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(57) ABSTRACT

Embodiments of the invention include a method of prevent-
ing ferrite migration in a hearing aid including an antenna
stack and a battery stack wherein the antenna stack sits on
the battery stack, the method comprising the steps of:
conformally coating the top and sides of the antenna stack
using a conformal coating material; and separately coating
all the surfaces of the battery stack using a separate material.
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BATTERY COATING FOR RECHARGABLE
HEARING SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Applications Nos. 62/273,002, filed Dec. 30, 2015
(Attorney Docket No. 33999-741.101), and 62/433,195,
filed Dec. 12, 2016 (Attorney Docket No. 33999-741.102),
which applications are incorporated herein by reference.
[0002] The subject matter of this application is related to
the subject matter of U.S. patent applications Ser. Nos.

, filed Dec. 19, 2016 (Attorney Docket No. 33999-
741.201), Ser. No. , filed Dec. 19, 2016 (Attorney
Docket No. 33999-747.201), and Ser. No. , filed Dec.
19, 2016 (Attorney Docket No. 33999-748.201) and PCT
Applications Serial Nos. PCT/US2016/ , filed Dec.
19, 2016 (Attorney Docket No. 33999-741.601) and PCT/
US2016/ , filed Dec. 19, 2016 (Attorney Docket No.
33999-747.601), which applications are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] The present invention is directed to apparatus and
methods for preventing fluid ingress in a rechargeable bat-
tery and, more particularly to methods and coatings for
preventing the ingress of fluids and resulting electrical shorts
in rechargeable batteries for use in hearing aids.

Description of Background Art

[0004] Contact Hearing Systems, such as those described
herein, generally include a contact hearing device, an ear tip
and an audio processor. Contact hearing systems may also
include additional components, such as an external commu-
nication device. An example of such system is a light driven
hearing-aid system that transmits audio signal by laser to
tympanic membrane transducer (TMT) which is placed on
an ear drum.

[0005] Contact hearing devices for use in contact hearing
systems may comprise a tiny actuator connected to a cus-
tomized ring-shaped support platform that floats on tissue in
the ear canal on or around the eardrum, and resides in the ear
much like a contact lens resides on the surface of the eye. In
such contact hearing devices, the actuator directly vibrates
the eardrum, causing energy to be transmitted through the
middle and inner ears to stimulate the brain and produce the
perception of sound. In some contact hearing systems, the
contact hearing device may comprise a photodetector, a
microactuator connected to the photodetector and a support
structure supporting the photodetector and microactuator.
[0006] Contact hearing systems may further include an
Audio Processor (which may also be referred to as a BTE).
The audio processor serves as a system for receiving and
processing audio signals. Such audio processors may
include one or more microphones adapted to receive sound
which reaches the user’s ear along with one or more com-
ponents for processing the received sound and digital signal
processing electronics and software which are adapted to
process the received sound, including amplification of the
received sound.
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[0007] Contact hearing systems may also include ear tips
which are adapted to fit into the ear of a user and transmit
sound to the contact hearing device positioned at the distal
end ofthe user’s ear canal. Ear tips are designed to be placed
into and reside in the ear canal of a user, where the structure
is adapted to receive signals intended to be transmitted to the
user’s tympanic membrane or to a device positioned on or
near the user’s tympanic membrane (such as, for example, a
contact hearing device). In light driven hearing aids the
signals may be transmitted by light, using, for example, a
laser positioned in the ear tip. In such light driven contact
hearing systems, the ear tip may be referred to as a light tip.
[0008] Because of the environment in which many hearing
aids operate the BTE/processor and internal electronics are
exposed to various forms of moisture. Ingress of that mois-
ture into the BTE/processor may result in deleterious effects.
The deleterious effects of moisture ingress are particularly
significant when the moisture impacts the battery. Moisture
which comes in contact with a battery, including the elec-
tronics and recharging circuitry around the battery has
deleterious impact on the function of the battery, including
shorting and/or the creation of corrosion, particularly in the
presence of electric fields, such as those generated when the
battery is being charged. It would, therefore, be advanta-
geous to develop methods and coatings to ensure that
batteries and their associated components are fully protected
from moisture ingress.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other objects, features and
advantages of embodiments of the present inventive con-
cepts will be apparent from the more particular description
of preferred embodiments, as illustrated in the accompany-
ing drawings in which like reference characters refer to the
same or like elements. The drawings are not necessarily to
scale, emphasis instead being placed upon illustrating the
principles of the preferred embodiments.

[0010] FIG. 1 is a schematic illustration of a hearing aid
system including a contact hearing device according to the
present invention.

[0011] FIG. 2 is a block diagram of a hearing aid system
according to the present invention.

[0012] FIG. 3 is a top view of a tympanic lens according
to the present invention.

[0013] FIG. 4 is a bottom view of a tympanic lens accord-
ing to the present invention.

[0014] FIG. 4Ais a side view of a tympanic lens according
to the present invention.

[0015] FIG. 5 is an exploded top view of a tympanic lens
according to the present invention.

[0016] FIG. 6 is a side view of a distal end of a microac-
tuator and umbo platform according to the present invention.
[0017] FIG. 7 is a side view of a tympanic lens according
to the present invention positioned on the tympanic mem-
brane of a user.

[0018] FIG. 7A is a further side view of a tympanic lens
according to the present invention with the tympanic lens
positioned on the tympanic membrane of a user.

[0019] FIG. 7B is a view of a proximal end of a tympanic
lens including a microactuator and bias springs according to
the present invention.

[0020] FIG. 7C is an alternate view of a proximal end of
a tympanic lens including a microactuator and bias springs
according to the present invention.
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[0021] FIG. 7D, 7E, and 7F are circuit diagrams of the
tympanic lens, including a photodetector and microactuator.
[0022] FIG. 8 is an illustration of a behind the ear device
connected to a light tip in accordance with the present
invention.

[0023] FIG. 9 is an illustration of a light tip and cable
according to the present invention.

[0024] FIG. 10 is an exploded view of a light tip and cable
assembly according to the present invention.

[0025] FIG. 10A is an exploded perspective view of an
emitter according to the present invention.

[0026] FIG. 11 is a perspective view of a light tip storage
unit and charger according to the present invention.

[0027] FIG. 12 is an exploded view of a light tip storage
unit and charger according to the present invention.

[0028] FIG. 13 is a side perspective view of a behind the
ear device according to the present invention.

[0029] FIG. 14 is a side perspective view of a behind the
ear device with an access cover removed according to the
present invention.

[0030] FIG. 15 is a perspective view of a behind the ear
device according to the present invention with the access
cover and BTE housing removed.

[0031] FIG. 15A is an exploded view of a portion of a
behind the ear device, including the battery and charging
coil according to the present invention.

[0032] FIG. 15B is an illustration of the battery and coil
antenna with back iron, including the coatings used to
protect the battery and coil structure.

[0033] FIG. 16 is an illustration of an alignment tool
mounted on a mold of an ear canal according to the present
invention.

[0034] FIG. 17 is an illustration of a verification fixture
according to the present invention.

[0035] FIG. 18 is a block diagram of the circuitry in a
behind the ear device according to the present invention.
[0036] FIG. 19 is a flow diagram of the state machine for
the behind the ear device according to the present invention.
[0037] FIG. 20 is a flow diagram of the state machine for
a charger according to the present invention.

[0038] FIG. 21 is a flow diagram of the state machine for
the BTE according to the present invention.

[0039] FIG.21Ais a flow diagram of the state machine for
a charger according to the present invention.

[0040] FIG. 22 is an illustration of a packet structure for
data transmission between the behind the ear device and
charger according to the present invention.

[0041] FIG. 23 is a state diagram of the BTE charging
process.
[0042] FIG. 24 is an illustration of a cable sizing tool

according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0043] FIG. 1 is a schematic illustration of a hearing aid
system 10, including a contact hearing device 20 according
to the present invention. In FIG. 1, audio processor 30 is
connected to light tip 120 by cable 260, which includes taper
tube 250. Light tip 120 is adapted to radiate light pulses 40
to tympanic lens 100 which is positioned on a user’s
tympanic membrane TM in a manner which allows it to
drive the user’s umbo UM directly.

[0044] FIG. 2 is a block diagram of a hearing aid system
10 according to the present invention. In FIG. 2, sound 340
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is detected by microphone 310, which is connected to analog
to digital converter 320. Sound signals processed by analog
to digital converter 320 are transmitted to digital signal
processor 330. Digital signal processor 330 is, in turn,
connected to emitter 290, which radiates light 40 to photo-
detector 130. The output of photodetector 130 drives micro-
actuator 140, which includes umbo lens 220. Umbo lens 220
is positioned on a user’s tympanic membrane TM in a
manner which allows it to move the user’s tympanic mem-
brane directly.

[0045] FIG. 3 is a top view of a tympanic lens 100
according to the present invention. FIG. 4 is a bottom view
of a tympanic lens 100 according to the present invention.
FIG. 4A is a side view of a tympanic lens 100 according to
the present invention. FIG. 5 is an exploded top view of a
tympanic lens 100 according to the present invention. In the
tympanic lens of FIGS. 3, 4, 4A, and 5 a perimeter platform
155 is mounted on a chassis 170. Perimeter platform 155
may include a sulcus platform 155 at a medial end of
perimeter platform 155. Chassis 170 may further include
bias springs 180 (which may also be referred to as torsion
springs) mounted thereon and supporting microactuator 140.
Microactuator 140 is connected to drive post 200, which is
connected to umbo lens 240 by adhesive 210. Chassis 170
further supports grasping tab 190 and photodetector 130.
[0046] FIG. 6 is a side view of a distal end of a microac-
tuator 140 and umbo platform 160 according to the present
invention. Microactuator 140 includes membrane 240 and
reed tip 230, which is positioned at the distal end of
microactuator reed 350 (not shown in this view). Umbo
platform 16, which is attached to microactuator 140 includes
drive post 200, adhesive 210 and umbo lens 230. Umbo
platform 160 is attached to microactuator reed 350 at a
proximal end of drive post 200.

[0047] FIG. 7 is a side view of a tympanic lens 100
according to the present invention where tympanic lens 100
is positioned on the tympanic membrane TM of a user. FIG.
7A is a further side view of a tympanic lens 100 according
to the present invention positioned on the tympanic mem-
brane TM of a user. In FIGS. 7 and 7A, tympanic lens 100
comprises perimeter platform 155 which includes sulcus
platform 150 at a distal end thereof. Perimeter platform 155
is connected to chassis 170, which supports microactuator
140 through bias springs 180. Microactuator 140 includes
microactuator reed 350 extending from a distal end thereof.
Microactuator reed 350 is connected to umbo lens 220.
Chassis 170 further supports photodetector 130, which is
electrically connected to microactuator 140. In FIG. 7,
perimeter platform 155 is positioned on skin SK covering
the boney portion BN of the ear canal EC. The sulcus
platform portion of perimeter platform 155 is positioned at
the medial end of the ear canal in the tympanic annulus TA.
Umbo lens 200 is positioned on umbo UM of tympanic
membrane UM. In FIG. 7A, an oil layer 225, of, for
example, mineral oil is positioned between perimeter plat-
form 155 and skin SK and between umbo lens 220 and umbo
UM.

[0048] FIG. 7B is a view of a proximal end of tympanic
lens 100 including microactuator 140 and bias springs 180
according to the present invention. FIG. 7C is an alternate
view of a proximal end of tympanic lens 100 including bias
springs 180 according to the present invention. The distal
end of tympanic lens 100 includes bias springs 180 which
are connected to microactuator 140 and chassis 170 by
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hypotubes 182. In embodiments of the invention, bias
springs 180 include damper 185. Tympanic lens 100 may
further include photodetector 130, which is electrically
connected to microactuator 140 by photodetector wires 186,
photodetector PCB 188, microactuator wires 184 and micro-
actuator PCB 192. Microactuator PCB 192 may be protected
by a potting material 194. Tympanic lens 100 further
includes grasping tab 190. Microactuator 140 further
includes drive post 200 and membrane 240.

[0049] FIG. 7D, 7E, and 7F are circuit diagrams of tym-
panic lens 100, including photodetector 130 and microac-
tuator 140. In FIGS. 7D and 7E, the electrical output of
photodetector 130 drives microactuator 140 directly.

[0050] FIG. 8 is an illustration of a behind the ear device
connected to a light tip in accordance with the present
invention. In FIG. 8, BTE 110 includes microphone 310 and
light tip connector 270. BTE 110 is connected to light tip 120
by cable 260. Light tip 120 includes taper tube 250 and
emitter 290.

[0051] FIG. 9 is an illustration of a light tip and cable
according to the present invention. In FIG. 9, cable 260
includes light tip connector 270 at a proximal end of cable
260.

[0052] FIG. 10 is an exploded view of a light tip and cable
assembly according to the present invention. In FIG. 10, lid
380 is illustrated.

[0053] FIG. 10A is an exploded perspective view of emit-
ter 290 according to the present invention. In FIG. 10A,
emitter 290 comprises diffuser 292, epoxy ring 294, cap 296,
VCSEL 302, VCSEL wire 298, header 304, and cable 260.
In embodiments of the invention, VCSEL 302 may be a
vertical-cavity surface-emitting laser.

[0054] FIG. 11 illustrates a light tip storage unit 360 with
an integrated battery charger according to the present inven-
tion. FIG. 12 is an exploded view of light tip storage unit 360
according to the present invention. In FIG. 12 light tip
storage unit 360 comprises screws 450, PCB Assembly 470,
center chassis assembly 460, release button 440, spring 430,
wireless charging coil 410, magnet 420, upper housing 400,
hinge pin 390, and lid 380.

[0055] FIG. 13 is a side perspective view of behind the ear
device 110 according to the present invention. FIG. 14 is a
side perspective view of behind the ear device 110 according
to the present invention with access cover 370 removed. In
FIG. 14, behind the ear device 110 includes access cover
370, microphone through holes 520, microphone ports 530,
antenna 610, first switch SW1 550, programing socket 510,
second switch SW2 560, and rocker switch 540. In embodi-
ments of the invention, rocker switch 540 may be used to
control, for example, volume, program selection and/or to
turn behind the ear 110 on and off.

[0056] FIG. 15 is a view of behind the ear device 110
according to the present invention with access cover 370 and
BTE housing 375 removed. In FIG. 15, BTE 110 includes
microphone through holes 520, antenna 610, switch SW1
550, switch SW2 560, BTE chassis 580, battery 500, battery
tab 590, PCM circuit 570, main PCB 600, and microsquid
connector 620. In embodiments of the invention, PCM
circuit 570 acts as an electronic protector for battery 500.

[0057] FIG. 15A is an exploded view of a portion of
behind the ear device 110, including battery 500 and coil
antenna 630 (which may also be referred to as a charging

Jul. 6, 2017

coil) according to the present invention. In FIG. 15A battery
500 is separated from coil antenna 630 by back iron 640 and
spacer 650.

[0058] FIG. 15B is an illustration of battery 500 and coil
antenna 630 with back iron 640 and spacer 650 including the
coatings used to protect battery 500 and coil antenna 630. In
FIG. 15B, coil antenna 630, back iron 640 and spacer 650
form antenna stack 655. Antenna stack 655 is covered by a
first conformal coating 660, which protects antenna stack
655 from fluid ingress. Battery 500 is coated with a second
coating material 670, which may be, for example, Parylene.
The interface between battery 500 and antenna stack 655
does not include conformal coating 660. Second coating
material 670 coats all of battery 500, battery tab 590, and
PCM Circuit 570, including the interface between battery
500 and antenna stack 655.

[0059] FIG. 16 is an illustration of an alignment tool 700
mounted on tympanic lens mold 710 according to the
present invention. In FIG. 16, alignment tool 700 includes
chassis alignment feature 750 and photodetector alignment
feature 720. Chassis alignment feature 750 is used to align
chassis 170 of tympanic lens 100 (not shown) in tympanic
lens mold 710. Photo Detector Alignment Feature 720 is
used to align a photodetector 130 (not shown), prior to
gluing photodetector 130 in place on chassis 170. In embodi-
ments of the invention, photodetector alignment feature 720
and chassis alignment feature 750 are custom designed for
each patient using a digital model of the patient’s anatomy.
[0060] FIG. 17 is an illustration of a verification fixture
according to one embodiment of the present invention. In
FIG. 17, verification fixture 760 includes ear canal mold 740
and tympanic lens mold 710. Ear canal mold 740 and
tympanic lens mold 710 incorporate the anatomical details
of the user for whom the tympanic lens 100 and light tip 120
are being manufactured. In embodiments of the invention,
Ear canal mold 740 and tympanic lens mold 710 may be 3D
printed. In embodiments of the invention, in order to verify
that emitter 290 and photodetector 130 will be properly
aligned when placed in the user’s ear canal, light tip 120 and
tympanic lens 100 are placed into verification fixture 760 at
the locations and in the orientations they would have in the
user’s ear canal. Proper alignment may then be measured by
exciting light output from emitter 290 and measuring the
electrical output from photodetector 130.

[0061] FIG. 18 is a block diagram of the circuitry in a
behind the ear device according to one embodiment of the
present invention. In FIG. 18, programing socket 510 is
connected to BLE circuitry 840, fuel gage 780 and digital
signal processor 790. BLE circuitry 840 is further connected
to digital signal processor 790. Push button circuitry 540,
charger circuitry 850, laser driver circuitry 800, laser voltage
setting circuitry 810, laser voltage measurement circuitry
820, and laser overcurrent protection circuitry are also
connected to digital signal processor 790.

[0062] FIG. 19 is a flow diagram of the state machine for
the behind the ear device according to the present invention.
In step 900 the system is powered up. In step 902, the event
counter is initialized. In step 904, the event life limit is read
from device memory. In step 906, the event threshold is set
to N, which is obtained from memory. In step 908, the state
machine is waiting for an event trigger. In step 910, the event
counter is incremented when an event trigger is detected in
step 908. In step 912, the state machine is sent back to step
908 to wait for the next event trigger unless the event
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counter is equal to N. If the event counter is equal to N in
step 912, then an issue notification or alert is sent in step 914.
In step 916, the user clears the notifications or alerts sent in
step 914. In step 918, the device is repaired or serviced. In
step 920, a technician clears the alerts after the unit has been
repaired or serviced.

[0063] FIG. 20 is a flow diagram of the state machine for
a charger 360 according to the present invention. In step 922,
the charger is idle until a behind the ear device 110 is
dropped into a slot in the charger. In step 924, the charger
goes through a hysteresis period until a timer times out. In
step 926, the charger generates a random number sequence.
In step 928, the charger sends the behind the ear device 110
a synchronization pattern. In step 930, the charger sends the
behind the ear device 110 an 8-bit unique ID. In step 932, the
charger goes into a scanning mode. In step 934, the behind
the ear device 110 goes into an advertising mode. In step
936, the charger detects the behind the ear device 110 and
the charger and behind the ear device 110 are associated. In
step 938, the charger profile is synchronized. In step 940, the
charger displays the charging status to a user. In step 942 the
behind the ear device 110 is removed from the slot by the
user. In step 944, the charger disconnects from the behind
the ear device 110 and goes back to step 922. In embodi-
ments of the invention, the state diagram for a charger may
be implemented without using steps 924, 932, 934, or 938.
[0064] In embodiments of the invention, step 938 may
include providing a connection to a remote storage device
such as a cell phone or the cloud. Data may be transmitted
to the remote storage device to, for example, upload data
logs or, conversely, data may be downloaded to the hearing
aid to, for example, update the firmware on the BTE.
[0065] FIG. 21 is a flow diagram of the state machine for
a behind the ear device 110 according to the present inven-
tion. In step 946, behind the ear device 110 is idle until the
presence of a charger 360 is detected in step 948. In step 950,
charger 360 and behind the ear device 110 are synchronized.
In step 952, behind the ear device 110 decodes an 8 bit
unique 1D transmitted by charger 360. In step 954, behind
the ear device 110 uses the unique ID to advertise its
presence to charger 360 in a low power setting. In step 956,
behind the ear device 110 establishes connection with char-
ger 360. In step 958, behind the ear device 110 sends out fuel
gage data to charger 360 every ten seconds. In step 960,
behind the ear device 110 is removed from charger 360 by
the user and the counter data days are reset. Behind the ear
device 110 is then returned to its idle state in step 946.
[0066] FIG.21Ais a flow diagram of the state machine for
a charger according to the present invention. In step 980, the
charger is idle until a BTE 110 is dropped into a slot in the
charger. In step 980, the charger detects the presence of the
BTE. In step 982, the charger initiates communication with
the BTE. In step 984, the charger authenticates the BTE to
ensure that it is a BTE which is designed to be used with the
charger. If the BTE is not designed to be used with the
charger, then the charger goes back to the idle state (step
978). If the charger authenticates the BTE in the slot, then,
in step 986, the BTE transmits its battery profile (state of
charge, voltage, temperature, etc. to the charger. In step 988,
having authenticated the BTE and established its battery
profile, the charger begins charging the battery. In step 990,
the charger displays the status of the charger (e.g., the degree
of charge) using, for example, diodes on the charger. In step
992, the charger communicates with the BTE to update its
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battery profile. Step 992 may be repeated at predetermined
intervals (e.g., every 10 Minutes). In step 994, the charger
determines whether the batter is fully charged (e.g., has
reached a voltage of 4.18 Volts). In step 996, the charger has
determined that the battery is fully charged and it goes into
a topping off cycle, wherein the charger comes on at reduced
duty cycles for predetermined periods of time, with each
subsequent period of time using a reduced duty cycle. After
the topping off cycle the charger stops charging the battery
in step 998. In step 1000, the charger checks the battery
status at predetermined intervals (e.g., every hour) to deter-
mine whether the charge level has dropped below a prede-
termined level (e.g., 4.15 Volts). If the charge level has
dropped below the predetermined level, then the charger
goes back to step 992 and restarts the charging process.
[0067] FIG. 22 is an illustration of packet structure 962 for
data transmission between the behind the ear device and
charger according to the present invention. In FIG. 22,
packet structure 962 comprises preamble 964, 8-bit unique
id 966 and EOF 968.

[0068] FIG. 23 is a state diagram of the BTE charging
process.
[0069] FIG. 24 is an illustration of cable sizing tool 970

according to the present invention. In one embodiment of the
invention, cable sizing tool 970 includes dummy BTE 972,
sizing cable 974 and sizing markings 976. In embodiments
of the invention, dummy BTE 972 may be sized and shaped
to have the same dimensions as the behind the ear device
being sold to the user in order to ensure that the sizing cable
accurately reflects the size of the final cable. In practice, the
health care provider positions dummy BTE 972 behind the
ear of a user and then uses sizing markings 976 to identify
the correct length cable for that user.

[0070] The present invention is directed to a hearing aid
system 10 including a contact hearing device (which may
also be referred to as a CHD) 20 and a charger 360 (which
may also be referred to as a light tip storage device). Hearing
aid system 10 may further include signal processing soft-
ware for processing signals received by CHD 20.

[0071] In embodiments of the invention, hearing aid sys-
tem 10 may comprise an audio processor 30 and a tympanic
lens (which may also be referred to as a tympanic membrane
transducer) 100. Tympanic lens 100 may be placed deep in
the ear canal EC and adjacent to the tympanic membrane
TM through a non-invasive and non-surgical procedure.
Tympanic lens 100 makes contact with the umbo of the
tympanic membrane TM and is intended to remain in the ear
for extended periods.

[0072] In embodiments of the invention, audio processor
30 may comprise a behind the ear unit (which may also be
referred to as a BTE) 110 and an attached light tip 120.
[0073] In embodiments of the invention, BTE 110 may
comprise one or more microphones 310, digital signal
processing circuitry (not shown) and a rechargeable battery
500. BTE 110 may be used to receive and process audio
signals which processed signals are then transmitted to
tympanic lens 100 through light tip 120.

[0074] Tympanic lens 100 is placed deep in the ear canal
and adjacent to the tympanic membrane TM through a
non-invasive and non-surgical procedure. Tympanic lens
100 makes contact with the umbo UM of the tympanic
membrane TM and is intended to remain in the ear until
removed by a physician. As used herein, the Umbo refers to
the depressed area on the outer surface of the tympanic
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membrane. In one embodiment, the present invention
involves the placement of a tympanic lens on the tympanic
membrane to provide mechanical vibrations to the tympanic
membrane. By driving the tympanic membrane directly, the
present invention is able to provide hearing assistance which
exceeds the range of typical air conduction hearing aids, thus
allowing users to hear more clearly at high frequencies (e.g.,
frequencies in the 4 kHz to 10 kHz range). The tympanic
lens is designed to achieve the ultimate goal of improving
user’s hearing while minimizing any adverse effects result-
ing from the placement of the tympanic lens on the tympanic
membrane.

[0075] At high frequencies, e.g., between approximately
4,000 Hz and approximately 10,000 Hz, the energy required
to directly drive the eardrum through a tympanic lens is
approximately an order of magnitude less than the energy
required to drive an audio speaker because the actuator/reed
displacement required is an order of magnitude less than the
displacement required to push air to create an equivalent dB
SPL (i.e., an equivalent perceived sound level to the listener)
in a typical air conduction hearing aid. In air conduction
hearing aids, this increased energy drain results in an
increased battery drain and a decrease in the time between
replacing or recharging a battery. In order to obtain the same
battery life and dynamic range in an air conduction hearing
aid, it would be necessary to use a larger battery, which is
considered undesirable.

[0076] Direct drive of the eardrum results in an improve-
ment in gain at higher audio frequencies. In direct drive, the
reed and umbo move nearly in unison and the efficiency of
power transfer between them is high. Furthermore, the
smallest type of balanced armature transducer can be used
for direct drive, since the displacement involved is very
small, and this typically allows lower reed mass and better
high-frequency transducer performance. In contrast, in air-
conduction hearing aids, the transduction path from reed
motion to umbo motion is less efficient because it involves
many more steps: The reed moves a speaker diaphragm,
which drives air in the ear canal, which in turn flexes the
tympanic membrane and applies force to the umbo. Power
is lost in each step of transduction (compressing of the canal
air volume, flexing of the TM and compressing of the back
volume of the middle ear.). Furthermore, open-ear-tip hear-
ing aids suffer even greater inefficiency because sound is
radiated out of the ear canal, representing an additional
power loss mechanism.). Larger receivers are typically used
to increase sound output in air-conduction hearing aids, and
these may have lower high-frequency output.

[0077] Direct drive of the eardrum can also be used to
reduce feedback. When the umbo moves, some of its motion
is translated to the TM, which radiates sound back into the
canal toward the microphone. However, the TM acts as an
inefficient speaker and the back-radiated sound pressure is
much lower than the equivalent pressure sensed by the
subject via the direct umbo drive. In contrast, in air-con-
duction hearing aids, the full pressure delivered to the canal
and sensed by the subject is radiated toward the microphone
and will result in increased feedback.

[0078] Because of the increased efficiency and lower
feedback, there is an improvement in gain at higher audio
frequencies. The increased efficiency enables a higher
amplitude output at high frequencies, which allows for a
larger dynamic range between the softest sound that can be
heard and the maximum output of the TMT. This larger
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dynamic range results in higher achievable gain. The lower
feedback allows for additional stable gain before feedback.

[0079] One concern with the application of force to skin,
including the tympanic membrane and, more specifically,
the umbo, is the potential for damage to the skin, including
pressure sores. Such damage may be avoided by, for
example, limiting the applied pressure to ensure that the
applied pressure does not prevent blood from reaching the
skin under the umbo platform. The tympanic lens is, there-
fore, designed to prevent damage to the tympanic membrane
or other tissues in the ear canal. The tympanic lens is
designed to provide direct mechanical drive to the tympanic
membrane without damaging that membrane or any tissue in
the ear canal. In practice, damage to the tympanic membrane
may be prevented by limiting the pressure applied to the
tissue of the tympanic membrane to a pressure which is less
than the pressure which would cause the capillaries in the
tympanic membrane to collapse (e.g., 20 mmHg). Damage
may be further limited by providing a safety factor of, for
example, 2x to prevent damage resulting from capillary
collapse.

[0080] A second concern is the impact placing a tympanic
lens on the tympanic membrane could have on a user’s
natural hearing. While the tympanic lens described herein is
adapted to improve the user’s hearing by driving the tym-
panic membrane directly, the tympanic lens is further
designed to limit any reduction in a user’s natural hearing
resulting from the placement of the tympanic lens on the
eardrum. The tympanic lens is therefore designed to mini-
mize any reduction in air conduction hearing resulting from
placing the tympanic lens in the ear canal and/or on the
tympanic membrane. The tympanic lens is further designed
to prevent an increase in bone conduction hearing. The
tympanic lens is further designed to prevent or limit auto-
phony resulting from the placement of the tympanic lens on
the tympanic membrane. Limiting the pressure applied to
the umbo and/or the mass of the elements in contact with the
umbo may reduce bone conduction hearing and/or auto-
phony.

[0081] They tympanic lens is designed to sit inside on the
user’s external ear canal in a manner which makes it easy to
place and easy to remove, without surgery. The tympanic
lens must remain in intimate contact with the tympanic
membrane through a range of movement, including, move-
ment of the user’s head. Movement of the user’s head may
be problematic because forces exerted on the tympanic lens
by such movements may tend to pull the tympanic lens or
elements of the tympanic lens away from the tympanic
membrane. In one example, certain orientations of the user’s
head may result in an increased gravitational pull on the
tympanic lens, pulling the tympanic lens, or elements of the
lens, away from the tympanic membrane. The tympanic lens
must, therefore, be designed to account for such movements
of the user’s head. Similarly, some movements of the
tympanic membrane, such as the movement caused by a
Valsalva maneuver, may dislodge the tympanic lens or
elements of the tympanic lens from the tympanic membrane
if the tympanic lens is not designed to account for such
forces. Thus, a tympanic lens according to the present
invention is designed with features which hold the tympanic
lens in place against the tympanic membrane and are
designed to assist in keeping the tympanic lens in place even
when external forces act to pull or push the tympanic lens
away from the tympanic membrane.
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[0082] In addition to remaining in place on the tympanic
membrane, the tympanic lens includes a drive portion which
is adapted to move the tympanic membrane in response to
signals applied to the tympanic lens. Since the drive portion
is not rigidly attached to the chassis of the tympanic lens,
and is adapted to move freely with respect to that chassis, it
is important to include design features which will provide a
bias force to hold the drive portion in contact with the
tympanic membrane in the presence of the gross forces
discussed above, including gravitational forces and forces
applied through the tympanic membrane itself (e.g., forces
resulting from a Valsalva maneuver).

[0083] Tympanic lens 100 may be held in place by the
mechanical features of the tympanic lens including the
perimeter platform. Additionally, the physician or user may
apply a fluid, such as mineral oil, to help to hold the
tympanic membrane in place. The fluid assists in holding the
tympanic lens in place because of the surface tension and
viscous drag forces between the fluid and elements of the
tympanic lens, such as the umbo lens and the perimeter
platform. The viscosity of the fluid will be important to the
amount of viscous drag forces holding the tympanic lens in
place.

[0084] The total force exerted by the tympanic lens on the
tympanic membrane is the combination of a number of
different forces, including forces generated by elements of
the tympanic lens and external forces. The forces generated
by elements of the tympanic lens include the static bias force
generated by the bias springs and the dynamic drive force
generated by the movement of the reed when current is
applied to the microactuator. External forces include the
force of gravity, forces resulting from the movement of the
users head and forces resulting from the movement of the
tympanic lens.

[0085] During normal operation, microactuator 140 exerts
very small amounts of dynamic force on umbo UM in order
to achieve the displacement required for amplification. For
example, in a normal ear, with approximately 80 dB of
sound pressure level (SPL) at the tympanic membrane TM,
umbo UM has an average peak to peak displacement of
approximately 20 nm (nanometers) at 1 kHz. In the inven-
tion, an umbo UM displacement of approximately 20 nm
may be achieved when microactuator 140 exerts a peak
dynamic force of approximately 6 (micro Newton). In one
embodiment of the invention, a sound pressure of 120 dB
SPL may be simulated by applying a peak force of approxi-
mately 0.6 millinewtons to the umbo. In embodiments of the
invention, tympanic lens 100 vibrates the tympanic mem-
brane over a spectrum of amplification that extends from a
minimum range of 125 Hz to 10,000 Hz. Frequencies
outside of this range may also be transmitted but the
efficiency at such frequencies may be reduced. In embodi-
ments of the invention, tympanic lens 100 transmits ampli-
fied sound by vibrating the eardrum through direct contact.

[0086] The tympanic lens is designed to maintain the
umbo lens in contact with the tympanic membrane while
allowing the umbo platform to move in response to move-
ment of the reed. Thus, the tympanic lens can accommodate
gross movements, caused by, for example, movement of the
users head or movements of the tympanic membrane, while
maintaining the umbo platform in contact with the tympanic
membrane to allow reed vibrations to be transmitted directly
to the tympanic membrane.
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[0087] Tympanic lens 100 does not contain a power source
and is activated only when BTE 110 is switched on and light
tip 120 is inserted into the ear canal EC. tympanic lens 100
includes photodetector 120 which converts the light pulses
it receives from the light tip 120 into electrical signals which
activate microactuator 140 to transmit vibrations to the
umbo UM through direct contact. In embodiments of the
present invention both signal and power are transmitted to
tympanic lens 100 by light received from light tip 120.
[0088] In embodiments of the invention, tympanic lens
100 is in direct contact with the umbo UM of tympanic
membrane TM through umbo platform 160. Umbo platform
160 may be made up of umbo lens 220 and drive post 200.
The mass of umbo platform 160 should be as small as
possible since increases in mass will reduce the high end
frequency response of the system.

[0089] Umbo lens 220, which may be made from, for
example, Parylene, such as, for example Parylene C, and
may be custom fit to the umbo UM of the individual ear
anatomy of a user. Micro forces applied through umbo lens
220 act to directly vibrate the tympanic membrane when
those forces are applied to umbo platform 160. Umbo lens
220 is preferably made of a material which is stiff enough to
spread the pressure exerted by drive post 200 along the
entire surface of the umbo UM which is contacted by umbo
lens 220. An optimal Parylene umbo lens may have a
thickness of approximately 18 microns.

[0090] It may, therefore, be advantageous to utilize an
umbo lens having a large area in contact with the umbo to
spread the forces applied by drive post 200 across a large
section of the umbo, thus reducing the applied pressure on
the tissue of the umbo. The distribution of pressure is
important to prevent damage to the umbo, such as pressure
sores. In order to prevent damage to the umbo tissue, the
pressure exerted by the umbo lens may be limited to less
than approximately 20 millimeters of mercury (mmHg). A
large umbo lens is also beneficial because it increases the
area of an oil layer between the umbo lens and the umbo
tissue, thus helping to hold the umbo lens in place on the
umbo via forces due to surface tension and viscous drag.
However, a large umbo lens is disadvantageous in that it will
result in a loss of air conduction hearing by blocking a
section of the tympanic membrane. A large umbo lens may
also result in an undesirable increase in bone conduction
hearing (which may result in an increase in autophony). It is
therefore advantageous to limit the overall area of the umbo
lens, provided that the decreased area does not result in other
problems, such as an increase in the pressure applied to the
tissue beyond that which is safe, or a decrease in hydrostatic
forces which results in the umbo lens detaching from the
umbo.

[0091] In practice, an optimal umbo lens may have a
diameter of between approximately 2.5 millimeters and
approximately 3.5 millimeters. In embodiments where the
umbo lens is not round, that diameter may be measured at
the widest point of the umbo lens. Further, in practice, an
optimal umbo lens may have an area of between approxi-
mately 4.9 square millimeters and approximately 9.6 square
millimeters.

[0092] For an umbo lens having an area of approximately
4.9 square millimeters (the smallest optimal umbo lens) a
force of 6 millinewtons would translate to a pressure of
approximately 9.3 millimeters of mercury (mmHg), a safety
factor of 2 with respect to a pressure of 20 mmHg. For an
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umbo lens having an area of approximately 7 square milli-
meters, a force of 6 millinewtons would translate to a
pressure of approximately 6.5 millimeters of mercury
(mmHg). For an umbo lens having an area of approximately
9.7 square millimeters (the largest optimal umbo lens) a
force of 6 millinewtons would translate to a pressure of
approximately 4.6 millimeters of mercury (mmHg).

[0093] An adhesive, such as Masterbond UV15X-6Med-2
or Epotek OG116-31 may be used to attach the umbo lens
to the drive post. The adhesive may be further used to extend
the effective length of the drive post. The adhesive may be
use to extend the length of the drive post by building up the
adhesive in the umbo lens prior to inserting the drive post.
The adhesive may further be used to extend the effective
length of the drive post to ensure that the drive post meets
the umbo at a substantially right angle in order to ensure
efficient transmission of vibrations from the microactuator to
the umbo.

[0094] For reasons set forth above, it may be advanta-
geous to limit the amount of adhesive used to connect the
umbo lens to the drive post in order to limit the effective
mass of the drive post, umbo lens, adhesive combination,
thus reducing the effective mass on the umbo. Reducing the
effective mass on the umbo both improves high frequency
output and improves (decreases) bone conduction hearing
changes and autophony.

[0095] Drive post 200 may be bonded to umbo lens 220
by, for example, adhesive Masterbond UV15X-6Med-2 or
Epotek OG116-31. Drive post 200 may be used to couple
mechanical vibrations generated by microactuator 140 to
umbo UM. It would be advantageous to minimize the mass
of drive post 200 in order to minimize the effective mass of
the umbo platform. Drive post 200 is designed to be posi-
tioned over the center of the umbo when the tympanic lens
is properly positioned.

[0096] Microactuator 140 may use an electromagnetic
balanced armature design. Microactuator 140 includes a
reed extending through an opening at a distal end of the
microactuator and a membrane surrounding the opening
through which the reed extends. In the microactuator, the
reed is connected to the drive post. In one example, a reed
with a thickness of approximately 0.006 inches (approxi-
mately 150 micrometers) is used.

[0097] The outer casing of the microactuator may act as a
flux return path for the motor and may be constructed of a
nickel iron alloy to facilitate the return flux path. The
microactuator, including the outer casing may be coated in
order to prevent corrosion or discoloration. The microactua-
tor may be coated in, for example, Parylene and/or gold to
prevent corrosion or discoloration. The outer casing of the
microactuator may be a stainless steel material which does
not act as a flux return path but protects the microactuator
from corrosion or discoloration.

[0098] The diaphragm may be positioned to prevent water,
oil and debris from entering the microactuator through the
hole where the reed extends from the distal end of the
microactuator. The diaphragm is preferably made from a
material, for example, urethane or silicone, which is flexible
enough to allow the distal end of the reed to vibrate without
compromising its efficiency.

[0099] In the tympanic lens, light energy is converted by
the microactuator into movement of the reed, which trans-
mits those movements through the umbo platform to the
tympanic membrane. Microactuator 140 may be designed
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such that the force exerted by the reed may be approximately
2.7 Newtons per Ampere of input current. In the tympanic
lens, the input current supplied by the output of the photo-
detector which receives light energy from an emitter located
in the light tip.

[0100] The system may be designed such that the output of
the laser/emitter may be adjusted in steps in order to adjust
the static current applied to the microactuator and the
dynamic force applied to the tympanic membrane, increas-
ing the maximum output of the system. For example, the
system may be designed such that 1 dB increase in light
results in 1 dB increase in average current applied to the
microactuator which allows an increase in the dynamic force
applied to the tympanic membrane of up to 1 dB SPL (Sound
Pressure Level). For users with significant hearing loss, the
higher levels of emitter output would result in higher maxi-
mum available force that can applied to the tympanic
membrane through the movement of the reed to provide a
higher maximum output of the system.

[0101] Because the tympanic lens must accommodate
macro movements, such as, for example, movements caused
by Valsalva maneuver, the tympanic lens includes a hinge
connecting the microactuator to the chassis. In one embodi-
ment, the hinge is formed by the bias springs, which connect
the microactuator to the chassis. In addition to connecting
the microactuator to the chassis and acting as a hinge, the
bias springs also provide the bias force necessary to keep the
microactuator in place through macro movements. Because
the tympanic lens must also accommodate micro movements
of the reed without moving the microactuator in response to
those micro-movements, the tympanic lens is designed to
maximize the inertia of the microactuator in response to
movements of the reed.

[0102] The tympanic lens may, therefore, be designed to
allow macro movements through a hinge design while
increasing the inertia of the microactuator in response to
movements of the reed by positioning the hinge at the
opposite end of the microactuator from the drive post 200.
A larger distance between the springs and the drive post 200
increases its moment of inertia (resistance to movement)
with respect to forces exerted on the microactuator by
movements of the reed, which improves efficiency by help-
ing to keep the microactuator stationary as the reed vibrates.
[0103] The hinge may secure the microactuator so that it
is at an angle relative to the chassis. The angle is achieved
by adjusting the distance between the reed of the microac-
tuator and the umbo of the tympanic membrane. The angle
is design to ensure that the microactuator does not interfere
with the anatomy after placement while also allowing move-
ment as a result of the various forces exerted on the
tympanic lens, for example, a Valsalva maneuver. The angle
is designed to ensure that the bias force remains in the
appropriate range. The angle of the microactuator with
respect to the chassis is, however, limited by the need to pass
the tympanic lens through the ear canal and position it on the
tympanic membrane. In embodiments of the invention, the
angle of the microactuator with respect to the chassis is a
function of the desired bias force, the anatomical fit and the
insert ability. In embodiments of the invention, the micro-
actuator may be designed to form an angle of between zero
and 15 degrees with respect to the plane of the chassis.
[0104] Inone embodiment of the invention, tympanic lens
100 employs dual bias springs (which may also be referred
to as torsion springs) 180 to connect microactuator 140 to
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chassis 170 and bias microactuator 140 towards tympanic
membrane TM. When properly mounted, microactuator 140
should be at an angle of between approximately 0 and
approximately 15 degrees with respect to a plane through the
chassis with the umbo platform 160 positioned to contact the
umbo. Bias springs 180 may be used to position microac-
tuator 140 at an appropriate angle to the chassis.

[0105] While in situ in the ear canal EC, microactuator
140 is positioned almost upside down when the user is
standing or sitting. Bias spring(s) 180 provide sufficient
force to counter the weight of microactuator 140, providing
a positive net force, towards tympanic membrane TM to
ensure good coupling between umbo lens 220 and umbo
UM.

[0106] While the Bias spring(s) must be sufficiently strong
to overcome the force of gravity and keep umbo lens in
position on the umbo, they should also, for the reasons set
forth herein, not be so strong that the umbo lens causes
damage to the tympanic membrane. Additionally, excessive
spring force may degrade the audio characteristics of the
tympanic lens, or increase autophony. Therefore, bias
springs 180 may, in some embodiments of the invention be
designed to be very soft springs. In embodiments of the
invention, bias spring(s) 180 may be designed to exert at
least 0.8 millinewton of force on the umbo UM, when
gravity is working against bias spring(s) 180. Bias spring(s)
180 may also be designed to exert a force which is less than
the force applied on the tympanic membrane TM by the
tensor tympani muscle. Bias spring(s) 180 may also be
designed such that microactuator 140 moves with the tym-
panic membrane TM and does not impede its natural move-
ment.

[0107] In certain orientations of the user’s head, the bias
force from bias spring(s) 180 and the weight of the micro-
actuator become additive. Tympanic lens 100, including the
force exerted by the bias springs may, therefore, be designed
such that that the maximum total force exerted on tympanic
membrane TM is less than 6 millinewtons. Tympanic lens
100, including the force exerted by bias spring 180, is
designed such that the maximum total force exerted on
tympanic membrane TM results in a pressure of less than the
minimum venous capillary return pressure. Tympanic lens
100, including the force exerted by bias spring 180, may be
further designed such that the maximum total pressure
exerted on the tympanic membrane through the umbo lens is
less than 20 millimeters of Mercury. Tympanic lens 100,
including the force exerted by bias spring 180, may further
be designed such that that the maximum total force exerted
on tympanic membrane TM is less than 3 millinewtons.
Tympanic lens 100, including the force exerted by bias
spring 180, may be further designed such that the maximum
total force exerted on tympanic membrane TM is less than
the force exerted by 10 mmHg air pressure on tympanic
membrane TM.

[0108] In one embodiment of the invention, the spring
constant of bias spring 180 is approximately 1.5x10-5
Newton meters per radian.

[0109] Bias springs 180 are arranged to allow the umbo
platform to move at least 0.3 millimeters. Bias springs 180
are arranged to allow the umbo platform to move a distance
which ensures that the umbo platform will continue to be in
intimate contact with the tympanic membrane when the user
performs a Valsalva maneuver. Bias springs 180 are
arranged to allow umbo platform to maintain contact with
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the tympanic membrane when changes in pressure between
the inner and outer ear, (e.g., as a result of sneezing, burping
or flying), cause the tympanic membrane to move up to
approximately 4 mm. Bias springs 180 may therefore be
designed to enable the umbo platform to maintain contact
with the umbo through 4 mm of movement.

[0110] Bias springs 180 may also be designed to minimize
the force, pressure, displacement and impedance presented
to the umbo without losing contact with the tympanic
membrane. Minimizing force, displacement and impedance
at the umbo may also minimize the effect of the tympanic
lens on bone conduction hearing and autophony.

[0111] The position of the tympanic lens in the ear canal
when properly placed results in gravity pulling the micro-
actuator away from the TM in many situations. Therefore,
the minimum bias force required to be exerted by the bias
spring is the force required to offset the force of gravity on
the microactuator. In one embodiment, the microactuator
may have a mass of approximately 120 milligrams, in which
case, the bias force required to keep the umbo lens in contact
with the tympanic membrane is at least 0.8 millinewtons. In
this embodiment, the bias springs may be designed to
provide a bias of at least 0.8 milliNewtons.

[0112] In embodiments of the invention, a tympanic lens
may have resonant or anti-resonant frequencies when posi-
tioned in the user’s ear canal, on or near the user’s tympanic
membrane. These resonant and/or anti-resonant frequencies
may be located within the range of frequencies which the
tympanic lens is designed to transmit to the user, such as, for
example, the range of audio frequencies. Such resonant
and/or anti-resonant frequency responses may, in some
embodiments, result in unwanted distortion, amplification
and/or attenuation of the audio signal transmitted to the user
by the tympanic lens. In embodiments of the invention, it
would be advantageous to introduce a damping material
and/or damping element between the tympanic lens chassis
and the microactuator to reduce the effect of the resonant
and/or anti-resonant frequency responses. In embodiments
of the invention, it would be advantageous to introduce a
damping material and/or damping element between the
tympanic lens chassis and the microactuator to move the
resonant and/or anti-resonant responses to frequencies
which do not impact the performance of the tympanic lens,
such as, for example, out of the range of audible frequencies.
[0113] In embodiments or the invention, the inclusion of a
bias spring may result in or act to increase unwanted
harmonic vibrations in the frequency range of interest (e.g.,
between 125 Hz and 10,000 Hz in one embodiment of the
invention). One mechanism for limiting or eliminating those
vibrations is the inclusion of a damper in the tympanic lens.
In embodiments of the invention, the damper is designed to
limit or prevent unwanted harmonic vibrations by damping
the motion of the bias spring. In these embodiments, the
damper acts by taking away the free motion of the bias
spring(s), damping resonance and anti-resonance behavior
of'the system. In embodiments of the invention, inclusion of
damper within the spring will increase the overall stiffness
of the spring and shift the frequency response of the system
forward, to frequency ranges that are less critical for speech
audibility. The damper may also make the bias springs stiffer
than they would be without damping at low frequencies
(e.g., below 4 KHz). The inclusion of a damper in the
tympanic lens may also result in the reduction or elimination
of autophony caused by unwanted harmonic oscillations of
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the system. In embodiments of the invention, the inclusion
of a damper in the tympanic lens may also result in the
reduction or elimination of the TM damping (i.e., overall
reduction in a user’s audibility) induced by placement of the
tympanic lens on the eardrum. In embodiments of the
invention, a damper may be inserted into the tympanic lens
between the chassis and the microactuator to dampen reso-
nant and/or anti-resonant behavior resulting from, for
example, the movement of the microactuator and/or com-
ponents of the microactuator with respect to the chassis.
[0114] The damper may be a material applied to the bias
springs to dampen the motion of the bias springs at low
frequencies (e.g., frequencies of less than 500 Hz or fre-
quencies of less than 4 KHz). The materials used to coat or
fill the bias spring may be chosen to have a characteristic
storage modulus and loss modulus. The storage modulus
describes the materials solid, elastic properties. The loss
modulus is related to viscosity and gives the material the
ability to dissipate energy as heat through internal friction as
the material is deformed.

[0115] In embodiments of the invention, the materials
used to coat or fill the bias spring may be chosen to have a
storage modulus in the range of approximately 100 Pascals
(Pa) to approximately 200,000 Pascals (200 kPa). In
embodiments of the invention, the materials used to coat or
fill the bias spring may be chosen to have a storage modulus
in the range of approximately 8,000 (8 kPa) to 30,000
Pascals (30 kPa). In embodiments of the invention, materials
used to coat or fill the bias spring may be chosen to have a
storage modulus of approximately 10,000 Pascals (10 kPa).
[0116] In embodiments of the invention, the materials
used to coat or fill the bias springs may be chosen to have
a loss modulus in the range of 200,000 Pascals (200 kPa) to
approximately 20,000,000 Pascals (20 MPa). In embodi-
ments of the invention, the materials used to coat or fill the
bias springs may be chosen to have a loss modulus in the
range of 1,000,000 Pascals (1 MPa) to approximately
10,000,000 Pascals (10 kPa). In embodiments of the inven-
tion, the materials used to coat or fill the bias springs may
be chosen to have a loss modulus of approximately 6,000,
000 Pascals (6 MPa).

[0117] The viscosity of the coating material may act as an
energy loss mechanism in the damper. The damping material
used may be a viscoelastic material or a material such as
silicone or a silicone gel. The damping material may be a
material which becomes stiffer or more viscous as the
vibration frequency of the tympanic lens 100 increases. The
damping material may be a material which provides greater
damping at lower frequencies and lower damping at higher
frequencies. Specific classes of viscoelastic materials
include Newtonian, dilatant, rheopectic and thixotropic.

[0118] In embodiments of the invention, the bias spring
may be damped to prevent the system from oscillation at
resonance or anti-resonance frequencies. Such oscillations
could divert energy from signal transmission, reducing the
amount of drive to the umbo lens at the resonant frequency.
In particular, bias spring 180 may be damped to prevent
oscillation at a resonant (or anti-resonant) frequency of the
system, such as, for example approximately 500 Hz. Bias
spring 180 may be damped by coating the coils of bias
spring 180 in a damping material, such as, for example,
silicone or a silicone gel. Bias spring 180 may be damped by
filling the coils of bias spring 180 in a manner that creates
a damper, which may be a plug of damping material, in the
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center of the coils of bias spring 180. Bias springs 180 may
be damped by adding a damper which prevents side to side
motion of microactuator 140 with respect to chassis 170. A
damper may be adapted to stiffen lateral modes of vibration
or any other mode of vibration which reduces the energy
which reaches the tympanic membrane. Damper 185 may be
designed to damp a critical vibration mode of the system
which shows up between approximately 400 Hz (resonance)
and approximately 600 Hz (anti-resonance).

[0119] In selecting an appropriate damping material for
the present invention, the moduli (Young’s modulus E, shear
modulus, etc.) of a material are often treated as a complex
number, mathematically. That is, the complex modulus E*
will have real and imaginary components: E*=E'+iE"
(where i*=-1). In the present invention, E' is the storage
modulus and E" is the loss modulus. The loss modulus is
related to viscosity by: E"=om=2mmxfrequency, where 1) is
the dynamic viscosity in Pascal-seconds (or Centipoids, cP).
1 ¢P=0.001 Pa-s=1 mPa-s. In embodiments of the invention,
the viscosity of the damping material can be in the range of
100 mPa-s (a light oil) through 100,000 mPa-s (a paste) and
higher. In embodiments of the invention, the viscosity of the
damping material can be in the range of approximately 1,000
Centipoids to approximately 10,000 Centipoids. In embodi-
ments of the invention, a damping material with a viscosity
of approximately 5000 Centipoids.

[0120] As used herein, the terms damp, damping, damped,
dampened refer to the function and/or properties relating to
decreasing the amplitude of an oscillating system.

[0121] In embodiments of the invention, a tympanic lens,
comprises: a chassis; a perimeter platform connected to the
chassis; a microactuator connected to the chassis through at
least one bias spring positioned at a proximal end of the
microactuator; a damper attached to the at least one bias
spring; and an umbo platform attached to a distal end of the
microactuator. In embodiments of the invention the tym-
panic lens further comprises a photodetector mounted on
said chassis and electrically connected to the microactuator
through at least one wire. In embodiments of the invention,
the damper comprises a viscoelastic material in contact with
the at least one bias spring. In embodiments of the invention,
the viscoelastic material comprises silicone. In embodiments
of the invention, the viscoelastic material comprises a sili-
cone gel. In embodiments of the invention the at least one
bias spring comprises a series of coils and the viscoelastic
material fills the center of the coils. In embodiments of the
invention, the at least one wire passes through the center of
the series of coils at a right angle to the series of coils.
[0122] Embodiments of the present invention include a
method of controlling unwanted vibration in a tympanic
lens, wherein the tympanic lens comprises a chassis, a
perimeter platform connected to the chassis, a microactuator
connected to the chassis through at least one bias spring, the
method comprising the step of: damping the motion of the
at least one bias spring. Embodiments of the invention the at
least one bias spring is coated in a damping material. In
embodiments of the invention, the damping material is a
silicone material. In embodiments of the invention, the at
least one bias spring comprises a series of coils and the
damping material fills the center of the coils.

[0123] In embodiments of the invention a tympanic lens,
comprises: a perimeter platform; a microactuator connected
to the perimeter platform through at least one biasing
element positioned between the microactuator and the
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perimeter platform; a damper attached to the at least one
biasing element; and an umbo platform attached to a distal
end of the microactuator. In embodiments of the invention,
the perimeter platform is connected to the microactuator at
a proximal end of the microacutoator. In embodiments of the
invention, the tympanic lens further includes a chassis
connected to the perimeter platform and the microactuator.
In embodiments of the invention, the biasing element is a
spring. In embodiments of the invention, a photodetector is
mounted on the chassis and electrically connected to the
microactuator through at least one wire. In embodiments of
the invention, the damper comprises a viscoelastic material
in contact with the at least one bias spring. In embodiments
of the invention, the viscoelastic material comprises sili-
cone. In embodiments, of the invention the at least one bias
spring comprises a series of coils and the viscoelastic
material fills the center of the coils. In embodiments of the
invention, the at least one wire passes through the center of
the series of coils at a right angle to the series of coils.
[0124] Embodiments of the present invent include a
method of controlling unwanted vibration in a tympanic
lens, wherein the tympanic lens comprises a perimeter
platform connected to a microactuator through at least one
biasing element, the method comprising the step of: damp-
ing the motion of the at least one biasing element. In
embodiments of the invention, the at least one biasing
element is a spring. In embodiments of the invention, the at
least one bias spring is coated in a damping material. In
embodiments of the invention, the damping material is a
silicone material. In embodiments of the invention, the at
least one bias spring comprises a series of coils and the
damping material fills the center of the coils.

[0125] The photodetector is connected to a PC board
located on the grasping tab by a first set of wires. The PC
board is, in turn, connected to bond pads on the back of the
microactuator through a second set of wires. The second set
of wires may be, for example, 48 Gauge wires. The second
set of wires and the routing thereof is selected to minimize
the contribution the second set of wires makes to the overall
spring constant of the system. The size of the second set of
wires is selected to be as small as possible in order to
minimize any contribution to the spring constant of bias
springs 180. The second set of wires are routed through the
coils of bias springs 180 to minimize any contribution such
wires might make to the spring constant of bias spring 180.
The connection between the PC board and the microactuator
is made with 30 micron (48 Gauge) wires, which are routed
through the center of bias spring 180 to minimize the spring
stiffness of the spring added by the connector wires.
[0126] One consideration in selecting the size and routing
of the second set of wires is the effect of such wires on the
force applied to the microactuator by the combination of the
second set of wires and the bias springs. The size and routing
of the second set of wires should be chosen to minimize the
contribution of the second set of wires to the total effective
spring constant of the second wire bias spring combination.
In one embodiment of the present invention, the size and
routing of the second set of wires should be selected to limit
the combined spring constant of the springs and the wires to
less than approximately 2.0x10~> Newton meters per radian.
[0127] The Chassis is the support structure for the tym-
panic lens. It is designed to support the microactuator and
umbo platform while bridging the tympanic membrane. The
chassis is further designed to bridge the tympanic membrane
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without touching it. In embodiments of the invention, the
chassis supports the photodetector, microactuator and other
components and circuitry without touching any part of the
tympanic membrane, including raised portions such as the
short process (which may also be referred to as the lateral
process) of the malleus. The chassis is designed to be
oriented in a manner which prevents contact with the short
process when the tympanic lens is properly positioned in the
ear. The chassis is also designed and oriented to prevent the
chassis from touching the manubrium of the malleus and any
other structures or regions on the tympanic membrane. The
chassis is designed to be positioned at least V2 millimeter
above the surface of the eardrum at its closest point to allow
the eardrum to move without contacting the chassis.
[0128] Each chassis may be individually designed and
manufactured for specific users. The chassis size and the
relationship between the chassis and the perimeter platform
drives design of individual chassis, including its height
above the tympanic membrane.

[0129] The chassis provides a stable platform for the
microactuator to work against through bias springs 180
when pressing the umbo platform against the surface of the
tympanic membrane.

[0130] Tympanic lens 100 is intended to remain in the
user’s ear for a long period of time and may be constructed
using biocompatible materials. Long term stability of tym-
panic lens 100 is achieved through the use of a perimeter
platform which provides support and stability to tympanic
lens 100. The perimeter platform may be customized to
match the individual user’s ear anatomy. The perimeter
platform may be customized to fit along the sulcus of the
tympanic membrane TM. When properly positioned on the
ear of a user, the perimeter platform may rest on the portion
of the ear canal wall surrounding and immediately adjacent
to tympanic membrane TM. The perimeter platform may be
made of a material such as Parylene. The perimeter platform
may be designed to have a thickness sufficient to support the
tympanic lens while not being so thick that it kinks when
bent. The perimeter platform may be approximately 18
microns thick.

[0131] The perimeter platform is designed not to touch the
tympanic membrane but to provide a support structure,
along with the chassis, to suspend the microactuator over the
tympanic membrane such that only sound producing fea-
tures touch the tympanic membrane. The perimeter platform
is generally designed not to touch the pars tensa (portion of
eardrum under tension). In some designs, the perimeter
platform may overlap regions of the tympanic membrane up
to a distance of approximately %2 millimeter.

[0132] The perimeter platform includes a region known as
the sulcus platform at an anterior medial end of the perimeter
platform. The sulcus platform sits in sulcus (curved portion
of' bony canal at the medial end of the canal which intersects
with tympanic membrane). The sulcus platform serves to
anchor the anterior end of the tympanic lens in the Ear
Canal, preventing it from moving deeper into the ear canal
or from moving away from the ear canal. The sulcus
platform may act in concert with the umbo lens and the
remainder of the umbo platform preventing the tympanic
lens from moving away from the tympanic membrane and
back out into the ear canal.

[0133] The perimeter platform may be designed to be
sufficiently flexible to compress as it passes through the ear
canal and expand when it reaches the tympanic membrane
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and is positioned in place. Expansion of the perimeter
platform when placed at the distal end of the ear canal may
assist the tympanic lens to remain in place by pressing the
perimeter platform against features of the ear canal.

[0134] The Perimeter platform includes openings at its
proximal and distal ends which allow air to past through the
perimeter platform to reach the tympanic membrane, thus
allowing natural sounds to reach the tympanic membrane.
Openings in the proximal and distal ends of the perimeter
platform which facilitates air conduction hearing, even with
the tympanic lens in place.

[0135] The width of the perimeter platform is customized
for each user to ensure that the tympanic lens can be safely
and successfully passed through the ear canal. The height of
the perimeter platform may involve a tradeoff between
height and surface area. The surface area would preferably
be made larger to facilitate holding the tympanic lens in
place (through, for example, hydrostatic force), however the
height would preferably be made smaller to facilitate the
need to insert the tympanic lens through the ear canal, which
can require a smaller height to get through narrow regions
and around obstacles. The height of the perimeter platform
may be optimized to be between approximately 1 millimeter
and approximately 1.5 millimeters tall.

[0136] Tympanic lens 100 may be held in place by one or
more of surface tension, fit, and/or friction. The surface of
the perimeter platform is adapted to hold the tympanic lens
in place through surface tension. When properly placed and
maintained there is a layer of oil present between the
perimeter platform and the surface of the ear canal covered
by the perimeter platform. The tympanic lens is kept in place
at least in part by the surface tension/hydrostatic force of the
oil acting to hold the perimeter platform on the ear canal
surface.

[0137] In embodiments of the invention, tympanic lens
100 may be held in place by the fit between tympanic lens
100 and features of the ear canal EC. In embodiments of the
invention, tympanic lens 100 may be held in place by
mechanical interlocking between features of tympanic lens
100 and anatomical features of the user’s ear canal. In
embodiments of the invention, tympanic lens 100 may be
held in place by mechanical interlocking between perimeter
platform 150 and curvature of the ear canal such as the
anterior bulge and the angle of the deep sulcus region with
respect to the canal lateral to the sulcus.

[0138] In embodiments of the invention, tympanic lens
100 may be held in place by frictional interaction between
elements of tympanic lens 100 and features of the user’s ear
canal, for example, perimeter platform 150 may be posi-
tioned to push against elements of the user’s anatomy while
umbo platform 160 pushes against umbo UM, preventing
tympanic lens 100 from moving laterally with respect to
tympanic membrane TM.

[0139] Oil, such as Mineral oil, may be applied to the ear
canal EC to create surface tension between the portions of
the ear canal wall adjacent the tympanic membrane and the
perimeter and umbo platforms. Oil can create surface ten-
sion between the surface of the perimeter and umbo plat-
forms and the skin of the ear canal that keeps the perimeter
and umbo platforms in place. Such surface tension may be
used to, for example, keep tympanic lens 100 in place and
coupled to tympanic membrane TM. Such surface tension
may also be used to keep umbo lens in place and coupled to
umbo UM. Oil may also be used to keep the perimeter
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platform in place without actually touching the skin of the
ear canal, allowing skin tissue to migrate out from under the
umbo platform and perimeter platform without interference.
Oil may be used to allow skin tissue to migrate out from
under perimeter platform and umbo platform without dis-
placing the tympanic lens.

[0140] The photodetector 130 is comprised of a semicon-
ductor material which has been processed to convert pho-
tonic energy into electrons, generating current, for example
Silicon, Gallium Arsenide or Indium Gallium Arsenide. The
semiconductor material has been bonded to a carrier, for
example, ceramic or PCB material, in a manner such that the
anode and cathode can be connected to the microactuator
through the PC board and wires. The semiconductor and
carrier are protected with a covering to ensure that there is
a clear light path from the emitter to the semiconductor and
that the assembly is protected from mechanical handling and
exposure to fluids found in the ear canal, for example water,
mineral oil, or cerumen. The covering may be a plastic
housing, epoxy or silicone coating, Parylene or a combina-
tion of those materials.

[0141] The photodetector may be protected from fluid
(e.g., sweat) ingress by front-coating or dip coating it in a
soft silicone material, such as, Nusil Med-4086, Nusil Med-
6345, or Shin-Etsu KE-109 Silicone followed by a separate
Parylene outer coating. The use of this layered process is
important because the soft silicone material relieves stress
and will not damage wire bonds on the photodetector when
it expands or deforms due to thermal, mechanical or chemi-
cal processes, including swelling upon exposure to fluids
(such as sweat, water or oil). Silicone encapsulants can also
provide strong adhesion to the underlying materials (pho-
todetector and carrier) to prevent fluid ingress and buildup
that could compromise reliability. In addition, the layered
structure further prevents fluid ingress and buildup. The
Parylene outer coating may be a thin coating of approxi-
mately 18 micrometers thickness of Parylene C. The
Parylene thickness may span the range of approximately 3
micrometers to 50 micrometers. The photodetector may be
coated in a manner which leaves a frosted dome over the
front (light sensitive portion) of the photodetector. In addi-
tion to improving the resistance to fluid ingress, the addition
of'a Parylene outer coating provides a surface against which
a health care professional may push, using a probe, when
inserting the tympanic lens into a user’s ear canal without
damaging or destroying the silicone coating or the photo-
detector. Finally, the addition of a Parylene outer coating is
advantageous because it limits light reflection off the surface
of the photodetector, making it easier for the health care
professional to see when placing the tympanic lens using an
external light source.

[0142] The soft silicone may also be encapsulated with an
alternate, hard conformal coating materials rather than
Parylene. Example hard-coat materials include adhesives
such as Epotek OG116-31 epoxy, Polytec EP653 epoxy, and
silicones such as Shin-Etsu SCR-1012 and SCR-1016 and
Dow Corning OE-7670 and OE-7662.

[0143] The grasping tab is positioned adjacent to the
Photodetector. It is used by the physician to hold the
tympanic lens as it is placed into the ear canal using, for
example, a forceps. The grasping tab extends in a plane
which is parallel to the chassis to facilitate placement.
Device stays in line with grasped with forceps as inserted.
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The grasping tab includes a removal ring which is used to
facilitate easy removal using a bent or right angle pick.
[0144] FIGS. 7D, 7E, and 7F are circuit diagrams of the
tympanic lens, including a photodetector and microactuator.
In one embodiment of the invention, the design has constant
value parameters, and is driven by an input signal composed
of'a DC signal and an AC signal. In one embodiment of the
invention, the constant value parameters fall into the ranges:
[0145] C,, (junction capacitance of the PD) ranges from
4 to 7 nF (6 nF is nominal)

[0146] C.,,(added capacitance) ranges from 0 to 15 nF (0
is nominal)

[0147] R varies from 270 to 330 Ohms (300 is nominal)
[0148] L varies from 20 to 26 mH (24 mH is nominal)
[0149] The DC components vary based on the input power

to the photodetector and fall into the ranges:

[0150] W, (DC light power) ranges from 0.3 to 3.0 mW
(0.875 mW is nominal)

[0151] T,,(DC PD current) ranges from 0.1 to 1 mA (0.3
is nominal)

[0152] V,,(DCPD voltage) varies from 27 mV to 330 mV
[0153] The AC components are dependent on the signal
level and can vary from O to full scale DC:

[0154] Wpd (AC light power) ranges from 0 to 3.0 mW
[0155] Ted (AC PD current) ranges from 0 to 1 mA
[0156] V,, (AC PD voltage) varies from 0 to 1V

[0157] The grasping tab is positioned adjacent to the
Photodetector. It is used by the physician to hold the
tympanic lens as it is placed into the ear canal using, for
example, a forceps. The grasping tab extends in a plane
which is parallel to the chassis to facilitate placement.
Device stays in line with grasped with forceps as inserted.
The grasping tab includes a removal ring which is used to
facilitate easy removal using a bent or right angle pick.
[0158] In a hearing aid system according to the present
invention, sound is detected by microphones in the BTE and
converted to electrical signals which are passed through
signal processing circuitry. The output of the signal process-
ing circuitry is transmitted through a cable to a light tip
positioned in a user’s ear canal. At the light tip, the electrical
signals are converted to light signals, which are transmitted
through the user’s ear canal to the tympanic lens described
herein.

[0159] In one embodiment of the invention, sound waves
received by microphone(s) 310 are converted into electrical
signals, digitally processed, amplified and sent to light tip
120 through cable 260. Light tip 120 houses emitter 290,
which may be, for example, a laser diode. Emitter 120
converts the electrical signal containing the amplified sound
information into light pulses 40. When light tip 120 is
inserted into ear canal EC and BTE 110 is switched on, light
pulses 40 shine onto photodetector 130 on tympanic lens
100. Photodetector 130 converts light pulses 40 back into
electrical signals which drive microactuator 140 of tympanic
lens 100 to transmit sound vibrations to umbo UM.

[0160] Light tip 120 may be inserted and removed from
the ear canal daily by the user.

[0161] In one embodiment of the invention, the Audio
Processor consists of a behind the ear unit (BTE) and an
attached Ear Tip. The BTE is an external device worn behind
the ear of the user. The BTE houses microphones, a digital
signal processor and a rechargeable battery. The BTE also
includes a programming button to allow the recipient to
switch to different programmed memory settings and a
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programming connector to allow connection of the BTE to
an external computer running, for example, fitting software.
The Light tip houses a laser diode and is connected to the
BTE with a cable.

[0162] In operation of the BTE converts sound into elec-
trical signals, which are passed to the light tip where the
electrical signals are converted into light pulses. In the BTE
however, the sounds waves are received by the microphones
and converted into electrical signals, which are digitally
processed, amplified and sent to the light tip through a cable.
The laser diode in the light tip converts the electrical signals
containing the amplified sound information into light pulses.
The light pulses are transmitted to the tympanic lens, at
which point they are converted back into electrical signals
which drive the microactuator and couple mechanical vibra-
tions directly to the umbo of the tympanic membrane. The
BTE is designed to allow health care professionals to adjust
the brightness of the light transmitted by the light tip.
[0163] The laser diode used in the Ear Tip is custom made
in order to maximize the efficiency of light conversion. The
laser diode is a VCSEL (vertical cavity surface emitting
laser) and operates at infra-red wavelength of 850 nm. The
BTE uses electrical pulses to drive the laser and allows the
hearing health professional to adjust the light intensity as
part of the fitting process.

[0164] In order for the system to work and the recipient to
perceive sound amplification, the light pulses transmitted
from Ear Tip need to be received by the tympanic lens and
therefore the laser and the photodetector need to be gener-
ally aimed at each other. In order to achieve this in variable
ear canal anatomies two key steps are taken: 1) the laser
includes a diffuser, which provides greater insensitivity to
misalignment by providing a broad and diverging beam
pattern and 2) during the manufacturing of the Ear Tip, the
laser is aimed at the photodetector using anatomical infor-
mation from the silicon impression of the full ear canal.
[0165] The housing for the light tip is a custom mold made
to fit individual ear anatomy with comfort while maintaining
approximately 3-4 mm separation between the laser and the
photodetector photodiode of the tympanic lens. Materials
used in the manufacture of the light tip include acrylic,
silicone and biopore.

[0166] The taper tube acts as a strain relief for the cable as
it enters the light tip and may act as a handle for user’s who
are removing the light tip from the ear canal. The taper tube
also acts as a safety feature to prevent the light tip from
being inserted too deep into the ear canal.

[0167] The cable is bent to follow the anatomy of the ear
canal and the tragus. When the light tip is properly posi-
tioned, the cable will come out above the tragus and below
the crus helix of the user’s ear.

[0168] The light tip include built in emitter supports and
taper tube supports which provide platforms to hold the
emitter and taper tube while they are being glued in place.
These topographical features allow an operator to accurately
position the emitter and taper tube and hold them in place
during the process of gluing them to the light tip. The emitter
is held in a horseshoe shaped feature which includes a flange
to assist it in aligning properly. The taper tube is held in a
glue ring with a tooth feature to control its lateral and medial
position during the gluing process.

[0169] Inaddition and similar to rechargeable hearing aids
a BTE charger is provided to the recipient to help replenish
the battery inside the BTE. The charger may have connec-
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tivity, such as, for example WiFi, to allow it to automatically
upload data from the BTE while the BTE is being charged.
That data may be uploaded to, for example, the user’s health
care provide or to the BTE manufacturer. The charger may
be further adapted to automatically change its power output
depending on the time of day, user profile etc. Such changes
in power output may also be used to modulate the range of
the charger. While in the charger, the BTE may also send
periodic fuel gauge profiles to the charger. The indicator
lights on the charger may be used to indicate what profile
data is being transmitted from the BTE to the charger.
Further, the charger may be adapted to automatically dim or
even turn off LED indicator lights on the charger based on
the time of the day so that the LED light does not interfere
with the sleep patterns of the users.

[0170] Inembodiments of the invention, a BTE includes a
battery, a circuit board, a charging coil, a back iron (ferrite
disk) and a spacer. These components are arranged such that
the charging coil, back iron and spacer (the charging ele-
ments) are mounted on the battery, which is, in turn,
mounted on the circuit board. The charging coil is adapted
to receive electromagnetic energy from a charger, which is
then used to recharge the battery. The back iron is a ferrite
disk which focuses and concentrates the electromagnetic
field from the charger.

[0171] In the event that moisture, such as sweat, gets into
the BTE, it may create an electrolyte which provides a path
for ferrite electro-migration in the presence of electromag-
netic fields. In the event of such moisture ingress, ferrite may
migrate through the electrolyte from the ferrite disk to the
charging coil, reducing or eliminating the effectiveness of
the coil. There is also potential for damaging the internal
electronics due to the ferrite migration. In embodiments of
the invention, ferrite electro-migration may occur in the
presence of battery voltage, which may cause ferrite electro-
migration from the ferrite disk to the battery.

[0172] In embodiments of the invention, the spacer is
placed between the battery and the ferrite disk to isolate the
battery case from the ferrite disk and/or to position the coil
to maximize the efficiency of the transfer of energy between
the charger and the BTE. This spacer may be made of plastic
and is mounted to the battery using an adhesive. In order to
prevent electro-migration of the ferrite to the charging coil,
the charging coil, ferrite, spacer combination may be con-
formal coated. The conformal coating may be, for example,
a conformal coating using an organic coating material, such
as Hysol. The conformal coating prevents electro-migration
of ferrite from the backing iron to the charging coil.
[0173] In embodiments of the invention, the battery, cir-
cuit board combination may be separately coated, using, for
example, Parylene C. Separately coating the battery, circuit
board combination ensures that there is no electro-migration
of ferrite to the battery or circuit board.

[0174] In embodiments of the invention, the charging
elements and the battery are separately coated to prevent
magnetic fields within the coating from causing electro-
migration under the coating. In embodiments of the inven-
tion, the portion of the spacer attached to the battery is not
coated since the conformal coating will not stick to the
adhesive used to attach the spacer to the battery. In embodi-
ments of the invention, the edge of the coil, ferrite and
spacer are coated, sealing the sides and top but not the
bottom of the charging elements (antenna stack). This side
and top coating ensures that there will be no electro-
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migration along the edge of the charging elements (antenna
stack) between the backing iron and the coil.

[0175] In embodiments of the invention, a hearing aid
device comprises: an antenna stack having a top, sides and
a bottom, the antenna stack comprising: a coil antenna
having a first and second side, the first side of the coil
antenna forming the top of the antenna stack; a backing iron
having a first and second side, the first side of the backing
iron being attached to the second side of the coil antenna;
and a spacer having a first and second side, the first side of
the spacer being attached to the second side of the backing
coil and the second side of the spacer forming the bottom of
the antenna stack; a battery stack, the battery stack com-
prising: a rechargeable battery having a first and second side,
the first side of the rechargeable battery being attached to the
second side of the spacer; a printed circuit board attached to
the rechargeable battery; a conformal coating material cov-
ering the top and sides of the antenna stack sealing the top
and sides of the antenna stack from moisture ingress; a
second coating material covering the top and sides of the
battery and the printed circuit board, sealing the battery
stack from moisture ingress. In the embodiments of the
invention, the conformal coating material comprises an
organic coating material. In embodiments of the invention,
the conformal coating material comprises Hysol. In embodi-
ments of the invention, the second coating material com-
prises Parylene.

[0176] Embodiments of the invention include a method of
preventing ferrite migration in a hearing aid including an
antenna stack and a battery stack wherein the antenna stack
sits on the battery stack, the method comprising the steps of:
conformally coating the top and sides of the antenna stack
using a conformal coating material; and separately coating
all the surfaces of the battery stack using a separate material.
[0177] In embodiments of the invention, an adhesive
cover is used to prevent moisture ingress into the CS45 data
connector. The adhesive cover prevents moisture from get-
ting into the CS45 connector and causing the connector pins
from shorting. The use of a disposable adhesive cover
eliminates the need for a thicker cover which may interfere
with the housing cover.

[0178] In embodiments of the invention, a fitting software
is provided to the hearing health professional to customize
the prescription to the recipient’s hearing profile. The Fitting
(ELF) software is used by the hearing health professional to
program and customize the Audio Processor to the indi-
vidual hearing profile. In addition to the ELF software, the
fitting system includes a laptop personal computer (PC), a
HiPro 2 box [GN Otometrics A/S] and programming cables
for each BTE.

[0179] Inembodiments of the invention, the ELF software
includes a Lightgram measurement, which is used to cali-
brate the output of the hearing system of the present inven-
tion in equivalent acoustic pressure units (dBSPL). The
output of prior art air conduction hearing aids are typically
characterized with the use of a 2 cc coupler and an ear
simulator, which are intended to represent an average ear.
Since the output of the present systems is mechanical sound
vibrations through direct contact to the umbo, a calibration
is needed to represent these vibrations in equivalent terms to
acoustic sound pressure. To this effect, during the fitting
session a user’s unaided pure tone acoustic thresholds are
measured using conventional audiometric techniques and
recorded in ELF. Subsequently, aided pure-tone thresholds
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are measured using the Lightgram, where tones are gener-
ated in the Audio Processor, played back and responses are
recorded as the light based thresholds. Using these two sets
of pure tone threshold data, ELF computes a calibration
function which equates the light stimulus of the present
system to an equivalent sound pressure level at the tympanic
membrane. In practice, the calibration is determined for each
ear by measuring the sound pressure required to achieve
threshold of hearing at standard audiometric frequencies
between 125 Hz and 10,000 Hz, then measuring the output
level of the CHD (the Lightgram) to achieve the same
threshold level. In this way, not only is the system calibrated
but the maximum equivalent pressure output (MEPO) can
also be determined. The MEPO of the CHD is determined by
adding the remaining CHD headroom at threshold to the
acoustic sound pressure delivered at threshold to determine
the maximum output of the system at each of the standard
audiometric frequencies.

[0180] For example, in one embodiment of the invention,
a subject requires 65 dB SPL to reach the acoustic threshold
during a hearing test at 2000 Hz. The same subject, when
fitted with the CHD requires an output at a power level that
is =55 dB relative to the full scale output to reach the same
perceptual threshold at 2000 Hz. The MEPO can be deter-
mined by adding 65 dB SPL (acoustic threshold) and 55 dB
(additional headroom to reach full scale output), or a MEPO
of 120 dB SPL.

[0181] In order to present the natural sound quality to
hearing aid users, the selection and combination of hearing
aid parameters have to be arranged and ordered in a way
which optimizes those settings for each individual user.
Hearing aid devices currently available require user inter-
vention when programming the device. Since user interven-
tion is required, the number of available programs may be
limited because users cannot generally keep track of more
than four programs at a time. This limited number of options
may make it difficult for a user to program the optimal
parameters based on the environment they are in. In addi-
tion, it may be difficult for a user to know which program is
active and it may require trial and error to get to the right
target program, resulting in frustration and poor sound
quality. Limiting the number of available programs based
upon the need for user intervention, instead of the system
capabilities (e.g. storage capacity) results in a sub optimal
solution.

[0182] Some hearing devices have mitigated this problem
by providing different types of tones and/or differing num-
bers of beeps to indicate particular programs and assist the
user in programing their devices. However depending upon
the current program type and voice prompts. Though useful
this type of feedback still requires the user to actively
participate in selecting the optimal program parameters. In
addition, many users do not want it known that they are
wearing hearing aids so social stigma associated with the
user using program buttons in public in order to get to the
right parameter selection may deter them from changing the
program settings, even where the result is suboptimal hear-
ing.

[0183] In the present invention, the hearing aid may be
automatically programmed, without active user intervention.
In the present invention, wirelessly connecting the hearing
aid to an external device, such as a smart phone, allows the
hearing aid to use the location sensor built in the connected
device to activate parameters based on external parameters
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such as the user’s location. Alternatively, a GPS sensor may
also be embedded in the hearing aid device to offer location
based parameter programming. With a GPS enabled location
device, either in the hearing aid or an associated device, the
software would be able to gather external data to program
the hearing aid for operation based upon those factors, for
example, whether a user is in a car and the speed of the car.
The system may then select specific programs or settings to
optimize the user’s experience, such as, adjusting a noise
reduction algorithm to reflect the added wind noise that
might be experienced by a user in a car. Location devices
may also be used to determine whether a user is indoors or
outdoors and activate settings or programs in the hearing aid
automatically based upon those parameters. As another
example, if the user is in the mall or movie theater, the
appropriate parameter selection can be made to give them
optimal sound quality. As a further example, if the user is in
concert hall, the music program can automatically be
selected without user intervention.

[0184] In embodiments of the invention, hearing aid pro-
grams and parameters may also be updated based upon
events on the user’s calendar. For example, if the user is
scheduled to have a business meeting in his/her calendar, the
device can create a record of that and automatically put it in
a quite mode during the meeting.

[0185] In embodiments of the invention, a request to
stream real time audio music may result in the programs and
parameters of the hearing aid being adjusted to automati-
cally select the music program selection without user inter-
vention and revert to the previous program selection when
the audio stream disconnect request is received.

[0186] In embodiments of the invention, configuring the
hearing aid device into a hands free listening device during
an active phone conversation, may result in the hearing aid
automatically mode switching to a directional microphone
set up and selection of a program which includes appropriate
noise reduction and fast feedback cancellation. Once the
user hangs up the call, the hearing aid may automatically
revert back to its original program selection.

[0187] In embodiments of the invention, the user’s exter-
nal environment may be sensed by the hearing aid and/or
associated device and the programs and parameters auto-
matically adjusted as the user’s environment changes. The
hearing aid automatically selecting the appropriate program
or parameter based on the environment the user is in. As an
example, wireless communication programs may be dis-
abled or turned off when the hearing aid or associated device
senses that the user is on an airplane, by, for example,
sensing the presence of an iBeacon. In one embodiment, an
iBeacon application running on the connected device will
sense the iBeacon and signal the hearing device to put itself
in the airplane mode. As a further example, temperature
sensors in the hearing aid and/or associated device could be
used to determine if the user is sitting in a sauna or taking
a cold shower and the hearing aid programs and parameters
adjusted accordingly.

[0188] In embodiments of the invention, physical charac-
teristics of the user may be sensed by the hearing aid and/or
associated device and the programs and parameters auto-
matically adjusted based upon those characteristics. For
example, a hearing aid device may have an embedded 3D
accelerometer to determine the activity level of the user and
the programs or parameters could be automatically selected
if the patient is sitting up, sleeping, running and/or walking.
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[0189] In embodiments of the invention, sensors on the
hearing aid and/or associated device may include location
sensors such as GPS and/or an iBeacon receiver. In embodi-
ments of the invention, the associated device may include
one or more special applications. In embodiments of the
invention, the hearing aid device may include a software
algorithm to automatically enable and select different pro-
grams or parameters based on inputs such as location,
iBeacon inputs, user selected programs such as audio
streaming or Calendar events.

[0190] It is generally desirable that hearing-aid systems be
reliable, with no system failures. Thus, it is desirable to
perform preventative maintenance on regular basis before
any system failure. In addition, it would be useful to be able
to predict when preventative maintenance will be required in
order to plan service resource needs. There are many moving
parts in the system and it will be desirable to predict the
failure modes and life cycle counts of these components so
that timely service and/or replacement could be performed.
[0191] The device software actively monitors the hearing
aid system, collecting data on the system components. The
collected data may then be compared to thresholds stored in
device memory and the user alerted when the subsystems
and/or components of the devices need to be replaced. The
user may also clear alerts. Alerts may also be sent to the
user’s health care provider or to the manufacturer. Usage
related information can also be communicated to a remote
server which gathers and processes usage related informa-
tion from multiple hearing aids.

[0192] In one embodiment of the invention, the hearing
aid system collects a broad range of data which may be used
to predict failure of the system and provide alerts when
components of the system need to be replaced or repaired.
Data collected by the hearing aid system may include:
[0193] 1. A manufacturing timestamp indicating the date
the system, and/or a component thereof was manufactured.
[0194] 2. A placement timestamp indicating the date a
tympanic lens was placed in the user’s ear.

[0195] 3. A removal timestamp indicating the date a tym-
panic lens was removed from the user’s ear.

[0196] 4. One or more fitting timestamps, indicating the
date the hearing aid system was first programed for the user
and/or the date of the first audiogram and/or lightgram for
that user.

[0197] 5. One or more lightgram timestamps, indicating
the date of each subsequent lightgram.

[0198] 6. A count of the number of times the hearing aid
system is programed.

[0199] a. This count may be a count of the number of
times the communication accelerator adaptor (“CAA”)
connector is used.

[0200] b. This count may be used to predict failure of
the CAA connector by comparing the count to the life
limit of the CAA connector insertions

[0201] 7. A time stamp log of all over the air programing
(“OTAP”).
[0202] 8. A log of all the number of times the system is

turned on and the duration of use.

[0203] 9. Alog of the number of times the system is placed
into standby mode and the durations of those standby times.
[0204] 10. A count of the number of times the BTE is
recharged and the duration of those charging cycles.
[0205] 11. A count of the number of times the BTE is
placed in its charging slot.
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[0206] a. This count may compared against a specifi-
cation and used to predict a failure based upon wear and
tear.

[0207] 12. A log of the laser current settings (e.g. LC=6 .
.. 1) and a count of the number of times those settings are
changed

[0208] 13. A count of the number of times the laser current
exceeds its maximum specified value.

[0209] 14. A count of the number of times the laser is
turned off and on.

[0210] a. This count may be a count of the number of
times the laser current driver is turned on.

[0211] b. This count may be compared against a speci-
fication and used to predict a failure of the laser current
driver

[0212] 15. A count of the number of times a light tip is
inserted into the user’s ear.

[0213] a. This count may be based upon:
[0214] 1i. A feedback measurement reading;
[0215] ii. A battery temperature reading from the fuel
gauge; or
[0216] iii. A battery temperate reading of the wireless
chip
[0217] ©b. Light tip insertion count may be compared

against a specification on the life limit of the light tip
insertion and used to predict failure of the light tip.

[0218] c. Light tip insertion count may be compared
against a specification on the life of the light tip
connection wire and used to predict failure of the light
tip connection wire.

[0219] 16. A count of the number of motor post move-
ments
[0220] a. This count may be compared against a speci-

fication on the life limit of the motor post and used to
predict motor post failure.

[0221] 17. A timestamp indicating the time the battery is
replaced;

[0222] 18. A timestamp indicating the time the battery is
manufactured;

[0223] 19. A count of the number of times the battery is
recharged.

[0224] 20. A record of the battery temperature;

[0225] 21. A record of the battery over temperature con-
ditions;

[0226] 22. A count of the number of times the battery

current exceeds its specified limit; and
[0227] 23. A count of the number of times the battery
voltage is less than its specified limit.
[0228] 24. A count of the number of times the rocker
switch is depressed
[0229] 25. A record of which programs are selected by the
user and the number of times each program is selected.
[0230] 26. A record of the volume settings selected by the
user and the number of times those settings are changed.
[0231] a. This count may be based upon the number of
activations of the from the Rocker switch
[0232] b. This count may be based upon data from a
device, such as a cell phone, wirelessly connected to
the hearing aid system.
[0233] 27. A record of the frequency of application of oil
to the user’s ear
[0234] 28. A record of the quantity of oil applied to the
user’s ear (e.g. number of drops)
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[0235] 29. A record of the person dispensing the oil into
the user’s ear.
[0236] 30. A record of the number and length of Bluetooth

low energy (“BLE”) connection sessions.

[0237] 31. A record of the number and length of Audio
streaming sessions.

[0238] 32. A record of the number and length of Audio
codec selections.

[0239] The hearing aid system may also include a list of
life limit thresholds for various actions in its memory. As an
example, the hearing aid system may include the life limit on
battery recharge cycles in its memory. As the data described
above is collected, the collected data is compared against
relevant stored data, such as, life limit thresholds stored in
memory. When the collected data reaches a predefined limit,
such as a life limit threshold, an alert may be sent to indicate
that the hearing aid system, or a component of that system
is in need of maintenance or repair. These alerts may be sent
directly to the user, the user’s health care provider, the
hearing aid system manufacturer or any combination of the
above. In the event that the alert is sent to the user, it may
be repeated at predefined intervals until cleared by the user.
Alternatively, the hearing aid system may be designed such
that specified hearing aid alerts can only be cleared by the
health care provider or the manufacturer. In addition, alert
types may be user programmable. Such user programmable
alert alternatives include, voice prompt, audible beep and
pop up messages on a connected device. The hearing aid
system may send both preventative and critical maintenance
notifications. Connected device apps can convert the alerts
in calendar events upon receiving.

[0240] Of particular interest in hearing aid systems is
tracking and maintenance of the battery, particularly in
hearing aid systems using rechargeable batteries. In the
hearing aid system described herein there are multiple
functions performed which are related to battery tracking
and maintenance.

[0241] The hearing aid system may range check the bat-
tery temperature from the fuel gauge and alert the user if the
hearing aid system has been exposed to the out of bound
conditions, such as extreme temperature. Once the battery
temperature is exposed to the out of bound conditions, the
hearing aid system will shut off predetermined elements of
the system to prevent damage to the system. Before shutting
off the system, the system may set a “Device Check” flag,
which may be reset by a technician after they have thor-
oughly checked the device and/or replaced the battery.
[0242] The hearing aid system may also monitor the
battery for voltage conditions which are indicative of
remaining battery life during a charge cycle. Under low
battery conditions, predetermined elements of the system
may be disabled and enabled again when the battery voltage
is high enough. Alternatively, the hearing aid system could
recommend certain settings, profiles or usages to the user in
order to extend the remaining battery life. These settings,
profiles and usages could be modified by the system as the
battery ages and its capacity is reduced.

[0243] The hearing aid system may also monitor the
battery temperature. A change in battery temperature could
indicate that the battery has been removed from its charger.
If the battery is removed from the charger when the hearing
aid system is not being used, the hearing aid system may be
put into deep sleep mode to conserve power. The hearing aid
system may further broadcast an audible signal to indicate
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its location to the user. A change in battery temperature may
further indicate a change in the position of the BTE relative
to the user or the charger. If the battery temperature indicates
that the BTE is no longer on the user’s ear or in the charger,
the hearing aid system may be put into a deep sleep mode to
preserve battery life. Alternatively, or in addition, the BTE
may be programed to broadcast a signal, for example, every
three seconds, to assist the user in locating the BTE.
[0244] The fundamental problem with short distance wire-
less communication is cross-interference and interoperabil-
ity. In devices using short distance wireless communication,
either the controller or the peripheral can connect and
communicate with any other device as long as they use the
same RF frequency band and link layer protocols. As
multitude of these devices operate in close proximity, cross
channel interference and interoperability becomes an issue.
Traditionally user intervention is required to selectively
associate with the devices of interest. In addition, extensive
authentication and encryption algorithms are used to protect
the integrity of the data and device identification. Since the
short distance devices all operate in close proximity, selec-
tively associating with the device of interest becomes a very
complicated process.

[0245] One solution to these issues in a hearing aid system
would be the use of a pairing button to pair the BTE and
charger. However, pairing buttons take extra space on the
device, cost extra money and introduce reliability issues. In
addition, such switches require the user to remember to push
the pairing button, which is not desirable from an ease of use
perspective. Alternatively, extensive encryption and authen-
tication methods may be used to ensure proper pairing but
those methods add to development and validation cycles
while introducing unnecessary complexity to the system.
[0246] In embodiments of this invention, the traditional
problems are solved by using two different low power
wireless communication techniques to associate and com-
municate among devices of interest selectively without the
need for user intervention, or the use of a pairing button or
extensive protocol re-engineering. In the present invention,
when the hearing-aid device is dropped into the slot of the
charger base, it automatically triggers a sequence wherein
low power communication protocols are used to associate
the hearing aids exclusively with that charger base, without
the need for user intervention, a pairing button, or complex
authentication schemes. In addition, embodiments of the
present invention automatically locate a local charger when
a user walks into a room and alerts the user if the user leaves
the room without bringing the charger along.

[0247] In one embodiment of the present invention, illus-
trated in the flow diagrams of FIGS. 20 and 21, a short-
distance wireless charging technique is used to associate the
hearing-aid device to the charger base without the need for
pairing. In embodiments of the invention, this is accom-
plished using a low distance wireless communication tech-
nique that is initiated upon insertion of the BTE into the
charger base slot. The association of the hearing-aid device
to the associated charger is critical to make sure the right
hearing-aid device is being charged and profiled on the
status indicators. This invention also uses low power wire-
less communication between the hearing-aid and the charger
base to associate, authenticate, exchange device profile and
status information while in the charger base. The system
may also be adapted to perform two way communication
from the charger base to the device. The present invention is
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adapted to eliminate the problem of a hearing-aid device
sitting in one charger base can inadvertently communicate to
another charger base in close proximity to the charger base.
[0248] Inthe present invention, the insertion of a BTE into
a charger is used to automatically trigger association of the
inserted BTE with the charger base. The charger software is
adapted to keep track of a plurality of BTEs and to identify
left and right devices. A unique ID is generated every time
a BTE is dropped into the charger base, reducing or elimi-
nating the chance of charging a BTE in a nearby charging
base. When the BTE is dropped in the slot of the charger
base, an 8-bit unique random ID is generated using an
OOSK method. This unique ID is only associated with that
base and is communicated to the BTE using an extremely
low power protocol to avoid cross-communication to any
other device. The extremely low power protocol is adapted
to prevent communications beyond 1 cm. When the BTE is
dropped in the slot in the charger base, upon detection in the
charger base, the device uses the lowest transmit TX power
settings to avoid cross-interference with other chargers in
the close proximity.

[0249] In the present invention, a low power RF power
cycle modulation sequence may be used to encode charger
base ID and exchanged through the wireless charging coil.
The BTE demodulates the unique encoded ID transmitted by
the charger and then uses this ID in a wireless communica-
tion protocol, such as a low power Bluetooth Low Energy
(“BLE”) protocol, to advertise itself on the network. In
embodiments of the invention. suitable wireless communi-
cation protocols may include, for example WiFi, Zigbee or
other wireless protocols. The charger base is continuously
scanning and listening to find BTEs that have same ID. Once
a B having the proper 1D is identified, it is associated with
the charger. The association is achieved by low power on/off
sequence to generate a unique ID as opposed to using BLE
protocol to associate devices. Once a BTE is associated with
a charger base, the system switches over to low power BLE
protocol to communicate between the charger and BTE.
Such communication may include communication of the
battery profile of the BTE, which information may be used
to allow the user to see the battery status while the device is
sitting in the charger base. The association may be ended as
soon the BTE is removed from the charger.

[0250] In one embodiment of the invention, illustrated in
the flow diagram of FIG. 21A the introduction of a hearing
aid into the charger is sensed by the charger because of a
fluctuation in the charger magnetic field. This fluctuation is
sensed as a change in the I_SENSE signal. The hearing aid
senses that it has been placed into a charger by sensing a
heart beat signal from the charger and signals its presence by
cycling on and off. The hearing aid then sends the charger a
packet structure, including a preamble and, assuming the
correct preamble is sent, the charger identifies the hearing
aid as being a valid hearing aid (i.e., a hearing aid that can
be charged). If the hearing aid is not identified as being a
valid hearing aid, the charger will not initiate charging and
turns off. The authentication process takes approximately 5
seconds. Once the hearing aid is authenticated, the charger
can read the state of charge (SOC) status along with the
battery voltage and temperature.

[0251] In embodiments of the invention, when there is no
device in the slot, the firmware on the charger is put in deep
standby to conserve power. The charger system may be
adapted to wake up from the interrupt when a BTE is
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dropped in the slot. In embodiments of the invention, there
is programmable hysteresis built in the charger base to
ensure that momentarily device drops in the slot and/or
momentarily removal of the device from the slot do not
trigger the charger to change status (e.g. wake up or go into
standby mode). In embodiments of the invention, the char-
ger may be configured such that it will continuously broad-
cast its location in the room or office.

[0252] In embodiments of the invention, the BTE may be
associated with an external device such as a smart phone and
the smart phone may be alerted when a charger is nearby so
that the user is given an option to use the charger while there.
In embodiments of the invention, the smart phone may also
assist the user in finding a nearby charger if requested by the
user. Other alerts, either directly by the charger or through
the smart phone may include alerting the user that they are
leaving he charger behind, the BTE is fully charged, the
BTE is in the charger or the BTE is being removed from the
charger. In addition, the smart phone may be used to define
a geolocation based on a user’s profile and adjust the power
output of the charger beacon mode to a smaller or larger
geofence. In embodiments of the invention, the charger may
be connected to a remote data source, such as a cloud based
server. By connecting to the remote data source, the charger
may transmit data from the remote data source to the BTE,
including, for example, firm ware updates. The charger may
also transmit data from the BTE to the remote data source,
including, for example, data logs showing data collected
from the BTE.

[0253] In embodiments of the invention, a charger is
responsible for charging two BTE modules. The Charger
oscillates a coil which transfers energy to the BTE coil and
charges the device. Firmware within the charger will dis-
able/enable the oscillation; detect if a BTE has been placed
on the charger; communicate with the BTE to find out the
state of charge; and display the battery level or fault con-
ditions to a user using the external LED:s.

[0254] The state diagram illustrated in FIG. 23 shows the
logic flow of the Charger FW. The charger starts of in the
IDLE state, when an item is placed the charger waits for a
message for 5 seconds (MSG WAIT). After the 5 seconds it
transitions to a fault state or charging state depending if a
valid message was received. The charger then remains in the
charging state, except for when it requests (REQ) an update
from the BTE every 10 minutes. When a full charge criteria
has been met for over 20 minutes the charger transitions into
full state. While full the charger transitions to an RCV state
every 10 minutes for 10 seconds to allow for an update from
the BTE. If a device is removed and any point the charger
will transition to an idle state.

[0255] In embodiments of the invention, the charger
charges the BTE by oscillating a PWM signal at 744 kHz.
This signal induces an electromagnetic field on the coil
which transfers energy to the receiving coil on the BTE. The
PWM signal is toggled on for 10 ms and off for 190 ms,
resulting in a 5% duty cycle. When the PWM is on, an ADC
signal [I_SENSE] can detect if an object, such as a BTE is
placed into the charging bin. A level of 80 mV on the
I_SENSE will indicate the presence of a BTE. Once detected
it has to drop below 64 mv in order to be detected as off, this
prevents jumping between on and off states. The charger
allows 5 seconds for authentication process to complete.
After 5 seconds, if a valid message was received, the charger
will continue charging, and LED status will indicate state of
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charge to a user. If a valid message is not received after 5
seconds, charging will be disabled, and an error status will
be indicated by blinking 4 LEDs.

[0256] In embodiments of the invention, communication
with the BTE is initiated by the charger. It is the BTE’s task
to respond with an appropriate message. When the BTE is
first placed in the charger it will start sending state of charge
and voltage readings. After the first sequence the charger
will request an update every 10 minutes. The charger
requests an update from the BTE by disabling the PWM
signal for 500 ms then enabling it back on. This will be
received by the BTE on the CHARGER_ON_L pin. It will
cause the BTE to toggle states between standby and charg-
ing. When the BTE goes to charging state it will send a
sequence of updated state of charge and voltage messages.
The BTE sends a message, by toggling the REFLECT pin.
This will be received by the Charger on the ADC [I_SENSE]
line. The BTE sends a 32 bit message in the following
format: OxAz Oxdddd OxAS, where 0xAz is the preamble
that indicates a start of transmission, ‘z’ indicates a nibble
notifying what value is sent (1 for %, 2 for V), Oxdddd is a
2 byte value. Followed by 0xAS to end the transmission. If
a message does not meet the specified criteria it will be
ignored. It is important that the first and last bit sent is a 1,
since this is how a start and end of transmission is deter-
mined.

Preamble Description Example

0xAl battery state of charge 0xA10060A5: SOC = 96%
message

0xA2 battery voltage message O0xA20F7CAS: V = 3964 mV

[0257] To determine if a 1 or a O bit is being transmitted

an adaptive algorithm used to find a threshold between a 1
and a 0. The algorithm tracks the maximum level, and the
minimum level and finds the average of the two. The
following table describes what is being communicated to the
user through the charger LED lights:

OFF Nothing in charger bin
LED 1 fast blink Device has just been placed and authentication
is taking place. First 5 seconds

LED 1 SOC <= 33%

LED 2 SOC <= 66%

LED 3 SOC > 66%

LED 4 SOC >= 97% && SOC <= 100% && V > 4150

4 LED blink FAULT status.

[0258] When the BTL battery reaches full charge

[SOC>=98% and V>=4180 mv] the charger will charge for
20 more minutes, after which it will go to idle state (PWM
is driven at 5% duty cycle). The battery state will still be
monitored. Every 10 minutes the charge will be enabled for
10 seconds which will allow the BTE to send an updated
state of charge and voltage reading. If the voltage drops
below 4100 mV charging will be resumed, otherwise the
charger will go back to idle mode.

[0259] If a foreign device is placed on the charger and
detected. The charger will wait 5 seconds to receive a
message. If it does not receive a message it will blink 4
LEDs to indicate a fault condition and the charger state will
go to idle.
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[0260] In one embodiment of the invention, the charger
software displays the LED status based on the current
battery voltage, state of charge or communication state as
follows: The first LED blinks when processor detection is in
process and turn solid when the processor is authenticated.
The second LED turns solid when the battery state of charge
is greater than 33%. The third LED turns solid when the
battery state of charge is greater than 66%. The fourth LED
turns solid based on the current battery voltage (BV), in mV,
and/or state of charge (SOC), in percentage.

[0261] The Charger software blinks all four LEDs when it
detects a non-communication state. The Charger software
displays the LED status as normal after a non-communica-
tion state has been cleared.

[0262] In one embodiment of the invention, the Charger
software regularly restarts the watchdog timer before it’s
expired in, for example, 4 seconds. In embodiments of the
invention, the Charger software range checks the battery
state of charge value. In embodiments of the invention, the
charger software monitors the current battery temperature
(BT), in degrees Celsius, and/or the current battery voltage
(BV), in milli-Volts. The Charger software stops charging
the processor when the sensing threshold level is less than 55
mV or after an adaptive charging timeout of up to 6 hours
is expired.

[0263] Inembodiments of the invention, the charger moni-
tors the BTE temperature as the BTE is being charged. In
order to prevent overheating the BTE, the charger uses
on/off cycling to limit the heat buildup in the charger. In
embodiments of the invention, the charger may use different
duty cycles, depending upon the state of charge of the BTE.
For example, if the BTE is between a minimum voltage and
a first voltage (e.g., between 3.0 and 3.5 volts) when placed
into the charger, the duty cycle may be at a maximum value
(e.g., 100%). In embodiments of the invention, the BTE
charge is prevented from going below the minimum voltage
by turning the BTE off until it can be recharged when it gets
to the minimum voltage. If the BTE is within a first interim
range of voltage (e.g., between 3.5 volts and 4.18 volts), the
charging duty cycle may decreased to an interim value (e.g.,
90%). Once the BTE reaches its target charging voltage
(e.g., 4.18 volts), the charging may continue in phases, with
Phase 1 being a first duty cycle (e.g., 75%) for a first period
(e.g., 10 minutes). Phase II may be a second duty cycle (e.g.,
50%) for a second period (e.g., 10 minutes) and Phase 111
being a third duty cycle (e.g., 25%) duty cycle for a third
period (e.g., 10 minutes). During each of these phases, the
temperature is continually checked to ensure that the battery
is not overheating. At the end of the third phase the charging
may be discontinued and the BTE battery voltage monitored
until the battery reaches a depleted state (e.g., 4.1 volts), at
which time the charging process is restarted.

[0264] In embodiments of the invention, it may not be
possible to rely on continuous communication between the
charger to ensure proper charging but prevent overcharging.
The charger may, therefore include a watchdog timer which
estimates a time to charge when the BTE is placed into the
charger and sets a maximum charge time based upon the
measured charge. The maximum charge time is used to shut
off the charger in the event that the charger and BTE lose
communication during the charging cycle. In embodiments
of the invention, a maximum charge time is used to prevent
overcharging and/or overheating. In embodiments of the
invention, this maximum charge time may be, for example,
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six hours. The maximum charge time may, however, be
adjusted to take into account the actual state of charge of the
battery. For example, in embodiments of the invention, if the
battery is 50% charged when the BTE is placed in the
charger the max charge time would be reduced. In one
embodiment of the invention, the max charge time would be
reduced from six hours to four hours.

[0265] Embodiments of the invention include a method of
charging a rechargeable battery in a hearing aid, the method
comprising the steps of: detecting the presence of a
rechargeable hearing aid in a hearing aid recharger; gener-
ating a unique random ID in the charger; transmitting the
unique random ID to the hearing aid using an extremely low
power protocol; demodulating the unique ID in the hearing
aid; using the demodulated unique ID in a low power
protocol to advertise the hearing aid on a network which
includes the charger; associating the hearing aid to the
charger when the charger which broadcast the unique ID
receives that unique ID from a hearing aid using a wireless
protocol; using the wireless protocol to communicate
between the associated charging station and hearing aid;
radiating power from the charger to the hearing aid; and
ending the association when the hearing aid is removed from
the charger. In embodiments of the invention, the step of
establishing the state of charge of the associated hearing aid
prior to radiating power from the charger to the hearing aid.
In embodiments of the invention, the charger waits a pre-
determined time after detecting a hearing aid in the charger
before transmitting the unique 1D to the hearing aid. In
embodiments of the invention, the charger charges the
hearing aid by oscillating a pulse wave modulation signal at
744 kHz. In embodiments of the invention, the pulse wave
modulation signal is toggled on for approximately 10 mil-
liseconds and off for approximately 190 milliseconds.

[0266] Embodiments of the invention include a method of
charging a rechargeable battery in a hearing aid, the method
comprising the steps of: detecting the presence of a
rechargeable hearing aid in a hearing aid recharger; gener-
ating a unique random ID in the charger; demodulating the
unique ID in the hearing aid; transmitting the unique ID back
from the hearing aid to the charger; radiating power from the
charger to the hearing aid; and ending the association when
the hearing aid is removed from the charger. Embodiments
of the invention further include the step of establishing the
state of charge of the associated hearing aid prior to radiating
power from the charger to the hearing aid. In embodiments
of the invention, the charger waits a predetermined time
after detecting a hearing aid in the charger before transmit-
ting the unique 1D to the hearing aid. In embodiments of the
invention, the charger charges the hearing aid by oscillating
a pulse wave modulation signal at 744 kHz. In embodiments
of the invention, the pulse wave modulation signal is toggled
on for approximately 10 milliseconds and off for approxi-
mately 190 milliseconds. Embodiments of the invention
further include the step of transmitting the unique random
1D to the hearing aid using an extremely low power protocol.
Embodiments of the invention further comprise the step of
using the demodulated unique ID in a low power protocol to
advertise itself on a network which includes the charger.
Embodiments of the invention further comprise the step of
associating the hearing aid with the charger when the
charger which broadcast the unique ID receives that unique
ID from the hearing aid. In embodiments of the invention,
the charger and hearing aid are associated using a Bluetooth
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protocol. In embodiments of the invention, the wireless
protocol is used to communicate between the associated
charging station and the hearing aid. In embodiments of the
invention, the wireless protocol is a Bluetooth protocol.
[0267] Embodiments of the invention include a method of
charging a hearing aid battery, the method comprising the
steps of: inserting the hearing aid into a charger; measuring
the current charge level of the battery; charging the battery
at a first duty cycle for a first period until the charge level of
the battery reaches a first predetermined level; charging the
battery at a second duty cycle for a second period until the
charge level reaches a second predetermined level, wherein
the second duty cycle is less than the first duty cycle;
charging the battery at a third duty cycle for a first fixed
period, wherein the third duty cycle is less than the second
duty cycle; charging the battery at a fourth duty cycle for a
second fixed period, wherein the fourth duty cycle is less
than the third duty cycle; charging the battery at a fifth duty
cycle for a third fixed period, wherein the fifth duty cycle is
less than the fourth duty cycle; and discontinuing the charg-
ing until the battery charge reaches a third predetermined
value, wherein the third predetermined value is less than the
second predetermined value.

[0268] In embodiments of the invention, physical models
are made of the user’s ear canal, including the lateral and
medial ends of the canal and the tympanic membrane. Once
those physical models are made, they may be scanned to
create a digital model of the user’s ear canal. In embodi-
ments of the invention, the physical model of the user’s ear
canal may be an impression of the ear canal taken by a
healthcare provider. In embodiments of the invention, the
physical model may be multiple impressions of all or
portions of a user’s ear canal which are scanned and the
scanned data combined to generate the digital model of the
user’s ear canal. In embodiments of the invention, the digital
model may be made directly by taking a scan of the user’s
ear canal using digital scanning equipment and using the
scanned data to generate the digital model.

[0269] The digital model may be used to design the
tympanic lens and light tip in the digital domain to ensure
that the final products will fit into the patient’s ear canal and
that the light tip is properly aligned when placed into the
user’s ear canal. The digital model may be further used to
design and properly positon a chassis alignment feature and
a photodetector alignment feature to form an alignment tool
700. The digital modeling step determines the optimal
alignment of the chassis, the photo detector and the emitter.
Once the positioning of those three components is opti-
mized, the digital model may be used to create appropriate
alignment tools, including the photodetector alignment fea-
ture and the chassis alignment feature. In embodiments of
the invention, alignment may be accomplished in the digital
domain using the digital model. In embodiments of the
invention, the alignment may be verified using the verifica-
tion feature of FIG. 17.

[0270] The scanned data and digital model may then be
used to size and position the chassis and photodetector. In
embodiments of the invention, the grasping tab and the
posterior tympanic membrane plane may be used as a
baseline. In embodiments of the invention, certain design
rules are used to ensure that the components of the tympanic
lens are properly positioned with respect to the anatomical
features of the user. In one embodiment of the invention, a
0.5 mm space is maintained between the chassis and the
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anterior sulcus. In one embodiment of the invention, a 0.5
mm space is maintained between the chassis and the plane
of the tympanic membrane TM. In one embodiment of the
invention, the center axis of the chassis is designed to lie
above the deepest point in the user’s umbo. In one embodi-
ment of the invention, the chassis is designed to avoid
interaction with any potential irritation areas like the Short
Process and anterior bulge. In one embodiment of the
invention, digital proximity tools may be used to maintain
appropriate relationships between the chassis and elements
of the user’s anatomy.

[0271] Inembodiments of the invention, the photodetector
positon may be established by using a fixed distance of, for
example, 3.5 mm between the face of the photodetector and
the face of the emitter. The fixed distance may, in some
embodiments be between 3 and 9 mm. In embodiments of
the invention, both the emitter and the photodetector may be
designed to be positioned along the superior ear canal axis
to facilitate placement of a connecting cord along the Tragus
channel. Finally, once the positioning of the photodetector
and emitter are determined, proximity tools may be used to
confirm that there are no points of interaction between the
photodetector and emitter and the user’s anatomy, including
any anatomical features which would block or restrict the
transmission of light from the emitter to the photodetector.
In embodiments of the invention, digital alignment may be
used to minimize distance and offset the angle between the
photodetector and the emitter. In practice, the photodetector
is designed to be in line with the emitter axis to maximize
energy transfer between the photodetector and the emitter.
During the manufacturing process, the photo detector align-
ment feature and chassis alignment feature are used to align
the photodetector with the emitter and glue the photodetec-
tor in place on the chassis.

[0272] In embodiments of the invention, once the relative
positions of the photodetector and chassis have been deter-
mined for a particular patient, the patient specific tympanic
lens mold, photodetector alignment feature and chassis
alignment feature may be manufactured for that patient. In
embodiments of the invention, these patient specific features
may be digitally modeled and the alignment of the resulting
emitter and photodetector checked in the digital domain
before being manufactured. Alternatively, in embodiments
of the invention, one or more molds may be manufactured
and used to align the resulting emitter and photodetector as
illustrated in FIG. 17.

[0273] Inembodiments of the invention, two components,
the tympanic lens and the light tip are customized for the
individual patient based upon an impression which is taken
from that patient’s ear canal. In embodiments of the inven-
tion, the impression may be made by a physician. The
impression may be taken using a material which hardens
when poured into the ear canal. In practice, the impression
is inspected visually (for presence of voids or air bubbles)
and dimensionally (to confirm that the patient’s ear canal is
large enough to accommodate the tympanic lens and light
tip. The impression may, thereafter, be scanned and a digital
model of the user’s ear canal created by scanning the user’s
ear canal impression. The digital model may, thereafter be
used to create a cavity, using, for example, 3D printing,
resulting in the tympanic lens mold. In embodiments of the
invention, the tympanic lens mold is coated with Parylene C
through a vapor deposition process. The Parylene (now
matching the shape of the ear canal) is then removed from
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the tympanic lens mold and may be trimmed to create the
sulcus and the umbo platforms.

[0274] Inembodiments of the invention, the tympanic lens
mold may also be used in the manufacture of the tympanic
lens to properly position and affix the photodetector to the
chassis. In particular, an alignment tool including a chassis
alignment feature and a photodetector alignment feature
may be affixed to the tympanic lens mold and the chassis
positioned in the tympanic lens mold using the chassis
alignment feature to properly position the chassis. Once the
chassis is aligned within the tympanic lens mold, the pho-
todetector alignment feature may be used to properly posi-
tion the photo detector before it is glued to the chassis. In
embodiments of the invention, the tympanic lens mold may
be further used to properly position other components of the
tympanic lens on the chassis. In embodiments of the inven-
tion, the chassis may be glued to the sulcus platform, then
the microactuator glued to the chassis, then the grasping tab
glued to the chassis, followed by the placement and gluing
of the photodetector to the chassis using the photodetector
alignment tool.

[0275] In embodiments of the invention, after the tym-
panic lens mold is finished, an impression is made using the
mold (with the same material as the one used to take the
original impression). This mold impression is visually com-
pared to the original impression to confirm absence of
surface defects. This confirms that the tympanic lens mold
was created correctly.

[0276] Once the ear tip and tympanic lens are complete,
the tympanic lens mold and the ear canal mold can be mated
to form a complete model of the user’s ear canal. The
complete model of the user’s ear canal can then be used to
verify that the manufactured ear tip and tympanic lens will
be properly aligned when placed in the user’s ear. Specifi-
cally, the manufactured ear tip may be placed in the ear canal
model and the manufactured tympanic lens in the tympanic
lens model and the alignment between the emitter in the
manufactured ear tip and the photodetector on the manufac-
tured tympanic lens measured to confirm that they will be
properly aligned in the user’s ear canal.

[0277] Embodiments of the invention include a method of
manufacturing a tympanic lens, the method comprising the
steps of: creating a digital model of at least a portion of a
user’s ear canal; manufacturing an ear canal mold using the
digital model, wherein the ear canal mold includes a
recessed portion wherein the recessed portion includes a
model of at least a portion of the user’s medial ear canal,
including the tympanic membrane; manufacturing an align-
ment tool, including a chassis alignment feature and a
photodetector alignment feature, wherein the chassis align-
ment feature and the photodetector alignment feature are
unique to the anatomy of the user; mating the ear canal mold
and alignment tool; mounting a chassis in the ear canal mold
using the chassis alignment feature to properly align the
chassis in the ear canal mold; mounting a photodetector to
the chassis; and using the photodetector alignment feature to
positon the photodetector on the chassis prior to gluing the
photodetector in place. In embodiments of the invention, the
step of creating a digital model comprises the steps of:
forming an impression of a user’s ear canal, including the
user’s tympanic membrane; and digitally scanning the ear
canal impression to create a digital model of the user’s ear
canal. In embodiments of the invention, digital data is used
to size a chassis for the tympanic lens. In embodiments of
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the invention, the chassis is sized for the user. In embodi-
ments of the invention, the ear canal mold is coated with a
flexible material. In embodiments of the invention, the
flexible material is Parylene. In embodiments of the inven-
tion, the chassis is placed into the mold, using the alignment
tool to fix the position of the chassis with respect to the
tympanic membrane and features thereof. In embodiments
of the invention, the method further includes the steps of:
gluing the chassis to the flexible material coating the mold;
and cutting the flexible material to create a perimeter plat-
form and an umbo lens. In embodiments of the invention, the
flexible material is Parylene. In embodiments of the inven-
tion, the components are manufactured using 3D printing. In
embodiments of the invention, the method further comprises
the step of creating registration markers to align the digital
model with global predetermined coordinates of a digital
working environment after the step of digitally scanning the
ear canal mold to create a digital model of the user’s ear
canal. In embodiments of the invention, an origin of the
global predetermined coordinates of the digital working
environment is positioned at the deepest point of the digital
representation of the patent’s ear canal.

[0278] Embodiments of the invention include a method of
manufacturing a tympanic lens, the method comprising the
steps of: forming mold of a user’s ear canal, including the
user’s tympanic membrane; digitally scanning the ear canal
mold to create a digital model of the user’s ear canal; using
the digital data to size a chassis for the tympanic lens;
manufacturing a chassis; manufacturing an ear canal mold,
including a recessed portion with the anatomy of the user’s
medial ear canal, including the tympanic membrane; coating
the ear canal mold with a flexible material; manufacturing an
alignment tool, including a chassis alignment feature and a
photodetector alignment feature; mating the ear canal mold
and alignment tool; placing the chassis into the mold, using
the alignment tool to fix the position of the chassis with
respect to a model of the user’s tympanic membrane and
features thereof mounting a microactuator and photodetector
to the chassis; and using the photodetector alignment feature
to positon the photodetector prior to fixing the photodetector
in place. In embodiments of the invention, the method
further includes the steps of: affixing the chassis to the
flexible material coating the mold; and cutting the flexible
material to create a perimeter platform and an umbo lens. In
embodiments of the invention, the flexible material is
Parylene. In embodiments of the invention the components
are manufactured using 3D printing.

[0279] Embodiments of the invention include a method of
verifying the alignment of a user unique light tip and
tympanic lens, the method comprising the steps of: manu-
facturing a light tip using a digital model of the lateral
portion of the user’s ear canal, the tympanic lens including
an emitter; manufacturing a tympanic lens using a digital
model of the medial portion of the user’s ear canal, including
the user’s tympanic membrane, the tympanic lens including
a photodetector; manufacturing a verification fixture, the
verification fixture comprising: an ear canal mold manufac-
tured using the digital model of a lateral portion of user’s ear
canal; a tympanic lens mold manufactured using the digital
representation of a medial portion of a user’s ear canal;
mating the ear canal mold and tympanic lens mold in a
manner which replicates the relation between the user’s ear
canal and tympanic membrane; positioning the light tip in
the ear canal mold; positioning the tympanic lens in the
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tympanic lens mold; exciting the emitter in the light tip; and
measuring the electrical output from the photodetector.
[0280] Embodiments of the invention include a method of
creating one or more alignment tools, the method compris-
ing: making one or more physical impressions of a user’s ear
canal; scanning the one or more impressions to create one or
more digital models of the user’s ear canal, including the
user’s tympanic membrane; digitally combining the one or
more digital models to create a combined digital model of
the user’s ear canal; creating a first alignment tool using a
distal portion of the combined digital model, wherein the
first alignment tool replicates, at least in part, the user’s
tympanic membrane and surrounding anatomy. In embodi-
ments of the invention, the method the method further
comprises the steps of: creating a second alignment tool, the
second alignment tool comprising a photodetector alignment
feature and a chassis alignment feature. In embodiments of
the invention, the method further comprises the steps of:
creating third alignment tool, the third alignment tool com-
prising the first and second alignment tools. In embodiments
of the invention, the method further comprises the step of:
creating a third alignment tool using a proximal portion of
the combined digital model, wherein the second alignment
tool replicates, at least in part, the lateral portion of the
user’s ear canal anatomy.

[0281] The cable between the BTE and Ear Tip is custom
formed and sized during the manufacturing process based on
measurements provided by the clinician and the ear canal
impression.

[0282] Hearing aid systems according to the present
invention are custom designed for each individual user. One
of'the custom elements of the hearing aid system is the cable
which connects the BTE to the light tip positioned in the
user’s ear. Selecting the appropriate cable length is impor-
tant for the comfort of the patient. It is also important for
optimizing the position of the sound processor behind the
ear, which affects the sound quality experienced by the
patient.

[0283] FIG. 24 is an illustration of a cable sizing tool
according to the present invention. The cable sizing tool
illustrated in FIG. 24 is adapted to assist a health care
provider in accurately measuring the appropriate light tip
cable length for a particular user. The cable sizing tool
enables a clinician to accurately measure a custom cable
length in three dimensions. This provides a significant
advantage over traditional ear piece sizing tools which only
characterize the cable length in one dimension. The result of
using a cable sizing tool according to the present invention
is improved fit accuracy for custom products.

[0284] In one embodiment of the invention, the cable
sizing tool includes a model BTE having the size and shape
of the actual BTE to be used with the cable. The model BTE
is connected to a measuring cable which includes markings
at predefined intervals. In use, the model BTE is placed
behind the pinna of the user’s ear and is positioned in the
optimum position for fit and directional microphone loca-
tion. The health care provider then identifies the user’s tragal
notch and positions the measuring cable such that it follows
the natural contour of the pinna into the tragal notch. The
BTE location is maintained while the measuring cable is
pressed flat against the skin of the tragis channel and the
distance measured by noting which of the markings on the
measuring cable touch the tragus notch. While these mea-
surements could be taken using a measuring cable connected
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to, for example a cardboard model of the BTE, the use of a
model BTE having the height and thickness of a standard
BTE ensures a more accurate cable measurement by ensur-
ing that the cable measurement includes all three dimensions
necessary to ensure that the cable will fit the user. In this
way, the cable takes on a curved 3D form and accurately
indicates the overall length needed for the custom light tip
cable.
[0285] While the preferred embodiments of the devices
and methods have been described in reference to the envi-
ronment in which they were developed, they are merely
illustrative of the principles of the present inventive con-
cepts. Modification or combinations of the above-described
assemblies, other embodiments, configurations, and meth-
ods for carrying out the invention, and variations of aspects
of the invention that are obvious to those of skill in the art
are intended to be within the scope of the claims. In addition,
where this application has listed the steps of a method or
procedure in a specific order, it may be possible, or even
expedient in certain circumstances, to change the order in
which some steps are performed, and it is intended that the
particular steps of the method or procedure claim set forth
herebelow not be construed as being order-specific unless
such order specificity is expressly stated in the claim.

What is claimed is:

1. A hearing aid device comprising:

an antenna stack having a top, sides and a bottom, the

antenna stack comprising:

a coil antenna having a first and second side, the first
side of the coil antenna forming the top of the
antenna stack;

a backing iron having a first and second side, the first
side of the backing iron being attached to the second
side of the coil antenna; and
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a spacer having a first and second side, the first side of
the spacer being attached to the second side of the
backing coil and the second side of the spacer
forming the bottom of the antenna stack;

a battery stack, the battery stack comprising:

a rechargeable battery having a first and second side,
the first side of the rechargeable battery being
attached to the second side of the spacer;

a printed circuit board attached to the rechargeable
battery;

a conformal coating material covering the top and sides of
the antenna stack sealing the top and sides of the
antenna stack from moisture ingress;

a second coating material covering the top and sides of the
battery and the printed circuit board, sealing the battery
stack from moisture ingress.

2. A hearing aid device according to claim 1 wherein the
conformal coating material comprises an organic coating
material.

3. A hearing aid device according to claim 2 wherein the
conformal coating material comprises Hysol.

4. A hearing aid device according to claim 1, wherein the
second coating material comprises Parylene.

5. A method of preventing ferrite migration in a hearing
aid including an antenna stack and a battery stack wherein
the antenna stack sits on the battery stack, the method
comprising the steps of:

conformally coating the top and sides of the antenna stack
using a conformal coating material; and

separately coating all the surfaces of the battery stack
using a separate material.
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