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Driver Interference and Display Techniques, Pt. 1

The first part of an extensive study on several design

considerations affecting driver performance.

ou know that the presence of

each driver on an enclosure

front panel affects the perfor-

mance of the other drivers. You
also know that the cabinet edges and
any grille structure tend to modify the
response of all the drivers. In truth, any
structure near the cone of a driver—ei-
ther on the front or back—can modify
the response of that driver. Symmetri-
cal structures can be particularly de-
structive.

Numerous publications, including
Speaker Builder and audioXpress, have
published articles that address these in-
terference problemsl'é. Generally the
published graphs show comparison
responses for the test driver with and
without the interference present. This
clearly illustrates the change in the driv-
er’s response, but does not provide any
sense for exactly how the interference
causes the measured response change.

The power cepstrum plot, which is
sometimes also displayed in interference
studies, tells you at what times there
are delayed echoes of the original signal
contained within the signal with inter-
ference. Even these leave you with little
idea of what the “interference signal”
composed of reflections and/or diffrac-
tions really looks like. This article will
show you.

There are other ways to modify the
response of a driver, such as changing the
acoustic loading via a horn or waveguide
structure. The structures studied here are
believed to not change the acoustic load-
ing, but to modify the driver’s response
via reflection and diffraction.

In this article I will investigate the
interference of several structures on
the performance of drivers. I will show
the change in the driver’s response and
present plots of the interference signal
that is causing the response change. I
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will also illustrate how, with
testing capability, you can
develop these interference

signal plots.

HISTORY
This all started when I was
again measuring damp-
ing materials for potential
use as front-panel-cover-
ing materials to reduce the
destructive effects of grille
structures (I had earlier
co-authored work on this
topicl> 2). For this testing I
decided on a round grille
frame mounted concentri-
cally with the tweeter. My
thinking was that with such
a frame all “echo” effects
would occur at the same
time on-axis, thus making
them more easily detected. The term
“echo”is used here to refer to an interfer-
ing signal that may be any combination
of reflection and diffraction effects. The
round grille frame decision was terrible
for testing damping materials, but good
in that it led to the interference signal
display technique covered in this work.
The round, concentric grille frame
certainly did concentrate the echoes.
The test tweeter’s response was so badly
destroyed that no damping material ap-
plied to the front panel had a chance
of restoring a useful tweeter response.
I sent a copy of the results to George
Augspurger (GLA), who computed the
energy in the interference signal. Even
though an interference may be com-
posed of multiple signals that are diverse
in frequency and time, at each frequency
you can resolve these signals to a single
resultant sine wave. Based on GLA’s
work, I found that I could compute and
plot this resultant interference signal,
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By G.R. Koonce

PHOTO 1: é’ayton tweeter moun
ed at center of round grille fram

which I call the composite reflection sig-
nal. For some cases, at certain frequen-
cies, the magnitude of this composite
reflection signal will exceed the magni-
tude of the original driver on-axis signal.
Under these conditions the interference
may be delivering a higher SPL signal to
your ears than the tweeter!

THE ROUND GRILLE FRAME

I used the round, concentrically mount-
ed grille frame to demonstrate the plot-
ting of the composite reflection signal.
It also clearly demonstrates that you
should not choose to use a round grille
frame, or any other symmetrical grille
structure, for that matter. I first examine
the results as they have generally been
presented in the past and compare them
with the effects of the composite reflec-
tion signal.

Photo 1 shows a dome tweeter
mounted in the center of the round grille
frame on my test baffle. Initial testing



starts before installing the grille frame.
The test tweeter is a 1-%" silk dome

(Dayton #275-070). Figure 1 shows the
- (PC) plot for the surface-mounted :

measured 1m on-axis response of this
tweeter surface-mounted with and with-
out a diffraction ring. The diffraction

ring (DR) is a simple device for spread-

ing out the diffraction caused by the

faceplate of a surface-mounted tweeterS.

The DR does smooth the tweeter re-

sponse somewhat, but in this case not

do.
Figure 2 shows the power cepstrum

tweeter without a DR, displaying a
major echo group around 0.15ms. This

2" which is close to the 2.15" radius of
the tweeter faceplate. Figure 3 shows

nearly as much as flush-mounting might

corresponds to a delay distance of about :

the PC plot with the DR added, which
has clearly spread the diffraction echoes !

out in time with a corresponding magni-
: tude reduction. This plot led me to ex-
pect more improvement in the frequency
response than in Fig. 1. I also expected
the major problems from the round
grille frame to start at about 0.47ms, so
I decided to test without the DR, which
left the time period after Y2ms more free
of echoes.

The round grille frame is %" thick
(height above test baffle) with a 12" ID

without diffraction ring.

FIGURE 1: Responses of Dayton tweeter with and

FIGURE 2: Power cepstrum plot for Dayton tweeter
without diffraction ring.
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and 14%" OD. The test microphone is
back to 44" for a valid far-field test range
including all the output from the grille
frame. Figure 4 shows the tweeter re-
sponse (at 44") with and without the
grille frame (GF) mounted. The GF
modifies the original tweeter response at
some frequencies by many dB.

The PC plot with the GF (Fig. 5)
shows, as expected, large echoes spread
out over greater than 1ms. In the past I
have tried to relate these echo groups to
the physical dimensions of the interfer-
ing structure without learning much.

In an attempt to “cure” the destruc-
tion of this GF, I covered the front panel
area inside the frame with an increas-
ing number of thin (0.042") felt layers.
I made the bottom layer oversized to
cover the inside of the frame (Photo 2).
From the measured responses with the
various felt layers (Fig. 6), it is clear that
even this much felt does not restore the
tweeter response. There is, however, a !

bit of a mystery in Fig. 6: Why does the
dip at 3.5kHz become deeper with more
layers of felt? Something is going on
here that can’t be determined from the
frequency response or power cepstrum

plots.

THE COMPOSITE
REFLECTION SIGNAL

How to implement the testing and com-
putation to produce these plots of the
composite reflection signal is covered in
Appendix A. For now, I will examine the
test results and the composite reflection
curve plots; i.e., the resultant reflection
signal relative to the bare tweeter re-
sponse. The basic approach is to test the
frequency response of the bare tweeter
and export that result as a data file. Next
you add the interference object—here
the round GF—and measure just the
change in response, both magnitude and
phase shift.

Figure 7 shows such an error plot,

with diffraction ring.

FIGURE 3: Power cepstrum plot for Dayton tweeter

PHOTO 2: Four layers of felt!‘
added to round grille frame.

@

titled echo signal. As you can see, the
amplitude variations are about 20dB
peak-to-peak (PTP), and phase shift

variations are up to 180°. These curves

FIGURE 5: Power cepstrum plot of Dayton tweeter
with round grille frame.
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FIGURE 4: Responses of Dayton tweeter with and

FIGURE 6: Tweeter
felt layers added.
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are also exported as a data file for computer processing.

The curves in Fig. 7 depict the changes in magnitude and
phase shift that the GF would make on an “ideal” tweeter; that
is, a tweeter with a perfectly flat magnitude response at 0dB

and a phase shift of zero degrees. Based on these curves, your
computer program can calculate the magnitude (and phase :

if desired) of the resultant interference signal that caused the
response changes to your “ideal” tweeter. I computed only the
magnitude function, calling it the composite reflection curve
(CRCQ). You can then re-normalize the results to match your
actual tweeter.

Figure 8 shows the composite reflection curve (the bold plot)
for the round GF versus the bare tweeter response. The CRC
is the magnitude curve of the interference that causes the mea-
sured changes in the actual tweeter’s response. It is clear that
the CRC exceeds the magnitude of the tweeter response and
thus, depending on phase, can cause major peaks and dips. Note
that the CRC has a bandpass shape for the major interference,
producing less destruction at low and high frequency. Keep in
mind that while I called the CRC a reflection, its origins may
be any combination of reflections and diffractions caused by the

FIGURE 7: Error curves for tweeter with round grille
frame.
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FIGURE 8: CRC plot for tweeter with round grille
frame.
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interfering object and arriving at the on-
axis microphone during the FF'T time
window used.

Figure 9 shows the error signal mag-
nitude and phase shift for the “ideal”
tweeter with four layers of felt added to
the GF. Both the magnitude and phase
shift variations are reduced, as you would
expect. The CRC plot in Fig. 10 shows
that the interfering signal still nearly
matches the tweeter response magnitude
in the 2kHz to 4.5kHz range. It is clear
that depending on the phase relation-
ship the GF is capable of producing the
deep dip that was noted with four layers
of felt.

I believe that the CRC plot adds new
insight into what happens when some
object interferes with a driver’s response.
You see in what frequency range the
major destruction will occur and how
large the magnitude variations might be.
I cover only on-axis testing in this article,

but you can apply the same technique to
off-axis testing.

A MORE RATIONAL GRILLE FRAME

I tested the same surface-mounted
tweeter with a more realistic GF con-
structed of %4" x ¥4 " bars. This half-inch-
tall rectangular structure was 10" wide by
14%" high on the inside and positioned
as on a small two-way system. The
tweeter was offset from the centerline by
%"to destroy symmetry (Photo 3).

To try and learn more about the mys-
tery of GF diffraction, I did not install
the frame all at once, but one bar at a
time. I measured the effect of each addi-
tional bar on the tweeter’s response. The
microphone was back 57" to provide a
valid far-field response for the full GF.

The first bars installed were the top of
the frame and then the left side. These
two bars are nearest the tweeter, so |
expected them to cause the most trouble.

PHO'_R;’B: Rectangular grillge 'L
frame about Dayton tweeter.

Figure 11 shows the tweeter response
bare, with only the top bar and with the
top and left bars. There is very little de-

struction of the tweeter’s response.

frame and four layers of felt.

FIGURE 9: Error curves for tweeter with round grille

Special tests - Echo signal with round GF and 4 layers felt

FIGURE 11: Responses for bare tweeter, top GF bar,
and top and left GF bars.
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Figure 12 is the PC plot for the top :

and left bars with echoes out to about
%ms indicated. Figure 13 shows the error
curves for the case of the top and left
bars installed, again showing a minimum
of response change. The CRC plot in
Fig. 14 shows an interference signal run-
ning about 20dB below the tweeter re-

sponse from about 2kHz to 9kHz. This :

indicates a wide but gentle destruction of
16) contains echoes out past 1ms. The
¢ error curves for these four bars (Fig. 17)
indicate more error than for just the two
- closest bars. The CRC plot for the four
. bars (Fig. 18) shows that the interfer-

the bare tweeter response.

Next I added the bottom (farthest)
and finally the right bars. Figure 15
shows the responses for the bare tweeter,
then the top, left, and bottom bars, and

finally all four bars. To my surprise, the
most distant bars cause more response :

¢ destruction than the closest bars. " to 6kHz, resulting in the increased bare-

The PC plot for the four bars (Fig.

ence signal magnitude has risen to the

-10 to -13dB level over the range 2kHz

GF bars.

FIGURE 13: Error curves for tweeter with top and left

bars.

FIGURE 14: CRC plot for tweeter with top and left GF
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tweeter response destruction.

You might argue that the reason for
the increase is because four bars are
worse than any two. While not shown
here, I tested this option by removing the
two closest bars and verifying that the
two furthest bars alone produce most of
the destruction. I don't really know why
this is so. It may be that the faceplate of
the surface-mounted tweeter masks the
sound energy to the closest bars or that
the longer time delay of the farthest bars
causes more trouble.

Remember, I am measuring only the
on-axis response destruction. It may well
be that the closest bars cause more trou-
ble off-axis. The point to remember is
that all of the grille frame—not just the
portions close to the tweeter—should be
considered as a potential problem.

ers to the front panel, you modify the
response of each driver from what it was
alone. I decided to investigate the chang-
es in the response of a tweeter when a
midrange driver was added. To minimize
the interference, I flush-mounted the
drivers, which included the Terra CS-
1.1 tweeter, an inverted 1.1” aluminum
dome, and the 5%" Terra CS-4ABSE
open-back midrange, which is actually
a mid-bass driver, again with aluminum
cone. Photo 4 shows the two drivers in
the test baffle mounted at 6” center-to-
center (CTC). Due to the reduced span
of the two drivers, the microphone is
back only 1m for a valid far-field test.
Figure 19 plots the bare tweeter re-
sponse (midrange replaced with a solid
panel) and the tweeter response with
the midrange mounted. I was thinking
“two-way system” when taking this data,

'| - { |
PHOTO 4: Terra tweeter and Terra
midfonge mounted in test baffle.

low frequency right to 10kHz, but seem

MIDRANGE'S EFFECT ON so the figure mentions a “woofer,” but it | worse in the 2-3kHz and 5-7kHz rang-
TWEETER'S RESPONSE is actually the 5% Terra Mid-Bass noted : es.
It is well known that when you add driv- | above. Response changes are noted from The error curves (Fig. 20) display
FIGURE 15: Responses for bare tweeter; top, left, and FIGURE 17: Error curves for tweeter with four GF
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slight response errors in the “ideal”
tweeter response. The CRC plot (Fig.
21) shows the interference signal is
down only 18-20dB in some ranges and
demonstrates why the bigger response
changes do occur 2-3kHz and 5-7kHz.
So even with both drivers flush-mounted
and fairly widely separated, the mid-
range can have a measurable effect on
the tweeter’s on-axis response.

TWEETER'S EFFECT ON
MIDRANGE'S RESPONSE

While the presence of the midrange
added about +2dB of response variation
to the tweeter, would the tweeter have
any effect on the midrange response? I
performed this test using the same two
drivers as above tested at 1m. Figure 22
presents the response of the midrange
with and without the tweeter. Note that

while this midrange shows the typical
break-up ripple of an aluminum cone
driver above 4kHz, it is actually capable
of a smoother response below 4kHz than
is shown here (to be discussed later). It
appears the presence of the midrange has
little effect on the tweeter response, as the
error curves of Fig. 23 show. In the CRC
plot (Fig. 24) the interference signal is
down about 30dB, near the test capability

midrange mounted.

FIGURE 19: Terra tweeter response with and without

range mounted.

FIGURE 20: Error curves for Terra tweeter with mid-
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limit discussed in Appendix A.

DAMPING STRIPS

BETWEEN DRIVERS

In a personal communication, GLA won-
dered whether or not placing a strip of

dense-fibrous damping material between
the midrange and tweeter would reduce
the response interaction. I decided to test
this concept with three different densities
of Owens-Corning fiberglass material—
#701, #703, and the high-density #705.

Mr. Rallph4 showed good performance of
felt strips in similar applications. Would
the high-density fiberglass (FG) show
similar results?

There are two parts to this testing.
First, just adding the FG strip with no

mounted.

FIGURE 21: CRC plot for Terra tweeter with midrange

mounted.

FIGURE 24: CRC plot for Terra midrange with tweeter
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midrange present might cause tweeter
response problems, because these materi-
als do themselves reflect sound. Second,
do the strips reduce the effect of the mid-
range on the tweeter’s response?

I prepared strips of the three materials
that were 6" long, 1" tall, and 1%" wide.
With the 1% " face placed against the baf-
fle, the strip nearly fills the gap between
the midrange and tweeter and covers the
full width of the two drivers. I performed

the testing with the microphone back 1m.

I replaced the midrange with a solid in-
sert and installed the #701 strip below the
tweeter. Figure 25 plots the error curves
for the “ideal” tweeter when the #701
strip is installed. An expanded view of the
error magnitude (Fig. 26) shows some
small magnitude ripple. The CRC plot
(Fig. 27) shows that the reflection from
the #701 is down 20-30dB relative to the

bare tweeter response and covers most of

tweeter.

FIGURE 27: CRC plot for #7001 strip below bare

the frequency band.

Figure 28 presents the CRC curve
with the #703 strip installed. Compared
to #701, the reflection starts to show the
common bandpass shape. The low- and
high-frequency levels are reduced, but the
reflection level runs around -25dB from
2kHz to 7kHz.

Finally, Fig. 29 displays the CRC curve
with the #705 strip installed. Compared
to the #703 reflection, the high frequency

tweeter.
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is about the same, 2-7kHz a bit worse,
and low frequencies improved. The #705
material seems great at absorbing lower
frequencies, but shows a high reflection
level in the midrange frequencies. When
the damping strips are used with the mid-
range installed, it will be interesting to see

whether the improvement in driver inter-
action is enough to offset the reflections
from the strips themselves.

DRIVER INTERACTION
WITH STRIPS

I then installed the midrange in the test

baffle with no damping strip. Because
this was a new test setup, it was necessary
to repeat the test of midrange interfer-
ence on the tweeter’s response. The CRC
curve for this setup is shown in Fig. 30.
It shows the same bandpass shape as in

Fig. 21 with the 3-5kHz wiggles replaced

tweeter.

FIGURE 29: CRC plot for #705 strip below bare

FIGURE 32: Expanded magnitude error curve for #701
strip between tweeter and midrange.
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with a single dip. Figure 30 is the plot to
which improvements made by the damp-
ing strips should be compared.

I installed the #701 strip (see the error
curves in Fig. 31 and an expanded view
of the magnitude errors in Fig. 32). The
resulting CRC plot (Fig. 33) displays
only modest improvement. The interfer-
ence level is not improved in the 2-4kHz
range, somewhat improved in the 4-8kHz
range, and worse at high frequency due to

. the #701 strip’s own reflection. Because
the tweeter would probably be used only

above 3-4kHz, it appears the #701 strip

would do more harm than good.

Figure 34 presents the CRC plot with

the #703 strip installed. This strip shows
some low-frequency improvement, but
is worse above 5kHz where the tweeter

would be used. The CRC plot with the

#705 strip installed (Fig. 35) improves

¢ in the low-frequency area, but again is

about the same or

and midrange.

FIGURE 35: CRC plot for #705 strip between tweeter

frequency range
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where the tweeter
would be used.

In general the
A~ strips of high-den-
sity FG did not im-
prove performance
with a midrange
driver mounted

e

near the tweeter.

used by Mr. Ralph

ﬂm ql m J and some varieties
\

10k SB-2623-35 2%

of foam materi-

worse in the high- !

Perhaps the felt :

. and should be tested. My past testing

indicates felt is very good at high fre-
quencies, while not very effective at low
frequencies.

Part 2 will continue our look at in-
terference problems affecting driver re-
sponse.  aX
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APPENDIX A: HOW TO TEST FOR
AND COMPUTE THE
COMPOSITE REFLECTION CURVE

DEVELOPING THE CRC

MAGNITUDE CURVE

This work uses Liberty Instruments’ Au-
diosuite measurement system, but the ap-

proach should be applicable to any test set :

that allows you to define the curve used for
calibration (Cal). It is important to keep the
test driver and microphone positions fixed
throughout the test sequence. You must also

keep the test signal level and all gains con- :

stant.
Remember that you will be performing
computations on very small magnitude dif-

ferences, so you need to maintain all the :

accuracy possible. I recommend using the
MLS signal while averaging several tests.
Also try to keep the noise in the test area to
a minimum.

It is important for accurate results that :

¢ you properly select the microphone distance
. and FFT window time. You need to make :
a valid far-field measurement, meaning the :

microphone should be back at least three
times the maximum extent of the object

- under test. For multiple drivers the maxi-

mum extent is the largest of the total height,
width, or diagonal of the multiple drivers;
for a round GF it is the OD, and for rect-
angular GFs it is the outside diagonal. Also,

the FF'T window used must be long enough !

to include all the major “echoes” within the
maximum extent of the test configuration
and must be kept constant throughout the
testing.

The first step is to test the bare driver
(without the interfering object) in the nor-

mal way, allowing Audiosuite to generate a :

normal Cal correction. This produces the
bare response for the driver under test to use
as a reference. If you plan to compute the
phase shift for the CRC plot, then the pro-
cedure from here on will change as discussed
later. For CRC magnitude only computa-

tion, you would now export the bare driver
response as an ASCII file.

You now again measure the bare driver
response, but in single-channel mode with
no calibrations. Save this curve and make it
the special Cal curve for further testing. This
curve contains the raw driver response along
with any errors in the amplifier, wiring, and
microphone and additionally contains the

. severe phase shift caused by the transit time

from driver to microphone. When it is used
as the Cal curve, it will subtract all these
items from whatever you test next.

To verify the test approach is working
properly, test the bare driver a third time
using the special Cal curve just mentioned.
This generates the error curve for no change
in the test system. If everything is perfect,
you are subtracting two identical curves,
producing the results of straight lines at 0dB
and zero degrees phase shift.

Figure 1A displays such results for the
bare Terra tweeter. Figure 2A is an expanded
view of the error magnitude which really

tweeter.

FIGURE 1A: Error curves for repeat test of bare Terra

FIGURE 3A: CRC plot for repeat test on bare Terra
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moves about a fraction of a dB. The error
curves were exported as an ASCII file and
processed by the CRC program. Figure 3A
gives the results indicating the test approach
has a background interference level of
-35dB or so. You need to have your proce-
dure “clean” enough that you can produce
this kind of background level.

At this point you make the change that
represents the interference you choose to
compare to the bare driver. Be careful not
to move the test driver or the microphone.
Now measure the response of the driver
with interference using the special Cal curve.

Figure 4A shows the results when this
was done for the round grille frame with
four layers of fiberglass. The magnitude
curve is fine but the phase shift curve has
some error, as it should go to zero at high
frequency. This error is due to something
being physically moved or a change in the
acoustic origin® of the driver.

I found that interfering objects tend to
slightly change the acoustic origin position,
causing a phase error. You must use Audio-
suite’s Compensate to insert a time correc-
tion to move the phase shift to zero at high
frequency. The phase curve in Fig. 4A took
a time correction of 9ys to yield the phase
curve back in Fig. 9 of the text.

The time corrections are usually small,
but if you do not make them the CRC
magnitude will show a rising amplitude at
high frequency which is not valid. If you
move the driver’s acoustic origin, such as by
comparing a surface-mounted versus flush-
mounted driver, the time correction will be
much larger and it is critical that it be made.
Once you have the error curves the way you
want them, output them as an ASCII file.

While you could pick data out of the
ASCII files to make the computations by
hand at a few desired frequencies, the bet-
ter approach is to write a short computer
program to take in the ASCII files and then
compute and plot the CRC magnitude
curve. The program reads in the bare driver
ASCII file and uses only the magnitude
values, unless you choose to plot phase shift
as covered later. The program reads the error
curves ASCII file where it uses both the

magnitude and phase shift information.

MAKING THE CALCULATION

The data shown in the error file is the vec-
tor sum of two items. The first is the “ideal”
driver response at 0dB and zero degrees
phase shift at all frequencies. This vector is

thus always magnitude = 1, angle = 0. The
second item is the CRC, which you want to
recover. Thus the CRC is a vector equal to
the error vector minus the “ideal” driver vec-
tor. At each frequency:

CRC vector = (Em * Cos(Ep)) - 1) +]
(Em * Sin(Ep)) in polar notation

where Em is the error signal magnitude (as a
number, not in dB), and Ep is the error sig-
nal phase (in the format your computer pro-
gram requires). The * symbol means “times.”

The real part of the CRC vector =
Re = (Em * Cos(Ep)) - 1)

The imaginary part is = Im =
(Em * Sin(Ep))

The CRC magnitude = |CRC| =
V(Re * Re) + (Im * Im))

The CRC magnitude in dB would
be =20 * Log(]CRC])

Now this gives the value of the CRC

normalized to the “ideal” driver response.
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To re-normalize it to your actual driver, add
- the dB value of the bare driver response at
- each frequency. For a plot that is easy to
understand, I generally move the bare driver

response so that it sets on 0dB. You can do

- this by adding the needed constant dB value
: to both curves (bare driver and CRC) at

each frequency.
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for CRC phase shift
plots, you must start right with the testing to
obtain the proper bare driver phase shift
curve.

There is a simple, but not always accu-
rate, approach. Audiosuite will compute the
Hilbert phase shift, which is the driver phase
shift based on its frequency magnitude re-
sponse assuming the driver is minimum-
phase throughout the test range. So one
approximate approach is to have your test
set substitute the Hilbert phase shift for the

 ASCII ile.

The better approach is to try to estab-
lish the actual driver phase shift response
by adding the right time compensation to
remove the transit-time phase shift. This
can become a bit of trial-and-error. Keep in
mind that Audiosuite’s preamp contains a
sometimes confusing phase inversion. I solve
this by connecting the driver under test with

inverted polarity.

After saving the measured bare driver

- response to a file, I have Audiosuite do the

Hilbert transform and print the response
with magnitude and phase shift. This gives
me an idea of what the phase should look
like when I recall the original bare driver
response and play with compensation times.
Figure 5A shows the Hilbert phase shift for
the Terra tweeter with the midrange present.

. Figure 6A shows the measured phase shift
generated by adding the proper time com-
- pensation. The differences are slight except

at the frequency extremes.

Once you have exported the bare driver
response with the proper phase shift, testing
and computation, proceed as above for no
phase shift curve. Once you compute the
real (Re) and imaginary (Im) values for the
CRC vector, you must then compute the



phase shift.
CRC phase =

FIGURE 6A: Measured phase for Terra tweeter with
midrange mounted.
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You could then plot

the CRC phase shift relative to the source :

signal.
I did not believe that the phase shift

curve added enough information to be

worth the trouble. The magnitude of the

CRC curve tells you how much trouble
you are in. Phase shift determines direc-
tion—whether you get a response dip or
peak—and weight of the CRC magnitude
applied against the reference response. If
you modify your construction so that the

: CRC magnitude is reduced sufficiently
- then you dont care what the CRC phase
shift is. H

o Most of you were probably expecting the
term “acoustic center” for the location in space
Jfrom which a driver appears to radiate. In a

me that because acoustic center had two defini-
tions in the audio field, the preferred term for the

o driver radiation location is now “acoustic origin.”

o personal communication, GLA pointed out to
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A Solid-State Single-Ended Power Amp

Discover the enjoyment of listening to a single-ended amp . . .

in a solid-state design!

illiam of Occam (born
Occam, Surrey, England ca.

1285, died Munich, Germa-
ny 1349) is frequently cred- :

ited with being the engineer’s philoso-
pher. What is frequently called Occam’s

razor is a medieval principle of econo- !

my that can be translated as “plurality
should not be assumed without neces-
si'cy.”1 This is frequently reduced to “the

simplest possible explanation is best” or :

“keep it simple, stupid.”

DESIGN GOAL

When I design using this philosophy, -

I must first decide what the goal is and
then use the simplest possible method to !

obtain it. My simplest goal would be to
reproduce music.

I then consider music as an emotional :
© volves, first, the easy stuff; that is, the

expression transmitted in three dimen-
sions through a pressure modulation in
the air. It comes to me encoded as a

time-varying voltage of one or more :

channels. I wish to return this to an
emotional expression, but I do not have

all of the original information; by the :
. as less than 5° of phase shift at 20kHz.

very nature of the recording process, in-
formation is lost. I therefore do not feel
guilty about dramatizing what I have

By Ed Simon

to work with, to increase the emotional
content in keeping with my interpreta-
tion of the original performance.

The engineering interpretation of
this goal in building an amplifier in-

bandwidth, starting with high frequency
response. In the past, using a digitally
synthesized signal to produce waveforms
with equal peak amplitude but different
time delays between tones, I established
a design goal for my listening threshold

I like good low-frequency response.
Even though very few rooms can allow

FIGURE 1: Amplifier circuit.
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a good loudspeaker to fully express itself, :

it is simple and inexpensive to make sure
that the amplifier is not limiting the rest
of the system. I have not determined a
rule of thumb about the exact low-end
design values, and my current rules are
subject to modification as better speak-
ers appear.

The power for an amplifier is a bit
trickier. I have observed from previous
designs that each amplifier has a sweet
spot for the level at which it works best
and the loads that it likes to see. Some
amplifiers are very fussy and others are
not.

I have a wide assortment of loud-
speakers. Some are very inefficient, oth-
ers can do quite a bit with 1W. This
particular amplifier design is built to
be scaled. The best-sounding amplifier
I ever built had an output of only one-
fourth of a watt. Unfortunately, there

does not seem to be a loudspeaker that :

would use this to produce a practical
listening level.

One of the other fun tidbits to be
considered is that amplifiers put out
voltage, but most loudspeakers use cur-
rent. The smallest version of this ampli-
fier can produce about 15V RMS and
can safely drive very low impedances.
However, the current output is not sym-
metric. It can push several amps into

the loudspeaker, but can pull back only

a fraction of that. It is not what many
would consider a good design, unless, of

course, they actually listen to it.

The assumption that a loudspeaker

| requires symmetric current sources is a

“plurality” that “should not be assumed
without necessity.” When you apply a
positive current to a loudspeaker, its

. cone should move inward, increasing the

pressure in the box. When you release
the current, the cone will move out on
its own. This is, of course, a gross simpli-

- fication of what is going on—just blame

any problems on the speaker designer.
Distortion is another concern of am-
plifier design. As you can tell from the

. previous paragraph I am not particularly

worried about harmonic distortion at
high levels. The amplifier should be able
to deliver low distortion of the compo-

nents of the music that are important to
i transmit the emotion. To me this means

making sure the distortion inherent in
all amplifiers does not get in the way, but
not to chase one measurement of distor-
tion just because it is possible.

Settling on a circuit topology is where
my biases show up. I like Class-A am-
plifiers. There is also floating around the

. audio world a superstition that ampli-

fiers using a single output device sound
better than ones that use many. The best
amplifier I ever built followed this prin-

© ciple, but was not practical. So the basic

first design cut is to scale up that ampli-
fier.

POWER REQUIREMENTS

Look at the output transistor first. What

is the most power a single device can

yield? Power transistors are rated at

- 200W or more. The fine print, however,
© says 200W at 25° C.

As you actually put power through the
transistor, it heats up. According to the
data sheet, you derate it 1.14W for every
degree of temperature rise. Without a
heatsink, that 200W transistor is actually
good for about SW. At this experimental

- stage, I will not use the biggest transis-
© tor, but I will start with cheap ones so

that mistakes won’t hurt as much.

The TO-220 package is the most
popular case for moderate power tran-
sistors, with a wide selection of devices
under a dollar. A typical transistor in
that package is rated for 65W, derates

- at 0.52W per degree, and has a ther-
© mal resistance of 1.67° per watt. A very

optimistic assumption would be an ad-
ditional thermal resistance of 0.5W per
degree each, for both the heatsink and
mounting method.

Using a bit of algebra shows the tran-
sistor can safely operate at 27W without

. any safety margin. Interestingly, power

transformers are rated for 115V input,
and the AC line can run as high as 132V.
So you should allow for a bit more volt-
age increasing the power dissipation.

It would be nice to assume the am-
plifier will run at 25° C. If placed in a
cabinet, expect a temperature of 60° C.

- So 27W is way too high. I will use 15W

as a first-try design value.
A 15W amplifier would be about 11V
RMS into an 8 load. That would re-

High End at Low Cost
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There is no music on a record!
Just a winding path of vertical
and lateral amplitude waves.
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The time signature comes from
the spinning turntable platter.
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Shouldn't your turntable
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© quire a supply voltage of 15.5V and a !
- supply current of 1.94A. If, for some rea-
- son, the worst-case stress were placed on
- the amplifier, the transistor would need
- to dissipate about 30W. The actual load
- placed on the output transistor cannot
- be calculated because the exact load is

an unknown combination of resistance,
inductance, capacitance, and back EMF.
The load also has a habit of changing.

In small power transformers the three
most common voltages are 12, 18, and
24V. 1 will use an 18V transformer, which
should give a peak voltage of:

18 x1.414 x130/115x 1.2 =34.5V.

. That is the minimum voltage the filter -
- capacitors should be rated. The voltage to
. really expect depends on the transformer.
- Tam using one rated at 18V 2A.

I have learned that when you run a
loudspeaker at high power its voice coil
heats up and it draws less current. In
order to get more voltage from the 15W
thermal limit, I will allow more voltage
and less current. The current draw for my
first target will average only about %A.

The current will only be drawn

when the peak AC voltage is greater :
than the DC voltage stored on the filter !
capacitors. Allowing for 5% ripple at
18V AC (25.45 peak), current will only '
- be drawn when the AC peak voltage :
- exceeds 24.18V. The inverse cosine of

24.18/25.45 is 18.19°. So there are only
- 18° of the 180 during the positive half

World class
selection

New and
New Old
Stock

International orders welcome!

Tel: 905-853-8808
Toll Free:1-877-768-2903

- cycle to charge the filter capacitor. My

1A through the output transistors is
now a 5A load on the transformer.

The data sheet for the transformer
states that at no load it produces 20.6V
and 18V at 2A load. (That is why there

is a 1.2 in the maximum voltage equa-

tion.) This would be modeled by a 1.3Q value does not appear on manufacturers’
internal resistance. At 5A it should lose

. capacitor sees a large voltage swing.

6.5V. So expect:
20.6 x1.414-6.5-.8 =21.8V.

The .8 comes from the diode drop. It

is larger than the .7 most folks assume

. because of the higher current. So for
. my %A the power from the transformer

mail@conusaudio.com

www.conusaudio.com
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should be 11W. It’s not.

There is some other bad news for the
transformer. The amplifier does not have

¢ symmetrical outputs, so the load on the

www.audioXpress.com

transformer will not be symmetric. This
means when I play loud music there will
be a DC bias magnetizing the core of
the transformer and reducing its capac-
ity. I could use a bigger transformer, but I
will stick with my 18V 2A unit for now,
using a much bigger one for a larger ver-
sion of the amp.

This power supply leaves about 22V
for the output transistor. In a Class-
A amplifier the current always flows
through the transistor. If the current is
set for 600mA, the transistor will dis-
sipate about 13W, which is close enough
to allow for component and temperature

¢ variations.

I have mentioned the main filter ca-
pacitors before, but at first pass sizing
them is simple, using electric field theory,
not circuit theory as has been used up
until now. Field theory is rarely used
to design systems, because it is way too
cumbersome although more accurate.

The definition of capacitance is C
= Q/V. (Q_is charge, or the number of
electrons.) With algebra you rearrange
this to be CV = Q. You then use calculus
to take the first derivative:

C dv/dT + V dC/dT = dQ/dT.

Current (I) is defined as dQ/dT. Most
folks assume that dC/dT is zero. Drop
the term and end up with:

Cdv/dT =1

This is not a good assumption for
using capacitors in audio. dC (or the
change in the value of the capacitance)
can occur from a change in the volt-
age across the capacitor, a change in the
pressure surrounding the capacitor, or
even movement of the capacitor. This

data sheets. Keep this in mind when a

Rearranging the simple form gives
me:

C=1xdT/dVv.

For a first try at picking a filter capaci-
tor value, I will allow 10% ripple because
there is now a greater current draw:

C =.6x(1/60)/2.2 = 5000uF.

4700uF is the closest standard value,
and I can use either 35 or 50V. A quick



check of the data sheet shows that a

capacitor of this size can handle ripple

current of up to 1.9A. A 50V capaci-
tor will allow me to try a higher volt-

age transformer, and in some suppliers’
stocks of capacitors I can only get that !

up to 3300uF.

CIRCUIT TOPOLOGY

It’s time to figure out the actual ampli-
fier (Fig. 1). Starting with the output, I
can use either bipolar or MOSFET for
inexpensive output devices. (If you were

expecting a vacuum tube, there are lots of

those designs out there.)

There are three possible ways to hook

up the transistors. Common base (or
gate) gives voltage gain but no current
gain. Common collector (drain) gives
current gain without voltage gain. There
is both current and voltage gain from
common emitter (source), which is a
good starting place. A common-emitter
amplifier with a fixed current source is
the most popular gain stage in solid-state
amplifiers. It is reasonably well under-

stood and has a number of fun quirks, :
such as oscillation, internal parameter :
: make a simple current source, such as a

changes with applied power, and so on.
Always an old friend.

Using a MOSFET as the output de-
vice requires driving it with a voltage
source that can supply enough current
to maintain the design goal bandwidth.
A typical MOSFET (IRF610) has in
the range of 200pF of input capacitance,
and there is also Miller effect capaci-

tance to worry about. Driving this to

100kHz requires a current of less than a

have a loss of less than 0.5V and meet
the power goals. These are pretty good
numbers.

The downside is that my selection of
MOSFETs is quite limited. They are de-
signed for industrial power handling, and
devices designed for audio are rare and
harder to obtain (yes, they do exist).

A bipolar transistor will require a drive

output loss of less than 0.4V, and I have
a wide selection. If I wish to scale the
amplifier up in size, there is a clear path
of easily available larger bipolar transis-
tors, some of which have nicely linear

gain characteristics. I can add an emitter

resistor to obtain some local feedback.

. current. :
- Using a bipolar transistor to drive a
: bipolar transistor output stage will re- |
. quire an input current of almost a mil-
liamp. This would give me a low input

impedance and loss of low frequencies,
unless there are more than two stages. A
MOSFET has a higher input impedance
and is a voltage to current device, so pro-
viding the drive is not a problem.

If T use a differential input stage with
matched MOSFETs, my higher distor-

: tion device will be in a circuit with lim- !
©ited gain minimizing the problem. The
© match between the two devices will also
allow me to reduce distortion. It also
- makes it easy to apply global feedback.

With just two stages, one device must
be of N construction and the other P.
The bad news is P constructed devices
don’t work as well as Ns for audio ap-
plications. The difference is worse with

MOSFETs than with bipolars. To mini- :
mize the damage it makes sense to use
- an N channel MOSFET as the input :
- and a PNP bipolar as the output.
A single-ended Class-A amplifier

needs some current sources. It is easy to

high voltage supply and just a resistor, or
become slightly more complicated and
use a transformer and high voltage sup-
ply (done that—different story), or use

a solid-state current regulator. Although :
the regulator has more parts, it costs the
least. So sometimes “plurality has a ne- '
- cessity.”
The usual design is a transistor, fed |
- from a constant voltage source, dumping
few hundred microamps. The output will
- sistors for this because their base voltage

into a resistor. I chose to use bipolar tran-

is more uniform than MOSFETs. I did
a small experiment testing an LED, a
power diode, and a signal diode to see

how uniform their forward voltage drop :
was with changes in current. The signal
diode had the flattest slope, and its sweet
spot was 15 to 30mA. The exact voltage |
- across the diode varies with temperature.
current of 30mA or so. It will have an
- for the output current source, be aware
. that as the output transistor heats up, its
base voltage drop (Vbe) goes down and
. it passes more current. I will therefore
- assume 0.9V across the emitter resistor
rather than 0.6 or 0.7V in the output
© current source. :
The problem is getting enough drive :

When using a diode voltage source
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CONSIDERATIONS

The voltage regulators formed by the
series connected diodes are also bypassed
by a capacitor to reduce any noise and
power supply ripple. Any noise in the .
voltage source is amplified by the output :
current source. A

I now have most of the basic topology
of the circuit. It is pretty standard stuff to !
use a modest amount of global feedback |
at AC and full feedback at DC. I have :
elected not to use additional parts until I !
listen to the amplifier and see what each
change or new part will add.

Another really important goal is to be
able to actually build the amplifier. In
its simplest form this amplifier can be a
beginner’s project. I built this amplifier :
using only a drill (with bits), a soldering
iron, a few screwdrivers, a pair of pliers, a
small diagonal cutter, wire cutter, hot air
gun, and voltmeter. I did not lay out the
piece with a square and scribe; instead I |

¢ used my CNC turret punch, which is a |
- bit expensive, so you may choose to stick
- work, just don’t buy already anodized alu-
If you make a mistake in building this |
- basic amplifier, it’s probably because I for-
got to tell you some important detail or |
© you read the words I wrote, not the ones

with the square.

I meant. Long ago I once asked a mentor
about Boltzmann’s constant. He told me
it was “basic.” After about two weeks I
apologized for not getting it and asked
him for more information. He began by
saying, “I said it’s basic, not easy.”

This is a “basic” amplifier. If you
have built a few kits and choose to try a

scratch build, this may be for you. It cer- :
tainly helps if you have a friend who can |
¢ list them in Table 1 for those interested.

I have listed all of the parts along with |
the Mouser Electronics part number.
Note that they do not sell some of the !
- parts such as resistors individually. You

help you with the rough spots.

may also wish to buy a few extra MOS-
FETs so you can match

airs for the input
TABLE 1: SMALL AMP PARTS LIST. p p
stage. I expect anyone
C1,C5 4.7uF/100V 1430-1475 183 3566 can scrounge up some
C2, C4 1000LF/6.3V B47-UVZOJI0IMDD .22 44 of the parts, even if it’s
€3,C10_ 1uF/100V 1430-1105 69 168
C6, C7,C11__ 100nF/100V 1430-1104 %5 only a power cord from
C8,C9  33004F/50V B47UVZIH332MHD _2.00  4.00 the weekly trash. If you
D1-D4 N4148 05 20 can scrounge up the :
EIE'DS :giﬂg:[; — L 1L aluminum, the power
Time delay 80 60 cord, and some scrap
1 Fuse holder 441R31GA 140 140 wire, you should be
J RCA 161-1004 69 69 . :
22 Binding posts 164-19B2 185 185 able to build two of the
33 AC Cord 17237 8 B 282 282 amplifiers for around
a1, @2 IRF610, A, B 46 92 $100.
13,05 TIP4IB o C 58 116 .
4 TIP428B or C 62 62 Y_°u Can.bulld t}?e
R1, R10 100K VaW 291-100K 70 70 entire basic ampli-
R2 100Q AW 291-100 70 .70 fier on one 12” x 12"
R3, R1I 10K VaW 291-10K 70 70 - .
R4 4Q VaW 29147 0 70 piece of f}lun}mum‘ I
RS, R8 1K0 1W 294-1.0K 140 140 used 1/8" thick alloy
R6 12Q 291-12 .10 .10 5052 with a temper of
:Z'ZRS 1555?1:/3\’ 532155 }ig :ig H32. The thickness is :
SWi DPDT toggle 10TE008 222 important to allow the
m 18V 2A 41RJ020 936 9.36 heat to spread out; if |
5 Transistor kit 532-4880M 3.85
7 632 nylon 561-P635-5 2 you must, you can use
5 Tie strips 158-1008 348 two thinner pieces. :
2 Tie strips i, 158-1002 .50 If you are shopping :
. Z\fu;:i:;é ti for aluminum, another
5 optional __sockets 571874995 177 choice is 6062 with
15 optional  pins 571-860163 3.15 just about any temper
1 box 6-32 machine screws
Box/100 57216323/8 240 except TO. You Sh(fuld
1 box Lockwashers BT21-WI6 2.46 be able to find a piece
1 box Nuts 5721-632 2.40 of scrap anywhere from
1 Heatsink grease 567-120-SA 4.40 .
1 Heat shrink tubing assortment a Junkyard to a metal
1 Hook up wire shop, and, of course,
you can always buy a :
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piece on the web. There are also many
other alloys of aluminum which will all

minum.
I used terminal strips screwed to the
plate to hold all of the components. That

. way you can easily make changes. For

example, I used a TIP42C, which isn't a
great audio transistor, but it’s cheap.

You can play with others. Try an
MJL4302A. You can adjust the ampli-
fier’s sweet spot by increasing the value
of R9. You can also try a higher voltage
transformer. (Be sure to increase R9 also.)
You can add gain stages, try all MOS-
FETs or bipolars.

I did not use transistor sockets, but I

They aren’t intended as sockets but will
work just fine.

CONSTRUCTION

To begin, lay out your piece of metal.
You should use a 12" adjustable square.
Set the ruler to one of the dimensions
shown on the drawing (Fig. 2), place
the edge of the square firmly against the
metal just above where you want your
finished scribed mark. Then place the
scriber (which in many models comes
stored in the handle) in the notch in the
end of the ruler, and pull the tool to you,

- while keeping the scribe in the notch.
- This will allow you to place a line within

.005” with just a bit of practice. When
you extend the ruler more than 67, start
from the opposite edge except when
doing a matching hole (for example,
you should measure the two holes that
mount the transformer from the same
edge).

Scribe all of your lines before using a
punch to leave a starting dimple for your
drill. If you are careful and have a sharp

¢ punch, you can feel the intersection of

the scribed lines and precisely punch an
indent exactly where you want it.

Machinists actually have three sharp
tools. The scribe, which is used only to
make scratches, has a very fine tip that
would be damaged if struck. A prick
punch is almost the same as a center
punch except the tip is at a sharper angle.
It is used with a light blow to make a
small indent. The center punch is then
used to make an indent big enough that
the drill bit will not slip out.

When done this way your hole will



be exactly where you want it. Of course, !
for normal folks nails work well, but you

will need to change often as they be-
come blunted.

To make things simple I consider the
side with the lines scribed on it to be
the face, the other side is the back. The
transformer mounts on the bottom.

Put on a pair of gloves and safety
glasses, then drill all of the holes with a
%2" drill bit. If you have trouble staying
in your center punches, use a smaller bit.
If you use too small a bit, the aluminum
will gum it up and break it. It is a good
idea to dip the drill bit in oil or even
soapy water before you drill each hole.

After drilling all of the holes, you can
simply go back with a larger bit to en-
large the holes. When you do this, step
up gradually to the final size, checking
for fit as you go. You can go from %s2”
to ¥%4” to ¥” to ¥%"”. Check the holes for
the switch, fuse holder, binding posts,

and input jack as you drill. Bigger is easy, :
smaller is not. You may need to wiggle :

the drill bit in the hole to get a precise
fit for some of the parts.

After all the holes are their final size, :
sand the aluminum before painting it. I !

use 120-grit sandpaper in a small electric
palm sander. You can do it by hand; it
doesn't take very long. The idea is to re-
move most of the layer of oxide that has
formed on the aluminum so the paint
will stick to it. After you have removed
the dull gray aluminum to reveal mostly
bright aluminum, you can wipe it with a
dry paper towel or one lightly dampened
with solvent. Do not use water.

Quickly mask all of the mounting
holes on both sides of the plates. I use
masking tape cut into %" squares. On
the face side (the way it looks in Fig. 2)
use %" pieces to mask the five transistor
mounting holes. On both sides mask the
%" hole for the input jack. It is not nec-
essary to mask the holes for the binding
posts, the fuse holder, or the switch.

The process from sanding the metal
to painting it should take less than 15

minutes. I prefer the cheapest black spray :
paint, which is usually thin and dries fast. :
. I spray one very light coat from all four .
edges on the back side, wait two minutes,

FIGURE 2: Small amp drill guide.
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Vas 558 Qms 310 BL 447
Re 7.0 Qts 056 | Mms 4.6

Le 0.39 Syq 57 SPL 859

P —
creative sound solutions

www.creativesound.ca
©® 604 504 3954
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. flip it over on three small blocks, and
- paint the other (face) side. It takes me
. three times around all four sides with a
. really, really light coat to get the alumi-
- num uniformly black. I do not want a
* thick coat on the face.

At this point there is the finish coat
on the face and a protection coat on the
back. After the face is almost dry (the
paint I use takes 10 minutes), remove
the masking tape. When the face is dry
(about 1 hour), flip it over onto the blocks

few minutes remove the rest of the mask-
ing tape. By taking the tape off while the

vertically (Photo 6).

ASSEMBLY

After the panel is absolutely, completely,
and really dry, you can begin assembly.
Start by mounting the transformer on the
face side with a piece of thin cardboard
underneath it, using nylon 6-32 machine
screws. Mount a two-terminal strip to the
right screw. Be sure the fuse is not in the
fuse holder and mount it so that the ter-
minals come up on the face side. Only the
nut should be on the face side; the rubber

washer should be on the bottom.
and put just enough paint on the back to :
make sure it is uniformly black. After a |

Snugly tighten the nut. If you over-
tighten it, you will break the fuse holder.

- If it is too loose the fuse holder will spin
- when you try to change the fuse. If you
paint is not completely dry, the edge of
paint moves into the masked area very
- slightly and leaves a smooth transition.
- Then let the panel dry overnight. V
- For my “case”I used just a 12" piece of
- 2 x 4 with a ¥8” slot cut in it off center.
The plate just rests in the base and stands

want to cheat, use a drop of super glue.
Next mount the switch, again with ter-
minals to the face side. If you use two

. nuts on the switch, tighten it from the

face side to get a trim appearance on the

. back. The power cord should be clamped

firmly in place.
I leave about 4” of the three conduc-

PHOTO 1: AC supply.

tors exposed from the
outer jacket of the
power cord. The green
wire is connected to
the grounded terminal
attached to the power
transformer. No heat-
shrink tubing is need-
ed here. This makes a
safety ground without
introducing extra noise
into the audio heatsink-
ground plane. You can
use the other isolated
terminal to store the
white center tap lead
from the transformer.

Place a piece of heat-
shrink tubing over the
black (or brown) and
white (or blue) wires of
the power cord. Then
hold the tubing away
from the ends as you
solder the leads to the
switch terminals clos-
est to the edge of the
switch, one wire to
each side. Black or
brown—depending
on the power cord you
have—goes closest to
the transformer. From
the center terminal of

www.audioXpress.com



the switch on the side that the black
wire is connected to, attach a wire that
also goes to the rear terminal of the fuse

holder. Do not forget the heat-shrink :

tubing!

The two black transformer wires are
now ready to be connected, again with
the tubing on the wires—one goes to
the open terminal on the switch and the
other goes to the fuse holder’s terminal
closest to the panel. Check to be sure
your solder joints are shiny and firmly
melted to both the wire and its terminal
before you slide the heat-shrink tubing
over the exposed metal. You can use a
hot-air gun, a hair dryer, a match, or
a lighter to heat up the tubing until it
shrinks firmly in place. Now wrap every-
thing with electrical tape so that you are
sure no metal is visible. This is the only
place you have enough voltage to hurt
you (Photo 1).

You can now put in the fuse. This is a
good time to check your work.

TESTING

If you have the parts, you can build an
AC test jig, which is simply an AC line
cord, an outlet, and a 60W light bulb.
Wire the ground and neutral (green and
white) from the cord to the outlet. The
hot (black) from the cord goes to the
light bulb and the other light bulb lead
goes to the outlet. Be sure to build this
device using standard electrical box parts
and strain reliefs. To test this device,
plug a lamp into it and the device into

PHOTO 3: Input section.

. you put the holes in the
. right place. Push the

- tors to the hole in the
- strip where it is riveted

the wall. When you turn on the lamp, it
should light as well as your test jig’s 60W

light bulb.

If you are brave, you can just plug your !

amp straight in; either way you should
measure about 21V AC on the two red
wires. If you don’t, try turning on the
power switch. Now be sure to unplug it
before proceeding.

The next step is to mount the ter-
minal strip above the transformer that

to the insulator. This is not the normal
method, but it gives me a good fit and
keeps the capacitor close to the ground
plane. Connect the left capacitor so that
its stripe showing the negative lead is
connected to the grounded terminal. The
capacitor on the right has the positive lead
grounded.

Connect the diodes using one of the
center terminals for both and the other
end of each going to the capacitors. Both

holds the power-sup-
ply capacitors. You will
now find out whether

steel machine screws in
from the bottom. They
are a tight fit going
through the mount-
ing feet of the termi-
nal strip. Use a lock
washer and nut on the
face side. These screws
should be fairly tight.

I mount the capaci-

PHOTO 4: Output section.

FREE SAMPLE

IF YOU BUY,
SELL, OR COLLECT
OLD RADIOS, YOU NEED...

ANTIQUE RADIO CLASSIFIED

Antique Radio’s Largest Monthly Magazine
100 Page Issues!
Classifieds - Ads for Parts & Services - Articles
Auction Prices - Meet & Flea Market Info. Also: Early TV, Art Deco,

Audio, Ham Equip., Books, Telegraph, 40’s & 50's Radios & More...
Free 20-word ad each month for subscribers.

Subscriptions: $19.95 for 6-month trial.
$39.49 for 1 year ($57.95 for 1st Class Mail).
Call or write for foreign rates.

Collector’s Price Guide books by Bunis:

Antique Radios, 4th Ed. 8500 prices, 400 color photos
Transistor Radios, 2nd Ed. 2900 prices, 375 color photos

$18.95
$16.95

Payment required with order. Add $3.00 per book order for shipping. In Mass. add 5% tax.

A.R.C., P.O. Box 802-A16, Carlisle, MA 01741
. Phone: (978) 371-0512 — Fax: (978) 371-7129
Web: www.antiqueradio.com — E-mail: ARC@antiqueradio.com
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diode bands should be on the left side. :
Connect the transformer leads and a
jumper between the two grounded ter-
- leads of the TIP41C and TIP42C transis-
chanical connection to the ground plane. !

minals. I don’t want to just trust the me-

After you have this hooked up, you should
test your work.

Plug the amp back in. If you are using
a test box, you may notice a brief bit of
light as the capacitors charge. I didn’t.
Now quickly unplug the amp. Because the
capacitors have no load, they will hold a
charge for a while.

You have a good chance now to be :
sure you didn’t wire anything backward !
without risking an explosion. (Capacitors :

wired backward can explode!) You should
measure about 28V on each capacitor. Be
sure that positive is actually positive on
both. If you have reached this point, you
should have made at least one mistake by
now and have figured out a way to hide it
or fix it!

The next step is an option to make a
temporary circuit to sort the MOSFETs. I

nected this to a .1” spaced triple socket.
Pins 1 and 2 went to the resistor, which I
then connected to the positive supply. Pin
3 went to ground. I then measured the
voltage between 1 and 3.

Without a MOSFET in the socket
it was about 28V. Inserting a MOSFET
dropped it to 2.78V for four of them and
2.79V for five of them. One of the ten I

bought measured 2.77V. This gave me
four matched sets and reassured me that
: connect a resistor (1K TW) between the

the MOSFETs were well-made.

Next, assemble the output stage. Mount :

two terminal strips with a gap between
them using two screws as before. Both
strips mount in the same holes. I bent the

tors quite severely to get them to mate to
the rivets in their terminal strip. If you
try to bend the leads too quickly or too
severely, you may break them off. I use the
old-fashioned method of mounting the
transistors (Photo 5).

I put a very small amount of heatsink
grease on both sides of a mica washer and
then place this between the transistor and
the heatsink. I put a nylon 6-32 machine
screw through the assembly and tighten
the nut from the back. Some folks prefer a
steel screw and an insulated bushing; oth-
ers use a thermal pad that does not require
grease. The screw should be snug now
and tightened later once the amplifier has
become warm. Mount all of the parts to
the terminal strips first and, then when
you are sure you have it right, solder them.
Use bits of wire to interconnect all of the

. ground terminals.
connected one of the 1K0 1W resistors to :
the power-supply terminal strip and con- !

Insert the output binding posts at this
stage and attach the output filter (C11
and R12) now. I used old green posts I
had around and just painted them red and
black. When you mount your posts be
sure that the wire hole faces to the side,
otherwise it will be difficult to connect
your speakers later.

Once you have installed R7, R8, R9,
R12, C4, C8, C10, C11, D3, D4, D9, and
D10, you can fire up the amplifier again.
The output voltage should be about -26V.
Next turn the amp off and temporarily

base of Q4 and ground. Turn the amp

back on.

The output voltage now should be more
positive. It can be anywhere from -10 to
+15V. If you are using a light bulb box, the
bulb should glow. The output transistors
will begin to warm up. The measurement
from the base of Q5 to the negative sup-
ply should be between 1.3 and 1.4V. There
should be about 0.7V across R9.

If it all works, turn it off and take out
the extra resistor. If it didn’t work, start by
checking to make sure you have your tran-
sistors connected correctly and the bands
on the diodes are right. If you have C4 in
backward, it won’t make much difference
because the voltage is so low across it.
However, it will eventually fail. If a resis-
tor smokes, Q4 or Q5 may be shorted.

Once the output stage is working, start
on the current source for the input. In-
stall both terminal strips and mount Q3.
Install R5, R6, C2, C6, C7, D1, and D2.
Once these parts are connected, tempo-
rarily connect a 100Q %W resistor from
the positive supply to the collector of Q3.
Expect to measure about 5 to 10V across
this resistor. Be happy! The current source
is working. Also, it’s helpful to check from
the negative supply to the base of Q3; the
reading should be between 1.3 and 1.9V.

Next, install the input jack and all of
the passive components you can without
making it hard to mount Q1 and Q2
(MOSFETs:). I have never blown any
of these up myself, but I am told that
if you try to assemble this amplifier in
the winter on a wool carpet sitting in a
wool-covered easy chair while wearing
silk undies, you certainly will. Handle the

¢ MOSFETs as little as possible and then

PHOTO 5: Power supply with test socket.

PHOTO 6: Painted chassis.
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hold them by the big metal tab (drain), :

not by the gate. The input MOSFETs do
not require heatsinking but do it to make
sure they are both at the same tempera-
ture. This is important to minimize DC
offset at the output.

When you assemble the input, it is im-
portant that you mount R2, R3, R10, and
R11 close to their transistors. If you don't,
oscillations may occur. Once you have as-
sembled everything, take a break.

When you get back, recheck your wir-
ing, making sure you have soldered all of
the terminals (I never make this mys-

the positive and negative supplies, which
should be 21V, give or take a volt or two.
If all checks out and you have access to
test equipment, look at the output with
an oscilloscope or computer-based equiv-
alent. The output should be a smooth
line without bursts of ringing. Sweep the
amplifier with a sine wave; you might see

some distortion in the sine wave up past :

50kHz. If you see bursts of ringing, be
sure C11 and R12 are connected (Photo
3).

If that is not it, you can poke your
finger around until you see what changes
what. An extra capacitor to ground is OK
at any power point. I expect that if you
do see ringing the most likely problem is
either an incorrect hook-up or shorting.

If you don’t have test equipment and

your meter reads little DC and less than :
50mV of AC, put a 1A fast blow fuse in
series with an old loudspeaker and hook '
it up for a second or so. If all’s quiet, give
the amp an input and plug the speak-

er back in. You should hear music. If it
sounds good, it will sound really good
at this point. If it doesnt make music,
remove the speaker and check all the
voltages and compare them to the ones
on the schematic to see whether you can
find where you went wrong.

The amp will become hot to the !
touch, but that’s OK. If you put your
finger directly over the output transis- :
tors and don’t scream much, they are fine.
The power transformer will also become
warm. Any capacitor heating up is a bad |

sign.

As you listen to your amp, you may not
notice why people prefer the sound of
single-ended Class-A amplifiers at first. -

After you listen for a couple of hours, try !
- your old amp again. All of a sudden you
- will find it sounds funny! In one of those |
- lovely psychological effects, you may not
- notice when something is better, but you

are much quicker at noticing when some-
thing is worse.

You now have an amplifier you can
both listen to and play with.

If it’s occurred to you that this am-
plifier can be built with a PC card, '

or scaled up and with better parts, you
are right. But then that is a different

- amplifier. aX
stake). Plug the amplifier in without a
load. Measure the output voltage. If it | REFERENCE

is less than .080V, that’s great. Measure :

1. Dave Beckett, University of Kent at
Canterbury, UK.

ED SIMON received his B.S.E.E. at :

Carnegie-Mellon University. He has in-
stalled over 500 sound systems at venues
including Jacob’s Field, Cleveland, Ohio;
MCI Center, Washington D.C.; Museum

of Modern Art Restaurants, New York; The
Coliseum, Nashville, Tenn.; The Forum, Los
Angeles; Fisher Cats Stadium, Manchester,
- New Hampshire.

Electronic Crossovers
Tube
Solid State

Passive Crossovers
Line level
Speaker level

Custom Solutions
We can customize our
crossovers to your specific
needs. We can add notch
filters, baffle step
compensation, etc....
All available as kit

Free Catalog:
Marchand Electronics Inc.
PO Box 18099
Rochester, NY 14618
Phone (585) 423 0462
FAX (585) 423 9375
info@marchandelec.com
www.marchandelec.com

GLASPERLENSPIEL Single ended
300B stereo amplifier featuring
SMPS and 4 Silver Rock transformers

Emotion
‘in

DULCET 98 dB/w /m efficient
Two driver lovdspeaker
system by Mantra Sound

ROCK SOLID Silver wire input
transformer solid state amplifier
Point-to-point silver wiring

SILVER ROCK
Silver wire passive transformer-
attenvator preamplifier

SILVER ROCK PHONO

Solid state phono preamplifier with
MC silver wire step-up and inductive
RIAA equalization
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Mighty Mouse: A PP 2516 Amplifier

Don't be misled by this unit's power output figure.

Like its cartoon namesake, it packs a wallop.

or years, I've wanted to build an
amplifier based on the 25L6GT.
If you haven’t heard of this tube, !
it’s not surprising, as its principal '
use was in table radios and portable
phonographs. Don’t let that fool you,
because the 2516 is a remarkable tube.

To begin with, the tube has high
transconductance, so it’s easy to drive. '
It has low plate resistance, so it doesn’t
require a high plate voltage. Finally,
because it was designed for low-cost
applications, it was produced by the
millions. NOS tubes are relatively
cheap and easy to find.

What stopped me was the lack of a
suitable output transformer. That low
plate resistance meant that the trans-
former needed to have low impedance
and high current-handling capability. :
All the available transformers that would
handle the current were ridiculously
large.

Then I ran across Steve Bench’s web-
site (http://members.aol.com/shench101/). :

-

PHOTO 1: Front view of the amplifier.

Steve discovered that ordinary toroidal :
power transformers make surprisingly :
- good output transformers. Finally, I had

the transformer I had been looking for!
What I ended up with is a miniature

amplifier with a big sound. It will make :
- a good monitor amp, a great first proj- :
ect, or a suitable introduction to “tube

sound.” Power output is a microscopic

FIGURE 1: The long-tailed pair phase inverter.

3W, but don't let that fool

J.B+ response, and with efficient '
o speakers, is quite capable of :
room-filling volume.
Rp1 Rp2 Besides using cheap, off-
V1 V2 the-shelf parts, the Mouse

ify. It uses a minimum of
feedback—6dB—so it is
extremely stable. Frequency

3

i e

GA-2639-01

w

response is dead flat from

tures dual independent
power supplies (Photo 1).

THE CIRCUIT

The output stage is not un-
usual, except for the zener
diodes, which develop a
15V bias in the cathode
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you. This amp has great bass :

circuit. Because the voltage °

By Bob Mcintyre

cannot change, it acts like a fixed bias.
On the other hand, this voltage develops
as a consequence of each tube’s output
current, and it comes from the plate sup-
ply. These are properties of cathode bias.

The result is thus a combination of
the best properties of both types of
bias. More important, the diodes will
not permit any AC to develop across
themselves, so there is no degenerative
feedback in the cathode circuit. This
contributes to the Mouse’s excellent bass
properties.

I agonized for some time over the
driver circuit. I would have liked to have

- used an interstage transformer, but cost,
is easy to build and mod-

size, and performance factors ruled it
out. Finally, I settled on the long-tailed
pair.

Figure 1 is a simplified view of this

- circuit. Notice that there are two identi-
20 to 30kHz. It even fea- :

cal branches, and that each branch draws
an identical current. This current must
be supplied through R, from the nega-
tive supply. In a practical circuit, the in-

© ternal resistance of each vacuum tube is
. smaller than its plate resistor, and much

smaller than R}, so the action of either
tube has negligible effect on the current
flowing through R;. Yet you know that
current must vary through Rp1 in order



for an output signal to develop. Where :

does this current variation come from?
The answer is that it comes from V,
Every time the current through V; in-
creases, the current through V, must de-
crease by an identical amount. Because
this decreasing current flows through

R ,, an equal but opposite signal de- ! :
Vi I built the Mouse on an aluminum chas-
¢ sis box, 12 x 8 x 2 (Hammond 1444-22). :

eliops across R, and you have phase
inversion.

How does V, “know” what V is
doing? Easy. Suppose a signal were

creased. The voltage across Ry must in-
crease, if only by a tiny amount. This
voltage must also be impressed on the

signal to V,, and because its grid is
grounded, it is the only signal V,, can
see. V,, therefore adjusts its conduction
accordingly.

Notice that the signal is impressed on !

Vs grid, and on V,’s cathode. V is act-

ing like a common-cathode circuit, and :
V, acts like a common-grid. The gains

of these two circuits are different, so the

plate resistor of V, is often made larger

to compensate.

The whole circuit depends on the de-
gree that the current through R, can be
made constant. Nor-

across the IC equals the bias voltage, V; !
- is happy. I did not use high-voltage pro- :
© tection on the LLM334 because it never
sees high voltage, even when the tube is :
- cold. If this worries you, bypass the IC
© with a 12V zener. :

CONSTRUCTION

I found that it was easier to reverse one

. output tube socket so that both coupling
applied to V; such that its current in- !
© than that, the layout is quite straightfor-

capacitors were on the outside. Other

ward. Photo 2 shows the overall layout

¢ of my amp.
cathode of V,. This represents an input .
. the final version, I ran a bus line to pin :
one of the output tube sockets, then
: back to the power supply, but in the pro- :
- totype, I relaxed the rules a little. Both :
amplifiers are dead quiet, with no trace :
. of hum. :

You may find it easier to wire up !
the tube sockets with their associated !
diodes and resistors before installing |
them. Photo 3 shows how they are
- wired. The LM334 gets its own termi-
- nal strip; this seemed to be the neatest
i way to mount it.

Grounding is relatively uncritical. In

mally, this requires a  PARTS LIST
very large resistor, and Component  Part No. Description Source Comments
a high B- voltage, but  C1,02 CPD1-400 100nF, 400V AN
ou now have the ad- 3 C-SD0015-600 1.5nF, 600V AN
¥y £ 4, C6 140-XAL250V47  47uF, 250V MO
vantage of many new g 140-XAL250V100 100F, 250V MO
solid-state devices. R1, R2 47k, /W RS Part of Assortment
One of my favorites R3, R9, R10 1k, VaW 211-312a
. R4, RS 470k, VAW
is the LM334 current R6 3.9k VaW
source. This little IC &7 262-1000 100, 2W MO
rovides an extremel R8 2711118 1k, VaW RS
P y BR1 583-RS204L 1A bridge MO
constant current, and 07 03,04 625-IN4T3IA 75V W zener MO two diodes in series,
it needs only a cou- 15V, 2, total each tube
ple of diode drops to DS,*DG 625-1N4758A 56V 1W zener MO
! Th 1 F1 270-1005 1A fuse RS
do it! e only extra g 511-LM334Z IC MO
component required is P1* 313-2420-100k  potentiometer, dual MO
a resistor to program ';f* 531-PT158-100 ;ﬂgfﬁ;}’l'tmpm gsﬂ
the magnitude of the g+ 275634 power switch RS
current. m 553-VPS230190 transformer, plate MO  TRIAD
Figure 2 shows T2 273-1512 transformer, heater RS
9 . . T3 Y236102 transformer, output AL 2 x 120V pri,
hOW thls IC 1S em- 2 x 12V sec, 30V-A
ployed. Potentiometer Vi 6DJ8 vacuum tube AN
V2, V3 25L6GT vacuum tube AN

P2 sets the operat-
ing current. As long
as the bias voltage of
V, is larger than 1.4V,
the IC is happy, and
as long as the voltage

fuseholder, and so on.

e Misc. hardware, chassis, RCA jacks, output terminals, terminal strips, tube sockets,

e Note: Duplicate parts for stereo amplifier, except * do not duplicate. You will need
eight 7.5V, 1W zener diodes for a stereo amp.
o Al-Avel-Lindberg, AN—Antique, MO—Mouser, RS—Radio Shack

High Resalution
7.07 10% 200V

Top Performance
among exotic
capacitors at
reasonable

OEM prices

“Auricaps are great parfs, and
represent a significant step
forward in capacitor technology
and audio-musical performance.”
Jennifer White-Wolf Crock

Senior Technical Editor
Positive Feedback Magazine

OEM & dealer inquiries invited.
Call (800) 565-4390
www.audience-av.com

TRIPHAZER.COM
CD Remastering 29%

Send us your 44.1 16 bit CD and
We will remaster your original
recording for incredible sound.
Now for the very first time you
can hear the AMAZING sonic
benefits of Tritium Electronics
Tri-Phazer audio processors on
any recording reguardless of
age or quality.

Tri-phazers remove the SKEW
and distortion your recordings

have accumulated on the long
journey from mind to master. 1
day turn around, priority ship-

ping included. See our site for
further information.

Send to: Tritium Electronics
8301A Lapham st. West Allis

Wi 563214, tritium@execpc.com
Limited time offer 44.1 CDs only.
WELCOME TO THE FUTURE
OF RECORDING

audioXpress April 2006 35



FIGURE 2
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FIGURE 2: Complete schematic of the amplifier. L

D1
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D2
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BE=BLUE
VIsVIOLET
GY=GREEN
BN=BROWN

ON=ORANGE
YE=YELLOW
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GA-2639-02
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PHOTO 2: Parts layout. The white squares on the power supply board are

cement resistors.

=

from the final amplifier.
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PHOTO 3: Close-up of tube socket wiring. The potentiometers were deleted
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You need to allow a couple of extra

" terminals to mount P2. T did not use a

potentiometer in my amp; I tacked a pot
in temporarily, then replaced it with the
proper size resistor. It takes more steps,
but it seemed easier than trying to per-

manently mount a potentiometer.

Start the chassis wiring with the heat-
er circuit, then the ground wires, signal
wires, and finally, the resistors and ca-
pacitors. Do not mount the transformers
until most of the wiring is done. Once

© the transformers are mounted, the chas-

sis will not lie flat, and will be much
harder to work with. After mounting
the transformers, you can do the power
wiring.

The power supply is assembled on a

. piece of perfboard, approximately 2% x

4%. 1f T had it to do over again, I would
allow more room for connections to the
bridge rectifier. I had originally intended

to use wire-wrap pins, which my local

. electronic store no longer carries. As a

result, I had to wire directly to the board.
You should be using stranded wire for
the input, so you will need to pre-tin the
wires before trying to connect the bridge

- up to them. I mounted the board with 6-

32 x % screws and % "spacers and nuts.
The plate transformer presents some-
thing of a problem, because it does not
have wire leads. In the interest of safety,
you must use fully insulated quick-con-

. nect terminals (Mouser 517-3250)! You

will need to place two wires into each of
the primary terminals in order to wire
the primary in parallel, so be sure to
allow for this. You may need to order

¢ some of the terminals large enough to
accept two wires. Mouser 517-7250 ter-

minals will accept two 18-gauge wires.



When installing the primary termi-
nals, start with one side of the power
line, then install the terminals for the
other side. Be very careful not to wire
the primary out of phase. It takes only a
few seconds for the transformer to burn
up. (Don’t ask me how I know!)

Remember, it’s terminals 1 and 4, then
terminals 2 and 5. There are no such
problems on the secondary side. I have
added a fuse to the schematic; it’s very
cheap insurance, and may well save you
the expense and bother of replacing a
burned-out plate transformer.

When you've finished the assembly,
install the 6DJ8 tubes and check that
they light normally. Next, measure the
6D]J8 plate voltages and adjust P2 until
the voltage is around 75V. This adjust-
ment is not very critical. Finally, install
the output tubes one by one, checking
that the voltage on pin 8 of each tube is
around 15V.

Connect a set of speakers to the unit,
and turn it on. If it makes a howling
sound, turn it off and reverse either
the primary or the secondary leads of
the output transformer. Now you are
ready to hook up an input and listen to
music! aX

Bob Mclntyre has retired after spending
40 years as an audio technician. He was
reintroduced to tubes in the late 70s while
looking for an inexpensive way fo build
a 500 amplifier; he liked the sound, and
has stayed with tubes ever since. Bob’s other
hobbies are music, photography, and build-

ing computers.

Sources

Antique Electronic Supply
6221 S. Maple Ave.
Tempe, AZ 85283
www.tubesandmore.com

Avel Lindberg Inc.

47 South End Plaza
New Milford, CT 06776
860 355-4711
www.avellindberg.com

Mouser Electronics
958 N. Main
Mansfield, TX 76063
800 346-6873
WWW.mouser.com

Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Year? After baking them in the car???
ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators

Aged at 150°C.
Try that with a “calibrated”consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

Tel: (650) 595-8588 FAX: (650) 591-2891 e-mail acopac@acopacific.com

ACOQOustics Begins With ACO™

MOUSER

Jpdates to over half a million prod-

. ':.;1'Eﬁ depend on Mouser ELEC

N I C s

a tti company
NEW Products
NEW Technologies
NEW Suppliers

4

The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc. Any other product and company names mentioned herein are
trademarks of their respective owners.
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speakers

stands for 1y ¢

Follow the plans in this simple DIY project
and get your speakers into the action.

needed some stands for a pair of
PSB Alpha Intro LR speakers to
flank the entertainment center of
our house we moved into recently.
Some projects don’t work or look funky
and end up in what an early mentor
referred to as “the graveyard of broken
dreams.” This project turned out dif-
ferently.
It went together quickly, works, and
looks pretty good. To top it off; it would
make a good beginner’s project because

PHOTO 1: Speaker stand com-
plete in corner.
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construction and assembly require just
a few simple tools that any beginning
speaker builder living in an apartment
has.

The PSB Alpha Intros measure a
diminutive 4.25” wide, 6.75” tall, and
5.75" deep, and the stands place the cen-
ter of the enclosure about 33.5” above
the floor. You can adapt the basic design
to a fair range of speaker sizes by simply
changing the dimensions of some of the
components. Wider speakers may re-
quire a wider base; deeper speakers may
need a longer foreleg on the base to keep
them from taking a nosedive. And, some
of you may find a more elegant approach
to cable management. y

1
PARTS |

I purchased my materials}at Home
Depot, but you could also try any home

center/lumberyard with a good selection
of hardware. Some folks may be able
to pull most of the materials out of the
scrap bin. Here is a list of materials to
build one unit:

e 1—-10"1 x 2. I used select pine, but
you could substitute any species.

e 1 —4'1 x 4. Match species you used
for the 1 x 2 if matching matters.

e 2 — 1.5 to 2” confirmat screws
(Rockler’s, Home Depot).

e 4 — 50mm cabinet connector bolts
with nuts—%32" hex socket by % x 20
thread (Rockler’s, Home Depot).

e 1 — 2"cabinet corinector bolt. A %4 x
20 thread pitch will match many sockets
on speaker backs, but you can change
this to fit the appl%ation. McFeely’s
threaded inserts, which you can install
on home-built units, will take machine-
threaded attachments like the commer-

PHOTO 2: Millwork laid out with tools.

www.audioXpress.com




cial units.
e 3 screw-on feet of your choice, de-

pending on whether the units will stand |
on carpet or bare hardwood, as mine do. !

Here are the tools you'll need:

e Saw (handsaw will do)

e Electric drill/driver

® %6” drill bit and pilot drill to match
confirmat screws and feet screws

® %32” hex key

e Sandpaper

ASSEMBLY
1. Millwork.

house to cut these for you.

©2-36"1x2s

©1-325"1x2

©e1-14"1x4 and1-7.5"1x4

o Cut taper in 1 x 4s starting at width
of 2 to 2%, leaving 2%" of the length of
each the original width (Fig. 1). That
portion will be in the center of the long
1 x 4 and at one end of the short 1 x 4.

2. Drilling
mat® screws attaching the front leg to

the back leg. Screw the front leg to the
rear legs. Then attach three feet to the

PHOTO 3: Stand with speaker
on back.

- and tighten with a %2" hex key (Allen
- wrench). Stand the unit up and drill two
Drill pilot holes for the two confir-

FIGURE 1: Legs and feet for stands.

2 .2.511 |

—

Rear Leg

>

228" |
\ =
Fore Leg
$B-2624-01

. bottom of the legs near their ends. I
- used screw-on rubber feet for placing
You can get a full service lumber

the units on my hardwood floors. You |
could use t-nuts and screw in spikes for
placement on carpet.

Sandwich three 1 x 2s together strad- :
dling the front leg and drill four 5/16"§
pilot holes for the cabinet coupling bolts
and nuts.

3. Assembly
Insert the cabinet coupling bolts

PHOTO 4: Stand with speaker
removed.

: to match your preference.

%6" holes. One should be lined up with
the socket in your speaker to attach it to
the stand. The second should be lined
up for the passage of the speaker cable

¢ to the terminals.

You will notice in the pictures that I
actually used two pieces for the center
part of the upright, leaving a gap for the
speaker cable. If you use a hole, this sec-
ond hole should be large enough for the
size of speaker cable used.

Thread the speaker cable through the
stand, attach cable ends to the speaker
terminals, and insert the 50mm cabinet
coupling bolt to attach the speaker to
the stand. I used a cable staple to secure
the cable to the backside of the upright.

4. Boogie on

Attach the other end of the speaker
cable to the amp and fire up the system.
You can lightly sand the stand, leave it
natural, paint it, or stain and clear-coat it

aX

“You can substitute regular wood screws.

. Confirmat screws work especially well in

MDF, and are available from McFeely’s
and Rockler. (www.mcfeelys.com/subcat.
asp?subcat=20.1.1.1; www.rockler. com)

Jerry Stump is a custom training in-
structor for the Dunwoody College of Tech-
nology in Minneapolis, Minn. He started
building Heathkits, Eico Kits, and Dy-
nakits in high school and has built dozens of
speakers and a few church sound system in-
stallations over the years. He holds an MA
in Speech Communication and has several
years’ experience in plant engineering in the

fuel ethanol industry.
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solid state

Switchable Gain Booster Amplifier

This simple audio booster amplifier raises the amplitude of a signal up to 15, and, in a stereo

configuration, allows individual adjustment when R and L channels are not equal in level.

By Carl R. Casper

PHOTO 1: The amp with rotary switches.
adjustable from 1 to 15 (22dB). -
You may wish to plug a differ-
ent signal source in and adjust
the gain accordingly. When the
user reconnected the original
source, he wanted a way to re-
peatedly restore the original
gain setting.

It is easy enough to design
a simple amplifier given the

onsider this scenario: A user
had a signal source connected
to the AUX input on an in-
tegrated amplifier that had a
consistently lower level than the other
sources. This made it necessary for the
user to advance the loudness control
higher to compensate and then experi-
enced “blasting” when setting the input
selector to another source. It wasn’t fea-

sible to attenuate the louder sources,
so a simple preamplifier was deemed
necessary.

A physically small preamplifier that
would fit the back of the equipment rack
was needed. It required that the gain be

present state of technology. But what is
the best way to adjust the gain? Mem-
ories of pots with pointer knobs and
scales and impreciseness come to mind.

A 10- or 15-turn trimmer pot would :

i give resolution but no repeatability.

.~ SOLUTION
- In dealing with op-amp theory, the in-
verting configuration in Fig. 1, the ex-

pression for the

FIGURE 2: Four different switched gain resistors

. A W stage gain, directly
FIGURE 1: Inverting op amp am- weighted 8-4-2-1. relates to Rf/Ri,

lifier. Gain factor = &. A
s R, G=8 R3 5K R7 which is the value
Ri Rf '_./C S LI Of the feedback
G=4 R4 10K 40K resistor divided
1 o—L [ by the value of the
e RS 20K input resistor. This
¢ o—i——1—{ P '
G=1 RE 40K —0C is true because the
o—1[ —}— ouTPUT inverting input is
= i held at OV by the
—= action of the op
A24652 amp and feedback
resistor.
R3 4K99 £1% R7
— e
R4 10K £1% 40K2 £1%
S5 s
i = | { +—
1 2= [Z RS 20K +1% IC18
O HE s 8l TLO84
4 ] o
INPUT 1uF | RE 40K2 +1%
SWDIP4 — OUTPUT
R“ ]
47K +V =412 10 +15V —
V=-12t0-15V For stereo, use two remaining
2 TLO84 sections. =
A-2465-3
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In other words, you can change the | the inverting input at OV, the gain set- !
gain either by holding the input resistor ' ting resistors R3 to R6 can work without : =
constant and changing the value of the | interaction. U“L
feedback resistor or holding the feed- If you select more than one feedback .
back resistor constant and changing the | resistor, the overall gain is equal to the Record Preservative
value of the input resistor. contribution of each resistor; i.e., for all
In Fig. 2, it follows that four different | switches closed:
gain selections are possible using four -
switches and four different input resis- = Gain = R7/R3 + R7/R4 + R7/R5 + R7/R6 = ‘\
tors with a single feedback resistor. With : o
If R6 is 40k (the same value as the L’K
TABLE 1: GAIN SETUP. - feedback resistor), gain = 1, RS = 20k,
Gain Factor X Switch S1 Hex # gain = 2; R4 = 10k, gain = 4; R3 = 5k, | Prem
DCBA gain = 8. a1
off 0000 0 With this scaling, it is possible to
1 0001 1 select gain factors from 1 to 15 by set- s
2 0010 2 . . . ..
3 0071 3 ting various switches to the On position
4 0100 4 (Table 1). Gain selection can be made
5 0101 5 a step easier by substituting a hexadeci-
(75 g : : ? s mal-coded rotary DIP switch (Omron Hear Ye — Hear Ye
8 1000 8 A6R-162RF). Codes 10 to 15 are =
5130 : g% 9 labeled abcdef. This switch will select U“L ®
1 TEE ; the proper input resistors for each gain
12 1100 c setting. THE LAST FACTORY
13 1101 d The final schematic is presented in 2015 RESEARCH DRIVE
}g : : : ? : Fig. 3. The first stage IC-1a is a buffer LIVERMORE. CA 94550-3803
used to isolate the loads presented by :ﬁ?;::‘:q iR
¢ R3 through R6 from the input. R2 and i -eom

Reg’s LP Rejuvenator Kit

by Reg Williamson

|<‘nock out static cha;‘%?;s ar;ld dgep clegnbyo#r rri)é:calrjc!s v(\jrith ;c]hiis To order call 1-888-924-9465
classic two-step met still in demand by high-end audiophiles . ;

and LP lovers. Destatic compound supplies molecules which attract or order on-ine at www.audioXpress.com
and retain static charges—one treatment usually lasts for the life of

the record. The deep cleaner dissolves and flushes dirt out of the
grooves—and then holds it in a film you simply peel away. You Old Colony Sound Laboratory PO Box 876 Peterborough NH 03458-0876 USA
need to supply isopropyl alcohol, distilled water, and glycerin. Full Tollree: 888:924-9465 Phone: 803-024-9464 Fax 603-624-9467

instructions and Williamson's original articles are included.

KM9 $19.95* *SHIPPING & HANDLING ADDITIONAL

E-mail: custservBaudioXpress.com  www.audioXpress.com
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Look!!

Click http://www.eifl.co.jp
or send e -mail to info@eifl.co.jp
for more products information

® ASANO AMP KIT
® STAX 0

® SONY
(QUALIA 010-MDR1)

® audio-technica |;.‘__...u
® KOETSU o
© DENON

® TANGO(ISO)
© TAMURA

® HASHIMOTO ¢
(SANSUI)

©® FOSTEX
® JAPANESE AUDIO BO

t ’/’I- ’L EIFL Corporation

1-8, Fujimi 2-chome, Sayama City, Saitama Pref. 350-1306 JAPAN.

Phone:+81-(0)4-2956-1178 FAX:+81-(0)4-2950-1667
E-mail:info@eifl.co.jp
Wire Transfer:MIZUHO BANK, SWIFT No.MHBKJPJT a/c # 294-9100866

C2 form a simple RFI filter to prevent
a local AM radio station from getting

through. C1 removes any DC bias on |
the input signal. You may add IC-1C
after IC-1b for a non-inverting signal '

output.

Regulated +12 to +15V power sup-
plies are required, 10mA maximum,; in
this situation, the power was tapped off

¢ another piece of equipment.

. COMPONENT SELECTION

I chose a TL084 quad op amp based on
the need for a medium quality amplifier
for use with a mid-level signal (0.1 to
1V RMYS). You can use low noise or low

offset op amps, depending upon your
- With the amplifier installed and power

requirements.

The gain setting resistors are 1%, al-

though you can use 0.5% or 0.1% units
to give more precise gain steps. The am-
plifier is inverting; you may prefer to add
A1-C (Fig. 4) to re-invert the signal.

 CONSTRUCTION

. I used standard construction techniques,

building a two-channel inverting output

. unit using two sections each of a TL084

EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

DIP. You may construct version 1 using
DIP switches or version 2 using rotary
switches (Photo 1). Version 2 requires a
different layout of the gain select resis-
tors (Fig. 5) to match the pin layout of
the rotary switch.

I built my prototype using a Radio
Shack 270-150 multipurpose board,
mounting resistors R3-R7 vertically to
save space and to minimize the area that
IC-1B input includes. You can install
the completed circuit board into a small
metal enclosure to minimize interfer-
ence pickup. You can make 1/8"holes to
facilitate adjustment of the switches.

USAGE

applied, start with gain of one and in-
crease to the desired level on each chan-
nel. The frequency response is 10Hz to
greater than 20kHz. Distortion mea-
surements were not available. aX

FIGURE 4: Adding former non-
inverting output.

R8 R9

IC-1B
QUTPUT —
I

Our Highly Effective Advanced-Placement Program for experienced
Electronic Technicians grants credit for previous Schooling and
Professional Experience, and can greatly reduce the time required
to complete the program and reach graduation. No residence
schooling required for qualified Electronic Technicians. Through our
Special Program you can pull all of those loose ends of your electronics
background together and earn your B.S.E.E. Degree. Upgrade your
status and pay to the engineering level. Advance rapidly! Many finish
in 12 months or less! Students and graduates in all 50 states and
throughout the world! Established Over 50 Years! Write or call
for free Descriptive Literature. (601) 371- 1351

COOK'S INSTITUTE

OF ELECTRONICS ENGINEERING

=YXE 4251 Cypress Drive
CI: Jackson, Mississippi 39212
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FIGURE 5: Layout of gain select
resistors for hexadecimal switch.

—Mwm

N ©

FROMIC 1A A-24855




Carl Casper is an engineer with experi-

ence in electronic circuits and instrument
calibration. In his free time, he designs and AU DIO TRANS FO RMERS
builds audio and test equipment.

AMERICA’S PREMIER COIL WINDER

Engineering « Rewinding ¢ Prototypes

PARTS LIST (DUPLICATE FOR STEREO).

R1 47k 5%
R2 1kQ) 5%
L McINTOSH - MARANTZ - HARMAN-KARDON
gg' m' I} WESTERN ELECTRIC - TRIAD - ACROSOUND
C1' 1.01F 50V polystyrene FISHER - CHICAGO - STANCOR - DYNACO
ggl - TDUpE 575 eramic | LANGEVIN - PEERLESS - FENDER - MARSHALL
o o B ELECTROSTATIC TRANSFORMERS

equivalent OR hexadecimal rotary 3 FAIRCHILD 660/670 RCA LIMITERS

swich. Qmron AGFIGZ6F WE DESIGN AND BUILD TRANSFORMERS
Build on Radio Shack 276-150 multipurpose PC FOR ANY POWER AMPLIFIER TUBE

board or perforated board.

PHONE: [414] 774-6625  FAX: [414] 774-4425

Sources for Components AUDIO TRANSFORMERS

Local electronics store. 185 NORTH 85th STREET

Newark Electronics, 800-263-9275, WAUWATOSA, WI 53226-4601

ems LOTIHIERE, E-mail: AUTRAN@AOL.com

Mouser Electronics, 800-346-6873,

WWW.MOUSEr.com. NO CATALOG CUSTOM WORK

Hi-Fi News Analogue Test LP

The Producers Cut

Provides all the tracks needed to get the best from your turntable, tonearm,
and cartridge. Includes bands for channel identification, phasing bias setting,
tracking ability, a cartridge/arm resonance test, and other bands to keep your
LP playback system in tip-top shape. Extensive liner notes adapted from the
works of expert, John Crabbe. Sh. wt: 2 [bs.

LP2 $45.00"

Ovp CorLony Sounp LABORATORY
PO Box 876 + Peterborough, NH

NEW LOWER PRICE! il 034580876 USA
. . T Toll-free: 888-924-9465
MJ Technical Disc No. 3 | % WhHe A0S GA0A
Two-LP set containing test signals, harp music, and ' 4 Fax: 603-924-9467

instructions for checking and optimizing your LP

playback system. 1999. Two LPs with notes. Sh. wt: 3 [bs.
LPMJ1 $79.99*

custserviwaudioXpress.com

www.audioXpress.com
*SHIPPING & HANDLING ADDITIONAL

To order call 1-888-924-9465 or go online at www.audioXpress.com
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speakers

Testing the Ed Frias

EFE Loudspeaker Kit

ran a series of impedance, fre-

quency response, polar response,

and distortion tests on the Ed Frias

EFE loudspeaker kit supplied by
Speaker City and built by the MacAr-
thurs (March ’06 aX, p. 27).

IMPEDANCE

It is my habit in testing these kits to
arbitrarily pick one unit of a pair for all
tests and then check the second unit
simply to see how it matches against the

first. Figure 1 is a plot of system imped-
ance magnitude (A) and phase (B). At
low frequencies the plot displays the
double peaked curve typical of vented
systems. The impedance minimum be-
tween the peaks at 50Hz indicates the

vented-box tuning frequency (Fy).

The impedance at this point is 8.4Q).
There is an absolute impedance mini-
mum of 7.4Q at 200Hz. A maximum
phase angle of —40° occurs at 108Hz.

¢ The impedance magnitude at this fre-

Back [

By Joe D'Appolito

quency is 14.5Q. I would rate this an 8Q
speaker.

The impedance minimum 8.4Q) at
F, is rather high compared to the driv-
er voice-coil resistance of 6.1Q. This
is characteristic of a low box Q_and an
. overdamped vented box response. I'll say
more on this later.

FREQUENCY RESPONSE

Figure 2 shows the full-range frequency
¢ response of one of the pair of speakers.

FIGURE 1: EFE kit impedance magnitude (A) and phase (B).

FIGURE 3: EFE kit step response.
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FIGURE 2: EFE kit full-range response.

FIGURE 4: EFE kit cumulative spectral decay.
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This response is obtained as a combina-
tion of the far-field quasi-anechoic re-
sponse in the freestanding position and
a set of appropriately combined near-
field woofer and port measurements?.
placed the microphone along the tweeter
axis at a distance of 0.99m to produce
the far-field freestanding response, and
spliced near-field and far-field responses
together at 200Hz to produce the full-

range responsel. The response data is |
. tive spike is the tweeter arrival, followed !
by the woofer arrival, also positive. The :

Y6 octave smoothed. Sensitivity averages
86dB SP1./2.83V/1m in the two octaves
between 500Hz and 2kHz.

Relative to this level, response is down
3dB at 80Hz. This is a rather high F3
point for this driver in a vented box. I'll

comment on this in more detail at the !

end of my report.
Between 120Hz and 3kHz response
is extremely flat, varying by only +0.8dB.

woofer. From 3kHz to 20kHz, however,
tweeter response shows a peak-to-peak

* variation of 8.4dB! This is surprisingly !
- poor. The Frias EFE is not configured

for bi-wiring, so I could not determine
responses for the individual drivers, but

- it is clear that the tweeter is operating

above 3kHz.

. WOOFER/TWEETER TIMING

The step response is plotted in Fig. 3,
which shows two separate arrivals of
acoustic energy. The initial sharper posi-

woofer peak is delayed relative to the

. tweeter peak by approximately 300ps.

This is a rough estimate of the tweeter/
woofer delay.

Although both drivers are connect-
ed with positive polarity, the system is
not time-coherent. The double nega-

- tive peaks approximately 60Us apart
This is the active frequ