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courant de
commutation a haute fréquence comprenant un filtre
d’ecrétage (17) qui €limine les crétes apparaissant sur un
signal de rétroaction (53) avant que ce méme signal de
retour (53) ne parvienne a un comparateur (14) de
I’alimentation en courant de commutation. En réponse a

(57) Alimentation miniaturisée en

un front d’onde d’une polante opposce, le filtre
d’ecretage (17) ¢limine les crétes de tension d’une
polarit¢ sans allonger le temps de remise a zeéro du
comparateur (14).
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(57) A high frequency miniaturized switching power
supply has a umidirectional spike filter (17) which
removed spikes appearing on a feedback signal (53)
before such feedback signal (53) 1s provided to a
comparator (14) of the switching power supply. The
spike filter (17) removes voltage spikes of one polarity
without lengthening the reset time of the comparator (14)
1n response to a wavetront of the opposite polarity.
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(57) Abstract '

A htgh { requency mmtatunzed swrtchmg power supply hae a umdrrectlonal spike t'tlter (17) which removed spikes appear-

mg on a feedback signal (53) before such feedback signal (53) is provided to a comparator (14) of the switching power supply.

The spike filter (17) removes voitage sptkes of one polanty wrthout lengthenmg the reset time of the comparator (14) in response
1 to a wavefront of the opposnte polarlty | . _
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MINIATURIZED SWITCHING POWER SUPPLY

HAVING UNIDIRECTIONAL SPIKE FILTER

M

DESCRIPTION

The present invention relates to a miniaturized
switching power supply, and more particularly to one
having a comparator with an improved input circuit
incorporating a unidirectional spike filter.

A major difficulty in the miniaturization of the
switching power supply 1is the need to use relatively
large components which allow operation at relatively
low frequencies. While it has been recognized that
operation at higher frequencies would allow reduction
of the size of certain components, the effect of the
inductance of printed circult traces introduces noise
which interferes with proper operation at high frequen-
cies. It is desirable to reduce the size of the
switching power supply to approximately the size and
shape of a standard IC, so that little circuit board
space is required, and connection of the switching
power supply is made readily by means of terminals or
pins, by use of conventlonal assembly equipment.
Reducing the size of switching power supplies to this

level requires operation at much higher frequencies,

but high frequency operation has not been practical
with existing designs. '

In conventional miniaturized switching power
suﬁplies, the inductance of printed circuit board
traces and other components making up the circuit
produces ringing type noise signals which degrade
operation. The presence of these inductances, along
with distributed capac1tances throughout the circuit,
cause extraneous spikes which result in noisy operation
in terms of the voltage levels to be expected at any

given time. This interferes with proper operation,

eince the voltage level must be sensed correctly in

4 » .‘,
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order to allow proper regulation of the output of the
unit. The occurrence of a spike voltage represents an
uncertainty in the true voltage level at any given
time, and contributes tO imprecise operation of the

circuit.
As a result of these difficulties, prior switch-

ing power supplies nad to confine their operation to
frequency levels at which the stray inductances would
not contribute more than a minimal amount of undesir-

able spikes which are fllterable by a simple PC net-
work. However, this limits the minimum size which can

be achieved 1n miniaturization. In order tO achieve a
miniaturized switching power supply which 1s less than
this 1imit, it is necessary to operate at very high
frequencies in the region of one megahertz, and at
these frequencies the presence of spikes and noisy
operating conditions render known forms of switching

power supplies generally unusable.
Accordingly, it is ‘desirable to provide an

apparatus in which spikes are eliminated, even at very
hlgh fregquency operatlon, especxally at the 1nput of
the comparator of a switching power supply, without

degrading the underlying signal.
Another object of the present invention 1is to

provide such a filter capable of operating at high
frequencies, and which does not delay Or impede opera-

tlon of the comparator at high frequencies.
I+ is a principal object of the present invention

to provide a spike filter which eliminates spikes which
would otherwise tend to interfere with proper operation

- of a miniaturized swltchlng power supply.
1n one embodiment of the present invention, there

is prOV1ded a2 miniaturized switching power supply
having a comparator, with a unidirectional filter
connected to the input of the comparator, which
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functions to limit spikes in a positive direction
without delying resetting of the comparator.
These and other objects and advantages of the
present invention will become manifest by a review of
5 the following description 1in the accompanying drawings.
Reference will now be made to the accompanying
drawings, in which:
Fig., 1 is a functional block diagram oI a switch-
ing power supply control section incorporating an

10 il1lustrative embodiment of the invention;
Fig. 2 1s a schematic diagram of a circuit

incorporating an jllustrative embodiment of the present

invention; and
Figs. 3A and 3B are waveforms illustrating the

15 operation of the prior art, and the operation of the
apparatus of Fig. 2, respectively.

ON_THE DRAWINGS

Reference will now be made to Fig. 1, which

‘illustrates a diagram of a miniaturized switching powef

20 supply. The power supply 1s embodled as an integrated
circuit 9, having a number of pins or termlnals for
access to circuits outside the IC. A source of feed-
back voltage is connected to a pin 13 and thence to one
input of a comperator 14, and the other input of the

25 comparator 14 is connected to pin 15, which recelves a
positive feedback voltage through a spike filter 17 and
2 resistor 19. ' Positive feedback voltage is developed
from a sensing unit which senses the output voltage of
the power supply as compared to a desired reference

30 voltage. As shown in Fig. 1, a resistor 51 is connec-
ted in series with the drain-source current path.of an
N-channel FET 49. The voltage developed across the
resistor 51 is connected by a line 53 to the input of
the spike filter 17, which smoothes the feedback

35 signal. Another current feedback circuit may be used

““““
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in place of the resistor >5l1. An RS flip-flop 24 1is
provided which has its reset input connected to the

‘comparator 14 and its set 1input connected to the output

of an oscillator 22, which has a control input connec-
ted to a pin 20. The oscillator 22 provides setting
signals to the flip-flop 24, and a ramp signal which is
added to the current feedback signal, through a resis-
tor 21, which forms a summing network with the resistor
19. The duty cycle of the flip-flop 24, as well as the
pulse repetition rate of output pulses from its output,
are dependent on the frequency of operation of the
oscillator 22, as well as operation of the comparatorxr

14.

The output of the flip-flop 24 1is connected to
one input of an OR gate 40, which has another 1nput
connected to the output of the oscillator 22. It
receives power from V. at pin 6.

The OR gate 40 prOV1des two inverse outputs, i.e.
true, and inverted outputs, which are connected to the
bases of two serles-connected transistors 44 and 46,
and pin 9 is connected to a point between the two
transistors 44 and 46. Pin 9 supplies the gate voltage

to an FET 49 which operates as the power controlling

unit.
The details of the comparator 14 of Fig. 1 are

shown in Fig. 2, which constitutes a schematic diagram

In Fig. 2, the FET 14 is shown along with the current
feedback resistor 52. The voltage feedback from the
current feedback resistor 52 is connected to a pin 53
of the IC 10, and the pin 53 is connected through a
resistor 54 to the base of a PNP transistor 35. The
collector of the transistor 55 is grounded, and 1s
connected to the output qf a current SOUICE 56, to
ground through a capac1tor 57, and to one 1input of the
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comparator 14. The other input of the comparator 1s
connected to the voltage reference unlt 12 (Fig. 1), to
+he emitter of a PNP transistor 59, which functions as
a current source 58, and which has its collector and
base connected to a terminal 61 at a fixed threshold
voltage level.

In operation, spikes which may appear in the
voltage feedback applied to the pln 53 and interfere
with proper operation of the c1rcu1t A waveiorm of a
typical input signal to pin 53 is illustrated in Fig.
3A, showing the occurrence of a 1arge ringing spike,
during the early part of a rising waveform. The voltv

age level represented by the splke actually exceeds the
maximum voltage of the rising waveform, which results
in improper operation of the comparator, which 1s
intended to detect when the rising waveform passes a
specific threshold level. As shown in Fig. 3A, the
entire ramp waveform is exceeded by the noise peak, SO

that improper operation would result.
on the contrary, Fig. 3B illustrates the output

signal applied to the comparator resulting from use ol
the present invention. As illustrated in Fig. 3B, the
noise spike is substantially reduced, so that operation
of the comparator 14, which depends on the instanta-
neous level of the voltage waveform, 1is not degraded.
The spike is effectively removed Dby the apparatus
of Fig. 3 by the capacitor. 27 in conjunction with the

current sources 26 and 28.
The current source 56 establishes the maximum

rate at which the capacitor 57 may be charged, as long
as the feedback voltage exceeds the level at which the
PNP transistor 55 is cut off. This charge current rate
is chosen in conjunction with the value of the capaci-
tor 57 to achieve the maximum slew rate at which the
comparator 14 must be furnished in order to operate
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reliably at any high frequency at which the switching

power supply operates. Frequencies up to at least 1.5

MHz are feasible with the present inventilon.

The voltage drop across the b-e junctions of the
transistors 55 and 59 are equal, allowing both inputs
of the comparator 14 to be displaced above the
threshold voltage by the same amount, allowilng
comparator switching right at the threshold voltage.J

With the assurance that spikes do not occur at‘

the input waveforms of the comparator 14, the switChing
power supply can be operated at very high frequencies,

which require extremely fast rates of rise of the
signals such as those illustrated in Fig. 3B. The
transistor 55, operating in conjunction with the
current source 56, functions to rapidly discharge the
capacitor 27 during periods in which a low voltage
level is applied to the pin 23. The capacitor 57 1is
therefore discharged extremely rapidly, in response to
descending waveforms. As a result, while spikes are
effectively limited during the rising portion of the
waveform of Fig. BB; this does not interfere with the
operation of the circuit in achieving the rapidly
falling trailing waveform, as shown in Fig. 3B.

This rapid falling waveform is essential to rapid
resetting operation of the comparator of a miniaturized
switching power supply, since the comparator needs 50
to 100 nanoseconds to get back into equilibrium so that
a subsequent cycle of the waveform of Fig. 3A can be
handled reliably, i.e., the comparator triggers at the

same point of the waveform. The voltage at the

- comparator input must be stable for a period of time,

so that the comparator can function properly.

The rapid falling waveform achieved by the
present invention allows the comparator to be off for
approximately 100 nanoseconds, which operation at 1-2

-----
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fety factor after the

As long as

MHz, which is ample TtO allow a sa

time required to reach equilibrium.
ed for the comparator, 1ts opera=

it performs efficiently.
s switching

equilibrium 1s assur
+ion is reliable and the circu

5 In contrast to this operation, in previou
s not incorporating the spike filter of

power supplie
a comparator must be off for

the present invention,

approximately 300 nanoseconds beforelit can furnish a

reliable output.
10 It 1s appare
additions may be made in the ap
invention without departing from the esse
of novelty thereof, which are intended to be defined

and secured by the appended claims.

nt that various modifications and
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ntial features
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CLAIMS

1. A miniaturized switching power suppiy
having a comparator, means connected to the output of
the comparator and responsive to the operation thereof

5 for controlling the output of the power supply, means _
connected to the output of the power supply for produc—
ing a feedback voltage, and means interposed between
the source of said feedback voltage and the input of
said comparator for limiting the rate at which a

10 voltage supplied to saild comparator may rise, wlthout
limiting the rate at whlch said voltage may fall.

2. Apparatus according to claim 1, in which
said comparator comprises an operational amplifier,

~ first and second current sources connected to two
15 inputs of said operation amplifier, and a spike filter
connected to one input of said operational amplifier
comprising an input transistor, said input transistor
being connected in series with a current source connec-
ted to said one input of said comparator, and a capac1~'
0 tor connected between said one input of said comparator
and ground, whereby said capacitor may be charged in
one direction by said current source, and discharged at
a more rapid rate in the other direction by said

transistor.

-----
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