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Chapter 7  Mixers 

• Three-terminal non-linear or time-varying devices for 

frequency conversion. 

• Implemented by diode and transistor in microwave 

range. 

• Loss, noise and inter-modulation distortion are major 

parameters. 

• Diode mixer and FET mixers will be introduced 
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7.1 Mixers characteristics 

Frequency conversion 
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• Up-conversion 

fLO + fIF being the upper sideband (USB), and fLO – fIF being the lower sideband (LSB) 

 

A double-sideband (DSB) signal contains both upper and lower sidebands, as in (7.3), while a 

single-sideband (SSB) signal can be produced by filtering or by using a single-sideband mixer. 
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• Down-conversion 

Easily selected by low-pass filtering 
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• Image frequency 

• Image frequency 

The RF frequency defined in (7.8b) is called the image response. The image response is 

important in receiver design because a received RF signal at the image frequency of (7.8b) 

is indistinguishable at the IF stage from the desired RF signal of frequency (7.8a), unless 

steps are taken in the RF stages of the receiver to preselect signals only within the desired 

RF frequency band. 

 

 

In practice, most receivers use a local oscillator set at the upper sideband, fLO = f RF + fIF, 

because this requires a smaller LO tuning ratio when the receiver must select RF signals 

over a given band. 
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Conversion loss 

• 4~7dB for diode mixer at 1~10GHz 

• Transistor may even have conversion gain of a few dB. 

• Minimum loss for LO power at 0~10dBm. 

There are inherent losses in the frequency conversion process because of the generation 

of undesired harmonics and other frequency products. 
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Noise figure 

NF: 1~5dB typical value. 

The noise figure of a mixer depends on whether its input is a single sideband signal 

or a double sideband signal. This is because the mixer will down-convert noise at 

both sideband frequencies (since these have the same IF), but the power of a SSB 

signal is one-half that of a DSB signal (for the same amplitude). 

 

For double side band (DSB) signal  

 

Noise is generated in mixers by the diode or transistor elements, and by thermal sources 

due to resistive losses. 
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• For single side band (SSB) signal  
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Inter-modulation distortion 

Since mixers involve nonlinearity, they will produce intermodulation products. 

 

Typical values of P3 for mixers range from 15 dBm to 30 dBm. 

Isolation 

Ideally, the LO and RF ports would be decoupled, but internal impedance mismatches and 

limitations of coupler performance often result in some LO power being coupled out of the RF port.  

 

This is a potential problem for receivers that drive the RF port directly from the antenna, because 

LO power coupled through the mixer to the RF port will be radiated by the antenna.  
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Because such signals will likely interfere with other services or users, the FCC sets 

stringent limits on the power radiated by receivers.  

 

This problem can be largely alleviated by using a bandpass filter between the antenna 

and mixer, or by using an RF amplifier ahead of the mixer.  

 

Isolation between the LO and RF ports is highly dependent on the type of coupler used 

for diplexing these two inputs, but typical values range from 20 dB to 40 dB. 
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7.2 Diode mixers 

Small-signal diode characteristics 

• Small signal, large signal and ideal switching circuit 
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• Square-law response term give the frequency conversion.  
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Single-ended mixer 

The RF and LO inputs are combined in a diplexer, which superimposes the two input 

voltages to drive the diode. The diplexing function is easily implemented using an RF 

coupler or hybrid junction to provide combining as well as isolation between the two 

inputs.  

The diode may be biased with a DC bias voltage, which must be decoupled from the 

RF signal paths. This is done by using DC blocking capacitors on either side of the 

diode, and an RF choke between the diode and the bias voltage source.  

The AC output of the diode is passed through a low-pass filter to provide the desired IF 

output voltage. 

 



15 



16 

Large-signal 

Small-signal analysis of a mixer can not accurate enough to provide a realistic result for 

conversion loss.  

This is primarily because the power supplied to the mixer LO port is usually large enough to 

violate the small-signal approximation. 

 

Here, a fully nonlinear analysis of a resistive diode mixer. Reactance associated with the 

diode junction and package are ignored, to simplify the analysis. 

 

Low level RF input voltage, and a much larger LO pump signal. 

These two AC input signals generate a multitude of harmonics and other frequency products: 

 



Large Signal 
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In a typical mixer, harmonics of the LO and the harmonic sidebands are terminated 

reactively, and therefore do not lead to much power loss. 

This leaves three signal frequencies of most importance:  

 

The expansion point here is about the LO voltage. 

The second term is a function of the RF and LO input voltages, and will provide a good 

approximation for the three products at frequencies  

, with a large LO pump signal. 
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Large Signal 
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The easiest way to find the available power from the IF port is to first find the Norton 

equivalent source for the IF port. 
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The available input power from the RF source is 

The available output power at the IF port is 
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The minimum conversion loss of (7.42) reduces to LC = 2, or 3 dB. This means that halt 

the RF input power is converted to IF power, and half is converted to power at the image 

frequency. 


