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The Art and Science... of loudspeaker system development today has become more complex than ever before,
Competition is tough, and to compete each design must peform to the best of its ability, and make the most out of every
dollar's worth of transducer cost. The simple approach of choosing a combination of seemingly appropriate transducers cou-
pled with ordinary networks and filters, has given way to a painstaking process of meticulously blending selected transduc-
ers in combination with carefully devised and matched crossover designs.

I/ (Loudspeaker Enclosure Analysis Program) is a complete full range analysis package which provides virtually all
of the tools necessary to develop precision loudspeaker systems, for today's demanding audio markets. Whether your appli-
cations are consumer audio, car stereo, professional audio, or custom esoteric marvels, LEAP provides the power, flexibility,

Advanced Transducer/Enclosure Simulations
v Sealed,Vented, Bandpass, PR Simulations with multiple speaker/ port capability.
v Large signal analysis of TempVC, and Non-Linear BL/ Ports/ Compliance.
v/ Acoustic Parallel or Acoustic Series (Isobaric) Driver Mounting.
¢ Port Standing Wave resonance modeling.
v Frequency Dependent Revc and Leve modeling.
¢ Library storage of 36 transducer parameters, and over 24 enclosure parametss
¥ Generic transducer modeling ot electro-dynamic, ribbon, and piezo devices.

Advanced System Anaiysis Features
v Use simulation or Imported actual measured SPL/Z data.
v/ 5Way crossover system modeling, and more.
¢ Time offset between transducers.

v Actlve or Passive based crossovers. W
¢ Hilben-Bode transform for deriving phase. I
v/ 22 Passive components per xover section.

v/ 16 Active filter blocks per xover section. :
v/ Passive Network Optimizer for single/system response.

v Active Filter Optimizer for single/system response.

v Frequency ranges from 1Hz to 100kHz.

£ e e e — ——

Printer/Output Formats
" When you wish to produce a hardcopy output of your finished
. designs and graphical data, LEAP supports a large number of
printer standards, and even supports numerous desktop publish-
fng graphic formats in both black & white and color!
Portrait/Landscape orientations in any custom size and aspecti ]
ratio are user controllable. '
v IBM/Epson 8 Pin Dot Matrix
v Epson 24 Pin Dot Matrix
¢ HP LaserJet Senes Printers
¢ HPGL Compatible Plotters
v PostScript EPS/TIF. B&EW,Color
v Al-Adobe {llustrator BEW,Color

Cal a free Demo Disk!
TEL: (503) 620-3044
e H I F‘ - o - o
Development Utilities
v Quick Cabinet Box Designer v Crossover Network D
‘ v Conjugate Network Desgner v/ Spkr Parameter Meas:
| ¢/ Wire Table Calculator v Voltage/Current/Imp
v MultiCurve Averager v Motor Constants Calc
v Import Data trom ASCII Files v Export Data to ASCIl

c—. e —.

nearX Systems Inc 7556 SW Bridgeport Road  Portland OR 97224 USA T

v NEC 24 Dot Matrix

¢ TOSHIBA 24 Dot Mat
¢ HP DeskJet 500C

v PostScript Printers

v DXF AutoCAD

v TIFF, BMP, PCX Plots |

: e |
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and accuracy to investigate every possi-
ble design permutation. The open archi-
tecture and broad spectrum of features
provided will dramatically reduce your
development time, while improving the
quality of the final result... and demon-
strates why LEAP has become the #1
choice of professional loudspeakes
designers world-wide!

Extensive Documentation
The two volume manual set comprises almost 1,000 pages of
documentation which thoroughly covers the operation of the pro-
‘gram- and provides numerous examples of how to maximize your
: use and understanding of the program’s many features. The
‘Reference Manual describes all graphs, menus, commands, and
1

their operation. This manual explains the unique and special non-
' linear speaker and port models, as well as proper use of the opti-
[ mizers, Importing data, and the many other utilities, The
| Application Manual provides many exciting examples showing
how to use the powerful features of the system in a combined
manner to perform both simple and complex design tasks. Both
novice and experienced users alike will find this information
| invaluable for exploiting the fuli power of the system. Additional
.| Information is also provided on loudspeaker measurements,
design tips, filter calculations. and complete crossover system
development for both passive and active based systems.
v 502 Page Reference Manual ¢ 436 Page Application Manual

m
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LERIN SESZA K

el (503) 620-3044 Fax (503) 598-9258

International Dealers: Agentina:interface SRL (54 1)741 1389/Australia:ME Technologies 6(0)65-502200; Austria:Audiomax 49(0)7} 31 162225/Belgium:Belrany 32(0)2 736 50 O# Canada Gerraudio
416696 2779, Denmark Finland:AG T Ljudproduktion 46(0)8-623 08 70 France:Belram 32(0)2-730 50 00: Germany Audiomax 49(0)71-31-162225 Indonesia hen'’s Audio 62(0)21:63% 5816 ‘Italy:Outline snc
39-303581341 Korea:Sammi Sound:82(02)463 0394 ‘Luxembourg:Belram 32(0)2 736-50-00‘Malaysia: AUV! 65-283-2544/New Zealand:ME Technologies 61-65-50-2254/Norway:A&T Ljudproduktion «6(0)8-
623 08-70/Philippines:Dai Ichi Denshi (63)-263 |-69-80/Poland:inter-Americom 48(22)43 23-34, Singapore: AUVI 65-283-2544. Sweden. AGT Ljudproduction 46(0)8-623-08 70/ Switzerland-Audiamax 49 71-31
8 Thailand 2 544/ The Netherlands:Duran Audio 31 1-80 1558 3 “UK(England):Munro Assoc 44(0)171-403-3808.  Reader Service #36
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AudioCaptm

NEW SERIES -
OUTSTANDING VALUE &
PERFORMANCE

CrOSS-OVER CAPS
* Metalized polypropylene
up to100uf & 2400V

~=\
Fum & Foiw Cars

* Teflon
* Polystyrene
* Polypropylene

e Aluminum, Tin
& Copper

up to 20uf

& 1000V MultiCaptm

PATENTED, SELF-BYPASSED
HIGH-PERFORMANCE

Fum & FoiL
* Polystyrene

up to 3uf & 600V
* Polypropylene

up toleuf & 800V
METALIZED
* Polypropylene

up to 30uf & 600V

CALL FOR SPECS

COMING SOON FROM OUR
LATEST R&D & LISTENING
EVALUATIONS:

REL ULTRA-HIGH FIDELITY
AubDI0CApS!

LOWEST DISTORTION
HIGHEST QUALITY

CALL FOR SPECS

RELIABLE CAPACITORS - AUDIO AGENTS: FINCH & MARSH

Call or fax for information, specs, distributors TeL (916) 885-2279 fAx (916) 823-0156

Visit our web page: www.capacitors.com
Reader Service #69



2 WIRE 'EM UP
In-Wall Terminator Systems, from Music
Interface Technologies (MIT), are high-per-
formance speaker wiring products designed
to deliver improved sound quality in custom
installation applications, including home
theater and whole-house sound systems.
The products consist of three modules: the
MiTerminator In-Wall Speaker Modute (for
flush-mount speakers), the MITerminator
On-Wall Speaker Module (for surface-
mount speakers), and the MiTerminator
Freestanding Speaker Module (for floor-
standing or shelf-mounted speakers). Each
module contains MIT's patented circuitry,
and is installed either in the wall cavity or in
a single-gang box. Music Interface
Technologies, Inc., 13620 Lincoln Way,
Ste. 320, Auburn, CA 95602, (916) 888-
0394, FAX (916) 888-0783.

Reader Service #102

Good News

Custom
Instal]
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® PROGRAM FOR SPEAKERZ
True Audio has released WinSpeakerz
2.0, a loudspeaker program used to pre-
dict the performance of a speaker system
before construction. This latest version
models a speaker’s response in either a
listening-room or auto-cabin environment.
The program also provides box calcula-
tors that support the design of passive
crossovers, attenuators, and impedance
compensation networks, and suggests
dimensions for a specified volume, or cal-
culates volume from specified dimen-
sions. The company has also announced
a name change, from True Image Audio
to True Audio. True Audio, 349 W.
Felicita Ave., Ste. 122, Escondido, CA
92025, Voice/FAX (760) 480-8961, E-mail
Sharon@trueaudio.com, Website http:/
www.trueaudio.com.

Reader Service #101

W HEAVY TRAFFIC

Marchand Electronics offers a free function
generator you can download from its web-
site. The program fg.exe allows any IBM PC
(486 and up) with a Soundblaster soundcard
and compatibles running Microsoft Windows
3.1, 95, or NT, to be used as a two-channel
function generator. The frequency range is
1Hz-20kHz; waveforms are sine, square, tri-
angle, and pulse, which are independently
selectable for left and right channel. The
company’s website pages contain a full cata-
log of electronic crossover networks and
power amplifiers for high-performance audio
Marchand Electronics Inc., PO Box 473,
Webster, NY 14580, (716) 872-0980, FAX
(716) 872-1960, E-mail info@marchand-
elec.com. Website http://www.marchand-
elec.com,

W HIGH HONORS

Ray Dolby, founder and chairman of Dolby
Laboratories, Inc., has been named by President
Clinton as a recipient of the 1997 National Medal
of Technology, the nation’s highest technology
honor. The medal is awarded to individuals,
teams of individuals, and companies in recogni-

tion of technological innovation and the advance-

ment of US global competitiveness. Dolby holds
50 US patents, and has earned many technical
and industry awards, including both an Oscar
and an Emmy. Dolby Laboratories, Inc., 100
Portrero Ave., San Francisco, CA 94103, (415)
558-0200, FAX (415) 863-1373, E-mail

info @ dolby.com, Website http://www.dolby.com.
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W PRECISION LUBRICANT
CaiL.ube MCL, from CAIG Laboratories, is a luori-
camt designed for use with conductive plastic, ear-
bon compound faders, and switches, replenishing
lubrication on surfaces cleaned with solvents or
cleaning solutions. Applying Cailube MCL will pro-
vide a barrier against oil, grease, and acids built up
on the conductive membrane switches and compo-
nents. Available in 5% or 100% spray, precision dis-
penser, and other sizes. CAIG Laboratories, Inc..
16744 W. Bemarde Dr., San Diego, CA 92127-
1904, (619) 451-1799, FAX (619) 451-2799, (800)
CAIG-123,
E-mail caig123@aol.com, Website http:/www.
caig.com.
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M THAT SOUNDS LOGICAL

B FLATLINERS
Nordost introduces the SPM Reference Series loud-
speaker cables and interconnects. The cable is flat,
only 44mm (1.75”) wide and 0.95mm (.038") thick.
It s made from high-quality extruded Teflon®, and
consists of 32 conductors of solid 99.999999% oxy-
gen-free copper, covered with 601 of extruded sil-
ver, The interconnect is also flat, only 22mm (0.88")
wide and 0.95mm (.038") thick. It is made from
high-purity extruded Teflon and includes two groups
of eight conductors encapsulated in a Tefion jacket
(5 mils thick). Nordost Corporation, 420 Franklin St.,
Framingham, MA 01702, (508) 879-1242, FAX
(508) 879-8197.

Reader Service # 108

lasys is an easy-to-use logic-based electro-acoustic analyzer from AudioControl. This rugged, self-
contained unit (no computer riecessary) features high-speed analysis and portability. its applications
include system design and installation, system tuning and optimization, component research, and sys-
tem servicing and reconfiguring. AudioContro! Industrial™, 22410 70th Ave. W., Mountlake Terrace,

WA 98043, (206) 775-8461, FAX (206) 778-3166.

Reader Service #107

W COMPREHENSIVE CATALOG
Parts Express releases their free 244-page 1997
catalog. This year's directory includes a selection of
raw loudspeaker drivers for home and auto applica-
tions, as well as CATV and VCR repair parts, semi-
conductors, tools, home-theater products, alarm sys-
tems, test equipment, computer accessories.
instructional books and videotapes, speaker design
software, cellular phone accessories, stage lighting,
pro sound equipment, and more. Parts Express, 340
E. First St., Dayton, OH, 45402-1257, (800) 338-
0531, Website www.parts-express.com.

Reader Service # 105

M ALL-SEASON SPEAKERS
The AW-700 Outdoor In-Wall Loudspeaker, from
OEM Systems, is designed specifically for out-
side use. It features a 6'%” carbon fiber woofer
with butyl rubber surround, 1” weatherized titani-
um dome tweeter, a silicon-sealed crossover net-
work, and gold-plated spring-clip terminals. The
aluminum grille is rustproof, the hardware is
stainless-steel, and anti-corrosive materials are
included throughout. OEM Systems Co., Inc.,
740 Freeport Blvd., Ste. 106, Sparks, NV 89431,
(702) 355-0405, FAX (702) 355-0646.

Reader Service #106
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THIRD
GENERATION
CLASS-D POWER
AMPLIFIERS

Reliable, high-efficiency
switching amplifiers have
come of age...

developer kit.

Tel:423-622-1505

Turnkey S00WRMS subwoofer amp with full feature
set... ready to drop in your enclosure.

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of
Class-D is available in several configurations and output levels. Heatsinking
requirements on all models are minimal. Contact Terry Taylor for full details and a

©1946 LGT

I G I SWITCHING TECHNOLOGIES ‘
ot |

910 Creekside Road + BuildingA » Chattanooga, TN 374006 ¢ Email: acoustical@aol.com \

Fax:423-622-1485
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About This Issue

Mitey Mike has grown up. The popular,
high-performance, low-cost mike system for
loudspeaker and acoustic measurements now
has expanded capabilities. Not just for test-
ing, the latest version can also be used for
recording and performance. The Mitey Mike
II design is smaller, lighter, quieter, costs
less, and uses less power. For more on how
to use MMIl—available in kit or assembled
form—see the article by Joe D’Appolito
and Dick Campbell beginning on p. 10.

As someone who has been in the speaker
business, Marc Bacon knows what it takes
to market a quality speaker. In “A Speaker
Builder’s Travel Guide™ (p. 18), he provides
some insights on how to build world-class
speakers at home and offers some helpful
directions and travel tips to those on the road
to Speakerdom.

For all its added sound-performance bene-
fits, electrostatic speakers require special
care to build. Matthew Lattis’s interesting
electrostatic loudspeaker design offers sever-
al advantages—including higher efficiency
and lower cost—over most DIY designs.
The author’s solution to the problems associ-
ated with building such a device is a self-
insulating diaphragm design (“An Insulated
Diaphragm Electrostatic,” p. 26).

In the course of designing a subwoofer,
Ahmet Deniz devised equations to deter-
mine how much mass and/or resistance to
add to achieve optimum sensitivity. “Of
Mass and Resistance™ (p. 36) shows how
added mass affects other T/S equations gov-
ering driver behavior.

To improve the sound quality in your car,
you might consider Dan Ferguson’s latest
book, Ultimate Auto Sound. Mark Florian
reviews this handbook for those who wish to
install and/or upgrade their present car sound
system (p. 44).
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year, $90 two years; by Audio Amateur Corporation,
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It could be your solution

SPECIFICATIONS
Characteristics Symbol Value Units
PRIMARY APPLICATION
Nominal Impedance z 6 Q
Resonance Frequency Fs 27 Hz
Nominal Power Handing  Pnom 250 W
Max Power Handling Pmax 400 W
Sensitivity (1w/1m) 87.5 dB
VOICE COIL
Diameter (5] 100 mm
DC Resistance Re 45 Q
Inductance Lbm 0.81 mH
Length H 17 mm
Former anodized aluminum
Layers 2

MAGNET

Magnet System self-enclosed vented neodymium

D8 wooler feaiures, Force Factor BL 8.9 Tem
*  shallow mineal siiled polypropylene cone; Gap Height He 7 mm
B high density foain surround; |Linear Excursion Xmax 5 mm
B selfenclosed vented Neodymium magnet system | ‘ PARAMETERS
% undercut magnetic poles; |Suspension Compliance Cms 947 pMN
B jongthrow voice coil @100 mm with black anodized aluminum |Mechanical Q Qms 2.06 -
VTR |Electrical Q Qes 0.36 -
ievast fmn:e |Total Q Qs 031 -
M flat linear spider with decompressed rear volume. Moving Mass Mms 387 g
D8 represents a design where Neodymium magnet and undercut cen- % : 2
tral pole are placed inside 100 mm voice coll. A specially shaped, CNC Eﬂm Pist_one Area Sd 227 cm
machined steel tup completes the magnetic structure from the out- Equivalent Air Volume Vas 69 L
side creating 1 shielded magnet system with symmetrical flux density Weight M 82 kg
distribution «long the gap. Thus a longthrow volce coil experiences | RECOMMENDED ACOUSTICAL ALIGNMEMT
symmetric driving force and substantial decrease of inductance and
back electromosive force modulations. The whole magnet structure is n_D,E.sﬂg:ngN VB*,I:_.F_B'J?_F-SHZ |
optimized using Finite Element Analysis technique. For effective use | Compact Vented Box 25 3% 416
of large excursion capabiiity of D8, a flat linear spider is used togeth- Medium Vented Box 40 33 W7
er with an open volume under the spider Large Vented Box 60 30 278

This approach resu'ted in

reproductiorr.

Vented design, effective heat trans-
fer tothe die-cast frame and a very
large.  high temperature rated
voice coil, dramatically increase
power handfing of the driver
A shallow high integrity cone and
)a large circumference of cone
excitation improve phase and
| ransient characteristics, resulting

for more info please

Call: (905)-475-3100

Due to constant product improvement Hi-Vi Research may modify specificatians without prior notice

radical quality improvement of sound

woofer

D38

T ! -—
axis and 3C off-axis \ in clear and accurate sound. =
1 1T T D8 is excellent as a woofer for high o
7] g
T T { £ T power audiophile systems. It also 3
T Tt )# S"_ 1 | may be used as a subwoofer in I A
t Tt o s various configurations, Hi-Vi RESEARCH@
97 __ _62 12-95
[ [T12-e8  \!

\ |

ACOUSTIC TECHNOLOGY
INTERNATIONAL INC.
100 SPY COURT, MARKHAM, ONTARIO
L3R 5H6 CANADA
Tet (905)-475-3100  Fax: (905)-475-8226
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Editorial

TOYING WITH THE FUTURE

whose inhabitants were living through

a very long, bitter winter. As time
passed their food supplies dwindled lower
and lower. Eventually, people faced starva-
tion and decided to open the stores of grain
reserved for spring planting, hoping that
the winter would soon end. Alas, it did not.
When spring arrived, their seed corn was
gone.

Since WWII we have been, so to speak,
consuming our electronics know-how
seed com. Today there is a 17% shortage
of engineers. The need is acute and few
candidates are available, especially those
equipped to design loudspeaker drivers.
One change that came about in both the
United States and Great Britain when the
war ended was the dismantling of the
apprentice system. On the continent,
apprentice programs remained intact in
most industries, and are in place today.
The education of engineer candidates in
the US and the UK became more “book-
oriented” and far less “hands on.”
Engineers have come to depend upon the
technicians to know how to build the
designed device, with little practical
understanding of how this happens. It is a
truism that the technician’s job is not only
to build the device but then to *“make it
work,” a polite term for re-engineering it
so that it will work.

I talked at length the other day with one
author who observed that he finally retired
from one of America’s largest manufactur-
ing companies when his boss, a 30-year-
old manager, asked whether a 62% error in
a project result was a problem.

Ionce heard a sad tale of a small village

« Reader Service #35

A year ago I had the pleasure of visiting
three loudspeaker manufacturing firms in
Denmark. All of them have programs for
apprentices at most levels of the business.
They maintain strong ties with the large
technical universities in Denmark, as well.
The production manager of Dynaudio in
Skanderborg explained that the company
offers a series of hobbyist kits, which
seems a bit of an anomaly when you con-
sider the rather “high-end” character of the
company’s product line. When I asked
about this he said Dynaudio noticed that
its OEM customers were almost always
founded or managed, or both, by people
who had developed a passion for loud-
speakers in their teens, or even earlier.
Thus, Dynaudio regards its kits as business
incubators for the future.

When I talk with people in this business,
including the authors, [ generally ask how
they got started in electronics. Almost
invariably it will be a kit they built, some-
times very early in life. For some others it
is a father, an uncle, or a friend who shared
an interest in the avocation. In my own
case | was introduced to ham radio by
building a single-tube code-practice oscil-
lator, guided by an older friend. When I
discovered Heathkits later on, I had the
confidence to tackle an amplifier.

If we are to be dependent upon kits for
planting a passion for electronics innova-
tion in young people, the future could
have looked quite bleak until recently. If
you look through the pages of this period-
ical and Glass Audio, you will notice that
kit offerings are growing plentiful again. I
am glad to say I am launching a new pro-

gram aimed at reviewing the fresh new
crop of speaker kits available from our
advertisers. Authors are already at work
building the kits which will be auditioned
and then sent to Joseph D’Appolito for
performance measurements. These should
appear in each issue before the end of this
year.

The President and General Powell
recently called on the citizens of this nation
to consider giving time to mentoring young
people in many skill areas. Certainly, this is
an important and promising enterprise. I
know of few projects that would be of
greater interest to teenagers than building
their own loudspeakers. Have you consid-
ered offering to share your skills with a
younger friend, or perhaps to the technical
college or high school in your area? If you
belong to one of the many audio clubs scat-
tered across the US, wouldn’t sharing your
knowledge with a group of interested
teenagers be a worthwhile club project? |
am sure you would find vendors among
our advertisers who would be glad to coop-
erate on group-rate pricing of supplies for
such undertakings.

Which brings me to toy soldering irons.
I hope those of you who wrote irate letters,
and those of you who didn’t but wanted to,
will reconsider your ideas about what is
appropriate for these pages. There is no
future for those of us who are merely ready
to consume every resource in our own
time, with no thought for tomorrow. I
believed, and still believe, that a few pages
about a toy that might turn a growing boy
into tomorrow’s speaker builder is space
well spent—E.T.D.
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MITEY MIKE I

the article that first described Mitey

Mike appeared in the 6/90 issue of
Speaker Builder. In that time, several
hundred Mitey Mikes have come into
existence, either through home construc-
tion following the plans in the article or
through the Kit supplied by Old Colony
Sound Lab.

We were quite surprised by the pop-

l t has been more than six years since

ularity of Mitey Mike. Originally #0

intended only for loudspeaker testing,

it has become widely used by techni-
cians and other professionals in music,
sound reinforcement, and acoustics. DRA
Laboratories has chosen Mitey Mike as
one of its recommended accessories for
use with its PC-based MLSSA acoustic-
analysis system.

As good as Mitey Mike is, semicon-
ductor technology and construction tech-
niques have advanced in recent years to
the point where it is possible to make a
significant upgrade in Mitey Mike’s per-
formance while greatly reducing its

By Joseph D’Appolito and Richard H. Campbell

PHOTO |: The mike wan\d\"‘s’

“
power consumption and the size of its and amplifier box. ‘é/

electronics package. In discussing the
original and new versions of Mitey Mike,
we will refer to them as MMI and MMII,
respectively.

MMI: THE PAST

The design goals for MMI were to produce a
stable, accurate, low-power, self-powered
microphone for loudspeaker testing, with a
buffered output capable of driving long
shielded cables. The heart of the microphone
was the Panasonic WM-063T back electret
microphone capsule. This $2.25 wonder had
a frequency response of 20Hz-20kHz, with a
typical tolerance of +2dB over that range.
Below 4kHz, response was typically better
than +1dB. The capsule had two shortcom-
ings, however: high output impedance and a
sensitivity that changed significantly with
changes in supply voltage.

The MMI electronics contained a stable
voltage reference to power the capsule and a
low-power op amp to buffer the mike output
for long, shielded-cable drive. The op amp
also supplied enough gain to allow a typical
wideband AC voltmeter to read MMI’s out-
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put directly without additional amplification.

The electronics package occupied about
20 in3. The circuit was laid out on a conven-
tional one-sided PC board, with 8-pin DIP
ICs and discrete capacitors and resistors. The
electronics drew about 500-550uA, and at
that current level, a 9V alkaline battery gave
about 500 hours of useful life. In the middle
80s when MMI was first designed, that was
the lowest total power consumption we
could get with readily available ICs.

ENTER MMII

Photo 1 shows the MMII electronics pack-
age and microphone wand. In contrast to
MM, the electronics now fit into a 9 in?
pager box. Double-sided surface-mount
technology replaces the conventional PC
construction used in MMI. All ICs are
surface mount, and chip capacitors and
resistors replace the discrete parts in
MMI. MMII also replaces MMI's 50pA

PHOTO 2: Laid-out kit of parts for
the MMIi box.

stable-voltage reference circuit with
a single precision IC voltage refer-
ence requiring only 15pHA.

The new output-buffer op amp, a
Maxim MAX402, draws only 60puA
and yet has lower distortion, wider
bandwidth, and higher slew rate
than the 180uA Analog Devices’
ADS548 used in MMI. The total
current draw of the MMII elec-
tronics is now only 200-220uA
with a 9V alkaline battery, the
life of which extends to more

than 1,000 hours.

Finally, the WM-060AY cap-

sule replaces the discontinued

WM-063T. The new capsule is
generally superior, having tighter
response characteristics and some-
what Jower noise. Many of the new
capsules test out at +1dB over the
20Hz-20kHz range. We have devel-
oped a modification to the capsule
that greatly extends its dynamic
range and linearity. While not need-
ed for loudspeaker testing, we rec-
ommend this mod for voice and
music sound reinforcement in close-
miked PA applications.




MMII SPECIFICATIONS

The typical MMII frequency response (Fig.
la) is comparable to a good instrumentation
mike. We obtained this curve by a direct
comparison of MMII with a laboratory-grade
microphone that is flat within +0.5dB over
20Hz-20kHz and down only 2dB at 40kHz.

Figure 1b shows the phase shift of MMII
relative to the lab mike. That MMITI’s phase
shift is only 20° more at 20kHz is due sole-
ly to its lower frequency rolloff.
No data below 400Hz is shown,
since the MMII capsule is essen-
tially flat below this frequency.

Table I shows the MMII's spec-
ifications. The abbreviation “Pa”
stands for the Pascal, a measure of
pressure in SI units equal to one
Newton per square meter. One
Pascal corresponds to 94dB at
sound pressure level (SPL). So our
specification means that MMII
will output 25mV at 94dB SPL. Maximum
SPL capability is commonly quoted as the
SPL level that produces 3% total harmonic
distortion (THD).

Maximum SPL capability for
$3.000-%$5.000 lab mikes is typically
150-160dB. For MMII, the maximum SPL
is limited by supply voltage and the higher
sensitivity we have built into it. The 130dB
spec is more than adequate for loudspeaker
testing, however, since the testing is con-
ducted typically in the 80-100dB range.

MMITI’s total noise power is quite
good—comparable to many lab-grade
mikes. Figure 2 shows the total noise-
power spectrum for MMIL. We made this
measurement by wrapping the mike wand
in a large roll of fiberglass insulation and
placing the roll inside an old refrigerator.
Above 1kHz, MMII noise was equivalent to
5dB SPL or less! Subtracting this number
from the maximum SPL capability, we got
a dynamic range of 125dB.

As is typical of all mikes. the noise level
rises at lower frequencies. Even at 20Hz,
where the noise level is 35dB, we get a
dynamic range of 95dB. This is more than
adequate for loudspeaker testing, where dis-
tortion products are rarely more than 40dB

below test levels. The broad-band electronics
noise level is 26dB below the MMII total.

So electronics noise does not limit
MMII's performance. MMII's noise is so
low that MLSSA is operating at maximum
gain with a full-scale sensitivity of only
10uV to measure it. At this gain setting, we
also see a spike in the spectrum at 8kHz due
to leakage into the measurement from an on-
board oscillator.

PHOTO 3: Capsule with resistor and leads soldered to it.

MMII ELECTRONICS

Figure 3 is a functional diagram of the
MMII electronics. The mike is battery pow-
ered to avoid problems and circuit complica-
tions associated with phantom or remote
powering. We placed great emphasis on an
ultra-low-power design to extend battery life.
The electronics consist of a micropower
voltage reference providing a stable supply
voltage to the mike capsule, the capsule
itself, and a micropower op-amp buffer/gain
block. As stated above, the combination
draws no more than 200-220pA, and it can
drive 50" of shielded cable with no loss in
frequency response.

Figure 4 is a schematic diagram of the
microphone electronics. IC1, a Maxim
MAX874, is a very stable micropower volt-
age reference, providing a constant 4.096V.
It draws only 15pA to power its internal cir-
cuitry, but can source up to SOOUA. Drop-out
voltage is 200mV, so it has no trouble regu-
lating capsule voltage as battery voltage falls
over several hundred hours from 9V to its
useful lower limit of 6V.

Unfortunately, micropower voltage ref-
erences tend to be noisy. R1, Cl, and CIA
form a low-pass filter to filter out this noise.
C1A is a high-trequency bypass for C1. R2

is the load resistor for the WM-060AY
mike capsule. With the modified mike cap-
sule, the optimum value of R2 is 10k.

C3 serves as a DC blocking capacitor
while also coupling the AC mike capsule
output to 1C2. L1, formed with a ferrite
bead. and C2 make up a high-frequency
low-pass filter to block RF noise that may
appear on the cable connecting the micro-
phone wand to the electronics package.

1C2 is a Maxim MAX402. In this
application, the 402 has a full-
power bandwidth of over 100kHz,
while drawing only 60pA. Resistors
R4 and RS set the DC operating
point for IC2 midway between the
supply voltage and ground to pro-
vide symmetric clipping. C4 filters
the bias voltage, shorting to ground
any noise voltage on the power sup-
ply. R6 and R7 set the AC gain to 2,
while C7 returns IC2's gain to unity
at DC so that the DC operating point is sole-
ly a function of R4 and R5.

C8 provides high-frequency compensation
for 1C2, while R8 buffers the op amp against
capacitive cable loads. Because pin 6 of IC2
sits at one-half the supply voltage with no
signal, C9 is required to block DC from any
meter or other measurement device placed on
MMII's output. Finally, R9 provides a DC
return path to charge C9 at tum-on.

ASSEMBLING THE ELECTRONICS
We assumed that the majority of readers
would not have the equipment needed to
assemble a double-sided PC board with
surface-mount components. A fully
assembled and tested circuit board is
available from Old Colony Sound Lab as
one element in a complete kit of parts for
the MMII electronics, but is also available
separately. The kit is shown in Photo 2.
Table 2 is the parts list.

Following is an extract from the instruc-
tions for assembling an MMII electronics Kit.

Solder the pin receptacles, switch, and
jacks onto the PC board. As an alignment
aid, slip on the end panel before soldering
the switch and jacks. Now solder the 9V
battery clip wires to the correct PC-board

FIGURE | A: Typical calibration curve for MMII.

Phase Error(deg)

10! 20,000 400 10

Frequency(Hz)

FIGURE |B: Phase response of MMI| relative to lab mike.
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terminals, with the red wire sol-
dered to the pad marked +. Slide |
the case-end panel over the switch
and jacks (with the nomenclature
facing out), taking care not to force
the panel over the jacks or the
switch bushing.

Now fit the assembly into the
box, carefully guiding the end
panel into the slots. Align the
MMI1 amplifier pins with the PC
board receptacles, getting all pin
tips into place before pushing on
the MMIL. Press the MMII ampli- 2
fier very gently into place, taking
great care not to bend the solid 0
brass pins, or they will surely
break. Then place the foam piece

n
o

15¢

Noise Level(dB SPL)

-
o

20

10°
Frequency(Hz)

FIGURE 2: Plot of MMII's total noise spectrum.

10° 10*

reinforcement, musical-instrument
pickup, recording applications, or
THD evaluation at very high SPLs.

We mention that the diaphragm
is grounded, which may sound
strange to those who think of elec-
tret diaphragms as things you must
carefully insulate from ground.
The WM-060AY is a “back-elec-
tret” design, as are most modern
capacitor microphones. The sur-
face-charged electret film is not on

~ the diaphragm but on the fixed

backplate, which is carefully insu-
lated from ground and connected
directly to the FET gate.

The diaphragm is, in effect, a
moving ground relative to the

20,000

on top of the PC board—it goes
only over the amplifier, not over the
jacks—and fit the cover, attaching it with
two screws and a very small Phillips
screwdriver. Finally, connect the battery
and switch on and test the microphone pre-
amp (accidentally touching the battery
backward will do no harm).

MODIFYING THE WM-060AY
CAPSULE

The Panasonic WM-060AY microphone
capsule has a built-in FET with an integrated
source resistance to ground. 1t is not possible
to get at the connection between this internal
resistor and the FET source terminal. The
internal source resistance. about 75Q, works
well in applications for which the capsule
was designed originally, such as tiny
portable tape recorders and telephones where
the SPL is from normal specch.

PHOTO 4: Cutting modification on the
WM-060AY capsule.
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However, even when the capsule is oper-
ated at higher supply voltages, with SPLs
above 110dB, the distortion at the drain con-
nection is apparent when using the recom-
mended 2.7k drain resistor. At the higher
SPLs. the distortion is unacceptable. In the
end, it boils down to insufficient gate bias for
high-input signal levels from the microphone
diaphragm. The only solution is to increase
the gate bias by increasing the external
source resistance.

The diaphragm is grounded to the case
and the free end of the internal source
resistance is connected to solder pad A on
the back of the capsule, as seen in Photo 3.
The other solder pad, B, is the drain. The
internal source resistor is grounded to the
case through a printed circuit trace visible
on the back side of the capsule. 1t is possi-
ble to cut this trace thereby disconnecting
the internal source resistor from case
ground. We then add another external
resistor to the source circuit and ground it
to the case. The electric transducer
diaphragm is grounded to the case, thus
completing the circuit (Photo 4).

DRAMATIC CHANGE
Adding 150€2 to the FET source and chang-
ing the drain resistor to 10k has a dramatic
effect on capsule performance. The distor-
tion at 100dB drops by a factor of 10 to
about 0.2%, in part due to higher source
degeneration. The sound level can be in
excess of 125dB before the distortion
becomes significant. The audio signal at
the coupling capacitor increases by about
10dB, so the amplifier gain can decrease
to 6dB. thereby improving its perfor-
mance due to increased feedback.

Tests have shown that an unmodified
capsule will work well even with the 10k
drain resistor for most loudspeaker-mea-
surement applications. A modified capsule
might be in order for close-miked sound

backplate, causing the backplate
voltage to vary as the capsule capacitance
varies with sound pressure. The beauty of
this design is that the entire transducer is
shielded inside of a grounded conductive
enclosure, a portion of which is the
diaphragm itself.

MICROPHONE CAPSULE
PREPARATION

If you are not a watchmaker, perhaps you
should not try this. The first step is to slightly
rough up the outside of the capsule with a
very small file, because you will attach it to
the wand using conductive epoxy. The alu-
minum capsule case is extremely thin, so
you must handle it with great care.

Hold the capsule in some kind of fixture.
One approach is to drill a %4” hole %" deep
in a hardwood block and insert the capsule,
contacts up, into the hole. On the back side,
locate the printed-circuit trace that runs
from one pad to the underside of the case-

TABLE 1

MMIl SPECIFICATIONS

+1dB, 20Hz-10kHz
+2dB, 10kHz-20kHz
25mV/Pa, +2dB

Response (rel. 1kHz)

Sensitivity @ 1kHz

Max. SPL (at 3% THD)  130dB
Wideband noise level
Flat weighting <40dB
“A” weighted <36dB
Mid-band dynamic range  >120dB
TABLE 2
KIT PARTS LIST

Case (bottom, top, end panel, two screws)

9V battery connector with red and black leads
PC board MMII-6214

Two PC-mount RCA jacks

One PC-mount miniature toggle switch

Six (one extra) PC-mount gold pin receptacles
One MMII amplifier assembly

Foam piece
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FIGURE 3: Parts placement for both sides of the MMII board.
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important to thoroughly deburr the
cross-drilled holes inside and outside
one tube.

Now bend the wand 45° at a point
three inches from the swaged end.
The reason for this is to get the bulk
of the assembly away from the cap-
sule’s main axis. It is extremely bad

edge roll. Using a very sharp,
fine knife, cut through and
remove a portion of the trace to
break the circuit.

Prepare a 1/10W 150Q film
resistor by bending the leads 90°
close to the body. Cut each bend to
about 0.050”, making, in effect, a
tiny hook in the ends of both leads.
Using the lowest-powered, small-
est-tipped soldering iron available,
solder one end of the resistor to the
pad from which you cut the trace.
The resistor should be standing straight up
from the back of the capsule. Apply only
enough heat to achieve a proper solder joint.

Prepare one 6” and one 5” piece of #30
wire-wrap (silver-plated, Kapton®-insulated)
wire of different colors by stripping the ends
about 1/8”, Hook one end of the 5 piece to
the 150Q resistor and solder. Hook one end
of the six-inch piece to the remaining pad on
the capsule and solder.

WAND PREPARATION

Fabricate the wand from a 12” length of
0.25” OD brass tubing with a wall thickness
of 0.014”. The outside diameter of the WM-

PHOTO 5: Use swaging tool to enlarge capsule end of wand.

060AY is larger than the inner diameter of
the tube, so you must swage the tube to
enlarge it (Photo 5). You do the swaging by
holding one end of the tube against a for-
giving surface, such as wood, inserting the
swaging tool into the other end and beating
on it with a soft hammer until the tool
shoulder touches the tube. The capsule will
then fit snugly into the enlarged end.
Cross-drill the opposite end of the tube in
two 90° passes with a 1/16 drill, making four
holes for the strain-relief cables. Drill these
four holes 0.15” from the end of the tube.
Then brighten both inside ends of the tube
with a tiny ball cutting wheel mounted in a

measurement practice to have any
normal reflecting surfaces behind
the microphone on its main axis.
Usually the wand will be clamped
in a mike stand, which can cause
diffraction and reflection at the
short wavelengths associated with
tweeter measurements. With a bent
wand, the clamping device is far off
axis and can be covered with
absorptive material.

GROUNDING-WIRE
INSTALLATION
The next step is to prepare the drilted end of
the tube for the grounding wire by tinning
the inside where the cross-drilled holes are
located. Cut a 4” piece of #28 stranded
hookup wire and strip each end about '4”.
Fold the wire sharply at a point 1.5” from
one end. Insert the fold into the tube so that
the shorter stripped end is even with the end
of the tube. After a bit of monkeying around,
you can make the stripped end lie against the
tinned inside wall of the tube. Solder it there.
This leaves about 1” of ground wire sticking
out of the end of the tube.

Now cut two 12” pieces of fishing-leader
wire for the cable strain relief. Use 30 Ib-

PERFORMANCE SPECIFICATIONS:
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FIGURE 4: MMl electronics schematic.
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MUSICAP oy H O V L AN D

Madisound is pleased to offer Hovland MusiCaps, film and foil polypropylene capacitors,
for the speaker builder who can settle for nothing but the best in sound reproduction.
MusiCaps have quickly become the the standard for extremely high end audio systems,
allowing a speakers to achieve their ultimate level of performance. MusiCaps provide a
dramatic improvement in clarity, focus and dynamics. Although MusiCaps are expensive,
the degree of improvement is a value compared to the cost of high end cables and
interconnects. Hovland MusiCaps are the component of choice when musical realism is
your goal.

%}E * Separate layers of polypropylene fim & conductive foil, deliver
superior clarity of reproduction .
= Custom stranded 16 gauge silver-plated Lo MvscArS

WA WOV 2sx
copper leads - no copper oxidation fo ever o s N A
degrade the sound “
* Lead-free silver-bearing solder used in tinning e

and attachment of leads
Tight + 5% tolerances
Hand Soldered lead termination
Extremely low DA, DF and ESR
100% pre-testing for absolute quality assurance \:
Consistent even winding tension assures
freedom from microphonics
= A single capacitor = a singular sound — no time

smear from multiple sections
= Blue striped lead to indicates lead connected to foil inner edge. (In a

series connection the blue lead should be closer to the speaker, in parallel

the blue lead should be closer to ground.)

sy

] [ [ Price

What the reviewers say... Value WvDC  Dimensions
(D xL)(Inches) Each
"After auditioning a wide variety of caps, I find these 1.0 pf 100V 0.55 x 2.00 $14.20

film-and-foil capacitors to be the most musical perform-
ers—and by a large margin. The MusiCap specializes in

textural liquidity (lack of grain) and delicacy of treble nu- 0T e UAOR S DI
ances." 2.7 pf 100V 0.80 x 2.25 $20.50

Dick Olsher, Reviewer and Designer for Samadhi 3.3 pf 100V 0.82x2.88 $21.20

Acoustics, November 1996 white paper 4.0 pf 100V 0.85x2.88 $23.80
5.0 pf 100V 0.95x2.88 $26.30
6.0 uf 100V 0.94x2.88 $29.40
7.0 uf 100V 1.05x 3.25 $33.70

1.5 pf 100V 0.70 x 2.00 $17.00

"...the extra ambiance, combined with a very clean treble
delivery that seemed far less prone to ringing or sibilance
than the other types does make them really quite special."

Domini Baker, HI-FI WORLD SUPPLEMENT, August 1996 8.0 pf 100V 1.10x 3.25 $35.70
9.0 pf 100V 1.20x 3.25 $38.60
"IfyOLl want see-thru, hlgh deﬁnition, detail and listen- 10.0 lJf 100V 1.35x 3.25 $4230

ability, try the MusiCaps."
Joe Roberts, Editor, SOUND PRACTICES, Issue 6 1994
MADISOUND SPEAKER COMPONENTS

"The improved signal transmission of the Hovland foil Bt 8608 UNIVERSITY GREEN

capacitors elevated the [Arial] speakers to a new level of d P.O. BOX 44283

naturalness, clarity, and immediacy." : w Tmbsé%ﬁ3§3;$1%23831s3¢71
Lynn Olson, POSITIVE FEEDBACK, Vol. 5, No. 4 i e-mail: madisound@itis.com

Web Page: http:/www.itis.com/madisound



test plastic-covered stainless leader, which
has an outer diameter of about 0.025. Fold
the pieces in half, pass each end of each
piece through adjacent holes, and pull them
up tightly to form four strands of wire
streaming from the inside of the tube end.

If you wish to cover the wand with
shrink tubing (mainly for appearance). you
should do this now. Spray a small amount
of “slide™ or “mold release” on the wand to
facilitate placement of the shrink
tubing. It is difficult to get the stuff
to shrink smoothly at the inside of
the bend, so be sure to pull the
strain-relief cables tightly so that
the folds are hard against the out-
side wand wall.

At the microphone end, trim the
shrink tubing carefully just behind
the swage. At the other end, trim it
right at the end of the wand so that
the strain-relief cables are trapped
under it.

Prepare 6’ (or more) of single-
conductor shielded microphone
cable having a diameter of less than 1/8”,
We use a .11”-diameter cable from France
that has a conductive plastic shield (with
drain wire) for very low cable microphonics
(Farnell P/N 218-091). Strip and tin one
end only in the conventional way, so that
the center conductor has at least '4” of insu-
lation on it.

Cut a 14” piece of #24 hookup wire, sol-
der one end to the shield drain wire, and
lead it back along the cable. It is wise to
apply a very small piece of tape at the loose
end of this ground wire to keep it attached
to the outside of the shielded cable and
stretched out along it.

FINAL ASSEMBLY

Now attach the capsule assembly to the
shielded cable. Stretch out the pair of #30
leads, but do not twist them together. Using a
small-diameter (0.1(0/") mandrel, form the two
leads into a tight coil-spring. The purpose of
this is to provide, for final assembly, a lot of
motion relief between the capsule and the
cable. Solder the free ends of the #30 wire to
the cable by attaching the lead from the resis-
tor to the shield connection, and the one from
the pad to the center conductor. The result is
shown in Photo 6.

Push the cable through the wand from the
swaged end and carefully work it past the
fold in the ground wire at the other end.
Patience is required to avoid pushing the
folded ground lead out of the wand. A squirt
of “slide” goes a long way. Eventually, the
capsule ends up positioned just outside the
swaged end of the wand, and the end of the
cable’s extra ground wire appears sticking
out of the opposite end of one wand.
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Cut and strip the ground wire that is stick-
ing out of the wand so that it is the same
length as the folded ground wire previously
installed. Twist them together and solder.
This connects the cable shield to the wand.

CABLE PROTECTION

Sort out the four strain-relief cords and tem-
porarily tape them back along the wand to
get them out of the way. Cut a 1.5” piece of

PHOTO 6: Coiled wire leads attached to capsule just prior to
inserting capsule and leads into the wand.

plastic insulating tubing that fits snugly over
the shielded cable and push it up into the end
of the wand about ¥2”. This provides addi-
tional bend protection for the shielded cable.
Cut a 4” piece of 5/16”-diameter shrink tub-
ing, slip it up over the insulating tubing and
over the ground-wire joint, and shrink it.

Remember that the cable/microphone
assembly is still free to move inside the tube,
so be extremely careful about disturbing the
capsule connections.

Neatly gather and position the four
strain-relief cords along the shielded cable.
Cut a 2” piece of shrink tubing with a diam-
eter just large enough to slip over the cable-
end of the wand assembly and push it up
onto the wand.

Starting with two adjacent strain-relief
cords, weave them around the shielded
cable by crossing them on top, then under,
then on top, then under, with a pitch of
about ¥2”, until the end of the cords is
reached. Tape them down temporarily. Roll
the wand over 180° and repeat with the
other two strain-relief cords.

The result should have the appearance of
a “Chinese finger” for about two inches over
the shielded cable from the end of the wand.
Pull the piece of shrink tubing down over the
weave and fix it in place. Cut off any excess
of the strain-relief cords sticking out from
under the shrink tubing.

Prepare an extremely small amount of
conductive epoxy or equivalent material.
Apply it in only a few tiny spots around the
outside of the capsule case. Obviously, it
must never get to the electrical connec-
tions, and it must not spread onto the fuzzy
material on top of the capsule. Push the

capsule into the wand and hold it until the
conductive adhesive cures.

At this point the microphone wand is
strong and durable, with plenty of protection
for the cable when it is pulled, bent, or rotat-
ed. Apply more shrink tubing to suit for a
final neat appearance. Lastly, attach an RCA
plug to the end of the shielded cable.

CONCLUSION

Although Mitey Mike was original-
ly intended for use by readers in
loudspeaker testing, it is being used
in a wide range of interesting and
unexpected applications. The moth-
erboard actually supports two
amplifier daughterboards. In this
configuration, MMII has been used
for on-site stereo recording, and we
have found it especially suited to
piano recording.

A single-channel version of
MMII is currently being used by a
vocalist in a live night-club show.
A prominent manufacturer of
sound-reinforcement speakers is using a
large array of MMIIs to test for total power
response and to obtain very detailed polar
response plots. We are sure readers will
find many more interesting applications for
MMII. We would appreciate hearing about
them from you. <)

Old Colony Sound Lab (305 Union St.,
PO Box 576, Peterborough, NH (03458, 603-
924-6371, FAX 603-924-9467) will offer the
following alternatives for Mitey Mike Il:
KD-4: Mitey Mike Il one-channel unassem-
bled kit. Includes motherboard, one mike
preamp board, mounting pins, box with 2-
Jack front plate, switch, battery leads, foam
padding, two RCA jacks, and other neces-
sary hardware,

KD-42B: Mitey Mike Il two-channel
upgrade unassembled kit. Includes one addi-
tional mike preamp board, additional mount-
ing pins, two additional RCA jacks and a
replacement front plate with 4-jack holes
drilled.

KD-4A: Mitey Mike II one-channel assem-
bled unit. Includes assembled KD-4.
KD-42BA: Mitey Mike Il two-channel
assembled unit. Includes assembled KD-4
plus KD-42B (using replacement face
plate). .

KD-4M: Mitey Mike II microphone capsule
and wand unassembled kit. Exact configura-
tion of kit is to be determined.

KD-4MCA: Mitey Mike Il modified micro-
phone capsule and wand, assembled and cal-
ibrated.

KD-MUA: Mitey Mike Il modified micro-
phone capsule and wand, assembled and
uncalibrated.
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HIGH EFFICIENCY PURE RIBBON TWEETERS

ORCA is sincerely proud of introducing these exceptional high frequency transducers from France. The
RAVEN tweeter is a true ribbon tweeter, possibly the purest transduce: available today. In a dome tweeter
-he signal is carried through the voice coil wire, and the sound is radiated by the dome attached to the voice
coil. Here, the carrier of the electrical signal and the radiating diaphragm are one and the same part: the
ribbon itse_f. Furthermore, the RAVEN ribbon is 100% pure conductive material, no metalized film. To have
an idea of the high frequency performance of the RAVENS, imagine that the moving mass here is about 30
times less than a high quality dome tweeter. The music comes through effortless, almost immaterial. The
special anc. massive NeFeB magnet of the RAVENS is five times more powerful than a conventicnal magnet.
The result: the RAVEN R1 is capable of 118 dB peak with no measurable distortion (R2: 120 dB). At I0WRMS,
that is continuous power now, R1 reaches 105 dB with less than 1% distortion, and R2, 107 dB. The RAVEN's
come with a specially designed matching transformer (very low cistorticn, low loss and wide bandwidth)
for optimum coupling with your power amplifier. Now look carefully at the decay of these units !

RAVEN R1
KGS 1.14
RS T Z£5..
92 x 80 mm
3.63 x3.15in.
Moving mass:
0.0061 g
& 0.0002 oz.

e v LY dB/W/m 95
2 KHz tc 40 KHz

) ELECTRICAL 5 ACOUSTICAL TESIS - (RWSION 3.10 - COPYRIGHT (L) 159154 AUIDMTICE

RAVEN R2

KGS 222

LBS 4.9

166 x 76 mm
6.54x299in
Moving mass:
0013 g

0.0005 oz.
dB/W/m 98

2 KHz to 40 KHz
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RAVEN TRANSDUCERS are distributed worldwide

exclusively by ORCA Design & Manufacturing Corp.
1531 Lookout Drive, Agoura, CA 91301 - USA

TEL (818) 707 1629 FAX (818) 991 3072

E-Mail: orcades @ aol.com

OEMs, stocking distributors and importers inquiries
welcome. Goods now in stock in America.
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A SPEAKER BUILDER'S
TRAVEL GUIDE

any audiophiles get bitten with the
do-it-yourself bug and decide to
construct their own home speak-

ers. Most are successful—a few wildly so.
Their audio nirvana is delectable until their
best friend, the one with more common
sense than golden ears, arrives. After listen-
ing to their idea of paradise, he remarks, “not
bad, considering you made it yourself”
(rough translation—"were I not your friend
I'd think you're nuts!”). Add to this his/her
spouse’s remarks as to size, finish, and, of
course, the incredible drain on the budget,
and you can understand why the resuits of an
otherwise fantastic hobby end up in one end
of the rec room.

What follows is not a prescription for the
ne plus ultra of speakerdom, It is a prescrip-
tion for success on the first try, broken down
into rules and suggestions. Some are com-
mon sense; others may not be as evident.

THE BASICS

1. Establish budget and time constraints.
[ don’t own a Mercedes or Aston-Martin,
even though both are extremely good auto-
mobiles. [ don’t drive a semi-trailer to
work, although it would have lots of room
for picking up a quart of milk on the way
home. Likewise, you must decide on

By Marc Bacon

4. Get back to basics, i.e., read, plan,

build, measure....
Don’t use a pyramid-shaped speaker just
because you saw one highly reviewed in the
technical literature. Likewise, don’t try to
imitate a Focal egg, a Wilson SLAMM, or
a Spica TCO50 unless you are extremely
competent.

Amateurs rarely lack in enthusiasm and
audacity on their first try, but can waste
loads of money with disappointing results.
Applied physics is the reason speakers
sound good. It’s not rocket science or
voodoo, just a few basic concepts with innu-
merable small details.

5. Buy the fewest, but highest-quality

components you can afford.
[ like the minimalist approach. For example,
an excellent two-way system made from a
single Focal 5N412DB mid-woofer and a
Cabasse DOM 2 tweeter with a simple high-
quality crossover in a 10-itr box wiil produce
much more satisfying results than a similarly
priced 60-ltr 4-way system with a Radio
Shack 12” woofer, 6” mid-woofer, soft-
dome midrange, and supertweeter using
electrolytic caps and smali-gauge inductors.

Likewise, [ have moved away from
designing extremely complex crossovers a

la Dynaudio and Thiele to using the mini-
mum number of components required to
achieve a good transfer function. I find that
complex crossovers tend to smear sound
detail, even though they produce more linear
predictions. The secret to minimalist
crossovers is to use very well-behaved (i.e.,
smooth rolloff) drivers.

LISTENING ROOMS

1. Evaluate your listening room.

This is the area probably most overlooked
by audio enthusiasts. Since changing your
listening room may not be possible due to
the spouse acceptance factor, your budget,
or your landlord, you must match the
speakers to the room. Minimus-7 speakers
won't work in the Taj Mahal, nor will

ABOUT THE AUTHOR

Marc Bacon is a US citizen, making his home near
Montreat, Quebec, with his wife and two children. A pro-
fessional engineer with training and experience in both
science and electronics, he finds speaker building an
extremely rewarding avocation. He tumed his hobby into
a small distribution business, Technologie MDB, which
he unfortunately had to close earlier this year. He
remains president of a consulting engineering company,
and is extremely interested in music reproduciton.

your budget and time constraints. Do
you have the time and money for

TABLE 1

your dream system, or must you set-
tle on something you can afford?

LISTENING ROOM EVALUATION CHART

2. The KISS (acronym for Keep it LISTENING ROOM SPEAKER INTERNAL LOWEST FREQUENCY 2-OR3-WAY  SPOUSE ACCEPTANCE
Simple, Stupid) principle. VOLUME (LITERS) FACTOR
Don’t build horns, quarter wave Small-medium 15 liters or less 50Hz 2-way Excellent. Don't forget that
lines, transmission lines, dipoles, fgsjl:eeés;réd;;azotﬁ“
bipolar speakers, or anything with wallinioalhome decor
more than a 3-way crossover uniess
you have the knowledge and measur- Small-medium 1540 Itr 40Hz 2-way is simpler, ~ Good. This is the most
: . . probably better  common speaker size in the
ng equnpme.n Lo m ake it work, or a quality for the 1990s. Speaker stands may
very good kit designed by a compe- money be required.
tent person. Complex speakers don’t
sound right uniess they’re designed Medium-arge 40-80 Itr Down to 25Hz if you 2-way is simpler, ~ Requires a good
and built right want it that way but larger volume  heart-to-heart discussion.

. . allows for 3-way  If you keep the footprint

3. Pay attention to detail. ) with 8-10” woofer small, the SAF will increase
Detail takes time and patience. It is substantially.
also one reason why home-builders
can produce outstanding speaker sys- Large over 80 Itr 30Hz if so designed Definitely a 3-way  Poor, unless your spouse

tems, since their commercial rivals
would be too costly to build.

is blind or has the patience
of Job.
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Wilson SLAMM s in a single-bedroom
apartment.

As a general rule, if the speaker looks
tiny in the room, it probably will sound
that way. If it is overwhelmingly large,
you may love the sound and enjoy show-
ing it off, but you’ll be alone in appreciat-
ing it. Use Tuble I as a guide.

2. Plan ahead for proper speaker

placement in the listening room.
Use Roy Allison's equations (available
from many sources, inciuding the
Madisound BBS. the Internet. and the
Room Design Powersheet by Old Colony
Sound Lab) to predict the effect of the
room on midbass power response.
Normally, the solution for this is to mount
small 2-ways flush with bookshelves or a
wall, or to move them well out into the
room on stands.

For 3-ways, | prefer an arrangement
with the woofer near a known room
boundary, such as the floor or rear wall,
and a steep crossover to the midrange at
around 350Hz. Line arrays, a /a Infinity
Reference Standard, where the listener is
located in the near-field, reduce most
room problems, but cannot deliver pin-

point imaging.

DRIVERS
1. Buy a woofer with sufficient dis-

FIGURE |: Optimum Q
ratios (c).

Optimum Qtc, low Fs/Qts ratios

— D
-@-Low range Qfc|
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Optimum Qtc

with fow F/Q, ratios (a), median F /Q, ratios (b), and high F_/Q

placement for the box tuning.
For details, see Vance Dickason’s Loud-
speaker Design Cookbook (Old Colony
Sound Laboratory, PO Box 243. Dept. BY7,
Peterborough, NH 03458, 603-924-6371,
FAX 603-924-9467). Insufficient excursion
causes a very displeasing form of distortion
as woofer movement becomes nonlinear. Be

careful when reading manufacturer’s litera-
ture—some list X,, as total excursion,
others as total one-way excursion, still others
as one-way excursion + 15%! Alternatively,
use a D’Appolito arrangement to halve the
volume displacement while retaining a nar-
row baffle (good for diffraction), the ability

to compensate for diffraction loss, and the
high acceleration and good midrange defini-
tion inherent in small woofers.

2. Use a tweeter with sufficient power
handling.
Many amateurs burn out tweeters, the princi-
pal causes being:

terminal.
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e Using too small an amplifier. When it dis-
torts, it bums out the tweeter.

o Using too low a crossover point or too low
an order. There is an almost mythical belief
among audiophiles that first-order
crossovers are the best. Since tweeter rolloff
is generally second-order, even a first-order
crossover will often generate a quasi-sec-
ond- or third-order response.

Thus, the belief in the first-order
crossover is just a myth unless you cross
over the tweeter at least two octaves above
the beginning of its rolloff. A more sensible
tweeter crossover is an acoustic fourth-
order Linkwitz-Riley response, which nor-
mally uses a second- or third-order electri-
cal crossover, resulting in better tweeter
protection.
¢ Listening to raw tweeters with no pro-

tective circuit. Especially in ribbon
tweeters, this is sure death.

e Measuring raw tweeters with tone gen-
erators and computer programs with no
protective circuit and too much input
power.

3. Buy drivers with smooth rolloffs.

It is very difficult to design a crossover for a

driver (such as some of the newer metal-cone

woofers or some older Kevlar® models) that
exhibits a ragged upper rolloff. Ideally, you

GO AHEAD

Ask top engineers and music lovers
worldwide what capacitors they
choose for their ultimate designs.

—H—O—Vt—A N—D —
MusiCAape®

"After auditioning a wide variety of caps,
| find these film-and-foil capacitors to be
the most musical performers—and by a
large margin. The MusiCap specializes in
textural liquidity (lack of grain) and
delicacy of treble nuances.”

Dick Olsher, Reviewer and Designer; from
November 1996 Samadhi Acoustics white pape

COMPARE NOW

The most naturally revealing capacitor. Film
and foll polypropylene construction—optimized
for fine speakers and vacuum tube electronics.
Precision made in USA, Values from .01 to 10uF.

To listen to MusiCaps for yourself, contact.
* Welborne Labs 3034706585
« The Parts Connection 800-769-0747
« Michael Percy Audio Products  415669-7181
« Madisound Speaker Components  608-831-3433
* Just Speckers 9163736777
* Hondmade Electronics 610-432-5732
« American Audio Import, Netheriands 31-78-6510567
« Anchor Cross Co.Tokyo, Jopan 81-3-3203-5606
* Bina Putra Datamas, Indonesia 62-21-8209126
» Octove Electronics, West Malaysio 603-793-793-9
« SJS Electroacoustics, Englond 44-1706-823025
« Tang Hill International Lid., Taiwan 886-2-5813605
* OEMs contact Hoviand Company ot :
ph 2099664377 » tax 209-966-4632
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would cross over

drivers at least an TABLE 2
octave above their SAMPLE F/Q,¢ RATIOS
fundamental reso-
nance and one-half DRIVER 1 DRIVER 2 DRIVER 3 DRIVER 4
of an octave below F 45Hz  F 35Hz Fe 21Hz  F, 25Kz
their high-frequen- s's g(?ﬁ 8:5 go"'ﬁ st g03|(t’4 8'5 g:ﬁe
cy -3dB point. A a0 r Ve d as r Vas s
1184 FJQ 88 FJQ 69 FJ/Q 56

smooth rolloff 0 s 4O 40
means a minimal  Vented box Either vented or Two sizes of Sealed box
number of cross- sealed sealed boxes

e rts, allow- Ideal V,; 281tr  V,, ventedbox: 321Itr V. box 1 571V, 121tr
:’nv r p;‘u Sloa OJ“;_ V, sedledbox: 2031 Q,box1: 075 Q. 123

S e Q, sedledbox: 063  V box2 285l
chase higher-quali-

Q. box2: 043

ty components and

thus  minimize
crossover-induced problems.

4. Listen to the driver outside the box
with no crossover, if possible.
Although bass and midrange drivers sound
like fish out of water outside of a box, you
will learn much about timbral balance by lis-
tening to them “‘stark naked.” Likewise, lis-
ten to the tweeter you wish to use by playing
it with a single polypropylene or polystyrene
capacitor of 4.7-10uF in series.

BASS TUNING

1. Use a closed box if the F/Q, ratio is

lower than 82, a vented box if it is over 100,

either one if it is between 82 and 100.

For closed boxes, Martin Colloms recom-

mends using a higher Q. with higher F,_ for

an apparent increase in bass, and a lower tun-
ing for tighter bass with lower Q. This takes
advantage of the room lift available at lower
frequencies. I have developed a method that
allows for just such optimization. To use it,
find the F/Q,, of the speaker you intend to
use, taking into account all series resistances.

The formulae are as follows:

* Q. = Q, x (DC resistance of driver +
resistance of crossover and cabling)/
(DC resistance of driver).

* Q= 1/(1/Q, + 1/Q,).

For drivers with an F/Q of less than 62,
expect a rather high box Q, as shown on the
first graph of Fig. 1. There are two optimum
tuning points for the speaker between the
F/Q, ratios of 66 and 81, as shown on the
second graph, one with a lower Q,, bigger
box, and higher efficiency, and another that
is subjectively more plump and less efficient,
but uses a much smaller box. For 82 to 100,
there is one point that satisfies the require-
ments. Table 2 lists several examples of
FJ/Q,, ratios.

2. Don’t stretch out vented-box tuning
Sfor maximum bass extension.

I personally prefer a quasi-third-order,

rather than a fourth-order, rolloff for vented

boxes. There are several reasons for such a

tuning scheme:

e The room response helps to lift the

response. It is therefore more appropriate
to roll off gradually, allowing the room to
lift very low bass, rather than to try for
maximum extension, with resulting
boominess.

o Transient response is improved by lower-
order rolloff.

o Third-order rolloff is less sensitive to varia-
tions in driver parameters. While actively
assisted sixth-order vented boxes are fun
to design on paper, they are extremely dif-
ficult to achieve in reality.

3. To increase bass response from a
speaker without changing box tuning:

¢ Position the port towards the rear wall
or the floor.

e Place the speaker near room boundaries.
4. To improve bass transient response

and reduce distortion:

e Use a port with the inner end cut at a 45°
angle and its average length equal to the
calculated length.

« Fix a boom port by putting straws in it.

e Reduce distortion by mounting woofers
face to face (only for 150Hz or less),
using a box volume one-half of that pre-
dicted, and wiring the woofers in paral-
lel. The sensitivity of the system is equal
to that of a single woofer.

CROSSOVERS

1. Compensate for baffle diffraction.

This is one of the single most common fail-

ings of amateur crossover designers. You

must provide a crossover shaping that
emphasizes the lower part of the frequency

range where baffle diffraction provides a

bass rolloff. There are at least three easy

ways to do this:

e Use a dual voice-coil design, with the
lower voice coil acting only in the low
bass. To model this on CALSOD, input
the driver as two separate drivers acting
on the baffle width, with a coincident ori-
gin. Optimize the crossover between one
of the coils and the tweeter; then add the
effect of the second coil to achieve bass
boost.

Reader Service #24 -



DRIVERS: The Process of Design.
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> VIFA When designing a loudspeaker, the initial
driver considerations and final driver choice
R, can make or break a project. To ensure your
success - you want the most complete
information and specifications at your finger
COMPONENTS: tips - the 1997 Solen catalog.
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AND -STANDARD
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CAPACITORS - THE
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a wide selection of quality drivers - with
complete manufacturer's spec sheets, as
well as applications in detail on woofers,
with predicted response in different sealed
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¢ Use a second driver in a D’ Appolito
arrangement, such as the Aria 5 design,
where the two bass-midrange drivers act
in parallel over the lower range, and then
are crossed over to the tweeter. This
makes for very linear phase as well. The
box size is greater than that of a dual
voice-coil driver, but the bass excursion is
halved, resulting in less distortion.

e Use very high-efficiency midbass and
shape the crossover so that the midband
and tweeter response is down approxi-
mately 6dB. For example, using a Cabasse
21M18 (93dB) woofer-midrange, it is
possible to get greater apparent bass, albeit
at around 87dB, by shaping the crossover
to tone down the tweeter and midband.
The disadvantage of this arrangement is
lower sensitivity of the entire system. The
bonus is the extra tweeter protection
afforded by the series resistance.

2. Don’t use a crossover to extend a

driver’s response by peaking it, then
falling off.
Crossover optimization programs are notori-
ous for doing this as they attempt to gener-
ate a flat response. After optimization, look
at each driver’s crossover/driver response
and the crossover transfer function to ensure
that they follow smooth curves without
undue peaking. ldeally, the combined
driver/crossover response will be an estab-
lished crossover type, such as Butterworth,
Linkwitz-Riley, Chebyshev, and so on,
since these allow you to accurately predict
polar tilt and phase response. Then reverse
the connections of one of the drivers and
make sure the resulting null is symmetrical
and at least 20dB, in order to ensure good
phase response.

3. When developing a crossover using
an optimization program, design for a
smooth response (x2dB from target
across the front 60° and +3dB from tar-
get between the standing and sitting lis-
tening positions).

TABLE 3
EFFECT OF PARALLELED COMPONENTS
ON TOLERANCE
NUMBER OF SPECIFIED  RESULTING
PARALLELED TOLERANCE TOLERANCE
COMPONENTS
2 10% 6.4%
5% 32%
1% 0.64%
3 10% 52%
5% 2.6%
1% 0.52%
4 10% 4.6%
5% 26%
1% 0.46%
5 10% 4%
5% 2%
1% 0.4%
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Many computer-generated crossover opti-

mizations are extremely sensitive to inter-

driver separation and listening position.

Generally, ways of improving the response

over the range are to:

e Minimize interdriver separation by using
small-diameter drivers close to each other.
A D’Appolito arrangement with two 3%2”-
diameter Ceratec drivers and a 1”-diameter
tweeter mounted closely together will
behave much better than one with two
6%4” drivers and a very large tweeter. |
have yet to realize a good D’ Appolito
speaker with 8” drivers.

¢ Use a fourth-order L-R crossover function
between the midrange and tweeter.
Normally this requires only a second- or
third-order electrical crossover.

o Use midranges only up to the point where
the off-axis response begins to fall off.

e Aim the array at a point midway between
seated ear height and standing height.

4. Use impedance equalization on

woofers and woofer-midranges.
It is rarely possible to design as good a sys-
tem with nonequalized drivers as with equal-
ized ones. An added advantage is that when
fine-tuning the system, you may vary some-
what the component values of the zobel,
achieving a more subtle effect than that of
varying series or parallel components.

5. Use active crossovers for all cross-
overs below 150Hz.

This is expensive, but justified by the fact

that the woofer and midrange impedances

vary wildly in the bass, often by a factor of

5-10. The amount of capacitance and

inductance required to equalize these

impedances is very costly and introduces a

substantial amount of distortion. The alter-

native is to use hybrid passive networks
with minimal equalization and resulting
phase problems.

Active crossovers are not easy to design.
For a first try, you might use some from
Marchand Electronics (which advertises
frequently in SB). The cost of two ampli-
fiers and an active crossover is often not
much more than that of a single amplifier
driving a passive circuit. The Loudspeaker
Design Cookbook lists several benefits and
several sources for active crossover design.

6. As a starting point, try the following
crossover points:

o 2-way with 4” or 5” woofer, 3.54kHz.

¢ 2-way with 6” woofer, 3.5kHz.

e 2-way with 8” woofer, 2kHz (requires a
tweeter that can handle the power and
excursion). The ear is sensitive to problems
in the crossover at this range, so be careful.

e 2-way plus subwoofer. Active crossover
below 150Hz, passive crossover as above.

e 3-way. Passive crossover at 350Hz—
3.5kHz.

7. Use polypropylene or polystyrene

capacitors for all caps in crossovers, except
for those used in Zobel impedance compen-
sation networks. Bypass all electrolytics
with at least 10% polypropylene.
Note that despite many manufacturers’
claims about the performance of their caps, |
have yet to see documented proof that any
poly cap is measurably better than any other
in the audio range of frequencies, unless you
require extremely high voltage ratings. (I'm
already ducking the rotten tomatoes on this
statement!) Electrolytics are notoriously non-
linear, and can degrade with time.

8. If series resistance of an air-core is

less than 10% of driver impedance, use it.
For larger values, use a high-grade ferrite-
or laminated-core inductor with at least
500W saturation.
Recent publications show that laminated-
core inductors have the least distortion in’
larger sizes, since ferrite cores are more
nonlinear. CFAC and other exotics have to
my knowledge been proven to be measur-
ably different, but not necessarily better.
(Another duck, this time for rotten eggs!)
I’'m not a great believer in exotic cables,
either, as long as the wire gauge is suffi-
cient and contacts are well-designed.
Inductor saturation produces compression
and distortion effects that destroy the large-
signal response of many otherwise excel-
lent systems.

9. Use paralleled components to achieve
single values with substantially lower
tolerances.

The range of tolerance is narrowed by the

use of paralleled components (Table 3). It is

therefore possible to achieve the following

tolerances at minimum cost:

o Inductors (two larger values in parallel, 5%
tolerance on winding), 3.2%

o Capacitors (two smaller values in parallel,
5% tolerance), 3.2%

e Resistors (two larger values in parallel, 1%
tolerance), 0.64%

An added bonus is the reduction of the
power-handling requirements of the individ-
ual components. Note that you should mount
paralleled inductors orthogonally to each
other to avoid coupling.

Also note that resistors used to reduce
sensitivity in the signal path should be of a
very high quality and have no more than 1%
tolerance. Capacitors and inductors of 5%
tolerance are normally acceptable in all but
the most expensive systems.

BUILDING DETAILS

1. Build the stiffest box you can afford
within constraints of time, budget, space,
and weight, and seal it well.

See the Loudspeaker Design Cookbook for
suggestions. Try these hints as well:



Focus on Focal!

COSMETICS ON SALE

5K413S . ... .. ... ... $79.00
TC120TDX/T ... ... ... ... .. .. ..... $65.00
SNa1IL . ... ... ... . . ... ... $45.00
10K611 (Similarto 10K617) . . . . . .. .. .. .. $13%.00
12V726S ... ... ... ... $175.00
TCOOTDX/T .. . ... . . . . ... ... ... $36.00
AK211 . $55.00

Brand new Focal drivers have
come to us at a special price
because of a slight imperfection
in cosmetics.

Some of these are so slight you
can't even see them. Use these
drivers to build a great looking
and great sounding Focal system.

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501
TEL. (516) 747-3515 FAX (516) 294-1943

Our warehouse is open for pick-up 10AM to 6 PM daily, Saturday 10 AM to 5 PM
UPS otders shipped same day - Minimum order $50.00

Call or Write for your Latest Catalog mailed FREE in USA. Canada $5 P&H, Woridwide $10 P&H
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® Rounded shapes can be many times stiffer
than boxes, since radial stiffness, not bend-
ing modes, are involved.

¢ Bracing is extremely important. An effec-
tive means of bracing and damping cabi-
nets is to insert a hardwood dowel between
the woofer magnet and the back panel,
using a bit of silicon at each end.

¢ All comers should be braced, glued, and
lined with silicon.

e Crossovers should be secured in such a
way as to minimize rattles and buzzing.
Try silicone or hot glue.

e If you can, measure cabinet vibrations and
displacements with an accelerometer.

2. You should damp all panels to prevent
ringing by:

e Using roofing compounds or other propri-
etary mixes (make sure they don’t dissolve
driver surrounds); coat at least the center
50% of the area of each panel.

e Using a damping self-adhesive mastic, such

as Black Hole, to do the same as with the

roofing compound, with less mess and risk.

Using a double-wall, sand-filled panel.

Sand is heavy and only stiff in compres-

sion, making it an excellent damping

material. Alternatively, use a mass-
loaded boundary layer system, such as

Black Hole 5. This “constrained layer”

construction is quite effective.

e Making cabinet walls from a mixture of
ground-up rubber, sand, and epoxy
resin. This is extremely effective, but is
a patented process and so cannot be
used commercially.

¢ Attaching screw-eyes to numerous points
on the largest panels, then stringing small
cables between the screw-eyes. The cable
serves to pre-tension the panels, but has no
stiffness in compression, making it an
effective damping mechanism.

3. Line all cabinet walls with a suitable
lining to minimize midrange reflections.
There are several schools of thought on this
matter. Dickason gives results of measure-
ments in the Loudspeaker Design Cook-
book. 1 have used wool (watch out for bugs),

Black Hole 5 (predictable, but expensive),
fiberglass, and “egg-crate” open-cell foam
with success. Note that the internal volume
increases in Thiele/Small equations by
approximately 20-25% of the volume of the
lining.

4. When designing your cabinets, allow
for speaker-driver volume, port volume,
bracing volume, and lining volume.

5. Use cabinet dimensions that are prime

numbers, Avogadro series, or the Golden
Ratio of 0.618, 1.000, 1.618 to minimize
standing waves.
I’ve gotten some very bizarre results from
otherwise rational cabinets, especially from
bandpass enclosures that behaved more like
some sort of tuned pipe than a classic
Helmholtz resonator. Note that although
nonparallel sides do help in minimizing
direct midrange reflections, they will not
eliminate standing waves, although they will
reduce their magnitude.

6. Keep the internal end of the port away
Jrom cabinet boundaries and other obstruc-
tions by a distance at least one-and-a-half
times its diameter.

7. Use a port diameter of at least 25%
of the nominal driver diameter. Calculate
the lengths of rectangular ports and mul-
tiple ports using George Augspurger’s SB
2/91 article.

8. Mount drivers using appropriate

damping gaskets (Norsorex or equivalent)
or a very soft silicone.
Note that scrapes and silicone will void man-
ufacturer’s warranties. Play the driver in
open air before mounting it, in order to
ensure that it works.

9. Mount crossover networks away from
driver magnelts.

10. Rule: Solder all the connections to

the drivers.
Note that this will void the manufacturer’s
warranty, so you might want to test the
drivers with crimp connections for a few days
before soldering. Use appropriate heatsinks
when soldering tweeter connections.

11. Rule: Mount crossover inductors

TABLE 4

SUGGESTIONS FOR SPEAKER BUILDERS

TECHNICAL KNOWLEDGE MODELING TOOLS
Beginner None-many

Medium None or few
Medium-high A minimum of CALSOD

or equivalent. CLIO
or equivalent desirable

BUDGET SUGGESTION

Low-high Kits designed by D'Appolito,
Dickason, and the like.

Low-high Kits designed by D'Appolito,
Dickason, and the like.

Low 2-way system, Audax, Vifa,
Focal, Access, Peerless drivers

Medium 2-way system, Focal, Seas, Morel
drivers

High 2-way system, Cabasse, Scan-

Speak, Dynaudio, Ceratec, Raven
drivers
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orthogonally to each other, with tweeter
inductors well away from other inductors.
This will reduce distortion due to coupling
between the inductors.

12. Rule: Isolate the speaker from its

surroundings.
There are many methods of isolating speak-
ers, some of which are based on solid engi-
neering, and many of which are not. For a
discussion of vibration isolation, call the
Fabreeka company or the makers of EAR or
Sorbothane, and request their literature.

Basically, speakers should either be rigid-
ly coupled to a rigid floor at specified points,
or decoupled as much as possible. Rigid cou-
pling is accomplished through the use of car-
pet-piercing points. Since three points deter-
mine a plane, I prefer to mount speakers that
way. The problem is that a three-point
mounting is also quite prone to tip over
when cats, dogs, children, or clumsy adults
bump the speakers. A better real-world solu-
tion is to use adjustable points.

Rigid coupling works well when the floor
is heavy and nonresonant—otherwise it will
muddy the sound by causing the floor to
vibrate. The solution is to use a decoupling
system, such as isolation mounts made by
the companies named above or similar prod-
ucts available from McMaster-Caur.

It is important to use mounts made for the
specified weight, for viscoelastic damping is
dependent on the nonlinear behavior of the
damping materials. If the speaker is too light
for the mount, it will not compress the mate-
rial sufficiently. Conversely, if it is too
heavy, the material will be too stiff and will
not experience enough hysteresis to provide
good damping.

13. Use heavy-duty binding posts.

Plastic cups tend to leak and be noisy.

14. Flush-mount all drivers that operate
Jrom 300Hz and up.

Small projections tend to cause response
irregularities.

15. If possible, mount the crossover
outside the box in order to avoid the
capacitors acting as microphones and
increasing distortion.

DESIGN AIDS
1. If you don’t own the Loudspeaker
Design Cookbook, or know most of what is
in it, buy a copy.
This is one of the most inexpensive and
comprehensive references for success in
home speaker building. The cost is less than
half that of a single good woofer. (Note: I
don’t work for Audio Amateur Corporation
and am not related to the author'!)

2. If you have a computer available, buy
a crossover optimization program. If not,
build from a kit produced by a reputable
designer.



It makes no sense to buy high-quality com-
ponents, fuss over binding posts, tiptoes, and
cabling, and then ruin everything with a poor
crossover. An excellent program, CALSOD,
is available from Old Colony Sound Lab for
around $70. It isn’t easy to learn, but the
effort will teach you quite a bit, and it works
outstandingly well. For a more user-friendly
program for the well-heeled or those plan-
ning to build enough systems to justify the
cost, you might try LEAP,

3. If you’re lucky (or rich) enough to
measure your speaker-system response,
do so.

My personal preference is CLIO, but you
might want to try MLSSA, LMP, or IMP.
Each has its own price structure, advantages,
and shortcomings. Here are some tips that
should help:

e Measure each driver in the finished box (to
allow for baffle diffraction) and design the
crossover afterwards based on the
response.

Allow the drivers to break in before mea-
suring by playing them for at least 48
hours with a moderately high drive level.
(Woofers should be broken in with a large
percentage of bass notes or a frequency
generator, in order to allow the suspen-
sion to travel through most of its predict-
ed Xy ax)- Watch out for cats’, dogs’,
kids’, and spouses’ ears when breaking in
speakers, and don’t forget to protect
midranges and tweeters with appropriate
capacitors to avoid burning them up.

¢ Once you’ve measured the speakers in their
boxes, design the crossover, build a proto-
type, and measure the finished system.
Don’t expect accurate results in most
rooms under 300Hz, unless you have a
very large measuring room. You’ll have to
go with Thiele/Small predictions or close-
miked responses in this range.

Make sure you’re working with a calibrat-
ed system,

Trust your ears over your measurements.
While this goes against the grain of the
engineer in me, the fact is that you can
design any number of crossovers that mea-
sure flat, yet sound different. The differ-
ence in timbre and phase will make one
speaker musically pleasing, another life-
less. Many professionals, and most audio-
philes, cannot explain what constitutes
good sound. Good starting points are a flat
response, low distortion, few phase prob-
lems, good impulse response, and nearly
resistive impedance.

WHERE DO 1 START?

The above should help you get well on your
way to success, keep your common-sense
neighbor at bay, and not only increase the
spouse acceptance factor, but actually stir

some interest. (My wife, for example, does
not spend much time worrying about
crossover design or cabinet damping, but she
loves fine music and is an excellent judge of
speaker musicality.)

I deliberately have not discussed timbral
nuances, driver types, and bass loading,
since the type of music you listen to, your
hearing, your personality, and your budget
will dictate what you build. Table 4, howev-
er, may serve as a guide for your first home-
built speakers. )

SOURCES

Fabreeka International

1023 Tumpike St., PO Box 210

Stoughton, MA 02072

(800) 322-7352, (617) 341-3655, FAX (617) 341-3983

Sorbothane Incorporated

2144 State Route 59

Kent, OH 44240

(330) 678-9444, FAX (330) 678-1303

E.A.R. Specialty Composites
7911 Zionsville Rd.
indianapolis, IN 46268

If

you

build it,
it will
rock.

TCH ofters you the ability
to combine state-of-the-
art speaker components
to design and build

your own custom loud-
speakers. So whether
your speakers will rock
concert halls, disco floors
or living rooms, TCH

has over 500 items in
stock and ready for

immediate delivery.

1-800-291-0389

(om gy g g ]
1705 Broadway, Buffalo, NY 14212  Fax: 716-892-4302
2955 Congressman Lane, Dallas, TX 75220

Handles
Corners
Speaker Grills
Casters
Speaker Carpet
Clamps

Jack Dishes
Feet

Grill Cloth
Plugs & Jacks

($50 min. order)
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AN INSULATED DIAPHRAGM
ELECTROSTATIC

or an electrostatic loudspeaker (ESL)
Fto operate at its full potential, insula-

tion is necessary. However, most do-
it-yourself ESL builders forego this and
build simple, uninsulated units. This article
presents a cost-effective method of produc-
ing insulated ESLs. You can use this tech-
nique with all styles of construction—wire,
perforated metal, perforated plastic with
conductive coating, and so on.

PROS AND CONS

ESLs have two easily identifiable and sig-
nificant advantages over standard moving-
coil units. First, the moving mass per unit
area of an ESL is very small compared to a
cone or dome speaker. In an ESL with 1|
mil of total diaphragm thickness, it takes 11
in? of diaphragm to equal the moving mass
of a typical 1” soft-dome tweeter. This low
mass gives ESLs excellent transient
response.

Second, an ESL’s driving force is
applied over the whole surface of the
diaphragm, essentially eliminating breakup.
Cone and dome speakers are basically dri-
ven from a central point or ring around the
edge of the unit, a system that allows the
cone or dome to flex and resonate. ESLs
typically have much lower distortion than
cones or domes.

That said, there are also two significant
disadvantages to using ESLs: in general,
they are notorious for their low sensitivi-
ties, and they use high voltages. The volt-
ages involved obviously demand respect. If
you build an ESL, you should familiarize
yourself with high-voltage safety and take
steps to minimize exposed high-voltage
points in the design.

Roger Sanders and Ronald Wagner have
both written excellent books on ESLs.
Sanders! devotes a section to high-voltage
safety, and also presents several hybrid
designs (using conventional woofers with
ESLs) and a full-range unit. Wagner’s
book? takes an in-depth look at the techni-
cal principles behind building ESLs, pre-
sents exact construction plans for a full-
range segmented ESL, and contains infor-
mation about commercial designs.
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By Matthew Lattis

INSULATED PLATES

For safety and high output, insulated plates
are hard to beat. In most commercial ESLs,
the plates are made of powder-coated per-
forated metal or sheathed wires. These
designs produce the highest outputs, but are
impractical for most DIYers, since the
types of powders suitable for ESLs are not
generally used at most powder-coating
facilities. Also, coating parts in small quan-
tities is very expensive. You can build your
own sheathed-wire designs, but the tedium
involved keeps most people from doing so.

An insulated diaphragm gives you most
of the benefits of an insulated plate, though
you can’t run the bias voltage as high, and
the efficiency will therefore be slightly
lower. Also, diaphragms in these units usu-
ally don’t last as long as those in speakers
with insulated plates. When using thin film
for insulation, carefully ensure that no
small tears or holes develop in the film dur-
ing shipping or coating. From the stand-
point of safety, an insulated-diaphragm
design—without insulated plates—will be
just as unsafe as a completely uninsulated
unit, so if you build this way, take care to
minimize the likelihood that anyone can
touch the ESL’s plates.

The bias supply has current-limiting
resistors in series with its output, so it isn’t
an electrocution hazard (although its inter-
nal capacitors can be). The audio signal on
the plates is the actual hazard. While I'm
on the subject, the speaker itself is a capaci-
tor and can therefore hold a charge and
shock you after you’ve turned it off.
Always discharge all capaci-

Compared to an uninsulated ESL, those
with insulated diaphragms have the follow-
ing advantages:

1) higher operating voltages and therefore
higher output;

2) no hissing when the bias is first turned
on;

3) no hissing in high humidity or dusty con-
ditions.

Compared to sheathed conductors or
powder-coated plate designs, insulated
diaphragms have the following advantages:
1) numbers 2 and 3 from the preceding list;
2) lower price;

3) faster construction time;
4) use of readily available materials.

CONSTRUCTION
Each unit 1 built is 5.5” x 20.2". See Fig.!
for parts layout, and Table ! for materials
list. Quantities listed are for one unit. I sug-
gest using at least two units per channel.
Except for the spacers on the contact end,
the two halves of the unit are identical. One
half uses a 5.5” x 1.375” spacer, while that
of the other half is 5.5” x 0.875”. Ycu could
make your units larger, but keeping them
flat would then be more of a problem. The
glues involved in this project also dry rather
quickly, causing assembly problems with
larger units. A breakdown of the expenses
involved in this project is shown in Table 2.
The grid that is the main structure of the
unit is styrene egg-crate-style fluorescent-
light diffuser, available at home-improve-
ment centers. Buy the flattest diffuser you
can—they are all warped a little. The ribs

tors before working on the
speakers or bias supply.

The simplest way to insulate
diaphragms is to place two of

them with their conductive
sides facing one another. Earl
Peabody patented this tech-
nique in 1968 (US patent
3,389,226). The Pickering
Isophase loudspeaker also used
a similar style of insulation
(US patents 2,934,611 and

TABLE 1
MATERIALS LIST
NUMBER PER UNIT SIZE (IN INCHES) MATERIAL
3 0.875x5.5 .04 thick polycarbonate(PC)
4 1x17.875 .04 thick PC
1 1.375x 5.5 .04 thick PC
2 125 % 17.625 .04 thick PC
8 375%1.25 .04 thick PC
2 45%x19.7 styrene light diffuser
4 1.4375 % 20.75 aluminum window screen
(see text and Fig. 1b for
exact dimensions of screen)

2,934,612, from 1960).



that make up the grid are thicker on one
side than the other. Keep in mind when you
are buying your diffuser that the thick side
should face the diaphragms to maximize
the contact area of all joints.

The grid should be oriented so that any
bowing of the middle of the diffuser is
away from the diaphragm. If it bows in the
other direction (with the ends bending
away from the diaphragm). the diaphragms
will lose some of their tension when you
bolt the two halves of the speaker together.

You can ecasily cut the diffusers with a
jig saw equipped with a blade for cutting
plastic. After they are cut to the proper size,
make sure no burrs are sticking up from the
surface of the grid. The edges will have
some burrs from the cutting procedure, and
the field may have burrs from the equip-
ment in which it was molded. Any protru-
sions on the surface of the grid will throw
off the spacing between the plates and
diaphragm, limiting your speaker’s
diaphragm travel and decreasing its output.

SPACERS

You cut the spacers from 0.040” polycar-
bonate (PC) with sharp shears, sheet-metal
snips, a table saw, or other appropriate
instrument, You can also score this material
and snap it off like glass. I usually cut spac-
ers with metal snips.

You need to deburr the edges to ensure
uniform spacing. I cut long strips of spacer
material and deburr it before cutting it to its
final length. It is also easier to strip off the
masking material from the side to which you
will be gluing the diffuser before cutting the
spacers to their final size. You can vary the
width of the spacers to accommodate your
mounting frames as long as you have at least
12" of overlap between the PC and diffuser.
You also need enough PC on the sides to
bolt the two halves of the unit together.

You can glue the spacers to the diffuser
with many types of adhesive, since they are

TABLE 2
COST FOR FOUR UNITS AND
ASSOCIATED ELECTRONICS
2 transformers $120
1 bias supply 40
1 diffuser, 24” x 48” 10
polycarbonate sheet {(most plastic-
supply houses have $10 orders, so
you'll get a piece about 24” x 48”) 10 minimum
1 pint of pipe cement 5
1 quart of contact adhesive or one
can of 3M super 77 8
screen 5
wire 9
2" % 60 yd. roll of 3M 9485PC tape 10
Mylar 10
Total cost $227

common types of plastic. For the money,
though, it's hard to beat plastic-pipe
cement. The all-purpose variety works on
PVC, ABS. styrene, and CPVC. You can
find it at home-improvement centers or
plumbing-supply stores.

It was obvious that this type of glue

would hold the styrene diffuser, but I ran a
test to make sure it would work on the PC.
I glued two pieces of PC together, and it
produced a very strong bond. Because the
contact area between the grid and PC is
small, the joints aren’t unbreakably strong,
but they are more than adequate, and can
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FIGURE I: a) Layout of diffuser, spacers, and plates; b) Screen dimensions (see text for

more info about screen d mensiors).
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SPACER _

ALUMINUM FOIL TAPE

FIGURE 2: Detail of contact end and vent.

DIAPHRAGM

stand tear-aparts, rebuilds, and moderate
torsional stress.

GLUING TIPS

You should work on a flat surface when
gluing the spacers. The glue dries pretty
quickly, so you can glue only one spacer at
a time. Both the spacer and the area of the
diffuser it will adhere to should receive a
liberal coat of glue, and both surfaces
should be wet when brought together. Press
the pieces together with moderate

After the glue sets up for a few minutes,
you can gently handle the buildup. Cut the
screen, which will be the plate in this
design, with scissors or metal snips to fit
between the spacers. Make your cuts
between the wires to keep stray wires to a
minimum.

Because the spacers may have slid
around somewhat during gluing, you may
need to cut your screen to a different size
than that shown in Fig. /. Make sure it is

flat when you check its fit. In the area
between the perimeter spacers and the short
internal spacers, there remain only three
wires from the screen’s grid, so handle the
screen gently.

Before gluing the screen to the diffuser,
you should mask off the spacers to keep
glue off them. Overlap the edges of the
spacers with tape by about 0.0625” to keep
the adhesive from building up on the edges
and throwing off the spacing.

pressure for 10 to 15 seconds until
the glue starts to set up. Take care,
for the spacers tend to slide around a
little when being glued.

Though their placement need not
be extremely precise, try to keep the
spacers close to the suggested posi-
tions. If one gets out of alignment
on the first half of a speaker, try to
duplicate the misalignment on the
second. The order in which I glue
the spacers is: 1) one short end, 2)
the long sides, 3) the remaining
short end, 4) the strip running up the
center, and 5) the four short spacers.
Repeat the gluing procedure for all
halves of your units.
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FIGURE 3: Frequency response, 2.83V RMS at 1 meter.
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THE TRICKY PART

Gluing the screen to the diffuser is the only
tricky part of the building process. The
only spray contact adhesive | have found
with significant strength and a sufficiently
fine spray pattern to avoid clogging up the
screen is 3M Super 77 spray adhesive. This
glue has one drawback, though. Its maxi-
mum continuous-service temperature is
I10°F. If you are sure your speakers will
not be exposed to temperatures higher than
this, Super 77 will probably work fine.

You should glue only one strip of screen
at a time. Coat both the diffuser and the
screen with the adhesive, being careful not
to clog the screen. Within about 30 seconds
the adhesive is usually dry enough to join
the two pieces. Carefully align the pieces
before allowing them to touch, while feed-
ing the contact strip of screen through the
grid. When you are satisfied with their
alignment, press the screen down on the
diffuser. The diffuser and screen will
instantly bond and you won’t get a second
chance to align them. Roll a wallpaper-
seam roller along the ribs, applying moder-
ate pressure to ensure good contact
between the screen and the diffuser.
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If you are concerned about higher tem- i
peratures, you can use liquid contact adhe- “SEE-THRWV”
sive to bond the screen to the diffuser. | QVALITY OF sum
have used Lock Bond multipurpose contact MFRLT i '

%‘(lijhel.slvc“inq Pd.rflbond‘ M206 suu?ssﬂ‘ﬂ'ly. ALLOWS 1T (;
e application is messy. but the results are | &
good if you apply the screen at the right TO BLEND :-< :
point in the glue’s drying cycle. You INTO AWIDES
should practice on a scrap piece of diffuser VARIETY
to get your timing right. OF DECOR
Keep in mind that temperature and PLUS 1T'S
humidity can significantly change the
glue's drying time. With the liquid adhe- | [@FAST AND
sive, you cannot apply glue to the screen, EXSY TO
SO you must put an extra heavy coat on the
diffuser. Brushes and rollers are almost
impossible to clean after they have been
dipped in contact adhesive. The cheap.
throw-away solution is to use wadded
paper towels to apply the glue. |
If you are getting enough glue on the dif-
fuser, it will drip out the other side, making
a moderate mess. Make sure you get good
coverage around the edges and between the
perimeter and internal spacers. When you

are sure the area the screen will touch is SINGLE DO\UBLE
sufficiently covered with glue, remove the ITMRALCT ITNRALT

masking tape from the spacers on the half
of the buildup you are currently working
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on. If you leave the tape on, the solvents in
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screen. Align the screen within the spacers,
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while feeding the contact strip through the
grid, and press it into the adhesive. Roll
along the ribs with the wallpaper-seam
roller to ensure good contact.

If the glue is too liquid and squirts
through the screen, remove any that pro-
drudes, so as not to interfere with
diaphragm travel. If the glue is a little too
dry and there are a few small areas where
the screen isn't sticking, you may be able to
reactivate the glue by heating it with a heat
gun. The styrene melts at quite a low tem-

working on. You can now remove the
masking material from the spacers on this
half of the unit. Repeat for all halves of
units. Before proceeding any further, let the
adhesives dry for 24 hours.

At this stage, you should check the
screen for loose spots and wires that are
sticking up. You can fix any loose spots
with contact adhesive or the 3M tape
described later. You should
push down any protruding

holes for contacts and for holding the two
halves of the speaker together. At this time,
you should also drill the holes for mounting
the units, but these will depend on your
mounting frames. The inside edges of any
holes should be at least ¥2” from the inner
edge of the perimeter spacers in order to keep
the bolts from contacting the diaphragm and
becoming charged with the bias.

wires and check the edges care-

perature, though, so be careful. fully. HA =
If the area that isn’t sticking is small and by === LN L —
unimportant (the diaphragm’s travel is very ~ DRILLING THE HOLES i = S =
restricted close to the spacers), you may be  You should now drill all the Sei TN
able to apply some contact adhesive over  holes in the spacers. The holes  *® S — f( - P a)
the screen and stick it back down. Repeat  shown in Fig. [ are 0.125” in DR R =
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FIGURE 4: Frequency response measured at 72” with 1/3-octave pink noise;
4dB per step; a) low turns ratio on axis; b) low turns ratio 12° off axis; ¢)
low turns ratio 25° off axis; d) medium turns ratio on axis; €) high turns ratio

on axis.

FIGURE 5: Impedance: a) two units with 4€2 and com-

mon taps used as primary, b) four units with 4 and
common taps used as primary, ¢) two units with 8€ and
16€2 taps used as primary, d) two units with 4Q and

8€) taps used as primary.
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Drill all the holes in one half of the unit
from the diaphragm side, to minimize the
stress placed on the joints between the
spacers and the diffuser. Now put the two
halves of the speaker together, spacer to
spacer, and hold them together with rubber
bands. Drill through the existing holes and
into the second half of the unit. Repeat for
all units.

DIAPHRAGM PREPARATION
Preparation of the diaphragms is the next
step. Mylar® (0.5 mil) is the best material,
and the genuine DuPont brand is different
from the generic varieties of polyester film
on the market. Mylar shrinks more and at
lower temperatures than the generics, and
also seems to retain more of its tension
over time. | will supply 33”-wide Mylar to
those interested for 75¢ per linear foot plus
$3 for shipping.

The diaphragms need a high-resistance
conductive coating to carry the bias volt-
age. The most effective way to coat your
diaphragms is with powdered graphite.
Theoretically, the diaphragms’ resistance
(measured with probes 1” apart) should be
in the range of 10-100MQ, but the exact
value isn’t very critical in practice, as long
as it isn’t too low. I have built units that

Peak Instrument Go.
THE WOOFER TESTER"

Peak Instrument Company proudly introduces “The Woofer
Tester”. Just ask any loudspeaker engineer, and they will tell
that the only way to design enclosures of the correct size and

function normally with diaphragm resis-
tances in the range of 500kQ.

GRAPHITE APPLICATION

With an extremely sharp utility knife or
razor blade, cut a piece of Mylar about 4”
longer and wider than the outer edges of
your unit. Remove any obvious pieces of
dust from its surface and lay the film down
on white paper towels. With masking tape,
fasten down one corner of the film. Stretch
the film to remove any wrinkles, and tape
down the opposite corner. Then stretch and
tape the other two corners.

Sprinkle a small amount of graphite on
the film. The exact amount needed will
depend on the type of graphite you use, but
a Y4”-diameter pile is a good starting point.
With a paper towel, spread the graphite
around on the surface of the film, then rub
it into the surface of the Mylar. | estimate
that I use around ten pounds of force when
rubbing the graphite in. The time, pressure,
and amount of graphite required to achieve
resistance in the right range will depend on
your Mylar (DuPont makes several differ-
ent types with various surface qualities),
the type of graphite used. and what you use
to apply the graphite.

If you don’t get consistent coverage with

the paper towel, try a piece of cotton or
dacron. The more your applicator is used,
the more consistently it will coat the film,
so it helps to break in your applicator on a
scrap piece of Mylar. Coat an area about
the size of the whole unit, including spac-
ers, to make sure all the edges of the speak-
er will be playing. Also, make sure to cover
the area of the diaphragm contact thorough-
ly. When you are satisfied with the coating,
wipe off any excess graphite. You will
need two diaphragms per unit.

ATTACHING THE DIAPHRAGMS
Many builders like to use epoxy to attach
the diaphragms to the spacers. Epoxy
makes rebuilds very easy, but it has a few
drawbacks: 1) It doesn’t withstand torsional
stress within the speaker very well. If you
twist the unit after the diaphragm has
shrunk, it may lose tension. 2) It’s difficult
to get a uniform coating of epoxy. 3)
Drying time can add up when you are
building multiple units. 4) Harold
Beveridge's US patent 4,533,794 (1985)
warns that a rigid bond between
diaphragms and spacers creates stress in the
diaphragms, making them prone to tearing.
I like to use ¥2"-wide 3M tape #9485PC.
It is a two-sided. 5 mil-thick, acrylic-adhe-

QUICKLY AND
ACCURATELY
MEASURES:
Fs, Qus, Qes, Qrs,
Vas, BL, RE, LE,
SPL @ 1W/1m,
Mmd, Cm, and Rm
IN MINUTES!

tuning is to measure the Thiele-Small parameters for the actual
drivers to be used. The reason? Manufacturers' published
specs can be off by as much as 50%! But until now, measuring
the parameters yourself required expensive test equipment and
tedious calculations, or super expensive measurement systems
($1,200 to $20,000). The Woofer Tester changes all that. Finally,
a cost effective, yet extremely accurate way to derive Thiele-
Small parameters, in only minutes! The Woofer Tester is a com-
bination hardware and software system that will run on any IBM
compatible computer that has EGA or better graphics capability
and an RS232 serial port. The Woofer Tester will generate the
following parameters. Raw driver data: Fs, Qms, Qes, QTs, Vas,
BL, RE, LE, SPL @ 1W/1m, Mmd, Cm, and Rm. Sealed box
data: Fsb and system Q. Vented box data: Fsb, ha, aipha, and
Qloss. The Woofer Tester system includes hardware, test leads,
serial cable, AC wall adaptor, detailed instructions, and software.
Distributed exclusively by Parts Express, Dayton, OH
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FIGURE 6: Wiring diagram for two transformers and one bias supply.

sive transfer tape. It gives a bond of consis-
tent thickness and more than adequate
strength, and it stays flexible. Before apply-
ing the tape, make sure the surfaces to
which you’re applying it are clean and dry.

Apply a strip of tape down each side of
the unit, overlapping the inside edge of the
spacer by approximately .032” to ensure a
cushioned bond between the diaphragm
and the spacers. In three of the four comers,
you should butt the two pieces of tape
against each other. In the fourth corner,
there should be a gap of about 0.125” (Fig.
2): its mirror image on the other half of the
unit should have the same gap. This gap
allows release of pressure between the
diaphragms as temperature and atmospher-
ic pressure vary.

For the center spacer, you need to cut a
strip of tape in half. Remove the release
liner from a piece of tape that runs the
length of the speaker and put it on the
sticky side of the tape strip. You can then
easily cut the tape with scissors or a sharp
knife. The edges of the center spacer
should also be overlapped. You can tape
the short horizontal spacers with ¥2"-wide
tape, allowing the edges to overlap. Using
medium pressure (3M recommends 15 psi),
roll over the tape with your seam roller,

Now lay out the diaphragm, conductive
side down, on a flat surface. Stretch it tight
with tape as previously described. Remove

the release liner from all of the tape on one
half of a unit. Making sure of proper align-
ment between the diaphragm’s conductive
area and the speaker’s plates and contact
area, place the assembly, tape side down,
on the Mylar. Push down, with moderate
pressure, around the speaker’s edges.
Untape the diaphragm and turn the unit
over, and run the roller over all taped areas
again.

Trim the diaphragm 0.0625” inside the
outer edge of the tape, except in the area of
the vent. Allow the Mylar to overlap the
tape completely in this area. When you peel
off the excess Mylar, there should be a
0.0625” strip of bare adhesive outside the
edge of the diaphragm. This small strip
helps to seal in the volume of air between
the diaphragms and maximize coupling of
the two during travel. This strip should not
be too wide, however, or you will have
extreme difficulty getting the unit apart if
the need arises. Repeat for the other half of
the unit and all others.

HEAT-SHRINKING

It is now time to heat-shrink the
diaphragms. As long as you use genuine
Mylar and don’t have any big wrinkles in
the diaphragms, this will be a quick and
painless procedure. | use an inexpensive,
dual-temperature heat gun to shrink them.
Its stated output at the setting I use is 8.8
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FIGURE 7: Schematic of bias supply.
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TABLE3

COMPONENTS PARTS LIST
NO. UNIT VALUE/DESCRIPTION
1 C1 0.14F 50V ceramic disc
1 C2 220uF 35V electrolytic
2 C3,C4 2,500pF 6kV
1 R1 240Q W
4 R2-R5 2MQ W
2 D1, D2 5kV PIV
1 P1 5k %W pot
1 IC1 LM 317T 1.5A adjustable

voltage regulator

CFM and approximately 550°F. Practice
on some scrap Mylar if you have an
adjustable heat gun or one that varies sig-
nificantly from the aforementioned speci-
fications.

I shrink half of one-half of a unit at a
time (a 1.6” X 18” strip). With the heat gun
warmed up, hold the nozzle approximately
¥2” from the diaphragm and move it rather
quickly over the strip. You should be able
to shrink the strip with one five-second
pass. Now shrink the other strip on the half
of the unit you are working on.

If you move the heat gun too slowly,
heat will begin to transfer into the spacers
and warp the assembly. Though it won’t
damage the assembly, it will stretch the
tape bonds, and when the assembly cools
and unwarps, the diaphragm will lose
some, or all, of its tension. If you use Super
77 spray adhesive, moving the heat gun too
slowly may also break the bond between
the screen and diffuser.

After you shrink half of a unit, wait ten
to fifteen minutes before you shrink any
other diaphragms. If the first diaphragm
you shrank still has its tension, proceed
with the rest of the units. If it has lost its
tension, you need to medify your technique
before proceeding. You may also need to
replace the diaphragm that lost its tension.

For diaphragm contacts, | use an alu-
minum-foil tape with a conductive adhe-
sive. If you send me a self-addressed,
stamped envelope and $2, I will send you a
15” x 1" piece of this tape. I cut it down to
0.125”-wide strips when using it for
diaphragm contacts. Cut a 3” x (.125” strip
and stick it to the diaphragm on the contact
end (Fig. 2). With another piece of the
same tape, make a T to overlap the piece of
tape you have already laid down, and run
this piece next to the diaphragm contact
hole. Rolling over the tape with the seam
roller finishes the contact for that
diaphragm.

For the half of the speaker that has the
short spacer on the contact end, just leave
the second piece of conductive tape (which
makes the T) hanging off the end of the



speaker. Then, when you assemble the unit,
fold the tape under and stick it to the foil
from the other diaphragm.

JOINING THE HALVES

After making sure the diaphragms are free
of debris, you can fasten the two halves of
the unit together with 440 by %" bolts.
After mounting the units to your frame,
wire the diaphragms and plates. The wires
from the bias supply and step-up transform-
ers to the ESLs should be high-voltage.
Inexpensive test-probe wire with a 5kV rat-
ing is easy to find.

To minimize exposed high-voltage
wiring, you should place the transformer for
each channel in the speaker (they mount
easily on top of your woofer enclosures in
their own small boxes). Mounting the trans-
former in the speaker also decreases the
amount of high-voltage wire you need. If
you use only one bias supply to run both
channels, you will also need enough high-
voltage wire to run two wires between the
two channels. You can use banana plugs on
the wires running between the two speakers.

For the contact bolts, I use nickel-plated
steel bolts. Use flat washers between all ring
terminals and contacts, even if the terminals
are tin plated. This will keep the aluminum

screen from digging into the coating and
coming into contact with the copper
beneath. Flat washers are also necessary
between the ring terminals and the foil
diaphragm contacts to prevent any twisting
of the terminal from tearing the foil.

ASSOCIATED ELECTRONICS

The voltage from your amplifier needs to
be stepped up to the high voltage/low cur-
rent that ESLs require. The MagneTek-
Triad S-142A (no longer available) was the
transformer of choice of DIYers for years;
clones are available from Roger Sanders
for $119 per pair, including shipping.

I supply transformers—not direct clones
of the original—with a turns ratio of approx-
imately 1:50, and without the multiple taps
of the original S-142A. Their core size is
identical, however, and they are very similar
electrically to the S-142A running 1:44.7. [
sell them for $60 each, including shipping.

If you use the direct S-142A clone, you
have several primary winding configura-
tions to choose from, though you always
use the full secondary. The different wiring
configurations produce different sensitivi-
ties, frequency responses, and impedances,
so building your ESLs will involve several
trade-offs.

The 1:44.7 wms ratio is about as low as
you should use. You use the 4Q and com-
mon taps as the primary in this configura-
tion. This turns ratio presents a relatively
easy load to your amplifier and has the
most high-frequency output, but has fairly
low sensitivity. With this ratio and two
units in a 12”-wide baffle, one stacked
above the other approximating a 3” x 35”
line source, [ achieved the frequency
response plot shown in Fig. 3 at 1 meter
with 2.83V RMS into the transformer.

You can add more units to increase out-
put. Each doubling of active diaphragm
area yields a 6dB increase in sensitivity,
assuming your amplifier is capable of
delivering the extra current required to
drive the higher capacity. (This is most
demanding at high frequencies, and should
not be a limiting factor with today’s higher-
current amplifiers.) You can also increase
dispersion as you add more units by
angling some of them off axis.

INCREASING OUTPUT

You can also increase output by using dif-
ferent taps for the primary winding. With
pink noise as the test signal and the 1:44.7
turns ratio as a reference, using the 8C and
16 taps as the primary yielded a 5.4dB

MCM ELECTRONICS
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increase in sensitivity. Compared to the
1:44.7 wiring configuration, using the 4Q
and 8€ taps as the primary yielded a 7.2dB
increase in sensitivity.

With the increased turns ratio comes an
increase in the transformer’s leakage induc-
tance, which forms a series resonance with
the ESL’s capacity. At frequencies higher
than this resonance, the speaker’s output is
rolled off. Higher leakage inductance and
speaker capacity cause this resonance to
occur at lower frequencies. Luckily, with
the relatively low capacity of these units
(approximately 160pF per unit), this is not
much of a problem.

Driving two units with the highest turns
ratio produces a resonance at a high enough
frequency that, on a 1/3-octave basis, the
output of the 20kHz band is decreased only
by 3dB, when compared to the 1:44.7 con-
figuration. In theory, you would expect the
highest turns ratio to have the greatest atten-
uation at high frequencies, but this honor
belongs to the medium-output taps. The
physical layout of the windings may be the
cause of this unexpected loss.

The impedance is also quite a bit lower
with the higher turns ratios, but is only
extreme in the top octave. Luckily, not
much power is required in this region, and
the impedance isn’t as hard to drive as it
appears. As a test, [ ran two units—con-
nected with the highest output wiring con-
figuration—on a low-cost, low-current 45
WPC receiver for three hours at high out-
put levels. The receiver neither became hot
nor showed any audible signs of distress. If
you are worried about it, though, you will
probably prefer to use the 1:44.7 wiring

configuration with four units per channel.
Figures 4 and 5 show frequency
response and impedance plots for various
configurations. The plots were taken 72"
from two units, one above the other, in a
12”-wide baffle and with a 6dB/octave
400Hz crossover. | used an Audio Control
SA-3050A for all these measurements.

BIAS SUPPLY
This design needs a bias of approximately
1.4kV DC. The tension on the diaphragms,
which counteracts the tendency of the bias
to pull the diaphragms into the plates, will
vary depending on the precision with which
you built your units. The units may handle
more or less voltage. My speakers will usu-
ally take about 1.6kV DC, but I like to run
them a little conservatively. When you first
connect the bias, start out at about 800V
DC and gradually increase the voltage. The
speaker will pop when too much bias has
been applied. When you hear the first pop,
decrease the bias by about 100-200V.

Although you can use 120V AC line
step-up transformers to obtain bias, I don’t
like running AC lines to my speakers with
the hazards they present. I prefer to use a
small, high-frequency, switching power
supply that requires a 12V DC source,
which anyone should be comfortable
wiring. You can plug a small wall trans-
former into a switched outlet on your stereo
and turn the bias on and off with the sys-
tem. I sell the DC-to-AC converter section
for $30, including shipping.

With a few surplus high-voltage parts
and some common parts from any electron-
ics-supply house, you will have a small,

regulated, variable-voltage bias supply that
draws relatively low current. Figure 6
shows a schematic for the supply; the com-
ponent values are in Table 3. With the volt-
age-doubler circuit, this supply puts out
1.4kV DC, with 7V DC and 60mA out of
the regulator. -

The relationship between input and out-
put voltage is linear (each 1V in equals
approximately 200V out), so anyone with a
multimeter can check the input and output
voltages at a low setting, thus gaining an
accurate estimate of higher voltage outputs
without a high-voltage probe. As this sup-
ply doesn’t contain bleeder resistors, you
should take care to discharge the HV
capacitors it contains before working on the
bias supply or speakers. You can use one
bias supply for both speakers as shown in
the diagram, or build a separate supply for
each channel.

Figure 7 shows a wiring diagram with
both transformers and a bias supply. You
should definitely use grille cloth on both
sides of your speakers, and possibly add .25
inch *“acoustically transparent” foam to
their backs. The grille cloth alone decreases
the magnitude of the ESL’s output at reso-
nance by 3 or 4dB. With the foam—or mul-
tiple layers of grille cloth—on the back,
you can decrease the output at resonance
another 3dB. The grille cloth also makes it
less likely that anyone will touch the ESL’s
plates. Covering the HV connections of the
unit with PC is also a good idea.

CROSSOVER CONCERNS
These panels should be crossed over at
approximately 500Hz with a 12dB/octave
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crossover, though the slope could be 6dB if
you don’t expect extreme output from them.
The spacing of these speakers (approximate-
ly 30 mils from diaphragm to plate) is less
than that normally recommended for DIY
ESLs. but is quite generous as long as you
control the diaphragm at resonance. [ have
built fully insulated units, with powder-coat-
ed plates and 15 mil spacing from diaphragm
to plate. that can be crossed over at S00Hz.
As long as you damp the diaphragm’s reso-
nance. you can run these units with 1:150
transformers without problems.

Below S00Hz. conventional woofers are
a more practical choice. | advise active
crossovers and biamping. Active cross-
overs will simplify the task of getting the
balance right between your essentially
omnidirectional woofers and your line-
source dipole ESLs. However, if you wish
to use passive crossovers, refer to Ron
Wagner's book. which contains a reprint of
an article covering such a design.

POWER CONSIDERATIONS
Figure 3's frequency-response plot shows
that with the highest turns ratio available.
two units will produce a sensitivity of
approximately 84dB. Though a speuker
with a sensitivity rating in this range won’t
run you out of the room. it will produce
reasonable output. With the highest turns
ratio. I suggest a maximum amplifier rat-
ing of 100 WPC at 8Q. With the lowest
turns ratio. you could use over 200 WPC,
You need to keep two things in mind
when deciding on a power level. First.
depending on the turns ratio you choose.
you can exceed the transformer’s insulation

rating with relatively low power. though

most transformers are rated pretty conserva-
tively. Second. high-powered, distorted sig-
nals can produce enough high-frequency
high voltage on the plates to punch a hole
through both layers of Mylar. This type of
puncture is caused by an arc from plate to
plate, not plate to diaphragm. and is a risk
in uninsulated ESLs, as well. If you respect
your equipment and its limitations. neither
of these issues should be a problem.

FINE SOUND
The sound of ESLs is unique. Although
many reviewers regard ESLs™ midrange as
their most impressive frequency range, to
me the most noticeable difference between
them and other driver types is the ESL’s
effortless reproduction of high frequencies.
I have never heard any other type of speak-
er that is as free from grain or that induces
less listener fatigue. Of the speakers I have
heard. ESLs come closest to disappearing
when you're listening to them.

A word of warning though: for all they

can bring out in a good recording, ESLs
also have a habit of exposing recording
errors that may not show up on other types
of speukers. But this is a small price to pay
when you consider how impressive they are
with good recordings. 2
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Mylar, transformers, bias supplies

Roger Sanders, (505) 759-3822

Mylar, transformers, general ESL parts

3M, (800) 362-3550 for locasions o* distributors of
9485PC

R&D Electronics, (216) 441-5577

HV diodes Varo VG5X (part #323, 10 for $5.50), HV
caps 2,500pF 6kV, $0.75 each

MCM Electronics, (800) 543-4330

Inexpensive HV wire (part #24-1795, $9 for 50)
Local plastic-supply house

40 mil. polycarbonate

* CAR SPEAKER SYSTEM

* IN-WALL SPEAKER

*TWEETERS

Dome Tweeter@USD0.79

Surface/Angle/Flush
Mounting Kits

Pot-Light Style/Square In-Wall

® Best choice for cost saving effectively.
® Most professional manufacturer for speakers.
® Available for OEM design and free 1997 catalogues.

Forgings INDUSTRIAL CO., LTD.
P.O. BOX 1823, TAIPEIL TA