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Trends in Mobile Audio and 
Microspeakers 

By Mike Klasco (Menlo Scientific, Ltd.)

Each year, at the end of February, J. Martins (Editor-in 
Chief for audioXpress), Nora Wong (my wife), and myself 

undertake our annual pilgrimage to Mobile World Congress 
(MWC) in Barcelona. Boasting an attendance of more 
than 100,000 people with almost 2,500 exhibitors, MWC 
is the undisputed global trade event for the smartphone 
industry. Participants come from well-known brands, OEM/
ODM factories, component parts and cell tower vendors, 
5G providers, signal processing specialists, design houses, 
and endless others. And, often the most interesting news is 
found in the private demo meeting rooms, the prototypes 
under the display tables, or even just the industry gossip. 

We typically harvest our report on the state of the mobile 
consumer electronics industry from MWC—except for this 
year. As I write this, I now hear I have an unscheduled 
vacation from my Euro winter trip. With just a few weeks to 
open, the show has been canceled due to the coronavirus 
(COVID-19). MWC initially put on a brave front, but when 
the Asian exhibitors began cancelling, soon followed by the 
European guys, and then the Barcelona city government 
expressing contagion concerns, the show management 
called it quits for MWC 2020. 

Market Conditions
As you read this, the consumer electronics industry will 

be experiencing a difficult time with the virus outbreak still 
ramping up, and Chinese workers after their lunar New Year 

Focus
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break waiting to get back to work, while many of the large 
factory complexes are still under government lock down. But 
2019 was not that great for the mobile electronics industry, 
as sales of smartphones were disappointing although 
business started to slightly recover from Q3 onward. 

In last year’s microspeaker report, I lamented that the 
core function of the mobile phone is to talk to each other 
with intelligible, non-fatiguing, and aesthetically pleasing 
sound quality. Now with the leading phones costing $1,000 
or more, shouldn’t we expect our smartphones to deliver 
better sound? The microspeaker(s) in the smartphone have 
always been the limiting factor in speakerphone and audio 
playback for gaming, movies, music, and so forth. AAC, 
Goertek, Apple, and many other major manufacturers have 
programs for refining microspeaker performance.

The speakerphone response on most smartphones 
weaken at around 750 Hz to 800 Hz—not so impressive 
when response down to 300 Hz is considered a marginal 
standard for telephony speech. For natural non-fatiguing 
voice quality, reproduced speech requires spectral pitch. 
Specifically this means the fundamental speech pitch period 
is not high-passed out—in the case of the smartphone by 
the microspeaker’s limited low-end response. 

But what we have today is virtual pitch speech 
reproduction—“virtual” because the listener does not hear 
the acoustical component at the frequency corresponding 
to the pitch. Virtual pitch corresponds to the phenomenon 
whereby one’s brain extracts tones from the tiny nasal 
sounding speech and music. While we can instantly 
recognize virtual pitched voices—at the price of more brain 
processing—it occurs at the expense of higher listen fatigue. 
So here we are with 5G at our door, high-resolution movies 
and Dolby Atmos immersive sound on our smartphones—
yet we cannot manage to reach much below 1000 Hz?

It appears that while we expect reasonable sound from 
our soundbars, autosound systems, and headphones, 
when we pick up our beloved smartphones, we leave our 
expectations behind. The smartphone platform is comprised 
of a system-on-chip (SOC) or chipset, which includes 
audio codecs, voice coprocessors, power amplifiers, and 
all of these are quite decent. ESS, AKM, Cirrus Logic, 
NXP Semiconductors, Maxim, Qualcomm’s Aqstic, and 
commodity vendor Realtek more than deliver the goods on 
audio circuit performance. 

The compromises to “hi-fi” quality are in the protocols 
used by the carriers with which each individual’s phone is 
aligned, the receiver and the speaker for the speakerphone 
function. But even that bottleneck is evaporating as carriers 
upgrade to 5G coverage. Add to this protocols of pristine 
quality such as Fraunhofer’s Enhanced Voice Services (EVS) 
and the move toward Super Wide-Band (SWB up to 14 
kHz response) and the sound from the next generation of 
smartphones will be truly impressive—at least until when it 
reaches the microspeaker terminals.

The microspeaker business, and the entire smartphone 
industry for that matter are not for the fainthearted. Even 
with the dip in smartphone sales during the first half of 
2019, there still is more than 1.6 billion mobile phones built 

annually, each with a microspeaker for the speakerphone 
and another for the receiver, this side of the speaker 
industry attracts the giants. Top players include AAC, 
Goertek, Gettop, ForGrand, Bujon, and Merry Electronics, 
which also receive the additional sales from laptops and 
tablets. 

Size vs. Function
Triggered, or at least aggressively driven, by the traumatic 

first half of 2019’s smartphone sales, there are a number of 
initiatives from the microspeaker vendors and smartphone 
design teams for a bit more excursion for wider response 
and lower distortion.

The push to reduce the footprint and depth continues, 
but the microspeaker depth (Z-axis) has ratcheted down 
to 2.5 mm from 3 mm for smartphones—driven by the 
evaporation of the 3.5 mm headphone jack, which had been 
the bottleneck.

From alnico, ferrite, samarium cobalt magnets, 
neodymium magnets has been a step-change in more 
compact size and higher energy. Now the magnetic return 
structures are heading for a steroid diet. I have lamented 
how the microspeaker Z-axis stackup has been in a fight for 
space and with 2.5 mm in vogue, there is barely room for 
any diaphragm excursion (see Photo 1). 

Help is on the way as higher mGO (e.g., N40 to even 
N52 neodymium) can be thinner than the garden variety 
neodymium yet pack more punch. The issue has been that 
the strong flux is lost in the magnetic return structure. 
Using Carpenter’s Hiperco (iron, cobalt, nickel) soft metals 
instead of low-carbon steel for the return structures enable 
less flux loss with 25% thinner magnetic structures. I vote 

Photo 1: This exploded graphic details the image of a 
microspeaker. (Image courtesy of TESA)
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for more excursion but I know the industrial design team 
will push for an even slimmer size.

Long gone is the brute force path of overdesigning 
the speaker to absorb and withstand more power, while 
maintaining practical mechanical excursion limits. Now, it 
has been universally adopted to use DSP to maximally drive 
the speakers close to the edge of their safe operating area 
(SOA) without overdriving or damaging the speaker. The 
SOA can be defined as the thermal and mechanical limits. 
If you use advanced DSP to bring the microspeaker to its 

limits but not over them, can you omit overkill construction 
(e.g., larger diameter high-temperature voice coils and 
heatsinking)? Sensitivity and the power to drive the speaker 
to desired levels are not just limited by the amplifier’s 
available power. The speaker must also have the capacity 
to handle this power. 

We must limit over excursion at the lower frequency 
range to prevent the moving parts from going beyond their 
capacity. Higher excursion can result in bottoming where 
the voice coil hits the magnetic structure. Of course, it 
would be desirable for extended low-end response but if 
the pumping power (volume velocity) capabilities of the 
microspeaker are exceeded, the smartphone might need to 
be repaired, which would be disastrous. 

We must also be careful not to exceed thermal limits, 

Photo 2: SubVo’s servo Klara-T bend sensor is printed directly 
on the diaphragm.

Photo 3: BDNC has introduced glass diaphragm microspeakers 
for high-performance applications.

www.elektrisola.ch
mailto:info@elektrisola.ch
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which are the limiting factor in the midrange and top-end. 
Clipped amplifier output and the ring tones can also build 
up heat in the speaker’s voice coil faster than it can be 
dissipated, resulting in thermal failure. As the voice coil 
heats up, it expands reducing the clearance—combine this 
with rocking at higher power and buzzing and scraping of 
the coil is likely. Sometimes the heat isn’t even the speaker’s 
fault but rather the close proximity to SoC ICs that run hot, 
which get in the way of the speaker dumping heat.

While amplifier ICs have always had “protection,” this 
traditionally has been for the output stage of the amplifier. 
The new generation of protection integrated into “smart-
amps” is also looking out for the loudspeaker—with 
predictable and controllable limits to the large-signal design 
requirements on speakers. Semiconductor vendors for smart 
amps include the usual manufacturers: NXP Semiconductors, 
Qualcomm, Texas Instruments, Maxim-IC, Cirrus Logic, and 
others. If there is no additional acoustic output possible 
from the speaker, there is no sense in overdriving the 
speaker or risking additional battery drain. Sophisticated 
speaker integrated system engineering enables engineers 
to design application specific drivers, using considerations 
ranging from maximum speaker excursion, back volume, 
adjacent heat sources, and more. The protection circuit 
is “tuned” to the driver’s SOA envelope. Then, the driver 
is tweaked to accommodate the real-world limits of the 
speaker protection circuits. These solutions typically make 
use of voltage and current feedback to track the speaker 
impedance and control the power delivered to the speaker. 

What’s Next? 
SubVo is introducing servo-control to slim mobile 

devices—even smartphones! (https://www.subvo.com) The 
Klara-T Bend Sensor used with an associated software 
algorithm tracks the exact position of the diaphragm at any 
given moment, providing the amplifier feedback to extend 
low-end response with greatly reduced distortion and fast 
impulse response. In microspeakers, the sensor is printed 
directly onto the diaphragm surround (see Photo 2). The 
KlaraT calibration compensates for changes in temperature, 
humidity, and wear of the speaker itself over time. 

BDNC has introduced glass diaphragm microspeakers for 
high-performance applications, while its rectangular and 
round sizes are more for mobile audio products larger than 

smartphones, these speakers have far more excursion and 
more extended response than conventional microspeakers 
(see Photo 3).

Another very promising remedy is Klippel Controlled Sound 
(KCS). This adaptive control structure is based on electro-
acoustical modeling and combines real-time monitoring of 
the transducer parameters with active protection against 
thermal and mechanical overload, nonlinear distortion 
cancellation, system alignment, and stabilization of the 
voice coil position (see Figure 1). Signal distortion, 
heating, aging, climate and other external influences limit 
the maximum level and the quality of the reproduced sound 
and KCS can cope with these undesired effects and generate 
the desired linear behavior over the entire working range 
and an extension of the usable working range to increase 
bass and sound pressure level. Klippel also points out 
that with KCS, transducers can be made smaller, lighter, 
and more cost effective—enabling the focus on increased 
efficiency by reducing parameter linearity to create a new 
generation of Green Speakers producing more acoustical 
output and less heat by requiring less energy.

What if we could move more air (“pumping power” or 
volume velocity) without more piston area or increased 
excursion? A brilliant innovation by speaker guru Joseph 
Sahyoun that is expected for productization later this year 
(US Patent 9.294.841 B2), compliantly suspends the entire 
microspeaker with a flexible membrane that encircles 
the speaker (see Figure 2). The kinetic energy that is 
generated by the moving mass (the entire speaker along 
with the frame) is tuned to be in phase to extend the 
bottom end almost an octave, essentially using the entire 
microspeaker concurrently as a passive radiator.

The Future—MEMs Microspeakers?
While the industry at large has been able to digitize 

and shrink all other device electronics, the last remaining 
barrier is the speaker, which remains bulky and very analog. 
Microelectromechanical systems (MEMS) is the technology 
of very small devices, usually consisting of a micro-
transducer and an application-specific integrated circuit 
(ASIC). Expanding MEMS development from microphones 
to microspeakers is an epic challenge because while 
the diaphragm excursion on a mic is miniscule, a MEMS 
microspeaker is going to have to move some air. In the 

Figure 1: Klippel Controlled Sound (KCS) is based on electro-
acoustical modeling and combines real-time monitoring of the 
transducer parameters.

Figure 2: A brilliant innovation by speaker guru Joseph 
Sahyoun compliantly suspends the entire microspeaker with a 
flexible membrane that encircles the speaker.

https://www.subvo.com
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December 2019 issue of Voice Coil, we explored MEMS 
microspeakers with initial applications for earphones and in 
arrays for more ambitious speaker applications (the lighting 
analogy is MEMS are the audio incarnation of LEDs). Also 
check out the January 2020 issue of Voice Coil’s sister 
publication audioXpress, which features a more extensive 
Market Update on MEMS and Microspeakers: "Big Promises 
in Large and Small Parameters." While MEMS mics dominate 
the market, having progressively taken over from electret 
condenser microphones (ECMs), MEMS microspeakers are 
still in the beginning stages.

There are a half-dozen MEMS microspeaker development 

initiatives, including USound’s piezo, GraphAudio’s graphene 
electrostatic, and a couple of ultrasonic modulators 
(e.g., from Audio Pixels). Considering the maturity and 
value-proposition of microspeakers from the incumbent 
manufacturers, it will be a steep challenge ahead for the 
MEMS microspeaker contenders. 

One ray of light is USound’s integrated audio module, 
which is already available as a MEMS speaker component 
for miniaturized applications or even larger arrays, and 
for in-ear true wireless stereo (TWS), which generated a 
lot of interest from high-volume players in the industry 
and gained a few design wins (see Photo 4). Also there is 
GraphAudio’s limited edition graphene electrostatic in-ear 
monitors (IEMs) launched during the CES last January.

For decades, Panasonic’s motto was “just slightly ahead 
of our time,” meaning the smart path to the future is not 
to be on the leading edge, but rather to make meaningful 
advances. This translates to making strategic advances 
where you don’t get too far ahead of yourself and thus can 
avoid premature design efforts that might backfire.   

While radical technologies lay ahead, more immediate 
progress will be stronger magnetic structures and new 
diaphragm materials. Specifically, TeXtreme’s Thin-Ply 
Carbon Diaphragms (TPCD) have  demonstrated extended 
smoother response with higher sensitivity through thinner, 
lighter, and stiffer construction in a range of flat diaphragm 
speakers. The thinner TPCD diaphragm even translates to a 
bit more excursion clearance. VC

Photo 4: USound is now shipping its piezo MEMS 
microspeakers.

A: North Lianfa Dadao,Tongqiao Town,Zhongkai Hi-Tech District, Huizhou City(516032) Guangdong P.R.C   

 516032 +86 752 3882999 3882199 2299018 / +86 752 2295838 P: T: F:

www.audiostar.com.cn
www.voicecoil.com.cn
mailto:audiostar@audiostar.com.cn
mailto:mina@audiostar.com.cn
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 Directory
Microspeakers 2020
Key Vendors for Mobile Electronics

By Nora Wong (Menlo Scientific, Ltd.)

AAC Technologies Holdings, Inc. 
Headquarters
Building 18, Xinxi Rd., North High-Tech Industrial Park, 
Nanshan District, Shenzhen, China 518067
Contact: info@aactechnologies.com

US Office 
20957 Currier Rd., Suite A, Walnut, CA 91789
Contact: info.us@aactechnologies.com
www.aactechnologies.com

AAC is a microspeaker market leader, annually shipping 
more than 1 billion units. AAC also produces electret 
condenser microphones (ECMs) and microelectromechanical 
systems (MEMS) microphones, vibration products, optics, 
antennas, headsets, and many other products that work well 
in the mobile space. AAC supplies major Tier 1 handset and 
tablet manufacturers. It has a large R&D center in Nanjing and 
its manufacturing capability is highly automated.

Audio Pixels, Ltd.
3 Pekris St., Rehovot, Israel, 76702
(P) 972-0-73-232-4444
Contact: Danny Lewin, CEO
info@audiopixels.com 
www.audiopixels.com.au

Audio Pixels, founded in July 2006, has developed a 
revolutionary technological platform for reproducing sound. 
Its patented Digital Sound Reconstruction platform employs 
ultrasonic techniques to generate sound waves directly from 
a digital audio stream using MEMS rather than conventional 
loudspeaker elements. This innovation, still in the development 
phase, promises speaker products that deliver better 
performance than conventional speaker technologies, in a 
1 mm thick package.

BDNC (Holding) Ltd.
Room 804, 8th Floor, Shing Chuen Industrrial Building 25-27 
Shing Wan Rd., Tai Wai, NT, Hong Kong
Contact: Kwun Kit Chan (kitKK@newbdnc.com)
info@newbdnc.com
www.newbdnc.com

BDNC’s microspeaker uses ultra-thin tempered glass as 
the diaphragm and has an ultra-low-profile woofer with 
the speaker working underneath a small box to produce 
extended bass response. At present, the smallest size is 80 
mm × 20 mm × 7.2 mm. BDNC is also working on other 
glass diaphragm transducers, including a headphone driver. 
BDNC consider this its breakthrough speaker technology in 
today’s market.

BeStar Technologies, Inc.
Contact: David Waddick (dwaddick@bestartech.com)
(P) 520-439-9204 
www.bestartech.com

BeStar Electronics Industry Co., Ltd.
199 Huanghe West Rd., Changzhou, Jiangsu, China 213022
Contact: wu@be-star.com
(P) 086-519-88222551/(F) 086-519-88222551

BeStar Electronics, established in 1996, is based in 
Jiangsu, China. The company is focused on the development, 
production, and sales of microspeakers, piezo buzzers, and 
magnetic buzzers. Covering an area of 25,000 m2, BeStar 
employs more than 900 people, including 120 technical and 
administrative personnel. 

Bujeon Components Co., Ltd. 
1494-4 Sa-dong, Ansan-si, Gyeonggi-do, Korea 425-170 
Contact: Mike Song (sales@bujeon.com) 
(P) 82-31-4086987
www.bujeon.com

Established in South Korea in 1988 as a buzzer 
manufacturer, Bujeon expanded into China in 1994 and 
launched its speaker line in 1998. Bujeon has factories in 
northeast China, south China, and North Vietnam. Its sales 
focus is to support other Korean transplant factories (e.g., 
LG Electronics and Samsung). 

ESTec America 
2200 East Devon Ave., Suite 317, Des Plaines, IL 60018
Contact: Heera Schuch (Sales Director, heera@estec.co.kr)
(P) 847-699-8568/(F) 847-699-2081

Korea Head Office 
85-12, Yusan-dong, Yangsan, Kyungnam, Korea
Contact: Jae Young Kim (jykime@eastec.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, which currently 
focuses on microspeakers for cell phones and laptops, is in 
Korea. Originally a Korean joint venture between LG and 
Foster, the company is now independent. ESTec supplies LG 
and Toshiba with microspeakers for cell phones and laptops. 

FG Forgrand/Fortune Grand Enterprise Co., Ltd.
Taiwan Headquarters 
350 Shanying Rd., Gueishan Township, 
Taoyuan County 333, Taiwan
Contact: Aaron Chen (aaron_chen@forgrand.com)
(P) 866-3-319-5689

DongGuan Factory 
Second Industrial Zone, Da Jin Tou, Dalang Town, 
Dong Guan City, Guang Dong, China
(P) 86-769-8301-8938
www.forgrand.com

FG Forgrand is based in Taiwan, with factories located in 
east, south, and central China. The company employs more 

mailto:info@aactechnologies.com
mailto:info.us@aactechnologies.com
http://www.aactechnologies.com
mailto:info@audiopixels.com
http://www.audiopixels.com.au
mailto:kitKK@newbdnc.com
mailto:info@newbdnc.com
http://www.newbdnc.com
mailto:dwaddick@bestartech.com
http://www.bestartech.com
mailto:wu@be-star.com
mailto:sales@bujeon.com
http://www.bujeon.com
mailto:heera@estec.co.kr
mailto:jykime@eastec.co.kr
http://www.estec.co.kr
mailto:aaron_chen@forgrand.com
http://www.forgrand.com
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finished consumer electronics OEM/ODM product line. 
GoerTek is a key vendor for microspeaker components in 
Buetooth products.

GraphAudio 
9378 Wilshire Blvd., Suite 210
Beverly Hills, CA 90212
Contact: Ramesh Ramchandani (ramesh@graphaudio.com)
(P) 602-370-0927
www.graphaudio.com

GraphAudio is developing graphene MEMS microspeakers 
and has functional prototype units—essentially miniature 
electrostatic speakers.

GuoGuang Electric Co., Ltd (GGEC) 
8 Jinghu Rd., Xinhua Town, Guangzhou, China 510800
(P) 86-20-2-860-9960/(F) 86-20-2-860-9828

GGEC Americas
(P) 408-816-7788
www.ggec.com.cn  

Founded in 1951, GGEC, is publicly traded on the 
Shenzhen stock market. GGEC is a speaker specialist that 
has expanded to microspeakers.

Hosiden Corp. 
Japan Head Office
4-33, Kitakyuhoji 1-Chrome, Yao-City, Osaka, Japan 581-0071
Contact: Shinji Hombo (Director)

than 15,000 people. FG Forgrand’s technology is exceptional 
for notebook speakers with a market share greater than 
50%. Also strong in microspeakers, its technology is used 
as a second production source for several smartphones, LCD 
TVs, and headphone drivers.

Gettop Acoustic Co., Ltd.
Headquarters Office 
68 Fengshan Rd., Fangzi, Development Zone, Weifang, 
Shandong, China 536
Contact: sales@gettopacoustic.com 
(P) 86-536-228-3666-997/(F) 86-536-760-5903  
www.gettopacoustic.com

Established in 2001, Gettop is located in a key area for 
microphone capsule and microspeaker production. Gettop 
produces electret condenser microphones (ECMs) and 
microspeakers. Gettop also serves as a second-source 
vendor to many companies. Gettop also produces matched 
microphone arrays and other sophisticated components.

GoerTek
Headquarters Office 
268 DongFang Rd., High-Tech Industry Development District, 
Weifang, Shandong, China 261031
(P) 86-536-852-5688/(F) 86-536-852-5155
Contact: marketing@goertek.com 
www.goertek.com 

GoerTek is a strong contender in the microspeaker 
market, providing ECM and MEMS microphones and a 

mailto:ramesh@graphaudio.com
http://www.graphaudio.com
http://www.ggec.com.cn
mailto:sales@gettopacoustic.com
http://www.gettopacoustic.com
mailto:marketing@goertek.com
http://www.goertek.com
www.newbdnc.com
www.digikey.com
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(P) 81-72-993-1010
www.hosiden.com

Hosiden America Corp. —America Head Office
120 East State Parkway, Schaumberg, IL 60173
(P) 847-885-8870/(F) 847-885-0063

Hosiden Technology (Qingdao) Co., Ltd. 
Qingdao Export Processing Zone, Hetao Chengyan, Qingdao 
City, Shandong, China
(P) 86-532-8-792-3588/(F) 86-532-8-792-3582
www.hosiden.com

Founded in 1947, Hosiden was once a major microspeaker 
resource. Today, it continues to supply microspeakers and 
mic capsules to the industry.

Kingstate Electronics Corp. 
Headquarters Office
10th Floor No. 69-11, Section 2, Chung Cheng East Rd., 
Tamshui, Taipei County, Taiwan 251
Contact: Charlotte Yeh (Sales Division, Vice President, 
charlotteyeh@kingstate.com.tw)
(P) 886-22-809-5651/(F) 886-22-809-7151
www.kingstate.com.tw

An established Taiwanese company, Kingstate Electronics’ 
R&D facility is located in Taiwan. Kingstate has two factories—
one in Dongguan and another in Suzhou. Kingstate Electronics 
makes ECMs, microspeakers, and earphones. The company 
has introduced many sophisticated products including high-
performance microspeakers, low-noise microphone capsules, 
microphone arrays, and other premium components.

Merry Electronics Co. 
Headquarters Office
40850 No. 22, Gongyequ 23rd Rd., Nantun District, 
Taichung City, Taiwan 408
Contact: Charlie Yang (Senior Manager, 
charlie.yang@merry.com.tw)
(P) 04-2-359-0811/(F) 04-2-359-0826
www.merry.com.tw 

Merry Electronics began in 1975 in Taiwan as a speaker 
company specializing in mini speakers and microspeakers. 
Merry Electronics built its Shenzhen factory in 1989 and 
now employs about 7,000 staff.  Earphones were one of its 
early products. It introduced laptop speakers in 1996. The 
company went public in Taiwan in 1998. Merry Electronics 
began offering its own ECM designs in 2001. The Suzhou 
China factory, built in 2002, employs 3,300 people. And, 
Merry Electronics has expanded its operations to include 
MEMS microphones. 

ORA Graphene Audio, Inc.
780 Ave., Brewster RC-016 Montreal, QB, H4C 2K1 Canada
www.ora-sound.com

ORA, a Canadian startup is developing graphene oxide 
diaphragm microspeakers, which should benefit from 
low-mass and high-thermal conductivity of these unique 
diaphragms. 

Seltech USA 
1016 Copeland Oaks Drive, Morrisville NC 27560
Contact: Davin Moorman 
(davin.moorman@seltech-international.com)
(P) 919-481-6896 
www.seltech-international.com

Once the master distributor for Knowles microspeakers, 
Seltech has developed its own portfolio of micro-size 
speakers following Knowles exit from the dynamic micro-
size speakers and receivers market. 

Shenzhen Horn Audio Co., Ltd. 
Block 17, Tong Fu Yu Industrial Zone, Longhua, Baoan, 
Shenzhen, China
www.szhorn.com

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

Stetron International, Inc. 
US Office
90 Broadway St., Buffalo, NY 14203
Contact: stetron.contacts@stetron.com 
(P) 716-854-3443
www.stetron.com

Canada Office
2651 John St., Unit 4, Markham, ON L3R 2W5
(P) 905-475-6202

Stetron, established more than 50 years ago, is a leading 
supplier of audio products. Stetron focuses on applications 
for super-wide band speakers, ECM microphones, dynamic 
receivers, and custom audio sub enclosures. Stetron is 
committed to supplying quality components backed by strong 
technical support and boasts an experienced engineering 
team and a state-of-the-art test lab in Markham, ON. 

USound
Kratkystraße 2
8020 Graz Austria
Contact: sales@usound.com
www.usound.com

 USound is an Austrian startup, which has developed a 
MEMS microspeaker that integrates a piezo ceramic element 
with a cantilever scheme. Piezoceramic microspeakers 
have been used in smartphones over the years but lack 
of response limited their applications. USound is now in 
production and has design wins of earphone and headphone 
drivers as well as variants that can be used as tweeters 
in mobile devices and also as supplementary speakers for 
surround sound in smartphones.

Tymphany 
US Office
One Thorndale Drive, Suite 200, San Rafael CA 94903
Contact: Matthew Marchese 
(matt.marchese@tymphany.com) 

http://www.hosiden.com
http://www.hosiden.com
mailto:charlotteyeh@kingstate.com.tw
http://www.kingstate.com.tw
mailto:charlie.yang@merry.com.tw
http://www.merry.com.tw
http://www.ora-sound.com
mailto:davin.moorman@seltech-international.com
http://www.seltech-international.com
http://www.szhorn.com
mailto:stetron.contacts@stetron.com
http://www.stetron.com
mailto:sales@usound.com
http://www.usound.com
mailto:matt.marchese@tymphany.com
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(P) 313-587-4456
www.tymphany.com

Tymphany is best known for its hi-fi speakers, its Peerless 
ODM products, and custom-built OEM speakers. Recently, 
Peerless brand microspeakers were developed for premium 
high-performance applications.

Vansonic Enterprise Co., Ltd. (VECO)
Taiwan Headquarters Office 
3rd Floor, 123 Zhongcheng Rd., Tucheng District,  
New Taipei City, Taiwan 23674
Contact: Kevin Liu (Sales Manager)
vecoep@veco.com.tw (Overseas Sales)
vecot@veco.com.tw (Domestic Sales)
(P) 886-2-2267-2389/(F) 886-2-2267-2588

VecoFoshan Factory 
Vanson Electronics (Nanhai) Co., Ltd.
Luocun Industrial Development Zone, Luocun Shen, Nanhai 
District, Foshan City, Guangdong Province, China 528226
Contact: fs_sales@veco.com.cn 
(P) 86-757-8-126-6388/(F) 86-757-8-853-6826
www.veco.com.tw

Founded in 1981 in Taiwan, VECO (Vansonic) has more 
than 30 years of manufacturing experience and innovation 
in acoustic products. VECO first produced plastic material 
diaphragm speakers and has expanded its product line to 
include notebooks, computers, LCDs, monitors, LCD TVs, 
GPS devices, telecommunication products, and automotive 
and consumer electronics speakers. VECO currently has four 
manufacturing plants in China (Foshan, Shanghai, Hefei, 
and ChongQing). 

VMS
5 Xingrong Rd., Fourth Industrial Zone, Shijie Town, 
Dongguan City, GuangDong Province, China
(P) +886-13922911107

VMS offers high-performance microspeakers featuring 
silicon surrounds for extended response.

Xiamen Great Sound Technology, Ltd.
103 Siming Yuan Jizhong Industrial Tongan, Xiamen City, 
Fujian Province, China
Contact: gxy@gytsound.com
(P) 86-592-7203685/(F) 86-592-7203687
www.gytsound.com

Xiamen Great Sound Technology was founded in 2000 and 
produces speakers, receivers, and other electronic products, 
primarily used in notebook computers, monitors, GPS, 
mobile phones, digital cameras, portable DVDs players, and 
other high-tech products. VC

Editor’s Note: Voice Coil publishes directories that list 
key vendors in categories that pertain to the audio field. 
Some of the categories include cones, microspeakers, 
headphones, digital amplifiers/digital signal processors, and 
microphones. 

It’s a “1-2 Punch”! 

Exhibit at ALTI-EXPO & 
Advertise in audioXpress 
or Voice Coil magazines 

The DEAL*: Buy your booth at 
ALTI‐EXPO 2020. Add an adver sing package 
with audioXpress and/or  Voice Coil at 

10% off regular rates, and get a FREE 
banner in The Audio Voice newsle er. 
You will also get a FREE half-page ad in 

the ALTI‐EXPO Program and on the 
ALTI‐EXPO web page. *for new exhibitors only

exhibitors only

Score a KNOCKOUT by exhibi�ng at the ONLY event  
dedicated to Loudspeaker & Audio Technologies Professionals

and by adver�sing it in Voice Coil or audioXpress. 
The very best way to get business done! 

Voice Coil and audioXpress are the exclusive media sponsors for ALTI‐EXPO 2020 

More informa�on and registra�on: h�ps://almaint.org 

http://www.tymphany.com
mailto:vecoep@veco.com.tw
mailto:vecot@veco.com.tw
mailto:fs_sales@veco.com.cn
http://www.veco.com.tw
mailto:gxy@gytsound.com
http://www.gytsound.com
https://almaint.org
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High-Quality Horn 
Loudspeaker Systems: 
History, Theory & Design
      
Review by Mike Klasco

As the title clearly states, this 
book written by Bjørn Kolbrek 

and Thomas Dunker focuses on 
horn history, theory, and design. 
Development work and papers on horns and compression 
drivers are well covered in the trade magazines and 
technical journals. Nevertheless, this topic for the focus of a 
reference book is a good idea as it has not been addressed 
lately and has been superbly executed. Co-author Thomas 
Dunker referred to his book as the missing piece of his 
library. For speaker engineers we can expand this remark 
to all of my colleagues. But if I need to be more precise 
this is the finest reference work on horn loudspeakers in 
the history of mankind. Let me lower my eyes and say I am 
not worthy to review and judge this work, but only serve to 
carry the message of its existence to our readers.

The authors are native Norwegians but thankfully for 
most of us they decided to use their second language, 
English. While they apologize for any shortcomings in their 
language skills, their clean, concise, and well-written work 
is as polished and professional in writing style as is the 
content. As a scholarly reference, it contains a table of 
contents and bibliographies after each chapter, all finished 
off with a full index.

The Authors
Bjørn Kolbrek received his doctorate with his dissertation 

“Extensions to the Mode Matching Method for Horn 
Loudspeaker Simulation” in 2016. Kolbrek became interested 
in horn speakers in the late 1990s and was affiliated with 
Celestion in the UK before finally earning his doctorate at 
the NTNU in Sweden. Longtime audioXpress readers might 
remember Kolbrek’s “Introduction to Horn Theory Part 1 
and Part 2” published back in March and April 2008. But 
even before this article the authors had been collaborating 
on horn speaker research since 2004, both looking for 
answers to some of the same questions and both having 
studied the theory of horn speakers for some time and 
collecting literature.

Thomas Dunker, like Kolbrek, is also a passionate audio 
experimenter and DIYer, and while horns have remained his 
avocation rather vocation, but still has immersed himself 
into the subject for more than 25 years. The history writing 
in the book has been his main contribution but Kolbrek also 
contributed to the history section.

  The foreword is by Mark Dodd, which most us know 
as a longtime Celestion fellow. The book reflects positively 

on the entire Celestion team and the brand 
itself. In recent years some quite superb and 
innovative drivers have come from Celestion 
so the knowledge from this study apparently 
has “rubbed off” on product development!

The Book
  But let me push forward into the book 

itself. High Quality Horn Loudspeaker Systems 
is well beyond comprehensive, it is truly 
an exhaustive exploration of the field. With 
apologies to the religiously sensitive, and I 
say this with all respect—the title would be 
more honest if it was The Bible of High Quality 
Horn Loudspeaker Systems. Speaking of bibles, 
this tomb is more than 1,000 pages, the first 

section is history of electroacoustic transducers from the 
telephone receiver to movie sound and broadcast monitors 
onward. Each pioneering firm’s efforts are documented from 
Western Electric, AT&T, RCA, Vitavox, and many more. Most 
of us know the story that arguably the first speaker was 
invented by Peter Laurits Jensen, living in Napa, CA. But 
the real story is that Jensen was not really a local. He was 
consulting in the area and was still very much Scandinavian 
(Danish). Aside from the formal history, the authors have 
distilled many of the “back stories” from the dusty basement 
archives of many institutions. 

With the history out of the way the book continues onto 
theory and design with a thorough exploration of horn 
loudspeakers up to today. While you could read every Audio 
Engineering Society (AES) paper in the E-library, it is obvious 
Kolbrek and Dunker beat you to it. Out of curiosity, I picked 
a couple of obscure topics to see if all the trivia was sorted 
and covered. In every nook and cranny I looked, the authors 
had long ago signed the guest book. In a few instances 
where I thought something was left out, I stumbled into well-
researched coverage later on. Of course, as soon as anything 
is published, on-going developments will continue to march 
forward and I am sure Edition 2 will be well-received in a 
couple of years. 

Spotlight

Authors Bjørn Kolbrek and Thomas Dunker discuss their book 
with attendees at the Audio Engineering Society Convention in 
NYC last October.
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Constant Directivity
Since the pressure was on to publish a review of this book 

right away, I have yet to completely read the entire 1070 
pages (yet). I did drill deeper on a few sensitive topics like 
Constant Directivity. From time to time everyone goes off 
the rails and chases stray balls. I always felt the pro-sound 
engineering (and marketing) community’s foray into constant 
beamwidth as a main performance criterion at the expense 
of sound quality (transient response and resonance) in the 
1970s was a fool’s errand. So I was quite curious how the 
book would treat what for me was the dark ages of horn 
design—the attempt at constant directivity (CD) at all cost for 
a number of years with only a few speaker engineers refusing 
to buy into it. Yet, I have to say as engineers we have all had 
to deal with “the cards we are dealt.”

These early efforts resulted in the terrible sounding horns 
of the 1970s, such as the EV White Horns, the Altec MantaRay, 
and a couple of Community CD horns—these all had throat 
aspect ratio that heavily compromised clarity in order to gain 
a wider pattern above 8 kHz. The application of these horns 
in the cinema resulted in unpleasant and fatiguing dialog. 
Yet the engineers were not entirely at fault, the mantra for 
constant directivity (sorry for the attempt at a pun) was 
mostly driven by the marketing departments. As expected, 
the book’s frank comments of the nasty nasal shortcomings 
and astute insights on chasing pattern control at the top-end 
at the expense of acoustic aesthetics hit the nail on the head. 
Not everyone at the time went along with the masses—such 
as the Meyer Sound products, some of the Yorkville Pulse 
series horns (don’t extend this respect outside of the horn 
please), and some Beyma designs—all found ways to avoid 
the failings of these early CD designs. Yet the same design 
engineers who did most of the CD horns later went on to 
give us some very fine horns with extended bandwidth with 
fairly constant directivity. Don Keele’s Bi-Radial horn in 1980 
managed to deliver both clean sound and good wideband 
directivity earning JBL renewed respect in studio monitors 
and the cinema market (at Altec’s expense).  

Overall Impressions
So many topics are addressed that are not commonly 

discussed yet are serious compromises in sound quality that 
seemingly we all have come to accept. Throat distortion due 
to higher compression ratios are addressed within a number 
of sections. Lower compression ratios are a path to enabling 
horns speakers not to have “horn sound.” Some examples 
where top-end was intentionally sacrificed (or the driver was 
intended for three-way designs) such as the Community M4 
and the CMR (Cheap Mid-Range), some of Cliff Hendricksen’s 
work for Bose professional like the L1, the JBL 4” rapid 
flare throat midrange compression drivers, and a number of 
Tannoy co-ax designs. 

Similarly, the untidy issue of the expansion rate of the 
compression driver phase plugs not optimally matching to the 
horn. Yes, it would be a better world if compression drivers 
were integrated designs as a super tweeter is designed. 

Earl Geddes’ Oblate Spheroidal Waveguide horn is 
discussed along with how the theory of operation evolved. 

And for those wanting to learn more, I would mention the 
more recent work by Dario Cinanni in the December 2019 
issue of Voice Coil.

Compression driver diaphragms from plastics (polyimide 
(Kapton) and PET (Mylar) are mentioned with discussions 
about aluminum, titanium, and Beryllium, but magnesium 
alloys are not (or something I missed). With esoteric 
materials from Beryllium, thin-ply carbon fiber diaphragms 
(TPCD) and others the promise of being able to lower the 
compression ratio and not need that path (another pun, 
sorry) to peak up the highs.

While horn design is a mature field, there are still 
significant innovations that would have made the early 
pioneers cheer—from advanced magnetics materials and 
more recently E.J. Christensen’s air motion transformer 
(AMT) driver, improving on Oskar Heil’s AMT principle, 
which is not covered in the book, although Eugene (Gene) 
Czerwinski’s early work on AMT compression drivers at 
Cerwin-Vega is touched upon.

I will be studying this book for a long time to come and 
apologize for barely scraping the surface. As I continue 
to immerse myself in this work, it will inspire numerous 
articles. If your work touches horn loudspeakers, you have 
a duty to acquire High Quality Horn Loudspeaker Systems. 
And in my opinion, the audio community owes the authors 
a thank you. VC

Editor’s Note:  As Mike Klasco’s book review has clearly 
outlined, this is an amazing book on compression drivers and 
horns! This 1,040-page book is divided into four sections, I. 
History, II. Theory, III. Design, and IV. Appendix. Here are 
the chapter titles for the Theory and Design sections of the 
book:

Theory:
9- Horn Loudspeakers – an Introduction
         10- Symbols
         11- Basic Theory
         12- Horn Theory
         13- Advanced Horn Theory
         14- Radiation of Sound
         15- Directivity
          16- Transducer Basics
          17- The Moving Coil Motor System
          18- The Horn Driver
          19- Horn Loudspeaker Combinations
          20- Overview of Horn Simulation Methods
          21- One-Dimensional Horn Modeling
          22- The Mode–Matching Method
          23- Horn Loudspeaker Modeling
Design:      
24- System Considerations
25- Practical Horn Design: Straight Horns
26- Practical Horn Design: Folding and Curving
27- Practical Horn Drivers
28- Low-Frequency Horn Speaker Design
29- Crossovers and System Integration
30- Measurements

This incredible piece of work can be purchased from Lean 
Business Audio (www.lean-business.co.uk) in the UK for $157 
plus shipping. 

http://www.lean-business.co.uk
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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 international patents. This 
also includes new patent applications that are published in the 
Patent Application Journal.

Complementary Driver Alignment
Patent/Publication Number: US 10,531,181
Inventor(s): Chris N. Hagen (Simi Valley, CA)
Assignee: Harman International Industries, Inc. (Stamford, CT)
Filed: May 1, 2018
Current International Class: H04R 1/24 (20060101)
Granted: January 7, 2020
Number of Claims: 15
Number of Drawings: 8

Abstract from Patent
Examples are disclosed for tuning loudspeakers to have 

complementary impedance characteristics. An example 
loudspeaker system includes an amplifier configured to 
generate an audio signal, and a plurality of speakers connected 
in parallel to the amplifier to receive the audio signal, wherein 
each speaker of the plurality of speakers has a unique 
impedance characteristic that, when combined with the 
impedance characteristics of the other speakers of the plurality 
of speakers, shows all speaker impedance characteristics to be 
complementary, resulting in a more level, or resistive, overall 
speaker system load impedance. This more level, or resistive, 
overall speaker system load impedance results in a more 
dynamic sound with more extended low end in comparison to 
conventional speaker systems.

Independent Claims
1. A loudspeaker system, comprising: an amplifier configured 

to generate an audio signal; and a plurality of speakers 
connected in parallel to the amplifier to receive the audio 
signal; wherein a first speaker of the plurality of speakers 
includes a first driver housed in a first enclosure and is tuned 
with a first impedance characteristic and a second speaker 
of the plurality of speakers includes a second driver housed 
in a second enclosure and is tuned with a second impedance 
characteristic; wherein the first impedance characteristic is 
complementary to the second impedance characteristic, the 
first impedance characteristic comprises a first frequency-
dependent impedance response, the second impedance 
characteristic comprises a second frequency-dependent 
impedance response, and a local maximum of the first 
frequency-dependent impedance response is aligned with a 
local minimum of the second frequency-dependent impedance 
response; and wherein the first frequency-dependent 
impedance response includes a parameter associated with the 
first driver and a parameter associated with the first enclosure 

and the second frequency-dependent impedance response 
includes a parameter associated with the second driver and a 
parameter associated with the second enclosure.

5. A method, comprising: tuning a first speaker including a 
first driver included in a first enclosure with a first frequency-
dependent impedance response; and tuning a second speaker 
including a first driver included in a first enclosure with a second 
frequency-dependent impedance response complementary 
to the first frequency-dependent impedance response by 
aligning a highest peak of the first frequency-dependent 
impedance response with an impedance minimum of the 
second frequency-dependent impedance response, wherein 
the first speaker and the second speaker are coupled in 
parallel to an amplifier; wherein the first frequency-dependent 
impedance response includes a parameter associated with the 
first driver and a parameter associated with the first enclosure 
and the second frequency-dependent impedance response 
includes a parameter associated with the second driver and a 
parameter associated with the second enclosure.

10. A loudspeaker system, comprising: a first speaker 
including a first driver housed in a first enclosure and tuned 
with a first impedance characteristic; and a second speaker 
including a second driver housed in a second enclosure and 
tuned with a second impedance characteristic complementary 
to the first impedance characteristic; wherein a highest peak 
of a cabinet impedance of the first speaker is frequency-
aligned with an impedance minimum of the second speaker; 
wherein the first driver and the second driver are coupled in 
parallel to an audio amplifier; and wherein the first impedance 
characteristic includes a parameter associated with the first 
driver and a parameter associated with the first enclosure and 
the second impedance characteristic includes a parameter 
associated with the second driver and a parameter associated 
with the second enclosure.

Reviewer Comments
Figure 1 shows an impedance curve 205 of a sealed, 

acoustic suspension enclosure system wherein the 
single peak in the curve shows the system resonance of 
approximately 40 Hz, which if the system were a maximally 

Acoustic Patents

Figure 1: This is an impedance curve for the acoustic 
suspension enclosure system 107 shown in Figure 3.
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flat second-order Butterworth (B2) alignment, this would 
also be the -3 dB cut-off frequency. Figure 2 shows an 
impedance curve 305 of a bass reflex enclosure system 
with two impedance peaks wherein the dip in the curve 
of approximately 40 Hz between the two illustrates the 
system Helmholtz tuning frequency of approximately  
40 Hz, which if the system were a maximally flat fourth-order 
Butterworth alignment (B4), this would also represent the  
-3 dB cut-off frequency. 

The fundamental impedance peak(s) of a sealed or vented 
loudspeaker can, in certain cases, be a source of low-
frequency ripple in the amplitude response when used with 
tube power amplifiers with high output impedance (low 

damping factor) and/or higher resistance wires between the 
amplifier and loudspeaker. An additional performance issue, 
which can result from not addressing the woofer system’s 
impedance peak(s), is that, due to the corresponding reactive 
load of the loudspeaker near resonance, applying crossover 
filters within one or two octaves of the impedance peak of a 
sealed or vented enclosure, can result in peaking in the upper 
bass response, combined with a dip in the impedance curve 
just above the impedance peak. 

Both of these problems can be substantially eliminated 
by connecting a series impedance notch filter (tuned to the 
fundamental impedance peak of the acoustic suspension 
system or the upper impedance peak of the bass reflex 
system) in parallel with the input terminals of the system’s 
low-frequency transducer, which can flatten the impedance 

Figure 2: Here is is an impedance curve for the bass reflex 
enclosure system 105 shown in Figure 3.

Figure 3: Two loudspeaker enclosure systems (a bass reflex and 
acoustic suspension) are wired in parallel.

OUR TECHNOLOGY

www.faitalpro.com
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curve and minimize the reactive characteristic. When this 
approach is used, the more resistive resultant load becomes 
relatively immune to frequency selective amplitude changes 
in the passband due to interactions with upstream increases 
in resistive or reactive impedances.

The patent under review suggests another method for 
minimizing impedance peaks and the reactive characteristic of 
a low-frequency loudspeaker. Referring again to Figure 1 and 
2, which represent the impedance curves of a sealed acoustic 
suspension enclosure 205 and a vented bass reflex enclosure 
305, the invention illustrates how to combine these to realize 
the benefit. 

By aligning the tuning of the two different enclosures types 
so that the impedance peaks are complementary (such that 
the single impedance peak of the sealed enclosure is aligned 
with the impedance minimum between the two impedance 
peaks of the ported enclosure) and wiring the two systems in 
parallel as shown in Figure 3, a smoothed impedance profile 
is realized, as depicted in the resultant impedance curve 405 
shown in Figure 4.

Figure 5 shows the electrical phase response curve 505 of 
the sealed, acoustic suspension system. Figure 6 shows the 
phase response curve 605 of the vented, bass reflex system. 
Both the phase response 505 and the phase response 605 
depict phase swings from +65° to -65°. 

In contrast, Figure 7 shows composite phase response 
curve 705 as a function of frequency for the combined 
acoustic suspension and bass reflex speaker systems. Instead 
of ±65° swing of the separate enclosures, the unified phase 
swing is reduced to ±55°. 

The inventor claims a number of benefits of the concept. 
First, that “the lesser phase swing corresponds to an easier 
load for an amplifier,” which is true, at least from the 
standpoint that a reduced phase angle can diminish the 
thermal rise of the output stage of a power amplifier and can 
also further insure the output stage operates within its VI 
limits of safe operating area. That said, an additional phase 
swing of ±5° should not be a problem of any real significance 
in the vast majority of cases, as long as the magnitude of the 
impedance is not also approaching dangerously low levels.

Second, it is claimed: “This more level, or resistive, 
overall speaker system load impedance results in a more 
dynamic sound with more extended low end in comparison 
to conventional speaker systems.“ Regarding this claim, the 
inventor doesn’t provide any technical explanation or proof 
to support that the claim is true. There doesn’t appear to be 
any objective basis for either an extension in bass response 
or “more dynamic sound.” 

Figure 6: This graph shows the phase response for a bass-
reflex enclosure.

Figure 7: Here is the phase response for an acoustic 
suspension and a bass-reflex enclosure wired in parallel.

Figure 4: The resultant impedance curve is shown for the 
acoustic suspension and bass reflex enclosure systems 105 and 
107 wired in parallel as shown in Figure 3.

Figure 5: Here is the phase response for an acoustic 
suspension enclosure.
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One downside of impedance-smoothing is that while 
voltage sensitivity is maintained, power efficiency is reduced, 
which may result in a certain degree of negative impact in 
battery-powered or thermally sensitive active loudspeaker 
systems.

In the October 2019 issue of Voice Coil, Voice Coil editor 
Vance Dickason, published a paper titled “Zero Phase in 
Studio Monitors,” wherein he asked a number of industry 
people, including Dr. Floyd Toole, Dr. Wolfgang Klippel, 
Andrew Jones, and myself, “to what degree they thought the 
concept of zero acoustical phase could improve the subjective 
performance of loudspeakers.” In my answer to this inquiry, 
I discussed some work I had done years ago applying 
phase correction to optimize the large signal capability and 
amplitude response in dissimilar loudspeakers that are wired 
in parallel, as suggested in the patent under review. In my 
case, I was using zero phase response, phase correction, to 
maximize amplitude response, not for the goal of achieving 
zero phase response in and of itself. 

What I found when paralleling dissimilar loudspeakers 
with interleaved impedance curves, as in this patent review, 
was that other than having a smoother impedance curve 
and keeping the impedance from being too low in paralleled 
systems, there was very little benefit. But, the approach did 
provide the opportunity to gain increased large signal output, 
with less diaphragm displacement, if one were to parallel two 
systems that incorporated either Helmholtz bass reflex, or 
resonant waveguide resonators. 

One of the two systems that I mentioned in Dickason’s 
article, consisted of a fourth-order singled tuned bandpass, 
and a sixth-order dual-tuned bandpass woofer system. The 
former has two impedance peaks and the later has three 
impedance peaks. By interleaving these two systems where 
the two peaks of the fourth-order system lined up with the 
two impedance minimums between the three impedance 
peaks of the sixth-order system, one could not only achieve 
a smooth impedance curve, and reduced electrical phase as 
seen by the power amplifier, the system also had the attribute 
of three closely spaced diaphragm amplitude displacement 
minimums (at each tuning frequency corresponding to an 
impedance minimum) such that the combined system could 
deliver greater output with less diaphragm displacement and 
maintain lower distortion for a given output. 

To achieve this performance gain the system tunings 
also had to be altered electro-magnetically to exhibit 
complimentary amplitude shaping and other optimizations, 
but the point is that this kind of system can be made to offer 
significant, real-world advantages, but those advantages are 
derived from more than merely paralleling two dissimilar 
systems that enjoy only the primary benefit of smoother 
impedance curves. 

That said, the basic concept of the patented invention is 
a good starting point of an idea, and as Harman advances 
the approach over time, it may well evolve to a system that 
provides some significant advantages over more conventional 
architectures. VC
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Fane’s 18NDXL Imperium
By Vance Dickason

The first driver to be characterized this month is a very 
high power handling 18” low-frequency woofer from 

Fane, the 18NDLX Imperium (see Photo 1). The Fane story 
begins when founding partners Arthur E. Falkus and Dennis 
A. Newbold established the FANE brand by combining 
the first two letters of their respective surnames (FA and 
NE) to create the name that would form the identity of 
their new company. FANE was established to manufacture 
commercial loudspeakers for radio and television sets as 
well as the new “hi-fi” industry, as the new technologies 
and economy of the post-war era saw a huge expansion in 
affordable consumer products.

Fane Acoustics, Ltd. in Batley, West Yorkshire, England, 
was officially registered as a company on June 11, 1958, 
making Fane one of the older companies in the pro sound 
industry. 

One of the early and notable technologies from Fane 
was the IonoFane plasma horn driver released in 1965. In 

the era of the “British Invasion” (musically speaking), Vox 
may have had the Beatles, but Fane was proud to say that 
artists such as Pink Floyd, The Who, and The Rolling Stones 
all used amps featuring Fane transducers. The history is rich 
and worth a read, and can be found on Fane International’s 
website at www.fane-international.com.

Applications for the 18NDXL Imperium include uses as a 
bass driver in multiway systems or as a dedicated woofer 
in bass reflex or horn-loaded designs. The feature set 
for the 18NDXL is like most high-performance pro sound 
drivers, rather substantial. Starting with the frame, the 
18NDXL uses a proprietary eight-spoke cast-aluminum 
frame incorporating eight 40 mm × 10 mm rectangular 
vent holes in the area below the spider mounting shelf for 
enhanced voice coil cooling. This series of cooling vents 
allows air to move past the voice coil and across the front 
side of the neodymium motor assembly. 

The cone assembly consists of a curvilinear paper cone 
along with a 6” diameter convex paper dust cap. Compliance 
is supplied by pleated coated cloth M-type surround and 
from two 6” diameter flat cloth spiders (dampers) mounted 
back-to-back on a 20 mm height aluminum standoff at the 
base of the frame.

The Fane 18NDXL Imperium’s motor is based on a 
neodymium ring magnet structure. The neodymium magnet 
motor was FEA-designed using a 127 mm (5”) diameter 
voice coil wound with round copper wire on a non-conducting 
glass fiber former. Motor parts, such as the return cup and 
rear heatsink plate are coated with a black heat-emissive 
coating for improved cooling, with the cooling additionally 
enhanced by a 63 mm flared pole vent. In addition to the 
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Figure 1: Fane 18NDXL Imperium woofer 1 V free-air 
impedance plot

Photo 1: The Fane 18NDXL Imperium woofer is shown top (a) and 
bottom (b).

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 37.4 Hz 38.2 Hz 36.9 Hz 38 Hz 33 Hz   

REVC 5.48 5.45 5.48 5.45 5.60

Sd cm2 1176 1176 1176 1176 1164

QMS 14.6 15.4 11 11.7 17.7   

QES 0.36 0.36 0.32 0.31 0.30  

QTS 0.35 0.35 0.31 0.30 0.30     

VAS 161.2 ltr 154.8 ltr 167.2 ltr 157.6 ltr 203 ltr   

SPL 2.83 V 95.6 dB 95.7 dB 96.1 dB 96.3 dB 98.5 dB*    

XMAX 8 mm 8 mm 8 mm 8 mm 12 mm  

Table 1: Comparison data for the Fane 18NDXL Imperium woofer

b)

a)

http://www.fane-international.com
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convection cooling enhancements, the 18NDXL also has an 
aluminum core heatsink, which further wicks heat from the 
voice coil assembly. Factory-rated power handling for this 
driver is 1200 W AES and 2400 W program.  Last, the voice 
coil is terminated to a pair of chrome color-coded push 
terminals.      

I commenced testing the 18NDXL Imperium using the 
LinearX LMS analyzer and VIBox to create both voltage and 
admittance (current) curves. I clamped the driver to a rigid 
test fixture in free-air at 0.3 V, 1 V, 3 V, 6 V, 10 V, 15 V, 
20 V, and 30 V, allowing the voice coil to progressively heat 

up between sweeps with a 200 Hz sine wave. Note that 
the 18NDXL Imperium was still quite linear at 30 V and 
certainly could have probably been tested at 40 V or more, 
but I generally call it quits at 30 V with high-efficiency pro 
sound drivers due to the sound pressure level (SPL) in my 
TSP testing room.   

Following my established protocol for Test Bench testing, 
I no longer use a single added mass measurement and 
instead use the measured Mmd data (197.2 grams for 
the 18NDXL Imperium). I post-processed the 16 550-
point stepped sine wave sweeps for each 18NDXL sample 
and divided the voltage curves by the current curves to 
generate impedance curves. Next, I derived the phase 
using the LMS calculation method and imported them, 
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Figure 2: Fane 18NDXL Imperium computer box simulations 
(black solid = vented 1 at 2.83 V; blue dash = vented 2 at 
2.83 V; black solid = vented 1 at 60 V; blue dash = vented 2 
at 60 V)
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Figure 3: Group delay curves for the 2.83 V curves shown in 
Figure 2
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along with the accompanying voltage curves, to the LEAP 5 
Enclosure Shop software. 

Because the Thiele-Small (T-S) parameters provided 
by the majority of OEM manufacturers is generated using 
either the standard model or the LEAP 4 TSL model, I 
additionally created a LEAP 4 TSL parameter set using the 
1 V free-air curves. I selected the complete data set, the 
multiple voltage impedance curves for the LTD model, and 
the single 1 V impedance curve for the TSL model in the 
Transducer Model Derivation menu in LEAP 5 and created 
the parameters for the computer box simulations. Figure 1 
shows the 1 V free-air impedance curve. Table 1 compares 
the LEAP 5 LTD and TSL data and factory parameters for 
both of Fane 18NDXL Imperium samples.

LEAP 5 parameter calculation results for the Fane 18NDXL 
Imperium were reasonably close, with the exception of a 
larger Vas. The fs/Qt ratios are very close, such that when 
I programmed the factory TSP in LEAP with the same box 
simulation, the factory curve exactly overlaid the curves 
done with my measurements. The only real differences 
were Fane uses a slightly more conservative Sd calculation, 
plus Fane also uses 1 W/1 m for sensitivity instead of my 
2.83 V/1 m, which accounts for the higher number on the 

datasheet. Also the published coil length and gap height 
dictate a 8 mm Xmax, so the quoted 12 mm factory 
Xmax is, as with a lot of other pro sound manufacturers, 
specifically accounting for the gap area fringe field, which I 
certainly understand and have no problem with.

Following my established measurement protocol, I 
configured computer enclosure simulations using the LEAP 
LTD parameters for Sample 1. I programmed two computer 
box simulations into LEAP 5, the first a Quasi Third-Order 
Butterworth (QB3) vented box with a 1.84 ft3 volume (15% 
fill material) tuned to 47 Hz and an Extended Bass Shelf 
(EBS) vented alignment with a 3.5 ft3 volume tuned to 36.9 
Hz, also simulated with 15% fiberglass damping material.

Figure 2 displays the results for the 18NDXL in the 
two vented enclosures at 2.83 V and at a voltage level 
sufficiently high enough to increase cone excursion to 
Xmax + 15% (9.2 mm for the 18NDXL). This produced a 
F3 frequency of 72 Hz (F6 = 57 Hz) for the QB3 vented 
alignment and -3 dB = 51 Hz (F6 = 46 Hz) for the EBS 
vented simulation. Increasing the voltage input to the 
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Figure 4: Cone excursion curves for the 60 V curves shown in 
Figure 2
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Figure 5: Klippel analyzer Bl(X) curve for the Fane 18NDXL 
Imperium
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Figure 7: Klippel analyzer mechanical stiffness of suspension 
Kms(X) curve for the Fane 18NDXL Imperium
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Figure 6: Klippel analyzer Bl symmetry range curve for the 
Fane 18NDXL Imperium
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Figure 8: Klippel analyzer Kms symmetry range curve for the 
Fane 18NDXL Imperium

simulations until the maximum linear cone excursion was 
reached resulted in 124 dB at 60 V for the QB3 box and 
124 dB for the same 60 V input level for the larger EBS 
vented box. Figure 3 shows the 2.83 V group delay curves. 
Figure 4 shows the 60 V excursion curves. Please note that 
the drivers were not excursing beyond 4 mm at 60 V and 
still less than 4 mm at 90 V, so I would conclude that the 
18NDXL is more thermally limited than excursion limited, 
which is a good thing. 

Klippel analysis for the Fane 18NDXL Imperium produced 
the Bl(X), Kms(X), and Bl and Kms symmetry range plots 
given in Figures 5–8. (Our analyzer is provided courtesy 
of Klippel GmbH and the analysis is performed by Patrick 
Turnmire, owner of Redrock Acoustics and author of the 
SpeaD and RevSpeaD transducer development software.)

The Bl(X) curve for the 18NDXL (see Figure 5) is rather 
broad and symmetrical with some small amount of offset. 
Looking at the Bl symmetry plot (see Figure 6), this curve 
shows a trivial 0.33 mm coil-out offset at the 8 mm physical 
Xmax position. The offset set remains constant throughout 
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the driver’s operating range, so the coil position in the gap 
is certainly within QC tolerance. 

Figure 7 and Figure 8 show the Kms(X) and Kms 
symmetry range curves for the Fane 18NDXL Imperium. 
The Kms(X) curve is also fairly symmetrical in both 
directions accompanied by an amount of coil-out offset. 
Looking at the Kms symmetry range plot, the coil-out 
offset at the driver’s 8 mm physical Xmax is about 2.2 mm. 
Displacement limiting numbers calculated by the Klippel 
analyzer for the 18NDXL Imperium were XBl at 70% Bl = 
10.1 mm (about 2 mm beyond physical Xmax) and for XC at 
75% Cms was 7.3 mm (nearly at Xmax), which means for 
the 18NDXL Imperium, the compliance is the most limiting 
factor for the prescribed distortion level of 20%, so in a 
three-way application, quite good. 

 Figure 9 gives the Fane 18NDXL Imperium’s inductance 
curves Le(X). Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil covers 
more pole area, which is what is happening here. The 
inductance swing for this driver is 0.65 mH coil-in to 0 and 
0.41 mH coil-out from 0, which might be reduced with the 
addition of an appropriated placed shorting ring (Faraday 
Shield). 

Following the Klippel testing, I normally perform frequency 
response measurements on and off-axis, however, I do not 
have the logistical capability of doing that with 18” and 
larger diameter woofers, and also because 18” and larger 
drivers generally crossover over below 500 Hz where there 
generally isn’t much that is worth talking about. However, I 
have included the factory on-axis and 45° off-axis response 
measured in a 975 ltr. enclosure (see Figure 10).

 For the remaining series of tests on the Fane 18NDXL 
Imperium, I employed the Listen, Inc. SoundCheck 
AudioConnect analyzer and SCM 1/4” microphone (courtesy 
of my friends at Listen, Inc.) to measure distortion 
and generate time-frequency plots. For the distortion 
measurement, I mounted the 18NDXL Imperium rigidly in 
free-air, and set the SPL to 104 dB at 1 m (11.95 V), using 
a pink noise stimulus. Then, I measured the distortion 
with the Listen microphone placed 10 cm from the driver. 
This produced the distortion curves shown in Figure 11. 
Again, since I do not have test enclosures for 18” drivers, 
I did not perform the usual SoundCheck time domain plots 
(cumulative spectral decay and Wignerville).

Fane is one of the older names in the pro sound industry 
and also has a highly regarded reputation. The data 
presented for the Fane 18NDXL Imperium certainly attests 
to that fact. 

For more information about this woofer and other Fane 
pro sound and musical instrument drivers, visit Fane 
International pro sound at www.fane-international.com and 
Fane Guitar speaker website at www.fane-acoustic.com. VC

Figure 11: Fane 18NDXL Imperium SoundCheck distortion plot 

 

 

 

Submit Samples to Test Bench
Test Bench is an open forum for OEM driver manufacturers in the 

loudspeaker industry. OEMs are invited to submit samples to Voice 
Coil for inclusion in the monthly Test Bench column. Driver samples 
can include transducers for home audio, car audio, pro sound, 
multimedia, or musical instrument applications. While many of the 
drivers featured in Voice Coil come from OEMs that have a stable 
catalog of products, this is not a necessary criterion.  Any woofer, 
midrange, or tweeter an OEM manufacturer feels is representative 
of its work, is welcome to send samples. However, contact Voice Coil 
Editor Vance Dickason, prior to submission to discuss which drivers 
are being submitted. Send samples in pairs and addressed to:

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

All samples must include any published data on the product, patent 
information, or any special information necessary to explain the 
functioning of the transducer.  This should include details regarding 
the various materials used to construct the transducer (e.g., cone 
material, voice coil former material, and voice coil wire type).  For 
woofers and midrange drivers, please include the voice coil height, 
gap height, RMS power handling, and physically measured Mmd 
(complete cone assembly including the cone, surround, spider, and 
voice coil with 50% of the spider, surround and lead wires removed).

Figure 10: Fane 18NDXL Imperium factory 0° on-axis and 45° 
off-axis frequency response

http://www.fane-international.com
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Celestion’s CDX14-3040 
Compression Driver

By Vance Dickason

The second driver to be characterized this month came 
from renowned UK Pro Sound OEM manufacturer 

Celestion. Founded in 1924, Celestion is certainly among 
the oldest pro sound companies worldwide.

 The transducer Celestion sent to me this month joins the 
extensive CDX line of neodymium motor compression 

drivers, now totaling 12 models (the Celestion ferrite line 
of compression drivers has grown to 17 models). Designed 
for use with 1.4” throat horns, the CDX14-3040 (which 
is an updated neodymium version of the CDX14-3030 
ferrite compression driver) has a 35.6 mm (1.4”) throat 
diameter driven by a 75 mm (3”) diameter voice coil wound 
with edgewound copper-clad aluminum wire (CCAW) on 
a non-conducting former driving a single-piece titanium 
diaphragm and surround (see Photo 1). The diaphragm 
is fixed using Celestion’s Sound Castle soft clamping 
assembly methodology, which purports to reduce the stress 
associated with holding the diaphragm in place, decreasing 
distortion and increasing reliability. The CDX14-3040 also 
incorporates a three-slot annular phase plug and an 
acoustically damped diecast aluminum cover.

Other features include an FEA-optimized neodymium 
magnet motor structure, a continuous power handling of 
150 W with a 75 WRMS power handling rating, a 1 kHz 
recommended crossover frequency (with a minimum 12 
dB/octave high-pass network), and 1 W/1 m 106.5 dB 
sensitivity (measured 2 π on a typical horn). Along with the 
CDX14-3040, Celestion supplied its new 1.4” H14-7050 70° 
× 50° constant directivity horn. The H14-7050 should be in 
production by the time you read this report, but my version 
was 3-D printed. 

I began testing using the LinearX LMS analyzer to 
produce the 300-point stepped sine wave impedance plot 

shown in Figure 1, with the solid black curve the CDX14-
3040 mounted on the H1-7050 horn and the dashed blue 
curve representing the compression driver without the horn. 
With a nominal 8 Ω impedance, the CDX14-3040 had 5.98 Ω 
DCR, with minimum impedance mounted on the H14-7050 
horn of 7.65 Ω and at 4 kHz.

For the next set of SPL measurements, I free-air mounted 
the Celestion CDX14-3040/H14-7050 combination without 
an enclosure and measured both the horizontal and vertical 
on- and off-axis at 2 V/0.5m (normalized to 2.83 V/1 m) 
from 0° on-axis to 60° off-axis using the LoudSoft FINE R+D 
analyzer and the GRAS 46BE microphone (supplied courtesy 
of LoudSoft and GRAS Sound & Vibration). Figure 2 displays 
the on-axis frequency response of the CDX14-3040/H14-
7050 combination, which is relatively smooth with no 
major anomalies from the 1 kHz recommended crossover 
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Figure 1: Celestion CDX14-3040 free-air impedance plot
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Photo 1: Celestion’s CDX14-3040 compression driver
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frequency to about 20 kHz, with the typical downward 
sloping response of a constant directivity horn and very 
controlled breakup peaks at 1.6 kHz and 20 kHz.  

Figure 3 shows the 0° to 60° on- and off-axis 
response in the horizontal plane. Figure 4 shows the 
normalized horizontal plane response. Figure 5 shows 
the 180° horizontal polar plot (in 10° increments with1/3 
octave smoothing applied) generated by the CLIO Pocket 
analyzer and accompanying microphone (courtesy of 
Audiomatica SRL). Figure 6 gives the on- and off-axis 
0° to 60° response in the vertical plane. Figure 7 depicts 
the normalized vertical plane response. Figure 8 shows 
the CLIO Pocket-generated 180° vertical plane polar 
plot (also in 10° increments with 1/3 octave smoothing 
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Figure 5: Celestion CDX14-3040 0°-180° horizontal plane polar 
plot (in 10° increments)
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applied). Last, Figure 9 illustrates the two-sample SPL 
comparison showing the two Celestion CDX14-3040/H14-
7050 compression driver samples to be closely matched 
within 1 dB or less above the recommended crossover 
frequency of 2 kHz to above 20 kHz.

For the remaining series of tests, I set up the Listen, Inc. 
AudioConnect analyzer and 1/4” SCM microphone (provided 
by Listen, Inc.) to measure distortion and generate time-
frequency plots. For the distortion measurement, I again 
mounted the Celestion CDX14-3040/H14-7050 combination 
in free-air in the same manner as was used for the frequency 
response measurements, and set the SPL to 104 dB at 1 m 
(2.1 V determined by using a pink noise stimulus generator 
and internal SLM in the V17 SoundCheck software). Then, 
I measured the distortion with the Listen, Inc. microphone 
placed 10 cm from the mouth of the horn. This produced the 

distortion curves shown in Figure 10. Note the extremely 
low third-harmonic level. 

Following this test sequence, I set up Listen Inc.’s 
SoundCheck 17 to generate a 2.83 V/1 m impulse response 
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Figure 10: Celestion CDX14-3040 SoundCheck distortion plots
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curve for the CDX14-3040/H14-7050 combination and 
imported the data into Listen’s SoundMap Time/Frequency 
software. Figure 11 shows the resulting cumulative 
spectral decay (CSD) waterfall plot. Figure 12 shows the 
Short Time Fourier Transform (STFT) plot. 

With all the data taken as a whole, the UK-manufactured 
Celestion CDX14-3040 is obviously a well-engineered 1.4” 
compression driver, exhibiting good performance, combined 
with Celestion’s usual excellent build quality. For more 
information about this and other Celestion OEM pro sound 
products, visit www.celestion.com, or email inquiries to 
info@celestion.com. VC

Figure 11: Celestion CDX14-3040 SoundCheck CSD waterfall 
plot

Figure 12: Celestion CDX14-3040 SoundCheck Short Time 
Fourier Transform (STFT) plot

Submit Samples to Test Bench
Test Bench is an open forum for OEM driver manufacturers in the 

loudspeaker industry and all OEMs are invited to submit samples to 
Voice Coil for inclusion in the monthly Test Bench column.

Send samples in pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net
 
All samples must include any published data on the product, 

patent information, or any special information necessary to explain 
the functioning of the transducer. This should include details 
regarding the various materials used to construct the transducer.  For 
woofers and midrange drivers, please include the voice coil height, 
gap height, RMS power handling, and physically measured Mmd 
(complete cone assembly including the cone, surround, spider, and 
voice coil with 50% of the spider, surround and lead wires removed).

WWW.LAVOCESPEAKERS.COM
info@lavocespeakers.com
+39 0733 870 840  

YOUR GLOBAL PARTNER 
FOR TRANSDUCERS:  
FROM CONCEPT TO DELIVERY

NEXT GENERATION
compression drivers, 1” Exit and 1,7” Edgewound CCA 
voice coil, with Polymide Diaphragm. Same no compromise 
acoustic performance, robust design, high power handling 
and very linear frequency trend to 20kHz. Cutting edge 
price-performance ratio comes as standard.

DF10.172K                 DN10.172K
Ferrite Magnet Neodymium Magnet
120W Program Power 110W Program Power
108.5 dB/SPL Sensitivity 110 dB/SPL Sensitivity
1000 - 20000 Hz Frequency Range 1200 - 20000 Hz Frequency Range
114 mm Diameter 85 mm Diameter 

http://www.celestion.com
mailto:info@celestion.com
mailto:vdconsult@comcast.net
mailto:info@lavocespeakers.com
www.lavocespeakers.com
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By Vance Dickason

Consumer Tech US Sales to Reach Record 
$422 Billion in 2020

According to the Consumer Technology Association 
(CTA), the skyrocketing popularity of streaming services 
and wireless earbuds along with 5G connectivity and 
artificial intelligence (AI)-enabled devices will drive revenue 
growth for the US consumer tech industry to a record $422 
billion in retail revenues in 2020—nearly 4% growth over 
last year, according to a new CTA report.

Unveiled at CES 2020, CTA’s twice yearly US Consumer 
Technology Sales and Forecasts report reflects US factory 
sales-to-dealers for 300-plus consumer tech products and 
related software and services. New for 2020, CTA’s forecast 
also provides an overall number for digital health devices 
including smartwatches, fitness trackers, and connected 
health monitoring devices (e.g., blood pressure monitors 
and smart scales). The digital health category is projected 
to sell 64 million devices and total $10 billion this year. 
Two areas that are relevant for transducer manufacturers 
include:

Wireless Earbuds: Devices such as Apple AirPods and 
Samsung Galaxy Buds will help propel the category in 2020 
to nearly 67 million units in 2020 (up 35%), earning $8.2 
billion in revenue (up 31%), after a breakaway year of sales 
in 2019.

Smart Speakers: Consumers are upgrading their smart 
speakers (e.g., Google Home, Amazon Echo, or Apple 
HomePod) to voice-enabled devices with a display screen. 
Unit sales are projected to reach 39 million units sold 
(up 5% over last year) and $4.2 billion in revenue (14% 
increase) in 2020.

ALTI Update—
Expo 2020

It’s happening. The 
ALTI-EXPO schedule is 
loaded with education 
for every level and 
every facet of the Audio and Loudspeaker Technologies 
industry. All new, and more proof that calling ALTI-EXPO  
“2 days of amazing” is an understatement.

For Engineers and Product Development Professionals:
• COMSOL Multiphysics Workshop
• Multidomain Modeling of Speaker  Nonlinearities with 

Simulink and Simscape
• The Perception and Measurement of Headphone Sound 

Quality
• Linking Cost, Performance, End-User Satisfaction by 

Physical and Perceptual Assessment
• Testing Quality of Microphones
• Modeling a Planar Carbon Nanotube (CNT) Speaker

• Multidimensional Optimization of professional Audio 
Systems Using Advanced Multiphysical Models

• Design of Active Loudspeaker Systems with Typical 
Program Material

• Horizontally Omnidirectional Loudspeakers – Physics of 
Operation

• Speaker Builders Workshop (SBW)
• Amplifier Builders Workshop (ABW)
• DSP Builders Workshop (DBW)
• Towards Digital-Electro-Mechano-Acoustical Transducer 

Modules
• Challenges in Rental System Testing
• Thin-ply Carbon Diaphragm (TPCD) Technology – Speaker 

Diaphragms Engineered to Sound like You Want Them to 
Sound

• The Roadmap Toward Digital Twins for Automotive Audio 
Systems

• Adaptive Nonlinear Control of the Transducer
• Analytical and Numerical Analysis of Horns’ Acoustical 

Parameters

For Business and Leadership Professionals:
• Business Builders Workshop (BBW)
• Activating on The Consumer- First Positioning
• Piranha Pond
• Making Membership Pay! 
• Panel Discussion - Magnetics Landscape for 2020 and 

beyond
• Change Is Here To Stay – China’s Perfect Storm and 

Where Do We Go from Here
• Business Networking For Fun and Profit

For Students and Educators:
• Modeling a Planar Carbon Nanotube (CNT) Speaker
• Engineering Student’s Guide to Loudspeaker Design
• Business Networking For Fun and Profit
• State of the Industry: Opportunities and Options

And this is just a sample of the content for the Audio 
and Loudspeaker Technologies International (ALTI) Expo 
schedule for June 14–15 at South Point Hotel and Casino in 
Las Vegas, NV. 

Go to: https://almaint.org/alti-expo-2020-content for 
the most up-to-date information. The opportunities to 
learn, teach, network, and to do business is unbeatable. 
Add in ALTI’s cooperative agreement with Infocomm and 
the crossover content, and this is a trip you cannot afford 
to miss! It’s not too late to get registered and be amazed.

New TSP Calculation 
Website- SpeakerBench

Claus Futtrup, CTO at SEAS 
Fabrikker AS and computer 
engineer Jeff Candy, have 
recently announced a new 
website to assist in a highly 
accurate method of deriving 
Thiele-Small (T-S) parameters 

Industry Watch

https://almaint.org/alti-expo-2020-content
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from uploaded data. The site is designed to walk you 
through the curve-fitting procedure to obtain high-quality 
T-S parameters for loudspeaker enclosure design. To 
make things even more explanatory, this free no-cost 
website includes a comprehensive manual that provides 
compete instructions along with recommended analyzers 
for acquiring the data. For more information, visit the 
SpeakerBench website at http://speakerbench.com.

AXPONA Postponed and the Current Status of 
Other Audio Shows

At the beginning of March, Audio Expo North America 
(AXPONA) organizers made the difficult decision to 
reschedule its annual show from April 17-19 to August 
7-9, 2020 out of concern for the health and safety of all 
participants due to the growing coronavirus situation. 

Joel A.Davis, Founder and CEO of JD Events, said “This 
decision was made following an outpouring of feedback 
from the AXPONA community.“ He continued, “The three 
most consistent themes we heard were, 1) fears of 
attending public events will increase in March and April, 2) 
AXPONA should still be held in 2020, and 3) reschedule later 
this year if possible. Although the Renaissance Schaumburg 
Hotel is booked solid all year, they offered us a week in 
August that will accommodate all of AXPONA's space needs. 
So we secured it. We rescheduled out of an abundance of 
caution during this unpredictable time to provide the best 
opportunity for a well-attended event and to ensure the 
best AXPONA experience for all show goers in 2020.”

Over the last several years, AXPONA has become an 
extremely important show for high-end audio manufacturers 
and retailers and has been vital to this part of the industry. 
(I exhibited a high-end speaker design with my company 
SRA [Speaker Research Associates] in 1979 at the Esoteric 
Exhibit in the Jockey Club, at a time when loudspeakers and 
audio were still seriously important to CES.) 

Last year, more than 9,000 people attended the show 
that featured more than 500 exhibitors. This year’s show 
is still set to be held at the Renaissance Schaumburg Hotel 
& Convention Center in Schaumburg, IL, but now in August 
instead of April. For more information, visit the AXPONA 
website at www.axpona.com.

As a side note, this is not the only upcoming audio show 
postponed or cancelled this spring as authorities worldwide 
attempt to limit the spread of the coronavirus disease 2019 
(COVID-19). As has already been widely reported, Messe 
Frankfurt decided to cancel Prolight+Sound 2020. The trade 
fair was originally planned for March 31 to April 3. All trade 
show activities in Europe, scheduled for the months of March 
and April, have already been canceled at the time of writing. 

As for the Audio Engineering Show (AES) Vienna currently 
scheduled for May 25—29, 2020 in Austria Center, Vienna, 
the Society is considering all options in relation to the global 
response to the coronavirus. The Board of Directors said on 
the AES website that “it is working on evaluating its options, 
including whether an in-person convention in Europe will go 
forward this spring.” For up-to-date information regarding the 
status of upcoming shows, visit www.audioxpress.com. VC

http://speakerbench.com
http://www.axpona.com
http://www.audioxpress.com
https://almaint.org/elementor-5181
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the CC-Webshop has an incredible audio 

archive at your fingertips. 

Think you’ve got what it takes to build a tube amplifier from 

scratch? Do you know how polyvinylidene fluoride piezoelectric 

film can be used on both loudspeakers AND headphones?  

Stop your endless searches online and tap into a 

proven resource, the audioXpress archives.

Stop by today and stock up!

cc-webshop.com

experts

reviews
design

Whether you seek design  
inspiration, or simply missed an issue,

www.cc-webshop.com


With this how-to 
loudspeaker book, 
you will be able to crank up 
the volume on a first-rate 
system that you designed 
and built yourself.

Build your dream system

cc-webshop.com

mailto:oem_odm@hivi.com
www.hivi.us
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Leading Pro Audio brands choose Celestion
Innovation, performance and reliability make Celestion the drivers of 
choice for a growing number of big-name PA brands. So when you need 
superior quality compression drivers or professional loudspeakers, check 
out about the speakers the pros use. 
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