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Body effect

Short channel effects

• Mobility Degradation

• Drain Induced Barrier Lowering

• Hot carriers

Passives

EDA tools
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The 4th terminal
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Body effect
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• Back-gate effect, substrate effect

– Current change as VSB is different from 

zero

– Modeled as change in threshold voltage

– Vtn0 – zero biased threshold voltage
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Body effect – small signal
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• If bulk connected 

to source 

𝑔𝑠 = 0

• If Vsb ≠ 0 

𝑔𝑠 ≠ 0

𝑔𝑠 ≠ 0
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Why scaling? 

• Transistor density • Speed



X-section with capacitance
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Small signal model with capacitances
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𝒇𝑻 transition frequency  - transistor speed

• Higher 𝑓𝑇 -> faster digital systems and analog/RF (ie

mmwave radio / radar systems) 
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Current gain unity gain frequency
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• Lower capacitance and higher Gm 

with shorter L

• ft proportional to 1/𝐿2

Assumes 𝜇𝑛 constant…



Mobility degradation - 𝜇𝑛 with high E
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• When transistors scale E gets high 

and mobility degraded

• Velocity of charge carrier limited to 

107 cm/s

• Affects speed and 

transconductance
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High 𝑉𝑒𝑓𝑓 -> less control of channel  

Square law -> linear



Implications

• Small-signal transconductance limited

• Reduced available signal swing

• Reduction in intrinsic gain 𝐴𝑖
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Example

Make a qualitative sketch of transistor intrinsic gain 𝐴𝑖 versus 𝑉𝑒𝑓𝑓 for:

a. Constant device width W

In each case what is the relationship between 𝐴𝑖 and 𝑉𝑒𝑓𝑓 in weak-inversion, active 

mode and under mobility degradation
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1.25



Drain Induced Barrier Lowering (DIBL)
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Drain Induced Barrier Lowering (DIBL)
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• 𝑉𝑡 dependence on 𝑉𝑑𝑠
• Current dependent on 𝑉𝑑𝑠 -> reduced 𝑟𝑑𝑠



Hot carriers
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High velocity carriers

• E-H pairs -> Drain-to-

substrate current

• Gate oxide tunnel

• Electrons in oxide trapped



Leakage Current

• Gate -> channel quantum-mechanical tunnel 

• pn reverse junction leakage
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Summary

• In modern CMOS technology a large 

variety of effects gives a non-ideal 

transistor behaviour

• Basic models used for "intuition" and 

design ideas

• Non-ideal characteristics very 

significant

• When to use simulator?
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SoC integration planar mosfet technology 
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Sub 40 nm technologies -> finfet

• Next 

generation 

analog / Radio 

Frequency SoC 

in finfet

technology?
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CMOS passives
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Resistors in CMOS 
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Diffusion Polysilicon

Metal



Meandering / layout of resistors
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Cadence Instances 

Diffusion:

rpod

rpodwo

rnod

rnodwo

Poly:

rnpoly

rnpolywo

Metal:

rmN (n=metal layer)

Wo = without silicide 

-> higher resistrance



MOMCAP
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Use the standar BOEL (back end of line) metal layers and Silicon 

Oxide to form capacitor.

In modern process high density (fF/um3) can be achieved 

Cadence

crtmom



MIMCAP
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Extra high permittivity layer between Met_(n) and Met_(n-1)

Added cost to production with extra steps

Sensitive to antenna errors



MOSCAP
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• Use transistor gate oxide for capacitor

• Capacitance dependent on voltage 

• High C- bulk

Cadence

nmoscap



Inductors
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• Spiral inductors with and without centre tap

• On chip inductors mainly used for RF 

applications

• Doping under inductor coil is critical due to 

eddy currents loss. -> low Q



Passives summary

Different implantations of passives.

Trade-off between area, quality, cost 

IC process is stochastic  -> random variation in values

Layout of passives critical for high precision values.,
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EDA – Electronic Design Automation 
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• Modelling of the MOSFET is very complex and too much to 

consider for analytic expressions and hand calculations

• Numerical computational methods

• Berkeley Short-channel IGFET Model  - BSIM widely used 

developed at Berkeley 
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Circuit simulation

• Spectre – Cadence

• HSPICE – synopsis

• UltraSIM
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GUI / editor 

Simulator (Spectre, HSPICE..)

Netlist

Result browser



Virtuoso Schematic L / XL

IN5180 – Tool flow schematic simulation 
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Virtuoso Schematic L / XL

Virtuoso Analog Design 

Environment (ADE L)

Virtuoso Visualization 

and analysis XL

Schematic/symbol 

cellview

Hierarchy and 

library organization

Library -> cell -> 

cellview

ADE GXL can make 

adexl cellview for 

organizing 

simulations (not 

needed for ADE L)
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IN5180 – Tool flow layout  and DRC

Virtuoso Layout L / XL

Mentor Calibre nmDRC

Mentor Calibre RVE

Layout cellview

Draw layout / 

generate from 

schematic
Check layout for 

errors (spacing, 

widths area etc..)

Locate errors in 

layout and fix



IN5180 – post layout extraction flow
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Virtuoso Layout L / XL Mentor Calibre nmLVS

Mentor Calibre PEX Virtuoso ADE

Post layout simulation 

Calibre cellview


