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Measuring Balanced Armature
Drivers for Hi-Res Audio Earphones

More and more consumers are looking to Hi-Res source material and playback
devices for a premium listening experience. Balanced armature drivers provide
the high frequency bandwidth necessary to demonstrate Hi-Res Audio capability
in earphones.
The Hi-Res Audio initiative was originally created by the Japan
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measurement methods are left
to the manufacturer. For in-ear
earphones the standard method for
measuring frequency response is not capable of detecting
output to 40kHz. Therefore new measurement methods are
needed. This white paper describes one such method and
shows how balanced armature drivers can be used to create
Hi-Res Audio earphones.
Measurement Method for Balanced Armature Drivers
Components for in-ear earphones are typically measured
using an acoustic coupler, most commonly the IEC 60318-4,
or “711,” coupler. Available standard 711 couplers do not
support driver frequency response measurements above
about 8kHz due to their resonant frequency, and are
therefore unsuitable for checking performance for Hi-Res
Audio. An alternative method was developed by Knowles
to measure the frequency response of balanced armature
drivers to 40kHz.
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Figure 1: ( Left) Microphone positioning for Hi-Res Audio measurement.
(Right) Device under test mounted to baffle
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Figure 1 (Page 01) shows the measurement set-up. Note that

As shown by Graph 1, all four balanced armature drivers

balanced armature drivers are designed to be very small and

demonstrate output to 40kHz and are therefore suitable

to deliver a pleasing audio response into a sealed ear canal.

for use in creating Hi-Res Audio earphones. Special note

In free air the bass output will by design be much lower.
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Therefore the free air measurement is useful only for high
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armature earphones and hybrid earphones for Hi-Res Audio.

by standard techniques.
Measurement Results
For this white paper four different balanced armature drivers
were measured.
Model

Configuration

Application

RAB-32257-000

Single

Full range

ED-23619-000

Single

Full range

TWFK-30017-000

Dual

Either full range or
midrange-tweeter

WBFK-30095-000

Single

Tweeter

Full range drivers are typically used by themselves in a
balanced armature earphone. Tweeters or midrange-tweeters
are used in combination with additional drivers for bass and
midrange. These can be other balanced armature drivers or

Graph 1: Balanced armature measurements to 40KHz.

in combination with a dynamic speaker. The latter is often
referred to as a “hybrid” configuration. Adopting the hybrid
configuration can be an economical way to turn an ordinary
dynamic earphone into one meeting the Hi-Res Audio
initiative. See Figure 2.

In either configuration, careful attention to the earphone
acoustic design is necessary to demonstrate Hi-Res Audio
capability in the finished product. See Figure 3 and Graph
2 for an example of a Knowles reference design earphone
demonstrating 40KHz output when measured with the
same free air technique. Knowles’ engineers can assist in
the acoustic tuning of earphones using balanced armature
drivers to achieve Hi-Res Audio performance.

Figure 2: Example hybrid earphone.

Figure 3: E
 xample Knowles reference design earphone
with BA meeting Hi-Res Audio requirements.
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Graph 2: Knowles reference design earphone measurement to 40KHz

Conclusion
The demand for Hi-Res music is increasing, and with it, products to take full advantage of the increased fidelity.
The Consumer Electronics Association expects that shoppers will look for the Hi-Res Audio logo when choosing listening
devices. For earphones, the logo may be displayed on products with demonstrated output to 40kHz. Using measurement
techniques devised by Knowles, this capability may be proved in both individual Knowles balanced armature drivers and in
finished earphones. In particular, Knowles tweeters produce excellent high-frequency output, which delivers premium sound
and meets the High-Res Audio requirement in balanced armature or hybrid earphones.

ABOUT THE AUTHOR: Tim Wickstrom is the Global Application Engineering Manager, Specialty Products for Knowles Corporation. He can be reached at
tim.wickstrom@knowles.com. Knowles is a global supplier of advanced micro-acoustic, specialty components and human-interface solutions, including hearing-aid
components, MEMS microphones, speakers, receivers, transducers, capacitors and oscillators, for use in the mobile communications, consumer electronics, medical
technology, military/space and other industrial end-markets. Headquartered in Itasca, IL, USA, Knowles also operates satellite facilities in Denmark, the United Kingdom,
Japan, South Korea, Taiwan and Malaysia.
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