Activating Your
Loudspeaker Crossover

Michael W. King

of a crossover network to divide the output spectrum

into portions suitable for high and low frequency
loudspeaker drivers. In the past, this has been achieved with
the use of passive filters, as shown in Figure 1A. The disad-
vantage of this system is the non-constant input impedance of
a direct-radiator loudspeaker.' A solution to this problem
has been proposed by Ashley and Kaminsky,* employing a
system like that shown in Figure 1B. In this system filtering
is accomplished at low levels and the speakers are driven by
low output impedance buffer amplifiers. Clearly, this isolates
the driving point impedance of the loudspeakers from the
output of the filter; and, in addition, the input impedance of
the buffer amplifier can be made virtually any value of pure
and constant resistance making this system also suitable for
use with passive filters. In addition, it should also be noted
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Fig. 1—Possible crossover-amplifier arrangements.
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Fig. 2—Active filter network.
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that the typical passive network of Figure 1A requires
capacitances on the order of tens of microfarads, which
are expensive and difficult to obtain, while the active network
of Figure 1B requires capacitors on the order of nanofarads,
reducing the cost differential between the two systems.

Following Ashley and Kaminsky,* a filter as shown in Figure
2 was constructed. This is an asymmetrical third-order network
where the high-pass has a third-order Butterworth character-
istic. Here the high-pass is achieved by an active filter and the
low-pass portion is derived by subtraction of the high-pass
signal from the total input signal. This design is of the con-
stant voltage type described by Ashley’ and Small,' meaning
that the phasor sum of the outputs of the filter is equal to
some constant in the frequency domain. Because of this, given
perfect drivers and amplifiers, the total acoustic output signal
will be a perfect reproduction of the source material. This can
be demonstrated, as shown below by adding the transfer func-
tions of the high and low pass filters to give the transfer
function for the sum of the outputs.
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Thus, this network has a gain of one-half which is constant
with respect to frequency. The filter was designed for a gain
of one-half in order to simplify component values and to
avoid problems caused by excessive levels.

A pAT74] operational amplifier was chosen because of its
high gain and wide range of operating voltages. This was
chosen over the popular pA709 operational amplifier because
the 741 requires no external frequency compensation. Supply
voltage of £ 15v was chosen because this was most compatible
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Fig. 3—Measured response of I.C. filter network.



F—Hz Co-(uF) F—-Hz Co-(uF)
100.00 - 0.07958 1258.93 - 0.00632
125.89 - 0.06321 1584.89 - 0.00502

158.49 - 0.05021
199.53 - 0.03988
251.19 - 0.03168
316.23 - 0.02516
398.11 - 0.01999
501.19 - 0.01588
630.96 - 0.01261
794.33 - 0.01002
1000.00 - 0.00796

1995.26 - 0.00399
2511.89 - 0.00317
3162.28 - 0.00252
3981.07 - 0.00200
5011.87 - 0.00159
6309.57 - 0.00126
7943.28 - 0.00100
10000.00 - 0.00080

Table 1—Capacitor values for active filter network.

with the commercially available integrated-circuit power
amplifiers and it was intended that both filter and buffer
amplifiers could be powered from a common supply.

For this network, the slope of the high-pass characteristic in
the stop-band is 18 dB per octave and the phase goes from

~180 degrees in the pass-band to 90 degrees in the stop-band,
with 45 degrees at the crossover frequency. For the low pass.
the stop-band slope is 6 dB per octave and the phase response
goes from 180 degrees in the pass-band to 270 degrees in the
stop-band with approximately -180 degrees of phase shift at
the crossover frequency. ldeally, perhaps, the phase shift in
the pass-bands would be zero degrees: however. the opera-
tional amplifiers require an additional -180 degrees for
stability because of the feedback employed. Note also that
a filter could have been synthesized by deriving the low-pass
and subtracting to obtain the high-pass. This would also be

Component values were selected from Table IV of Ashley
and Kaminsky's paper.’ which is reproduced here as Table I.
for a crossover frequency of 1584.89. which is suitable for an
8-in. woofer. The values specified by Ashley and Kaminsky
are:

Ro =10 Kilohm
R: = 8.79 Kilohm
R: = 7.73 Kilohm
R3 = 61.5 Kilohm
Co = 5.02 Nanofarad

Since these values are not readily available, some change was
necessary as shown below.

Ro =10 Kilohm
R = 8.79 Kilohm
R: = 7.8 Kilohm
R:3 = 60.7 Kilohm
Co = 5.0 Nanofarad

This was found to have a negligible effect on the actual
response, as demonstrated by the fact that the measured -3 dB
point of the high-pass signal (crossover frequency) was 1.55
kHz which is in error by less than 5 percent.

The measured frequency response is as shown in Table 2
and Fig. 3. We note that this is a very flat curve without un-
explained bumps and glitches that sometimes plague passive
networks of this kind. Also note that the stop-band slopes and
phase response are as predicted by myself, and Ashley and
Kaminsky.

In short, it is felt that the active filter network is a good
performing, easy to realize alternative to the passive networks
used in the past. In addition, given the relatively more com-
mon component values used as compared with a passive net-
work for a similar function and the low cost of integrated-
circuit operational amplifiers (the pA741 is available for less
than $1.00). the cost differential should not be excessive. A
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Freq., Mag., Phase, Mag., Phase Freq., Mag.. Phase, Mag.. Phase
~-Hz dB degrees dB degrees -Hz dB degrees dB degrees
40 -50 0 -180.0 1200 -7.2 -12.7 2.9 -184.0
50 -50 0 -180.0 1400 4.3 334 3.5 -192.7
60 50 0 -180.0 1700 23 -62.9 3.6 -206.7
80 -50 0 180.0 2000 1.0 81.9 2.8 217.6
100 50 0 180.0 2500 -4 -104.1 1.4 -229.5
120 50 0 180.0 3000 -2 118.4 -1 -238.2
140 50 0 180.0 4000 -1 135.6 2.6 -245.5
170 -50 0 180.0 5000 -1 145.2 -4.5 250.0
200 52 0 -180.0 6000 0 -150.1 -6.0 251.8
250 -47 0 180.0 8000 0 -158.3 -8.0 -253.7
300 42.2 0 -180.0 10000 0 -163.1 10.6 -255.9
400 -34.8 0.1 -180.0 12000 0 166.7 -12.3 -258.5
500 28.9 0.2 178.8 14000 0 169.0 13.8 -261.9
600 243 42.1 0.4 177.7 17000 0 171.4 15.8
800 17.0 274 1.1 177.1 20000 0 173.1 -17.5
1000 -113 6.9 2.0 178.8 25000 0 -179.4 -20.0
Table 2—Measured response of |I. C. active filter.

a constant voltage network and for a third-order low-pass
would have an 18 dB per octave slope for the high-pass. The
disadvantage to this arrangement is that, because of the greater
energy in the low-frequency portion of the spectrum, the
tweeter would be forced to handle considerably more power
because of the lesser stop-band slope, and this might adversely
affect reliability. Furthermore, because of their built-in induc-
tance and reasonably civil behavior above the usual cutoff
frequencies, today's low-frequency drivers are more suitable
for use with a 6 dB per octave stop-band slope.
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