solid state | By Dennis Colin
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The “Amplibass” Control

This natural-sounding bass-boost circuit restores the deep bass attenu-

ated by record producers and the Fletcher-Munson effect, without

“muddying up” the midrange.

ou may need bass boost for one !

of three reasons:

1. Most popular recordings, and
even some classical, have the !
naturally powerful and deep bass at- :

- “AMPLIBASS” FREQUENCY

tenuated, because these waveforms are !

. RESPONSES

often of higher amplitude than the !

rest of the audio signal. Producers re-
duce the bass because of the infamous
“loudness wars,” in which sales are
proportional to dB SPL.

2. The Fletcher-Munson effect: At the
usual lower-than-live playback vol-
ume, hearing sensitivity of low fre-
quencies falls off faster than at mid-
range and treble frequencies.

3. Loudspeaker bass rolloff.

She’s right about me!)

A MUSICAL EXAMPLE

Consider “Bayou Country” by
Creedence Clearwater Revival, now
available on SACD (Analogue Produc-
tions CAPJ8387SA). One of my favorite
songs is “Born On The Bayou,” which I
must have played over 300 times since
its debut around 1968 (on the flip side
of the smash hit “Proud Mary”). In the

key of “E,” the electric bass frequently :
plays the open-E string (41.2034446Hz

for you mathematicians).

With the lowest notes of an electric
bass (and acoustic bass viol), the funda- (-101dBV). With no boost, the noise
mental is several dB lower in amplitude : is 9.5V unweighted (-100dBV') and !
than the 27 and 3" harmonics. This,
plus the aforementioned record-produc-
tion bass attenuation, makes it difficult | CIRCUIT DESCRIPTION
to hear those deep fundamentals. With
“Born On The Bayou” (and most rock !

recordings, old and new), I need as much
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as 20dB boost at 40Hz to obtain satisfy- :
. ing reproduction of the low fundamen-
tals. And that’s with speakers inherently

flat to below 40Hz.

values of the 100k control potentiometer
resistance. With R = 0, the response
is flat (-0.16dB at 20Hz, -0.01dB at
20kHz). The potentiometer values (R p)

and 5dB. Note that as the boost is de-
creased, so is the “turnover” (start of
boost) frequency. For example, with

10dB boost at 40Hz, the 3dB point is :

- 104Hz, and the boost is only 0.28dB at
Another reason is simply the pleasure of | V
hearing and feeling clean, powerful deep
bass. (My wife says that’s a “guy thing.” |
- the boost circuit is first-order. However, :

- the “turnover” point is sharper than a
: ten at 57Hz. If R5 were shorted and R4

200Hz.
The maximum slope (with 20dB
boost at 40Hz) is —6dB/octave, because

pure first-order response because of an
added small dip effect (described later).
In Fig. 2, the upper curve is without this

dip effect; the 3dB point is 430Hz, in-
stead of the 261Hz with the lower curve. :
Both curves are for 20dB boost at 40Hz;

the lower one is the same curve shown
at the top of Fig. 1.

OUTPUT NOISE

The measured output noise with full
. bass boost is 314V RMS unweight-

ed (-90dBV) and 9uV “A” weighted

7.7uV “A’ weighted (-102dBV).

The input signal is split into two paths: a

flat frequency response path, and a LF-
boosted path with variable gain. Unlike :
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conventional tone controls, this has the
advantage that with the boost control set
to zero, only the unaltered flat signal is
transmitted to the output.

The input at J1 is AC-coupled by
C1 and R2, RF lowpass-filtered by R3

- and C2, then buffered by voltage-fol-

Figure 1 shows the bass boosts with four : lower U1A. U1B serves as a differential

amplifier. Without C11, R11, and C12,
it would have unity gain and a flat fre-
quency response. The function of C12

- will be described later, but C11 and R11
shown give 40Hz boosts of 20, 15, 10, :

equalize the effect of C12 so the flat-re-
sponse signal from U1A is fed unaltered
to the output at J2.

The function of U2 is to provide an
amplified signal having a nearly constant
frequency downslope of —6dB/octave,

© starting at 10Hz. A simpler circuit could

do this, but the one used minimizes
noise buildup. R7 and C8 provide the
10Hz rolloff pole, but the non-inverting
configuration makes the downslope flat-

increased by R5’s value, then this—with
C5—would produce a lowpass pole at
57Hz and cancel the transmission zero
(slope flattening) mentioned, resulting
in a constant —6dB/octave downslope.
I will describe the function of R5 later
(R5 and C5 produce a slope-flattening

zero at 343Hz).

The output of U2A is AC-coupled
(through C9 and RS, forming a 7.7Hz
LF rolloff) to the inverting input of
U2B, which provides a variable level of
the downsloping signal, adjustable with
P1, the bass control potentiometer. Of

- inverted polarity, it’s summed into the

output with non-inverted polarity by
being fed into the inverting input of
U1B, through R13 and R12.

The function of C12 is to provide
a rolloff pole at 203Hz. If the value of



C12 were 195nkF, this pole would be at
343Hz, the frequency mentioned where
RS5 and C5 flatten the downslope above
10Hz. These would then cancel, result-

ing in a constant downslope without
flattening. If C12 were 195nF.

PHASE SHIFT

The would-be constant downslope
would have a phase shift very close to
—90° at frequencies much above 10Hz.
So, at the frequency where this signal
sums into the output with the same level
as the direct (flat response) signal, the
overall response would be +3dB. This
could be called the turnover frequency
(f,), where the bass boost is 3dB.

Now back to the actual 330nF value

of C12. Because its rolloff (203Hz) is
lower than the 343Hz slope-flattening
point of C5/R5, the overall response of
the boost signal approaches a -12dB/
octave slope between 203 and 343Hz.
This also increases the —90° phase lag
by a maximum of —15° (at the geometric
center frequency of 264Hz). Thus, near
264Hz the boost signal’s phase is —105°.
If you were to sum a flat signal with
a 2nd-order downslope signal (having
a —180° phase shift), there would (ide-
ally) be a complete null where the two
signals had the same amplitude. (This is
why one driver’s polarity must be invert-
ed in a 2"-order Butterworth speaker
crossover.) Here, the —105° phase shift,

being closer to —180° (same angle as
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FIGURE 1: Frequency response, “Amplibass.” Top to bottom: Rp = 97.3k, 52.5k, 26.9k,

100 3eo

2 3

590 yichy

4B cmm

III ||IH J| Il II IlIIIIII TR

IH

|I|Hl;é
IL..& ”!g

20H= YoHe
30
! :?Ji' I it -
15; i '.|i .,.."-»...‘:-\. 1:5; ! il i |
p YT TR A i
L '!l;}'. % i il I:
il m
e T e B
A+ |- i
I ‘ anall i"ll il :
15T i 1 i
‘ e ‘" | :
. |! 'T I !I i I I\‘
e o I N
SN e
aamdt |
54 H i -
Ik Al i ! ’I!. iR
= [ "
5 jong 3 P° S0 iome

IcHe

FIGURE 2: Frequency response, R, = 97.3k. Top: C12=195nF (pure 1st-order). Bottom:
C12 = 330nF (value used).

BACOUSTICS

The SB Acoustics line has been
skillfully engineered by Ulrik Schmidt,
engineering loudspeakers in Denmark
since 1997. Ulrik's depth of experience
is clearly realized in this product.

The SB Acoustics woofers feature
composite  paper cones, rubber
surrounds and specially designed cast
frames. The 5" and 6" use copper
shorting caps on the pole piece.

Visit our website for specs & curves.

SB25SCTC-C000-4 ($23.30)
1" textile dome, chambered back

SB15NRX30-8 ($46.40)
5" woofer, paper cone, 30mm VCQJ

SB17NRX35-8 ($53.00)
6" woofer, paper cone, 35mm VCQ

SB25NRX75-6 ($122.80)
10" woofer, paper cone, 75mm VCJ

SB23NRX75-6 ($141.30)
12" woofer, paper cone, 75mm VCQ

Madisound Speaker Components, Inc.
P.O. Box 44283
Madison, WI 53744-4283 U.S.A.
Tel: 608-831-3433 Fax: 608-831-3771
info@madisound.com - madisound.com
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+180°) than to 0°, produces a small dip
in the overall summed output response,
if the turnover frequency is near the
203-343Hz range.

I selected those frequencies so the dip
effect wouldn’t produce an overall dip,
but rather only lower the boost around
the turnover frequency so as to sharpen

the start-of-boost “corner.” The effect
is shown in Fig. 2. Second- and high-
er-order filters can use resonant poles
and/or zeroes to sharpen the rolloff or
boost corners (e.g., Butterworth or Che-
byshev). A 1%-order response can’t be
resonant, but here I use a small amount
of added resonant dip to produce what

could be called a “maximally flat” 15¢-
order response. So rather than “cut cor-
ners” here, I decided to sharpen them!

Actually, the response is slightly over-
compensated. Not shown in Figs. 1 and
2, the response does dip to a maximum
of —0.18dB at 400Hz, when set for 10dB
boost at 40Hz. For an exact maximally
flat response (no dip), the Q _of the reso-
nant dip effect would be 1/V3 = 0.57735.
This produces a boost at the turnover
frequency of 1.761dB, where it’s about
0.8dB here.

BENEFITS OF THE OVERALL
TOPOLOGY

1. The boost responses minimize effects
on the midrange without resorting to
27d-order responses (which would be
too steep).

2. Using C12 to extend the downslope,
just before the output op amp, filters
noise (above 200Hz) from the boost
circuit.

3. Because the boost signal has its own
separate path, when R is set to zero
the boost circuitry is removed from
the audio path.

NOW ONLY $49.95

Flexible Subwoofer Amplifier PC-Board Set
Now available! The four PC boards from Rudy
Godmaire’s construction articles in audioXpress
1-4/07 are ready for you to build your own full-
featured subwoofer amplifier. The set is produced
on a single board which must be cut to create the
four individual PC boards. Documentation from
the author included with the set. Sh. wt: 1 Ib.

03458-0876 USA

Fox: 603-924-9467

Old Colony Sound Laboratory PO Box 876 Peterborough NH
Toll-free: 888-924-9465 Phone: 603-924-9464

E-mail: custserv@audioXpress.com

www.audioXpress.com
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4. The control pot (P1) implements a ! A NOTE ON AUDIO QUALITY
simple linear gain control. This al- | I conducted an “intrinsic fidelity” test | TE MEL

lows, if desired, the U2B circuit to be i on this circuit. With zero bass boost, !

replaced by an inverting voltage-con- | 1 did blind A/B and extended listen- Phono Kit
trolled amplifier IC. Then, the bass | ing comparisons between the unit and
boost could not only be remote con- | a bypass connection. I used high-quality $499

trolled, but also electronically “ganged” | SACD music. The gains were matched
with a remote volume control. By | to 0.02dB. I heard absolutely no differ-
having the controls inverted, the bass | ence, and my hearing is good (recently
boost would increase as the volume : checked).

decreases; furthermore, the boost :

could be made to start only when the | IMPULSE AND STEP
volume decreases to a predetermined | RESPONSES AT MAXIMUM
level. BOOST

This could produce a very effective | Figures 4 and 5 show the response to a
and wide-range loudness compensator. | “virtual impulse,” a 200US square pulse
It would allow you to hear, for example, : of +8V amplitude (this input not shown;
20Hz organ fundamentals over a wide  it’s too narrow to be visible on the much
volume range. longer time scales). Also not visible, !
but present at the output, is the flat-
Table 1 shows 40Hz boost versus Rp val- | response-transmitted short input pulse.

ues. Table 2 is the parts list. The impulse rate in Fig. 4 is 100Hz. !

Time scale is 2mS/div. We've taken our very best phono stage
from the cult classic BlueBerry Xtreme
full function preamp and made a hand-

8V pp 200yS initial response some kit as a stand alone phono stage.
. ot visible in photo (see text) Everything you need including this solid
chassis, tubes, and high-rel mistake-proof

PC board is included for $499. It takes
most people about 10 hours to
complete the Tercel.

e 2 relay switched phono inputs.

e Vacuum tube rectified

A: without C6, R9 ;e Lowimpedance output drives long

cables
1v/div .o All triode design with passive EQ and
: no loop feedback

e Green hammertone finish chassis

e QOptions: (1) Our best LOMC
transformer set can be added to one
input; (2) Full set of AuriCaps;
(3) Xtreme power supply

All JuicyMusic products are designed and
manufactured in the USA
and sold only by JuicyMusic direct.

B: with C6, R8 Visit our website for the full story.
1v/div www.juicymusicaudio.com
or call 707-786-9736

20mS/div
FIGURE 4: LF boost portion of impulse response, impulse rate = 100Hz, maximum J U I C Y L/c/

boost. . www.juicymusicaudio.com
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Figure 4A is the output with C12 = !
195nF (no sharpening). The exponen- :

tially decaying output step is from the

shows the effect of the turnover sharp-

ening phase shift (C12 = 330nF). The | longer time scale, 20mS/div. As with Fig.
4, the initial flat response transmitted

© 8Vpp 200uS pulse is not visible.

slightly resonant effect on the impulse

© response is seen in the curvature follow-
time integration (with 10Hz rolloff) !
of the 15t-order bass boost. Figure 4B

ing the step.
In Fig. 5, the impulse rate was lowered

. to 10Hz, showing the response on a

20mS/div

FIGURE 5: LF boost portion of impulse response, impulse rate = 10Hz, maximum boost.

1v/div

Figure 6 shows the response to a 5Hz,
0.2V pp square wave. The output am-

- plitude of 5.4Vpp is from the large LF
. gain (26.5dB maximum at 10Hz). Note
- the freedom from ringing characteristic

of 1%t-order networks. With the boost
control turned to zero, the square-wave
response (not shown) is virtually per-

fect, as is the audio band frequency (and
. phase) response.

TABLE 1 40Hz boost vs. Rp

dB at 40Hz Rp kQ
-07 0
0 0.24
1 2.80
2 5.01
3 1.16
4 9.37
6 14.2
8 200
10 26.9
12 35.6
14 46.3
16 59.6
18 76.3
20 973

fistory
of 12
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By Charles Hansen

Hansen has uncovered the history of these mysterious tubes and pres-
ents the history of these rugged, highly reliable tubes made for the military
for use in guided missiles. An interesting story of one company's approach
to extremely high quality vacuum tube design. Also features a reprint of
Eric Barbour's 1996 article from Vacuum Tube Valley, “Red Bank: The Ulti-
mate Tube” which examines several models of Red Bank Tubes in detail.
2007, 82" x 11} 100pp., softbound, ISBN 978-1-882580-50-7. Sh. wt. 1 Ib.

To order call 1-888-924-9465 or visit wvw.audioXpress.com

Old Colony Sound Laboratory PO Box 876 Peterborough NH 03458-0876 USA
Phone: 603-924-9464 Fax: 603-924-9467

E-mail: custserv@audioXpress.com

NEW FROM

by Charles Hansen
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20mS/div

FIGURE 6: Response to
5Hz, 0.2Vpp square wave,
maximum boost.

1v/div

HOW DOES IT SOUND?

To my ears it provides the most natural-
sounding and effective bass boost I've

yet heard. I realize that it’s difficult for :

an audiophile to be unbiased about his
or her new toy. But I am unbiased; for
example, I've tried many times to de-
sign the perfect speaker. But my efforts
never sound quite as good as speakers
designed by Joe D’Appolito, and I have
no problem recognizing and admitting
that.

I think a “close second” is the bass
control in the Scott 222D tube amp (see
my article, “A FET Standby Switch for
Tube Amps,” aX Dec.’06). On page 24

is shown the Scott amp’s tone control
responses. At maximum bass boost, the !

TABLE 2  Parts list, per channel '

Ref Description Size Mfr.
c13 cap, 47pF

C10 cap, 100pF

C2 cap, 220pF

C3,4,6,7 cap, 10nF, film

c5,8 1 cap, 100nF, film

C12 cap, 330nF, film

C1 cap, 1uF, film

€9 1u5, film

J1,2 RCA jack

P1 dual pot, 100k, Lin

R15 Res, 1%MF, 200Q2 "W
R3 Res, 1k00 aW
R5 Res, 4k64 VAW
R12, 13 Res, 4k75 YaW
R9-11 Res, 7k87 VaW
R14 Res, 9k53 YaW
R8 Res, 13k7 Al
R4 Res, 23k2 aW
R6 Res, 34k0 VAW
R2 Res, 49k9 YaW
R7 Res, 1% MF, 158k "aW
R1 Res, 1M00 YaW
U1, 2 dual op amp

DK: Digi-Key, PE: Parts Express

i response is +13dB at 40Hz and +3dB at
: 250Hz. :

EXAMPLES OF BOOST
SETTINGS

. With speakers or headphones flat to -
- below 40Hz, I generally use 15-20dB
at 40Hz with most rock recordings,
- 5-15dB with blues, 0-5dB with jazz,
- and no boost (except at low volume)
with well-recorded classical and other
- acoustic bands. One exception to the
latter is with pipe organs—sometimes
- T use the maximum boost (25dB at |
- 20Hz) to hear and feel those low pedal
fundamentals shaking me and the

house! aX

Mfr./P/N Dist. Dist. P/N
DK PS1103J
DK EF1104
DK EF1334
DK EF1105
DK EF1155
PE 091-1120

one required for stereo unit

$2.63 from DK OPA2134pA

Time-8aving
easy-to-use

Solutions!

.= 2-ch60-300MHz 2GSa/s high-end
m% DSOs set a totally new price/
= performance level. USB, 2K
wfm/sec, One-touch autosetup - especially easy
to use! We have DVMs and ARBs too.

DS1000 series <$1000 to $2K

Owon - Low-cost 25 or 60MHz
_ color LCD 2-channel benchtop
scopes OR 20MHz handheld
scope/meter. USB interface for printing
waveforms. Includes scope probes!
Battery versions available!
PDS5022S/PDS6062T $329 / $599
HDS1022M/HDS2062 $499 / $749

PP315 - High-performance
’&USBZ.O-pwrd scope-in-a-

. w.probe! Up to 100MS/s,

- 25MHz 24kS buffer. +/-
100mV to +/-20V. 20ns/div — 50s/div C/VB/

Delphi/LabView/VEE drivers. $372
PP317 (10MHz) $234

100 MHz Scope, Spectrum/Logic

R .Analyzer sweepgen. 4MSample
9.7 ¥ storage! Easy A-B, math & filters!
2 ch x 10/12/14 bit; 8 logic inputs.

CS328A-4 (4MS Buffer) $1149
CS328A-8 (8MS Buffer) $1642
CS700A (signal generator) $249

RF Testing - Economical benchtop
RF test enclosure for troubleshooting,
tuning, testing electronic devices in
an RF-free environment. 8"H x

17"W x 10%"D inside. Built-in illumination
(RF-filtered supply).

STE3000B $1095
USB to 24 1/0 lin€S..ccccovvvvvieiienninnnnns

USB to 8 Thermocouples..
USB to 11 x A/D choiiiiiiiii,
CANbus, VME, cPCl, etc....ccccceeevvnvenennn.

easyRadio modules..........cccceveiiiiiiiiiiiiiinns
USB-Serial adapters..........ccccccvvvvieeeeeeiiennns
USB-RS422 1/2/4ch........
USB Temperature Logger..
Stepper Motor Controller......
Spectrum Analyzers to 7GHz............ $299 - $1999
Custom SWItChes.........ccoveieveeeieiceeie from $1

New products arriving daily!
Check our website for specials!

@ com
Saelig
unique electronics

1-888-75AELIG infoBsaelig.com
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