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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

5.1 Generating a Netlist Using Hardware Description Language
5.2 Generating a Netlist Using Symbolic Design Entry
5.3 Primary Steps in Physical Design
5.4 Verification
5.5      Layout Post Processing
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5.1 Generating a Netlist Using Hardware Description Language
5.1.1 Overview and History
5.1.2 Elements and Example
5.1.3 Flow

5.2 Generating a Netlist Using Symbolic Design Entry
5.2.1 Overview
5.2.2 Elements and Examples
5.2.3 Netlist Generation

5.3 Primary Steps in Physical Design
5.3.1 Partitioning and Floorplanning
5.3.2 Placement
5.3.3 Routing
5.3.4 Physical Design Using Symbolic Compaction
5.3.5 Physical Design Using Standard Cells
5.3.6 Physical Design of Printed Circuit Boards

5.4 Verification
5.4.1 Fundamentals
5.4.2 Formal Verification
5.4.3 Functional Verification: Simulation 
5.4.4 Timing Verification
5.4.5 Geometric Verification: DRC, ERC
5.4.6 Extraction and LVS

5.5 Layout Post Processing
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Half adder

Entitiy with
interface description

Architecture with
implementation

SUM

CARRY

A
B

SUM
CARRY

A
B

SUM
CARRY

A
B

+

entity HALFADDER is
port(A, B : in bit;

SUM, CARRY: out bit);
end entity HALFADDER;

architecture RTL of HALFADDER is
begin

SUM   <= A xor B;
CARRY <= A and B;

end architecture RTL;

3
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Simulation

Simulation
Formal Verification

Physical Design

Behavior Level 
Synthesis

Logic Level 
Synthesis

Physical Synthesis

File C

File B ≡ File C?

Functional Design
on System Level (C++, etc.)

Logic Synthesis

Register Transfer Level (RTL)

Optimization 
of design choices

Optimization
of circuit design

File A

File A ≡ File B?

File B

Netlist

Layout data

4
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Four NAND gates, designator: 
D1A - D1D (counter-clockwise)

Chip package D1

D1A D1B D1C

D1D

Input pins

Value or type of component

Symbol, incl. pin designation

Output pin

Designator: ID letter with 
number and optional letter for 
subcircuit (gate) identification

A

74ACT00

B

Y

D1AD1A

74ACT00

Mark

9 8

1 2 3 4 5 6 7

1014 13 12 11
+

NAND Gate

74ACT00 74ACT00

&
A

B
Y

5
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

 IEEE/IEC 
symbol Description Alternative/ 

distinctive shape 
 Primary cell, 

secondary cell, 
storage battery 
The longer line 
represents the positive 
pole, the shorter one 
the negative pole. 

 

 Ground symbols  

 
 
 
 

DC 
voltage 
source 

DC 
current 
source 

 

 Resistor  

 Resistor, 
adjustable  

 Capacitor Polarized 
capacitor  

 
Inductor, coil, 
winding, choke 
(without core) 

 

 
Semiconductor diode; 
(triangle = anode,  
 bar = cathode) 

 

 

Light 
emitting 
diode 
(LED) 

Photo- 
diode  

IEEE/IEC 
symbol Description Alternative/ 

distinctive shape 
 

pnp- npn- 

 

transistor 

 

n-channel 
 

p-channel 
 

 

Junction FET 

 

n-channel p-channel 

 
Enhancement 

MOSFET 
 

n-channel  p-channel 
(n-MOS)   (p-MOS) 

 
Enhancement 

MOSFET (digital 
representation) 

 

 

n-channel p-channel 

 
Depletion 
MOSFET 

 

 Photo transistor 
(npn model)  

 

IEEE/IEC 
symbol Description Alternative/ 

distinctive shape 
 

Inverter  

 AND gate  

 NAND (AND with 
negated output)   

 OR gate  

 NOR (OR with 
negated output)  

 D-Flipflop  

 Operational amplifier  

 
6


		IEEE/IEC symbol

		Description

		Alternative/ distinctive shape



		+

-

+

-



		Primary cell, secondary cell, storage battery

The longer line represents the positive pole, the shorter one the negative pole.

		



		

		Ground symbols

		



		







		DC

voltage

source

		DC

current

source

		



		

		Resistor

		



		

		Resistor,

adjustable

		



		

		Capacitor

		Polarized capacitor

		



		

		Inductor, coil,

winding, choke (without core)

		



		

		Semiconductor diode;

(triangle = anode, 
 bar = cathode)

		



		

		Light emitting
diode

(LED)

		Photo-

diode

		








		IEEE/IEC symbol

		Description

		Alternative/ distinctive shape



		G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

G

S

D

B

C

E

B

E

C

G

S

D

G

S

D

B

C

E

B

E

C

G

G

D or S

S or D

S or D

D or S



		pnp-

		npn-

		



		

		transistor

		



		

		n-channel

		

p-channel



		



		

		Junction FET

		



		

		n-channel

		p-channel

		



		

		Enhancement MOSFET



		



		n-channel  p-channel

(n-MOS)   (p-MOS)



Enhancement

MOSFET (digital

representation)

		



		

		



		

		n-channel

		p-channel

		



		

		Depletion

MOSFET



		



		

		Photo transistor

(npn model)

		








		IEEE/IEC symbol

		Description

		Alternative/ distinctive shape



		-

 

+

 

 

-

 

+

 

1 

1

& 

& 

1 

S

D

C

R

Q

Q

S

D

C

R

Q

Q



		Inverter

		



		

		AND gate

		



		

		NAND (AND with negated output) 

		



		

		OR gate

		



		

		NOR (OR with

negated output)

		



		

		D-Flipflop

		



		

		Operational amplifier
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1 2

D2A

74ACT04 1

2
3

D1A

74ACT00

3 4

D2B

74ACT041

2
3

D3A

74ACT32

E 1

E 2

E 0

A
E 1

E 2

E 0

A

1

2
3

³ 1
D3A

74ACT32

1

2
3

&
D1A

74ACT00

1 21
D2A

74ACT04 3 41
D2B

74ACT04
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

(a: N1)
(b: N2)
(c: N5)
(x: IN1 N1, IN2 N2, OUT N3)
(y: IN1 N1, IN2 N2, OUT N4)
(z: IN1 N3, IN2 N4, OUT N5)

Pin-oriented netlist
(N1: a, x.IN1, y.IN1)
(N2: b, x.IN2, y.IN2)
(N3: x.OUT, z.IN1)
(N4: y.OUT, z.IN2)
(N5: z.OUT, c)

Net-oriented  netlist

a

b

x

y

z cN1 N2
N3

N4

N5

Physical Design

Schematic Design

Netlist

Layout data

9
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Physical Design

Schematic DesignHDL Design

Physical Verification

Library

Technology file

Layout Post Processing

Netlist
Partitioning

Floorplanning

Placement

Routing
Layout data

Mask data

10
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System level Board level Chip level

Each subsystem (PCB) can
be designed and

manufactured indepently

Determining subcircuits
that can be realized as

separate units
(ICs, MCMs)

ICs are partitioned into smaller 
blocks that can be designed 

independently for the purpose
of reducing complexity

11
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I/O pads 
of the top cell

Block d

Partition a Partition b

Floorplan of the top cell

Block pins

Block c

Block
a

Block b

Block e

Floorplanning

12
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Vertical routing layer

VDD

GND

Horizontal routing
layer

VDD

GND

13
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Ports

Macro
Macro

Segmented
standard cell region

Po
rt

s
Po

rt
s

M
ac

ro
M

ac
ro

Standard cell
region

Ports

14
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90 Pins 90 Pins

90 Connections 90 Connections

GPU
90 Pins

GPU
90 Pins

Net 23 at Pin A_44Example:

Net 23 at Pin B_3

Pin 
assignment

15
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Block Block

BlockBlock

16
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Standard cell area

Cluster

Standard cell area

Predefined
region

18
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2nd Step: Routing
Connection density

Routing congestions
(these areas are 
unrouteable)

Low 
density

High 
density

1st Step: Placement
Cell density

Ignoring
routing
congestions
during
placement

Considering
routing
congestions
during
placement

19
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Balanced tree H tree X tree

20
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Power mesh Power tree

21
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1

2

(R1, C1) = (R2, C2) 

Source Receiver

Noise

Differential 
signaling

22
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Detailed routing

Placement

Wire tracks

Global routing

Congestion map

23
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S

Z

S

Z Z

SS

T

S

T

S

T?

?

24
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Mask layout

Contact cut

Metal layer

Polysilicon

p-doped area

VDD

GND

OutInOutIn

Contact cut

Metal layer(s)

Polysilicon

p-doped (pimp)

n-doped (nimp)

VDD

GND

Stick diagram

OutIn

Symbolic
compaction

n-doped area

Technology file

25
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A OUTB

26
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A

A‘

Feedthrough cell
Pad cell

Ground pad

VDD

Standard cells

Routing channels

Power rail

GND

27
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Schematic entry PCB layout generation Manufacturing documentation

28
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PCB layout

29



©
 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 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing 30

Keepout area



©
 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 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

GND

GNDI

I

GND

GNDGND

GND

GND

GNDGND

GND GND

GN
D

GND

GND

Minimized
loop area

Forward current path routed
around breaks in ground plane

If several ICs are driven
by one line, split the

traces as near as
possible to the sinks

Ground planeGround plane

If several ICs are driven
by one line, traces are

split as near as possible
to the sinks

Return path near forward current
path; identical signal crossings

Signal flow

31
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Drilling plan

Manufacturing files
Layers, drilling data, 
assembly data, etc.

Top layer

Top stop
Solder resist mask

Top paste
Stencil

Top overlay
Silk screen

Stencil 

PCB  with printed
soldering paste

Populated PCB 

32
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Physical Design

Schematic DesignHDL Design

Physical Verification

Layout Post Processing

Netlist

Formal Verification

Functional Verification
(Simulation)

Timing Verification

Geometric Verification
(DRC, ERC)Layout data

Mask data

Functional/Logic Design
Circuit Design

Extraction, LVS

33
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Semi-conductor
process

Geometrical
design rules DRC      

Circuit 
function

Netlist LVS         

Physics/Reality

Technological 
constraints

Functional
constraints

Physical designDescription
(Meta level) 

1st abstraction
(Formalization) 

Assembly rulesPackaging
process

Manual /
Checks      

Constraints
(Partly formalized)

Electrical
design rules

Circuit 
reliability

Manual /
Checks      

Manual / 
ERC      

Standardization
Reduction of the
degrees of freedom

2nd abstraction
(Formalization) 

Design-
methodology
(geometry) 
constraints

(No dependency)
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

Check What is checked? How is it checked? Method

Model check Logical characteristic (Assumption 
is true?) Mathematical models Formal verification

Equivalence check Logical equivalence of two 
descriptions Mathematical models Formal verification

Simulation Circuit behavior vs. specification Virtual experiment (stimuli 
and output)

Functional 
verification

DRC (OPC, RET)
Layout vs. technological 
constraints
(manufacturability)

Geometrical design rules Geometric 
verification

LVS Layout vs. schematic Netlist extraction from 
layout, rule based

Geometric 
verification

PEX (plus simulation) Impact of parasitics on circuit 
behavior 

Parameter extraction from 
layout, rule based; followed 
by simulation

Geometric and 
functional verification

ERC Layout vs. electric process 
boundaries (reliability)

Connectivity extraction from 
layout, rule based

Geometric 
verification

Testing Compliance for practical usage Real experiment, customer 
checking Validation
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing 36

Geometrical/physical view

Structural viewBehavioral view

Macro blocks
Functional blocks

Register, ALUs
Gates, flip-flops

Transistors

Specification
Algorithms

Module description
Boolean equations

Transfer functions

Physical partitions
Floorplan, clusters
Cells

Polygons

Behavioral models

Testbench

Geometric
verification:

DRC, OPC, RET

Formal verification:
Model check

LVSLVS
Geometric

verification:
LVS

Functional
verification:
Simulation

Technology file

Electrical verification:
ERC

Formal verification:
Equivalence Check

Start of design flow: 
Specification

Goal of design flow: 
Graphic data for 
mask fabrication

Geometric-electrical
verification:

PEX + Simulation
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Stimuli

Output

Input 1

Input 2

Input 1

Input 2

Output

37

XOR 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 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

D

CLK

FF1

D

CLK

FF2
D

CLK

FF3

Minimum delay

Maximum delay
(Critical path)
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

a

e

b2 Metal 2

Top view

Side view

Metal 1

PolyThin gate oxide

Antenna rule
(Metal to gate area)

Wire

Gate

c

b1

d

Width rule a            
Spacing rules b1, b2
Extension rule c           
Intrusion rule d
Enclosure rule e

Width rule a            
Spacing rules b1, b2
Extension rule c           
Intrusion rule d
Enclosure rule e
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Geometrical
design rule

violation

Electrical rule
violation

40



©
 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 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

How are layers connected
and thus nets defined?

How are devices defined?
How are device parameters
determined?

Layout

Extraction Extraction file
(LVS rules)

Layout

Extracted netlist
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

Layout

Identical?
Original 
netlist

Extracted 
netlist

LayoutSchematic

Report

Extraction Extraction file
(LVS rules)

• How are nets defined?
• How are devices defined?
• How are device parameters 

determined?
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

Physical Design

Schematic DesignHDL Design

Physical Verification

Layout Post Processing

Netlist

Mask data

Fabrication

Layout data

Chip Finishing (Sect. 3.3.2)

Recticle Layout (Sect. 3.3.3)

Layout-to-Mask Preparation
(Sect. 3.3.4)

Tapeout

• Company logo, chip ID, etc.
• Seal ring
• Filler structures

• Test patterns
• Alignment marks

• Grafics operations
• Resolution enhancement

techniques (RET)
• Fracturing
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Chapter 5: Steps in Physical Design: From Netlist Generation to Layout Post Processing

Optical Proximity Correction (OPC)

Structure in photoresist
w/o OPC

OPC mask layout

Desired layout structure

Structure in photoresist
with OPC

Mask 1

Mask with
phase shift

Mask 2

Phase Shift Mask Double Patterning
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