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4.1 Design Flow
4.2 Design Models
4.3 Design Styles
4.4 Design Tasks and Tools
4.5      Physical Design Optimization and Constraints
4.6      Analog and Digital Design Flows
4.7      Visions for Analog Design
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4.1 Design Flow
4.2 Design Models 

4.2.1 Three-Dimensional Design Space
4.2.2 The Gajski-Kuhn Y-Chart

4.3 Design Styles
4.3.1 Full-Custom and Semi-Custom Design
4.3.2 Top-Down, Bottom-Up and Meet-in-the-Middle Design

4.4 Design Tasks and Tools 
4.4.1 Creating: Synthesis
4.4.2 Checking: Analysis
4.4.3 Eliminating Deficiencies: Optimization

4.5 Physical Design Optimization and Constraints
4.5.1 Optimization Goals
4.5.2 Constraint Categories
4.5.3 Physical Design Optimization

4.6 Analog and Digital Design Flows
4.6.1 The Different Worlds of Analog and Digital Design
4.6.2 Analog Design Flow
4.6.3 Digital Design Flow
4.6.4 Mixed-Signal Design Flow

4.7 Visions for Analog Design
4.7.1 A “Continuous” Layout Design Flow
4.7.2 A “Bottom-Up Meets Top-Down” Layout Design Flow
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Specification

Design

Final Testing
(Validation)

Fabrication
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Design step

Verification step

While errors

While further design steps

Specification

Fabrication
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ENTITY test is
port a: in bit;

end ENTITY test;

DRC
LVS
ERC

Circuit Design

Functional Design
and Logic Design

Physical Design

Physical Verification

Layout Post 
Processing

System
Specification

Architectural
Design

Packaging and 
Testing

Floorplanning

Placement

Signal Routing

Partitioning

Timing Closure

Clock Tree Synthesis

Fabrication
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Layout
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AM Receiver AM2020

Pre-amplifierOscillator Mixer IF amplifier Demodulator Low-pass

Differential amplifier Power source Impedance converter

Resistor Capacitor Transistor

Hierarchy
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A1

A2

A3

A4

B1

B2

B3 C1 D1

D2

D3

D4C2

AM Receiver AM2020 Version
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Specification Behavior Structure Layout Mask data Test program

SPICE EDIF TPR

AM Receiver AM2020

Schematic Netlist List of devicesSimulation results

View

Testbenches
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Geometrical/physical realization

Structural descriptionBehavioral description

Specification
Algorithms

Boolean equations

Physical partitions

Floorplan, Clusters

Cells

Polygons

Functional blocks (CPUs, etc.)
Register, ALUs

Gates, Flip-flops
Transistors

Macro blocks

Module description (Register Transfer)

Transfer functions
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OUTIN1

VDD

GND

IN2

IN1

VDD

GND

OUT

IN2
IN1 IN2 OUT

0 0 1

0 1 1

1 0 1

1 1 0

Geometrical/physical 
realization

Structural 
description

Behavioral 
description

11

NAND gate



©
 J.

 L
ie

ni
g,

 J.
 S

ch
ei

bl
e,

 F
un

da
m

en
ta

ls
of

La
yo

ut
 D

es
ig

n 
fo

rE
le

ct
ro

ni
c 

Ci
rc

ui
ts

, S
pr

in
ge

r 2
02

0

Chapter 4: Methodologies for Physcical Design: Models, Styles, Tasks, and Flows

Geometry

StructureBehavior

Macro blocks
Functional blocks (CPUs, etc.)

Register, ALUs
Gates Flip-flops

Transistors

Specification
Algorithms

Module description (RTL)
Boolean equations

Transfer functions

Physical partitions
Floorplan, Clusters
Cells

Polygons

Circuit synthesis
Logic synthesis

Behavioral synthesis

Layout generators

Geometry

StructureBehavior

Macro blocks
Functional blocks (CPUs, etc.)

Register, ALUs
Gates, Flip-flops

Transistors

Specification
Algorithms

Module description (RTL)
Boolean equations
Transfer functions

Physical partitions
Floorplan, Clusters
Cells

Polygons
Layout design

Transistor design

Logic design
System design
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INV NORNAND

OUTIN1

VDD

GND

IN2

OUTIN

VDD

GND

OUTIN1

VDD

GND

IN2

Contact layer

n+-doping layer

Metal layer

Poly layer
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p+-doping layer

n--doping layer
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Power (VDD) rail

Ground (GND) rail

Contact layer
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OUT
IN
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IN1 OUT
IN2

IN1
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GND
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Doping layer

Metal layer
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A

VDD

Feedthrough
cell

Pad

Ground
pad

Routing 
channel

Standard cells

Power 
pad VDD

Pad

Ground
pad

Standard cells

Power 
pad

A’

A

A’
GNDGND
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Pad

GND

VDD

PLA RAM

Standard cell block

RAM

PLA

Routing regions
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pad

Power 
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GND

VDD

Switchbox

Vertical channel

Horizontal channel

Pad

Ground
pad

Power 
pad
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LB LB LB

SB SB

LB LB LB

SB SB

LB LB LB

LB LE LB

SB SB

LB LB LB

SB SB

LB LB LB

LE LE

SB SB

LE LE LE

SB SB

LE LE LE

Cell, logic element

Switchbox Connection

LE
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Design style Design cost Mask cost Fab cost Performance Economic
volume

Full custom High High Low High High

Standard cell Low High Medium Medium Wide range

Macro cell High 
Low (reuse) High Low High Wide range

Gate array Low Medium High Low Low

FPGA Very low None High Low Low
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Geometry

StructureBehavior

Macro blocks
Functional blocks (CPUs, etc.)

Register, ALUs
Gates, Flip-flops

Transistors

Specification
Algorithms

Module description (RTL)
Boolean equations

Transfer functions

Physical partitions
Floorplan
Cells
Polygons

Geometry

StructureBehavior

Macro blocks
Functional blocks (CPUs, etc.)

Register, ALUs

Specification
Algorithms

Module description (RTL)
Boolean equations

Transfer functions

Physical partitions

Cells
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Floorplan
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Gates, Flip-flops

Physical Design
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Problem

Formalization

Implementation

Verification

Validation

Has the correct circuit 
been designed?

Has the circuit been 
correctly designed?

Specification Product
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Circuit Design

Physical Design
and Verification

Fabrication

Specification Technology data

Layout Post 
Processing

Design data

Geometrical 
design 
rules

Technological
constraints

Functional 
(electrical)
constraints

Design-
methodology
(geometry)
constraints
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t

Out (V)

t

Out (V)

t

´1´

´0´

t

´1´

´0´

Digital Analog

„Inverter“

Rise time

OutDriver Load

Forbidden voltage range

Forbidden time range

Out (V)
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Geometrical/physical realization

Specification
Algorithms

Boolean equations

Physical partitions
Floorplan, Clusters
Cells
Polygons

Geometrical/physical realization

Block diagram
Schematic, circuit diagram

Device symbols
Pins, diffusion areas

Functional description
Characteristic curve, transfer function

Models 
Differential functions

Floorplan
Blocks
Devices, device generators
Polygons

Digital Analog

Functional blocks (CPUs, etc.)
Register, ALUs

Gates, Flip-flops
Transistors

Macro blocks

Module description (RTL)

Transfer 
functions

Structural
description

Behavioral
description

Structural
description

Behavioral
description
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Specifi-
cation

Floor-
planning

Place-
ment

Routing

Ve
rif

ic
at

io
n

D
eg

re
es

of
fre

ed
om

Digital circuits

D
eg

re
es

of
fre

ed
om

Analog circuits

Time

Time

Stepwise reduction
of degrees of freedom

Continuous reduction
of degrees of freedom
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Minimum required
automation for
digital problems

Efficiency of
optimizing
algorithms

Accuracy of
mathematical
modelling

Digital design problems made
automatable by standardization

Minimum required accuracy
for analog problems

Design problems
not solvable

by optimizers

Design problems
solvable by optimizers

lie beyond the
optimization horizon

Digital 
design problems

Analog 
design problems
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Exploration engine

Evaluation engine

CandidateSelection

EDA expert
knowledge

Objectives,
constraints

Layout expert
knowledge

Layout
“solutionˮ

Top-Down Design 
„Optimizing Approach“

Bottom-Up Design „Procedural Approach“

Layout
“resultˮ

Layout
problem

Layout
problem

Solution strategy, 
implicit constraints

Optimizer Procedure

Parameters
Layout expert
knowledge
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Synthesis Steps

Logic Synthesis
Partitioning
Floorplanning
Power Routing
Global Placement
Detailed Placement
Clock Tree Synthesis
Global Routing
Detailed Routing
Timing Closure

Analysis / Verification Steps

Formal Verification

Global Timing

Routability Prediction 

Timing

Parasitic Extraction
Sign-off DRC
Sign-off Timing
Sign-off Spice Simulation
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Architectural Design
Partitioning analog/digital

System Specification

Ci
rc

ui
t D

es
ig

n 
St

ag
e

Ph
ys

ic
al

De
si

gn
 S

ta
ge

Simulation

Top Level / Combined Simulation

Analog Design Path Digital Design Path

Circuit Topology

Circuit Design

Logic Synthesis

Simulation

Formal Verification

Floorplanning

Layout Post Processing

Mask Generation

PEX and Simulation

Top Level Routing

DRC, LVS

Schematic Netlist

Generate (Synthesis)

Verify (Analysis)

Level of automation: 
none

Level of automation: 
medium

Level of automation: 
high

Device Generation

Placement

Routing

DRC, LVS

Placement

Clock Tree Synthesis

Signal Routing

Timing Closure

DRC, LVS

Functional Design 
and Logic Design

Layout Data

Mask Data
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Degrees
of freedom

Time

Eliminated degrees
of freedom
induced by constraints

Re-usable 
“symbolic” layouts

Physical implementation by
continuous reduction
of degrees of freedom

Point of highest flexibility

Fixed layout (no flexibility)
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Analog 
layout expert

Exploration 
engine

Evaluation engine

CandidateSelection

Objectives,
constraints

Layout
“solution”

Layout
“result”

Parameters

Delegation
of tasks

Expert knowlegde,
solution strategies, 
implicit constraints

Top-Down
Automation

Bottom-Up
Automation

Layout
problem

Layout
problem
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