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GATE DRIVE CIRCUITRY FOR NON-ISOLATED GATE SEMICONDUCTOR
DEVICES

ABSTRACT

One embodiment s a gate drive circuitry (60) for switching a semiconductor device
(62) having a non-isolated input, the gate drive circuitry (60) having a first circuitry
(64) configured to turn-on the semiconductor device (62) by imposing a current on a
gate of the semiconductor device (62) so as to forward bias an inherent parasitic diode
of the semiconductor device (62). There 1s a second circuitry (66) configured to turn-
off the semiconductor device (62) by imposing a current on the gate of the
semiconductor device (62) so as to reverse bias the parasitic diode of the
semiconductor device (62) wherein the first circuitry (64) and the second circuitry
(66) are coupled to the semiconductor device (62) respectively through a first switch

and a second switch.
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GATE DRIVE CIRCUITRY FOR NON-ISOLATED GATE SEMICONDUCTOR
DEVICES

BACKGROUND

The invention relates generally to a gate drive circuitry and, more particularly, to a
gate drive circuitry for improving operating performances of Si and SiC

semiconductor devices.

A wide range of applications requires electronic devices that operate at higher
frequency, higher power, higher temperature, and in harsh environments. For
example, electronic devices and sensors employed in deep space applications, high
temperature applications, radiation polluted environment applications, jet engines.
airborne microwave devices require such durable and high performance devices.
Devices made using wide bandgap semiconductor materials such as silicon (Si),
silicon carbide (S1C), gallium nitride (GaN), and diamond exhibit these properties.
Generally, semiconductors having an energy difference or energy gap between the top

of the valence band and the bottom of the conduction band typically greater than two
clectron volts (eV) are considered wide bandgap semiconductors. Such materials are

generally chemically stable at high temperatures, have good thermal conductivity, a

high breakdown tield and a large electron saturation velocity.

For example, silicon carbide (SiC) based semiconductor devices, for example, are
increasingly being employed in a wide range of power electronics applications due to

their several superior characteristics when compared to silicon (Si) based
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semiconductor devices. In particular, S1C based semiconductor devices have superior
thermal resistance, switching or operating speed, voltage blocking capability, and on-
state voltage drop that cannot all be obtained with conventional Si based
semiconductor devices. Additionally, due to the wide bandgap and/or blocking
capability, SiC based semiconductor devices are suitable for high voltage

applications.

Such semiconductor devices, including semiconductor devices having non-isolated
input such as junction gated transistors (one example includes a junction field effect
transistor (JFET), a static induction transistor (SIT), a bipolar junction transistor
(BJT), and a metal semiconductor field effect transistor (MESFET)), require
specialized gate drive or control circuitry for proper operation. Conventional gate
drive circuitry typically does not perform well when required to drive non-isolated
inputs devices. For example, applying conventional gate drive circuitry, such as those
available for metal oxide semiconductor field effect transistors (MOSFETs) and
insulated gate bipolar transistors (IGBTs), 1s not optimal for non-isolated input as the
devices having non-isolated input, including wide bandgap semiconductor devices,

require low and controlled gate voltages.

Normally-on Si1C JFET has been used in some power electronics applications,
however, the maximum current that the normally-on SiC JFET can handle 1s limited
by the gate drive. Moreover, current gate drives, and gate drives developed for
normally-on Si1C JFETs fail to operate adequately or are limited in operating a
normally-off S1C JFET. There have been some efforts to develop a gate drive that can
work with wide bandgap semiconductor devices. However, the currently available

and known gate drives do not operate a normally-off SiC JFET and/or do not operate

the normally-on S1C JFET above their rated power for significant periods of time.

One embodiment of the present system provides an efficient and cost-effective gate
drive circuitry customized for wide bandgap semiconductor devices and/or
semiconductor devices having non-isolated inputs. It 1s also desirable to provide a
gate drive that 1s able to operate a normally-on SiC JFET above their rated power for

significant periods of time and/or operate a normally-off SiC JFET.
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BRIEF DESCRIPTION

One embodiment is a gate drive circuitry for switching a semiconductor device having
a non-isolated input, the gate drive circuitry having a first circuitry configured to turn-
on the semiconductor device by imposing a current on a gate of the semiconductor
device so as to forward bias an inherent parasitic diode of the semiconductor device.
There 1s a second circuitry configured to turn-off the semiconductor device by
imposing a current on the gate of the semiconductor device so as to reverse bias the
parasitic diode of the semiconductor device wherein the first circuitry and the second
circuitry are coupled to the semiconductor device respectively through a first switch

and a second switch.

Another embodiment 1s an electronic circuit with a semiconductor device having a
non-isolated input and a gate drive circuitry for operating the semiconductor device
independent of 1ts parasitic gate-to-emitter diode characteristics by imposing one of a
positive or a negative current on a gate of the semiconductor device respectively

through a first switch or a second switch.

Yet another embodiment 1s an electronic circuit with a normally-on semiconductor
device having a non-isolated input and a gate drive circuitry for operating the
normally-on semiconductor device at a power greater than the rated power by
imposing one of a positive or a negative current on a gate of the semiconductor device

respectively through a first switch or a second switch.

A further embodiment 1s an electronic circuit with a normally-off semiconductor
device having a non-isolated input and a gate drive circuitry for operating the
normally-oft semiconductor device by imposing one of a positive or a negative
current on a gate of the semiconductor device respectively through a first switch or a

second switch.

A method for operating a semiconductor switch device having a non-isolated input,
includes switching the semiconductor device between turn-on and turn-off via one or

more switches, imposing a positive current on a gate of the semiconductor device so

as to turn-on the semiconductor device by forward biasing the parasitic diode of the
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semiconductor device, and imposing a negative current on the gate of the

semiconductor device so as to turn-off the semiconductor device by reverse biasing

the parasitic diode of the semiconductor device.
DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:
FIG. 1 depicts JFET connected to a load;

F1Gs. 2A and 2B depict graphs of static current voltage characteristics of a normally-

on JFET and 1ts input intrinsic diode;

FIGs. 3A and 3B depict graphs of current voltage characteristics of a normally-off
JFET and its input intrinsic diode;

FIG. 4 depicts a schematic of a gate drive circuitry for switching a semiconductor

device having a non-isolated input; and

FIGs. 5-7 depict circuit diagrams of the gate drive circuitry of FIG. 4 in greater detail,

in accordance with aspects of the present technique.

DETAILED DESCRIPTION

Embodiments of the present devices and techniques are generally directed to gate
drive circuitry for a semiconductor device having a non-isolated input, including
lateral, vertical, Siiicon or wide bandgap material, such as a bipolar junction transistor
(BJT), junction field effect transistor (JFET), vertical JFET (VJFET), static induction
transistor (SIT), metal semiconductor field effect transistor (MESFET), amongst
others. In certain embodiments, the semiconductor devices having the non-isolated
mput are wide bandgap semiconductor. The junction gated transistor may be a
Schottky gated or a P-N junction gated transistor. The wide bandgap semiconductor

may be silicon carbide (SiC), gallium nitride (GaN), diamond, or any other III-V

4



CA 02700013 2010-04-15
233549-2

compound, wide bandgap, semiconductor. Though the present discussion provides

examples i1n context of a JFET, the application of these embodiments in other devices

1s well within the scope of the present invention.

Referring now to FIG. 1, a JFET device 10 is illustrated along with the inherent
parasitic characteristics. As noted herein, JFET 1s a semiconductor device having a
non-isolated input. In the illustrated embodiment, a JFET 12 i1s an n-channel JFET
having a drain D, a gate G, and a source S. The drain D is coupled to a voltage supply
V through a resistive load R; 16. The electrical charge flows through a
semiconducting channel between the source terminal S and the drain terminal D on
application of bias voltage that 1s typically greater than a threshold voltage to the gate
terminal G. The gate terminal G therefore controls the operation of the JFET 12. It
should be noted that, in certain embodiments, the drain D and the source S are
interchangeable. It should also be noted that the JFET 12 may be fabricated to be a
normally-on JFET or a normally-off JFET.

As will be appreciated by those skilled in the art, there are inherent parasitic
characteristics of the JFET that effect the performance. In this example, a parasitic
diode between the gate terminal G and the source terminal S is used to model the
input terminal operation of the JFET under normal operation for the inherent parasitic
characteristics. In semiconductor devices, there are typically parasitic characteristics
that cause the devices to perform differently than the ideal device. In some cases the
parasitics are simulated so that performance has some assumed response while in
other cases the limits are empirically derived. For example, the internal structure of
the mnput of the n-channel JFET resembles a PN junction diode connected between the
gate and the source terminals. If a sufficient forward or reverse bias is applied
between the gate and the source terminals, the parasitic diode will cause severe

malfunction.

Reterring now to FIG. 2A and FIG. 2B, graphs of voltage-current characteristics of a
normally-on JFET and a parasitic diode structure of the normally-on JFET structure
are 1llustrated. FIG. 2A is a graph 20 of drain-source voltage-current characteristics

of the normally-on JFET (such as the JFET 12, see FIG. 1) superimposed on the V-I
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characteristic of a resistor (such as the resistor Ry 16, see FIG. 1) connected 1n series

with a voltage supply (such as the voltage supply V, see FIG. 1). In FIG. 2A,
reference numeral 22 1s representative of current I, while reference numeral 24 1is

representative of voltage V for several gate voltages V.

As illustrated, the normally-on JFET conducts when the applied gate voltage V, 1s
above a threshold voltage Vryoorr of the JFET. It may be noted that Vryorg 1S
representative of a threshold voltage of the JFET. As will be appreciated, if the
voltage developed at the gate 1s less than the threshold value Vryorr), then the JFET
device 1s operating 1n an OFF mode. However, 1f the value of the voltage developed
at the gate 1s greater than the threshold voltage Vryorr), then JFET device is operating
in an ON mode. If this gate level 1s negative, the JFET 1s normally on. Furthermore,
if the voltage developed at the gate 1s positive, then the JFET 1s operating in a
normally off mode. The greater the voltage applied at the gate, the higher is the
current through the device. The normally-on JFET stops conducting when the applied
gate voltage V, 1s below the threshold voltage Vryorr) of the JFET.

FIG. 2B illustrates a graph 30 of voltage-current characteristics of the gated parasitic
diode structure of the normally-on JFET. In FIG. 2B, reference numeral 32 is
representative of current I, while reterence numeral 34 is representative of voltage V.
Reference numeral 36 1s representative of a region on the voltage-current
characteristics corresponding to a threshold voltage Vpryy for the parasitic diode

structure. The voitage Vpry) 1S representative of a threshold voltage of the parasitic

diode.

Also, Von and corresponding current Ioy are the voltage and current of the parasitic
diode structure during forward bias when the parasitic diode structure is operating at a
boundary voltage level to ensure conduction. More specifically, loy 1s representative
of a current imposed when 1t 1s desirable to operate the JFET in an ON mode, while
Von 1s representative of a voltage developed by the parasitic diode when it 1s desirable

to operate the JFET 1n an ON mode.

The threshold voltage of the JFET 1s represented by Vryorr. Vsv is the breakdown

voltage of the parasitic diode structure and when this voltage is applied to the gate, the
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gate voltage is definitely lower than the off threshold voltage of the JFET. In other
words, Vgy is representative of the breakdown voltage of the parasitic diode. Vopg 1s
representative of a voltage applied to the gate when it is desirable to turn the device
off. In one example, Vopr 1s substantially equal to the breakdown voltage of the
parasitic diode. It may be noted that Iorr 1s representative of a current imposed when
it 1s desirable to operate the JFET 1in an OFF mode, while Vopr 1s representative of a

voltage developed by the parasitic diode when it 1s desirable to operate the JFET 1n an
ON mode.

In accordance with aspects of the present technique, it may be desirable to operate the
device in a range from about 5% to about 10% or slightly above Vpy) defining the
region 36 that is representative of the Voy for the parasitic diode structure to facilitate
an optimal performance of the device. By operating the device 1n a region slightly
above the threshold voltage Vpry) for the parasitic diode structure, noise levels in the

device may be substantially reduced.

FIGs. 3A and 3B similarly illustrate graphs of the voltage-current characteristics of a
normally-off JFET and a parasitic diode structure of the normally-off JFET
respectively.  FIG. 3A 1llustrates a graph 40 of drain-source voltage-current
characteristics of the normally-off JFET. In FIG. 3A, reference numeral 42 1is
representative of current I, while reference numeral 44 is representative of voltage V.
Also, FIG 3B 1llustrates a graph 50 of voltage-current characteristics of the parasitic
diode structure of the normally-off JFET. In FIG. 3B, reference numeral 52 is
representative of current I, while reference numeral 54 1s representative of voltage V.
Reference numeral 56 1s representative of a region on the voltage-current
characteristics corresponding to a threshold voltage Vpyy for the parasitic diode
structure. As will be appreciated by those skilled 1n the art, the characteristics of the
normally-off JFET are similar to the characteristics of a normally-on JFET except that
in the normally-off case only a positive gate voltage 1s able to turn-on the JFET
device, and zero gate voltage will suffice in turning the device off. The threshold
voltage of the JFET 1s represented by Vryorr). Here again, Von and corresponding
current Ioy are the voltage and current of the parasitic diode structure during forward

bias when the parasitic diode structure 1s operating at a boundary voltage level to

7
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ensure conduction. Also, Vorr and corresponding current Iopr are the voltage and
current of the parasitic diode structure used to operate the device in the normally-off
mode. It may be noted that in certain applications it 1s desirable to control and
maintain the on-voltage Von at a value below or equal to the on-voltage Vpyy of the

parasitic diode.

Turning now to FIG. 4, a schematic 60 of a gate drive circuitry for switching a
semiconductor device 62 having a non-isolated input is illustrated. In the illustrated
embodiment, the semiconductor device 62 1s a JFET device. The gate drive circuitry
includes a first circuitry 64 and a second circuitry 66 coupled to the semiconductor
device 62 respectively through a first switch S; and a second switch S;. The second
switch S, is normally closed (1.e., normally on) while the first switch S; 1s normally
open (i.e., normally off). Based on the operation, the switches Sy, S, are then closed
or opened in a mutually exclusive fashion. Further, it should be noted that the first

switch S; and the second switch S, may be any electronically controlied

semiconductor device such as MOSFET, JFET, and so forth.

The first circuitry 64 1s configured to turn-on the semiconductor device 62 by
imposing a current on a gate of the semiconductor device 62 so as to forward bias the
parasitic diode of the semiconductor device 62. Similarly, the second circuitry 66 is
configured to turn-off the semiconductor device 62 by tmposing a current on the gate
of the semiconductor device 62 so as to reverse bias the parasitic diode of the
semiconductor device 62. In other words, the first circuitry 64 imposes a positive
turn-on current while the second circuitry 66 imposes a negative turn-off current at the
gate of the semiconductor device 62. As will be appreciated by those skilled in the
art, the first circuitry 64 and the second circuitry 66 impose current on the gate of the
semiconductor device 62 for as long as the respective first switch S; and the second

switch S, are closed.

Each of the first circuitry 64 and the second circuitry 66 includes a current source
coupled to a capacitor through a diode. For example, the first circuitry 64 may
include a current source Iopn 68 coupled to the capacitor C; through diode D;.

Stmilarly, the second circuitry 66 may include a current source Iorr 70 coupled to the
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capacitor C, through diode D,. The first circuitry 64 charges the capacitor C; to a
voltage Von greater than a threshold voltage of the JFET. It may be desirable that the
voltage Von does not exceed the gate voltage limit of the semiconductor device 62
imposed by the parasitic diode. It should be noted that the voltage Von will be
slightly above the threshold voltage Vi) of the parasitic diode. In one embodiment,
it may be desirable that the voltage Von be 1n a range that 1s about 5% to 10% above
the threshold voltage Vp(tyy of the parasitic diode. Similarly, the second circuitry 66
charges the capacitor C, to a voltage Vorr that 1s lower than the threshold voltage
Vruoorr) of the semiconductor device 62 and higher (or lower absolute value) than a
breakdown voltage Vgy of the parasitic diode. Here again, in one embodiment, it may
be desirable that the voltage Vogr be 1n range that 1s about 5% to 10% lower than the
threshold voltage Vryorr) of the parasitic diode. In addition, in one embodiment, it
may be desirable that the voltage Vopr be 1n a range that 1s about 5% to 10% (of Vgy)
higher than the breakdown voltage Vgy of the parasitic diode. The Von and Vogr
voltages correspond to the parasitic diode characteristics to control the device to
operate 1in the ON or OFF modes, respectively. Additionally, the values of Ion and
[orr are limited by the circuit implementations presented herein to ensure operation of

the device 1n the ON or OFF modes without undesirable or excessive currents.

In certain embodiments, the current sources Ipn and Iopr are operated at an ambient
temperature while the diodes Dy and D, and the capacitors C; and C, are placed in
close proximity to the semiconductor device 62 and are operated at an operating
temperature of the semiconductor device 62. Such placement enables high-speed

operation of the gate drive and the corresponding semiconductor device in harsh

environments.

FIGs. 5-7 depict circuit diagrams 80, 90, 120 of the gate drive circuitry in greater
detail 1n accordance with aspects of the present technique. More particularly, FIG. 5
1s a diagrammatic 1llustration of one embodiment 80 of the gate drive circuitry 60 of
FIG. 4. Also, FIG. 6 1s a diagrammatic illustration of another embodiment 90 of the
gate drive circuitry 60 of FIG. 4. FIG. 7 is a diagrammatic illustration of yet another

embodiment 120 of the gate drive circuitry 60 of FIG. 4.
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Switches S; and S, may be configured to receive a control logic signal from a control
circuitry (not shown in FIG. 5), for example. In certain embodiments, the control
circuitry may include a microprocessor, a FPGA, and the like. The control signal may
be configured to control the opening and closing of the switches S; and S2. More
particularly, the control signal may be configured to close the second switch S, when
the first switch S; is open. In a similar fashion, the control signal may also be

configured to open the second switch S; when the first switch S, 1s closed.

As illustrated in FIGs. 5-7, the current sources Ion 68 and Ippp 70 are shown 1n greater
detail. Furthermore, as illustrated in FIGs. 5-7, each of the current sources Ion 68 and
lopr 70 includes a source, plurality of resistors, and a semiconductor device
configured so as to provide imposing currents and voltage to the gate of the
semiconductor device having a non-isolated input. As will be appreciated by those
skilled in the art, other possible current sources may also be employed by the gate
circuitry 80, 90, 120. Further, it should be noted that the gate drive circuitry 80, 90,

120 may include additional control circuitry (not shown).

Referring now to FIGs. 6-7, in accordance with exemplary aspects of the present
technique, the embodiments of the gate drive circuitry 90, 120 are shown as including
1solated signal control transmission for operating the first and the second switches S,
S, that regulate the first and the second circuitry 64, 66 (see FIG. 4). In FIG. 6, the
isolated signal control transmission includes a first coaxial cable 92 and a second
coaxial cable 94. The first coaxial cable 92 may be configured to operate the first

switch S;, while the second coaxial cable 94 may be controlled to operate the first
switch S,. In a presently contemplated configuration ot FIG. 6, the first and second

coaxial cables 92, 94 may include a two wire shielded cable or dual wire cables.

The first coaxial cable 92 includes a first wire 96 and a second wire 98. Reference
numeral 100 may be representative of a shield of the first coaxial cable 92. In a
presently contemplated configuration, the first wire 96 1n the first coaxial cable 92 1s
operationally coupled to an 1solated point of contact 102, while the second wire 98 is
coupled to a reference voltage 5. It may be noted that the shield 100 may also be

coupled to the reference voltage b. Moreover, the 1solated point of contact 102 may

10
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be configured to provide an isolated signal to control the switching of the first switch
S| between an open state and a closed state. This 1solated signal 1s a clean, less noisy
signal, thereby facilitating enhanced switching of the first switch S,. Additionally, the
second wire 98 may be operationally coupled to the gate G of the device. The

capacitor C, may also be operationally coupled to second wire 98 of the first coaxial

cable 92.

Similarly, the second coaxial cable 94 includes a first wire 104 and a second wire 106.
Reference numeral 108 may be representative of a shield of the first coaxial cable 94.

The first wire 104 in the second coaxial cable 94 1s operationally coupled to an

isolated point of contact 110, while the second wire 106 may be coupled to a
reference voltage b. The shield 108 may also be coupled to the reference voltage b.
Moreover, the 1solated point of contact 110 may be configured to provide an isolated
signal to control the switching of the second switch S, between an open state and a
closed state. This isolated signal i1s a clean, less noisy signal, thereby facilitating
enhanced switching of the second switch S,. It may be noted that the second wire 106
of the second coaxial cable 94 may be operationally coupled to the source S of the
device. The capacitor C; may also be operationally coupled to the second wire 106 of

the second coaxial cable 94.

With continuing reference to FIG. 6, the gate drive circuitry may also include other
components configured to reduce electromagnetic interference. In one embodiment,

such components may include an inductor and a diode coupled to current sources 68,

70 and the coaxial cables 92, 94.

Turning now to FIG. 7, yet another embodiment of the gate drive circuitry 120 1is
presented, where the gate drive circuitry 1s shown as including isolated signal control
transmission for operating the first and the second switches S|, S, that regulate the
first and the second circuitry 64, 66 (see FIG. 4). The isolated signal control
transmission includes a first cable 122 and a second cable 124. The first cable 122 is
configured to operate the first switch S, while the second coaxial cable 124 is
controlled to operate the second switch S;. In a presently contemplated configuration,

the first and second cables 122, 124 may include single wire shielded cables.

11



CA 02700013 2010-04-15
233549-2

Furthermore, the first cable 122 includes a wire 126 and a shield 128. In a presently

contemplated configuration, the wire 126 in the first cable 122 1s operationally
coupled to an isolated point of contact 130, while the shield 128 may be coupled to a
reference voltage b. This isolated point of contact 130 1s configured to provide an
isolated signal to control the switching of the first switch S; between an open state and
a closed state. This isolated signal is a clean, less noisy signal, thereby facilitating
enhanced switching of the first switch S;. Additionally, the shield 128 may be
operationally coupled to the gate G of the device. The capacitor C; may also be

operationally coupled to the shield 128 of the first cable 122.

Similarly, the second cable 124 includes a wire 132 and a shield 134. The wire 132 in
the second cable 124 1s operationally coupled to an 1solated point of contact 136,
while the shield 134 may be coupled to a reference voltage 5. Additionally, the point
of contact 136 may be configured to provide an isolated signal to control the
switching of the second switch S; between an open state and a closed state. This
1solated signal is a clean, noiseless signal, thereby facilitating enhanced switching of
the second switch S,. It may be noted that the shield 134 may be operationally
coupled to the source S of the device. The capacitor C, may also be operationally
coupled to the shield 128 of the first cable 122. As previously noted with reference to
FIG. 6, the gate drive circuitry of FIG. 7 may also include other components
configured to reduce electromagnetic interference. In one embodiment, such
components may include an inductor and a diode coupled to current sources 68, 70

and the single wire cables 122, 124,

As will be appreciated by those skilled 1n the art, the gate drive circuitry, described in
the various embodiments discussed above, enables operation of the normally-on
semiconductor device at a power greater than the rated power. Additionally, the
exemplary gate drive circuitry enables operation of the normally-off semiconductor
device. Moreover, it should be noted that the gate drive circuitry is adapted to operate
the semiconductor device independent of its parasitic gate-to-emitter diode
characteristics. The gate drive circuitry automatically determines an optimal
operating state for the semiconductor device independent of a specification of the

semiconductor device. The gate drive circuitry ensures that an on-voltage of the

12
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semiconductor device is slightly greater that the threshold voltage Vphny of the

parasitic diode and an off-voltage of the semiconductor device is slightly greater (or

less in absolute value) than the breakdown voltage Vgy of the parasitic diode.

While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It 1s,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.

13
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WHAT IS CLAIMED IS8:

1. A gate drive circuitry for switching a semiconductor device having a
non-isolated input, the gate drive circuitry comprising:
a first circuitry configured to turn-on the semiconductor device by imposing

a current on a gate of the semiconductor device to forward bias an inherent parasitic

diode of the semiconductor device; and
a second circuitry configured to turn-off the semiconductor device by

imposing a current on the gate of the semiconductor device to reverse bias the

parasitic diode of the semiconductor device,
wherein the first circuitry and the second circuitry are coupled to the
semiconductor device respectively through a first switch and a second switch, and

wherein each of the first circuitry and the second circuitry comprises a current source

coupled to a capacitor through a diode.

2. The gate drive circuitry of claim 1, wherein each of the first
circuitry and the second circuitry imposes a current on the gate of the semiconductor

device for as long as the respective first switch and the respective second switch are

closed.

3. The gate drive circuitry of claim 1, wherein the second switch 1s

normally closed while the first switch is normally open.

4. The gate drive circuitry of claim 1, wherein the first circuitry

charges the capacitor to a voltage Vou greater than a threshold voltage V7y of the

parasitic diode such that the voltage Vpy does not exceed a gate voltage limit of the

semiconductor device.

J. The gate drive circuitry of claim 1, wherein the second circuitry
charges the capacitor to a voltage Vorr lower than a threshold voltage Vw075 of the

semiconductor device and higher than a breakdown voltage Vgy of the parasitic diode.

6. The gate drive circuitry of claim 1, wherein the current sources are

operated at an ambient temperature while the diodes and the capacitors are placed in

14
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close proximity to the semiconductor device and are operated at an operating

temperature of the semiconductor device.

7. The gate drive circuitry of claim 1, wherein the gate drive circuitry

is adapted to operate the semiconductor device independent of its parasitic gate-to-

emitter diode characteristics.

8. The gate drive circuitry of claim 1, wherein the gate drive circuitry
automatically determines an optimal operating state for the semiconductor device

independent of a specification of the semiconductor device.

9. The gate drive circuitry of claim 8, wherein an on-voltage of the
semiconductor device 1s slightly greater than the threshold voltage Vpy of the
parasitic diode and an off-voltage of the semiconductor device is slightly greater than
the breakdown voltage Vpy of the parasitic diode or less than the breakdown voltage

Vzy of the parasitic diode if absolute value 1s considered.

10.  The gate drive circuitry of claim 9, wherein the on-voltage of the
semiconductor device 1s in the range of 5% to 10% greater than the threshold voltage

Vo of the parasitic diode and the off-voltage of the semiconductor device is in the

range of 5% to 10% greater than the breakdown voltage V 3y of the parasitic diode.

11.  The gate drive circuitry of claim 1, wherein the semiconductor
device 1s a normally-on semiconductor device, and wherein the gate drive circuitry is

adapted to operate the normally-on semiconductor device at a power greater than the

rated power.

12.  The gate drive circuitry of claim 1, wherein the semiconductor
device 1s a normally-off semiconductor device, and wherein the gate drive circuitry is

adapted to operate the normally-off semiconductor device.

13. The gate drive circuitry of claim 1, wherein the semiconductor
device having the non-isolated input comprises a wide bandgap semiconductor

junction gated transistor.
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14.  The gate drive circuitry of claim 13, wherein the wide bandgap

semiconductor junction gated transistor comprises a Schottky gated transistor or a PN

junction gated transistor.

15. The gate drive circuitry of claim 13, wherein the wide bandgap

semiconductor comprises silicon carbide, gallium nitride, or diamond.

16.  The gate drive circuitry of claim 1, wherein the semiconductor
device having the non-isolated input comprises a bipolar junction transistor (BJT), a
junction field effect transistor (JFET), a vertical JFET (VJFET), a static induction
transistor (SIT), or a metal semiconductor field effect transistor (MESFET).

17.  The gate drive circuitry of claim 1, wherein each of the first switch

and the second switch comprises an electronically controlled semiconductor device.

18.  An electronic circuit, comprising:

a semiconductor device having a non-isolated input; and

a gate drive ctrcuitry for operating the semiconductor device independent of
1ts parasitic gate-to-emitter diode characteristics by imposing one of a positive or a
negative current on a gate of the semiconductor device respectively through a first
switch or a second switch, wherein the gate drive circuitry comprises a first circuitry
and a second circuitry, wherein the first circuitry and the second circuitry are coupled
to the semiconductor device respectively through the first switch and the second
switch, and wherein each of the first circuitry and the second circuitry comprises a

current source coupled to a capacitor through a diode.

19. A method for operating a semiconductor switch device having a
non-isolated input, the method comprising:

switching the semiconductor device between turn-on and turn-off via one or
more switches:

imposing a positive current on a gate of the semiconductor device to turn-
on the semiconductor device by forward biasing a parasitic diode of the

semiconductor device using a first circuitry in a gate drive circuitry; and
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imposing a negative current on the gate of the semiconductor device to
turn-off the semiconductor device by reverse biasing the parasitic diode of the

semiconductor device using a second circuitry in the gate drive circuitry,

wherein the first circuitry and the second circuitry are coupled to the
semiconductor switch device through the one or more switches, and wherein each of

the first circuitry and the second circuitry comprises a current source coupled to a

capacitor through a diode.

17



CA 02700013 2010-04-15




CA 02700013 2010-04-15

r
4
p
p
4
p
p
4
p
p
p
p
et
R v —
. .
,/ 4
: E :
J p
p
7 3
. p
’ P
4
3 4 s e
: .
.

Ve
- 30
-

:
E
F
|
:
E
-
t

R N T ——

FIG. 2B



CA 02700013 2010-04-15

H .

FIG. 3A

o

>
$
z

BV _VOFF ON f—i-— 56

~ares® v ! . &.__”./_"
..--".‘.ﬂ...-'...*--.-"---A.""'"-'--""" "l'-'.'.'.'\l\.al.ll-llnaa......._. o 0 : : v
| §, V
‘sg ( )lu —
hY - ‘;{ !

FIG. 3B



CA 02700013 2010-04-15

g -~
o
v‘ﬂﬂ

ui;é PPV T VT T T TT T T PP PPV TV T er TITITITIITVVVVYYT f.,J

44

LAWY e PV MY AN M NNV LS RN RIN 1R PN A SN w VA YL RINI U NAAALAINT NI NI PR NAA N AT

- - -

R i

-VOF

TTTTTTTTTY,

PR TR T

Co

-—d .

FIG. 4
2
<
D,

Rt NN

e TS - R XEEEL LT

ey

A HA T IR LA AN AR S IR PP C A G r PR e T EPIEP A A a3 RS

~,

& H‘-

'
o

ks
A

LR N R N I N R N N A N R N A N L L TN~ L LN o o S NN W AT AR . . S W

secehcccehmences on FecsssTLesnnnn e EECE e P EYTAIEYYNIINIIRNNNA NI AN Y

4
l~ | O ” w
aisns :

oX:

.
.
)
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

cd M ARy miee e o
N,
-\%“‘
-
“\’v
-
\"5-
Yy mymyrym— >
LU LRLE L DL L LT AT L LT T T T

A

’
s
I

OO

L L L L L v RS L ..-.-.:...:-..:.::.\.-
'

AU ol AT AP

B T T L L e PR B S S

R R T

ceppse

\
a\/ &
-

—neL,

N

tessssshcsssssssssshanea

s
5

o an

cmmet .

remee e ...

m

R R R R T4 sLnsesya A e P/..()..P(.rrwo..;...}..». AAAA® BT BT ARA AL AL AT AR S HR LTSI AR RRRL S S SRR AL AL LR LY. LA LL L0, L000 800S40 08 § L0

4
: v
: s ¥

1

P T

.
:
:
:
:
:
.
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

o

.
.y
-r,
“~
v
.,
‘s
s

4a

;
: o

mtetete RSt AR AN Sute AR AN Gete A Ruses AR AL . AR Ayttt T A A A S - et & & & s e AREAREN. et vt a'y o : :
.
:

Vv,

FIG. 5



CA 02700013 2010-04-15

.90

v

g PP AP P TP A S A
WA VIS WYV AW AYYY- VY VY AN YV Y AVY WA vy A

1

94

4
i

A

[T T R R S b W g

A o

i
Z
/’

o O

14 R
1.

4

L
g’

rmmwwwmm.m.mmm WYV VW
rwmm

]

1111111111111111111111111111111111111111111

FIG. 6



CA 02700013 2010-04-15

v
T . DO o0 .o G c 3 0 . PR .. . .

-

'

'
”M.Mvﬂﬂwmmwww

“

{

"
.
a '
.
.
.
.
[
.
.
.
v
v
v
v
.
.
.
.
.
]
.
.
.
.
.
.
.
.
.
.
.
.
]
.
.
.
.
.
.
.
.
]
.
.
v
v
v
.
.
.
.
.
.
.
.
v
v
.
.
.
.
]
.
v
v
v
.
.
dep s R O R PR T P ) DO RN

Pl g gt el gl e e e sl B+ ol Bl B! Bl Skl Pl B B § S P P P sl it e . . A P B P P S P NS INE SN By

AL Ass. Asss sass
-

132

........................................................................................................................................................................................................................

~

A N A L A A 5 1 R e A i 2 2 A e g g e

.
.................................................................................................................................................................

FIG. 7



LWt R Y N TN SN NSNS R RSN 1AL TN AR R I w Rl AN U AL A SR YN TR RS RANmAYTRP W
. X
. F .
. F “
N :
' a
L. S :
a4 ¥
» a
e [
r “ 3 “
i T | .
h ‘ : + M
. . v
R
: | :
h ' 1 h o
i A
” \
v .
= d
1 2
i N :
! -
] - L]
- D U
1 “
. -
; ¢
. -
it Y ' S - - it . ' I T
ey =
H " .
e - !
Ay L] s -
= A .
H ! N_ 3
1 ; :
L )
; 4 ¥ :
" m .
. ....\ 3 bbbt
. Y o’ . .
s 4
2>
] .\. '
). h
. 4
v p
4 7
5 . f4 ; :
: p ! m
7 .
: 5 " "
. ~ - m
wirmmssmms s Ewy v e TR smmssmmyy .rlp-.la.:pll\ﬁ. / 8 "
m , .
SR ..--.r '
N\ . '
. + :
Remnd '
m e e— e —— -

S1
C

AT -

Tt e Tt e T T s, A, o atate - e tmtets fat a T AL et o - et ety tet et YWt N ey TRty YTt N VN et e TR YRR =t LN e, vy

e,

60



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

