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INTRODUCTION 

 

• Hearing loss is the third leading chronic disability following 
arthritis and hypertension. 

• 9 out of every 10 children who are born deaf are born to 
parents who can hear.  

• Profound hearing disability in India is about one million.  

• 1.2 million people with severe hearing disability. 

• 0.9 million people with moderate hearing disability and 7.1 
million people with very mild hearing disability.  
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CONTD…. 

• Two common hearing loss are  

1)Sensorineural hearing loss : This is caused by damage to the cochlea , the 

snail-shell like structure of the inner ear containing hair cells, the 

movement of which is interpreted by the brain as sound. 

2)Conductive hearing loss: It relates to the problem of conducting sound 

waves along the route between the outer ear to the middle ear 

The conductive hearing loss can be treated by surgery and the sensorineural 

hearing loss by cochlear implants.  
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CONVENTIONAL  HEARING 
AID!!! 

• Hearing aids makes sounds louder. There are many different 

styles of hearing aids. And you can add special features to 

your hearing aids. But almost all hearing aids have these 

parts: 

• A microphone, to pick up sound. 

• An amplifier, to make the sound louder. 

• A speaker, to deliver the sound into the ear. 
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CONTD…. 
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TYPES OF HEARING AIDS 
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CONTD…. 
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COCHLEAR IMPLANT 
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MOTIVATION 

• The use of external accessories such as microphones 

and electronics presents reliability, practicality, and 

social stigma concerns. Therefore it is highly 

desirable to develop fully implantable high 

performance hearing aid devices.  
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FULLY IMPLANTABLE 
MIDDLE EAR MICROPHONE 
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SIGNAL & CONTROL 
DIAGRAM 
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CAPACITIVE ACCELEROMETER 
AS MICROPHONE 
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Under external acceleration, the proof mass and movable fingers move along the 

direction of body force, the fixed comb remains stationary. This movement 

changes the capacitance between the fixed and the movable finger which is 

measured using electronic circuitry 



CONTD…. 

•  The sensitivity can be enhanced by extending x2   much larger than 
x1, in (2) . On the other hand, enlarging x2 would reduce the 
number of fingers that can be fabricated within a given length, 
thus causing a sensitivity degradation.  

• Analysis reveals that the device sensitivity ΔCs/Δx, as a function 
of gap ratio, can be maximized with a gap ratio of approximately 
2.5 based on a device length of 1 mm, finger overlap length and 
thickness of 100 and 25 µm, respectively. 

•  In the prototype designs, x1 is chosen to be 2 and x2  is varied from 
2 µm to 10 µm, to analyse the relationship of sensitivity with gap 
ratio.  
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IMPORTANT DESIGN 
CONSIDERATIONS 

• Constraint on total packaged mass 

It has been shown that adding a mass greater than 20 mg on umbo can 
potentially result in a significant damping effect on the frequency response 
of the middle ear ossicular chain, particularly at frequencies  above1kHz. 
Therefore, the total packaged mass of the sensing system needs to be kept 
below 20 mg. 

• Constraint on the area of the packaged sensor 

The average length of the long process of the malleus is between 6.5 and 
8mm and the size of the umbo tip is typically between 1.5 and 2 mm, which 
is comparable to the height of the eardrum cone. The spacing between the 
umbo and the oval window of the cochlea varies between 2 and 3mm. 
Therefore, the overall prototype microsystem should exhibit a packaged 
dimension less than3.5mm×6.5mm so that it can be implanted on the umbo 
without touching other structures inside the middle ear cavity. 
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Umbo Acceleration Measurements 
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(a) (b) 

Acceleration response curves of umbo along the primary axis. (a)  Acceleration 

frequency response at 80-, 90-, and 100-dB SPL. (b) Loudness response at 500 Hz and 

5 kHz.  [1] 



ACCELEROMETER 
PROTOTYPE 1 
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E is the Young’s Modulus 
 h is the thickness of the spring beam 



ACCELEROMETER 
PROTOTYPE 2 
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ACCELEROMETER 
PROTOTYPE 3 
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E is the Young’s Modulus 
 h is the thickness of the spring beam 



GEOMETRY PARAMETERS 

Geometry 

Parameters 

Values 

(µm) 

Thickness of the 

plate  

25 

Width of finger 2 

Finger overlap 

length 

96 

Width of spring 

beam 

2 

Length of finger 116 
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• The geometry of proof mass and 
spring for each parameter is designed 
for resonant frequency of 10000 Hz. 

• The acceleration of umbo is measured 
in the frequency range from 250 Hz to 
10 kHz with input tones between 70 
and 100 dB SPL. 

• Corresponding to this input voice 
signal, the acceleration values from 0g 
to 1g are applied to the designed 
structures  



NOMINAL CAPACITANCE VS 
GAP SPACING RATIO 
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The number of fingers 
and hence the 
capacitance decreases 
with increasing gap 
spacing.  
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CAPACITIVE SENSITIVITY VS 
GAP SPACING RATIO 
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Capacitive sensitivity 
varies randomly with  
gap spacing ratio  
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CONCLUSION 

 

• The optimum value of sensitivity is obtained at gap ratio of 2 
for prototype 2. 

• The optimised results will be used in selecting the prototype 
structure for designing high performance MEMS 
accelerometer for fully implantable hearing aid applications.  
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THANK YOU !!!! 

 

QUESTIONS?? 
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