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low ends of the audio frequency band as an inverse function
of volume control setting. One commonly used circuit
appears as Figure 2.14,11 and uses a tapped volume pot
[tap @ 10% resistance), Tha switchable R-C network paral:
l@ling the pot produces the frecuency response shown in
Figure 2,14,12 when the wiper is positioned at the tap point
{ie., mid-position for audio taper potl. As the wiper is
mowved further away from the tap point [loudar) the
paralleling circuit has less and less effect, resulting in a
volume sensitive compensation scheme,

FIGURE 2.14.7 Typical Passiva Tone Control Application
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FIGURE 2.14.8 Improved Cirouit Using Passive Tone Contrals
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FIGURE 2.14.9 Single Channet of Complete Phono Preamp

2.14.7 Active Design

Active tone control eircuits offar many attractive advantages:
they are inherently symmetrical about the axis in boost and
zut operation; they have vary low THD due to being incor-
porated into the negative feedback loop of tha gain block,
as opposed to the relatively high THD exhibited by a tone
recovery transistor; and the component spread, e, range
of yalues, is low,
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FIGURE 2,14.11 Loudness Contral
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FIGURE 2.14.12 Loudness Control Froquency Response

Ry + Ra s
Ayg = =R (max base boost) (2.14.13)
1
1 R1
—_= (max bass cuth (2.14.14)
Avg Ryt Rz

At very high frequencies the impedance of the capacitors is
small enough that they may be considered short circuits,
and tha gain is controlled by the treble pot, being equal to
Equations {2.14.15} and (2.14.18) at the extreme ends of
travel.

A3+ R+ 2R5

AT B {max treble boost) (2.14.15)
3
1 ik}
8 e (maX treble cut) (2.14.16)
Ayt R34+ Ry +2R5

Equntions (2.14.15] and {2,14.16} are best understood by
recognizing that the bass cireuit at high frequencies forms
a wye<connected load across the treble circuit. By doing &
wye-delta transformation {see Appendix A3), the effective
loading resistor is found to be {Ry + 2ZRgE) which is in
parallel with (R3 + R4} and dominates the exprossion, [See
Figure 2,14.13b.) This defines a constraint upon R4 which
s expressed as Equation (2,14.17).

The most common active tone control circuit is the o
calledd “Americanized"” version of the Baxandall (1852)%
negative feedback tone controls, A complete bass and treble
active tone control circuit ¢ given in Figure 2.14,13a. At
very low fraquencies the impedance of the capacitors is
large enough that they may be considered open circults,
and the gain is controlled by the base pot, brirg equal to
Equations (2.14.13] and (2.14.14} at the extreme ands of
travel,
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(al Migh Froquency Max Trable Boost Equivalent Circuit
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{b) High Frequency Circuit After Wye-Dalta Transfarmation

FIGURE 2.14,13b Devalopment of Max Trebile Gain

A4 = 10(R3 + Ry + 2R5) 12.14.17)
At low-to-middie frequencies the impedance of Cq decreases
ot the rate of ~GdBfectave, end is in parallel with R2, so
tha effective resistance reduces correspondingly, thereby
reducing the gain, This process continues until the resistance
of Ry becomes dominant and the gain levels off at unity,

The sction of tha trable cireuit is similar and stops when
the resistance of A3 becomes dominant, The design equa-
tions follow directly from the above.

1

Cp = ——————  assumas R2* Ry 12.14.18)
27t Ry
Ap = i, {2.14.19}
2 2w Cq oS
1
e SR D 12.14.20)
27 {4 A3
HE = e L T Ry (2.14.21)
2\2wfyg C3 s

The relationship between f and g and betweon fy and
{MB is not as clear as it may first appear, As used here these
freauencies represant the =3dB points relative to gain at
midband and the extremes. To understand their relationshio
in the most common tone control design of 220d8 at
oxtremes, reference is made te Figure 2.14,14, Here it is seen
what shape the frequency response will actually have. Note

that the flat {or midband] gain is not unity but approxi-
mately £2aB. This is due to the close proximity of the
poles and zeras of the transfer function. Another gffect of
this close proximity is that the slopes of the curves are not
the expected =6dB/octave, but actually are closer to 24dB/
octave. Knowing that fi and fip are 14dB apart in
magnitude, and the slepe of the response 1s 4dB/octave, it
is possible to relate the two. This relationship is given as
Equation (2.14.22).

e . H 10
fL

(2.14.22)
fHB

Example 2.14.2

DCasign a bass and treble active tone control circuit havirng
L£20dB gain with low frequency upper 3dB corner at 30Hz
and high frequency upper 3dB corner at 10kHz,
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FIGURE 2.14.14 Relationship B Frog Broakpoints of
Active Tone Control Cireuit

Solution

BASS DESIGN:
1. Select R2 = 100k (lineark, This is an arbitrary choice.
2, From Equation (2,14,13)

A2
A\IB -1+ 'R— 'y 10("20!’8'
1

_ 100k

» 111 x 104

Ry = 11k

3. Given f|_ = 30Hz and from Equations {2.14.22) and
{2.14.18):

fLg = 10f = 3008z
) gt
2nfLg Ry (27)(300)(11K)

= 4,82 10-8

C1 = 0.05uF

TREBLE DESIGN;:
4, Let Rg = Ry = 11k, This 2leo is an arbitrary cholice.
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5. From Equation (2.14.16):

Ry +28Rg

AyT = 1+ = 10 [+20dB)

_B172R5 11k +2(11k)
10-1 9

A3 = 3.6k

= 367 x 103

6. Given fiq = 10kH2z and from Equation {2.14.20):

1 1

q = = = 442 x 10-8
2nfy R3  (2m1{10kHz)(3.6k)

C3 = 0.005uF
7. From Equation (2.14.17):
R4 & 10{R3 + Rq + 2Rg)
= 10(3.6k + 11k + 22k)
> 3.66x 109
Ra = 500k
The completed design is shown in Figure 2,14.15, where the
quad op amp LM349 has been chosen for the active
slement, The use of a quad makes for a single IC, stereo

tone control circuit that is very compact and economical,
The buffer amplifier is necessary to insure a low driving

impedance for the tone control circuit and creates a high
input impedance {100k£2) for the source, The LM349 was
chosen for its fast slew rate (2.5 V/us), allowing undistorted,
full-swing performance out to > 25kHz. Measured THD
was typically 0.05% @ 0d8m (0.77V) scross the audio
band. Resistors Rg and Ry were added ta insure stability at
unity gain since the LM349 s internaily compensated for
positive gains of five or greater. Rg and R7 act as input
voltage dividers at high frequencies such that the actuai
input-to-output gain is never less than five (four if used
inverting). Coupling capacitors C4 and Cg serve to block DC
and establish low-frequency roll-off of the system; they
may be omitted for direct-coupled designs.

2.14.8 Alternate Active Bass Control

Figure 2.14.16 shows an alternate design for bass control,
offering the advantage of one less capacitor while retaining
identical performance to that shown in Figure 2.14.13. The
davelopment of Figure 2.14.16 follows immediately from
Figure 2,14.13 once it is recognized that at the extreme
wiper positions one of the Cq capacitors is shorted out and
the other bridges R2.

The modifications necessary for application with the
LM387 are shown in Figure 2.14,17 for a supply voltage of
24V, Resistors R4 and Rg are added to supply negative
input bias as discussed in Section 2.8, The feedback coupling

p Coisr y to block DC voltages from being
fed back into the tone control circuitry and upsetting the
DC biss, also to insure quiet pot operation since there are
no DC level changes occurring across the capacitors, which
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FIGURE 2.14.15 Typicsl Active Bass & Trebls Tone Control with Buffer
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would cause “scratchiness.”” The R7-C3 network creates
the input attenuation at high frequencies for stability,

For other supply voltages B4 is recalculated as before,
leaving Rp equal to 240k82, It is not necessary to change
R7 since its value is dictated by the high frequency equi-
valent impedance seen by the inverting input {equals 33k£2),

2.14.9 Midrange Control

The addition of a midrange control which acts to boost or
cut the midrange frequencies in & manner similar to the bass
and treble controls offers greater flexibility in tone control.

The midrange control circuitry appears in Figure 2.14.18.
It is seen that the control is & merging together of the bass
and treble controls, incorporating the bass bridging capaci-
tor and the treble slider cspacitor to form a combined
network. I the bass control is, in fact, a low pass filter, and
the treble control a high pass filter, then the midrange is a
combination of both, i.e., a bandpass filter.
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TREBLE e
T [ ot S
2eM3Cy
1
B " iRy TRy 2RIy
Ry+2Rs
Ayt + 1 T
ASSUMES g » Ry v A3+ 2Rs

FIGURE 2.14.16 Alternate Bass Design Active Tone Control

While the additional circultry appears simple enough, the
resultant mathematics and design egquations are not. In the
bass and treble design of Figure 2.14.13 it is possible to
include. the loading effects of the bass control upon the
treble circuit, make some conwenient design rules, and
obtain useful equations. {The treble control offers negligible
load to the bass circuit,] This Is possible, primarily because
the frequencies of interost are far enough apart so as not
to interfere with one another. Such is not the case with the
midrange included, Any two of the controls appreciably
loads the third, The equations that result from a detailed
analysis of Figure 2.14.18 become so complex that they are
useless for design, So, as is true with much of realworld
engineering, design is accomplished by empirical (i.e., trial-
and-error}) methods, The circuit of Figure 2,14,18 gives the
performance shown by the frequency plot, and should be
optimum for most applications, For those who feel a
change is necessary, the following guidelines should make it
easier,

1. To increase (or decrease) midrange gain, decreasa
{increase) Rg, This will also shift the midrange center
frequency higher {lower). {This change has minimal effect
upon bass and treble controls,)

2. To move the midrange center frequency (while presery-
ing gain, and with negligible change in bass snd treble
performance), change both C4 and Cg. Maintain the
relationship that Cs = 5C4. Increasing (decreasing) Cs
will decrease (increase) the canter frequency. Tha
amount of shift is approximately equal 1o the inverse
ratio of the new capacitor to the old one. For example,
if the original capacitor is Cg and the original center
frequency is fo, and the new capecitor is Cg' with the
new fraquency being fo', then

The remainder of Figure 2,14 18 is as previously deseribed
in Figure 2.14.15,

The temptation now arises to add a fourth section to the
growing tone control circuitry, It should be avoided. Three
paralleled sections appears to be the realistic limit to what
can be expected with one gain block, Beyood three, it s
best 1o separate the controls and use a separate op amp with
each control and then sum the results, {See Section 2.17 on
equalizers for details.)
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FIGURE 2.14.17 LM387 Feedback Tone Controls
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2,15 SCRATCH, RUMBLE AND SPEECH FILTERS

2151 Introduction

Infinite-gain, multiple-feedback active tilters using LM387
(or LM3B1) as the active element make simple lovecost
audio filters. Two of the most popular filters found in
audio equipment are SCRATCH (low pass], used to roll
off excess high frequency noise sppesring as hiss, ticks and
pops from worn records, and RUMBLE (high pass), used to
roll off low fraquency noise associated with worn turntable
and tape transpert mechanisms, By combining low and high
pass filter secticns, a broadband bandpass filter is created
such as that required to limit the audio bendwidth to
include only speech frequencies (300 Hz-3kHz|

2.15.2 Definition of wg and wq for 2-Pole Active Filters

Vhon working with active filter equations, much confusion
uxists about the difference between the terms wg and we.
The canter frequency, fg, equals wgi2n and has meaning
only for bandpass filters, The term we and its associated
fraquency, I, is the cutoff frequency of a high or low pass
filter defined as the point at which the magnitude of the
response is ~3dB from that of the passband (i.e., 0.707
times the passband value), Figure 2.15.1 illustrates the two
cases for two-pole filters.

Equally confusing is the concept of O in relation to high
and low pass two-pole active filters. The design equations
contain Q; therefore it must be determined before a filter
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