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and individuals who provide theoretical and practical 
training in all areas of audio engineering. The aim is to 
address these topics through a focused series of pre-
sentations, papers, workshops, case studies, and dis-
cussions among professional audio educators, trainers 
and administrators. The conference will be peer driv-
en, and its outcomes will include a collection of formal 
papers, historical documents, survey instruments, and 
potential recommendations for educational resource 
management and development. For more information, 
visit www.aes.org.
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Designed using fine-element analysis, the D14 
tweeter was developed by Loudsoft President Peter 
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There are two Audio Engineering Society (AES) 
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is the 134th International AES Convention, May 4–7 
at the Fontana di Trevi Conference Centre in Rome, 
Italy. This conference will feature three special tracks: 
“Test and Measurement,” “Loudness,” and “Sound for 
Pictures.” 

The second event is the AES 50th International 
Conference, scheduled July 25–27 at Middle Tennessee 
State University in Murfreesboro, TN. This is the soci-
ety’s first conference dedicated to audio education. It 
will focus on teaching methods, instructional resourc-
es, learning outcomes, technical operations, areas for 
research, and similar topics relevant to organizations 
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Larsen. The diaphragm is tooled in Germany and avail-
able in both pre-coated fabric (silk) and high-damping 
plastic material (see Photo 1). Photo 2 shows the 
device’s SPL. Photo 3 shows the associated cumula-
tive spectral decay (CSD) or “waterfall” plot. The D14’s 
24-mm diameter enables mounting inside a 1” (25-
mm) woofer voice coil or placement in a car panel or 
window pillar/stud. This tweeter can be licensed as an 
OEM product from Loudsoft for manufacturing, which 

Photo 2: This is the SPL for the D14 tweeter.

includes drawings and full documentation. Note that 
special versions can also be developed. For more 
information, visit www.loudsoft.com. VC

Photo 1: Loudsoft’s new design is for a low-resonance, 
14-mm tweeter.

The compact, neodymium 
DE980TN features a robust, 
titanium diaphragm that 
incorporates next generation 
surround geometry, and a brand 
new, optimized phase plug.
��������	
�����������
	��
improved high frequency 
linearity and reduced distortion. 
The DE980TN is an excellent 
1.4" exit solution for two way 
point source enclosures, or for 
use on a wave guide, for 
multi-driver line array systems. 
Also available is the DE985TN, 
2” exit version.

Tradition. Dedication. Knowledge.

made in Italy

B&C SPEAKERS spa
via Poggiomoro 1, località Vallina
I-50012 Bagno a Ripoli (Firenze) - IT  
tel. +39 055 65721
fax +39 055 6572312  
mail@bcspeakers.com
www.bcspeakers.com

Lower distortion.
Linear response.
Advanced reliability.

Photo 3: Here is the D14 tweeter’s associated cumulative 
spectral decay (CSD) or “waterfall” plot.
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 Spotlight
Sonic Emotion Absolute 3D
By Christian Casey (Sonic Emotion)

The technology industry is oversaturated with com-
panies that claim to produce 3-D sound. Because of 
this, consumers believe that 3-D sound can only be 
achieved when multiple speakers are used. Over the last 
two decades, the average American household has more 
than doubled its annual spending on television, radio, 
and sound equipment, now averaging $1,000 per house-
hold annually. Simply put, consumers crave entertainment 
and a quality sound experience. The demand for a better 
listening experience exists, and it’s growing every year. 
In fact, nearly 40% of consumers surveyed by the 
Consumer Electronics Association said they would be 
willing to pay more for better quality sound equipment. 

With its Absolute 3D sound technology, Sonic 
Emotion has tried to move beyond conventional sur-
round sound setups. Other options on the market offer 
technologies for sound specialization using compact 
loudspeaker arrays with either transaural or beam-
forming sound technologies. Transaural technologies 
assume a strict positioning and head orientation for 
the listener. If the listener moves or turns his head, the 
effect collapses and all sound sources seem to originate 

from the loudspeaker array. Beamforming technologies 
rely on sound beams that reflect off the listening room’s 
walls and create virtual loudspeakers (see Figure 1).

Sonic Emotion’s Absolute 3D sound technology relies 
on an enhanced implementation of wave field synthe-
sis (WFS) combined with advanced sound field control 
techniques and spatial analysis of stereo/5.1 input sig-
nals. This approach uses only four to six loudspeakers 
to enable optimal control of the sound field emitted by 
the loudspeaker array into the reproduction space. As 
a result, consumers hear the sound in its truest, most 
authentic form from any device, anywhere in the room. 
More specifically, this sound technology enables accurate 
control of the sound field, providing precise positioning of 
discrete sound objects and directing the diffuse and non-
localizable portion of the sound into the listening room’s 
ambient field. In short, it seeks to create the most natural 

Figure 1: Transaural technologies require a strict positioning and 
listener head orientation. Beamforming technologies rely on sound 
beams and create virtual loudspeakers.

Most low frequency drivers smear, distort, or alter their input 
waveform. Ultimax DVC subwoofers sweep a higher volume 
of air while preventing false, deceptive reproduction.
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of an eight-channel PWM stream that directly drives the 
digital amplifiers or four I2S stereo streams that should be 
converted before driving analog amplifiers (see Figure 2). 
The chip is controlled using a standard two-wire interface 
that enables the user to control important parameters 
(e.g., volume, ambiance, balance, and clarity).

Sonic Emotion’s unique 3-D sound technology creates 
a virtual 3-D sound field in a listening area and provides 
listeners with an Absolute 3D sound experience with 
no calibration or listening sweet spot. Sonic Emotion’s 
Absolute 3D sound technology solution has also proven 
successful for professional applications ranging from 
movie theaters and museums to clubs and luxury-brand 
store fronts.

The technology was adapted to meet the consumer 
electronics industry demands. From speaker systems 
and TVs to sound bars and computers, brands are able to 
provide their customers with a true 3-D listening experi-
ence. Consumers can listen to music, movies, and video 
games in Absolute 3D from anywhere in a room, using 
a single, compact device that works with any input and 

has no additional 
cabling or speaker 
setup. 

By choosing 
to embed Sonic 
Emotion’s Absolute 
3D sound tech-
nology, consumer 
brands are break-
ing convention-
al speaker set-
ups’ barriers and 
empowering con-
sumers to hear 

sound in its truest form. Sonic Emotion’s technology 
is cost effective and creates an uncomplicated experi-
ence. What other brands do with five or six speakers, 
Sonic Emotion does with one. Current partners using the 
SE-W58-II chip include Lenco, AudioSource, Toshiba, and 
Onkyo (see Photo 1).

Sonic Emotion is partnering with Texas Instruments 
(TI) to create a software offering of its Absolute 3D 
sound technology for the C6000 Aurius platform and the 
C5000 series DSPs. With this software, customers will 
be able to use widespread TI DSP solutions to integrate 
Sonic Emotion’s unique 3-D sound technology. Tools 
from TI include the DA830EVM-kit, the SDK DA830, 
the Code Composer v 4.10, the C6000 v. 6.1.13, and 
the DSP-BIOS v 6.21.00.13 (see Photo 2). In 2012, 
Sonic Emotion unveiled its consumer app, Headquake, 
on Spike TV. Since then the Headquake app has been 
downloaded more than 40,000 times and achieved and 
sustained a 4.5-star rating. It is already ranked 39th 
among the top 100 music apps on iTunes. In 2013, 
Sonic Emotion will expand its mobile app audience with 
the first Headquake Android app. For more information, 
visit www.sonicemotion.com. VC

3-D sound field, where 
sound objects (e.g., 
voice, instruments, etc.) 
can be clearly localized 
independent of the lis-
tener’s position. 

In continuing devel-
opment, Sonic Emotion 
has created a model for 
estimating and optimiz-
ing localization accu-
racy and distance per-
ception in an extended 
listening area. Using 
advanced equalization 
procedures, the Swiss 
company has put a new 
focus on the listening 
experience, in terms of 
timbre and sound scene 
perception. 

Developing key tech-
nologies to analyze, 

measure, and tune loudspeaker characteristics has pro-
vided clear guidelines and algorithms to optimize sound 
pressure levels, improve bass performance, and reduce 
distortions. Devices are considered in their entirety, mak-
ing use of and optimizing natural baffling effects and their 
influence on each loudspeaker’s radiation. As a result, 
Sonic Emotion’s Absolute 3D sound technology recreates 
a proper artifact-free sound field from an ensemble of 
loudspeakers with optimum sound quality and outstand-
ing clarity.

One of the biggest challenges in developing this 
sound technology was bringing the number of enclosed 
loudspeakers down to a reasonable number. After much 
research, Sonic Emotion created a chip solution. The 
SE-W58-II chip was developed in 2009 to integrate Sonic 
Emotion’s Absolute 3D sound technology into a packaged 
solution, which can be integrated into consumer electronic 
products. The chip implements a product-independent, 
sound-rendering algorithm. Custom filters are stored in 
a companion flash, which is optimized for each specific 
product. The chip receives sound inputs from various for-
mats that are converted into three standard I2S stereo 
streams. The chip produces eight sound outputs (six 
loudspeakers and two sub speakers), which take the form 

Figure 2: This shows the Sonic 
Emotion Absolute 3D sound 
chip and its environment.

Photo 2: Sonic Emotion software is 
implemented in Texas Instruments’s 
DA830EVM developer kit.

Photo 1: Products that use Sonic Emotion 3D Absolute 
sound technology include the Onkyo iLunar (a), Toshiba 
Mini 3D Sound Bar (b), and Toshiba SBM1W and 3D Sound 
Bar SB1-SBK1 (c).

c)a) b)
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 Spotlight
State of the Microspeaker 
Industry 2013
By Mike Klasco and Nora Wong 
�������	
�����
�

As Voice Coil continues to expand its scope, the 
March issue focuses for the first time on micro-

speakers. Today, microspeakers are manufactured 
predominantly in Asia. Many microspeaker manu-
facturers in Taiwan, Korea, and Hong Kong started 
in the 1970s with buzzer production, which included 
household appliances (e.g., signaling a washer’s end-
of-cycle), automotive warnings (e.g., seat belts, open 
doors, and headlights), telephone ringers, and so 
forth. In the 1980s, manufacturing centers shifted to 
south China, buzzer manufacturers moved on to mini-
speakers, then expanded to include microspeakers.

Microspeaker fabrication and assembly is similar to 
that of buzzers but provides more sound reproduc-
tion capabilities. Early microspeakers found applica-
tions in portable transistor radios, earphones, head-
phones, personal computers, video games, and so 
forth. Mobile audio products have increased micro-
speaker consumption, especially cell phones, which 
use a “receiver” for sound reproduction when held 

to the ear and require a speakerphone function. 
Other microspeaker applications include laptops, 
tablets, and accessory speakers (e.g., Bluetooth 
speakers and compact docking stations). Similar 
products and applications have both commoditized 
and stretched the microspeakers’ sound quality 
requirements. 

Microspeaker Topology
Microspeakers also have some distinct design 

characteristics compared to minispeakers—no sec-
ondary suspension (no damper/spider), typically a 
one-piece diaphragm (no separate surround or dust 
cap), and a monolithic self-supporting voice coil 
(no bobbin). While many mid-sized microspeakers 
are in the 25-mm (1”) range and round, cell phone 
design often requires an asymmetrical space and a 
rectangular footprint is common, especially on the 
smaller models.

To distinguish between minispeakers and micro-
speakers, a minispeaker typically has a 2” (50-mm) 
diameter or greater and microspeakers have a 2” 
diameter or less. Minispeakers have spiders (damp-
ers) and microspeakers are suspended by their sur-
rounds. Thermoformed film diaphragms, sometimes 
made of paper and formed fabric diaphragms, can 
be found in microspeakers’ various sub-classes. The 
microspeaker’s z-axis (depth) goal is super thin, 
while minispeakers tend to be larger. 

NTi Audio AG 

Liechtenstein

+423 239 6060

info@nti-audio.com

NTI Americas Inc. 

Portland, Oregon, USA

+1 503 684 7050

americas@nti-audio.com

NTI China

Suzhou, Beijing, Shenzhen

+86 512 6802 0075 

china@nti-audio.com

NTI Japan

Tokyo, Japan 

+81 3 3634 6110

japan@nti-audio.com

www.nti-audio.com

FX100 Audio Analyzer offering proven 

PureSound™speaker & mic testing technology

Proven PureSound™ technology  
Reliably detects any audible defects with maximum hit rate. 
Parallel analysis of up to four channels. 

Modular Analyzer architecture 
Customize your speaker or mic test system by choosing the 
number of analysis channels, built in impedance & coil resis-
tance measurements, switchers, MEMS mic interfaces, 
polar plots for mics, evironmental sensors, etc.

Cost efficiency 
Optimized system configuration limits your investments to 
the needs of your application only.

Maximum test speed 
Very fast glide sweep technology measures all quality para-
meters from a single stimulus within a fraction of a second.

FX-Control software   
Powerful and complete system control suite supports 
flexible GUI designs, built-in limits handling and sequenced 
measurements.
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Trends
Some microspeaker manufacturers combine the 

vibration, ring, receiver, and speakerphone function 
into a single integrated transducer. However, these 
functions are more typically split into two or more 
transducers. The 11-mm × 15-mm rectangular micro-
speaker dominates the smartphone microspeaker mar-
ket. This format has a flat diaphragm and a rectangular 
voice coil. Many vendors offer drop-in versions, but 
AAC Technologies Holdings and NXP Semiconductors 
dominate this market. The response extends down to 
below 800 Hz (some variants are a bit lower). There 
are also piezoelectric implementations in this format 
but the lack of response below 1,400-Hz limits use to 
“clone” cell phones.  

“Clone” cell phones refer to a practice done by many 
small Chinese cell phone operations. They assemble 
“kits” of Taiwan chipsets, standard circuit boards, 
cases, LCDs, cheap mics, and piezo speakers, and the 
result is a (sort of) “clone” of many popular phones. 

There is intense pressure from smartphone design-
ers and the rest of the mobile audio industry to make 
shallow (Z-axis) microspeakers that are less than 2-mm 
deep. Added to this is the push for a smaller footprint, 
higher excursion, lower resonant frequency, and higher 
sensitivity. (Good luck!) For years, there have been 
studies trying to use the product casing or LCD panel as 
the speaker, “digital speakers,” and electret and similar 
film transducer implementations, but cost, technology, 

maturity, and infrastructure issues have stalled these 
breakthrough concepts. AAC’s space-saving innovations 
that combine multiple functions (e.g., the speaker, the 
sub-enclosure, and the antenna) into an integrated 
package appear to be more readily accepted.

More Power!
A related industry push seeks higher output power 

on both the speakerphone and headphone outputs 
in smartphones. For example, typical headphone 
output has increased from 30 to 70 mW and greater. 
Speakerphone power also has climbed dramatical-
ly, and some sophisticated high-efficiency amplifier 
topologies are now used in the smartphones’ speak-
erphone amplifiers to minimize battery drain. Today, 
new amplifier designs with state-of-the-art speaker 
load monitoring protection are being introduced for 
smartphones, providing them with capabilities most 
concert-sound speaker management processors would 
envy. NXP Semiconductors, Maxim Integrated, Texas 
Instruments (TI), and others are applying every 
known technique to receive the maximum acoustic 
output from microspeakers without increasing field 
failures. With close to a billion smartphones shipped 
each year (there are more than 1.6 billion cell phones 
shipped each year, and about 5 billion cell phones 
active worldwide), imagine 10% of them returned for 
blown speakers! 

Who’s Who in Mircospeakers
After visiting these factories for almost three 

decades, we surveyed and audited many of these ven-
dors last year for one of the larger US consumer elec-
tronics brands (a producer of cell phones, laptops, and 
tablets). An exhaustive compilation of microspeaker 
vendors is daunting and perhaps not as useful as an 
overview of key players. The directory provides a bit 
of background on the key firms, a couple of smaller 
companies, and their positions in the market. We have 
focused on microspeaker producers for cell phone, 
laptop, and speaker accessories (e.g., Bluetooth com-
pact speakers for products like Jambox). Earphone 
and headphone speaker vendors will be covered in an 
upcoming issue of Voice Coil. VC
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AAC Technologies Holdings, Inc. (Nanshan District, 
Shenzhen, China)
www.aactechnologies.com

AAC is the king of the microspeaker market, shipping more 
than 1 billion units annually. AAC also produces electret 
condenser mics (ECM) and microelectrical mechanical 
system (MEMS) mics, vibration products, optics, antennas, 
headsets, and many other products that work well in the 
mobile space. AAC supplies just about every major hand-
set and tablet manufacturer. AAC has a large R&D center 
in Nanjing and its manufacturing capability is highly auto-
mated, with strengths in quality and quantity.

BeStar Electronics Industry Co., Ltd. (Changzhou, 
Jiangsu, China)
Contact: wu@be-star.com
BeStar Technologies, Inc. (Bellbrook, OH)
Contact Paul Gillespie (paul@bestartech.com)
www.bestartech.com

BeStar Electronics established in 1996, is based in 
Jiangsu, China. The company is focused on the devel-
opment, production, and sales of microspeakers, piezo 
buzzers, and magnetic buzzers. Covering an area of 
25,000 m2, BeStar employs more than 900 employees, 
including 120 technical and administrative personnel. 
BeStar exhibited at the Association for Loudspeaker 
Manufacturing and Acoustics (ALMA) International’s 
2013 Winter Symposium, signaling it may be more 
accessible and responsive to US-based customers.

Bujeon Components Co., Ltd. (Ansan-si, Gyeonggi-do, 
Korea) 
Contact: Mike Song (sales@bujeon.com) 
www.bujeon.com

Established in South Korea in 1988 as buzzer manufac-
turer, Bujeon expanded into China in 1994 and launched 
its speaker line in 1998. Bujeon has factories in north-
east China, south China, and North Vietnam. Its sales 
focus is to support other Korean transplant factories such 
as LG Electronics and Samsung. 

ESTec America (Des Plaines, IL)
Korea Head Office (Yangsan, Kyungnam, Korea)

Contact: Heera Schuch (Sales Director, heera@estec.
co.kr)
www.estec.co.kr

ESTec has factories in China, South Korea, and 
Malaysia. Its largest operation is in Vietnam and its 
R&D on microspeakers for cell phones and laptops is 
in Korea. Originally a Korean joint venture between LG 
Electronics and Foster Electric, ESTec is now indepen-
dent, supplying LG and Toshiba with microspeakers for 
cell phones and laptops. 

FG Forgrand/Fortune Grand Enterprise Co., Ltd.
Taipei Office (Taoyuan County, Taiwan)
DongGuan Factory (Dalang Town, Dong Guan City, 
Guang Dong, China)
SuZhou Factory (Huang Da Town, Xiang Cheng District, 
Su Zhou City, China)
www.forgrand.com

FG Forgrand’s headquarters are based in Taiwan, with fac-
tories located in east, south, and central China. The com-
pany employs more than 15,000 people. FG Forgrand’s 
technology is exceptional for notebook speakers with a 
market share greater than 50%. Also strong in micro-
speakers for ultrabooks, tablets, and PCs, its technology 
is used as a second source for a number of smartphones, 
LCD TVs, and some headphone driver production.

Foxconn Technology Group
China Headquarters (Shenzhen, Guangdong, China)
Contact: Ivan Hsu (ivan.cs.hsu@foxconn.com) 
www.foxconn.com

Foxconn is best known for finished products (e.g., 
laptops, tablets, etc.) but it also has its own in-house 
microspeaker manufacturing capabilities. 

Gettop Acoustic Co., Ltd.
Headquarters Office (Weifang, Shandong, China)
Contact: sales@gettopacoustic.com   
www.gettopacoustic.com

Established in 2001, Gettop Acoustic is located in the 
Shandong province in northeast China. This is a key 
area for microphone capsule and microspeaker produc-
tion. Gettop produces electret condenser microphones 
(ECMs) and microspeakers. Gettop Acoustic also serves 
as a second source vendor to many companies, and 
it’s able to be a “low bidder” with acceptable quality. 
A visit to its website shows many top brands source 
from the company for price-sensitive products, yet it 
also produces matched microphone arrays and other 
sophisticated components.

GoerTek
Headquarters Office (Weifang, Shandong, China)
Contact: marketing@goertek.com/
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Kingstate Electronics Corp. (Taipei County, Taiwan)
Contact: Charlotte Yeh (Sales Division, Vice President, 
charlotteyeh@kingstate.com.tw)
www.kingstate.com.tw

An established Taiwanese company, Kingstate Electronics 
has been a member of the Taiwan stock exchange 
since 2007. Company sales are more than $30 million. 
Kingstate Electronics’s R&D facility is located in Taiwan. 
It established a factory in Dongguan 15 years ago, and 
set up another factory in Suzhou. Kingstate Electronics 
makes ECMs, microspeakers, and earphones. The com-
pany has introduced many sophisticated products includ-
ing: high-performance microspeakers, low-noise mic 
capsules, mic arrays, and other premium components. 

Merry Electronics Co. (Taichung City, Taiwan)
Contact: Charlie Yang (Senior Manager, charlie.yang@
merry.com.tw)
www.merry.com.tw 

Merry Electronics began in 1975 in Taiwan as a speaker 
company specializing in minispeakers and micro-
speakers. Its two founders are engineers and con-
tinue to provide the company’s engineering leadership. 
Merry Electronics built its Shenzhen factory in 1989. 
Earphones were one of its early products. It introduced 
laptop speakers in 1996. The company went public in 
Taiwan in 1998. Merry Electronics offered its own ECM 

marketing-ecap@goertek.com 
www.goertek.com 

GoerTek is a leading acoustic component and audio 
consumer electronic product designer and manufacturer, 
providing total audio solutions to companies in the com-
munication and mobile industries.

Guoguang Electric Co., Ltd (GGEC) (Xinhua Town, 
Guangzhou, China)
Contact: Kobe Zhang (Vice President, GGEC Americas)
www.ggec.com.cn  

Originally a China state-run company founded in 1951, 
GGEC is now publicly traded on the Shenzhen stock mar-
ket. GGEC recently entered the microspeaker business 
with the Ammonite Precision Group. 

Hosiden Corp. (Yao-City, Osaka, Japan)
Contact: Shinji Hombo (Director)
Hosiden America Corp. (Schaumberg, IL)
Hosiden Technology (Qingdao) Co. Ltd. (Qingdao City, 
Shandong, China)
www.hosiden.com.jp 

Founded in 1947, Hosiden has developed many products 
including acoustic components. Hosiden was once a 
major microspeaker resource, and it continues to supply 
microspeakers and microphone capsules to the industry.
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designs in 2001. The Suzhou China factory was built 
in 2002 and it employs about 3,300 staff. The larger 
Shenzhen factory employs about 7,000 staff. Merry 
Electronics major customers include Sony Erikson, 
Nokia, Motorola, Logitech, Plantronics, and others 
for accessories such as earphones and Bluetooth 
products. 

Knowles Acoustics (Itasca, IL)
www.knowles.com

Founded in 1946, Knowles offers a range of micro-
acoustic, electro-mechanical, and related technology 
platforms, including a majority of the MEMS mic 
business. Eighteen months ago, Knowles acquired 
NXP Sound Solutions, the speaker operation (but 
not the NXP Semiconductor Group). NXP Sound 
Solutions was the Philips speaker group and boasts a 
significant microspeaker market share, especially for 
cell phones. Before it was acquired by Knowles, its 
automated speaker lines were moved from Vienna, 
Austria to Beijing, China.

Shenzhen Horn Audio Company, Ltd. (Shenzhen, 
China)
US Headquarters Office (Chula Vista, CA)
Contact: Ed Springer (Director of Sales & Marketing 
US, ed.springer@horn.com.cn)
www.szhorn.com 

Shenzhen Horn is a private company that produces 
more than 400 million microphones per year—mostly 
ECM, and more recently, MEMS. The company also 
makes microspeakers and earphones/headphones. 

Shenzhen Sonpre Electronic Ltd., Co. (Shenzhen, 
Guangdong, China)
Contact: Bella Yuji (bella_yuji@hotmail.com) 
www.sonpre.com

Shenzhen Sonpre is a high-technolgy manufacturer 
that specializes in digital minispeakers. The company 
has R&D capabilities and production support with a 
global sales network. 

Vansonic Enterprise Co., Ltd. (VECO)
Taiwan Headquarters Office (New Taipei City, Taiwan)
Contact: Kevin Liu (Sales Manager)
www.veco.com.tw

Founded in 1981 in Taiwan, VECO has more than 30 
years of manufacturing experience and innovation in 
acoustic products. VECO first produced plastic mate-
rial diaphragm speakers and has expanded its prod-
uct line to include receivers, buzzers, and condenser 
microphones. VECO currently has four manufactur-
ing plants in China (Foshan, Shanghai, Hefei, and 
ChongQing). Each facility has its own purchasing, 
sales, and R&D teams. VC

Phone: 800-276-9955
E-mail: info@miscospeakers.com

>  miscospeakers.com
>  gaming-miscospeakers.com
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Acoustic Patents
By James Croft (Croft Acoustical)

The following loudspeaker-related patent was filed 
primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for 
electrical-signal processing systems and HO4R for inter-
national patents. This also includes new patent applica-
tions that are published in the Patent Application Journal. 

COAXIAL LOUDSPEAKER
Patent Number: 8,284,983
Inventor: Klaus Reck (Kaltenkirchen, DE)
Assignee: Klaus Reck (Kaltenkirchen, DE)
Filed: September 20, 2007
US Classes: 381/423
Granted: October 9, 2012
Number of Claims: 11
Number of Drawings: 3

Abstract From Patent
A coaxial loudspeaker including a tweeter unit and a 

low/midrange unit with a cone diaphragm suspended in a 
loudspeaker basket, which comprises an electromagnetic 
drive fixedly attached to a loudspeaker basket on its 
tapered end, in the area the tweeter unit is positioned, 
whose sound radiation surface is directed away from 

this drive to 
suppress the 
sound focus-
ing of tradi-
tional coaxial 
l oudspeak-
ers with a 
woofer/mid-
range cone 
diaphragm, 
and to ensure a simple and cost-efficient assembly of 
the tweeter unit, the electromagnetic drive for the cone 
diaphragm of the woofer/midrange unit is located within 
the space bordering the cone diaphragm’s convex curved 
exterior side, and the tweeter unit is positioned outside 
this space. (see Figure 1).

Independent Claims
1. A coaxial loudspeaker, comprising: a first frequency 

generating unit including a cone diaphragm suspended 
in a loudspeaker basket, and an electromagnetic drive 
disposed at the cone diaphragm’s tapered end; a second 
frequency generating unit having a sound emitting sur-
face, the second frequency generating unit fixed to the 
loudspeaker basket with its sound emitting surface facing 
away from the electromagnetic drive; the electromag-
netic drive disposed within a space surrounded by the 
cone diaphragm’s convexly curved outer side; with the 
second frequency generating unit disposed outside the 
space; and the first frequency generating unit is config-
ured to emit sound through an open region between the 
loudspeaker basket’s bracing struts in a direction away 
from the electromagnetic drive.

Reviewer Comments 
The invention’s disclosed objective is to create a coaxial 

loudspeaker that does not incur the reduction in tweeter 
dispersion that is caused by the waveguide effect due to 
the lower frequency cone diaphragm that forms a horn 
in traditional construction of coaxial loudspeakers with a 
woofer/midrange cone diaphragm. The invention is also 
meant to provide a simple and cost-efficient assembly of 
the tweeter unit and tweeter-mounting structure. 

In prior art coaxial devices, the tweeter is often mounted 
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Figure 1: U.S. Patent 8,284,983
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within the concave low-frequency cone diaphragm, often 
at the base of the cone, where the cone forms the throat 
of what is effectively a horn/waveguide for the tweeter’s 
acoustic output. This tends to provide a smoother transi-
tion through the crossover frequency range enabling the 
tweeter and the woofer to have the same directivity at 
crossover. It also enables the voice coils of both the tweet-
er and woofer to have a similar point of origin, or time 
alignment, substantially eliminating interference between 
the woofer and tweeter outputs at all listening angles. 

The inventor suggests these prior art coaxial devices 
are problematic. He states, “The disadvantages of the 
existing coaxial loudspeaker are that, because of the 
acoustic horn principle used, the sound is radiated with 
increasingly stronger focus as frequency increases, and 
the high-end response is distorted due to the embedding 
of the tweeter unit in the acoustic horn. The mounting of 
the tweeter unit also requires additional parts.”

So, the inventor developed a new form of “semi” coaxial 
device with the tweeter mounted on the backside of the 
woofer magnet, facing “rearward” and the complete sys-
tem is oriented to radiate sound in the opposite direction 
of a normal coax, with the woofer diaphragm’s concave 
side communicating into the system enclosure. 

The inventor further states that, “In one embodiment, 
the coaxial loudspeaker is structured so that the sound in 
lower and midrange frequencies does not radiate in a tra-
ditional manner through the acoustic horn of the woofer/
midrange unit. There is no sound focusing of lower and 
midrange frequencies, and no distortion of higher fre-
quencies when the tweeter unit is positioned in the cone 
diaphragm of the woofer/midrange unit, which in one 
embodiment is located on the concave curved exterior 
side of the cone diaphragm. 

“With respect to radiation characteristics, the coaxial 
loudspeaker corresponds to coaxial loudspeakers of the 
prior art with a convex woofer/midrange diaphragm, 
without their disadvantage in terms of complexity of the 
supporting structure, particularly in the mounting of the 
tweeter unit. Based upon the loudspeaker basket posi-
tioned in the direction of sound radiation, this loudspeaker 
basket can be advantageously used for a simple mounting 
of the tweeter unit, namely externally on its tapered end.”

One could argue that with a proper cone profile and 
tweeter location, the prior art coaxial can provide an 
excellent device with constant directivity and a virtual 
full-range point source without an interference off-axis 
that comes from a spaced apart mounting of woofer and 
tweeter. However, with the invented device, one regains 
the potential for off-axis interference and directivity 
shifts through the crossover region that all come from 
spaced apart, non-coaxial systems. 

But, if one wished to have a tweeter centrally 
mounted on the woofer axis and wished for the tweeter 
to maintain its natural and widest possible dispersion, 
this device should provide the desired result. It would 
appear that the invented system is unique and meets 
the inventor’s goals. VC
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Test Bench

Photo 1: Tang Band’s T1-1942S 1” full-range transducer

Figure 2: T1-1942S on-axis frequency response
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Tang Band’s Full-Range 
Passive Radiator Module and 
Scan-Speak’s New Subwoofer
By Vance Dickason

Tang Band’s transducers have been featured in Voice 
Coil for many years. The company was founded in 

1996 in Taiwan with the goal of manufacturing innova-
tive, high-quality drivers. The transducer Tang Band sent 
to Voice Coil to review certainly lives up to that goal. The 
T1-1942S is a seriously creative new transducer, and it 
immediately caught my eye when I saw it on Tang Band’s 
website. I mean, when was the last time you saw a 1” dome 
in its own cabinet with a passive radiator? Me neither. 

The T1-1942S
The T1-1942S is an augmented full-range system 

based on Tang Band’s W1-1942S 1” full-range dome 
device. Basically, the W1-1942S is a wide santoprene 
surround 1” polypropylene dome with a cloverleaf elas-
tomeric damping material that overlays the dome (see 
Photo 1). Other features include a 28-mm voice coil 
diameter, XMAX = 1.3 mm, 82 dB 1 W/1-m sensitivity, F0 
= 120 Hz, QTS = 0.24, and an operating range specified 
at 120 Hz to 20 kHz. The T1-1942S is the same driver 
designed into its own 154-mm × 54-mm × 30.1-mm 
composite enclosure with a built in 44-mm × 18-mm 
wide surround passive radiator, such that the system 

Figure 3: T1-1942S factory on-axis frequency response
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Figure 1: Tang Band’s T1-1942S impedance plot

Figure 4: T1-1942S on- and off-axis frequency response
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Figure 5: T1-1942S normalized on- and off-axis vertical 
frequency response

range is now specified at 78 Hz to 20 kHz. Suggested 
applications include portable audio, soundbars, and multi-
media.  Both devices have patented technology, although 
exactly what is patented is not specified in the literature 
on either product.

I tested the Tang Band T1-1942S by generating a 
stepped sine wave impedance plot using the LinearX LMS 
analyzer. The result of the LMS 300-point impedance 
sine wave sweep is shown in Figure 1. The 1” full-range 
passive radiator system exhibits the typical vented-type 
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Figure 6: T1-1942S two-sample SPL comparison
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Figure 7: T1-1942S near-field response

twin-peak impedance profile that has a 83.8-Hz tuning 
��������	
������� ��������� ���� ���������� ���
����
at 795 Hz with a measured RE����
���
�����������	����
specification for the W1-1942S motor QMS = 1.79, QES = 
0.27, QTS = 0.24, LEVC = 0.046 mH, and the VAS = 0.16 ltr.

After completing the impedance measurements, I 
placed the small enclosure that has a baffle area of 
about 2” × 8” on the measurement stand and measured 
the on- and off-axis frequency response at 2.83 V/1 m. 

Figure 8: T1-1942S SoundMap CSD graph

Figure 9: T1-1942S SoundMap STFT plot

Figure 2 shows the on-axis response. The frequency 
response for the T1-1942S is smooth, rising out close to 
10 kHz. Obviously, this will be very baffle dependent, with 
a more flat response on a larger baffle, such as the fac-
tory response (see Figure 3). Figure 4 provides the 
T1-1942S module’s on- and off-axis response. Off-axis, 
the device is substantially better than most 1” domes. 
Figure 5 shows the normalized version of Figure 4. 
In terms of production consistency, the two-sample SPL 
comparison is depicted in Figure 6, indicating the two 
samples were well matched with some minor variation 
in the 6-to-10-kHz region. The last SPL measurement I 
performed was a near-field measurement with the micro-
phone placed between the dome and passive radiator 
(see Figure 7). The F3 is about 140 Hz, but if measured 
far-field with a larger baffle or in- or on-wall, it would 
likely be closer to the Tang Band factory measurement 
shown in Figure 3. Tang Band suggests a high-pass filter 
be used at between 80 to 100 Hz for this device.

Next, I recess mounted the tweeter and used the Listen 
SoundCheck analyzer and 0.25” SCM microphone to 
measure the impulse response. Importing this data into 
the Listen SoundMap software produced the cumulative 
spectral decay (CSD) or waterfall plot shown in Figure 8. 
Figure 9 shows the short-time Fourier transform (STFT) 
as a surface plot. Last, I used the SoundCheck noise 
generator and SLM utilities to set the 1-m SPL to 94 dB 
(3.5 V) and the sweep range to 2 to 20 kHz. I measured 
the second- and third-harmonic distortion at 10 cm (see 
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age of the high-end loudspeakers on the market in 
the last 40 years. Having used Scan-Speak’s drivers 
in designs for some of my consulting business cus-
tomers, I found it also makes some excellent sub-
woofers. Currently, Scan-Speak has two Discovery 
line subwoofers, the 10” 26W/4558T00 and the 12” 
30W/4558T00, plus a 10” Revelator subwoofer, the 
23W/4557T00/02. The new 32W/4558T00 repre-
sents its second addition to the Revelator subwoofer 
line, and from what I was told, the first production 
run was entirely sold out!

The 32W/4878T00 has a generous feature set 
that includes a proprietary nine-spoke cast alu-
minum frame that is completely open below the 
spider-mounting shelf. Other features include the 
incorporation of a stiff flat 12” cone that uses a paper 
sandwich formulation with a unique, patented foam-
fill technology that is stiff and light, an 85-mm hard 

paper dust cap, nitrile butadiene rubber (NBR) surround, 
and a 7”-diameter flat cloth spider that has the lead wires 
woven into the body of the spider (damper).

The 32W/4878T00 is driven by a 75-mm diameter (3”) 
voice coil wound with round wire on a paper-reinforced 
vented titanium former. The motor system powering the 
cone assembly utilizes a 25-mm thick, 175-mm diameter 
ferrite magnet sandwiched between a polished 8-mm 
thick front plate and a polished and shaped T-yoke that 
incorporates a 36-mm diameter pole vent. This motor 
incorporates the Scan-Speak patented symmetrical drive 
(SD)—which was originally patented in 1973—motor 

Photo 2: Scan-Speak recently released the 32W/4878T00, a 
new 12” subwoofer.

Figure 10). This test revealed the relationship between 
second- and third-harmonic distortion; however, the cor-
relation to subjective preference based on THD is not well 
established. For more information on this transducer, visit 
www.tbspeaker.com.

The 32W/4878T00
This month, I also examined the 32W/4878T00, a new 

12” subwoofer from high-end driver manufacturer Scan-
Speak (see Photo 2). Over the years, Scan-Speak has 
become known for its midwoofers and tweeters, which is 
to say that its products can be found in a large percent-

Figure 10: T1-1942S SoundCheck distortion plot

Figure 11: Scan-Speak 32W/4878T00 subwoofer 1-V 
free-air impedance plot
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Figure 13: Scan-Speak 32W/4878T00 group delay curves 
for the 2.83-V curves in Figure 12
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Figure 12: Scan-Speak 32W/4878T00 computer box 
simulations (black solid = sealed at 2.83 V; blue dash = 
vented at 2.83 V; black solid = sealed at 48 V; blue dash 
= vented at 50 V)
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Figure 14: Scan-Speak cone excursion curves for the 
48-V and 50-V curves in Figure 12
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system that uses shaped gap parts and copper shorting 
rings. Additional cooling is provided by the nine large 
50-mm × 33 mm “window” vents formed by the frame 
spokes and located below the spider mounting shelf 
enabling air to flow across the front plate and exposed 
voice coil. Last, the braided voice coil lead wires terminate 

Table 1: Scan-Speak 32W/4878T00 subwoofer

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 18.3 Hz 17.1 Hz 17.6 Hz 16.4 Hz 18 Hz

REVC 3.05 3.06 3.05 3.06 3.1

Sd 0.0523 0.0523 0.0523 0.0523 0.0531

QMS 6.15 5.67 5.37 5.25 7

QES 0.37 0.33 0.35 0.33 0.33

QTS 0.35 0.32 0.33 0.31 0.32

VAS 196.4 ltr 223.5 ltr 214.34 ltr 244.8 ltr 207.5 ltr

SPL 2.83 V 87 dB 87.1 dB 87 dB 87 dB 90 dB 

XMAX 14 mm 14 mm 14 mm 14 mm 14 mm

to a pair of gold terminals.
I began characterizing the new 32W/4878T00 12” with 

the LinearX LMS analyzer and VIBox. I generated both volt-
age and admittance (current) measurements in free-air at 
1, 3, 6, 10, 15, 20, and 25 V. I used the measured Mmd 
provided by Scan-Speak (an actual physical cone assem-
bly measurement with 50% of the surround and spider 
removed) rather than a single 1-V added (delta) mass 
measurement. Note that this multi-voltage parameter 
test procedure includes heating the voice coil between 
sweeps for progressively longer periods to simulate oper-
ating temperatures at that voltage level (raising the tem-
perature to the third-time constant). I further processed 
each woofer’s 14 sine wave sweeps with the voltage 
curves divided by the current curves to produce imped-
ance curves. I used the LEAP phase calculation routine to 
generate the phase curves. I then copied and pasted the 
impedance magnitude and phase curves plus the asso-
ciated voltage curves into the LEAP 5 software’s Guide 
Curve library. I used this data to calculate parameters 
using the LEAP 5 LTD transducer model. Because almost 
all manufacturing data is produced using either a standard 
transducer model or the LEAP 4 TSL model, I also gener-
ated LEAP 4 TSL model parameters using the 1-V free-air 
that can also be compared with the manufacturer’s data. 
See Figure 11 for the 32W/4878T00 1-V free-air imped-
ance plot. Table 1 compares the LEAP 5 LTD and LEAP 
4 TSL T/S parameter sets for the 32W/4878T00 driver 
samples with the Scan-Speak factory data. 
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Figure 17: Klippel analyzer mechanical stiffness of sus-
pension KMS (X) curve for the Scan-Speak 32W/4878T00

Figure 16: Klippel Analyzer Bl symmetry range curve for 
the Scan-Speak 32W/4878T00

Figure 18: Klippel analyzer KMS symmetry range curve for 
the Scan-Speak 32W/4878T00

Using the Scan-Speak subwoofer’s comparative data 
in Table 1, you can see that all four parameter sets for 
the two samples were reasonably similar and correlated 
with the factory data, with the exception that the Scan-
Speak data quotes a somewhat larger SD and about 3-dB 
greater efficiency. Following my normal protocol for Test 
Bench testing, I used the sample 1 LEAP 5 LTD param-
eters and set up two computer box simulations, one in a 
1.75-ft3 Butterworth-type sealed enclosure with 50% fill 
material (fiberglass) and a second vented box quasi third-
order Butterworth (QB3) alignment in a 2.91-ft3 box with 
15% fill material and tuned to 21 Hz.

Figure 12 shows the results for the Scan-Speak 
32W/4878T00 in the sealed and vented enclosures at 
2.83 V and at a voltage level sufficiently high enough 
to increase cone excursion to XMAX + 15% (16.1 mm for 
32W/4878T00). This resulted in a F3 of 37 Hz (–6 dB = 
30.3 Hz) with a QTC = 0.67 for the 1.75-ft3 closed box 
and a –3 dB for the 32 Hz (–6 dB = 30 Hz) QB3 vented 
simulation. A larger extended bass shelf (EBS), a 4.9-ft3 
enclosure tuned to 18.5 Hz would have produced an F3 of 
26 Hz and F6 of 21.5 Hz. Increasing the voltage input to 
the simulations until the approximate XMAX + 15% maxi-
mum linear cone excursion point was reached resulted 
in 115.5 dB at 48 V for the sealed enclosure simulation 
and 116.5 dB with a 50-V input level for the larger vent-
ed box. See Figure 13 and Figure 14 for the 2.83-V 
group delay curves and the 48 V/50-V excursion curves. 

Klippel analysis for the Scan-Speak 32W/4878T00 

12” woofer produced the Klippel data graphs shown 
in Figures 15–18. Klippel provided the analyzer, and 
Patrick Turnmire of Red Rock Acoustics performed the 
analysis. Please note, if you do not own a Klippel ana-
lyzer and would like this type of data on any transducer, 
Red Rock Acoustics can provide Klippel analysis. Visit 

         Tel: (503) 557-0427    vdc@northwest.com 
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Vance Dickason Consulting has been developing award 
winning products for numerous high profile brand 
names for over 20 years… experience that’s hard to find! 

With extensive experience in high-end off-wall, in-wall, 
on-wall, ceiling and subwoofer products plus close 
relationships with some of the worlds best speaker 
OEM’s and you have a combination of services that 
will accelerate your next product lineup.

We have all the best toys (Klippel, LEAP 5,
LMS, CLIO, MLSSA, LSPCad, FEA), so 
whether its multimedia, car audio, MI, 
Pro, two-channel or Home Theater 
(including THX®), VDC has the solutions.

Add to that an available design team that includes 
some of the best transducers engineers, industrial 
designers and marketing experts I know of in the 
industry and you have a winning combination that 
would cost well over $750,000 a year to keep in house.

Figure 15: Klippel analyzer Bl (X) curve for the Scan-
Speak 32W/4878T00
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Figure 20: Scan-Speak 32W/4878T00 on-axis frequency 
response
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Figure 19: Klippel analyzer Le(X) curve for the Scan-
Speak 32W/4878T00

Figure 21: Scan-Speak 32W/4878T00 on- and off-axis 
frequency response
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Figure 22: Scan-Speak 32W/4878T00 two-sample SPL 
comparison
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Figure 17 and Figure 18 show the KMS(X) and 
KMS symmetry curves for the Scan-Speak subwoof-
er. Like the Bl curve, the KMS stiffness of compli-
ance curve  is very symmetrical, with only a minor 
offset (see Figure 17). The KMS symmetry range 
curve has a minor 1-mm offset at rest decreas-
ing to 0.3 mm at the driver’s physical XMAX. The 
Klippel analyzer calculated the 32W/4878T00’s 
displacement-limiting numbers using the woofer 
criteria for Bl (XBl at 70%). The Bl dropping to 70% 
of its maximum value is equal to 14.9 mm. This num-
ber is somewhat greater than the physical 14-mm 
XMAX for this driver for the prescribed 20% distortion 
level, which is the criterion for subwoofers. For the 
compliance, XC at 50% CMS minimum was 12.3 mm 
(1.7 mm less than this driver’s physical XMAX), which 
means that for the 32W/4878T00 subwoofer, the 

compliance is the more limiting factor for achieving the 
20% distortion level.   

Figure 19 shows this transducer’s inductance curve 
Le(X).  Motor inductance will typically increase in the 
rear direction from the zero rest position and decrease in 
the forward direction as the voice coil moves out of the 
gap and has less pole coverage; however, that doesn’t 
happen here. There is almost no inductance variation 
from full-in to full-out travel, which is the goal.  It’s easy 
to see the benefits of the Scan-Speak symmetrical drive 
motor. Delta inductance over the full range of motion is 
only 0.01 mH, which is outstanding.

Figure 23: 32W/4878T00 SoundCheck distortion plots

www.redrockacoustics.com for more information.  
The Bl(X) curve for Scan-Speak 32W/4878T00 

shown in Figure 15 is very broad and symmetrical 
(with a slight tilt) typical of a driver with substantial 
XMAX. The Bl symmetry curve in Figure 16 shows 
5-mm Bl coil out (forward) offset at rest, which tran-
sitions to a near-zero offset at the 10 to 12 mm of 
excursion; however, you want to ignore this. Because 
Bl curve has almost no offset at all, the analyzer has 
difficulty resolving this at small amounts of excursion 
(0 to 8 mm). The gray area represents the degree of 
uncertainty in the measurement.
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After the Klippel analysis, I mounted the driver in a 
large enclosure filled with foam damping material with a 
15” × 15” baffle area and used the LMS gated sine wave 
technique to measure the Scan-Speak 12” SPL on- and 
off-axis. Figure 20 gives the on-axis response measured 
300 Hz to 20 kHz at 2.83 V/1 m. The response is smooth 
out to the breakup mode at 2 kHz. Figure 21 shows the 
on- and off-axis to 45°. Although this is a subwoofer, 
it could be used in a three-way configuration with a 
low-pass crossover frequency as high as 1.2 kHz or so 
to a midrange driver.  Finally, Figure 22 provides the 
two-sample SPL comparison showing, as expected from 
Scan-Speak, the drivers to be well matched.

Next, I used the Listen SoundCheck analyzer to 
perform distortion analysis. As usual, I dispensed with 
time-frequency analysis for subwoofers as the data is not 
really significant below 100 Hz. For distortion measure-
ments, I set the voltage level with the driver mounted 
in an enclosure with a 14” × 30” baffle and increased it 
until it produced an 1-m SPL of 94 dB (1.4 V), which is 
my SPL standard for home audio drivers. I made the 
distortion measurement with the microphone placed 
near-field (10 cm) and the woofer mounted in the 
enclosure. Figure 23 shows the plot for the 12” Scan-
Speak subwoofer. There are actually two plots, the top 
graph is the standard fundamental SPL curve with the 
second- and third-harmonic curves, and the bottom 
graph shows the second- and third-harmonic curves, 
plus the THD curve with an appropriate x-axis scale. 

 

Test Bench is an open forum for OEM driver manufacturers 
in the industry. All OEMs are invited to submit samples to Voice 
Coil for inclusion in the Test Bench column. 

Driver samples can include any sector of the loudspeaker 
market, including transducers for home audio, car audio, 
pro sound, multimedia, or musical instrument applications. 
Contact Voice Coil Editor Vance Dickason to discuss which driv-
ers are being submitted. 

All samples must include any published data on the product, 
patent information, or any special information to explain the 
functioning of the transducer. Include details on the materials 
used to construct the transducer (e.g., cone material, voice 
coil former material, and voice coil wire type). For woofers and 
midrange drivers, include the voice coil height, gap height, 
RMS power handling, and physically measured Mmd (com-
plete cone assembly, including the cone, surround, spider, and 
voice coil with 50% of the spider, surround, and lead wires 
removed). Samples should be sent in pairs to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

Interpreting the subjective value of conventional dis-
tortion curves is almost impossible; however, looking 
at the relationship of the second- to third-harmonic 
distortion curves is of value.  

As can be inferred from the data, this is another 
well-crafted transducer from the group at Scan-Speak. 
For more information, visit www.scan-speak.dk. VC

Global Audio Components supplier  
to OEMs worldwide. 

Largest selection off-the-shelf  
micro-speaker designs for hand held devices.

Complete ODM Service,  
extensive in-house audio engineering capabilities,  

including anechoic chamber.
 

ierererererrrerererre    

f fffff  
ld devices.

apabbbbililillilitiiiiitiei s,  

Global Audio
tototototototoototo OOOOOOOOEEEEEEEEEEMMMMM

Largest sel
mmiiiiiiiicccccccccccrrrrrrrrroo--------spppeaker de

Complet

Glo

ACOUSTICS & SENSORS

BeStar® Technologies Inc., N.A.
Tel: 520-439-9204   Fax: 520-439-9214

email: sales@bestartech.com
www.bestartech.com

TEAMWORK |  TECHNOLOGY |  INVENT ION |  L I S TEN |  HEAR

Loudspeakers
Microphones

Drivers



26 VOICE COIL

and attachments of a ceramic magnet assembly 
to a loudspeaker basket. The invention enables the 
front plate and basket to be securely connected 
without any space between them. 

Cliff was the kind of innovator who could turn prob-
lems into business opportunities. Case in point: In 1947, 
Cliff’s wife bought a small radio with “horribly distorted” 

sound. When the fault turned out to be a 
rubbing voice coil, Cliff, then a student at 
the National Radio School in Minneapolis, 
MN, decided to recone the speaker himself 
and save $3. That fix inspired a loudspeaker 
repair and reconing business—Minneapolis 
Speaker Reconing. When television’s popu-
larity in the early 1950s meant fewer radio 
speakers to recone, Cliff actively pursued 
other markets, including drive-in theater 
speakers. His decisions made Minneapolis 
Speaker Reconing the largest reconing ser-
vice in the country.

In 1956, a customer asked Cliff to design and manu-
facture an 8” speaker with the same high quality as 
his reconed speakers. The initial 200-speaker produc-
tion run was a huge success; however, just as Cliff’s 
team began to assemble the second order for 1,000 
speakers, the customer died and his company canceled 
the order. Cliff didn’t panic. He contacted other sound 

Passing of a Loudspeaker Pioneer
It is with regret that Voice Coil notes the passing of a 

pioneering colleague. Clifford B. “CB” Digre, one of the 
audio industry’s stalwart loudspeaker manufacturers, 
died November 25, 2012, at age 89. 
More than 60 years ago, Cliff founded 
what is today known as MISCO—a man-
ufacturer of loudspeakers and related 
products serving dozens of markets 
and industries. Cliff was a past presi-
dent of the Association of Loudspeaker 
Manufacturing and Acoustics (ALMA), 
and he was awarded three patents for 
loudspeaker-related inventions:

�� US Patent 3,492,443 (January 27, 
1970)—A dust seal and pressure 
element for the magnet assembly of a loudspeaker

�� US Patent 3,898,393 (August 1975)—This invention 
was designed to shield and center a voice coil and 
pole piece, within the magnet, from foreign matter 
(e.g., pieces of ceramic material).

�� US Patent 4,293,741 (October 6, 1981)—This 
design relates to sound transducer assemblies 

Industry Watch
By Vance Dickason

Photo 1: Clifford B. Digre
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contractors, trying to sell the 1,000 speakers. They did 
sell, sometimes out of sympathy for Cliff’s predicament. 
Then, repeat orders poured in as buyers discovered the 
speakers’ high quality. The line expanded to automotive 
speakers and 12” speakers for hi-fi sets. Cliff’s recon-
ing company transformed itself into a full-time speaker 
manufacturing company—MISCO.

While Cliff knew he had a superior product, MISCO 
speakers needed to attract more attention in the mar-
ketplace. Early on, one customer even referred to MISCO 
as a company with “me, too” products. Cliff decided in 
addition to MISCO speakers high audio quality, they also 
needed to stand out visually. At the time, all speaker 
cones were black with gray-felt dust caps. After consid-
erable development, MISCO rolled out speakers with red 
molded cones—the legendary Red Line. Cliff got prod-
uct recognition, as his company was one of the first to 
develop brand retention based on cone color. 

Cliff’s career in the audio industry was bookended by 
his service as a World War II combat veteran—first, as 
a B-17 ball-turret gunner and radio operator based in 
England. Then, 64 years later, as author of the memoir 
Into Life’s School. Cliff believed once you left school, you 
entered life’s school and learned valuable lessons your 
entire life.

Cliff’s industry legacy, however, is MISCO. Now man-
aged by his son, Dan Digre, MISCO operates out of a 
new manufacturing facility in Minneapolis. The company’s 
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markets include pro sound, gaming, home theater, aero-
space, medical, military, transportation, and audio. Dan 
said, “Cliff’s speakers have touched the ears of nearly 
everyone in the United States.” He will be missed. For 
more information, visit www.miscospeakers.com.

CES Draws 150,000 Plus
It’s possible (we won’t know until the official audit 

is released), that 2013 was the largest International 
Consumer Electronics Show (CES) in its history. The 
show held in Las Vegas, NV, drew more than 150,000 
attendees, including more than 35,000 from at least 
170 foreign countries, according to the Consumer 
Electronics Association (CEA), which produces CES. The 
official attendance number will be audited this spring. 
In 2012, CES set an attendance record of 156,153 
industry professionals.

CES 2013 was physically the largest in the show’s 
45-year history, with 1.92 million net square feet. The 
previous record was 1.86 million net square feet in 2012. 

ALMA Symposium a Success
The ALMA Symposium was another successful event. 

This year’s loudspeaker engineering gathering attracted 
16 exhibitors and 110 attendees. Exhibitors included 
ACO Pacific (measurement microphones), Audiostar 
Electronics (voice coils), BeStar Technologies (micro-
speakers, microphones), Dr. Kurt Müller & Co. (cone 
assembly parts), Dyne Analytics (FEA transducer soft-
ware), Earthworks (measurement microphones), 
Ferrotec (magnetic fluid), Globe Plastics (OEM plastic 
loudspeaker parts), Klippel (test equipment), Listen (test 
equipment), Loudsoft (loudspeaker design software and 
test equipment), Materion Electrofusion (Truextent beryl-
lium diaphragms), Menlo Scientific (audio consulting), 
MSC Software (Actran acoustics simulation software), 
Phase Group (OEM QA analysis), Pulsus Technologies 
(OEM electronics), and Voice Coil (an OEM loudspeaker 
manufacturing publication). Companies represented by 
the 110 attendees included: Accusonic Voice Systems, 
American Ally Company, Audio Limited (New Zealand), 
Audiostar Electronics, Apple, Arrow Acoustics, Atlantic 
Technology, Beats Electronics, BeStar Technologies, 
Bogen Communications, Bomatec International, Cabasse, 
Cisco Systems, CJS Labs, Core Brands, Corning, DB 

Photo 2: Jim Hunter presents “The Life and Times of Paul 
Klipsch” at the ALMA Symposium.
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Design, DJB Enterprises, Dyne Analytics, Estron A/S, 
Far North Electroacoustics, Fujitsu Ten, Globe Plastics, 
Google, G.R.A.S., Harman International Industries, 
JBL Professional, HiWave Technologies, Jawbone, 
Jaguar, Land Rover, Klipsch Audio Technologies, KSC 
Industries, LAGO Acoustics, LifeSize, Listen, Logitech, 
Loudspeaker Component, Maeden International, 
Materion Electrofusion, Matrix Advisors, Menlo Scientific, 
Merry Electronics (USA), MISCO, Morel, MSC Software, 
Ole Wolff Electronics, Outsource Services, Parts Express, 
Paradigm Electronics, Polk Audio, Proficient Audio, 
Pulsus Technologies, Psychotechnology, QSC, Rockford 
College, Samsung Electronics, Scan-Speak, Sonos, Texas 

Instruments, Triad Speakers, True Technologies, THX, 
VUE Audiotechnik, Warkwyn Associates, and York Lake 
Partners.

The ALMA Banquet featured an outstanding presenta-
tion by Jim Hunter, Klipsch Group historian, titled “The 
Life and Times of Paul Klipsch.” (see Photo 2). This 
year’s Driver Awards were as follows:

The Beryllium Lifetime Achievement Driver Award was 
presented by Dr. Floyd Toole to Paul Klipsch, posthumous 
(see Photo 3), and Vance Dickason, industry consul-
tant, editor of Voice Coil magazine, and author of the 
Loudspeaker Design Cookbook (see Photo 4). 

The Titanium Driver Award (recognizing a specific Photo 3: Paul Klipsch was posthumously awarded the 
year’s ALMA Beryllium Lifetime Achievement Driver Award.

Photo 4: Vance Dickason, editor of Voice Coil 
magazine, received this year’s ALMA Beryllium 
Lifetime Achievement Driver Award.

We make microphones  kemar.us

KEMAR 
- rejuvenated
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technical contribution) was presented by Dr. Floyd 
Toole to Dr. Sean Olive, director of acoustic research at 
Harman International (see Photo 5), and Doug Button, 
former vice president of engineering at JBL Professional. 

The Gold Driver Award (recognizing contributions to 
the ALMA organization) went to Phil Bunch, president of 
Phase Group, presented by Stu Lumsden, vice president 
of engineering at Polk Audio (see Photo 6); and Mike 
Oslac of York Lake Partners and ALMA board member 
emeritus, presented by Dan Degre, CEO of MISCO (see 
Photo 7).  If you missed this year’s ALMA Symposium, 
you missed a lot. If you are not an ALMA member, you 
can join by visiting www.almainternational.org. VC 

Photo 5: Dr. Sean Olive, Harman International’s director of 
acoustic research, received the ALMA Titanium Driver Award.

Photo 6: Phil Bunch, president of Phase Group, received 
the ALMA Gold Driver Award from Stu Lumsden, vice 
president of engineering at Polk Audio.

Photo 7: Mike Oslac, of York Lake Partners, received the 
ALMA Gold Driver Award from Dan Degre, CEO of MISCO.
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The “Must Have” reference for  
                loudspeaker engineering professionals.

       Home, Car, or Home Theater!
Back and better than ever, this 7th edition

provides everything you need to become a

better speaker designer. If you still have a  

3rd, 4th, 5th or even the 6th edition of the 

Loudspeaker Design Cookbook, you are  

missing out on a tremendous amount of  

new and important information!

Now including: Klippel analysis of drivers,

a chapter on loudspeaker voicing, advice  

on testing and crossover changes, and so

much more! Ships complete with bonus CD

containing over 100 additional figures and

a full set of loudspeaker design tools.
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Shop for this book, and many
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