
• Super-heterodyne receiver

– Mixer translates high frequency RF signal to 
a lower frequency IF
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Down Conversion Mixer

ωIF = ωLO - ωRF

• Super-heterodyne transmitter

– Mixer translates a low frequency baseband
signal to a higher frequency RF
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Up Conversion Mixer

ωRF = ωLO + ωBB

Down Conversion Mixer
ωIF = ωLO - ωRF

• Linear time invariant networks do not 
produce spectral components not in the 
input

Use time varying or nonlinear networks
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Analysis of LTV Network
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Nonlinear Network 
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For a MOSFET

Mixer Design Considerations

• Linearity
– Third-order intermodulation (IP3) is an 

important consideration

• Isolation
– Interaction between RF, IF, and LO ports 

has to be minimized

• Conversion gain
• Noise performance
• Power

Single-Diode Mixer

• Simplest and oldest mixer
• Diode nonlinearity 

generates current at 
harmonic and intermod
frequencies

• Tank filters except IF
• No isolation
• No conversion gain
• Suitable for high 

frequencies
• Used in early UHF TV 

tuners

v
o

v
RF

+v
LO

+v
Bias

CR L+

-



Single-Device BJT Mixer
• High gain

• Collector tuned to IF

Single-Device BJT Mixer Analysis
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rejection at LO frequency

Avoiding LO Feed Through
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• There is perfect isolation from RF and LO to IF

Double-balanced mixer

• No third-order IM term!

Consider an ideal multiplier



Simplified Bipolar Multiplier (Mixer)
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Output contains

• RF term and IF term (multiplicative term)

• No LO single-balanced mixer

Switching Emitter-Coupled Pair

+== ...t-t LOLO cos3
4

cos
4

II-II EEc2c1o 3ππ

Single-Balanced Mixer

v
LO

I
EE
+I
RF
cos

RF
t

( )

...)t)t-t

...t-tt

RFLORFLOLO

LOLORF

++++=

++=

cos(I
2

cos(I
2

cosI
4

cos3
4

cos
4

cosIII

RFRFEE

RFEEo

πππ

3ππ

LO feed through IF component

V-I Conversion

mmconv

RFmIF

mRFmRF

g
2

G

isctancetransconduconversionthe

vg
2

I

havewe

converter,I- Vtheofctancetranscondu

theisg where,vgIAssuming

π

π

=

=

=



Examples of Transconductors
IRF

vRF

RSCB
VBIAS

CE (CS) with degeneration CB (CG) with linearization
due to RS

• Inductive degeneration preferred 
• No thermal noise
• No dc voltage drop
• Attenuation of high frequency harmonics, intermod

Eliminating LO Feedthrough
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Double-Balanced (Gilbert) Mixer Gilbert Cell Multiplier

– Mixer also translates noise to IF
– Noise figure is an important specification

RF
Amp Mixer

IF
Amp Demod

Local
Oscillator

Tuning

ωLO

ωRF ωIF

Down Conversion Mixer
• Up/down conversion of noise due to mixing 

• SPICE noise analysis does not work
• Cyclostationarity/frequency correlation 

important
• Monte Carlo or stochastic methods

Mixing Noise

• Up/down conversion of noise due to mixing 



Noise in a Mixer

LO

• Consider white noise at the input and a 
noiseless mixer 

IF

PSD

ωωLO

N0

Signal band

Image band

ωIF

PSD

ωωLOωIF

Assume that the mixer 
has a conversion gain 
of 1 for all frequencies

Output SNR is half of input SNR

Down Conversion of Noise

• Since noise in the image band is also 
downconverted to IF

NF for noiseless mixer is 3dB

• This NF is called the single-sideband (SSB) 
NF, i.e., desired signal spectrum is on one 
side of the LO frequency as in heterodyne 
receivers

Homodyne Receiver
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ω
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Signal band

ωLO

PSD

ωωLo

Noise

Down conversion

• For a noiseless 
mixer the input and 
output SNR are 
equal

NF  = 0dB
• This is the double-

sideband (DSB) NF 
Signal spectrum 
exists on both 
sides of the LO

• For a stationary noise source
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Noise Down Conversion in a Real 
Mixer



Mixer Noise Analysis

• Simulation approach
– Available in SpectreRF, Agilent/EEsof ADS
– Linear time-varying analysis used 

• Circuit linearized around the LO
• Noise applied as a small-signal

– Can be used for any circuit in periodic  
steady state

• Indirect approach
– Applicable to mixers (Hull & Meyer, 1993)
– SPICE simulations and 2D FFT used for 

calculating noise

• Impulse response from noise source to output 
(SPICE transient analyses)

Hull & Meyer’s  Approach

• Frequency response (2D FFT)

Hull & Meyer’s Approach
Noise in a Switching Mixer


