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(57) ABSTRACT 

Brie?y, in accordance With one embodiment of the inven 
tion, a DC-to-DC converter includes: a circuit con?guration 
to modify the set point of the output voltage signal level of 
the DC-to-DC converter circuit in response to a transient 
signal by an amount related, at least in part, to the magnitude 
of the transient signal. 

Brie?y, in accordance With yet another embodiment of the 
invention, a DC-to-DC converter circuit includes: a high 
side and a loW-side voltage sWitching device. The sWitching 
devices are coupled in a circuit con?guration to apply a 
control voltage signal to each sWitching device based, at 
least in part, on the state of the other sWitching device. 
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DC-TO-DC CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to voltage converters 
and, more particularly, to DC-to-DC voltage converters. 

[0003] 2. Background Information 

[0004] Direct-current (DC) to direct-current (DC) convert 
ers are Well-knoWn in the art. Such circuitry or devices are 
typically employed to convert from one DC voltage signal 
level to another DC voltage signal level. This may be useful 
in a variety of environments. 

[0005] One situation that is frequently an issue With such 
converters occurs When a siZable load is applied to the 
converter. A relatively sudden increase in load may be 
approximated as a step function and, as is Well-knoWn, 
typically results in a transient voltage signal in the circuitry 
to Which the step function is applied. Therefore, typically a 
transient voltage signal Will occur in those situations in 
Which a sudden increase in load is applied to a DC-to-DC 
converter. Such transients, hoWever, are undesirable because 
one of the functions of a DC-to-DC converter is to maintain 
an output voltage signal level Within a particular voltage 
signal WindoW or set of voltage signal boundaries to ensure, 
for eXample, that the operation of the circuitry being poW 
ered by the DC-to-DC converter is not substantially affected 
by the sudden increase in load. 

[0006] One Way that state of the art DC-to-DC converters 
address this situation is by employing bulk capacitance. 
Therefore, When a transient results from the application of a 
siZable load, the capacitors release stored charge to com 
pensate at least partially for the transient voltage signal and 
to provide the DC-to-DC converter additional time to adjust 
to the increase in load. 

[0007] Unfortunately, the use of bulk capacitance has 
several disadvantages. For example, such capacitance takes 
up additional room in the system in Which the DC-to-DC 
converter is being employed. Likewise, in production, add 
ing this bulk capacitance to the circuitry is relatively incon 
venient and, therefore, also introduces additional expense 
and time in the production process. Therefore, it Would be 
desirable if a technique or method Were available to reduce 
the amount of capacitance employed With a DC-to-DC 
converter While still providing the capability of the DC-to 
DC converter to maintain the output voltage signal level 
Within the desired voltage signal WindoW or voltage signal 
level bounds even When a siZable or signi?cant load is 
applied. 

SUMMARY OF THE INVENTION 

[0008] Brie?y, in accordance With one embodiment of the 
invention, a DC-to-DC converter includes: a circuit con?gu 
ration to modify the set point of the output voltage signal 
level of the DC-to-DC converter circuit in response to a 
transient signal by an amount related, at least in part, to the 
magnitude of the transient signal. 

[0009] Brie?y, in accordance With yet another embodi 
ment of the invention, a DC-to-DC converter circuit 
includes: a high-side and a loW-side voltage sWitching 
device. The sWitching devices are coupled in a circuit 
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con?guration to apply a control voltage signal to each 
sWitching device based, at least in part, on the state of the 
other sWitching device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The subject matter regarded as the invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of this speci?cation. The invention, hoW 
ever, both as to organiZation, and method of operation, 
together With objects, features, and advantages thereof, 
made best be understood by reference to the folloWing 
detailed description, When read With the accompanying 
draWings in Which: 

[0011] FIG. 1 is a circuit diagram illustrating an embodi 
ment of a DC-to-DC converter in accordance With the 

present invention; 

[0012] FIGS. 2a and 2b are plots respectively illustrating 
the output voltage signal produced by a conventional DC-to 
DC converter and by the embodiment illustrated in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] In the folloWing detailed description numerous 
speci?c details are set forth in order to provide a thorough 
understanding of the invention. HoWever, it Will be under 
stood by those skilled in the art that the present invention 
may be practiced Without these speci?c details. In other 
instances, Well-knoWn methods, procedures, components, 
and circuits have not been described in detail so as not to 
obscure the present invention. 

[0014] FIG. 1 is a circuit diagram illustrating an embodi 
ment 100 of a DC-to-DC converter in accordance With the 
present invention. The embodiment illustrated in FIG. 1 
comprises a synchronous recti?er circuit. Synchronous rec 
ti?er circuits are Well-knoWn and Will not be discussed 
further. See, for eXample, Initial Release, Final Electrical 
Speci?cations, LTC 1435, “High Ef?ciency LoW Noise 
Synchronous Step-DoWn SWitching Regulator,” published 
April, 1996, available from Linear Technology Corp., Mil 
pitas, Calif. and Technical Data, Product PrevieW, 
MC33470, “Synchronous Recti?cation DC/DC Converter 
Programmable Integrated Controller,” published Feb. 26, 
1997, available from Motorola, Inc., Schaumburg, Ill., both 
herein incorporated by reference. 

[0015] As previously discussed, one state of the art 
approach to at least partially compensate for transient volt 
age signals includes the use of bulk capacitance. Therefore, 
during operation, When a siZable or substantial load is 
applied to the DC-to-DC converter, the capacitors discharge 
to at least partially offset the transient voltage signal and 
provide additional time for the DC-to-DC converter to adjust 
to the increase in load. HoWever, it is desirable to reduce the 
amount of capacitance employed to maintain the DC voltage 
signal level Within a predetermined or selected voltage 
signal WindoW during such transients. 

[0016] The embodiment illustrated in FIG. 1 comprises a 
circuit con?guration to adjust the output voltage signal level 
of the DC-to-DC converter as a function of the output 
current signal. As shall be discussed in greater detail here 
inafter, for this embodiment of a DC-to-DC converter in 
accordance With the invention, higher current signal levels 
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lower the output voltage signal level by a proportional 
amount. This adjustment of output voltage signal level 
provides increased voltage margin to respond to load 
changes producing output current signal changes. 

[0017] As is Well-knoWn, DC-to-DC converters may be 
employed in a variety of situations, circuits and embodi 
ments. Therefore, the invention is not limited in scope to any 
particular application of a DC-to-DC converter. One appli 
cation includes, Without limitation, a DC-to-DC converter 
employed With a microprocessor or other processor. In such 
an embodiment, a DC-to-DC converter may eXperience an 
increase in load, for eXample, When the microprocessor 
transitions from a “sleep” mode to a mode in Which a 
?oating point calculation is performed, although again the 
invention is not limited in scope in this respect. This is 
intended as one eXample to illustrate a typical application of 
a DC-to-DC converter and, as previously indicated, does not 
limit the scope of the invention in any Way. In a situation 
such as previously discussed, it is desirable to maintain the 
output voltage signal level of the DC-to-DC converter 
Within a predetermined voltage signal WindoW or Within 
pre-established output voltage signal level bounds. 

[0018] The embodiment illustrated in FIG. 1 is illustrated 
as embodied on an integrated circuit chip (IC), although the 
invention is not limited in scope in this respect. Embodiment 
100 illustrated in FIG. 1 effectively adjusts the set point of 
the output voltage signal level in response to a voltage signal 
transient, such as from an increase in load. In this conteXt, 
set point refers to a voltage signal level about Which the 
circuit tends to operate in equilibrium. By having the capa 
bility to adjust the set point of the output voltage signal level, 
the output voltage signal may be set Within the predeter 
mined WindoW at a voltage signal level providing additional 
voltage margin to respond to an increase in load if one 
should occur. With this additional voltage margin, less 
capacitance may be employed because the additional voltage 
margin may be employed to at least partially offset the 
transient voltage signal. Likewise, the amount to adjust the 
set point to provide additional margin is sensed based, at 
least in part, upon the DC-to-DC converter output current 
signal level. Therefore, this amount is related, at least in part, 
to the magnitude of the transient voltage signal. 

[0019] Current sensing in this particular embodiment is 
performed by ?eld effect transistor (FET) 115 and capacitor 
105. Of course, the invention is not limited in scope to FETs. 
Likewise, the term capacitor is not limited to discrete circuit 
elements having capacitive electrical properties. When FET 
120 is “on”, such as When a control voltage signal is applied 
to its gate having a magnitude suf?cient to alloW conduction 
betWeen the source and the drain, the load current passes 
betWeen the source and drain of PET 120. In full conduction, 
an FET, such as FET 120, as previously described, operates 
like a resistor. Therefore, the voltage drop across the FET 
equals the current conducting through it times the “on” 
resistance of the FET. In this embodiment, at about the same 
time, a sampling sWitch in the form of another FET, FET 
115, is also turned “on”. Thus, capacitor 105 stores a voltage 
corresponding to the voltage drop across FET 120. Capacitor 
105 has, therefore, sampled the voltage drop across FET 
120, Which in this embodiment is proportional to the load 
current signal, as previously described. 

[0020] This sampled voltage signal comprises a negative 
voltage because the load current, designated IO in FIG. 1, 

Apr. 4, 2002 

?oWs through FET 120 into inductor 125 to support the 
current to Vout. Due to the operation of the synchronous 
recti?er circuit and during the time FET 135 is “on” and 
current ?oWs through FET 135 to inductor 125, inductor 125 
stores the current and an electromagnetic ?eld is created. 
Therefore, When FET 135 is turned off and PET 120 is 
turned “on”, inductor 125 operates to maintain current How 
in the same direction. The electromagnetic ?eld that had 
been created by inductor 125 therefore collapses. This 
results in inductor 125 sWitching polarity. As a result, the 
voltage signal at node 127 in FIG. 1 comprises a negative 
voltage With respect to ground 122, as illustrated. This 
negative voltage signal is proportional to the “on” resistance 
of PET 120 times the current ?oW, as previously described. 
One advantage of this approach to sensing the load current 
signal is that it reduces the amount of poWer dissipated in 
comparison With the use of a resistor, for eXample. LikeWise, 
the load current signal is employed to determine hoW much 
to offset the set point of the output voltage signal level to 
provide additional margin, as described in more detail 
hereinafter. 

[0021] In FIG. 1, the voltage across capacitor 105 is 
referred to as Vsense. This voltage signal is proportional to 
the “on” resistance of PET 120, as previously described. 
LikeWise, if desirable, the voltage signal may be adjusted, 
such as by using a resistor voltage divider, for eXample. As 
illustrated in FIG. 1, capacitor 105 is coupled to Zener diode 
170, although the invention is not limited in scope in this 
respect. Vref comprises the sum of the voltage across Zener 
diode 170 and the voltage signal, Vsense. In this embodiment, 
diode 165 clamps VSense so that When the circuit is ?rst 
energiZed V Will not eXceed a particular voltage signal 
level 

ref 

[0022] As the relationship in this embodiment betWeen the 
output current signal and the negative voltage signal as 
previously described illustrates, Vref Will tend to increase 
When the load current signal tends to decrease because the 
value of VSense Will be less negative. LikeWise, Vref Will tend 
to decrease When the load current signal tends to increase. 
Therefore, through this mechanism, changes in the load 
current signal result in changes in Vref. LikeWise, changes in 
Vref result in changes in the set point of the output voltage 
signal of the DC-to-DC converter, as described beloW. 
Therefore, Vref comprises the set point reference voltage 
signal in this embodiment. For eXample, as illustrated in 
FIG. 1, Vref is supplied to the inverting input port of 
comparator 180 through a voltage divider including resistor 
175. LikeWise, output voltage signal 130 is applied to the 
noninverting input port of comparator 180 in this particular 
embodiment. Comparator 180 maintains the tWo voltage 
signals applied to its tWo input ports approximately equal. 
As a result, When Vref decreases, for eXample, by 1/10 of a 
volt, likeWise, the set point for the output voltage signal 
decreases due to the operation of comparator 180. LikeWise, 
under approximately Zero or substantially no loading con 
ditions, this con?guration, including the voltage divider 
including resistor 175, results in a set point of the output 
voltage signal above a nominal voltage, such as midWay 
betWeen the tWo voltage signal bounds, for eXample, so that 
additional voltage margin is available for the output voltage 
signal level to fall if a load is applied, as previously 
described. 
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[0023] Of course, the invention is not limited in scope to 
this particular embodiment. For example, the voltage divider 
including resistor 175 may not be employed. The voltage 
signal level may be adjusted by using an ampli?er con?gu 
ration, for example, or, alternatively, the voltage signal level 
may not be adjusted. Likewise, in an alternative embodi 
ment, the negative voltage signal may be sampled on the 
high-side of the DC-to-DC converter rather than the low 
side sampling illustrated in FIG. 1; however, such an 
approach may involve more complex circuitry to measure 
the voltage drop across transistor 135 and to invert the 
polarity of the voltage signal. 

[0024] Embodiment 100 of a DC-to-DC converter in 
accordance with the present invention also includes a tech 
nique to prevent cross-conduction in the output stage of a 
DC-to-DC converter including a synchronous recti?er, 
while reducing losses due to dead time of the synchronous 
recti?er circuit. In this particular embodiment, the DC-to 
DC converter includes a high-side voltage switching device 
and a low-side voltage switching device. Transistor 135 
comprises the high-side switching device in this particular 
embodiment and transistor 120 comprises the low-side 
switching device in this embodiment. Of course, the inven 
tion is not limited in scope to FETs, as previously indicated, 
or even to transistors. Likewise, the switching devices are 
coupled in a circuit con?guration to apply a control voltage 
signal to each switching device based, at least in part, on the 
state of the other switching device. In this context, the term 
state refers to whether a particular signal is high or low; 
however, the invention is not restricted in scope to the 
particular conventions employed in this embodiment to 
signal a particular state. Likewise, in an alternative embodi 
ment, different states may be employed. 

[0025] For example, as illustrated in FIG. 1, it is desirable 
that transistor 135 and transistor 120 not conduct current at 
the same time, referred to in this context as cross-conduc 
tion. Otherwise, current will conduct to ground from the port 
to which Vin is applied, which is not desirable. If the control 
voltage signal applied to the gate of transistor 135 is high, 
then transistor 135 conducts current. Therefore, the voltage 
signal at node 127 will approximately equal the input 
voltage signal, Vin. With the voltage signal at 127 high, 
transistor 155 will also conduct current because the voltage 
signal at 127 is applied as a control voltage signal to the gate 
of transistor 155. Because transistor 155 conducts current, 
the voltage signal at node 157 will approximately equal the 
ground voltage level, which will clamp the input port of 
driver 150 low so the driver does not apply a control voltage 
signal to transistor 120 that will result in the conduction of 
current through transistor 120. Therefore, transistor 120 is 
“off.” Even if the output signal of inverter 180 becomes 
high, because transistor 155 conducts current, the voltage 
signal at node 157 will be low and transistor 120 will be 
“off” until transistor 135 is “off”, resulting in the voltage 
signal at node 127 transitioning from a high state to a low 
state. 

[0026] When the output signal of comparator 180 becomes 
high, the output signal of inverter 160 will transition to a low 
output signal or low state. Therefore, a low control voltage 
signal is applied to the gate of transistor 135, which will 
ultimately stop or substantially stop the conduction of cur 
rent through transistor 135 and, therefore, turn the transistor 
“off”. The amount of time it takes to turn off transistor 135 
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will be determined, at least in part, by the operating char 
acteristics of driver 140 and transistor 135 in this particular 
embodiment. As a result of transistor 135 no longer con 
ducting current and the change in polarity of inductor 125 
previously described, the voltage signal at node 127 will 
transition to ground. Therefore, transistor 155 will turn 
“off”. As a result, the voltage signal at 157 is no longer 
coupled to ground and this will allow the voltage signal at 
node 157 to transition to a high state. Likewise, the output 
signal produced by driver 150 will transition high and be 
applied to transistor 120 and transistor 145. Therefore, 
transistors 120 and 145 will conduct current. Transistor 145 
will clamp the input port of driver 140 low so transistor 135 
does not conduct current. Therefore, transistor 135 does not 
conduct current while transistor 120 conducts current. This 
situation may be maintained until the voltage signal at node 
117 transitions to a low state. When comparator 180 senses 
that the output voltage level, Vout, is too low, its output 
signal will transition to a low state. As a result, the output 
signal of comparator 160 will transition to a high state. 
However, the voltage signal at node 147 will be held in a low 
state because transistor 145 is conducting current. The signal 
applied to gate of transistor 120 will transition to a low state 
due to the output signal of driver 150, which will turn “off” 
both transistor 145 and transistor 120. By turning “off” 
transistor 145, the voltage signal at 147 will transition to a 
high state, which will apply a high signal to the input port 
of driver 140 and, therefore, a high signal will be applied to 
the gate of transistor 135, resulting in that transistor con 
ducting current. 

[0027] As the previous description indicates, the conduc 
tion of transistors 145 and 155 results in clamping the input 
ports of drivers 140 and 150 respectively to a low state 
during a transfer of states between transistors 135 and 120. 
As a result, cross-conduction is prevented. Also, the time 
that transistor 120 is “off” with the voltage signal at node 
127 low is reduced to a time period depending, in this 
particular embodiment, at least in part, on the operating 
characteristics of driver 150 and transistor 120. 

[0028] Low-side transistor 120 includes a diode that is 
activated and dissipates power when transistor 120 is “off”. 
Therefore, it is desirable for the synchronous recti?er circuit 
to switch quickly while preventing cross-conduction, as 
previously described. An advantage of this particular 
embodiment in accordance with the invention is that, 
although the frequency at which a synchronous recti?er 
circuit may switch is affected by a number of parameters 
including loading conditions, this embodiment allows the 
transistors to switch quickly without cross-conduction 
occurring. 

[0029] FIGS. 2a and 2b are plots illustrating, respectively, 
the output voltage signal level for a conventional DC-to-DC 
converter and for the embodiment illustrated in FIG. 1. Of 
course, these plots are idealiZed and provided here merely to 
illustrate operation rather than as an indication of actual 
results. As curve 210 in FIG. 2a illustrates, in a conventional 
DC-to-DC converter, the set point for the output voltage 
signal level is approximately midway between the two 
voltage signal bounds for the output voltage signal level, in 
this case around 3 volts. As previously described, to keep the 
converter from operating outside these bounds, bulk capaci 
tance is typically employed. This capacitance discharges 
when the converter experiences an increase in load. The 
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output voltage signal level changes as a function of the 
internal resistance of the capacitor as Well as the discharge, 
providing the converter additional time to adjust to the 
increase in load Without resulting in operation outside the 
voltage signal bounds. This is the situation illustrated in 
FIG. 2a. 

[0030] FIG. 2b illustrates a change in load applied to the 
embodiment illustrated in FIG. 1 from a ?rst load level to 
a second load level. Therefore, the set point of the DC-to-DC 
converter is modi?ed. Under substantially no load condi 
tions, the converter operates at a set point above that for a 
conventional converter. Therefore, the embodiment illus 
trated in FIG. 1 has additional voltage margin for an 
increase in load and, therefore, less capacitance may be 
employed. For this embodiment, the additional margin may 
alloW the converter to approximately double the voltage 
signal sWings. 

[0031] An embodiment of a method of modifying the set 
point of the output voltage signal of a DC-to-DC converter 
circuit, in accordance With the invention, includes the fol 
loWing. As previously described, With respect to the embodi 
ment illustrated in FIG. 1, a voltage signal related to the 
output current signal may be sampled. The set point of the 
output voltage signal of the DC-to-DC converter circuit may 
be adjusted based, at least in part, on the magnitude of the 
sampled voltage signal. Likewise, for the embodiment illus 
trated in FIG. 1, for eXample, the voltage signal sampled 
may comprise a negative voltage signal, although the inven 
tion is not limited in scope in this respect. For eXample, as 
previously described, a voltage signal may be sampled and 
then the polarity of the voltage signal may be inverted. 
Furthermore, for the embodiment illustrated in FIG. 1, 
adjusting the set point comprises adjusting a set point 
voltage signal, such as Vrefl, illustrated in FIG. 1. Again, 
adjusting the set point reference voltage signal, such as Vrefl 
for the embodiment illustrated in FIG. 1 includes summing 
the set point reference voltage signal With the negative 
voltage signal, although the invention is not restricted in 
scope to this particular embodiment. 

[0032] An embodiment of a method of preventing cross 
conduction in the output stage of a DC-to-DC converter 
circuit including a synchronous recti?er circuit, in accor 
dance With the invention, includes the folloWing. A control 
voltage signal may be applied to one of a high-side and a 
loW-side sWitching device based, at least in part, on the state 
of the other sWitching device, such as illustrated, With 
respect to sWitching devices 120 and 135 in FIG. 1. There 
fore, for this particular embodiment, high-side and loW-side 
sWitching devices comprise transistors and, in this particular 
embodiment, ?eld-effect transistors (FETs). HoWever, as 
previously described, the invention is not restricted in scope 
to employing transistors or ?eld-effect transistors. Again, for 
the embodiment illustrated in FIG. 1, the control voltage 
signal of one of the sWitching devices is clamped in a loW 
state While a state of the control voltage signal of the other 
sWitching device is high. Alternatively, the control voltage 
signal of the other sWitching device is clamped loW While the 
state of the control voltage signal of the one sWitching 
device is high. 

[0033] While certain features of the invention have been 
illustrated as described herein, many modi?cations, substi 
tutions, changes and equivalents Will noW occur to those 
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skilled in the art. For example, an embodiment in accor 
dance With the invention may be implemented With bipolar 
transistors. It is, therefore, to be understood that the 
appended claims are intended to cover all such modi?cations 
and changes as fall Within the true spirit of the invention. 

1. A DC-to-DC converter circuit comprising: a circuit 
con?guration to modify the set point of the output voltage 
signal of the DC-to-DC converter circuit in response to a 
transient signal by an amount related, at least in part, to the 
magnitude of the transient signal. 

2. The DC-to-DC converter circuit of claim 1, and further 
comprising, as part of the circuit con?guration, a portion to 
maintain the set point at a voltage signal level above a 
nominal voltage signal level midWay betWeen a ?rst and a 
second voltage signal level during substantially no output 
loading conditions. 

3. The DC-to-DC converter circuit of claim 1, Wherein the 
circuit con?guration is adapted to modify the set point by 
sampling a voltage signal related to the output current signal 
and adjusting a set point reference voltage signal based, at 
least in part, on said voltage signal related to the output 
current signal. 

4. The DC-to-DC converter circuit of claim 3, Wherein the 
sampled voltage signal comprises a negative voltage signal. 

5. The DC-to-DC converter circuit of claim 1, Wherein 
said DC-to-DC converter circuit comprises a synchronous 
recti?er circuit. 

6. The DC-to-DC converter circuit of claim 1, Wherein 
said DC-to-DC converter circuit is embodied on an inte 
grated circuit chip. 

7. The DC-to-DC converter circuit of claim 1, Wherein 
said transient signal comprises one of a transient voltage 
signal and a transient current signal. 

8. A DC-to-DC converter circuit comprises: a high-side 
and a loW-side sWitching device, the sWitching devices 
being coupled in a circuit con?guration to apply a control 
voltage signal to each sWitching device based, at least in 
part, on the state of the other sWitching device. 

9. The DC-to-DC converter circuit of claim 8, Wherein at 
least one of said sWitching devices comprises a transistor. 

10. The DC-to-DC converter circuit of claim 8, Wherein 
said converter circuit comprises a synchronous recti?er 
circuit. 

11. The DC-to-DC converter circuit of claim 8, Wherein 
the circuit con?guration is adapted to clamp the control 
voltage signal of at least one of said sWitching devices in a 
loW state While a control voltage of the other sWitching 
device is in a high state. 

12. The DC-to-DC converter circuit of claim 11, Wherein 
the circuit con?guration is coupled so that the control 
voltage signal of the other sWitching device is also applied 
as the control voltage signal of a third sWitching device 
coupling the control voltage signal of the at least one of said 
sWitching devices to ground. 

13. A method of modifying the set point of the output 
voltage signal of a DC-to-DC converter circuit comprising: 

sampling a voltage signal related to the output current 
signal; and 

adjusting the set point based, at least in part, on the 
magnitude of the sampled voltage signal. 



US 2002/0039017 A1 

14. The method of claim 13, wherein sampling a voltage 
signal related to the output current signal comprises sam 
pling a negative voltage signal. 

15. The method of claim 14, Wherein adjusting the set 
point based, at least in part, on the magnitude of the sampled 
voltage signal comprises adjusting a set point reference 
voltage signal. 

16. The method of claim 15, Wherein adjusting a set point 
reference voltage signal comprises summing the set point 
reference voltage signal With the negative voltage signal. 

17. Amethod of preventing cross-conduction in the output 
stage of a DC-to-DC converter circuit including a synchro 
nous recti?er circuit comprising: 

applying a control voltage signal to one of a high-side and 
a loW-side sWitching device based, at least in part, on 
the state of the other sWitching device. 

18. The method of claim 17, Wherein said high-side 
sWitching device comprises a transistor and said loW-side 
sWitching device comprises a transistor. 
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19. The method of claim 18, Wherein the high-side 
transistor comprises a ?eld-effect transistor (PET) and the 
loW-side transistor comprises an FET. 

20. The method of claim 17, Wherein applying a control 
voltage signal to one of a high-side and a loW-side sWitching 
device based, at least in part, on the state of the other 
sWitching device includes clamping the control voltage 
signal of the one sWitching device in a loW state While a 
control voltage signal of the other sWitching device is in a 
high state. 

21. The method of claim 17, Wherein applying a control 
voltage signal to one of a high-side and a loW-side sWitching 
device based, at least in part, on the state of the other device 
includes clamping a control voltage of the other sWitching 
device While the control voltage signal of the one sWitching 
device is in a high state. 


