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The Cochlea
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- The Cochlea
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- The Cochlea

Characteristics — large signal compression
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The Cochlea

Characteristics — two-tone suppression
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- The Cochlea

Characteristics — combinational tones
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- Silicon Cochlea
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Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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Silicon Cochleae
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Silicon Cochleae
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Silicon Cochleae
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- Silicon Cochleae

Velocity potential in an incompressible and inviscid fluid:
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- Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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- Silicon Cochleae
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Silicon Cochleae
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- Silicon Cochleae

o
s

Stage 100
Input Level =

Ja
s

Amplitude (dB)
héll

BM Velocity

=

02 05 1 2 > 10 20
Frequency (kHz)

Wen and Boahen 2005

The Telluride Neuromorphic Workshop 2008



Silicon Cochleae

Lyon and Mead 1988
(first silicon cochlea)

Y : TR {
Lazzaro and Meac 1989 Y 0 2 g
(1-D with IHCs SG etc.) Li Andreou eta 1991 H H H Watts Lyor eta 199°
Tyor 1991 (Parallel filterbank) E E 5 (Bidirectiona 1-D)
(DIF2 Filters) * E E E 3 6
- H H H
Summerfield eta 1992 Watts Lyon eta 199z Lic Andreou eta 199z ! v : Watts 1992
(Digita AGC) (Improvec 1-D) (Parallel with BPF<) 0 0 0 ' (first 2-D)
. lJ . .
. [ . .
Bhadkamkar eta 1993 \ b ;
liiren Bt ars) Cazzaro ela 1994 r K ota 1994 b '
(programmable +) (Switched capacitor parallel) | & g
. . .
[ . Ll .
van Schaik eta 1995 Furth anc Andreou 1995 | b :
(CLBTS for biasing) (Low power parallel) 0 oI ALty
v vyl
. .
S(\?\;EeRShnl?r:lir?é:r g1a?r?)6 Epand W 1986 e
(Switched capacitor transmission line) | ¢ 4
. .
. .
Sarpeshkar eta 1997 E E A
(offset compensation AGC) 6 E Fragniere 1998
- ! (Current Domain z-D)
Germanovix and Toumazou 1998 : T
(Parallel Filterbank) ' 0 *
L i| vanSchaik eta 200
Jones Meddis eta 2000 v | (2-D pseudo-voltage domain)
- . > y Dotatpit Shiraish 2004
eo?lgig‘:tlgl IE:DZ A)001 (2-D pseudo-voltage/current)
Georgiou and Toumazou 200%
(Log-Domain parallel ¢lobal AGC) Wen and Boahen 200¢
(active bidirectional coupling)
' Key +
Char van Schaik et al 2007 = Model that follows directly Hamilton Jin et al 2007
(Advanced IHC AER) |  [-ccccceeaa- Elements of previous model used (AQC)

The Telluride Neuromorphic Workshop 2008
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- The Passive Model
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- The Passive Model
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- The Passive Model
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- The Passive Model
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- The Active Model
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- The Passive Model
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Hopf Bifurcation Hypothesis
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Hopf Bifurcation and Parametric Amplification

U Region of Operation
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Hopf Bifurcation and Parametric Amplification

+
X —? |sz+§+a){} >
.I_

2
MIY e dy
dt?

+(k gu)y +gyly| —x=0
A=9(ﬂ—M2)

Tapson, Hamilton et al. 2008

The Telluride Neuromorphic Workshop 2008



Hopf Bifurcation and Parametric Amplification
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- Physical Implementation
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- Physical Implementation
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- Physical Implementation
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- Physical Implementation
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Physical Implementation
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- Physical Implementation
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- Physical Implementation
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- Physical Implementation
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- Physical Implementation
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Results

Large-Signal Compression
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Results

Large-Signal Compression
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Results

Large-Signal Compression
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Results

Two-tone suppression
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Combinational Tones

Power Spectral Density
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Coupling between resonator sections
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Coupling between resonator sections
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Innervation of Hair Cells

Base Outer Hair Cell

e©00©° NN
e o ® .O..... °® °e ."C TR
% ‘.... ...“
@ .'

Ipsi

lateral lateral

1 |

5% 85% 8% 2%

The Telluride Neuromorphic Workshop 2008



- The “To Do” List

Bigger silicon cochlea implementing Hopf/parametric
resonators

Attach neurons to output

Explore coupling, masking, suppression, binaural
hearing, the “Cocktail Party” problem etc. in even
greater detail
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- Conclusions

Silicon Cochleae are useful!

We've built 3 silicon cochleae that exhibit many of the
nonlinear and active properties of the mammalian
cochlea

We've shown that we can use these cochleae to
understand biology a little better
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- The End

Easy Questions??7?
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