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A

Background and Objectives  Although popular as a method for aural rehabilitation with
hearing impairment, hearing aids are susceptible to inflow of foreign materials such as water,
sweat, and dust, causing corrosion of the circuit board and eventual device failure. Performance
of hearing aids is evaluated by assessing the applicability of hydrophobic nano-coating tech-
nique using waterproof hearing aids electronic devices.
Subjects and Method Performance was evaluated using a Fonix 7000 for the maximum
output sound pressure level (Max OSPL 90), high frequency average full on gain (HFA FOG),
total harmonic distortion and input noise level for 13 hearing aids. Nine of the 13 hearing aids
were tested after nano-coating was applied to 2.5 pm of thickness. Fro the immersion test, hear-
ing aids were subjected to 1 m of depth of water and performance was immediately measured;
they were also measured after a day and also after a month.
Results In the coated group, Max OSPL 90, HFA FOG were significantly reduced but the
corrosion of the circuit board was not observed. The four hearing aids without nano-coating
failed to work immediately after the immersion test. However, there were no changes in perfor-
mance after a month of immersion in any of the aids. For the non-coated group, corrosion of the
circuit board was observed after 1 month.
Conclusion Nano-coating is a competitive technology and an advangtage to have to ensure
waterproof effect and corrosion prevention. Thus it should be recognized as essential technolo-
gy to enhance performance of hearing aids.

Korean J Otorhinolaryngol-Head Neck Surg 2016;59(4):281-6

Key Words Coating - Hearing - Hearing aid - Hydrophobic - Rehabilitation.

it
BN
N
)
jun)
ot
£l
-
ol
re
o
(o
it

BN 208 FEAA mnHoR Aol o] AT oleist RAlE AAleh A WESHE 54w 2g
St Roleh) WIS AR U S olet B A W, o 0] YY) W SolMAu ke S,
Uy HSH WY BGENAE A8 5 Qi ABY F AHS B AR AT U4 5O ol g2 820) B4 Uy
SPR, Fdolis 1 507} S7HSHE 2AIR, olo] e )R BEe| dto] walE 4 gtk

Copyright © 2016 Korean Society of Otorhinolaryngology-Head and Neck Surgery 281



Korean J Otorhinolaryngol-Head Neck Surg 1 2016;59(4):281-6

53] B719] gefjol] whebr] &4 HlEe 2folE Y
=] Chang 570] Al&g A7) 2] Zdo] gt A
ZAto| M2 A4y BA7E ARESHe P ohE Y
o] HA7|E Aol SAfEL BAF SR Folsh 2k
] o] ok Hlc} o]= &5 271 71A1H
A S BNk oy} Al Jol FXb QtollA 571
o] Z4 9] ujEo] o olfE HA7| 1ol glo]
U Ao = Helr,

A, o 24 79 E e divlste], #4013 (behind-
the—ear, BTE) 247]9] 79 Ingress Protection(IP)675 &
(Table 1 and 2" 2.2 A2]® BA7|7} 7fgke Abefo]|qh, ]
A}=0] of= gt o} 7HA] F48(in-the—canal, ITC) 2 119+
& (completely—in—the—canal, CIC), =& (receiver in the ca-
nal, RIO)9| - W4 7[eS 283 49 oF7A] Bal
=R AT

2 AoM= AlFoE SAE] Qs a7HA] 739 2A
7ol Wiekpai®) 7S o] 8oto] Y A e & B
7] e wWrhskaL, WAy 71eo 184 %

ol ol sl -3kt

AT

4> wE

Table 1. First digit of Ingress Protection grade (solid objects)

Level Protection against

0  No protection against contact and ingress of objects

1 Solid objects over 50 mm, e.g., accidental touch by
persons hands

2  Profected against solid objects over 12 mm, e.g.,
persons fingers

3  Protected against solid objects over 2.5 mm
(tools and wires)

Solid objects over 1 mm (tools, wires, and small wires)
Dust limited ingress (no harmful deposit)

Totally protected against dust

/e

2 A e okt Zoh(Fig. 1. BHdoll @ 23
7] 4+ CIC Eflo] 371, ITC EFJe] 37§ BTE EFo] 27,
RIC Ef¢lo] 17Sieh W4 A8 flal Wiy 7] 9
ZH|(HZO 5000; HZO, Salt Lake City, UT, USA)E =33}
I 9= Al g=gskaict @Al EAlEle] 9= BTE, ITC,
CIC, RIC B} 771 97ljo]l thal] vherdpt®) A2 o B2
7] As 24| (Fonix 7000; Frye, Tigard, OR, USA)E &
3] Zof} 323291 %|(maximum output sound pressure level,
Max OSPL 90), 2151} 2|t (high frequency average full
on gain, HFA FOQG), A2 ¢§=+& (total harmonic distor-
tion, THD), 57148 4-&X|(equivalent input noise level,
Ln)E S35k 29 A HA7|E Eafiste] 27| 4
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Types of hearing aids
(coating group, n=9)

Types of hearing aids
(non-coating group, n=4)

BTE (n=2), ITC (n=3), BTE (n=0), ITC (n=2),
CIC (n=3), RIC (n=1) CIC (n=2), RIC (n=0)

' '

Baseline assessment of performance of hearing aids and check inner
circuit boards (max OSPL 90, HFAFOG, THD, Ln)

Table 2. Second digit of Ingress Protection grade (liquids)

Level Protected against

0  Nof protected
1 Vertically falling drops of water
Direct sprays of water up to 15° from the vertical

Direct sprays of water up to 60° from the vertical

A0 N

Water sprayed from all directions-limited ingress
permitted

5  Low pressure jets of water from all directions-
limited ingress

6  Temporary flooding of water-limited ingress permitted
The effect of immersion between 15cmand T m

Long periods of immersion under pressure
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'

Hydrophobic nano-coating of
hearing aids (thickness of 2.5 um)

v

Compare with performance of hearing
aids & check inner circuit boards

' v

‘ Immersion test in 1 m of depth of water for 40 minutes ‘

#Immedio‘re, after 24 hours and 1 month

‘ Assessment of performance of hearing aids & check inner circuit boards ‘

Fig. 1. Flow chart for assessment of a performance of the hearing
aids. Max OSPL 90: maximum output sound pressure level, HFA
FOG: high frequency average full on gain, THD: total harmonic dis-
tortion, Ln: equivalent input noise level, BTE: behind-the-ear, ITC:
in-the-canal, CIC: completely-in-the-canal, RIC: receiver in the canal.
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Fig. 2. Circuit board of hearing aids. Circuit board of pre-hydrophobic nano-coating (A). Circuit board of post-hydrophobic nano-coating
(B). Circuit board which did not apply for hydrophobic nano-coating after 1 day of waterlogging test (C). Circuit board that apply for hy-
drophobic nano-coating after 1 day of waterlogging test (D). Circuit board which did not apply for hydrophobic nano-coating after 1
month of waterlogging test. The circuit board showed corrosive spots but there were no functional difference from (C) (E). Circuit board
that apply for hydrophobic nano-coating after 1 day of waterlogging test (F).

Fig. 3. Hydrophobic nano-coating =
device (A). Immersion testing device |
of hearing aids (B). It was evaluate
performance of hearing aids after
immersion for 40 minutes in 1 m of
depth of water to meet the IP X7. IP:
Ingress Protection.

of 24 U YYo= HAES R
F55 &Ikt (Figs. 2C, D, and 3).
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Max OSPL 90%+2 Ht 4.2 dB #4332 (p<0.05),
HFA FOG+= B+t 4.9 dB 7483t (p<0.05)(Fig. 4). 500
Hz, 800 Hz, 1600 HzollA19] THD= Z}2+ 0.2%, 0.4%, 0.7%
445t on, Lnd Hat 1 dBo| Z43FtH(Table 3).
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oﬂAM THDE B+t 0.4% S7135F321 800 Hze=
tﬁ_zz} AL, 1600 Hz= 0.2% %7183t Lne B+t 1.6 dB
Z7F6kAtH(Table 3). 2471 Bty & vieeaid 289
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t}. 500 Hzoﬂxu THDX 0.1% 7H4313.24 800 Hz= 0.1%

130
*
120 H
110 +
1171 112.9
100
Max OSPL 90

[] Pre-coating [] Post-coating

A I Post-immerse [l After 1 month

S7FsFRaL, 1600 HzollA+= Wig} ¢lgick Lnd H+f 0.5 dB
%ﬂﬁ}ME}(Table 4),
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-
40 4
30 4
20 H

37 32.1
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HFA FOG

[] Pre-coating [] Post-coating

B I Post-immerse [l After 1 month

Fig. 4. Max OSPL 90 (A) and HFA FOG (B) of the hearing aids at each conditions. Reduction in the Max OSPL 90, HFA FOG have
been observed statistically significant difference between pre-coating group and post-coating group. *p<0.05. Max OSPL 90: maximum
output sound pressure level, HFA FOG: high frequency average full on gain.

Table 3. Analysis of performance of hearing aids that apply hydrophobic nano-coating technique

Coating Max OSPL90 (dB)  HFA FOG (dB) THBI(%) Ln (dB)
groups 500 Hz 800 Hz 1600 Hz
Pre-coating 117.1+6.3 37.0+10.3 1.4+0.6 1.0+0.6 1.1+0.6 26.4+2.0
Post-coating 112.9+8.1% 32.1+12.0° 124038 0.6402 04403 27,4427
Post-immerse 111.9+8.7 31.6+12.0 1.6+1.4 0.6+03 0.6+0.4 290428
After 1 month 1174811 313118 1613 07403 0.6+0.4 28.9+2.4

#0<0.05. Max OSPL 90: maximum output sound pressure level, HFA FOG: high frequency average full on gain, THD: total harmon-

ic distortion, Ln: equivalent input noise level

Table 4. Analysis of performance of hearing aids that didn’t apply hydrophobic nano-coating technique

NeT-Eoelilig Max OSPL 90 (dB) HFA FOG (dB) THD (%) Ln (dB)
groups 500 Hz 800 Hz 1600 Hz
Pre-immerse 108.1+5.2 30.1+7.8 1.0+0.4 0.7+0.2 0.6+£0.2 25.9+3.8
Post-immerse 108.1+5.1 30.6+7.6 0.9+0.4 08+0.3 0.6+0.2 26.4+3.1
Affer 1 month 107.8+4.2 30.5+7.8 10+0.5 0.8+0.2 0.6+0.1 26.1+3.4

Max OSPL 90: maximum output sound pressure level, HFA FOG: high frequency average full on gain, THD: total harmonic distor-

fion, Ln: equivalent input noise level
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