
MiMicking the ear
the ear is a fantastically efficient processor, 

doing the equivalent of more than a billion 
calculations per second of filtering and 
compression using just microwatts 
of power. Sound at the eardrum is 
transferred to the cochlea—a coiled, 
tapered tube with a membrane that 
divides the tube along its length. 
high-frequency sounds resonate in 
the membrane at the start of the tube, 

and low-frequency ones resonate at its 
end. Sensory cells detect the vibration, 

and the neurons of the cochlear nerve turn 
it into a pattern of voltage spikes the brain 

can understand.
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the external portion of today’s cochlear implants consists of a microphone, an analog-to-digital 
converter (a/D), and a digital-signal processor (DSP) [left]. Sound is digitized and then processed 
into a signal that specifies which part of the cochlear nerve to stimulate and how intense the 
stimulation should be. that signal is wirelessly transmitted through the skin to an electrode array 
implanted in a person’s cochlea [above]. cochlear implants consume a relatively large amount 
of power, because they digitize much more data than is needed, all of which the digital-signal 
processor must filter and compress.

to make a cochlear implant small and energy efficient enough to be fully 
implanted, we redesigned it. the bionic ear processes with low-power analog 
components before digitizing only a small amount of signal. Sound entering 
a microphone is amplified, and a gain-control circuit adjusts its range of 

intensity. the signal is then split into 16 channels (only four are shown). on 
each channel a band-pass filter lets only a defined set of frequencies through. 
envelope detectors calculate the amount of signal at each frequency, and the 
result is digitized. Scanners then combine the data from all the channels. 
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