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Motivations

Possible uses are
1. Noninvasive examination
2. New types of hearing aids
3. Design of filters using ear structure
4. Compensation for tinnitus
5. Antenna arrays of ears



Ear Type Systems - 1

Our ear type systems are ones that
either model or mimic physiological
ears.

These systems are based upon the
structure of the ear.

Kemp echoes, which are non-invasive
stimulated emissions, are used as a
basis for parameter determination when
modeling.

VLSI circuits, recently of switched
current type, with mems capacitor
microphones, are the basis of mimics
where arrays of n ears can be
designed.



Ear Type Systems - 11

Until recently models of the ear were
based upon sinusoidal frequency
resolutions.

Although useful for explaining many
phenomena, through the use of
Fourier series and transforms, the
signals processed by the ear are rarely
sinusoidal.

Thus, to explain Kemp echoes it has
seemed more natural to investigate
the differential equations describing
system, particularly of the fluid flow
In the cochlea and motions of the hair
cells.



Ear Physiology - 1
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Ear Physiology - 11
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Figure 52-1. The tympanic membrane, the ossicular system of the
' i ar.
middle ear, and the inner e [Gul, p. 571]



Cochlea Cross Section
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Figure 52- 2. The cochlea. (From Goss, C. M. [ed.]: Gray's Anatomy of

the Human Body. Philadelphia, Lea & Febiger.)
[Gul, p. 571]



Ear Physiology - 111
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Figure 9-4. Cross section of one mum of the cochlea of a guinea pig. (Reproduced, with permission, from Davis H et al: Acoustic
trauma in the puines pig. J Acoust Soc Am 1953;25:1180.)
[Gal, p. 134]



Ear Physiology - IV
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(Jam) 1983;248:54. Copyright 1983 by Scientific American, Inc. All rights reserved.) Right: Scanning electron photomicrograph of
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Ear Physiology - V
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Maybe better fig 52-10 of Guytan



Ear Physiology-VI
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Kemp Echo Magnitude
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In some ears these last for days;
Tinnitus = ringing 1n the ear
Now used to test babies.



Ear Type Block Diagram
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Figure 1: Eé;r—type signal processing system.
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Inputs to cochlea lattices are pressures

with those on the left coming from

pressure transducers.

All signals can be vectors for ear arrays.



Hair Cell Model - 1
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Figure 9: The electrical equivalent nonlinear model of a hair cell.



Hair Cell Model - 11

Membrane potential due to a force applied
to the model hair cell
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Cascade of Ear Type

Sections
T, T, T, T,
et e e e S
XO Xl Xz X X

Describe by transfer scattering matrices
since they multiply for cascades and are
in terms of waves, as in the cochlea



Reverse Transfer
Scattering Matrix
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AR Section
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SI Delay Circuit
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SI Half Delay Circuit
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SI Delay Layout




SI Circuit Amp Layout




AR SI Circuit
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AR Section Layout
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MA Section
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MA SI Circuit
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MA Section Layout
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Ear Type Input & Load
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Filter Input & Load
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[Mil, p. 622, Fig. 6]



S(z) Filter Design - 1

2 a 71
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S(z) Filter Design - 11

If m=n reduce to the case n>m by
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S(z) Filter Design - 111

AR Decomposition; case of n>m
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MA to AR
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Note that m>n for AR, m<n for MA
but only a permutation with a sign
change 1s needed to go between the two



Degree 3 Max Flat - 1
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Degree 3 Max Flat - 11

1000u x 450u for 1.6u process
Clocked at 100KHz; Vdd=5v
About 10milli'W




Active Current Mirror
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1/z Realization
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Mems Microphone - 1

Start from Nathanson's RGT

Azsociated Spring Consant: K
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Mems Microphone - 11

Modulate gate capacitance

Associated Spring Consant: K
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Mems Microphone
Layout




Kemp Echo S(z)

S(z)=N(z)/D(z), 1/z=unit delay

N(2)=0.1575130232-1.182959231+0.327421230+
0.4301162729+0.7382682727-1.3542927—27-1.8098022—26 +
0.970980225+0.923793z24+1.4182712723+0.0984157=22 —
0.2954722214+0.312645220-0.6303432719-1.4409732-18 -
1.869601z717 +4.462128-16

D(2)=180(0.1396832—32-0.286068z—31+0.1741112=30—
0.1356102=29+0.0105622=27 +0.1638182=27-0.1502552— 26 +
0.0889312=25+0.0312652=24-0.0507572=23-0.1551182—22 -
0.1234227=21-0.0632282=20+0.0972582~19+0.2168302~18 -
1.137432271742.769446-16 16038632715 -0.5836847—14 —
1.6615422713+42.2076582712+1.9788952-11-2.653648210 +
0.392582279-1.000299z—8+1.166679z—7 +0.3286782—0 —
1.447006275 +0.4401162=4+1.6841272=3+3.2554502—2 —
9.090247z1+5.005533)

Next: VLSI realization of this!
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Thanks

This motivation which started this
work was the birth into deafness of the son
of one of RWN's doctoral students, Dr.
Manjula Bhushan Waldron. The primary
initiating work was carried out 1n the
doctoral dissertations of Victoria Rodellar
and Pedro Gomez. Our laboratory under
their direction at UPM, Spain, continues to
be key 1n this area. Primary to following
this up has been the continuing work of Dr.
Louiza Sellami who has been instrumental
in developing the transfer scattering
formulation using data, supplied by Dr.
Hugo Wit under our three country program.
Dr. Tianshea Cheng developed the 4-port
Lattices, Mr. Lin Jia put them into VLSI
and Mr. Mosheh Moskowitz has greatly
Contributed to many aspects.
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