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333/1 A filter for a switching power ne filter in- 
cludes a mode with ‘Oil 

noise from the power supply so that the noise does not 
4,408,171 10/1983 Akin0 et al. .................... 333/181 x reach the dc source. me invention also includes the use 

input terminals to provide further high-frequency 
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SWITkHING POWER SUPPLY FIL'IXR 
ing frequency of converters and thereby keep down the 
weight of the transformers (magnetics) associated with 
each one. Use of high-frequency HEXFET switching 

This invention was made with Government support power supplies creates large high-frequency common- 
under NASA Contract 18300. The Government has 5 made noise signals that prior art filter designs cannot 
certain rights in this invention. reject. For example, currently available switching 

power supplies or converters are operating above $0 
kHz. At these high frequencies, conventional inductors 
are not suitable for filtering the high frequency compo- 

filtering high frequency noise generated by switching 10 nents produced by the converters. At these high fre- 
power supplies or dc-dc converter. quencies the inductor must be made much larger, creat- 

FIELD OF THE INVENTION 
This invention relates to power supply filters for 

- -  
&g another weight problem, and the inductorcore must 
be made of a material other than the conventional iron BACKGROUND OF THE INVENTION 

In many applications, especially in the aircraft avion- to achieve suitable performance characteristics. 
ics environment, one of the primary power sources 15 
available is dc. This primary power is converted to 
secondary power within the power supply of the avion- 
ics systems. Dc-dc converter (also referred as a switch- 
ing power supply) is a switching device that converts 
dc voltage to a square wave ac voltage. The square 20 
wave ac voltage may then be transformed to the desired 
voltage level and rectified to obtain dc in the power 
supply, or the square wave voltage may be used to 
directly operate ac devices. The square wave is pre- 
ferred in converters, over the universally used sine 25 
wave in power distribution equipment, because of the 
much greater efficiency obtainable from switching de- 

SUMMARY OF THE INVENTION 
To prevent the common mode noise from the switch- 

ing power supply from reaching the dc source, an espe- 
cially acute problem at higher frequencies, the present 
invention utilizes a common mode inductor with a pair 
of feed through capacitors to filter the high frequency 
noise produced by the converter or switching power 
supply. The common mode inductor and the feed- 
through capacitors are used in an embodiment that 
allows the dc current to pass in to the switching power 
supply, but blocks the high frequency noise from enter- 
ing the dc source. - 

BRIEF DESCRIPTION OF THE DRAWINGS vices ;prating in a sq&e wave mode. Further, many 
ac devices intended for oneration from sine waves. 
including rotating machine&, will operate satisfactorily 30 
with a square wave input. 

Dc-dc converters are also widely used in applications 
where ac power is available, but where the magnetic 
components required in circuits operating at these ac 
frequencies would be prohibitively large and heavy. 35 FIG. 1 depicts a prior art inverter, 
Again, the aircraft environment is especially suited for FIG. 2 is a first embodiment of a switching power 
converter applications. Converters operating in the supply filter constructed according to the teachings of 
kilohertz range provide a substantial reduction in the the presedt invention; and 
size and weight of power transformers, ftltering is also FIG. 3 is a second embodiment of a switching power 
greatly simplified at these higher frequencies. Usually, 40 supply filter constructed according to the teachings of 
only a small filter capacitor is required. The dc required 

DESCRIPTION OF THE PREFERRED to operate such converters is usually obtained by recti- 

EMBODIMENTS fying the available ac line voltage with a bridge recti- 
fier, or directly from the dc primary power source thus 
also eliminating the need for low frequency power 45 FIG. 2 illustrates, in schematic form, a switching 
transformers. power supply filter 20. The switching power supply 

Typically, dc-dc converters use semiconductor filter 20 includes a filter 21 connected to a dc source 23. 
switches, either bipolar transistors or field-effect transis- The output terminals of the filter 21 are connected to 
ters to apply a dc voltage with rapidly reversing polar- input terminals of a common mode inductor 22. The 
ity to the primary winding of a transformer. A simpli- 50 common mode inductor 22 includes a first coil 24, a 
fied converter circuit 10 is illustrated in FIG. 1. The second coil 26, and a core 28. One output terminal of the 
converter circuit 10 includes two switching transistors common mode inductor 22 is connected to a positive 
12 and 14 that are used in a push-pull arrangement to input terminal of a switching power supply 34 via a 
alternately apply a dc voltage (from a dc voltage source feed-through capacitor 30. A second output terminal of 
11) to opposite halves of a center-tapped output trans- 55 the common mode inductor 22 is connected to a nega- 
former 16. The bases of both the transistors 12 and 14 tive input terminal of the switching power supply 34 via 
are driven by a separate switching source, illustrated as a feed through capacitor 36. FIG. 2 illustrates the feed- 
a multivibrator timing oscillator 18, through a trans- through capacitors 30 and 36 in schematic form; each 
former 20. Power is delivered to the loads through the feed-through capacitor 30 and 36 is a three-terminal 
secondary winding of the transformer 16. 60 device having one terminal connected to an output 

One well known problem associated with inverters is terminal .of the common mode inductor 22, a second 
the leakage of high frequency currents from the output terminal connected to an input terminal of the switching 
square wave signal back into the dc source. These high power supply 34, and a thud terminal, which is actually 
frequency noise signals can radiate high-frequency RF the feed-through capacitor case, connected to ground. 
power by means of the cable supplying the power, 65 In operation, dc current is supplied to the switching 
which is then propagated to other converters or devices power supply 34 in the differential mode. The flow of 
connected to the dc source. The problem is com- this differential current is indicated by the solid arrows 
pounded by the constant efforts to increase the operat- in FIG. 2. The switching power supply 34 supplies ac 

The present invention can be more easily understood, 
and the further advantages and uses thereof more 
readily apparent, when considered in view of the de- 
scription of the preferred embodiments and the follow- 
ing figures in which: 

the present invention. 
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square wave power to the loads as indicated, and in the 
process of generating this ac current produces common 
mode high frequency noise. The common mode signals 
are indicated by dashed arrows in FIG. 2. The objective 
of the present invention is to filter the common mode 
noise so that it does not appear at the dc source input 
terminals, while allowing the differential mode dc sig- 
nal to pass unimpeded to the switching power supply 
34. 

The coils 24 and 26 of the common mode inductor 22 
are oriented such that the flux produced by the coil 24 
cancels the flux produced by the coil 26 for a differen- 
tial-mode signal. For a common-mode signal, the flux 
produced by the coil 24 and the flux produced by the 
coil 26 are additive; this flux addition gives the common 
mode inductor 22 a high impedance for common mode 
signals. As a result, the coils 24 and 26 block the passage 
of the common mode noise from the switching power 
supply 34 to the dc source 23. However, the coils 24 and 
26 allow the differential mode dc signal from the the dc 
source 23 to pass through the common mode inductor 
22 to the switching power supply 34. 

To further ensure the attenuation of the common 
mode noise produced by the switching power supply 
34, it is important to use feed through capacitors 30 and 
36, rather than other capacitors types with the standard 
well-known lead configurations. The feed-through ca- 
pacitors 30 and 36 have short lead lengths and grounded 
cases that minimize parasitic inductance in the leads and 
force the high frequency current to go through the 
capacitor. Thus, the feed-through capacitors 30 and 36 
offer low impedance to high-frequency currents by 
virtue of their construction. Further the filter 21, the 
common mode inductor 22, and the feed-through ca- 
pacitors 30 and 36 are usually physically mounted in a 
single enclosure. The case grounding feature of the 
feed-through capacitors 30 and 36 can be used advanta- 
geously in this configuration to completely shield the. 
components within the enclosure yet provide a terminal 
for connection to the switching power supply 34. 

Without the feed through capacitors 30 and 36, high 
frequency noise from switching power supply 34 would 
leak through the coils 24 and 26 via the parasitic capaci- 
tances thereof. At higher frequencies, the parasitics 
capacitances become even larger and provide an in- 
creasingly better path for the high frequency noise to 
pass through. 

In addition to the common-mode noise discussed 
above, the switching power supply 34 also generates 
low-frequency ripple differential noise, and its harmon- 
ics. 

The filter 21 is used to filter these low frequency 
differential noise components from entering the dc 
source 23. These noise components cannot be suffi- 
ciently attenuated by the common-mode inductor 22. 
The filter 21 is two well-known T-type filters connected 
at their bottom terminals, with this common connection 
grounded. 

FIG. 3 illustrates another embodiment of the present 
invention, specifically the filter 21 is illustrated as com- 
prising two pi-type filters connected back to back. Here 
also, the purpose of the filter 21 is to remove all the low 
frequency differential noise components before they 
enter the dc source 23. The FIG. 3 embodiment is typi- 
cally used when the noise is measured using an induc- 
tive test set-up, e.g., commercial Federal Communica- 
tions Commission testing. 

Although several embodiments in accordance with 
the present invention have been shown and described, it 
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4 
is understood that the same is not limited thereto, but it 
is susceptable of numerous changes and modifications as 
known to a person skilled in the art, and we therefore, 
do not wish to be limited to the details shown and de- 
scribed herein, but intend to cover such changes and 
modifications as are obvious to one of ordinary skill in 
the art. 

What is claimed is: 
1. A switching power supply being adapted for con- 

nection to a dc voltage source for providing an ac volt- 
age to a load, comprising: 

an inverter for producing the ac voltage, wherein said 
inverter includes fust and second input terminals; 

a common-mode inductor including a fust coil hav- 
ing a first terminal connected to a fust output ter- 
minal of the dc voltage source and a second coil 
having a fust terminal connected to a second out- 
put terminal of the dc voltage source; 

a first feed-through capacitor having a first terminal 
connected to a second terminal of said first coil, a 
second terminal connected to the first input termi- 
nal of said inverter, and a third terminal connected 
to ground; 

a second feed-through capacitor having a first termi- 
nal connected to a second terminal of said second 
coil, a second terminal connected to the second 
input terminal of said inverter, and a third terminal 
connected to ground; 

wherein the dc voltage source provides dc current to 
said inverter, and wherein said inverter produces 
common-mode noise that propagates back toward 
the dc voltage source, and wherein said common- 
mode inductor presents a high impedance to the 
common-mode noise, and wherein said first and 
said second feed-through capacitors present a low 
impedance to the common-mode noise such that in 
combination with said common-mode inductor the 
common-mode noise is shunted to ground through 
said feed-through capacitors while permitting the 
dc current to pass therethrough. 

2. The switching power supply of claim 1 including a 
filter disposed between the dc voltage source and the 
common mode inductor, for attenuating low frequency 
components of differential mode noise produced by the 
switching power supply. 
3. The switching power supply of claim 2 wherein the 

filter includes first and second serially connected induc- 
tors connected between said first input terminal and said 
first output terminal, and third and fourth serially con- 
nected inductors connected between said second input 
terminal and said second output terminal, and first and 
second serially connected capacitors connected be- 
tween the connection point of said fust and said second 
inductors and the connection point of said third and said 
fourth inductors, and wherein the connection point of 
said first and said second capacitors is connected to 
ground. 

4. The switching power supply of claim 2 wherein the 
filter includes a first input terminal connected to ground 
via a fust capacitor, a first output terminal connected to 
ground via a second capacitor, a second input terminal 
connected to ground via a thud capacitor, a second 
output terminal connected to ground via a fourth capac- 
itor, a first inductor connected between said first input ' 
and said fust output terminals, and a second inductor 
connected between said second input and said second 
output terminals. * * * * *  


