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CMOS Technology Innovation
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Agenda

• Challenges of RF scalable model creation of 65nm RF -CMOS 
technology
– Methodology of creation of RF-CMOS scalable model

– Observation of “RF-scaling law”

– Extensional validation issues. 

• RF Switch 

• High-linear circuits
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What is needed for RF-CMOS compact model ?
• Scalable and compact

– For portability, parasitic elements should be scalable function of 
• Lg (Gate Length)
• Wf (Finger Length)
• NF (Finger Numbers)
• (SA,SB,SD) 

• Accurate for all design purpose
– LNA (NQS effect, Thermal noise)

• Linear: S-parameters > 100GHz
– De-embedding: SOLT ? TRL ?

– VCO and Mixer (Harmonic distortion, Flicker noise)
• Flicker noise close to the carrier.
• ACPR, EVM

– Power amplifier
• Self Heating
• Load-pull
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MOSFET : Extrinsic Parasitic elements

Yuhua Cheng et al.(2000b) MOSFET modeling for RF circuit design, 
Proceeding of the 2000 Third IEEE International Caracas Conference on 
Devices, Circuits and Systems, D23/1-D23/8

Gm*vgs+Gds*Vds
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Simplified Equivalent Circuit when MOSFET= OFF
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Equivalent Circuit when MOSFET= SI & Linear
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Measure of components from y-parameters
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Q1

• Does RG scaling follows classical ohmic-law ?

NfLg

Wf
kR rgG ⋅

⋅= ρ

K : constant depending on the configuration of gate contact 
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NO : Gate resistance behaves complex behavior
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Scaling dependence of Rg on Wf/Nf
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Q2 Does capacitance scaling has unique behaviour ?

• NO : It is typical behavior 
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Observation of the RB scaling
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RF-CMOS modeling summary
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Verification of 65nm RF-CMOS via peak-fT
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Model VerificationImprove

NMOSFET Lg=0.3um Wf=20um NF=100
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MOSFETMOSFETMOSFETMOSFET----SwitchSwitchSwitchSwitch
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5 Term MOS
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Simulation does not match

– NMOSFET Lg=0.3um Wf=20um NF=100
• 50MHz~20.05GHz (201 PTS））））

• VG, V_DNW：：：：0V,2.5V

• VD=VS=0V

Blue:Meas

Red：：：：Model

Define
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Hard Implemantation
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Transmission Line 

– Lind：Self inductaoce
– Rind:Series Resistance
– Cox：Cap between Metal and Si
– Rs：Loss of Si substrate
– Cs：Loss of Si substrate 
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Completed schematicImprove
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Comparison before and afterImprove
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Summary

• 65nm-RFCMOS compact models’ development
– Scaling approach based on COLD-measurement and SI & Linear 

measurement still works.

– It is possible to get a simple guess by taking look at Y and Z parameters.

– Substrate modeling is needed in case of RF switch which controls back-
gate bias.

– All possible modeling efforts by the aid of EM simulation is sure needed.

Thank you !


