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Frequency Translation in Radio Receivers

 mixers. ofeffect  noise  thedeterminefirst must  we
receivers, radio odynesuperheter ofy sensitivit compute  want to weIf

:Mixers

bandwidthreceiver   theinto sfrequencie several from noise Translate 2)
owntheir of noise Contribute 1)
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Why Superheterodyne Receivers

(IF)frequencyteintermediaantohighafromconvertedisSignal
1918. Armstrong :odyneSuperheter

frequency.(LO)oscillatorlocaladjustingbytunedRadio
selection. channel provide IF at the filters tuned-fixedNarrow 

(IF).frequency teintermediaantohigha fromconverted is Signal

filter. banwidth widegenerally  response, image rejectsfilter  RF
frequency.(LO) oscillatorlocaladjustingby   tunedRadio
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Resistive diode mixers

s.but tediourwardstraightfoismixersr  transisto toExtension
 mixers. diode  todiscussionour  Confine
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.density  spectralpower  noise available has kTRs

.2/density spectralpower noiseavailable has )( kTIg
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Noise in Mixers, Noise from Mixing

elementscircuit anddevicemixer ofonscontributi noise  find  willWe
responses. imagemixer  from noise find also  willWe

.eliminated be  can responses image from noise  cases, particular In
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Diode Mixers

econductancnonlinear  :bias Forward

)1()( /  ktqV
s eIVI

ecapacitancnonlinear  :bias Reverse

)( 2
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Canonical Diode Mixers

current.  DCsome  withbiased is Diode

coupling.port -2 IF- RF thein ntranslatiofrequency a  causes This
 time.of functiona  as impedance diode  themodulates  LOThe
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Schottky diode structure and  parasitics

)(2
1

contactNNdiode
diode RRRC

f



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Diode C-V characteristics
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Note: Simplification to all Subsequent Analysis

noise. on ntranslatiofrequency  ofeffect  isinterest  mainOur 

secondary. is noise vicecircuit/demixer  ininterest Our 

2/fi t d
,  as  ofpower  noise available  theeapproximat  willWe

kT
kTRs

cleareranalysissystemsthemakeandmathsimplifywillThis

.2/ of instead kT

clearer.analysissystemsthemake andmathsimplify   willThis
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Idealized Mixer Operation

)()()(:tionmultiplica  voltageIdealized
V

tVtVtV LORF
IF 
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1 )cos()(:Suppose tVtV LOLO 

01 /)cos()()( Then VtVtVtV LOinIF 



ECE594I notes, M. Rodwell, copyrighted 

Idealized Mixer Operation
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Idealized Mixer Operation
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conversion-down and conversion-upfrequency familiar   theNote
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Idealized Mixer Operation: Generator Noise Only

:Simplify

noiseless LO
later) noisemixer   add  will(we noiseless itselfMixer 

p y

. impedanceOutput 
. impedancegenerator  , impedanceinput Mixer 
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genin

 .power  noise availablegenerator  Signal kT

noise. on
ntranslatiofrequency  ofeffect   theon econcentratpresently  We
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Idealized Mixer Operation: Generator Noise Only
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Idealized Mixer Operation: Generator Noise Only





  LOVLOV jSjS

AS signalgensignalgen
))((~))((~

)(~ 2 






 


LOVLOV
V

jSjS
AjS

noisegennoisegen

signalgensignalgen

IF ))((~))((~ )(
,,

,,

mixerv,



















 LOVLOV

kTRkTR

jSjS
A signalgensignalgen

44

))((~))((~
               ,,2

mixerv,



  gengen kTRkTR 4               4

siondownconver from
noise & Signal

onupconversi from
noise&Signal



ECE594I notes, M. Rodwell, copyrighted 

Idealized Mixer Operation: Generator Noise Only
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Idealized Mixer Operation: Generator Noise Only
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Idealized Mixer Operation: Generator Noise Only

bandfrequency  unwanted an and a wanted both shiftsmixer  The
output.mixer  at the  input to  RFat the IFf

noise.receiver  degrades also response image This
ce.interferenintroducecanresponseimage"" unwanted This
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Eliminating Noise from Image Response

response noise image and signal image
 both suppressesmixer reject -Image

frequency imageat power 
noise available zero provides Trap

frequency signalat  noise ~but  
frequency imageat  noise ~ :Filtering

kTFG
kT


















