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SOURCE CODE: AXM
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1-800-338-0531

TB drivers are unique 
in incorporating 
many advanced 
features not found 
on most low-cost 
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small, extended 
range drive units 
capable of covering 
very wide portions of 
the audio spectrum. 
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low-cost, high
performance driiver is 
needed, Tang Band 
should be the first 
name to consider.

♦ Santoprene rubber surrounds maintain consistent, long
term performance

♦ Flat, heavily convoluted spiders allow a uniform motion 
in both the positive and negative stroke, reducing odd
order distortions.

♦ Venting under the spider reduces 
heat build up and power compression.

♦ Heavy-duty frames minimize resonance and result in a 
cosmetically attractive speaker.

♦ Magnetically shielded motor structures can be used in 
home theater & multimedia applications

♦ Underhung design in 3" models, resulting in low 
distortion, good bass response, and extended high- 
frequency reproduction.

♦ Extremely wide frequency response simplifies crossover 
design and enables use as full-range drivers.

♦ Ferrofluid enhanced tweeters exhibit superior 
mechanical damping at resonance, reducing harshness 
and improving heat extraction from the voice coil.
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Build a Plasma Tweeter

Generate audio from a massless electric flame to pro

duce perfect transient response and an omnidirectional

frequency response. By Colin Joye

A
ll dynamic cone, electrostatic, 
and ribbon tweeters have 
a small mass associated 
with their respective sound
producing elements. A tremendous 

amount of work has been done to mini-
ION TWEETER SOLUTION

speakers, adding to 
the illusion of “being 
there.” PHOTO 1: 

The finished 
project.

You can use the lawsofdiffractionto
mize this moving mass because it is 
often the limiting factor of how well 
the tweeter will perform. Another 
drawback to loudspeakers that use 
moving elements to produce sound is 
directionality.

Any element that moves to cause 
sound does so by pushing the airwaves 
in a specific direction. Some tweeters 
combat this by using a horn, others by 
using multiple drivers. In the case of 
the former, the frequency response is 
not perfectly uniform over the angle of 
dispersion, while in the latter, a lobing 
effect is often unavoidable. Having a 
uniform frequency response for off-axis 
angles prevents the listener from being 
confined to a single “sweet spot,” 
where all of the axes of all of the speak
ers converge.

Of course, if your ears are not 
equidistant from any pair of sound 
sources, you will experience a phase 
shift associated with the different path 
lengths, but you still want the same fre
quency response, even off-axis. This 
project doesn’t constrain you to experi
ence only one fixed soundstage, but al
lows the soundstage to rotate before 
your ears as you walk around the

ABOUT THE AUTHOR
Colin Joye is a 2002 graduate of Villanova University in 
Electrical Engineering. He is currently pursuing his 
PhD in electromagnetics at Massachusetts Institute of 
Technology. His other interests include music compo
sition, art, and karate. 

make the width of the dispersion field 
wider by decreasing the surface area of 
the moving element with respect to the 
wavelength of sound being emitted 
(Fig. 1). The problem is that, by reduc
ing the surface area, the sound output 
level is also reduced and the frequency 
response becomes restricted, so this 
would be a rather impractical solution 
to the problem. One clever way to con
quer both directionality and moving 
mass is to use an electric flame.

Dr. Siegfried Klein invented the ion 
tweeter (or plasma tweeter, as it is also 
known) in the early 1950s. He used a 
push-pull vacuum tube oscillator to 
drive a coil at its self-resonant frequen
cy to cause voltages on the order of 
30,000V (30kV), which he used to pro
duce corona discharge.

One problem that was prevalent in 
power transmission lines in the 1920s 
and 1930s was the formation of corona 
discharge on power lines. When high 
voltages are present at sharp points or 
edges, a bluish glow discharge known 
as corona discharge forms around the 
sharp point. Corona discharge is a lo
calized ionization of the air that con
ducts electricity. Any such gas that con
ducts electricity is known as plasma.

In power transmission lines, this 
corona caused the insulation to disinte
grate, because corona is a hot glow dis
charge. Dr. Klein’s invention made use 
of this corona to produce audible sound. 
He touted it as being able to produce 

sound with tremendous efficiency (he 
was ignoring the oscillator itself, which 
actually draws a lot of power) and as 
being able to project sound very audibly 
over large distances (as described in 
U.S. patent number 2,768,246).

In the late 1950s and 1960s, ion 
tweeters were produced commercially 
in the USA and Europe under the 
names Ionovac, Ionofane, and Iono
phone (I recently spotted one for sale 
on eBay.com). These units used a metal 
horn to focus the sound and facilitate 
mounting. They used a single 6DQ8 
tube to produce the corona and used 
tubes in the amplification stages.

Since then, there have been few ion 
tweeters produced commercially. The 
German company Magnat produced a 
three-way speaker cabinet in the 1980s 
and used an ion tweeter without the 
horn to make use of the omnidirection
al effect. Acapella, another German 
company, currently produces very ex
pensive and very high quality speakers 
that use ion tweeters.

This project presents the ion tweeter 
that I have constructed (Photo 1) and 
illustrates its theory of operation, con
struction techniques, feasibility, and 
some of the observations I’ve been able 
to make. I actually got the idea for 
my first ion tweeter on the web from 
Ulrich Haumann’s webpage, now 
http://www.plasmatweeter.de. After I 
read how it worked and what it did, I 
just had to build it.
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FIGURE 1: Normalized directionality characteristics of a circular piston source as a 
function of diameter and wavelength (Ref: Olson, Harry F., Music, Physics and Engi
neering. New York, 1967, 2nd edition, p. 103).

FIGURE 2: The Plasmatone-RG1 preamp and oscillator schematic. The preamp sec
tion is the upper half of the schematic, while the oscillator section is the lower half.

The ion tweeter schematics I used for 
this project are similar to the first pair I 
built, with a few modifications, such as 
the 12AX7 tube preamp stage. The first 
pair has a lot of problems, so I built a 
better, more reliable second pair, as 
presented here. I am presenting the 
schematics exactly as I have used them, 
but there are many things I think can 
be enhanced in the schematics, so I 
have included a section of recommen
dations that you should read before at
tempting to build this project.

ABOUT THE FLAME
The corona flame is very peculiar be
cause it stands by itself on top of a sin
gle electrode, not between two elec
trodes, like a Jacob’s ladder or spark
gap transmitter. This feat is quite mind
boggling to the typical experimenter 
who is used to seeing sparks appear be
tween two points. In fact, even the reso
nant coil that is the heart of the project 
is only connected at one end! The ion 
flame looks a lot like a candle flame 
(Photo 2), although it is slightly bluish 
or white in color. Furthermore, the 
flame acts like a perfect point source, 
which means that the acoustical energy 
is emitted spherically with a perfect 
uniformity in frequency response.

I like the ion flame be
cause it operates on the 
same principle that nature 
uses to produce sound by 
lightning and thunder. Un
fortunately, the low-fre
quency extension of the 
flame is limited by its size. 
You probably could have 
guessed that, since thun
der can easily reach down 

to 1Hz or less, requiring millions of 
watts of electricity in the process, while 
the spark you get stepping out of your 
car on a winter day gives you just a lit
tle more than a high-pitched snap.

For a 1cm flame height (around the 
same size and shape as a medium can
dle flame), the frequency response hits 
-3dB around 2kHz. The upper limit of 
the frequency response is well above 
the hearing threshold. It has been mea
sured up to 40kHz, but my guess is that 
it may extend up into the megahertz. If 
you were to send bass frequencies to 
the flame, it would be like sending bass 
frequencies to a tweeter. It will try to re
produce the frequencies, but it won’t do 
it very well!

This project draws around 200W of 
wall power to produce that 1cm flame, 
so if you were thinking of making an 
ion subwoofernext, forget it! You would 
need a lot of power. Subwoofers tend to 
be non-directional in small rooms any
way, so only the higher frequencies re
ally need to be addressed.

Those of you familiar with spark gen
eration know that where there are 
sparks, there is the pungent smell of 
ozone. The corona flame, however, is 
not a spark, so there is almost no 
ozone. Since the flame is hot, the ozone 
that it does produce rises straight 
above the flame, but there really isn’t 
enough of a smell to cause an annoy
ance or health hazard. Besides, ozone 
kills bacteria in the air!

The corona flame does generate a lot 
of heat, and it is a high-voltage hazard, 
so be very careful when you are work
ing around it. Furthermore, it acts like 
a little source of a lot of radio frequency 
interference (RFI). The Federal Com
munications Commission (FCC) has a 
lot to say about such things, so I bought 
a steel mesh food strainer to put 
around the flame (Photo 3).

This grounded shield allows the air-

PHOTO 2: The corona discharge on the electrode (left); 
shown with inverted colors (right).
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waves to pass through, but prevents 
electromagnetic waves from propagat
ing. You can see how it works if you 
pass a small fluorescent tube by the 
flame without the shield—it will light 
up 6" from the flame! Incidentally, since 
the oscillator frequency is very high 
(around 30MHz), you won’t get a shock 
from the flame, but a radio frequency 
(RF) burn. Since the flame is so hot, 
you need to use a copper electrode to 
sink the heat.

I tried a piece of stainless-steel wire 
once, but it melted! The copper still is 
slowly “eaten” away by the flame, but 
there aren’t many other options for the 
electrode material. In the 1960s, they 
used thoriated tungsten quartz-glass 
electrodes that retained their sharp
ness for up to 1200 hours.

CIRCUIT OPERATION
Figure 2 shows the schematic I used for 
the preamp, amp, and oscillator portion 
of the project. I like to start with the os
cillator, because explaining it first 
helps explain other parts of the system.

The heart of the oscillator is what I 
call the “Tesla” coil. It is not the Tesla 
coil some of you may be familiar with 
because it doesn’t have a primary and 
secondary, but it does operate at the 
self-resonant frequency of the coil. This 
coil acts similar to a parallel resonant 
circuit (Fig. 3), where the windings are 
the inductance component and the in
terwinding capacitance leads to the ca
pacitive component. The key to produc
ing the high voltages is to have a very 
high Q-factor for this resonant circuit. 
By definition,

Q = (2n f0)/bandwidth = (2n f0 L)/R

where f0 is the resonant frequency in 
hertz, L is the inductance in henries, 
and R is the resistance in ohms.

So to get a high Q, the resistive losses 
need to be small and the inductance 
large. Since the coil acts like a parallel 
resonant circuit and the losses will be 
small, then at the self-resonant frequen
cy of the coil, the coil looks like a near
open circuit (Fig. 4). From Ohm’s law, if 
a current is put across a very large resis
tance, the result is a very high voltage.

In his 1956 U.S. patent number 
2,768,246, Dr. Klein noted that an audi
ble hiss was present if the oscillator op- 
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PHOTO 3: The Faraday shield is simply a food strainer.
^icIhk B-2164-3erated at frequencies 

below around 3MHz, 
which sets the mini
mum acceptable self
resonant frequency. 
Actually, I found that 
the resonant frequen
cy should be kept 
above 10MHz to avoid 
flickering of the flame. 
The 6KG6A pentode I 
used for the oscillator 
has a gain-bandwidth 
limit of around 70MHz 
for this design, so I 
wanted a self-resonant 
frequency of around 

3

I d

T

u 5

ii

41 fl

I

-1 B

40MHz for the operation. The reason I 
chose it so high was that a lower reso
nant frequency would require more in
ductance, which means more wire and 
more losses.

In order to design the coil to oscillate 
at a certain frequency for a parallel res
onant circuit with negligible losses, you 
can use the following simple equation

fo = [2nV(CiWLW)]-1

where Ciw is the interwinding capaci
tance and Lw is the winding induc
tance. Unfortunately, there is no practi
cal way to accurately estimate Ciw, so I 
wound several coils until finding a suit
able one.

By the way, you cannot simply make 
the inductance extra small to lower 
losses and then put a high-voltage ca
pacitor in parallel with it to lower the 
resonant frequency, because the Q- 
equation would predict a small Q. Also, 
you can’t use Litz-style wire (a bundle of 
small-gauge wires to lower loss) be
cause corona favors sharp edges! The 
only options left are heavy-gauge cop-

www.audioXpress.com
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FIGURE 4: An impedance plot for a typical coil near self-resonance.

PHOTO 4: Resonant coil, little feedback 
loop, and Faraday shield.

per magnet wire or superconductors! I 
chose 16ga copper magnet wire be
cause it seemed to do the job well with
out too much loss or being too bulky.

My coil is wound with a diameter of 
F/s" (35mm) with 15 turns. Since I 
didn’t have a ceramic, glass, or other
wise suitable core to wind the coil on, I 
wound it on a cardboard tube and then 
threaded the turns together so they 
wouldn’t move when I took the coil off

http://www.audioXpress.com


PHOTO 5: The disassembled ion tweeter.

the cardboard. Each turn is then sepa
rated by the width of a piece of thread.

The resonant frequency of these coils 
is around 40MHz, as desired. I don’t 
think there would be any problems if 
the resonant frequency was as low as

10MHz or as high as 50MHz. I dared 
not wind the coil on anything that 
would melt at high temperatures after I 
found that the coils became quite hot 
on the first ion tweeter pair. I originally 
thought this heating was due to the re

sistive losses, but now I think it was 
simply heat conducted away from the 
hot corona like a heatsink. I think it 
would even be okay to wind the coil on 
PVC piping, provided there is no direct 
path for the heat generated by the coro
na to use your coil as a heatsink.

Place a simple feedback loop around 
the output electrode in order to tell the 
oscillator tube when to turn on and off. 
This feedback loop is nothing more 
than an insulated wire placed on the 
output-side of the resonant coil. It does 
not touch the output electrode, but hov
ers near it, no closer than about %" 
(6mm). My feedback loop is around 1" 
in diameter and is securely fastened to 
prevent it from moving too near the 
electrode. See Photo 4for the coil and 
feedback loop assembly.

INDUCTOR SELECTION
The 100pH inductor is simply an RF 
choke that lets DC pass through to the 
tube, but blocks AC from coming back 
to the power supply. I tried several dif
ferent inductors and found that some 
kinds actually didn’t work very well due 
to lossy ferrites with low Qs. The best

grandmos 2 Audiophile Masterpieces triphon
The SMART amplifier a * VIYU The ULTIMATE crossover

system

✓ Probably, the nearest approach to :
“A STRAIGHT WIRE WITH GAIN”.

✓ High end 2 x 100 Wrms / 8 ohms MOS-FET amplifier.
✓ SILVER plated PTFE / fiberglass printed circu 
✓ SILVER plated connections.
✓ Military grade components.
✓ Only J-FET and MOS-FET audio transistors.
✓ NO CAPACITOR in the sound path *.
✓ Minimum wiring and easy construction.
✓ Outstanding performances.
✓ Absolute Transparency and Sound.
✓ Extremely reliable.
✓ Steady performances
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✓ 3-way electronic crossover. 
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PHOTO 7: The 6KG6A is mounted in the 
front of the enclosure.

choke was the Xicon 1A, 100gH inductor 
that was wound using only one layer 
(which prevents inter-layer coupling).

Curiously, when I put it on the im
pedance analyzer, its self-resonant fre
quency of around 3.2MHz was well 
below the operating frequency of the 
circuit (around 40MHz), which means it 
should be acting more like a capacitor 
at that point than an inductor, although 
probe capacitance may have thrown the 
resonant frequency measurement off. 
Nonetheless, it works, but I’m wonder
ing whether this could be causing inter
ference in my 120V power lines.

By the way, I did experience interfer
ence problems with my portable CD 
player. Since portable CD players are 
not normally shielded, they easily pick 
up interference from the air or power 
lines. My first ion tweeter prevented my 
portable CD player from functioning 
properly whenever the flame was on!

TUBE OPERATION
When you first turn on the power, the 
sudden disturbance causes the self
resonant coil to begin to oscillate. The 
feedback wire senses this and triggers 
the tube to shunt the power rail toward 
ground. When that happens, the current 
in the coil shifts and causes further dis
turbance. At this point, the circuit is os
cillating, but no corona is present.

In order to initiate the corona, you

PHOTO 6: The simple oscil
lator circuitry is mounted 
under the 6KG6A socket.

must momentarily touch 
an isolated screwdriver 
to the tip of the electrode. 
The proximity of such a 
conductive body causes 
the voltage gradient (e.g., 

kilovolts per centimeter) to increase 
above the critical threshold of visual 
corona (Peek, F.W., Dielectric Phenom
ena inHighVoltage Engineering, Third 
Edition, McGraw-Hill Book Company, 
Inc., 1929, pp. 54-59). The corona is self
sustaining once this critical threshold 
has been reached.

After constructing a solid-state 
version of this ion tweeter as a senior 
project, my team and I are just begin
ning to understand how to produce a 
self-starting corona. If the power to the 
oscillator is switched on quick enough, 
a burst of high-frequency energy con
tent is produced at a substantial level. 
The high Q of the coil causes it to select 
the frequency it wants to see and reject 
all others. If this initial burst is at a 
high enough amplitude, the corona will 
self-start; otherwise, it will need to be 
started mechanically. My senior project 
team has been able to self-start the 
corona discharge reliably using this ap
proach with solid-state devices (see 
http://www.ee.vill.edu/ion).

The 6KG6A pentode, like all pen
todes, has three grids. Grid #1 is the os
cillator grid because it is the most sen
sitive and has very low shunt capaci
tance. The low shunt capacitance is im
portant because the feedback loop is 
nothing more than a wire placed near 
the electrode to sense the output by ca
pacitive means. The shunt resistor be
tween Grid #1 and ground acts as a self
bias to ensure that the tube sustains 
class C operation.

Grid #2 requires a DC bias to set the 
current flow in the tube, and thus the 
height of the flame. By adding an AC 
signal to this DC bias, the flame height 
can be changed very rapidly. The flame 
system works like a Class A circuit: the 
steady-state size of the flame is set by 
the flame control potentiometer, and 
the AC signal causes the flame to 
shrink down to a minimum size and ex
pand up to a maximum size. If the AC 

component causes the corona to extin
guish momentarily, the signal will be 
audibly clipped. Likewise, if the peak 
AC signal causes the tube to saturate, 
clipping will result.

If the steady-state flame height is set 
too high, the plate of the 6KG6A will 
quickly begin to glow orange, a sign that 
the tube is being operated outside of its 
safe area. The 6KG6A, like most power 
tubes, generates a tremendous amount 
of heat under normal operation.

WHY IT WORKS
One possible explanation for how the 
corona generates sound is that the 
flame is hot, so the air density is lower 
than that of the surrounding air. This 
causes an air density gradient bound
ary that moves with the flame height, 
producing sound waves.

Another explanation (as used by Dr. 
Klein) is that the bulk of the collisions 
between positive air ions and air mole
cules causes spherical piston-like varia
tions in the air column, producing elas
tic pressure waves. There is no known 
upper limit to how high the sound pres
sure level could be made if the plasma 
flame was large enough. I have mea-

PHOTO 8: Preamp circuitry.

PHOTO 9: Power supply.
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FIGURE 5: The Plasmatone-RG1 power supply.

PHOTO 10: Ion tweeter controls.

sured sound pressure levels of 108dB 
at 3" from the flame, but I’m sure it 
could become louder if the conditions 
were right.

Putting the audio and DC bias into 
the Grid #2 of the tube requires 
around 10mA at 20V to 100V (roughly). 
The maximum peak-to-peak voltage of 
the AC component should be around 
50V. A simple BU508A NPN power 
transistor in common-collector config
uration provides the necessary current 
gain to accomplish this interfacing of 
the preamp and oscillator tube. The 
BU508A is a horizontal sweep-type 
power transistor used in television, so 
it can handle a considerable amount of 
voltage and current. It really does not 
need a heatsink, but I mounted it on 
the aluminum cover just to be sure 
that it didn’t overheat.

The DC bias level is set by the 
100kQ potentiometer (marked “Flame” 
in Fig. 2), while the 12AX7 tube pro
vides the AC voltage. I found it was 
necessary to use the cathode-follower 
configuration for half of the 12AX7 be
cause of the current needed to drive 

the BU508A power 
transistor. Because 
of this common 
cathode-to-cathode 
follower configura
tion, the overall 
gain is a bit lower 
than just one sec
tion of the 12AX7.

I didn’t put any 
other gain stages in 
for some reason, 
but it really does 
need about 30dB 
more gain. To get 
full volume output 
with my schematic, 
you need about 
6V of peak-to-peak 
audio on the input. 
Keep in mind that I 
am not much of a 
tube expert. I did no 
load line analysis 
for this preamp 
stage, and I’m not 
even sure whether 
you can use the 
term “small signal 
approximation” for 
a 12AX7 pushing 

50V AC without nonlinearity problems.
The input of the preamp section fil

ters the audio input by the simple vari
able high-pass filter, which has a vari
able cutoff point of around 500Hz and 
up. As mentioned earlier, it is impor
tant to have some kind of high-pass fil
tering somewhere along the road.

The power supply for the ion tweet
ers is shown in Fig. 5. I don’t like it at 
all, because I used a voltage doubler cir
cuit to obtain the necessary 600V DC. 
Such a circuit has increased 60Hz 
noise present and bad power-supply rip
ple. I suggest using a center-tapped 
(CT) transformer rated somewhere 
around 800V with a full-wave rectifier 
and choke-input instead.

I had problems with my power 
switches blowing out on the 
600V/300V supply because of the large 
current spikes when turning the sys
tem on and off, so this is part of my 
motivation for recommending a choke 
before the capacitors. Also, I used a 
little 1.2A 12VCT transformer for the 
6KG6A filament, which is rated at 2A, 
so you should obviously change that.

FOSTEX
Do you need a little more twinkle in 

your full range speaker? Try adding a 
Fostex horn with a 6dB network crossing 
over above 15kHz.

FT66H - 3.25" Sq
2.5kHz to 22kHz
105 dB
Fs: 2500Hz
$131.80

FT17H - 3.4" Round 
5kHz to 50kHz 

98.5 dB 
Fs: 5000Hz 

$35.65

T90A - 2.4" Round 
Alnico magnet 
4kHz to 35kHz 
106 dB 
Fs: 5000Hz 
$141.65

FT96H - 2.7" Sq 
4kHz to 33kHz 

100 dB 
Fs: 4000Hz 

$106.25

T925A - 3.25" Rnd 
Alnico magnet 
4kHz to 40kHz 

106 dB 
Fs: 5000Hz 

$141.65

T500A - 4" Round 
Alnico magnet 
2kHz to 25kHz 
102 dB
Fs: 2000Hz 
$609.80

Mr. Kiyotaka Miyashita, General 
Manager of Fostex engineering, 
recommends using a 0.68 to 0.47 mfd 
capacitor in series with the horn as a 
supertweeter. If the horn is too loud, he 
suggest the following, in order:

• Try crossing it over higher.

• Try using only the parallel leg of an 
L-pad, terminals 1 & 2, to adjust the 
crossover frequency and output.

• Try using the L-pad as an L-pad.

Madisound Speaker Components, Inc. 
8608 University Green #10 

P.O. Box 44283 
Madison, WI 53744-4283 U.S.A.

Tel: 608-831-3433 Fax: 608-831-3771 
info@madisound.com ; www.madisound.com
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112 Vdc 1.25 amp Power Supply]
DVE # DSA-0151-12
2.1mm I.D. coax power plug.
Center positive. UL, CSA.
CAT # PS-1215

10 for $6.95 each • 100 for $6.50 each

Neo-Cylinder Magnet
Shiny, nickel plated neodymium 
cylinder. 0.25" diameter x 0.2" long.
CAT # MAG-762 for $100 50 for 350 each

100 for 250 each

SHOP OUR ONLINE STORE
www.allelectronics.com

| LEDs (Light Emitting Diodes) |
SUPER BRIGHT RED 6,000 mcd T-1 3/4
CAT# LED-94 750 each H
100 for $50.00 - 1,000 for $350.00 ¥

BLUE - water-clear 1,500 mcd T-1 3/4
CAT# LED-74 $1.75 each 
100 for $115.00 • 1,000 for $950.00
WHITE - water-clear 3,000 mcd T-1 3/4
CAT# LED-75 $2.00 each
100 for $165.00 • 1,000 for $1300.00

10 Compartment Plastic 
Storage box_

Transparent hinged plastic 
box with 10 compartments. 
Great for parts storage or 
display of small items.
Outside dimensions 7" x
3.4" x 1.25". Friction-lock lid with dual clasps.
Each box individually wrapped in a cardboard
sleeve. CAT # SB-10

Case of 36 for $30.60 
(850 each)

$ 00
each

ORDER TOLL FREE
1-800-826-5432

CHARGE ORDERS to Visa, Mastercard, 
American Express or Discover

~i Limited. NO COD. Prices subject 
CALL, WRITE to change without notice.

TERMS: NO MINIMUM ORDER. Shipping and handling for the 
48 continental U.S.A. $6.00 per order. All others including AK, 
HI, PR or Canada must pay full shipping. All orders delivered 
in CALIFORNIA must include local state sales tax. Quantities

FAX or E-MAIL MAIL ORDERS TO:
for our FREE | ALL ELECTRONICS

96 Paqe CORPORATION
CATALOG P.O. Box 567

Outside the U.S.A. Van Nuys, CA 91408
send $3.00 postage. i FAX (818)781-2653
e-mail allcc> rp@allcorp.com

PERFORMANCE
Since I spent most of my time getting 
the concept to work, I really didn’t do 
much in the way of tweaking it for per
fect performance. I think there are 
some relatively severe nonlinearity 
problems somewhere in my design, 
but it’s because I’m really only using it 
above 3kHz; it is not readily apparent 
to the untrained ear. I’m sure that 
proper designing and tweaking will ad
dress most of the nonlinearity, because 
I believe that the corona discharge is 
an excellent substitute for any kind of 
moving-element tweeter.

Everyone I’ve demonstrated it to 
thought the concept and sound quality 
were absolutely incredible. I really like 
the omnidirectional aspect of the 
tweeter, as well as the concept of mass
less sound generation. It is absolutely 
amazing to walk around the stereo sys
tem and have the high frequencies be 
perfectly uniform at all directions. It is 
perhaps even more impressive when 
the lights are turned off and you are 
greeted by the dancing white-purple 
electric flame and warm glow of vacu
um tubes.

CONSTRUCTION AND 
TROUBLESHOOTING
I set out to build an integrated, sturdy 
ion tweeter when I began this project. 
To accomplish those goals, I put every
thing into a Hammond perforated-steel 
cage and simply drilled holes in the 
edge for the bottom plate.

In retrospect, I don’t think it’s a 
good idea to mount the power supply 
in the same case with the electronics, 
because I had a hard time getting rid 
of some extra noise. I also think they 
could look a lot more elegant if the 
tubes were showing and had some 
kind of Frank Lloyd Wright theme

WARNING!
This project utilizes potentially lethal voltages and 
should not be attempted by those unfamiliar with high 
voltages. The corona discharge is produced by volt
ages in excess of 20,000V and poses a tremendous 
heat and fire hazard if exposed to combustible materi
als. Furthermore, the operation of the corona dis
charge is such that it operates in the radio frequency 
range of 20MHz to 70MHz and is capable of causing 
radio frequency burns. This unit may emit severe radio 
frequency interference, so you should use the Faraday 

shield described in the text to block the RFI and protect 
the user from coming into contact with the corona dis
charge flame. 

with tall skinny capacitors and tubes. I 
pretty much stuffed everything into the 
steel enclosure and then had no room 
for the fan I decided to add later to 
cool the 6KG6A tube.

Photo 5 shows the tweeter in its dis
assembled state. The 6KG6A tube and 
oscillator circuit (Photos 6 and 7) fit 
inside the front of the enclosure, while 
the preamp board is mounted on the 
bottom cover plate (Photo 8). The pre
amp board shown in Photo 8 actually 
has some extra circuitry on it that is

PARTS LIST
ION TWEETER PARTS USED, 
VACUUM TUBE VERSION

AUDIO PREAMP 
REF ITEM
C1 0.22pF, 250V capacitor
C2, C3 1.2nF, 100V capacitor
C4, C6 0.1pF, 63V disc capacitor
C5 1.5jj.F, 50V capacitor
C7 4.7nF, 100V capacitor
C8 47jj.F, 350V capacitor
C9 10nF, 400V capacitor
C10 47nF, 400V capacitor
J1 RCA jack
Q1 BU508A horiz power transistor
R1 100k” potentiometer, log
R2 250k” dual potentiometer, log
R3, R4 1.4k”, AW resistor
R5 1M”, AW resistor
R6 120k”, AW resistor
R7 100k” potentiometer, lin
R8 33k”. AW resistor
R9 47k”, AW resistor
R10, R11 3.3k”, AW resistor
R12 220”, AW resistor
V1 12AX7 preamp tube

PCB 4"\ 6" 
12AX7 tube socket 
RS #276-1388, PCB blue wire terminals (5)

HIGH VOLTAGE OSCILLATOR 
REF ITEM
Coil #1 16ga magnet wire (~6ft)
C11 1nF, 1.6kV disc capacitor
L1 Xicon 100pH, 1A RF choke
R13 18”, 10W resistor
R14 39k”, 1W resistor
V2 EL519/6KG6A tube

EL519 tube socket (Magnoval)

POWER SUPPLY 
REF ITEM
C1, C2, 100^F, 350V capacitor
C3, C4
D1, D2 1N5404 rectifier diode
MOV1 Metal-oxide varistor, 120V
S1 Power switch 15A
S2 Power switch 6A
SLO 2A slow blow fuse
T1 Magnetek #N66A, 230VCT, 250VA
T2 Radio Shack #273-1352, 12.6VCT, 15VA
Fan Fan for heat removal

OTHER
Tea Ball (Faraday Shield), 3" diameter 
Case (Hammond) 
Miscellaneous hardware 
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not currently being used. The power 
supply is tucked away in the back half 
of the Hammond case (Photo 9), and 
the controls are mounted in the rear 
(Photo 10).

Even though the oscillator circuit is 
astoundingly simple, I suggest building 
it first on a nice big piece of wood so 
you can make sure it’s working before 
squeezing it into some small space and 
integrating it with the audio stages. 
This will save you a lot of in-circuit trou
bleshooting time. Beware of unexpect
ed feedback or interference, since you 
are operating at high frequencies 
where anything can happen. Make sure 
you decouple the power supplies to pre
vent the strong oscillations from caus
ing more interference and annoying 
60Hz hum.

CONCLUSIONS
This project was a very fun and inter
esting one for me. Not only does it 
demonstrate the feasibility of massless 
audio reproduction and omnidirection
ality, but also does it in an elegant, al
most sci-fi way. I highly encourage the 
real audiophiles out there to try to 
bring this idea up to the highest sound 
quality standards most audiophiles 
hold. I didn’t have the money for ex
pensive audio capacitors, nor did I 
have the expertise necessary to tweak 
this project to perfection, but I hope 
someone out there will!

Ultimately, the ion tweeter would 
operate not just at tweeter frequencies, 
but also at midrange and maybe even 
upper woofer frequencies. I would love 
to see a two-way stereo using a sub
woofer and plasma speaker. In fact, 
I’m soon planning to build an ion 
speaker using the powerful 813 trans
mitter tube to try to accomplish this 
goal.

My senior project involved using a 
field effect transistor as an on/off 
switch in place of the lossy vacuum 
tube to increase the power efficiency 
of the oscillator section. Increasing the 
power efficiency was the first step in 
increasing the size of the flame, since 
it’s better not to throw away massive 
amounts of heat. In theory, it shouldn’t 
matter what kind of device is being 
used to generate the corona, because 
the audio character is set by the pre
amp stages.

RECOMMENDATIONS
• Redesign preamp stage for better lin

earity, dynamic range, and higher 
gain for compatibility with RCA-level 
signals.

• Use power supply with less DC ripple.
• Build a ramp-up circuit for the power 

supply to prevent large inrush cur
rent when turning on the supply.

• Try a better RF choke for less power 
line interference.

• Try to build an auto-start for the coro
na by injecting an impulse of current 
through the tube.

• Try multiple tubes in parallel for 

a larger flame and wider frequency 
response. ❖

~FIXED/ADJUSTABLE ATTENUATORS 
& CROSSOVERS (Also FMODS )~ 

~SUB-SONIC & ULTRA-SONIC FILTERS~

~1/3 OCTAVE GRAPHIC EQUALIZERS~

~2 AND 4 CHANNEL NOISE GATES~

~DIGITAL PANEL MOUNTED READOUTS~

~WOOFER BOX DESIGN SLIDERULES~ 
~DIGITAL WOOFER AMPLIFIERS~

LOW COST-HI QUALITY-MADE IN U.S.A.!!!
(303) 841- 5360 http://www.hlabs.com
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Capacitor ESR Tester
The good, the bad, and the leaky

How about an in-circuit capacitor tester to take the strain out of tracking 

down faulty capacitors? No need to unsolder any capacitor, simply check 

it in-circuit, from thousands of microfarads down to a hundred nano

farads. In most cases, parallel coils or low value resistors are no problem. 

Even shorted caps may be revealed in-circuit and polarity is irrelevant for 

the tester. High ESR? Replace! Design by Flemming Jensen

T
he most significant property of a 
capacitor is its capacitance, but 
besides that there’s another im
portant factor, namely the so- 
called ESR, or Equivalent Series Resis

tance. An ideal capacitor is a purely re
active component with a 90° phase 
angle between current and voltage. In 
the real world, however, a capacitor 
needs to be modeled as an ideal capaci
tor in series with a resistor represent
ing the losses introduced by the compo
nent. The equivalent circuit is shown in 
Fig. 1. Sure, you can measure capaci
tance with a capacitance meter, which 
is pretty common nowadays, but unfor
tunately this test won’t tell you any
thing about the capacitor’s quality— 
you need to know the ESR as well.

Over time, electrolytics tend to dry 
out, which will raise their ESR and in
evitably the voltage drop inside the ca
pacitor. Evidently, the pure reactance 
Xc cannot produce heat, due to the 90° 
phase shift between voltage and cur
rent, but the ESR can, and in switching 
circuits the resultant heat will cause a 
further degradation of the capacitor’s 
quality, i.e., a further rise in ESR. It’s 
fairly common to find electrolytics that 
on the face of it have lost only just a few 
percent of their rated capacity although 
their ESR is in the hundred ohms

Reproduced, with permission, from Elektor Electronics 
magazine, copyright © 2002 Segment B.V., Beek (Lb), 
The Netherlands, www.segment.nl. 

range. Obviously, such a component 
acts as a load just running hot and 
wasting a lot of energy.

THE MEASURING PRINCIPLE
The capacitor under test, C.U.T., is fed 
with a 100kHz constant-current square
wave signal. The ESR value is deter
mined by measuring the AC voltage 
drop across the C.U.T. If the capaci
tance is high enough compared to the 
frequency, the voltage drop over the in
ternal reactance is negligible and the 
drop is caused only by the ESR. This 
voltage is converted to DC and fed to 
the voltmeter section.

AC to DC conversion of a 100kHz sig
nal in the millivolts range presents a 

real design challenge. Furthermore, the 
conversion needs to be as linear as pos
sible because you want to use an ordi
nary 200mV DVM readout. It goes with
out saying that an ordinary diode recti
fier will not suffice, and an active diode 
rectifier with opamps will have a hard 
time working at 100kHz and a few milli
volts.

The solution we came up with is a 
synchronous rectifier—essentially a po
larity changer controlled by the same 
generator that supplies the 100kHz test 
signal. This circuit works surprisingly 
well and is cheap, too!

A simplified version of the circuit is 
shown in Fig. 2. Here, the C.U.T. is as
sumed to be a 100gF with an ESR of 
10Q. As shown, the reactance is negligi
ble and the ESR, which is purely resis
tive, is dominating. Although this prin
ciple works well, further reduction of 
the reactive influence is called for.

Figure 3 shows an example in which 
the C.U.T. is 0.1 gF cap whose ESR is 
0Q. As mentioned, we use a relatively 
high frequency to make the reactance 
negligible while enabling even the 
smallest electrolytics such as 0.1gF to 
be tested. For this it is necessary to re-
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Transformers & Enclosures
In Stock.

"Classicfilament £ Low Voltage 
Power Transformers: 

Open & Enclosed

Aluminum a Steel Chassis, 
Diecast Aluminum, Plastic 

and Rack Mount

watts), 
Push^Püll and Potted (up to 280 watts)

13 sizes (15 - 1500 VA) 
6 VAC - 240 VAC

High Voltage Transformers;
Plate, Plate/Filament Combo 

fit Filter Chokes (Open & Enclosed)

Contact us for free catalogs & a list of stocking distributors

H/MMOND

256 Sonwil Dr. - Cheektowaga, NY 14225 USA 
Phone: (716) 651-0086 Fax: (716) 651-0726

394 Edinburgh Rd.. N - Guelph. Ontario N1H 1E5 Canada 
Phone: (519) 822-2960 Fax: (519) 822-0715 

www. ham mon dmfg. com



duce the influence of the beginning in
tegration of the waveform even further. 
The ESR is zero and the reactance is 
15Q. As you can see, the integrated 
waveforms presented to the differential 
amplifier inputs result in a sawtooth 
centered around 0V at the output.

After integration, in the RC network 
that follows, a DC level of 0V is fed to 
the voltmeter circuit. If the C.U.T. also 
represents an ESR of, say, 10Q, the saw
tooth at the output will still have the

ideal 
capacitor

reactive part Xc = 
C 2 f.C

FIGURE 1: The most important property 
of a capacitor is its capacitance, but 
beside that there’s another important 
factor, namely the so-called ESR, or 
Equivalent Series Resistance. A-2197-1

same waveform. However, it will be DC- 
shifted in the positive direction by an 
amount representing the ESR value. 
After integrating the sawtooth away, 
the output will give the proper reading 
of 10Q, excluding the 15Q reactance.

LOW-ESR CAP OR SHORTED CAP?
You may question whether you’re test
ing a low-ESR cap or simply a shorted 
one. A simple DC ohms test is usually 
enough to decide this. No need to get 
out the multimeter—with a push of a 
button the ESR tester becomes a DC 
ohmmeter and your display should 
change to a higher ohm reading. If it 
doesn’t, the odds are you have a short
ed cap on your hands.

SOME PRACTICAL ESR VALUES, 
PLEASE?
So how high will the ESR be then? 
Well, that depends on where the capaci
tor is used, the type, the make, the volt
age rating, and so forth. A 2,200pF 

reservoir capacitor with an ESR of 10Q 
may be fine in a linear power supply, 
while a 2,200pF one having 1Q ESR 
may be grossly inadequate in a switch
mode PSU.

In general, if a large capacitor, as in 
this example, reads more than 1Q, you 
should be suspicious and run a com
parison on a similar component. But 
don’t worry! It won’t take long before 
you are able to distinguish bad caps 
from good ones. If you regularly are re
pairing SMPSUs, TV sets, monitors, 
and so on, you will soon appreciate the 
ESR tester.

CIRCUIT DIAGRAM
Let’s look at the circuit diagram of the 
Capacitor ESR Tester (Fig. 4). A 200kHz 
square-wave generator is built around 
IC1. This signal is divided in IC2.A, 
which in fact constitutes our bipolar 
100kHz test signal generator. Series re
sistors R6 and R3-P3 on the Q and Q 
outputs of IC2.A give the generator a

FIGURE 2: Illustrating the principle of operation. Assuming that the C.U.T. is a 100pF capacitor with an ESR of 10Q, the reactance is
negligible and the ESR, which is pure ohmic, is dominating.

A-2197-2

FIGURE 3: Second hypothetical test: C.U.T. is a 0.1gF capacitor with an ESR of 0Q. A-2197-3
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high output resistance compared to the 
low ESR, and, essentially, make the 
generator act as a 100kHz, balanced, 
constant-current generator.

The voltage drop across the C.U.T. is 
taken to IC3, four bilateral switches 
coupled as a controlled polarity chang
er, changing polarity in sympathy with 
the outputs of IC2.A. This enables IC3 
to act as a (rudimentary) ADC. IC4.A, a 
differential amplifier, converts the dif
ferential signal into a single-ended sig
nal, i.e., one which is referenced to 
ground.

IC4.B amplifies the signal such that 
it can be applied to a 200mV voltmeter. 
IC9 is the voltmeter IC. Here the 
ICL7106 is used with an LCD, all in a 
standard configuration. The LM358 in 
position IC8 is a comparator that tells 
you when it’s time to change the bat
tery. IC7, finally, generates the negative 
supply rail for the circuit.

As shown in the circuit diagram, the 
test probes carry two screened wires 
each. Each probe carries a signal wire 
(e.g., “A”) and a measuring wire (e.g., 
“B”). More about the probes in the 
next section.

CONSTRUCTION
Elektor Labs designed a compact print
ed circuit board for the Capacitor ESR 
Tester. The resulting double-sided 
through-plated board design is shown 
in Fig. 5. As appropriate for a test in
strument, the board is designed such 
that all adjustment points are easily ac
cessible, in this case, from the sides of 
the board (multiturn presets P1, P2, P4, 
P5) and from the top (preset P3).

Although the construction of the 
board follows standard practice (of 
which the main maxim is: work careful
ly), a few things should not be left un
mentioned. First, the circuit board has 
a screening ground plane at the compo
nent side, so you should take care to 
avoid short-circuits by solder blobs or 
solder hairs between component termi
nals and the ground plane. Second, as
certain, check, and double-check the 
polarity of any polarized component, in 
particular the tantalum capacitors in 
positions C3, C4, and C5. Tantalum ca
pacitors when reverse polarized have a 
nasty habit of exploding and emitting 
hideous fumes.

Finally, we recommend using sockets
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for all ICs (except IC9) and the LCD. The 
latter is easily made by cutting a 40-pin 
IC socket in two (lengthwise) and using 
the two 20-way socket strips. You should 
drill small holes in the two long sides of 
the ABS case to allow P1, P2, P4, and P5

COMPONENTS LIST
Resistors:
R1, R13, R14, R17-R19, R31 = 10kQ
R2 = 4kO7
R3 = 1kO8
R4, R24, R28 = 22kO
R5 = 33kO
R6-R8 = 2kO2
R9-R12=560
R15, R16, R20, R22, R29 = 1MQ
R21 = 470
R23, R25, R27, R30 = 100kO
R26=1kO
P1, P4 = 5kO multiturn preset, vertical mounting, side 
adjust (Bourns 3266X, Farnell #347-747)
P2 = 100kO multiturn preset, vertical mounting, side 
adjust (Bourns 3266X, Farnell #347-784)
P5 = 1kO multiturn preset, vertical mounting, side 
adjust (Bourns 3266X, Farnell #347-723)
P3 = 1kO preset, horizontal mounting

Capacitors:
C1=180pF
C2, C9-C13, C16, C18 = 100nF
C3-C5 = 10pF 10V radial
C6 = 100pF 16V radial
C7, C17 = 220nF
C8 = 10nF
C14=100pF
C15=1nF

Semiconductors:
D1-D4 = 1N4002
IC1=4093
IC2 = 74ACT74 PC
IC3 = 74VHC4066
IC4 = LF412-CN
IC5 = LM2931-5,0
IC6=4070
IC7 = ICL7660
IC8 = LM358-N
IC9 = ICL7106-CP

Miscellaneous:
LCD1 = 3.5 Digit LCD with LO-BATT indicator, e.g., 
Varitronix VI-302 DPRC (Farnell #478-660)
S1 = pushbutton, 1 make contact
Batter holder
On/off switch
Two miniature probes, e.g., Hirschmann PRUFI (Far
nell #523-483)
Length of two-core screened cable
ABS enclosure with LCD window and battery compart
ment, e.g., Multicomp type BC4, (Farnell #645-758) 

40-pin IC socket cut in half (see text) 

to be adjusted from the outside.
Regarding the probes, their basic 

construction is illustrated in Fig. 6. 
These two wires are soldered together 
as close to the probe tip as possible. In 
this way the voltage drop along the sig
nal wire will not add to the measure
ment. The screening ensures that the 
test leads do not pick up noise, and that 
you maintain a stable zero adjustment.

THE ESR TESTER AS AN ADD-ON
The most costly parts in the circuit are 
the display and the 7106 A-D converter. 
You can save money by deciding to use 
the ESR Tester as an add-on for an ex
isting digital multimeter (DMM). 
Switch the multimeter’s range selector 
to the 200.0mV/DC position and con
nect the inputs to GND and the wiper of 
P1. You should not be tempted to sup
ply the ESR Tester from the multime
ter’s battery.

Remember, the ESR Tester has its 
output referenced to ground, so if you 
run it off the multimeter’s battery the 
Tester will have its battery minus con
nected to the input common terminal, 
which is far from advisable. Use a sepa
rate battery for the ESR Tester to avoid 
any problems. Or if you really want to 
use just one battery, give the ESR Tester 
an add-on 9V battery, connecting the 
ESR Tester’s regulated +5V to the plus 
terminal of the multimeter’s battery con
nector and the ESR Tester’s -5V to the 
multimeter’s minus terminal.

A FEW WORDS OF WARNING
Though the ESR Tester has diode-pro
tected inputs, it is still a good idea to 
discharge any largish capacitors you 
want to test. Some reservoir capacitors 
in power circuits contain so much ener
gy that the protection circuit may burn 
out. If this should happen, the defective 
components are usually to be found in

Toroids
for Audio

Tube Output
Toroidal transformers for tube 
output applications. Plus 
related products.
Standard Series (push-pull) 
Single-ended
Specialist Range
Special Designs 
Power Transformers
Chokes
Chassis for Tube Amplifiers 
PCB for 70W & 100W Amps 
Book by Vanderveen 
Electrostatic
Step-up toroidal transformers 
for Electrostatic loudspeaker 
applications.
Solid State Power 
Low noise, low inrush 
500 to 2000VA fully 
encapsulated power 
transformers.
Standard Power 
A broad range of high 
quality, approved, 
toroidal transformers. 
Designed for general 
purpose applications. 
From 15 to 1500VA.

HOW DOES ESR INFLUENCE CIRCUIT BEHAVIOR?
In (fast) switching circuits, a low ESR may be crucial for proper circuit behavior. For ex
ample, in a TV set, high capacitor-ESR may lead to inability to quit stand-by mode, incor
rect picture height or width, synchronization problems, interference or hum bars. In 
Switch Mode Power (SMPSUs) supplies, high ESR caps may lead to blown semiconduc
tors, blown fuses, or no startup. In power circuits, a rising ESR will make the capacitor 
warm up, leading to even higher ESR and eventually circuit breakdown.

The usual method to troubleshoot these problems involves soldering out the capaci
tors, measuring the capacitance, and soldering the good ones back in. A tedious task, but 
what’s even worse, ailing capacitors often don’t show a low capacitance, are soldered 
back in again, and then the troubleshooting becomes really time consuming.

PLITRON 
MANUFACTURING INC

8-601 Magnetic Drive 
Toronto, ON M3J 3J2 
Canada 
416-667-9914
FAX 667-8928
1-800-PLITRON
(1-800-754-8766)
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FIGURE 5: Copper track layout and component mounting plan of the 
PCB designed for the instrument. Double-sided, through-plated
board, available ready-made.

the protection circuit alone. The reme
dy should therefore be pretty straight
forward and inexpensive.

ESR TESTER ADJUSTMENT
Before adjusting the instrument, be 
sure that you have a regulated +5V from 
IC5 and -5V from IC7. If you don’t, 
you’ll need to troubleshoot your circuit 
board.

1. Start with the voltmeter circuit. You 
should disconnect P1 at this point.

~FIXED/ADJUSTABLE ATTENUATORS 
& CROSSOVERS (Also FMODS )~ 

~SUB-SONIC & ULTRA-SONIC FILTERS~

~1/3 OCTAVE GRAPHIC EQUALIZERS~

~2 AND 4 CHANNEL NOISE GATES~

~DIGITAL PANEL MOUNTED READOUTS~

~WOOFER BOX DESIGN SLIDERULES~ 
~DIGITAL WOOFER AMPLIFIERS~

LOW COST-HI QUALITY-MADE IN U.S.A.!!! 
(303) 841- 5360 http://www.hlabs.com

A-2197-5

Connect a known, ac
curate voltage source 
of less than 200mV to 
point TPA (test point 
A) and adjust P5 
until the LCD shows 
the right value. Re
move the voltage 
source. Connect TPA 
to TPB, short the test 
leads together, and 
adjust P2 for a “000.0” 
reading. Remove the 
connection. Recon
nect P1.

2. Connect a frequency 
counter or an oscillo
scope between TPC 
and GND. Adjust P4 
for 200kHz counter 
reading or 5ps period 
time on the oscillo
scope.

Connect the test leads to a 10Q resis
tor. Connect an oscilloscope (in AC 
mode) between point TPD and GND. 
Turn P3 (symmetry adjust) so that the

two half cycles line up and produce a 
straight line. Adjust P1 for a “10.0” 
DVM reading.

If you do not have a counter or a
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scope available, turn P3 and P1 to the 
center of their travel. To ensure that 
the ESR Tester works properly, you 
can connect different (known, good) 
capacitors in series with different re
sistors and have these simulate capaci
tor ESR.

COMPONENT CONSIDERATIONS
The LF412 in position IC4 is a good 
choice for the differential amplifier. 
Since we are dealing with high-frequen
cy signals in the millivolts range, low 
drift, low offset, and high bandwidth are 
crucial. Many different opamps have 
been tested but most resulted in DC 
drift problems. The LF412 emerged as a 
good, low-cost choice causing minimal 
drift.

IC5, then, is a 5V regulator that 
works just fine at a voltage drop less 
than 600mV and so ensures long bat
tery life. This regulator enables the cir
cuit to keep working down to a battery 
voltage of less than 6V. IC2, a 74ACT74, 
is capable of delivering enough current

RELATED WEBSITES:
www.awiz.com/cwinfo.htm
www.flippers.com/esrkttxt.html

Printed circuit cards for this project 012022-1 are avail
able from Old Colony (PO Box 876, Peterborough, 
NH 03458, 603-924-9464, Fax: 603-924-9467, 
custserv@audioXpress.com) for $27.50 plus postage.

at 100kHz to produce a nice clean 
square wave. IC3 is a high-speed (VHC) 
version of the well known 4066. Com
pared to the common 4066, the effect of 
unwanted reactance is halved. For best 

AUDIO TRANSFORMERS
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McINTOSH - MARANTZ - HARMAN-KARDON 
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Williamson Amplifier Transformer Specialist 
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185 NORTH 85th STREET 
WAUWATOSA, WI 53226-4601

E-mail: AUTRAN@AOL.com
NO CATALOG CUSTOM WORK

performance, you should use the speci
fied components, but all in all, quite ac
ceptable performance is still achieved if 
you use an ordinary 4066 for IC3, and a 
74HCT74 for IC2. ❖
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A Hybrid Stereo $90 Control

For a modest cost, this control unit offers lifelike, concert-hall perfor

mance, featuring cascaded FETs in the phono section and high- 

perveance tubes in the line amplifier section. By Joseph Norwood Still

T
his hybrid-design control unit 
(Photo 1) has a plug-in-the-wall 
24V AC power transformer 
($5.50), a chassis-mounted trans
former ($5.99), a vacuum tube line am

plifier, and an optional FET phono am
plifier. The wall-wart power transformer 
is remotely located from the control 
unit chassis to ensure low noise opera
tion. This transformer provides power 
to operate a 25V AC (input) to 120V AC 
(output) chassis-mounted power trans
former and a full-wave, bridge-rectifier 
to furnish power to the series-connect
ed filaments of the line amplifier. The 
120V AC output “feeds” a full-wave, volt
age-doubler, bridge-rectifier and pro
vides 220V DC output.

Because the wall-wart transformer 
delivers most of the power to operate 
the control unit, the undesired magnet
ic noise of this transformer is isolated 
from the control unit chassis. The chas
sis-mounted power transformer oper
ates at a low power level and thus gen
erates a low level of magnetic noise.

The control unit (Photo 2) has a two- 
section, six-position selector switch. 
Five positions are used for line-level op
eration, while you can use the sixth po
sition for a phono amplifier. Separate 
right- and left-channel volume controls 
are used, instead of a balance control, to 
prevent crossover distortion. The DPST 
power switch turns the control unit and 
remote power amplifier on or off.

ABOUT THE AUTHOR
Joseph Norwood Still, retired from the electronics in
dustry, is designing affordable high-quality audio ampli
fiers for the dedicated audiophile. This is a hobby he 
thoroughly enjoys and is especially rewarded with 
many pleasant interchanges with dedicated, resource
ful audiophiles. He resides in Bel Air, Md.

The control unit operating in the 
line-level or phono mode with volume 
control “full-on” is “dead-quiet,” and 
you cannot detect noise with your ears 
inches away from the speakers. The re
alism of sound reproduction of the con
trol unit with the phono and line-level 
amplifiers operating is excellent.

Note: The control unit features two 
entirely different designs (Table 1). The 
first features a traditional design using 
paralleled 5687s with a voltage gain of 
eight. The second design features the 
12B4A with a voltage gain of 2.4. When 
operating in the CD, phono, or tuner 
modes, the 12B4A’s low voltage gain is 
able to drive a power amplifier to its 

PHOTO 1: The completed control unit.

PHOTO 2: Inside view.

full output. The output signal of my 
phono/line amplifier is greater than 
the output signal of a Sony CD, Model 
CA9ES when “fed” through the line 
amplifier.

The use of the 12B4A and its low volt
age gain provides a more realistic 
transparent sound, lower distortion, 
and much higher headroom from sig
nal overload than the more traditional 
5687. This gives substantial “head
room” at the input and output of the 
tube for reproduction of music peaks 
with no danger of clipping. The low am
plification factor, low plate resistance, 
and high cathode bias (16V DC) make 
the 12B4A tube a great line amplifier 
and explains its excellent performance.

I have provided separate descrip
tions for the 5687 and 12B4A line ampli
fier designs, so you can opt to build the 
line amplifier that best matches your 
own preference and audio system.
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Cartridge Japanease Audio Book
Postage (Air Economy)Model Price (us$)
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LINE AMPLIFIER (USING THE 5687) 
The line amplifier (Fig. 1) uses two 5687 
tubes whose heaters are connected in a 
series string configuration. The heaters 
are operated at 20V DC, supplied by a 
well-filtered, full-wave bridge-rectifier. 
The plates of the 5687 are operated 
from a supply voltage of +220V DC/ 
10mA. The heater of the 5687 is operat
ed at a reduced voltage of 10V DC to ob
tain low-noise operation from this 
stage. The normal heater power for the 
5687 is excessive, operating at the same 
power level as a 6L6.

The circuit of the line amplifier is 
simple and straightforward. The 5687 is 
especially suited for use as a line ampli
fier with its 6V DC cathode bias and its 
1.1% distortion at 20V RMS output. This 
provides considerable headroom at 
both the input and the output of the 
tube and ensures no clipping will occur 
during reproduction of music peaks.

The noise of the line am
plifier is 0.3mV with vol
ume control (R1) full on 
and the input open, non
shorted. (I measured the 
noise with a digital multi
meter (DMM), Radio 
Shack, 22-168A.) All noise 
and ripple measurements 
throughout this article use 
a DMM with shielded test 
leads. The distortion from 
40Hz to 20kHz of the line
level stage is typically 0.28% 
at 5V RMS output, while at 
3V RMS it is 0.18% (see 
Table 2for more distortion 
data).

The frequency response 
of the line amplifier is flat 
from 10Hz to 20kHz; feed
ing a 6‘ audio cable (Radio 
Shack 15-1505), the fre
quency response is flat 
from 10Hz to 18kHz. The 
high-frequency operation 
of the line amplifier is en
hanced by paralleling ca
pacitors C1 (0.47gF) and 
C2 (.047gF).

The resistors R2, R5, 
and R6 are added to en
sure stability. The 22kQ 
plate resistor and 1.2kQ 
cathode resistor provide a 
low distortion output. A 

separate 100k volume control is used 
for each stereo channel to ensure maxi
mum stereo separation and minimum 
crossover distortion.

LINE AMPLIFIER
(USING THE 12B4A)
The line amplifier (Fig. 2) uses high-per
veance 12B4A tubes whose heaters are 
connected in a series string configura
tion. The heaters are operated at 24V 
DC, supplied by a well-filtered, full

TABLE 2
5687 AND 12B4A LINE AMPLIFIER—TOTAL HARMONIC DISTORTION

Note: Clipping for the 5687 and 12B4A occurs above 20V RMS.

VOLTS OUT 20HZ 20HZ 40HZ TO 20KHZ 40HZ TO
(RMS) 5687 12B4A 5687 20KHZ12B4A
1 0.1% 0.09% 0.08% 0.08%
3 0.22% 0.15% 0.18% 0.11%
5 0.34% 0.22% 0.28% 0.22%
8 0.5% 0.34% 0.44% 0.28%
10 0.6% 0.4% 0.56% 0.36%
15 0.88% 0.6% 0.82% 0.56%
20 1.2% 0.9% 1.1% 0.8%

wave, bridge rectifier. The plates of the 
12B4A are operated from a supply volt-

TABLE 1
5687 ELECTRICAL 12B4A ELECTRICAL
CHARACTERISTICS CHARACTERISTICS
Ebb 220V DC Ebb 220V DC
Eb 115V DC Eb 115V DC
Ib 5mA Ib 5mA
Rk 1.2kQ (+6V DC) Rk 3.3kQ (+16V DC)
RL 22kQ RL 22kQ
A.F. 18 A.F. 6.5
V.G 8 V.G. 2.4

24 audioXpress 4/03 www.audioXpress.com

http://www.audioXpress.com


age of +220V DC/10mA.
The circuit of the line amplifier is sim

ple and straightforward, and the excel
lent performance is related to the out
standing features of the 12B4A tube in 
this application. It has a plate curve that 
jumps straight up from the base line and 
is very linear, as its low distortion char
acteristics verify. You can apply the 
axiom, a straight wire with gain, to this 
tube because of its low voltage gain.

In my opinion, the sonic performance 
of the 12B4A as a line amplifier is supe
rior to the 5687, 6SN7, or 6H30. The 
12B4A is especially suited for use as a 
line amplifier with its 16V DC cathode 
bias and its 0.8% distortion at 20V RMS 
output. This provides incredible head
room at both the input and the output of 
the tube and ensures no clipping will 
occur during reproduction of music 
peaks. The use of this tube will provide 
total transparency at the line-level stage 
and will permit you to concentrate on 
the power amplifier and the input stage 
preceding the line amplifier for further 
refinement of your audio system.

The noise of the line amplifier is 
0.1mV with volume control (R1) full on 
and the input open, non-shorted. The 
distortion from 40Hz to 20kHz of the 
line-level stage is typically 0.22% at 5V 
RMS output, while at 3V RMS it is less 
than 0.11% (see Table 2for more distor
tion data).

The frequency response of the line 
amplifier is flat from 10Hz to 20kHz; 
feeding a 6‘ audio cable (Radio Shack 
15-1505), the frequency response is flat 
from 10Hz to 18kHz. The high-frequen
cy operation of the line amplifier is en
hanced by paralleling capacitors C1 
(0.47pF) and C2 (.047pF).

The resistors R2, R5, and R6 are 
added to ensure stability. The 22kQ 
plate resistor and 3.3kQ cathode resis
tor provide a low distortion output. A 
separate 100k volume control is used 
for each stereo channel to ensure maxi
mum stereo separation and minimum 
crossover distortion.

Note: If you build the phono amplifi
er, I recommend you use the 12B4A as 
a line amplifier, because its low voltage 
gain is more compatible with the high 
output of the phono amplifier.

POWER SUPPLY
The power supply (Fig. 3) consists of a

wall-wart 120V AC to 24V AC trans
former, built-in overload protection. 
The wall-wart secondary is rated at 
830mA/24V AC, which is conservatively 
rated to furnish power to operate the

FETs and 5687/12B4As. The wall-wart 
24V AC output voltage feeds a full-wave, 
bridge-rectifier that provides 20/24V DC 
output to the heaters of series-connect
ed 5687/12B4As. It is filtered by capaci-

TABLE 3 
DRAIN SUPPLY VOLTAGE 56V DC, DRAIN LOAD RESISTOR 39K, 

DRAIN VOLTAGE 12V DC
INPUT SIGNAL/1KHZ OUTPUT SIGNAL *SOURCE BIAS VOLTAGE DISTORTION %

Q1-R 70mV RMS 0.3V RMS 0.99V DC 0.095
Q1-L 70mV RMS 0.3V RMS 1.38V DC 0.080
Q2-R 40mV RMS 0.3V RMS 0.5V DC 0.120
Q2-L 40mV RMS 0.3V RMS 0.6V DC 0.125
*Source bias variable resistor is adjusted for a drain voltage of 12V DC.
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ECC83 5.90 EL34(Large Dia) 11.00 6080 11.50 H SOCKETS ETC.^^H
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tor C1, and resistor R2 (20Q) is a voltage 
dropper device. The large value of ca
pacitor C1 reduces the noise voltage to 
.002V AC at the 20/24V DC output of re
sistor R2.

The 24V AC output of the wall-wart 
also feeds the 25V AC winding of chas
sis-mounted transformer T2. The 120V 
AC output of transformer T2 feeds a 
full-wave bridge (BR-2), voltage-doubler 
rectifier. Voltage doubling is accom
plished by capacitors C2 and C3. The 
choke L1 diminishes the switching 
transients that occur during the rectifi
cation process.

Capacitor C4 provides additional fil
tering and a low noise of .004V AC at 
the +220V DC output. (I measured the 
noise with a 2gF Mylar capacitor con
nected in series with the DMM shielded 
test leads). The +56V DC (.001V AC 
noise) to operate the phono amplifier is 
obtained at the junction of zener diodes 
ZD-2 and ZD-3. Capacitor C7 filters the 
+56V DC output. Capacitors C5 and C6 
eliminate AC spikes.

PHONO AMPLIFIER
FET’s Widely Variable Electrical 
Characteristics
Important: When building FET ampli

fiers, it is essential to establish an envi
ronment conducive to minimum han
dling (static electricity) and heat con
tact of the FET. To ensure this occurs, 
install transistor sockets for the FETs 
Q1 and Q2. It is not necessary to have 
the socket mounted in the chassis—you 
may solder stiff wires to the socket 
wires, which you then solder to their re
spective components/terminal strips.

Note: For audio applications, the pri
mary variable electrical characteristics 
of the FET is the bias control point. A 
variation in the bias control point af
fects the drain current and thus the 

TABLE 4 
LINE AMPLIFIER PARTS LIST (DOUBLE ALL PARTS EXCEPT S1, W1, W2)

C1 0.47pF, 400V AE C-PD 47-400
C2 0.047pF, 400V AE C-PD047-400
R1 100k, audio taper, potentiometer RS 271-1722
R2 1200, /W, metal film AE R-M 120
R3 (5687 only) 1.2k, 1W, metal film AE R-E 1.2 K
R3 (12B4A only) 3.3k, 1W, metal film AE R-E 3.3 K
R4 22k, 1W, metal film AE R-E 22 K
R5 47, /W, metal film AE R-M 47
R6 220k, /W, metal film AE R-M 220K
J1-J7 RCA, phono jacks, female ALEL RCMJ
S1 Rotary switch, 2-pole, 6-position RS 275-1386
V1 (5687 only) 5687 (NOS) AE 5687
V1 (12B4A only) 12B4A (NOS) AE 12B4A
X1 T-6 / tube socket, 9-pins AE P-ST9-213
W1 5-cond., 22 gauge, shielded ALEL 5C-S22
W2 Single conductor, shielded RS 42-2371

voltage presented to the drain via the 
drain load resistor. This, of course, af
fects the distortion.

The obvious solution is to install a 
variable resistor in the source circuit 
and adjust the resistor to obtain the de
sired drain voltage (or more precisely, 
the drain voltage shown on the schemat
ic). The phono amplifier presented here 
uses a variable resistor in each source 
element of the four FET stages. The vari
able resistors (R3 and R9) are pre-set to 
1k0 before they are connected in the cir
cuit to avoid damaging FETs Q1 and Q2.

Of interest: The commercial manu

J1 P1

G-1513-3*Per power amplifier requirementsCONTROL UNIT CHASSIS

26 audioXpress 4/03 www.audioXpress.com

http://www.audioXpress.com


facturer of phono amplifiers requests 
that hand-selected FETs have tightly 
controlled electrical characteristics and 
pay a premium price for this service. 
They also are required to purchase a 
minimum quantity of 100 FETs. When 
the FETs are received in-house, they 
are again pre-tested to ensure the de
sired conformity and electrical toler
ance characteristics are obtained, be
fore they are finally wired into their re
spective circuit.

CIRCUIT ANALYSIS
The phono amplifier (Fig. 4) uses readi
ly available NTE459 FETs ($2.66). It fea
tures a non-feedback design with a pas
sive RIAA network. The noise is less 
than 0.1mV, and sensitivity is .003V for 
1.25V RMS output at 500Hz or 0.9V 
RMS at 1kHz.

The distortion of the first-stage FET 
is less than 0.12% from 20Hz to 20kHz 
with the input signal adjusted from 
0.3V RMS output at all measured fre
quencies. The distortion of the second- 
stage FET is less than 0.15% from 20Hz 
to 20kHz with 140mV input to the gate 
of the second stage FET and 1.0V RMS 
output at the drain. These distortion 
measurements are made by bypassing 
the RIAA circuit. For distortion mea
surements of the 5687 and 12B4A line 
amplifiers, refer to Table 2.

The frequency response of Q1 and 
Q2 with inverse RIAA network connect
ed to the input is shown from 20Hz to 
20kHz (Fig. 5). I used an inverse RIAA 
network to ensure that the circuit com
ponents chosen for the RIAA network 
provided a reasonably flat frequency re
sponse. Although not entirely flat, the 
curve deviations provided a boost to the 
low and high frequencies. For a control 
unit that has no tone controls, this ap
proach gave excellent listening results.

With .003V, 500Hz fed to the input of 
Q1, the output at Q1 should indicate 
0.12V RMS. The loss through the RIAA 
network drops the 0.12V to 0.0165V at 
the input of Q2. The voltage at the out
put of Q2 is 1.25V RMS. The output of

Chat, browse, bid, buy, sell 
or simply click ‘til it hurts. 
wwwAUDIOGON.com
HIGH END AUDIO MARKETPLACE 

Q2 feeds the line amplifier (12B4A or 
5687). The output of the line amplifier 
is 9V RMS (5687) and 3V RMS (12B4A) 
with 3mV, 500Hz at the input of the 
phono amplifier.

With a record playing, the output of 
the line amplifier is typically a swinging 
1 to 10V AC (5687) and 0.6 to 4V AC 
(12B4A). The noise at the output of the 
line amplifier with the six-position, ro
tary switch set to the phono position is 
typically 0.8mV (with the 600Q load of 
the audio oscillator across the phono 
input and the audio oscillator turned-off, 
simulating the phono cartridge load).

Note: The majority of commercial 
outboard phono amplifiers have output 
voltages of 0.2 to 0.3V RMS at 500Hz, 
and a few have outputs as high as 1.0V 
RMS. The phono amplifier described in 
this article has an output of 1.25V RMS 
with a 500Hz or 0.9V RMS at 1kHz with 
a 3mV input signal, loaded by a 100kQ 
potentiometer. The signal of the phono 
amplifier is higher than a Sony CA9ES 
CD player.

The volume controls are set at the 
one-quarter position for living-room lis
tening levels when in the phono mode. 
To obtain the same loudness level in
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the CD mode, you must advance the 
volume control to the half-on position. 
This confirms the high output design of 
this all-FET phono amplifier. For use 
with the typical audio system, the gain 
may be reduced by omitting source by
pass capacitor, C8.

The individual circuit components of 
the phono amplifier operate as follows: 
C1 tailors the high-frequency output of 
the magnetic pickup, and R2 provides 
the proper load to the cartridge. Resis
tors R1 and R6 provide resistance de
coupling. Capacitors C2 and C8 en
hance the gain of the FETs Q1 and Q2. 
Capacitors C6, C7 and resistors R6, R7 
form the RIAA network.

Capacitors C3 and C9/C10 are cou
pling capacitors. Capacitor C4 is re

TABLE 5 
PHONO PREAMPLIFIER PARTS LIST (DOUBLE ALL PARTS)

C1 170pF, 50V, mica ALEL DMCP-170
C2, C8 220pF, 16V, electrolytic RS 272-956
C3, C9 0.22pF, 100V, 5%, Mylar ALEL AMC-71
C4 82pF, 200V, 10%, ceramic Mouser 539-CK05820K
C5 220pF, 100V, electrolytic ALEL
C6 . 010pF, 100V, 2%, poly. Mouser 140- PF2A103F
C7 .039pF, 100V, 2%, poly. Mouser 140-PF2A393F
C10 .047pF, 100V, 10%, Mylar ALEL AMC-20
R1 47, /W ALEL
R2 47k, /W ALEL
R3, R9 2k, /W, variable resistor, top adjust ALEL STP-2K
R4, R10 39k, /W ALEL
R5 390, /W ALEL
R6 62k, /W ALEL
R7 8.2k, /W ALEL
R8 1.0M, /W ALEL
Q1, Q2 NTE 459 Mouser 526-NTE 459
Sockets (qty. 4) Case TO-5, 3-pin Mouser 573-93103

TABLE 6 
POWER SUPPLY PARTS LIST

T1 (wall-wart) 120V AC to 24V AC, 830mA ALEL ACTX-2420
T2 120V AC to 25V AC, 450mA RS 273-1366
L1 Choke, 5H, 5mA ALEL P-T155H
BR-1, BR-2 1/A, 400V AC, PIV (2 in pack) ALEL FWB-15
R1 20, 25W, wirewound Mouser 280-CR25-20
R2 2.2k, 2W, metal oxide Mouser 262-2.2K
R3 100k, 2W, metal oxide Mouser 262-100K
C1 4700pF, 35V (radial, electrolytic) RS 272-1022
C2, C3 1000pF, 200V (clip-in electrolytic) ALEL EC-1020
C4 470pF, 250V (clip-in electrolytic) ALEL EC-4725
C5, C6 0.47jj.F, 250V (radial, Mylar) ALEL RMC-85
C7 220pF, 100V, electrolytic ALEL
ZD-1, ZD-2 75V, 5W, zener diode RS dot Com 900-2949
ZD-3 56V, 5W, zener diode RS dot Com 900-2945
PC-1 Printed circuit board RS 276-148
TS Terminal strips (3-packs) RS 274-688
J1 2 position, enclosed shell socket RS 274-201
P1 2 position, enclosed shell socket RS 274-202
TB-1 Barrier strip, 2 positions RS 274-658
S1 Toggle switch, DPST Mouser 10DS059SWD-B
Chassis box Aluminum, 13.5 x 5 x 2 AE P-H14444-18
Cover plate 13.5 x 5 AE P-H14-34-18
Rubber feet Self stick, rubber RS 64-2342
Solder, rosin core RS 64-006
60/40

quired to stop unwanted high-frequen
cy oscillation. Capacitor C5 and resistor 
R5 de-couple Q1 from Q2. Resistors R4 
and R10 are drain load resistors, and 
R3 and R9 are source bias adjustable 
resistors.

Important: The major design prob
lem in dealing with the widely varying 
electrical characteristics of FETs is the 
shifting bias control point. The source 
bias R3 and R9 are adjusted for a drain 
voltage that provides minimum distor
tion of Q1 and Q2 (Fig. 4). I determined 
that minimum distortion occurred with 
the drain voltage via the load resistor 
set at 12V DC. It will be noted the 
source bias of the FETs varied consid
erably with the drain voltage set for 
12V DC.
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It is obvious that calculations or 
SPICE is incapable of determining 
what the proper bias is for individual 
FETs. The obvious solution was a vari
able resistor installed in the source 
circuit for each of the four FETs. Ad
justing the FETs to obtain 12V DC pro
vides a high degree of assurance that

these devices are operating at mini
mum distortion. The electrical charac
teristics information of the four FETs 
used in the phono amplifier are shown 
in Table 3. Note that the only variable 
of any significance is the source bias 
voltage.

Note: You can add a 1000^H, 14Q, R-

R5

KW

R4 
39K 
KW

C2 
220pF 
16V

C3 
220N

IH
RIAA NETWORK

R6

C6 
10N

R7 
8K2
KW

C7
39N

62K
KW

OUTPUT 
TO LINE 
AMP

R8
1M

KW

NOTE: ADJUST R3 AND R9 FOR DRAIN VOLTAGE OF 12V DC.

FIGURE 4: The phono amplifier schematic.

F choke (Mouser, 542-77F102) to the 
input of the phono amplifier, if needed, 
for R-F suppression. I did not have any 
problem in this area with R-F interfer
ence. The choke goes between the 
phono jack and 47Q resistor.

The +56V DC/5mA power to operate 
the FETs is obtained at the junction of 

zener diodes ZD-2 and 
ZD-3 of the power sup
ply (Fig. 3). The regulat
ed + 56V DC power 
“feeding” the phono 
amplifier has a signifi
cant impact on the 
sound of the control 
unit.

Important: I recom
mend that if you build 
FET circuits you have 
an audio oscillator and 
vacuum tube voltmeter 
or DMM, but you can 
still achieve good re
sults with only a DMM. 
The FETs provide a 
very detailed and clean 
output with a solid bass 
response. The high-
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5U4GB SYLVANIA 15.00
5Y3WGT SYLVANIA 5.00
6BX7GT GE 7.50
6FQ7 EI 5.00
6L6GC SYLVANIA 20.00
6L6WGB SYLVANIA 15.00
6SL7GT USA 7.50
6SN7GT USA 7.50
6V6GT BRIMAR 7.50
12AX7WA SYLVANIA 7.50
12BH7 BRIMAR 12.00
12BY7A G.E. 7.00
211/VT4C G.E. 85.00
807 HYTRON 7.50
5687WB ECG 6.00
6072A G.E. 10.00
6080 RCA 10.00
6146B G.E. 15.00
6922 E.C.G. 6.00
6973 RCA 15.00
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SV6550C SVETLANA 20.00
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ECC82/M8136 MULLARD 17.50
ECC83/CV4004 MULLARD 40.00

SOCKETS
B7G CHASSIS 0.60
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and mid-frequency bands are repro
duced with exceptional clarity. FETs 
also have linear phase characteristics 
over their bandwidth for maximum sig
nal integrity, low distortion, and high 
dynamics with output signals not ex
ceeding 2V RMS. Refer to schematic di
agram (Fig. 4) of the phono amplifier 
for further technical information.

The cost of the phono amplifier is 
$34 and includes four NTE459s. It is 
recommended that you order an addi
tional four NTE459s, which cost $2.66 a 
piece. (Important: The ECG 459 is not 
compatible with the NTE459, so do not 
attempt a substitution.) The 2V RMS 
limited output capability of a FET is the 
reason FETs are not suitable for a line 
amplifier. However, vacuum tubes are 
well suited for this application, and the 
5687/12B4A with its low distortion and 
high output voltage makes it especially 
appropriate. I am very impressed with 
the performance of the 12B4A.

CONSTRUCTION
The locations of major parts are self evi
dent from Photos 1and 2. The coupling 
capacitors with a black band face to

ward the negative side of the circuit. All 
the electrolytic capacitors are grounded 
at the negative band, except those con
nected in series. The high voltage elec
trolytic capacitors (C2, C3, C4) in the 
power supply section of the control unit 
(Fig. 3) are mounted on the PC board 
(RS-276-148).

In the phono amplifier section (Fig. 
4), seven 5-pin terminal strips are re
quired. Components mounted on 
these terminal strips are as follows 
(numbers indicate location order of 
terminal strips. Components that 
have one end tied to a terminal strip 
are not mentioned).

FIGURE 5: Phono preamplifier RIAA frequency response curve. Note: 0.1V RMS to 
input of inverse RIAA network at all frequencies and output of network connected to 
input of phono preamplifier. Adjust line amplifier output for 0.20V at 500Hz. G15135

1. R2 (R+L), R4 (R+L), C5 (R+L)
2. R3 (R+L), C2 (R+L)
3. C6 (R), C7 (R), R7 (R)
4. C6 (L), C7 (L), R7 (L)
5. R8 (R+L)
6. R9 (R+L), C8 (R+L), C11 (R+L)
7. B+ tie points, R11 (R+L), R5 (R+L) 
Note: R-Right channel, L-Left channel

It is very important that you tailor 
the assembly around the implementa
tion of the eleven 5-pin terminal strips. 
Using the terminal strips provides a 
very simple step-by-step construction 
process. It also permits easy change
ability of parts.

Understanding Hi-Fi Circuits
By Norman Crowhurst
Progressing from the assumption that absolute perfection in audio circuitry is im
possible, Crowhurst discusses the relevant design choices involved in a selected 
class of audio components and how to reach a balance of design compromises. In
cludes chapters on the power amplifier output stage (which Crowhurst believes is 
the most important audio ingredient), feedback, matching, input stages, equaliza
tion issues, and the difficult issue of loudspeakers and their crossovers. This book 
will help you get a full grasp of audio issues that matter and to make informed deci
sions about your system’s components. 2002, 1957, 224pp., 5W x 8%", soft- 
bound, ISBN 1-882580-38-9. Sh Wt: 1 lb.

BKAA63..... $1495*
*Shipping & Handling add $4.00 in US; 
$5 to Canada; $7, other surface; $11.25, 
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Building the control unit is a fun, 
easy project using the 5-pin terminal 
strips and a “nightmare” using a PC 
board. Also, use point-to-point wiring 
and do not use a common ground. To 
assure simple and effective grounding 
of all components, use an aluminum 
chassis box.

It is important all audio that runs 
approximately 3" or more use standard 
shielded microphone cable and that 
the shield is grounded at both ends. It 
will only be necessary to ground the 
shielded leads at the output of the 
phono amplifier at the end nearest the 
output of the amplifier. The 5-conduc- 
tor shielded cable that connects to the 
6-position rotary switch must be 
grounded at both ends. Most grounds 
are made to the center post, 5-pin ter
minal strip. I also recommend that you

WARNING
Lethal voltages are present. Exercise extreme caution 
when constructing and testing the control unit and 
never leave it upside down when children are present.

TEST EQUIPMENT USED
H-P distortion analyzer, 331A
Heathkit sine-wave, square-wave, audio generator,
IG-5218
DMM, Radio Shack 22-168A
Oscilloscope, Proteck, Model 6502

PARTS SUPPLIER
RS = Radio Shack
RS dot Com = 800-442-7221
AES = Antique Electronic Supply 480-820-5411
ALEL = All Electronics 800-826-5432
Mouser = 800-346-6873 

use chassis-mounted solder ground 
lugs. Add a ground post near the input 
of the control unit for the ground wire 
of the record player motor. A bottom 
cover plate of the chassis is required 
to reduce noise pick-ups.

In conclusion, this is a control unit 
with several unique features, the most

It is not enough to put oil 
into a Capacitor to make 

it musical....

Forget about resistive devices 
for the volume setting. 
We offer a silver wired 
transformer approach

Silver Rock 
Transformer
Potentiometer

There is only one optimum solution 
for a given problem.

Audio Consulting / 14B chemin des Vignes / 1291 Commugny / Switzerland 
Fax: 00-41-22-960-12-59 / e-mail: serge.schmidlin@span.ch 

http://www.audio-consulting.ch

important is its exceptional “concert 
hall” life-like sound. This hybrid con
trol unit is one of the best devices I 
have ever built and provides many 
hours of listening pleasure. I hope the 
information on the use of FETs was 
helpful. ❖

It is not enough 
to use silver wire 

for a good SE-OPT...

Silver Rock
Output transformer

thetubestore.com
Your online source for name brand audio tubes

• Over 1000 types available online
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A 6AS7/6080 Circlotron Amp

Searching for a better sound from your speakers? Try this 

6AS7/6080-based amp design featuring a circlotron configura

tion. By Monny Nisel

I
started this project a couple of years 
ago. I owned a pair of moderately ef
ficient speakers and wanted to 
build—on a limited budget— a good
sounding amplifier to drive them. So it 

was no surprise that I’d have to compro
mise somewhere. My search for a suit
able schematic turned out ones with 
heavy and expensive output transform
ers or/and expensive output tubes. This 
was not exactly what I was looking for, so 
I decided to put something together my
self. I ended up with a circlotron configu
ration using a single 6AS7/6080 with an 
output transformer, capable of delivering 
no more than 6 - 9W of output power but 
sounding beautiful.

I would like to stress from the begin
ning that this project, as conventional as 
it looks, is quite unorthodox with re
spect to some parts used and even some 
operating conditions of the output stage. 
It may not please the high-end sophisti
cated user, but may appeal to the hobby
ist with a desire to experiment for a bet
ter sound. A look at the amplifier 
schematic (Fig. 2) shows a marriage be
tween a Williamson-type input/splitter 
stage and a circlotron-type output power 
amplifier with a driver stage to interface 
the two. A power supply section of the 
schematic looking more elaborate than 
even the regular circlotron type should 
prove simpler and less expensive to 
build than it looks.

ABOUT THE AUTHOR
Monny Nisel is currently working part-time as a 
consulting electrical engineer after retiring from the 
aerospace industry in Montreal, Canada. He started 
building tube amplifiers in the early fifties and restarted 

designing and building in the nineties. He holds an 
electrical engineering degree from The Polytechnical 
Institute in lassy-Romania and is a member of the 

Order of Engineers of Quebec Canada.

THE CIRCLOTRON
The circlotron output stage was 
patented in 1954 by Alpha M. 
Wiggins from Electro-Voice as a 
high-quality audio amplifier, 
and the company built several 
models in the following years. A 
simplified schematic of the cir
clotron configuration is shown 
in Fig. 1. The two output tubes are con
nected in series with two power sup
plies in a closed circle with the load 
connected to the cathodes of the tubes. 
In a theoretically balanced state, when 
the two currents (I1 and I2) through 
each half of the circuit are equal, they 
cancel each other through the load, so 
you must assume that the current flows 
only along the circle, hence the cir
cuit’s name.

Any imbalance between the two cur
rents, such as the one generated by 
drive signals applied to the grids, trans
lates in a current through the load fol
lowing these signals. Driving the tubes 
with opposite phase signals the two 
currents in the load to add the same 
way as in a conventional push-pull cir
cuit. But unlike in the classic push-pull 
circuit, the load is connected in parallel 
to the tubes and does not carry the DC 
supply, which is a great advantage.

There are a few more advantages, but 
the greatest and the one that prompted 
me to try this circuit was the unpreten
tiousness of the output transformer. 
When compared to the conventional 
push-pull amplifier, the impedance of 
the primary winding of a circlotron out
put transformer is just one-fourth of the 
plate-to-plate winding impedance of the 
former. A glance at the two configura
tions shows that for the same operating

PHOTO 1: Rear view of 6AS7/6080 amp.

conditions and from the AC signal 
point of view, in the regular push pull 
you can regard each output tube as 
being in series with the entire (double) 
winding, whereas in the circlotron the 
two output tubes are in parallel with 
one half of that winding.

A low impedance output transformer 
means fewer turns in the windings as 
well as less distributed capacity and 
leakage inductance, hence a better fre
quency response. Switching transients 
are practically nonexistent because the 
current in the primary winding is never 
switched off regardless of the class of 
operation; there is no need for air gap 
in the core because no DC flows 
through the winding. So you deal prac
tically with a simple, low impedance,

FIGURE 1: Simplified circlotron configu
ration.

32 audioXpress 4/03 www.audioXpress.com

http://www.audioXpress.com


single primary winding type trans
former, operating in a push-pull mode 
due to an ingenious arrangement. Such 
a transformer costs a lot less than a reg
ular push-pull transformer, and these 
savings may justify the cost of a more 
expensive power supply.

THE OUTPUT STAGE
One of the reasons for choosing the 
6AS7 tube was my idea that I could 
eventually supply it with low plate volt
age and high current, though it seemed 
to go against RCA recommendations as 
well as GA’s published projects using 
this tube. I wanted to try to push the 
current as high as possible to see what 
difference it would make in the sound.

Choosing a plate voltage of 120V, I 
plotted a 1kQ load line in a single
mode operation and figured out a 
1.8kQ plate-to-plate load in a regular 
push-pull operation, or a 450Q load im
pedance (one-quarter of 1.8kQ) in a cir- 
clotron arrangement. It is common 
knowledge that a 450Q impedance out
put transformer is not an off-the-shelf 
item, so I had to either have one cus
tom-made or improvise something . . . 
at least to experiment with tempor
arily. The first choice would have been 
quite expensive and practically defeat 
the purpose of the full exercise, so I 
went straight to the second.

I figured out that an impedance ratio 
of 450 to 8Q or 56/1 can be easily found 
in a power-supply-type transformer. A 
120/16V transformer has a 7.5/1 turns 
ratio (120:16) or a 56.25/1 impedance 
ratio, which was exactly what I needed. 
Combined with the knowledge that the 
transformer could be a very simple 
type, I decided to try it and I was not 
disappointed; as a matter of fact the

PHOTO 2: Front view.

sound was so good I never had to revert 
to the first choice. The amp schematic 
is shown in Fig. 2.

With a 300Q resistor in the cathode 
of each triode, the bias was close to 34V 
and current reached 110mA. I used the 
two trimpots P2 and P3 to balance the 
currents in the two halves of the tube. I 
found that most of the 6AS7s or 6080s I 
tried had slightly different currents 
when operating under the same condi
tion, but sometimes the difference was 
quite noticeable.

SETUP
Because I wanted to avoid any DC cur
rent through the output transformer, I 
needed to balance the currents through 
both tubes. I made no attempt to adjust 
the current before the tube had reached 
thermal stability—approximately five to 
ten minutes after the amplifier had 
been switched on.

For those who noticed the somewhat 
unusual way of connecting the lower 
side of the adjusting potentiometers P2, 
P3 to the negative rail of the opposite 
tube, I found that in this way adjust
ment is a lot easier and more stable. As 
a matter of fact, the negative rail of the 
opposite tube is practically the negative 
rail of the same power supply whose 
positive one is connected to the tube for 
which you make the adjustment. With 
this setup the output power before clip
ping was close to 6W, provided the DC 
voltage supply of each tube could be 
maintained at 148-150V (Table 1).

My main supply voltage sometimes 
drops to 107V and the DC supply and 
output power follow suit; although it 
does not make a difference in volume 
or sound quality, it shows when I mea
sure the power. At this low DC voltage 
supply even a few volts less in the main 
makes a difference in the output power. 
Because the two power supplies are 
floating with respect to ground, I con
nected the two 16kQ resistors across 
the output transformer primary with 
the median point connected to ground, 
thereby producing an artificial refer
ence to ground of the output stage.

The 16kQ value, which may seem a 
little high for this purpose, is a com
promise that should not short any sig
nificant amount of output power. This 
problem was solved in Wiggins’ origi
nal design by using an output trans-
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former with a middle tap connected to 
ground; the same can be accomplished 
here by using a 2 x 120/2 x 16V trans
former, such as part #037013 201 from 
Plitron with the two windings on each 
side in series and the primary tap 
grounded. I noticed that some of the 
6AS7s I used—especially the GA ver
sion—have a tendency to thermal run
away. I had better results with the 
6080, especially the WA or WB ver
sions or even with the 6AS7G, all hav
ing a bigger heat radiator strapped to 
the grid pylons; you should consider 
using this type of tube, especially 
when deciding to push the dissipated 
power a bit higher.

THE POWER SUPPLY
The power supply must deliver three 
different DC voltages and the 6.3V 
heaters supply. This task, as complicat
ed as it looks at first glance, is accom
plished with only two inexpensive off- 
the-shelf transformers. You can obtain 
the dual voltage for the output tube 
from a Hammond type 182 H 117 trans
former, which has two separate sec
ondary windings capable of delivering 
117V at 342mA each. A bridge rectifier 
and a 2000pF capacitor complete the 
power supply for the output tube, deliv
ering approximately 150V DC.

I found that for the output stage a 
single big capacitor is quite adequate 
instead of a full-blown pi filter using 
smaller capacitors. The perfect sym
metry of the output stage leads to rip
ple cancellation in the load, to a de
gree that is barely audible even close 
to the speakers. The high volt
age for the input/splitter and 
driver stages as well as the 6.3 
AC for the heaters is supplied 
by a part #P-T6415 power trans
former from Antique Electron
ic Supply.

I was concerned that the 
6AS7 might fail during testing 
and short the power supply, so I 
inserted a 1A fuse in series with 
the positive rail. I never had a 
tube failure, but the fuse proved 
useful when I needed to discon
nect one side or the other for 
testing and measurements.

All the electrolytic capacitors 
are computer grade, and I pur
chased them from surplus 

stores at a very low price. I found 
Mouser Electronics stores had a good 
selection of them. The same goes for 
the transformers; you could use any 
type with similar parameters.

In one version of the amplifier, I 
used a couple of 20VA 120/120V trans
formers, which I removed from bath
room-type isolation outlets, for the out
put tube power supply. The power sup
ply is the most expensive part of the 
amplifier and reducing its cost greatly 
impacts the cost of the entire amplifier. 
In a stereo version of the amplifier you 
can replace T1 with part #P-T272JX 
power transformer (also from AES).

SPLITTER AND DRIVER STAGES
After experimenting with a couple of dif
ferent designs, I settled for the 
Williamson type input/splitter stage. 
Though the cathodine splitter stage has 
less gain than other configurations, the 
input stage compensates for it, and apart 
from sounding better than other designs 
I tried, the entire stage uses one or two 
capacitors less than the other classical 
designs, a feature I liked. The following 
stage, the driver, had to provide over 
200V pp to drive the output tubes biased 
at 34 to 59V DC, and for this purpose I 
had to supply the tube with higher volt
age than the output stage, further com
plicating the power supply.

I used the same tube, the 6SN7, for 
both input/splitter and driver stages in 
an arrangement which is commonly 
used by manufacturers and experi
menters alike. The 6SN7 is a very linear 
and good-sounding tube; it is also not 

expensive and can be easily found at 
any tube dealer and certainly in the 
possession of any respectable tube hob
byist. I used a RCA 6SN7 GTB tube for 
the driver stage and a Rogers tube as 
the input/splitter. I found that this com
bination has a good tonal quality, 
though I could not find significant dif
ferences using other brands of tubes.

I tried to keep the stage simple by 
not using trimpots to balance the out
put of the two sides. Instead, I chose to 
measure the driver’s plate resistors to 
get their value as close as possible and 
have the tube with the two halves 
match. Apart from degenerative local 
feedback in the two stages, there is no 
global feedback; any small amount I 
tried was, in my opinion, muffling the 
sound, so I decided not to use it. The 
input voltage needed to drive the ampli
fier to full power was 350mV.

ASSEMBLY AND ADJUSTMENT
I assembled the amplifier in a stereo 
version in a somewhat unusual com-

PHOTO 3: Overhead view.
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pact vertical chassis to fit a certain 
space in my system. Though this design 
has some advantages, I do not recom
mend it because of the difficulties of 
the mechanical work involved. Instead, 
you can easily install the components 
on a regular chassis, in a classic 
arrangement with all the transformers, 
tubes, and bigger electrolytic capaci
tors installed on top of the chassis and 
the smaller components underneath ei
ther in separate mono or stereo ver
sions to fit your taste.

Once assembled and with compo
nents connected, the amplifier should 
work at once. However, you should 
check the correct connection of the 
components before power-up, especial
ly at the output tubes where a mistake 
in biasing can overheat and eventually 
destroy the tubes if left unattended for a 
long time. You should take special care 
when wiring the trimpots P2 and P3 
and the grid discharge resistors.

The next step is to adjust the output 
tube bias using P2 and P3 potentiome
ters. With a voltmeter connected in par
allel to the cathode resistor R18, I ad
justed P2 until I read 34V on R18, and 
repeated the same operation on the 
other half of the tube. With this bias 
voltage the current should not be more 
than 110 to 115mA. I made the adjust
ment only five to ten minutes after 
switching on the amplifier to let the 
tube reach thermal stability.

As mentioned previously, one of the 
reasons for using the 6AS7 was to find 

out how a tube already supplied with 
low voltage and high current will be
have when current is pushed to the 
maximum—or even higher—recom
mended by the manufacturer. By turn
ing P2 and P3 cursor to the cathode 
side, I could increase the current to 
over 140mA, which is above the 125mA
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maximum recommended. I always did 
it in small increments, leaving the tube 
to stabilize after each adjustment and 
watching for red spots on the plates.

At 140mA the voltage drop on the 
cathode resistor reached 42V, leaving 
the plate supply no more than 110V and 
sometimes less depending on the main 
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supply. As the plate voltage dropped, so 
did the output power—as expected—and 
clipping settled in earlier. I could not 
measure distortions but they must have 
increased as well.

THE SOUND
Though the sound was quite nice from 
the beginning, once I started increasing 
the current the sound seemed to gain 
more body and become richer, especial
ly in the lower side of the frequency 
spectrum, which made it really pleas
ant to listen to. At this point the bias 
was approximately 23V and the dissi
pated power reached 15W, way up from 
the 13W maximum recommended. 
Amazingly enough, I’ve never experi
enced any tube failure and I noticed no 
red spots on the plates.

As a matter of fact, a couple of 
6AS7Gs I’ve been running for almost 
two years at close to 14W dissipation 
power in the amplifier I built seem to 
be working fine. Although in my experi
ments I went even further reaching 
150mA plate current, I found there is 
no advantage in going that far. Apart 
from thermally overstressing the tube 
to the point of damaging it, power de
creases dramatically and the distortion 
becomes audible even at lower volume.

So what is a good point to run the 
tube to take advantage of the higher 
current without going overboard? Table 
1shows the parameters when I run the 
tube in four different conditions, with 
different plate voltages. I preferred to 
run the tube in condition no. 1 and in
crease the current to 125mA by adjust
ing R2 and R3 until the voltage drop on 
the cathode resistors reached 37V; the 
dissipated power is just above 13W. For 
those with 120V main, condition no. 2 
gives close results.

For slightly increased power but also 
a little change in sound conditions, nos. 
3 and 4 apply. Those two conditions in 
Table 1show that you can achieve high
er output power by using higher supply 
voltage. I chose the 150 and 175V AC 
supply, respectively, because I found 
transformers with double secondary 
.2 x 150 V and 2 x 175 V at very reason
able prices. The 2 x 175V transformer is 
part #037053201 by Plitron and the 2 x 
150V is part #RC 0100 040 1 from SUM 
R. In case you use the 175V supply, the 
electrolytic capacitors C7 and C8 
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should be at 250V minimum.
With regard to the output trans

former, I experimented with two differ
ent types. I started with a regular E&I 
type 120/17V and switched over to a 
toroidal type 120/16V, both ranging 
from 80-100VA. Though there was not 
much of a difference in power output, 
each transformer had a different sonic

TABLE 1
CONDITION # 

Abbreviations
Uac NL, FL: TR 2 secondary voltage with no load or full load 
Udc: total rectified DC voltage
Ua: DC voltage between plate and cathode of the output tube 
Rk: cathode resistor 
la: plate current
Pd: dissipated power
Pu: output power

1 2 3 4
Uac NL volt 115 124 150 175
Uac FL volt 113 121 144 169
Udc volt 148 156 166 216
Ua volt 112 120 126 156
Rk ohm 300 330 375 700
Ugl volt -33 -36 -40 -59
la mA 110 120 110 85
Pd watt 12.3 14.4 13.8 13.2
Pu watt 5.6 6.5 8 9

PARTS LIST
COMPONENTS DESCRIPTION REMARKS
RESISTORS
R1 680R 1W carbon composition (cc)
R2, R10, R11 47k 2W metal oxide (mo)
R3 470R .5W cc
R4, R5 33k 2W mo
R6 27k 2W cc
R7, R8 470k VW cc
R9 820R 2W cc
R12, R13 1k 1W cc
R14, R15 27k 1W cc
R16, R17 220k VW cc
R18, R19 300R 10W wirewound
R20, R21 100k 1W cc
R22, R23 16k VW cc
R24, R25 200k 1W cc
R26, R27 10R 2W cc
R28 1k 2W cc

CAPACITORS
C1, C2 250nF 400V polyester
C3, C4 680nF 400V polyester
C5, C6 100pF 100 V electrolytic
C7, C8 2000pF 200V (250V) electrolytic
C9, C10 100pF 500V electrolytic
C11, C12 47nF 600V polypropylene
C14 22pF 450V electrolytic

RECTIFIERS
D1-D4 1N4007 diode 1A 400 PIV
BR1, BR2 P-QBR-84 (AES) bridge rectifier 8A 400V

TRANSFORMERS
TR1 167P16 9(Hammond) 117/16V-80VA or

037013201 (Plitron) 115x2/15x2-80VA
TR2 182H117 (Hammond) 2x117V 342mA
TR3 P-T 64159 (AES) 700VCT 70mA 6.3V 3.5A

TUBES
T1, T2 6SN7 GTA (GTB)
T3 6AS7G,(GA), 6080

signature, and though I preferred the 
sound of the latter, I used the former to 
build the amplifier due to assembly 
constraints.

TESTS AND MEASUREMENTS
I have not done any specific perfor
mance tests apart from output power 
and a frequency sweep at nominal 
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power, due to a lack of dedicated 
equipment. However, I did extensive 
listening tests myself, and with other 
people, including a couple of audio
philes, and everybody liked what they 
heard very much; single instruments 
such as the piano or the guitar as well 
as female voices were really amazing. 
Sometimes it was difficult to realize 
that the sound came from an amplifier 
using this type of an “output” trans
former. Any listening test should be 
done only after the amplifier has 
enough time to warm up (15 to 20 min
utes).

I used three different types of speak
ers for listening tests: a pair of Fisher 
XP-1as, a pair of Acoustic Research AR 
4xs, and a pair of JBL CF 120s. The best 
match was the JBL pair, which happens 
to be the most efficient, though with the 
AR 4xs, which are known for their low 
efficiency, the sound was strong 
enough to use no more than one-third 
of the volume in normal living room lis
tening conditions. The frequency re
sponse of the amplifier seems to be 
very good from the listening test point 
of view, though the sweep showed a dif
ference of ±3dB between 40 and 
20,000Hz. The frequency response will 
be different for different transformers, 
and it seemed quite funny to measure 
the frequency response of power trans
formers meant to work only at 60Hz; 
amazingly enough some of the trans
formers measured have quite a wide 
frequency range.

I am not advocating the use of power 
transformers instead of normal output 
transformers, though I tried them on 
many other occasions with good listen
ing results. I am convinced that a prop
erly designed output transformer—or 
even an autotransformer, for that mat- 
ter—would yield better performance. As 
I mentioned before, I tried to keep the 
cost as low as possible, making conve
nient compromises. Regarding the 
transformers for the output stage or 
power supply, you can use any type or 
manufacturer you find convenient, pro
vided they have the same parameters 
as the ones specified.

CONCLUSIONS
This project includes a few features that 
make it different from other designs. 
First of all, it is a beginner’s circlotron.

Though more complicated than a regu
lar amplifier, it is still affordable and 
can be assembled without great difficul
ty by anyone with little experience with 
tube amplifiers. Also:
• It uses a single 6AS7 in a circlotron 

configuration with an output trans
former.

• It uses lower than recommended volt
age and maximum current.

• The output transformer is a power 
transformer conveniently chosen to 
match the output impedance of the 
stage.

• The cost is kept as low as possible by 
using inexpensive—and where possi
ble—surplus parts.

AND A FEW MORE WORDS
The experiment bug drove me to 
break another taboo. I tried the ampli
fier with fixed bias without any cath
ode resistors and with 145V DC at the 
plates, and it seemed to work quite 
well. The output was 9W, but, again, it 
produced a different sound that I 
liked less than the one from the auto
matic bias version. ❖
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Make a Panel-Cutting Jig

With the right table-saw setup, you can perform woodworking tasks 

with much greater ease. By Bill Fitzmaurice

O
ver the years I’ve heard from 
quite a few readers regarding 
power tools—most ask how 
they can build top-quality proj
ects without spending thousands of dol

lars on tools. A recent inquiry, in partic
ular, wanted to know how to build a 
DR12 horn in the absence of an eight
hundred-dollar table saw, perhaps by 
having a lumber yard pre-cut the parts. 
The problem with that scenario is that 
my projects involve a lot of “trim-to-fit” 
steps, so pre-cut parts are not a viable 
option. The good news is that I do not 
own an eight-hundred-dollar table saw 
either, and that you can build just about 
any cabinetry with a two-to-three-hun- 
dred-dollar table saw, or even better, buy 
a used one for a hundred bucks or so.

This will understandably shock those 
of you who regularly peruse tool cata
logs, knowing that you can easily spend 
five hundred dollars on a rip fence 
alone, let alone a saw on which to 
mount it. But the truth is that even a 
mediocre saw can turn out perfectly 
square and true panels of just about 
any size as long as you have a panel
cutting jig. My old trusty jig, after 15 
years use and hundreds of projects, 
needed replacing recently, so I took pic
tures of the process to show you how 
you can make what I consider to be the 
most important piece of equipment in 
my shop.

JIG CONSTRUCTION
The first step is cutting a piece of ply
wood to serve as the jig. I used a piece 
of %" Baltic birch, for its inherent stabil
ity, cut to about 30" x 40" inches. Don’t 
go to any great lengths to make this 
piece perfectly square—it doesn’t mat- 
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ter. Alternately, you may opt for %" 
MDF, and for a fancy look maybe even 
top that MDF with Formica.

The advantage of Baltic birch is that 
you can cut the runners you’ll need 
from it as well. The runners fit into the 
two slots that run across the top of your 
saw table; the standard slot size is %" 
wide, Vs" deep. I wouldn’t make the run
ners from standard five- or six-ply ply
wood, but ten- or eleven-ply Baltic birch 
works well. Alternately, you could 
make the runners from solid wood, 
preferably a hardwood such as oak.

In any event, cut the runners Vs" 
thick, a few inches longer than the 
length of your jig (Photo 1). Another 
good reason to use Baltic birch is that

PHOTO 1: One large piece of plywood and 
two small strips form the basis of the 
panel-cutting jig.

PHOTO 2: Runners in place in the table saw 
slots. 

nominal %" plywood is about via" thin
ner than advertised, so the runners will 
slide freely through the slots on the 
table. If you use %" stock, you’ll proba
bly need to sand them a bit.

When you have your runners cut and 
sanded (if necessary), place them in the 
slots (Photo 2). Lower the saw blade 
fully below the table. Run beads of 
wood glue on top of the runners, place 
the plywood atop them, and drive 1" 
brads through the plywood into the run
ners (Photo 3). The plywood is centered 
on the saw blade; in the case of a 40" 
wide jig, that leaves 20" to either side of 
the blade.

Remove the jig and raise the blade 
fully. Start the saw. Place the ends of 
the runners (these extend a few inches 
past the jig’s leading edge so that you 
can easily align them with the slots) 
and slowly push the jig across the table,

PHOTO 3: Driving brads through the jig into 
the runners.

PHOTO 4: Cutting the jig almost, but not 
quite, in half.
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cutting through the jig to within about 
2" of the back end of the jig (Photo 4.

PUSH-BAR
Next comes the push-bar, which must 
be made of hardwood; I made mine 
from %" oak, 4" wide by 30" long. Mount 
this at the rear of the jig, screwed and 
glued to the plywood. Determine its 
mounting by placing a framing square 
along the saw blade to derive a perfect 
right angle to the blade, and clamp the 
push-bar to the jig so aligned (Photo 5). 
Use the clamps to hold the parts in 
alignment and drive at least six screws 
from the jig underside into the push
bar, pre-drilling and countersinking.

If you happen to have a piece of hard
wood at least 2" thick for the push-bar, 
you’re done. If not, you’ll need to lami
nate some more stock to the back of the 
push-bar to stiffen it further (Photo 6). 
Note that the stiffener need not extend 
the full height of the push-bar, as you 
end up cutting the lowermost inch or 
so in the final step, anyway. That final 
step is to run the jig fully across the 
blade, cutting partly through the push
bar (Photo 7).

USING THE JIG
Using the panel-cutting jig is the ut

most in simplicity. Put the part you 
wish to cut on the jig, one edge firmly 
against the push-bar, and push the jig 
across the saw table. The resulting cut 
will always be at a perfect 90° angle.

You may use the jig for cutting pan
els as large as 36" x 48" or so. If you 
need to cut larger panels, just make a 
bigger jig. But don’t reserve it for large 
parts only; you’ll find yourself using the 
jig any time you need a right-angle cut, 
no matter how small the piece.

One benefit of the jig is that it allows 
you to easily square all four sides of a 
panel, which is critical for fine work. 
Plywood these days seldom comes from 
the factory perfectly squared; four pass
es atop the panel-cutting jig will give 
you better-than-factory accuracy. Anoth
er benefit is safety.

Those of you who are astute—or per
haps litigious, will note that there is no 
blade guard on my saw. In fact, you will 
seldom find a blade guard on any pro
fessional’s table saw. Accidents happen 
when digits and limbs come into con
tact with blades, and the best way to 
prevent that is to never handle the 
piece of wood that you are cutting. Pros 
always use hold-downs, push-bars, 
feather-boards, and jigs so that hands 
never come near blades.

With the panel-cutting jig, you push 
the jig across the saw, not the work
piece. Working with small parts, you 
may clamp the work-piece to the push 
bar. You may make perfectly true an
gled cuts by screwing the work-piece to 
the jig across the cut line at the correct 
angle, holding it firmly in place while 
being cut. You may even cut and square 
large assemblies with ease (Photo 8).

The best part of this project is the 
cost, easily less than $30. You will 
achieve accurate cuts better than with 
even the most expensive rip-fence. 
You’ll also increase the safety factor of 
your projects, and you’ll be amazed 
how much faster the measuring and 
cutting process is compared to using a 
rip-fence. Precision work does require 
precision tools, but not necessarily a lot 
of money to acquire them. ❖

Chat, browse, bid, buy, sell 
or simply click ‘til it hurts.
—AUDIOGON.com
HIGH END AUDIO MARKETPLACE

ADIRE AUDIO

PHOTO 5: Squaring the push-bar to the 
blade.

PHOTO 6: Reinforcing the push-bar.

PHOTO 7: The blade passes through the 
lowermost portion of the push-bar.

PHOTO 8: Trimming and squaring with the 
panel-cutting jig.

The ultimate 
high efficiency 
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MAELSTROM
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Product Review
Budget Phono Preamps
Reviewed by Charles Hansen and John and Sandra Schubel

If you wish to archive your vinyl 
records on CD-Rs, or you have a newer 
receiver or preamplifier that does not 
have a phono preamp built into it and 
wish to connect a turntable, you need 
an outboard phono preamp.1,2 This is a 
test of some budget stand-alone moving 
magnet (MM) phono preamps.

Many of the units in this article won’t 
be found at your high-end audio dealer. 
Think Best Buy, Circuit City, K-Mart, 
and The Wiz. They are also available on 
the Internet (eBay always seems to 
have several of them) and at catalog 
companies such as Crutchfield, MCM, 
Parts Express, and Radio Shack. Two 
are available from kit suppliers.

So, if you have thought of purchasing 
one of these preamps, what can you ex
pect in terms of performance?

First, there are very few specifica
tions with some of these preamps. The 
input resistance—and capacitance (if 
any)—is fixed in these preamps. I chose 
seven different units for my testing. 
Table 1 also includes the specs for the 
highly regarded discrete phono section 
of the NAD 304 integrated amplifier.

Hagerman Bugle $50
(kit, www.hagtech.com)
MCM Model #40-630 $13.50
(www.mcm.com)
PAiA 9802K $23.75
(kit, www.paia.com)
Parts Express Rolls VP29 $77.99 
with AC adapter
(www.partsexpress.com)
Radio Shack 970-1018 $24.99
(www.radioshack.com)
Tech Link TPA2 $55
(www.tracertek.com)
TCC TC-400 $26.95
with 12V DC adapter 
(www.tradertrax.com)

In this age of op amps, three of the 
seven units have discrete transistor cir
cuitry. None have regulated power sup- 
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plies, just R-C filters. Some run on 9V 
batteries.

There were also several older Shure 
phono preamps for sale on eBay, but I 
wanted to get new, commercial units.
You can explore this 
used-equipment mar
ket yourself, if you 
like. I also passed on a 
unit from Terra Tec 
(with editing software, 
www.terratec.net) that 
uses a D-connector to 
interface with a PC 
and obtains its power 
from the PC’s sound
card game port. That 
eliminated its use in 
an audio system.

THE BUGLE
The Hagerman Bugle 
Audiophile Phono 
Stage is available as a 
$50 kit, or a $25 “half
kit,” which includes a 
bare epoxy PC board 
and the assembly 
manual. You can buy 
the electronic compo
nents from DigiKey 
(www.digikey.com) 
yourself, or use your 
own stock of parts. An 
assembled version 
will also be available 
(check the website).

The 13-page manu
al is detailed and thor
ough. The finished kit 
has no chassis and 
uses two on-board 9V 
batteries for a power 
supply (Photo 1). Bat
tery life is estimated 
for 16 hours. Parts 
quality is first-rate, 
with polypropylene 
caps, 1% metal film re

sistors, and gold-plated jacks.
A brass screw allows you to connect 

your turntable to the circuit ground to 
reduce noise. The kit components pro
vide the standard 40dB RIAA equaliza-

PHOTO 1: Hagerman Bugle board.

Ji-

PHOTO 2: MCM Model #40-630 interior.

PHOTO 3: PAiA Model 9802k kit board in enclosure.
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FIGURE 2: MCM Model #40-630, Bozak-Madisson CLK-PH2 schematic.

tion curve, but you can customize the 
Bugle for any EQ curve you desire, with 
40dB to 60dB gain. An on-line compo
nent value calculator is available at 
www.anyeq.com.

The circuit schematic (Fig. 1) uses 
three OPA2134 dual high-performance 
audio op amps. The first stage boosts 
the magnetic phono cartridge signal by 
21dB. An empty resistor position at 
each input allows you to provide lower 
resistance loading for moving-coil car
tridges. The three-step RIAA curve is 
implemented in two passive EQ stages 
(all the other preamps use feedback, or 
active, EQ).

The RC network between U1 and U2 
provides the 3180^s and 318^s break
points. The RC network after U2 pro
vides the 75^s breakpoint. An addition
al series RC before U3 adds a low- 
frequency -3dB rolloff below 15Hz, and 
removes any DC offset passed from the 
first two stages.

MCM AND BOZAK-MADISSON 
PREAMPS
The MCM Model #40-630 solid-state and 
Bozak-Madisson CLK-PH2 stereo
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phonograph preamplifiers are both 
available on eBay. These identical 
made-in-Taiwan units have a discrete 
circuit, with two 2SA950 PNP transis
tors per channel. The interior of the 
unit is shown in Photo 2.

The preamp has a painted steel chas
sis with a chem-filmed steel bottom 
plate. A plated steel shield sits between 
the power transformer and the epoxy 
circuit board. All four jacks are tin
plated. The phono input jacks are con
nected to the board via bare leads, 
while the line output jacks are soldered 
directly to the board.

The basic schematic is shown in Fig. 
2. The half-wave rectified power supply 
uses an R-C pi-filter. The circuit board 
draws about 5.5mA of quiescent current.

The circuitry is similar to the phono 
preamps used in 1970s-vintage transis
tor stereo systems. All resistors are 5% 
carbon film, and the EQ capacitors are 
general-purpose (not quality NP0) ce
ramics. Cartridge loading is by a dis-

TABLE 1 
SPECIFICATIONS FOR THE SEVEN PHONO PREAMPS

PARAMETER NAD 304 HAGERMAN MCM PAiA PARTS EXPRESS RADIO SHACK TECH LINK TCC
Input Sensitivity, 1kHz 10mVin - 6mVin - 5mVin — 2.5mVh - 5mVin —

660mVout 500mVout 450mVout 150mVout 450mVout

Input Overload, 
20Hz 22mV
1kHz 220mV 55mV 30mV 38mV max
20kHz 2V RMS
Gain, 1kHz 30dB 40dB 34dB 30dB
Input R,C 47k0, 200pF 47k, 14pF 50k 50k 50k, 1nF 20k
Response 15Hz-150kHz 30Hz-20kHz "RIAA" 30Hz--20kHz "RIAA" 18Hz-18kHz
RIaA Accuracy ±0.5dB ±0.5dB ±1dB +5dB, -1dB
Output (10k load) N/A 1.8V max 1.8V RMS 1.5V RMS
Output Impedance 330Q 50k 500Q
Distortion <0.1% at +30dB 0.05%, 1kHz 0.004%
S/N, A Wtd, Ref 5mV 77dB 74dB 60dB 50dB 80dB 50dB
Crosstalk, 10kHz >50dB -65dB

TABLE 2 
MEASUREMENTS FOR THE SEVEN PHONO PREAMPS

PARAMETER HAGERMAN MCM PAiA PARTS EXPRESS RADIO SHACK TECH LINK TCC
Input Sensitivity, 1kHz 10mVin - 10mVin - 10mVin - 10mVin - 10mVin - 10mVin - 10mVin -

Input Overload,
1.01Vout 610mVout 1.57Vout 306mVout 480mVout 380mVout 1.35Vout

20Hz 7.4mV 6.3mV 10mV 19mV 2.4mV 4.7mV 3.3mV
1kHz 57mV 53mV 58mV 152mV 23.6mV 50mV 11.5mV
20kHz 510mV 255mV 440mV (see text) 1.35V 94mV 58mV 63mV
Gain, 1kHz 40dB 35.7dB 43.9dB 29.7dB 33.7dB 31.6dB 42.6dB
Zin, 1kHz 48k5 32k 46k7 47k4 26.5k 24k 152k
RIAA Accuracy 

30Hz-20kHz
±0.6dB +5, -3.8dB +2, -3.9dB +0.9, -1.8dB +0, -0.89dB +13, -0.3dB 

(NAB curve)
+3.6, -0.5dB

Vout(10k load, 
1kHz, 1%THD)

5.6V RMS 3.1V RMS 8.9V RMS 4.6V RMS 1.12VRMS 1.75VRMS 1.46V RMS

Output Impedance 307Q 1k02 48Q 970Q 450Q 890Q 995Q
Distortion, 1kHz, 10mV in 0.03% 2.1% (see text) 0.008% 0.008% 0.18% 0.13% 0.30%
S/N, A Wtd, 
Ref 10mV

72dB 33dB 75dB 86dB 54dB 68dB 60dB

Crosstalk, 10kHz -62dB -43dB -43dB -64dB -58dB -46dB -62dB
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PHOTO 4: Parts Express #245-035 interior.

crete 33k resistor and the transistor cir
cuit impedance.

The pricier Bozak-Madisson version 
of this preamp comes with a useful 19- 
page tutorial on transferring vinyl to 
CD-R using a CD recorder or PC, and an 
explanation of how to use Ganymede’s 
Wave Corrector software. It also comes 
with the RCA-to-3.5mm phone jack 
patch cord you need for connecting it 
to your computer sound card.

PHOTO 5: Radio Shack 970-1018 interior.

PAiA 9802K
The PAiA Model 9802 RIAA is a bare PC 
board kit without power supply or chas
sis. As with the Hagerman preamp, the 
advantages of a kit are that you can up
grade the components to whatever you 
like. The basic circuit topology is fairly 
decent (Fig. 3).

The standard components are based 
on the NE5532 dual low-noise opamp. 
The EQ caps are high-quality 5% poly
styrenes, with 5% carbon film resistors 

PHOTO 6: Tech Link TPA2 interior.

used throughout. A 47k resis
tor and a 100pF X7R ceramic 
cap supply the cartridge load
ing. A pad is available on the 
PC board for a turntable 
ground connection.

The unit is designed for a 
power-supply range of ±9 to 
±18V DC, and PAiA makes a 
line of regulated dual sup
plies in kit form. They recom
mend their ±12V DC model 
9770R-12. You can also use 
two 9V DC batteries.

Two tin-plated RCA input jacks are 
provided for mounting on the single
sided phenolic PC board. Two %" mono 
phone jacks are provided for the out
puts. The chassis is up to you.

I decided to build the kit with a high- 
quality gold-plated 8-pin DIP socket, 
and I used gold-plated phono jacks
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(Photo 3). I made an unregulated 
±15V DC, dual half-wave rectified and 
filtered power supply from a 9V AC 
plug-in power adapter3. I put a 47k 
bleeder resistor across the 2200pF fil
ter caps. A DPDT-CO switch selects 
either the power adapter or two 9V 
batteries.

I used a RS 270-238 mini-box for the 
chassis, with a binding post to attach the 
turntable ground wire. Other than that, I 
used the parts supplied with the kit. The 
extra parts and the chassis added about 
$20 to the cost of the preamp.

PARTS EXPRESS PREAMP
The Parts Express #245-035 Rolls VP29 
Phono Preamp (Photo 4) is made in Salt 
Lake City, and comes with a 12V DC 
power adapter. It has the biggest power
supply filter cap (1000pF) and a green 
LED to show the unit is active. The two- 
piece steel chassis is painted crackle
finish red. Gold-plating is used on the 
outer shells of the RCA input and out
put jacks, with tin center contacts. The 
preamp also has a gold-plated %" stereo 
phone output jack, and the chassis has 
a binding post that connects to circuit 
ground via a 50nF cap, so you can con
nect your turntable ground lead to the 
preamp.

The circuitry (Fig. 4) is based on a 
BA4560 dual low-noise op amp. The op 
amp is socketed, so you can easily

change it if you like. The EQ caps are 
Mylar film, with 5% carbon film resis
tors used throughout. A 47k resistor 
returned to half the supply voltage 
(phantom ground) supplies the car
tridge loading.

SOLVING FOR INSTABILITY
When John Schubel discovered the Parts Express Rolls VP29 caused his amplifier’s pro
tection circuit to trip, he requested a second sample. Unfortunately, this second unit had 
the same malady, so he invited me over to hear for myself. When the preamp volume was 
advanced to anything above polite dinner party background music level, there was an os
cillation at very low frequency just prior to the trip. This correlated with the random 
ultra-low frequency DC offset wander (about ±0.1V) I noted during measurements, almost 
like a record warp.

I ran a SPICE simulation of the circuit, extending the AC analysis from 0.1Hz to 
10MHz, to look for degraded stability that could trigger oscillation. I fed a SPICE sine
wave generator to the preamp through a simulated inverse RIAA network to reflect the 
rising input signal level with frequency. While the audio from an LP would certainly not 
rise indefinitely due to the cutting lathe velocity limit, surface noise might.

The VP29 uses a 1nF capacitor across the input terminals of its 4160 opamps. This dif
ferential mode capacitor (Cid) forms a response pole in conjunction with the RIAA feed
back network. Cid causes additional phase shift, and produces gain peaking by partially 
shunting the feedback gain setting RC network.

In the SPICE simulation, the input signal continues to rise with frequency while the 
preamp gain levels off (flat RIAA response) from 10Hz to 30kHz. Above 30kHz the pre
amp gain increases again until it meets and tracks the input signal level from 476kHz to 
730kHz. At the same time, the input and output signal phase angles are decreasing.

Suddenly, at the pole formed by Cid, the output sees a phase reversal from -180° to 
+180°, while the gain is still near unity. The phase margin drops to about 50°, setting the 
stage for oscillation. At this high frequency, the op amp is also trying to drive the very 
low impedance of the two series RIAA network caps, depriving its internal compensation 
capacitor of current in the process.

I changed the SPICE Cid from 1nF to 1pF, and the phase margin problem went away. 
Although the gain remained near unity above 700kHz, the output also remained essen
tially in phase with the input. While the trigger appears to be HF instability, the oscilla
tion seems to get started at LF, based on what John and I heard just before his amp pro
tection tripped, and the wandering DC offset I measured. I should also mention that none 
of the other preamps use a differential input capacitor across their op-amp inputs.

RADIO SHACK PREAMP
The Radio Shack 970-1018 magnetic 
cartridge stereo preamp is another bat
tery-powered preamp, made in Korea. It 
is not carried in the RS stores; the part 
number on the RS website was 970
1018, while the box I received was la
beled catalog number 42-2111. It has a 
discrete circuit, with two 2SC1740S 
NPN transistors per channel (Photo 5).

The painted steel chassis has a flip
open brushed aluminum cover that is se
cured by two screws. The on-off switch 
and the four tin-plated RCA jacks are sol
dered directly to the PC board.
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The schematic is shown in Fig. 5. The 
data sheet lists the quiescent current as 
1mA. All resistors are 5% carbon film, 
and the two EQ capacitors are Mylar 
film. An NP0 ceramic is connected b-c at 
the output transistor. Cartridge loading 
is by a discrete 56k resistor and the cir
cuit impedance.

TECH LINK PREAMP
The Tech Link TPA2 is an aux/phono 
preamplifier made in China with a plas
tic enclosure. In order to provide 
shielding, the epoxy PC board is 
wrapped in aluminum foil tape that has 
a paper/plastic insulating layer under it 

(Photo 6). A jumper lead connects the 
foil to the power jack ground. The unit 
can be powered by an internal 9V bat
tery or a 9V DC plug-in adapter that you 
must supply (with a 2.5mm x 5.5mm 
plug with +9V on the center pin—noth
ing in the package tells you this).

The internal polarity protection 
diode drops this to about 8.6V DC, with 
quiescent power consumption from the 
9V battery at about 3mA. Two of the 
four suction cup feet partially block the 
battery compartment and must be held 
out of the way to access it.

While some of the other units have 
RCA jacks with gold-plated shells and
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tin center contacts (fool’s gold?), the six 
RCA jacks in the TL preamp are fully 
gold-plated. A rocker switch on the cover 
selects either the AUX (directly switched 
to the output) or the phono input.

The preamp uses a KIA Electronics 
KIA 6225S dual preamp IC in a 9-pin SIP 
package. The schematic (Fig. 6) is taken 
from the KIA data sheet for an NAB tape 
preamp circuit (www.kecorp. com), with 
a change to the EQ capacitor value, so 
only one of the three RIAA EQ break
points is implemented! All resistors are 
5% carbon film, and the lone EQ capaci
tor is Mylar film. Cartridge loading is 
the parallel combination of a 100k resis
tor, the 100k± 50k input impedance of 
the 6225, and a 1nF X7R ceramic cap.

TCC AND RECOTON PREAMPS
The TCC TC-400 audio stereo phono 
preamplifier and the Recoton SP2 
stereo phono preamplifier are two more 
essentially identical phono preamps. 
The interior of the made-in-Taiwan TCC 
unit is shown in Photo 7. The black- 
painted steel enclosure is very similar 
to that of the MCM and Bozak-Madis- 
son units, except it uses a 12V DC 
power adapter that is furnished with 
the unit. They also supply a set of 
generic tin-plated phono interconnects.

The cardboard box, with a Calrad 
Electronics p/n 80-574 sticker, has an 

Audio Precision frequency-response 
graph printed on the top. It shows the 
low-frequency (LF) response rising to 
+5dB at 20Hz, and the high-frequency 
(HF) response dropping to -1dB at 
20kHz. According to the box, a version 
with both RCA and DIN jacks is also 
available as the TC-400D.

The input and output jacks have 
gold-plated shells, but tin center con
tacts. These jacks are connected to the 
PC board by two-pair shielded wires 
and Molex-style 3-pin connectors. There 
is no provision for a turntable ground 
connection.

The circuitry (Fig. 7) is similar to 
that of the Radio Shack unit, with a dif
ferent EQ network topology. Two 
2SC945P NPN transistors are used per 
channel. All resistors are 5% carbon 
film, and the two EQ capacitors are 
Mylar film.

MEASUREMENTS
For S/N and DC offset measurements, I 
terminated the preamplifier input jacks 
with a “cartridge” load consisting of a 
499Q metal film resistor mounted in a 
shielded phono plug. The line-level out
put load for all tests was 10k0.

I used an inverse RIAA network 
for frequency re
sponse and some 
distortion mea

surements. I used the distortion test set 
80kHz low-pass filter to limit out-of
band noise during the distortion tests. I 
made response and distortion versus 
frequency measurements with a test 
signal level into the inverse RIAA net
work that produces 10mV at 1kHz at 
the preamp input jack. This is equiva
lent to a cartridge with an output of 
10mV at 5cm/s recording velocity 
(2mV/cm/s sensitivity).

Typical vinyl records are recorded at 
5cm/s maximum, while the RIAA speci
fication allows a maximum recording 
velocity of 25cm/s (50mV at 1kHz for 
my testing). Therefore, any phono pre
amp that exceeds 1% THD+N with an 
input of 50mV at 1kHz would not meet 
the RIAA specification. You can see 
from Table 1 that many of these pre
amps are specified for inputs of only 
2.5mV to 6mV. Yet many of the “DJ” 
and some standard MM cartridges do 
indeed have 10mV outputs. This type of 
phono preamp will likely be employed 
in a live-music “DJ” setting.

I also measured the gain at 1kHz, for 
comparison with the RIAA standard of 
+40dB at 1kHz. The low power-supply 
voltage of some preamps may require a 
lower overall gain to prevent clipping at 

FIGURE 8A: Relative RIAA equalization error (Hagerman, 
MCM, PAiA, PE).

FIGURE 8B: Relative RIAA equalization error (RS, TL, TCC).
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low frequencies where the RIAA gain 
requirement is highest. You will need 
to make up this gain shortfall in your 
line preamp or computer sound card.

My signal-noise and crosstalk 0dB 
reference level is the output that each 
card produces at 1kHz with a 10mV 
input. For distortion versus output at 
1kHz, I fed the sine-wave generator di
rectly into the phono preamp without 
the interposing inverse RIAA network. 
Figures 8A and 8B show the relative 
RIAA equalization error, where 1kHz is 
the 0dB point. To get the true picture, 
you must add in the overall gain at 
1kHz for each unit, which is listed in 
Table 2. Any designed-in LF rolloff is ac
ceptable as long as it meets the 7950ps 
(20Hz) time constant4 and the rest of 
the curve is flat.

Figures 9A and 9B show THD+N ver
sus frequency at a reference input level 
of 2mV/cm/s, while Figs. 10A and 10B 
show THD+N versus output voltage at 
1kHz. Again, the data is presented in 
two graphs for better clarity.

THE BUGLE
The Hagerman Bugle maintains nor

mal output polarity. Input impedance 
was 48k5, and output impedance was 
307Q, all at 1kHz. The output noise was 
0.25mV left and right (-72dB). The max
imum DC offset voltage was +6mV 
(left).

Gain at 1kHz, 10mV input was exactly 
40dB. The RIAA accuracy, as shown in 
Fig. 8A, was within ±0.6dB from 30Hz to 
20kHz. It continues to rise at higher fre
quencies. Crosstalk at 10kHz measured 
a low -62dB in both directions.

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9A. 
Initially, I saw 0.12% THD at 1kHz (in 
the higher left channel). However, 
when I connected the inverse RIAA net
work chassis to the preamp ground 
screw, it dropped to 0.03%. The distor
tion residual showed low-level noise 
with no discernible harmonics.

The THD+N versus line output level 
at 1kHz is shown in Fig. 10A, with fresh 
9V batteries. The input overload at 1% 
THD clipping was acceptable for a 
10mV cartridge: 7.4mV at 20Hz, 57mV 
at 1kHz, and 510mV at 20kHz. Clipping 
was delayed by distributing the gain 
over three op-amp stages.
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MCM PREAMP
The MCM Model #40-630 phono preamp 
maintains normal output polarity. Input 
impedance was a low 32k, and output 
impedance was 1.02k, all at 1kHz.

DC offset voltage was 30mV. The out
put noise, at 13mV (-33dB), is dominat
ed by 60Hz hum, as is the distortion 
residual. The transformer inside the 
module, and a circuit topology that has 
a lower power-supply rejection capabili
ty than the op-amp-based designs, ag
gravate this problem. Interestingly, the 
60Hz output noise dropped to 4mV with 
the input open-circuited. This suggests 
a ground-loop problem may also exist.

The instructions for this preamp 
specifically tell you not to connect the 
turntable ground lead to the preamp. In 
my own audio system, the hum was no
ticeable from my listening position 
with my preamp volume control at 12 
o’clock. The preamp comes with a po
larized two-prong AC line plug, so I did 
not try to reverse it with a “cheater.”

Gain at 1kHz, 10mV input was 
35.7dB. The RIAA accuracy was skewed 
towards the higher frequencies, with an 
LF peak at 48Hz as shown in Fig. 8A. I 
could also see some high-frequency os
cillation on the falling sides of the sine 
wave when the test frequency exceeded 
2kHz. Crosstalk at 10kHz measured 
-43dB in both directions (the test-set 
bandpass filter rejected the 60Hz hum).

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9A. I 
took one reading at exactly 60Hz, where 
it was 0.2%. This is because the funda
mental notch filter removes the 60Hz 
hum as well as the oscillator signal.

I re-ran the test from 500Hz to 20kHz 
using the 400Hz high-pass filter in the 
distortion test set. With the 60Hz hum 
attenuated, the distortion performance 
is much better, as represented by the 
partial HF curve in the MCM data. Here 
the distortion residual consists mainly 
of even-order harmonics.

The THD+N versus line output level at 
1kHz is shown in Fig. 10A. Again I took 
the data with and without the 400Hz HP 
filter. The data with the filter is the lower 
curve at 1V output. It isn’t until the out
put voltage is almost 3V RMS that the 
signal is finally great enough to over
come the 60Hz hum. The input overload 
points (I used visible clipping because of 
the hum level) were 6.3mV at 20Hz, 
53mV at 1kHz, and 255mV at 20kHz.

PAiA 9802K
The PAiA preamp maintains normal 
output polarity. Input impedance was 
46k7, and output impedance was a low 
48Q, all at 1kHz. The output noise was 
0.14mV left (-81dB) and 0.28mV right 
(-75dB). The DC offset voltage was 
130mV, probably reflecting the ampli
fied input offset voltage of the 5532 op 
amp (4mV) in this direct-coupled design.

Gain at 1kHz, 10mV input was 
43.9dB. The RIAA accuracy has an over
all upward slope, as shown in Fig. 8A. 
Crosstalk at 10kHz measured -43dB in 
both directions.

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9A. 
Initially, the THD at 1kHz (in the higher 
right channel) was 0.13%. When I con
nected the inverse RIAA network chas
sis to the preamp ground post, it 

dropped to 0.008% on battery power and 
0.012% with the AC adapter.

If I left the AC adapter plugged into 
the preamp with the transformer block 
unplugged from the AC outlet, and oper
ated on battery power, the THD was 
0.016%. One side of the 9V AC is con
nected to power-supply ground, so the 
lead length from the plug-in transformer 
to the preamp may be picking up noise. 
The bottom line is to unplug the AC 
adapter from the preamp if you use bat
tery power. This would probably not be a 
problem with the PAiA regulated sup
ply, which sends DC to the preamp.

The distortion residual showed the 
third harmonic with some very low- 
level noise. The THD+N versus line out
put level at 1kHz is shown in Fig. 10A. I 
ran this with the AC adapter, and again 
with 9V batteries. Both curves are 
shown in the figure.

The input overload at 1% THD clip
ping on battery power was too low for a 
10mV cartridge: 5.7mV at 20Hz, 34.1mV 
at 1kHz, and 260mV at 20kHz. This is 
because the high gain of this preamp 
causes output overload, despite the 
highest power-supply voltage of all the 
tested units. When I connected the AC 
adapter (±15V DC supply), overload 
margin increased to an adequate 10mV 
at 20Hz, 58mV at 1kHz, and 440mV at 
20kHz. This high gain, in conjunction 
with a high output cartridge, could 
overload some computer sound cards.

Since the PAiA preamp is a kit, you 
can easily make some improvements. As 
you can see from Fig. 8A, the PAiA pre
amp error curve is straight, but exces
sively bright. I recalculated the EQ com-

FIGURE 10A: THD+N versus output voltage at 1kHz (Hagerman, 
MCM, PAiA, PE).
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FIGURE 10B: THD+N versus output voltage at 1kHz (RS, TL, TCC).
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ponents, using the Lipshitz formulas5, 
leaving R5 and R9 at 470k. The nearest 
standard component values are listed 
below, and reduce the nominal error 
over the audio band to about ±0.25dB.

C4, C9 2n2
C5, C10 6n8
R4, R8 39k

These changes will also reduce the 
1kHz gain by about -4dB, improving 
the input overload margin. You can fur
ther reduce the gain by increasing the 
value of R3 and R7. I would also replace 
the cartridge loading capacitor with a 
quality film or NP0 ceramic cap.

Here’s one final possibility: The 5532 
op amp has a maximum supply voltage 
rating of ±22V DC. You could use four 
9V batteries to produce ±18V DC rails 
and achieve the highest headroom. If 
you install an 8-pin DIP socket in order 
to experiment with different dual op 
amps, be sure to observe the maximum 
supply voltage spec. The supply rails for 
many audio-grade op amps cannot ex
ceed ±18V DC, and should not be operat
ed above ±16V DC for reliability reasons.

PARTS EXPRESS PREAMP
The Parts Express #245-035 Rolls VP29 
phono preamp maintains normal out
put polarity. Input impedance was 47k, 
and output impedance was 970Q, all at 
1kHz. The output noise was very low at 
15gV, or -86dB.

When I made the DC offset voltage 
measurement, I found it wandered at a 
random ultra-low frequency about ±0.1V, 
almost like a record warp. At first I 
thought it might be the phantom ground 
to which the 47k input resistors are ref
erenced, but the two inputs did not wob
ble together. Even when I loaded the 
outputs down to 1k, the wobble did not 
disappear. Grounding the inverse RIAA 
housing to the preamp binding post did 
not improve the situation. It was still 
there even after I connected the signal 
generator directly to the input, and may 
be due to high leakage in one of the alu
minum coupling caps.

I don’t think this wobble is of any 
sonic consequence. Most line preamps 
and power amps will roll off this less- 
than-1Hz component and not pass it on 
to the speakers. DC coupled amplifiers 
are another story, where this wobbly

ELECTRA-PRINT 
AUDIO CO.

S.E. OUTPUT TRANSFORMERS
•Primaries to 10K
•Power up to 100 watts
*-1db 18hz to 40khz typical
•Custom designs available

PUSH-PULL OUTPUTS
•Built for triodes
•Single output to load

INTERSTAGE TRANSFORMERS
•Full bandwidth, up to 60ma
•Single plate to P-P grids

LINE OUTPUTS
•Full bandwidth, up to 60ma

POWER TRANSFORMERS
•Custom built to your requirements
•Power supply design advice

CHOKES/FILTER and AUDIO
•Standard and custom HV filter chokes
•High current filament chokes
•High inductance audio plate chokes

specification and pricing catalog available 
Visa,MC and Amex

ELECTRA-PRINT AUDIO CO.
4117 ROXANNE DR., LAS VEGAS, NV 89108
702-396-4909 FAX 702-396-4910
EMAIL electaudio@aol.com

Design speaker boxes with

Design speaker boxes for any space: car, truck, 
van, home hi-fi, home theater, pro sound, studio, 
stage, PA and musical instruments. Import acoustic 
measurements. For example, the response of a car 
can be imported to simulate the in-car response.

Need help with your speaker designs?
BassBox Pro & X^over Pro can help!J

Design crossovers with

1

Design 2-way and 3-way passive crossover net
works, high-pass, band-pass or low-pass filters, 

impedance equalization, L-pads and series or par
allel notch filters. Its Thiele-Small model provides 

professional results without complex testing.___ _ Harris Tech Pro software for Microsoft® Windows can help you 
quickly create professional speaker designs. Our software is

plus S&H

1
Harris Technologies, Inc.

Sophisticated Driver Modeling and Advanced Box Design
• Multiple drivers with isobaric, push-pull and bessel options. • 3 dual voice coil

P.O. Box 622
Edwardsburg, MI

wiring options. • "Expert Mode" dynamically analyzes driver parameters. • Design 
closed, vented, bandpass and passive radiator boxes. • "Suggest" feature provides

49112-0622 
U.S.A.

Passive Crossover Filters and Scalable Driver Modeling
• 1st, 2nd, 3rd and 4th-order "ladder" filter topologies. • Parallel crossover

fast box design. • All box types account for leakage losses and internal absorption.
• Advanced vent calculation. • Bandpass boxes can be single or double-tuned with 2 
or 3 chambers. • 22 box shapes (shown below). • Open up to 10 designs at one time. ’
• Analyze small-signal performance with: Normalized Amplitude Response, Impedance, 
Phase and Group Delay graphs. • Analyze large-signal performance with: Custom Ampli
tude Response, Max Acoustic Power, Max Electric Input Power, Cone Displacement and 
Vent Air Velocity graphs. • Includes a helpful "Design Wizard" for beginners.

topology. • 2-way crossovers offer Bessel, Butterworth, Chebychev, Gaussian, 
Legendre, Linear-Phase and Linkwitz-Riley filters. • 3-way crossovers offer All

Pass Crossover (APC) and Constant-Power Crossover (CPC) filters. /•over Pro's 
capabilities scale to fit the amount of driver data. • A crossover, filter or L-pad can

be designed with just the nominal impedance of each driver. • With full Thiele-Small 
parameters, impedance equalization can be designed and the performance graphed. 

___ • Graphs include: Normalized Amplitude Response, Impedance, Phase & Group Delay. 
▼ • Graphs can include the full speaker response including the box. • Estimate component 

resistance (ESR & DCR). • Calculate the resistance of parallel or series components.

barrel cone truncated cube cylinder domed truncated ellipsoid square opt square reg polygon slanted truncated 4-sided 3-sided truncated sphere wedge 2-chamber 3-chamber 2-chamber 3-chamber 
cone cylinder cylinder prism prism prism front prism edge prism pyramid pyramid pyramid BP cylinder BP cylinder BP prism BP prism

Copyright © 2002 by Harris Technologies, Inc. All rights reserved worldwide. BassBox is a trademark of Harris Tech. Other trademarks belong to their respective companies. Harris Tech reserves the right to make changes without notice. All prices are in U.S. dollars.

audioXpress April 2003 49

mailto:electaudio@aol.com


DC offset will be multiplied by the am
plifier gain.

Gain at 1kHz, 10mV input was 29.7dB. 
The RIAA accuracy was reasonably 
good, with an overall upward slope, as 
shown in Fig. 8A. Crosstalk at 10kHz 
measured -64dB in both directions.

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9A. I 
had some difficulty measuring distor
tion because of the randomly changing 
DC offset. The distortion test set has a 
fundamental notch filter with a feed
forward circuit and automatic frequen
cy tuning that tracks the input signal. 
When a wobble occurred, it caused the 
notch tuning to move slightly off fre
quency, decreasing the notch depth.

For higher-frequency THD measure
ments, I again used the 400Hz high
pass filter in the test set. The lower fre
quencies required patience. I needed to 
wait for a lull in the DC offset wobble 
and grab the lowest THD reading I 
could see while the meter settled down. 
I think the THD performance of the PE 
preamp below 500Hz is probably better 
than that shown on the graph.

The distortion residual was mainly 
the third harmonic and some very low- 
level noise. The THD+N versus line out
put level at 1kHz is shown in Fig. 10A. 
Again, I took the data with the 400Hz 
HP filter. The input overload at 1% THD 
clipping was the best of the bunch: 
19mV at 20Hz, 152mV at 1kHz, and 
1.35V at 20kHz.

RADIO SHACK PREAMP
The RS 970-1018 phono preamp main
tains normal output polarity. Input im
pedance was a low 26.5k, and output 
impedance was 4500, all at 1kHz.

The output DC offset voltage is negli
gible. The output noise, at 1mV (-54dB), 
is equal parts noise and 60Hz hum pick-

PREAMP SALE
Six of the preamps reviewed here are for sale through 
Old Colony Sound Lab (PO Box 876, Peterborough, 
NH 03458, 603-924-9464, Fax 603-924-9467, www. 
audioXpress.com, e-mail custserv@audioXpress.com), 
first come, first served, at the following prices, plus 
postage:

MCM Model #40-630................................................$10
PAiA 9802K...............................................................$20
Parts Express Rolls VP29....................................... $70
(with AC adapter)
Radio Shack 970-1018 ............................................$21
Tech Link TPA2....................................................... $50
TCC TC-400............................................................. $21
(with 12V DC adapter) 

up. Grounding the preamp chassis to the 
inverse RIAA network housing caused 
the output noise to increase slightly.

Gain at 1kHz, 10mV input was 33.7dB. 
The RIAA accuracy was within the spec
ified ±1dB within the audio band, but in
creased at lower frequencies, as shown 
in Fig. 8B. Crosstalk at 10kHz measured 
-58dB in both directions.

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9B. 
There is a slight dip at 60Hz, where the 
fundamental notch filter removed the 
60Hz hum. The 1kHz distortion resid
ual consists mainly of even-order har
monics, and low-level hum and noise. 
The distortion begins to rise rapidly 
above 16kHz, reaching 2.6% at 20kHz. 
While the response is flat, the circuit 
lacks sufficient HF headroom.

The THD+N versus line output level 
at 1kHz is shown in Fig. 10B. As the 
output voltage increases, the waveform 
becomes more and more triangular. 
The input overload points at 1% THD+N 
were too low: 2.4mV at 20Hz, 23.6mV at 
1kHz, and 94mV at 20kHz.

TECH LINK
The Tech Link TPA2 phono preamp 
maintains normal output polarity. Input 
impedance was a low 24k, and output 
impedance was 8900, all at 1kHz. On 9V 
battery power, the output noise was low 
at 150|fV, or -68dB. With the AC adapter, 
the output noise increased only slightly 
to 210jW, or -65dB. The DC offset volt
age measured +2.7mV left and -0.1mV 
right. Crosstalk at 10kHz measured 
-64dB in both directions.

Gain at 1kHz, 10mV input was 31.6dB. 
The RIAA accuracy curve, as shown in 
Fig. 8B, had a LF peak at 75Hz, and then 
took off like a rocket above what should 
have been a pole at 2120Hz (75^s). Out
put clipping began at 11kHz. At 20kHz 
(not shown on the graph), the error is a 
huge +13.1dB, with 4.5 times more gain 
than is required. I don’t know why the 
designers used an NAB equalization cir
cuit for this preamp, but it produces a to
tally unacceptable equalization error 
when applied to a phono cartridge pre
amp circuit.

The THD+N versus frequency with 9V 
battery power (2mV/cm/s input level) is 
shown in Fig. 9B. The data was essen
tially the same with the AC adapter pow
ering the preamp. I always select the 
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higher channel for THD measurements, 
to show worst-case data. Usually the two 
channels are fairly close, but here the 
1kHz measurements were 0.045% right 
and 0.13% left. That’s quite a difference 
for a dual monolithic IC.

When I took the THD+N reading at 
63Hz, I could see another hum pickup 
problem. The THD+N was 0.25% at 
1kHz, but only 0.013% at 60Hz, where 
the test-set notch filter rejected the 
power-line hum. However, in this case, 
when I grounded the inverse RIAA net
work chassis to an unused phono jack 
shell on the preamp, the problem most
ly disappeared, and I didn’t need the 
400Hz HP filter. In addition to fixing 
the EQ circuit, this preamp needs a 
dedicated ground connection point for 
the turntable ground lead.

The 1kHz distortion residual consist
ed mainly of low-level noise. Above 
11kHz, the output began to clip on the 
lower half-cycles, and was in hard clip
ping by 16kHz. This unit will have 
major problems with a 10mV phono 
cartridge, and will be screechy and dis
torted at high frequencies even with 
lower sensitivity cartridges.

The THD+N versus line output level 
at 1kHz is shown in Fig. 10B. The head
room was unchanged with the AC 
adapter, even though it provided more 
voltage (9.9V DC versus 9.1 for a fresh 
battery).

The input overload at 1% THD below 
2120Hz was marginal: 4.7mV at 20Hz 
and 50mV at 1kHz. The input overload 
was only 58mV at 20kHz.

The Tracertech website has detailed 
specifications for this preamp, al
though none came with the unit itself 
(Table 1). The preamp spec for THD is 
0.004%, whereas the data sheet for the 
KIA6225 IC lists it as 0.04% typical and 
0.25% maximum. The -65dB spec for 
preamp channel separation is the spec 
for the chip alone. Once you add pe
ripheral circuits and interconnections, 
crosstalk will naturally increase. Com
pare the specs in Table 1with the mea
sured data in Table 2.

TCC PREAMP
The TC-400 preamp maintains normal 
output polarity. According to the box, 
the input impedance is specified as a 
low 20k, but I measured 152k at 1kHz. 
Unlike the Radio Shack preamp, there
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is no discrete resistor at the input jack 
(my DMM read over 1M). I simulated 
the circuit with SPICE and got the 
same high input impedance. Output im
pedance was 995Q, again at 1kHz.

The output DC offset voltage was 
only 3mV. The 1.4mV output noise 
(-60dB) is equal parts 120Hz hum and 
noise. Gain at 1kHz, 10mV input was 
42.6dB. The RIAA accuracy, with a 
slope opposite all the other units, pretty 
much agreed with the Audio Precision 
graph on the box, as shown in Fig. 8B. 
Crosstalk at 10kHz measured -62dB in 
both directions.

The THD+N versus frequency (2mV/ 
cm/s input level) is shown in Fig. 9B. 
The 1kHz distortion residual consists of 
low-level 120Hz hum and noise. The dis
tortion below 100Hz was very high, in
creasing to 17% at 20Hz. Grounding the 
inverse RIAA network chassis to the 
preamp chassis made only a slight im
provement.

The THD+N versus line output level 
at 1kHz is shown in Fig. 10B. As the 
output voltage increases, the waveform 
becomes more and more triangular. 
The input overload points at 1% THD+N 
were too low: 3.3mV at 20Hz, 11.5mV at 
1kHz, and 63mV at 20kHz.

CONCLUSIONS
The discrete transistor circuit measure
ments were generally inferior to those of 
the op-amp units (the NAD 304 uses a 
discrete differential input stage). I would 
have to rate the Tech Link as unaccept
able because of its NAB EQ curve. The 
two kit units offer great value.

The Hagerman Bugle preamp uses 
very high quality op amps, and passive 
EQ. RIAA circuits with passive EQ may 
clip a bit at the high frequencies be
cause of the high gain required from 
the input stage, coupled with the rising 
cartridge output with frequency. By dis-
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tributing the gain over three stages, the 
Bugle avoids this problem. The PAiA 
unit is also nice for the audio hobbyist 
who can easily modify it to improve its 
basic EQ and gain performance.

The Parts Express preamp measures 
the best “out of the box” unit, and it ap
pears to have been well designed from 
the outset for its intended purpose. 
However, its gain is a bit on the low 
side. A little tweaking of the EQ parts 
values would make its RIAA error 
curve very flat.

Listening Critique
By John and Sandra Schubel

We listened to these seven budget- 
priced phono preamps, and compared 
them for sound quality, audible distor
tion, and background noise.

Our first observation is that the units 
from Hagerman, Tech Link, and Radio 
Shack are designed to operate off a 9V 
battery only. Our preference is that the 
preamplifiers be capable of AC opera
tion, so that you can turn them on and 
off with the control amplifier.

A second observation is that two of 
the units—the Hagerman and the 
PAiA—are not enclosed. The Hager
man unit is neatly constructed and is 
available completely assembled, but 
its printed circuit board is exposed on 
the bottom, requiring care in its use 
to avoid shorting out the circuits. The 
PAiA circuit board is provided as a 
kit, so you must install it in a case 
such as a GEM box and connect it to 
Line Out connectors and AC filter 
prior to use.

The remaining units, the MCM 
Model #40-630, Parts Express Rolls 
VP29, Tech Link TPA2, and TCC TC-400, 
are all enclosed in boxes of various 
shapes and sizes. The Tech Link TPA2 
has an added feature of an “AUX/ 
PHONO” switch. This could be conve
nient if it would otherwise be necessary 
to disconnect some other source from 
your AUX input in order to connect the 
phono preamp.

LISTENING TEST
We used a Sony PS-LS520 turntable 
equipped with a Pickering TL-2S car
tridge for the listening tests. We used 
the control amplifier and power amplifi- 
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er sections of a Sony STR-DA555-ES, 
and the Sony’s internal phono preamp 
as a reference. The speakers were a 
pair of NHT Model 1.3 speakers and 
NHT Model SW2 subwoofers.

We did the listening tests one audio 
selection at a time, because of the large 
number of preamplifier units to be re
viewed. Although we used Sony’s phono 
preamplifier as the reference, over time 
we were so pleased with the Hagerman 
that it became the benchmark for the 
others. We used a realistic sound pres
sure meter to assure that levels were 
consistent across all preamplifiers.

We did an initial screening of the 
preamplifiers using a direct-to-disk 
recording, Lincoln Mayorga & Distin
guished Colleagues Volume III, 
Sheffield Labs SL5/SL6. Two cuts on 
this record—“America” from West Side 
Story and “That Certain Feeling”—are 
clean and offer wide frequency re
sponse and percussive sounds.

We performed subsequent tests 
using these recordings:

“The Sea and Sinbad’s Ship” from 
Scheherazade (Rimsky-Korsakov), Lon
don SPC 21005, Leopold Stokowski and 
the London Symphony Orchestra.

“Surely He Has Borne Our Griefs” and 
“All We Like Sheep Have Gone Astray” 
from Messiah (Handel), L’oiseau-Lyre 
D189D3, Christopher Hogwood and the 
Academy of Ancient Music and the Choir 
of Christ Church Cathedral, Oxford.

The Moldau (Smetana), RCA Red Seal 
LSC-2471, Leopold Stokowski and the 
RCA Victor Symphony.

HAGERMAN BUGLE
The Hagerman unit had no audible 
noise or hum at both normal and ex
tended volume levels. The sound with 
“America” was not as bright as with the 
Sony, although cymbals and triangles 
were crisp. Instrument detail was excel
lent, and the listener was brought close 
to the soundstage. Particularly impres
sive was the detail given to the saxo
phone on the second track, “That Cer
tain Feeling.” The impression is that 
there is more midrange from the Hager
man than from the Sony.

Scheherazade sounded much clean
er on the Hagerman than on the Sony 
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preamp. The violins were exceptionally 
sweet and clear, as were the harp, cello, 
and woodwinds. Complex musical pas
sages were handled cleanly. You had 
the impression of being in the middle 
of the concert hall.

Handel was very clearly reproduced, 
with each section and solo voice clearly 
articulated. The violins and harpsi
chord were also clearly reproduced. 
The effect was as if you were there, 
singing in the choir loft.

The Moldau was slightly dull on this 
preamp. The triangles and piccolos 
were clear, the bass was full, and the vi
olins were clear except in the most 
complex passages. The sound was more 
like the back of the concert hall. You 
had to strain to pick out the clarinet in 
the opening measures of the piece. The 
tympani were well reproduced, as were 
the trumpets, yet the sound remained 
distant. It was difficult to place instru
ments on the soundstage.

PAiA (BATTERY)
The PAiA unit had no audible noise or 
hum at both normal and extended vol
ume levels. The sound with “America” 
was extremely bright, and sometimes 
harsh with horns. The guitars seemed 
out of balance with the other instru
ments. The first impression was that 
this preamplifier would tire the listener 
easily.

Scheherazade sounded brighter on 
the PAiA than on the Hagerman. The vi
olins and harpsichord stood out from 
the other instruments. The sound of the 
harpsichord was very pleasant, but the 
violins became strident as the score 
modulated higher and higher. The cello 
sounded somewhat tinny. The sound 
became muddied during loud complex 
passages.

Handel was unpleasantly bright on 
this preamp. The choir sections were 
not well defined. The violin and harpsi
chord were very bright. The treble choir 
was reproduced with great clarity, but it 
was “in your face.” Although the sound 
was bright, the listener did not get the 
sense of being close to the performers.

The flutes and clarinets, and the 
plucking of the violin at the beginning 
of The Moldau, made you feel that you 
were at the front of the audience, as did 
the striking of the cymbals. The bass 
was full and rich, and the violins stood
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out with clarity. It was easy to place the 
instruments on the soundstage, and 
there was no muddiness even in loud 
and complex passages.

Sometimes the sound became too 
bright, particularly with loud brass pas
sages. You believed that you were at the 
front of the concert hall. John liked lis
tening to this piece with this preampli
fier, although perhaps he would have 
reduced the volume below that which 
we had established as a reference for 
this test.

PAiA (AC ADAPTER)
The PAiA unit had no audible noise or 
hum with the AC adapter at either nor
mal or extended volume levels. The 
sound was indistinguishable from that 
experienced under battery power. The 
sound remained very bright, somewhat 
masking the percussion. Since there was 
no discernible difference in sound with 
the AC adapter, we decided to do the bal
ance of testing with battery power.

MCM
The MCM preamp is powered by 120 V 
AC, with the power supply internal to 
the preamplifier case. This preamplifier 
had significant hum. The power plug is 
polarized, so no attempt was made to 
reverse the polarity. The turntable was 
grounded at the Sony control amplifier, 
as there is no provision on the preamp 
for grounding the turntable.

The sound on “America” was less 
bright than the PAiA, and slightly 

brighter than the reference Sony. This 
preamp seemed to bring out the attack 
of the drums, and muddied the harpsi
chord. The raspiness of the saxophone 
on “That Certain Feeling” was very 
muddy.

The first thing we noticed when play
ing Scheherazade was that as soon as 
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sages. One interesting phenomenon 
when using this preamp was that touch
ing the controls on the amplifier or 
turntable sometimes produced a “pop,” 
and there was always a loud “pop” 
when the turntable set the needle down 
on the record.

Handel was pleasantly reproduced, if 
you ignored the constant hum and the 
loud “pop” as the needle set down on 
the record. The sections were clearly 
defined and well separated. Soloists 
stood out well from the chorus. This 
preamplifier produced a surprisingly 
clean playback of this selection . . . if it 
were not for that hum.

The listening test with The Moldau 
was inconclusive as low-level passages 
were masked by the hum of the pream
plifier. John set the flute entrance to 
60dB, which yielded a listening level of 
approximately 80dB for all but the loud
est passages. When he attempted to set 
this level for the MCM, the hum was as 
loud as the flutes, invalidating his set
ting. Giving it our best shot at level set
ting, the amplifier otherwise sounded 
fairly clean, but placed the listener at 
the back of the hall.

ROLLS VP29
The Rolls preamp is powered by a 12V 
DC transformer supplied by the manu
facturer. This preamp had no audible 
hum or buzz at normal or elevated lis
tening levels. When the volume was ad
vanced on the Sony’s control amplifier, 
it consistently tripped the unit’s protec
tion circuitry, shutting down the ampli
fier. This happened both with the 
turntable grounded at the receiver and 
at the preamplifier.

This preamplifier had a distant 
sound, and lacked clarity in either the 
midrange or the high end. We could 
not attribute it to lack of high-frequency 
response, although the high end was 
subdued. In general, the performance 
of “America” and “That Certain Feel
ing” sounded distant and unpleasant. 
Instruments lacked clarity.

We reconnected the preamplifier the 
next day, intent on setting levels with 
the realistic sound-level meter, and 
then playing Scheherazade. Before we 
could adjust the level, we heard a puls
ing buzz from the amplifier, consisting 
of two buzz pulses one second apart, 
and then two seconds of silence before
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the two buzz pulses repeated. We lis
tened to this for about 15 seconds and 
shut down the preamplifier. We tried 
no further testing on this unit in defer
ence to the Sony and the speakers.

We contacted the distributor of this 
preamplifier, and they provided a second 
sample, which also consistently tripped 
the Sony’s protection circuitry when we 
advanced the volume. This second sam
ple also produced no buzz or hum until 
just before the Sony’s protection circuit 
activated. As the volume was advanced, 
we suddenly heard a buzz, followed al
most immediately by the amplifier shut
ting down and the word “Protection” ap
pearing across the amplifier’s display.

We repeated the listening test with 
“America” and “That Certain Feeling” 
and again thought the preamplifier had 
a distant sound. What was really notice
able was the difference in gain be
tween, for example, the Hagerman pre
amplifier and the VP29, with the VP29 
requiring approximately 11dB more 
gain from the Sony to produce the 
same listening level. John took the real
istic sound-level meter and noted that 
we preferred a listening level of, on av
erage, 82dB. To maintain this level with 
the VP29, we needed to crank up the 
level to near where the amplifier protec
tion circuit activated.

Curious about how much we could in
crease the listening level, we risked fate 
just one more time and cranked up the 
volume. The protection circuitry activat
ed at approximately 8dB above the refer
ence volume level. We backed the vol
ume down slightly, turned the amplifier 
back on, and verified that the average 
listening level was now around 90dB. 
We also noted that when we stopped the 
record, we could now hear a pulsing 
buzz similar to that which we experi
enced with the first sample.

We backed the volume down to the 
reference level and listened to 
Scheherazade. The violins sounded 
brittle, lacking the warmth experi
enced when listening with the Hager
man preamplifier. When the harp en
tered, we sensed that the recording of 
harp and violin was made in a room 
with metal walls. The full orchestra 
did not fare better, sounding distant 
and tinny. Loud passages sounded 
shrill and distorted.

The Moldau also gave the impres-

www.audioXpress.com 

sion that the orchestra was far away. It 
was difficult to place instruments on 
the soundstage, and we needed to 
strain to pick out individual instru
ments, which at times sounded shrill, 
yet high-frequency percussive sounds 
such as triangles did not stand out.

Handel also sounded distant on this 
preamplifier. The choir fared well, as 
did soloists. It just sounded as though 
we were at the back of the church. The 
instruments were muted to the point 
where the choir dominated the sound. 
We knew there was a harpsichord in 
there, but we had to hunt for it.

TECH LINK
The Tech Link preamplifier sounded 
very clean and slightly bright when 
playing “America.” It produced no audi
ble hum at normal listening levels, or at 
extended listening levels. It gave the lis
tener the impression of being very 
close to the performers, but the sound 
was sufficiently clean that the bright
ness was not objectionable.

Instruments were well defined and 
separated. The harpsichord was very 
clean, and the saxophone sound in 
“That Certain Feeling” was similar to 
that produced by the Hagerman. Trum
pets were very cleanly presented. Cym
bals were very crisply presented, bor
dering on harsh.

Scheherazade on the Tech Link was 
very bright, and the violin and harpsi
chord stood out from the other instru
ments. The violins overpowered the 
other instruments on loud and complex 
passages. Most instruments in the or
chestra—when they had the chance 
during quiet passages—were clearly de
fined. We thought we were sitting in 
the violin section. The sound was very 
clean, but the overemphasis of brass 
and violins grew tiring.

Handel was very bright, but all sec
tions were cleanly reproduced. Violins 
and harpsichord stood out clearly. You 
had the feeling that you were in the 
front row. Sections were well defined 
and separated.

The choir tended to overpower the in
struments. Sandra thought that the 
voices tended to morph into instru
ments and be flat, not dimensional. 
John normally loves the front row, but 
for this performance it was a little too 
close. Reducing the listening level
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would have made this as pleasant to lis
ten to as the Hagerman.

The Moldau was also very bright. San
dra found it to be “edgy.” This was OK 
with John on the opening passages, as it 
made the violins, triangle, and wind in
struments stand out with clarity.

Later in the piece, it caused the vio
lins and triangle to become overbearing, 
out of balance with the remainder of the 
orchestra. The sound never became ca
cophonous, just too bright. It was diffi
cult to place the listener in the hall.

RADIO SHACK
The Radio Shack unit produced no audi
ble hum or hiss at normal or elevated lis
tening levels. Playing “America” on this 
unit produced a more distant sound 
than the Sony, Tech Link, or Hagerman, 
and seemed to lack definition. The kick 
drum did not thump with authority, and 
the cymbals and triangle did not seem 
as bright. John rechecked his levels to 
be sure that this phenomenon was not 
caused by reduced listening levels, and 
found them to be correct.

Scheherazade was very listenable on 
the Radio Shack preamp. When indi
vidual instruments played solos, they 
stood out well. Violins and harpsichord 
were cleanly reproduced, as was the 
cello. Woodwinds did not stand out 
with their distinctive personalities. The 
instruments were not well defined dur
ing loud passages, but the effect was 
more of being further back in the hall, 
as opposed to being muddy.

Listening to Handel, the violins and 
harpsichord were well reproduced, but 
the organ sounded tinny. The choir sec
tions and soloists were cleanly repro
duced. We sensed the reverberations in 
the hall. As such, individual sections 
did not stand out, although the sound 
never became muddy. All and all, it was 

From the developers of IMP and Liberty Audiosuite...
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what you might expect if you were seat
ed in the middle of church.

Our initial impression of The Moldau 
was that the performance was quieter 
than with other preamps, even though 
the level was set using the sound-level 
meter. The plucking of the violins dur
ing the opening measures was not 

All in a single, state of the art device.

FEATURES - PERFORMANCE - SPECIFICATIONS
■ Ultrafast transient response, for stunning transparency
■ Linear Phase response, for time coherent reproduction 
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crisp, and John believed it was difficult 
to identify whether the accompanying 
instruments were flutes or clarinets. 
Sandra, on the other hand, particularly 
liked the sound of the flautist’s breath 
across the mouthpiece.

Once the full orchestra came in, the 
bass was solid and full, and the general 
balance of the orchestra was excellent. 
The sound seemed brighter than with 
the Hagerman but less so than with the 
PAiA. Still, instrument detail was miss
ing. The oboe, for instance, did not have 
its characteristic overtones.

TCC TC-400
The TCC unit produced no audible hum 
or hiss at normal listening levels. We 
could hear a slight hum with the Sony 
turned to full volume. The turntable 
was grounded to the Sony, because 
there was no provision on the preampli
fier for local grounding. This unit pro
duced a sound akin to the Hagerman 
when playing “America.” The sound 
was very clean, and the kick drum was 
struck with more authority than on 
other preamplifiers.

The sound was full across the sound 
spectrum, and instruments were well 
balanced. The saxophone seemed 
slightly subdued in “That Certain Feel
ing.” The listener seemed to be placed 
near the performers, although not as 
close as with the Tech Link. Out of cu
riosity, I compared the Hagerman di
rectly against the TCC, and confirmed 
that the TCC appeared to have more 
emphasis at the very low bass.

Since this phenomenon had not 
shown up on other preamps, John did a 
little experiment with an old Theatre 
Organ recording. The test vehicle was a 
recording of “It’s Almost Like Being in 
Love” (Lerner and Loewe) on the Para
mount Theatre (New York) organ imme
diately before the organ was packed up 
and the building torn down (Command 
RS 881 SD, Showtime, Ashley Miller, or
ganist). The Sony and Hagerman pre
amps sounded very similar on this 
recording, but the TCC was significant-

Sure we have middlemen. 
FedEx & UPS, to name a couple. 
wwwAUDIOGON.com 
HIGH END AUDIO MARKETPLACE 

ly heavier in the low bass.
Scheherazade had a warmer sound 

than with the Hagerman. Violins did not 
sound as sweet, and the cello sounded 
tinny. Individual instruments did not 
stand out with clarity in loud, complex 
passages. The sound placed the listener 
farther back in the audience. On occa
sion the sound seemed slightly harsh, 
and the bass clarinet lost its tone.

Handel seemed to lack clarity. The 
sections of the choir seemed to blend 
together and lose their individual per
sonalities. The cello was obtrusively 
loud, and the harpsichord sometimes 
became lost behind the chorus. We 
found ourselves straining to hear the 
sections with the same clarity that we 
heard from some of the other preampli
fiers, particularly the Hagerman. The 
reverberation of the hall was muddy. 
The performance was unremarkable 
when played on this preamp.

Listening to The Moldau, this pre
amp initially sounded slightly bright, as 
the triangles and violins seemed to 
stand out. We could clearly identify the 
flutes and clarinet. As for the sound
stage, we thought we were in the mid
dle of the hall. Once the bass began to 
play, the spell was broken. The bass 
was too loud and heavy, which damp
ened our enthusiasm for an otherwise 
enjoyable listening experience.

CONCLUSION
The clear winner from this assortment 
was the Hagerman preamplifier. Its per
formance was consistent across all 
recordings. John’s second choice in 
this group was the Tech Link, although 
he would depend on the control ampli
fier to tone down the treble. Sandra 
would go with the Radio Shack unit as 
her second choice, because she found 
the Tech Link too bright.

The next two on our list were about on 
par, each with its own personality. The 
PAiA is too bright in the treble range, 
and the TCC accentuates the low bass.

The remaining two units—the MCM 
and Parts Express—were unacceptable. 
The hum on the MCM would make it un
usable, especially for copying your 
record collection to CD. The Parts Ex
press units consistently tripped the pro
tection circuitry of the Sony amplifier.

Now the hard question is for which 
one from this group of seven would we 

www.audioXpress.com

spend our money? If your use is occa
sional, the Radio Shack unit is hard to 
beat as a compromise of performance, 
price, and availability. If you play your 
records regularly, the nicely packaged 
and AC-powered Tech Link is a good 
choice. If your objective is to copy your 
prized record collection to CD, and nei
ther the open circuit board nor battery 
operation is an issue, the Hagerman 
Bugle is the one. ❖

Manufacturer's Response:

Thank you for the informative and timely ar
ticle on budget phono stages. Just to make 
sure there is no confusion on pricing, the 
Bugle "half-kit” is only $25. A completed 
unit runs about $50 in total parts.

Regarding RIAA response, that rise in Bugle 
response above 10kHz is intentional. It is to 
compensate for the 50kHz turnover which 
most products ignore. In fact, I believe the par
ticular inverse filter used in testing is incom
plete by omission. This is all explained in my 
Audio Electronics 3/99 article "On Reference 
RIAA Networks” (filter available at www. 
hagtech.com). So as I test the Bugle, RIAA re

sponse is ruler-flat across the audio band. I 
would not hesitate to claim it as the most accu
rate of any production phono stage, indepen
dent of price. Square-wave performance is phe
nomenal. The 1% resistors and 2% polypropy
lene capacitors guarantee consistency.

Similarly, I expect the small bumps in the 
distortion curves are the result of difficult test 
conditions. The dip at 60Hz is probably due to 
the analyzer's notch and the peak at 120Hz 
from a stray instrument hum. The Bugle itself 
is inherently immune from hum as it is pow
ered from batteries. Nevertheless, strong AC 
fields in close proximity can couple into the 
unshielded circuity.

I am honored by the comments "over 
time we were so pleased with the Hagerman 
that it became the benchmark for the oth
ers” and "the clear winner from this assort
ment was the Hagerman preamplifier. ” I 
designed the Bugle as a statement piece 
not to compete with other budget ampli
fiers, but against far more expensive units. 
Many happy customers confirm that it 
achieves true audiophile quality. ❖

Jim Hagerman
Hagerman Technology LLC
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Testing the 
SEAS Froy Mk3
By Joseph DAppolito and Dennis Colin

A
ccording to the SEAS web
site (www.seas.no), the Froy 
(Mk3) kit is an improved 
version of the original Froy kit. It 
uses SEAS’ latest drivers from the 
EXCEL line. The kit employs two 

W15CY001 15cm magnesium cone 
woofers with one EXCEL T25CF002 
Millennium tweeter in my MTM 
configuration. Ed Dell built the two 
Froy (Mk3) loudspeakers tested 
here. (March ’03, p. 60)

I ran a series of impedance, fre
quency response, polar response, 
and distortion tests on the Froy 
(Mk3). Figure 1 is a plot of system 
impedance magnitude. At low fre
quencies the plot displays the 
double-peaked curve typical of 
vented systems. The impedance 
minimum of 3.74ft at 54.2Hz indi
cates the vented-box tuning fre
quency (fB). There is a second im
pedance minimum in the low- 
frequency range of 3.2ft at 210Hz. 
Impedance phase angles range 
from +34° to -43°. I would rate 
this a 4ft speaker.

FREQUENCY RESPONSE
Figure 2 shows the full-range fre
quency response of one Froy 
(Mk3). This response is obtained 
as a combination of the far-field 
quasi-anechoic response and prop
erly summed near-field woofer and 
near-field port responses. I placed 
the microphone along the tweeter 
axis at a distance of 1.25m to pro
duce the far-field response. The 
near- and far-field responses were 
then spliced together at 200Hz to 
produce the full-range response1. 
The response data is 0.1 octave 
smoothed.

In the octave between 500Hz 
and 1kHz, sensitivity averages 
87.6dB SPL/2.83V/1m. This is 
only 0.4dB less than the 88dB 
SEAS claims and well within 
acoustic measurement accuracy. 
Relative to the 87.6dB level, re
sponse varies by +2.1dB and 
-1.2dB over the range of 200Hz to 
20kHz. The +2.1dB point occurs in 
the tweeter’s response range at 
about 4.5kHz. The -3dB low- 
frequency point is 72Hz.

The rather poor low-frequency 
extension is surprising. A quick 
analysis in LEAP shows these 
woofers capable of an f3 of 55Hz in 
a QB3 alignment with a 12 ltr box 
tuned to 43Hz. Contrast this with 
the measured fB of 54.2Hz. (The 
second sample measures even high
er at 56Hz.) SEAS claims a low- 
frequency response to 40Hz, but no 
limits are given on this figure. SEAS’ 
own plot shows the Froy down 
about 14dB at 40Hz when measured 
in their anechoic chamber.

The Froy (Mk3) impedance curve 
given on the SEAS website shows 
an impedance minimum of about 
47Hz. A quick glance at the Froy 
plans shows that Editor Dell has 
reproduced the enclosures accu
rately, which leaves the discrepan
cies in fB unexplained.

Figure 3 plots system and indi
vidual driver responses between 
200Hz and 20kHz. This plot shows 
the crossover frequency for this 
sample to occur at 2061Hz, some
what below the 2200Hz claimed in 
the SEAS literature. Notice the 
woofer pair response peak at 
8.24kHz. SEAS claims the woofer 
peak is suppressed in the crossover 

with a series LC network in parallel 
with the woofers. However, exami
nation of the crossover schematic 
on the website shows a Zobel 
across the woofer terminals, which 
negates the effect of the shunt. 
More on this later.

WOOFER/TWEETER 
TIMING
The Froy (Mk3) step response is 
plotted in Fig. 4, which shows two 
separate arrivals of acoustic ener
gy. The initial sharper positive 
spike is the tweeter arrival. It is 
followed by the woofer arrival, be
ginning about 0.2ms later. Al
though not shown, a detailed ex
amination of the excess group 
delay plot1 shows the woofer pair 
to be 200ps (0.2ms) behind the 
tweeter. Although all drivers are 
connected with positive polarity, 
the system is not time-coherent.

CUMULATIVE SPECTRAL 
DECAY
The Froy (Mk3) cumulative spec
tral decay (CSD) response is pre
sented in Fig. 5A. This waterfall 
plot shows the frequency content 
of the system response following a 
sharp impulsive input at time 
zero. On the CSD plot, frequency 
increases from left to right and 
time moves forward from the rear. 
Each slice represents a 0.11ms in
crement of time. The total vertical 
scale covers a 30dB dynamic range.

Ideally the response should 
decay to zero instantaneously. Iner
tia and stored energy that take a fi
nite amount of time to die away, 
however, characterize real loud
speakers. A prominent ridge parallel 

to the time axis indicates the pres
ence of a strong system resonance.

The first time slice in Fig. 5A 
(0.00ms) represents the system 
frequency response. The major 
decay response above 3kHz falls 
30dB in 0.8ms. However, there is a 
fair amount of “hash” beyond this 
point. In particular, there is a 
ridge at 8.2kHz extending out be
yond 3ms. This result is at first 
surprising since the EXCEL Millen
nium tweeter does not display this 
poor decay response in the THOR 
transmission line2.

Figure 5B gives the source of this 
hash. This plot of woofer pair re
sponse without smoothing shows a 
strong response peak at 8.2kHz fol
lowed by successively smaller peaks 
at 10.8, 13, 15.7, and 18.5kHz. 
These are the higher frequency 
breakup modes of the EXCEL woofer 
cones. The major peak is only 13dB 
below the full system response. Fig
ure 5C, a CSD of the woofer pair, 
shows these modes clearly.

Returning to Fig. 3, you see that 
the woofer pair response falls off 
only 9dB in the octave above 
crossover and the primary woofer 
breakup peak is not suppressed. 
Contrast this with Fig. 14 in refer
ence 2, where response falls off 
15dB in the first octave above 
crossover and the primary woofer 
peak is fully suppressed. Careful 
listening will determine what, if 
any, effect the untamed woofer 
modes have on sound quality.

The low-frequency decay is 
rather rich in frequency content 
and extends out to about 4ms. 
This is fairly typical of vented 
loudspeakers.
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HORIZONTAL POLAR 
RESPONSE
Horizontal polar response is exam
ined in Figs. 6 and 7. Figure 6 is a 
waterfall plot of horizontal polar re
sponse in 10° increments from 60° 
right (+60°) to 60° left (-60°) 
when facing the speaker. All off- 
axis plots are referenced to the on- 
axis response, which appears as a 
straight line at 0.00°. For this rea
son, the plotted curves show the 
change in response as you move off- 
axis. For good stereo imaging the 
off-axis curves should be smooth 
replicas of the on-axis response 
with the possible exception of some 
tweeter rolloff at higher frequencies 
and larger off-axis angles.

Within ±30° the off-axis curves 
are indeed fairly smooth replicas 

of the on-axis response. The -3dB 
coverage at 15kHz is ±25°, which 
is typical of 25mm dome tweeters. 
The 60° curve shows the transi
tion from the woofer pair to the 
tweeter.

At 1.6kHz, response is down 
6.7dB relative to the on-axis re
sponse. This is due to the woofer 
pair directivity at that frequency. 
At 2.6kHz, however, the 60° off- 
axis response is down only 2.4dB, 
because the system output has 
transitioned from the woofer pair 
to the tweeter. The response at 
large off-axis angles is typical of 
two-way systems.

The average response over a 60° 
horizontal window (±30°) in the 
forward direction is a good approx
imation of the way a speaker will 

sound in a typical listening envi
ronment (Fig. 7). This response is 
within 1dB of the on-axis response 
out to 10kHz and is only 2dB down 
at 15kHz. This is excellent hori
zontal performance and suggests 
good direct field coverage in the 
primary listening area with little 
change in spectral balance with 
changing position. Image stability 
should be very good.

VERTICAL POLAR 
RESPONSE
Figure 8 is the waterfall plot of 
vertical polar response. Responses 
are shown in 5° increments from 
25° below (-25°) the tweeter axis 
to 25° above it. Off-axis responses 
out to ±10° track the on-axis re
sponse with little error.

As angles approach 20° and 
more, deep symmetric notches de
velop just below 2kHz. This perfor
mance is typical of the MTM geom
etry, and is actually one of its 
major advantages. This vertical 
off-axis response greatly reduces 
floor and ceiling bounces that 
tend to confuse imaging.

Figure 9 plots the average vertical 
polar response over a ±10° window. 
This average tracks the on-axis re
sponse within 1dB out to 10kHz 
and is down only 1.6dB at 15kHz.

HARMONIC DISTORTION
I ran harmonic distortion tests at 
an average level of 90dB SPL. Ide
ally, harmonic distortion tests 
should be run in an anechoic envi
ronment. In practice, it is impor-

CRITIQUE
■ Reviewed by Dennis Colin

I judge the Froy speakers to be very good except for 
two factors: (1) thin-sounding bass and (2) a mild 
but “brassy” emphasis around 3-4kHz. The latter 
was not noticeable on all material. But on horns and 
strings, and sometimes on a well-recorded powerful 
voice, I heard some roughness or congestion, best 
describable as not so much frequency emphasis, but 
rather some harshness with confusion of detail in 
the upper midrange.

To put this into perspective, the overall sonic natu
ralness was about 80% of the way from the Adire 
speaker (which I highly criticized) to the THOR (which I 
thought second to none in tonal quality). On much ma
terial the Froys sounded very good. And on all material, 
the highest treble smoothness and general low-mid- 
high balance were excellent.

Regarding image focus, soundstage realism, and 
spatial reproduction, these were outstanding, perhaps 
as good as the THOR (or at least very close).

SPECIFIC IMPRESSIONS
Turtle Creek Chorale—Voice very good, not quite as 
natural as with THOR; bass sounded thin but not 
colored.
A Chorus Line—Somewhat thin, upper mids slightly 
“brassy,” still good-sounding overall. Estimated 
bass extension to 60Hz.
Jacintha—Here, the voice midrange sounded natur
al, but highs somewhat sibilant (roughness on “S” 
sounds).
Carmen, Percussion Fantasia—Bells excellent, 
super image focus and stereo staging; perceived 
some emphasis around 3-4kHz (est.).
Carmen Ballet—Good, neutral tonality throughout. 
Beethoven Pastoral—Good, but bass was too thin. 
Chopin—Excellent piano rendition and presence.

COMMENTS ON MEASUREMENTS
Figure 2—The LF -3dB point of 72Hz explains the thin 
bass perfectly well. The mild peak at 4.5kHz might ex
plain the emphasis heard (I had estimated 3-4kHz).

Figure 5A—Joe mentioned the ridge at 8.2kHz. This 
explains the sibilance on Jacintha’s HF-rich voice. But I 
didn’t notice this on other material. Rather, I think the 
pronounced long-decay ridge around 3kHz was what 
bothered me the most, more so than the mild 4.5kHz 
peak on the first-arrival frequency response (0ms top 
of waterfall, all Fig. 2). The former 3kHz “hashiness” of 
decay would be the most likely contributor, I think, for 
the upper-mid roughness or congestion I heard. Such a 
decay pattern would also likely obscure fine details.

Figure 5B—The woofers’ 8.2kHz resonance, even 
though largely obscured on Fig. 2 by the crossover to 
tweeter, nevertheless was sometimes audible.

Figure 5C—Surprising here is the absence of the 
3kHz ridge from the combined waterfall of Fig. 5A. If 
the long 3kHz decay isn’t from the woofer, and most 
likely not from the excellent Millennium tweeter, where 
does it come from?

My guess is (by process of elimination) that the 
crossover is causing some ringing 
(undamped resonance). While not 
evident in the overall frequency re
sponse, Fig. 4 (step response) might 
provide a clue. Notice from 3.4ms 
on the time axis to 4.2ms a small 
but nearly periodic wiggle, with 
cycle peaks around 3.4, 3.75, and 
4.1ms. With a cycle period around 
0.35ms, my alleged ringing fre
quency would be about 2.9kHz, 
close enough to the approximate 
3kHz prominent ridge on Fig. 5A.

Or perhaps the tweeter LF rolloff 
area around 3kHz (Fig. 3), where you 
see a mild but fast 2.5kHz peak-to- 
2.9kHz dip transition, represents (I 
further speculate) a lack of tweeter 
damping by, say, too high a driving 
impedance at this frequency range.

Figure 6—This smooth, well-be
haved polar rolloff is consistent with 
the excellent imaging and sound
field reproduction.

SONIC CHARACTERISTICS RATINGS

Presence
Freedom From Distortion 

Frequency Response 
Smoothness

L-H-M Balance
Treble Quality 

Midrange Quality

Bass Quality
Bass Extension 

Immediacy & Transient 
Response 

Image Focus 

Stereo Soundstage 
Realism

Ambience

Figure 7—Smooth overall. However, while the peak 
at 4kHz is small in dB value, you see a noticeable 
“corner-like” effect. In my experience, such slope
changing effects are audible.

RETROSPECT
I must reiterate that despite my having fun playing 
detective, the colorations noted were small on most 
material, and unnoticeable on some. The Froys are in 
most aspects excellent speakers. I believe that, con
sidering the identical tweeter and similar woofers (to 
the THOR speaker), the Froy anomalies are crossover
related.

I think the moral of this story is: If you want the best 
possible crossover, have Joe design it. I hope he re
ceives permission from SEAS to do just that here; if so, 
I look forward to auditioning the result. But even as it 
is, the Froy (Mk3) speakers are very good; the SEAS’ 
drivers are probably among the world’s best.
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tant to minimize reflections at the 
microphone during these tests. 
Out-of-phase reflections can pro

duce false readings by reducing 
the level of the fundamental while 
boosting the amplitude of a har

monic. In order to reduce the im
pact of reflections, I placed the mi
crophone at 0.5m from the loud

speaker and gated response to 
largely eliminate later reflections.

Second and third harmonic dis-

FIGURE 2: Froy (Mk3) full-range frequency response. FIGURE 4: Froy (Mk3) step response.
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tortions at 50Hz and 90dB SPL 
were 5.4% and 5.0%, respectively. 
50Hz lies below f^ and 90dB SPL 
places quite a demand on these 

small woofers. However, all har
monic distortion falls below 1% 
above 100Hz, which is a very good 
result.

INTERMODULATION 
DISTORTION
I measured intermodulation dis
tortion next. In this test two fre

quencies are input to the speaker. 
Intermodulation distortion pro
duces output frequencies that are 
not harmonically related to the

FIGURE 5B: Froy (Mk3) woofer pair response.
FIGURE 8: Froy vertical polar response waterfall.

FIGURE SC: Froy (Mk3) woofer pair CSD.

Sensitivity Mag - dB SPL/uiatt (8 ohms. 01.Z0 meters! (0.1? oct)

FIGURE 9: Froy (Mk3) average vertical response ±10°.

log Frequency - Hz B-2203-9

FIGURE 6: Froy (Mk3) horizontal polar response waterfall.

Transfer Function Mag - dB uolts/volts (0.17 oct)

FIGURE 10: Froy (Mk3) sample response difference (#2-#1).

log Frequency - Hz
B-2203-10
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input. These frequencies are much 
more audible and annoying than 
harmonic distortion.

Let the symbols f1 and f2 repre
sent the two frequencies used in 
the test. Then a second-order non
linearity will produce intermods at 
frequencies of f1 ± f2. A third-order 
nonlinearity generates intermods 
at 2f1 ± f2 and f1 ± 2f2.

I examined woofer intermods 
first by inputting 400Hz and 
550Hz signals at equal levels. 
These frequencies should appear 
predominantly in the woofer out
put. Total SPL with the two signals 
was adjusted to 90dB at 1m. Sig
nificant woofer IM products ap
peared at 950, 1350, and 1500Hz. 
However, the overall level was only 
0.09%, an excellent result.

I measured tweeter intermods 
with a 9kHz and 10kHz input pair

A NOTE ON TESTING:
The Froy (Mk3)s were tested in the lab
oratories of Audio and Acoustics, Ltd. 
using the MLSSA and CLIO PC-based 
acoustic data acquisition and analysis 
systems. Acoustic data was measured 
with an ACO 7016 %" laboratory-grade 
condenser microphone and a custom- 
designed wideband, low-noise preamp. 
Polar response tests were performed 
with a computer-controlled OUTLINE 
turntable on loan from the Old Colony 
Division of Audio Amateur Corporation.

REFERENCES
1. J. D’Appolito, Testing Loudspeakers, 
Audio Amateur Corporation, Peterbor
ough, NH, 1998.

2. J. D’Appolito, “THOR: A D’Appolito 
Transmission Line,” audioXpress, May 
2002, pp. 8-26. 

adjusted to produce an 87dB SPL 
at 1m. Because steady tones are 
used in the IM test, I thought it 
safer to use a lower power level to 
prevent possible tweeter damage. 
The major IM product occurred at 
12kHz. However, total distortion 
was only 0.07%, a very good re
sult for tweeters.

The last IM test examines cross
intermodulation distortion be
tween the woofer and tweeter 
using frequencies of 900Hz and 
10kHz. Ideally, the crossover 
should prevent high-frequency en
ergy from entering the woofer and 
low-frequency energy from enter
ing the tweeter. IMD products ap
peared at 8.2, 9.1, and 10.9kHz at 
an overall level of 0.05%. This is a 
very good result and indicates 
good inter driver isolation by the 
crossover.

SPEAKER MATCHING
All of the test results reported so 
far were obtained from a single 
sample. Now look at how well the 
two speakers match in frequency 
response (Fig. 10). The two Froy 
(Mk3) samples match quite well. 
The second system is within 
±1.3dB of the first out to 15kHz. 
This bodes well for image stability.

CLOSING REMARKS
Many of the points raised in the 
test review may seem less than 
complimentary to the Froy (Mk3). 
I mentioned them only to high
light some of the subtleties that 

you can encounter in loudspeaker 
testing. On balance, the results 
reported here in the areas of fre
quency response, polar response, 
and distortion are very good. I 
suspect that auditioners will be 
very impressed with the Froys.

Manufacturer's Response:

Our sincerest thanks to Joe D'Ap
polito, Dennis Colin, and Ed Dell 
for their excellent in-depth review 
of the SEAS Frey Mk. III kit. Me 
are generally in agreement re
garding Joe's measurements and 
Dennis' listening evaluations, but 
there are a couple of points we 
would like to address.

Joe points to a discrepancy be
tween the cabinet tuning frequen
cy of the test samples compared 
with the Froys that were built and 
measured at SEAS. Me, too, are 
puzzled by his results, as the fB 
of his systems were indeed 7
10Hz higher than ours. About the 
only thing we can point to is the 
possibility that the port slot open
ings in Ed's cabinets are slightly 
smaller than specified. This is 
quite critical, because even a very 
small change in the height of the 
slot will have a significant impact 
on the area of the port.

We also agree with Joe that 
the W15 CYOOVs 8.2kHz reso
nance peak could have been bet
ter suppressed by the crossover's 
notch filter Thankfully, this peak 
is at a rather high frequency and 

is still sufficiently down in level 
to have minimal impact on the 
frequency response and distor
tion measurements of the sys
tem. Still, we will revisit the 
crossover design in the future to 
see whether this aspect can be 
further improved.

Regarding Dennis Colin's lis
tening critique, he faults the Froy 
in two areas: bass extension and 
a mild emphasis around 3-4kHz. 
Me believe the two are related. 
While the overall balance of the 
Froy is basically flat, the lack of 
deep bass response will cause 
the system's perceived balance 
to be shifted more towards the 
upper end of the spectrum; i.e., 
it will sound a little bit bright. 
Additionally when comparing the 
horizontal dispersion characteris
tics of the THOR with those of 
the Froy, you will find that the 
Froys smaller woofers are capa
ble of generating considerably 
more energy off-axis in the pres
ence region than those of the 
THOR. The audible result of 
this—especially in rooms that are 
somewhat live—will be an in
creased perception of upper 
midrange/ower treble energy. ❖

John Stone 
SEAS USA

EDITOR’S NOTE:
A careful measure of the ports in the 
Froy cabinets confirms that they are ex
actly as specified, one-half inch between 
the two panels, contrary to SEAS man
ager John Stone’s comment.

MANGER Bending wave transducer
"Natural accuracy"

low mid-range mid-range low
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Xpress Mail

NEW/OLD TECHNOLOGY
It is with some interest that I read 
your recent article, “Vacuum Tubes 

Born Again in Nanotube MEMS” (Nov. 
’02 aX, p. 46). It seems that it’s an exam
ple of the old saw, “If it’s in print, it 
must be true.” I’d just like to point out a 
couple of instances of misleading or 
missing information, or the dreaded 
“proof by assertion.”

Let’s just look at the first sentence,

“Ever since the transistor was invented, 
engineers have lamented the slow, 
steady demise of the vacuum tube.”

Really? This is a universal feeling 
among engineers? One can, with a 
statement like this, imagine the engi
neers at Intel sitting around their CAD 
stations, depressed because they really 
want to retool the upcoming Pentium-6 
as an all-triode chip. And those poor en
gineers at Crystal, such a blue funk 
must rule their professional lives be
cause they are unable to make their 
D/A and A/D converters using transis
tors. Why, they probably hold a weekly 
service, “In Lamentation of the Depart
ed Hollow State.” How much better a 
256 times over-sampled A/D converter 
would be with tubes. Ah, the good old 
days.

Well, enough of that. Let’s look at a 
statement a few paragraphs later:

“. . . vacuum tubes simplify circuit de
sign because they are true amplifiers 
all by themselves.”

Part of this statement is true: yes, they 
are amplifying elements all by them
selves. But the inference that the au
thor apparently wants us to make—that 
transistors are not amplifying 
devices—is patently wrong. The author 
simply should know better and—writ- 
ing for an industry electronic publica
tion—should well know the difference 
between voltage-controlled current 
sources, current-controlled current 
sources, and the like, and should not
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assume one means “amplifier” and an
other does not. If, on the other hand, 
this is the view held by Mr. Zhu, the 
spokesman for the company, the au
thor still should accept and exercise 
the responsibility for accurate report
ing of technical points in a technical 
journal.

Another technical assertion made by 
Mr. Zhu is, well, curious:

“Even today, our transistor circuits are 
only about 5 percent efficient.”
“. . . engineers could downsize their 
solid-state equipment into smaller vacu
um-tube-inspired designs that are 20 
percent efficient.”

This is patently and absurdly incorrect. I 
would challenge Mr. Zhu to directly pro
duce evidence to support this assertion.

Assuming that Mr. Zhu is using any 
conventionally accepted definition of 
the word “efficiency”—that is, the ratio 
of power out to power in—he has at 
once completely contradicted the exis
tence of millions upon millions of both 
transistor and tube amplifiers biased 
into class AB operation that are run
ning at 40% efficiency. And his state
ment further ignores the fact that vacu
um tube circuitry is not well suited for 
low impedance applications, and thus 
incurs the additional efficiency losses 
of prerequisite impedance matching 
devices such as transformers, not to 
mention the further filament power re
quirements. (Ignoring those last ele
ments, there’s not the slightest bit of 
data—be it theoretical or empirical—to 
suggest that there are any substantive 
differences in the efficiencies of two 
otherwise similarly biased amplifiers, 
one using solid state, one using vacu
um tube technology.)

Now, there are certainly reasons for 
using vacuum-tube implementations 
that are driven by technological re
quirements. For example, many of the 
high-power RF components used in 
space vehicles are vacuum-tube-based, 
simply because they are far more resis-

www.audioXpress.com 

tant to the rigors imposed by the high
radiation environment of space.

But “efficiency?” Unless Mr. Zhu has 
coopted the definition of efficiency to 
mean something heretofore unheard of, 
his assertion quoted in the article is 
wrong.

As I mentioned at the outset, these 
assertions will, quite unfortunately, end 
up taking on a life of their own, 
whether they are technically valid or 
not. In an industry that already has 
more than its fair share of hokum, leg
end, and mythology, more of the same 
is needed like yet another hole in 
audio’s too-porous head.

Dick Pierce
Hanover, Mass.

HIGH GM POWER TUBES
Since I have an adequate supply of 
high gm tubes obtained at 50 cents 

per from AES tube sale flyers, I can let 
the ignorant in on my little secret. 
6KV8s and their ilk are generally high- 
mu triode-pentode combos; with the 
pentode being the interesting portion.

Also, of course, they are high-quality 
American tubes manufactured by RCA, 
Sylvania, or GE. These frame-grid beau
ties were designed as IF strip amps for 
TVs, so they are very linear and provide 
20k ^mho gm at 40mA. Power dissipa
tion on the pentode section is around 
3-4W. (Yes, I prefer to use the original 
American nomenclature as seen in the 
tube manuals, thank you very much!)

These tubes are very linear, and they 
make great cathode-follower drivers for 
MOSFET outputs (output impedance of 
50Q can drive 4-5000pF quite nicely!) 
They also work very well as power grid 
tube drivers in Class A2 and AB2 appli
cations, such as enhanced triode sweep 
tube amps, or SV572-10 SE amps. This 
is because the high gm limits the dis
tortion caused by the current draw of 
the grids.

David Wolze 
dwolze@pacbell.net
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ANTENNA REVIEWS
I received the November issue and 

li saw an article on AM radio antennas 
(“Tuning in on the AM Band,” p. 32). A 
magazine about audio electronics con
struction projects will surely have an in
teresting perspective on AM antennas, I 
thought. Imagine my surprise: it was a 
review of two commercial projects, and 
it concluded that they worked.

Now, a brief Internet search will re
veal lots of AM antenna construction 
projects. I did that search a year or so 
ago and printed out a few interesting 
designs. Surely one of the web folks 
might be interested in writing up the 
project for the magazine, or perhaps 
one of your regular authors could gath
er a few promising approaches and add 
some comments about AM propagation 
and reception theory.

That would be an approach worthy of 
audioXpress. I’ve subscribed since the 
very early days of Audio Amateur and 
still have all the issues. I expect how-to 
articles, not simple evaluations of com
mercial products. The combined maga
zine is very pleasing, by the way. I enjoy 
the addition of tube and speaker proj
ects without having to subscribe to 
more periodicals.

Chris Campbell
Traverse City, Mich.

WHY BOTHER WITH TUBES

0
Pete Millett wrote a fine article on 
the tube headphone amp (Nov. ’02 
aX). It is very detailed, practical, and 
thorough. Of course, the question that 
I, as a tube-head, would like to pose is 

“Why bother with the tubes?” The cir
cuit has an IC operating Class B, and a 
solid-state load on the tubes.

First of all, you would have a much 
better result by replacing the IC with a 
single-ended power FET output stage. 
Just snip the IC out, short the bias TP to 
ground, and direct-couple the FET 
source to the coupling caps. Now, you 
have an all-Class-A headphone amp.

Of course, you would obtain an even 
better result by going with a common
source Class-A FET output stage and 
running about 10dB of negative FB 
from the drain to the cathode. And lose 
that current source IC!

I also seem to remember that there 
were low-voltage driver tubes used to 

drive the bases of the output trannies on 
those radios. I think that these would en
able us to go all tube! In this case, the 
original question of “Why bother with 
the tubes” would be rendered moot!

David Wolze 
dwolze@pacbell.net

Pete Millett responds:

Whenever designers propose a hybrid 
tube/solid-state amplifier, they’re always met 
with responses of “why bother with the tube,” 
or “why bother with the (transistor, FET, IC, 
and so on). So, I expected to hear this about 
the hybrid headphone amp project.

Mr. Wolze seems to miss the point of this 
project entirely. The point of this circuit is to 
allow a hobbyist to safely and inexpensively 
experiment with, and listen to, the character
istic “single-ended tube” sound. It is not to 

build a low-distortion amp, a high-end amp, 
or any other kind of amp.

Even though the output stage is a Class- 
AB bipolar IC design (not Class-B as Mr. 
Wolze suggests), it does not by any means 
dominate the sound of the amplifier. Why? 
Because the distortion products generated in 
the tube input stage are on the order of 
100x that of the output stage. You hear the 
harmonics of the tube circuit, and little else.

There are many other ways to implement 
a headphone amplifier. Mr. Wolze is correct 
that a single-ended FET output stage could 
be used in place of the BUF634. I consid
ered this when I designed the amp, but de
cided that the BUF634 would be a better 
implementation for most people.

If I understand what he proposes, you 
could change the output stage to a source
follower circuit as shown in Fig. 1. I doubt 
that you would get less distortion from this 
circuit, but you would remove any crossover 
distortion that might be generated in the
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BUF634, as well as introduce more second 
harmonic distortion. By itself, I agree that 
the SE FET circuit would likely sound better 
than a BUF634—but with the tube in front 
of it, the differences you hear will be small.

There’s also the small matter of bias cur

rent. If you kept 22Q in the drain, the circuit 
would draw about 450mA per channel, and 
dissipate about 5W in the drain resistor, as 
well as in the FET. Better get bigger resis
tors, heatsinks, and a hefty power supply. 
And, by the way, you just added a bunch of 
money to the project!

To be fair, you could raise the resistor to 
something on the order of 200Q and lower 
the current, and still drive most headphones. 
You would compromise the capability of the 
amp to drive a reasonable voltage into low- 
impedance headphones, though. A “much 
better result”? I doubt it, but feel free to try 

it, especially if you use only headphones with 
300Q or higher impedance.

As for adding 10dB of negative feedback 
around the circuit and changing to a common
source configuration, if you want to do that, 
forget the tube and just use an op-amp. You’ll 

completely lose the harmonic profile that I 
was trying to get—basically, you will remove 
the sound of the tube. Would it sound better? 
Personally, I doubt whether I would like it, but 
maybe some people would.

The constant-current diode on the tube 
plate (it is not an IC, rather a discrete FET de
vice internally configured as a CCS) was used 
to allow the tube to swing near the power sup
ply with low distortion. Of course, you could 
use a resistor as a plate load—but you would 
need to raise the power-supply voltage and/or 
live with a restricted voltage swing and more 
distortion. As to whether a resistive plate load 
or a CCS sounds better, that’s a matter of de
bate. I’ve been quite impressed with (god for
bid!) solid-state CCS loads on the plate.

If you want an all-tube design, there are 
many possible implementations, including 
conventional designs that use transformer 
coupling from the plate, or circuits that use 
no output transformer (take a look at the out

put impedances obtained in the article about 
high Gm tubes!) Again, that’s not the 

point—these circuits all cost more, and most 
use high voltages and/or global feedback that 
I was trying to avoid.

Realize that everything is a compromise— 
and keep an open mind!

VALVE ENTHUSIAST
I am nostalgic. Nostalgic for the good 
old days of Glass Audo magazine.

www.audioXpress.com

While reading some back issues of 
GA, I realized just what we valve enthu
siasts lost when GA “married” your 
other publications. Take the October 
’02 issue of audioXpress, for example: 
just 2% pages out of 72 are devoted to 
valve-related topics. We are not happy!

Nevertheless, I shall continue sub
scribing to aXfor the foreseeable future, 
mainly so that I can purchase some of 
the excellent books your company 
reprints, even if they are very expen
sive over here—currently we pay $1.90 
for $US1!

The book Fundamentals of Radio
Valve Technique is my current favorite. 
Marvellous stuff!

Terry Robinson
Victoria, Australia

Thanks for your comments and your kind 
words about Glass Audio. I think you might 
find another tube page in the October issue of 
aX ifyou look again. However, isn’t there a hid

den assumption in your accounting? Our mag
azine today is about audio. All of audio. Does 
your system work without signal cables? Isn’t a 
report on cables relevant to your system? Isn’t 
Martin Colloms’ advice about rooms relevant to 

someone who uses tubes in the system? Do 
tube lovers never consider using a subwoofer?

Some readers have ventured out of playing 
an instrument with only one string, discover
ing the joys of building some devices which 
contain both tubes and op amps, or the de
lights of building a speaker worth much more 
than they could possibly afford and designed 
by some of the best in the business. Time to 
drop the blinders and look at the rest of what 
audiophiles are being offered.

All in all, we believe the marriage is a suc
cess and is about the whole subject of audio. 
If you check out a year of aX, you will find that 
our treatment of the three disciplines is about 
as balanced as we can make it. A teacher 
wouldn’t pass or fail any student on the basis 

of one test or one term paper. -E.T.D.

THE AMP REVIEW
Regarding the review of the S-5 Eleele tronics Amplifier in the Nov. ’02 

issue (p. 47), using four triode/pentode 
tubes originally designed for television 
vertical deflection amplification service 
to make a stereo, push-pull amplifier is 
very clever. As to pentode, push-pull am
plifier tubes operating in Class-A or -A1, 
I find that generally output power is 
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equal to the allowable plate dissipation; 
i.e., 6L6s with allowable plate dissipation 
of 30W can produce 30W. The RCA tube 
manual covers triode/pentode tubes in
tended for vertical deflection amplifica
tion service: 5FV8 = 6FV8 and 10C8. 
These have allowable plate dissipation 
values of about 2.2W, so that by the rela
tionship mentioned previously, only 
about 2.2W output can be expected, but 
8W is claimed, and at 1000Hz, with a fa
vorable load, 8W was achieved, but at a 
horrendous distortion level.

What I am leading up to is to suggest 
that, perhaps, the allowable plate dissi
pation is being exceeded, that this ex
cessive heat is contributing to the sock
ets scorching and melting, and that this 
will result not only in melting sockets, 
but with very short tube life as well. 
This suggests the questions: Are re
placement tubes readily available, 
where can they be obtained, and how 
much do they cost?

This amplifier has very high levels of 
frequency and amplitude distortion— 
this is objective fact. Duncan and 
Nancy’s opinion that it nevertheless 
sounds pretty good is their subjective as
sessment. Is it fair to conclude that either 
they can’t hear those distortion products, 
or that they hear them, but find them 
pleasing? I think that their recommenda
tion of this amp can be ignored at least 
until other amps in this price range are 
also tested and auditioned.

David J. Meraner
dmeraner2@worldnet.att.net

Duncan and Nancy MacArthur respond:

As we mentioned in the review, tube ampli
fiers sometimes measure poorly but receive 
good reviews for sound. This observation is 
unique neither to us nor to audioXpress.

“ELEPHANTS” CONTINUED
Paul E. Davis’ letter (Nov. 2002 aX, 
p. 61) about audio “elephants” get

ting in the way of good speaker design 
prompts me to add a few more “ele
phants” (notes of caution) to his three. 
Elephant #0 should be “what the heck 
are you measuring?” In his case, he is 
measuring with an SPL meter in his 
room. This is OK in some rough sense, 
but the danger is that it combines the 
direct sound with the reflected sound, 

and your ears/brain perceive those dif
ferently.

At a recent Audio Engineering Soci
ety meeting in L.A., Jamie Anderson 
told a funny story about touring with 
the Grateful Dead back when FFTs 
were very new to pro-sound. They stuck 
a mike in the air, made a measurement, 
meticulously EQd every narrow peak 
and dip, and wondered why it sounded 
bad. The retrospectoscope revealed 
that they were measuring the effects of 
reflections mixed in with the direct 
sound.

In fact, they should have been EQing 
only to the direct sound’s response. 
This is why speaker designers build 
anechoic chambers, or buy time-gating 
equipment, or employ one of Vance 
Dickason’s favorite methods by “haul
ing everything outside,” as Paul Davis 
puts it. If you can’t measure without the 
reflections, you almost might as well 
not measure at all (except perhaps the 
bass region).

Elephant #4 I’d call “how good is 
your equipment”: in this case, the 
Radio Shack SPL meter. I’m not sure 
about the current one, but my old one 
shows a large upper midrange re
sponse peak in the owner’s manual, 
even in the “flat” mode!

In any case, newbies to speaker 
building should definitely “beware of 
elephants” —and if you can’t measure 
your driver’s actual impedance and 
quasi-anechoic frequency response, do 
yourself a favor and buy a kit.

Eric Guarin
EGuarin@alpine-usa.com

TUBE SOURCE
Where can I buy the Russian 6S17K-V 
tube mentioned in Eric Barbour’s “A 

Planar-Triode Phono Preamp” (Nov. ’01 
aX, p. 18)? The supplier listed claims he 
never had the tubes and can’t get them.

Richard P. Robinson 
richmix@erols.com

Eric Barbour responds:

There is a new dealer of Russian tubes, Peter 
Zarytov, with a website: http://gstubes.com. 
He claims to have access to 6S17K-Vs, 
under the original number 6C17K-B.

If he can’t help, I don’t know what else to
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suggest. Many of the surplus Russian elec
tronic dealers have gone out of business in 
the past year. All I could suggest is to write 
to New Sensor and ask them to import some 
of these tubes. Perhaps if enough people do 
so, they will take action.

VIVA LA RESISTANCE!
Double thanks for printing two of my 
letters in the Oct. issue—especially the 
one about the good, cheap MCM tweet
er (pp. 62-63). I can imagine more than 
one of your advertisers being unhappy 
about seeing such a thing in your mag
azine—but you printed it anyway! Viva 
La Resistance!

And what is La Resistance? It’s those 
who use and trust their ears. It’s those 
who build their own stuff—not just to 
save money but because there is a kind 
of faith that there is something better: 
something you can’t buy off the shelf.
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It’s my belief that this is why a mag 
like Stereophile is doomed. Their 
premise is if you spend more money, you 
can reach musical ecstasy (do I sound 
like the late Harvey Rosenberg?).

This is essentially not true. You’re 
only going to get as much out of your 
system as you put into it. This isn’t to 
say money isn’t part of the equation—it 
is, but it’s the consciousness of the 
builder that matters more. Magic isn’t 
something you buy—it’s something you 
do.

Rick Bergman 
Missoula, Mont.

HORN FOR GUITAR

E
I have some questions concerning 
the DR10a horn by Bill Fitzmaurice 
(June 2002 aX, p. 16). Can I use the Emi
nence Beta 10 transducer in this horn? 
How is the compression chamber be

hind the loudspeaker calculated? Is this 
a bass-reflex system or a mixture of bass
reflex and horn? I hope you can answer 
these questions, because I am planning 
to build this horn for my guitar.

Sebastian Braun 
braun-sebastian@gmx.de

Bill Fitzmaurice responds:

The Beta 10 will work, since its parameters 
are well within the preferred limits. I assume 
that purchasing a Carvin PS10 from Califor
nia is not the best route for you in Germany. 
But if Eminence products are available to 
you, I’d go with the Gamma 10, whose high

er fswill provide smoother response.
The woofer chamber, being vented, is not 

a compression chamber. The system is a 
combination of horn and bass reflex. The vol
ume of the chamber was not calculated. My 
designs are 90% empirical, 10% formulaic. 
I choose a target cabinet volume, design the 
largest horn possible to fit inside of it, and 
what is left over becomes the rear chamber. 
This unorthodox method works because most 
of the performance is derived from the horn 
section, and the high fs low Q MI drivers 
used are designed for relatively small enclo
sure volumes, anyway.

Your intention to use a DR10a for a guitar 
brings up questions from me. Is this for elec
tric guitar? If so, the DR10a, or any horn- 
loaded cab, is probably not what you need. 
Classic electric guitar tones are heavily col
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ored and distorted, and are best achieved 
with either very small infinite baffle cabinets 
or open back cabinets.

Acoustic guitar is another matter, because 
that instrument is best projected through a 
fairly clean wideband speaker, which the 
DR10a definitely is. However, the vented 
chamber of the DR10a extends bass response 
of the cabinet to well below the passband of 
the horn, which is great for electric bass, key
board, or PA, but unnecessary for guitar. If you 
intend your DR10a strictly for acoustic guitar, 
you’ll get better mid-bass response by not 

using any ducts, thus making the rear cham
ber a compression chamber. Response below 
80Hz will suffer, but that matters not, since 
the guitar doesn’t go down there anyway, and 

response around 125Hz will be better.

KIT WANTED
I’ve just read the November 2002 
issue of aX, featuring a valve/solid- 

state headphone amp project (“Build a 
Low-Voltage Tube Hybrid Headphone/ 
Line Amp,” pp. 20-31). This is just what 
we have been looking for! Unfortunately, 
despite searching through some Aus
tralian electronics catalogs, some of the 
specialized parts seem to be unavailable 
in Australia. It would be good if this proj
ect could be offered as a kit.

Terry Robinson
Victoria, Australia

HELP WANTED
I recently found a product named 
Bozak model #N-10102A that appears to 
be a crossover for two tweeters (model 
#B-200Y) on a frame that held a 12" 
woofer, which is missing. The two 
midrange/bass units are 5" (model #B- 
209B). All drivers are 8Q.

My question is what year was it man
ufactured, and what are the crossover 
frequency, the wattage of the speakers, 
and perhaps the cost of the product at 
the time? (The label reads R.T. Bozak 
MFG. CO., S. Norwalk Conn., USA.)

David Mozingo 
2669 NC 102-E 
Ayden, NC 28513 
dembluedevils@aol.com

Readers with information on this 
topic are encouragedto respond direct
ly to the letter writer at the address 
provided.—Eds.
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Book Review
Master Handbook of Acoustics, Fourth Edition
Reviewed by Duncan MacArthur

Master Handbook of Acoustics, Fourth 
Edition; F. Alton Everest. McGraw-Hill, 
2001, 615 pages, ISBN 0-07-136097-2, 
$34.95.

The word acoustics means different 
things to different people. To a stadium 
designer, acoustics is about ensuring 
clear vocal reproduction at every seat. 
Concert halls are usually smaller, but 
the designer must ensure that the en
tire musical spectrum is reproduced at 
each seat.

To the recording engineer, acoustics 
means the effects of the studio on the 
sound produced by musicians as well 
as the reproduction of sound in the con
trol room. Audio enthusiasts may be
lieve that the effects of smaller, often 
multipurpose, rooms on music repro
duction are most important. All these 
and more are acoustics, with the result 
that any single book, even a lengthy 
one, cannot cover everything in detail.

ACOUSTICS
The detailed study of acoustics can also 
be mathematically complex. Fortunate
ly, this level of detail, although critical 
to the professional acoustical engineer, 
is not essential to understand basic lis
tening room acoustics. In his Master 
Handbook of Acoustics, Mr. Everest 
successfully keeps the mathematics to 
the absolute minimum required. He 
uses many graphs and tables, a few 
photographs, and a minimal number of 
formulas to describe various phenome
na. Readers with mathematical back
grounds might prefer more detail, but 
even they will appreciate explanations 
that don’t immediately resort to arcane 
mathematics.

In this volume Mr. Everest concen
trates on the acoustics of small rooms, 
such as home listening rooms and stu
dios. He also discusses the principles 
behind—and the effects of—various com

mercial acoustical tools as well as a 
number of “home-built” alternatives. 
Additional short chapters cover scien
tific fundamentals and advanced tech
niques. Finally, the author includes ex
tensive references to further reading 
and primary source material.

In an attempt to give a flavor of a 
thick book in a short review, I have di
vided the chapters into four groups. In 
the early chapters, Everest covers gen
eral introductory material, the small 
amount of required mathematics, and 
several topics primarily of scientific in
terest. Next comes a group of chapters 
with some content useful to the home 
listener mixed with other material. A 
number of chapters deal explicitly with 
recording studios and techniques. Fi
nally, six chapters covering absorption, 
diffusion, and listening room acoustics 
contain material highly useful to the 
audio enthusiast.

INTRODUCTORY MATERIAL (1, 2, 3, 
4, 5, 11, AND 12)
The first five chapters contain introduc
tory material required to understand 
the rest of the book. No prior knowl
edge of acoustics or higher mathemat
ics is needed to understand these chap
ters. The more experienced reader may 
prefer to skip these chapters the first 
time through, but can refer to them at 
need if a more advanced topic doesn’t 
make sense.

Chapter 1, “Fundamentals of Sound,” 
introduces the basic concepts of sine 
waves, wave propagation, and the rela
tionship between frequency and wave
length. For the first time (of many 
throughout the book) graphical expla
nations supplement the mathematical 
formulas. The concepts of harmonics, 
octaves, phase, and spectrum are intro
duced, and this chapter concludes 
with a short description of electrical 
analogies.

Since the response of the human ear 
is intrinsically logarithmic, some dis
cussion of logarithms, exponentials, 
and scientific notation is required even 
in a fundamentally non-mathematical 
book. This material, along with the con
cept of acoustic power and numerous 
examples, is covered in Chapter 2, 
“Sound Levels and the Decibel.”

The concepts of subjective loudness 
as well as the relationships between 
loudness and frequency and pitch and 
frequency are introduced in Chapter 3, 
“The Ear and the Perception of Sound.” 
This chapter introduces Fletcher/Mun- 
son-type response curves and explains 
the function of a loudness (as opposed 
to volume) control. The description of 
the precedence or Haas effect is partic
ularly important for future discussions 
of loudspeaker placement.

Chapters 4 and 5, “Sound Waves in 
the Free Field” and “Speech, Music 
and Noise,” touch briefly on free-field 
relationships and sources of sounds. 
I was particularly glad to see that 
Everest has included two charts to 
which I refer frequently: “Power of Mu
sical Sources” (Table 5.1) and “The Au
dible Frequency Range of Various Mu
sical Instruments . . .” (Fig. 5-11). He 
describes the distinction between 
“white” and “pink” noise as well as the 
concept of musical distortion.
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The concepts of “Diffraction” and 
“Refraction” of sound introduced in 
Chapters 11 and 12 are primarily of sci
entific interest. Other than the intro
duction to diffraction around speaker 
cabinets in Chapter 11, this material ap
pears to be included for completeness 
and is not necessary to understanding 
the remainder of the book.

CHAPTERS OF MORE INTEREST (6, 7, 
8, 10, 24, 25, 26, 27, AND 28)
A number of chapters in the Master 
Handbook of Acoustics contain some 
useful material along with material that 
is not directly applicable to home lis
tening. The usefulness of this group of 
chapters depends greatly on the read
er’s personal definition of acoustics.

Chapter 6, “Analog and Digital Signal 
Processing,” provides a very brief intro
duction to a topic that probably will be a 
key development in the next decade. At 
this time, signal processing (especially 
digital) offers a taste (albeit an expensive 
one) of good things to come.

Reverberation, as discussed in Chap
ter 7, is one of the key ingredients in 
concert hall—and other acoustic space— 
design. Understanding the concepts of 
reverberation decay time, variations 
with frequency and position, and the 
Sabine equation is important for hall 
design. Practical advice on these sub
jects is reserved for later chapters.

Control of externally generated 
noise—whether from the neighbor’s 
lawnmower or from your own HVAC 
system—is a constant concern for many 
music listeners. For most of us the 
most common “solutions” are to “grin 
and bear it” or “listen some other time.” 
In Chapter 8, Everest provides some 
ideas for improving this situation, but 
not a detailed discussion.

Chapter 10, “Reflection of Sound,” 
gives some information on reflection of 
sound waves off various shapes. Many 
of the distortions generated by these re
flections are discussed in Chapter 25. 
Although Chapter 10 includes many ex
amples of problems, solutions are most
ly left for later chapters.

Adjustable acoustics is potentially 
important to the home listener, espe
cially when the listening room does 
double duty as living room or family 
room; however, Chapter 24 is oriented 
more towards recording studios than 
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towards listening rooms. This chapter 
also reads a bit like an advertisement 
for ASC and RPG products.

As with Chapter 6, Chapters 26, 27, 
and 28 offer tantalizing glimpses of ad
vanced technologies. These chapters 
discuss “Room Acoustics Measurement 
Software,” “Room Optimization,” and 
“Desktop Auralization,” respectively. 
As you might expect in an overview 
treatment, all three chapters consist 
mostly of glowing descriptions of single 
commercial products. Rather than 
viewing this as advertising, I interpret 
these as examples of very impressive 
technologies that are becoming avail
able (for a price). These technologies 
are currently more in the realm of 
acoustic professionals than hobbyists.

RECORDING ORIENTED (17, 20, 21, 
22, AND 23)
A number of chapters in the Master 
Handbook of Acoustics are specifically 
aimed at recording studio design and 
technique. Since the acoustics of stu
dios and living rooms are related, some 
elements of these chapters may be of 
interest to the home listener. In particu
lar, many of the photographs, although 
specifically of studio applications, will 
also interest the home listener.

Chapter 17, “Comb Filter Effects,” dis
cusses the effect of the interference be
tween two sound sources. Although this 
is primarily microphone oriented, Mr. 
Everest also discusses interference be
tween two stereo speakers and between 
drivers in individual speaker systems.

“Quiet Air for the Studio,” as dis
cussed in Chapter 18, is a practical con
tinuation of the earlier chapter (8) on 
noise. Many of the techniques are po
tentially applicable to home listening 
rooms; however, few of us have the op
portunity to design and build a room 
specifically for listening.

Chapters 20 and 21, “Acoustics of the 
Small Recording Studio” and 
“Acoustics of the Control Room,” would 
be more interesting if they didn’t imme
diately follow Chapter 19, which dis
cusses acoustics of the listening room. 
As it is, Chapter 20 covers much of the 
same material from a recording studio 
point of view with more emphasis on 
diffusion and noise control. Chapter 21 
discusses the time delay gap (first men
tioned in Chapter 3) as well as LEDE 
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(Live End Dead End) techniques and 
more uses of RPG products. Everest in
cludes numerous photographs of actual 
implementations.

The chapter on “Acoustics for Multi
Track Recording” (#22) will be of inter
est to studio designers. Chapter 23, 
“Audio/Video Tech Room and Voice 
Over Recording,” contains another dis
cussion of room modes (the most com
plete is in Chapters 15 and 19) and con
tinues the discussion of Chapters 20 
and 21.

MOST USEFUL FOR HOME LISTENING 
(9, 13, 14, 15, 16, AND 19)
I’ve saved the best for last. The Master 
Handbook of Acoustics contains six 
chapters that are indispensable for un
derstanding listening room problems, 
potential solutions, and commercial 
implementations of these solutions. 
The interaction between the listening 
room and sound reproduction is often 
misunderstood. Among other things, 
these chapters explain why different 
rooms sound different and what you 
can do about it. Even if you have no in
terest in building room treatments, 
this material helps immeasurably in 
understanding the commercial prod
ucts that are available.

In Chapter 9, “Absorption of Sound,” 
the author covers a range of topics in
cluding evaluation of absorption, sheet 
absorbers (e.g., foam, fiberglass, drapes, 
and carpet), and bass absorbers such as 
traps, diaphragms, and Helmholtz res
onators. This chapter is also the place to 
look for a thorough description of poly- 
cylindrical absorbers or “polys.” In addi
tion to containing an enormous amount 
of DIY information, this chapter pro
vides an extremely useful explanation of 
the effects of commercial products. I 
would buy the Master Handbook of 
Acousticsfor this chapter alone.

Room modes and their relationship 
to room dimensions are one of the 
most important acoustic issues for the 
home listener. Chapter 13, somewhat 
confusingly titled “Diffusion of 
Sound,” addresses these questions as 
well as the effects of room shape and 
general sound field issues. “Modal 
Resonances in Enclosed Spaces” are 
revisited in Chapter 15 with emphasis 
on calculating modes in rectangular 
rooms.
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In Chapter 19, Everest discusses room 
modes yet again with emphasis on solu
tions and bass traps. Chapter 19 also in
cludes a discussion of reflections and 
midrange clarity. Although the material 
on room modes is spread among three 
chapters (and more), the complete dis
cussion is quite thorough. This set of 
three chapters is an excellent introduc
tion to the concept of room modes.

One significant advance in acoustics 
in the last couple of decades has been 
the application of diffraction gratings to 
sound waves. Chapter 14, “The Schroed
er Diffusor,” traces the history of grat
ing-based diffusors from the original 
Schroeder models through the more re
cent quadratic residue and primitive 
root designs. This chapter concludes 
with a huge amount of design informa
tion, but the description of commercial 
systems is somewhat “RPG-centric.”

Finally, in Chapter 16, “Sound Re
flections in Enclosed Spaces,” the dis
cussion moves away from bass charac
teristics of listening rooms to reflection 
effects in the midrange. Topics covered 
here include echoes, imaging, and spa
ciousness.

CONCLUSION
If you’re looking for a single introduc
tion to acoustics that doesn’t require 
much mathematics, it’s hard to see 
how you could go wrong with the Mas
ter Handbook of Acoustics. As I men
tioned earlier, its very breadth of cov
erage means that the coverage on any 
given subject may not be deep. In 
such cases, the references to other 
material may be more important than 
the text itself. However, I highly rec
ommend the Master Handbook for 
basic explanations of numerous 
acoustic effects and techniques. This 
new, larger edition is a worthwhile ad
dition to your library even if (or per
haps especially if) you already own an 
earlier edition. ❖

Audio Aid
A U Diffraction Detector

No matter how well you plan your 
speaker design, you never really close 
in on your desired results without test
ing and measurement. Here’s a test you 
can use that doesn’t even require the 
use of dangerous electricity.

When you listen to pink noise over 
loudspeakers, you’ll often hear a 
“voice” that sounds like a resonance. In 
the literature, these resonances are 
often corrected with electrical filters— 
resistors, capacitors, and inductors in 
the crossover network, or with active 
equalizers. I found a different way to at
tack some of these resonances. If this 
method has ever been published, I’ve 
never read it.

When I was working with an old 
Audax HIF13J mid-woofer from the 
mid-1970s, pink noise sounded as 
though it was coming from a cat’s 
mouth. I found and corrected the prob
lem using an extremely inexpensive 
testing device—a plastic soda straw, 
free with your drink at your local fast
food restaurant.

Try this. Before you even go to get 
your straw, blow on the palm of your 
hand. Then blow on your fingertips, 
and then on the edges of the magazine 
pages. If you’re wearing a shirt, blow on 
that. They all sound different, don’t 
they? The difference is diffraction and 
turbulence.

The next step is to take your soda 
straw and go on a search and destroy 
mission. Blow on the face of your 
speaker driver, the surround, gasket, 
and basket. Blow on the edge between 
the driver and baffle. Blow on the cabi

net corners—even rounded ones. Every 
time you hear turbulence, there’s an op
portunity to improve your sound.

I found with the old Audax driver that 
blowing on the square-profile cork gas
ket produced a rushing sound that had 
the same cat’s mouth character as the 
pink noise. I molded some modeling 
clay around the gasket to smooth the 
profile, and found that I had also 
smoothed the sound. The modeling clay 
soon fell off, but I could always apply 
this solution to correct the diffraction 
noise in a more permanent material.

Granted, minimizing diffraction is 
nothing new. It was all the rage a gener
ation ago, and since then many drivers 
have smooth, non-diffracting edges. 
You now find even budget systems with 
drivers mounted in molded baffles with 
smooth transitions or shallow horn-like 
exit profiles.

I don’t know what methods the man
ufacturers use to find and correct dif
fraction, but this is an easy and inex
pensive tool to help you do the same 
thing. You can find the causes of dif
fraction noise, and try out different baf
fle shapes in soft moldable materials 
before you take the time and expense of 
sculpting a baffle mold or investing in 
router bits that may or may not give 
you the results you’re hoping for. You 
can also test different fabrics, foams, 
and other absorbing baffle treatments 
while you’re still in the fabric store.

All you have to do is blow. ❖

Mark Hotchkiss 
Mabelvale, Ark.
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Classifieds

VENDORS
American Science & Surplus. Audio, elec
tronic and mechanical components, connec
tors, wiring, kits, magnets, speakers, tools, 
hardware, and more! Call for a free catalog: 
847-647-0011 or shop www.sciplus.com.

ALL-FET line amp, power amp kits 
www.borbelyaudio.com 
Borbely Audio kits in USA: 
www.audiokits.com

CONCRETE CABINET loudspeakers 
www.faradaysound.co.uk 
DIY instruction booklet $15

Principles of Power, tube audio books, kits, 
FAQ www.londonpower.com.

Lowther and Fostex full-range drivers. Com
plete systems or kits. 102dB efficiency. 314
579-0088 www.lowtherspeakers.com

www.diyhifisupply.com
Tubes: Valve Art, TJ Meshplate, Sovtek, 

Svetlana, China milspec NOS 
Kits: Billie 300B, Ella KT88, Joplin 2A3, 
Basie pre, Origin Live turntable kit, DAC 

Accessories: XO Clock, S&B transformers, 
SSC isolation

Parts: Audionote copper and silver caps, 
Goldpoint, DACT, Seiden, Bullet plugs, 

Ultra-refined silver wire, SCR, Kiwame, etc 
www.diyhifisupply.com 

sales@diyhifisupply.com

Repairs and upgrades for audio equipment. 
Let longtime aX contributor and VTVsenior 
editor Eric Barbour make your system sound 
better.
METASONIX, PMB 109, 881 11th St., Lakeport, 
CA 95453, synth@metasonix.com, (707) 263
5343.

UNDERSTAND ELECTRONICS, THE EASY 
WAY. Read the book that received all 5-star 
reviews at both amazon.com and bn.com, 
saying it’s unusually easy to read and under
stand. Explains what makes inductors and 
amplifiers work and so on. Hints about solder, 
oscillation, measurements. Write author’s 
name, Shanefield, in any bookstore’s search 
box. See also
http://homepage.mac.com/shanefield.

Sonic Craft is your high-end speaker source! 
Accuton, AudioCap, Axon, Alpha-Core, Black
hole 5, Cardas, Goertz, Mills, Sonicap, and kits 
are on the way! Call 940-689-9800, or see 
www.soniccraft.com

DIY-ZEROs
Autoformers as seen in 

Jan. 2003 of audioXpress 

$433/pair
PaulSpeltz@hotmail.com 

651-735-0534 
www.ZEROimpedance.com 

DO YOU NEED TO SAVE $$$$ & GET HIGH 
QUALITY ON THE FOLLOWING SERVICES?

1. Design and/or winding of transformers and coils
2. PCB and/or schematic design and layout
3. Assembly of your product
4. Prototypes and/or models of a new design? 

Need A New Product Made In U.S.A.? 
 (303) 841-5360www.hlabs.com/oem

FINAL LABORATORY
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Yard Sale
FOR SALE

Used test equipment including oscilloscopes, plug
ins, voltmeters, signal and function generators, 
bridges, decade boxes, and so on. These older lab 
quality (built and weigh like a brick) units from Tek
tronix, HP, GenRad, and so on, are located in 
Northern California. I can calibrate if desired since 
I have the manuals. E-mail nsmurro@aol.com.

NOS signal/coupling capacitor, mil-spec, Sprague, 
Astron, Dearborn, Westcap, and Elmag, F.C.I. 
very HV cap. Free matching, low price, free ship
ping over $40. Call 201-780-5132.

Yard Sale Guidelines
For information on how you can publish your free personal ad in 
audioXpress, visit our website at www.audioXpress.com.

Classified Information
To find out how you can order an ad for the classified pages, see our web
site at www.audioXpress.com.

Drivers, all new—Accuton ceramic, four midbass 
C288 ($270 each), $160 ea; two tweeters C223 
($215 ea), $130 ea. Focal, four midbass 5V412DBL 
($65 ea), $40 ea; two titanium tweeters TC120TDX 
($80 ea), $50 ea. Either set will make efficient MTM 

pairs. Focal, four 12" woofers 12V726, fs 19Hz 
($190 ea), $115 ea. Call 360-260-1147, weekends 

509-586-9735, wrightt@gbaudio.com.

Complete set of year 2002 audioXpress magazine 
in excellent condition, $20 plus postage. Contact 

Dan at fastcat95@juno.com, or 317-299-6024.

We Want Your 
Feedback!

audioXpress encourages reader feedback in 
the form of letters, queries, and comments.

Send correspondence to:

audio press

Editorial Dept.
PO Box 876
Peterborough, NH • 03458-0876
Phone: (603) 924-9464
Fax: (603) 924-9467
Website: www.audioXpress.com
E-mail: editorial@audioXpress.com 
audioXpress reserves the right to edit letters for length 
and clarity. Letters should be brief and to the point.

Sure, we’re an audio center. 
Center of the universe, that is.
www.AUDIOGON.com
HIGH END AUDIO MARKETPLACE
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roject Book 2002
12 TUBE AUDIO CONSTRUCTION ARTICLES

The All-New Glass Audio Project Book: A collection of 12 unpublished 

vacuum tube audio projects which will not be seen in audioXpress.

We have more material than we can use, so we’re 
offering this one-time special to you! That means:
• 12 great projects of vacuum tube audio you can build including 

modifications and new designs.
• All vacuum tube articles for you who simply can’t get enough 

tube info.
• Some of your favorite Glass authors including—Joseph Norwood 

Still, John Stewart, Ignatius Chen, Stefano Perugini and others.
• Complete information—parts lists, sources, and detailed instruc

tions on construction as you expect in these articles.
• Resources—A comprehensive section with ads from the adver

tisers who have the materials you need to build these and all 
your vacuum tube audio projects.

Order your copy of the
Glass Audio Project Book today!
Only $7.95 plus *shipping & handling!

BKAA62...................................................... $7.95
Shipping Wt: 1 lb.
*ADD $4.00 IN US; $6.50 IN CANADA; $7.00 OTHER SURFACE; $11.25 OTHER AIR.

Old Colony Sound Laboratory
PO Box 876 Dept. X2, Peterborough, NH 03458-0876 USA
Toll-free: 888-924-9465 Phone: 603-924-9464
Fax: 603-924-9467
E-mail: custserv@audioXpress.com www.audioXpress.com

ORDER ON-LINE AT wwwaudioXpress.com Call 1-888-924-9465 or e-mail custserv@audioXpress.com!
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Audio Aid
Current-Regulated Heater Supplies
By Michael Kornacker

In my article, “Direct-Coupled Circuits 
Need Regulated DC Heaters” (March 
’01 aX, p. 86), I discussed the need to 
regulate the heater voltage supply in di
rectly coupled DC tube amplifiers to en
sure stable operation. I would like to 
make some additional comments and 
talk about regulator circuits for tube 
heaters in regards to current supply.

CURRENT VS VOLTAGE REGULATION 
Truth be told, a constant applied volt
age, as in a regulated supply to a tube’s 
heaters, does not guarantee a constant 
current drawn by those heaters. Be
cause electron emission between the 
cathode and the plate of a tube is more 
closely tied with the thermal effect of 
electron current flow in the heater, a 
heater current regulator would be more 
efficient at controlling the operating 
point than heater voltage regulation.1

Although a voltage regulated supply 
will be superior to an unregulated sup
ply in this respect, best results would 
be obtained with current regulation. 
With voltage regulation, any resistance, 
such as too small a hook-up wire, cor
roded tube pins, cold solder connec
tions, or bad socket contacts, will cause 
voltage drops, and the heaters will not 
receive their fair share of current. With 
current regulation, after the current is 
set it will remain fixed and all these 
detrimental factors become irrelevant.2

Current regulation also adds longer 
heater life due to its soft-start character. 
In a normal situation, when power is ap
plied, a cold heater acts like a short cir
cuit drawing a huge in-rush current flow 
before it heats up. Every time you turn it 
on, the accumulation of the filament’s 
transitions from ambient to white-hot 
eventually weakens it. Do it one too 
many times, and the tube finally burns 
out. A current regulator will limit this 
current spike, even when cold, to the 
heater’s normal steady-state current 
draw and as a result prolong tube life.3 
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When an incandescent lamp is 
turned on (which is basically the same 
as the heater in a vacuum tube), its fila
ment can draw up to 18 times its normal 
operating current. Even after 5ms, cur
rent flow could still be up to five times 
normal. So, as the filament heats and 
light is emitted, its resistance increases 
and the peak current decays “quasi-ex- 
ponentially” to its normal rate.4

You have seen that room light bulbs 
can burn out with a flash when you first 
flip on the wall switch, usually never 
after the lamp has been on for a while. 
This shows that the high mortality rate 
of lamps—and, thus, tube heaters—is 
caused by being constantly over
stressed at turn-on. Current regulation 
would eliminate this problem and save 
money.

THE CIRCUIT
With today’s technology, implementing 
current regulation is as easy as voltage 
regulation. Figure 1is an LM317 regu
lator chip configured as a current regu
lator. The input voltage to the LM317 
must be greater than the required out
put voltage for the load by about one 
and a half times. The current limiting 
resistor R is equal to 1.25 divided by the 
total load current of the heaters. The 
wattage of R should be greater than the 
product of the above quantities.

When you power up the regulator cir
cuit, check for both the required cur
rent through the heaters and for the 
voltage across the heaters. You may 
need to fine tune R to obtain the proper 
values because the resistance R calcu
lated is rarely the actual value required.

In my own amplifier (“Eico HF-86,” 
GA 4/99, p. 68), I have two 12DW7s 
rewired for 12.6V heaters, which draw a 
total of .3A. That makes R equal to 
4.170 at 2W. The amplifier’s trans
former has two 6.3V secondaries—one 
for the HV rectifier tube, which was un
used since I replaced the tube with

www.audioXpress.com

FIGURE 1: The LM317 current regulator
circuit used for the preamp tubes of the 
amplifier. G-1960-1

semiconductor diodes, and the other 
for the rest of the tubes (the two 
12DW7s and four power output tubes).

I separated the 12DW7 heaters from 
the rest so that I could power them with 
DC. To obtain the required DC voltage, I 
connected the two secondaries in series 
and full-wave-bridge-rectified and fil
tered it to obtain about 17V. I connected 
this to the LM317 current regulator, 
and then to the heaters. I also needed 
to heatsink the LM317.

After adjusting the value of R for 
12.6V and .3A at the heaters, everything 
worked beautifully. I ended up using a 
4.30 2W (meas. 4.40) in parallel with a 
620 half watt (meas. 660). To my sur
prise, I found that there was no residual 
ripple voltage across the heaters as 
there was across the filter cap. Appar
ently the current regulator removes the 
ripple just like its voltage regulator 
counterpart.

Using a heater current regulator 
should provide the utmost in stable op
eration of vacuum tubes, regardless of 
whether it is direct coupled or not. This 
will also have the benefit of an automat
ic soft-start and reduce the possibility of 
hum being induced into the cathode 
circuit and the rest of your amplifier. ❖
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