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[0034]  FIG. 22 illustrates a power supply circuit for varying the clamping 

voltage; 

[0035]  Figs. 23-26 illustrate alternative constant voltage sink arrangements 

for use with the inverter of FIG. 22. 

[0036]  Figs. 27A-27M illustrate waveforms taken from an exemplary half 

bridge inverter incorporating a protection circuit; 

[0037]  Figs. 28A-28F illustrate comparative waveforms from an exemplary 

half bridge inverter not incorporating a protection circuit; 

[0038]  FIG. 29 is a block diagram of a control circuit for a power supply;  

[0039]  FIG. 30 is a block diagram for a plasma system utilizing a 

protection circuit; 

[0040]  FIG. 31 illustrates a matching network for the control circuit of FIG. 

30; 

[0041]  FIG. 32 illustrates a circuit showing a single-ended amplifier; 

[0042]  FIG. 33 illustrates a circuit showing a second configuration for a 

single-ended amplifier arranged; 

[0043]  FIG. 34-36 illustrate waveforms describing the operation of the 

circuit of FIG. 33; 

[0044]  FIG. 37 illustrates a circuit depicting a pair of single-ended 

amplifiers arranged in a push-pull configuration; 

[0045]  FIG. 38 illustrates a circuit depicting a pair of single-ended 

amplifiers arranged in a push-pull configuration and including an additional circuit for 

balancing the load;  

[0046]  FIG. 39 illustrates a circuit depicting a pair of single-ended 

amplifiers arranged in a parallel configuration; 

[0047]  FIG. 40 illustrates a circuit depicting single-ended amplifiers 

arranged in a parallel, push-pull configuration; 

[0048]  FIG. 41 illustrates a circuit depicting a pair of single-ended 

amplifiers arranged in parallel and having an additional filter at the output; 

[0049]  FIG. 42 illustrates a power supply circuit incorporating a power 

amplifier and an isolated quad-diode rectification and clamping circuit in accordance 

with the present disclosure; 







































26 

BE2 VVV += , where v6.0VBE ≈

Q2 III += , where  and 100HFE≈

so that 2Q II 〉〉 , and 2Q PP 〉〉 . 

[00122]  As can be seen from the equations above, the current through 

transistor TA is much greater than the current through Zener diode ZA, and the power 

dissipated by transistor TA is much greater than the power dissipated by the Zener 

diode ZA. 

[00123]  FIG. 25 depicts an alternate arrangement for setting a voltage 

reference other than the negative and positive rails of the inverter.  In particular, FIG. 25 

shows a diode bridge comprising diodes DB1A, DB2A, DB1B, DB2B.  A Zener ZB is 

connected across the halves of the diode bridge.  Accordingly, whether for a negative 

wave or positive wave, Zener diode ZB enters Zener mode when the voltage exceeds 

the threshold voltage.  FIG. 26 depicts a diode bridge arrangement similar to FIG. 25, 

but includes a transistor TA and Zener diode ZA arrangement similar to FIG. 24, thereby 

providing increased power dissipation.   

[00124]  The diode bridge circuits of Figs. 24-26 provide several 

advantages.  First, the design reduces cost because only one Zener diode must be 

used, rather than two.  Second, because only one Zener diode is used, consistent 

clamping voltages may be obtained, rather than possibly inconsistent clamping voltages 

obtained using a two Zener diode arrangement.  Third, conventional diodes are much 

more easily matched than the Zener diodes. 

[00125]  FIG. 27 shows waveforms measured for an exemplary circuit 

implementation  of  a  power  supply  having  a  protection  circuit.  Operating 

waveforms  and  power  levels  were  recorded  for  300V  DC  input  under matched 

and  mismatched  conditions.   The  load  impedances  matched  at  50  ohms  and 

mismatched  using  open  circuit,  short-circuit,  and  12,  25,  50,  100  and  200  ohms 

both  inductive  and  capacitive reactive.   With  reference  to  FIGS.  27A-27M,  each  

figure  includes  four waveforms,  labeled  1-4  in  each  figure.  Waveform  1  indicates  

the  drain  voltage of the MOSFETs, such  as  the  output  input  of  inductor  L1,  at  

200   volts   per   division.   Waveform  2  indicates  the  current  through L1, at 10 amps  

2Q IHFEI ×≈
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CLAIMS 

1. A power supply circuit comprising: 

a power amplifier configured to  

receive (i) a direct current (DC) voltage from a first power source, and (ii) a 

control signal, and 

based on the control signal, convert the DC voltage to an alternating current (AC) 

output signal; 

a transformer comprising a first winding, a second winding, and a third winding, 

wherein the first winding is configured to receive the AC output signal, wherein the 

second winding is configured to receive an output current based on the AC output 

signal, and wherein the second winding supplies AC current to an output terminal and 

the output terminal supplies AC current to the load via an output filter and wherein the 

output terminal receives power reflected from the load; and 

a rectifier and clamping circuit comprising a plurality of diodes, wherein the 

diodes are configured to (i) rectify a voltage across the third winding, (ii) clamp a voltage 

at the output terminal, and (iii) return power from the third winding to the first power 

source or a second power source. 

2. The power supply circuit of claim 1 wherein the first winding is a primary 

winding, the second winding is a secondary winding, and the third winding is a tertiary 

winding. 
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3. The power supply circuit of claim 1 wherein the plurality of diodes further 

comprises four diodes arranged in a diode bridge rectifier configuration. 

4. The power supply circuit of claim 3 wherein the four diodes are arranged 

in an isolated quad-diode rectifier configuration. 

5. The power supply circuit of claim 1 wherein the plurality of diodes further 

comprises a pair of diodes arranged in a full wave bridge rectifier configuration. 

6. The power supply circuit of claim 5 wherein the plurality of diodes further 

comprises a pair of diodes arranged in an isolated dual-diode rectifier configuration. 

7. The power supply circuit of claim 1 further comprising: 

a second power amplifier configured to  

receive (i) a direct current (DC) voltage from a first power source, and (ii) a 

second control signal, and 

based on the second control signal, convert the DC voltage to a second 

alternating current (AC) output signal, and 

wherein the transformer further comprises a fourth winding, wherein the fourth 

winding is configured to receive the second AC output signal. 

8. The power supply circuit of claim 7 wherein the control signal and the 

second control signal operate the respective first power amplifier in-phase with the 

second power amplifier. 



52 

9. The power supply circuit of claim 1 wherein the power amplifier includes a 

plurality of switches arranged in a full bridge configuration. 

10. The power supply circuit of claim 7 wherein the control signal and the 

second control signal operate the respective first power amplifier out-of-phase with the 

second power amplifier. 

11. A power supply circuit comprising: 

a power amplifier configured to receive a direct current (DC) voltage from a first 

power source and convert the DC voltage to an alternating current (AC) output signal; 

a transformer comprising a first winding, a second winding, and a third winding, 

wherein the first winding is configured to receive the AC output signal, wherein the 

second winding is configured to receive an output current based on the AC output 

signal, and wherein the second winding supplies an AC current to an output terminal 

and the output terminal supplies AC current to the load via an output filter and wherein 

the output terminal receives power reflected from the load ; and 

a rectifier and clamping circuit comprising a plurality of diodes, wherein the 

diodes are configured to at least two of rectify a voltage across the third winding, clamp 

a voltage at the output terminal, and return power from the third winding to the first 

power source or a second power source. 

12. The power supply circuit of claim 11 wherein the first winding is a primary 

winding, the second winding is a secondary winding, and the third winding is a tertiary 

winding. 
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13. The power supply circuit of claim 11 wherein the plurality of diodes further 

comprises four diodes arranged in a diode bridge rectifier configuration. 

14. The power supply circuit of claim 13 wherein the four diodes are arranged 

in an isolated quad-diode rectifier configuration. 

15. The power supply circuit of claim 11 wherein the plurality of diodes further 

comprises a pair of diodes arranged in a full wave bridge rectifier configuration. 

16. The power supply circuit of claim 15 wherein the plurality of diodes further 

comprises a pair of diodes arranged in an isolated dual-diode rectifier configuration. 

17. The power supply circuit of claim 11 further comprising: 

a second power amplifier configured to receive a direct current (DC) voltage from 

a second power source and convert the DC voltage to a second alternating current (AC) 

output signal, and 

wherein the transformer further comprises a fourth winding, wherein the fourth 

winding is configured to receive the second AC output signal. 

18. The power supply circuit of claim 17 wherein the power amplifier operates 

in-phase or out-of-phase with the second power amplifier. 

19. The power supply circuit of claim 17 wherein the power amplifier and the 

second power amplifier are separate units. 
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20. The power supply circuit of claim 17 wherein the power amplifier and the 

second power amplifier are the same units. 

21. A power supply circuit comprising: 

a means for receiving a direct current (DC) voltage from a first power source and 

converting the DC voltage to an alternating current (AC) output signal; 

a means for transforming including a first winding, a second winding, and a third 

winding, wherein the first winding receives the AC output signal, wherein the second 

winding receives an output current based on the AC output signal, and wherein the 

second winding supplies AC current to an output terminal and the output terminal 

supplies AC current to the load via an output filter and wherein the output terminal 

receives power reflected from the load; and 

a rectifier and clamping means including a plurality of diodes arranged to at least 

two of rectify a voltage across the third winding, clamp a voltage at the output terminal, 

and return power from the third winding to the first power source or a second power 

source. 

22. The power supply circuit of claim 21 wherein the plurality of diodes further 

comprises four diodes arranged in a diode bridge rectifier configuration. 

23. The power supply circuit of claim 21 wherein the plurality of diodes further 

comprises a pair of diodes arranged in a full wave bridge rectifier configuration. 
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24. The power supply circuit of claim 21 further comprising: 

a second means for receiving a direct current (DC) voltage from a second power 

source and converting the DC voltage to a second alternating current (AC) output 

signal, and 

wherein the means for transforming further comprises a fourth winding, wherein 

the fourth winding is configured to receive the second AC output signal. 

25. The power supply circuit of claim 24 wherein the means for receiving 

operates in-phase with the second means for receiving. 

26. The power supply circuit of claim 24 wherein the means for receiving and 

the second means for receiving are the same units. 

27. The power supply circuit of claim 24 wherein the means for receiving 

operates out-of-phase with the second means for receiving. 

28. The power supply circuit of claim 24 wherein the means for receiving and 

the second means for receiving are separate units. 


