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Mixers in  Radio Receivers
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Ideal Mixer as a Multiplication Element
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Multiplication Through A Nonlinear Element (1)
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Multiplication Through A Nonlinear Element (2)
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Example of Nonlinear Element: PN or Schottky Diode  
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Idealized Diode Mixer
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Idealized Diode Mixer
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Idealized Diode Mixer
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Mixer as time-dependent conductance
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The LO drive should be big !
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With big LO drive, mixer becomes a switch
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Diode Double Balanced Mixer

connection IF-RF negative on, diodes crossedLO Negative
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Idealized (switch) double-balanced mixer
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Typical mixer presentation then moves to circuits: 

?isolation output -Input        

? responses Harmonic  ? responses Image   ? figure Noise   ? lossInsertion         

? mixing understand  wedo  wellhow circuits,on  econcentrat  webefore But,
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Ideal switch-based mixer 

mixer idealan  studyingby much learn can  We
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What is our goal ?
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Even ideal mixers have:
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Image response→ interference, loss of SNR
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LO harmonics also produce images:
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Ideally: eliminate spurious responses with filters
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Real mixers are bilateral, not unilateral
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Diode Double Balanced Mixer: Two-Port Representation
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Bilateral mixing→ spurious RF responses
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Eliminating Noise from Image Response
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System-Level Mixer Noise analysis
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System-Level Mixer Noise analysis
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System-Level Mixer Noise analysis

SSLNA

mixer

SSLNA

IMILNA

ILNASLNA
GkTG

S

GG

GG
FFF

,,

,

,,system   

figure Noise System

++=

oncontributi noiseLNA   thedoubled have     we

   

 ,

 image, of filtering RF no  :Suppose

,

,,system

,,

SSLNA

mixer
ILNASLNA

SIMSLNAILNA

GkTG

S
FFF

GGGG

++=

==

mixer  the tointernalfor that except     

oncontributi noise  image  theelimnated have     we

   

0

 image, of filtering RFperfect   :Suppose

,

,system

,

SSLNA

mixer
SLNA

ILNA

GkTG

S
FF

G

+=

=



Copyright Mark Rodwell, 2016

System-Level Mixer Noise analysis: another case
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System-Level Mixer Noise analysis: Big Picture

model noiseMixer 

model noiseReceiver 

filtered. bet can' This

noisemixer  increased

frequency signalat  that  toadds

frequency imageat  noise internalMixer 

→

noisereceiver  increased

frequency signalat  that to

frequency imageat  noise (etc)LNA  add

  willresponses image ,unfiltered If

→

harmonics LO from arise also responses Image

responses image and harmonicmixer  minimize  try to:Clearly



Copyright Mark Rodwell, 2016

FET passive switch double balanced mixer

Key point: FETs operate in their resistive regions, as switched resistors.

This is unlike the FET Gilbert cell mixer, where FETs operate in the constant-current regions
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BJT (HBT) Unbalanced Mixer: gm(t) modulation

0

LO voltages modulates ( )
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BJT (HBT) Unbalanced Mixer: mixing of RF and LO

If we now apply a small ( ), then (t) containts a component  ( ) ( ) ( )

Mixing

Multiplication in time domain = convolution in frequency domain

Sum and difference frequencies. 

RF E mix m RFV t I I t g t V t=

→
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BJT (HBT) Unbalanced Mixer: Combining Signals

In unbalanced mixers, LO, RF, and IF filters must be seperated (isolated) by filters.

The associated filter design can be very difficult.

The filter design will be extremely difficult if .LO RFf f
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Quadrature or 90o Hybrids

power at the 2 inputs splits equally at the 2 outputs.

sums with 90  phase differenceo

Branch line coupler: 

one for of  90   hybrid.o

0Lange couplers are also 90  hybrids.

https://www.keysight.com/us/en/assets/7018-08094/technical-overviews-archived/5989-8911.pdf

https://www.keysight.com/us/en/assets/7018-08094/technical-overviews-archived/5989-8911.pdf
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Balanced mixer using Quadrature Hybrid

If the LO and RF frequencies are similar, a 90 degree hybrid can provide the LO to RF isolation
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FET Unbalanced Mixer: gm(t) modulation

/

Similar to the BJT/HBT design.

Only major difference:

 without the ,  we don't need

the current source to regulate the bias current.

beqV kT

C SI I e=
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FET Unbalanced Mixer using Cascode Pair

currents. RF and LO strong has alsoport  IF

 wave.squareby  dmulitiplie form  waveRF iscurrent  IF

off. ispath  ....signal    

zero.  to reducing zero,  toreduced is Q1 of  low, is LOWhen 

on. ispath  ....signal    

signal... RFfor  stage gate-common as operates Q2 high, is LOWhen 

1mds gV
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FET  Single-balanced Mixer

does---elyunfortunat LO,

output. IFat  appearslonger  no signal RF

LO drive voltage is sufficient for  to fully switch upper FET pair

Upper FETs operate as common-gate stages, not as resistive switches

Lower FETs operate as common-source stages, with DS kneeV V
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FET  double-balanced Mixer (Gilbert Cell)

.balanced..perfectly  iscircuit  t theextent tha  the....to

output. IFat appear   signals LOnor  RFNeither 

LO drive voltage is sufficient for  to fully switch upper FET quad

Upper FETs operate as common-gate stages, not as resistive switches

Lower FETs operate as common-source stages, with DS kneeV V



Copyright Mark Rodwell, 2016

BJT/HBT  double-balanced Mixer (Gilbert Cell)

.balanced..perfectly  iscircuit  t theextent tha  the....to

output. IFat appear   signals LOnor  RFNeither 
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