
Basic Concepts in RF Design
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RF Power in dBmRF Power in dBm

Power (dBm) Power (dBW) Power (watt) Power (mW)

-30 dBm -60 dBW 1 µW 0.001 mW

-20 dBm -50 dBW 10 µW 0 01 mW-20 dBm -50 dBW 10 µW 0.01 mW

-10 dBm -40 dBW 100 µW 0.1 mW

-1 dBm -31 dBW 794 µW 0.794 mW

0 dBm -30 dBW 1.000 mW 1.000 mW

1 dBm -29 dBW 1.259 mW 1.259 mW

10 dBm -20 dBW 10 mW 10 mW

20 dBm -10 dBW 100 mW 100 mW
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30 dBm 0 dBW 1 W 1000 mW
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Effect of NonlinearityEffect of Nonlinearity
• Assume x(t) is passing through a nonlinear amplifier

• We have:

4



HarmonicsHarmonics
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Fractional Harmonic DistortionFractional Harmonic Distortion
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Third Harmonic DistortionThird Harmonic Distortion
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Total Harmonic DistortionTotal Harmonic Distortion
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Gain Compression (I)Gain Compression (I)

• Gain: 

• In practice we have:
• Since α is negative so we have gain compression• Since α3 is negative, so we have gain compression.
• The “1‐dB compression point” defined as the input 
signal level that causes the small‐signal gain drop
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signal level that causes the small‐signal gain drop 
by 1 dB.



Gain Compression (II)Gain Compression (II)
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Gain Compression (III)Gain Compression (III)
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Gain Compression (IV)Gain Compression (IV)
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Intermodulation (I)Intermodulation (I)
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Intermodulation (II)Intermodulation (II)
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Intermodulation (III)Intermodulation (III)
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Second order IntermodulationSecond order Intermodulation

16



Practical Effect of IM2
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Low IF Receiver
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Third order IntermodulationThird order Intermodulation
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In‐band IM3 Distortion
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Complete Two‐Tone Response
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Example ?=outP

dBmPin 30−=

f f

?2 =IMP

dBmIIPdBG 10,20 2 −==

f f

Solution:     Pout=‐10 dBm
P 2=‐30 dBmPIM2= 30 dBm
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Example ?=outP

dBmPin 20−=

f f

?3 =IMP

dBmIIPdBG 10,20 3 −==

Solution:     Pout=0 dBm
P 3=‐20 dBmPIM3= 20 dBm
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Relation Between P and IIP3Relation Between P1‐dB and IIP3
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Cascade
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Example
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LNA/Mixer Example
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Ns: incoming noise power  Ns=kTB
N’amp,i: input referred noise of the amplifiers
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Example
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The LNA will dominate the overall NF of the system.
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(Sensiti it )(Sensitivity)

kTB is the meaning of "Thermal Noise“.
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