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[57] ABSTRACT 

A switching mode power supply is disclosed in which 
an input voltage is modulated by a switch and the mod­
ulated waveform is passed through an inductance, recti­
fied and filtered to provide an output of a controlled 
value, and in which to determine the current passing 
through the inductance, the smaller of the root mean 
square (rms) current through the switch and the rms 
current through the rectifier is measured by including a 
current measuring resistor in series with that respective 
component, and the current through the other compo­
nent is measured by including a current-sensing trans­
former in series with that component, the current 
through the inductor then being determinable as the 
combination of the other two currents. 
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SWITCHING MODE POWER SUPPLIES 

This application is a continuation of application Ser. 

2 
ing resistor in series with that respective component, 
and the current through the other component is mea­
sured by including a current-sensing transformer in 
series with that component, the current through the 

No. 07/960,544, filed Oct. 13, 1992, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to improvements in switching 
mode power supplies. 

5 inductor then being determinable as the combination of 
the other two currents. The RMS currents in the switch 
and rectifier may be determined by measurement tech­
niques well known to the power supply art. 

BACKGROUND OF THE INVENTION 
10 

Such an arrangement can represent a good compro-
mise between the cost of having two current measuring 
transformers and the power losses of having current 
measuring resistors. To minimize energy losses there­
fore one measures the lowest rms current using the 

In general terms, in a switching mode power supply 
an input voltage is modulated by a switch and the mod­
ulated waveform is passed through an inductance, recti­
fied and filtered to provide an output of a controlled 15 
value. Such switching mode power supplies are very 
well known and examples of basic topologies are boost 
convertors, buck convertors and buck boost conver­
tors. 

In order to control the switching and therefore the 20 
output, it can be helpful to know the average current, or 
at least the peak current which is a fair approximation of 
the average current, passing through the inductor. 

The current passing through the inductor can be 
measured directly by including a current sensing resis- 25 
tor in series with the inductor and measuring the volt­
age drop across that resistor. A problem with this solu­
tion, however, is that there are undesirable energy 
losses in the resistor. Also one cannot normally use a 
current sensing transformer in series with the inductor 30 
because this would become saturated by the DC com­
ponent of the inductor current. 

An alternative solution is to determine the currents 
flowing through the switch and the rectifier and to use 
those determinations to derive the current flowing 35 
through the inductor. This is possible because, irrespec­
tive of the relative positioning of the inductor, rectifier 
and switch, one has in effect three branches in the re­
sulting electronic network, one containing the inductor, 
one containing the switch and one containing the recti- 40 
tier, and all three branches have a common point so that 
the current in the branch containing the inductor will 
always be the combination of the currents through the 
switch and rectifier. 

In order to determine the currents passing through 45 
the switch and rectifier, one could include current sens-
ing resistors in series with each but this suffers from the 
problem noted above of undesirable energy losses and 
there would normally not be any advantage in using 
two resistors in place of a single resistor in series with 50 
the inductor. Therefore current sensing transformers 
have been included in series with these branches. This 
has cost and space disadvantages, however, since two 
are required and they are relatively large components. 

The invention has therefore been made with these 55 
points in mind and it is an object of the invention to 
provide a compromise between these various factors. 

SUMMARY OF THE INVENTION 

According to the invention there is provided a 60 
switching mode power supply in which an input volt­
age is modulated by a switch and the modulated wave­
form is passed through an inductance, rectified and 
filtered to provide an output of a controlled value, and 
in which to determine the current passing through the 65 
inductance, the smaller of the root mean square (rms) 
current through the switch and the rms current through 
the rectifier is measured by including a current measur-

current measuring resistor, which is a cheap and simple 
way of determining the current. Then, one uses a more 
expensive and larger current sensing transformer to 
detect the current passing through the other branch but 
since one only has to use one current sensing trans-
former, this can represent a saving in costs. 

The invention has particular advantages when the 
duty cycle of the switch is significantly different from 
50%. Thus in such a case the rms current through one 
branch will be significantly lower than that through the 
other branch and the current measuring resistor will be 
placed in the branch with the lower rms current so that 
energy losses can be minimized. 

According to one embodiment of the invention the 
output from the current sensing transformer can be 
passed through a resistor to measure the voltage drop 
generated, a rectifier being provided to allow one-way 
passage of current through a first resistor, and a large 
value resistor being provided across the output of the 
transformer to reset it between cycles. The resulting 
output voltage generated across the first resistor can be 
combined with the voltage generated across the said 
current measuring resistor by positioning them in series 
and providing a capacitor across them, the potential 
developed across that capacitor being representative of 
the average current through the inductor. In that con-
nection it is relatively easy to ensure that the two volt­
ages are correctly scaled to match one another by a 
suitable choice of the turns ratio of the current measur­
ing transformer and the relative values of the two resis­
tors. 

The invention has particular application to switching 
mode power supplies which have power factor control 
and where one uses a control technique requiring cur­
rent sensing. The invention is however not exclusively 
limited to such switching power supplies and can work 
with any convertor where average current mode con­
trol is required to control for example the duty cycle 
and/or frequency of the switching. 

As noted above the invention can be applicable to all 
types of switching mode power supply topologies in­
cluding, for example, boost convertors, buck conver­
tors and buck boost convertors. 

Accordingly, it is an object of the present invention 
to provide a circuitry for accurately sensing the average 
current through a switching mode power supply which 
is both more compact and more efficient than prior art 
approaches. 

This and other objects of the present invention will 
become apparent to those skilled in the art from the 
following detailed description of the invention, the 
accompanying drawings, and the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

4 
FIG. 3 shows an off-line 500 watt input power boost 

power factor correction circuit 30. This circuit is con­
structed according to the invention and comprises an 
inductor 32, through which current is switched by a 

The invention will now be described, by way of ex­
ample, with reference to the accompanying drawings, 
in which: 

FIGS. lA, lB, and lC are diagrams showing three 
different topologies for switching convertors; 

5 FET 34, the output from the inductor when the FET is 
"off' passes through a rectifier 36. 

FIG. 2 is a graph showing the currents existing in one 
of these topologies; 

The circuit 30 is supplied with AC power at normal 
mains voltage across terminals 38 and 40. This input is 
rectified in a rectifying circuit 42, e.g. a full wave 

FIG. 3 is a circuit diagram of a boost convertor ac­
cording to the invention; and 

FIG. 4 is a circuit diagram of a buck convertor ac­
cording to the present invention. 

10 bridge, and smoothed by means of a capacitor 44. The 
resulting DC input is then applied to inductor 32. The 
DC output from the rectifier 36 passes to output termi­
nals 46 and 48. A capacitor 50 across these terminals 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. lA-lC, the three diagrams lA, 

15 

lB and lC in this Figure show the basic topologies of 
respectively, a boost convertor, a buck convertor and a 
boost buck convertor. All three include an inductance 20 

L through which current is switched by means of a 
switch S and a diode D rectifies the output. An input 
supply V JNiS provided across input terminals 10 and 12 
and a final DC output VoUTiS provided across termi-

25 nals 14 and 16. 
In the boost convector topology shown in FIG. lA, 

an input current l3 flows through the inductor L all the 
time that the switch S is closed. The magnetic energy 
increases during this period and then when the switch 

30 
opens the stored energy is transferred as current passing 
through the diode D to the output V OUT• In this ar­
rangement a current l1 flows through the switch, an 
output current Ii flows through the diode D and the 
input current l3 flows through the inductor L. By the 35 
nature of the arrangement of the components, inevita­
bly current l3 passing through the inductor is the combi­
nation of the currents l1 and Ii. 

For the buck convector topology shown in FIG. lB 
the positioning of the switch S, the diode D and the 40 
inductor L differs from the arrangement in the boost 
convertor shown in FIG. lA. However the same rule 
still applies as regard the currents, in that the current l3 
passing through the inductor will be the combination of 
the currents l1 and Ii. Again a similar situation exists for 45 
the buck boost convertor shown in FIG. lC even 
though again the positions of the switch S, diode D and 
the inductor L are again different. 

The switch S shown in the various switching power 
supplies shown diagrammatically in FIGS. lA-lC will 50 
be an electronic switch such as a field effect transistor 
(FET). This switch will be switched very rapidly in­
deed so that even if the input V JNis not a steady figure, 
during the period of a single switching cycle, there will 
be insignificant change in the voltage VIN• For exam- 55 
ple, the current l3, which is the combination of the 
currents l1 and l2, may vary with time over a short time 
period as shown in the graph of FIG. 2. 

In order to control the switching of the switch S, a 
suitable control circuit is provided which is not shown 60 
in the diagrams of FIGS. lA-lC. However that control 
needs input information in the form of the currents l1, 
12 and l3, and so it is necessary to measure these currents 
in some way. However it is not necessary to measure all 
three currents and if one measures and determines cur- 65 
rents 11 and Ii, then one can uniquely determine current 
13 as well since, as is shown is FIG. 2, l3 in the combina­
tion of currents l1 and l2. 

stores the power. 
The switching of the FET 34 is under the control of 

a circuit 52. This can comprise a conventional power 
factor control chip which pulse width modulates the 
switching. It does, however, need input information in 
the form of the values of the currents passing through 
the inductor 32, switch 34 and rectifier 36. According to 
the invention the current l1 passing through the FET 34 
is sensed by means of the current sensing transformer 
54, whose primary 54a is included in series with the 
FET 34, whilst the current l2 passing through the recti­
fier 36 is sensed by determining the voltage drop across 
a resistor 56. 

A resistor 58 is provided across the secondary 54b of 
the transformer 54 to reset it and a resistor 60 is pro­
vided through which the voltage developed across the 
secondary 54b passes, so developing a voltage drop to 
be measured and detected as corresponding to the cur-
rent l1. A diode 62 prevents return current through the 
resistors 56 and 60. 

A capacitor 64 filters off by high frequency noise and 
the voltage developed across it corresponds alternately 
to l1 and Ii as in FIG. 2, and overall to their combina­
tion, is h 

Assuming that the input impedance of the control 
circuit 52 is much higher than the resistances of resistors 
56 and 60, the current transformer 54 senses the current 
l1 and this is processed by the diode 62 and resistors 56 
and 60 and capacitor 64 over this period of time. The 
voltage developed across capacitor 64 will be equiva­
lent to the sum of the resistances of resistors 56 and 60 
times the turn ratio of the transformer 54 and times the 
switch current Ii, where the resistance of resistor 58 is 
much greater than the sum of the resistances of resistors 
56 and 60. When current flows through the rectifier 36, 
the resistor 56 will sense current Ii whilst the magnetiz­
ing energy in current transformer 54 is reset by the 
resistor 58. Because the diode 62 is non-conducting, the 
voltage drop across the resistor 60 will be insignificant. 

Therefore the voltage across capacitor 64 will equal 
the resistance of resistor 56 times current Ii. Capacitor 
64 filters the high frequency noise and the voltage de­
veloped across it re-constitutes the continuous current 
l3 circulating in the inductor 32 without losing either 
the average or the ripple component of the sensed cur­
rent. 

Under low line (85 V) and full load conditions, the 
duty cycle of the pulse width modulation control circuit 
is set at 70%. Then, in the circuit 30 shown, the power 
lost in the current sensing circuit was found to be about 
1.4 Watts instead of 4.5 Watts when the current was 
sensed by a single resistor. 

FIG. 4 shows a power supply 70 according to the 
invention. Here a DC/DC buck convertor makes use of 
average current mode technique to enhance the perfor-

5
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mance of the convertor by reducing noise and control­
ling the currents in the various circuit branches. 

Power supply 70 is supplied with a DC power input 
voltage across terminals 38' and 40'. 

The equivalent components to the components 5 
shown in the circuit 30 of FIG. 3 are given the same 
references and the measurement of the currents Ii is 
achieved in the same way as described in FIG. 3 to 
determine the current l3 so that the control 52 can re­
ceive this information and control the circuit according 10 
to this. Separate description is therefore not felt to be 
necessary. 

As the input voltage varies from say 28 to 32 volts, 
the maximum duty cycle under steady conditions is 
approximately 18%. To regulate a 5 volt 10 amp output, 15 
1.2 Watts of power is lost in the current sensing circuit 
where the current transformer 54 is used to sense the 
current passing through the rectifier 36 and the resistor 
56 is used to sense the current passing through the FET 
34. In this circuit one can therefore avoid either two 20 
costly current transformers or the much larger losses of 
adopting two current measuring resistors or the equiva­
lent single resistor measuring the inductor current 13. 

While the present invention has been particularly 
described with respect to the illustrated embodiments, it 25 
will be appreciated that various alterations, modifica­
tions and adaptations may be made based on the present 
disclosure, and are intended to be within the scope of 
the present invention. While the invention has been 
described in connection with what is presently consid- 30 
ered to be the most practical and preferred embodi­
ments, it is to be understood that the present invention 
is not limited to the disclosed embodiments but, on the 
contrary, is intended to cover various modifications and 
equivalent arrangements included within the scope of 35 
the appended claims. 

What is claimed is: 
1. A switching mode power supply comprising: an 

inductance; a switch having alternating ON and OFF 
periods for coupling an input voltage to said inductance 40 
during said ON periods to cause a current to flow in said 
inductance; a rectifier for coupling the current flowing 
through said inductance to an output during the OFF 
periods of said switch, each of said switch and said 
rectifier having a respective current flowing there- 45 
through and each said current having a respective root­
means-square (RMS) value, one of said switch or said 
rectifier having a smaller RMS current value than the 
other thereof; and means for determining the current 
flowing through said inductance, said means including a 50 
current-sensing resistor coupled in series with the one of 
said switch or said rectifier having the smaller RMS 
current value for measuring the current flowing there­
through, and a current-sensing transformer coupled in 
series with the one of said switch or said rectifier having 55 
the larger RMS current value for measuring the current 
flowing therethrough, said current-sensing resistor and 
said current-sensing transformer generating respective 
representations of the sensed currents flowing there­
through such that said respective representations are 60 
combinable to provide a representation of the current 
flowing through said inductance. 

2. A power supply as claimed in claim 1 further com­
prising a power factor control circuit responsive to said 
means for determining the current through said induc- 65 

6 
tance for controlling the operation of said switch such 
that the power factor of said power supply is enabled to 
be controlled. 

3. A power supply as claimed in claim 1 wherein said 
power supply comprises a boost converter. 

4. A power supply as claimed in claim 1 wherein said 
power supply comprises a buck converter. 

5. A power supply as claimed in claim 1 wherein said 
power supply comprises a buck boost converter. 

6. The power supply of claim 1 wherein said means 
for determining the current flowing through said induc­
tance further comprises a means for generating a repre­
sentation of the current through said inductance from 
said representations of the sensed currents. 

7. The power supply of claim 6 wherein said means 
for generating said representation of current through 
said inductance further includes a resistor coupled 
across said secondary winding for resetting said cur­
rent-sensing transformer during the times when current 
is not conducted through the high RMS-current 
branch. 

8. The power supply of claim 6 wherein the one of 
said switch or said rectifier having the smaller RMS 
current value comprises a low RMS-current branch and 
wherein the one of said switch or said rectifier having 
the larger RMS current value comprises a high RMS­
current branch; 

wherein said current-sensing transformer includes a 
primary winding and a secondary winding, said 
primary winding being coupled in series with the 
high RMS-current branch; and 

wherein said means fo.r generating said representation 
of current through said inductance includes a cir­
cuit node where a voltage representation of the 
current through said inductance is generated, a 
series circuit comprising a first resistor, a rectifier, 
and said secondary winding which generates a 
voltage across said first resistor related to the cur­
rent flowing through the high RMS-current 
branch when current flows through said high 
RMS-current branch, and means for coupled said 
voltage generated across said first resistor to said 
circuit node. 

9. The power supply of claim 8 wherein said means 
for generating said representation of current through 
said inductance further includes means for coupling the 
voltage generated across said current-sensing resistor to 
said circuit node when current flows through said low 
RMS-current branch. 

10. The power supply of claim 9 wherein said cur­
rent-sensing resistor is coupled in series with said series 
circuit, and wherein said first resistor couples the volt­
age generated across said current-sensing resistor to 
said circuit node when current flows through said low 
RMS-current branch. 

11. The power supply of claim 10 wherein a first 
terminal of said current-sensing resistor is coupled to a 
first terminal of said first resistor, wherein a second 
terminal of said first resistor is coupled to said circuit 
node, and wherein said means for generating said repre­
sentation of. current through said inductance further 
includes a capacitor coupled between said circuit node 
and a second terminal of said current-sensing resistor. 

* * * * * 
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