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WIDEBAND TUNER ARCHITECTURE

Madhukar Reddy, Curtis Ling

1. OVERVIEW

This invention is related to a method and apparatus for receiving several channels located in
discontinguous portions of a frequency spectrum, and downconverting them in such a way
that when combined, they form a contiguous group of channels at a much lower intermediate
frequency (IF). One of the applications this invention targets is the reception of television
channels being transmitted on a cable. These channels are distributed across a wide range of
frequencies. For data transmission, the standard requires the simultaneous reception of several
channels at once; these channels may not be contiguous.

1.1 BACKGROUND INFORMATION

The receivers used to downconvert and selectively filter TV channels are referred to as tuners,
and tuners designed to simultancously receive several TV channels are referred to as
wideband tuners. Existing tuners for these applications downconvert a swath of channels to an
intermediate frequency which are then sent to a demodulator. Because the desired channels
are not contiguous, this swath includes the desired channels as well as undesired channels.
The demodulator employs a high-speed data converter to capture this swath of desired and
undesired channels in the digital domain and subsequently filter out the desired channels. A
typical implementation is show below
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Figure 1. Mustration of frequency conversion using a conventional wideband tuner

Referring to Figure 1, the swath of channels occupies a bandwidth BW1 at an RF center
frequency fit.. The synthesizer S1 is tuned to mix the channels to a center frequency fig, which
are amplified and filtered by V1 and F1 respectively. Bandwidth BW1 typically contains 10
to 15 channels, or 60-100MHz, of which only four are desired. This requires that the IF
frequency fir. be at least BW1/2, or about S0MHz.



2. DETAILED DESCRIPTION OF THE INVENTION
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Figure 2. Illustration of the wideband personal radio recorder

The invention may be a single very wide-band tuner receiver RF1 which captures the desired
swath of channels. This swath is amplified via a wide dynamic range low-noise amplifier
LNA1 and mixed down into a complex signal path by I/Q mixers M1 and M2. The invention
filters out unwanted portions of the spectrum via filters F1 and F2, and converts the signal to
the digital domain using the wide band ADC converters ADC1 and ADC2. This portion of the
system is similar to conventional tuners.

The invention focuses on how the swath of channels is preprocessed before being sent to the
demodulator. The complex 1/Q digital signal from the ADC pair feeds a bank of N complex
mixers and filters BX; which frequency-shift the N desired TV channels to baseband where
they are each individually filtered, producing N filtered and decimated radio channels RC;.
These N channels can be sent to the demodulator in two ways:

1. The N channels can be sent together as a digital stream directly to the demodulator in
digital form by serial or parallel data link using commonly-available methods. This



approach is advantageous compared with existing tuner architectures in that it
eliminates expensive data conversion, filtering and channel selection on the
demodulator side. Another significant advantage is that this architecture removes
undesired channels from the signal path as soon as possible, relieving signal path
dynamic range requirements in the demodulator.

2. Alternatively, the N channels can be upconverted by a bank of filters and mixers UXj
to IF signals at IF; at frequencies f,; which, when combined and converted to the
analog domain by the summing DAC DACI, align the IF signals as one contiguous set
of channels in the spectrum centered at fir, as illustrated in Figure 1. Because the
bandwidth BW?2 is substantially less than BW1, fif can be proportionally lower,
typically18MHz to accommodate a spectrum BW2 of up to 36MHz. This approach is
advantageous because

a. It allows the demodulator to run its data converter at a lower speed with fewer
bits of resolution because the desired channels have been consolidated and the
undesired ones eliminated, making the contiguous IF spectrum compact.

b. Itis fully compatible with existing demodulators which require an analog IF
signal.

c. As with method 1, this architecture removes undesired channels from the
signal path as soon as possible, relieving signal path dynamic range
requirements in the demodulator’s ADC and within the demodulator itself.

2.1 ALTERNATIVE EMBODIMENT
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Figure 3. Embodiment of the invention applied to two tuner front ends.



The invention can be applied to any number of RF/digital front ends, as is shown in Figure 3
above. In this embodiment, Tuners 1 and 2 each receive portions of the RF spectrum centered
at fir1 and fig, respectively.

As before, the outputs from the two tuners are tiled to produce a contiguous set of IF
frequencies centered at fiy.
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