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Chapter 4 Contents

• Introductioin digital circuitry

• Digital MOS-circuits

• CMOS - complementary MOS

• Pseudo-NMOS (p-channel-transistor as load) 

• Delays

• Power Consumption
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Definition of delay times
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Simplified representation of a pulse signal

U < 0.1�UDD = Low (UTN = 0.2�UDD)

U > 0.9�UDD = High (UTP = 0.2�UDD)

Period from U = 0.1�UDD to 0.9�UDD: TR (rise time)

Period from U = 0.9�UDD to 0.1�UDD:  TF (fall time)
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Delay times (Falling Edge)
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Discharge of capacity
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Falling Edge
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Charging of a capacity
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Delay times with inverter as load
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Minimum delay time (with inverter as load)
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Dynamic power loss

t

Short circuit current

In

CL

ICL

Ip

CL

ICL

CLI

t

DDI

Charging current
In

-Ip

UinUout

tp

t

U

Capacity (90%)

Short circuit (9%)

Static current (1%)



Kap4 13

Average dynamic (C-load) power loss
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Power loss ⇔ Speed

2
2L DD

L DD

p

C U
P f C U

t

⋅
= = ⋅ ⋅

For low power circuitry:   L DDf C U↓ ↓ ↓

For high speed circuitry:  DDU ↑

4 1 1L

ges

DD n p

C
t

U β β

 
= +  

 

2 1 1
8ges

DD n p

L
t

U µ µ

 
= ⋅ +  

 

LC β↓ ↑

Example: a symetric inverter as load

( )DDU L temp↑ ↓ ↓

Low Power and High Speed is contradiction.



Kap4 15

Chapter 5

• Design rules 

• Standard cell layout

• Scaling 
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Design Rules (Layout Design Rules)

Why Design Rules

– fabrication process has minimum/maximum feature 
sizes that can be produced for each layer

– alignment between layers requires adequate 
separation (if layers unconnected) or overlap (if layers 
connected)

– proper device operation requires adequate separation

Basic Rules

Minimum width

Minimum distance

Minimum overlap
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NMOS 0.28/0.18 PMOS 0.84/0.18

Hierarchically Layout

Polygom -> Transistor (cell)

Transistor -> Gate (cell)

Gate -> Logical function

Logical function -> Complex function

Complex function -> Chip Top Level
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Block Layout
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Scaling of processes by a factor α
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Skalierungstabelle

Scaling with constant Voltage Field

Channel length  L l/α l/α

Channel width  W l/α l/α

Area A=W * L l/α2 l/α2

Oxide thickness  tox l/α l/α

Power supply  UDD l l/α

Beta  β=µ(W/L)(εox/tox) α α

Current  I=½β(UGS-UT)² α l/α

Gate capacity  W*L* εox/tox 1/α l/α

Delay time     tf,r=4CL/β*UDD 1/α2

(CL/ α)
1/α
(CL)

Clock rate  f=1/T α2 α

Dyn. power loss Pd=f*CL*UDD
2 α l/α2

Current density  J=I/A α3 α

Power density  P/A α3 1

W/α L/α

tox/α

Xj/α

αNa

The elctrical field will be maintained constant
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Example of modern CMOS processes

Source: TSMC, 2003


