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Διάλεξη 2Διάλεξη 2

Most Figures for today’s lecture come from:
B. Razavi, RF Microelectronics, Prentice Hall 
1998.
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Intro: 90’s Radio Receiver!Intro: 90 s Radio Receiver! 
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Intro: Radio Transceiver TODAY!Intro: Radio Transceiver TODAY! 

Current Approach

Control Power 
(MCU/ASIC) Source



Real systems = non ideal!Real systems = non-ideal!

 Real systems, no matter what generation, exhibit non-idealities.

 Such non-idealities are (should be) well documented!  
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Real transceivers = non ideal!Real transceivers = non-ideal!

 Real systems no matter what generation exhibit non-idealitiesReal systems, no matter what generation, exhibit non-idealities.

 Such non-idealities are (should be) well documented!  
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ExampleExample
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?
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Περιεχόμενα Διάλεξης 2Περιεχόμενα Διάλεξης 2
Basic Unknown Concepts: 
 Spectral Growth from LINEAR systems

 Gain CompressionG Co p ess o

 Desensitization

 Intermodulation Products and IP3

 Intro to Noise Figure (NF) – calculation of NF in next 

lecture.

T d ff b t IP3 d NF Tradeoff between IP3 and NF
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Can a LINEAR system produce new freqs?Can a LINEAR system produce new freqs?

Answer: YES, linear TIME-VARIANT systems, as the 
(sampling circuit) above!
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ProofProof

 Linear TIME-VARIANT systems: spectral growth. 

 In this lecture, we focus on time invariant non-linearities.
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Today: non-linearity, its impact and quantification
in time-INVARIANT systems

 assume {ai} time invariant (otherwise system is time-variant)assume {ai} time invariant (otherwise, system is time variant)  

 Special case: balanced systems.

Balanced system = odd symmetryBalanced system  odd symmetry
 αj=0 for j even
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Effects of non linearity: Gain CompressionEffects of non-linearity: Gain Compression
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 For A small (small signal model), term α3Α3 negligible…

 For A not small however and α3 negative gain is compressed!
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For A not small however and α3 negative, gain is compressed! 



Gain CompressionGain Compression

Definition: Level of INPUT signal whereDefinition: Level of INPUT signal where 
the following holds:

 Measure of the maximum range of INPUT signal.
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Effects of non linearity: DesensitizationEffects of non-linearity: Desensitization

D iti ti t t d i l t th i t Desensitization: a strong unwanted signal at the input 

decreases the desired signal output! [compare it with gain 

compression]

29 A2
31 4

9 Aaa 
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Non linearity: IntermodulationNon-linearity: Intermodulation

 3rd power term: if ω1-ω2 small, then intermodulation products 
in the vicinity of ω1 and ω2.

 Odd power terms: exist in “balanced” systems (no even 
terms)!



Non linearity: IntermodulationNon-linearity: Intermodulation

 Input and output 3rd intercept point (IIP3 and OIP3) quantify 
the nonlinearity due to 3rd power term.  



IP3 vs NF Tradeoff Preview 
(will be analyzed at the end of the lecture)

 IP3 of each stage is effectively scaled down by total gain 

preceding that stage => latter stages become more critical…

NF F i ti i di t th t th i t ib t d b NF: Friss equation indicates that the noise contributed by 

each stage decreases as the gain preceding the stage increases 

=> first stages are the most critical…

 NF: if a stage exhibits attenuation then the noise figure of the NF: if a stage exhibits attenuation, then the noise figure of the 

following circuit is amplified!
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IP3 vs NF Tradeoff PreviewIP3 vs NF Tradeoff Preview

 roughly, greater gain =>smaller NF but also smaller IP3!
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Non linearity: Intermodulation (1st calc way)Non-linearity: Intermodulation (1s calc. way)

 Input and output 3rd intercept point (IIP3 and OIP3) quantify the 
nonlinearity due to 3rd power term.  y p

 3rd power term: if ω1-ω2 small, then intermodulation products in the 
vicinity of ω1 and ω2.

 Odd power terms: exist in “balanced” systems (no even terms)!



Non linearity: Intermodulation (1st calc way)Non-linearity: Intermodulation (1s calc. way)
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Non linearity: Intermodulation (1st calc way)Non-linearity: Intermodulation (1s calc. way)
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 Calculated at the input of the system (e.g. LNA): input IP3…

 Calculated at the output of the system (e.g. PA): output IP3…

 Drawback of this method: IP3 is well beyond allowable input 
(e.g. supply voltage)

 Solution: extrapolation (2nd calc. way)



Non linearity: Intermodulation (2nd calc way)Non-linearity: Intermodulation (2 d calc. way)
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Intermodulation of Cascaded SystemsIntermodulation of Cascaded Systems

 IP3 calculation for multiple stages (cascade)IP3 calculation for multiple stages (cascade).

 Last products can be omitted in narrowband systems. 



Intermodulation: Cascaded Systems?Intermodulation: Cascaded Systems?

 IP3 calculation for multiple stages (cascade)IP3 calculation for multiple stages (cascade). 



Intermodulation: Cascaded Systems?Intermodulation: Cascaded Systems?



Intermodulation: Cascaded Systems?Intermodulation: Cascaded Systems?

 Approximate IP3 calculation for multiple stages 
( d )(cascade).

 Gain higher than unity scales down IP3 of later g y
stage =>

 scales do n o erall IP3 > …scales down overall IP3 =>

 …later stages must have higher IP3 => they become g g y
increasingly important! 



Noise FigureNoise Figure

 Noiseless system (ideal) => NF = 1 (0 dB).

 Noise Figure of Cascaded Systems (Friis eq.):

NF f t d ith i f di t > NF of a stage decreases with gain of preceding stage =>

 …initial stages are the most (NF)-critical!



SummarySummary

 IP3 of each stage is effectively scaled down by total gain 

preceding that stage => latter stages become more critical…

 NF F i ti i di t th t th i t ib t d b NF: Friss equation indicates that the noise contributed by 

each stage decreases as the gain preceding the stage increases 

=> first stages are the most critical…

 NF: if a stage exhibits attenuation then the noise figure of the NF: if a stage exhibits attenuation, then the noise figure of the 

following circuit is amplified!
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IP3 vs NF tradeoff!IP3 vs NF tradeoff!

 roughly, greater gain =>smaller NF but also smaller IP3!
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Ερωτήσεις?
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