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[57] ABSTRACT

A notch filter circuit includes first and second opera-
tiona! amplifiers, each having a capacitor connected
from the amplifier output to the input. A third capacitor
is connected between the second-amplifier input and the
filter circuit input. A first switched-capacitor resistor is
connected between the filter circuit input and the first-
amplifier input. A second switched-capacitor resistor is
connected between the first amplifier output and the
second amplifier input. The second-amplifier output is
connected to the filter circuit output. A third switched-
capacitor resistor is connected between said filter cir-
cuit output and said first amplifier input; First and sec-
ond programmable capacitor arrays are connected re-
spectively in parallel with the third switched-capacitor
resistor and in parallel with the first switched-capacitor
resistor, so that a change only in the capacitance of the
second capacitor array causes a corresponding change
in the filter notch depth and a change only in the capaci-
tance of the first capacitor array causes a corresponding
change in the filter notch width. The first and second
capacitor arrays each have a group of digital program-
ming terminals that may be connected together for
making fixed the ratio of the capacitance values of the
two arrays. A digitally programmable voltage divider
circuit connected in series with the second programma-
ble capacitor array permits the independent programing
of notch depth, i.e. without affecting notch width.

5 Claims, 3 Drawing Sheets
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1

SWITCHED-CAPACITOR NOTCH FILTER WITH
PROGRAMMABLE NOTCH WIDTH AND DEPTH

BACKGROUND

This invention relates to an active notch filter circuit
employing switched-capacitor resistors and more par-
ticularly to such filter circuits that include simultane-
ously-digitally-programmable capacitor arrays for con-
trolling notch width and notch depth.

Notch filters are used in analog-signal manipulating
circuits for rejecting a particular signal frequency, or
narrow range of frequencies. Conventional notch filters
have a center or primary rejection frequency w, and a
quality factor Q, which when high corresponds to a
narrow filter bandwidth and when low corresponds to a
relatively wide bandwidth. A high and low Q value also
corresponds respectively to a narrow notch and a wide
notch, as is further explained below. The transfer func-

tion of the conventional notch filter is expressed as
Pout _ S2 4wl
¥in 2+ -5— S + w

Notch filters of this kind are described by Alan B.
Grebene in his book Bipolar And MOS Analog Inte-
grated Circuit Design, 1984, pages 736-739.
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Notch width and notch depth are typically estab- .

lished by the filter manufacturer and are not controlla-
ble by the filter user.

It is an object of this invention to provide a notch
filter circuit that is programmable with respect to notch
width and depth.

It is a further object of this invention to provide such
a filter wherein notch width and notch depth are inde-
pendently programmable by the user.

SUMMARY OF THE INVENTION

A programmable notch filter includes first and sec-
ond tandem connected operational amplifiers, each with
a capacitor connected output to input across it. The
tandem connection is effected by one switched-capaci-
tor resistor between the output of the first amplifier to
the input of the second. Another switched-capacitor
resistor is connected between the notch filter input and
the input of the first amplifier. The filter output is the
output of the second amplifier. Yet another switched
capacitor resistor is connected between the notch filter
output and the input of the first amplifier. A feed for-
ward capacitor is connected between the input of the
notch filter and the input of the second amplifier.

A notch-width programming circuit consists of a
circuit branch, that includes a first digitally-programm-
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able capacitor array, which array has a first group of 55

digital programming terminals and which array is con-
nected in parallel with the yet another switched-capaci-
tor resistor for determining the capacitance of the first
array, and thus the notch width, in response to a digital
programming signal that may be applied to the first
group of digital programming terminals.

A notch-depth programming circuit consists of a
circuit branch, that includes a second digitally-pro-
grammable capacitor array, which array has a second
group of digital programming terminals and which
array is comnected in parallel with the another
switched-capacitor resistor. This second digitally-pro-
grammable capacitor array is for determining notch
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depth, in response to a digital programming signal that
may be applied to the second group of digital program-
ming terminals.

In another aspect of this invention, the first and sec-
ond groups of digital terminals of the capacitor arrays
are connected to each other; and a digitally programma-
ble voltage divider circuit, has a third group of digital
programming terminals, is connected in the notch-
depth circuit branch, has an input connected to the
notch filter input, and has an output connected to the
second capacitor array for determining the divider ratio
of the programmable voltage divider and thus the notch
depth without affecting the notch width, in response to
a digital programming signal that may be applied to the
third group of digital programming terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a circuit diagram of a digitally pro-
grammable capacitor array suitable for use in a notch
filter circuit of this invention.

FIG. 2 shows a block-diagram representation of the
capacitor array of FIG. 1.

FIG. 3 shows a circuit diagram of a switched capaci-
tor resistor.

FIG. 4 shows a first preferred embodiment of a notch
filter circuit of this invention.

FIG. 5 shows a current flow diagram corresponding
to the circuit of FIG. 4.

FIG. 6 shows a second preferred embodiment of a
notch filter circuit of this invention.

FIG. 7 shows a block diagram of a reverse-connected
DAC for use as a digitally controlled voltage divider.

FIG. 8 shows, for different values of the programma-
ble capacitance ratio Co/Cp, plots of the transfer func-
tion Vout/Vin, or “gain”, as a function of the frequency
fy of the input signal, for the circuit of FIG. §.

FIG. 9 shows, for different values of the programma-
ble voltage divider ratio, A, a plot of the transfer func-
tion Vout/Vin, or “gain”, as a function of the frequency
f. of the input signal, for the circuit of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A digitally programmable capacitor array 10 in FI1G.
1 is binary weighted, i.e. all of the capacitors 12 have
the same capacitance value, C, and they are connected
in binary groups of 1, 2, 4, etc. Electrically programma-
ble switches 14, 15, 16 and 17 determine which groups
of capacitors 12 contribute to the capacitance C4of the
array 10 as measured between terminals 18 and 19.

The digital-signal-activated switches 14, 15, 16 and 17
are preferably implemented as MOS transistors (not
shown). A switch to which a binary zero is applied
opens, and a switch to which a binary 1 is applied closes
to connect the switch-associated group of capacitors 12
between terminals 18 and terminal 19. Thus for exam-
ple, when the digital programming signal is 1/0/0/1,
only switches 14 and 17 contribute to the array capaci-
tance C4 which is illustrated in the block diagram of
FIG. 2. The corresponding decimal number is
N=D0+2D1+4D2+8D3=1.1+2.0+4.0+8.1=9.
Thus C4=(D0+2D1+4D2+8D3)C, or Cy=MC,
wherein M is the decimal number corresponding to the
digital programming signal that sets the switches 14
through 17.

For greater simplicity and clarity of presentation, the
number of programming bits shown in the drawing, m,
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