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1. TITLE OF THE INVENTION
O DRIVING CIRCUIT FOR USE WITH HIGH VOLTAGE BIDIRECTIONAL SEMICONDUCTOR SWITCHES

2. DETAILED DESCRIPTION OF THE INVENTION
BACKGROUND OF THE INVENTION
Field of the Invention

O The present invention relates to driving circuits and methods for use with hig
h voltage bidirectional semiconductor switches.O In particular, the present inve
ntion provides for a driving circuit that utilizes a bootstrap capacitor and a d
riving circuit with self supply from a DC bus.

Related Art
O Recently developed bidirectional Ill-nitride switches are particularly useful
in the field of high power and high frequency electronics.0O A bidirectional I11-
nitride switch typically includes a substrate which may be composed of Si, SiC,
Sapphire, or the like, a first semiconductor body formed over the substrate comp
rised of gallium Nitride (GaN), and a second semiconductor body formed over firs
t semiconductor body and composed of AlGaN.[O The heterojunction of GaN and AlGaN
produces a highly conductive two-dimensional electron gas (2DEG) at or near the
heterojunction. The 2DEG is formed due to the spontaneous polarization effect a
s is known in the art.0O Two Ohmic power electrodes are ohmically connected to th
e second semiconductor body (AlGaN).O Two gate electrodes may be positioned a pr
edetermined distance from each of the two ohmic resistors.0 The bidirectional 11
I-nitride switch described above is a depletion mode device in that it is normal
ly ON.O The application of an appropriate voltage to either of the gates, howeve
r, causes an interruption of the 2DEG which turns the switch OFF.0O Generally, th
e voltage that is applied to the gate or gates to turn the switch OFF is a volta
ge that is more negative than the potential at either of the ohmic electrodes.

0 The bidirectional switches discussed above are particularly useful for use in
high voltage, high frequency systems and as such are useful for most any power e
lectronics application over a wide range of topologies.

O However, given the somewhat unique characteristics of these switches as deplet
ion mode devices, it is desirable to provide improved driving circuits and metho
ds to control these switches.

SUMMARY OF THE INVENTION
O A driving circuit for a half bridge utilizing bidirectional semiconductor swit

ches in accordance with an embodiment of the present application includes a high
side driver operable to control a high side bidirectional semiconductor switch,
wherein the high side driver provides a negative bias voltage to the bidirectio
nal semiconductor switch to turn the high sideld bidirectional semiconductor swit
ch OFF, a low side driver operable to control a low side bidirectional semicondu
ctor switch, an external voltage source wherein the a negative terminal of the v
oltage source is connected to the high side driver; and a high side driving swit
ch, positioned between the negative terminal of the voltage source and the high

side driver and operable to connect the high side driver to the negative termina
I of the voltage source when the low side driver turns the low side bidirectiona
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I semiconductor switch ON.

O A driving circuit for a half bridge utilizing bidirectional semiconductor swit
ches in accordance with another embodiment of the present application includes a
high side driver operable to control a high side bidirectional semiconductor sw
itch, wherein the high side driver includes a linear regulator control device th
at selectively connects the high side driver to a lower rail of the half bridge

and a low side driver operable to control a low side bidirectional semiconductor
switch.

O Other features and advantages of the present invention will become apparent fr
om the following description of the invention which refers to the accompanying d
rawings.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
O One of the advantages of using double gated bidirectional semiconductor switch

es such as those described above, with regard to the topology of accompanying dr
iving circuits is the possibility of having fully equivalent gates each referred
to a device source.l For example, in the specific circuit illustrated in Fig. 1
, a gate of al bidirectional semiconductor switching device (108 or 110) is refe
renced to the positive DC bus rail (VBUS), the negative DC bus rail (RTN) and th
e half bridge output (node 103).

O Further, given the fact that bidirectional semiconductor switches are depletio
n mode devices which are normally ON and typically require a negative bias on at
least one gate in order to be turned OFF, new driving topologies are possible.

O The circuit of Fig. 1 illustrates a first topology of a driving circuit for a
half bridge utilizing bidirectional semiconductor switches 108, 110 in accordanc
e with an embodiment of the present invention.

O As illustrated in Fig. 1, two bidirectional semiconductor devices, specificall
y a high side switch 108 and a low side switch 110 are arranged in series betwee
n the positive DC bus railO (VBUS) and negative, or lower,d DC bus rail, or retu
rn rail (RTN).0O A node 103 is provided between the high side and low side switch
es 108, 110 at the output of the half bridge which is preferably coupled to a lo
ad (not shown).

O A driving circuit 100 is provided to control the switches 108 and 110 of the h

alf bridge.O In the particular embodiment illustrated in Fig. 1, the driving cir

cuit is implemented as an integrated circuit (IC) formed on a 20V bulk substrate
102 with 2 floating wells 104, 106.0 The first well (HV1) 104 preferably has a

600V capacity and includes components for driving the high side switch 108.0 The
second well (HV2) 106 preferably has a 20V capacity.

O The high side bidirectional switch 108 is preferably driven by a conventional

output buffer formed by transistors Q1 and Q2 positioned in the first floating w
ell 104.0 As illustrated, a node 116 is positioned between transistors Q1 and Q2
and is coupled to one of the gates of switch 108.0 The ON/OFF status of the tra
nsistors Q1 and Q2 is preferably determined based upon a high side input logic c
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ontrol signal HI which is connected to the circuit 100 via the bulk.O It is note

d that the IC circuit may also include appropriate level shifting and delay func

tions common to conventional driving circuits to ensure that the high side input
logic control signal HI provide proper control.

O In operation, the high side switch 108 is nominally ON and thus conducts to pr
ovide a voltage to the load via the output node 103 of the half bridge.O During
this time, the transistor Q2 is preferably OFF, and transistor Q1 is preferably
ON.O Thus no voltage is provided to the gate of the switch 108.0 The switch 108
remains ON since no voltage is applied to the gate connected to node 116 and the
voltage at the other gate of the switch 108 is the same as that of the positive
DC bus rail and thus no negative bias voltage applied either gate.d When desire
d, the switch 108 may be turned OFF based on the high side logic signal HI.O In
particular, the switch Q2 is turned ON, and switch Q1 is turned off, such that a
negative voltage is provide to the node 116 via the transistor Q2 and the high
voltage MOSFET 114 (Mbs) from the negative terminal of voltage source 109.0 This
negative voltage can then be applied to the lower gate of the switch 108, thus
providing the negative bias to turn this switch OFF.

0 Just as in a conventional drive circuit for use with a conventional half bridg
e, the high side switch 108 and the low side switch 110 should not be ON at the

same time.O Thus, when the high side switch 108 is ON, the low side switch 110 s
hould be OFF.O Similarly, when the low side switch 110 is ON, the high side swit
ch 108 is OFF.O The high side logic input HI and low side logic input LI thus ar
e provided to ensure that the switched 108 and 110 are never ON at the same time

O Thus, when the high side logic input HI drives the switch 108 OFF, the low sid
e logic input LI preferably is used to turn the low side switch 110 ON.O It is n
oted however, that the IC 100 may also be provided with an appropriate dead time

(DT) to ensure that the high side and low side switches 108 and 110 are not ON
at the same time during the transition.d The use of such a preset dead time is c
ommon in driving circuits.d The low side switch 110 is preferably controlled by
cascoded switching.O That is, power MOSFET 112 is placed in series between the s
witch 110 and the lower rail of the DC bus.O The top gate of the switch 110 is ¢
oupled to the top electrode thereof, and thus will not provide a negative bias r
elative to the top electrode.d The bottom gate of the switch 110 is coupled to t
he lower DC BUS rail, or return rail RTN. Thus, the potential applied to the lo
wer gate will be substantially constant.O However, the low side input logic LI i
s preferably used to control the output buffer formed by transistors Q3 and Q4 i
n the second well 106.0 Again, appropriate level shifting and delays may be inco
rporated into the IC 100 to ensure that the low side input logic LI provides app
ropriate control.O A node 118 is provided between the transistors Q3 and Q4 to p
rovide a voltage to turn the power MOSFET 11 ON and OFF.0O When the power MOSFET

is ON, the relationship of the potential applied to the gates of switch 110 is s
uch that the switch 110 stays on.O When the power MOSFET 110 is turned OFF howev
er, the voltage at the low side electrode of the switch 110 will change such tha
t the switch 110 is turned OFF.

O As illustrated, the node 118 also controls the high voltage MOSFET 114 as well
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, such that the High voltage MOSFET is only ON when the power MOSFET 112 is ON.
O In particular, it is preferable if there is a slight delay between the turning
ON of the power MOSFET 112 and the turning ON of the high voltage MOSFET such t
hat the high voltage MOSFET 114 turns on only after the power MOSFET 112 is alre
ady ON.O Similarly, it is preferable that the high voltage MOSFET 114 turn OFF b
efore the power MOSFET 112 turns OFF.

O In addition, a desaturation control device 120 is provided to ensure that the
power MOSFET 112 remains unsaturated.d This feature is desirable in order to ens
ure that control of the power MOSFET will result in control of the lower switch
110.

O The only external components used by the IC 100 are the two capacitors Cl1 and
C2 and the single Diode D2.0 It is noted that the Diode D2 may also be incorpora
ted into the IC if desired.d This may be preferable in order to more easily prov
ide short circuit protection, current sensing or temperature sensing.

O In addition, it is noted also that using the configuration illustrated in Fig.

1, the capacitor Cl can be charged via the low side switch 110, the power MOSFE
T 112 and the high voltage MOSFET 116 when the high side switch 108 is turned OF
F.

O Fig. 2 is an illustration of a circuit used to simulate the circuit illustrate
d in Fig. 1.0 The circuit of Fig. 2 utilizes a half bridge driver chip such as t
he 1R2109(4) manufactured by International Rectifier Corporation to substantiall
y provide the components of the integrated circuit 100 described above.O The fun
ction and layout of the IR2109(4) is well known and publicly documented and thus
will not be described in detail herein.O It will be understood, however, that o
ther functionally equivalent driver chips may also be used.

O As illustrated in Fig. 2 the external capacitors Cl1 and C2 are connected betwe
en appropriate pins of the chip.O The transistor M1 illustrated in Fig. 2 and la
beled HVY MOSFET corresponds to the high voltage MOSFET 114 of Fig. 1 . Bidirecti
onal semiconductor switches HEMT2 and HEMT1 correspond to the bidirectional swit
ches 108 and 110 of Fig. 2.0 The additional components illustrated in Fig. 2 inc
lude modifications and adaptations necessary for testing.

O Fig. 3 is a chart illustrating measured values of the gate-source voltages (VG
S) for the high side and low side switches HEMT2, HEMT1 in Fig. 2.0 As illustrat
ed the gate-source voltages for both switched transition between positive and ne
gative values such that they would be capable of turning the bidirectional switc
hes ON and OFF as necessary.

O Fig. 4 is another chart illustrating measured values of the gate-source voltag
es (VGS) for the high side and low side switches HEMT2, HEMT1 in Fig. 2.0 Fig. 4
further highlights the dead time provide between changes in gate-source voltage
in switches of Fig. 2 during which both switched are OFF.O In addition the SWN

is also illustrated.

O Fig. 5 is a chart illustrates the measured values for the load current (lload)
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, the load voltage (Vload) and the gate source voltage of the low side switch (H
EMT1) of Fig. 2) along with the measure SWN.

O Fig. 6 illustrates a second topology of a driving circuit for a half bridge ut
ilizing bidirectional semiconductor switches in accordance with another embodime
nt of the present invention.

O The circuit of Fig. 6 includes many common elements as that of Fig. 1 and thus
common element will be referred to with common reference numerals.

O As in Fig. 1, Fig. 6 illustrates two bidirectional semiconductor devices, spec
ifically a high side switch 108 and a low side switch 110 are arranged in series
between the positive DC bus railO (VBUS) and negative, or lower,d DC bus rail,
or return rail (RTN).O The node 103 is provided between the high side and low s
ide switches 108, 110 at the output of the half bridge which is preferably coupl

ed to a load (not shown).

O A driving circuit 600 is provide to control the switches 108 and 110 of the ha
If bridge.O In the particular embodiment illustrated in Fig. 6, the driving circ
uit is implemented as an integrated circuit (IC) formed on a 20V bulk substrate
102 and a single floating well (HV1) 602 which preferably has a 600V capacity an
d includes components for driving the high side switch 108.

O The high side bidirectional switch 108 is preferably driven by a conventional
output buffer formed by transistors Q1 and Q2 positioned in the first floating w
ell 602.0 As illustrated, the node 116 is positioned between transistors Q1 and
Q2 and is coupled to one of the gates of switch 108.0 The ON/OFF status of the t
ransistors Q1 and Q2 is preferably determined based upon a high side input logic
control signal HI which is connected to the circuit 100 via the bulk.O It is no
ted that the IC circuit may also include appropriate level shifting and delay fu
nctions common to conventional driving circuits to ensure that the high side inp
ut logic control signal HI provide proper control.

O In operation, the high side switch 108 is nominally ON and thus conducts to pr
ovide a voltage to the load via the output node 103 of the half bridge.O During

this time, the transistor Q2 is preferably OFF, and transistor Q1 is preferably

ON.0O Thus no voltage is provided to the gate of the switch 108.0 The switch 108

remains ON since no voltage is applied to the gate connected to node 116 and the
voltage at the other gate of the switch 108 is the same as that of the positive
DC bus rail and thus no negative bias voltage applied either gate.

O The linear regulator control device 604 is also preferably provided in the wel
I 602 and monitors the voltage across the capacitor C23 and the status of the sw
itch 108.0 The linear regulator control device 604 controls high voltage transis
tor 606 (Mlin) to power the output buffer formed by the transistors Q1 and Q2..

0 As noted in Fig. 6, the high voltage transistor 606 (Mlin)is preferably a p-ch
annel device.Od If the voltage across the capacitor C23 falls below a threshold 1
evel, for example, 12 volts in the specific circuit illustrated in Fig. 6, the t
ransistor 606 is switched ON to ensure that there is a path to charge the capaci
tor C23 whether or not the switch 108 is ON.O If the switch 108 is ON the transi
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stor 606 is turned ON if the voltage across capacitor C23 is above the threshold
voltage.O If the voltage across capacitor C23 is above the threshold level, it
may be an indication that the load voltage at node 103 is rising too high in whi
ch case it is preferable to turn switch 108 OFF.O In conjunction with the high s
ide input logic HI the low voltage of the return rail (RTN) is provided to the n
ode 116 is provide via the transistor 606 and the transistor Q2, which is prefer
ably turned ON bu the logic signal HI.O The voltage at node 116 will be negative
with respect to the high side rail and the output voltage, and thus will shut s
witch 108 OFF.O As noted above when transistor Q1 is ON and transistor Q2 is OFF
, no voltage is applied to the gate of switch 108 and the switch remains ON.O Lo
w voltage diode D3 may be provided in the linear regulator loop to help prevent
the capacitor C23 from discharging when the high side switch 108 is OFF and low
side switches 110 and 112 are ON.

0 As noted above with respect to Fig. 1 the low side logic input LI preferably i
s used to turn the low side switch 110 ON and OFF as desired. The power MOSFET
112 may be placed in series between the switch 110 and the lower rail of the DC
bus.Od The top gate of the switch 110 is coupled to the top electrode thereof, an
d thus will not provide a negative bias relative to the top electrode.O The bott
om gate of the switch 110 is coupled to the lower DC BUS rail, or return rail RT
N.O Thus, the potential applied to the lower gate will be substantially constant
However, the low side input logic LI is preferably used to control the output
buffer formed by transistors Q3 and Q4.0 Appropriate level shifting and delays
may be incorporated into the IC 600 to ensure that the low side input logic LI p
rovides appropriate control.O A node 118 is provided between the transistors Q3
and Q4 to provide a voltage to turn the power MOSFET 112 ON and OFF.O When the p
ower MOSFET is ON, the relationship of the potential applied to the gates of swi
tch 110 is such that the switch 110 stays on.O When the power MOSFET 110 is turn
ed OFF however, the voltage at the low side electrode of the switch 110 will cha
nge such that the switch 110 is turned OFF.

O The desaturation control device 120 may also be provided to ensure that the po
wer MOSFET 112 remains unsaturated.l This feature is desirable in order to ensur
e that control of the power MOSFET will result in control of the lower switch 11
0.

O The integrated circuit 600 of Fig. 6 eliminates the need for the external powe
r supply 109 from Fig. 1 and also ensures safe start up and efficient voltage re
gulation by avoiding transient effects on the linear circuitry.

O Fig. 7 is a schematic of a simulation circuit used in testing the circuit of F
ig. 6.0 Figs. 8A-8C are charts illustrating measured values of various parameter
s of the circuit of Fig. 7.0 As illustrated in Fig. 8A for example which is a gr
aph of the output voltage V4, from start up the output voltage V4 rises smoothly
to the desired value and then remains at the desired value.

O Fig. 9 is a chart illustrating the measured values of the gate-source voltages
(VGS) for the high and low side switches of Fig. 7.0 As can be seen the gate-so
urce voltages alternate between positive and negative values and thus are suffic
ient to turn the switches OFF when desired.O In addition, the SWN of the circuit
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of Fig. 7 is illustrated.

O Although the present invention has been described in relation to particular em
bodiments thereof, many other variations and modifications and other uses will b
ecome apparent to those skilled in the art.0O It is preferred, therefore, that th
e present invention be limited not by the specific disclosure herein, but only b
y the appended claims.

3. BRIEF DESCRIPTION OF THE DRAWINGS

O Fig. 1 illustrates a driving circuit for use with a half bridge circuit utiliz
ing bidirectional switching devices in accordance with an embodiment of the pres
ent application.

O Fig. 2 is a schematic illustration of a simulation circuit used to simulate th
e circuit of Fig. 1.

O Fig. 3 is a chart illustrating measured gate-source voltages of the switching
devices illustrated in the simulation circuit of Fig. 2.

O Fig. 4. Is a chart illustrating measure gate-source voltages of the switching
devices and illustrating the dead time during which both switched are off of the
circuit of Fig. 2.

O Fig. 5 is a chart illustrating the gate-source voltage of the switches of Fig.
2 and the load voltage and current.O

O Fig. 6 illustrates a driving circuit for use with a half bridge circuit utiliz
ing bidirectional switching devices in accordance with an embodiment of the pres
ent application.

O Fig. 7 illustrates a schematic of a simulation circuit used to simulate the ci
rcuit of Fig. 6.

O Figs. 8A-8C are charts illustrating simulated values of various parameters in
the circuit of Fig. 7.

O Fig. 9 is a chart illustrating measured values of the gate-source voltages of
the switching devices in the simulation circuit of Fig. 7.0

0 1.0 A driving circuit for a half bridge utilizing bidirectional semiconductor
switches comprises:

0 a high side driver operable to control a high side bidirectional semiconductor
switch, wherein the high side driver provides a negative bias voltage to the hi
gh side bidirectional semiconductor switch to turn the high sided bidirectional
semiconductor switch OFF;

O a low side driver operable to control a low side bidirectional semiconductor s
witch;

O an external voltage source wherein the a negative terminal of the voltage sour
ce is connected to the high side driver; and

0 a high side driving switch, positioned between the negative terminal of the vo
Itage source and the high side driver and operable to connect the high side driv
er to the negative terminal of the voltage source when the low side driver turns
the low side bidirectional semiconductor switch ON.

0 2.0 The driving circuit of claim 1, wherein the high side driver is controlled
by a high side input control signal.

0 3.0 The driving circuit of claim 1, wherein the low side driver is controlled
by a low side input control signal.
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0 4.0 The driving circuit of claim 3, wherein the low side driver further compri
ses:

O a first transistor;

0 a second transistor, wherein the first transistor and a second transistor are

positioned as a push-pull pair and wherein the first and second transistors are

turned ON and OFF based on the low side input control signal;

O a power MOSFET placed in series with the low side bidirectional semiconductor

switch; and

0 an output node positioned between the first and second transistors and connect
ed to a gate of the power MOSFET, wherein when the voltage value of the output n
ode turns the power MOSFET ON, the low side bidirectional semiconductor switch i
s ON and when the voltage value of the output node turns the power MOSFET OFF, t
he low side bidirectional semiconductor switch is OFF.

O 5.0 The driving circuit of claim 4, wherein the low side driver further compri
ses a desaturation control device coupled to the power MOSFET to ensure that the
power MOSFET does not operate in saturation.

0 6.0 The driving circuit of claim 3, wherein the low side input control signal
further controls the a high side driving switch, such that the negative terminal
of the voltage source is connected to the high side driver when the low side bi
directional semiconductor switch is turned ON and wherein the negative voltage o
f the negative terminal is utilized to turn the high side bidirectional semicond
uctor switch OFF.

O 7.0A driving circuit for a half bridge utilizing bidirectional semiconductor

switches comprises:

O a high side driver operable to control a high side bidirectional semiconductor
switch, wherein the high side driver includes a linear regulator control device
that selectively connects the high side driver to a lower rail of the half brid

ge: andOd

0 a low side driver operable to control a low side bidirectional semiconductor s

witch.

0 8.0 The driving circuit of claim 7, wherein the linear regulator control devic
e connects the high side driver to the bottom rail of the half bridge when the h
igh side bidirectional switch is ON and when a voltage across a capacitor across
the high side driver rises above a threshold voltage, such that the high side d
river applies a negative bias voltage to a gate of the high side bidirectional s
emiconductor device to turn it OFF.

0 9.0 The driving circuit of claim 8, wherein the linear regulator control devic
e connects the high side driver to the bottom rail of the half bridge when the v
oltage across the capacitor drops below the threshold value.

0 10.0 The driving circuit of claim 7, wherein the low side driver further compr
ises:

O a first transistor;

0 a second transistor, wherein the first transistor and a second transistor are
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positioned as a push-pull pair and wherein the first and second transistors are

turned ON and OFF based on the low side input control signal;

0O a power MOSFET placed in series with the low side bidirectional semiconductor

switch; and

O an output node positioned between the first and second transistors and connect
ed to a gate of the power MOSFET, wherein when the voltage value of the output n
ode turns the power MOSFET ON, the low side bidirectional semiconductor switch i
s ON and when the voltage value of the output node turns the power MOSFET OFF, t
he low side bidirectional semiconductor switch is OFF.

0 11.0 The driving circuit of claim 10, wherein the low side driver further comp
rises a desaturation control device coupled to the power MOSFET to ensure that t
he power MOSFET does not operate in saturation.Od 0O

12.0 A bidirectional switching circuit comprising:

a high side bidirectional semiconductor switch;

a low side bidirectional semiconductor switch connected in series with the hig
side bidirectional semiconductor switch; and

O = 0000

a driving circuit in accordance with claim 7.0

13.0 A bidirectional switching circuit comprising:
a high side bidirectional semiconductor switch;
a low side bidirectional semiconductor switch connected in series with the hig

A S I

side bidirectional semiconductor switch;

0 a high side driver operable to control the high side bidirectional semiconduct
or switch, wherein the high side driver provides a negative bias voltage to the
high side bidirectional semiconductor switch to turn the high sideO bidirectiona
I semiconductor switch OFF;

O a low side driver operable to control the low side bidirectional semiconductor
switch;

O an external voltage source wherein the a negative terminal of the voltage sour
ce is connected to the high side driver; and

0 a high side driving switch, positioned between the negative terminal of the vo
Itage source and the high side driver and operable to connect the high side driv
er to the negative terminal of the voltage source when the low side driver turns
the low side bidirectional semiconductor switch ON.

0 14.0 The bidirectional switching circuit of claim 13, wherein the high side dr
iver is controlled by a high side input control signal.

0 15.0 The bidirectional switching circuit of claim 13, wherein the low side dri
ver is controlled by a low side input control signal.O

0 16.0 The bidirectional switching circuit of claim 15, wherein the low side dri
ver further comprises:

O a first transistor;

O a second transistor, wherein the first transistor and a second transistor are
positioned as a push-pull pair and wherein the first and second transistors are
turned ON and OFF based on the low side input control signal;

0 a power MOSFET placed in series with the low side bidirectional semiconductor
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switch; and

0 an output node positioned between the first and second transistors and connec
ted to a gate of the power MOSFET, wherein when the voltage value of the output

node turns the power MOSFET ON, the low side bidirectional semiconductor switch

is ON and when the voltage value of the output node turns the power MOSFET OFF,

the low side bidirectional semiconductor switch is OFF.

0 17.0 The bidirectional switching circuit of claim 16, wherein the low side dri
ver further comprises a desaturation control device coupled to the power MOSFET
to ensure that the power MOSFET does not operate in saturation.

0 18.0 The bidirectional switching device of claim 17, wherein the low side inpu
t control signal further controls the high side driving switch, such that the ne
gative terminal of the voltage source is connected to the high side driver when
the low side bidirectional semiconductor switch is turned ON and wherein the neg
ative voltage of the negative terminal is utilized to turn the high side bidirec
tional semiconductor switch OFF.

1. ABSTRACT

O A driving circuit for a half bridge utilizing bidirectional semiconductor swit
ches in accordance with an embodiment of the present application includes a high
side driver operable to control a high side bidirectional semiconductor switch,
wherein the high side driver provides a negative bias voltage to the bidirectio
nal semiconductor switch to turn the high sideld bidirectional semiconductor swit
ch OFF.O A low side driver may be operable to control a low side bidirectional s
emiconductor switch.O An external voltage source with a negative terminal of the
voltage source connected to the high side driver may be provided.O A high side
driving switch may be positioned between the negative terminal of the voltage so
urce and the high side driver and operable to connect the high side driver to th
e negative terminal of the voltage source when the low side driver turns the low
side bidirectional semiconductor switch ON.

2. REPRESENTATIVE DRAWING
00O Fig. 1
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Negative VGS Gate Driver — Approach #1 nemtz

VGS Hi, VGS,Lo (Vee=15V, £=10kHz)

VGS,Hi, VGS,Lo & SWN (VDD=100V, Vce=15V , f=10kHz)
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Hi and Lo Side VGS @ 5kHz, VBUS=50V
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