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Abstract—A new type of contiguous-channel RF multiplexing
filter has been developed. The filter topology is derived from an
electrical–mechanical analogy of the mammalian cochlea, and this
channelizer retains the desirable features of the cochlea including
multiple-octave frequency coverage, a large number of output
channels, and an enhanced high-order upper stop-band response.
Results of two 20-channel, 20–90-MHz channelizer prototypes,
one with constant fractional bandwidth channels and another with
constant absolute bandwidth channels, are presented and agree
well with theory.

Index Terms—Channelizer, cochlea, filter, manifold, multi-
plexer.

I. INTRODUCTION

RADIO frequency (RF) multiplexers with a large number
of output ports—called channelizers—have always posed

a challenging design problem. Standard multiplexer designs
use a set of channel filters connected by a manifold consisting
of transmission lines (or waveguide) and tuning elements
between separate channel filters. Waveguide-based solutions
require extensive manual tuning and are bulky and expensive,
but offer excellent performance [1]. Several planar manifold
multiplexers, using both conventional and superconducting
technologies, have also been demonstrated with varying
degrees of manifold complexity, size, and optimization require-
ments. Of particular note, a logarithmic-periodic microstrip
multiplexer with contiguous channels and a straightforward
design procedure was made at - and -bands [2].

This study presents a different approach to planar manifold
channelizer design where the channelizer circuit is obtained
from an electrical–mechanical analogy of a cochlear model.
This biologically inspired multiplexer uses interactions among
channel filters to produce a high-order upper stop-band re-
sponse, even with single resonator channel filters. The needed
channel interaction is provided by a low-value series inductance
between adjacent channel filters resulting in a compact physical
layout, a simple design procedure, and an unlimited number
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Fig. 1. Periphery of the human auditory system. The basilar membrane is con-
tained within the cochlea.

of channels. Because the channelizer is completely passive, it
offers excellent linearity and zero dc power consumption.

A cochlear-inspired passive RF channelizer was first reported
in [3]. In this work, the 20–90-MHz band was covered with 20
contiguous channels, each with a constant fractional bandwidth.
This paper expands on the original work by presenting the com-
plete theory and design procedure for both fractional and con-
stant bandwidth channelizers and the results of an additional
channelizer design with constant absolute bandwidth channels.
In addition, the time-domain behavior of these channelizers is
examined.

Applications of this channelizing filter include wideband,
contiguous-channel receivers for signal intelligence or spectral
analysis. In its simplest form, the channelizing filter is used to
decompose a wideband input signal into contiguous channels,
whose outputs are then fed to separate amplifiers, mixers, and
detectors, providing simultaneous reception over the entire
input bandwidth. By using a less complex receiver chain (for
instance, an envelope detector) at each filter output, this wide-
band receiver becomes a spectrum analyzer.

II. MOTIVATION: THE COCHLEA

The cochlea is the electro-mechanical transducer located in
the inner ear that converts acoustical energy (sound waves) into
nerve impulses sent to the brain (Fig. 1). The cochlea is an
amazing channelizing filter with approximately 3000 distinct
channels covering a three-decade frequency range and can dis-
tinguish frequencies that differ by less than 0.5% [4], [5].

The filtering characteristics of the cochlea rely on the propa-
gation of a coupled fluid-structure wave that results in a localized
spatial response for each frequency. In the biological cochlea,
active processes enhance the frequency response of the system;
we only consider the basic hypothesis for how the passive system
works. The structure (the basilar membrane and organ of Corti)
can be thought of as a flexible membrane comprised of a series
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Fig. 2. (a) “Unwound” basilar membrane acts as a continuum of resonant
beams, shown with input signals of (b) high frequency and (c) low frequency.

of parallel beams upon which a fluid rests (Fig. 2). In the bio-
logical cochlea and in the unwound idealization, acoustic input
occurs closest to the narrowest beams at the stapes (or footplate).
Other than the stapes and the flexible membrane, the fluid is
acoustically trapped. The stapes vibration excites the cochlear
fluid which in turn gives rise to a structural acoustic traveling
wave down the length of the flexible membrane. Because the
resonant frequencies of the flexible membrane are organized
from high frequency (where the acoustic information is input) to
low frequency, the spatial response of the membrane is frequency
selective and spatially organized with the peak of the response
occurring at different locations for different frequencies. Spe-
cialized cells called inner hair cells are arrayed down the length
of the cochlea. These cells rate encode firing of the auditory
nerve to the amplitude of the fluid motion [6].

To the best of our knowledge, the work presented here is the
first attempt to create a passive RF channelizing filter using a
model derived from cochlear mechanics. Previous efforts on
achieving cochlear-like filtering have focused on using very
large-scale integration (VLSI) techniques to implement active
circuit realizations of a cochlear-mechanics model at audio
frequencies [7], [8]. More recently, high-frequency integrated
circuit techniques and network synthesis of cochlea-like active
filters have ben used to extend active cochleas to RF and mi-
crowave frequencies [9], [10]. In contrast, the work presented
here is passive and uses shunt-connected resonators coupled by
series inductors to create a cochlea-like response.

III. COCHLEAR MODELING

In the simplest mechanical model of the cochlea, a one-di-
mensional (1-D) fluid interacts with a variable impedance lo-
cally reacting structure. The impedance of this structure can be
expressed as a function of its mass , damping , and stiff-
ness , where all parameters are functions of position along
the structure and are expressed per unit area as

(1)

where is the fluid pressure immediately above the struc-
ture (at ) and is the structure velocity. An inviscid,
incompressible, 1-D fluid model produces a simple relationship
between pressure and membrane velocity

(2)

where is the fluid density and is the duct height. Eliminating
from (1) and (2) and rearranging yields an equation for the

basilar membrane pressure

(3)

This is a highly dispersive waveguide problem, where the
coupled effects of the mechanical membrane and the fluid
loading create the dispersion relation. Structural acoustic waves
traveling along the basilar membrane experience a delay rela-
tive to the input, with a phase velocity that varies as a function
of position as well as frequency. As the traveling wave ap-
proaches the resonant section of the membrane, wave velocity
decreases rapidly and the wave ceases to propagate. Further,
since the membrane properties change slowly with respect
to wavelength, little energy is reflected back to the input. In
effect, the basilar membrane acts as a dispersive delay line for
traveling structural acoustic waves, with a spatially-dependent
cutoff frequency.

A. Mechanical–Electrical Analogy

The equation of motion in the mechanical domain given by
(3) can be rewritten in terms of electrical parameters by using a
mechanical–electrical analogy. In general, there is a choice re-
garding the relationship between mechanical and electrical pa-
rameters, although several physically meaningful analogies are
common. In this case, we replace basilar membrane fluid pres-
sure in the mechanical domain with voltage in the elec-
trical domain

(4)

Other substitutions follow from this choice, including

(5)

The result of this analogy is an equation of motion in the
electrical domain given by

(6)
where is the voltage along the transmission line, and
are the series inductance and shunt capacitance per unit length,

is the shunt conductance per unit length, and is
the shunt inductive susceptance per unit length. For the discrete
lumped-element model, these lead to component values based
on the level of discretization, as shown in Fig. 3. Note that , ,

, , and are functions of position along the transmission
line.

In the analogy to the mechanical model, the series inductance
plays the role of the fluid coupling while the shunt resonator

elements , , and play the role of the variable impedance
structure. For this model, the variable describes a normalized
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Fig. 3. Discretized transmission-line model of the mammalian cochlea.

position along the circuit, where corresponds to the cir-
cuit input and refers to the location immediately to the
left of the final channelizer section. In terms of channel number

, the channelizer input refers to (highest frequency)
while the last channel corresponds to (lowest frequency),
so that

The channelizer operates as a low-pass transmission-line
structure shunt-loaded by series-resonator sections. Each res-
onator appears as a short-circuit at its resonant frequency and
an open-circuit off resonance. The highest frequency channel
resonator is located closest to the input while the lowest fre-
quency channel is located at the end of the transmission line.
Since the highest frequency components are removed from
the input signal first, the rejection on each channel’s upper
side is much steeper than on the lower side. This response is
characteristic of mammalian cochleas and is demonstrated later
in simulated and measured results.

IV. CHANNELIZER CIRCUIT DESIGN

To arrive at an actual channelizer design, we must choose the
element values for the cochlea-like circuit described by (6). For
this, we rely on earlier modeling efforts for the case of a chan-
nelizer whose channels have a constant fractional bandwidth.
An alteration of this model allows the design of constant abso-
lute bandwidth filters described later.

A. Constant Fractional Bandwidth Formulation

In a constant fractional bandwidth channelizing filter, each
filter section has the property

(7)

where and are the center frequency and bandwidth of a
particular channel, and is approximately the loaded quality
factor of the series resonant circuit channel filter; the channel
filter’s actual is slightly lower due to the loading of adja-
cent channels. The channel bandwidth definition used in this de-
sign is the difference in (upper and lower) passband frequencies
where adjacent channel transmission responses cross each other.
For a channelizer with constant fractional bandwidth channels,
the functional dependence between the coefficients in (3) and

(6) is given by [11] and [12]. Written in terms of the channel-
izer circuit elements, these relations are

(8)

(9)

(10)

Note that (8)–(10) define an exponential scaling of resonator
component values required to implement series resonator chan-
nels with a constant fractional bandwidth. In these functions,

, , , and are constants to be determined, while , ,
, and are the desired channelizer circuit elements. Using (8),

the series resonator branches have a resonant frequency given by

(11)

so that their resonant frequencies decrease exponentially as we
go from left (input) to right along the channelizer circuit. Also,
note that the loaded of each series resonator can be
written as

(12)

so that, by using (8) and (9) in (12), we find that each resonator
has an identical loaded , where

(13)

Since the fractional bandwidth of each resonator is just the re-
ciprocal of the loaded , the functional dependence of (8)–(10)
results in a channelizer whose channels exhibit a constant frac-
tional bandwidth.

The number of channels needed can be estimated as a func-
tion of the desired total bandwidth with a given channel frac-
tional bandwidth. First, consider two adjacent channels, each
crossing over at 2 dB below each channel’s identical maximum
transmission value. The two channels’ center frequencies are re-
lated by

(14)

Using (7) to write in terms of fractional bandwidth ,
this becomes

(15)

For an -channel channelizer, the maximum and minimum
frequencies are related by

(16)

and

(17)
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Fig. 4. Channelizer � for three values of �. A � value of ���� (b) produces
an input return loss of less than ��� dB over the band from 20–90 MHz. The
Smith Chart impedance is 50 �.

Note that, since the series resonator channel filters are cou-
pled to and loaded by adjacent resonators, each channel filter’s
loaded is less than that of the isolated series resonator. Con-
sequently, one needs to use a slightly larger value of in the de-
sign process to produce the desired fractional bandwidth chan-
nels. For example, as illustrated in Section V, channels with
8.2% fractional bandwidth use resonators with a

of 15.6 (28% higher). One uses the actual channel filter in
(17).

B. Determination of Coefficients

The coefficients , , , and are determined by four
design choices, including:

Lowest channel center frequency

Highest channel center frequency

Channel fractional bandwidth

Transmisson phase at eachchannel's center frequency

The choice of is arbitrary, and its value affects the input
impedance and overall channelizer response. The design must
therefore be simulated with various values until the desired
response is achieved. Interestingly, the channelizer exhibits a
characteristic spiral which moves along the real axis of the
Smith Chart as one varies from zero to values approaching
roughly (Fig. 4). The channelizer minimum and maximum
channel center frequencies and channel fractional bandwidth
are chosen based on the application.

The resonator nearest the channelizer input is tuned
at the highest frequency . Using (8) with and (11),

is given by

(18)

Next, to determine , one uses the desired channel fractional
bandwidth and (12) to arrive at

(19)

To find , (8) and (18) are used at the channelizer input
and final section , where

such that

(20)

Finally, is found using a numerical technique and the pre-
viously determined constants. The Wentzel–Kramers–Brillouin
(W.K.B.) approximation suggests that, if changes slowly
enough with , then we can approximate the solution to

(21)

at some by the solution

(22)

Comparing (21) with (6), we let

and

Thus, we can find the phase of (22) using

(23)

In (23), is the phase of at location which is the loca-
tion of a resonator with a center frequency . The transmission
phase at the center frequency of each resonator is assumed
to be constant in analogy with physiological cochlear response
data [13], [14].

Having found , , and , and choosing a value of , (23)
is numerically integrated along the channelizer length for
each value of . For each point along an integral is evalu-
ated and the needed term is found. The result is an
arbitrary function which is then fit to the desired form of (10),
giving the value of .

Having found the four constants , , , and , each cir-
cuit component of the constant fractional bandwidth channelizer
is determined from (8) to (10). In our designs, the value of
is made constant for each resonator section to ensure a constant
impedance at each output port. Therefore, first is deter-
mined from (9), and then and are calculated from
(10) and (8).

C. Constant Absolute Bandwidth Formulation

In many cases, a channelizer filter with a constant absolute
bandwidth outputs is needed. In this case, the number of
channels needed to cover a specified bandwidth is given by

(24)
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Such a channelizer results from modifying the functional de-
pendence of the channel center frequencies from exponential to
linear.

For a constant channel bandwidth, the channel center fre-
quencies are given by

(25)

Equating this with the resonant frequency of a series LCR res-
onator results in

(26)

Using (25) and (26) in (12), we obtain

(27)

Combining (26) and (27) leads to

(28)

and, for resonators with identical output impedance ,
the resonator inductance value is also fixed and in-
versely proportional to the channel bandwidth. Note that this
relationship places a practical restriction on the realizable band-
width of the constant absolute bandwidth design, for a given
channel bandwidth, due to inductor parasitics: the channelizer’s
maximum frequency must be below the inductor’s self-resonant
frequency.

Suggested by the form of (27), the last relationship among the
circuit elements is chosen as

(29)

This was found empirically to result in a channelizer with
constant absolute bandwidth channels as well as a good input
impedance match over the entire channelizer bandwidth.

D. Determination of Coefficients

For the channelizer with constant absolute bandwidth chan-
nels, the coefficients , , , and are determined from
the chosen values of:

Lowest channel center frequency

Highest channel center frequency

Channel absolute bandwidth

Transmission phase at eachchannel's center frequency

Since the highest frequency resonator appears at the channelizer
input , using (25), we find that

(30)

At the lowest frequency resonator , again using (25), we
find that

(31)

Fig. 5. Schematic diagram of the channelizer prototypes. In this implementa-
tion, the resonator capacitances are formed by the parallel combination of �
and � to allow fine tuning.

Finally, the constants and are determined by using the
same numerical integration and curve-fitting procedure used in
the constant fractional bandwidth design. However, in the con-
stant absolute bandwidth case, (29) is substituted in the kernel

of (23). Again here, the choice of the phase at each center
channel is adjusted by trial-and-error in simulation to opti-
mize channelizer input return loss.

Having found , , , and , the channelizer circuit
elements are determined. With constant, is given
by (28), is found using (26), and is given by (29).

V. EXPERIMENTAL RESULTS

Two channelizer prototypes were designed, built, and mea-
sured to demonstrate the cochlea-inspired channelizer topology.
Each circuit was realized in a modified version of the discretized
transmission-line model as shown in Fig. 5. As shown later in
simulated and measured results, this discretization results in rip-
ples in the filter transmission and reflection.

In the first built versions of the channelizer, component and
printed circuit board (PCB) parasitics caused unwanted in-band
resonances, emphasizing the need for accurate simulation. For
the prototypes presented here, circuit simulations were per-
formed in Agilent ADS 2005A1 using manufacturer-provided

-parameters of all lumped components except for the RF
transformers. The RF transformer -parameter blocks were
generated from a de-embedded fixture measurement. Board
parasitics were accounted for using an -parameter block
derived from a full-wave Sonnet em model.2 The resulting
simulations accurately predicted parasitic resonances.

A. Constant Fractional Bandwidth Channelizer

A 20-channel channelizer with constant fractional bandwidth
channels covering 20–90 MHz is shown in Fig. 6.

The series inductances are air-wound inductors (Coilcraft
Midi Spring) with of 60–100 over the channelizer bandwidth.
The shunt resonator sections are designed for a loaded of
16 and at resonance, resulting in an
effective impedance of 12.5 . This is transformed to 50
through a 1:2 turns ratio RF transformer (Coilcraft TTWB) at

1ADS 2005A, Agilent Technologies, Inc., Palo Alto, CA, 2005.
2Sonnet, Version 10.52, Sonnet Software, Inc., North Syracuse, NY, 2005.
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Fig. 6. Photograph of the 20-channel, 20–90 MHz channelizing filter with con-
stant fractional bandwidth channels. The inset shows a single channel layout
(from [3]).

each channel output. The shunt resonator inductors (Coil-
craft 0805CS) are ceramic body wire-wound surface-mount
components with of 25–40 at the channel center frequencies.
To take into account the tolerance in the component values and
since the capacitors and inductors are commercially available
in discrete values, the resonator capacitances are imple-
mented with the parallel combination of a fixed surface-mount
capacitor (ATC 600F) and a coaxial trimmer capacitor (Sprague
GAA). The trimmer capacitor was included to ease the toler-
ance requirement of the other components—a design using all
fixed-value components is certainly possible. The total
capacitor is greater than 200 over the channelizer bandwidth.
Channelizer component design values range from 30 to 37 nH
for , 310 to 1570 nH for , and 8 to 40 pF for (Fig. 7).
The circuit is constructed on a 61 mil FR-4 PCB (Fig. 6) with
the ground located along the perimeter of the PCB to reduce
shunt parasitic capacitance. Simulations on two-sided PCB
identified significant layout parasitics that gave undesirable
spurious responses within the filter passband.

B. Measurements

The channelizer is tuned by adjusting the trimmer capaci-
tors on individual channel resonators until nulls in the measured

match the simulated response (Fig. 8). The tuning proce-
dure involved first setting each trimmer at maximum capaci-
tance and then adjusting for the desired response by lowering
the appropriate trimmer value beginning with the highest fre-
quency channel. Channelizer measured and simulated for
each channel ( for ) are shown in Fig. 9.
Measured insertion loss at the center of each channel ranges
from 2.5 to 5.3 dB, with an average of 4.8 dB.

A sample of three separate channel responses is shown
in Fig. 10. Focusing on channel 10, we notice the charac-
teristic cochlear response. The passband slope is first-order
(20 dB/decade) below the channel center frequency and over
fifth-order (100 dB/decade) immediately above the channel
center frequency due to the low-pass nature of the disper-
sive transmission line. Note that, for frequencies outside of
the channelizer bandwidth, each channel has a characteristic

Fig. 7. Component values for� ,� , and� for the 20–90-MHz constant frac-
tional bandwidth (8%) channelizer (from [3]).

Fig. 8. Measured (solid line) and simulated (dashed line)� of the 20-channel
constant fractional bandwidth channelizer (from [3]).

single LCR response. This can be seen as an increase in
for all channels beginning at both 20 and 90 MHz. Also, the
self-resonance of the resonator inductors produces a parasitic
resonance at 150 MHz. The measured center frequencies and
channel responses match simulation closely. Adjacent channel

cross at approximately 2 dB below each channel’s center
frequency (Table I). Each channel’s 2-dB crossover bandwidth
is . Spurious responses above 100 MHz are due to
resonances of the lumped inductors as well as PCB parasitic
shunt capacitance.

To understand the channelizer loss, consider the power
distribution at the center frequency of channel 10 (39.4 MHz)
(Table II). The percent of the input power appearing at the
individual outputs is calculated from each channel’s measured

. Likewise, the reflected power at the channelizer input
is given by . At 39.4 MHz, 33.2% of the power arrives
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Fig. 9. Simulated (top) and measured (bottom) � for each channel of the
channelizing filter (from [3]).

Fig. 10. Measured (solid line) and simulated (dashed line) � of the constant
fractional bandwidth channelizer for channels 3 (22.5 MHz), 10 (39.4 MHz),
and 17 (67.3 MHz). Ripples are due to parasitics and resonances of the lumped
components (from [3]).

at the channel-10 output dB , 32.3% appears at all
other channel outputs (Fig. 11), and 3.5% is reflected at the
channelizer input. Summing the powers results in 69.0% of

TABLE I
CHANNELIZER CENTER FREQUENCIES (IN MEGAHERTZ)

Fig. 11. Measured power distribution at the center frequency of channel 10
(39.4 MHz) among all 20 channels (from [3]).

TABLE II
SAMPLE CHANNEL POWER DISTRIBUTION FOR CHANNEL 10

the input power. Thus, the filter dissipates 31.0% of the input
power corresponding to an effective loss of 1.6 dB.

C. Constant Absolute Bandwidth Channelizer

The 20-channel channelizer with constant absolute band-
width channels covering roughly 20–90 MHz is shown in
Fig. 13.

This design also uses high- surface-mount components
throughout, with air-coil inductors for both and (Coilcraft
Midi and Maxi Spring). In contrast to the constant fractional
bandwidth case, the individual channel resonators have a
loaded that varies with resonator center frequency, producing
constant absolute channel bandwidth. The resonators are again
designed for a series resistance, at resonance, of 12.5 and
1:2 turns ratio RF transformers (Coilcraft WB1040) are used at
each channel output to produce a 50- output impedance. The
resonator capacitances also employ a parallel combination
of a fixed capacitor (ATC 600F) and a coaxial trimmer capac-
itor (Sprague GAA) to allow for fine-tuning channel center
frequencies. Channelizer component design values range from
19 to 296 nH for and 5 to 150 pF for , while is fixed
at 422 nH (Fig. 12).
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Fig. 12. Component values for � , � , and � for the 20–90-MHz constant
absolute bandwidth channelizer.

Fig. 13. Photograph of the 20-channel, 20–90-MHz channelizing filter with
constant absolute bandwidth channels. The inset shows a single channel layout.

D. Measurements

The channelizer is tuned by adjusting the trimmer capacitors
on individual channel resonators until nulls in the measured
match the simulated response (Fig. 14) assuring the correct res-
onator center frequencies. Measured and simulated for each
channel ( for ) are shown in Fig. 15 while a
sample of three separate measured channel responses is shown
in Fig. 16 showing good agreement with simulations. Measured
insertion loss at the center of each channel ranges from 1.9 to
4.8 dB, with an average of 4.3 dB. The measured center fre-
quencies and channel responses again match simulation closely.
As in the constant fractional bandwidth case, adjacent channel

responses cross at dB below each channel’s center fre-
quency (Table III). Each channel’s 2-dB crossover bandwidth
is a nearly constant 4 MHz, resulting in fractional bandwidths
ranging from 26.0% (channel 1) to 4.3% (channel 20).

Fig. 14. Measured (solid line) and simulated (dashed line) � of the
20-channel constant absolute bandwidth channelizer.

Fig. 15. Simulated (top) and measured (bottom) � for each channel of the
constant absolute bandwidth channelizing filter. The frequency scale is linear to
show the constant absolute bandwidth response.

The power distribution at the center frequency of channel 10
(54.5 MHz) is shown in Table IV. The percent of the input
power appearing at the individual outputs is calculated from
each channel’s measured and the reflected power at the
channelizer input is given by . At 54.5 MHz, 35.4% of
the power arrives at the channel 10 output dB , 39.8%
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Fig. 16. Measured (solid line) and simulated (dashed line) � of the constant
absolute bandwidth channelizer for channels 3 (25.1 MHz), 10 (54.5 MHz), and
17 (82.6 MHz).

TABLE III
CHANNELIZER CENTER FREQUENCIES (IN MEGAHERTZ)

TABLE IV
SAMPLE CHANNEL POWER DISTRIBUTION FOR CHANNEL 10

Fig. 17. Measured power distribution at the center of channel 10 (54.5 MHz)
among all 20 channels.

appears at all other channel outputs (Fig. 17), and 5.8% is re-
flected at the channelizer input. Summing the powers results in
81.0% of the input power. Thus, the filter dissipates 19.0% of
the input power corresponding to an effective loss of 0.9 dB.

Fig. 18. Measured and simulated phase of � , at each channel’s center fre-
quency, for the constant fractional bandwidth version (top) and the constant ab-
solute bandwidth version (bottom). The data for each channel is taken at the
center frequency of the particular channel.

VI. DISCUSSION

A. Channel Phase Response

From the results presented so far, we see that a channelizing
filter based on cochlear modeling produces channels with near-
uniform amplitude response; a characteristic scaled in fre-
quency from one channel to the next. In addition, from data on
biological cochlea measurements, we expect that the phase of

at each center frequency is nearly identical for all channels
[13], [14]. This is shown in measured and simulated results for
the RF channelizers (Fig. 18).

The uniformity among channel response in amplitude, phase,
and phase constancy at the center frequency is determined
by the number of sections physically preceding a particular
channel. Typically, a minimum of five sections are needed to
set up the characteristic response. Since these initial sections
are the higher frequency channels, the lower frequency sections
of the channelizer have the most uniform response.

B. Transient Response

In many situations, it is desirable to decompose a wideband
input signal into narrower channels in real time. Transient simu-
lations were done to demonstrate this channelizing filter’s capa-
bility in such a system. These simulations were performed using
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Fig. 19. Simulated spectrum of the bandlimited input signal used in the time-
domain simulation (power adjusted to deliver 0 dBm at the band center). The
inset shows the waveforms of prefilter input monopulse (dashed line) and the
bandlimited signal (solid line) that is fed to the channelizer input.

Fig. 20. Three representative simulated waveforms that appear at channelizer
output ports with the input signal shown in Fig. 19.

the constant absolute bandwidth channelizer. Finite , but oth-
erwise ideal lumped elements were used to reduce transient sim-
ulation complexity. Because the simulation did not include com-
ponent or board parasitics, the channel responses were shifted
slightly up in frequency compared with the previous -param-
eter simulations.

A Gaussian monopulse filtered through a high-order maxi-
mally flat filter was used to simulate a signal with a spectrum
concentrated in the channelizer bandwidth (Fig. 19). A sample
of the channel outputs is shown in Fig. 20. As expected, each
waveform is an exponentially decaying sinusoid of a frequency
centered in the respective channel’s passband. Thus, this type
of channelizer can be used in a pulsed wideband receiver where
simultaneous reception is desired on every channel.

C. Enhancements for Radio Systems

The cochlea has been the subject of intense modeling effort
since the 1950s. Most of this research has focused on under-
standing mammalian cochlear dynamics. In this work, our focus
has been to adapt the cochlear structure to radio frequencies
where we so often require channelization. To this end, the next
obvious step is to increase the order of each channel’s filter sec-
tion to provide even more adjacent channel rejection.

In theory, the cochlea-inspired channelizer topology can be
applied to any frequency range. Implementing the design at
microwave frequencies is currently being done with printed
lumped elements as well as distributed filter sections, with
promising results so far [15]. One obvious limitation is the ef-
fect of lumped component (especially inductor) self-resonances
which produce undesirable responses within the total channel-
izer bandwidth. For channelizers covering many octaves, one
must also mitigate the harmonic responses of distributed filter
sections.

The cochlea-inspired channelizer circuit is a wide band-
width contiguous channel multiplexer with a large number
of channels. Conventional manifold type RF and microwave
multiplexers using high- resonator technologies can achieve
lower insertion loss and arbitrary pass-band responses, but with
a limited number of channels (due to design complexity). Such
high performance filters also come with a high cost and large
size. In applications such as receiver front-end preselection and
instantaneous spectrum monitoring, where lower stop-band
rejection can be traded for a large number of channels, a
cochlea-like channelizer fulfills the need with a straightforward
design method.

VII. CONCLUSION

A new type of RF channelizing filter based on a simplified
model of the mammalian cochlea has been demonstrated.
Versions of the filter offer channels with either constant frac-
tional or constant absolute bandwidth. The filter topology is
scalable to any frequency, with the frequency coverage limited
by out-of-band resonator response. A design methodology is
also presented.
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