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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0001] The present invention, as it is defined in the
appended claims relates to filters, and in particular to
low-pass filters with attenuation poles.

2. Description of the Related Art.

[0002] While most of the literature on passive resist-
ance-capacitance (RC) band-reject, frequency rejecting
network (FRN), or notch filters has been dedicated to
the bridged full-T filter, another passive RC filter over-
comes some of the impracticalities of the bridged full-T
filter. That filter is the isolated-integrator band-reject fil-
ter, as shown in Figure 1.
[0003] The isolated-integrator band-reject filter has
several unique qualities, which the bridged full-T filter
lacks. In terms of structure, the isolated-integrator band-
reject filter uses capacitors of equal value. This enables
the manufacturer to use capacitors of a single produc-
tion batch, and to grade only one type of capacitor ver-
sus many types. Additionally, the capacitors used can
be relatively inexpensive NPO ceramic types.
[0004] The net capacitance of the filter itself acts to
aid the construction of a low-pass filter when incorpo-
rated into an active filter design. While attenuation with
a voltage source and an open circuit load is symmetrical,
the natural design tendency is to include finite imped-
ances for both the voltage source and the load. Howev-
er, in practice it is more likely that the low-pass pass-
band will be gain dominant
[0005] Additionally, the frequency of the isolated-inte-
grator band-reject filter may be tuned in both directions
by trimming a single variable resistor. Beyond the ad-
vantage of use of a single member, the use of a resistor
in particular permits laser trimming or abrasive adjust-
ment methods, which can be applied to mass applied
screened-on resistor types in the manufacturing proc-
esses. The use of a tuning resistor also enables the re-
duction of noise during the tuning process as the tuning
resistor is connected to ground.
[0006] An additional feature of the filter is its ability to
provide deep notches even at megahertz frequencies
with practical values of components. The notches, or
poles, remain deep, even when common component tol-
erance limits are incorporated. However, infinite notch
depth may be attained only with exact and ideal values.
Lastly, multiple isolated-integrator band-reject filters can
be cascaded if necessary to produce multiple notches
as part of the system response.
[0007] Additional information regarding resistance-
capacitance notch filters is given in the paper "Tunable
RC Null Networks," authored by Ralph Glasgal on pages
70-74 of the October 1969 issue of EEE.

[0008] A null filter circuit is disclosed in Electronics
World & Wireless World 101 (1995) February No. 1707,
pgs 119-120.

SUMMARY OF THE INVENTION

[0009] The present invention provides an active low-
pass filter system according to claim 1 and a power am-
plifier system according to claim 6.
[0010] The present invention involves the inclusion of
an isolated-integrator band-reject filter into an active
low-pass filter design. The isolated-integrator band-re-
ject filter can be included in many different low-pass fil-
ters, such as Sallen & Key, multiple feedback, and state-
variable types. The inclusion of the isolated-integrator
into active low-pass filter topologies allows some new
filters not heretofore known in the literature to be real-
ized.
[0011] The present invention provides an active low-
pass filter system including an input terminal for receiv-
ing a signal from a signal generator, a low-pass filter cir-
cuit, an output terminal, and at least one frequency-re-
jecting network coupled to the low-pass filter circuit. The
low-pass filter circuit included in the system has a resis-
tive forward signal flow branch including the frequency
rejecting network. In one embodiment, the frequency-
rejecting network is an isolated-integrator band-reject
filter.
[0012] The present invention also provides a power
amplifier system for driving a load. The power amplifier
system includes an input terminal for receiving a signal
from a signal generator, an output terminal connected
to the load, a pulse width modulation circuit creating rip-
ple spectra, an error amplifier and modulator connected
to an input of the pulse width modulation circuit, a de-
modulation filter connected to an output of the pulse
width modulation circuit, and a feedback control loop
coupled to the pulse width modulation circuit and includ-
ing an active low-pass filter having a feedback demod-
ulation filter and an isolated-integrator frequency-reject-
ing network. In one embodiment, the isolated-integrator
frequency-rejecting network is an isolated-integrator
band-reject filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above mentioned and other features of
this invention, and the manner of attaining them, will be-
come more apparent and the invention itself will be bet-
ter understood by reference to the following description
of embodiments of the invention taken in conjunction
with the accompanying drawings, wherein:

Figure 1 is a schematic view of an isolated-integra-
tor band-reject filter.
Figure 2(a) is a schematic view of second order low-
pass Sallen & Key filter including an isolated-inte-
grator band-reject filter in accordance with the

1 2



EP 1 256 166 B1

3

5

10

15

20

25

30

35

40

45

50

55

present invention.
Figure 2(b) is a schematic view of a second order
low-pass Sallen & Key filter including two isolated-
integrator band-reject filters.
Figure 2(c) is a schematic view of a third order low-
pass Sallen & Key filter including two isolated-inte-
grator band-reject filters.
Figure 3 is a Bode diagram of the amplitude re-
sponse of the filter of Figure 2(c).
Figure 4(a) is a schematic view of a multiple feed-
back low-pass filter including two imbedded isolat-
ed-integrator band-reject filters.
Figure 4(b) is a schematic view of a state-variable
low-pass filter including two isolated-integrator
band-reject filters.
Figure 5 is a schematic view of a pulse width mod-
ulated amplifier with a feedback filter in which the
present invention could be utilized.

DESCRIPTION OF THE PRESENT INVENTION

[0014] For the purposes of promoting an understand-
ing of the principles of the invention, reference will now
be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same.
It will nevertheless be understood that no limitation of
the scope of the invention is thereby intended. The in-
vention includes any alterations and further modifica-
tions in the illustrated devices and described methods
and further applications of the principles of the invention
which would normally occur to one skilled in the art to
which the invention relates.
[0015] The present invention involves the inclusion of
an isolated-integrator band-reject filter 20 (Figure 1) into
an active low-pass filter design. The isolated-integrator
band-reject filter can be included in many different low-
pass filters, such as Sallen & Key, multiple feedback,
and state-variable types, as will be described below.
[0016] Referring to Figure 1, a conventional isolated-
integrator band-reject filter 20 is shown. The isolated-
integrator band-reject filter 20 uses capacitors of equal
value, designated C, which may be inexpensive NPO
ceramic capacitors. In addition to using capacitors of
equal value, the resistors R are of a single value. The
exception to the general rule of equal value for resistors
R is the single tuning resistor R/12, which is connected
to ground and provides a means to prevent unwanted
noise during the tuning process. As can be seen in Fig-
ure 1, resistor R/12 may be variable; however, the value
shown is a value of R/12. In general, the ratio for the
value of resistors R of isolated-integrator band-reject fil-
ter 20 to resistor R/12 is at worst 12 to 1, which is still
well within the range of screened-on processes. There-
fore, for simplification, the value presented is R/12.
[0017] Referring now to Figure 2, three embodiments
of the present invention are shown in which isolated-in-
tegrator band-reject filter 20 is incorporated into the re-
sistive branches of Sallen & Key active low-pass filters.

Additional information regarding the Sallen & Key filter
is given in the article "A Practical Method of Designing
RC Active Filters," authored by R. P. Sallen and E. L.
Key on pages 51-62 of the March 1955 issue of IRE
Transaction Circuit Theory which is incorporated herein
by reference. Although isolated-integrator band-reject
filter 20 is placed within a resistive branch of the Sallen
& Key filter, additional series resistors are not required
in the input or output terminals of the original Sallen &
Key filter unless a pole at infinity is desired.
[0018] All three embodiments of the present invention
shown in Figure 2 use amplifiers with positive gain, des-
ignated as K. The simplest possible implementation of
the positive gain is to use a gain of unity, or one, since
this eliminates the need for gain setting resistors on a
voltage feedback operational amplifier. Gains larger
than one, however, may result in simpler capacitor siz-
ing and more stable circuit characteristics.
[0019] Turning now to the specific forms found in Fig-
ure 2, Figure 2(a) depicts the first embodiment of the
present invention in which isolated-integrator band-re-
ject filter 20 is incorporated into a Sallen & Key filter re-
sulting in new filter 22. This is a second order system;
however, only one finite frequency attenuation pole is
produced. In comparison to the basic Sallen & Key filter,
one should note that isolated-integrator band-reject fil-
ter 20 is used to replace portions of the original resistive
branch. One should also note that resistors Rg, R5, and
R8 and capacitors C3 and C5 are not part of isolated-
integrator band-reject filter 20 and are not necessarily
all of equal value.
[0020] During operation, one of resistors R5 or R8
could be zero in value; however, if both resistors had
zero value, only a single pole at infinity would result. This
single pole may be a workable result, although typically
not the desired result. Resistor R7 is a variable resistor
corresponding to resistor R/12 of Figure 1, and may
have a large range of values, all of which are a fraction
of resistors R6.
[0021] Figure 2(b) depicts a second embodiment of
the present invention in which isolated-integrator band-
reject filter 20 is incorporated into a Sallen & Key filter
resulting in Biter 24. Like the first embodiment, the sec-
ond embodiment is a second order system; however,
two finite frequency attenuation poles are produced in
the embodiment of Figure 2(b). One should note that
two isolated-integrator band-reject filters 20 are incor-
porated into the basic Sallen & Key filter. As above, R5
or R8 may be zero; however, if both resistors are zero
then no second pole would be produced at infinity. The
same is true of R4 and Rg. Variable resistor R7 is as
described in conjunction with Figure 2(a). Resistor R3
is also a variable resistor which may have a range of
values that are a fraction of the value of resistor R2.
[0022] Referring now to Figure 2(c), filter 26 is depict-
ed in which a third-order low-pass Sallen & Key filter is
shown as incorporating isolated-integrator band-reject
filters 20. As this is a third order system, it is expected
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that three poles at infinity will be produced in the re-
sponse of the system. In order for the three poles to exist
at infinity, resistors R1 and R4 cannot be zero simulta-
neously since Rg is never zero. In practice, one or the
other of resistors R1 and R4 may be zero, but not both
if three poles are to exist. Otherwise, the structure of the
third embodiment is very similar to that of the second
embodiment and the same restrictions and distinctions
apply.
[0023] Although the depicted embodiments only con-
cern second and third order systems, higher order sys-
tems are possible with further substitution of isolated-
integrator band-reject filter 20 in the resistive branches
of higher order Sallen & Key filters. However, one should
note that as the order of the low-pass Sallen & Key filter
increases, it is less and less critical that all of the possi-
ble poles at infinity exist as the cutoff rate may be ade-
quate.
[0024] Figure 3 is the Bode diagram of the amplitude
response in decibels (dB) of the third-order low-pass
Sallen & Key filter 26 of Figure 2(c). This diagram de-
picts the attenuation resulting from the inclusion of iso-
lated-integrator band-reject filters 20 in filter 26. One
should note that the numbers used for the Bode diagram
do not reflect the only operating parameter for the
present invention, but one of many possibilities. The fol-
lowing component values produce the amplitude re-
sponse depicted in Figure 3:

K=1
Rg = 2.71 KΩ
R1 = R4 = R8 = 0 Ω
R2 = 1.24 KΩ
R3=104 Ω
R5 = R6 = 2.49 KΩ
R7 = 208 Ω
C1 = C2 = C3 = C4 = C5 = 220 pf

[0025] It should be noted that R1 is equal to R4, or
both have a value of zero, thus there are only two poles
occurring in the system, as stated in the description of
the third-order system of Figure 2(c). The two poles of
attenuation 32 and 34 occur at 500 KHz and 1 MHz, re-
spectively. It is also notable that 500 KHz and 1 MHz are
the locations where the ripple spectra is expected from
a 250 KHz interleave N = 2 converter, or the location of
harmonics resulting from a 250 KHz converter.
[0026] Another item to note is the amount of attenua-
tion produced by the present invention. Specifically, one
should note that over 70 dB of attenuation occurs at all
frequencies above 450 KHz. Once the frequency reach-
es 100 KHz, the amplitude response experiences rapid
attenuation going from 20 dB at 100 KHz to over 70 dB
at 450 KHz. In comparison, the response is only atten-
uated by 20 dB from 1 KHz to 100 KHz.
[0027] Referring now to Figure 4, both multiple feed-
back and state variable type filters may be implemented
with imbedded isolated-integrator band-reject filters 20

in the feed-forward resistive branches of each filter type.
Using isolated-integrator band-reject filters 20 in these
types of filters provides additional embodiments of the
present invention.
[0028] Figure 4(a) shows a fourth embodiment of the
present invention, or filter 28, by depicting a multiple-
feedback filter having a pair of isolated-integrator band-
reject filters 20 creating two poles, or notches, for the
system. Depending on the order of the multiple-feed-
back filter, this embodiment of the present invention can
be inverting at DC, thus altering its potential uses. How-
ever, the addition of an inverter should correct any prob-
lems with inversion according to principles well known
in the art.
[0029] In Figure 4(b), a fifth embodiment of the
present invention is shown in which a state-variable filter
includes isolated-integrator band-reject filters 20 result-
ing in filter 30. State-variable filters can be readily con-
figured with three feed-forward resistive branches, each
of which would support a frequency-rejecting network.
However, the embodiment of the present invention dis-
closed shows the more common state-variable filter as
including two feed-forward resistive branches with an
isolated-integrator band-reject filter 20 in each branch
as shown in Figure 4(b). Resultant filter 30 creates a
double notch as did the multiple feedback type filter.
Again, like the multiple feedback type filters, the inver-
sion issue can affect the uses of this filter, but the inclu-
sion of an inverter should correct the inversion problem.
[0030] If a frequency rejecting network, such as an
isolated-integrator band-reject filter, is placed in the
feedback path around a high-gain amplifier, the result is
a band-pass or frequency-emphasizing network (FEN).
Such derivations are considered within the scope of this
invention.
[0031] Referring now to Figure 5, a block diagram de-
picts another embodiment of the present invention in
which isolated-integrator band-reject filter 20 is included
as part of feedback demodulation filter 44. This embod-
iment addresses the issue of removing pulse width mod-
ulated (PWM) spectra from the feedback signals of a
fixed-frequency switch-mode amplifier. In the removal
of the PWM spectra from the feedback signals, a high-
performance amplifier may need two attenuation poles,
or notches. In Figure 5, power amplifier 40 includes
PWM power stage 42 driven by an error amp and mod-
ulator stage 43 producing PWM ripple spectra, and
feedback demodulation filter 44 to remove the PWM rip-
ple spectra from the feedback signal prior to entry into
filter 46. Feedback demodulation filter 44 includes at
least one isolated-integrator band-reject filter 20. An
output demodulation filter 47 is connected to the load 45.
[0032] While this invention has been described as
having an exemplary design, the present invention may
be further modified within the scope of this disclosure.
This application is therefore intended to cover any var-
iations, uses, or adaptations of the invention using its
general principles. Further, this application is intended
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to cover such departures from the present disclosure as
come within known or customary practice in the art to
which this invention pertains.

Claims

1. An active low-pass filter system including:

a low-pass filter circuit (22,24,26,28,30) includ-
ing a resistive forward signal flow branch; and
an isolated-integrator band-reject filter (20)
coupled to the low-pass filter circuit (22,
24,26,28,30) forward signal flow branch,

wherein the isolated-integrator band-reject fil-
ter has an input junction and an output junction and
comprises;

a first capacitor (C2, C4) connected between
the input junction and a first junction;
a first resistor (R2, R6) connected between the
input junction and a second junction;
a second resistor (R2, R6) connected between
the second junction and the output junction;
a second capacitor (C2, C4) connected be-
tween the second junction and the first junction;
a third capacitor (C2, C4) connected between
the output junction and the first junction; and
a tuning resistor (R3, R7) connected between
the first junction and ground potential,

wherein the first, second and third capacitors
(C2, C4) have substantially the same capacitance
and the first and second resistors (R2, R6) have
substantially the same resistance.

2. The system of Claim 1, wherein the tuning resistor
(R3, R7) is a variable resistor.

3. The system of Claim 1 or 2, wherein the ratio of the
resistance of the first and second resistors (R2, R6)
to the resistance of the tuning resistor (R3, R7) is
at most 12 to 1.

4. The system of any preceding Claim, wherein the
low-pass filter circuit is a Sallen & Key filter
(22,24,26).

5. The system of any preceding Claim, wherein the
low-pass filter circuit is a multiple feedback filter
(28).

6. The system of any preceding Claim, wherein the
low-pass filter circuit is a state variable filter (30).

7. A power amplifier system (40) for driving a load
comprising: a pulse width modulation circuit (42)

creating ripple spectra; a feedback control loop cou-
pled to said pulse width modulation circuit (42) and
including an active low-pass filter system (44) as
claimed in any of claims 1 to 3, including a feedback
demodulation filter (44).

8. The system of Claim 7, further including an error
amplifier and modulator circuit (43) connected to an
input of the pulse width modulation circuit (42), and
a demodulation filter (47) connected between the
pulse width modulation circuit (42) and the load.

Patentansprüche

1. Aktives Tiefpaßfiltersystem mit:

einem Tiefpaßfilterschaltkreis (22, 24, 26, 28,
30), der eine mit einem Widerstand behaftete
Vorwärtssignalflußverzweigung aufweist, und

einem isolierten Integratorbandsperrfilter (20),
das mit dem Tiefpaßfilterschaltkreis- (22, 24,
26, 28, 30) Vorwärtssignalflußverzweigung ge-
koppelt ist,

wobei das isolierte Integratorbandsperrfilter einen
Eingabeübergang und einen Ausgabeübergang hat
und aufweist:

einen ersten Kondensator (C2, C4), der zwi-
schen dem Eingabeübergang und einem er-
sten Übergang verbunden ist,

einen ersten Widerstand (R2, R6), der zwi-
schen dem Eingabeübergang und einem zwei-
ten Übergang verbunden ist,

einen zweiten Widerstand (R2, R6), der zwi-
schen dem zweiten Übergang und dem Ausga-
beübergang verbunden ist,

einen zweiten Kondensator (C2, C4), der zwi-
schen dem zweiten Übergang und dem ersten
Übergang verbunden ist,

einen dritten Kondensator (C2, C4), der zwi-
schen dem Ausgabeübergang und dem ersten
Übergang verbunden ist, und

einen Abgleichwiderstand (R3, R7), der zwi-
schen dem ersten Übergang und Erdpotential
verbunden ist,

wobei der erste, der zweite und der dritte Konden-
sator (C2, C4) im wesentlichen dieselbe Kapazität
und der erste und der zweite Widerstand (R2, R6)
im wesentlichen den selben Widerstandswert ha-
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ben.

2. System nach Anspruch 1, bei dem der Abgleichwi-
derstand (R3, R7) ein variabler Widerstand ist.

3. System nach Anspruch 1 oder 2, bei dem das Wi-
derstandsverhältnis des ersten und des zweiten Wi-
derstands (R2, R6) zu dem Widerstand des Ab-
gleichwiderstands (R3, R7) höchstens 12 zu 1 ist.

4. System nach einem der vorstehenden Ansprüche,
bei dem der Tiefpaßfilterschalterkreis ein Sallen &
Key Filter (22, 24, 26) ist.

5. System nach einem der vorstehenden Ansprüche,
bei dem der Tiefpaßfilterschaltkreis ein Mehrfach-
rückkopplungsfilter (28) ist.

6. System nach einem der vorstehenden Ansprüche,
bei dem der Tiefpaßfilterschaltkreis ein zustands-
variabler Filter (30) ist.

7. Leistungsverstärkersystem (40) zum Treiben einer
Last, mit:

einem Pulsweitenmodulationsschaltkreis (42),
der Welligkeitsspektren erzeugt, einer Rück-
kopplungskontrollschleife, die mit dem Puls-
weitenmodulationsschaltkreis (42) gekoppelt
ist und ein aktives Tiefpaßfiltersystem (44)
nach einem der Ansprüche 1 bis 3 aufweist,
einschließlich einem Rückkopplungsdemodu-
lationsfilter (44).

8. System nach Anspruch 7, das weiterhin einen Feh-
lerverstärker und einen Modulatorschaltkreis (43)
aufweist, der mit einer Eingabe des Pulsweitenmo-
dulationsschaltkreises (42) verbunden ist, und ein
Demodulationsfilter (47), das zwischen dem Puls-
weitenmodulationsschaltkreis (42) und der Last
verbunden ist.

Revendications

1. Système filtre passe-bas actif comprenant :

un circuit de filtre passe-bas (22, 24, 26, 28, 30)
comportant une branche de passage de signal
direct à résistance ; et
un filtre coupe-bande à intégrateur isolé (20)
relié à la branche de passage de signal direct
du circuit de filtre passe-bas (22, 24, 26, 28,
30),

dans lequel le filtre coupe-bande à intégrateur
isolé comporte une jonction d'entrée et une jonction
de sortie et comprend :

un premier condensateur (C2, C4) connecté
entre la jonction d'entrée et une première
jonction ;
une première résistance (R2, R6) connectée
entre la jonction d'entrée et une seconde
jonction ;
une seconde résistance (R2, R6) connectée
entre la seconde jonction et la jonction de
sortie ;
un second condensateur (C2, C4) connecté en-
tre la seconde jonction et la première jonction ;
un troisième condensateur (C2, C4) connecté
entre la jonction de sortie et la première
jonction ; et
une résistance d'accord (R3, R7) connectée
entre la première jonction et un potentiel de
masse,
système dans lequel les premier, second et troi-
sième condensateurs (C2, C4) ont sensible-
ment la même capacité et les première et se-
conde résistances (R2, R6) ont sensiblement
la même valeur de résistance.

2. Système selon la revendication 1, dans lequel la ré-
sistance d'accord (R3, R7) est une résistance va-
riable.

3. Système selon la revendication 1 ou 2, dans lequel
le rapport de la valeur de résistance des première
et seconde résistances (R2, R6) à la valeur de ré-
sistance de la résistance d'accord (R3, R7) est au
plus de 12 à 1.

4. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel le circuit de filtre
passe-bas est un filtre Sallen & Key (22, 24, 26).

5. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel le circuit de filtre
passe-bas est un filtre à réaction multiple (28).

6. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel le circuit de filtre
passe-bas est un filtre de type variable d'état (30).

7. Système d'amplificateur de puissance (40) permet-
tant de commander une charge, comprenant : un
circuit de modulation d'impulsions en largeur (42)
créant des spectres d'ondulation ; une boucle de
commande de réaction reliée audit circuit de modu-
lation d'impulsions en largeur (42) et comportant un
système de filtre passe-bas actif (44) tel que reven-
diqué dans l'une quelconque des revendications 1
à 3, comportant un filtre de démodulation de réac-
tion (44).

8. Système selon la revendication 7, comportant en
outre un circuit amplificateur d'erreur et modulateur
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(43) connecté à une entrée du circuit de modulation
d'impulsions en largeur (42), et un filtre de démo-
dulation (47) connecté entre le circuit de modulation
d'impulsions en largeur (42) et la charge.
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