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(57) ABSTRACT 

An active snubber circuit having a controllable dV/dt. The 
circuit includes a poWer device and surface mount compo 
nents including a resistor having a value selectable to control 
the dV/dt. The use of surface mount components achieves a 

CFR 1_53(d)_ loW pro?le, small siZe circuit that can advantageously be 
used to eliminate noise generated by contact arcing, to 

(21) Appl, No,: 09/495,952 dissipate are energy While clamping to a predetermined 
voltage value, and in poWer conversion applications to 

(22) Filed: Feb. 2, 2000 provide a desirable dV/dt, among other applications. 
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ACTIVE SNUBBER CIRCUIT WITH 
CONTROLLABLE DV/DT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to snubber 
circuits. More particularly, the present invention relates to 
active snubber circuits, such as those used to reduce noise 
generated by contact arcing. 

[0002] Snubber circuits are used to reduce sWitching 
stress, such as current surges, voltage spikes and oscilla 
tions, and sWitching losses in an electric sWitching element. 
Snubber circuits operate to limit the rate of change of 
voltage across the sWitching element When the sWitch is 
turned off, thereby reducing turn-off poWer dissipation 
losses Within the sWitch. A typical snubber circuit includes 
an absorbing circuit and a resetting circuit. A simple 
example of a absorbing circuit is a inductor or capacitor in 
series With the sWitching element. AWide variety of resetting 
circuits are knoWn. 

[0003] Passive snubbers use non-dissipative passive reset 
ting elements. Typical passive snubbers have turn-off 
absorbing circuits Which are not connected directly across 
the sWitching element. This type of absorbing circuit con 
nection is generally not desirable in high-poWer, high 
frequency applications, due to siZe limitations and parasitic 
inductance. 

[0004] Active snubber circuits typically include tWo or 
more switching elements in the absorbing or resetting cir 
cuit. In most snubber circuits, a full load current is trans 
ferred to the absorbing circuit When the main sWitching 
element is turned off. It is not generally perceived as 
desirable to have the snubber sWitching element carry the 
full load current, since its purpose is to relieve the stress on 
the main sWitching element. 

[0005] US. Pat. No. 5,841,268 discloses a multi-resonant 
soft sWitching snubber netWork for a DC-to-DC converter. 
The multi-resonant netWork includes an auXiliary sWitch 
connected to transfer energy from a parasitic capacitance of 
the poWer sWitching device into a resonant inductor and to 
achieve a Zero voltage turn on of the sWitching device. An 
additional resonant path is included in the snubber netWork 
to achieve a Zero voltage turn off. 

[0006] US. Pat. No. 4,849,873 discloses an active snubber 
for an inverter Which reduces turn off losses in the electronic 
sWitch of the inverter. The snubber includes a resistor and 
capacitor connected in series With each other and in parallel 
With the load on the poWer inverter and parallel, inverse 
connected silicon controlled recti?ers in parallel With the 
resistor for selectively shorting the resistor. 

[0007] US. Pat. No. 5,814,965 to Randall discloses a 
reduced noise controller for a sWitched reluctance machine. 
One or more capacitor smoothing circuits, positioned in a 
converter for the sWitched reluctance machine, are used to 
smooth voltage transitions across a phase Winding. 

[0008] US. Pat. No. 5,828,559 to Chen discloses a soft 
sWitching device for an electric poWer sWitching applica 
tion. The device includes a soft sWitching active snubber 
having a capacitor, a recti?er, and a soft sWitching active 
reset circuit for actively resetting the capacitor. 
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[0009] US. Pat. No. 5,414,613 to Chen discloses a soft 
sWitching active snubber for a poWer conversion circuit 
operated in a discontinuous mode. The circuit includes a 
snubber capacitor, an isolation diode, and an active reset 
circuit. The snubber capacitor is connected to the output of 
the isolation diode, both of Which are connected across a 
main sWitch of the poWer conversion circuit. The active reset 
circuit is responsive to a reset signal for active resetting of 
the snubber capacitor Within the normal boost cycle of the 
poWer conversion circuit. 

[0010] It Would be desirable for an active snubber circuit 
to be smaller than conventional snubber circuits, to offer a 
controllable dV/dt, to offer a relatively Wide load current 
range, and be resistant to vibration. 

SUMMARY OF THE INVENTION 

[0011] The present invention overcomes the above-noted 
problems, and achieves additional advantages, by providing 
for an active snubber circuit that is small in siZe, has a 
controllable dV/dt feature, is rugged, and is resistant to 
vibration damage. According to exemplary embodiments, an 
active snubber circuit includes a poWer device such as a ?eld 
effect transistor, a resistor and a diode connected betWeen 
the gate of the poWer device and one terminal, a capacitor 
connected betWeen the gate of the poWer device and the 
other terminal. The components are preferably implemented 
using surface mount technology, resulting in a loW pro?le 
device, and the resistance of the surface mount resistor can 
be varied to adjust the dV/dt of the snubber circuit. 

[0012] Alternative embodiments alloW the snubber circuit 
to be used to eliminate noise generated by contact arcing, or 
in poWer conversion applications such as for motor insula 
tion protection, or as a clamping circuit Which dissipates arc 
energy in the poWer device While clamping the voltage at a 
speci?ed level, or as a snubber With active dV/dt control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The features and advantages of the present inven 
tion can be understood more fully by reading the folloWing 
Detailed Description in conjunction With the accompanying 
draWings, in Which: 

[0014] FIG. 1 is a ?rst embodiment of a snubber circuit in 
accordance With the present invention; 

[0015] FIG. 2 is a second embodiment of a snubber circuit 
in accordance With the present invention; 

[0016] FIG. 3 is a third embodiment of a snubber circuit 
in accordance With the present invention; 

[0017] FIG. 4 is a fourth embodiment of a snubber circuit 
in accordance With the present invention; and 

[0018] FIG. 5 is a Waveform shoWing the effects of a 
sWitched load Without a snubber circuit; and 

[0019] FIG. 6 is a Waveform diagram shoWing the effects 
for a sWitched load With an active snubber circuit according 
to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Referring noW to FIG. 1, a ?rst snubber circuit 
according to the present invention is shoWn. In this eXample, 
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the snubber circuit includes a power device 10, Which can be 
implemented by a ?eld effect transistor, Which has a ?rst 
terminal 12 connected to a ground terminal 14 and a second 
terminal 16 connected to a positive voltage terminal 18 
through a forWard connected diode 19. The poWer device 10 
further has a gate 20. A resistance 22 and a capacitance 24 
are connected in series betWeen the gate 20 and the ?rst 
terminal 12. The resistance 22 is, in this example, embodied 
by ?rst and second resistors 25 and 26. A Zener diode 28 is 
connected betWeen the second terminal 16 and the gate 20, 
and a diode resistor 30 is connected in parallel With the Zener 
diode 28. All of the components (e.g., resistors, capacitor, 
and diodes) are preferably implemented using surface mount 
technology to improve the pro?le of the device. In this 
example, the snubber circuit has an inductive load 32. 

[0021] The poWer device 10 can be implemented by a ?eld 
effect transistor (FET) as shoWn in FIG. 1, or can alterna 
tively be implemented by an insulated gate bipolar transistor 
(IGBT), a MCT MOS Controlled Thyristor, or other suitable 
component. It should be noted that the use of an IGBT or 
MCT requires the use of an additional diode in antiparallel 
With the sWitch, to alloW for bidirectional sWitching. 

[0022] The snubber circuit of FIG. 1 behaves as a capaci 
tor, yet requires a capacitance that is over 1000 times smaller 
than a passive snubber With comparable performance, and 
the circuit can be mounted in a smaller area due to its loW 
pro?le. The capacitor’s voltage rating (24) is selected to 
match the voltage rating of the poWer device 10. One 
advantageous aspect of the circuit of FIG. 1 is that the dV/dt 
response of the circuit is variable based on the selection of 
the resistance value for diode resistor 30. It should be noted 
that the diode resistor can be embodied by a variable resistor 
component to provide further ?exibility to the design of the 
snubber circuit. Further, the snubber circuit of FIG. 1 has a 
generally Wider load current range than a passive circuit 
having comparable performance. 

[0023] In one exemplary embodiment, the circuit of FIG. 
1 has the folloWing component values: capacitance 24 is a 
0.001 MF capacitor, diode resistor 30 is a 10 k resistor, and 
resistances 25 and 26 are 1 k resistances. The resistances are 
all rated for 0.1 Watts, With 1% tolerance. The capacitance 24 
is rated for 1000 volts, With 5% tolerance, and the Zener 
diode is rated for 7.5 volts. It Will of course be appreciated 
that the component values can be varied as needed for 
speci?c applications. 

[0024] Referring noW to FIG. 2, a second embodiment of 
a snubber circuit according to the present invention is 
shoWn. In this example, a load 32 is connected betWeen lines 
34 and 36 carrying ?rst and second phase signals, respec 
tively, in an alternating current (AC) application. First and 
second snubber circuits 38 and 40 are connected in series 
With each other, and in parallel With the load 32. Both the 
?rst and second snubber circuits 38 and 40 are substantially 
the same as the circuit shoWn in FIG. 1. 

[0025] Referring noW to FIG. 3, a third embodiment of a 
snubber circuit according to the present invention is shoWn. 
This example shoWs a clamped snubber circuit in a DC 
application. In this example, a single snubber circuit 38 is 
substantially the same as in FIGS. 1-2, but With the addition 
of a clamping Zener diode 42, Which is shoWn as a single 
diode, but Which can be embodied as one or more diodes in 
series. The circuit of FIG. 3 advantageously can totally 
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dissipate arc energy in the poWer device While accurately 
clamping the voltage at a desired level. Thermal consider 
ations may require a larger poWer device 10; a larger poWer 
device can prevent intrinsic breakdoWn of the poWer device 
in the event that the rating of the poWer device is exceeded. 

[0026] Referring noW to FIG. 4, a fourth embodiment of 
a snubber circuit according to the present invention is 
shoWn. The snubber circuit 38 in this example is substan 
tially similar to that shoWn in the previous examples, but 
With the addition of an operational ampli?er 44 having an 
output connected to the diode resistor 30, having an invert 
ing input connected to a control signal source, and having a 
non inverting input connected to a common line. Further, the 
input to the diode 28 is also connected to the common line. 
The circuit of FIG. 4 can be actively controlled, via the 
control signal provided to the non-inverting input of the 
ampli?er 44, to vary the voltage response (dV/dt). 

[0027] The snubber circuits described in the above 
examples can be connected across an inductive load (as 
shoWn) or across the device or contacts sWitching the load. 
In a typical 500 volt or 1000 volt application at 0-10 amps, 
the circuit can be easily implemented With off the shelf 
components in surface mount packages. The circuit is rela 
tively simple yet provides poWerful performance character 
istics, and the circuit can be scaled in voltage and current. 
For high current applications, a poWer module may be 
required as the poWer device 10. Other modi?cations Will be 
readily apparent to those of ordinary skill in the art. 

[0028] Referring noW to FIG. 5, a Waveform shoWing the 
voltage response for sWitching on a load (from a closed 
sWitch position to an open sWitch position) poWered by a 
100 volt source Without a snubber circuit. It can be seen that 
the voltage response is erratic. In contrast, FIG. 6 shoWs a 
Waveform of the voltage response for the same operation 
(sWitching contacts from closed to open) of the same circuit 
Where a snubber circuit according to the present invention is 
connected in parallel With the inductive load. In this con 
?guration, the voltage response is signi?cantly smoother and 
more controlled. 

[0029] A capacitor across diode 28 might be necessary in 
large circuit board applications to combat the effects of 
layout capacitances. A typical value of 4.7 nF is suitable. 

[0030] While the foregoing description includes many 
details and speci?cities, these are for purposes of explana 
tion only, and are not to be construed as limitations of the 
invention. Numerous modi?cations to the described details 
Will be readily apparent to those skilled in the art. Such 
modi?cations Will not depart from the spirit and scope of the 
invention, as de?ned by the folloWing claims and their legal 
equivalents. 

What is claimed is: 
1. An active snubber circuit comprising: 

a poWer device having ?rst and second terminals, and 
having a gate terminal; 

at least one resistor connected betWeen the gate terminal 
and the second terminal; 

at least one capacitor connected betWeen the gate terminal 
and the ?rst terminal; and 
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at least one diode connected betWeen the gate terminal 
and the second terminal. 

2. The circuit of claim 1, Wherein the poWer device is a 
?eld-effect transistor. 

3. The circuit of claim 1, Wherein the poWer device is one 
of an insulated gate bipolar transistor and a MCT. 

4. The circuit of claim 3, Wherein each poWer device 
includes one additional antiparallel diode. 

5. The circuit of claim 1, Wherein at least one diode is a 
SMT Zener diode. 

6. The circuit of claim 1, Wherein the resistor is an SMT 
resistor having a resistance value which determines a dV/dt 
ratio of the circuit. 
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7. The circuit of claim 1, Wherein the circuit is connected 
across an inductive load. 

8. The circuit of claim 1, Wherein the circuit is connected 
across contacts sWitching a load. 

9. The circuit of claim 1, Wherein the circuit has an 
operating range substantially equivalent to an operating 
range of the poWer device. 

10. The circuit of claim 1, Wherein the poWer device, 
resistor, capacitor, and diode are surface mount components. 

11. The circuit of claim 1, Wherein the circuit is connected 
to a poWer conversion circuit. 

* * * * * 


