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

BACKGROUND OF TIIE INVENTION 

The present invention relates to power switching devices. More 

10 specifically, the present invention provides improved techniques for switching 

between high and low side devices in a half-bridge configuration. 

Conventional integrated circuit half-bridge 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 

1s state. This interval is commonly referred to as the 'dead time'. The dead time interval 

occurs just prior to the commutation of current from one switching 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 shoot-through current The dead time interval must 

often be larger than desired to insure that a minimum dead time is maintained over IC 

2 o operational temperatures and process variations. 

During the dead time, when both power switching devices are high 

impedance, any output current flowing in an inductive load is forced to flow through 

the parasitic body diode of either the high or low ~de switching device. When the 

half-bridge driver and power MOSFETs share the same silicon substrate, current 

2s flowing through the body diodes of the power MOSFETs can activate additional 
. 

parasitic transistors on the IC substrate. Activation of these parasitic transistors can 

be an unwanted somce of power dissipation and can interfere with the normal 
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operation of the half-bridge control circuitry. Moreover, acti"ation of these parasitic 

transistors can even destroy the IC via a well known mechanism known as latch-up. 

A common solution to this problem is to add external Schottky diodes 

in parallel with the power MOSFET body diodes. The external Schottky diodes, 

s 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 technique when switching large currents at high frequencies. This 

solution also adds considerable cost to a system and is thus undesirable. 

10 Figure 1 of the drawings illustrates the prior art half-bridge switching 

power amplifier. VI and V2 are typically SV to 1 OV voltage sources. The gates of 

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

Ml and M2 are off and not conducting current. This time interval has been referred to 

herein as the dead time. During the dead time, when current is flowing into or out of 

1s the switching power amplifier output due to an inductive load. one of the body diodes 

Dl or D2 conducts the current.· This causes the output to rise above VDD or fall 

below GND by an amount determined by the forward voltage of the body diodC. 

The gate drive, output voltage and output current waveforms for the 

switching power amplifier of Figure 1 are shown in Figure 2. Figures 3 and 4 are 

20 simplified illustrations of the two-step switching process for the half-bridge power 

amplifier in Figme 1 according to the prior art. The gate switches from Figure I have 

been removed for simplicity and the power MOSFETs are represented by their 

respective region-of-operation 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 oUt:put 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 tO-tS in Figure 2. In Figure 3a, load current is 

s 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 ofM2 

completely. This causes both output MOSFETs to be in a high impedance state as 

shown in Figure 3b (State 2). During this dead time (interval tl-t2 of Figure 2), the 

output current remains relatively constant and therefore flows almost entirely through 

10 01 back into the power supply VDD. As can be seen in Figure 2, the voltage drop 

across Dl 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 Ml which then diverts the 

current from Dl as shown in Figure 3c (State 3). The sequence 3a-3b-3c illustrates 

the output voltage transitioning from low to high. The process is reversible for the 

1s case when the output voltage is transitioning from high to low, Le., 3c-3b-3a. 

20 

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.e., 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 half:-bridge configuration 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 inveJJ.tion, contr<>l. circuitry bas been · 

incorporated into a half-bridge gate driver to mini~ b9dy diode conduction and 

shoot-through currents of the half.-bridge power MOSI"ETs. The control circuitry of 

s the present invention achieves this by operating one of the two power MOSFETs of 

the half-bridge as a CUlTCilt source, i.e., in the saturation region rather than the linear 

region, during current commutation. 

The MOSFET operating as a current source diverts and conducts 

current that normally flows in one of the two power MOSFET body diodes during the 

lO dead time interval. Thus. while one power MOSFET provides the required output 

load current, the other power MOSFET, acting as a switch, can either be tumed on to 

switch the output to the desired. voltage or it can be turned off. 

In the case where the switch MQSFET is turned on to switch the 

. output, the current source MOSFET is turned off once the output has switched. For 

, 15 the case where the switch MOSFET is turned off, the current source MOSFET is then 

fully enhanced, which switches the output to the desired voltage. 

20 

In order to operate the power MOSFET=i as cmrent 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 8'\'~iding cross-conduction 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 voltagc*·bn the first and second gates, respecti\feiy, 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 

s 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 is 

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 

io gate voltage is then controlled such that the firs! 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 switch is off. 

According to another specific embodiment, the first and second gate 

1s voltages are controlled such that the first switch is on and the second switch is off. 

The sec<>nd 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 

20 switch is on. 

A further understanding of the nanire and advantages of the present 

invention may be realized by reference to the remaining portions of the specification 

and the drawings. 
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BRIEF DE~CRIPTION OF TIIE ORA WINOS 

Figure 1 is a circ~t 4iagram of a conventi~~ half-bridge switching 

power amplifier. SWitches SI through S4 control the gate charging and discharging 

of power MOSFETs Ml and M2. Diodes Dl and D2 are the parasitic body diodes 

s associated with the power MOSFgTs. 

Figure 2 is a switch timing diagram illustrating the gate control 

waveforms for the power MOSFETs in Figure 1. Also shown is the output voltage 

and current waveforms for both positive and negative output current directions. 

Figures 3a through 3c show the three. SUl.tes of the switching process for 

10 the prior art half-bridge power amplifier in Figure 1 for the case where current is 

flowing into the amplifier output stage. The gate switches fr~m Figure 1 have been 

removed for simplicity and the power MOSFETs are represented by their respective 

region-of-operation resistance. 

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

1s the prior art half-bridge power amplifier in Figure I for the case where CUlTellt is 

flowing out of the amplifier output stage. The gate switches from Figure 1 have been 

removed for simplicity and the power MOSFETs are represented by their respective 

region-of-operation resistance. 

Figure 5 is a simplified circuit diagram illustrating one implementation 

20 . of the additional gate control circuitry of the present invention. Switches SI through 

S4 and transconductance stages GMl and GM2 control the gate charging and 

discharging of power ~OSFETs Ml and M2. Diodes Dl and 02 are the parasitic 

body diodes associated with the power MOSFETs. 

Figure 6 is a switch timing diagram illustrating the manner in whi~ 
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the gates of the po~'MOSFETs in Figure 5 are con1rollM 1ri ·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 state switching 

s 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 

10 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 MOSFETs are represented by their respective region-of-operation resistance. 

Figure 9 ·shows a circuit diagram of a more specific embodiment of the 

is 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 

20 of Figure 1 to control the body diode dead time conduction currents. Two 

transconductance stages OMl and OM2, when embled by signals ENI 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 GMl and GM2 are high impedance. 

GMl and GM2 allOw the MOSFETs to be operated as current sources rather than just 
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· as switches. Switches Sl-S4 allow for quic~ gate chargin,1pl~d discharging of Ml and 
. ~ . . 

M2. The gate drive; output voltage and output current wa,.veforms for the switching 

power amplifier of Figure 5 are shown in Figure 6. The t:bre¢-step switching process 

of the present invention is illustrated in Figures 7 and .8 w~ the gate switches and 

s transconductance stages from Figure 5 have been removed for simplicity and the 

power MOSFETs are represented by their respective region-of-operation resistance. 

Figure 7 shows the case where current is flowing into the amplifier output.stage and 

Figure 8 shows the case where current is flowing out of the amplifier output stage. 

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

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

Figures 7b and 7c and Figures 8b and 8c, respectively. In thU; embodiment, one of the 

MOSFETs acting as a current source diverts the load current that wowd 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 

15 where load current is flowing into the amplifier output with M2 acting. as a switch 

conducting the current to GND (State l ). The gate-source voltage of M2 is then 

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

output current, lo, as shown in Figure 7b (State 2). The gate ofMl is then fully 

charged to clamp the output to VDD as shown in Figure 7c (S:tate3). Finally, the gate 

20 ofM2 is completely discharged placing it into a high impedance state as indicated by 

I . 

Roff in Figure 7d (~tate 4). Note that current did not flow through the body diodes 

D 1 or· 02 at any time during this switching process. 

The switching process described by the seq~ce 7a~ 7b'.'.' 7c-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~·;fli~ reverse steps can be taken to reslSf'tS the half bridge to State l, 

i.e., 7d-7c-7b-7a. 

The output current direction must be sensed prior to beginning the 

switching sequence to detennine which device, high side or low sid~ will act as the 

s current source. For exampl~ 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, where the load current is flowing out of the 

output that will be transitioning from low to high, Ml becomes the current source. 

The output current direction can be determined, for exampl~ by measuring the 

10 polarity of the voltage across the conducting MOSFET just prior to the output 

switching. 

In order to minimize the switching pro.cess ·time, the conduction states 

of the output power MOSFETs is determined prior to the next state change. For 

example, in Figure 7c, the conduction state of Ml is determined before the decision is 

1s made to tum 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 

20 embodiment of the invention as shown in Figure 5 with waveform timing shown in 

Figure 6. 

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

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

(time interval tl-t6}. M2 is initially in the linear region of operation and conducting 
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the current to GND. This forms a small posiqve voltage across the Rdson of M2. 

This condition is equivalent to St.ate I shown in Figure 7a an~ coiresponds to the time 

interval tO-tl in Figure 6. To switch the output from GND to VDD, GM2 is enabled 

which begins discharging the gate ()f ~ (tiJne interval tl-t2)~ As Vout rises (time 

s interval t2-t3), M2 leaves the JinCJ!.f i:-egion of operation. The Miller capacitance 

associated with M2 diverts any gate discharge current that·GM2 provides during this 

interval and thus Vgs2 is heJd (interval t2-Q). Once Voutreaches VDD, GM2 

maintains Vgs2 at the desired level to keep DI from turning on (interval t3-t4). Ml is 

then tumed on by S 1. However, no current flows in Ml since there is OV across it 

10 (interval t3-t4) .. Once Ml is fully enhanced, GM2 is disabled and 84 activated to tum 

current source M2 off (interval t4 tS). lout then flows completely through Ml 

(interval t5-t7). 

Now, consi~er the condition where currentlout is flowing into Ml and 

the output will be transitioning from high to ~ow as shown in Figure 6 (time interval 

1s t7-tl l). Ml is initially in the lin~ region of operation and conducting lout to VDD. 

This fonns a small positive voltage (with respect to VDD) across the Rdson of Ml. 

This condition is equivalent to State 4 shown in Figure 7d and corresponds to the time 

interval t5-t7 in Fig\ll'e: 6. To switch the output from VDD to GND, GM2 is enabled 

which charges V gs2 to the desired voltage to set the drain cWTent of M2 equal to lout. 

20 Ml is still on and has the output voltage clamped at VDD (interval t7-t8). The gate 
. . . 

I 

of Ml is then discharged via S2 (interval t8-t9) .. Once Vgsl is fully discharged, GM2 

is disabled and SJ is activated to fully charge M2's gate (interval t9-tll). The output 

then transitions from high to low. 

Next. consider the condition where current lout is flowing out of M2 

10 



\ 

W000/19597 PCT/US99/22223-

and the output will :b~~itioning from low to high as sbtiwn in Figure 6 (time 

interval t13-tl 7). M2 is initially in the linear region of operation and sourcing lout 

from GND. This fonns a small negative voltage across the Rdson of M2. This 

condition is equivalent to State I shown in Figure 8a and corresponds to the time 

s interval tl2-t14 in Figure 6. To divert lout from M2, GMl is enabled which then 

charges Vgsl to the desired voltage to set the source current of Ml equal to lout and 

bring the voltage across M2 to zero (interval t13-tl 4). V gs2 is then discharged via 84 

once current source Ml is properly set (interval tl4-t15). Once the gate ofM2 is 

completely discharged, GMl is disabled and SI is activated to fully charge the gate of 

io Ml (interval t15-tl 7) resulting in the output rising to VDD. 

Finally, consider the condition where current lout is flowing out of Ml 

and the output transitions from high to low as shown in Figure 6, time interval tl8-

t23. Ml is initially in the linear region of operation and sourcing lout from VDD. 

This forms a small negative voltage (with respect to VDD) across the Rdson of Ml. 

is This condition is equivalent to State 4 shown in Figure 8d and corresponds to the time 

interval tl6-tl 9 in Figure 6. To switch the output from VDD to GND, GMl is 

enabled which discharges Vgsl to the desired voltage to set the source current of Ml 

equal to lout (interval tl8-t19). As VGSl drops below the level needed to maintain 

output current, the load current pulls Vout low (interval tl9-t20). GMl then holds 

20 Vgsl at the proper voltage to maintain lout (interval t19-t21). M2 may then be fully 

i 

enhanced since there is OV across M2 (interval t20-23). Once M2 is on sufficiently, 

Ml is turned off and the output current flows entirely through M2 (interval t21-t22). 

Figure 9 shows a ci~t 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 exmnP!e, bipolar, C:¥0S, DMOS, IGBT, etc. 

'.· 

Moreover, it will be .understood that different combinatio11s· ~f these processes may be 

employed to form the depicted circuit Comparators 901 ~d 902 monitor the gate-

somce voltage of Ml and M2 so that the conduction sta~ of the Ml and M2 can be 

s known. Comparators 903 and 904 monitor the voltage a~ss each FET, Ml and M2, 

so that the direction of the output current can be determined .. Both conduction state 

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

block 905. The logic within this block determines the state of the elements that 

charge and discharge the gates of Ml and M2, i.e., SI, 82, S3, 84, GMl and GM2, in 

10 accordance with the previously described switching procedures. It will be understood 

that control logic block 905 may be implemented in a.wide variety of ways without 

departing from the scope of the present invention. It will also be understood that 

-becalise the implementation of control logic block 905 is well within the abilities of 

the typical logic designer, a description of a specific impl~e_ntation has not been 

1s included herein to avoid unnecessary obfuscation of the principles of the invention. 

An example of the operation of the present invention will now be 

described with reference to Figure 9. In this example, current: is flowing into the 

output of the switching amplifier and Ml is conducting the current to VDD. The 

output voltage (Vout) is slightly above VDD ( Vout = (Iout.x Rdson) + VDD ). The 

20 H-bridge input signal goes low indicating that Ml should be turned off and that M2 

I 

should be turned on. Gate Charge Control Logic. 905 does several things in an 

ordered sequence to prevent body diode conduction. It senses the direction of the 

output current via comparator 903. It enables S2 thus initiating discharge of Ml 's 

gate. It enal:>les GM2 thus initiating a partial charging ofM2's gate. M2's gate will be 

12 
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charged until the otiif>lli·c1rops to VDD, and then held .. Atthetime when Vout is equal 

to VDD, M2, acting as a current somce; conducts all of the output current and Ml is 

merely clamping Vout to VDD. Once comparator 901 detects that the gate-source 

voltage of Ml has fallen below a predetermined reference voltage (Vret), indicating 

s that Ml is no longer capable of conducting significant current, Gate Charge Control 

Logic 905 disables GM2 and enables S3. 83 allows the gate of M2 to be fully 

charged to V2 and the output falls to a voltage slightly above OV (V out= lout x 

Rdson) as M2 becomes fully enhanced, thus completing the switching operation. This 

example illustrates the control sequence for the c8$e where current is flowing into the 

10 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 Jow. 

15 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 fonn 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 MOSFETs are used as the switching and 

\ 
20 current source devices. However, it will be understood that a variety of other types of 

I 

power switching devices could be used. These include 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 transcondW<tance stages. In addition, the 
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transconductance stages could have their inplJtS switched to allow these stages to 

perform the functions of 81-84, thus eliminating the need ~r S 1-84. Therefore, the 

scope· of the invention should be determine<! with reference ~ the appended claims. 

14 
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WHAT IS CLAIME:O 'is: 
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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, 

s respectively, comprising: 

controlling first and second gate voltages 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 sect>nd gate voltages such that the 

corresponding one of the first and second switches operates as a constant current 

10 somce; 

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: 

sensing the direction of the output current;. 

where the output current is directed into the half-bridge configuration, 

operating the second switch 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. 

S. . The method of claim 1 wherein the first switch is a low-side 

switch and the seconc:I switch is a high-side switch, and wherein an output current 

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

comprising: 

sensing· the direction of the output current; 

where the output current is directed into the half-bridge configuration, 

operating the first switch as the constant cmrent 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 thei6Uli>ut voltage comprises a 

first voltage across the second switch. 

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

s 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 arrang~ in a 

half-bridge configuration, the first and second switches having first and second gates, 

respectively, comprising: 

15 controlling first and second gate voltages 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 turned on, 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 configuration, the first and second switches having first and second gates, 

respectively, compriSing: 

controlling first and second gate voltages ~n.the first and second gates, 

respectively, such that the first switch is on and the second switch is off; 

controlling the second gate voltage such~~ second s:witch 

operates as a constant current source; 

while the second switch is operating a8 a constant current source, 

controlling the first gate voltage such that the.first switch ts turned off; and 

after tile .first switch is turned off. controll~_the second gate voltage 

10 such that the second switch is on. 

13. ·· A switching circuit comprising: 

first and sec.and switches arranged in a half".'bridge configuration, the 

first and second switches having first and second gate terminals, respectively, the half-

1s bridge configuration: having an output terminal; and· -. · 

20 

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

second gate terminals which is operable to 9ontrol the fir.$t and second switches"to 

alternately operate as constant current sources to facilitat~ current commutation 

between the first and second switches. 

I 

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 

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

18 
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arid sixth switches ~o)ipled to the second gate terminal fol".enibling 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 

s 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 

10 configuration to the control logic. 

15 

20 

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. An integrated circuit comprising: 

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

first and secc:>nd transistors having first and second gate terminals, respectively, the 

half-bridge configuration having an ou1put node; 

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

I 

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

alternately operate as constant current sources to fucilitate current commutation 

between the first and second transistors. 
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18. The integrated circuit of claim 17 wheiein the first and second 

transistors comprises MOSFETs. 

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

s transistors and the gate control circuitry are fonned using CMOS technology. 

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

transistors and the gate control circuitry are fonned 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. 

15 

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

transistors and the gate control circuitry are formed using a combination of 

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