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Abstract — A new circuit of a fourth-order band-pass
RC-filter (BPF) which provides independent adjustment of the
main parameters is investigated: the irregularity of frequency
characteristic (FC), the bandwidth and the scale transfer
coefficient. An algorithm for choosing the circuit parameters to
achieve a given accuracy of digital potentiometers is described.
The transfer functions of the developed BPF are presented and
the frequency response obtained as a result of computer
simulation in CAD Micro-Cap is shown.
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I. INTRODUCTION

The active band-pass RC-filters (BPF) are one of the
important of frequency selection devices (FSD) used, for
example, to filter a specific frequency or band of a signal [1-
10]. These filter circuits can be designed to accomplish this
task by sequentially connecting low-pass (LPF) and high-
pass (HPF) filters (Fig. 1) [11].
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Fig. 1. The block diagram of the classic BPF.

The BPF restructuring can be carried out by changing the
nominal values of the frequency setting RC-elements. In
practice, varicaps are used as variable capacitors [13-14],
but the analog-to-digital converters (ADC) [15] and digital
potentiometers (DP) [16-20] are applied as variable resistors.

The can be of different order. The slope of BPF, used in
FSD, bind with order and than higher it is, then the more the
filter order. In fig. 2 shows the frequency response (FR) for
the BPF of the order from 1 to 5 [12].

The purpose and novelty of the article is to develop a
fourth-order BPF circuit [21] based on a cascade
implementation. The new BPF has the setting of the main
parameters - when the bandwidth changes, its transfer
coefficient does not change.
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Fig. 2. The BPF of the order from 1 to 5.

Il. ANALYSIS OF THE TRANSMISSION FUNCTION OF THE
FOURTH ORDER BAND-PASS FILTER

The transfer function of the fourth-order band-pass filter
has the form

Zb*
W(p)=M—— P2
D'+ pa; + pla; + pa, + 4,

where is b, a; a the coefficients of the numerator and

denominator of the transfer function at the corresponding
powers pk.

The BPF is made according to a connected-cascade
implementation on identical second-order links with transfer
functions of a strip type based on the structures in Fig. 3

F(p)=K 0% @

i 2 2
p°+ pdpa)p+a)p

where is K a transfer coefficient of the i-th link.
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Fig. 3. The BPF structure with an input adder based on operational
amplifier (OA).
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Transfer function (2) can be represented as

2b 2
W(p)=M P 2o, NE)

4 3 2 2 3 4
p* + p’am, + p°a,w, + pa,w, + o,

where is b, , a, a the coefficients of the transfer function

normalized to the pole frequency; M is a scaled transfer
coefficient of the filter.

A change in the relative bandwidth of the fourth-order
BPF without changing its other parameters (uneven FR and
transfer coefficient) is possible when the damping d, of one
or two links changes, and the K; coefficients should not
change in the links. These conditions correspond to links that
have transfer functions with equal coefficients of the
polynomials of the numerator and denominator at p. This
circumstance is reflected in the formula (2).

Table 1 shows the coefficients of the transfer function
(3), expressed through the parameters of the links. In them,
the loopback transfer coefficient is denoted by o with indices
reflecting the type of connection between the links.

TABLE I. COEFFICIENTS OF THE TRANSFER FUNCTION OF THE BPF,
PRESENTED THROUGH THE PARAMETERS OF THE LINKS
Coefficient Expressions of the coefficients of the transfer

functions of the BPF structure

2

b, d,

a, =a, dpl2—0)
2
a, d ot 2
M 1

Table 2 summarizes the calculation formulas for
determining the maximum value of the frequency response
according to the known parameters of the structure, at which
it reaches this value, as well as the cutoff frequencies at the
level of - 3 dB.

TABLE Il EXPRESSIONS FOR DETERMINING THE MAXIMUM VALUES
OF THE FREQUENCY RESPONSE PARAMETERS
Param i
oter Frequency response parameter expressions
2
2-a,.)
Xyax d J1—-—_—"P/
p 2
2
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(-3dB)

2
Having set X,.x=0, according to the formulas in Table. 2
we find the loopback transfer coefficient is O, = 2_./2,at

which the maximally flat frequency response is realized.

The problem is solved in a fourth-order BPF, where the
filter parameters can be found without solving the
approximation problem. For the block diagram shown in
Fig. 3, & p, is found from the equation

A
oy, —8as, +2002, —16a., +4/1010 =0, )

and the damping of the poles is determined by the equation

+
d X cutoff

i 220, f , \/ 1

)=
\/ . 2+Z(2—ocpn ~(2-ap,

In view of the complexity of the solution of equation
(5), oy it is possible to determine in another way - using

()

the relations in Table. 1, we find the parameters d, = /a2 )

__ %1 the structural diagram of the BPF

and o, _—o_
i Ja, -2

shown in Fig. 3.

I1l. TUNABLE BPF

With a change in the adjustment range and a
corresponding decrease in the requirements for the
discreteness of the change, determined by the capacity of the
DP control code, we can use a circuit based on an
operational amplifier (OA) (Fig. 4), and its transfer
coefficient is [20]:

R, R;+(1-o)Ri+a-(1-a)R

K(a)=-—= ,
Ri Rs+a-Ry+a-(1-a)R (6)
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Fig. 4. Amplifier with reduced tuning range.

Increasing the resistance of the resistor will shorten the
adjustment range and decrease the variation with change.
Thus, the installation accuracy a transfer coefficient of circuit
(Fig. 4) is regulated by two parameters - the resistor
resistance or the bits of DP. With these two parameters, high
accuracy can be achieved with a low bits of DP and low cost.

In [20] the algorithm is described for choosing these
parameters to achieve a given accuracy 06%. Let us
supplement the performance with the accuracy 8%, the
requirement for the accuracy of the installation of the transfer

coefficient k% provided by the resistor R;. Considering that
the dependence is decreasing, to select the resistance Ry, it is
necessary to solve the corresponding system of equations:
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co--B Ry, KVE
R R, 100%) R, . ©)
Kp=-"2. R =-(1- K ).&.

R, R,+R, 100% ) R

The solution to the resulting system (7) has the form:

0
10|EM)'R1'

0
100% 1) R

(®)

Rs

e

Since a larger value of Rs provides a smaller range of
change in the transfer coefficient, then for the selected
accuracy k%, the resistance of the resistor Rz is selected
according to the following equation

R2

108% Ry, (100%7 j Rz} ©9)

R5 = max
s =max( ‘

The resulting range of change in transfer coefficient

1+ k .&_ 1-— k .&=
100% ) R, 100% ) R,

is divided into intervals, the number of which is determined
by the capacity of the DP. The more the number of intervals

_k R, (10
100% R,

N, the more accurately the transfer coefficient is set. To
ensure the specified accuracy 8%, the following condition
must be met:

k R, 1 5 R,

. 2. - <. 2, (11)
100% R, N “100% R,

2

From this inequality, the number of intervals necessary to
ensure the required accuracy is determined:

N> K% (12)
5%
The number of intervals should be selected based on the
following considerations:

- N =2", where is a n —bits number of DP;

- N should be as small as possible, otherwise excessive
accuracy will be required, which will entail unreasonable
material costs.

IV. EXAMPLE OF IMPLEMENTATION OF BPF AND RESULTS OF
ITS COMPUTER SIMULATION

Fig. 5 show a new BPF [21] based on the structure
(Fig. 3) and implemented on OA. Computer simulation of
BPF (Fig. 5) was made in the Micro-Cap [22] on models OA
OP37C [23] and its schematic diagram shown on Fig. 6.
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Fig. 5. Schematic diagram of the BPF according to the structure of Fig. 3 [21].

- i

Fig. 6. BPF (Fig. 5) in Micro-Cap CAD.
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The results of computer simulation (Fig. 7) show a
change in the shape of the FR when adjusting the feedback
coefficient without changing the transfer coefficient. This is
possible by adjusting the resistance of the resistor R1 in the
range from 10 to 40 kQ.
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Fig. 7. The FR of a BPF according the circuit Fig. 6 when changing the
resistance of R1 (a) and this graphs in big scale (b).

CONCLUSION

A new scheme of the fourth-order BPF based on cascade-
connected links has been developed, which has independent
adjustment of the main parameters. In the investigated BPF,
it is possible to control the bandwidth by changing the
attenuation in one or simultaneously in two links. An
algorithm for selecting DP parameters to achieve a given
accuracy is considered in detail, which can be used in
modern FSD.
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