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Circuit Simulation Model
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RF-Circuit
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Requirements

Device Modeling
DC Characteristics: -V Charactersitcs
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AC Characteristics: Capacitances

Non-Linear Pheanomena: Harmonkc Distortion
Hon-Quasi-Static Phenomena: Transient Delay

Parastic Efects: Overlap Capacitance

]
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Gate Capacitance
Noise Features

Accurate Parameter Extraction

System-Level Simulation

Technology Based Modeling

-

Outline

|. Modeling of Basic MOSFET Characteristics

1. I-V characteristics

Z.Intrinsic & Extrinsic Capacitances
3. Harmonic Distortion

4. Noise Characteristics

Il. Large-signal Analysis
. Small-Signal Analysis
IV. Challenges

V. Summary
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1f-Noise Model
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Thermal-Noise Model
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Thermal Moise
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Curren! Noise Specirum Density

* Nyquist's Theorem for Thermal Noise
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* Knoblinger et al. (2001): Hot Electron Contribution
« Jamal Deen et al. (2002): Channel Length Modulation
* Scholten et al. (2002): Velocity Saturation
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Origin of ¥ Increase ’ Mobility Reduction along Channel

7 Increase * Potential Increase

S. Hosokawa et al., Ext. Abs. SSDM, pp. 20, 2003




Solid Lines: Simulation (HiSIM) ;3 Solid Lines: Calulation (HiSIM)
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Vas[V] Vgs[V] * ¥ reduces first and increases under the saturation region.
*The increase is not drastic.
* With model parameter values extracted by -V *The ¥ minimum becomes larger than 2/3.
characteristics, good agreement can be achieved.
MOSFET Model Carrier Dynamics
I-V characteristics vl
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