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METHODS AND APPARATUS FOR REDUCING MOSFET BODY
DIODE CONDUCTION IN A HALF-BRIDGE CONFIGURATION

_BACKGROUND OF THE INVENTION

The present invention relates to power switching devices. Moré
specifically, the present invention provides improved techniques. for switching
between high and low side devices in a half-bridge configuration.

Conventional integrated circuit half-bridée drivers typically use non-
overlapping power MOSFET gate control signals to guarantee a minimum time
interval when both high side and low side power MOSFETs are in a high impedance
state. This interval is commonly referred to as the 'dead time;._ The dead time interval
occurs just prior to the commutation of currént from one éwitching device to the other
and is needed to ensure that there_ is no simultaneous conduction of current through
the two switching devices, i.e., no shpot-through current. The dead time interval must
often Be larger than desired to insure that a minimum dead time is maintained over IC
operational temperatures and process variations.

During the dead time, whe# both power switchiﬁg devices are high
impedance, any output current flowing in an inductive ioad is forced to flow through
the parasitic body diode of either the high or low side switching deviéc. When the
half-bridge driver and power MQSFETs share thé same silicon substrate, current
flowing through the body diodes of tixe power MOSFETs can activate additional
parasitic transistors on the IC substrate. Activation of these paraéitic transistors can

be an unwanted source of power dissipation and can interfere with the normal
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operation of the half-bridge control circuitry. Moreover, activation of these parasitic
transistors can even destroy the IC via a well known mechanism known as latch-up

A common soluf_tio_n to this problem is to add external Schottky diodes
in parallel with the power MOSFET body diodes. -The exfé_rnal Schottky. diodes,
having a lower forward voltage, then carry most of the current that would otherwise
flow in the body diodes during the dead time. However, series inductance associated
with the Schottky diodes and the half-bridge IC packaging often limits the
effectiveness of this techmque when swntchmg large currents at high frequencies. This
solution also adds considerable cost to a system and is thus undemrable

Figure 1 of the drawings illustrates the prior art half-bridge switching
power amplifier. V1 and V2 are typically 5Vto IOV voitagé sources. The gates of

power MOSFETs M1 and M2 are driven such that there is a time interval when both

M1 and M2 are off and not conducting cuﬁmt. This time interval has been referred to

herein as the dead time. During the dead time, when current is flowing into or out of
tﬁe sWitcﬁing power amplifier oﬁtput due to an inductive load, one of the body diodes
DlorD2 conducts the current.- This causes the output to rise above VDD or fall
below GND by an amount '&etermined-by the forward voltage of the body diode.

The gate drive, output voltage and output current waveforms for the
switching power amplifier of Figure 1 are shown in Figare 2. Figures 3 and 4 are
simplified illustrations of the two-step switching process for the half bridge power
amphﬁer in Figure 1 according to the prior art. 'l‘he gate sw1tches from Flgure 1 have

' been removed for s1mp11c1ty and the power MOSFETs are represented by their
respective region—of-operhtion resistance. Figure 3 shows the case where current is

flowing into the amplifier output stage and Figure 4 shows the case where current is
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flowing out of the amplifier output stage.
 Figures 3a through 3c show the three states of the switching process for
the half-bridge power amplifier in Figure 1 for the case where current is flowing into
the amplifier output stage, i.e., interval t0-t5 in Figure 2. In Figure 3a, load current is
flowing into M2 with M2 acting as a switch conducting the current to GND (State 1).
The first step of the conventional switching process is to discharge the gate of M2
completely. This causes both outpﬁt MOSFETS to be in a high impedance state as
shown in Figure 3b (State 2). During this dead time (interval t1-t2 of Figure 2), the
output current remains relatively constant and therefore flows almost entirely through
- D1 back into the power supply VDD. As can be seen in Figure 2, the voltage drop
across D1 causes the output voltage Vout to rise above VDD during this interval. The
second step of the switching process is to charge the gate of M1 which then diverts the
current fr§m D1 as shown in Figure 3¢ (State 3). The sequence 3a-3b-3c illustrates
the output voltage transitioning from low to high. The process is reversible for the
case when the output voltage is transitioning from high to low, i.e., 3c-3b-3a.

Figures 4a through 4c show the three states of the switching process for
the half-bridge power amplifier in Figure 1 for the case where current is flowing out .
of the amplifier output stage, i.c., interval t5-t9 in Figure 2.

‘Body diode conduction of IC power devices during conventional
switching can have catastrophic consequences for the IC. It is therefore desirable to
provide techniques by which switching of a ha.lf_-!bridge conﬁguﬁtion may be
accomplished while minimizing the current conducted by the body diodes of the

power devices.
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SUMMARY OF THE INVENTION |
According to the present invention, contrc:_)':llcircnitry has been -
incorporated into a héif-bridge gate driver to ininimiz; body diode conduction and
shoot-through currents of the halfbridge power MOSFET.s.-_' The control circuitry of
the present invention achieves this by operating one of thé two power MOSFETs of
the half-bridge as a current source, i.c., in the saturation région rather than the linear
region, during currenf commutation. n
- The MOSFET operating as a current source diverts and conducts
current that normally ﬁom in one of the two power MOSFET body diodes during the
dead tithe interval. Thus, while one power MOSFET provides the required output
load current, the other power MOSFET, actjng asa switqh, can either be turned on to
switch the output to the desired voltage or it can be turned .o.ff.

. Inthecase where the switch MOSFET s tursed on to switch the
.output, the current source MOSFET is turned off once the output has switched. For
the case where the switch MOSFET is tuméd off, the current source MOSFET is then
fully enhanced, which switches the oﬁtput to the desired voltage.

In order to operate the power MOSFETs as current sources, the gate _
- drive circuit must be able to partially charge and discharge the power MOSFET gates.
- The voltage to which the gate must be charged is determined by the output current.
According to a specific embodiment, the current source magnitude is substantially -
equal to the output current magnitude thereby avaiding c,ross-t:(;nduction between the
two power MOSFETS. . - |
Thus, the present invention provides methods and apparatus for

operating first and second switches arranged in a half-bridge configuration. First and
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second gate voltageétn; the first and second gates, respecﬁvely, of the first and second
‘switches are controlled such that the first switch is on and the second switch is off.
One of the first and second gate voltages is controlled such that the corresponding one
of the first and second switches operates as a constant current source. After one of the
first and second switches has been operating as a constant current source, the second
gate voltage is controlled such that the second switch is on and the first gate voltage fis
controlled such that the first switch is off.

According to a specific embodiment, the first and second gate voltages
are controlled such that the first switch is on and the second switch is off. The first |
gate voltage is then controlled such that the first switch operates as a constant current
source. While the first switch is operating as a constant current source, the second
gate voltage is controlled such that the second switch is on. After the second switch is
turned on, the first gate voltage is controlled such that the first sthch is off.

According to another specific embodiment, the first and second gaxe
voltages are controlled such that the first switch is on and the second switch is off.
The second gate voltage is then controlled such that the second switch operates as a
constant current source. While the second switch is operating as a constant current
source, the first gate voltage is controlled such that the first switch is turned off. After
the first switch is turned off, the second gate voltage is controlled such that the second
switch is on.

A further understanding of the nature and advantaées of the present
invention may be realized by reference to the remaining portions of the specification

and the drawings.
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- BRIEF DESCRIPTION OF THE DRAWINGS

F 1gure 1 lis a circuit diagram ofa convent_iépgli_ half-bridge switching
power amplifier. Suﬁtches S1 through S4 control the g#é chargmg and discharging
of power MOSFETs M1 and MO, Diodes D1 and D2 are the parasitic body diodes

5  associated with the pé%r MOSFE'I_‘s.

Figﬁré 2isa switéh_ timing diagram illustratihg the gate control
waveforms for the power MOSFETS in Figure 1. Aho-sho%,is the output voltage
and current waveforms for both positive and negative outpu:t current directions.

Figures 3a through 3c show the three staxes of-_ the switching process for

10 the prior art balf-bridge power a’nipliﬁer in Figure-1 for the case where current is
flowing into the amphﬁer output stage. The gate switches from Figure 1 have been
mved for simpiicity and the powér MOSFE’_I‘s'are' represented by their respective
region-of-operation resistance.

Figures 4a through 4c show the three states of the switching process for

15 the prior art half-bridge pbwer amplifier in Figure: 1 for the case where current is -
flowing out of the amplifier output stage. The gate switches from F 1gure 1 have been
removed for simplici_fy and the power MOSFET are represented by their respective

- region-of-operation resistance. |

Figure 3 is a simplified circuit diagram illustrating one implementation

20  of the additional gate control circuitry of the present inventiﬁn. Switches S1 through
S4 and transconductance stages GM1 and GM2 c'ontrol the ,éate 'charging and
discharging of power MOSFETs M1 and M2. Diodes D1 and D2 are the parasitic
body diodes associated with the power MOSFETs.

Figure 6 is a switch timing diagram illustrating the manner in which
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the gates of the power‘MOSFETs in Figure 5 are mntoﬁéé‘i fi accordance with the

. new invention. Also shown is the output voltage and current waveforms for both

* positive and negative output current directions.

" Figures 7a through 7d show the general case of the four sfate switching
process for the present invention half-bridge power amplifier for the case where
current is flowing into the amplifier output stage. The gate switches and
transconductance stages from Figure 5 have been removed for simplicity and the
power MOSFETS are represented by their respective region-of-operation resistance.

 Figures 8a through 8d show the general case of the four state switching
process for the present invention half-bridge power amplifier for the case where
current is flowing out of the amplifier output stage. The gate switches and
transconductance stages from Figure 5 have been removed for simplicity and the
power MOSFET:? are represented by their respective region-of-operation resistance.
Figure 9 shows a circuit diagram of 2 more specific embodiment of the

present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
As will now be discussed with reference to Figures 5-9, additional gate
control circuitry has been added to the basic switching power amplifier configuration
- of Figure 1 to control the body diode dead time conduction currents. Two -
transconductance stages GM1 and GM2, when enabled by signais EN1 and EN2,
sense the voltage across one of the MOSFET in order to set the gate voltage of the
other MOSFET. When disabled, the outputs of GM1 and GM2 are high impedance.

- GM1 and GM2 allow the MOSFETS to be operated as current sources rather than just
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 as switches. Switches S1-84 allow for quick gate charging:and discharging of M1 and

M2. The gate drive; oﬁtput'voltage and output current Waveforms for the switching
power amplifier of Figure 5 are shown in Figure 6. ~The th%eé:_'-step switching process
of the present inVenﬁén is illustrated in.Figunesi7 and 8where the gate switchesand
transconductance sté,gés from Flgure 5 have been remo_ve_d-. for .simplicity and the

power MOSFETs are @msented Ey their respective regidtit.—df-operation resistance.
Figure 7 shows the éase where current is ﬂowmg into the _zimpliﬁer output stage and
Figure 8 shows the cése where current is ﬂoﬁng out of the:;ampliﬁe'r output stage.

According to a specific embodiment of the present invention, the dead

time switch states of Figures 3b and 4b are each replaced by the two states shown in

" Figures 7b and 7¢ and Figures 8b and 8c, respectively. In tlns embodiment, one of the

MOSFETs acting as a current source diverts the load cunei;t that would otherwise

flow through the body:diode of the other MOSFET during the dead time interval.

‘Figure 7a illustrates one of the possible initial states of the half bridge power amplifier

where load current is flowing into the amplifier output w1th M2 acting as a switch -
conducting the current to GND (State 1). The gate-source voltage of M2 is then

reduced such that M2 operates as a current source of nnagnitude equal to that of the

. output current, Io, as shown in Figure 7b (State 2). The gafe bf.—Ml is then fully

charged to clamp the output to VDD-as shown in Figure 7c (State 3). Finally, the gate
of M2 is completely discharged placing it into é high lmpedance state as indicated by
Roff in Figure 7d (State 4). Note that current did fnot flow through the body diodes
D1 orD2 at any time during this switching process. )

The switching process described by the sequence 7a-7b-7¢c-7d is

completely reversible.. When the initial state of the half-bridge output is State 4 as
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.shown in Figure 7d,ﬂie reverse steps can be taken to restiré the half bridge to State 1,
i.e., 7d-7c-7b-7a.

‘The output current direction must be sensed prior to beginning the
switching sequence to determine which device, high side or low side, willactasthe
current source. For example, in Figure 7a, load current is flowing into the output
which will be transitioning from low to high. Under this condition M2 becomes the
current source. By contrast, in Figure 8a, whete the load current is flowing out of the
output that will be transitioning from low to high, M1 becomes the current source.
The output current direction can be determined, for example, by measuring the
polarity of the voltage across the conducting MOSFET just prior to the output
switching.

In order to minimize the switching process time, the conduction states
of the output power MOSFETs is determined prior to the next state change. For
exﬁple, in Figure 7c, the conduction state of M1 is determined before the decision is
made to turn off the current source as in Figure 7d. According to a specific
embodiment, the gate-source voltage of the MOSFET in question is used to make this
determination.

To further illustrate the operation of the present invention, the -
switching conditions illustrated in Figures 7 and 8 will now be applied to a specific
embodiment of the invention as shown in Figure 5 with waveform timing shown in
Figure 6. "

Consider first the condition where current Iout is flowing into M2 of

Figure 5, and the output will be transitioning from low to high as shown in Figure 6

(time interval t1-t6). M2 is initially in the linear region of operation and conducting
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the current to GND. This forms a small positive voltage across the Rdson of M2.
This condition is equivalent to State 1 shown in Figure 7a gnc; corresponds to the time
interval t0-t1 in Figure 6. To switch the output from GND to VDD, GM2 is enabled
which begins discharging the gate of M2 (ti_m_e interval t1-12). As Vout rises (time
interval t2-t3), M2 lea§$ the linear xggion of operatior_x. The Miller capacitance
associated with M2 diverts any gate discharge current that GM2 provides during this
interval and thus Vgs2 is held (interval 12-3). Once Vout reaches VDD, GM2
maintains Vgs2 at the desired level to keep D1 from turning §n (interval t3-14). M1 is
then turned on by S1. However, no current flows in M1 since there is 0V across it
(interval 13-t4). Once M1 is fully énhanced, GM2 is disabled and S4 activated to turn
current source M2 off (interval t4 t5). Iout then flows completely through M1
(interval £5-17). |
Now, consider the condition Where cm‘rent_I§ut is flowing into M1 and

the output will be transitioning from high to low as shov in Figure 6 (time interval
t7-t11). Ml is initially in the linear region of operation and conducting Iout to VDD.
This forms a small positive voltage (with respect to VDD) aém_ss the Rdson of M1.
This condition is équivalent to State 4 shown in Figure 7d _an& corresponds to the time
interval 15-t7 in Figure 6. To switch the output from VDD to GND, GM2 is enabled
which charges Vgs2 to the desired voltage to set the drain. cuﬁent of M2 equal to Iout.
M1 is still on and has the output voltage clamped at VDb (mterval t7-18). The gate
of M1 is then discharged via S2 (intervél 18-19). Once Vsl is ﬁﬁly discharged, GM2
is disabled and S3 is activated to fully charge M2’s gate (interval t9-t11). The output
then transitions from high to low..

Next, consider the condition where current Iout is flowing out of M2

10
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and the output will £ kansitioning from low to high as SE in Figure 6 (time
interval t13-t17). M2 is initially in the linear regi;)n of operation and sourcing Iout

- from GND. ThJS forms a small negative voltage across the Rdson of M2. This
condition is equivalent to State 1 shown in Figure 8a and corresponds to the time
interval t12-t14 in Figure 6. To divert Iout from M2, GM1 is enabled which then
charges Vgs1 to the desired voltage to set the source current of M1 equal to Iout and
bring the voltage across M2 to zero (interval t13-t14). Vgs2 is then discharged via S4
once current source M1 is properly set (interval t14-t15). Once the gate of M2 is
completely discharged, GMI1 is disabled and S1 is activated to fully charge the gate of
M1 (interval t15-t17) resulting in the output rising to VDD.

Finally, consider the condition where current Iout is flowing out of M1
and the output transitions from high to low as shown in Figure 6, time interval t18-
123. M1 is initially in the linear region of operation and sourcing Iout from VDD.
This forms a small negative voltage (with respect to VDD) across the Rdson of M1.
This condition is equivalent to State 4 shown in Figure 8d and corresponds to the time
interval t16-t19 in Figure 6. To switch the output from VDD to GND, GM1 is
enabled which discharges Vgs1 to the desired voltage to set the source current of M1
equal to Iout (interval t18-t19). As VGS1 drops below the level needed to maintain
ontput current, the load current pulls Vout low (interval t19-120). GM1 then holds
Vgsl at the proper voltage to maintain Iout (interval t19-t21). M2 may then be fully
enhanced since there is 0V across M2 (interval £20-23). Once M2 is on sufficiently,
M1 is turned off and the output current flows entirely through M2 (interval t21-t22).

Figure 9 shows a circi;it diagram of a more specific embodiment of the

invention. The circuit depicted may be manufactured according to any of a variety of
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semiconductor processes such as, for example, bipolar, CMOS, DMOS, IGBT, etc.
Moreover, it will be ﬁﬁderstood that different _combinatior_::s:.' of these processes may be
employed to form the depicted circuit. Comparators 901 and 902 monitor the gate-

source voltage of M1 and M2 so that the conduction states of the M1 and M2 can be |

known. Comparatofs_. 903_ and 904 monitor the voltage across each FET, M1 and M2,

so that the direction of the output current can be detenningc:l. .Both conduction state

- and output current direction information are fed into the Gate Charge Control Logic

block 905. The logic within this block determines the stafe_'of the elements that
charge and discharge the gates of M1 and MZ, ie., S1, SZ; $3,_S4, GM1 and GM2, in
accordance with the previously de.scribed switching procedures. It will be understood
that control logic block 905 may be implemén_ted in a.vvidg vanety of ways without
departing from the scope of the present invention. Tt vﬁ]l_aléo be understood that
because the irnpleméntation of coﬁtol logic block 905 is w_eil within the abilities of
the typical logic desigﬁer, a d_wcription of a specific i_mplqige_ntation has not been
included herein to avoid unnecessary obfuscation of the ptingiplw of the invention. )
An example of the operation of the present ihvention will now be
described with reference to Figure 9. In this example, current is flowing into the
output of the switching amplifier and M1 is conducting the current to VDD. The
output voltage (Vout) is slightly above VDD ( Vout = (fout x Rdson) + VDD ). The
H-bridge input signal goes low mdlcatmg that M1 should tée. turned off and that M2
should be turned on. Gate Charge Control Logic. !905 doesls_ever.al tlungs inan
ordered sequence to prevent body diode conduction. It sef;éqs the direction of the
output current via comparator 903. It enables S2 thus imﬁaﬁng discharge of M1's

gate. It enables GM2 thus initiating a partial charging of M2's gate. M2's gate will be
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charged until the ouiﬁutdrops to VDD, and thenheld. Atifié tlme when Vout is equal
to VDD, M2, acting as a current source, conducts all of the output current and M1 is
merely clamping Vout to VDD. Once comparator 901 detects that the gate-source
voltage of M1 has fallen below a predetermined reference voitage (Vref), indicating
that M1 is no longer capable of conducting significant current, Gate Charge Control
Logic 905 disables GM2 and enables S3. S3 allows the gate of M2 to be fully
charged to V2 and the output falls to a voltage slightly ai:ove 0V (Vout = [out x
Rdson) as M2 becomes .ﬁ:llly enhanced, thus completing the switching operation. This
example illustrates the control sequence for the case where current is flowing into the
output and the output voltage transitions from high to low. Gate Charge Control
Logic 905 provides similar sequencing for the other three cases which include current
flowing into the output and Vout transitioning from low to high, current flowing out
of the output and Vout transitioning from low to high, and current flowing out of the
output and Vout transitioning from high to low.

While the invention has been particularly shown and described with
reference to specific embodiments thereof, it will be understood by those skilled in the
art that changes in the form and details of the disclosed embodiments may be made
without departing from the spirit or scope of the invention. For example, in the
embodiments described herein, power MOSFET's are used as the switching and
current source devices. However, it will be understood that a variety of other types of
power switching devices could be used. These in’clude any type of device that can be
configured as both a current source and a switch, e.g., IGBTs, bipolar transistors,
PMOS devices, etc. Moreover, according to some embodiments, voltage outputs

could be used in place of the transconductance stages. In addition, the

13
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transconductance stages could have their inputs switched to allow these stages to

perform the functions of S1-54, thus eliminating the need f,oix.";Sl-S4. Therefore, the

scope of the invention should be determined with referent_:¢ to the appended claims.
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WHAT IS CLAMED IS | A

1. A method for operating first and second switches arranged in a
half-bridge configuration, the first and second switches having first and second gates,
5  respectively, comprising:
controlling first and second gate.volta'ges on the first and second gates,
respectively, such that the first switch is on and the second switch is off;
controlling one of the first and second gate voltages such that the
corresponding one of the first and second switches operates as a constant current
10  source;
after the one of the first and second switches has been operating as a
constant current source, controlling the second gate voltage such that the second
switch is on; and
controlling the first gate voltage such that the first switch is off.
15
2. The method of claim 1 wherein the first switch is operated as

the constant current source.

3. The method of claim 1 wherein the second switch is operated as

20 the constant current source.

4, The method of claim 1 wherein the first switch is a high-side
switch and the second switch is a low-side switch, and wherein an output current

having a direction is associated with the half-bridge configuration, the method further

15
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comprising:

sensmg the direction of the output current;

whergiﬂie output current is directed into the half-bridge configuration,
operating the second fsv_Qitch as the constant current source; and

5 where the output current is directed out of the half-bridge

configuration, operating the first switch as the constant current source.

5. . ‘The method of claim 1 wherein the first switch is a low-side
switch and the seconé switch is a high-side switch, and wherein an output current
10  having a direction is ;ssociated with the half-bridge configuration, the method further
comprising: .
sensing the direction of the output current; .
wheré the output current is directed into the half-bridge configuration,
operating the first swﬁﬁh as the constant current source; and
15 where the output current is directed out of the half-bridge

configuration, operating the second switch as the constant current source.
6.  The method of claim 1 further comprising sensing an output
voltage associated with the half-bridge configuration, the first and second gate

20  voltages being controlled in accordance with the output voltage.

7. - The method of claim 6 wherein the output voltage comprises a

first voltage across the first switch.

16
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'8. *:**The method of claim 6 wherein théibutput voltage comprises a

first voltage across the second switch.

9. - The method of claim 6 wherein the output voltage comprises a

5  half-bridge configuration output voltage.

10. The method of claim 1 wherein the constant current source has
a first magnitude associated therewith, and wherein an output current of a second
‘magnitude is associated with the half-bridge configuration, the first and second

10  magnitudes being substantially the same.

11. A method for operating first and second switches arranged in a
half-bridge configuration, the first and second switches having first and second gates,
respectively, comprising:

1s controlling first and second gate voitages on the first and second gates,
respectively, such that the first switch is on and the second switch is off;

controlling the first gate voltage such that the first switch operates as a
constant current source;

while the first switch is operating as a constant current source,

20  controlling the second gate voltage such that the second switch is on; and
after the second switch is tﬁmed 0;1, controlling the first gate voltage

such that the first switch is off.

‘12. A method for operating first and second switches arranged in a

17
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half-bridge conﬁgur_ation, the ﬁrst and second switches havmg first and second gates,
respectively, compﬁéjﬁg: >

contt_'oll_ing first and second gate voltages onthe first and second gates,
respectively, such that the first switch is on and the second ?.iv..v:'vitch is off; .

controlhng the second gate voltage such that the second switch
operates as a oonstaﬂt_ cutrent source; o

while the second switch is operating as a oonstant current source,
controlling the first gate voltage such that the first switch 1stumed off, and

after the first switch is turned off, conuoﬂiﬁg'ﬂle second gate voltage

such that the second switch is on.

13.- - - A switching circuit comprising: .

first and second switches arranged in-a halffbﬂdge configuration, the .
first and second switches having first and second gate termmals, respectively, the half-
bridge configuration having an output terminal; and. - |

gate control circuitry coupled to-the output termmal and the first and

second gate terminals Which is operable to control the first and second switches'to

alternately operate as constant current sources to facilitate current commutation

between the first and second switches.

14. * The switching circuit of claim 13 wherein the gate control
circuitry comprises third and fourth switches coupled to the first gate terminal for
enabling and disabling_ the first switch, a first amplifier coupled to the first gate

terminal for controlling the first switch to operate as a constant current source, fifth

18
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and sixth switches E6uipled to the second gate terminal for endbling and disabling the

second switch, a second amplifier coupled to the second gate terminal for controlling

the second switch to operate as a constant current source, and control logic for

selectively enabling the third, fourth, fifth and sixth switches and the first and second

amplifiers.

15.  The switching circuit of claim 14 wherein the control circuitry

further comprises output sensing circuitry coupled to the first and second switches for

indicating a direction of an output current associated with the half-bridge

configuration to the control logic.

16.  The switching circuit of claim 14 further comprising gate

sensing circuitry coupled to the first and second gate terminals for indicating the state .

thereof to the control logic.

17.  Anintegrated circuit comprising:

first and second transistors arranged in a half-bridge configuration, the

first and second transistors having first and second gate terminals, respectively, the

half-bridge configuration having an output node;

gate control circuitry coupled to the output node and the first and

second gate terminals which is operable to control the first and second transistors to

alternately operate as constant current sources to facilitate current commutation

between the first and second transistors.

19
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18.  The integrated circuit of claim 17 wherein the first and second

transistors comprises MOSFETs.

19.  The integrated circuit of claim 17 wherein the first and second

5 transistors and the gate control circuitry are formed using CMOS technology.

20. The integrated circuit of claim 17 wherein the first and second

transistors and the gate control circuitry are formed using DMOS technology.

10 21.  The integrated circuit of claim 17 wherein the first and second

transistors and the gate control circuitry are formed using bipolar technology.

22.  The integrated circuit of claim 17 wherein the first and second
transistors and the gate control circuitry are formed using IGBT technology.
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23.  The integrated circuit of claim 17 wherein the first and second

_ transistors and the gate conirol circuitry are formed using a combination of

technologies selected from the group of CMOS, DMOS, bipolar, and IGBT.
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