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Mixers A
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= An ideal mixer is usually drawn with a multiplier symbol

= A real mixer cannot be driven by arbitrary inputs. Instead one

port, the “LO” port, is driven by an local oscillator with a fixed
amplitude sinusoid.

= |n a down-conversion mixer, the other input port is driven by the
“RF” signal, and the output is at a lower IF intermediate
frequency

= |n an up-coversion mixer, the other input is the |IF signal and the
output is the RF signal



Frequency Translation
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= As shown above, an ideal mixer translates the modulation
around one carrier to another. In a receiver, this is usually from
a higher RF frequency to a lower IF frequency. In a transmitter,
it's the inverse.

= We know that an LTI circuit cannot perform frequency
translation. Mixers can be realized with either time-varying
circuits or non-linear circuits




Ideal Multiplier

= Suppose that the input of the mixer is the RF and LO signal
vrr = A(t) cos (wot + ¢(1))

vro = Ao cos (wrot)

= Recall the trigonometric identity
cos(A 4+ B) = cos Acos B — sin Asin B
= Applying the identity, we have

Vout — URF X ULO
A(t)Aro

— 5 {cos ¢ (cos(wro + wo)t + cos(wro — wo)t)

—sin ¢ (sin(wro + wo)t + sin(wrpo — wo)t) }
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Ideal Multiplier (cont)

= Grouping terms we have

Vout = A(t);lLO {cos ((wro +wo)t + (1)) +

cos ((wro —wo)t + ¢(t))}

= \We see that the modulation is indeed translated to two new
frequencies, LO + RF and LO — RF. We usually select either
the upper or lower “sideband” by filtering the output of the mixer

high-pass or low-pass
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Mixer + Filter
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= Note that the LO can be below the RF (lower side injection) or
above the RF (high side injection)

= Also note that for a given LO, energy at LO + I F is converted to
the same IF frequency. This is a potential problem!




Upper/LoweW and Image
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= Example: Downconyersiorriviixer— ! ! '
= X Lo, lgos Lo,

RF = 1GHz = 1000MHz

IF' = 100MHz

Let’'s say we choose a low-side injection:
LO = 900MHz

That means that any signals or noise at 800MHz will also be
downconverted to the same IF



Receiver Application
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= The image frequency is the second frequency that also
down-converts to the same IF. This is undesirable becuase the
noise and interferance at the image frequency can potentially
overwhelm the receiver.

= One solution is to filter the image band. This places a restriction
on the selection of the IF frequency due to the required filter ()
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