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CREATE A LIBRARY:

I ad o : "
from the top menu of the Library Manager, select File -> New -> Library” to create a new
jibrary for a new design as given in Figure-8.

In virtuoso’s top menu, select “Tools™ and sclect “Library Manager™. The Cadence Library
Manager appears as given in Figure-7(b).
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Select “OK™ after the library is named.

Select “Technology File..” tab that keeps blinking at the bottom of the screen (Figure-10) to
map the created library to a technology node based on the specification.
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Figure-10

We get 2 form “Technology File for New Library™. Select the option “Attach to an Eﬂsling
technology library™ as given in Figure-11.

Tecnclagy Fle for library ™1 _inv"

Yorean: o Compile an ASQI technology file
- Reference exsting technology libraries
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. Danot need process nformation

Select the respective Technology Node from the list of libraries as given in Figure-12. For
example, we have selected “gpdk045™.
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Figure-12
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. created library is now available in the Library Manager under Library as given in Figure-

Figure-13

CREATE A CELL:
Before creating a cell, make sure that the created library is selected as given i Figure-13. Oaly
then the created cell can be viewed under the respective library.
To create a Cell View, select File => New = Cell View as in Figure-14.

Figure-14
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ADD AN INSTANCE:
To add an instance to the circuit, select “Create -> Instance™ as in Figure-17. We can also use
the bin key ‘1" or the icon as in Figure-17(a).

Now we get a “New File™ from as given in Figure-15 and we can name the Cell and check the
Library. View and Type of the respective Cell that is to be created.

Wirmowsd Schemate Bdior L Editing: 1 inw inv_des schamanc
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Lisrary 1ov B

Cel inv_des

View schemtic ‘ F
Tpe e 13
Application

Open win Schemancs L B

— Aways use this application for ths ype o fie

Libeary patn file

JroatiDesktop/iipvs_test/cds. 1ib

Figure-17
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Figure-15 i:":
\We get the Virtwoso Schematic Editor as in Figure-16. Figure-17(a)
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Select “Browse” option as seen in Figure-18, we get the “Library Manager™ to choose the
transistors required for the circuit and the type of view for the respective component from the
respective Technology Library as selected in Figure-12.

Afier selecting the component, we get its properties like Length, Width, Multiphers. etc., as i
Figure-19. Select “Hide™ at the end of the form, we can have a view of the transistor i the
Schematic Editor as in Figure-20.

Figure-16
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_ ADD PIN:
To include pins to the circuit, select “Create => Pin™ as in Figure-21. We get a form as in
Fieure-22. We can also use the bin key ‘P or the icon as in Figure-21(a).
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We name the pins and sclect its direction as in Figure-22(a) and Figure-22(b).
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Figure-20

Figure-22(a) Figure-22(b)
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Place the pins by a left click on the mouse and the circuit can be viewed as in Figure-23,

Figure-23

ADD WIRE:
Connect the pins and the components with the help of wire. Select “Create -> Wire” as in
Figure-24. We can also use the bin key ‘W or the icon as in Figure-24(a).

Virtuose® Schematic Editor L Editing: 1 inv Inv_des schematic * - oK
— Ladency
——
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Figure-24
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Once wiring is completed, the circuit can be viewed as in Figure-25.

T

{2 errtres

Figure-25

SAVE THE DESIGN:
After completing the design, it is mandatory to save the design before we move ahead to
Simulation. We have two options, “Save” and “Check and Save™ as in Figure-26.

g

Figure-26

Save option saves your design as it is but Check and Save option checks for any discontinuities
like floating net or terminal, provides the details of errors or warnings in the circuit and then
saves the design. The results can be seen in the virtuoso tab as in Figure-27.

INFO (SCH-1178): Extracting "inv_des schematic®
INFO (SCH-1426): Schematic check completed with no errors.
INFO (SCH-1181): "1_inv inv_des schematic” saved.

Figure-27
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SYMBOL CREATION: .
To create a symbol for the circuit, select “Create -> Cellview -> From Cellview™ as in Figure.

28.

- Virtueso® Schematic Editor L Editing: 1_inv inv_des schematic
] <= EL WY Rl

P e —
5 = EEo A S SBTLLZed

Figure-28

Check the Library Name, Cell Name, From View Name, To View Name, cic., as in Figure-29
and select OKL

Litrary Name 1and Browae
Cel Name inv_des ﬂ

From View Name schematic n

TeViewName sysbcl

Tl iDataType  SShemancymbd ___ﬂ

Daplay Celvew 4
EotOptans »

@D com  oetess Appy =B

Figure-29

We get the “Symbol Generation Options™ window as given in Figure-30. We are free to decide
upon the pin locations with options like Left Pins, Right Pins. Top Pins and Bottom Pins.
Note: Pin Names are case sensitive.
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. the 1 cfi. Right. Top and Bottom Pins as in example shown below (Figure-31).
11‘.ll‘|1-hc ool opens a “Virtuoso Symbol Editor™ window which shows a temporary
ol based on the pms assigned as given in Figure-32.
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Figure-32
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The symbol shown in Figure-32 can be customized with the help of drawing tools as given ip

Figure-33.

QRO /©

Figure-33

To create custom symbol, remove the inner rectangle (green) and then using drawing tools,
custom symbol can be created. To remove the inner rectangle (green), place the mouse pointer
within the rectangle so that the entire rectangle gets highlighted as in Figure-34(a), make a left
click so that the entire rectangle gets selected as in Figure-34(b) and click on delete in the
keyboard to remove the rectangle so that it is removed as in Figure-34(c).

Figure-34(a) Figure-34(b)

F'4(c)

Since Inverter design is taken as an example in this manual. the focus is on creating its symbol.
To create a triangle, use “Create Line” option as in Figure-35(a) among the drawing tools and
the way triangle is created is as similar as how wiring is done in the schematic. To create a
bubble, use “Create Circle™ option as in Figure-35(b), decide a point, make a left click to
expand the circle and again make a left click to fix its size as in Figure-35(c).

(&' Copyright © CVR COLLEGE OF ENGINEERING
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Virtuoso® Symbal Editor L Editing: 1 inv inv des symbol «
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Figure-35(¢c)

73 Copyright © CVR COLLEGE OF ENGINEERING



With effect from the academic ..,
I,

Afier creating the symbol, save the symbol using the “Check & Save™ option as in Figure-26,

TESTBENCH CIRCUIT FOR SIMULATION:
Instead of using transistor level design, testbench circuit can be created using its symbolic

representation. To create atestbench circuit, a new Cellview with a different Cell Name shoylg
he created as in Figure-36.

Com w
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fretbeskion/ taver tert/oda 110

| ..

Figure-36

To include the created symbol, use the “Add Instance™ option as in Figure-17 & 17(a) and
select the respective library and cell as in Figure-37 using the browse option and then the
symbal should appear in schematic editor with the mouse pointer.

Figure-37

Create an output pin as in Figure-38(a) and 38(b).
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Figure-38(a)

Figure-38(b)

To include supply voltage and input signal sources, “Add Instance™ option shall be used,
Browse to the “analogLib™ library, select the Cell as “vdc™, View as “symbol” and click on
~Tab" key in the keyboard to get the device properties as in Figure-39.
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Figure-39
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\ FUNCTIONAL SIMULATION:

_\!c:::tian [h:: appropriate “DC voltage™ based on the specification or technology node. To simulate the design. Launch “ADE L" as in Figure-43(a).

Similarly, for an input source, (for example) “vpulse™ is considered and parameters like

Veliage 1. Voltage 2, Period, Delay time, Rise time, Fall time and Pulse width are mentioned

as 1 Figure30. S ————r

Losr £rodt
e e — ] T _L
WSS Add atance e e |
Lty amalagbis ‘ e - i j ;
! i B g
- g. o
P B 'r"b
o Aa e Sata aeete e Pute oy |
g - i $
e ER = Uipsse Dow
CLENL G e ; [ e
g S : s ] sy “;:::J
Worterctnsaste b @ Figure-43(a) Figure-43(b)
:N ; We get a window as in Figure-43(b) and following options are to be verified:
R ; {1) Simulator — to make sure that Spectre is the simulator selected [Figure-44(a) & 44(b)]
A AR
e ADE L (1) « 1_lnv Inv_des _test schematic
Watapr 1 v a3 b
il T . =
o = { g
D sou.. _oum :"‘j Sevdman fa:
Figure-40 i A
Similarly, “gnd” terminal shall be included to the circuit as in Figure-41 and the complete il
cireuit s given in Figure-42. Figure-44(a)
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Figure-41 Figure-42 Figure-44(b)
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(21 Model Libraries & Process Corners — to make sure that “.ses™ file of the respectiye
tachnology node has been selected [Figure-45(a) & 45(b)]

k| ADE L (1) - 1_inv inv_des_test schematic
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Figure—45(b)

To analyze the circuit, select “Analyses™ from the top menu in ADE L and under Analyses,
select “Choose™ as in Figure-46.

H ADE L (1) - 1_inv inv_des_test schematic
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Figure-46

Tosetupa “Transient Analysis”, select “tran” under “Analysis™ as in Figure-47(a), mention
the “Stop Time™ and “Accuracy Defaults” as in Figure<47(b) and select “OK”™.
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Figure47(b)

The analyses chosen and the arguments that had been set up can be seen under “Analyses™ tab
inthe ADE L window as in Figure-47(c). Similarly, rest of the analyses can be performed basad
on designer's demands.

| Analyses 26X
o dipe, | Enating o _Aguments - 1
1ran » © 100n moderate

Figure-47(c)

To setup the simulation, select “Qutputs”™ from the ADE L window and select “Setup™ under
Qurputs option as in Figure-48.

B ADE L (1) - 1_inv iny_des test schematic
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Figure-48

We get a “Setting Outputs™ window as in Figure-49, select “From Design™ which woald b

back the testbench circuit created for the simulation process.
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Figure-49
and output wire and in ADE L, they are supposed to be displayed under

Select the imut wire
~Qurtputs™ option as in Figure-50.

Figure-52

Input signals and Output signals can be seen separately by selecting “Graph -> Split All

Strips™ as in Figure-53.

| outputs 7 & x|
Name/Signal/Expr . Value ' Plot| Save | Save Optcns
3 ¥ _ alv
~ se alv
Figure-50

To run the simulation, select “Simulation™ from ADE L and select the option “Netlist and
Run™ as in Figure-51. The design is simulated and waveforms are seen as in Figure-52.
i Copyright © CVR COLLEGE OF ENGINEERING
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To save the simulation state, select “Session™ under ADE L, select “Save State™ as in Figure.
4. we get a “Saving State™ window as in Figure-35. Select “Cellview™ and select “OK™ 1o
h

save the state.

ADE L (1) - 1_inv Inv_des_test schematic
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Saving State -- ADE L (1)
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Figure-55
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The simulation state and testbench circuit are viewed as in Figure-56.
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Figure-56

LAYOUT:
Open the schematic as in Figure-25 through the Library Manager and select “Launch ->
Layout XL” as in Figure-57.

= Virtuoso® Schematic Editor L Editing: 1 inv Inv_des schematic

‘F‘I-i[—r et yew Cexr (o (pia: #rgow MG bes

Figure-57

A “Startup Option™ window pops up as in Figure-58. Select “Create New™ under Layout tab,
“Automatic” under Configuration tab and select OK.
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Figure-59

1 "New File™ window pops up as in Figure-59. No changes are to be made, so select OK
Voo Layout Suite XL Editing window can be seen as in Figure-60.

Figurr:-w

To mport the circuit components, select “Connectivity -> Generate -> All From Source™ as

m Figure-61.
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Figure-61

Sclect OK in the “Gencerate Layout™ window as in Figure-62, and the components of the
circuit can be seen as in Figure-63.
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Figure-63

Select “Shift + F” to have a view of all the terminals of the transistors as in Figure-64
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gun‘-65

Toattach “Bulk™ terminal to the transistors, select the particular transistor by a left mouse click
. make a night mouse click and select “Properties™ as in Figure-66(a), select “Parameter ->
Bodytie Type -> Integrated (or) Detached -> Left Tap (or) Right Tap™ as in Figure-66(b)
and select OK. Bulk terminal of that transistor can be seen as in Figure-66(c). Repeat the above
steps for rest of the transistors to include the Bulk terminal.

Suite XL Editing: 1 inv inv_des Helarr - :: :2: E:E ﬁ

e Bace PV bep z > |

Yo v |
Figure-64
The blue colored box surrounding the circuit components is the PR (Placement & Routing)
Boundary. PR-Boundary can be shifted using the shortcut “S™. To shift the PR-Boundary, e avmrecs .
place the mouse pointer close to the respective boundary so that it gets highlighted as in Figure-
63, make a left mouse click to select the boundary, use the mouse or arrow (up, down, left or -.'”F‘i”g-ljl—r-t:(;ﬁ(a)

right) keys to shift the boundary.
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Edit Instance Properties

gelect "R™ 10 create N-Well in the shape of a rectangle surrounding the PMOS transistor as in

Fiz ure-6y.
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Figure-68

Figure-66(b)

| The PMOS transistor is placed within the N-Well as in Figure-69 and to complete routing
between the components, we can use “P™ which denotes “Path™ in the layout and is meant for
routing process.

When the mouse pointer is taken closer to any of the terminals of the components, the terminal
gets highlighted with a yellow color bold line, make a left click to start the path segment from
one terminal to another as in Figure-69.

=

Figure-66(c)

By defau't, the background available in the Virtuoso Layout Editor is the P-Substrate. So, the
PMOS transistors should be placed within an N-Well. This is mandatory for PMOS transistors
@ gpdk020 and gpdk045, but for PMOS transistors in gpdk180, it has an N-Well by default.
To create an N-Well, select the respective layer from the “Layers™ tab on the lefi-hand side of
the Virtuoso Layout Editor as in Figure-67.

Figure-69
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B routing hetween o different lavers, usage of “Via™ is mandatory. There are two Otiong “
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Figure-70(c)

For the example used here, “VDD" is at the top and VS8 is at the bottom. Source & Bulk of
PMOS/NMOS can be routed to VDD/VSS respectively as earlier between other pins and
terminals (or) the entire top layer can be used for VDD and bottom layer for VSS using “Pin
Placement” option.

£ Virtuoso® Layout Sulte XL Editing: 1_inv Inv_des layout *

Figure-71

Select “Place -> Pin Placement™ as in Figure-71, a window pops up as in Figure-72.

Under “Pin Planner™ tab, “Pin Name, Attributes & Create™ options can be seen Select
“VDD™ under “Pin Name", select “Top™ under “Attributes -> Edge”, sclect “HRail” under
“Create” and select “Apply” under “Attributes™ to place VDD at the top layer. Similarly,

= s select “VSS™ under “Pin Name™, sclect “Bottom™ under “Attributes -> Edge”, select "HRail”
B under “Create” and select “Apply” under “Attributes™ to place VSS at the bottom layer s in
B Figure-73. After routing the terminals of PMOS/NMOS terminals with VDD/VSS respectively,
e j save the layout,
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My
PHYSICAL VERIFICATION:

A The ool used for Physical Verification is Assiza where DRC. LVS of 2 devigs ez srifed o
Parasitics of the design are extracted using QRC for tecinciozy nodes Eke g%, ,_,/_:/,r/,
and gpdk045. PVS is another too] for Physical Verification on designs m=de siang termniogs

i nodes like gpdk045 and below.
k
& PHYSICAL VERIFICATION WITH ASSURA:
E The first step in Physical Verification is the Technology Library Mappzg
B o L P O A TP - ¥ Technology Library Mapping:
= : Select "Assura -> Technology ™, 2n “Assura Technology Lib Sedect™ window o= be sees 2
= a g T : in Figure-74
s B e ]
i _‘l war As s Wegw Aad o o ]
. |

Figure-74
o g s et g Q Select “Browse™ so that the “File Selector™ can be seen as in Figure-75.
——@ B Assura Technology Lib Select
ey
_.-l.......ﬁ‘. wes TR merr 0 e B
Rozmrs Tecmoogy e
— —
- I - Ly Comrara o L
- i =D == 2ocny Ostasz s

Figure-75

Two columns, “Directories™ and “Files™ can be seen. The “Single Dot™ under “Directories™

Figure-73 S 3 n 5
indicates the present working directory, “Double Dot™ just below the “Single Dot” s uwsad

~
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go back 1o the previous'next directories and “1_inv™ indicates the library under which the
tyout s saved. Use the “Double Dot™ option to browse the library file “assura_tech.lib™ 15
= Figure-76. based on the technology node of interest and select OK.

Fw
1w tiTesitag/ tnvertertsq
Seecturer s £ rene rszen Faer ¥ Lhww Fdges
efe. lin
listeragr. log
1_law livtenager. log coulen
lewy _ -
(rmtiSesntegl teverter]
ED o  fom  _rep

Assura Technology Lib Select

“rw iy -

| RizmaTecmongy He Incme/cad/FOMDRY faralog/dSm/assura_tech . 11b [ — | ven S
| et —
| "
i _Cancel | Apphy Defagts )
Figure-76
DRC:

To perform the DRC check, select “Assura -> Run DRC™ as in Figure-77.

A~-Run Assura DRC window can be seea as in Figure-78. Verify the Library, Cell and View
@ the second row, Give any name under the “Run Name™ option, click on the drop down next
1 “Technology™ and select the “Technology Nede™ of interest.

Ttz “Rea Assura DRC window after mentioning the options as given above can be seen as
m Figzr=-79

Select OK 10 run the DRC. A “Progress™ tab can be seen at the right-side bottom comer of the
screen 15 3 Figure-80. To check the background process or log file, select “Watch Log File™
option tader the “Progress™ t2b. A run completion t2b pops-up as in Figure-81(a). Select “Yes™
ad the DAC nun result can be seen as in Figure-81(b).
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Figure-77

Run Assura DRC
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Figure-78
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With effect from the academnic year 2026-27

With effect from the academic year j
20

.LQ?

Run Assura DRC LVS:
' Ll " - -
n frmsaew Compme oty | To perform the LVS check. select “Assura -> Run LVS™ as in Figure-82.
> N > R
. [ irtrese 8 Layewt Surte ML Garnng: | mw v des feyet |
\nh“)\.r e WewName dre. .-:r-rug ------ n ¢--x ey des leyeat
e~ e o s -
ereTzleCwans Pl B

Bun Deeciory -
-

R Location = B

wew b 2 Q Jecrnoiogy Epaess oy N - |
- 24 /FOBCAY /ana 10g /4 Srm 8 23 urs fes sursbiE .rul Mew. B omct

Sautcn Narmes Set Smdcres
. — ]

v ans Vaiue Deetault Dewrptan

B

L = Modily auf s meters_ 5 sl arwiers are Wl =
Figure-82

o 32 3200 Eunors - Naaddons funcoarl e L

e A “Run Assura LVS™ window can be seen. Verify the Library, Cell and View for the
' - ‘ Schematic Design Source and Layout Design Source. Give any name under the “Run Name™
option, click on the drop down next to “Technology™ and select the “Technology Node™ of

|
1 - e benmng St "

Figure-79

e e g T g o

:

M Run "sd" from . has complete x

Tre DRC run "s3™ from
“freotDe hioplimerer
has completed successiully.

Doyou wan! to view the resuts of this runs
—— e B> e =B

B s T T T e )

ﬁ No Help ——
=2 b ¢ (T G Y v L A aaet u (e ] ; wrs .

2 - e . :_\-l.‘v.
Figure-81(a) | o=
[P e A ¢ o L4 S s LW ] e
. & e L Letadt lewrge®
—
@ NaDRC errors found.
b —— - ity g —— : e e e
i
| smm oy vy e R et ! ek mae
= :
: Y TR S . - e R !
Figure-81(b) I B . cCous . At . Dwians  Lesilie  lealiss  Wem @S Pwe
Figure-83
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interest and the “Run Assura LVS™ window after mentioning the options as given above can
e seen as in Figure-83.

Scket OK to run the LVS. A “Progress™ tab can be scen at the right-side bottom comner of the
screen similar to Figure-80. To check the background process or log file, select “Watch Log
File™ option under the “Progress™ tab.

A run conpletion tab pops-up as in Figure-84(a). Select “Yes™ and the DRC run result can be
«en as i Figure-84(b).

Sie Vew Opoon: Tods Mes cadence

Ewract = Compre

J ellmtixn ! oy M Summary xh || It

i

s e

s

”’... Sctematic and Layout Match

3 Fig;xrc—84(b)

QRC:

To extract the Parasitics, select “Assura -> Run Quantus QRC™ as in Figure-85.

Virtuoso® Layout Sufte XL Editing: 1_inv inv_des layout
:mpii\jrr crpen Mar EFax IO weE

ey e
rox

Figure-85
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A “Quantus QRC (Assura) Parasitic Extraction Run Form™ window can be seen as in
Figure-86. Under the “Setup™ tab, verify the “Technology™. “Output -> Extracted View” and
under “Extraction™ tab, verify “Extraction Type -> RC™, “Ref Node -> vdd! (or) gnd!™ as
in Figure-87(a) & 87(b). Select OK to extract the Parasitics.

[ Quantus QRC (Assura) Parasitic Extraction Run Form x
@:nnm Fwerng  Nedatng Sun ODetads  Sutsyate a
e 2 B 5
- 2l 28 x UseMuRueSets = Nad
_ SELODY  /home/cec/FOUNDRY/analog/4Sam assuras. . Jqre / wrst

Rule Command Fie rouce

frooti/Deshtcpiinvertert/cas. 118

~
- — | !
—_— — — '
&€ Lt 1_taw Cel  tav.@es Veon av_eciracted :‘
[natie Celien Qrecs ol i i
i dhatinl 2
Par astc Fes Component presistor Mok r ! i
Pa esic Cap Corparent ’;.."_‘;’,,, e e P o c § 1
i
ar #51€ InG Component e T i Popio 1 i ]'
—_— : _ |
Paraztc M Companent pming Mpr . &}
o — — -
Irauctance L1 frop i 1ndn Inductance L2 Prog i in i i ]
Parastc QOVS Compenent };-Ti HzanProgic hoain vref Moo 9 wref Uy

L

@IB  cocst ooy | Octasts  Losssune |, SowStaste | VewCommaciie hes

Figure-87(a)

A “Progress”™ tab can be seen at the right-side bottom corner of the screen as in Figure-80. To
check the background process or log file, select “Watch Log File™ option under the “Progress™
tab.

A run completion tab pops-up as in Figure-88. Select “Close™ and the “av_extracted™ view
can be seen in the Library Manager as in Figure-89.

Make a double click on the “av_extracted” view, a design can be seen as in Figure-90.
Select “Shift+F” on the keyboard and if zoomed into the design with the help of mouse scroller,
the parasitic resistor, its value and parasitic capacitor, its value can be seen as in Figure-91.
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With effect from the academic year 2026.27

With effect from the academyc year 203 2

Experiment No: 01
Layout and DRC Verification of CMOS Inverter.
Aim: To design the layout of a CMOS inverter using 90nm technology and perform DRC
verification 1o check for design rule errors.
Tools Required: Tools Required: Cadence 6.1.8

Entry Type Name of the Tool [

Schematic Entry Composer Schematic |

Symbol Creation Composer Symbol

Testbench Creation Composer Schematic

Simulation Analog Design Environment

Layout Virtuoso

DRC Assura

LVS Assura
Block Diagram Truth table

Vin Vout | pC Analysis
1 0
Vin Vout 0 1 DG Ratpente
—» lnverter ——> VI /veurT) I e/
175
. |
Boolean Expression: Vout=~Vin 1 i -
Schematic Symbol 128 ——m— 1 A =
_1e—— .._F--—-— ~—
Vdd R ; |
. }5...__.__L_. S —— —
|
p-channal Y . ey o 13
d L _~
Vin Vout o o s T
; |
R = + v
nn ot 1 19
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e, - l /
Transient Analysis Design of CMOS NAND
.‘ﬂ; g TodesiEn 3 CMOS NAND gace .
. | ,:ﬂ ;pa;ﬂio“ delay through simulation anc
-|l wa Required: Tools Required: Cadence 6.1
. : [ _ i Entry Type | Name of the Tool
: Schematic Entry | Composer Schematic
£ Symbol Creation Composer Symbol
g | Testbench Creation Composer Schematic
. — == i Simulation Analog Design Environmen
H
Ko plock Diagram Truth table
a -
i Y 0 E ' :
NAND Gate p— o : -
B 1 0 - i1
1 1 ‘1
Boolean Expression: Y= A* B
Schematic Symbol
’DD
4[5 A — v
Result: The CMOS inverter designed using GPDK 90nm tec!. irated proper OUT =A-B B !
switching behavior with a VthV_{th}Vth of [value] V, propaga: .alue] ps, A ._l
dynamic power dissipation of'[\'a lue] uW, and successfully passed DR weks.
Viva-voce Questions: B "'l
I. Define Noise Margin. § NAND gate (Static Logic)

2. Explain CMOS Inverter DC characteristics.

Assignment:

1. Design NMOS depletion load inverter.

2. Design Pseudo NMOS inverter.

3. Perform I-V Characteristics of NMOS and PMOS transistor.
93 Copyright © CVR COLLEGE OF ENGINEERING
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Result Anaysis

The CMOS NAND gate was successfully designed using 90 nm CMOS technology ang
the area and propagation delay of the NAND gate were estimated through simulation,

Yiva-voce Questions:

1. Draw the stick diagram of CMOS AND gate.
2. What is meant by Design Rule Checker?

3. Draw the stick diagram of CMOS OR gate.
4. What is meant by GPDK?

Assignment:
1. Design CMOS AND gatc and perform its LVS.
2 Design CMOS OR gate and perform its LVS.

£ copyright © CVR COLLEGE OF ENGINEERING

Experiment No: 03
parasitic Extraction and Post-Layout Simulation of CMOS XOR Gate

Aim: To perform parasitic extraction and post-layout simulation of a CMOS XOR ga:: using 90 ==
CMOS technology in order to analyze the effect of parasitic resistances and capacances o=
circuit performance parameters such as delay and power consumption.

Tools Required: Tools Required: Cadence 6.1.8

Entry Type

| Name of the Tool

Schematic Entry | Composer Schematic
Symbol Creation Composer Symbol
Testbench Creation Composer Schematic

Simulation

Analog Design Environment

Layout

Virtuoso

DRC Assura

LVS Assura

| QRC Assura
Block Diagram fa B Y
Truth table 0 o 0
0 1 1
1 0 11
A 1 1 |0

XOR Gate |—t—
B —_—

Boolean Expression: Y —AB + AB

3 copyright © CVR COLLEGE OF ENGINEERING
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3 Symbol
Schematic
¥oo
o A

i e .
= b—35 ol
w4 ouUT-A@B
A f=
5 o

2 imput KOR e (Static logic)

Tcsxbcntht wo
- 2
X XORGate y[———F y
o b
i

Vo Y vi V2

wC=t SFUSUY e U Vi1
v e
GND
Layout:

3 copyright © CVR COLLEGE OF ENGINEERING

N

Rrsu“ Ana

The CMOS XOR gatc designed using GPDK 90nm technology exhibited correct logical

ysiss” behavior, with verified layouts passing DRC and LVS checks, and simulation results

viva-voce Questions: -

What

1) What

 ;

3)
4)
3)

Why
How

Assignment: -

arc the applications of parity generator?
does no parity mean?

What is the parity value?

do we need a parity checker?
can the parity bit detect a damaged data unit?

1. Design 4-bit Parity generator.

& Copyright © CVR COLLEGE OF ENGINEERING
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||m‘ Eaperiment No; 04 l il
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with effect from the academic year 2026-27
Experiment No: 04
Design Rule Check (DRC) and Layout vs. Schematic (LVS) for CMOS D Flip-Flop

Aim: To design the layout of a CMOS D Flip-Flop and perform DRC and LVS verification to check
for layout ruke errors and schematic matching.

Tools Required: Tools Required: Cadence 6.1.8

Entry Type Name of the Tool
Schematic Entry Composer Schematic
Symbol Creation Composer Symbol
Testbench Creation Composer Schematic
Simulation Analog Design Environment
Layout Virtuoso
DRC Assura
LVS Assura
Block Diagram Truth table
CLK| D | Q | ¢
X X 0 1
—D ob—
i 0 0 | 1
ak—P I
T 1 1|10
Boolean Expression: Q =D
D-Latch Schematic D Flip-Flop
D——'_‘
) ﬁb:——’Q v-———"’“c;" °® o 1o
\ ! | ! latzh
\\ /J l c % o) Q
o |
*——-—‘]————.—l p———"Q ¢ -_,

Schematic
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Result Analysis: The layout of the CMQS 12 1 1y Fiop was successfully designed, and the DRC ang

LVS verifications were cornpicied without any errors.

Viva-voce Questions:
I Draw the D-flipflop using nand gates.
2. Difference between flip-flop and latch.

Assignment:
Design and simulate 2-bit counter using D-Flip-flop

@ copyright © CVR COLLEGE OF ENGINEERING

Experiment No: 05
Schematic design and simulation of CMOS 4:1 Multiplexer using 2:1 Muxes

Aim: To design and simulate a CMOS 4:1 Multiplexer using 2:1 Multiplexers and verify its
functionality through simulation,

Tools Required: Tools Required: Cadence 6.1.8

| Entry Type | Name of the Tool
Schematic Entry | Composer Schematic
Symbol Creation | Composer Symbol
Testbench Creation | Composer Schematic |
Simulation | Analog Design Environment |

Block Diagram

2:1 Multiplexer

Truth table
io p k : s Y
oY B
| Pl s > (8] io
. % 1 iy
2:1 MUX
Boolcan Expression: Y=slo+si
Schematic of 2:1 Multiplexer
vd
P1 e
o b—— 3
nl— p————=5
P3 B -
|
N1 N3
-, D~ i1
s —A f————s T
N2 NAa

Gnd
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g 41 MUX using 2:1 MUXes
N }
- 4
¥
mux2x1 y |
| I
lll |
| = <3
. | P
& . i ‘
' 2 |
: i Y1 sfo]
’ i3
|
|
l Schematic:
[}
| e
) L]
4:1 Multipleser Truth table — |
i st - | s v
ln .
iy o o o .
: v -
2 P = 5
l_‘ = = iz
1 - E 2
sl (1)
Testbench:
Boolean Expression:
j-_§1§UID+?15“I;+SIS_“I2+SIS‘313 rj.
o >—T—.
Gate Level Diagram n
el :IL—Q_": T
- ﬂ I 7 { 7 GD— :’;: ks
sio} : ‘ =
) o5l
5: X w1 D- |
.o al
H _é:: | &
et v
2 v < wy Tes ’?:-.-
fa _—I_,/ | |
i,-
il
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Result Analysis: The CMOS 4:1 Multiplexer was successfully designed using 2:1 Multiplexers ang , ) : R
simelated. The simulation resuhs verified the correct selection of inputs based on the sclect lines. et DRC/LVS Verification, and Post-Layout Performance Analysis of a 1-Bit

Full Adder Using CMOS Technology

Viva-voce Questions: i

1. What is the purpose of select lines in a MUX?, . To design and implement a 1-bit Full Adder using CMOS technology, perform Design Rule

2. Derive the Boolean expression of a 4:1 MUX. "h::-.l. (DRC) and Layout Versus Schematic (LVS) verification to ensure layout comectness, and
.\SSES'IM(: N b ke e G ﬂ!}'ﬂ: the post-layout performance in terms of functionality, delay, power consumption, and area

. Howcana: implemen ing mission gates?

Jools Required: Tools Required: Cadence 6.1.8

Entry Type Name of the Tool
Schematic Entry Composer Schematic
"Symbol Creation Composer Symbol
Testbench Creation Composer Schemalic
Simulation Analog Design Environment
Layout Virtuoso
DRC Assura
LVS Assura
QRC Assura
Block Diagram
Truth Table
A [ 8 Joo [sm ]
e | o [ o [0l
A Sum o [ o [ J1lo]
— T e | 1 | o ]l
g Cout o |1 [ loln]
—*| FullAgder | —— 1 o | o |1 |
L O T
gﬂ_' s | 0 L] 1
1 | 1 |1 j

Boolean Expressions
Sum

ABC.+ABC,+ABGC,+ABC,
Cw (AB+AB)+Cy (AB+AB)
Ca(A © B)+ C, (A®B)
C.(A®B)+C. (A®B)

Cu ®(AGB)
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With effect from the academic year 20’6.27

Cw. = AB+C_(AB+AB)

= AB+ A BCj, +ABC;,

= AB(Cy +1)+ A BCy + ABC;,
= ABC,_ + AB+ ABCw+ABC;,
= AB+AC, (B+B)+ABC;,

= AB+AC, + ABC;

= AB(C, +1)+AC, + ABCy
= ABC, + AB+ A C, + ABCp
= AB+ AC_+BC,(A+A)

= AB+ A C, + BG,
Gate Level Diagram
A
B Sum
Cin a
Cout

& copyright © CVR COLLEGE OF ENGINEERING
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LI =i uldl the layout was free from design ule violations, you
venfication showed that the layout matched the schematic, Post-layout simulation vei oLy
. Post-layout simulation verified \he Deslign a
sprsion o the Pl Addr, 4 s peformane paranictens such 5 propagation, M‘?‘mg;“ fn and Simulation of CMOS 2-to-4 Decoder
SR £ S
comumpion, and area were successfully analyzed. o To Jesign and simulate a CMOS 2-10-4 Decoder and verify its functionality by observing the
N ™ yesponses for all possible input combinations.
Vhavece Questions: o

1. Cakulate the tramsistor count required for n CMOS Full Adder implementation,,

yools Required: Toals Required: Cadence 6.1.7
Why is DRC performed?

Avigameat; ' Eatgy ype | Nameof the Tool
I Exphain bow Tull Adders are used to construet ripple-carry addors. Schematie Entry | Composer Schematic
3 Descnbe common layout design rules used in CMOS technology. S}yihﬂ}'{n‘ﬁl&)ﬂ Composer b)'mt\\l.
[esthench Creation | Composer Schematie
Simulation | Analog Design Environment
layout | Viftuoso
DRC | Assum
1VS ol Assura
Mock DHagram
Truth Table
— D0
A Ao|Ds D2 Dy Dy
A > n!--l mdl o ole o o
¢
by Decoder L_pp o 1]o o 1 o
= D) 1 oju 1 e o
| | I 0
Boolean Expresslons
Do A Au
D A A
“.‘ .M-}\:.
I A A
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I
l ! Result Analysis: The CMOS 2-10-4 Decoder was successfully designed and simulated. The
' | simulation results verified that the correct output line was activated for each input combination,
D, confirming the proper operation of the decoder.
1
I
: I viva-voce Questions:
| : D; . 1. What s a decoder in digital clectronics?
| 1 2 Compare a decoder and an encoder.
1 1 1 D, Assignment:
e o e . e ) 1. Design a CMOS implementation of a 2-to-4 decoder.

2. Design 3 10 8 decoder using 2 1o 4 decoder

Schematic: r
I
ol = pe— =
qans- . —+f s
=1 and ¥
-] a
. w7 e
1 1 e ¥ a
Testbench:
2 Pp— 20 ———® <
v a1l p. 2x4 ———»
= B 1 :; :;
L - <
1‘;‘1“ .
o= i T ) M
—
[
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Compo ser Symbol

Soular Composer Schematic
on Analog Design Environ
Layout Virtuoso et
DRC Assura
| LVS Assura
Block Diagram 2bit array multiplication
al 0
| L
a1 20
N — —c i
a0b1 aobo
Mulipher ¥ atb1 a1bo
Array a
bl D“ c3 «c2 ci <0
Architecture
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s‘hcmatic:
- »
Testbench:
VDD
a0 — a0 0
at —— a1 ctp——— 1

vi v2(+ Vi V4

Q
-
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With eflect from the academis year 20243,

Half adder: Gate Level Diagram:
Truth Table A Sum=ABIAR'
A [ B | sm [Om ] ; ]
o [ o T o [ o
R 0
1 o1 |o w
1 2 le | &
Schematics
Lo ' o yjlo—Ps
Y b
| aly ™ ye—Pc

Result Anahysis: The CMOS multiplier was successfully designed and simulated. The output waveforms
venifiad correct multiplication operation for all input combinations.

Viva-voce Questions:
1. Explain the rok of Half Adders and Full Adders in multiplicr circuits.
2. Explain the simulation results of the CMOS multiplier with waveforms.

Assignment:
1. Design 4 bit mukiplier using CMOS logic gates.

& copyright © CVR COLLEGE OF ENGINEERING
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Experiment No: 9
Design and simulation of Shifters

Ajm: To design and simulate a CMOS Barrel Shifter and verify its ability to shift binary data left or
ight by 3 specified number of bit positions using control signals.

Tools Required: Cadence 6.1.8

[ Entry Type Name of the Tool
| Schematic Entry Composer Schematic
| Symbol Creation Composer Symbol
Testbench Creation Composer Schematic
Simulation Analog Design Environment
Block Diagram:
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Experiment No: 10

Design of Fin-FET NAND and NOR gates

Aims To design and simulate FinFET-based NAND and NOR gates and verify their logic oper=tioo

!-:d wformn_
Tools Required: Cadence 6.1.8
! | Entry Type Name of the Tool
| |_Schemanic Entry Composer Schemaic
| : . . = | _Symbol Creation Composer Symbol
= =0N=0Z0%0m | _Testbench Creation | Composes Schematic
= | = = e i Simulation 1 Analog Design ]
! i T Eovironment
= NAND Gate:
Truth table:
| { ‘: ‘ b —
v=a
t [0 o
. 0 |1 11
=~ 1 To 11
1 11 K
i - - Schematic:
Result Analysis: The CMOS Barrel Shifter was successfully designed and simulated. The circuit

correctly shified the input binary data left or right according to the control signals, and the expected
output was verified for different shift operations.

Viva-voce Questions:

1. What are the different types of shifi operations?

-——?—.—1 -
»
2. Compare 2 barrel shifter with a shift register. l %
ASSIGNMENT: [ M
L Dssign 2 bidrectional barrel shifter and explain its working. »
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NOR Gate:
Truth table:
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Result Analysis: The FinFET-based NAND and NOR gates were successfully designed and
simulated. The circuits produced the correct output for all input combinations, verifying their logic
functionality. The simulation also demonstrated efficient operation with improved performance and
reduced power consumption compared to conventional CMOS designs.

Viva-voce Questions:

I. How does a FInFET differ from a conventional MOSFET?
2. Why are NAND and NOR gates called universal gates?

Assignment:
1.Draw the schematic of a 2-input FinFET XOR gate and explain its opération.
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Experiment No: 11 11 —1 5 1 - T
= [ ——T13 1 s T T 3 1 > T
Design of 4:2 Compressors using Fin-FET | 1t T Tt ;
: LT 1 T 3 - ¢ 1 T 1 O g
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Aim: To design and simulate a 4:2 Compressor using FinFET technology and verify its functionaliy, | L——t——3 % v = T B -
speed, and power efficiency for high-performance arithmetic applications. | S : : : . : : : +
y & 1 -t ¥ T ] B 3
] ] - 1 pd - . D, Yy
Tools Required: Cadence 6.1.8 l : r : : : : :
—T T T 3 2 3 1 T T T T
Entry Type Name of the Tool LI . % I : : : : : :
Schematic Entry Composer Schematic - = § & § & T« T T
Symbol Creation Composer Symbol e — > : : :
Testbench Creation Composer Schematic 1T T . : ;
Simulation Analog Design . - T P T T - .
! Environment LIS S S . . — -2
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Boolean Expressions: B o = Cemmeenaas ‘ ------- ‘ .
o sum—a&b&cE&dScin ' Carry  Sum
carry=(a@b&c)d+ (a& b&c)cin + dcin
cout = ab+ bc + ca
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Result Analysis: The 4:2 Compressor using FInFET technology was successfully designed and
simulated. The circuit correctly compressed four input bits and one carry-in into a sum and carry
cutput, verifving its functional correctness.

Viva-voce Questions:
1. What is the main application of a 4:2 Compressor?
2 What is the significance of compressars in multipliers?

Assignment:
1. Compare the performance of a FinFET-based 4:2 Compressor with a CMOS-based implementation,
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Experiment No: 12

Layout of the Fin-FET based Inverter and NAND gate

Aim: To design the layout of FinFET-based Inverter and NAND gates and verify their
correctness through layout design rules and functionality analysis.

Tools Required: Cadence 6.1.8

Entry Type Name of the Tool
Schematic Entry Composer Schematic
Symbol Creation Composer Symbol
Testbench Creation Composer Schematic
Simulation Analog Design
Environment
Layout Virtuoso
DRC Assura
LVS Assura
Inverter:
Logic diagram:
Y
Truth table
a v
1 0
0 1
Schematic:
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NAND gate:
Truth table:

Schematic

Layout:
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Experiment No: 13

Layout: Design and simulation of Fin-FET-based digital magnitude comparator

Aim: To design and simulate a FInFET-based digital magnitude comparator and verify its ability
to compare two binary inputs and determine whether one input is greater than, less than, or
equal Lo the other.

Tools Required: Cadence 6.1.7

[ Entry Type Name of the Tool
| Schematic Entry Composer Schematic
Symbol Creation Composer Symbol
Testbench Creation Composer Schematic
| Simulation Analog Design
i Environment
Block Diagram:

L A>B

n.tu:]+-.

Comparator ——» A=B

8(3:0] —~Z—p-
—— A<D
Result Analysis: The layouts of the FinFET-based Inverter and FinFET-based NAND gate were Truth table:
successfully designed and verified. Design Rule Check (DRC) confirmed that the layouts were free AL AR2] [ A[1] | A[0] | B[3] | B[2] | B[1] | B[0] | A>B | A<B | A=B
from rule violations. Functional analysis showed that the inverter produced the correct complemented 1 0 [0 0 0 1 0 1 1 0 0
cutput. and the NAND gate generated the expected NAND logic output for all input combinations. 0 |0 1 0 1 1 0 (o |o 1 0
The results validate the correct operation and layout implementation of the FinFET-based logic gates. 0 1|1 0|0 1 1 o Jo f[o |1
Viva-voce Questions: l Schematic:
1. What is the purpose of layout verification?
2 What are the advantages of FinFET technology?
3. Explain the structure and working principle of a FinFET transistor.
Assignment: AZB
1.Draw the layout of a 2-input FinFET XNOR gate and explain its operation.
A=B
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Tﬁsyuch: ” '—_L_1 l Experiment No: 14
@
Pl
oy — l. = L i | Simulation of Fin-FET-Based D Flip-Flop
g ] szl S ——y
i - 1 Aim: To design and simulate a FinFET-based D Flip-Flop and verify its functionality by observing the
“ P 1 + ﬂ;l 2 storage and transfer of input data to the output on the active edge of the clock signal.
2 B 4 . :1j
© ki 5
é}ﬁ"- Wi B ol Tools Required: Cadence 6.1.7
vl B [ Entry Type Name of the Tool
Schematic Entry Composer Schematic
Symbal Creation Composer Symbol
y Testbench Creation Composer Schematic
1O Simulation Analog Design
nC 5_’..1 Environment
=
Block Diagram Truth table
‘ CLK| D Q| Q
v | x | x |90}
| —$ o—
0 0 1
— O
CLK
t 1 1|0

Result Analysis: The FinFET-based digital magnitude comparator was successfully designed and
simulated. The circuit correctly compared two binary input values and generated the appropriate Schematic:
outputs indicating whether A> B, A<B,orA=B.

Viva-voce Questions:

1. Isa magnitude comparator a combinational or sequential circuit?

2. Explainhow a FinFET-basad comparator reduces power consumption.

3. Discuss the applications of digital magnitude comparators in digital systems.
Assignment:
I Designa 8-bit digital magnitude comparator and verify its truth table.
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Experiment No: 15

- Implementation and Power-Delay Evaluation of Fin-FET-Based Arithmetic Logic
Tealhene Unit (ALU)
T Vidd
I Aim: To design, implement, and simulate a FinFET-based Arithmetic Logic Unit (ALU) and evaluate
its performance in terms of power consumption and delay while verifying the correct execution of
‘ ] PR arithmetic and logical operations using FinFET technology.
SVE=12 4 - a3
: Tools Required: Cadence 6.1.8
L V=l ® Vi=12 Entry Type | Name of the Tool
VoD “-‘I) V24 Schematic Entry | Composer Schematic
L s o Symbol Creation Composer Symbol
| : | Testbench Creation Composer Schematic
. Simulation Analog Design
| ond Environment
- Layout Virtuoso
DRC Assura
LVS Assura
) Block Diagram:
Resskt Anzhysis: The FinFET-based D Flip-Flop was successfully designed and simulated. The Sel S0 S camyn
semularion results verified that the flip-flop correctly stored and transferred the input data (D) to the | l l |
ozpx (Q) o the active edge of the clock signal while maintaining the previous state during inactive h 2 Y
clock penods. A Result
B ALV
Viva-voce Questions:
1. What is the charzcteristic equation of a D Flip-Flop? l
2 Wkhat s the difference between a latch and a flip-flop? |
3 What s meant by edge-triggering? Cout
ASSIGNMENT:
J Truth table:
1. Designa 4 bit binary counter using FInFET-based D Flip-Flop ,
- Sel Operation | Function |
0 0 AND l
0 1 OR |
0 2 ADD |
1 2 SUBTRACT |
] 1 0 AANDB |
f 1 [1 AORB |
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Result Analysis: The FinFET-based Arithmetic Logic Unit (ALU) was successfully designed,
implemented, and simulated. The ALU correctly performed the required arithmetic operations (such as
addition and subtraction) and logical operations (such as AND and OR) according to the applied control
signals,

Viva-voce Questions:

. What are the basic operations performed by an ALU?

What is the function of control signals in an ALU?
What is meant by edge-triggering?

e —

Assignment:
I Compare FinFET and CMOS technologics for ALU implementation.

2. Discuss the applications of ALUs in microprocessors, DSPs, and embedded systems.
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