
5LIH0: Digital Integrated Circuit Design
Inverter Design Analysis

Mayank Senapati
m.senapati@student.tue.nl 1455311

November 30, 2019

1 Objective

To get acquainted with circuit design, simulation, layout de-
sign, verication and analysis of the CMOS VLSI design pro-
cess through the basic example of an Inverter.

2 Introduction

A brief description of the design flow for full custom ICs are
provided as follows.

The design specification involves the description of the over-
all IC consisting of the relation between inputs and outputs.It
may also include details of timing of the signals. Once the
specifications are decided we design the basic architecture of
the system.This is generally consists of functional design, reg-
ister design and logic design.The functional design is generally
expressed in the form of diagrams containing functions such as
logic, memory. and control unit.This is converted to a regis-
ter level design using elements such as decoders,multiplexers
etc.For logic level design the designer is free to choose any
logic circuit that can be devised for each of the register-level
blocks and to divide it up into any types of cell that are suit-
able.These cells are used to create a schematic which repre-
sents the IC being designed.Simulation is used to confirm that
the main circuit blocks work correctly when they are replaced
by interconnected cells, and, if they do, to verify the operation
of the complete IC.The layout stage of semi-custom design
consists of deciding where each cell will be placed on the chip,
and then determining the paths of the interconnecting tracks.
Layout verification checks that the Iayout complies with the
design rules.It can have several steps inlcuidng DRC(digital
rule check) and LVS(layout vs schematic).DRC verifies that
the layout meets all technology-imposed constraints. DRC
also verifies layer density for chemical-mechanical polishing
(CMP).LVS verifies the functionality of the design. From the
layout, a netlist is derived and compared with the original
netlist produced from logic synthesis or circuit design.The cir-
cuit schematic does not include any physical layout informa-
tion.Only after the layout exact parasitics can be extracted.
Simulation with the extracted parasitics models the circuit
behavior most accurately. A final check of the correctness of
the design is made by re-simulating it after layout.

3 Lab Description

Cadence Virtuoso was used for the lab.

3.1 Schematic Entry

3.1.1 Minimum sized inverter

A schematic CMOS inverter was first designed in Cadence.
We first deigned a minimum size inverter with equal rise and
fall times.The inverter parameters are present in table 3.1.1
and Fig 3.1.1.

Mosfet Width Length W/L
pmos 225 50 2.5
nmos 90 50 1

Table 1: inverter size details

Figure 1: Minimum sized inverter

3.1.2 Time measurement

An inverter chain of 3 inverters as input driver and a pulse
input represented by vpulse in the software are used The char-
acteristics of the pulse input are as in table 3.1.2.

Voltage Period Rise Time Fall Time
1 V 1 ns 50 ps 50 ps
Pulse Width

500 ps

Table 2: Pulse details
An inverter with 0 F load capacitance is shown in Fig 2.The

output waveform for a pulse input is shown in Fig3.
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Figure 2: 0 F load capacitance schematic

Figure 3: 0 F load capacitance inverter output

An inverter with 50f F load capacitance is shown in Fig
2.The output waveform for a pulse input is shown in Fig 5

Figure 4: 50fF load capacitance schematic

Figure 5: 50 fF load capacitance inverter output

An inverter as load capacitance is shown in Fig 6.The out-
put waveform for a pulse input is shown in Fig 7

Figure 6: inverter load capacitance schematic

Figure 7: inverter load capacitance inverter output

FO4 inverters as load capacitance are shown in Fig 8.The
output waveform for a pulse input is shown in Fig 9

Figure 8: FO4 inverter load capacitance schematic

Figure 9: F04 inverter load capacitance inverter output

An inverter with 500f F load capacitance as shown in Fig
??.The output waveform for a pulse input is shown in Fig 11
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Figure 10: 500fF load capacitance inverter

Figure 11: 500 fF load capacitance inverter output

We summarize the propagation delays and rise and fall
times in table 3.1.2.

Load
Rise
TIme
(ps)

Fall
Time
(ps)

tphl
(ps)

tplh
(ps)

propagation
delay(ps)

0 F
capacitor 9.814 13.75 6.252 4.586 5.419

50fF
capacitor 323.9 377.9 211.4 263.6 237.5

inverter 8.855 11.32 8.702 6.688 7.695
FO4
inverter 16.23 25.14 15.52 11.68 13.6

500fF
capacitor 458.4 336.8 269.4 219.1 244.25

Table 3: time details

3.2 Noise margin calculation

Noise margin is the amount of noise that a CMOS circuit
could withstand without compromising the operation of cir-
cuit.We calculate input noise margin as per equation and out-
put noise margin as per the following equation.

input noise margin = Vih − Vil (1)
output noise margin = Voh − Vol (2)

noise margin low = Vil − Vol (3)
noise margin high = Vih − Voh (4)

The values are present in table 3.2

input
noise
margin

output
noise
margin

noise
margin
low

noise
margin
high

1 1.018 0.0085 0.0091

Table 4: Noise margins

3.3 Layout Edit

The layout is designed in cadence virtuoso.We use the design
rules for FreePDK45 technology[1].The layout is designed for
the inverter in Fig 1 is shown in Fig 12.

Figure 12: layout

The layout is subjected to Design Rule Checking(DRC)
using mentorgraphics Calibre nmDRC.The ruleset used is
present in the calibreDRC.rul file.The output of the DRC
check is without errors as shown in Fig 13.

Figure 13: DRC check output

Calibre nmLVS is used to perform Layout vs
Schematic(LVS) check on the layout.We use the schematic
in Fig 1 as part of this check.The LVS check shows no errors
with output in Fig 14

Figure 14: LVS check output
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3.4 Post Layout Simulation

We first perform Parasitic Extraction with Calibre PEX Tool
with the default options.The tool extracts the netlist from
the schematic in Fig 1.The calibre view from the Pex tool is
shown in Fig 15 while the ouput is shown in Fig 16.

Figure 15: PEX calibre view

Figure 16: PEX Output

Post Layout Simulation is performed using the Cadence
ADE L tool. We use the schematic shown in Fig 17.

Figure 17: PLS simulation schematic

We can confirm that the layout is correct from the output
plot as shown in Fig 18.

Figure 18: PLS output

The delay(tphl) for the layout is 21.9961 ps but for the
schematic is 19.7364 ps.This is due to the parsitic capcitances
in the layout.

4 Pitfalls and Tricks
In designing the minimum sized inverter it is possible to
choose an improper W/L ratio for the pmos which can af-
fect the rise and fall times.Furthermore when we simulate the
inverter with a high load capacitance without use of an input
driver/buffer it can give error prone outputs since a single
inverter has difficulty driving a large load capacitance.

While making layout when correcting layout errors it is
possible to make correction’s without keeping in mind the
design rules for the other layers.One way to make things easier
to debug during DRC rules is to make all layers not relevant
to an error not visible and use the tools highlighting function
to make it easier to debug.

During LVS analysis ensure the pins are the same name
as the pins in the schematic and also ensure to choose layer
name and layer purpose as same as pin when putting pin on
layout.

5 Conclusions
We can conclude that the schematic and layout of the cmos
inverter designed was correct and without errors.This was also
verified using schematic simulation and layout verification.All
the verification steps such as PEX,LVS,DRC and post layout
simulation were without errors. The lab assignment was ex-
tremely useful for me to understand the basics of layout and
verification.It also helped me revise the basics of using the ca-
dence virtuoso tool to create and simulate schematics. It also
gave me an idea of the practices and conventions to follow in
layout design and naming.
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