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Figure of Merit Difinition

Output Frequency？
Phase Noise？
Power Consumption？

[1]

Evaluates performance at ONE frequency only.

Frequency Tuning Range (FTR) 

is not included [1] P.Kinget 1999
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[2] J.Kim, et al., ISSCC 2005

Conventional FoM Including FTR

Not Fair !!!
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Frequency Tuning Range [%] New FoM is needed.

[2]

ex)

FTR=0[%] ⇒ FoMT=+∞∞∞∞ [dBc/Hz]

FTR=4[%] ⇒ FoMT=-184[dBc/Hz]

FTR=12[%] ⇒ FoMT=-194[dBc/Hz]

Delta:10[dBc/Hz]

etc.
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[3]A.Hajimiri JSSC1998

[3]

The Q-factor of capacitors are sufficiently higher than that of an inductor,

at frequencies less than or equal 10GHz.

The performance of LC oscillators is

decided by Q-factor of the inductor.
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Maximum Q-factor is defined in terms of 

the FTR and Q-factor at the center frequency.
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FoM Including FTR

By substituting the formula of FTR and 

center freq Q-factor into the FoM definition,

the new FoM, called FoML, is defined as follows.
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As FTR widens:

・FoML:no change → valid comparison

・FoMT:too low → estimates that a wide FTR oscillator is better

FoMcenter

FoML

FoMT
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・Si CMOS 0.18µm proccess

・NMOS cross couple

・The capacitance is ideal

Inductor 1 Inductor 2

Inductance [nH] 1.77 5.23

Freq of Qpeak [GHz] 10.1 2.7

Qpeak 14 11

・Inductor specifications:
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Theoretical curves tend to be in agreement with simulation results.
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FoML takes the effect of the deterioration 

in the average Q into consideration

and remains relatively constant.
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Summary

• A new FoM of LC oscillators that includes  

Frequency Tuning Range (FTR) is 

defined.

• Simulation results and paper comparison 

were used to confirm the validity of  the 

proposed FoM where it was found that it 

gives a better figure of merit for comparing 

the performance of VCOs.
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Frequency [GHz] QC 差分差分差分差分FoM (QL=15) [dBc/Hz]

10 132 0.9 

15 88 1.4

20 65 1.8

FTR=40%


