that will induce a negative voltage in the second secondary winding.
The negative voltage in the second secondary winding causes the first transistor switch to
open, and opens a current path from the second secondary winding, through a second diode,
through the main semiconductor switch, through the first transistor switch, and back to the
second secondary winding. The ratio of turns between the primary winding and each of the
first and second secondary windings can be individually adjusted to provide the desired
asymmetrical voltage bias.

[0033] Emerging SiC power semiconductor switches, such as SiC MOSFETs can
have advantages over traditional Si main semiconductor switches, such as higher blocking
voltage, higher switching speed, and higher operating temperature. But, the driving strategy
of SiC MOSFETs can be slightly different from that of Si MOSFETSs. Instead of allowing
symmetrical voltage biases in gate drive signals (e.g. £10 V), SiC MOSFETs can have a
maximum gate voltage ranging from -10 V to +25 V. Generally, these devices require a +20
V gate voltage to turn on and achieve the smallest on-state resistance between the drain and
source Rpseon), and -5 V to turn off and guarantee a sufficient gate threshold Vgsany margin
especially at high temperature, since Vgsany 1s only about 1.4 V at 200 °C. Existing pulse-
transformer-based gate drive circuits may only generate either a unipolar gate voltage (e.g., 0
to +20 V, or -20 to 0 V, depending on the component polarity), or a symmetrical bipolar gate
voltage (e.g., £10 V), neither of which satisfies the driving requirements for SiC MOSFETs,
especially at high temperatures.

[0034] The differential driver circuit can include two drivers, such as ground-
referenced, low-side MOSFET drivers, that are powered by a power supply voltage. The first

driver can receive an original pulse-width-modulation (PWM) signal that includes control
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information for turning the main semiconductor switch on or off. The same PWM signal is
delayed by a certain time t,w and then feeds the input of the second driver. The difference of
the outputs of the first and second drivers is then composed of a positive voltage pulse
followed by a negative voltage pulse, with the frequency of the original PWM, the pulse
width of t,w, and the magnitude of the power supply voltage (Vec). The difference of the
outputs of the first and second drivers is the pulse signal.

[0035] In alternate embodiments, instead of a PWM signal and a delayed PWM
signal, a derived activate pulse can be provided to the first driver and a derived deactivate
pulse can be provided to the second driver. The derived activate pulse and derived deactivate
pulse can be positive voltage pulses of pulse width t,,, that are derived from the beginning
and end of a PWM signal.

[0036] A capacitor (Cp) can be included in the differential driver circuit to block the
DC component of the outputs of the first and second drivers, which can be zero, and provide
volt-second balance on the transformer. The capacitor can be a uF-range capacitor (e.g., 47
uF, 10 V). In some cases, the C, average voltage can be zero and the voltage ripple can be
small enough to be negligible. The pulse signal can directly apply to the transformer.

[0037] The transformer can transfer the pulse signal to its secondary side, with a
voltage boost determined by its turns-ratio (N). Assuming an ideal transformer, the
secondary-side voltage will have the same shape as the voltage supplied to the primary side.
In an example, the secondary side has a center tap that divides the secondary voltage by two.
In another example, the secondary side includes a first sccondary winding and a second
secondary winding. Asymmetrical voltages in different parts of the charge and lock circuit
can be achieved by the turns-ratio (N;) between the primary winding and the first secondary
winding being different than the turns-ratio (N2) between the primary winding and the second
secondary winding.

[0038] A gate driver according to certain examples is able to operate with a simplified
circuit design, including without the need for a floating power supply and its associated
transformer and rectification circuit. Since no floating power supply is needed, and since the
transformer is able to transfer both power and control signals at the same time (e.g., in the
pulse signal), a gate driver according to certain examples is able to operate with no start-up
wait time. The power used to turn the main semiconductor switch on or off comes from the
pulse signal, and does not need to be built up in any sort of capacitor that would otherwise be
located between the transformer and the main semiconductor switch. A gate driver according

to certain examples can also operate with a wide switching frequency and with a wide duty



10

15

20

25

30

WO 2016/159950 PCT/US2015/023281
8/39

cycle range. Permanent or extended on/off state is also possible due to the low leakage rates
of the charge and lock circuit and the ability for a refreshing positive voltage pulse or
negative voltage pulse to be applied periodically to keep the Vgs of the main semiconductor
switch at the required turn-on or turn-off levels, respectively.

[0039] Additionally, a gate driver according to certain examples is able to operate
using a simple and small transformer design. Since the PWM signal does not directly feed
the transformer and the transformer is instead fed by a pulse signal having pulses with
constant width regardless of the switching frequency, the transformer volt-second product is
constant for all frequencies. Therefore, the transformer can be designed independent of
switching frequency. Furthermore, the pulse width (t,w) can be set to be only hundreds of
nanoseconds (ns), making Vectyw a very small value, and hence a very small transformer
size can be achieved.

[0040] A gate driver according to certain examples can also operate with high
reliability at high temperature. The use of a small count of components and the use of types
of components that are casily obtainable in high-temperature-rating variants may increase the
reliability of the gate driver at high temperatures.

[0041] A gate driver according to certain examples provides asymmetrical bipolar
output voltages that are suitable for new voltage-driven SiC switches. The gate driver can be
casily adjusted to drive conventional Si power MOSFETs and insulated-gate bipolar
transistors (IGBTs). For example, in an H-bridge power transmitter, both the top and bottom
switches can be driven with a gate driver according to certain examples. A gate driver
according to certain examples provides a small size and high reliability in high temperature
environments.

[0042] A transformer with multiple secondary windings can provide increased
stability in varying temperatures (e.g., when varying from a low temperature to a high
temperature), at least due to the output voltage of the deactivation path being determined by
the transformer turns-ratio instead of an electronic component such as a Zener diode.

[0043] The various embodiments described above all include systems and methods
for driving a main semiconductor switch. The main semiconductor switch can be coupled to
a switched component. The main semiconductor switch can control power being supplied to
the switched component. Power can be supplied from a separate power source that is coupled
to the switched component through the main semiconductor switch. The separate power

source can supply a much higher power than the power used to drive the main semiconductor
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switch. The separate power source can be any power source suitable for operating the
switched component.

[0044] These illustrative examples are given to introduce the reader to the general
subject matter discussed here and are not intended to limit the scope of the disclosed
concepts. The following sections describe various additional features and examples with
reference to the drawings in which like numerals indicate like elements, and directional
descriptions are used to describe the illustrative embodiments but, like the illustrative
embodiments, should not be used to limit the present disclosure. The elements included in
the illustrations herein may be drawn not to scale.

[0045] FIG. 1 is a schematic diagram of a wellbore servicing system 100 that includes
a tool 108 having a main semiconductor switch 110 driven by a gate driver 112 according to
certain aspects of the disclosure. The wellbore servicing system 100 also includes a wellbore
102 penetrating a subterranean formation 104 for the purpose of recovering hydrocarbons,
storing hydrocarbons, disposing of carbon dioxide, or the like. The wellbore 102 can be
drilled into the subterrancan formation 104 using any suitable drilling technique. While
shown as extending vertically from the surface in FIG. 1, in other examples the wellbore 102
can be deviated, horizontal, or curved over at least some portions of the wellbore 102. The
wellbore 102 can be cased, open hole, contain tubing, and can include a hole in the ground
having a variety of shapes or geometries.

[0046] A service rig (not shown), such as a drilling rig, a completion rig, a workover
rig, or other mast structure or combination thereof can support the tool 108 in the wellbore
102, but in other examples a different structure can support the tool 108. The tool 108 can be
further supported by a conveyance 106, which can be a wireline, slickline, cable, tubular
(e.g., drill string, casing string, completion string, coiled tubing, or the like), or other structure
suitable for supporting the tool 108. In some aspects, a service rig can include a derrick (not
shown) with a rig floor through which the line 106 extends downward from the service rig
into the wellbore 102. In an offshore situation, the service rig can be supported by piers
extending downwards to a seabed in some implementations. Alternatively, the service rig
can be supported by columns sitting on hulls or pontoons (or both) that are ballasted below
the water surface, which may be referred to as a semi-submersible platform or rig. In an off-
shore location, tubing may extend from the service rig to exclude sea water and contain
drilling fluid returns. Other mechanical mechanisms that are not shown may control the run-
in and withdrawal of the line 106 in the wellbore 102. Examples of these other mechanical

mechanisms include a draw works coupled to a hoisting apparatus, a slickline unit or a
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wireline unit including a winching apparatus, another servicing vehicle, or other such
mechanisms. The tool 108 can be located in or part of a sonde, a bottom hole assembly, a
completion string, or other downhole tool or apparatus.

[0047] The tool 108, such as a downhole logging tool, can include a main
semiconductor switch 110 coupled to a gate driver 112. The main semiconductor switch 110
can be a power MOSFET. The gate driver 112 can be coupled to a signal source 114. The
gate driver 112 can be coupled to the signal source 114 wirelessly or through a wire or other
conductor. The signal source 114 can be located on or near the tool 108, elsewhere within
the wellbore 102, or on the surface. The signal source 114 can provide a control signal (e.g.,
a PWM signal) to the gate driver 112 to close or open the main semiconductor switch 110.
The main semiconductor switch 110 can control power to the tool 108 or to one or more
specific modules of the tool 108. A power supply 116, coupled to the gate driver 112, can be
located on or near the tool 108, clsewhere within the wellbore 102, or on the surface. The
power supply 116 can be integrated into the signal source 114, or separate from the signal
source 114.

[0048] FIG. 2 is a schematic block diagram depicting a gate driver 200 having two
transistor switches (depicted as a first transistor switch 228 and a second transistor switch
222) according to certain aspects of the disclosure. A signal/power source 202 can provide a
control signal and power to a differential driver circuit 240. The signal/power source 202 can
include a signal source and a power supply. The signal source can provide a pulse-width-
modulated (PWM) signal to the differential driver circuit 240. The differential driver circuit
240 can use the PWM signal and power supplied by the power supply to drive a primary
winding 206 of a transformer 204 with a pulse signal. The transformer 204 can be a pulse
transformer. The pulse signal provided to the transformer 204 can be transferred into a
charge and lock circuit 210 via a secondary winding 208. The ratio between the primary
winding 206 and secondary winding 208 can determine any voltage boost or drop between
the pulse signal supplied by the differential driver circuit 240 and the pulse signal provided to
the charge and lock circuit 210.

[0049] The charge and lock circuit 210 can be coupled to the gate and source of a
main semiconductor switch 216. A shunting resistor 238 can be coupled between the gate
and source of the main semiconductor switch 216.

[0050] The charge and lock circuit 210 can include an activation path 212 and a
deactivation path 214. The activation path 212 can include a first diode 220, the second
transistor switch 222, a first resistor 226, and a fourth resistor 224. The first diode 220 can be
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coupled between a first end of the secondary winding 208 and the gate of the main
semiconductor switch 216. The source of the second transistor switch 222 can be coupled to
the second end of the secondary winding 208. The drain of the second transistor switch 222
can be coupled, through the first resistor 226, to the source of the main semiconductor switch
216. The gate of the second transistor switch 222 can be coupled, through the fourth resistor
224, to the tap of the secondary winding 208. The first resistor 226 can act to adjust the turn-
on speed of the main semiconductor switch 216. The fourth resistor 224 can act to adjust the
turn-on speed of the second transistor switch 222.

[0051] The deactivation path 214 can include a second diode 236, the first transistor
switch 228, a second resistor 232, a Zener diode 234, and a third resistor 230. The second
diode 236 can be coupled between the second end of the secondary winding 208 and the
source of the main semiconductor switch 216. The source of the first transistor switch 228
can be coupled to the first end of the secondary winding 208. The drain of the first transistor
switch 228 can be coupled, through the second resistor 232 and the Zener diode 234, to the
gate of the main semiconductor switch 216. The gate of the first transistor switch 228 can be
coupled to the tap of the secondary winding 208 through the third resistor 230. The second
resistor 232 can act to adjust the turn-off speed of the main semiconductor switch 216. The
third resistor 230 can act to adjust the turn-on speed of the first transistor switch 228. The
Zener diode 234 can provide a blockage voltage that must be overcome in order to allow
current to pass through the deactivation path 214, thus enabling the activation path 212 and
deactivation path 214 to provide asymmetrical voltages.

[0052] When a positive voltage pulse is passed through the transformer 204, the
second transistor switch 222 is opened due to the positive voltage applied between the gate
and source of the second transistor switch 222, thus allowing current to flow through the
activation path 212, which in turn applies a positive voltage across the gate and source of the
main semiconductor switch 216. The positive voltage applied across the gate and source of
the main semiconductor switch 216 is above the threshold voltage of the main semiconductor
switch 216, thus enabling the main semiconductor switch 216 to allow current to flow from
its drain to its source (e.g., turning the main semiconductor switch 216 on). When the main
semiconductor switch 216 is on, power can be supplied to the switched component 218.
Power can be supplied to the switched component 218 from a separate power source (not
pictured) coupled to the switched component 218 through the main semiconductor switch

216.
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[0053] When a negative voltage pulse is passed through the transformer 204, the first
transistor switch 228 is opened due to the positive voltage applied between the gate and
source of the first transistor switch 228, thus allowing current to flow through the
deactivation path 214, which in turn applies a negative voltage across the gate and source of
the main semiconductor switch 216. The negative voltage applied across the gate and source
of the main semiconductor switch 216 is sufficiently below the threshold voltage of the main
semiconductor switch 216, thus ensuring the main semiconductor switch 216 does not allow
current to flow from its drain to its source (e.g., turning the main semiconductor switch 216
off). When the main semiconductor switch 216 is off, power is not supplied to the switched
component 218.

[0054] FIG. 3 is a schematic circuit diagram depicting a gate driver 300 having two
transistor switches Q;, Q, according to certain aspects of the disclosure. The charge and lock
circuit can include a first transistor switch (Q;) and a second transistor switch (Q;) which are
both field-effect transistors (FETs). The first and second transistor switches can be
enhancement-mode Si N-MOSFETs (e.g., made with a p-type substrate), whose gates are
connected to the center tap through their respective gate resistors (Rq; and Rg;,). The charge
and lock circuit can further include first and second diodes (D; and D) (e.g., Si Schottky
diodes) and a Zener diode (Dz). Each switching cycle (turn-on and then turn-off) can be
divided into four phases, including a turn-on phase, a stay-on phase, a turn-off phase, and a
stay-off phase. The turn-on phase occurs in response to a positive voltage pulse being passed
to the charge and lock circuit, the stay-on phase occurs in response to a neutral voltage pulse
that occurs after the positive voltage pulse, the turn-off phase occurs in response to a negative
voltage pulse, and the stay-off phase occurs in response to a neutral voltage pulse that occurs
after the negative voltage pulse.

[0055] A PWM signal 302 is provided to a first driver U; and a delayed PWM signal
304 is provided to a second driver U,. The delayed PWM signal 304 can be created by
passing the PWM signal 302 through a signal delay circuit. The signal delay circuit can
delay the PWM signal 302 by a delay time t,, in order to create the delayed PWM signal 304.
The first and second drivers U, U, are provided power from a voltage source 306 and ground
308. The first driver and second driver U, U are coupled to opposite sides of a primary
winding of a transformer TX. The first driver and second driver U,, U, operate to generate a
pulse signal 310 from the PWM signal 302. The pulse signal 310 can have a pulse width that
18 equal to the delay time t,.. The voltage of the pulse signal 310 can be based on the voltage

source 306. Optionally, a capacitor Cp can be placed in series with the first driver and second
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driver U;, U;. The capacitor Cp can remove the direct current (DC) component of the pulse
signal 310.

[0056] The charge and lock circuit can include an activation path that includes a first
diode Dj, the main semiconductor switch 314, a first resistor Rgon), the second transistor
switch Q;, and a fourth resistor Rg;. The charge and lock circuit can also include a
deactivation path that includes the second diode D5, the main semiconductor switch 314, the
Zener diode Dy, the second resistor Rgeof, the first main semiconductor switch Q;, and the
third resistor Rg;. The charge and lock circuit can also include a shunting resistor Rgs. The
main semiconductor switch 314 can allow or block current flow to a switched component 312
coupled to the drain of the main semiconductor switch 314.

[0057] If assuming an ideal transformer and neglecting the voltage drops on Q,, Qa,
D, D5, and the other resistors, the main semiconductor switch gate voltage can be estimated
by Veson) = Vee * N for turn-on and Vigiorpy = — (Ve ¥ N — Vz) for turn-off, where V; is
the clamping voltage of Dz. In an example, to get +20 V / -5 V on the gate of the main
semiconductor switch 314, let Ve =20 V, N =1, and Vz = 15 V. Because of the center tap,
Q; and Q2 will receive =10 V on their respective gate terminals, which is a safe voltage for
most low-voltage, low-power Si MOSFETs.

[0058] Rgs 1S a shunting resistor in the range of 10-20 kQ which prevents the gate of
the main MOSFET from floating when the gate drive circuit is not powered on. Other ranges
for the shunting resistor can be used as appropriate.

[0059] In alternate embodiments, Dy, D,, or both D; and D; can be omitted. When D;
1S omitted, the activation path includes Qi, Rgem, Dz (forward-biased), the main
semiconductor switch 314, Rgen), and Q2. When D, is omitted, the deactivation path includes
Q2, RGon), Dz (reversed-biased and clamping), the main semiconductor switch 314, Rgorr),
and Q,. When D,, D,, or both D; and D, are omitted, the charge and lock circuit may operate
less efficiently due to more voltage and energy loss occurring as the current must pass
through additional components in the activation and deactivation paths. Additionally, the
ability to fine tune the turn-on and turn-off speeds may be lost due to the activation and
deactivation paths each including both the Rgony and Rgoy) resistors. However, fewer overall
components would be required in the charge and lock circuit.

[0060] FIG. 4 is a schematic diagram of the charge and lock circuit 400 of FIG. 3
during a turn-on phase according to certain aspects of the disclosure. When a positive

voltage pulse 402 is induced in the secondary winding 404, the positive voltage between a
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second end of the secondary winding 404 and the tap can turn on Q,. The turn-on speed of
Q; can be controlled through Rg;. D; can become forward-biased and can start to conduct.
Therefore, the gate capacitance of the main semiconductor switch 410 (e.g., main MOSFET)
can be charged by the transformer secondary side through D, RGion), and Q. Rgen 1S a
resistor used to control the charging current (e.g., an activation current passing through the
activation path) and thus the turn-on speed of the main semiconductor switch 410.

[0061] FIG. 5 is a schematic diagram of the charge and lock circuit 500 of Fig. 3
during a stay-on phase according to certain aspects of the disclosure. During the “on” state, a
neutral voltage pulse 502 exists in the pulse signal, resulting in the secondary winding 504
being shorted, and thus both Q; and Q; are off. Q; and D, block the deactivation path of the
gate capacitance of the main semiconductor switch 510, so the charge is trapped within the
gate, and the gate voltage Vgs will remain unchanged, in ideal circumstance. In practice,
since Q; and D; change from being forward-biased to blocking Vgs, their junction
capacitances will receive some charge from the main semiconductor switch gate capacitance.
Therefore, the actual voltage across the gate and source of the main semiconductor switch
Vgs will drop slightly at the beginning of this phase.

[0062] FIG. 6 is a schematic diagram of the charge and lock circuit 600 of FIG. 3
during a turn-off phase according to certain aspects of the disclosure. During the turn-off
transient, a negative voltage pulse 602 is induced in the secondary winding 604, which turns
on Q;. The turn-on speed of Q; is controlled through Rqi. D, can become forward-biased
and can start to conduct. Therefore, the gate capacitance of the main semiconductor switch is
discharged by the transformer’s secondary winding 604 through D, D7, Rgefr), and Q.
Rt can be used to control the discharging current (e.g., a deactivation current passing
through the deactivation path) and thus the turn-off speed of the main semiconductor switch
610. Different from the turn-on transient, however, at turn-off, the secondary-side voltage
needs to overcome the clamping voltage of the Zener diode Dy, leaving a smaller Vg than
turn-on.

[0063] FIG. 7 is a schematic diagram of the charge and lock circuit 700 of Fig. 3
during a stay-off phase according to certain aspects of the disclosure. During the “off” state,
a neutral voltage pulse 702 exists in the pulse signal, resulting in the secondary winding 704
being shorted, and thus both Q; and Q; are off. Q, and D, will block the deactivation path of
the gate capacitance of the main semiconductor switch 710, so Vgs will remain unchanged in
ideal circumstances. In practice, Vgs will drop slightly for the same reason as stated above

during the “on” state.
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[0064] FIG. 8 is a schematic block diagram depicting a gate driver 800 having one
transistor switch 822 according to certain aspects of the disclosure. A signal/power source
802 can provide a control signal and power to a differential driver circuit 840. The
signal/power source 802 can include a signal source and a power supply. The signal source
can provide a pulse-width-modulated (PWM) signal to the differential driver circuit 840.
The differential driver circuit 840 can use the PWM signal and power supplied by the power
supply to drive a primary winding 806 of a transformer 804 with a pulse signal. The
transformer 804 can be a pulse transformer. The pulse signal provided to the transformer 804
can be transferred into a charge and lock circuit 810 via a secondary winding 808. The ratio
between the primary winding 806 and secondary winding 808 can determine any voltage
boost or drop between the pulse signal supplied by the differential driver circuit 840 and the
pulse signal provided to the charge and lock circuit 810.

[0065] The charge and lock circuit 810 can be coupled to the gate and source of a
main semiconductor switch 816. A shunting resistor 838 can be coupled between the gate
and source of the main semiconductor switch 816.

[0066] The charge and lock circuit 810 can include an activation path 812 and a
deactivation path 814. The activation path 812 can include a first diode 820, a transistor
switch 822, a first resistor 826, and a switch resistor 824. The first diode 820 can be coupled
between a first end of the secondary winding 808 and the gate of the main semiconductor
switch 816. The source of the transistor switch 822 can be coupled to the second end of the
sccondary winding 808. The drain of the transistor switch 822 can be coupled, through the
first resistor 826, to the source of the main semiconductor switch 816. The gate of the
transistor switch 822 can be coupled, through the switch resistor 824, to the tap of the
sccondary winding 808. The first resistor 826 can act to adjust the turn-on speed of the main
semiconductor switch 816. The switch resistor 824 can act to adjust the turn-on speed of the
transistor switch §22.

[0067] The deactivation path 814 can include a second diode 836, a second resistor
832, and a Zener diode 834. The second diode 836 can be coupled between the second end of
the secondary winding 808 and the source of the main semiconductor switch 816. The
second resistor 832 can be coupled to the first end of the secondary winding 808 and to the
gate of the main semiconductor switch 816 through the Zener diode 834. The second resistor
832 can act to adjust the turn-off speed of the main semiconductor switch 816. The Zener

diode 834 can provide a blockage voltage that must be overcome in order to allow current to
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pass through the deactivation path 814, thus enabling the activation path 812 and deactivation
path 814 to provide asymmetrical voltages.

[0068] When a positive voltage pulse is passed through the transformer 804, the
transistor switch 822 is opened due to the positive voltage applied between the gate and
source of the transistor switch 822, thus allowing current to flow through the activation path
812, which in turn applies a positive voltage across the gate and source of the main
semiconductor switch 816. The positive voltage applied across the gate and source of the
main semiconductor switch 816 is above the threshold voltage of the main semiconductor
switch 816, thus enabling the main semiconductor switch 816 to allow current to flow from
its drain to its source (e.g., turning the main semiconductor switch 816 on). When the main
semiconductor switch 816 is on, power can be supplied to the switched component 818.
[0069] When a negative voltage pulse is passed through the transformer 804, current
flows through the deactivation path 814, as described in further detail below, which in turn
applies a negative voltage across the gate and source of the main semiconductor switch 816.
The negative voltage applied across the gate and source of the main semiconductor switch
816 is sufficiently below the threshold voltage of the main semiconductor switch 816, thus
ensuring the main semiconductor switch 816 does not allow current to flow from its drain to
its source (c.g., turning the main semiconductor switch 816 off). When the main
semiconductor switch 816 is off, power is not supplied to the switched component 818.
[0070] FIG. 9 is a schematic circuit diagram depicting a gate driver 900 having one
transistor switch Q according to certain aspects of the disclosure. The charge and lock circuit
can include one transistor switch Q which can be a field-effect transistor (FET). The
transistor switch can be an enhancement-mode Si N-MOSFET (e.g., made with a p-type
substrate), whose gate is connected to the center tap through a switch resistor Rg. The charge
and lock circuit can further include first and second diodes D, D, (e.g., Si Schottky diodes)
and a Zener diode Dz. Each switching cycle (turn-on and then turn-off) can be divided into
four phases, including a turn-on phase, a stay-on phase, a turn-off phase, and a stay-off phase.
The turn-on phase occurs in response to a positive voltage pulse being passed to the charge
and lock circuit, the stay-on phase occurs in response to a neutral voltage pulse that occurs
after the positive voltage pulse, the turn-off phase occurs in response to a negative voltage
pulse, and the stay-off phase occurs in response to a neutral voltage pulse that occurs after the
negative voltage pulse.

[0071] A PWM signal 902 is provided to a first driver U; and a delayed PWM signal
904 is provided to a second driver U,. The delayed PWM signal 904 can be created by
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passing the PWM signal 902 through a signal delay circuit. The signal delay circuit can
delay the PWM signal 902 by a delay time t, in order to create the delayed PWM signal 904.
The first and second drivers U, U, are provided power from a voltage source 906 and ground
908. The first driver and second driver U, U, are coupled to opposite sides of the primary
winding of the transformer TX. The first driver and second driver U,, U; operate to generate
a pulse signal 910 from the PWM signal 902. The pulse signal 910 can have a pulse width
that is equal to the delay time t,,. The voltage of the pulse signal 910 can be based on the
voltage source 906. Optionally, a capacitor Cp can be placed in series with the first driver
and second driver Uj, U,. The capacitor Cp can remove the direct current (DC) component of
the pulse signal 910.

[0072] The charge and lock circuit can include an activation path that includes a first
diode Dj, the main semiconductor switch 914, a first resistor Rgon), the transistor switch Q,
and a switch resistor Rq. The charge and lock circuit can also include a deactivation path that
includes the second diode D,, the main semiconductor switch 914, the Zener diode Dz, and
the second resistor R The charge and lock circuit can also include a shunting resistor
Rgs. The main semiconductor switch 914 can allow or block current flow to a switched
component 912 coupled to the drain of the main semiconductor switch 914.

[0073] Rgs 1s a shunting resistor in the range of 10-20 kQ which prevents the gate of
the main MOSFET from floating when the gate drive circuit is not powered on. Other ranges
for the shunting resistor can be used as appropriate.

[0074] Unlike the charge and lock circuit from FIG. 3, the charge and lock circuit
from FIG. 9 only has one transistor switch Q. The charge and lock circuit is still able to
generate a waveform on Vg that is very similar to the charge and lock circuit from FIG. 3.
The switching process is very similar to FIG. 3, except that during the stay-on state, the gate
voltage Vg will not hold at VeeN, but will drop until it is clamped to V7 by the Zener diode
Dyz. For this circuit, Vgs can be estimated by Vigon,ery = Ve * N for the turn-on transient (a
period of ), Viscony = V7 for the “on” state; and Vgoppy = —(Voe * N — V) for turn-off.
[0075] As long as the circuit parameters are properly selected, bias voltages can be
achieved that are very similar to the charge and lock circuit of FIG. 3. For example, if Ve =
25 V,N=1,and V; =20V, one can still get +20 V for turn-on and -5 V for turn-off on the
main semiconductor switch, only that a 25 V spike will appear at the rising edge of Vgs,

which lasts for to.
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[0076] In alternate embodiments, D;, D,, or both D; and D, can be omitted. When D,
1s omitted, the activation path includes Rgorr, Dz (forward-biased), the main semiconductor
switch 914, Rgon), and Q. When D is omitted, the deactivation path includes Q, Rgen), Dz
(reversed-biased and clamping), the main semiconductor switch 914, and Rgesy. When Dy,
Dy, or both D, and D; are omitted, the charge and lock circuit may operate less efficiently due
to more voltage and energy loss occurring as the current must pass through additional
components in the activation and deactivation paths. Additionally, the ability to fine tune the
turn-on and turn-off speeds may be lost due to the activation and deactivation paths cach
including both the Rgeon) and Reorm resistors. However, fewer overall components would be
required in the charge and lock circuit.

[0077] FIG. 10 is a schematic diagram of the charge and lock circuit 1000 of FIG. 8
during a turn-on phase according to certain aspects of the disclosure. When a positive
voltage pulse 1002 is induced in the secondary winding 1004, the positive voltage between a
second end of the secondary winding 1004 and the tap can turn on Q. The turn-on speed of Q
can be controlled through Rq. D; can become forward-biased and can start to conduct.
Therefore, the gate capacitance of the main semiconductor switch 1010 (e.g., main MOSFET)
can be charged by the transformer secondary side through Di, Rgen), and Q. Rgen) 15 @
resistor used to control the charging current (e.g., an activation current passing through the
activation path) and thus the turn-on speed of the main semiconductor switch 1010.

[0078] FIG. 11 is a schematic diagram of the charge and lock circuit 1100 of Fig. 8
during a stay-on phase according to certain aspects of the disclosure. During the “on” state, a
neutral voltage pulse 1102 exists in the pulse signal, resulting in the secondary winding 1104
being shorted, and thus Q is off. As described above, the voltage across the main
semiconductor switch 1110 will discharge slightly until the voltage drops below the clamping
voltage of the Zener diode Dz, at which point D, along with D,, will block the deactivation
path of the gate capacitance of the main semiconductor switch 1110, trapping charge within
the gate. The gate voltage Vgs will therefore drop slightly at the beginning of the stay-on
phase, but sufficient charge will be locked on the gate of the main semiconductor switch 1110
to keep the main semiconductor switch 1110 on.

[0079] FIG. 12 is a schematic diagram of the charge and lock circuit 1200 of FIG. 8
during a turn-off phase according to certain aspects of the disclosure. During the turn-off
transient, a negative voltage pulse 1202 is induced in the secondary winding 1204. D, can
become forward-biased and can start to conduct. Therefore, the gate capacitance of the main

semiconductor switch is discharged by the transformer secondary winding 1204 through D,
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Dz, and Rgef. Raerr can be used to control the discharging current (e.g., a deactivation
current passing through the deactivation path) and thus the turn-off speed of the main
semiconductor switch 1210. Different from the turn-on transient, however, at turn-off, the
secondary-side voltage needs to overcome the clamping voltage of the Zener diode Dy,
leaving a smaller Vgg than during turn-on.

[0080] FIG. 13 is a schematic diagram of the charge and lock circuit 1300 of Fig. 8
during a stay-off phase according to certain aspects of the disclosure. During the “off” state,
a neutral voltage pulse 1302 exists in the pulse signal, resulting in the secondary winding
1304 being shorted, and thus Q is off. Q and D, will block the deactivation path of the gate
capacitance of the main semiconductor switch 1310, so Vgs will remain unchanged in ideal
circumstances. In practice, Vgs will drop slightly for the same reason as stated above during
the “on” state.

[0081] FIG. 14 is a schematic block diagram depicting a gate driver 1400 having two
transistor switches 1422, 1428 and two secondary windings 1408, 1442 according to certain
aspects of the disclosure. A signal/power source 1402 can provide a control signal and power
to a differential driver circuit 1440. The signal/power source 1402 can include a signal
source and a power supply. The signal source can provide a pulse-width-modulated (PWM)
signal to the differential driver circuit 1440. The differential driver circuit 1440 can use the
PWM signal and power supplied by the power supply to drive a primary winding 1406 of a
transformer 1404 with a pulse signal. The transformer 1404 can be a pulse transformer. The
pulse signal provided to the transformer 1404 can be transferred into a charge and lock circuit
1410 via a first secondary winding 1408 and a second secondary winding 1442. The ratio
between the primary winding 1406 and first secondary winding 1408 can determine any
voltage boost or drop between the pulse signal supplied by the differential driver circuit 1440
and the pulse signal provided to the activation path 1412 of the charge and lock circuit 1410.
The ratio between the primary winding 1406 and second secondary winding 1442 can
determine any voltage boost or drop between the pulse signal supplied by the differential
driver circuit 1440 and the pulse signal provided to the deactivation path 1414 of the charge
and lock circuit 1410. Each of the first and second secondary windings 1408, 1442 can have
a first end and a second end. The first end of the first and second secondary windings 1408,
1442 are indicated by an asterisk *. The first and second secondary windings 1408, 1442 are
positioned on the transformer 1404 such that a voltage induced in the first and second
secondary windings 1408, 1442 will have the same polarity as measured from cach windings’

respective first end to its respective second end.
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[0082] The charge and lock circuit 1410 can be coupled to the gate and source of a
main semiconductor switch 1416. A shunting resistor 1438 can be coupled between the gate
and source of the main semiconductor switch 1416.

[0083] The charge and lock circuit 1410 can include an activation path 1412 and a
deactivation path 1414. The activation path 1412 can include a first diode 1420, a second
transistor switch 1422, a first resistor 1426, and a fourth resistor 1424. The first diode 1420
can be coupled to a first end of the first secondary winding 1408 and, through the first resistor
1426, to the gate of the main semiconductor switch 1416. The source of the second transistor
switch 1422 can be coupled to the second end of the first secondary winding 1408. The drain
of the second transistor switch 1422 can be coupled to the source of the main semiconductor
switch 1416. The gate of the second transistor switch 1422 can be coupled, through the
fourth resistor 1424, to the tap of the first secondary winding 1408. The first resistor 1426
can act to adjust the turn-on speed of the main semiconductor switch 1416. The fourth
resistor 1424 can act to adjust the turn-on speed of the second transistor switch 1422.

[0084] The deactivation path 1414 can include a second diode 1436, a first transistor
switch 1428, a second resistor 1432, and a third resistor 1430. The second diode 1436 can be
coupled to the second end of the second secondary winding 1442 and, through the second
resistor 1432, to the source of the main semiconductor switch 1416. The source of the first
transistor switch 1428 can be coupled to the first end of the second secondary winding 1442.
The drain of the first transistor switch 1428 can be coupled to the gate of the main
semiconductor switch 1416. The gate of the first transistor switch 1428 can be coupled to the
second end of the second secondary winding 1442 through the third resistor 1430. The
second resistor 1432 can act to adjust the turn-off speed of the main semiconductor switch
1416. The third resistor 1430 can act to adjust the turn-on speed of the first transistor switch
1428. The turn ratio of the primary winding 1406 to the first and second secondary windings
1408, 1442 enable the activation path 1412 and deactivation path 1414 to provide
asymmetrical voltages.

[0085] When a positive voltage pulse is passed through the transformer 1404, the
second transistor switch 1422 is opened due to the positive voltage applied between the gate
and source of the seccond transistor switch 1422, thus allowing current to flow through the
activation path 1412, which in turn applies a positive voltage across the gate and source of
the main semiconductor switch 1416. The positive voltage applied across the gate and source
of the main semiconductor switch 1416 is above the threshold voltage of the main

semiconductor switch 1416, thus enabling the main semiconductor switch 1416 to allow
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current to flow from its drain to its source (e.g., turning the main semiconductor switch 1416
on). When the main semiconductor switch 1416 is on, power can be supplied to the switched
component 1418.

[0086] When a negative voltage pulse is passed through the transformer 1404, the
first transistor switch 1428 is opened due to the positive voltage applied between the gate and
source of the first transistor switch 1428, thus allowing current to flow through the
deactivation path 1414, which in turn applies a negative voltage across the gate and source of
the main semiconductor switch 1416. The negative voltage applied across the gate and
source of the main semiconductor switch 1416 is sufficiently below the threshold voltage of
the main semiconductor switch 1416, thus ensuring the main semiconductor switch 1416
does not allow current to flow from its drain to its source (e.g., turning the main
semiconductor switch 1416 off). When the main semiconductor switch 1416 is off, power is
not supplied to the switched component 1418.

[0087] FIG. 15 is a schematic circuit diagram depicting a gate driver 1500 having two
transistor switches Qi, Q, and first and second secondary windings 1516, 1518 according to
certain aspects of the disclosure. The charge and lock circuit can include a first transistor
switch (Q;) and a second transistor switch (Q;) which are both field-effect transistors (FETs).
The first and second transistor switches can be enhancement-mode Si N-MOSFETs (e.g.,
made with a p-type substrate), whose gates are connected, respectively, to the second end of
the second secondary winding and the center tap of the first secondary winding through their
respective gate resistors (Rgi and Rg,). The charge and lock circuit can further include first
and second diodes (D; and D) (e.g., Si Schottky diodes) but not include a Zener diode. Each
switching cycle (turn-on and then turn-off) can be divided into four phases, including a turn-
on phase, a stay-on phase, a turn-off phase, and a stay-off phase. The turn-on phase occurs in
response to a positive voltage pulse being passed to the charge and lock circuit, the stay-on
phase occurs in response to a neutral voltage pulse that occurs after the positive voltage pulse,
the turn-off phase occurs in response to a negative voltage pulse, and the stay-off phase
occurs in response to a neutral voltage pulse that occurs after the negative voltage pulse.
[0088] A PWM signal 1502 is provided to a first driver U; and a delayed PWM signal
1504 is provided to a second driver U,. The delayed PWM signal 1504 can be created by
passing the PWM signal 1502 through a signal delay circuit. The signal delay circuit can
delay the PWM signal 1502 by a delay time t,y in order to create the delayed PWM signal
1504. The first and second drivers U;, U, are provided power from a voltage source 1506

and ground 1508. The first driver and second driver U;, U, are coupled to opposite sides of
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the primary winding of the transformer TX. The first driver and second driver U, U, operate
to generate a pulse signal 1510 from the PWM signal 1502. The pulse signal 1510 can have a
pulse width that is equal to the delay time t,w. The voltage of the pulse signal 1510 can be
based on the voltage source 1506. Optionally, a capacitor Cp can be placed in series with the
first driver and second driver U;, U;. The capacitor Cp can remove the direct current (DC)
component of the pulse signal 1510.

[0089] The charge and lock circuit can include an activation path that includes the
tirst secondary winding 1516, a first diode Dy, a first resistor Rgon), the main semiconductor
switch 1514, the first transistor switch Qi, and a third resistor Rg;. The charge and lock
circuit can also include a deactivation path that includes the second secondary winding 1518,
the second diode D,, the second resistor Rgofr), the main semiconductor switch 1514, the
second main semiconductor switch Q,, and the fourth resistor Rg. The charge and lock
circuit can also include a shunting resistor Rgs. The main semiconductor switch 1514 can
allow or block current flow to a switched component 1512 coupled to the drain of the main
semiconductor switch 1514.

[0090] If assuming an ideal transformer and neglecting the voltage drops on Q,, Q.,
Dy, D;, and the other resistors, the main semiconductor switch gate voltage can be estimated
by Viseon) = Vee * Ny for turn-on and Vigoppy = Vee * No) for turn-off. In an example, to
get +20 V /-5 V on the gate of the main semiconductor switch 1514, let Vee =20 V, N; =1,
and N; = 1/4. Because of the center tap, Q; will receive £10 V on its gate, while Q; will
receive £5 V on its gate, both of which are safe voltage for most low-voltage, low-power Si
MOSFETs.

[0091] Rgs is a shunting resistor in the range of 10-20 kQ which prevents the gate of
the main MOSFET from floating when the gate drive circuit is not powered on. Other ranges
for the shunting resistor can be used as appropriate.

[0092] FIG. 16 is a schematic diagram of the charge and lock circuit 1600 of FIG. 15
during a turn-on phase according to certain aspects of the disclosure. When a positive
voltage pulse 1602 is induced in the first and second secondary windings 1616, 1618, the
positive voltage between a second end of the first secondary winding 1616 and the tap can
turn on Q;. The turn-on speed of Q; can be controlled through Rg;. D, can become forward-
biased and can start to conduct. Therefore, the gate capacitance of the main semiconductor
switch 1610 (e.g., main MOSFET) can be charged by the first secondary winding 1616
through D1, Rgon), and Q1. Rgeon) 18 @ resistor used to control the charging current (e.g., an
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activation current passing through the activation path) and thus the turn-on speed of the main
semiconductor switch 1610. The second transistor switch Q; and the second diode D; can
block current from flowing through the second secondary winding 1618.

[0093] FIG. 17 is a schematic diagram of the charge and lock circuit 1700 of Fig. 15
during a stay-on phase according to certain aspects of the disclosure. During the “on” state, a
neutral voltage pulse 1702 exists in the pulse signal, resulting in the first and second
secondary windings 1716, 1718 being shorted, and thus both Q; and Q; are off. D; and Q;
block the deactivation path of the gate capacitance of the main semiconductor switch 1710,
through the first and second secondary windings 1716, 1718, respectively. Therefore, the
charge is trapped within the gate of the main semiconductor switch 1710, and the gate voltage
Vs will remain unchanged, in ideal circumstance. In practice, since D, will change from
being forward-biased to blocking Vgs, and Q, will need to block higher voltage, their
junction capacitances will receive some charge from the main semiconductor switch gate
capacitance. Therefore, the actual voltage across the gate and source of the main
semiconductor switch Vgs will drop slightly at the beginning of this phase.

[0094] FIG. 18 is a schematic diagram of the charge and lock circuit 1800 of FIG. 15
during a turn-off phase according to certain aspects of the disclosure. During the turn-off
transient, a negative voltage pulse 1802 is induced in the first and second secondary windings
1816, 1818, which turns on Q. The turn-on speed of Q; is controlled through Rg,. D; can
become forward-biased and can start to conduct. Therefore, the gate capacitance of the main
semiconductor switch is discharged by the second secondary winding 1818 through Do,
Reem), and Q. Rgeorm can be used to control the discharging current (e.g., a deactivation
current passing through the deactivation path) and thus the turn-off speed of the main
semiconductor switch 1810. Because the number of windings of the second secondary
winding 1818 (N,) is different from the number of windings of the first secondary winding
1816 (N}), the Vgs during turn-off will be smaller in magnitude than the Vgs during turn-on.
The first transistor switch Q,; and the first diode D; can block current from flowing through
the first secondary winding 1616.

[0095] FIG. 19 is a schematic diagram of the charge and lock circuit 1900 of Fig. 15
during a stay-off phase according to certain aspects of the disclosure. During the “off” state,
a neutral voltage pulse 1902 exists in the pulse signal, resulting in the first and second
secondary windings 1916, 1918 being shorted, and thus both Q; and Q; are off. Q; and D,
will block the deactivation path of the gate capacitance of the main semiconductor switch

1910 through the first and second secondary windings 1916, 1918, respectively. Therefore,
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Vs will remain unchanged in ideal circumstances. In practice, Vgs will drop slightly for the
same reason as stated above during the “on” state.

[0096] FIG. 20 is a set of time-aligned graphs depicting a PWM signal 2002, a pulse
signal 2004, and a Vg signal 2006 according to certain aspects of the disclosure. The graphs
depicted in FIG. 20 can apply to the various embodiments of the gate drivers described
herein, including the embodiments described with reference to FIGs. 2-19.

[0097] The PWM signal 2002 is shown as a voltage over time, as provided by a
source of a control signal. The PWM signal 2002 can include a series of pulse instances
2008, each having a pulse width (t,n) and a time before the next pulse instance 2008 (tos).
The time between pulse instances 2008 (e.g., from the beginning of a first pulse instance
2008 to the beginning of the next pulse instance 2008) can be denoted Tgw.

[0098] The pulse signal 2004 is shown as a voltage over time, as gencrated by a
differential driver circuit, based on the PWM signal 2002. Any DC component of the pulse
signal 2004 can be removed using capacitor Cp as described above. At the beginning of cach
pulse instance 2008 of the PWM signal 2002, the differential driver circuit generates a
positive voltage pulse 2010 having a pulse width t,, that is equal to the signal delay
introduced in the differential driver circuit, as described above. Following the positive
voltage pulse 2010, the pulse signal 2004 can include a stay-on neutral voltage pulse 2012.
The duration of the stay-on neutral voltage pulse tupw, on) 18 based on the pulse width of the
pulse signal 2004 and the pulse width of the PWM signal 2002. The duration of the stay-on
neutral voltage pulse 2012 can be calculated as £pw,on) = ton — tpw. Following the stay-on
neutral voltage pulse 2012, the pulse signal 2004 includes a negative voltage pulse 2014 that
occurs at the end of each pulse instance 2008 of the PWM signal 2002. The negative voltage
pulse 2014 has a pulse width t,, that is equivalent to that of the positive voltage pulse 2010.
Following the negative voltage pulse 2014, the pulse signal 2004 can include a stay-off
neutral voltage pulse 2016. The duration of the stay-off neutral voltage pulse tmpw, ofr) 18
based on the pulse width of the pulse signal 2004 and the time before the next pulse instance
2008 of the PWM signal 2002. The duration of the stay-off neutral voltage pulse 2016 can be
calculated as tnpworr)y = tofr — tpw. The magnitude of the pulse signal 2004 is set by the
power source powering the differential driver circuit. As shown in FIG. 20, the pulse signal
2004 has a magnitude of 20 volts (e.g., maximum of +20 V and minimum of -20 V).

[0099] The voltage provided across the main semiconductor switch (e.g., main

mosfet) is denoted as Vgs. When a positive voltage pulse 2010 is received by the charge and
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lock circuit, the activation path begins to induce a positive voltage 2018 in the Vgs 2006 of
the main semiconductor switch. Due to the reasons described above with reference to the
activation path, the positive voltage 2018 induced in the Vgg can have approximately (e.g.,
not including small inefficiencies in the circuit) the same magnitude as the pulse signal 2004,
here being 20 V. During the stay-on neutral voltage pulse 2012, the Vgs of the main
semiconductor switch 2006 will settle to a stay-on voltage 2020, generally slightly smaller in
magnitude than the positive voltage 2018. When a negative voltage pulse 2014 is received by
the charge and lock circuit, the deactivation path begins to induce a negative voltage 2022 in
the Vgs of the main semiconductor switch 2006. Due to the reasons described above with
reference to the deactivation path, the negative voltage 2022 induced in the Vgs can have a
smaller magnitude than the pulse signal 2004, here having a magnitude of 5 V, shown as a -5
V potential in the Vg of the main semiconductor switch 2006. During the stay-off neutral
voltage pulse 2016, the Vgg of the main semiconductor switch 2006 will settle to a stay-off
voltage 2024, generally slightly smaller in magnitude than the negative voltage 2022.

[0100] FIG. 21 is a schematic diagram depicting a gate driver 2100 according to
certain aspects of the disclosure. The gate driver can include a differential driver circuit
2108, a transformer 2110, and a charge and lock circuit 2112 that is couplable to a main
semiconductor switch 2114. The differential driver circuit 2108 receives a PWM signal 2118
from a PWM signal source 2102. A power source 2104 supplies power to the differential
driver circuit 2108. In some embodiments, the PWM signal source 2102 and power source
2104 can be combined. The differential driver circuit creates a pulse signal 2120 that drives
the transformer 2110, which passes the pulse signal 2120 to the charge and lock circuit 2112.
The charge and lock circuit 2112 uses the pulse signal 2120, which contains power and
control information, to generate a gate control signal 2122 which is applied across the gate
and source of the main semiconductor switch 2114. The gate control signal 2122 is a signal
that applies either a positive or negative voltage across the gate and source of the main
semiconductor switch 2114. The main semiconductor switch 2114 can be coupled to a
switched component 2116 to turn on or turn off the switched component, or to provide power
to or cease providing power to the switched component 2116. The switched component 2116
can be a component of a downhole tool. The gate driver 2100 can be located in, on, or near a
downbhole tool in order to operate a component of the downhole tool.

[0101] The foregoing description of the embodiments, including illustrated

embodiments, has been presented only for the purpose of illustration and description and is
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not intended to be exhaustive or limiting to the precise forms disclosed. Numerous
modifications, adaptations, and uses thereof will be apparent to those skilled in the art.

[0102] As used below, any reference to a series of examples is to be understood as a
reference to each of those examples disjunctively (e.g., “Examples 1-4” is to be understood as
“Examples 1, 2, 3, or 4”).

[0103] Example 1 is a driver circuit, comprising a transformer having a secondary
winding; and a charge and lock circuit couplable to a main semiconductor switch. The
charge and lock circuit includes a first diode and a transistor switch in an activation path and
coupled to the secondary winding to provide a positive voltage across the main
semiconductor switch; and a second diode and a Zener diode in a deactivation path and
coupled to the secondary winding to provide a negative voltage across the main
semiconductor switch, the negative voltage having a first magnitude that is different than a
second magnitude of the positive voltage.

[0104] Example 2 is a the driver circuit of example 1, wherein the first diode and the
transistor switch are oriented in the activation path to lock the positive voltage across the
main semiconductor switch; and wherein the second diode and the Zener diode are oriented
in the deactivation path to lock the negative voltage across the main semiconductor switch.
[0105] Example 3 is the driver circuit of examples 1 or 2, wherein the charge and lock
circuit further includes a shunting resistor coupled between a gate and a source of the main
semiconductor switch.

[0106] Example 4 is the driver circuit of examples 1-3, wherein the charge and lock
circuit further includes a first resistor coupled in series with the transistor switch to control an
activation current through the activation path; and a second resistor coupled in series with the
Zener diode to control a deactivation current through the deactivation path.

[0107] Example 5 is the driver circuit of example 4, wherein the charge and lock
circuit further includes a third resistor coupled between a gate of the transistor switch and a
center tap of the secondary winding.

[0108] Example 6 is the driver circuit of examples 1-5, wherein the charge and lock
circuit further includes an additional transistor switch coupled in series between the Zener
diode and the secondary winding.

[0109] Example 7 is the driver circuit of example 6, wherein a gate of the transistor
switch and a gate of the additional transistor switch are both coupled to a center tap of the
secondary winding, and wherein a source of the transistor switch and an additional source of

the additional transistor switch are coupled to opposite ends of the secondary winding.
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[0110] Example 8 is the driver circuit of examples 1-7, further comprising a
differential driver circuit coupled to a primary winding of the transformer to provide a pulse
signal to the primary winding in response to receiving a pulse-width-modulated signal.

[0111] Example 9 is the driver circuit of example 8, wherein the differential driver
circuit includes a first driver, a second driver, and a signal delay circuit, the first driver
couplable to a source of the pulse-width-modulated signal, the second driver couplable to the
source through the signal delay circuit, the signal delay circuit having a delay time, wherein
the first driver and the second driver are coupled to the primary winding to generate a
positive voltage pulse at a beginning of a pulse instance in the pulse-width-modulated signal
and a negative voltage pulse at an end of the pulse instance.

[0112] Example 10 is a method, comprising delivering, to a charge and lock circuit
couplable to a main semiconductor switch, by a secondary winding of a transformer, a pulse
signal comprising a positive voltage pulse, a neutral voltage pulse signal, and a negative
voltage pulse; providing, by the charge and lock circuit, a positive voltage across a gate and a
source of the main semiconductor switch in response to delivery of the positive voltage pulse,
wherein the positive voltage is derived from the positive voltage pulse; locking a gate voltage
of the main semiconductor switch, by the charge and lock circuit, in response to delivery of
the neutral voltage pulse signal, and providing, by the charge and lock circuit, a negative
voltage across the gate and the source of the main semiconductor switch in response to
delivery of the negative voltage pulse, wherein the negative voltage is derived from passing
the negative voltage pulse through a Zener diode to reduce a magnitude of the negative
voltage to below a second magnitude of the positive voltage.

[0113] Example 11 is the method of example 10, wherein locking the gate voltage
includes allowing a potential difference to build between opposite sides of a diode and a
transistor switch in the charge and lock circuit.

[0114] Example 12 is the method of examples 10 or 11, wherein locking the gate
voltage includes allowing a potential difference to build between opposite sides of a second
diode and a second transistor switch in the charge and lock circuit.

[0115] Example 13 is the method of examples 10-12, wherein providing the positive
voltage includes controlling an activation current by passing the positive voltage pulse
through a first resistor, and wherein providing the negative voltage includes controlling a

deactivation current by passing the negative voltage pulse through a second resistor.
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[0116] Example 14 is the method of examples 10-13, further comprising generating,
by a differential driver circuit, the pulse signal; and delivering the pulse signal to a primary
winding of the transformer.

[0117] Example 15 is the method of example 14, wherein generating the pulse signal
further comprises receiving a pulse-width-modulated signal by a first driver of the differential
driver circuit; receiving a delayed pulse-width-modulated signal by a second driver of the
differential driver circuit, wherein the delayed pulse-width-modulated signal is obtained by
passing the pulse-width-modulated signal through a signal delay circuit; generating the
positive voltage pulse at a beginning of a pulse instance in the pulse-width-modulated signal;
generating the negative voltage pulse at an end of the pulse instance in the pulse-width-
modulated signal; and generating the neutral voltage pulse signal between the positive
voltage pulse and the negative voltage pulse.

[0118] Example 16 is a system, comprising a control source; a main semiconductor
switch; a power source having a first voltage; a differential driver circuit coupled to the
control source and the power source to convert a pulse-width-modulated signal from the
control source, the pulse-width-modulated signal having a first frequency, into a pulse signal
having a second frequency that is equal to the first frequency, a second voltage that is equal
to the first voltage, and a constant pulse width; and a charge and lock circuit coupled to the
differential driver circuit through a transformer to receive the pulse signal and operate the
main semiconductor switch. The charge and lock circuit includes a first diode and a
transistor switch in an activation path and coupled to a secondary winding of the transformer
to provide a positive voltage across the main semiconductor switch; and a second diode and a
Zener diode in a deactivation path and coupled to the secondary winding to provide a
negative voltage across the main semiconductor switch, the negative voltage having a first
magnitude that is smaller than a second magnitude of the positive voltage.

[0119] Example 17 is the system of example 16, wherein the differential driver circuit
includes a first driver couplable to the control source and a second driver couplable to the
control source through a signal delay circuit, the signal delay circuit having a delay time,
wherein the constant pulse width is based on the delay time.

[0120] Example 18 is the system of examples 16 or 17, wherein the charge and lock
circuit further includes an additional transistor switch coupled in series between the Zener
diode and the secondary winding, wherein a gate of the transistor switch and a gate of the

additional transistor switch are both coupled to a center tap of the secondary winding, and
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wherein a source of the transistor switch and an additional source of the additional transistor
switch are coupled to opposite ends of the secondary winding.

[0121] Example 19 is the system of examples 16-18, wherein the charge and lock
circuit further includes a first resistor coupled in series with the transistor switch to control an
activation current through the activation path; and a second resistor coupled in series with the
Zener diode to control a deactivation current through the deactivation path.

[0122] Example 20 is the system of examples 16-19, further comprising a controllable
component of a tool positioned in a wellbore, wherein the controllable component is
controlled by the main semiconductor switch, and wherein the main semiconductor switch is
a power switch.

[0123] Example 21 is a driver circuit, comprising a transformer having a first
sccondary winding and a second secondary winding; and a charge and lock circuit couplable
to a main semiconductor switch. The charge and lock circuit includes a first diode and a first
transistor switch in an activation path and coupled to the first secondary winding to provide a
positive voltage across the main semiconductor switch; and a second diode and a second
transistor switch in a deactivation path and coupled to the second secondary winding to
provide a negative voltage across the main semiconductor switch, the negative voltage having
a first magnitude that is different than a second magnitude of the positive voltage.

[0124] Example 22 is the driver circuit of example 21, wherein the first diode and the
first transistor switch are oriented in the activation path to lock the positive voltage across the
main semiconductor switch; and wherein the second diode and the second transistor switch
are oriented in the deactivation path to lock the negative voltage across the main
semiconductor switch.

[0125] Example 23 is the driver circuit of examples 21 or 22, wherein the charge and
lock circuit further includes a shunting resistor coupled between a gate and a source of the
main semiconductor switch.

[0126] Example 24 is the driver circuit of examples 21-23, wherein the charge and
lock circuit further includes a first resistor coupled in series with the first transistor switch to
control an activation current through the activation path; and a second resistor coupled in
scrics with the second transistor switch to control a deactivation current through the
deactivation path.

[0127] Example 25 is the driver circuit of example 24, wherein the charge and lock
circuit further includes a third resistor coupled between a gate of the first transistor switch

and a center tap of the first secondary winding, wherein a source of the first transistor switch
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is coupled to a first end of the first secondary winding; and a fourth resistor coupled between
a gate of the second transistor switch and a second end of the second secondary winding,
wherein a source of the second transistor switch is coupled to a first end of the second
secondary winding.

[0128] Example 26 is the driver circuit of examples 21-25, wherein a turn ratio for the
first secondary winding is larger than the turn ratio for the second secondary winding.

[0129] Example 27 is the driver circuit of example 26, wherein the turn ratio for the
first secondary winding is between three and five times larger than the turn ratio for the
second secondary winding.

[0130] Example 28 is the driver circuit of examples 21-27, further comprising a
differential driver circuit coupled to a primary winding of the transformer to provide a pulse
signal to the primary winding in response to receiving a pulse-width-modulated signal.

[0131] Example 29 is the driver circuit of example 28, wherein the differential driver
circuit includes a first driver, a second driver, and a signal delay circuit, the first driver
couplable to a source of the pulse-width-modulated signal, the second driver couplable to the
source through the signal delay circuit, the signal delay circuit having a delay time, wherein
the first driver and the second driver are coupled to the primary winding to generate a
positive voltage pulse at a beginning of a pulse instance in the pulse-width-modulated signal
and a negative voltage pulse at an end of the pulse instance.

[0132] Example 30 is a method, comprising delivering, to a charge and lock circuit
couplable to a main semiconductor switch, by a transformer, a pulse signal comprising a
positive voltage pulse, a neutral voltage pulse signal, and a negative voltage pulse; providing,
by the charge and lock circuit, a positive voltage across a gate and a source of the main
semiconductor switch in response to delivery of the positive voltage pulse through a first
secondary winding of the transformer, wherein the positive voltage is derived from the
positive voltage pulse; locking a gate voltage of the main semiconductor switch, by the
charge and lock circuit, in response to delivery of the neutral voltage pulse signal, and
providing, by the charge and lock circuit, a negative voltage across the gate and the source of
the main semiconductor switch in response to delivery of the negative voltage pulse through a
second secondary winding of the transformer, wherein a turn ratio for the first secondary
winding is larger than a turn ratio for the second secondary winding.

[0133] Example 31 is the method of example 30, wherein locking the gate voltage
includes allowing a potential difference to build between opposite sides of a diode and a

transistor switch in the charge and lock circuit.
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[0134] Example 32 is the method of examples 30 or 31, wherein locking the gate
voltage includes allowing a potential difference to build between opposite sides of a second
diode and a second transistor switch in the charge and lock circuit.

[0135] Example 33 is the method of examples 30-32, wherein providing the positive
voltage includes controlling an activation current by passing the positive voltage pulse
through a first resistor, and wherein providing the negative voltage includes controlling a
deactivation current by passing the negative voltage pulse through a second resistor.

[0136] Example 34 is the method of examples 30-33, further comprising generating,
by a differential driver circuit, the pulse signal; and delivering the pulse signal to a primary
winding of the transformer.

[0137] Example 35 is the method of example 34, wherein generating the pulse signal
further comprises receiving a pulse-width-modulated signal by a first driver of the differential
driver circuit; receiving a delayed pulse-width-modulated signal by a second driver of the
differential driver circuit, wherein the delayed pulse-width-modulated signal is obtained by
passing the pulse-width-modulated signal through a signal delay circuit; generating the
positive voltage pulse at a beginning of a pulse instance in the pulse-width-modulated signal;
generating the negative voltage pulse at an end of the pulse instance in the pulse-width-
modulated signal; and generating the neutral voltage pulse signal between the positive
voltage pulse and the negative voltage pulse.

[0138] Example 36 is a system, comprising a control source; a main semiconductor
switch; a power source having a first voltage; a differential driver circuit coupled to the
control source and the power source to convert a pulse-width-modulated signal from the
control source, the pulse-width-modulated signal having a first frequency, into a pulse signal
having a second frequency that is equal to the first frequency, a second voltage that is equal
to the first voltage, and a constant pulse width; and a charge and lock circuit coupled to the
differential driver circuit through a transformer to receive the pulse signal and operate the
main semiconductor switch. The charge and lock circuit includes a first diode and a first
transistor switch in an activation path and coupled to a first secondary winding of the
transformer to provide a positive voltage across the main semiconductor switch; and a second
diode and a second transistor switch in a deactivation path and coupled to a second secondary
winding of the transformer to provide a negative voltage across the main semiconductor
switch, the negative voltage having a first magnitude that is smaller than a second magnitude

of the positive voltage.
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[0139] Example 37 is the system of example 36, wherein the differential driver circuit
includes a first driver couplable to the control source and a second driver couplable to the
control source through a signal delay circuit, the signal delay circuit having a delay time,
wherein the constant pulse width is based on the delay time.

[0140] Example 38 is the system of examples 36 or 37, wherein a turn ratio for the
first secondary winding is larger than the turn ratio for the second secondary winding.

[0141] Example 39 is the system of examples 36-38, wherein the charge and lock
circuit further includes a first resistor coupled in series with the first transistor switch to
control an activation current through the activation path; and a second resistor coupled in
series with the second transistor switch to control a deactivation current through the
deactivation path.

[0142] Example 40 is the system of examples 36-39, further comprising a controllable
component of a tool positioned in a wellbore, wherein the controllable component is
controlled by the main semiconductor switch, and wherein the main semiconductor switch is

a power switch.
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Claims
What is claimed is:
1. A driver circuit, comprising:
a transformer having a first secondary winding and a second secondary winding; and
a charge and lock circuit couplable to a main semiconductor switch, the charge and
lock circuit including:

a first diode and a first transistor switch in an activation path and coupled to
the first secondary winding to provide a positive voltage across the main semiconductor
switch; and

a second diode and a second transistor switch in a deactivation path and
coupled to the second secondary winding to provide a negative voltage across the main
semiconductor switch, the negative voltage having a first magnitude that is different than a

second magnitude of the positive voltage.

2. The driver circuit of claim 1, wherein the first diode and the first transistor switch are
oriented in the activation path to lock the positive voltage across the main semiconductor
switch; and wherein the second diode and the second transistor switch are oriented in the

deactivation path to lock the negative voltage across the main semiconductor switch.

3. The driver circuit of claim 1, wherein the charge and lock circuit further includes a

shunting resistor coupled between a gate and a source of the main semiconductor switch.

4. The driver circuit of claim 1, wherein the charge and lock circuit further includes a

first resistor coupled in series with the first transistor switch to control an activation current
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through the activation path; and a second resistor coupled in series with the second transistor

switch to control a deactivation current through the deactivation path.

5. The driver circuit of claim 4, wherein the charge and lock circuit further includes:

a third resistor coupled between a gate of the first transistor switch and a center tap of
the first secondary winding, wherein a source of the first transistor switch is coupled to a first
end of the first secondary winding; and

a fourth resistor coupled between a gate of the second transistor switch and a second
end of the second secondary winding, wherein a source of the second transistor switch is

coupled to a first end of the second secondary winding.

6. The driver circuit of claim 1, wherein a turn ratio for the first secondary winding is

larger than the turn ratio for the second secondary winding.

7. The driver circuit of claim 6, wherein the turn ratio for the first secondary winding is

between three and five times larger than the turn ratio for the second secondary winding.

8. The driver circuit of claim 1, further comprising:
a differential driver circuit coupled to a primary winding of the transformer to provide
a pulse signal to the primary winding in response to receiving a pulse-width-modulated

signal.

9. The driver circuit of claim 8, wherein the differential driver circuit includes a first
driver, a second driver, and a signal delay circuit, the first driver couplable to a source of the

pulse-width-modulated signal, the second driver couplable to the source through the signal
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delay circuit, the signal delay circuit having a delay time, wherein the first driver and the
second driver are coupled to the primary winding to generate a positive voltage pulse at a
beginning of a pulse instance in the pulse-width-modulated signal and a negative voltage

pulse at an end of the pulse instance.

10. A method, comprising:

delivering, to a charge and lock circuit couplable to a main semiconductor switch, by
a transformer, a pulse signal comprising a positive voltage pulse, a neutral voltage pulse
signal, and a negative voltage pulse;

providing, by the charge and lock circuit, a positive voltage across a gate and a source
of the main semiconductor switch in response to delivery of the positive voltage pulse
through a first secondary winding of the transformer, wherein the positive voltage is derived
from the positive voltage pulse;

locking a gate voltage of the main semiconductor switch, by the charge and lock
circuit, in response to delivery of the neutral voltage pulse signal; and

providing, by the charge and lock circuit, a negative voltage across the gate and the
source of the main semiconductor switch in response to delivery of the negative voltage pulse
through a second secondary winding of the transformer, wherein a turn ratio for the first

secondary winding is larger than a turn ratio for the second secondary winding.

11. The method of claim 10, wherein locking the gate voltage includes allowing a
potential difference to build between opposite sides of a diode and a transistor switch in the

charge and lock circuit.
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12. The method of claim 10, wherein locking the gate voltage includes allowing a
potential difference to build between opposite sides of a second diode and a second transistor

switch in the charge and lock circuit.

13.  The method of claim 10, wherein providing the positive voltage includes controlling
an activation current by passing the positive voltage pulse through a first resistor, and
wherein providing the negative voltage includes controlling a deactivation current by passing

the negative voltage pulse through a second resistor.

14.  The method of claim 10, further comprising:
generating, by a differential driver circuit, the pulse signal; and

delivering the pulse signal to a primary winding of the transformer.

15. The method of claim 14, wherein generating the pulse signal further comprises:

receiving a pulse-width-modulated signal by a first driver of the differential driver
circuit;

receiving a delayed pulse-width-modulated signal by a second driver of the
differential driver circuit, wherein the delayed pulse-width-modulated signal is obtained by
passing the pulse-width-modulated signal through a signal delay circuit;

generating the positive voltage pulse at a beginning of a pulse instance in the pulse-
width-modulated signal;

generating the negative voltage pulse at an end of the pulse instance in the pulse-
width-modulated signal; and

generating the neutral voltage pulse signal between the positive voltage pulse and the

negative voltage pulse.
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16. A system, comprising:

a control source;

a main semiconductor switch;

a power source having a first voltage;

a differential driver circuit coupled to the control source and the power source to
convert a pulse-width-modulated signal from the control source, the pulse-width-modulated
signal having a first frequency, into a pulse signal having a second frequency that is equal to
the first frequency, a second voltage that is equal to the first voltage, and a constant pulse
width; and

a charge and lock circuit coupled to the differential driver circuit through a
transformer to receive the pulse signal and operate the main semiconductor switch, wherein
the charge and lock circuit includes:

a first diode and a first transistor switch in an activation path and coupled to a
first secondary winding of the transformer to provide a positive voltage across the main
semiconductor switch; and

a second diode and a second transistor switch in a deactivation path and
coupled to a second secondary winding of the transformer to provide a negative voltage
across the main semiconductor switch, the negative voltage having a first magnitude that is

smaller than a second magnitude of the positive voltage.

17. The system of claim 16, wherein the differential driver circuit includes a first driver
couplable to the control source and a second driver couplable to the control source through a
signal delay circuit, the signal delay circuit having a delay time, wherein the constant pulse

width is based on the delay time.
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18.  The system of claim 16, wherein a turn ratio for the first secondary winding is larger

than the turn ratio for the second secondary winding.

19.  The system of claim 16, wherein the charge and lock circuit further includes a first
resistor coupled in series with the first transistor switch to control an activation current
through the activation path; and a second resistor coupled in series with the second transistor

switch to control a deactivation current through the deactivation path.

20.  The system of claim 16, further comprising:
a controllable component of a tool positioned in a wellbore, wherein the controllable
component is controlled by the main semiconductor switch, and wherein the main

semiconductor switch is a power switch.
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