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ÅThe receiver mush be very sensitive to -110dBm and 
working on strong adjacent channel signals.

ÅMinimum detectable signal, dynamic range and the 
need for AGC.

ÅFiltering at different stage of receiver for image and 
spurious rejection.

Global star LEO low 
earth orbit satellite 
phone
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10.1 Receiver Architecture

Receiver requirements

Å High gain ~ 100dB

Å Selectivity

Å Down-conversion

Å Detection of received signal

Å Isolation from the transmitter to avoid saturation of receiver.
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Because the typical signal power level from the receive antenna may be as low as -100 to - 120 
dBm, the receiver may be required to provide gain as high as 100 to 120 dB. 

This much gain should be spread over the RF, IF, and baseband stages to avoid instabilities and 
possible oscillation; 

It is generally good practice to avoid more than about 50-60 dB of gain at any one frequency band.

Selectivity can be obtained by using a narrow bandpass filter at the RF stage of the receiver, but 
the bandwidth and cutoff requirements for such a filter are usually impractical to realize at RF 
frequencies. 

It is more effective to achieve selectivity by downconverting a relatively wide RF bandwidth around 
the desired signal, and using a sharpcutoff bandpass filter at the IF stage to select only the desired 
frequency band.

Full-duplex communications systems usually use separate frequency bands for transmit and receive, 
thus avoiding the difficult (but not impossible) problem of isolating incoming and outgoing radiation 
at the same frequency. 

In addition, it is often preferred to use a single antenna for both transmit and receive. In this case 
it is necessary to use a duplexing filter to provide isolation between the transmitter and receiver, 
while still providing a signal path with the antenna
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Tuned radio frequency (TRF) receiver
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A TRF receiver employs several stages of RF amplification along with tunable bandpass
filters to provide high gain and selectivity.

But tuning is very difficult because of the need to tune several stages in parallel, and 
selectivity is poor because the passbandof such filters is fairly broad. 

In addition, all the gain of the TRF receiver is achieved at the RF frequency, limiting the 
amount of gain that can be obtained before oscillation occurs, and increasing the cost 
and complexity of the receiver.

TRF receivers are seldom used today.
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Direct conversion receiver ( homodyne  receiver)

Å Two stage amplifiers

Å No need for IF amp and filter

Å No need for extra circuit for AM demodulation

Å No image filter required

Å High stable LO source required.

Å often used with Doppler radars, where the exact LO can be obtained from the 
transmitter, but a number of newer wireless systems are being designed with 
direct conversion receivers
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Using a mixer and local oscillator to perform frequency down-conversion with a zero IF 
frequency.
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Superheterodyne receiver
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A midrange IF allows the use of sharper cutoff filters for improved selectivity, and higher 
IF gain through the use of an IF amplifier. 

Tuning is conveniently accomplished by varying the frequency of the local oscillator so 
that the IF frequency remains constant.

The majority of broadcast radios and televisions, radar systems, cellular telephone 
systems, and data communications systems
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At microwave and millimeter wave frequencies it is often necessary to use two stages
of down conversion to avoid problems due to LO stability.
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Duplexing

Å Tx and Rx not at the same time, a T/R switch is ok.

Å Diode switch can operate at microseconds, offer 40dB isolation.

Å For Tx and Rx at different frequency, bandpass filters are required for duplexer.
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If a single antenna is to be used for both transmit and receive in a duplex system, a
duplexer must be used to allow both the transmitter and receiver to be connected to the
antenna, while preventing the transmit signal from directly entering the receiver.

Isolation between the transmitter and receiver is usually required to be greater than 100 
dB.
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Full-duplex systems usually use separate transmit and receive frequency bands with
bandpassfilters to provide duplexing.

They can also provide some preselective filtering on receive, and attenuate spurious 
out-of-band signals from the transmitter. Duplexing filters often have insertion losses on 
the order of 1 -3 dB, however, which degrades the noise figure of the receiver.

A related component is a diplexer, a term generally used to refer to a device that 
combines two or more frequency components into a single channel.

Since a duplexing filter used with different transmit and receive frequency bands fits 
this definition, it is sometimes referred to as a diplexing filter.
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10.2 Dynamic Range

Reliable communication requires a receive signal power at or above a certain minimum 
level, which we call the minimum detectable signal (MDS).

Minimum detectable signal (MDS) determines the minimum SNR at the demodulator for a 
given system noise power. 

Minimum detectable signal (MDS) 
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SINAD: signal-plus-noise-plus-distortion to noise-plus-distortion ratio.

The ratio of (a) total received power, i.e., the received signal -plus-noise-plus-distortion 
power to (b) the received noise -plus-distortion power.
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Knowing the minimum SNR or SINAD and the noise characteristics of the receiving 
system allows us to calculate the minimum detectable signal power.



Minimum Detectable Power
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the output signal power

Receiver Noise temperature

total output noise power

where B is the bandwidth of the receiver (usually set by the IF bandpass filter).
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Minimum detectable input signal level

This is an important result , relating the minimum detectable signal power at the 
input of the receiver to the noise characteristics of the receiving system and the 
minimum SNR required for that application.

This equation provides the interface between the radio link equation (e.g., the Friis
equation or ground reflection link equation) and the SNR or error rate equations of 
Chapter 9, thereby allowing characterization of the complete wireless system.
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This equation can be conveniently expressed in dB:
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Although (10.6 and10.7) are sometimes used in place of (10.4), it is 
important to realize that (10.6 and 0.7) are only valid when the antenna 
temperature is 290 K, this situation is seldom true in practice. 

In either case, note that the minimum detectable signal level does not 
depend on the gain of the receiver, since both signal and noise are 
increased equally.

Two important points:
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