aesig

Audio equalizer features
transimpedance Q-enhancement

topology

Herminio Martinez, Encarna Garcia, and Eva Vidal,
Technical University of Catalonia, Barcelona, Spain

In general, audio equalizers

need second-order bandpass fil-
ters. Such cells require an easy and in-
dependent tuning of their parameters:
the natural or central frequency, w;
the quality factor, (Q; and the maxi-
mum bandpass gain, k. The use of cells
with independent adjustments could
require state-variable topologies. Un-
fortunately, this sort of structure usu-
ally needs at least three operational
amplifiers. The basis for an alternative
uses SAB (single-amplifier-biquadrat-
ic) filters. These cells allow obraining
second-order bandpass filters, but they

have two main drawbacks: The quality |

factors that you can obtain with these
cells have a practical maximum limit,

and you cannot independently tune |

the three characteristic parameters.
This Design Idea instead uses the

TQE (transimpedance-QQ-enhance-

ment) structure in an audio-equalizer

(Figure 1). This cell has two advan-

| tages when you use it in equalizer cir-

cuits: You can adjust the three charac-
teristic parameters in an independent
way, but it uses only two operational
amplifiers per cell. Reference 1 pres-
ents the generic TQE topology. Fig-
ure 1 shows the configuration that
implements a bandpass filter based on
the generic structure. This structure,
which processes current-input signals,
shows low-impedance input without
the resistor R . Considering that R,
and R, are equal in value and thar all
the capacitors are equal to C, the trans-
impedance, Z(s), is:
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Figure 1 Adding R, to this bandpass filter based on a TQE structure causes
the circuit to Qhow hlgh nput impedance

However, by adding R, the in- |
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put has high impedance, allowing the
processing of voltage input signals be-
cause R provides the required volt-
age-to-current conversion. In this way,
the input-to-output transfer function,
H(s), is:

Vgp(s) R
His)=—BE*2 _ 1
" Vi) Ry

s/R,C

s +s(2-R;/R)/RC+ 1,"R12C2 ;

Thus, the circuit implements a sec-
ond-order bandpass-transfer function;

. the following equations yield the cen-

tral frequency, o, and the quality fac-

tor, Q:
R,

ZRZ-RI

and the value of the gain, k, is:

L BT ﬁ[_iz_.]
Rv — Rpv\2R;-Ry
Thus, you can make the adjustments
of wy, Q, and k with R, R,, and R,
respectively.

You can use the bandpass cell in Fig-
ure 1 in an audio equalizer. Figure 2

k=

shows a possible implementation of a
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graphic equalizer. The basis for the cir-
cuit is a bank of bandpass TQE cells.
Note that the cells are TQE with low-
impedance input. Thus, the input net-
work’s R converts V| (t) and V(1)
to the corresponding input current,
I.(t). Adjusting potentiometer R
with its wiper to the far left (X —0) ac-
centuates the frequency band that the
corresponding cell covers in the over-
all circuit output. On the other hand,
positioning the wiper of R, to the far
right (X,—1) causes a large amount
of negative feedback to occur at this

same frequency, thus causing attenu- |
ation in the forward-signal path. In |

each case, the remaining filters' TQE,
receives percentages of both the input

signal, V, (t), and the output signal, | |

Vou-r(t)’ in ratios that their respective
potentiometer settings determine.
You can derive the overall transfer
function from Figure 2. The output
voltage, V, -(s), of the equalizer is:

Vour(s)=—

Vin(s)
{V,N(s)+A§Z|( )[Xan

where Z (s) are the cells’ transimped-
ances, and

If you define

H](S) = Z](S)leN.

+Your® |[ | |
—XRp [ |

then the transfer function of the equal- |

izer becomes
H;(s)
1+A ‘
Vout(s) _ z X,
Vin(s) Hl(b .
Azl =3

Now, you can investigate the effect
of various settings of the potentiom-
eters. For example, in the case with
all of the controls centered, X, equals
0.5 for each band. Then,
Viu(s)=—1, as you would expect in
a typical equalizer’s response. Setting

Vours) |

band I=1 to a value of X, and all other |

bands flat—that is, X, =0.5 for [=2, 3,
... n), you obtain:
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. which represents a bandpass filter with

unity gain, or 0 dB, in the stopband
i and a gain of A at resonance, and M
is a constant representing the average
value of the complete summation. M
is approximately 1.3, or approximately
2.3 dB (Reference 2). Note that this
gain can be higher—that is, boost—or
lower than one. Considering as typical
values M=1.3, A=1, and k=1, you
can simplify the equation for passhand

- gain A, which is equal to the ratio of

the s term coefficients, as:

As an example, consider the case
of an octave-band equalizer with 10
bands. In this case, the value of the
quality factor for each band is about
1.42 (Reference 3), and the typical

| central frequencies of the 10 sections

are 32 Hz to 16 kHz. Adjusting R
in the input of the cell TQE with its
wiper to the left boosts the frequency
band that the corresponding cell cov-

| ers in the overall circuit output. For in-

stance, if X, is 0.1, then A, is approxi-
mately 13 dB. On the other hand, po-
sitioning the wiper of R, to the right
causes attenuation in the forward-sig-
nal path. So, if X is 0.9, then A is
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approximately —13 dB. You must have
a minimum input impedance in each
cell for the input voltage, V(t), and

the feedback voltage, V. (t). Thus,

the inclusion of two resistors in series
with each potentiometer R in Figure

2 guarantees this resistance.EDN
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