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ETF5.X is a software packaged designed to evaluate and set up 
multichannel sound systems for music playback in small to medium 

sized rooms (RT/60 < 3 sec in valid RT/60 frequency range). ETF5.X 
was designed for recording studios & control rooms, AV presentation 
rooms, home hifi, theaters, clubs and small churches to trouble shoot 
acoustical problems and to verify solutions. It incorporates a number of 
innovations designed to make these measurements easier, cheaper, 

faster and more relevant to today’s thinking on sound systems engi­
neering. Join the PC revolution in sound and take accurate sound 
measurements using your existing PC that would normally cost thou­
sands of dollars for dedicated hardware.

Innovative features make it easy for both novices and pros to take 
MLS based measurements for loudspeaker response measurement 
and for room response measurements. ETF5.x runs on Win 
95/98/NT/2000 & XP as well as Mac emulators. Two channel meas­
urements means that one channel (right) is used to measure and the 
other (left)is used only for measuring the sound card so that the 
sound card response can be removed from the measurements. Flat 
20 Hz - 20 KHz +/- 0.1 dB measurements possible on almost any 
sound card. Download the ETF demo today to test how well your low 
cost "game" card can be used to take accurate professional quality 
measurements and save hundreds on "high end" hardware. Use our 
on line procedure for checking your sound card for accuracy of meas­
urement (included in the free downloadable demo). Check out our 
web site discussion group for tips, tricks & comments on ETF from 
other users.

Measurements provided include all typical small/medium sized 
room parameters such as: Band filtered Energy/Time curves, 
Fractional octave smoothing for 1/2, 1/3, 1/4, 1/6, 1/8 & 1/10 octave 

selection, Reverberation time, impulse response, frequency response, 
phase response and high resolution low frequency resonance finding.

Features such as AutoRanging and the TestSignal CD make it easy 
& fast for anyone to take accurate measurements using a PC. No com­
plex setup or graphical mic/ speaker distance finding involved. The 
Multiple Document user interface and graphic overlays make it easy to 
view & compare results. Graphic metafile export makes it easy to place 
ETF measured results in presentations requiring any screen resolution.

The basic ETF5.X is only $149.95 USD and provides all stan­
dard measurements for set up and optimization of sound sys­
tems.

It can be ordered from our web site at www.etfacoustic.com.

• MLS and tone sweep measurements provide a greater level of 
sophistication and relevance to today’s sound system technicians 
and engineers over "Real Time" analyzers. The use of your exist­
ing hardware makes these measurements substantially cheaper 
than dedicated hardware systems.

• Test Signal CD - wireless operation with laptop computers. Great 
for car audio systems.

• Psychological modeling - ETF has an optional add on to more 
closely model how human beings hear spectral balance in the 
presence of room reflections. The model used in ETF is the most 
sophisticated yet used for commercial audio analyzers and makes 
otherwise difficult or impossible EQ setting an easy procedure. See 
our online discussion group for user opinions as well as technical 
explanations. (add on = $75.00 USD)

• PSD optimized sweep test signal. - This new innovation provides 
the highest possible dynamic range in measurement over any test 
signal in existence today. Obtain useful low frequency measure­

ments, even in noisy environments with this add on component. 
(add on = $75.00 USD)

• Multi-tone and two tone distortion measurements. ETF5.X gets 
useful and musically relevant distortion measurements by using 
new multitone measurement methods to simulate real music. A 
computer optimized B weighted 16 frequency test signal is used to 
generate over 600 distinct distortion components for analysis. The 
two tone measurement provides accurate high order distortion 
measurements for loudspeakers for benchmarking

• Fast complete support - expect answers from email questions with­
in hours, not days.

Check out our web site for a free discussion group, free download­
able demo of the software, a room project example and over 40 pages 
of textual support literature to answer almost any question. Take free 
measurements with our demo version and enjoy bug free operation 
from an extremely well tested body of code. Don't let the price fool you, 
ETF is highly sophisticated and powerful and compares favorably with 
much more expensive hardware and PC based software.

Accurate reliable measurements can be taken using the Radio 
Shack SPL meter. For those in need of accuracy that is only available 
on individually calibrated mics, the ETF mic/preamplifier is available. 
Each individual mic and preamp is hand made and calibrated by its 
designer in Germany. Compare with other units costing much more. 
The new model provides SPL calibration for actual SPL measurement 
as well as relative SPL measurements.

AcoustiSoft Inc 
465 King St 
Upper Peterborough Ont. 
K9J2T1 
www.etfacoustic.com 
www.acoustisoft.com
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A 100W/Channel AB Differential
Amplifier Part 2

Input

Part two concludes our look at this 100W/channel amp, with 

information about the power supply, construction, and more. 

By Norman Thagard

POWER SUPPLY
The voltage doubler/regulator schemat­

ic is shown as Fig. 4, while the raw 

power supply schematic is drawn as 

Fig. 5. The power supply of the proto­

type uses the same type of 200VA 

toroidal power transformers that were 

used in my 100W monoblocks. These 

are transformers that I picked up as 

surplus for $15 each. They have two in­

dependent 20V RMS windings rated at 

5A. As in the monoblocks, two are used 

in series to provide approximately ±50V 

DCof unregulated, but filtered voltage.

As is my established practice with 

MOSFET output stages, the DIFF 100 

uses a voltage doubler/regulator in 

order to provide the input stages with a 

regulated power supply whose voltage is 

about 5V higher than that for the output 

stage. This allows the output to nearly 

“swing the rails” and isolates the output 

supply from the input stages. Since the 

supply is bipolar with a center-tapped 

transformer secondary, it is possible to 

use full-wave voltage doublers.10 Howev­

er, I incorporated half-wave voltage dou­

blers, with which I have long experi­

ence, into the DIFF 100.

Regulator outputs were measured at 

±56.4V, but the value of R107 in the pos­

itive regulator differs from its counter­

part, R108 of the negative regulator. 

R107/R109 on the upper and R108/R110 

on the lower half of the regulator cir­

cuit set the positive and negative regu­

lator output voltages, respectively. The 

greater base current draw of the pnp 

MPSU60—used as Q104 as opposed to 

the npn MPSU10 used as Q103—would 

otherwise cause Vreg(-) to be a couple 

of volts higher than Vreg(+).

VR101 and VR102 are zener-connect­

ed Motorola pnp transistors. Since cur­

rently sold units may not give the de­

sired 7V reference when so used, it is 

perfectly acceptable to substitute 6.8V 

zener diodes. Check the regulated out­

put voltages to be sure that they remain 

around 55V magnitude.

Little further elaboration on the oper­

ating principles of the voltage doubler/ 

regulator is necessary, because it is al­

most identical to that described in a 

previous article.11 However, please note 

that the voltage doublers reference one 

end of C103 and C104 to the positive 

and negative unregulated rails, respec­

tively. In other amplifiers, I have refer­

enced these capacitors to ground.

The advantage to the approach here 

is that the required voltage rating of 

these capacitors is reduced by almost 

half. The disadvantage is that any rip­

ple on the unregulated rails is applied 

to the input of the voltage regulators 

that immediately follow the doubler cir­

cuitry. Since I pre-regulate doubler out­

put with zener shunt regulation, this 

should have little impact.

If you desire the more conventional 

technique, do not connect either the 

Vunreg(+) or the Vunreg(-) outputs 

from the unregulated DC rails to the 

voltage doubler/regulator PC board. In­

stead, interconnect the Vunreg(+), Vun- 

reg(-), and star ground traces on the 

input side of that board together with 

jumpers. Star ground itself is the mid­

point of a heavy brass bus bar that 

spans the common terminals of the un­

regulated power-supply filter capacitors.

Of course, C103 and C104 should be 

150V DC-rated units if this modification 

is made. Otherwise, the voltage rating of 

C103 and C104 may be as low as 63V. A 

rating of 80V is shown on the schematic 

and in the parts list because similarly 

rated components were incorporated 

into the prototype due to availability.

If you take this option (and even if 

you don’t), you may omit the pre-regula- 

tor. This will increase power dissipa­

tion in pass transistors Q5 and Q6, so 

larger heatsinks may be required for 

these devices. These power BJTs could 

dissipate several watts in the absence 

of pre-regulation.

PARTS AVAILABILITY
It is unusual when no suitable alterna­

tive to a discontinued component is 

available, but can occur. The DIYer may 

experience some difficulty obtaining 

some existing parts. Although I attempt 

to use readily available components, 

other considerations sometimes super­

sede this priority.

An example of this would be the 
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high-gm JFETs used in my phono pre- 

amp.12 In that case, I knew of no alter­

native device that would be compara­

ble. However, the fact that these de­

vices allowed realization of a discrete 

topology otherwise unrealizable took 

precedence. I believed it possible that if 

the article attracted sufficient interest, 

audioXpress might step in and secure 

the transistors for sale to builders.

Also, in that particular case, I knew 

that those JFETs were readily available 

in small quantities by purchase over 

the Internet from Erno Borbely, albeit 

at a price significantly in excess of that 

obtained through quantity purchase. A 

reader has subsequently sent an e-mail 

indicating that Match-A-Knob of 170-30 

Jamaica Avenue, Jamaica, NY 11432 

(800-321-5662) has plenty of these de­

vices in stock for about $1.25 each with 

a minimum order of $25.

Employment of replacement-series 

parts may not be a panacea for the 

builder. I found one of four channels of 

my phono preamp to be unusually 

noisy, and traced it to the negative volt­

age regulator, a device from one of the 

several popular replacement-series 

manufacturers. A quick look showed a 

second such part to be noisy as well. 

None of the several standard brand reg­

ulators that I subsequently purchased 

suffered from this defect.

While this could be a fluke, it is one 

reason I prefer standard brand compo­

nents rather than replacement-series 

devices. On the other hand, some of my 

designs have specified replacement-se­

ries devices, so my reluctance is admit­

tedly not absolute.

When I offer designs for publication, 

I am at least as much interested in the 

presentation of concepts as I am in the 

presentation of a DIY project. My hope 

is that a DIYer might gain sufficient 

knowledge of principles to modify my 

designs or even effect an entirely new 

design. It is very satisfying when for­

mer students of my “Feedback Amplifi­

er Principles” course write or e-mail me 

to say that they’ve successfully built 

their own preamp or amp; some have 

even boasted that their design was bet­

ter than anything that I presented. Sur­

prisingly, I find that pleases rather than 

offends me. My further hope is that my 

articles have enough socially redeem­

ing value to justify publication, even if 

the design is not practical for the aver­

age DIYer.

It would be dangerous to speak for 

the editor, but I suspect that the purpose 

of audioXpressis broader than presenta­

tion of a collection of DIY projects. My 

impression is that the magazine general­

ly serves the interest of technically 

minded devotees of sound reproduction. 

There certainly have been a number of 

purely tutorial articles over the years, so 

I am satisfied if purported design arti­

cles adequately serve this function, even 

though centered on a design rendered 

unrealizable through component un­

availability.

I do acknowledge that the author has 

an obligation to apprise the reader of 

any known availability problems. This is 

something that I have done in my arti­

cles. It should be understood, however, 

that the author doesn’t always know that 

availability problems exist at the time of 

article submission and certainly cannot 

know whether manufacturers will dis­

continue components afterwards.

Bear in mind, too, that audioXpress 

is not a peer-reviewed journal. In fact,
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FIGURE 5: Raw power-supply schematic.

Chassis

T

Hotffl___ UNeutral
120 Vac

Chassis-mount ac line cord connector 
WARNING: Verify correct polarity!

(Should agree with ac line cord polarity shown below)

Black
Green
White

Hot Neutral

Male plug 
to 120 Vac outlet

while authors are paid for accepted sub­

missions, the pay does not justify the 

expense of even proofreaders, let alone 

independent technical review prior to 

publication. There may be mistakes in 

articles; there certainly have been in
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F2

; Q----- Vunreg(+)

-a Cunreg(+)
---------- STAR GND

\ Cunreg(-)
Vunreg(-)

fier front-end and volt­

age regulator/doubler 

are provided as Fig. 6 

and 7, respectively.

I have developed a 

much more sympa­

thetic attitude con­

cerning quality assur­

ance issues since I 

began writing arti­

cles. There is a reason 

why NASA human 

space flight costs are 

high. If every last 

thing is not well-docu­

mented and if the 

final product changes

some of mine. That is no excuse to 

write letters to the editors that essen­

tially are egotistically intended to high­

light the critic’s astuteness while deni­

grating the author. I want feedback 

about errors because I want to learn, 

but you can be critical without being 

obnoxious or insulting.

CONSTRUCTION DETAILS
You can infer many of the recommended 

construction details from the amplifier 

schematic (Fig. 1, Pt. 1), voltage doubler/ 

regulator schematic (Fig.4), and raw 

power-supply schematic (Fig. 5). In addi­

tion, the PC board patterns for the ampli-

www.audioXpress.com

in any way from design or test configu­

ration without appropriate testing or re­

testing, disastro us failure can be the re­

sult. The overhead of careful configura­

tion control can be the reason that a 

IOC screw is charged at a $1 rate by the 

contractor.

I designed this amp several years 

ago. As I confirmed the actual compo­

nenttypesand values, I realized that 

potential builders would need a “heads­

up” since some of those component val­

ues and types would ideally be differ­

ent. Also, I am more experienced now, 

and some of my design and construc­

tion preferences have changed.
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These concerns about configuration 

control notwithstanding, there was an 

awful temptation to offer a modified de­

sign for this article that would differ 

from the as-built amplifier. Thus, 

Q1-Q10 are specified here as MPSA06/ 

MPSA56 complementary devices. How­

ever, the actual amplifier is populated 

with MPSA05/MPSA55 BJTs.

There is no difference in the AC pa­

rameters, but the ’06/’56 pairs have an 

80V DC collector-base breakdown volt­

age, while the ’05/’55 pairs are rated at 

only 60V DC. Given the voltages in­

volved, the former are to be recom­

mended for a new design, but again, 

they are not the devices actually in the 

prototype. Given that there have been 

no failures of any of these particular 

transistors, I am not inclined to retrofit 

my amplifier at this point.

Similarly, protective zener diodes 

Z3-Z6 are specified as 1N4739A units.

caused the failures.

Some components were selected 

simply because they were in my parts 

bin. For example, I used a TIP31C for 

Q11, but a more cost-effective choice is 

the TIP29, since the (Vce)max = 100V 

and (Ic)max = 3A ratings of the former 

are ridiculously in excess of the re­

quirement.

The amplifier schematic (Fig. 1) de­

picts a single channel. Duplicate the cir­

cuitry for a stereo (two-channel) configu­

ration. The exception is the balanced/un- 

balanced mode switch, which appears 

on the schematic as a SPST type. If you 

construct the DIFF 100 as a monoblock, 

this is the appropriate type. However, as 

a stereo unit, only a single DPST mode 

switch is required to accommodate both 

channels, unless you plan to operate one 

channel in balanced and the other in un­

balanced mode.

The original schematics and PC 

board patterns were manually drawn. 

There lurks a danger that the newly 

produced electronic versions submitted 

to the publisher contain errors despite 

my careful attempts to verify exact 

equivalence. I made some minor 

changes to the patterns that should 

have no effect, but new boards were not 

etched, populated, and tested from the 

modified patterns. No doubt, letters will 

ensue quickly and will be welcomed if 

mistakes are found.

I have tried to provide sufficient de­

tail in the schematics to make physical 

construction and interconnections ob­

vious. I use quick disconnects (QDs) 

liberally in my prototypes and recom­

mend them for beginners who are more 

likely to make a failure-producing mis­

take requiring board removal. Were I to 

construct this amplifier anew, I would 

omit them due to the proven reliability 

of the prototype. The PC board patterns

The amplifier had 1N5242Bs in 

these positions. Again, no fail­

ures have occurred with the for­

mer devices, so I did not change 

the prototype per my current rec­

ommendation. The 1N4739A, 

whose Vz is 9.1V, affords better 

protection to its associated MOS­

FETs and is also a sturdier de­

vice due to its 1W power rating. 

Since, as previously mentioned, 

the 2SJ49/ 2SK134 Hitachi power 

MOSFETs can be damaged if 

gate-source voltage (Vgs) ex­

ceeds 14V, the 12V Vz of the 

1N5242B added to the forward 

drop of a diode limit is too close 

to (Vgs)max for comfort.

Z5 and Z6 were added after the 

fact when MOSFET M5 failed.13 

Since the PC board pattern did 

not provide for installation of 

Z5/Z6, I soldered them to the foil 

side of the board. Per the cited ref­

erence, which was a letter to the 

editor from Nelson Pass, a signal 

diode such as a 1N914 or 1N4148 

can be oriented in the same polar­

ity as a zener and used in lieu of a 

zener. Unfortunately, I had made 

this modification before I saw the 

recommendation contained there­

in. As I recall from conversation 

with Nelson, the failure mode was 

discovered when a storage scope 

documented the condition that

FIGURE 6: Amplifier front-end PC board pattern and component placement guide (75%).
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reflect the particular QDs actually used 

right down to the mix of male/female 

headers that prevent inadvertent inter­

change of cables.

Transistors Q12/Q13 require heat­

sinks. Please note that the heatsinks are 

grounded by the PC board foil pattern, 

making it necessary to insulate the BJT 

collectors from the heatsink in the usual 

manner.

WARNINGS
Two warnings are in order. The first in­

volves power-supply connections to the 

standard 3-wire, 120V AC-line cord. The 

power-supply schematic (Fig. 5) shows 

the connection via a standard chassis­

mount male QD receptacle, which 

would receive 120V AC power through 

a standard detachable 

power cord. I actually 

use AC line filters that 

are integrated with a 

male, chassis-mount 

AC line connector. 

These filters may be la­

beled to indicate “hot” 

and “neutral” connec­

tor pins. The “earth” 

connection to chassis 

may be via a similarly 

labeled “earth” or 

“ground” connector, via 

a wire with green insu­

lation that must be bolt­

ed to the chassis, or 

may automatically be 

accomplished through 

the metal screws that 

attach the filter/connec- 

tor unit to the chassis.

The best approach for 

verification of proper 

connection of any chas­

sis-mounted AC connec­

tor is accomplished 

with the AC line cord 

plugged into the con­

nector but unconnected 

to the AC wall outlet. 

Use an ohmmeter to 

check continuity be­

tween the plug (AC wall 

outlet) end of the line 

cord and the three chas­

sis-mounted connector 

pins in turn. The small­

er of the two parallel 

spades plugs into the 

“hot” terminal of the AC wall outlet, the 

larger into the “neutral,” and the circu­

lar middle prong contacts the “earth” 

terminal. If you use an integral filter, it 

should be rated at least 3A. You may 

omit the two 0.01qF, 1.4kV disc ceramic 

capacitors shown on the power-supply 

schematic if you use a filter.

Second, the 10Q resistor shown con­

nected between the outer (shield) con­

nection of the RCA jack and chassis in 

Fig. 1 is prone to fail open. The place­

ment of this resistor in this manner is 

very effective at eliminating a potential 

ground loop, but any voltage difference 

between ground potential of preamplifi­

er and amplifier will cause current flow 

through this resistor. This scheme has 

been employed in all of my amplifier 

designs, and resistor failures have oc­

curred in every one of them.

I am not the first to use this tech­

nique for ground loop prevention. Re­

cently, I found that the signal ground to 

chassis (and hence to earth ground) re­

sistor used in my Krell preamplifier 

measured 1.5kQ instead of its marked 

value of 10Q. I have not determined 

whether these resistors fail due to ex­

cessive current flow or voltage spikes, 

but I suspect the latter since measure­

ments taken in normal circumstances 

have failed to show significant steady­

state voltage across them.

In the A75, Nelson elected to isolate 

chassis from circuit ground at the 

power supply with a 5.1Q, 1W resistor. 

This resistor was in parallel with two
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oppositely oriented 1N5401 diodes. 

This suggests that he was protecting 

against failure due to voltage spikes, al­

though the diodes are rated at 3A con­

tinuous. You may similarly choose to 

parallel the 10Q resistors with diodes as 

do (some of) the prominent commercial 

designers. In general, the higher the re­

sistor’s wattage rating, the higher is its 

maximum voltage rating.

INITIALIZATION
The initial operation requires two to 

four adjustments and should be made 

with no load attached. P1 sets the low- 

frequency common-mode rejection 

ratio (CMRR), and Ctrim sets the high- 

frequency CMRR. P2 is used to null any 

DC offset at the output. Finally, P3 sets 

the DC bias current of the power MOS­

FETs in the output stage.

The initial adjustment should be to 

P3, but if two voltmeters are available, 

you should use the second to monitor 

output offset. Before power-on, place P3 

at its maximum resistance. Measuring 

voltage across any of the four resistors 

R23-R26 affects monitoring of output 

MOSFET source current. With a resis­

tor value of 0.5Q, current (mA) is twice 

the measured voltage (mV). Adjust for a 

reading of 50-60mV, which corre­

sponds to a bias current of 100-120mA.

Next adjust P2 for 0V DC at the out­

put. This voltage will vary over the short 

run, but should stabilize at no more 

than 60mV magnitude. Both P2 and P3 

should be readjusted after at least 30 

minutes of continuous operation to 

allow for the inevitable thermal effects.

Adjustments of P1 and Ctrim are not 

critical since, as I mentioned earlier, 

each can be replaced with a fixed value 

component. I used my oscilloscope to

TABLE 2 
POWER SUPPLY PARTS LIST

(ALL RESISTORS ARE 1%, %W METAL FILM UNLESS OTHERWISE SPECIFIED)

Chassis-mount male AC power connector, 3-conductor AC line cord, SPST on/off switch rated 120V AC @ 10A, fuse

SCHEMATIC REFERENCE PART #/VALUE DESCRIPTION MANUFACTURER
C101, C102 1m, 63V electrolytic
C103, C104 3.7m, 80V electrolytic
C105, C106 47 p, 100V electrolytic
Csw, AC hot, neutral to gnd (2) 10n, 1.4kV disc ceramic
Cunreg(+), Cunreg(-) (3) 10m, 63V electrolytic
R101, R102 300, 10W wirewound
R103, R104 20k
R105, R106 51.1
R107 44.2k
R108 2.2
R109, 110 7.68k
Rliml, Rlim2 470, 5W wirewound
Q101 MPSA56 pnp BJT Motorola
Q102 MPSA06 npn BJT Motorola
Q103 MPSU10 npn BJT Motorola
Q104 MPSU60 pnp BJT Motorola
Q105 TIP31C npn power BJT TI
Q106 TIP32C pnp power BJT TI
VR101, VR102 MPSA92 pnp BJT Motorola
D101-D104 1N4004 1A, 400 PIV Diode
D105-D108 1N4148 diode
Z101-Z108 1N5352B 15V, 5W zener
Zrelay 1N5359B 24V, 5W zener
RECT1 600 PIV, 25A bridge rectifier
TM1, TM2 KC011L NTC thermistor Keystone
F1 3A slow-blow li ne fuse
F2, F3 3A fast-blow DC rail fuse
T1 80Vct, 5A power transformer
RLY1 76R4-24DC-SCO DPDT relay Sigma

holders, TO220 heatsinks, standoffs, enclosure

make these adjustments. With the bal- 

anced/unbalanced switch in the bal­

anced position and driving both invert­

ing and non-inverting inputs with the 

same 1kHz signal, I adjusted P1 for 

minimum output. Then, with 20kHz 

input, I adjusted Ctrim for minimum 

output. Using the highest driving signal 



not to exceed clipping or obvious dis­

tortion gives the maximum sensitivity 

since even in the 2mV/division scope 

vertical sensitivity position the trace 

can be nearly flattened.

I measured a high-frequency CMRR 

of over 60dB with these adjustments. 

The CMRR is just the ratio of differen­

tial-mode gain to common-mode gain. 

The differential-mode gain is about 20, 

and the common-mode gain will be the 

observed output voltage from the test 

divided by the input voltage that pro­

duced it. CM gain will be much less 

than 1, so CMRR should be much 

greater than 20 (26dB).

PERFORMANCE
The THD curves supplied (Fig. 8, a-d) 

were generated on PASS Lab’s Audio 

Precision analyzer. They show that the 

prototype could not achieve more than 

about 85W into an 8ft load. Since I can 

achieve slightly more than 100W at 

clipping on my test bench, I assume the 

published curves were for both chan­

nels driven simultaneously. The limita­

tion is due to the power supply. Rail 

voltage drops rapidly as the output 

power increases.

Again, the power transformers were 

surplus units with only 10,000gF filter 

capacitors used. A common power sup­

ply powered both channels. A stiffer 

supply should achieve 100W/channel 

with little trouble, even with both chan­

nels driven simultaneously.

Note that at the 50W output level, 

distortion ramps up smoothly with in­

creasing frequency to 0.75% at 20kHz. 

My goal is usually no more than 0.1% 

even at this frequency at or near full­

rated output. This level of high-frequen­

cy distortion reflects the high imped­

ance in the feedback network. Recall 

that this was a necessary condition to 

keep input impedance at a reasonably 

high level in balanced input mode. At 

lower output levels or frequencies, 

THD is quite low.

In no event should anything close to 

50W at 20kHz be output in normal use. 

There is very little energy at the upper 

end of the audio band and high-frequen­

cy drivers; i.e., tweeters are seldom de­

signed to accommodate more than a few 

watts without damage. In listening tests, 

highs are smooth. There is no audible 

concomitant to the THD. Indeed, it is not 

unusual for tube amplifiers to have such 

levels of THD at even lower frequencies.

It is interesting that a friend of mine 

who has been using a pair of my 100W 

class A monoblocks for ten years in a 

pretty good system thought that this 

was the best sounding of the four am­

plifiers with which I have been associat­

ed. This, despite the fact that this amp 

is class AB using a common power sup­

ply, whereas the others were operated 

class A and constructed as either 

monoblocks or as dual mono units.

I am currently working on a bal­

anced mode preamp. Until then, I can­

not comment on the sonic quality of 

this amplifier when driven by differen­

tial sources. With unbalanced inputs, 

the DIFF 120 is a solid performer, even 

in a system with a Krell preamplifier 

and Martin Logan ReQuest speakers. ❖
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Zen Variations Part 4: The Penultimate Zen

Much spit and polish has been applied to this Zen amp design to 

maximize its efficiency. By Nelson Pass

T
he Penultimate Zen is the sum 

of several incremental improve­

ments to the original Zen ampli­

fier of 1994 (“The Pass Zen Am­

plifier,” TAA2/94). Eight years just flies 

by, doesn’t it? These improvements are 

contained here and in Parts 2 through 3 

(July and Aug. ’02) of the Zen Varia­

tions, and is likely the last version of 

this amp, although by no means the 

end of the variations on the theme of 

single-stage amplification.

In Part 2 we developed an improved 

active current source load for the sin­

gle gain device, which is at the heart 

of the amplifier. Originally designed 

for the Aleph amplifier series, this cur­

rent source doubles the output current 

and significantly lowers the distortion 

of the circuit over the original con­

stant-current source. Because the orig­

inal Zen amplifier is limited in both 

power and fidelity, this is a welcome 

improvement.

The original Zen amp is also limited 

in its rejection of power-supply noise, 

and benefits from having a quiet, sta­

ble power supply. In Part 3 we dis­

cussed some possibilities for power­

supply regulation for this and other 

Zen amplifiers.

The final shortcoming to address in 

the Penultimate Zen is the low input 

impedance. Depending on the version 

and the desired gain and distortion fig­

ures, the original Zen amp has an input 

impedance that varies from 600Q to a 

couple thousand ohms. For many audio 

sources, this input impedance is simply 

too low to give optimal performance. 

The ideal input impedance would be 

something up around 47kQ.

We will address this fault here and 

now, and then go on to present a final 

circuit with a nice finished printed cir­

cuit board design.

UPPING THE INPUT IMPEDANCE
The issue of increasing the input im­

pedance of the Zen amp is a delicate 

one. There is no way around the need to 

add circuitry to accomplish this, but in 

the spirit of the Zen amp, we wish to do 

it minimally.

The input junction of the gain MOS­

FET of the amplifier is operated at vir­

tual ground, so that previous Zen amps 

have an input impedance that is the 

value of the input resistor between the 

input connector and the Gate of the 

MOSFET. You could simply increase 

the values of the input and feedback re­

sistor, but then you bump into the non­

ideal nature of the MOSFET.

The Gate of the MOSFET has essen­

tially an infinite input impedance at

PHOTO 1: The loaded PC board.

DC, but offers capacitance between the 

Gate and Source and the Gate and 

Drain pins. The amount of the capaci­

tance is not so great and by itself does 

not impose serious limits on the resis­

tor values. The problem is that this ca­

pacitance varies under differing voltage 

and current conditions, and is thus 

nonlinear in character, producing dis­

tortion at higher frequencies. You can 

clearly see this effect on the distortion 

versus frequency curves of the previous 

Zen amplifiers, where somewhere 

above the midrange the harmonic dis­

tortion begins increasing with frequen­

cy. The higher the resistance at the 

input, the earlier this effect starts.

To have a high input impedance 

while maintaining low distortion at 

high frequencies, the amp needs a 

buffer. The most obvious approach is 

to use an input follower (Fig. 1). Here a 

small N channel MOSFET is biased up 

to serve as a Source follower, present­

ing a very high input impedance, and a 

fairly low output impedance while fol­

lowing the input voltage. Since we use 

a small MOSFET for this purpose, the 

input capacitance is tiny enough not 

16 audioXpress 12/02 www.audioXpress.com

http://www.audioXpress.com


to have a significant effect at audio 

frequencies.

There is another, more clever way to 

accomplish this follower (Fig. 2). Here 

we use a P channel MOSFET with the 

Drain connected to ground and the 

Source biased up by a current source, 

in this case just a resistor. There are 

several advantages to this approach.

First, the input can be direct cou-

pled, because it operates at ground po­

tential, eliminating the input capacitor 

and bias circuit.

Second, it is self-adjusting in the 

sense that the Source will operate at 

+Vgs, where Vgs is the Gate to Source 

voltage for the MOSFET, or about 3.5V. 

The amount of current the resistor sup­

plies is not critical, and can be quite 

high if desired, as the MOSFET will

only dissipate that current times the 

Vgs value. For the ZVP3310 you will be 

using, you could run it as high as 

50mA, which is a lot.

Third, the P channel nonlinearity will 

tend to operate in opposition to the N 

channel distortion of the gain MOSFET, 

giving some distortion reduction due to 

cancellation. You can alter this cancella­

tion a bit by adjusting the bias current 

and loading the P channel device.

Fourth, because the input system is 

at virtual ground, you can swing all the 

drive current you want without being 

concerned about the voltages across 

the input device, since it will be held 

very close to the constant Vgs of the P 

channel input. No Miller effect, hardly 

any gain or capacitance modulation, 

better performance.

Talk among yourselves. I’ll give you a 

topic: Is this still considered a single­

gain-stage circuit? If a differential pair 

or Darlington or a cascode is consid­

ered single-stage, would this be consid­

ered one also?
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THE CIRCUIT
Figure 3 shows the circuit of Fig. 2in­

corporated into the Zen amp with the 

regulated power supply. Q4 is the 

added buffer transistor, and it is biased 

by R13. R9 and C7 filter the voltage pro­

vided to R13. The feedback loop of R2 

and R3, which previously connected to 

the Gate of Q1, is now connected to the 

Gate of Q4 and have values two orders 

of magnitude higher, giving the amp an 

input impedance of 47kQ.

This circuit was designed to idle at 

2A, which is more than it actually needs

to achieve the desired 25W into 8Q fig­

ure. R0 and R1 together form a .33Q re­

sistor, and if you leave R1 out, the bias 

figure drops to 1.3A. With both R0 and 

R1 and a 50V rail, the amplifier will dis­

sipate 100W, and with R1 removed, the 

circuit dissipates 67W at idle.
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Depending on your heatsinking and 

power needs, you can include R1 or 

not. If you are planning on driving 4Q, 

you will definitely want it. If you leave 

R1 off, you should also change the 

value of R16 from 1.5kQ to 1.0kQ.

As with all the Zen amps, very few of 

the component values are critical; in 

fact, none of them are, so if you have re­

sistors and capacitors that come close 

to these values, feel free to use them.

As discussed previously, many sub­

stitutions will work for the transistors. 

You can choose Q2 and Q5 from a wide 

array of IRF-type N channel devices as 

long as they have the power and cur­

rent rating to do the job, which would 

be around 150W and 10+A. They do not 

have very much influence on the sound 

compared to Q1 and Q4.

In the case of Q1, the IRFP044 is the 

preferred part, but you can achieve al­

most as good performance from the 

IRFP140 and 240 parts, and pretty 

much anything else that is similar in 

character.

In the case of Q4, the Zetex ZVP3310 

performed the best among the parts 

tried. The IRF9510, 9610, and similar 

parts worked, but have higher capaci­

tance, and thus higher distortion at the 

top end with these input impedances. 

You can improve this by lowering the 

values of R2 and R3. If you can accept a 

10k input impedance, you could consid­

er using these alternate P channel 

MOSFETs.

While we’re talking about the input, 

note that the input of this amplifier is 

not protected against high voltage tran­

sients. Input voltages in excess of 20V 

will have some chance of damaging the 

input MOSFET Q4. If this occurs, it 

should not damage other parts, so if 

you plan on being careless when con­

necting the amp, keep a couple of spare 

ZVP3310s lying around.

Q3 works well with the Zetex ZTX450 

NPN transistor, but note that any de­

cent NPN signal device will work here, 

as you are primarily using it for the 

.66V junction voltage to control the cur­

rent through Q2. Like most of the parts 

here, it was chosen because it is avail­

able through Digi-Key.

C4 is simply a bypass capacitor for 

C1. You may omit it altogether or re­

place it with your favorite bypass part. 

C2 can be electrolytic or film (film 
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being preferred) but should be at least 

10^F to avoid low-frequency rolloff. If 

C2 is an electrolytic type, the polarity 

will not usually be important, as the DC 

values on either side are approximately 

the same. If you find that they are not, 

you will know where to point the posi­

tive side, won’t you? For more commen­

tary on the main audio circuit, refer to 

“Zen Variations, Part 2.”

C8 and C10 are simply high-frequen­

cy bypass capacitors. Usually the cir­

cuit will work fine without them, but 

they provide a nice margin for stability. 

Similarly with C12, which trims the 

high-frequency response so as to avoid 

peaking at high frequencies. Digi-Key 

no longer stocks 5pF caps, but I have 

listed 10pF parts in the parts list. You 

can buy two and put them in series to 

form a 5pF capacitor.

Alternatively, you can twist two fine 

insulated wires (like those used in wire­

wrap construction) together at a length 

of about 1.5" and get about 5pF. This 

technique has the advantage that you 

can start out too long and trim it with a 

pair of scissors while watching the 

square wave of the amplifier.

www.audioXpress.com

Z1 through Z5 are 9.1V zener diodes, 

which produce a 45.5V reference for 

the regulator Q5. You can adjust these 

to different voltages or bypass any of 

them if you find yourself using a differ­

ent rail voltage. You can leave them 

out altogether, in which case the regu­

lated supply will be about 4V less than 

the unregulated supply, but with the 

AC ripple removed. This works just 

fine in practice, and is usually referred 

to as a capacitance multiplier. For 

more information on the other parts in 

the supply regulator, refer to “Zen Vari­

ations, Part 3.”

CONSTRUCTION
Figure 4 shows the printed circuit 

board for this project. It measures 

about 6.5 x 3" and holds the circuitry 

shown in Fig. 3. The board is available 

for sale from www.passdiy.com, and 

you can also download the Gerber files 

to get your own made.

Photo 1 shows the stuffed board, 

which does not include the components 

for an unregulated 50V supply, but Fig. 

5shows a typical circuit for one channel 

and the grounding layout for a stereo

http://www.audioXpress.com
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amplifier. The transformers are Plitron 

077014201, with two 18V secondary 

windings and a 300VA wattage rating. 

While two transformers are recom­

mended for two channels, we did build 

an amplifier using only one. It worked 

well enough, but ran hot and mechani­

cally buzzed a bit at 200W draw.

Note in Fig. 5 that we have chosen to 

isolate the two channels through a rec­

tifier bridge to ground, with each chan­

nel’s ground appearing on one of the 

AC legs of the bridge. If you use a sin­

gle transformer supply for two chan­

nels, tie both of their grounds together 

and to both AC legs of the bridge.

If you construct the amplifier with 

two separate transformers and decide 

to operate the amplifier balanced or 

bridged, be certain to tie the ground 

speaker outputs together with a heavy 

piece of wire to provide a good low im­

pedance ground connection between 

both channels, otherwise speaker cur­

rent will attempt to flow through the 

input ground cables.

Figure 6 shows the mounting hole di­

mensions for the board and power tran­

sistors. These holes are tapped 6-32
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onto a flat surface of a heatsink. You 

must insulate the power transistors from 

the heatsink using thermal insulators— 

either silicone pads or mica and thermal 

grease. Use a washer between the head 

of the screw and the case of the transis­

tor to spread the force across the pack­

age, and don’t tighten them very tight. 

The ground on each board connects to 

the heatsink through R20, providing a 

resistive connection to the chassis.

The heatsinks must dissipate up to 

100W per channel, and need to do so 

with a temperature rise of about 30°C, 

which gives them a rating of about 

.3°C/W. If you use smaller sinks, then a 

lesser bias (no R1) and/or fan cooling 

will be necessary.

If you manage to cool the amplifier 

very well, you can consider whether 

you can get more power out of it. I 

would say the practical limit to this 

will be Q1, which is run at about 44W 

with the 2A bias. Personally, I hesitate 

to operate this device at greater than 

50W, but you can crank the supply 

voltage and bias up higher if you want.

With the IRFP044 I would not exceed 

50V on the regulated supply. If you 

want to try higher, I suggest the 

IRF140 or 240 devices.

More bias is easily provided by re­

placing R1 with .47Q, which will give 

TABLE 1 
ONE-CHANNEL PARTS LIST FROM DIGI-KEY

REFERENCE DESCRIPTION PART #
Q1, Q2, Q5 IRFP044 N channel power MOSFET IRFP044N-ND
Q3 Zetex NPN ZTX450 ZTX450-ND
Q4 Zetex ZVP3310 P channel MOSFET ZVP3310A-ND
D1 1N4004 diode 1N4004GICT-ND
Z1-Z5 1N4739 9.1V zener diode 1N4739ADICT-ND
C1 10,000^F @ 50V electrolytic P6939-ND
C2, C4 10pF polyester film EF1106-ND
C3 .001 pF film 4773-ND
C5, C6, C7, C9, C11 220pF @ 50V electrolytic P1246-ND
C8, C10 .47pF polyester film E1474-ND
C12 5pF film 399-1806-1-ND (2 in series)
R0, R14, R15 .47Q 3W metal film P0.47W-3BK-ND
R1 1Q 3W metal film P1.0W-3BK-ND
R2, R5 47.5k .25W metal film 47.5KXBK-ND
R3 221k .25W metal film 221KXBK-ND
R4 25k trim potentiometer 3386P-253-ND
R6, R11, R12, R16, R17, R18 1.5k .25W metal film 1.50KXBK-ND
R7, R8 221 .25W metal film 221XBK-ND
R9 100 .25W metal film 100XBK-ND
R10 100Q 3W metal film P100W-3BK-ND
R13 4.75k .25W metal film 4.75KXBK-ND
R19 6.81k .25W metal film 6.81KXBK-ND
R20 22Q 3W metal film P22W-3BK-ND

you 2.8A, enough to probably get 50W 

into 4Q and 100W balanced into 8Q. Be­

yond this, you can expect some excite­

ment. If you do replace R1 with .47Q, I 

suggest R16 at 2kQ or so.

Table 1 shows the parts list. You can
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find all the parts except the transformer 

and mechanical package at Digi-Key 

(www.digikey.com).

The amplifier is not very susceptible 

to noise pickup, and you can achieve 

good results enclosing it in a wooden 

chassis. If you do, be certain to 

heatsink the rectifier bridges, which or­

dinarily get their heatsinking from the 

chassis. Placing them on the main 

sinks is OK.

ADJUSTMENT
Assuming that you have triple-checked 

your assembly work, it is time to “light 

this candle.” Do so one channel at a 

time connected to unregulated V+. 

Wear safety glasses. Fuse the trans­

former at the minimum value, about 

1.5A. Set R4 at maximum value, which 

is counter-clockwise.

Bring the amplifier up slowly using a 

Variac® and watch the voltage across 

R0. If it does not exceed .7V or so, then 

continue to increase the Variac. Adjust 

R0 so that the Drain voltage of Q1 is half 

the regulated voltage plus about 2V.

If you get this far without problems, 

then check for the other voltages called 

out in the schematic. Readjust R4 after 

the amplifier has warmed up for a cou­

ple of minutes. Now do the same thing 

for the other channel. Watch where you 

stick those probes!

If the voltages all check out, then you 

have a 95% chance that everything is 

proper. If not, it is time to start doing 

your detective work. This is best done 

slowly. Wait till the next day. The vast 

majority of problems are board stuffing 

and wiring errors. Look for those at 

length before picking up a soldering 

iron. Think about it twice.

When you have the bugs out, run 

both channels for an hour and check 

the temperature of the heat every few 

minutes. Check for burning smells. 

Readjust R4 after an hour.

PERFORMANCE
In addition to having the high input im­

pedance, this circuit also measures bet­

ter than the previous editions. Due to 

the regulated power supply, the noise is 

about 35pV at the output, a really excel­

lent figure.

The distortion plus noise versus 

power into 8ft at 1kHz is shown in Fig. 

7 with the 2A bias. Figure 8 shows the 

same curve at 1.3A bias with R1 re­

moved and R16 at 1.0kft.

Figure 9 shows the distortion at 1W 

from 20 to 20kHz, which is dramatically 

better than any earlier Zen amp. Figure 

10 shows the frequency response, 

which is totally flat at 10Hz, and down 

about 2dB at 100kHz.

Like just about any other amplifier, 

the Penultimate Zen will drive 4ft also, 

but at a higher distortion figure. If you 

include R1, you should get about 30W 

into 4ft. If you decide to run a pair of 

the channels balanced (or bridged) with 

R1 installed, you can expect to see 

about 60W into 8ft, and the perfor­

mance is very good. As documented in 

Zen Variations 1 and 2, the distortion 

tends to drop due to cancellation of the 

second harmonic, which is the domi­

nant distortion. This mode of operation 

is highly recommended if you need the 

most power possible into 8ft.

CONCLUSION
Sonically, this is about as good as it’s 

going to get for this topology, and I 

would match it up against an Aleph 3 

without hesitation, and indeed the per­

formance is quite similar. Its signature 

is relaxed and very easy to listen to, al­

though it is not a powerhouse at the bot­

tom end. It works best with 8ft speakers, 

90+dB sensitivity, which do not require a 

lot of control from the amplifier. In other 

words, a tube friendly loudspeaker.

Does it sound like a tube amp? It’s a 

little bit of a cross between tubes and 

solid state, but it has its own character, 

the result of a very simple MOSFET cir­

cuit operated pure Class A.

So there you have it. The amplifier is 

called the Penultimate Zen because 

it represents how far we want to take 

this particular topology without getting 

medieval.
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An Against the Wall Speaker

Thin is in . . . for fashion models, laptops, and now speakers. This thin 

design suggests some interesting future applications. By John Mattern

I
had three objectives in pursuing a 

thin speaker design. First, I be­

lieved that the effect of the wall on 

the diffraction step would be low­

ered by having the speaker hug the 

wall. In the limit as the thickness be­

comes very small, it satisfies the large 

flange assumption that is basic to the 

simulation software for both the cone 

and the port openings.

Second, I believe that there is a fu­

ture in the thin LCD and plasma dis­

plays. They have a depth of about 3.5" at 

present. A speaker that had a depth of 

the same amount would harmonize 

with such a monitor. This particular 

thin design also has the advantage of 

placing the drivers at a good height.

The final objective was to verify the 

latest version of my software that simu­

lates the performance of a back-loaded 

speaker with fiberglass stuffing. The 

software has been modified to elimi­

nate the major discrepancies noted in 

my prior articles (“Another Look at TL 

Design,” SB 3/99, and “More on TL

Speaker Design,” aXFeb. ’02). The lat­

est simulation software is based on the 

acoustic treatment of the conical horn 

by Stewart and Lindsay.1

The Stewart and Lindsay equation 

for velocity potential in a conical pipe 

defines the forward and backward ve­

locity potential along the length of the 

pipe as a function of the distance from 

the apex. However, the equation does 

not provide for losses. To allow for loss­

es I combined a loss term with the 

Stewart and Lindsay phase term yield­

ing eA(ikr-ar), where -ar is the loss term 

that I added (“a” is the loss exponent 

per meter and “r” is distance in me­

ters). The loss, therefore, is introduced 

into Stewart and Lindsay’s subsequent 

terms for pressure and velocity.

I used the same mathematics they 

used in the lossless case to develop 

acoustic pressure and velocity at any 

distance from the apex. This also re­

quired a major revision in my software. 

In the end this change allowed the cone 

and port outputs to cancel each other at

PHOTO 1: Bass speaker assembly with 
fiberglass installed before attaching 
front panels and top.
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very low frequencies, a necessary con­

dition brought to my attention in corre­

spondence with G.R. Koonce. My early 

software based on Olson’s conical horn 

treatment2 did not lead to this result. 

My effort to introduce losses into 

Olson’s conical horn formula was ap­

parently unsuccessful.

THE TAPERED TRANSMISSION LINE 
The acoustic transmission line may be 

used to control the back wave from a 

bass driver in a multiple driver system. 

A tapered transmission line uses a 

changing cross-section to achieve a par­

ticular characteristic. If the taper is 

flared outward (the mouth is larger 

than the throat), then there will be gain 

that can provide more bass output. If 

the taper is in the other direction, it 

saves space and diminishes the radia­

tion from the port (should there be 

one). Whether tapered or not, the line 

will be filled with a tangle of fibers that 

selectively absorb the back wave.

The action is largely mechanical. Ac­

cording to Bradbury3, at high frequen­

cies where the inertia of the fibers ren­

ders them stationary there is absorp­

tion of sound but little change in speed. 

At low frequencies where the inertia 

forces are small, the fiber tangle moves 

with the air causing a significant reduc­

tion in the speed of sound but with little 

attenuation. At some frequency there is 

a turning point causing a rolloff with in­

creasing frequency similar to an L-R fil­

ter. But in this case the action is me­

chanical rather than electrical.

There are three factors that deter­

mine the filter action: fiber density, 

fiber diameter, and flow resistance. The 

flow resistance and packing density are 

interdependent. Increasing the packing 

density (compressing the fiber tangle) 

increases the flow resistance, and, con­

versely, specifying a higher flow resis­

tance demands a higher packing densi­

ty. A figure of merit for the fibers may 

be written as the fiber density divided 

by the fiber diameter. The greater this 

number the lower the turnover frequen­

cy and the greater the attenuation in 

the midbass region above the turnover 

frequency.

I have examined a number of materi­

als, and of these the fiberglass tangle 

has the greatest figure of merit for use 

in the conical horn. Unfortunately, fiber- 
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TABLE 1 
SPEAKER SYSTEM ELECTRICAL AND MECHANICAL PARTS LIST

PART VALUE SOURCE DESCRIPTION MFG PT# SUPPLIER PT
C1 18.0mF Parts Express— 

Solen
400V 
polypropylene

027-580

C2 16.0mF Parts Express— 
Solen

400V 
polypropylene

027-578

R1 8.0Q Parts Express 50W Lpad 260-255
R2 4.0Q Parts Express 20W wirewound 017-4
R3 8.0Q Radio Shack 20W non inductive 271-120
L2 1.0mH Parts Express Air core .21Q 266-350
LSI 8.0Q Parts Express Carbon fiber 

midbass woofer
HT130C0 296-063

LS2 4.0Q Boston Acoustics Midbass and 
coaxial tweeter

CX3/FX3

QTY DIMENSIONS MATERIAL
1 12 x 4 x .5" Fiberboard (CO base—with cutout for Lpad)
1 12 x 6 x .5" Fiberboard (CO panel)

12 #6-32 x 1.25" Brass screws (3 nuts/screw)

FIGURE 3: Crossover parts mounted on 3.5 x 8.5 x Vs" plywood board with 1 x 3" 
cutout for Lpad. B-1810-3

CONICAL HORN APPROXIMATION USING TWO CASCADED PARABOLIC HORNS

Sx=STHRonT(X/L)-'E L= LENGTH HORN

Smouth=4*Sthroat

LOCATION DISTANCE
FROM THROAT

AREA
SQ IN

DIMENSIONS 
IN

AREA
SQ IN

THROAT 0» OOO L St e. s x 4. a 1 1.75
JUNCTION O. 500 L 2. ES* St 2. 5 x 1 O. 5 ES. ES
MOUTH 1.OOO L 4*0*St 4. SEE x 1 0. S 47. 5

JILL USE APPROXIMATIONS BETWEEN X/L=1 AND X/L=E

FIGURE 4: Calculation showing approximation to conical horn using two short cascad­
ed parabolic horns. B-1810-4
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glass is the least predictable, because 

the fibers are anything but uniform. 

Bradbury gives the diameter as .005mm. 

The fiberglass tangles I have examined 

appear to have a large spread in fiber di­

ameter as well as length. Acousta-stuf, 

in contrast, is quite uniform but has a 

lower figure of merit as a result of its 

larger diameter and light weight.

The design of a tapered transmission 

(or horn-loaded speaker, if you prefer) 

will benefit from simulation software 

that predicts the approximate results to 

be expected. The simulation software I 

am now using is the result of many 

years of casual study backed up by sys­

tem construction for experimental veri­

fication. Only now has the agreement 

between theory and practice been rea­

sonably good.

SIMULATION
Since the simulation precedes the ex­

perimental phase, I will start with it first. 

Figure 1 shows the predicted perfor­

mance for an optimized enclosure using 

the Audax HM130CO. This is an upscale 

5.25" mid woofer featuring a fully venti­

lated woven carbon fiber cone. This fig­

ure shows the cone response, the port 

response, the phase difference between 

the cone and port, and the vector sum of 

the two responses.

I obtained the driver parameters 

from the data sheets in the Solen cata­

log, and the fiberglass diameter from 

Bradbury’s paper. I obtained the fiber­

glass density from the ITT Engineers 

Handbook.4 It differs somewhat from 

that given by Bradbury.

The simulation suggests that, with a 

port-to-cone-area ratio of four or 

greater, the port response can look very 

much like that of a subwoofer. I have 

verified the predictions of Fig. 1 using 

the enclosure parameters listed on the 

lower right side of the figure.

CROSSOVER
I chose to stay with the simple 6dB per 

octave crossover for both the bass and 

treble speakers. It served me well in the 

previous design and I could see no rea­

son to change it. The requirement that 

the bass and treble speakers have sub­

stantial overlap is still satisfied, and the 

treble speaker, a nearly full-range coax­

ial unit, can handle what little bass is 

fed to it. I do intend to try the Infinity 
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Kappa 3.5" car speaker, which has even 

more bass capability than the Boston 

Acoustics FX3, an upgraded version of 

the CX3.

There were more pressing issues to 

resolve, so I simply will repeat the earli­

er crossover (CO) design. I omitted the 

inductance and resistance used in the 

original CO to correct for the diffraction 

step because they were not needed. 

This is not to say that there are no dif­

fraction edge effects because there still 

are. But I will cover this later.

Table 1 provides the CO parts list. 

The electrical schematic for the CO is 

shown in Fig. 2 and the mechanical 

arrangement is shown in Fig. 3. I did 

not enclose the CO this time but used a 

wide front panel to hide the parts and, 

for convenience, placed the assembly 

on top of the treble speaker.

I have reservations about any speaker 

that uses a bipolar electrolytic as part of 

the CO. Both the CX3 and FX3 use a 

3.3mF electrolytic capacitor in series 

with the tweeter. I have successfully 

modified the wiring of both types so a 

quality external capacitor replaces the 

original internal one. aXwilling, I will 

report the details in a follow-up article.

CONICAL HORN 
APPROXIMATION
The simulation assumes a conical horn 

connecting the back of the cone to the 

port. This, of course, implies a smooth 

www.audioXpress.com
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change in dimensions in two direc­

tions, a difficult design to execute. For a 

4:1 area ratio the difference between 

the conical horn and the parabolic horn 

is not great. The parabolic horn can be 

formed with a uniform change in one 

direction only.

Figure 4 shows how a conical horn 

can be approximated by cascading two 

parabolic horns to closely approximate 

a conical horn. Of course, were the area 

ratio much greater than four, this sim­

ple solution would not suffice. The ex­

ample in the diagram approximates a 

conical horn between Sthroat and 

Smouth for an area ratio of four. This is 

the basis for the claim that the thin 

speaker is back loaded by a conical 

horn as assumed in the simulation.

BASS SPEAKER DESIGN
I took the bass speaker dimensions 

from the simulation plot of Fig. 1. I had 

difficulty meeting the requirement that 

the cone area, the stub area, and the 

horn mouth area be equal. The reason 

becomes apparent when you examine 

the speaker drawing of Fig. 5. Note that 

the position of the horn’s mouth is not 

well defined. I did the best I could, and 

I think the discrepancy is less than 10%.

The front and back of this enclosure 

uses %" particleboard shelving. It is 

called MDF but is more dense than 

what usually passes for MDF.

The outside pieces connecting the 

front and rear surfaces are Vis" thick 

hardwood. Their depth is 2.5" in the top 

half and linearly increases from 2.5" to 

5.0" in the bottom half. The internal 

pieces are only %" thick. The bottom 

halves are a composite of a straight 

piece and a wedge.

I use hardwood for two reasons. 

First, it is much stiffer than an equal 

sized piece of MDF. Second, the hard­

wood will hold the screws attaching the 
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lower front panel more securely.

I thought it was a good plan to make 

the lower front panel removable. I glued 

the upper front half trapping the stuff­

ing, and fastened the lower front half 

with screws on 3" centers. Of course, you 

can glue the lower half once you have 

verified the performance of the stuffing. 

Photo 1 shows a partially constructed
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bass speaker with the fiberglass stuffing 

installed. The final speaker uses stuffing 

surrounding the installed driver, not 

shown in the photo.

CONSTRUCTION OF THE BASS 
SPEAKER
The material list is provided in Table 2. 

Purchase shelving that is long enough

PHOTO 2: Treble speaker assembly 
with fiberglass installed before attach­
ing back panel.

so you won’t need a splice in the back. 

After cutting it to length, you will need 

to prepare the side pieces and internal 

partitions. I used scraps from Home 

Depot’s scrap box for these pieces. You 

may prefer to salvage your parts from 

oak flooring. After cutting the back to 

size, I penciled in the plan from Fig. 5 

to the back panel for use in locating the 

five internal parts.

I used a jig to cut the slopes for the 

internal hardwood pieces. The jig itself 

required work with a saw followed by a 

plane to render it accurate enough for 

the task. With a radial arm saw, you 

might clamp the work at an angle and 

then move the saw through the work.

I made sure that the hardwood 

pieces were true and then brushed on a 

uniform coating of carpenter’s glue. 

After clamping them to the back I 

wiped the excess glue away leaving a 

fillet of glue on the inside joints. I 

clamped the work in three places while 

the glue dried.

The three internal pieces should 

touch the 4.56 diameter speaker circle. 

Being careful to assure an airtight joint, 

you glue the three internal pieces to the 

back. This is a good time to fabricate 

the corner pieces and attach them. Re­

member this is the back and the only 

hole you will make is through the top 

for the wire.

I then made the 24.5" wedges that I 

glued to the bottom of the side pieces. I 

used a thinner 7" piece for the inside 

brace. I used a jig to fashion the bottom 

half of the outside pieces as well as the 

inside brace. Some ingenuity is re­

quired to construct this speaker, but, 

believe me, it is far more easily built 

than the first TL.

You will want to cut the 4716" speaker 

mounting hole in the top front panel. I 

did this in two stages. First, I used a 

47" hole saw and followed it with a 

drum sander to open the hole until the 

speaker fit.

I then used the router to cut a 45° 

chamfer on the back side, making the 

chamfer about %" deep. You will proba­

bly do this before cutting the top front 

panel to size. You may wish to leave a 

sliver of material at the top of the 

speaker cutout. The speaker fits on the 

outside of the front panel.

BASS SPEAKER STUFFING AND 
FINAL CONSTRUCTION
The stuffing is a bit “iffy,” because 

Radio Shack has discontinued their 

fiberglass blanket. I know of two other 

materials: the Home Depot %" pipe in­

sulation and their 37" home insulation. 

In the first instance, you will need to at­

tach three layers together with a very 

thin layer of spray adhesive to form a

FIGURE 7: Bass speaker near-field cone response and phase 
characteristic without CO. b-isio-t

21SIZE 3:RATE 4:INPUT 5:MKR1 6:MKR2 ?:WINDW 8:GAIH DATA | INP AUDIO ANALWTI 
4096 61.2kHz MIC 53 53 NONE 7.19dB N0U1901B
acquired: 13:26:49 11/19/2001

Port - Near field - no CO - 64 pulse samples - 2 volt leuel

FIGURE 8: Bass speaker near-field port frequency response 
and phase characteristic without CO. B-1810-8
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2.25" laminate. In the second case, you 

will need to remove a 1%" layer from 

the insulating blanket, but getting a 

neat result may be difficult.

You may want two patterns for cut­

ting the four pieces of stuffing. Plans 

for the patterns are shown in Fig. 6. The 

speaker here used the Radio Shack 

fiberglass, so the steps you take will be 

somewhat different.

First, I used the pattern to make the 

two long pieces, which extend to the 

floor. I made the side pieces in two 

steps. I fabricated the uniform 42.5 x 2.0" 

piece and then glued it in place between 

the back and side pieces with a thin coat 

of carpenter’s glue. Then I glued the top 

front panel in place with carpenter’s 

glue with the chamfer on the inside, 

being careful to avoid air leaks.

Then I made the fiberglass “wedges” 

that fit under the lower front panel. I at­

tached the fiberglass wedge with spray 

adhesive and attached the bottom front 

panel with screws on 3" centers using 

closed cell weather strip to seal the 

joints. When you are using thinner ma­

terial you may want to use more pieces, 

but shorter ones. The idea is to not 

quite fill the space between the front 

and back panels.

Finally, I glued the top on and drilled 

a slanted hole through it close to the 

edge for the speaker wire. This allows 

you to place the speaker against the 

wall because the treble speaker box is 

not as deep as the bass speaker. I did 

not allow for the room’s base board in 

the drawing of Fig. 5, since I will use 

my speaker in an area without one.

I used Home Depot pipe insulation in 

the second unit. This fiberglass comes 

in sheets that are 16 x 48 x .75". 

I cut out the pieces and then glued 

three pieces together with a very thin 

coat of spray adhesive, giving a nominal 

thickness of 2.25". The three-piece lami­

nate at the back extends to the floor. 

This insulation also comes in a narrow 

%" roll, which may be of some use.

MEASUREMENTS
I made all measurements using an 

early IMP audio analyzer on indefinite 

loan from G.R. Koonce. The test loca­

tion was my one-car basement garage, 

with dimensions of roughly 8 x 10 x 24‘. 

I placed the speaker against the inside 

of the closed door near its center. The

side walls near the door were covered 

with 7" thick fiberglass. I covered the 

floor near the speakers with 6" of foam

absorber. This was needed even when 

making near-field measurements to re­

duce nearby reflections.

TABLE 2 
BASS ENCLOSURE MECHANICAL PARTS LIST

QTY DIMENSIONS MATERIAL
1 12 x 22 x y" Fiberboard shelving (top front)
1 12 x 18/ x %" Fiberboard shelving (bottom front)

1 12 x 44% x %" Fiberboard shelving (back)

2 44.8 x 2.5 x W Hardwood (side)
2 24.5 x 2.5/0 x Vie" Hardwood (tapered side addition 7.91 ° slope)

1 33.7 x 2.5 x /" Hardwood (internal brace)

2 24.5 x 2.5/0 x /" Hardwood (tapered side addition 7.91 ° slope)

2 18 x 2.5 x /" Hardwood (partition with 10° taper)

2 4.25 x 2.5 x .8/0" Wood (tapered corner piece with 10° taper)
1 12 x 4 x y" Fiberboard shelving (top)
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I

I set the analyzer window to 40ms to 

eliminate the rear wall reflection, 

which was very strong. With a steady 

40Hz excitation I found the sound 

stronger in the center of the room than 

at the speaker cone! The 40ms window 

allowed the computation to go below 

30Hz. I used the test probe to calibrate 

the system at the output of the DC-cou­

pled amplifier that drove the speaker 

under test with a 2V test pulse.

BASS SPEAKER PERFORMANCE
Figure 7 shows the cone response of 

the Audax driver. The test was near­

field with the speaker placed against 

the garage door. The cone response at 

60Hz is down about 10dB. This is in 

good agreement with Fig. 1, which 

shows a 9dB loss. Figure 8 shows the 

port response at 40Hz to be down about 

5dB. This is in good agreement with the 

prediction in Fig. 1, which shows about 

a 6dB loss at 40Hz.

I measured the port pressure at the 

exit opening that is somewhat larger 

than the horn mouth, hence the 7.2dB 

area ratio gain correction rather than 

6dB. The measurements pertain to the 

first speaker using the Radio Shack 

fiberglass stuffing. A comparison of 

Figs. 7 and 8 shows the port to be in 

phase with the cone at 60Hz. This also 

is in good agreement with the predic­

tion in Fig. 1. The second speaker using 

Home Depot pipe insulation stuffing 

provided similar results.

TREBLE SPEAKER DESIGN
The mechanical design for the treble 

speaker is shown in Fig. 9. This is 

a true transmission line with a re­

verse taper and no port. I omitted 

the port because I wanted eventually to 

try other 3.5" car speakers and did 

not want to be tied 

to a length that 

depended on the 

treble unit’s reso­

nant frequency.

As you will see 

later, the sensitiv­

ity of the Boston 

FX3 is adequate 

and the rise in impedance at reso­

nance is well enough controlled so 

that a simple 6dB rolloff works well. I 

feared that the rise in impedance at 

resonance might be a problem with a 

simple 6dB per octave bass rolloff. Cer­

tainly the electrical damping would be 

compromised by the high impedance 

of the series CO capacitor.

In fact, I built an active CO and com­

pared the treble unit’s performance 

with the two types of COs. The mea­

sured and audible differences were neg­

ligible so I kept the passive CO.

I had several objectives to meet with 

this design. First, I wanted a thin enclo­

sure to match the bass enclosure in 

width. Second, I chose to locate the tre­

FIGURE 11: Treble speaker simulated response. B-1810-11
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ble driver as close as possible to the 

bass driver. Third, I wanted a balanced 

acoustic load on the back side of the 

driver. And fourth, I wanted the initial 

transmission line area to equal the 

cone area.

The last item required a 1" fill with a 

cutout for the magnet. The fill is at­

TABLE 3 
TREBLE SPEAKER ENCLOSURE PARTS LIST

QTY DIMENSIONS MATERIAL
1 12 x 12 x tfe" MDF (front)
1 12 x 12 x Vie" MDF (back)
2 12 x 2 x 7" Hardwood (sides)

2 11 x 2 x 7" Hardwood (top and bottom)

1 7.5 x 2 x 7" Hardwood (internal horizontal)

1 11.0 x 3.5 x 7" Hardwood (internal filler—see Fig. 9)

2 5.5 x 2 x 7" Hardwood (internal outside vertical)
2 5.75 x 2 x 7" Hardwood (internal inside vertical)

2 1.25 x 2 x 17" Wood (45° corner piece)
10 .75 x 2 x .75" Wood (45° corner piece)

14 #6 x 17" Steel wood screws

TABLE 4 
TREBLE SPEAKER ENCLOSURE STUFFING—CORNERS PER FIG. 9

QTY DIMENSIONS MATERIAL
1 11 x 3.5 x 1" Fiberglass blanket (2-.5" layers)
2 7.5 x 1.75 x 2.0" Fiberglass blanket (2-.75 + 1-.5" layers)
2 7.0 x 1.5 x 2.0" Fiberglass blanket (2-.75 + 1-.5" layers)

1 7.0 x 2.5 x 2.0" Fiberglass blanket (2-.75 + 1-.5" layers)

1 pkg .75 x 7ie" Closed cell foam weatherstrip

tached to the back panel as shown in 

Fig. 10. The shallow 1" TR feeds into a 

narrow TR having a depth of 2". The 

transition is accomplished by a 45° 

step, with a depth of 1.5". The remain­

ing passages are narrower but deeper. 

Do not confuse this step with the 45° 

corner piece. There are two large cor­

ner pieces in the speaker section and 

ten other smaller corner pieces.

TREBLE SPEAKER CONSTRUCTION
The front and rear panels are made 

from Vis high density fiberboard. I used 

7" fiberboard for the side pieces as well 

as the inside pieces, but I highly recom­

mend using hardwood instead because 

the screws hold so much better. The 

gap between the front and rear panels 

is 2.0". Details of the major parts are 

provided in Tables 3and 4.

I used the same procedure to assem­

ble the treble speaker as I did with the 

bass speaker; that is, I made a drawing 

on the inside of the front panel locating 

all the 2" pieces and the driver cutout. 

The next step I should have done before 

but didn’t—that is, make an identical 

drawing on the outside of the back panel 

as an aid in locating the screw holes. 

Since the speaker is mounted on the in­

side, it is desirable to have the back re­

movable. I then cut the 3.0" hole for the 

driver in the front panel and cut a 45° 

chamfer with my router on the outside 

of the panel. You will want to leave an :4" 

section of wall without a chamfer.
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I used the pencil layout on the front 

panel to place the parts, starting with 

the outside parts first. I glued all pieces 

including the ten small corner pieces 

and the two large corner pieces to the 

inside of the front panel a few pieces at 

a time because of the limited number of 

available clamps. The rear panel is at­

tached with screws on 3" centers with 

closed cell weather stripping providing

PHOTO 3: Unfinished speaker system with 
CO at top, set up against garage door for 
tests.

the seal. Photo 2 shows the entire as­

sembly just before closing it. This enclo­

sure is very sturdy and is virtually im­

mune to speaker-induced vibrations, as 

is the bass speaker.

TREBLE SPEAKER PERFORMANCE
Figure 11 shows the predicted low fre­

quency response using a modified sim­

ulation program that omits the parts 

that do not apply to a TL without a port. 

I obtained most speaker parameters 

using the IMP analyzer to measure the 

Thiele/Small parameters, which I con­

verted to the alternate parameters, ex­

PHOTO 4: Stereo pair with diffraction-reducing side boards.

cept for BL, which I am able to measure 

directly at home. Figure 12 shows the 

measured low frequency response of 

the treble speaker. The two are in good 

agreement at 40Hz.

COMBINED BASS AND TREBLE 
PERFORMANCE
Figure 13 shows the magnitude and 

phase of the bass speaker with the CO 

in the path. Figure 14 shows the magni­

tude and phase of the treble speaker 

with the CO in the path. I made both 

measurements near-field with the win­

dow set to 6ms. The measurement sys­

tem gains were equal and 

the Lpad setting was maxi­

mum. The design crossover 

is 1250Hz.

The phase difference at 

this frequency was 90° as re­

quired. The dip at 900Hz ap­

peared to be related to edge 

diffraction, since the size 

was reduced with a window 

smaller than 6ms. Photo 3 

shows the completed speak­

er against the inside of the 

garage door. I abandoned 

outdoor testing because of 

the noisy environment.

EDGE DIFFRACTION
The stereo speaker configu­

ration as tested is shown in

FIGURE 14: Treble speaker near-field response and phase with CO.
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Photo 4. In Beranek’s5 “acoustic mea­

surements” his illustration of the dif­

fracted wave from the edges of the 

speaker cabinet gave me an idea for can­

celing the wave with a second diffracted 

wave delayed 180° beyond the first. The 

measurements did show partial cancel­

lation. The first peak and first dip, near 

1000Hz, were reduced to half their value 

without the canceling panels. Of course, 

this works only if the outside panel ends 

are tight against the wall.

The panels are 6" in width and the 

front surface is set back 2" from the 

front surface of the main body of the 

speaker. There are two edge pieces giv­

ing the pieces a shallow U-shaped 

cross-section. The center contains fiber­

glass to suppress resonance. The depth 

of the panel and sidepiece is 2". I think 

sloping pieces might be more effective, 

but I was dissuaded by the greater con­

struction difficulty.

SUBJECTIVE EVALUATION
Finally, I replaced the SB3/99 speakers 

in the basement club room with the flat 

ones. I chose the following sources for 

the listening tests because I am familiar 

with the sound of a symphony orchestra 

and because it is difficult to reproduce.

1. The Nutcrackerwith the Kirov Ballet 

on a Philips DVD.

2. Beethoven adagio from piano concer­

to No. 5 on Silverline DVD Audio.

3. Murray Perahia’s Mozart on Sony 

VHS.

4. Bruckner Symphony No. 8 by the Is­

rael Philharmonic on Image DVD.

5. Excerpts from Tchaikovsky’s Ballets 

on Silverline DVD Audio.
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In comparing the new speaker with 

the old one, I noted that the biggest dif­

ference was the cleaner highs. I at­

tribute this to the changes in the FX3 

and possibly to reduced diffraction ef­

fects. The bass was warmer than in the 

garage, but in the clubroom a tad more 

powerful than the old speaker. I have 

wondered about the effect of the 

garage door on the sound! In the club­

room the speakers are up against a 12" 

cement block wall. The new speaker’s 

midrange definitely seemed more 

transparent.

In comparing the five sources, I 

would give the highest marks to the 

VHS and the lowest to the CD. The CD 

could not carry the peaks without audi­

ble distortion, particularly in the first 

ballet selection. All the DVDs produced 

fine sound even on peaks but lacked 

the polish of the VHS tape. ❖
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Design an Active Transient-Perfect 
Second-Order Crossover

After constructing and testing an active circuit, this author shares his 

design rules for actively implementing transient-perfect, second-order

crossovers. By John Kreskovsky

I
n my article, “A Transient-Perfect 

Second-Order Passive Crossover” 

(May ’01 aX), I presented the basic 

theory behind the development of 

transient-perfect second-order cross­

overs using symmetric, overlapped, low 

Q, second-order filters with equaliza­

tion based on a simple second-order 

resonant circuit. The crossover yielded 

a summed response that had flat ampli­

tude and zero phase shift, and hence 

was transient perfect. The design of the 

filters and equalization was based on a 

series of computer-optimized results 

from which a set of design graphs were 

presented.

In this installment I have returned to 

the analysis of the transfer functions 

and developed a set of design rules 

(equations) for determining the re­

quired filter and equalizer parameters 

as a function of the crossover frequency 

and overlap between the high-pass and 

low-pass filters. I have also developed a 

spreadsheet-based CAD tool for the de­

sign of active transient-perfect second- 

order crossovers that you may down­

load from the web.

ANALYSIS
I begin with the assumption that a filter 

can be constructed such that

Teq(s) (Thp(s) + Tlp(s)) = 1 [1]

Here TEQ(s) is the transfer function of 

the equalization network, THp(s) the 

transfer function of the high-pass filter, 

and TLp(s) the transfer function of the 

low-pass filter. I further assume that the 

transfer functions of high-pass and low- 

pass sections are those of symmetric, 
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overlapped second-order filters. Defin­

ing s as

s = jffi/ffio [2]

where ®o is the crossover frequency, 

and an overlap parameter, y, such that 

the corner frequencies of the high- and 

low-pass filters are given, respectively, 

as

®HP = ®</Y [3a]

tuted into Equation 1. After some math­

ematical manipulation you end up with 

the rather ominous equation,

[(ys)2 (1 + s/(YQf) + (s/y)2 ) + (1 + sy/Qf+ 

(YS)2)] [1 + SG/Qeq + S2] =

(1 + s/(yQf) + (s/y)2) (1 +sy/Qf+ (sy)2) (1 +

s/Q + s2) [7]
eq

We can multiply this out and obtain an 

equation of the form

a0 + a1S + a2S2 + a3S3 + a4S4 + a5S5 + 

a6S6 =

b0 + b1S + b2S2 + b3S3 + b4S4 + b5S5 +

b6S6 [8]

and

®LP = Y®o [3b]

The transfer functions for the high-pass 

and low-pass filters can then be ex­

pressed as

THP(s) =

and

( Ys)2

1 + sy/Qf + ( ys)2

[4]

For the equality of Equation 8 to be sat­

isfied, which will render Equation 1 sat­

isfied with the transfer functions given 

by Equations 4, 5, and 6, the coefficients 

of like-order terms on the left- and right­

hand side of Equation 8 must be equal. 

For example, a0 must equal b0. The task 

at hand then is to determine values for 

Qf, Qeq, and G, for a specified value of y 
that satisfies the necessary constraints. 

After a little effort the following relation­

ships emerged:

TlP (s) =-------------------- T ,
1 + s/(yQf ) + (s / y)2

[5]

Qf is the Q of the filter section in the 

usual sense. Please note that the defini­

tion of y is different here from that 

which I used in the original paper. The 

present y is equal to the square root of 

gamma from the original work.

The transfer function of the equaliza­

tion network is given as

TEQ (s) =
1 + sG / Qeq + S2 

1 + S/Qeq + S2
[6]

In Equation 6 G is the gain at resonance 

and Qeq is the Q of the resonant circuit.

Equations 4, 5, and 6 are then substi-
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Qeq =

Qf y
( y2 +1)

[9]

[10]

G =1 + 1/y2 + 2/(y2(y2 -1)) [11]

A plot of these relationships is shown 

in Fig. 1. Note the gain asymptotes to 

1.0 as y goes to infinity, and infinity as y 

approaches 1.0. Qeq also asymptotes to 

infinity as y approaches 1.0, and 0.0 as y 

approaches infinity. Qf varies between 

0.5 at y = 1.0 and 0.0 as y goes to infinity. 

I recommend that y be restricted to be­

tween 1.5 and 2.0.

A schematic of an active circuit for 

the crossover is shown in Fig.2. The
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component values for the filter and 

equalizer sections are given as follows:

For the high-pass (HP) section, for a 

given value of CHP,

R1 = YWxCHpQf)

R2 = YQ/(nfxCHp)

For the low-pass (LP) section, for a 

given value of RLP,

C1 = Q/(ify

C2 = 1WxRLPQf)

and for the equalizer section, for a 

given value of Re,

Le = QeqRe/(2nfx)

Ce = 1/(2nfxQeqRe)

Re1 = (G - 1)Re

The inductor in the RLC resonate cir­

cuit can be replaced by an active induc­

tor as shown in Fig. 3.

TESTING
I developed a spreadsheet-based CAD 

tool for designing the active crossover. 

A sample design, generated using the 

spreadsheet, is shown in Fig. 4for the 

case where y = 2.0 and the crossover fre­

quency, fx, is 1kHz. The low Q behavior 

of the HP and LP sections is evident. 

The filter section Qf is 0.4. The equaliza­

tion for this case has a Qeq of 0.333 with 

3dB gain. The equalized HP and LP re­

sponses are also 

shown.

The actual 

spreadsheet 

also shows the 

phase response 

of the filters, as 

well as refer­

ence first-order 

and second- 

order Linkwitz- 

Riley filter func­

tions, and com­

putes the re­

quired values 

for the filter 

components 

shown in Figs. 2 

and 3. You can download it from the In­

ternet at: http://www.pvconsultants.com/ 

audio/frdgroup.htm.

When using the spreadsheet, the val­

ues of CHP, RLP, and Re are specified 

and values for R1, R2, C1, C2, Ce, Le, 

and Re1 are computed. You must also 

specify Re2, and the spreadsheet then 

calculates the values of Re3 and Ce2 for 

the active inductor. I chose values of 

0.22^F for CHP, 2.21kft for RLP, 4.42kft
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www. h ifido. co.jp

OSAKA(Overseas Dept.): 4-6-10 NIPPONBASHI NANIWA-KU OSAKA JAPAN
TOKYO:TOKUHARA BLD 5-5-7 SOTOKANDA CHIYODA-KU TOKYO JAPAN 

NAGOYA:3-11-30 OOSU NAKA-KU NAGOYA JAPAN
PHONE 816-4396-7611 FAX 816-4396-7621
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for Re, and 2.21kQ for Re1. This yielded 

the following values for the remaining 

components:

R1 = 1.809kQ

R2 = 1.157kQ

C1 = 0.0222pF

C2 = 0.0347pF

Ce = 0.1080pF

Le = 234.5mH

Re3 = 2.21kQ

Ce2 = 0.048pF

FIGURE 3: 
Schematic for 
eliminating the 
inductor, Le, from 
the active circuit.

Re2 + Re3 = Re
CeJ » Li J(Re2 x ReîJ

I then constructed the circuits shown 

in Figs.2and 3around the Burr-Brown 

OPA2134 dual audio operational ampli­

fier using metal film resistors with stan­

dard values as close to the CAD-gener­

ated values as possible. Polypropylene 

capacitors were used, paralleled to ob­

tain the necessary values. One 2134 was 

used for the active equalization and ac­

tive inductor; the second 2134 was used 

for the high-pass and low-pass filters. 

The circuit was powered by a ±12 power 

supply salvaged from a circa 1980 

RACAL computer modem.

I made measurements of the frequen­

cy response at the output of the equaliz­

er circuit and at the output of the high- 

and low-pass filters using the Audio 

Tester1 with a sine-wave sweep. The 

measured results are shown in Fig. 5 

and are in excellent agreement with the 

CAD design. I also measured the re­

sponse of the system to a 250Hz square 

wave as generated using the Audio 

Tester.

The measured response of the high­

pass, low-pass, and the summed output 

is compared to the input signal in Fig. 

6. Figure 7 shows the summed output 

and the input when the frequency is 

raised to 800Hz. Both figures show that 

the crossover retains waveform integri­

ty within the limits of the generating/ 

measuring system.

This transient-perfect nature of this 

type of crossover also lends itself direct­

ly to three- (or more) way crossovers

REFERENCES
Audio Tester, Shareware by Ulrich W. Muller, 
http://www.sumuller.de/audiotester/.

FIGURE 5: Measured response of the CAD designed sample filter. Upper
traces are amplitude response. Lower traces show phase.

B-2089-5
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FIGURE 6: Measured 250Hz square wave response. A: high-pass out­
put, B: low-pass output, C: summed output, D: input signal. Note: ver-
tical scale varies for different sweeps.

B-2089-6

of a previous stage to produce a three­

way transient-perfect crossover that 

also has flat summed amplitude and 

phase response. For additional informa­

tion, refer to the May ’01 issue of 

audioXpress. ❖

with little addi­

tional effort. For 

example, the 

crossover can be 

cascaded without 

affecting the 

transient-perfect 

nature of the re­

sponse. A second 

HP/LP/EQ block 

can be placed at 

the output of the 

HP or LP section

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

TURBOCHARGING YOUR REGA ARM

“Nothing less than total dynamite” HI-FI WORLD MAGAZINE

If you are the proud owner of any Rega arm why not utterly transform it 
into the league of super arms with the Origin live structural modification:- 
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6C33C-B Push-Pull Power Amplifier II

Some things are better the second time around . . . like this new, 

improved power amp from one of our tube enthusiasts in France.

By Daniel J.F. David

s you probably already know, 

hi-fi lovers are perfectionists. 

So it’s no surprise that after 

publishing my article (“Triode

Power Amplifier 6C33C-B,” GA2/99), re­

marks from certain friends encouraged 

me to continue studying and improving 

this amplifier, especially increasing its 

power, perfecting a lower-voltage phase 

inverter, and adding a new output 

transformer (Photos 1-3).

PREAMPLIFICATION
I kept the same preamplifier stage but 

used 12AT7 tubes (Fig. 1). With these 

the gain is 40, less than with the 12AX7, 

but with a larger input swing. The pre­

amplifier and the phase inverter com-

40 audioXpress 12/02 www.audioXpress.com

http://www.audioXpress.com


bined have a 108 gain, which is more 

than sufficient. The preamplifier is 

composed of a shunted-regulated push­

pull (SRPP) and a directly coupled cath­

ode charge stage.

I discovered this schematic a few 

years ago as described by José Gomez 

in an issue of the L’Audiophile maga­

zine. After having experimented with it, 

he allied a bass output impedance, a 

graduated distortion spectrum com­

posed of only odd harmonics (regularly 

graduated from low to high), and a high 

gain and output swing.

The V1 and V2 tubes function as a 

normal SRPP. If the V1 receives a posi­

tive alternance, its grid becomes less 

negative, the V1 plate voltage decreases 

(the internal resistance of the V1 de­

creases, as well), and the R2 terminal 

voltage increases. A more and more 

negative voltage is applied to the V2 

grid (the internal resistance of the V2 

increases) and at the same time the 

same increasingly negative voltage is 

applied to the V4 grid. The voltage of 

the V4 cathode decreases as well.

The input signal is applied to the V3 

grid. The grid voltage of this tube is less 

and less negative (the internal resis­

tance of the V3 decreases), and the 

plate voltage of the V3 decreases. You 

now have a constant voltage on R3, 

which is of a constant ohm value, equal 

to a constant current in the R3.

Theoretically, a constant-current 

source has infinite impedance. There­

fore, the V4 has a cathode load with in­

finite impedance (in alternate). R3 in 

AC has a resistance, which is superior 

to its ohm value. In theory, the higher 

the triode load, the more linear the 

stage.

SCHMITT CATHODE-COUPLED 
PHASE INVERTER
I needed to use a high voltage with the 

cathode-coupled phase inverter in 

order to obtain a direct liaison with the 

preceding stage. Despite its qualities, I 

had to rethink this stage, turning to the 

Schmitt phase inverter. I used two 

12B4As for a gain of 2.7 without distor­

tion and 170V peak-to-peak (pp) output 

with a voltage of 487V, conserving a di­

rect liaison with the preceding stage. 

All the resistors in this stage are 11W, 

non-inductive.

The balance of the phase inverter is

PHOTO 1: 
The revised 
6C33C-B 
power amp.

Chelmer Valve Company Ltd
The Stables, Baddow Park, Great Baddow, Chelmsford 

Essex, CM2 7SY, England.

email: sales@chelmervalve.com ** tel. 44 1245 241 300 fax. 44 1245 241 309 ** www.chelmervalve.com

for High Quality Audio Tubes
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Brimar, GEC, Mullard, RCA , Telefunken etc. etc. are scarce and often quite expensive.
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in on power tubes to improve stability avoid tubes with weaknesses etc.
****** A sel1 ection of CVC PREMIUM Audio 1rubes ******

1 PRE-AMP TUBES 1 POWER TUBES^H1 POWER TUBES cont.■II RECTIFIERS cont.^H
ECC81 5.90 EL34G 8.30 6L6/ 5881 WXT 9.00 5Y3GT 4.80
ECC82 5.90 EL34 (JJ) 8.50 6V6GT 5.50 5Z4GT 5.80
ECC83 5.90 EL34(Large Dia) 11.00 6080 11.50 II SOCKETS ETC.^^H
ECC85 6.60 EL84 5.50 6146B 11.00 B9A (Ch or PCB) 1.60
ECC88 5.70 EL509/519 13.00 6336A 48.00 Ditto, Gold Pl. 3.00
ECF82 5.50 E84L/7189 7.50 6550WA/WB 15.00 Octal (Ch or PCB) 1.80
ECL82 6.00 KT66 11.00 7581A 12.00 Ditto, Gold Pl. 4.20
ECL86 6.30 KT66R 22.50 807 10.70 UX4 (4-Pin) 3.60
EF86 6.00 KT77 13.20 811A 11.80 Ditto, Gold Pl. 5.50
E80F Gold Pin 11.00 KT88 13.50 812A 31.00 4 Pin Jumbo 10.00
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6SL7GT 8.90 211 23.00 GZ33 15.50 Ditto, Gold Pl. 4.30
6SN7GT 5.30 300B 45.00 GZ34 7.20 Top Con. (For 807) 1.70
6922 6.40 6C33C-B 25.00 GZ37 15.50 Ditto, (For EL509) 2.00
7025 7.00 6L6GC 7.60 5U4G 6.30 Retainer (For 5881) 2.20

6L6WGC/5881 8.90 5V4GT 5.00
****** ******And a few ‘Other Brands’, inc. rare
5R4GY Fivre/GE 8.50 6SL7GT STC 13.00 13E1 STC 100.00 6550C Svetlana 18.00
5R4WGY Chatham 10.50 6SN7GT Brimar 13.00 211/VT4C GE 120.00 6146B GE 18.50
5Y3WGT Sylv. 6.50 12AT7WA Mullard 6.00 300B JJ 56.00 A2900 GEC 15.00
6AS7GT Sylv. 12.00 12AU7 Mullard 12.50 300B Svetlana 80.00 E88CC Mullard 14.60
6AU6WC Sylv. 5.10 12AY7 GE / RCA 8.40 300B WE 195.00 F2a Siemens 145.00
6B4G Sylv. 27.00 12AZ7 West'h. 8.00 805 USA 52.00 KT66 GEC 69.00
6BW6 Brimar 5.40 12BH7A RCA 14.00 5842A GEC 15.00 KT88 JJ 17.40
6BX7GT GE / RCA 9.00 12BY7A GE 9.50 6080 Telef. 13.30 KT88 Svetlana 35.00
6CG7/6FQ7 8.50 12E1 STC 12.50 6550A GE 31.50 PX25 KR 128.00

ALL PRICES IN U. K. POUNDS £
Please note extras: carriage charge (£3.00 in U.K.) & in EEC VAT (17.50%). When ordering please state if matching 
required (add £1.00 per tube) . Payment by credit card (VISA, AMEX etc.) or TRANSFER or CHEQUE (UK only).
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done with a 2.2k 4W potentiometer. 

You may use a voltmeter or a scope, 

adding the two signals and setting the 

signal to minimum.

POWER STAGE
The power stage is identical to my pre­

vious amplifier. The 25W cathode resis­

tors are set up on an aluminum radia­

tor. Since thermal dissipation is always 

a problem, a larger ventilated radiator, 

occupying the entire base of the ampli­

fier, is being studied.

The stage adjustments can be made 

with an audio-frequency (BF) generator 

at 40Hz. A distortiometer is connected 

to a load of 8Q at the output of the am­

plifier. Set the 22Q potentiometer for 

minimum distortion.

Or as a second solution, you can con­

nect two voltmeters to the 1Q resistors. 

Set the two voltages to the same value.

OUTPUT TRANSFORMER
I studied a new mains transformer, 

which determines the final result of the 

amplifier. It was built by Bobinelec, a 

very competent Alsacien (France) wind­

ing company. I tried several transform­

ers before finding a definitive and effi­

cient model. The output transformer 

bandpass goes from 10Hz to 40kHz 

without any attenuation, and its distor-

TABLE 1 
AMPLIFIER PARTS LIST 

(DOUBLE ALL PARTS FOR STEREO)

AVAILABLE FROM CONRAD ELECTRONIC:

RESISTORS
R1, R22, R23, R24,
R25, R30, R31 100k, 2W, MO
R2, R3, R24 1k, 2W, MO
R5 1MQ, 2W, MO
R6 2.7k, 10W, ceramic
R7 3.3k, 10W, ceramic
R8, R9 2.2k, 2W, MO
R10, R11 4.7k, 10W, ceramic
R12, R13 330k, 2W, MO
R14-R16 47Q, 25W, wirewound,

R17
no inductive 
33Q, 25W, wirewound,

R4, R18, R19, R26, R27
no inductive 
470Q, 2W, MO

R20, R21 1Q, 2W, MO
R28 560k, 2W, MO
R29 220k, 2W, MO

POTENTIOMETERS 
P1 47k, pot ALPS, log
P2 2.2k, 3W, pot, linear
P3 22Q, 4W, linear

CAPACITORS
C1, C3, C4, C5 1^F/630V MKS
C2 220pF/63V
C5-C10 100^F/350V electrolytic
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tion rate goes from 10Hz to 40kHz, al­

ways below 1%, up to 20W (Fig. 2).

Finally, this transformer is easily re­

produced at a competitive price. It is 

mounted on an EI magnetic circuit (105 

x 126) of steel silicon sheets with orient­

ed crystals. The theoretical primary in­

ductance value of the transformer is 

4.5H with a bandpass attenuation of 

3dB to 10Hz with 1047 primary turns.

Due to winding constraints, 1092 pri­

mary turns are necessary to improve re­

sults of the lower frequencies. This was 

verified by electronic measuring.

The primary coil (Fig. 3) is sectioned 

into six parts and interlaced with six 

identical parallelized secondary coils. 

The leakage inductance is equally low 

and allows you to easily obtain high fre­

quencies up to 40kHz. The transforma­

tion ratio automatically maintains the 

output power at 25W maximum in 

order to keep the total distortion rate 

below 1%.

POWER SUPPLY
The power-supply transformer was spe­

cially built by Bobinelec. It is composed 

of several primary coils, which allow us 

to accurately adjust the filament volt­

age on the 6C33C-B to 6.3V.

AUDIO TRANSFORMERS
AMERICA’S PREMIER COIL WINDER

Engineering • Rewinding • Prototypes

McINTOSH - MARANTZ - HARMAN-KARDON 
WESTERN ELECTRIC - TRIAD - ACROSOUND 
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BOBINELEC
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FAX 33-5-61-86-61-89
power transformer
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The voltages are given only as an in­

dication and can vary depending on the 

tubes used. At the start-up both switch­

es are off. Turn on S1 for five minutes to 

pre-heat the tubes, then turn on S2 for 

the high voltage. The temperature of 

the tubes is stabilized after 20 minutes.

CONSTRUCTION
The amplifier is built on a P-H129 alu­

minum frame supplied by Antique 

Electronic Supply. The 6C33C-B sup­

ports are slightly elevated to help make 

thermal dissipation easier. The cathode 

resistors of the power stage are mount­

ed on an aluminum radiator (Fig. 4).

As usual, the wiring should be done 

with care so as to avoid hum, oscilla­

tion, and other unpleasant problems. 

Electrical efficiency should prevail 

over esthetic efficiency, especially with 

this powerful amplifier. The filaments 

of the 6C33C-B use 6.6A each, so wire 

them away from the audio-frequency 

generation (BF signal) wires! Don’t for­

get to twist these wires to lower the 

magnetic field they can produce. As a 

usual precaution, use one ground per 

stage. These grounds should be wired 

together and connected to the frame at 

one point.

PHOTO 2: Rear view.

LISTENING RESULTS
With more power this unit represents 

one step further in quality. With better 

sound definition it achieves a softer, 

warmer, more melodious sound. The

FIGURE 4: Chassis layout. G-2055-4
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transients are less powerful than with a 

split-load inverter; the bass tones are 

light and natural; the mediums are very 

definite; the high tones are more pre­

cise. Together this produces a very fine 

example of listening pleasure. I person­

ally conducted my listening tests with

PHOTO 3: Bottom and internal view of amp.

CDs from the Revue de Son magazine 

of various styles of music. I found the 

results to be excellent. ❖

Translated from French by Gretchen 

Marie Hromyak.

Contact Sara at (763) 258-8550

Email: audiofoil@alpha-amer.com

Minneapolis, Minnesota 
www.alpha-amer.com
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Thagard’s Power Supply Revisited

Norm Thagard’s two-part series that appeared in our inaugural aX 

generated much reader response and appreciation of his sane, well- 

designed power supply. Here’s a sampling. By Tom Perazella

K
udos on your article, “A Phono 

Pre-Preamplifier for the CD 

Era,” in audioXpress, January 

and February 2001. I especially 

enjoyed the emphasis you placed on 

good, rather than expensive, power-sup­

ply design. The audio hobby is plagued 

with the notion that in order for some­

thing to be good, it must be prohibitive­

ly expensive. I sometimes think that 

there are people out there who try to 

cover up their lack of understanding by 

throwing money at a problem. That usu­

ally results in expensive failures rather 

than just failures.

I’d like to point out a few observa­

tions I’ve made over the years in de­

signing my power supplies. When deal­

ing with silicon rectifiers, or SCRs, Tri­

acs, and other related devices, the 

surge current of the device is usually 

specified as the average current for a 

complete half cycle of conduction when 

the device is already carrying the maxi­

mum-rated current. In a capacitive 

power supply, as you mentioned, the 

current flows for only a short period of 

the cycle. In addition, the average cur­

rent that each rectifier carries in a sup­

ply such as yours is far below its rating. 

Therefore, the peak current that the de­

vice can handle in this case should be 

in excess of the rated surge current.

CURRENT PROTECTION
Typical I2T ratings for power dissipa­

tion also do not apply to rectifiers until 

the current is so high that the device 

transitions from a log response to a lin­

ear response. In a typical resistive de­

vice, if you double the current for half 

the time, you don’t get the same dissi­

pation, but twice the dissipation. That 

is because as the current doubles, the 

voltage drop across the device doubles, 

leading to four times the power loss but 

for half the time. Since the drop across 

the diode junction responds in a log 

fashion to the current, the voltage drop 

does not double, and the dissipation is 

not four times during the shorter time 

period.

At a company where I formerly 

worked, some of their products were 

commercial studio electronic flash 

equipment. That equipment used recti­

fiers to isolate the large capacitor stor­

age banks from each other. This was 

done to protect the switches that select­

ed the number of capacitors to connect 

to the discharge path from being de­

stroyed if banks were connected to each 

other when not at the same voltage. 

When working with large banks of ca­

pacitors, it does not take much voltage 

differential to produce sufficient cur­

rents to weld the sturdiest switch con­

tacts together as the switch is actuated.

To protect those contacts, rectifiers 

rated at 6A were used between the ca­

pacitors and the selector switches. The 

main discharge current of the flash— 

well into the high hundreds of amps for 

a few milliseconds—were easily han­

dled by these rectifiers with no prob­

lems. This does not mean that rectifiers 

cannot be destroyed by high currents. 

Rather, unless you are already at the 

maximum operating current of the rec­

tifier, the surge ratings are conserva­

tive. In all cases, this assumes that the 

junction temperature is not exceeded 

in normal conditions by excessively 

high ambient temperatures or inade­

quate heatsinking.

Your advice to move the transformer 

away from the rest of the circuitry is 

dead on. Using a toroidal transformer 

can help minimize radiated energy, but 

for whatever remains, nothing beats 

distance. As the frequency of the radiat­
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ed magnetic field goes down, it be­

comes progressively more difficult to 

use materials to attenuate the field. 

Look at the VLF communications in 

use by the military to contact sub­

marines under the ocean.

PSRR
Evaluating the effect of ripple in the 

power supply is just an extension of the 

general power-supply rejection ratio 

(PSRR) of the circuit. PSRR has an im­

portant impact on the design of the 

power supply. I don’t know whether 

you have measured that with your cir­

cuit, but I would bet it is similar to what 

you would find with many of today’s 

high-quality integrated circuit op amps.

One of the critical factors to address 

when evaluating PSRR is the relation­

ship of ratio to frequency. As the fre­

quency of the power-supply fluctua- 

tions—be they ripple or induced noise— 

goes up, the rejection of that fluctua­

tion by the circuit goes down. If you 

look at Fig. 1 showing the PSRR curve 

of the OPA134 op amp—a typical exam­

ple of a very good, modern design for 

audio—you will notice that the rejection 

ratio is above 100dB at DC for both 

sides of the supply. The negative side 

tops out at 110dB and the positive side 

reaches “only” 105dB. However, the 

positive side starts losing its ability to 

reject power-supply fluctuations at 

80Hz and the negative at 1kHz.

It is very clear that reducing lower- 

frequency components of the fluctua­

tion is not as important as reducing the 

higher-frequency components. The cir­

cuit is less able to reject the higher-fre­

quency components, and it is therefore 

more important to attenuate those be­

fore they reach the circuit.

For example, the circuit can reduce 

the effect of a supply fluctuation by 

105dB at 80Hz, but only 60dB at 10kHz. 

For the same perturbation of the output 

signal, the power supply must have a 

10kHz fluctuation that is 45dB below 

any at the 80Hz level. The loss of rejec­

tion capability appears to be around 

6dB per octave.

ELIMINATING NOISE
Your power-supply circuit using a resis­

tor between the two capacitor sections 

seems to be a very good choice to roll 

off any high-frequency components that 

may get through the transformer. Look­

ing at even the first section of the filter, 

C101 or C102, you would think that 

those capacitors would eliminate any 

higher frequency noise that got 

through the transformer. In fact, that is 

probably true to a large degree.

However, depending on the capaci-

tors used, the series inductance of the 

cap could block some of the HF noise 

from reaching ground, passing it on. To 

compound that problem, most IC regu­

lators also have a decreasing ability to 

reject ripple as the frequency increases. 

Looking at Fig. 2—the ripple rejection 

curve of the 78XX series of regulators—
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you can see that the rejection peaks at 

about 68dB at around 100Hz, which is 

ideal for 60Hz ripple. Granted, capaci­

tor-filtered supplies have higher fre­

quency components to the ripple, but 

it’s still a good start.

Your inclusion of the resistor be­

tween the two capacitors provides, in 

addition to ripple suppression at line 

frequencies, additional rolloff of higher 

frequency components that would not 

be effectively rejected by either the reg­

ulator or circuit. As far as the ripple is 

concerned in any capacitor input power 

supply, raising the secondary voltage 

and increasing the resistance into the 

first section will result in a more sinu­

soidal current flow, all things being 

equal. This resistance could be in the 

form of higher transformer secondary 

resistance or an external resistor. In 

fact, if you were to carry the concept to 

an extreme, an extremely high sec­

ondary voltage with a sufficiently high 

series resistor would effectively elimi­

nate the average DC voltage that results 

on the capacitors from affecting the 

current waveshape. The charging cur­

rent would closely approximate what 

you would see if the load were resistive.

There are obvious practical limita­

tions to this concept, because if the load 

current were to decrease, the voltage di­

vision of the fixed resistor and effective 

circuit resistance would change, result­

ing in runaway voltages. In addition, ef­

ficiency decreases as the effective im­

pedance of the feed increases in rela­

tionship to the circuit, although at the 

power consumption levels of supplies 

like this it is not a significant problem.

TWO PROBLEMS
There are two main problems that I 

have seen in supposedly high-end sup­

ply designs that fly in the face of logic. 

One is the concept that keeping the sec­

ondary voltage the same on a supply 

transformer feeding a low power con­

sumption device, while vastly increas­

ing its current capability, will greatly 

enhance the resultant sound quality. In 

fact, if the original transformer had suf­

ficient current capability to keep the 

regulators from dropping out of regula­

tion regardless of load and line fluctua­

tions, there is no benefit to going to a 

higher secondary current capability at 

the same voltage level. Rather, you are 

better off having a higher secondary 

voltage at the required maximum cur­

rent level expected. Then, you have a 

greater range of input voltages over 

which the supply can keep the regula­

tors operating properly.

In addition, dissipation limits on the 

regulators can be a problem if the volt­

age and current capabilities are kept 

very stiff as the circuit current de­

mands increase. When a higher sec­

ondary voltage transformer that has a 

higher secondary resistance is used, as 

the circuit demands increase, the input 

voltage to the regulator drops, limiting 

dissipation in the regulator, but shift­

ing it to the transformer. This philoso­

phy is obviously limited to relatively 

low power demands. The inefficiencies 

involved in this philosophy would be a 

problem in a multi-kilowatt amplifier 

application.

The second problem is the trend to 

try to speed up the response of the reg­

ulation circuit by using high-speed reg­

ulators with little or no output capaci­

tance. On the surface this may look 

good. You might think that the lower 

capacitance plus fast regulators would 

reduce the time it took for the regula­

tors to react to a change in output volt-

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)

D5 1N4003

A-1962-3
D6 1N4003

FIGURE 3: Schematic of a typical supply. A-1962-3
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age, resulting in smaller changes. How­

ever, speed does not necessarily relate 

to precision. In addition, even if the 

faster response resulted in smaller 

changes at the output of the regulation 

circuit, it does not necessarily lead to 

smaller changes in the output of the fol­

lowing circuitry.

Looking again at OPA134, assume 

the classical supply resulted in a fluc­

tuation of 10mV at 120Hz. Due to the 

drop in PSRR with increasing frequen­

cy, if the higher speed regulators pro­

duced a voltage correction with a time 

constant relating to a frequency of 

1kHz, the change in voltage would 

need to be less than 1mV to produce 

the same change in the output circuit­

ry. In addition, at 1kHz, the resultant 

change would be far more objection­

able. If the time constant equated to a 

frequency of 10kHz, to achieve the 

same level in output circuit fluctua­

tion, the variation allowed by the regu­

lator would need to be less than 0.1mV. 

With some devices, the PSRR can even 

go negative at very high frequencies; 

that is, the device can actually amplify 

the power-supply fluctuations.

SOLUTIONS
To solve some of these problems in the 

supplies I have built, I use an approach 

similar to yours, differing in only a few 

points. Figure 3 is a schematic of a typi­

cal supply. First, I do not mount the reg­

ulators close to the output circuitry. 

Rather, I feed the rectified and filtered 

DC directly into the three terminal reg­

ulators. Small caps at the output of the 

regulators maintain stability.

Also note the protection diodes 

across both regulators, which do not 

take kindly to reverse voltages. In most 

cases, the load on the output of the reg­

ulators will assure that the output volt­

ages always drop before the input volt­

ages. However, if one of the input recti­

fiers or caps should fail, the regulator 

could also be destroyed. Ditto for an ex­

ternal voltage source inadvertently get­

ting into the output circuit.

The other main difference is that I 

use two inductors and two additional 

capacitors before feeding the voltages 

to the rest of the circuitry. The combi­

nation of the inductors and capacitors 

provide a passive 12dB/octave rolloff of 

any high frequencies that manage to 

sneak through the rest of the circuit. In 

addition, these inductors have a DC re­

sistance of only 0.55Q, causing a very 

negligible regulated voltage drop.

The very high output capacitance 

combined with the typical load cur­

rents involved lead to a very long time 

constant, and small changes that are 

easily compensated for by the regula­

tors, as at those lower frequencies; the 

chokes are essentially a short circuit. 

Any fluctuations that may occur are 

definitely in the flat, high PSRR range 

of the output circuits. The output 

changes are very minimal and at fre­

quencies totally below audibility. For 

the inductors, I use J. W. Miller part 

number 5258, available from Digi-Key 

for a unit cost of $3.27.

Of course, to complete the process, I 

use local bypassing of the op amps di­

rectly at the power input leads. Typically 

I use 3.3pF tantalum caps in parallel 

with 100nF monolithic ceramic caps. It’s 

also interesting to see how many audio­

philes shun ceramic caps, when, in fact, 

they outperform all the so-called super 

foil caps in a bypass application. ❖
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High gm Smart Power Tubes, Part 2

Our three-part look at high-transconductance vacuum 

tubes with low power handling capabilities continues. 

By Stefano Perugini

T
he results summarized in Figs. 4, 6, and 7 of Part 1 re­

veal that the more interesting Western tubes (with 

high values in gm and o) are also rare and expensive, 

as any DIYer can easily verify. Fortunately the open­

ing of ex-Soviet markets allows us to discover noteworthy 

vacuum devices. At the moment, these alternatives are still 

cheap and easily available and, with their excellent electrical 

characteristics, represent a good opportunity for the ad­

vanced audio experimenter.

This second part looks at three of these Russian high gm 
vacuum tubes able to cover most low power hi-fi needs.

THE 6C45-nE
This vacuum tube (Photo 2) with its predecessor, the 6C15- 

nE, first appeared, in all probability, in the late ’60s/early 

’70s. This valve is a perfect replacement for tubes such as 

3A167M/CV5112, WE437A, and EC8020. Since the introduc­

tion in my website3, in 1997, code named by VT-ft to avoid 

economic speculations (In Europe, for example, a 3A167M 

matched pair can approach $250), this tube has gained an ex­

cellent reputation in the advanced DIY circles, and for very 

good reasons, because the application fields are wide and 

stimulating:

• RF: Wideband linear amplifiers from DC to 80MHz

• High End Audio: Monotube single-ended low power ampli­

fiers, driver stage for 211/845 SE amplifiers in two-stage 

configurations, headphone amplifiers, line preamplifiers 

transformer loaded, small OTLs, A2 class driving, imped­

ance matching

• Pro Audio: Vacuum tube amplifiers in low-impedance OTL 

balanced lines, high-current vacuum tube drivers

Description
The 6C45nE is a 9-pin miniature 

triode intended primarily for use 

in the high-frequency voltage am­

plification stage of wideband am­

plifiers.

Weight: 20g

Pin functions (Fig. 8) 

1—cathode

PHOTO 2: 
The 6C45-HE 

triode.

2—grid 

3—cathode 

4—filament 

5—filament 

6—cathode

7—anode 

8—grid 

9—cathode

CHARACTERISTICS
(Figs. 9and 10)

Heater voltage 6.3V

Plate voltage 150V

Cathode resistor for self-bias 30ft

FIGURE 9: The 6C45-nE plate characteristics. G-1832-9

FIGURE 10:
The 6C45-nE 
transfer char­
acteristics.

G-1832-10
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General Characteristics
Minimum Nominal Maximum

Heater current, mA 410 440 470

Plate current, mA 28 40 52

FIGURE 11:
The 6C45-nE 
dimensions.

Slew rate, mA/V 34 45 56

Amplification factor 36 52 68

Input impedance

at F = 60MHz, kQ — 3.5 —
Vibro-noise, mV (RMS)* — — 100

Lifetime guaranteed,

hours 3000 — —

Direct interelectrode capacitances:
Input, pF 9.5 11.5 13.5

Output, pF 1.8 1.9 2.2

Heater-cathode, pF — 6.8 9.5

Heater-grid — — 0.13

G-1832-11

Center Design Points
Maximum heater voltage

Minimum heater voltage

Maximum plate voltage

Maximum cathode-heater voltage**

Maximum cathode current

Maximum plate dissipation

Maximum grid resistance

Bulb temperature (common environment)

Bulb temperature (T air = 85C)

*measured with plate resistor = 0.5kQ

**potential of heater is negative relative to cathode

6.6V

6.0V 

150V 

100V 

52mA 

7.8W 

150kQ 

210C 

230C

Mechanical Data
Continuous vibration 500-600Hz with 

acceleration

Single beats with acceleration

Multiple beats with acceleration

Temperature range

Humidity (with T = 40C)

PSpice Model (Fig. 12) 

.subckt 6C45-PE 1 2 3 ; plate

Up to 6g

Up to 500g

Up to 75g 

-60C to +85C

Up to 98%

grid cathode
+ params: mu=47.4501 ex=2.374193 kg1=268.615545
+kp=485.735371
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+kvb=501.503636
+rgi=300
+ ccg=2.4p cgp=4p ccp=.7p 

e1 7 0 value= 
+{v(1,3)/kp*log(1+exp(kp*(1/mu+v(2,3)/sqrt(kvb+ 
+v(1,3)*v(1,3)))))}

re1 7 0 1g
g1 1 3 value= {(pwr(v(7),ex)+pwrs(v(7),ex))/kg1}
rcp 1 3 1g 
c1 2 3 {ccg} 
c2 1 2 {cgp} 
c3 1 3 {ccp} 
r1 2 5 {rgi} 
d3 5 3 dx
.model dx d(is=1n rs=1 

+cjo=10pf tt=1n)
.ends

THE 6H30
This double triode (Photo 3), al­

though designed for high-cur­

rent pulse mode operation, can 

be seen as an improved version 

of the E182CC-SQ vacuum tube 

and therefore perfect as a line 

preamplifier and driver for 

power tubes. The official presen­

tation appeared as an advertise­

ment in Glass Audio (3/99, 5/99, 

and 6/99) from Balanced Audio 

Technologies. Target applica­

tions include:

• High End Audio: Line pream­
plifiers (SRPPs, mu-followers 

balanced stages), headphone 

amps, Class AB2 low power 

OTLs, impedance matching

• Pro Audio: Low impedance, 

low gain OTL balanced lines, 

high current cathode follow­

ers

Description
Double triode for work in pulse 

PHOTO 3: The 6H30 
double triode.

FIGURE 13: The 6H30
base pinout. G-1832-13

modes in various radio devices

Shape—miniature glass bulb 

Mass—20g Size—H = 72.5, D = 22.5 

Pin functions (Fig. 13) 

1—plate 1 

2—grid 1 

3—cathode 1 

4—heater 

5—heater 

6—plate 2 

7—grid 2 

8—cathode 2 

9—shield

General Characteristics
(Figs. 14and 15)

(with heater voltage = 6.3V; plate voltage = 80V; self-bias resis­

tor = 56ft)

Heater current 825(+75-100)mA

Plate current for each triode 40(+10-10)mA

Pulse plate current for each triode 2-3A

Plate current with Ug = -12V <30^A

Reverse grid current <1^A

Slew rate 18(+5-5)mA/V

Amplification factor for each triode 15(+3-3)

Vibro-noise voltage with Rp = 0.5kft 25-50mV

Direct interelectrode capacitances:

Input(Cgc) 6.3(+0.9-0.9)pF

Output(Ccp) 2.4(+0.5-0.5)pF

Transfer(Cgp) 6.0-7.1pF

Between anodes <0.2pF

Heater-cathode 8.8(+2.7-1.8)pF

Lifetime >10000hrs

Term of workability-pulse plate current >1.7A

Center Design Points
Heater voltage 6.0-6.6V

Maximum plate voltage 250V

Maximum plate voltage for closed tube 1050V

Maximum grid voltage in pulse mode t< =100^s -50V

Maximum heater-cathode voltage 400V

Maximum pulse current for each triode 6A

Maximum cathode current for each triode 100mA

Maximum plate dissipation for each triode 4W

Maximum grid dissipation for each triode 0.4W

Maximum grid resistance 300kft

Maximum bulb temperature 250°C

Mechanical Data
Continuous vibration 5-2000Hz with 20g

acceleration

Multiple beats with acceleration 150g

PSpice Model (Figs. 16 - 18)

SUBCKT KTRIODE A G K
+ PARAMS: MU=37.58299 EX=1.132166 KG1=428.9745 

KP=402.1368 KVB=321.0256
+ LG=0.2U VBIG=-0.2 EG=1.0389 KG=0.000769 

KRG=3.685584 KVG=0.090943

FIGURE 14: The 6H30 plate and mutual characteristics. G-1832-14
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+ CCG=2.4P CGP=3.9P CCP=0.7P CCH=5.6P
E1 7 0

VALUE={V(A,K)/KP*LOG(1+EXP(KP*(1/MU+V(G,K)/SQRT
KVB+V(A,K)*V(A,K)))))}

RE1 7 0 1G
G1 A K VALUE = {(PWR(V(7), EX) + PWRS(V(7), EX)) /

KG1}
RCP A K 1G ;

55 r'< W ¿CJ JW JiC ¡503

C1 G K {CCG} ;
C2 G A {CGP} ;
C3 A K {CCP} ;
C4 K 0 {CCH} ;
E10 10 0 VALUE = {IF(V(A) - V(K) > 0, V(A) - V(K), 

0)}
E11 11 0 VALUE = {IF(V(G) - V(K) > VBIG, V(G) - 

V(K) - VBIG, 0)}
E12 12 0 VALUE = {(KG * (V(11) ** EG) *

FIGURE 17: The plot of 6H30 PSpice model (plate characteris-
tics for positive grid driving). G-1832-17

G-1832- G-1832-18

FIGURE 18: The plot of 6H30 PSpice model (grid currents).
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+ (((KRG - 1) / (KVG * V(10) + 1)) + 1)) + LG}
G2 G K VALUE = {IF(V(12) > LG, V(12), LG)}
.ENDS
*******************
.SUBCKT 6N30P-DR A G K
X1 A G K KTRIODE
+ PARAMS: MU=14.82339 EX=1.386938 KG1=255.6717 

KP=99.30537 KVB=1042.421
+ LG=0.2U VBIG=-0.1 EG=1.414474 KG=0.000769 KRG=5 

KVG=0.027177
+ CCG=6.3P CGP=6.5P CCP=2.4P CCH=8P
.ENDS

THE 6C46
This subminiature tube (Fig. 19) born as a low-power series 

regulator is a sort of 6C33 bonsai. The more interesting char­

acteristic is the low voltage/high current mode of operation. 

This excellent feature permits you to easily build a truly high­

performance low-voltage line preamplifier. Further, the inter­

esting plate dissipation (Pd = 4.5W) allows you to experiment 

with low-voltage low-power amplifiers.

FIGURE 19: Sketch of 
6C46 and base pinout.

G-

♦a

Description
High reliability super-miniature glass triode with one anode 

and two separate grids and cathodes. Designed to be used in 

electronic voltage regulators. Lifetime >=500 hrs. Figure 20 

shows the tube’s plate characteristics.

Mass

Heater voltage

Heater current

Plate voltage

Grid voltage

Slew rate

Amplification factor

Plate current

Reverse grid current

Maximum plate voltage

Maximum plate voltage for closed tube

Minimum grid voltage

Maximum cathode current

Maximum plate dissipation

Maximum heater-cathode voltage

Maximum grid resistance

< 7g

6.3 (+0.7-0.6)V

500 (+50-50)mA

42V

-1V

20 (+10-5)mA/V

7 (+2-2)

60 (+15-15)mA

0.4^A

250V

330V

-75V

100mA

4.5W

150V

0.25MQ

PSpice Model (Fig. 21)

.subckt vt6c46pe 1 2 3 ; plate grid cathode
+ params: mu=8.955 ex=1.5966 kg1=282.77 kp=31.47 

kvb=796.640
+ rgi=2k ccg=6p cgp=7.5p ccp=1.76p
e1 7 0 value=
+{v(1,3)/kp*log(1+exp(kp*(1/mu+v(2,3)/sqrt(kvb+v(1

Going once. Going twice. 
Going directly to your house. 
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FIGURE 21: The plot of 6C46 PSpice model. G-1832-21

,3)*v(1,3)))))}
re1 7 0 1g
g1 1 3 value= {(pwr(v(7),ex)+pwrs(v(7),ex))/kg1} 
rcp 1 3 1g
c1 2 3 {ccg}
c2 1 2 {cgp}
c3 1 3 {ccp}
r1 2 5 {rgi} 
d3 5 3 dx
.model dx d(is=1n rs=1 cjo=10pf tt=1n) 
.ends

CONCLUSION
The triodes 6C45, 6C46, and 6H30 are capable of covering all 

your low-power audio needs. In the third part of this article 

I’ll present a few practical examples. For pricing and avail­

ability information, you can refer to the Russian distributor 

STC Navigator4. ❖
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Product Review
Sony SACD Player Modification
Reviewed by Gary Galo

SACDmods.com Sony SCD-CE775 

SACD Player Modification. SACD- 

mods.com, 223 North 1st St., Cam­

bridge, OH 43725, www.sacdmods.com. 

Prices (customer must supply the play­

er for modification): $325 for two-chan­

nel mod with new RCA connectors; 

$355 for multi-channel mod with new 

RCAconnectors.

SACDmods.com is a company specializ­

ing in modifications to Sony Super 

Audio CD players. The player I review 

here is the very popular SCD-CE775 

(Photo 1), a recently-discontinued player 

that often sold on the street for less than 

$200, a far cry from the five grand price 

tag of Sony’s original SACD player, and 

their current flagship, the SCD-1. SACD- 

mods also offers modifications to the 

Sony DVP-NS500V and SCD-C222ES 

players.

The SCD-CE775 is a five-disc changer 

offering the full 5.1 channel surround 

playback capability for multi-channel 

SACDs. A pair of conventional left and 

right outputs are also included for two-

channel stereo installations. The player 

comes with a full-featured remote. 

Photo 2shows the rear of the unit.

PHOTO 1: Front view of the SCD-CE775 Super Audio CD Player. The stock and modified 
units are identical in appearance.

PHOTO 2: Rear view of the SCD-CE775. The stock PC-mount RCA jacks for the two-chan­
nel outputs are replaced with Cardas GRFA connectors by SACDmods.

BURR-BROWN DAC
Sony—a company known for products 

filled with their own proprietary chips—
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actually uses Burr-Brown (now a divi­

sion of Texas Instruments) DSD1702 

D/A converters. The DSD1702 is a 

multi-format, delta-sigma converter sup­

porting both PCM and DSD formats. In 

the PCM mode, the chip will accept 

sampling rates up to 200kHz, with 

datastreams up to 24-bit, though it does 

not support the DVD Audio standard.

PHOTO 3: The modified power supply board. The Harris high-speed, soft-recovery rectifier 
diodes (FREDs) used in the power supply mod can be seen in the lower right, insulated 
with heat-shrink tubing (courtesy of SACDmods.com).

From the developers of IMP and Liberty Audiosuite...

-praxis­
Full Featured, customizable measurement system for loudspeakers, transducers, 

electronics, room acoustics, and vibrational systems.

Compatible with laptops and PCs and a wide variety of soundcards running under 
32 bit Windows operating systems. Features built-in measurement guides for easy 

operation. Samples to 24-bit and 192kHz.

For more information please visit us at www.libinst.com

Liberty Instruments, Inc.
P.O. Box 1454, West Chester, OH 45071 USA
Phone/Fax 513-755-0252 carolst@one.net

Typical of D/A converters used in 

lower-cost CD players, the DSD1702 is a 

combination DAC and digital filter, and 

actually contains two digital filters. The 

PCM filter is an 8x-oversampling type, 

and the DSD filter offers three -3dB 

passband choices—50kHz, 60kHz, or 

70kHz. The SCD-CE775 includes three 

DSD1702 chips, for the six output chan­

nels. Like most combination DAC/filter 

chips, the DSD1702 has a voltage out­

put, with I/V conversion done internally.

Each channel of analog circuitry con­

sists of half of an NJM2114 dual op-amp 

manufactured by JRC, and configured 

as a three-pole analog filter. The left 

and right stereo outputs are fed from 

the same op-amp as the front-left and 

front-right outputs for surround instal­

lations. A multi-channel/two-channel 

mode button ensures that these outputs 

function correctly in your particular in­

stallation. The NJM2114 offers several 

performance improvements over the 

5532, including a 15V/^s slew rate and a 

15MHz unity-gain bandwidth.

Electrolytic coupling capacitors are 

used on both the input and the output 

of each of the six channels. It is strange 

that Sony didn’t opt for a low-offset and 

low input bias current FET-input chip 

for the analog stages. This would have 

allowed them to eliminate the elec­

trolytic output coupling capacitor. Out­

put coupling caps seem to be a bad 

habit with Sony and other Far East 

manufacturers. Even Sony’s $1700 SCD- 

C555ES and their top-of-the-line SCD-1 

have capacitor-coupled outputs (these 

players do have separate D/A and digi­

tal filter chips, plus op-amps dedicated 

to I/V conversion).

The SCD-CE775 is not based on a 

DVD player. Consequently, it has a con­

ventional power supply (Photo 3), rather 

than one of the noisy, sonically-menac­

ing switching supplies found in all DVD 

players. This gives the player a head 

start, as far as modifications are con­

cerned, because the modifier need not 

be concerned about trying to rid the 

player of the broadband, high-frequency 

noise inherent in switching supplies.

I know I will get flack for this state­

ment, but I don’t care: switching power 

supplies have no business in any piece 

of high-end audio equipment. There’s 

only one reason to use them: they’re 

small and cheap (OK, I guess that’s two 

reasons). How many manufacturers of 

chips for digital audio have warned that 

low-noise supplies are important for 

best performance? Just read the data 

sheets, folks.

MODIFICATIONS
The modifications to the SCD-CE775 

(Photo 4) consist of the following:
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• Harris high speed, soft recovery 

diodes (FREDs). These are installed 

on the supply board that powers the 

audio and clock circuits. This is a 

tricky procedure, because four sur­

face-mount chip diodes are replaced 

with TO-220 cases, and the fit is very 

tight.

• Black Gate Capacitors. These are 

47^F non-polar electrolytics, NX Hi-Q 

series, which replace the stock capac­

itors coupling the inputs and outputs 

of the analog op-amps.

• LC Audio LClock XO2. This clock 

board (Photos 5 and 6) is made in 

Denmark, and replaces the presum­

ably jittery clock supplied by Sony. 

Further details on this clock are avail­

able on the LC Audio website, 

. 

As you will see, the clock is quite ex­

pensive, and accounts for most of the 

modification expense.

http://www.lcaudio.dk/com/intlcl.htm

• Cardas GRFA RCA jacks. These re­

place the cheap PC-mount RCA jacks 

supplied with the stock player. The 

jacks are connected to the PC board 

with Vampire “Continuous-Cast” cop­

per wire with Teflon® insulation.

SACDmods proprietor Matthew 

Anker sums up his modification philos­

ophy this way: “Unlike a lot of the other 

companies that modify SACD players, I 

believe that simplicity is the best way to 

go. I will not bypass the Black Gates 

with film capacitors or change resistors 

to metal foil. These methods get you a 

harsh, metallic sound. The high fre­

quencies would be emphasized to the 

point that listening is no longer a plea­

sure; therefore, only a carefully selected 

blend of components is used in my 

mod. The carbon resistors in the player 

already are a very neutral sounding 

component, and match well with the 

Black Gate capacitors.”

TEST TRACKS
SACDmods lent me a stock SCD-CE775,

PHOTO 4: Inside the 
modified SCD-CE775. 
The analog board is in 
the lower left, and the 
new LClock XO2 board 
is just above the analog 
board. The power sup­
ply board is to the right 
of the clock board.
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ADIRE AUDIO
CHRISTMAS DAY

SALE
During the 
month of 
December, buy 
anything from 
our web store

and receive a full 10% off your 
order. Any item and any 
quantity. To receive your 
discount, simply place your 
order through our web store 
and use a discount code of:

XMAS-02-SALE
YOU WILL RECEIVE 

IO% OFF YOUR ENTIRE 
ORDER! GOOD FOIL 

DECEMBER 2002 ONLY!
Adire Audio carries a full range of kits, products, 
and services for the DIYer. Please contact us at:

WWW.ADIREAUDIO.COM
PH/FAX: 206-789-2919/800-437-2613

TELARC’S 
CLASSIC 
SOUNDSTREAM 
RECORDINGS 
RE-MASTERED
In 1978 Telarc, then a 
fledgling audiophile 
record label, made 
audio history with the 
issue of their first digi­
tally-mastered, long- 
playing record, Freder­
ick Fennell conducting 
the Cleveland Sym­
phonic Winds in Gus­
tav Holst’s two Suites 

PHOTO A: On the left, a Direct Stream Digital remastering of an 
audiophile classic, Robert Shaw’s 1978 Soundstream record­
ing of Stravinsky’s Firebird Suite. On the right, the remaking of 
a Telarc chestnut, Tchaikovsky’s 1812 Overture with Erich 
Kunzel and the Cincinnati Pops Orchestra in an all-new 
DSD/SACD recording.

for Militay Band, plus music by Bach and Handel. This album was quickly followed by 
Telarc’s first digital orchestral recording, Robert Shaw and the Atlanta Symphony Orches­
tra performing Igor Stravinsky’s 1919 Firebird suite, plus the Overture and “Polovetsian 
Dances” from Borodin’s opera Prince Igor (Photo A). At the time these recordings were 
made, the classical recording industry was at an all-time low in terms of engineering, with 
most of the major labels capturing frustratingly unnatural sound due to over-use of multi­
microphone techniques.

Telarc took several steps back, with Producer Robert Woods and Engineer Jack Ren­
ner opting for a purist approach. Borrowing the technique adopted by Robert Fine in his 
fabulous stereophonic recordings for Mercury in the late 1950s and early 1960s, Woods 
and Renner used only three spaced omnidirectional microphones (Schoepps Colette-Se- 
ries SKM-52U). The results spoke for themselves—these recordings captured a symphony 
orchestra with remarkable realism, with natural imaging and depth, clarity and dynam­
ics. Then, of course, there was that famous Telarc bass drum, taxing phono cartridges, 
power amps, and loudspeakers. (The drum head was facing the mikes. -Ed.)

Also noteworthy was the digital recording system used by Telarc, the Soundstream 
recorder designed by Dr. Thomas Stockham. Audiophiles were clearly divided on the 
merits of digital audio, and for years to come many would proclaim the virtues of analog 
sound. Indeed, many still do!

One thing was certain, however. Stockheim’s Soundstream recorder was well ahead of 
other digital recording systems in use at that time. To those of us who found Denon’s digi­
tally-mastered LPs of that period excruciatingly bad, the Soundstream recorder was a reve­
lation, making a strong case for the potential of digital audio.

The Soundstream recorder was surprisingly advanced by late 1970s’ standards. The 
sampling frequency was 50kHz, higher than what would be adopted a few years later for 
the Compact Disc. In addition, the system offered 16-bit performance at a time when any­
thing over 14-bits was thought to be impractical.

The Soundstream system also used a Rockwell instrumentation recorder—modified, if 
my memory is correct—and arguably a better solution to the problem of digital audio stor­
age than NTSC-encoding on videotape, which would become extremely popular in the 
early years of digital audio. Telarc’s first digital recordings were made using a Studer 
Model 169 mixing console. By the time they recorded Stravinsky’s Le Sacre du Printimps 
in 1980—with Lorin Maazel and the Cleveland Orchestra, another audiophile spectacu- 
lar—they had switched to a Neotek console.

DSD CONVERSION
With the introduction of the Compact Disc, it was only natural that Telarc should trans­
fer some of these pioneering recordings to the new consumer format. There were prob­
lems to be surmounted, however. Converting the 50kHz sampling rate of the Sound­
stream system to the 44.1kHz CD standard posed a nasty mathematical problem. You 
must remember that these transfers were done back in the 1980s, before the introduction 
of asynchronous sampling rate converters such as the Analog Devices AD1890-series and 
its successors. Surely, these CDs offered only an approximation of the original Sound­
stream masters.

Enter Sony’s Direct Stream Digital recording, the mastering system for the Super 
Audio CD format. Within the past two years, Telarc has re-mastered some of their classic 
Soundstream recordings for issue in SACD format, using the best digital conversion 
technology. The conversion from the original Soundstream recordings to DSD has been 
done using a dCS 972 Sample Rate Converter with custom software. Fortunately, Telarc
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has had the presence of mind to offer all of their SACDs in dual-layer format, so they will 
also play on conventional CD players. For the mastering of the CD layer, the DSD trans­
fer is converted to CD format using Sony’s Super Bit Mapping Direct system.

I compared the CD layers of the Shaw Firebird and Maazel Le Sacre to Telarc’s previ­
ous CD releases and was amazed at the improvement in sound. The most noticeable dif­
ference was a dramatic improvement in space. The old CD transfers sounded dry and 
“up-front,” lacking in hall ambience and a sense of the original recording venues, and 
somewhat hard in the treble region.

The new transfers sound like a different microphone pickup altogether (though they 
obviously are not). There is a tremendous improvement in hall sound, with correspond­
ingly greater depth perspective and accuracy of placement within the soundstage. Over­
all, the recording venues sound considerably larger on the new transfers. A layer of edge 
and glare on the old CDs is largely removed by the new conversion process.

The SACD layers are better still. As Telarc points out in the booklets to the new issues, 
the SACD transfers offer listeners the ability to hear—for the first time—the sound that the 
recording team heard on the original Soundstream masters. In fact, these SACD trans­
fers may sound even better than that, due to considerable advances in the digital-to-ana- 
log conversion process.

What is most impressive is how well these Soundstream recordings have held up over 
the past 24 years. They don’t have the detail and resolution, or the warmth and absence 
of high-frequency artifacts of today’s digital recording systems—especially SACD. Nor do 
they capture the harmonic richness of a symphony orchestra, or the sound of the origi­
nal acoustic space, as well as current digital technology. But they still offer a satisfying— 
indeed impressive—audio experience, which I cannot say about any other digital record­
ings made during that period. The Telarc DSD re-masterings are a testament to the re­
markable achievement of Thomas Stockham and the Telarc recording team.
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so I could compare it to the modified 

player. For this review, I purchased 

Telarc’s SACD remasterings of two of 

their classic Soundstream digital 

recordings—Stravinsky’s Firebird suite 

conducted by Robert Shaw (SACD- 

three-dimensional soundstage. If you 

compare the CD layers to the SACD 

layers on the Telarc recordings, the 

SACD layers are superior, but clearly 

well below the ultimate capabilities of

1996 McFeely’s All Rights Reserved

CMcFEELY'6
^SQUARE DRIVE SCREWS
PO Box 11169 • Lynchburg • VA • 24506

Call 1-800-443-7937 or Fax 1-800-847-7136 
60039) and Le Sacre du Printimps con­

ducted by Lorin Maazel (SACD-60563). I 

offer a few thoughts on these early 

Telarc digital recordings in the sidebar 

accompanying this review.

SACDmods also lent me Telarc’s 

SACD of Tchaikovsky’s 1812 Overture 

(Photo A), an all-new Direct Stream Dig­

ital remake of one of Telarc’s most fa­

mous audiophile recordings (SACD- 

60541). I also tried Sony Classical’s 

SACD re-masterings of Leonard Bern­

stein conducting his Overture to Can­

dide, the symphonic dances from West 

Side Story, the symphonic suite from 

On The Waterfront, and the Fancy Free 

ballet. All Telarc issues are dual-layer, 

so they will play on a conventional CD 

player, as well. Sony Classical’s SACD 

discs are single-layer, and will only play 

on SACD players.

LISTENING CRITIQUE
The stock Sony CE775 did not make a 

very strong case for the SACD format, 

and exhibited many of the characteris­

tics of an inexpensive CD player. The 

sound is rather dry, slightly edgy in 

the treble, and lacking in a precise,
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the format. I actually preferred the CD 

layers of the Telarc recordings played 

on my reference CD playback system 

to the SACD layers as reproduced by 

the stock Sony player.

The modifications performed by 

SACDmods changed the balance en­

tirely. On the Telarc 1812the modified 

player has almost none of the high-fre­

quency spit and trash of the stock play­

er. There is more detail and less con­

gestion in passages for full orchestra. 

The sonic presentation is more open 

and airy, especially striking in the re­

production of the chorus near the be­

ginning of the work (the addition of 

the chorus is a re-touching by the con­

ductor). The low strings are much 

warmer on the modified player, and 

the high strings are silkier and more 

life-like. There is much greater re­

trieval of hall ambience, particularly 

around the players near the back of 

the orchestra.

On the 1980 Telarc Le Sacre du 

Printimps the woodwinds have much 

greater harmonic richness on the mod­

ified player, and the entire sonic pre­

sentation is far more spacious and nat-

ural. The 1978 Firebirdhas more effort­

less full-orchestral transients, and the 

famous Telarc bass-drum sound is 

deeper and fuller. On all three record­

ings the message is the same: the 

stock Sony CE775 doesn’t reveal 

enough of SACD’s potential to justify 

the new format. The SACDmods re­

make most certainly does!

Sony Classical’s Bernstein Conducts 

Bernstein SACD was not very impres­

sive sonically. It is not categorically 
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PHOTO 5: Close-up of the installed LC Audio LClock XO2 board. Most of the circuitry is on 
the bottom side of the board, hidden by the aluminum mounting plate.

PHOTO 6: Component view of the LClock XO2 board (courtesy of SACDmods.com). 
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better than its 20-bit CD counterpart 

(SMK 63085, part of the “Bernstein 

Century” series, re-mastered with Sony 

Super Bit Mapping). In fact, the SACD 

sounds as though it was made from an 

analog production copy, rather than 

the original session tapes. The CD ver­

sion was produced by John McClure, 

one of the original session producers, 

and someone who obviously cared a 

great deal about doing justice to the 

original tapes. I did not find this Sony 

SACD particularly useful as reference 

material.

BATTLE OF THE FORMATS
There is considerable debate regarding 

which format is superior: SACD or 

192kHz/24-bit DVD audio. I don’t think 

that matter can be put to rest until 

identical recordings can be compared 

in both formats. I hope some of the 

best recordings from the analog era— 

classics from the Decca/London, RCA 

Victor Living Stereo, and Mercury cata- 

logs—will be re-mastered in both for­

mats so that meaningful comparisons 

can be made.

Another contender is the Vox/Turn- 

about recording of Rachmaninoff’s 

Symphonic Dances (already available 

in a superb 96kHz/24-bit DVD from 

Classic Records, and one of my most 

valuable reference recordings). I would 

also expect outboard digital processors 

to become available for these formats, 

once a standard digital interface be­

comes available. We should hope, even 

though the datastreams are incompati­

ble, that both formats can be accom­

modated by one transport and out­

board D/A converter, with a common 

digital interface, with automatic detec­

tion of the source format.

In the meantime, the SACDmods.com 

re-make of the Sony SCD-CE775 SACD 

player is a very impressive performer, 

one that makes a convincing case for 

the new format, at an affordable price. If 

you own this or one of the other low- 

priced Sony SACD players, you should 

strongly consider having SACDmods re­

work your player. ❖

Manufacturer’s response:

Since Mr. Galo reviewed the early version mod­
ified SCD-CE775 I submitted, I have added 
several tweaks to my modification packages.

• Class A biasing of the front channel op­
amp. This smoothes out the high frequen­
cies by simply adding 2mA of bias current.

• Installation of two 1000/j.F Black Gate fil­
tering capacitors on the ±7V supply to the 
op-amps and DAC. This lowers the noise 
floor considerably.

Recently added as an option:

Installation of a 1 lb, 25VA toroidal power 
transformer for the audio board’s power sup­
ply. This makes the CE775’s power supply 
nearly identical to that of the C222ES. The 
transformer gives the bass more “punch” 
and completely separates the digital supply 
from the analog rendering a cleaner sound. 
This is a $39.95 option that can be installed 
with a CE775 modification package.

Matthew Anker
www.SACDmods.com
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Xpress Mail
LITTLE AMP

I wish to thank Mr. David Wolze for 

his kind words (“Express Mail,” 

April ’02 aX, p. 65) regarding my article 

“A Great First Amplifier Project” (Dec. 

’01). I welcome his suggestions for up­

grading with a different output trans­

former. I tried other trannies besides the 

#1608 Hammonds, but found them to be 

the best value for the price and also to 

be up to the task of supplying the proper 

load required by this “little amp.” (Actu­

ally, the best upgrade for this project 

would be to replace the coupling caps 

with the Hovland MusiCaps available 

from Antique Electronic Supply.)

As a matter of fact, I even installed a 

pair of Hammond #1620s and tried the 

circuit with some 5881 tubes I had in 

stock. They sounded pretty good but 

will sound better after I change the B+ 

voltage, heater power supply, and the 

bias circuit. The “snubber” circuit Mr. 

Wolze mentioned may work in some 

cases, but I found that it often dupli­

cates the circuits in some crossovers. 

And, yes, I agree that a circuit with a 

single 6Y6 with a UBT-3 output would 

probably work fine—sounding OK and 

certainly keeping the parts count 

down—but it could drive the cost of the 

project up, which was what I was trying 

to prevent for the benefit of first-time 

builders who might not want to invest 

too much money in a project when 

they’re not really sure of the outcome.

If someone really wants to build a sin­

gle-ended amp with a low parts count, he 

could try using a 6L6, 6BQ5, 5881, or 

other similar type of tube in my single­

ended project (Sept. ’01, p. 20). You could 

do this with about 12 parts per channel 

and still have a sweet tube sound, by 

using a different power supply, adjusting 

the bias circuit, and the by-pass caps 

could be optional. As in all cases, the 

most expensive part in a single-ended 

amp is usually the output transformer.

The main purpose of the 12V6 push­

pull amp was really to provide a good 

tube sound with a minimum of parts and 

an easy-to-construct project which is not 

very expensive for the first-time builder. 

Some other hobbyists who have built 

this amplifier say they really enjoy the 

sound it produces for such a small in­

vestment of their money and time. I truly 

hope others will enjoy it just as much!

Rick Spencer 

Clovis, Calif.

CHOOSING TUBE CIRCUITS
I have enjoyed several of Rick 

Spencer’s articles in the past two 

years. However, I would appreciate it if 

he could spend a little more space on 

the pros and cons of his circuit choices.

For his most recent article (“A Five- 

Channel Tube Home Theater Amp,” 

June ’02, p. 42), he used one separate 

cathode bias resistor for each 12V6 tube 

instead of a single one for both tubes. A 

shared cathode bias resistor is supposed 

to even out differences between tubes 

and provide better tube matching. He 

used a shared cathode bias resistor in a 

similar design in “A Great First Amplifi­

er Project” (Dec. ’01). Why the change? 

He also never mentioned whether tube 

matching is necessary for this type of 

circuit. Is it necessary?

I am new to tube amplifiers. Can he 

explain the sonic difference between a 

cathodyne phase splitter (Dynaco 70) 

versus the one used in his circuit? Both 

can achieve similar gain using two half 

tubes.

Bing Yang 

bingyang99@hotmail.com

Rick Spencer responds:

I am glad you have enjoyed my articles in 
audioXpress. The pros and cons you mention 
in your letter can be narrowed down to the 
fact that all of the circuits used in my de­
signs are very simple and, yet, are capable of

MANGER Bending wave transducer
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low mid-range high mid-range low

aluminium basket 2 voice coils high-end damping low-end damping
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delivering a good sound when used properly. 
My single-ended 6550 amp used a super 
simple, low parts count circuit, and when 
teamed with the proper speakers and signal 
sources will almost bring tears to your eyes 
with its pure sound. The “little amp” (Dec. 
’01) also uses a straightforward simple cir­
cuit, has a low parts count, and will deliver a 
very good sound at a minimal cost.

I used this same circuit in the five-channel 
home theater amp project with only a slight 
change to the cathode bias arrangement. The 
engineers at RCA used this type of cathode re­
sistor-capacitor setup in their design of a 6V6 
amp back in 1959. I was curious to see 
whether I could obtain a smoother sound, bet­
ter stability, and maximum power from each 
tube, so I used this type of arrangement and 
found what seems to be an overall improve­
ment in sound quality. However, if you want to 
reduce your total parts count and keep things 
even more simple, then use the same type of 
circuit found in the 12V6 amp in Dec. ’01.

As far as tube matching goes, you may re­
quest matching when you order your tubes 
from Antique Electronic Supply. Matched 
tubes will usually perform better, and I try to 
match mine on my tube testers. I also try to 
match resistor and capacitor values in criti­
cal parts of the circuit.

Regarding the Dynaco phase inverter cir­
cuits, when you consider the famous engineers 
that developed them you can only assume that 
they produced the results they were trying to 
achieve. I’ve repaired and upgraded (POOGEd) 
a couple of Dynaco amps, and I have always 
enjoyed their laid-back sound.

Rather than use a lot of space explaining 
the different types of inverters here, I sug­
gest you try to obtain a copy of Glass Audio 
1/90 from audioXpress and read the article 
by Daniel Norman concerning the inner 
workings of phase inverters (“Understanding 
Tube Phase Inverters,” p. 12). I have never 
seen it explained better.

The most interesting inverter circuit I have 
seen is the Fisher 500-C. It featured a con­
trol labeled “phase inverter adjustment”(!). 
If you’re curious about it you can find the di­
agram in issue #6, 1997 of Vacuum Tube 
Valley. And, since the design was used in a 
FISHER—well, what more can one say!

The phase inverter circuit I used in my 
12V6 amps is really simple but will have 
slightly more distortion and phase shift than 
the ones submitted by Joseph Still in his 
Glass Audio 5/00 article (“A 20W $260 Am­
plifier”). His style of inverter has reduced 
phase shift and only a small degree of imbal­

ance remains between its two outputs, which 
makes it very desirable for obtaining a 
smoother overall sound. If you have the room 
on your chassis then use his style of voltage 
amplifier and inverter. You can’t go wrong 
with any of his designs. The choice is yours.

MC STEP-UP TRANSFORMER
Peter Millett is to be commended on 

his excellent and very practical arti-

cle on building a moving-coil (MC) input 

transformer unit (May ’02, p. 58). There 

is no doubt that a properly designed pas­

sive unit is preferable to a specially de­

signed active MC input stage, since it re­

quires some unusual parameters of the 

input devices used to keep the noise 

level within acceptable limits. The main 

one is the rbe, which is the principal 

noise generator and must be as low as 

possible. Selected low-noise small-signal 

devices are not the prerequisites in this 

case, and, paradoxically, power transis­

tors are more likely to be suitable! How­

ever, I’d like to expand on what he had 

to say with respect to the selection of the 

transformer (and I endorse his choice of 

the ones from Sowter, which are really 

microphone types).

My co-worker, the late Peter Baxan­

dall, and I were involved with the de­

sign of a similar device for a British 

manufacturer of MC cartridges—the 

Mayware—sadly, no longer available, 

particularly because they carried a bud­

get price and excellent value for money. 

The design brief was for a transformer 

interface that would accommodate a 

range of source Z cartridges, from 3D 

(typical) to as high as 50Q. After ruling 

out the practicability of tapped trans­

formers, we hit on the idea of a stan­

dard 1:40 designed specifically for a 3D 

cartridge. This lifted the nominal 125pV 

output to 5mV and so, ideal for most 

moving magnet (MM) input stages.

After examining a range of represen­

tative MC cartridges, we then con­

firmed that all had one outstanding 

useful characteristic in common—that 

the source Z was substantially resistive 

at all frequencies. This may well con­

tribute to the excellent and consistent 

performance, since MM types are a 

complex mix of reactance and resis­

tance and normally require careful 

loading, standardized as we know at 

50kQ. Even so, you must still consider 

shunt capacitance of the input cable
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and its effect.

None of these factors are a problem 

with MC cartridges. Loading was also 

immaterial, as long as the reflected load 

was at least 3x the source Z; a little arith­

metic shows that the 50kQ reflects to a 

trifle over 30Q. So no problem there. 

Now, what about a higher source Z car­

tridge, say 50Q? Two factors to consider 

here: the signal is going to be much 

higher at the secondary, far higher than 

we need. The technique we adopted has, 

until now, remained a secret.

Certainly, it baffled at least one re­

viewer of the product as to how it 

seemed that the transformer had an ad­

justable step-up ratio. Some of the ob­

scure theories were highly amusing, 

since as is so often the case, he lacked 

the engineering experience and train­

ing to work out what was a straightfor­

ward solution to the problem. We sim­

ply shunted the transformer secondary 

internally with a lower resistor, that by 

virtue of its attenuating action in series 

with the reflected source Z, brought the 

signal level down to what the input 

stage required. It also had the desirable 

effect of swamping the reactive compo­

nents of the transformer, now more 

dominant because of the higher source 

Z of the 50Q cartridge.

In our case, an 18kQ was the choice, 

and the reflected load now for a 3Q car­

tridge becomes a trifle over 13Q. I still 

have the protoype and a production 

model.

Reg Williamson

Kidsgrove Staffs, England

Peter Millett responds:

Thanks to Mr. Williamson for his compliments, 
and for an excellent way to simply make a 
“self-adjusting” MC step-up transformer.

If I understand correctly, the scheme used 
works basically by providing a relatively low 
impedance load for a higher impedance car­
tridge—in other words, the “3:1” rule for 
load:source impedance is intentionally violat­
ed. This works as an attenuator, because the 
source Z is nearly purely resistive—if it were 
not, the frequency response would be ad­
versely affected. The result, then, is that out­
put from a higher source impedance car­
tridge is attenuated more than that from a 
low source impedance cartridge.
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It seems as though you could also provide
multiple load resistors (selected with a
switch), or even a potentiometer, across the
secondary. This would allow you to adjust to
your liking.

CAR SUB CROSSOVERS

E
I’ve enjoyed reading “The Infinite 

Box: Constructing a Subwoofer” 

(April and May ’02). In part 2 of the arti­

cle, Mr. Wright discusses crossovers for 

subwoofers. It’s been my experience in 

car audio that subwoofer crossovers 

have some special requirements worth 

mentioning. These should apply to 

home audio as well.

1 .Crossover Slope: Assuming the sub­

woofer may be located some distance 

from the satellites, it’s important that 

the listener cannot localize the sub. 

As Mr. Wright mentions, a low 

crossover frequency (80Hz) will help 

mask the sub’s location. I’d like to add 

that a steep crossover slope is equally 

important here. A shallow slope (first 

or second order) allows some mid­

bass energy to be reproduced by the 

sub, giving away its location.

The effect this produces in car sys­

tems is that the music is coming 

from in front of you, but the bass is 

coming from behind you. Depending 

on the crossover frequency and sub 

location, I would recommend a third- 

or fourth-order slope.

2 .Cutoff Frequency Control: Just be­

cause you’re using a fourth-order 

crossover slope for your sub doesn’t 

mean the satellites need a comple­

mentary fourth-order crossover. In 

fact, it’s common for satellites to be 

used in car audio without any 

crossover whatsoever.

But to provide a seamless blend be­

tween the main speakers and sub, 

the sub crossover should have a con­

tinuously variable cutoff frequency, 

which (along with a means for invert­

ing the sub’s polarity) will provide 

the means to achieve a high-quality 

blend with virtually any satellite con­

figuration. This isn’t an obvious re­

sult, but computer simulations with 

sealed and ported satellites—both 

with and without crossovers—con- 

firm this conclusion.
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3.Subsonic*Filter: I’ll lump this in with 

subwoofer crossover special require­

ments, too. A subsonic filter helps 

you stop torturing your woofer with 

infrasonic energy, especially with 

ported, TL, or IB designs.

The folks in car audio are already get­

ting the message. Fourth-order continu­

ously variable sub crossovers are readily 

available—even some entry-level car 

amps include this feature (e.g., US- 

Acoustics USX2050). After you’ve invest­

ed considerable time, money, and effort 

in your sub system, don’t make your sub
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crossover the weakest link!

Mark Rumreich

Indianapolis, Ind.

*More and more this term is regarded 

as an oxymoron. Mark Rumreich uses 

the proper term in his second sentence 

ofthatparagraph.—Ed.

R. O. Wright responds:

I wish to thank Mr. Rumreich for his com­
ments. They are most timely and go into a 
much more detailed explanation and appli­

cation of crossovers. G.R. Koonce and I had 
planned only a basic explanation of 
crossovers for the article.

DESIGNWARE
B While cruising the web, I happened 

to stumble on a downloadable pro­

gram that would be of great interest to 

audioXpress readers. It is a loudspeaker­

modeling program named WinIsd. This 

is a very versatile program, which allows 

you to model sealed, vented, and band­

pass designs. It contains a large driver 

database and has provisions for loading 

your own driver data. It automatically 

designs for the flattest response.

One extremely useful feature is the 

ability to change box tuning and/or box 

size simply by dragging your mouse. This 

allows you to see almost instantly how 

changes affect the speaker response.

A good example of the usefulness of 

this occurred when I recently modeled a 

utility speaker for which I wanted to use 

existing drivers on hand. The box with the 

flattest response was huge. In almost no 

time I was able to determine that I could 

knock off over a quarter of the volume 

and still have an acceptable response.

This program is available from 

http://www.linearteam.dk/, and is free. 

There is also now a “pro” version in its 

alpha state you can try that should be 

even more advanced. Hats off to the 

folks at Linear Team for providing such 

a useful and well-thought-out program 

at no charge. This is a true labor of love.

I have never used any other model­

ing program, so I cannot say how it 

compares to the “name brand” pro­

grams. It would make a good article if 

someone with experience were to make 

such a comparison.

Bob McHugh

Walker, Mich.

EDITORIAL RESPONSE
I just read your editorial for July ’02 and 

wanted you to know that your child has 

grown into maturity quite nicely (“On 

Turning 32,” p. 6). It made me realize that 

Madisound was born in 1972, and we 

have grown with you. It has been a good 

journey, and we appreciate all you have 

done for audio hobbyists over the years.

Larry Hitch

info@madisound.com
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CORRECTION
In our October issue we published a 

“Classic Circuitry” item featuring the 

Grommes Stereo Preamp, Model 209. 

We quoted A.A. Hart, who had sent us 

the diagram in 1985, and incidentally 

stated that Grommes has turned exclu­

sively to making public address equip­

ment after 1972.

Ironically enough, just at that mo­

ment, a rejuvenated and reorganized 

Grommes Precision was in the final 

stages of jumping back into the high-

quality audio business. They are very 

nearly ready to announce their first 

new tube product, a special limited reis­

sue of their 260A 60W monoblock 

power amplifier. So we are pleased to 

correct our old 1985 news by announc­

ing that Grommes Precision is “back.” 

Even better news is that they are con­

sidering a later introduction of a kit ver­

sion of the 260A. We will keep you post­

ed on later developments. Meanwhile, 

you can look over their offerings at 

www.grommesprecision.com. ❖
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Headphone amp, SUPER BUFFER, JFETs, 
MOSFETs
www.borbelyaudio.com

CONCRETE CABINET loudspeakers 
www.faradaysound.co.uk
Self-build instructions available

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

The LP track carries both stereo channels vs. 
alternating pits on the CD. The LP remains su­
perior with “tight coupling for audio,” $15; using 
an “OTL amplifier circuit,” $35; driving efficient 
“Bass Horn” plans, $50. Visa, MC. STEEN 
AUDIO LAB, PO Box 2185, Vancouver, BC 
V6B 3V7, CANADA.
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www.tubes.it

www.diyhifisupply.com
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BILLINGTON
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All types of audio tubes. 300B 6DJ8 
ECC81 ECC83 KT88 Mullard GEC 
Sylvania. Discount for large quantity. 
Billington UK. Tel (0)1403 784961. 
Fax (0)1403 783519.
Email/website www.bel-tubes.co.uk
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Yard Sale
FOR SALE

Altec 1569A (60W monoblock, 4—EL34), 2 for 
$400; Teac 3340S 4-channel/4 track, $290; 
Sherwood S8000 IV tube receiver, $165. 
Packing/shipping extra. Rad Smith 734-769­
2663.

2" x 5" horn piezo tweeters, 50W RMS, 
3.5-25kHz response, 92dB SPL. Brand new, 
large quantity available, $5 each plus ship­
ping. For details e-mail Chris at 
HAL84CH@cs.com.

Heathkit AP-1615 preamp, Heathkit AD-1304 
Active Audio Processor (dynamic range ex­
pander, dynamic hiss filter), Heathkit Audio 
Control Center AD-1307 (8 AC Sockets, 2 
power meters, separate hookups for: 2 ampli­
fiers, 2 sets of speakers, electrostatic head­
phones, 2 sets of normal headphones). Manu­
als included. $100 plus shipping for all. 
cbest@santa-fe.net.

WANTED
Hobbyist seeking pre-recorded, 2-track 
reel-to-reel tapes—7.5 or 15 ips. Can be 
1950s/1960s commercial product or old 
studio dubs. Andy Pennella, 203-329-7498 or 
sjpennella@att.net.

Yard Sale Guidelines
For information on how you can 
publish your free personal ad in 
audioXpress, visit our web site 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.

Visit Our 
Website!
For More Audio Information, 

Check Us Out.

audioXpress.com

BOOKS, BACK ISSUES,

MAGAZINES,

SOFTWARE DEMOS,

BARGAINS &

CLOSEOUTS

or E-mail us at 
custserv@audioXpress.com

Audio Amateur, Inc.,
PO Box 876, Peterborough, 

NH 03458-0876 USA
Phone: 603-924-9464 w Fax: 603-924-9467

If you’ve already renewed your subscription, thank you!

CANADA ADD $12 PER YEAR. 
OVERSEAS RENEWALS: $54.95, 

1 YR; $105, 2 YRS. REMIT IN 
US$ DRAWN ON A US BANK.

IT’S THE END OF 2002, 
IT’S TIME TO RENEW YOUR 
SUBSCRIPTION FOR 2003!
Sign up for another great year of projects, reviews, and 
some of the highest quality audio construction articles 
available anywhere.
Your renewal is only 
$29.95 for 1 year or 
$53.95 for 2 years.
Or save even more and take a 3-year subscription for only 
$76.00! That’s a 70% savings off the newsstand price! 
OVERSEAS 3-YR RATE: $147.00.

Call 1-888-924-9465 to renew or e-mail 
custserv@audioXpress.com. DO IT TODAY!
We accept Mastercard, VISA, Discover, and American Express cards.

audioXpress, PO Box 876 Dept. X2, Peterborough, NH 03458-0876 USA 
Phone: 603-924-9464 Fax: 603-924-9467
E-mail: custserv@audioXpress.com

RENEW ON-LINE AT www.audioXpress.com
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