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Industry News and Developments

Neodymium Prices Fall by 33%
In the summer of 2011, manufacturers faced massive 1400% 

hikes in the price of neodymium, which is used to make loud-
speaker drivers. Recently, prices have dropped by one-third. The 
price of neodymium was putting pressure on speaker manufac-
turers to raise their prices. The price hikes also forced manu-
facturers in many electronics sectors—including smartphones, 
computers, TVs, and wind turbines—to look for alternative 
metals for their products. 

In June 2011, the price of neodymium had risen to RMB 1.4 
million per ton from RMB 100,000 per ton since the end of 
2008, according to a survey by the 21st Century Business Herald. 
According to the New York Times, rare earth speculators have 
been dumping their inventories as demand decreased. The price 
for Cerium-based metals averages $45 to $60 per kilogram. That 
price had peaked at $170/kg in August 2011. However, the 
prices are still much higher than they were four years ago 
when these rare earth metals average just $6/kg. 

From January 2008 to February 2012, the price of the 
typical 23.5 mm × 5 mm N35 Neo slug used in 1" dome 
tweeters was roughly as follows:

•	 January 2008 to January 2011—average price: 
$0.42 (the price hovered at about $0.50, reaching 
a low of $0.252)

•	 March 2011—average price: $0.87
•	 May 2011—$1.20
•	 June 2011—$2.31
•	 July 2011—$2.16 

By Vance Dickason

•	 August 201—$1.88 
•	 September 2011—$1.66
•	 October 2011—$1.47
•	 November 2011—$1.15
•	 February 2012—$1.01

John Ebert of Yunsheng USA (a subsidiary of Ningbo Yunsheng 
Co. Ltd) gave a great PowerPoint presentation at the 131st 
AES Convention workshop, “Neodymium; Coping With The 
Consequences of Supply and Demand Elasticity,” about the 
“myths” surrounding the neodymium market. His presentation 
focused on “big” myths about neodymium: Myth 1 that it is rare; 
Myth 2 that Neo is controlled by China; Myth 3 that China will 
restrict or ban neo sales to the United States; and Myth 4 that Neo 
prices are unpredictable. Myth 2 and 4 are particularly relevant to 
the current price issues. Here are the facts about the world’s rare 
earth metals reserves that Mr. Ebert presented regarding Myth 2:

•	 The United States holds 13 to 21% of world’s estimated 
REM reserves

Figure 1: The price trendency of neodymium
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 Spotlight

Headphone Testing (Part 2) 
Digital Headphones (USB & 
Bluetooth) and Noise-Cancelling 
Headphones
By Brian Fallon, Listen, Inc.

“Headphone Testing (Part 1)” published in the December 
issue of Voice Coil, covered the basics of analog headphone 
testing: correction curves and fixturing, choosing hardware 
(ear simulators and couplers), the different requirements for 
testing in R&D vs. production, and the various essential 
measurements such as frequency response and distortion. 

Analog headphones are relatively straightforward to test 
because there are only two electro-acoustic transducers to 
measure. Headphones with built-in electronics, such as 
digital headphones (including Bluetooth and USB), and 
noise-cancelling headphones are harder to test because the 
electronics and transducers need to be tested together as a 
complete system. In this article, test considerations for such 
headphone systems and the practicalities of testing them are 
discussed.

Testing Digital Headphones
Headphones with digital connectivity add complexity to 

audio testing. In addition to testing the acoustic transducers, 
the digital circuitry must also be considered. The fundamentals 
of analog headphone testing (the use of artificial ear simulators 
and couplers, the principals of repeatability vs. realism, and 
the tests that characterize the device) are the same, but the test 
signals must pass through the headphone electronics, which 
can greatly influence the test results.

The principal distinction of digital headphones is that they 
contain a D/A converter and often DSP circuitry as well as 
a headphone amplifier. This means that unlike an analog 
headphone, where measurements are being conducted only 
on the electroacoustic elements, the measurements for digital 
headphones are being performed on the whole system which 
comprises everything from the digital signal to the acoustic 
output of the transducers. While it is certainly possible to iso-
late and test each of these components 
on its own, it is also very important to 
understand the intricacies of testing 
the complete device. 

Managing Connectivity
The initial challenge of testing digital 

headphones is managing connectivity. 
The test system must be able to com-
municate directly with the device. A 
software-based system is ideal because 
it can communicate directly through 
the computer’s USB interface to the 
USB headphone, which will appear 

in the operating system along with other audio devices. Test 
signals can be sent digitally and the acoustic signals can be 
analyzed synchronously. If a hardware-based system is used, an 
extra program is usually required to connect the test system to 
the device under test. 

Bluetooth headphones, however, require an additional inter-
face for the computer to connect to the device under test. This 
may be a hardware Bluetooth communication box or a simple 
Bluetooth dongle, either built into the computer or externally 
connected by USB (see Figure 1). Bluetooth interfaces cause 
transmission delays in the audio chain. The test system must 
be able to account for these delays in order to take meaningful 
measurements. Some test systems can use an autodelay algo-
rithm that looks at the system’s impulse response to calculate 
the delay and remove it from the measurement, if necessary.

Frequency Limitations
It is also important to be aware of frequency range limita-

tions when designing tests for Bluetooth devices. Bluetooth 
devices typically operate at low-sampling rates of either 8 kHz 
(narrow band) or 16 kHz (wide band). These sampling rates 
limit the frequency range (because of the Nyquist frequency) 
to significantly narrower than analog headphones or even 
USB headphones. For example, a Bluetooth device with an 
8-kHz sampling rate will only play audio up to slightly less 
than 4 kHz. Such limitations need to be considered when 
designing the test specifications. It can also be interesting 
to test the Bluetooth device beyond its cut-off frequency to 
see how well its anti-aliasing filter suppresses out-of-band 
signals.

Test Signals
Bluetooth presents a further challenge in that sine waves are 

not always transmitted accurately. When this occurs, alterna-
tive stimulus signals must be considered. Broadband noise is 
one possibility, but because of noise suppression circuits in 
some devices, this may not be a practical solution. A multitone 
signal, where several frequencies are played simultaneously, is 
another option. This produces a very fast frequency response 
measurement and is immune to the sudden dropouts that 
can occur in Bluetooth transmission. The downside of this 
test signal is that traditional harmonic distortion cannot be 
measured.  Yet another possibility is the use of speech or music 
signals. These real-world audio signals transmit very well over 

SoundCheck

Left in
Sound card

Ear coupler

Ear output

Head and torso
simulator

Figure 1: The Bluetooth test configuration
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Bluetooth, but their downsides are that they typically require 
long-term averaging and cannot be used for harmonic distor-
tion measurements. If distortion measurement is required, 
non-coherent distortion may be measured using any test 
signal. This technique compares the input and output power 
spectrums to measure the non-coherent power and calculate 
the distortion plus noise (see Figure 2).

 
Measurement Units

Traditional analog headphones are tested with a stimulus 
level that is rated in terms of voltage or power. The sensitivity 
is also specified in these units such as dBSPL / mW. When 
testing headphones with USB or Bluetooth connectivity the 
stimulus is simply a digital signal whose level can be expressed 
in terms of digital full scale. The sensitivity is, therefore, 
expressed in dBSPL/FS. Manufacturers sometimes choose 
to relate these signal levels back to voltage, which can be done 
if the characteristics of the D/A circuit are known. In such cases, 
the gain of the built-in headphone amplifier chip must also be 
accounted for. 

Another method used for relating these digital units back to the 
analog domain is through the use of a codec (see Figure 3). A-law 
and M-law are two codecs widely-used in Bluetooth applications 
that can translate the digital units into “virtual volts.” These 
codecs are most commonly used in telecommunications, 
especially for headsets.

Additional Measurements
In addition to the basic audio metrics discussed in the first 

article, there are some additional measurements that are of 
interest for digital headphones. The first measurement con-
cerns the headphone amplifier. With analog headphones, 

THD and Rub & Buzz are typically sufficient for measuring 
distortion, but since their digital counterparts include built-in 
headphone amplifiers, it is advisable to also measure THD+N. 

Figure 2: The frequency response and non-coherent distortion of a Bluetooth headset receiver
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Alternatively, the noise can be measured on its own by sending 
a 0 FS signal to the headphones and analyzing the output. 

 Other metrics specific to digital headphones are sampling 
rate accuracy and jitter. Sampling rate inaccuracy occurs when 
the digital clock on a consumer audio product is not entirely 
accurate, so the intended 44.1-kHz sam-
pling rate may, for example, actually be 
44.05 kHz. Jitter occurs when a signal 
fluctuates—for example, if a 1-kHz signal 
fluctuates between 999 and 1001 kHz 
(see Figure 4). Although the ear does not 
discern small sampling rate errors or jitter, 
there is a serious implication for testing. 
Some digital tests involve comparing the 
output signal to the input signal. If the 
sampling rates are different, the difference 
in phase will cause the results to be mean-
ingless. Generally, any measurement using 
time-synchronous averaging techniques is 
affected by jitter and sampling rate errors. 
The most effective way to minimize the 
effects of such errors is to use a test system 
that features algorithms that compensate 
for this. If, however, your test system can-
not accommodate this, there are a several 
other methods—such as power averaging, 
which ignores the phase response—that 
can be used to ensure accurate but less 
sophisticated results.

Noise-Cancelling Headphones 
There are many different equipment 

configurations and environments that can 
be used for measuring noise-cancelling 
headphones. As with conventional head-
phone testing, a head-and-torso simulator 
with artificial ears and pinnae provides 
the most accurate representation of the 
device’s performance. It is the best choice 
for performing these tests, but can be 
prohibitively expensive for some people. 
Other options such as custom fixtures with 
artificial ear simulators are more affordable 
and will also work but will not be quite as 
true to the user experience. 

 Whichever fixture type is chosen to hold 
the headphones, the entire setup must be 
placed in a noise field. The most sophis-
ticated and realistic method would be to 
measure in a reverberation chamber or 
create a diffuse field using multiple speak-
ers placed at various points in the room, 
with each one playing a noise signal that 
is uncorrelated to the others. However, for 
most purposes, a small single loudspeaker 
placed next to the head and torso’s ear at 
a distance of approximately 1' is sufficient 
to generate meaningful data. Regardless of 

which equipment configuration or noise generation method is 
used, the general test method is the same: a known noise signal 
is played, and the passive and active attenuation characteristics 
of the device are measured. A typical test setup is shown in 
Figure 5.

Ear coupler

Head and torso
simulator

Loudspeaker

Ampli�er Sound card out L

Ear output Microphone
power supply

Sound card in L

Figure 5: Noise-cancelling headphone measurement setup
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Figure 3a: This is a graphical representation of how the µ-law codec translates the digital level 
to virtual volts. 3b: Calibration of a reference codec

a)

b)

Figure 4: An example of jitter
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The Noise Stimulus
Pink noise is an excellent choice for the noise stimulus, as its 

equal energy-per-octave characteristic means that it has enough 
low-frequency energy to simulate real-world noise conditions. 
If desired, the response of the single loudspeaker or the diffuse 
environment can be equalized to produce an acoustically flat 
signal at the head-and-torso ear, but this is usually not required. 
The measurements made in a noise-cancelling headphone test 
are relative, so it is not necessary for the absolute sound pressure 
of the noise at each frequency to be the same unless the device 
is sensitive to absolute sound level. Likewise, it is usually not 
necessary to correct for the artificial ear’s frequency response, 
although some may choose to do so.

The noise should be played for several seconds (usually 
somewhere between 5 and 15 seconds) in each measurement 
to allow the device to stabilize. The noise signal is captured 
through the artificial ear, and the test system measures the spec-
trum. This spectral analysis is typically carried out using a Real 
Time Analyzer in one-third octave bands, which generates data 
that is more representative of how a human ear would hear the 
signal than using a standard FFT linear resolution analysis.

The Test Procedure 
A noise-cancelling headphone test procedure can be broken 

down into three measurements and three calculations. First, 
the headphones are removed from the head and torso, the 
noise signal is played, and the spectrum measured through the 
open ear. This un-occluded ear spectrum is used as the baseline 

for the noise. Next, passive isolation is measured by placing 
the headphones onto the head and torso, playing the noise 
signal again, and measuring the noise through the artificial 
ear. Finally, the measurement is repeated with the active noise-
cancellation circuit turned on. 

These measurements result in three spectra, which are used 
to calculate the three attenuation parameters. Passive isolation, 
which quantifies how much noise is attenuated simply by the 
headphones being worn, is calculated by subtracting the un-
occluded baseline curve from the second measurement where 
the headphones are in place but noise cancellation is disen-
gaged. Passive isolation can be significant across the frequency 
band, but is most prominent at higher frequencies. Circum-
aural headphones and in-ear earphones provide a reasonable 
level of passive isolation, whereas supra-aural headphones and 
on-ear earbuds typically offer much less. 

Active attenuation, which quantifies how much noise is 
reduced (or sometimes increased) when the active cancella-
tion circuit is engaged, is calculated by subtracting the second 
measurement (noise cancellation off) from the third mea-
surement (noise cancellation on). Typically, this will be most 
prominent in the lower frequencies. 

Finally, total attenuation is calculated by subtracting the 
curve with noise cancellation turned on from the baseline 
measurement without headphones. This represents the end-
user’s experience of the device, combining both passive and 
active components in attenuating background noise (see 
Figure 6).  
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Figure 6: Typical noise-cancelling measurement results

Often this test is optimized by performing each measurement 
multiple times and average the resulting spectra. The reason 
for this iterative process is to account for variations in the fit 
of the headphones, which for some devices can impact the 
passive and even the active portions of the noise-cancellation 
performance. 

Some noise-cancelling headphones will actually alter the fre-
quency response of the music being played when the noise can-
celling circuit is engaged. To test for this effect, one can measure 
the frequency response using the methods outlined in the origi-
nal article, both with and without the noise cancellation turned 
on, and compare the resulting response curves. Differences, if 
they are present, will typically be in the 1-to-3-kHz range. 

Conclusion
Measuring headphones with digital and noise-cancelling 

circuitry can be tricky. But with careful consideration of 
more complex and realistic test signals, digital calibration, 
and careful measurement setup and techniques, it is possible 
to get meaningful results just like with traditional analog 
headphones. Users of Listen Inc.’s SoundCheck software can 
download a free sequence for measuring noise-cancelling 
headphones from Listen Inc.’s website (under Support  > 
Technical Resources > Sequences). VC
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