ECE680: Physical VLSI Design

Chapter Il

CMOS Device, Inverter,
Combinational circuit Logic and Layout

Part 1 The MOS Transistor
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The Diode
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Depletion Region
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Diode Current
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The MOS Transistor
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MOS Transistors: Types and Symbols
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Threshold Voltage: Concept
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The Threshold Voltage
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The Body Effect
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Standard NMOS |-V Curves
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Transistor in Linear
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MOS transistor and its bias conditions



Transistor in Saturation

Pinch-off



Long-Channel |-V Model

Linear Region: Vpg <Vg - Vy
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A model for manual analysis
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Deep-Submicron |-V Model
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Velocity Saturation
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Short-Channel I-V Model
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|p versus V¢
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| versus Ve
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Simplified Model for Velocity Saturation

e Assume abrubt transition from saturation to
velocity saturation.

e Assume Vg term = L& (constant throughout
Velocity Saturation Region)
Call this Value Vpga

e New equation:
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A Unified Model: for Manual Analysis

[, = 0 for V;,<0
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Simple Model versus SPICE
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Transistor Model: for Manual Analysis

Table 3.2 Parameters for manual model of generic 0.25 pm CMOS process (minimum length

device).
Vi (V) ¥ (V*9) Vpsar V) k' AV A VhH
NMOS 0.43 0.4 0.63 115x 108 0.06
PMOS —0.4 -0.4 -1 30 % 1070 -0.1
Cox 5 CD Cj 5 mj ¢'E:' stw mjsw ¢'b5w
({F/pm-~) ({F/pm) ({F/pm-~) (F) (fF/pm) (F)
NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9




Problem: Low Output Resistance

Vgs = 1.1V
Good Match!
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Modified Unified Model

Ip=0 when (Vss—=V;)<0

W yo 2
]D == kff|:(V(;s o VT )Vmin _%}(l + 4 VDS When (VG.S‘ B VT ) >0

Whel'e I/miu = min(VG.S' o VI' ” V}_JS > VD.S}'IT )

e channel resistance (r,,) parameter added
to more closely match our SPICE models
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Model Improvement with r,
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Threshold Variations

Long-channel threshold
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Summary: Standard Equation
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e Linear/ Tridode Region:

W V..
I, =k fl:(VGS -V )VDS - %S}
e Saturation Region:
4
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e Velocity Saturated Region:
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e Subthreshold Region:
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e Threshold Voltage: V=V +r (20, + V| - 20/])
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