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DESCRIPTION 

 

TITLE: 

EARPHONE WITH BINAURAL BEATS FUNCTION 

 5 

BACKGROUND 

Technical Field  

[0001] The disclosure relates to an earphone, and particularly relates to an earphone with 

binaural beats function. 

Description of Related Art 10 

[0002] With the current rapid advancement of technology, long-distance mobility has 

become a part of people's daily lives.  In order to reduce the fatigue during long-distance 

mobility, people often use earphones to listen to music or enjoy audio and video content 

without disturbing others around them.  However, how to improve the use experience of 

earphones is a part that the earphone industry is constantly improving on. 15 

 

SUMMARY 

[0003] The disclosure provides an earphone with binaural beats function that allows users 

to feel binaural beats. 

[0004] An earphone with binaural beats function of the disclosure includes a left ear 20 

speaker, a right ear speaker, a wireless communicator, and a frequency adjuster.  The left 

ear speaker is configured to provide a first sound wave to a left ear of a user.  The right ear 

speaker is configured to provide a second sound wave to a right ear of the user.  The 

frequency adjuster is signally connected to the left ear speaker and the right ear speaker via 
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a wire, and is signally connected to the wireless communicator.  The frequency adjuster 

receives an external audio signal from the wireless communicator.  The frequency adjuster 

adjusts the external audio signal to a first audio signal and then transmits the first audio 

signal to the left ear speaker, so that the left ear speaker emits the first sound wave.  The 

frequency adjuster adjusts the external audio signal to a second audio signal and then 5 

transmits the second audio signal to the right ear speaker, so that the right ear speaker emits 

the second sound wave.  A first frequency of the first sound wave and a second frequency 

of the second sound wave have a frequency difference. 

[0005] In an embodiment of the earphone with binaural beats function, the earphone with 

binaural beats function further includes an audio connection port and a switch.  The 10 

frequency adjuster is signally connected to the audio connection port or the wireless 

communicator via the switch, and receives the external audio signal from the audio 

connection port or the wireless communicator. 

[0006] In an embodiment of the earphone with binaural beats function, the earphone with 

binaural beats function further includes an audio cable.  Two ends of the audio cable are 15 

inserted into the audio connection port and an audio output socket of an analog audio output 

device. 

[0007] In an embodiment of the earphone with binaural beats function, the earphone with 

binaural beats function further includes a control box.  The audio connection port, the 

wireless communicator, the switch, and the frequency adjuster are disposed in the control 20 

box. 

[0008] In an embodiment of the earphone with binaural beats function, the switch is a 

manual switch. 

[0009] In an embodiment of the earphone with binaural beats function, the earphone with 
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binaural beats function further includes a wireless receiver configured to receive FM 

broadcasts or Bluetooth broadcasts, and signally connected to the left ear speaker and the 

right ear speaker via a wire. 

[0010] In an embodiment of the earphone with binaural beats function, the wireless 

communicator performs wireless communication with a mobile phone, and the mobile 5 

phone transmits the external audio signal. 

[0011] In an embodiment of the earphone with binaural beats function, the wireless 

communicator performs Bluetooth communication. 

[0012] In an embodiment of the earphone with binaural beats function, the frequency 

adjuster includes an analog-to-digital conversion circuit, a frequency adjustment circuit, and 10 

a digital-to-analog conversion circuit that are signally connected in sequence. 

[0013] In an embodiment of the earphone with binaural beats function, the frequency 

difference includes a plurality of switchable first frequency differences.  The first 

frequency differences are in two or more ranges that are between 0.5 Hz and 4 Hz, between 

4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz and 20 Hz, and between 25 Hz and 15 

40 Hz. 

[0014] In an embodiment of the earphone with binaural beats function, the frequency 

difference includes the plurality of switchable first frequency differences.  The first 

frequency differences automatically change cyclically in two or more ranges that are 

between 0.5 Hz and 4 Hz, 4 Hz and 8 Hz, 8 Hz and 12 Hz, 12 Hz and 20 Hz, and 25 Hz and 20 

40 Hz. 

[0015] In an embodiment of the earphone with binaural beats function, the left ear speaker 

and the right ear speaker are moving coil type speakers, moving iron type speakers, or bone 

conduction type speakers. 



 

-4- 

 

[0016] Based on the above, in the earphone with binaural beats function of the disclosure, 

the sound waves received by the two ears have a frequency difference, which allows the 

user to produce corresponding effects other than hearing the sound waves. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0017] FIG. 1 is a schematic diagram of an earphone with binaural beats function 

according to an embodiment of the disclosure. 

[0018] FIG. 2 is a schematic circuit block diagram of the earphone with binaural beats 

function of FIG. 1. 

[0019] FIG. 3 is a schematic diagram of an earphone with binaural beats function 10 

according to another embodiment of the disclosure. 

[0020] FIG. 4 is a schematic diagram of an earphone with binaural beats function 

according to still another embodiment of the disclosure. 

 

DESCRIPTION OF THE EMBODIMENTS 15 

[0021] FIG. 1 is a schematic diagram of an earphone with binaural beats function 

according to an embodiment of the disclosure.  FIG. 2 is a schematic circuit block diagram 

of the earphone with binaural beats function of FIG. 1.  Referring to FIG. 1 and FIG. 2, an 

earphone with binaural beats function 100 of the embodiment includes a left ear speaker 

110, a right ear speaker 120, a wireless communicator 140, and a frequency adjuster 160.  20 

The left ear speaker 110 is configured to provide a first sound wave to a left ear of a user.  

The right ear speaker 120 is configured to provide a second sound wave to a right ear of the 

user.  The left ear speaker 110 and the right ear speaker 120 may be of bone conduction 

type, earhook type, earmuff type, in-ear type, or other forms. 
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[0022] The earphone with binaural beats function 100 is an integrated earphone.  That 

is, the left ear speaker 110 and the right ear speaker 120 are fixedly connected together and 

cannot be separated.  For example, the earphone with binaural beats function 100 has a 

moderately deformable arc-shaped shell 112, and the left ear speaker 110 and the right ear 

speaker 120 are respectively installed at two opposite ends of the shell 112.  In addition to 5 

housing the left ear speaker 110 and the right ear speaker 120, the shell 112 also houses the 

wireless communicator 140 and the frequency adjuster 160.  At the same time, the shell 

112 also functions to hang the entire earphone with binaural beats function 100 on the user's 

neck.  However, the left ear speaker 110, the right ear speaker 120, the wireless 

communicator 140, and the frequency adjuster 160 can also be connected via a wire without 10 

configuring the shell 112. 

[0023] The frequency adjuster 160 is signally connected to the left ear speaker 110 and 

the right ear speaker 120 via a wire.  That is to say, the signal connection between the 

frequency adjuster 160 and the left ear speaker 110 is in a wired manner, and the signal 

connection between the frequency adjuster 160 and the right ear speaker 120 is also in a 15 

wired manner.  The circuit for connecting may also be housed within shell 112.  Since 

the frequency adjuster 160 is signally connected to the left ear speaker 110 and the right ear 

speaker 120 via a wire, signals can be transmitted to the left ear speaker 110 and the right 

ear speaker 120 synchronously, and there is no need to consider whether the left ear speaker 

110 and the right ear speaker 120 are synchronized, which is a problem when receiving 20 

signals during wireless transmission. 

[0024] The frequency adjuster 160 receives an external audio signal from the wireless 

communicator 140.  The frequency adjuster 160 adjusts the external audio signal to a first 

audio signal and then transmits the first audio signal to the left ear speaker 110, so that the 



 

-6- 

 

left ear speaker 110 emits the first sound wave.  The frequency adjuster 160 adjusts the 

external audio signal to a second audio signal and then transmits the second audio signal to 

the right ear speaker 120, so that the right ear speaker 120 emits the second sound wave.  

A first frequency of the first sound wave and a second frequency of the second sound wave 

have a frequency difference. 5 

[0025] Brain waves refer to the electrical swings produced by the activity of nerve cells 

in the human brain, which can also be said to be the rhythm of brain cell activity.  At any 

time, the human brain produces brain waves.  Classified by frequency, brain waves include 

at least beta waves, alpha waves, theta waves, delta waves, and gamma waves.  Generally 

speaking, when a person is in the third stage of non-rapid eye movement sleep, the brain 10 

waves are usually delta waves (frequency between 0.5 Hz and 4 Hz).  When a person is in 

a state of deep sleep, dreaming, deep meditation, or intense subjective state, the brain waves 

are usually theta waves (frequency between 4 Hz and 8 Hz). When a person is in a state of 

confusion before going to sleep, gradually blurred consciousness, sudden inspiration, or 

relaxed body and mind and focused concentration, the brain waves are usually alpha waves.  15 

When a person is in a relaxed but focused state, sorting out previously received information, 

the brain waves are usually beta waves.  However, research has also found that when the 

human brain is induced to produce different brain waves, it will in turn affect the person's 

state.  For example, when the human brain is induced to produce alpha waves, the person 

concerned will also be brought into a state of sudden inspiration, relaxed body and mind, 20 

and focused concentration. 

[0026] By setting the frequency difference between the first sound wave and the second 

sound wave provided by the earphone with binaural beats function 100, the user's brain can 

be induced to generate beta waves, alpha waves, theta waves, delta waves, gamma waves, 
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or other brain waves, so that the user may enter the corresponding state mentioned above. 

[0027] For example, the wireless communicator 140 of the embodiment can perform 

wireless communication with a mobile phone 50, and the mobile phone 50 transmits music, 

video audio, voice audio, or other external audio.  The wireless communicator 140 

performs Bluetooth communication or other wireless communication, for example.  The 5 

frequency adjuster 160 can adjust the external audio signal received from the mobile phone 

50 to allow the user's left ear and right ear to hear sound waves with frequency differences, 

so that the user's brain may stimulate the production of specific brain waves to achieve 

effects such as improving concentration, sleeping comfortably, relieving stress, and entering 

meditation. 10 

[0028] In the embodiment, the frequency difference includes a plurality of switchable first 

frequency differences.  That is, the user can control the frequency adjuster 160 according 

to current requirements, so that the frequency difference is set to a different first frequency 

difference.  The first frequency differences are in two or more of the five ranges that are 

between 0.5 Hz and 4 Hz, between 4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz 15 

and 20 Hz, and between 25 Hz and 40 Hz.  For example, there may be two first frequency 

differences.  One of the first frequency differences is in one of the five ranges that are 

between 0.5 Hz and 4 Hz, between 4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz 

and 20 Hz, and between 25 Hz and 40 Hz.  The other first frequency difference is in the 

other of the five ranges that are between 0.5 Hz and 4 Hz, between 4 Hz and 8 Hz, between 20 

8 Hz and 12 Hz, between 12 Hz and 20 Hz, and between 25 Hz and 40 Hz.  As another 

example, there may be three first frequency differences.  One of the first frequency 

differences is in one of the five ranges that are between 0.5 Hz and 4 Hz, between 4 Hz and 

8 Hz, between 8 Hz and 12 Hz, between 12 Hz and 20 Hz, and between 25 Hz and 40 Hz.  
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Another first frequency difference is in another range of the five ranges that are between 0.5 

Hz and 4 Hz, between 4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz and 20 Hz, 

and between 25 Hz and 40 Hz.  The remaining first frequency difference is in one of the 

remaining three ranges after excluding the first two ranges from the five ranges that are 

between 0.5 Hz and 4 Hz, between 4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz 5 

and 20 Hz, and between 25 Hz and 40 Hz. 

[0029] In the embodiment, the frequency difference can automatically change cyclically 

over time.  In other words, each first frequency difference can automatically change 

cyclically in one of its own ranges among the above five ranges.  That is, the frequency 

difference is not fixed.  Moreover, the frequency difference will automatically change in a 10 

preset manner without human intervention.  In addition, the way the frequency difference 

changes is preset and cannot be adjusted or selected by the user.  Alternatively, there can 

be a plurality of variations, and the user can choose which variation to use.  In addition, 

the user's physiological state is not detected before determining the changing pattern of the 

frequency difference, that is, the changing pattern of the frequency difference does not 15 

change according to the difference in the user's physiological state. 

[0030] For example, the frequency difference can automatically and segmentally change 

cyclically between 8 Hz and 12 Hz.  The frequency difference changes by 0.1 Hz each 

time, and the same frequency difference is maintained for 10 seconds after each change.  

An automatic and segmented cyclic change of the frequency difference between 8 Hz and 20 

12 Hz means, for example, a gradual change from 8 Hz to 12 Hz, and then a gradual change 

from 12 Hz to 8 Hz, or a repeated gradual change from 8 Hz to 12 Hz, or a repeated gradual 

change from 12 Hz to 8 Hz. 

[0031] In the embodiment, the frequency difference can automatically change cyclically 
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between 0.5 Hz and 4 Hz to induce delta waves.  The frequency difference can 

automatically change cyclically between 4 Hz and 8 Hz to induce theta waves.  The 

frequency difference can automatically change cyclically between 8 Hz and 12 Hz to induce 

alpha waves.  The frequency difference can automatically change cyclically between 12 

Hz and 20 Hz to induce beta waves.  The frequency difference can be automatically change 5 

cyclically between 25 Hz and 40 Hz to induce gamma waves.  In addition, in the 

embodiment, if the time period is not long enough, the frequency difference may only 

gradually become larger or only gradually become smaller. 

[0032] Each user's brain can not only produce better induction effects for a single 

frequency difference, but usually can produce better induction effects for a plurality of 10 

frequency differences.  Since the neck-mounted earphone of the embodiment induces the 

user with frequency differences that automatically change cyclically, it can produce a better 

induction effect at a plurality of frequency differences.  Although the subject has a better 

induction effect on the input single frequency difference, it may not last long.  Since the 

neck-mounted earphone of the embodiment induces the user with frequency differences that 15 

automatically change cyclically and that automatically change cyclically in a selected range, 

after the user's brain is tired, another frequency difference can be changed to produce a 

better induction effect again.  Finally, the neck-mounted earphone of the embodiment can 

produce better brainwave-inducing effects over a longer period of time. 

[0033] In the embodiment, the earphone with binaural beats function 100 may further 20 

include an audio connection port 130 and a switch 150.  The frequency adjuster 160 is 

signally connected to the audio connection port 130 or the wireless communicator 140 via 

the switch 150, and receives the aforementioned external audio signal from the audio 

connection port 130 or the wireless communicator 140.  That is, the frequency adjuster 160 
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is not signally connected to the audio connection port 130 and the wireless communicator 

140 at the same time.  When the frequency adjuster 160 is signally connected to the audio 

connection port 130, the frequency adjuster 160 is not signally connected to the wireless 

communicator 140.  When the frequency adjuster 160 is signally connected to the wireless 

communicator 140, the frequency adjuster 160 is not signally connected to the audio 5 

connection port 130.  The switch 150 is configured to determine whether the frequency 

adjuster 160 is connected to the audio connection port 130 or the wireless communicator 

140.  The switch 150 may be a manual switch, such as a mechanical switch, a touch switch, 

or other forms of switches. 

[0034] The shell 112 also houses the audio connection port 130 and the switch 150.  10 

However, the left ear speaker 110, the right ear speaker 120, the audio connection port 130, 

the wireless communicator 140, the switch 150, and the frequency adjuster 160 can also be 

connected via a wire without configuring the shell 112. 

[0035] In the embodiment, the earphone with binaural beats function 100 may further 

include an audio cable 170.  The audio connection port 130 of the embodiment is an audio 15 

socket.  Two ends of the audio cable 170 are respectively inserted into the audio 

connection port 130 and an audio output socket of an analog audio output device, such as 

an audio output socket 60 of an airplane.  That is to say, when the user is on an airplane, 

although the user cannot use wireless methods such as Bluetooth communication to connect 

to the mobile phone, the user can still receive external audio signal output from the audio 20 

output socket 60 of the airplane in a wired manner via the audio cable 170.  Moreover, the 

frequency adjuster 160 can adjust the external audio signal received from the audio output 

socket 60 of the airplane to allow the user's left ear and right ear to hear sound waves with 

frequency differences, so that the user's brain may stimulate the production of specific brain 
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waves to achieve effects such as improving concentration, sleeping comfortably, relieving 

stress, and entering meditation.  In addition, the audio cable 170 may also be connected to 

an audio output hole of an analog audio output device such as a television, a radio, a 

Walkman, a notebook computer, a cruise ship seat, and the like. 

[0036] In the embodiment, the frequency adjuster 160 includes, for example, an analog-5 

to-digital conversion circuit 162, a frequency adjustment circuit 164, and a digital-to-analog 

conversion circuit 166 that are signally connected in sequence.  Usually, the external audio 

signal received by the frequency adjuster 160 is an analog signal.  After the analog-to-

digital conversion circuit 162 converts the external audio signal into a digital signal, the 

frequency adjustment circuit 164 can adjust it into a first audio signal and the second audio 10 

signal.  Then, the digital-to-analog conversion circuit 166 converts the first audio signal 

and the second audio signal from digital signals into analog signals to drive the left ear 

speaker 110 and the right ear speaker 120. 

[0037] The earphone with binaural beats function 100 of the embodiment may also 

include a printed circuit board assembly 180 and a battery 190.  The printed circuit board 15 

assembly 180 and the battery 190 are, for example, disposed in the shell 112, and the printed 

circuit board assembly 180 and the battery 190 are located on the left and right sides of the 

shell 112, respectively.  The audio connection port 130, the wireless communicator 140, 

the switch 150, and the frequency adjuster 160 are, for example, all disposed on the printed 

circuit board assembly 180.  The battery 190 is electrically connected to the printed circuit 20 

board assembly 180, the left ear speaker 110 and the right ear speaker 120 and provides 

power to them.  The left ear speaker 110 and the right ear speaker 120 may be moving coil 

type speakers, moving iron type speakers, bone conduction type speakers, or other forms of 

speakers. 
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[0038] The earphone with binaural beats function 100 of the embodiment may also 

include a wireless receiver 185 configured to receive FM broadcasts or Bluetooth broadcasts 

and signally connected to the left ear speaker 110 and the right ear speaker 120 via a wire.  

The wireless receiver 185 can also be disposed on the printed circuit board assembly 180.  

The wireless receiver 185 and the wireless communicator 140 perform their respective 5 

functions independently.  After receiving the FM broadcast or Bluetooth broadcast, the 

wireless receiver 185 can transmit the audio signal to the left ear speaker 110 and the right 

ear speaker 120.  That is, the earphone with binaural beats function 100 of the embodiment 

can listen to FM broadcasts, Bluetooth broadcasts, or other wireless broadcasts. 

[0039] FIG. 3 is a schematic diagram of an earphone with binaural beats function 10 

according to another embodiment of the disclosure.  Referring to FIG. 3, an earphone with 

binaural beats function 200 of the embodiment is similar to the earphone with binaural beats 

function 100 of FIG. 1, and only the differences between the two will be described here.  

An audio connection port 270 of the earphone with binaural beats function 200 of the 

embodiment is an audio plug, and both the left ear speaker 110 and the right ear speaker 15 

120 are signally connected to the audio connection port 270 via a wire.  Therefore, the 

audio connection port 270 can be plugged into the audio output socket of the airplane to 

receive external audio signal output from the audio output socket of the airplane in a wired 

manner. 

[0040] For example, the printed circuit board assembly 180 of the earphone with binaural 20 

beats function 200 of the embodiment, for example, shares a shell with the left ear speaker 

110, and the battery 190, for example, shares a shell with the right ear speaker 120, or the 

positions of the two can be reversed. 

[0041] FIG. 4 is a schematic diagram of an earphone with binaural beats function 
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according to still another embodiment of the disclosure.  Referring to FIG. 4, an earphone 

with binaural beats function 300 of the embodiment is similar to the earphone with binaural 

beats function 100 of FIG. 1, and only the differences between the two will be described 

here.  An audio connection port 370 of the earphone with binaural beats function 300 of 

the embodiment is an audio plug, and both the left ear speaker 110 and the right ear speaker 5 

120 are signally connected to the audio connection port 370 via a wire.  Therefore, the 

audio connection port 370 can be wiredly connected to the audio output socket of the 

airplane to receive external audio signal output from the audio output socket of the airplane. 

[0042] The earphone with binaural beats function 300 of the embodiment may further 

include a control box 380.  The printed circuit board assembly 180 and the battery 190 are 10 

disposed in the control box 380.  Similar to the embodiment of FIG. 1, the audio 

connection port 130, the wireless communicator 140, the switch 150, and the frequency 

adjuster 160 are, for example, all disposed on the printed circuit board assembly 180.  A 

plurality of buttons 382 can also be disposed on the control box 380 as an operation interface 

for controlling the switch 150, volume adjustment, playback control, and other functions. 15 

[0043] In summary, the earphone with binaural beats function of the disclosure can 

receive external audio signal in a wired or wireless manner, and can also be used on airplane 

where wireless communication is prohibited, and has a wide range of applicable scenarios.  

In addition, the frequency adjuster 160 causes the sound waves received by the user's two 

ears to have a frequency difference, which allows the user to produce corresponding effects 20 

in addition to hearing the sound waves, such as improving concentration, sleeping 

comfortably, relieving stress, and entering meditation. 
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CLAIMS 

Claim 1: 

An earphone with binaural beats function, comprising: 

a left ear speaker, configured to provide a first sound wave to a left ear of a user; 

a right ear speaker, configured to provide a second sound wave to a right ear of the 5 

user; 

a wireless communicator; and 

a frequency adjuster, signally connected to the left ear speaker and the right ear speaker 

via a wire, and signally connected to the wireless communicator, wherein the frequency 

adjuster receives an external audio signal from the wireless communicator, the frequency 10 

adjuster adjusts the external audio signal to a first audio signal and then transmits the first 

audio signal to the left ear speaker, so that the left ear speaker emits the first sound wave, 

the frequency adjuster adjusts the external audio signal to a second audio signal and 

transmits the second audio signal to the right ear speaker, so that the right ear speaker emits 

the second sound wave, and a first frequency of the first sound wave and a second frequency 15 

of the second sound wave have a frequency difference. 

Claim 2: 

The earphone with binaural beats function according to claim 1, further comprising an 

audio connection port and a switch, wherein the frequency adjuster is signally connected to 

the audio connection port or the wireless communicator via the switch, and receives the 20 

external audio signal from the audio connection port or the wireless communicator. 

Claim 3: 

The earphone with binaural beats function according to claim 2, further comprising an 

audio cable, wherein two ends of the audio cable are respectively inserted into the audio 
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connection port and an audio output socket of an analog audio output device. 

Claim 4: 

The earphone with binaural beats function according to claim 2, further comprising a 

control box, wherein the audio connection port, the wireless communicator, the switch, and 

the frequency adjuster are disposed in the control box. 5 

Claim 5: 

The earphone with binaural beats function according to claim 2, wherein the switch is 

a manual switch. 

Claim 6: 

The earphone with binaural beats function according to claim 1, further comprising a 10 

wireless receiver configured to receive FM broadcasts or Bluetooth broadcasts, and signally 

connected to the left ear speaker and the right ear speaker via the wire. 

Claim 7: 

The earphone with binaural beats function according to claim 1, wherein the wireless 

communicator performs wireless communication with a mobile phone, and the mobile 15 

phone transmits the external audio signal. 

Claim 8: 

The earphone with binaural beats function according to claim 1, wherein the wireless 

communicator performs Bluetooth communication. 

Claim 9: 20 

The earphone with binaural beats function according to claim 1, wherein the frequency 

adjuster comprises an analog-to-digital conversion circuit, a frequency adjustment circuit, 

and a digital-to-analog conversion circuit that are signally connected in sequence. 
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Claim 10: 

The earphone with binaural beats function according to claim 1, wherein the frequency 

difference comprises a plurality of switchable first frequency differences, and the first 

frequency differences are in two or more ranges between 0.5 Hz and 4 Hz, between 4 Hz 

and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz and 20 Hz, and between 25 Hz and 40 5 

Hz. 

Claim 11: 

The earphone with binaural beats function according to claim 1, wherein the frequency 

difference comprises a plurality of switchable first frequency differences, and the first 

frequency differences automatically change cyclically in two or more ranges between 0.5 10 

Hz and 4 Hz, between 4 Hz and 8 Hz, between 8 Hz and 12 Hz, between 12 Hz and 20 Hz, 

and between 25 Hz and 40 Hz. 

Claim 12: 

The earphone with binaural beats function according to claim 1, wherein the left ear 

speaker and the right ear speaker are moving coil type speakers, moving iron type speakers, 15 

or bone conduction type speakers. 


