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	Abstract:
	A snubber circuit for use with an integrated power supply control circuit incorporating a transformer and a lateral power MOSFET on a single silicon chip. A capacitor is provided in circuit with the MOSFET and first resistor and diode are in series with each other and the capacitor. A second resistor and diode are also in series with each other and the capacitor. The diodes provide for first current flow in one and an opposite direction and the resistors provide first and second levels of resistance respectively for damping and turn on. In another embodiment, first and second resistors are provided in series with the capacitor, and a diode is connected across one of the resistors.


	Claim:
	What is claimed is:

1. A snubber circuit for use with a power supply control circuit incorporating a power MOSFET (Metal Oxide Semiconductor Field-Effect Transistor) on a single integratedcircuit, said snubber circuit comprising a capacitor in circuit with the MOSFET, first and second resistors connected in series with the capacitor, and a unidirectional element connected across one of said resistors and providing for current flow betweena source terminal of the MOSFET and a drain terminal of the MOSFET in one direction across both resistors and in an opposite direction across only one of the resistors.

2. A snubber circuit for use with a power supply control circuit incorporating a power MOSFET (Metal Oxide Semiconductor Field-Effect Transistor) on a single integrated circuit, said snubber circuit comprising at least one capacitor, first andsecond resistors and at least one unidirectional means connected across at least a part of the MOSFET, said capacitor, first resistor, second resistor and at least one unidirectional means being arranged relative to each other to provide different firstand second oppositely directed current flows between a source terminal of the MOSFET and a drain terminal of the MOSFET with the first current flow including only the first one of said resistors and with the second current flow including at least thesecond one of said resistors, whereby the first and second current flows have first and second respective and different resistances.

3. A snubber circuit as set forth in claim 1 wherein the unidirectional element takes the form of a diode.

4. A snubber circuit as set forth in claim 1 wherein the MOSFET is a lateral MOSFET.

5. A snubber circuit as set forth in claim 2 wherein the first current flow is well suited for damping ringing and the second current flow is well suited for turn on.


	Description:
	BACKGROUND OFTHE INVENTION

Snubber circuits have many applications in power electronics circuits such as voltage and/or current rise limiters, level clamps, EMI limiters, and damping networks. Prior art snubber circuits, to be discussed hereinbelow, control the snubbingaction under one set of circuit conditions, i.e. during switch on or switch off time. Snubbing is accomplished by selectively storing energy in a capacitor during one portion of an operating cycle and discharging the energy during a second portion ofthe cycle.

Using such a snubber with integrated power supply control circuits may pose a problem, in that the control circuit may shut down while trying to absorb the energy stored in the capacitor. Reducing the size of the snubber capacitor of coursesolves this problem but may well result in a capacitor incapable of controlling the ringing.

A general object of the present invention is to provide a snubber circuit which can provide two levels of current flow respectively well suited to control ringing and turn on.

SUMMARY OF THE INVENTION

In fulfillment of the foregoing object and in accordance with the present invention, a snubber circuit is provided for use with an integrated power supply control circuit incorporating an inductance generating element and a lateral power MOSFET(Metal Oxide Semiconductor Field-Effect Transistor) on a single silicon chip and comprises a capacitor in circuit with at least part of the MOSFET. At least one resistor and at least one unidirectional element (preferably a diode) are arranged relativeto each other to provide different first and second current flows respectively for damping ringing and for turn on.

In a somewhat more sophisticated design, a first resistor and a first unidirectional element, preferably a diode, in series with each other and with the capacitor are provided in parallel arrangement with a second resistor and secondunidirectional element also in series with each other and the capacitor. The diodes are arranged to provide for current flow in one and an opposite direction to and from the capacitor and the first and second resistors respectively provide a first levelof resistance for damping during ringing and a second and different level of resistance during current flow in the opposite direction during turn on.

In another embodiment, a pair of resistors are arranged in series with a capacitor with a diode across one resistor, the resistance across one resistor being selected for damping and the combined resistance across the two resistors beingdifferent for turn on. First level of current during damping and a second level of current for turn on.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a, 1b, and 1c illustrate three different prior art snubber circuits;

FIG. 2 illustrates a first embodiment of the improved snubber circuit of the present invention;

FIG. 3 illustrates a second embodiment of the snubber circuit'

FIG. 4 is a first plot of ringing with prior art circuits; and

FIG. 5 is a second plot showing reduced ringing with snubber circuits of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1a shows the simplest form of a snubber circuit. Resistor 10 affects charging and discharging of capacitor 12 equally. This limits the amount of energy that can be stored to the amount which can be discharged during the shortest period ofthe operating cycle.

FIG. 1b illustrates that this limitation can be overcome by adding a diode 14 through which the capacitor charges. Thus, the capacitor can have a smaller value than in FIG. 1a. However, the resistor still needs to be sized to discharge thisenergy during the off time of the switch.

The circuit of FIG. 1c acts to limit the resonant voltage swings to a determined value, which will change depending on duty cycle.

Using a snubber circuit of the type described with integrated power supply control circuits poses a problem in that the control circuit will shut down trying to absorb the energy stored in the snubber capacitor. Reducing the size of thecapacitor solves the turn off problem but results in inadequate control of ringing.

In the snubber circuit of the present invention shown in FIG. 2, a resistor 16 is arranged in series with capacitor 18 at MOSFET (Metal Oxide Semiconductor Field-Effects Transistor) turn off. This resistor helps dampen the voltage ringing on thedrain terminal but in order to avoid undesired shut down of the MOSFET, a higher value of resistance is required during turn on. Resistor 20 serves this need and diodes 22 and 24 provide for current flow in one and an opposite direction as required.

FIGS. 4 and 5 illustrate the results of the foregoing. Absent the snubber circuit such as shown in FIG. 2, turn off ringing such as that shown in FIG. 4 results and may cause excessive heating in the output diode of the power converter, as wellas excessive EMI. Conventional snubbers do not solve the problem due to the design of the MOSFET. With the snubber circuit of FIG. 2, highly efficient damping is achieved as illustrated in FIG. 5.

FIG. 3 shows first and second resistors 36 and 38 and capacitor 40 connected in series and diode 42 connected across resistor 36. As will be apparent, the resistance across one resistor is effective for damping and the resistance across both iseffective for turn on.

As will be apparent with either the FIG. 2 or FIG. 3 snubber circuit, different resistance and/or current, which may be either higher or lower, is provided as required for damping and turn on.
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