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Tools used for ASIC Flow:

1. INCISIVE - Used for Functional Simulation
2. GENUS - Used for Synthesis and pre-Layout Timing Analysis
3. INNOVUS - Used for Physical Design

Getting Started :

1. Make sure the Licensing Server is switched ON and the client is connectedto
server.”

2. Open the “counter” directory and make a right click to “Open in Terminal”.

3. To open the tools to be used, type in the command “csh” (Press Enter) followed
by “source /home/install/cshrc” <Or the path of tools whichever is
applicable>.

4. A welcome string “Welcome to Cadence Tool Suite” appears indicating
terminal ready to invoke Cadence Tools available for you.

Module 1: Creating an RTL Code

In order to create an RTL Code, you can open a text editor and type in your
Verilog code or VHDL Code.

1. In the terminal, type in “gedit <filename>.v [OR] <filename>.vhdI”. The file
extensions depends on the type of RTL Code you write as shown.

2. Similarly, using same command, Test Bench also could be written as shown
below.
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"timescale 1Ins/lps

module counter(clk,m,rst,count);
input clk,m,rst;

output reg [7:0] count;
always@(posedge clk or negedge rst)
begin

if(!rst)

count=0;

else if(m)

count=count+1;

else

count=count-1;

end

endmodule

RTL Code for a 16-bit Synchronous Up-Down Counter

timescale Ins/1ps
module counter test;
reg clk, rst _m;:
wire [15:9] count;
initial
begin
Cclk=0;
rst=>35;825;
rst=1;
end
initial
begin
m=1;
SE6060 =0
rst=0;8>5;

rst=1;

2506 =0

“nd

initial sSsdf_anmotate [(“"delays saf . COunter test_counterl, ,“sdr._logc”):
initial S$sdf_anmotate (“counter s47T" | counter test.counterl, _“sdf_ loeg”);
counter counterl{clk . m, rst, count);

always #F5 clk=-clk;

initial S$monitor({ " Timeant stant) clhanly caumtanh”, Stime _rst.clk_ . count):
initial

#1200 s$finish;

endmnodule

Test Bench for the Up-Down Counter
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Module 2: Functional Simulation

1. To perform Functional Simulation, “Incisive” tool is to be used.
2. Inyour terminal, type the command “nclaunch -new” to open the tool.

NCLaunch

cadence’

MCLaunch 13.20-s003

Frotected bo U S Patents:

5095454 5,415,951; 5,606,695 6,457,704 T.OFLE5T; T.42470 5
FUOEE,116; 5,558,940 6,265,501; 5,165,765; 5,501,575,

Copwright (C] 1395 2014 Cadence Design Swstems, Inc. all rights reserved worddwide
Cadence and the Cadence loao are registered hademarks of Cadence Desi

ian Spstems, Inc.
Al athers a.re the properte of their respective halders.

Please Select Run kode:

IMuItipIe Step I

Single Step (IRUN Only)

Help

Exit

3. Select “Multiple Step”. And then select “Create cds.lib”

Note : The ‘~new’ switch is used only for the first time the design is being run.
For the next time on wards, the command to be used could be ‘nclaunch’ only.

Create a cds.lib file = o x
Directory frootDeskiop/demo_examples/counter — I |
£ lef
£ b
I"J | =
File name: |cds lib Save
Files of type:  Library Files (".lib) — | cancel |
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4. Save the cds.lib file. It is a tool file that holds the design locationinformation
for easy access by the tool.

New cds.lib File

How would you like to configure the cds.lib file?

~ Include default libraries (vhdl or mixed design)
~ Include |IEEE pure libraries (vhdl or mixed design)
@ Don'tinclude any libraries (verilog design)

I OK Cancel

5. Based on the Libraries available and the type of RTL Code written, one of the
three shown above is to be selected. Cadence tool suite provides default gpdk
libraries. Here, counter RTL is of Verilog Format and hence third option is
selected.

6. A new pop-up “nclaunch” opens which will contain all the .v and .vhdl files as
per the cds.lib file created.

7. Functional Simulation using Cadence runs in 3 stages:

-> Compilation of Verilog/VHDL Code and/or Test Bench
-> Elaboration of the Code & Test Bench Compiled
-» Simulating the Test Bench or Top Module[in absence of Test Bench]

8. A set of tools are shown in the nclaunch window which refer to VHDL Compiler,
Verilog Compiler, Elaborator, Simulator corresponding from Left To Right.

9. Select the .v or .vhdl files to be compiled and launch Compiler. On successful
completion of compilation, on the Right hand Side, the modules appearunder
“Worklib” .

10. Select the Module under Worklib and “Launch Elaborator” . On successful
completion of Elaboration, “Snapshots” are generated.

11.Select the Test Bench under snapshots and “Launch Simulator” .

12.The above steps are depicted under following snapshosts.
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NCLaunch : /froot/Desktopfcounter - o *

File Edit Tools LUilities Plug-lns  Help cadence

Browsers: @l E| Taools: ﬁ‘tﬂé ﬁl B

Directnry:lfrnnt-’Desktnpfu:nunter

Fldl INCA_libs
- fil lef
B i

Filters:|*.v *.vhd *.vhl -

nclaunch=

¢ items selected
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NCLaunch : froot/Desktop/demo_examples/counter
Efle Edit Tools Utilities Plug-ins Help

- (=} >

cadence

(oomen 7] ] voor ) Sa) 0] 0] W] 2] G

D]rﬂc'or{]/ronVDesklopldemo examples/counter

Lo
ﬂhchonl

les/counter/cds lib

!L I.I INCA_Nbs
lof

1o

counter v
counter_tastv™
show v®

ml Snapshots

18

@E@E T

Filters:|"v " vhd “.vhal -l

nclaunch>

NCLaunch : froot/Desktop/demo_examples/counter
Eile Edit Tools Utilities Plug-ins Help

- a >

cadence

Browsers: zl g] Tools: iﬁ.‘d&l @I @ 00 E‘ ﬂ'

Directory:|/root/Deskiop/demo_examples/counter w| |[{L2unch Elsborator with current seiec

counter/cds lib

. = Gl workiib
Bl INCA_tbs [ i counter |
Bl [l ter ¥ i@ counter_test
1 —
Holml b =i-{#l Snapshots
} &3 counter.v™
l =5 counter_tastv"
L slowvt
Filters:|* v * vhd * vhal -l

nclaunch> ncvlog -work worklib -cdslib /roovDesklop/demo_examples/counter/cds lib -logfile ncvlog.log -
iIncviog(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncviog: Memory Usage - 21.3M program + 28.0M data = 49 4M total

incvlog: CPU Usage - 0.0s system + 0.0s user = 0 0s total (1 1s, 0.8% cpu)

nclaunch> ncelab -work worklib -cdslib /frootDesktop/demo_examples/counter/cds lib -logfile ncelab log -
ncelab(84). 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelab: Memory Usage - 43.9M program + 31.8M data = 81 7M total (Peak 86.8M)

ncelab: CPU Usage - 0.0s system « 0.0s user = 0.0s total (04s, 12.8% cpu)
nclaunch>

1
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Design Browser 1 = SimVision - o x Q

File Edit View Select Explore Simylation Windows Help cidente"
PUos[xDiXe $ot R ERBEAEEE]
D | T v - vlpsvi ey Cu Imes: | v - Send seiected object(s) to target waveform window
\j‘F” i - =lips B"" e R {click and hold for a menu of other options)
O-Ik ST & Moo 1
Design Browser 4 Objects ] sAethi ]
Scope: | @ All Available Data - @ @& R| Name o Value o nesim.key
FA I3
= &3 simulator e @ o % -
@@ comter test — &5 countf15.6) h ooox
- e m x
o= @ st x
i
—
&
=
=
—
L
FindString= s s i v
~ 1= [P=) 3
_b Show contents: | In the signal list areav, ﬁ[ﬁ@[ﬁﬁ[ﬁ Filter: [—:J
@3d |1 opject selected |

The Design Browser pops-up and The Test Bench Module name can be seen on
the left and the Pin list on the right when selected. For Simulation, The number
of Pins / Ports to be simulated can be selected.

Make a right click on the selected and Select “Send to Waveform Window”.

In the waveform window, we can see different ports in the design. Now click
on the Run simulation key to start the simulation. Use the ‘pause’ key to
interrupt or stop the simulation. Use different options like zoom in, zoom out
etc to analyze the plot.
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Waveform 1 - SimVision _ o x

File Edit YView Explore Formal Simylation \indows Help cadence

1o =y Ay g 4 ooy p §. L SendTo: § 25 0N = e

Y3 Cd Bl 5 - oy bk - @ SF BA = U, @' 0hY,

Search Names: | Signalv > i i Search Times: Valuew bt |

: " - -=rr|

M [TimeA~| - [1400,000 =j[psv o~ .4 o, - | 5™ B B0 140000005+ 0 mfoT4o0000ps ¥ B XT3
5 Run/Continue the simuiation until the next breakpoint, or for the duration entered in the

e R Basslinev=0

[ time field
£F| Cursor- Baseline v = 1 400,000p2 Baseline =1

o ch

R ™ count{15:0]
@
o4 rat

BUOHBE

y 1B )

Name O~ Cursor O~ 600,000ps

T

TimeA = 1,400,000ps
|1,200,000ps
L .

1,000,000ps

A

@ 25 i Run/Continue the simulation until the next breakpoint, or for the duration entered in the time field

Module 3: Synthesis
Inputs for Synthesis :

1. RTL Code (.v or .vhdl)
2. Chip Level SDC (System Design Constraints)
3. Liberty Files (.lib)

Expected Outputs of Synthesis :
1. Gate Level Netlist

2. Block Level Netlist
3. Timing, Area, Power reports

0 objects selected

Synthesis is a 3-stage process which converts Virtual RTL Logic into Physical
Gates in order to give a Physical Shape to the design through Physical Design.
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Synthesis runs in following stages :

- Translation - RTL Codes are compiled

- Elaboration / Mapping - Pieces of Logic are replaced with corresponding
Gates from Libraries with same Functionality

- Optimization - Tool tries to reduce cell count without affecting the
functionality

To run the synthesis, the following script can be used.

set db 1ib search path ./1ib/98

set_db library slow.lib

set_db hdl_search_path /

read hdl counter.wv

elaborate

read sdc constraints top.sdc

synthesize -to_mapped -effort medium

write sdf -timescale ns -nonegchecks -recrem split -edges check_ edge > delays.sdf

write hdl > counter_netlist.w
write sdc > counter sdc.sdc

gui_show

report timing > counter_timing.rep
report power > counter power.rep
report area > counter_cell.rep

report messages > counter message.rep

Chip Level SDC is as follows :

create_clock -name clk -period 2 -waveform {© 1} [get_ports "clk"]
set_clock_transition -rise 0.1 [get_clocks "clk"]

set_clock_transition -fall 0.1 [get_clocks "clk"]

set_clock_uncertainty 0.01 [get_ports "clk"]

set_input_delay -max 1.0 [get _ports "rst"] -clock [get clocks "clk"]
set_output_delay -max 1.0 [get_ports "count"] -clock [get_clocks "clk"]

Close out all INCISIVE windows and in the same terminal type in the following
command to run Synthesis.

genus -f rc_script.tcl

The tcl [Tool Command Language] script runs executing each command one
after the other.
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A window of Genus GUI pops — up with the top hier cell on the left top. Make a
right click and select Schematic Viewer - In Main.

Fle DFT Flosplan Power Timing Tools Windows Help cadence

Hisramchy | HOL ¥ Schematic

counter 1 auto upcale: Z000

Cieeign iz mapped

The Gate level Circuit that implements the RTL Logic can be seen and analysed.

As from the script, Block Level SDC, Gate Level Netlist, Timing, Power and Area
reports are generated which are readable.

The Timing report gives the path with Worst timing.

The area report gives Cell count and Total area occupied by them.

The total power consumed by those cells are given in Power report.
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Module 4 : Physical Design
Mandatory Inputs for PD :

Gate Level Netlist [Output of Synthesis]
Block Level SDC [Output of Synthesis]
Liberty Files (.lib)

LEF Files (Layer Exchange Format)

P WNR

Expected Outputs from PD :

1. GDS lI File (Graphical Data Stream for Information Interchange — Feed In for
Fabrication Unit).

Close out all windows relating to Genus and in the terminal, type the command
innovus (Press Enter)

For Innovus tool, a GUI opens and also the terminal enters into innovus
command prompt where in the tool commands can be entered.

Physical Design involves 5 stages as following :

After Importing Design,

- Floor Planning

- Power Planning

- Placement

- CTS (Clock Tree Synthesis)
- Routing
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Module

To Impo

4.1 : Importing Design

rt Design, all the Mandatory Inputs are to be loaded and this can be

done using script files named with .globals and .view/.tcl

B
#
#
S
#

Generated by Cadence Encountor Lf.;:-5047 1

0S: Linux x86_64(Host ID cadnnce)
Generated on: Tue May 24 02:16:38 2016
Design:

Command save global Default globals

# Version 1.!

B

set

set
set
set
set
set
set
set
set
set
set
set
set

:TimelLib: :tsgMarkCellLatchConstructFlag !

conf_qgxconf_file {NULL}

conf_qgxlib_ file {NULL}

defHierChar {/}

init_design_settop ©

init_gnd _net {VSS}

init_lef file {lef/gsclib090@ translated.lef lef/gsclib@90 translated ref.lef}
init_mmmc_file {Default.view}

init_pwr_net {VDD}

init_verilog {counter_netlist.v}

1sgOCPGainMult 1.00G000
pegDefaultResScaleFactor .00
pegDetailResScaleFactor 1.0G00

Globals File to import design using Mandatory Inputs

The Globals file reads in the LEF’s and Gate Level Netlist and .view file
implicitly.

# Version:1.0 MMMC View Definition File

# Do Not Remove Above Line

create library _set -name MAX_timing -timing {/root/Desktop/counter/lib/90/slow.lib}
create_library set -name MIn_timing -timing {/root/Desktop/counter/1ib/90/fast.lib}
create constraint_mode -name Constraints -sdc_files {counter_sdc.sdc}

create_delay corner -name Max_delay -library set {MAX timing}

create_delay corner -name Min_delay -library_set {MIn_timing}

create_analysis view -name Worst -constraint_mode {Constraints} -delay corner {Max_delay}
create_analysis view -name best -constraint_mode {Constraints} -delay corner {Min_delay}
set_analysis view -setup {Worst} -hold {best}

The .view file reads Liberty Files and Block Level SDC to create various PVT
Corners for analysis.
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In the terminal command prompt, type the commands as shown. The design is
imported and “Core Area” is calculated by tool and shown on GUI.

File Edit View Search Terminal Help

Options:
Date: Tue May 14 12:13:39 2019
Host: KrishnaCadence (x86 64 w/Linux 3.10.0-862.el7.x86 64) (2cores*4dc
pus*Intel(R) Core(TM) i5-2520M CPU @ 2.50GHz 3072KB)
0s: Red Hat Enterprise Linux Server release 7.5 (Maipo)
License:
12:13:39 (cdslmd) OUT: "Innovus Impl System" root@KrishnaCadence
invs Innovus Implementation System 17.1 checkout succeed
ed

8 CPU jobs allowed with the current license(s). Use setMultiCpul
sage to set your required CPU count.
Create and set the environment variable TMPDIR to /tmp/innovus temp 6984 Krishna
Cadence root ohoasS.

Change the soft stacksize limit to ©0.2%RAM (31 mbytes). Set global soft stack si
ze limit to change the value.

*#*INFO: MMMC transition support version v31-84

[INFO] Loading PVS 16.12-5208 fTill procedures
innovus 1> source Default.globals

1.0006000

innovus 2> init design|

The Horizontal Lines on the GUI across the Core Area are alternative VDD and
VSS tracks and Standard Cell Placement Rows.
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j File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify PVS »A cadence

J Layout [+
I ' : &y “‘»’-J )4 ,“ N :J "‘J ;r‘l MW= N Q v ‘n "‘L;" | . i,zo & ». || " »
D‘B% = AR Re 1l S = O (71" RS @\
%5 . All Colors
NSl
- Instance T4
E- & Type v
Block v v
StdCel vV
Cover vV
Physical vy
10 v
Area 10 v v
Black Box -9' v
[# Function v ¥
B Status v v
[*- Module T
[+ Cell s .
[+ Blockage = v
- Row s,
Floorplan LT
Partition vV
Power - =
Overlay Vv
[*- Track -
[#Net v v
[+ Route v v
[ Layer v ¥
Poly(0) v v
Cont(0) []g v
.e ‘e [ | add
Detail v Speed
‘E” Click to select single object. Shift+Click to de/select multiple objects. 0 65.21000, 32.63650

Module 4.2 : Floorplan
Steps under Floorplan :
1. Aspect Ratio [Ratio of Vertical Height to Horizontal Width of Core]
2. Core Utilisation [The total Core Area % to be used for Floor Planning]

3. Channel Spacing between Core Boundary to 10 Boundary

Select Floorplan = Specify Floorplan to modify/add concerned values to the
above Factors.
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On adding/modifying the concerned values, the core area is also modified.

! Specify Floorplan - o0 X l
Basic | Advanced
Design Dimensions
Specify By: ®& Size _ Die/I0/Core Coordinates
® CoreSize by:  ® Aspect Ratio: Ratio (HW): b.SS?SQSSE
& Core Utilization:  0.699933
— Cell Utilization:
— Dimension:
_ Die Size by: | 33.485
2871
Core Margins by:® Core to |10 Boundary
— Core to Die Boundary
Core to Left: 8 Core to Top: 8
Core to Right: B Core to Bottom: B
Die Size Calculation Use: — Max 10 Height & Min 10 Height
Floorplan Crigin at: & Lower Left Corner _ Center
Unit: Micron
@& ey e e
File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify PVS 4 cadence
Layout 3
} i o8 ¥ S ~*P - 24 Y Li Q Q&8 €@~ ; - B A& A »|EF »
ARk -0 ¢ -58 0 BB e L&KW -=- -4 {4k B & (&)
7 o a Al Colors
- NS
= £l Instance vy
X & @ Type vy
U Block v
— StdCell v
b - Cover v ¥
== Physica LA 4
& 10 X
= Area |0 L
Black Box v ¥
<= & o Function O
”,‘—" B S vV
#- Module L4
i &1 Cell - .
- - Blockage - v
& Row LI
8- Floorplan o
- Partition vy
& Power ) .
#- Overlay ot
& Track
- Net v
# Route vy
& Layer v
Poly(0) vy
Cont(0) (v v
[ —_—
Detail Y Speed
[ Q ”_‘.‘ Click to select single object. Shift+Click to de/select multiple objects 0 52.77800, 34.14600
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The Yellow patch on the Left Bottom are the group of “Unassigned pins” which
are to be placed along the 10 Boundary along with the Standard Cells [Gates].

Module 4.3 : Power Planning

Steps under Power Planning :
Connect Global Net Connects
Adding Power Rings

Adding Power Strings
Special Route

P WhNRE

During the stage of Importing Design, under the Globals file, Two command
lines state the names of Power and Ground Nets.

However, in order to Current flow through these Power nets, they are to
converge at a point, preferably a common net connected to a Pin.

Under Connect Global Net Connects, we create two pins, one for VDD and one

for VSS connecting them to corresponding Global Nets as mentioned in Globals
file.

Select Power = Connect Global Nets.. to create “Pin” and “Connect to Global
Net” as shown and use “Add to list”.

Click on “Apply” to direct the tool in enforcing the Pins and Net connects to
Design and then Close the window.
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Global Net Connections - o x

Connection List Power Ground Connection
VDD:PIN:* VDD:Module() Connect
VSS:PIN:* VSS;Module()

2 Pin

— Tie High

~ Tie Low

Instance Basename: *

Pin Name{s): V5SS

-~ Net Basename

Scope
W - Single Instance:
Under Module:

.

« Under Power Domain
« Under Region:
~ Apply All

To Global Net: VSS

. Dverride prior connection

. Verbose Output

. ) D Add to List Update _Delete
Apply _Reser Cancel Help
Iy =

In order to Tap in Power from a distant Power supply, Wider Nets and Parallel
connections improve efficiency. Moreover, the cells that would be placed
inside the core area are expected to have shorter Nets for lower resistance.

Hence Power Rings [Around Core Boundary] and Power Stripes [Across Core

Boundary] are added which satisfies the above conditions.

Select Power - Power Planning - Add Rings to add Power rings ‘around Core
Boundary’.
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Add Rings = =] x

Basic  Advanced @ Via Generation = Mode = Preview
Net(s): VDD VSS [
Ring Type
# Core ring(s) contouring
Around core boundary * — Exclude selected objects

. Block ring(s) around

~ User defined coordinates:

Ring Configuration

Layer: Width:  Spacing:
Top MelaIQ(Q)H {7 18 05
Bottom: rMc(al9(9)H ! 1.8 0.5
Left Mewalg8)Vr 18 05
Right MetalB(B)V P> 18 05
1:Off',r:l t:nlel inbch.nnnelé Update

m _ Apply Defaults. _Cancel Help

- Select the Nets from Browse option OR Directly type in the Global Net
Names separated by a space being Case and Spelling Senstive.

- Select the Highest Metals marked ‘H’ [Horizontal] for Top and Bottomand
Metals marked ‘V’ [Vertical] for Right and Bottom. This is because Highest
metals have Highest Widths and thus Lowest Resistance.

- Click on Update after the selection and “Set Offset : Center in Channel” in
order to get the Minimum Width and Minimum Spacing of the corresponding
Metals and then Click “OK”.
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-> Similarly, Power Stripes are added using similar content to that of Power
Rings.

Add Stripes - o x

Basic Advanced Via Generation Mode @ Preview

Set Configuration

Net(s): VDD VSS -
Layer: Metal9(9) » Directions: . Vertical & Horizontal
Width: 1.8 Spacing: 0.5 Update

Set Pattern

« Set-to-setdistance: 101

— Over P/G pins |

»

Number of sets: |3 | « Bumps

. Over Physical Pins

Stripe Boundary
e Corering . Padring: — All domains
. Design boundary 30 | . Each selected block/domain/fence

. Specify rectangular area

« Specify rectilinear area

First/Last Stripe
Start from: . Left — Right — TOp ® Bowmom
® Relatve from core or selected area Start: 1 Stop: 1

— Absolute

D e o =

Factors to be considered under Power Stripes :

- Nets

- Metal and It’s Direction

- Width and Spacing [Updated]

- Set to Set Distance = ( Minimum Width of Metal + Min. Spacing ) x 2
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| HIE VIEw EOIL PArUUON HOOrPIAan FOWEr FIace ELU  LIOCK KOUTE [IMING Verimy Fvs w4, Online el caaence
| Layout (+]
1 ® * | e &Y m Fad 3 -]
I & B |9 o« [Be-"#-540% |8 Q Q Q Q-9 &9 (BB & 6 »|IF »
Bl -0 «-EuBBelBln =& B & (@)
7 = _All Colers
< il
3 El- Instance Card
L E- @ Type v
[ i Block v v
= Stdcell v
= Cover v
== | i B O | I ' | oy R vty | v R vy I B s Al B I (- Physical v v
— 7 R I 2 . |0 10 v =
Eell | ool A s e e e B | ) ArealO v v
----- Black Box .v v
%= - Function v
; B Status v
@ - Module v
B Cell ==
LS - Blockage ) o 9
- Row -
- Floorplan o)
B Partition ¥
- Power = =
&1 Overlay v
B Track e
[ Net v
- Route v
- Layer v
- Poly(0) v
- Cont(0) Fillv
H am i laaan = =
Detail U Speed
! K
IE,@ 0 50.15100, 48.69650

On adding Power Stripes, The Power mesh setup is complete as shown.
However, There are no Vias that could connect Metal 9 or Metal 8 directly with
Metal 1 [VDD or VSS of Standard Cells are generally made up of Metal 1].

The connection between the Highest and Lowest Metals is done through

Stacking of Vias done using “Special Route”.

To perform Special Route, Select Route -» Special Route - Add Nets - OK.

After the Special Route is complete, all the Standard Cell Rows turn to the

Color coded for Metal 1 as shown below.
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The complete Power Planning process makes sure Every Standard Cell receives
enough power to operate smoothly.
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Module 4.4.1 : Pre - Placement

- After Power Planning, a few Physical Cells are added namely, End Capsand
Well Taps.

- End Caps : They are Physical Cells which are added to the Left and Right
Core Boundaries acting as blockages to avoid Standard Cells from moving out
of boundary.

- Well Taps : They act like Shunt Resistance to avoid Latch Up effects.

1. To add End Caps, Select Place - Physical Cell » Add End Caps and “Select” the
FILL's from the available list. Higher Fills have Higher Widths. As shown Below,
The End Caps are added below your Power Mesh.

iew Edit Partition Floorplan Power Place ECO Clock Route Timing WVerify PWS » 3 I cadence

o+
= IRF-*A- 24V | Q Q B R-0O| &% B & o »|F »

R Y YRR Iai

_ All Colors

G- Row
- Floorplan
- Partition

< lg g [0

B Overlay

G- Track

- Net

-- Route

= Layer
PG')‘(D)

« o Cont(0)

- Metal1(1)

= Wial()

- Metal2(2)

- Mia2(2)

- Metal3(3)

- OMia3(3)

- Metald(4)

- Wiad(4)

- Metal5(5)

- Wias(5)

[ e e =

cRiekeRcRRkkkkKKKKEKIK

Zﬂﬁ[ﬂ%ﬂ

2

- Metal6(6)
- Via6(6)

- Metal7(7)
- ViaF(T)

%

Detail L Speed

Dept of ECE ,Atria Institute of Technology Page 24



2. To add Well Taps, Select Place = Physical Cell > Add Well Tap - Select =
FillX [X = Strength of Fill = 1,2,4 etc] - Distance Interval [Could be given in
range of 30-45u] - OK

File WView Edit Partition Floorplan Power Place ECO Clock Route Timing Verify PVS

Layout [+]
= Jd o Gg~*#-540% |8 Q Q & -0 &

ER#-C < EaBhe 1Bk w-=-4& ik
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Module 4.5 : Placement

1. The Placement stage deals with Placing of Standard Cells as well as Pins.

2. Select Place - Place Standard Cell - Run Full Placement - Mode - Enable

‘Place I/0 Pins’ > OK - OK.

Place

& Run Full Placement _ Run Incremental Placement . Run Placement In Floorplan Mode

Optimization Options

# Include Pre-Place Optimization

Murmber of Local CPLUs): 1 . 5et Multiple CPU...

_ Apply | Mode.. = Defaults

Mode Setup x

List of Modes Placement Mode
CcTS Placement | RefinePlace
EarlyGlobalRout
EndCap & Congestion Effort
Filler — Low _ Medium _ High & Auto
NaboRatite Run Placement In FloorPlan Mode
OasisOut
Optimization » Run Timing Driven Placement
&~ Enable Module Plan
ScanReorder ~ Enable Clock Gating Awareness
StreamOut __ Enable Power Driven
TieHiLo :

& Ignore Scan Connections

~ Reorder Scan Connection

__ Ignore Spare Cell Connections

__ Hierarchy Aware Spare Cell Placement

__ Specify Maximum Density

Layers Checked For Pin Access
Specify Maximum Routing Layer 1
Set Defaults
SR |

L SNOIC) Apply
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All the Standard Cells and Pins are placed as per the communication between
them, i.e., Two communicating Cells are placed as close as possible so that
shorter Net lengths can be used for connections as Shorter Net Lengths enable
Better Timing Results.

Placed Design
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. All Colors .
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Standard Cells Placed

You can toggle the Layer Visibility from the list on the Right.

Report Generation and Optimization :

-» Timing Report :

To generate Timing Report, Timing - Report Timing - Design Stage — PreCTS

-> Analysis Type — Setup = OK

The Timing report Summary can be seen on the Terminal.
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Timing Analysis - o x

Basic | Advanced

__ Use Existing Extraction and Timing Data

Design Stage

 Pre-Place & Pre-CTS _ Post-CTS _ Post-Route _ Sign-Off

Analysis Type
& Sstup — Hold

Include Si

Reporting Options

Mumber of Paths: 50

Report file(s) Prefix: counter_preCT5

Output Directory: timingReports

Apply Cancel Help
root@KrishnaCadence:~/Desktop/counter = o x

File Edit View Search Terminal Help

setup views included:

Worst

Frommmm o o e e +

| Setup mode | all | reg2reg | default |
T Frmm - Frmmmm - e -

| WNS (ns):| -0.171 | -8.171 | ©.571

| TNS (ns):| -0.5706 | -0.570 | 0.000

| Violating Paths:| 5 | 5 | 0 |

| ALl Paths:| 78 | 39 | 48 |

[ Fommmm R e +

Frommm oo e e +
| | Real | Total |
| DRVs R R R L L D b Frmmmmm e |
| | Nr nets(terms) | Worst Vio | Nr nets(terms)

P e T e Frmm - T -
|  max_cap | 0 (0) | ©0.000 | 0 (0) |
| max_tran | 0 (0) | ©.000 | 0 (0) |
|  max_fanout | 0 (0) | ] | 0 (0) |
| max_length | 0 (0) | 0 | 0 (0) |
Frommmmmm oo e e e +
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-> Area Report :

To generate Area Report, Switch to the Terminal and type the command,

report_area to see the Cell Count and Area Occupied.

Pl - Pl

innovus 3=

innovus 3> report area

Depth Name #Inst Area (um™2)
0 counter 84 672.8841

1

innovus 4> []

-> Power report :

To generate Power Report, In the Terminal type the command

report_power to see the Power Consumption numbers.

* report power
*

Total Internal Power: 0.19207683 90.2531%
Total Switching Power: 0.01693992 7.9597%
Total Leakage Power: 0.00380342 1.7872%
Total Power: 0.21282017
Group Internal Switching Leakage
Power Power Power
Sequential 0.1793 0.007572 0.002415
Macro 0 0 0
10 0 0 0
Combinational 0.01282 0.009368 0.001388
Clock (Combinational) 0 0 0
Clock (Sequential) [¢] 0 [¢]
Total 0.1921 0.01694 0.003803
Rail Voltage Internal Switching Leakage
Power Power Power
Default 0.9 0.1921 0.01694 0.003803

Power

Power

(%)

Percentage

(%)
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Design Optimization :

To optimize the Design, Select ECO - Optimize Design - Design Stage

[PreCTS] = Optimization Type — Setup - OK

Optimization O

Design Stage
2 Pre-(CTS . Post-CT5 . Post-Route
Optimization Type
~ Setup Hold
— Incremental
& Design Rules Violations

¥ Max Cap

» Max Tran

_ Max Fanout

Include 51 | S|.OptioRs:.
Apply | Mode.. | Default | Close Help

L

**optDesign ... cpu = 0:00:30, real = 0:00:30, mem = 1065.9M, totSessionCpu=0:15:31 **

Worst
desmessssasasaasanaaa demenanaaa e desnmnanan +
| Setup mode | all | reg2reg | default
R B et Femmmm - +
WNS (ns):| ©.004 | ©0.004 | 0.576 |
TNS (ns):| ©0.660 | 0.000 | 0.000 |
Violating Paths: | ] | 0 | 2]
ALl Paths: | 78 | 39 | 48
R Frmmmmmmm- +--mmmmmm- $--mmmmm - +
B T B B
| Real | Total
DRVs e oo oo
| Nr nets(terms) | Worst Vie | Nr nets(terms)
B TR B e B B
max_cap | 0 () | 0.000 | 0 (@)
max_ tran | 0 (0) | 0.000 | 0 (0)
max_Tfanout | 0 (0) | 0 | 0 (0)
max_length | 0 () | ] | 0 ()
B B Fomm e oo

Density: 81.031%
Routing Overflow: 0.00% H and ©.00% V

**optDesign ... cpu = 0:80:30, real = 0:00:30, mem = 1066.2M, totSessionCpu=0:15:32 **

*** Finished optDesign ***
innovus 5>
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This step Optimizes your design in terms of Timing, Area and Power.

You can Generate Timing, Area, Power in similar way as above report Post —
Optimization to compare the Reports.

Module 4.6 : Clock Tree Synthesis

The CTS Stage is meant to build a Clock Distribution Network such that every
Register (Flip Flop) acquires Clock at the same time (Atleast Approximately) to
keep them in proper communication.

A Script can be used to Build the Clock Tree as follows :

add ndr -with {Metall 0.12 Netal? 0.14 Metal3 0.14 Metald 6.14 Metald 6,14 Metalb 0.14 Metall 0.14 Netalf 0.14 Metald 6.14 } -spacing {Metall 6.12
Netal2 6.14 Metal3 6.14 Metald .14 Metald ©.14 Metald 6.14 Metall 6.14 Netald .14 Metald 6.14 } -nane s

create route type -name clkroute -non default rule 2W2s -bottom preferred layer Metald -top preferred layer Ketald

set_ccopt_property route type clkroute -net type truk

set ccopt property route type clkroute -net type leaf

set ccopt property buffer cells {CLKBLFKE CLKBUFXIZ)

set ccopt property nverter cells {CLKINVXB CLKINVXIZ}

set_ccopt property clock gating cells TLATNTSCA®

create ccopt clock tree spec -file ccopt.spec

innovus 2> source ccopt.spec

Extracting original clock gating for clk...
clock_tree clk contains 16 sinks and 0 clock gates.
Extraction for clk complete.

Extracting original clock gating for clk done.

_hecking clock tree convergence...

Checking clock tr convergence done.

D

Source the Script as shown in the above snapshot through the Terminal and
then Select Clock - CCOpt Clock Tree Debugger - OK to build and view clock
tree.
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.
CTD Configuration - o X

¥ Window ID Name ctd_window
Window Title

—. Unit Delay Mode

[ ok TN Close Help

cadence

The Red Boxes are the Clock Pins of various Flip Flops in the Design while
Yellow Pentagon on the top represents Clock Source.

The Clock Tree is built with Clock Buffers and Clock Inverters added to boost up
the Clock Signal.
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Report Generation and Design Optimization :

CTS Stage adds real clock into the Design and hence “Hold” Analysis also
becomes prominent. Hence, Optimizations can be done for both Setup &
Hold, Timing Reports are to be Generated for Setup and Hold Individually.

Setup Timing Analysis :

Timing Analysis

Basic | Advanced

__ Use Existing Extraction and Timing Data

Design Stage

Analysis Type

& Setup — Hold

Include 5

Reporting Options

Mumber of Paths:

Report file(s) Prefix: counter_postCTS

Output Directory:

timingReports

Help
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Hold Timing Analysis :

Timing Analysis - =] x

Basic = Advanced
— Use Existing Extraction and Timing Data

Design Stage

Analysis Type

« Setup & Hold
nelud

Reporting Options
Number of Paths: 50
Report file{s) Prefix: counter_postCTS

Output Directory:  timingReports

For Area and Power Re
report_area & report_

Design Optimizations :

m Apply Cancel Help

port Generation,

power commands can be used.

Optimization

Design Stage
/ Pre-CTS & Post-CT5

Optimization Type

¥ Setup

. Incremental

(»

Design Rules Violations
» Max Cap
¥ Max Tran

_ Max Fanout

Include S1 | SIOptions:..
L~

. Post-Route

@ oy Mode. | Defaut |

Help

A
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Module 4.7 : Routing

- All the net connections shown in the GUI till CTS are only based onthe
Logical connectivity.

— These connections are to be replaced with real Metals avoiding Opens,
Shorts, Signal Integrity [Cross Talks], Antenna Violations etc.

To run Routing, Select Route - Nano Route - Route and enable Timing
Driven and Sl Driven for Design Physical Efficiency and Reliability.

ManoRoute — ] x
Routing Phase
~ Global Route
» Detail Route  Start Iteration default End Iteration default

Post Route Optimization __ Optimize Via _ Optimize Wire

Concurrent Routing Features

~ Fix Antenna __ Insert Diodes Diode Cell Mame

Congestion  Timing

# Timing Driven Effort 5 . S.M.ART.

[}

w5 Drven

__ Post Route Sl S1Victim File = |
__ Litho Driven

__ Post Route Litho Repair

Routing Control

__ Selected Nets Only Bottom Layer default Top Layer default

__ ECO Route

__ Area Route Area | Select Aneaand Route
Job Control

~ Auto Stop

Nurnber of Local CPU({s): 1

MNumber of CPU(s) per Remote Machine: 1

Number of Remote Machine(s): 0

Set Multiple CPU...

m Apply Attribute Mode... Save Load Cancel Help
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Report Generation and Design Optimization :

Setup Report :

Timing Analysis = =] x

__ Use Existing Extraction and Timing Data

Basic Advanced

Design Stage
_ Pre-Place _ Pre-CTS _ Post-CTS &

Analysis Type
& Setup — Hold
__ Include SI

Reporting Options

NMumber of Paths: 50
Report file(s) Prefix: counter_postRoute

Output Directory: timingReports
| ok _Apply __Cancel _Help
Timing Analysis - =] >
Hold Report : -
Basic Advanced
__ Use Existing Extraction and Timing Data
Design Stage
. Pre-Place ._ Pre-CTS ._ Post-CTS & Post-Route _ Sign-Off
Analysis Type
— Setup
_ Include 51
Reporting Options
MNumber of Paths: 50
Report file(s) Prefix: counter_postRoute
Output Directory: timingReports
Page 37
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Area and Power Reports :

Use the commands report_area and report_power for Area and Power
Reports respectively.

Design Optimization :

innovus 5=

innovus 5> setAnalysisMode -analysisType onChipVariation -cppr both

innovus 6> []

Enter the above shown command in the Terminal in order to run the Design
Optimization first Post-Route.

Optimization - O x

L

W

L

&

Design Stage

Pre-CTS

Optimization Type

Setup
Incremental

Design Rules Violations

» Max Cap
¥ Max Tran

__ Max Fanout

Inch de 5
CIUQE S

51 Optigns,
e

Apply

— Post-CTS

Mode...

» Hold

Default

Close

Help

The Report generation is same as shown prior to Design Optimization.
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Saving Database :

1. Saving Design => File - Save Design - Data Type : Innovus >
<DesignName>.enc - OK

Save Design - u] b4

Data Type: & Innovus . OA

File Mame: tcunter_mute.enc| ] = |

m Apply Cancel Help

2. Saving Netlist => File - Save - Netlist - <NetlistName>.v - OK

<

Save Netlist - o X

¥ Include Intermediate Cell Definition

¥ Include Leaf Cell Definition

Netlist FiIe:] counter_route.v| [ = |

m Cancel Help

It is recommended to save Netlist and Design at every stage.

To restore a Design Data Base, type source <DesignName>.enc in the terminal.
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3. Saving GDS => File - Save - GDS/OASIS - <FileName>.gds - OK

GDS/OASIS Export - 0O x

Output Format & GDSIStream — DASIS

Output File | couonter_route.enc =

Map File  streamQOut.map =

Library Mame DesignLib

__ Structure Mame counter

__ Attach Instance Mame to Attribute Number

__ Attach Net Name to Attribute Number
_ Merge Files _ Uniquify Cell Names
| Stripes 1

__ Write Die Area as Boundary
__| Write abstract information for LEF Macros

Units | 2000 #
e ——

Mode | ALL »
e

m Apply Cancel Help

The GDS File is a Binary Format File which is not Readable and is fed to the
Fabrication unit with data of various layers used depicted in terms of
Geometrical Shapes.
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LAB 1: INVERTER

Objective : To compile and simulate the verilog code of the Inverter circuit and
observe the output waveform.

Inverter :
‘timescale 1ps/1ns
// Define our own Inverter,
module inverter (out, in);
// Declarations of 1/0, Power and Ground Lines

output out;

input in; A Vdd
supplyl pwr; 8
supplyO gnd; |
p-channel
// Instantiate pmos and nmos : d 5
switches Vin O— —Q Vout
d h [
n-channe
pmos (out, pwr, in); I =
nmos (out, gnd, in); 5

endmodule
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Test Bench of Inverter :
‘timescale 1ps/1ns

//Test Bench of Inverter Module
module inv_test;

wire out;
regin;

//Instantiate inverter module

inverter uut (out, in);

//Display

begin
Sdisplay (“time=%d, Stime, “ns”, “input=",in,”output=",out); end

//Apply Stimulus

initial

begin

in=1'b0; #10 ; display;
in=1'b1; #10 ; display;
in=1'bx; #10 ; display;
in=1'bz; #10 ; display;
end

endmodule

Dept of ECE ,Atria Institute of Technology Page 42



Constraints file for Synthesis file : inverter.sdc

set_input_delay -max 1.0 [get_ports “in”]
set_output_delay -min 1.0 [get_ports “out”]

Truth Table :
Input (in) Output ( out)
0 1
1 0
X X
VA X

In Desktop Create a folder to do the digital design flow. Right click
in the Desktop and select Open in terminal.
1. mkdir filename represents creating the directory with the
any filename.
2. cd filename represents moving to the current directory.
3. gedit filename.v represents opening the gedit window for
writing the rtl coding as shown in Figure : 1.
module inv(o,a);
gutput 0;
input a;

assign o=!a;
endmodule

Figure: 1
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4. Save the rtl coding by pressing Ctrl+s or select the save option on
the top right corner.
5. Similar way create a test bench program also.

Invoke the Cadence environment by typing the below commands as shown in
Figure 2.
csh

source home/install/cshrc

[kedhar;@l(edhar‘ invls csh o
[kedhar@Kedhar inv]$ source /home/install/cshrc| |

Figure : 2
After this you can see the window like as shown in Figure 3 below
File Edit Wiew Search Terminal Help

Welcome to Cadence Tools Suite

[kedhar@Kedhar inv1$ []

Figure : 3
Functional Simulation :
Use the following command to invoke user friendly GUI as shown in Figure 4:

File Edit View Search Termina L Help
Welcome to Cadence Tools Suite

[kedhar@Kedhar inv1$ nclaunch -new |

Figure: 4
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It will invoke the nclaunch window for functional simulation we can compile,
elaborate and simulate it using Multistep.

The NCLaunch tool consists of a single main window that contains multiple
browsers, which are integrated with the suite of NC tools. The integrated tools
include the following:

1. Compilation
2. Elabarotion
3. Simulation

1. Compilation :

Compilation is the process of reading in source code and the analyzing the
source code for syntax and semantic errors. Most HDLs including System
Verilog supports compilation as a single file or multiple files using a
compilation units.

2. Elaboration :

Elaboration is the process that occurs between parsing and simulation. It binds
modules to module instances, builds the model hierarchy, computes
parameter values, resolve hierarchical names, establishes net connectivity, and
prepares all of this for simulation.

3. Simulation :

Simulation is the process by which the design model coded in the HDL gets
executed based on a given execution model. An HDL description of the design
would consists of several concurrent process, assignments and some
connections between then.
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Select the Multiple Step option as shown in Figure 5:

= NClLaunch

cadence

NCLaunch(4) 13.10-s016

5,606,698, 6,487, 704; 7,039,887, 7,424,703;
E.265, 501, 6, 165,765, 6,501,575

Copsright () 19

an

All others are the properts of their respec ive holders

Please Select Run NMode:

tems, Inc. ANl rHahts reserved worldwide
Cadence and the Cadence 1090 are registered hrademarks of Cadence Desian

I Multiple Step

Single Step (IRUN Only)

Help

Exit

Figure : 5
We can simulate a design using the Incisive simulator.

For that we have to Create the cds.lib and hdl.var files for to Compile,
elaborate and simulate the design and test bench as shown in Figure 6.

nclaunch: Open Design Di... - o »

— Design Directary

|fhomeskedhar/Desktop/iny |

— Library MMapping File

|fhomeskedharDesktopiny |

Click Create cds.lib File...

— Work Library

I | Mew.

(o] | Cancel | Help |

Figure : 6
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Click the cds.lib file

Create a cds.lib file - O x
Directory: ‘homedkedharDeskiopsdiny — | |
4 =
File name: ||::ds.lib Save
Files of type:  Library Files (*.lik) i Cancel

Figure : 7

Save the file as shown in Figure 7.

MNew cds.lib File *

How wiould you like to configure the cds.lib file?

~r Include default libraries (vhdl or mized design)
~ Include |IEEE pure libraries (vhdl or mized design)

# Don'tinclude any libraries (verilog design)

0] | Zancel

Figure : 8

Choose any option listed from above as shown in Figure 8.
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nclaunch: Open Design Di... - o ¥

— Design Directory

|fhomefkedharDesktopsiny

— Library Mapping File

fhomedkedharDeskiopdiny/cds.lib

Create cds.libh File... |

—"™ork Likrary

wirklib - Ne4w|
Ik Cancel | Help |
Figure: 9

After that you can give OK as shown in Figure 9. After
clicking on ok, you can see the Figure 10.

NCLaunch : fhome/kedhar/Desktop/inv = a >

File Edit Tools Utilities Plug-lns Help cadence’
Tools: ﬁ:@ ﬁ‘:

Dept of ECE ,Atria Institute of Technology

Directory:|shomeskedharDeskiopsiny | fhomeskedharDeskioprinwicds lib
= B worklib
-l INCA_libs “-[#] Snapshots
----- fmn vy
Heeem fmm  inv_testw
Filters:|".v “whd ".whdl =1

Figure: 10
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Left side you can see the HDL files. Right side of the window has

worklib and snapshots directories listed.
Worklib is the directory where all the compiled codes are stored while
Snapshot will have output of elaboration which in turn goes for simulation.

Compilation :
NCLaunch : /fhome/kedhar/Desktop/inv - O x

File Edit Tools Ufilties Plug-ins ﬂelﬂ cadence
Erowsers: @l ""l Tools: 4 %
Diren::tu:lrg.':|fhnmefkedharfDesktnpfinu

. ...... ILi .

Bl INCA_libs

----- fmd Ny

- fo inv_testy

Filters:| " *.vhdl *.vhal -

Figure : 11
Left side select the file and in Tools : launch verilog compiler with
current selection will get enable as shown in Figure 11.

Click it to compile the code.
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Similarly, select the test module and do the compilation. You can see the
worklib being created. Under worklib you can see the module and test-bench
as shown in Figure 12. Next is to elaborate the design.

NCLaunch : fhome/kedhar/Desktop/inv - o x

Eile Edit Tools Ufilities Plug-lns  Help cadence

Browsers: @l ﬁl Tools: ﬁgﬂé | g%,l

Dire':t':”y:I’fh':”ﬂe’fkedha”’D'ESkt':'p’fi”'"J . fhomeskedhar/Desktopdinv/cds.lib
= E@ worklib

Lﬂ] IMNCA_libs aiE iny_test

L b vy -dmE  inverter

...... @ iny_testy Lﬂj SnEl.FISthS

Filters:) *.v *.vhd * whal -

neovlog: Memory Usage - 2130 program + 2610 data = 49 40 total [3

nowlog: CPU Usage - 0.0% system + 0.0% user = 0.0% total (0.23, 5.6% cpu)

nclaunchz= novlog -work warklib -cdslib MhomedkedharDeskiopdny/cds.lib -logfile ncylog.log -efrarmax 15

novlogiEd): 15.20-5051: (c) Copyright 1935-2018 Cadence Design Systems, Inc.

novlog: Memory Usage - 21.3M program + 2780 data = 49,20 total

nowlog: CPU Usage - 0.0% system + 0.0% user = 0.0% total (113, 0.63% cpu)

nelaunchs -
d

4 I =

1 items selected

Figure : 12
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Elaboration :

NCLaunch : fhome/kedhar/Desktop/inv - o »

File Edit Tools Utilities Plug-Ins

Help

cadence

Tools: “a?éﬁ

Browisers: ;

2

| B3

Directnry:|fhumefkedharﬁDesktnpfinu

=

. ...... ILi .
Bl INCA_libs

= @ iny.w

fhomedkedharDesktopdiny/cds. lib
=Y worklib
- E-dBE inv_test

wdmE  inverter

E||_m Shapshots

- f inv_testy

------ warklib.inverter:module

Filters:) *.v *.vhd * whal -

novlog: Memory Usage - 21,30 program + 27.866 data = 492k total

novlog: CPU Usage - 0.0% system + 0.0% user = 0.0% total (1.1, 0.69% cpu)

nclaunch= ncelab -work worklib -cdslib shomeskedharDeskiopdinw/cds lib -logfile ncelab.log -errormas 12
ncelab(G4): 15.20-5051: (c) Copyright 1335-2018 Cadence Design Systems, Inc.

ncelah: Memory Usage - 499k program + 31.906 data = 81,60 total (Peak G6.58)

noelab: CPU Usage - 0.0 system + 0.05 user = 0.03 total (0.35, 11.79% cpu)

nclaunchz

=L

Figure : 13
Select the file under worklib and in Tools : launch elaborator with
current selection will get enable. select the elaborator to
elaborate the design.
Choose the module and test bench and elaborate the design.

Dept of ECE ,Atria Institute of Technology Page 51



NCLaunch : /fhome/kedhar/Desktop/inv

= u] x
File Edit Tools Utilities Plug-lng  Help cadence
: iy | Ak S
Browsers: ﬁ Tools: - | | - “"%él N&éﬁl
Directnrg.':|fhumefkedharﬁDesktupfinv j /homedkedhar/Desktop/iny/cds.lib
. =y worklip
Bl INCA_libs -4 inv_test|
B invy - BdEE inverter
o Inv_testy E||_tl_| Snapshots
""" wiorklib.invertermodule
= worklibiny_testmodule
Filters:) *.v *vhe whl |
ncelah: Memory Usage - 439k program + 31.98 data = §1.604 tofal (Feak G6.60) X

nclaunch=

ncelab: CRU Usage - 0.05 system + 0.05 user = 0.0s total (0.3s, 11.7% cpu)

nclaunchz= ncelab -work warklib -cdslib fhomedkedharDeskiopdiny/cds.lib -logfile ncelab. oy -errormax 12
hoelabiBd): 15.20-5051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelah: Memory Usage - 439k program + 3200 data = G190 total (Feak G6.60)

ncelab: CRU Usage - 0.05 system + 0.05 user = 0.0s total (0.75, 6.6% cpu)

wl

Figure : 14

Similarly, select the test bench module under worklib and do the

elaboration. The snapshots will be created.

Next step will be the simulation.
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Simulation :

Select the test bench file under snapshot and in Tools : Launch simulator with
current selection will get enable as shown in Figure 15 below.

NCLaunch : /fhome/kedhar/Desktop/inv

= u] x
Eile Edit Tools Utilities Plug-lns  Help u cadence
: =N M| =
Browsers: [ Tools: o | | ==
Difectﬂf&-frlfhﬂmefkedhaﬂDEmDPfirW = fhameskedharDesktopsiny/cds lib
L =iy worklin
il INCA_libs B3 inv_fest
i H-4BE  inverter
o inv_testw EILuJ Shapshots
- worklib invertermadule
= ‘ waorklib.inv_testmadule |‘
Filters:) *.v *whd *.vhl -
ncelab: Memary Usage - 49,98 program + 3198 data = §1.80 total (Peak G6.3M) [X
ncelab: CPU Usage - 0.0 system + 0.0s user = 0.0s total (0.35, 11.7% cpu)
hclaunchz= ncelab -wark waorklib -cdslib fhomedfeedharDesktopdinw/cds.lib -logfile ncelab.log -errormas 12
ncelab(B4): 15.20-5057: (c) Copyright 1335-2018 Cadence Design Systems, Inc.
ncelab: Memary Usage - 49,98 program + 32,00 data = §1.98 total (Peak G6.3M)
ncelab: CPU Usage - 0.0 system + 0.0s user = 0.0s total (0.7, 6.6% cpu)
hclaunchz ]
£
H i

Figure : 15
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Select the simulator to simulate the design. After simulation you will get the
below window as shown in Figure 16.

Design Browser 1 - SimVision = o x
File Edit ¥iew Select Explore Simulation Windows Help cadence
Bzl @ | ¥ DX @ |@-nd R ZR A EEE
| B [ Timea~ - [0 [ns -] o[ 4 5. || search Times: [Value~| 8. 8,
|-G K % T @ Tl W0o-o
Design Browser
Scope: I @ Al available Data j g i E Marme - “alue Lo
S smulto &) | g ;
----- inv_test 1
A
5
ey
s
Fintstinge | <t J
-b Show contents: | In the signal list area~| [:i & [E = Iﬁ,;f,:::er:l = IE::|
|@|%|Q| |1 ohject selected
Console - SimVision — =] x
File Edit ¥iew Simulation Windows Help cadence
s o w85 3 0 I || Te searcn: ER .
- X e e D &m0 & & & o
esins

N —————————————
SimWision  simulator ]

™=

Figure : 16
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you will get the Design Browser and Simvision. In design browser
you can test bench on the left side window.

Figure : 17
Select the test bench for the inverter and Right click it. Select the
send to waveform window or select the waveform icon you can see
the waveform window as shown in Figure 17.
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After that click the run tool to see the functional simulation of the inverter
as shown in the figure 18.

Waveform 2 - SimVision = o x
File Edit iew Explore Format Simulation Windows Help cadence
e Bglds | X DD ¥ ] g ForrREREEEEE

Search Names: | Signal~ ~| i &

i

| B0 sae30,000m +0 || Time: S1E [0 z000ns - @, : - E R

01 EBaselinew=0
DEQ EF| Cursor-Baseline = 89,630,000ns
ﬁ] Mame &> Cursor @ |l 300ns 1500ns

@ %E 0 objects selectad

Figure : 18

The equivalent command terminal output can be observed in the Simvision
console window and also in nclaunch console terminal.
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Synthesis :

Synthesis is the process of converting the RTL Coding into optimized gate level
netlist.

The Tool used for doing the synthesis is GENUS. The tcl file (Tool
Command Language) is used for scripting.

constraints_top.sdc Default.globals Default.view delays.sdf

fv invertor.v lef lib

rc_script.tcl

Inside the rc_script file we have to mention the commands as shown in Figure
19 below.
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Figure : 19

Script file is explained below as shown in Figure 19 :

1. Give the path of the library w.r.t to the directory you are using
the command : set_db lib_search_path

2. Give the path of the RTL files w.r.t to the directory you are using the
command : set_db hdl_search_path

3. Read the library file from the directory specified in giving the path
for the library files in First line using the command : set_db library
(slow.lib) is the name of the library file in the directory.

4. Read the RTL files from the directory specified in the second line. The
RTL files are in the directory name : read_hdl inverter.v

5. Now Elaborate the design using the command : elaborate
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Constraint File : Not Mandatory

*If you are having constraint file then you can include the constraint file like
this

[Give the standard delay constraints using:
read_sdc./constraints_top.sdc]

« Synthesize the circuit using the commands :
synthesize -to_mapped -effort medium

« Write the delay file using below commands :
write_sdf -timescale ns -nonegchecks -recrem split-edges
check_edge > delays.sdf

« Used to mention the time unit : timescale

« Used toignore the negative timing checks : nonegchecks

« Used to split out the recrem(recovery-removal) timing check
to separate checks for recovery and removal : recrem

« Specifies the edges values : edges

+ Keeps edge specifiers on timing check arcs but does not add
edge specifiers on combinational arcs : check_edge

« Timing could be check using : report timing.

« Similarly for Gates : report gates.

« Check area using : report area.

+ Check Power dissipation using : report power.

« It will generate the reports

« Write the hdl code in terms of library components for the
synthesized circuit using the command: write_hdl >
inverter_netlist.v

+ Similarly write the constraint file using : write_sdc >
inverter_const.sdc.
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Constraints file :

set input delay -max 1.0 [get ports "a"]
set output delay -max 1.0 [get ports "y"]

Invoke the Genus tool by typing the below command on your terminal
window. The below Figure 20 can be represent after typing the command.
genus -f rc_script.tcl -gui

File Edit View Search Terminal Help

[kedhar@Kedhar syn]$ genus -f rc script.tcl -qui|
Figure : 20

Type the command in the terminal which is mentioned above as shown in
Figure 20.

Click on Enter after typing the command as shown in Figure 21.

[kedhar@Kedhar syn]$ genus -f rc script.tcl -gui

TMPDIR is being set to /tmp/genus temp 5861 Kedhar kedhar dBkU59

Cadence Genus(TM) Synthesis Solution.

Copyright 2017 Cadence Design Systems, Inc. ALl rights reserved worldwide.
Cadence and the Cadence logo are registered trademarks and Genus is a trademark
of Cadence Design Systems, Inc. in the United States and other countries.

Version: 17.22-s5017 1, built Sun Apr 01 2018

Options: -files rc script.tcl

Date: Sat May 25 10:21:05 2019

Host: Kedhar (x86 64 w/Linux 3.10.0-862.e17.x86 64) (2cores*4cpus*lphysical cpu*Intel(R) Cor
e(TM) 15-4310U CPU @ 2.00GHz 3072KB) (16171008KB)

0S: Red Hat Enterprise Linux Server release 7.5 (Maipo)

10:21:05 (cdslmd) OUT: "Genus Synthesis" kedhar@Kedhar
Checking out license: Genus Synthesis

Loading tool scripts...

Figure : 21
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The genus gui window will be shown as in Figure 22.

Genus{TM) Synthesis Solution 17.2 - /home/kedhar/Desktop/manual . ex

plinvarter/syn

o

x

cadence

gnbrowser % O Layout

stdCelts B ,ﬁ—.] & -

azf|

~x B e

elecr sngle object. Shift+Cikk 1o

Figure : 22

Instance

ype

¥ Module

+ Blockage
4 Row

+ Power

& Overlay
“ Track

4 Net

* Rowte

= Layer

After running the script, you can see the log report in the terminal and the

module in the gui window as shown in Figure 23.

Total runtime ©

o hocthar /Desbtopmaral_exprimmrter - i

1

L KRKKKKKKKKRRRRRRRRKRRRRKKK

3 KKKKKKKKKKKKKKR

KKK

cddence

@file(rc script.tcl) 11: synthesize -to *& itu
Warning : This command will be obsolete -

command: 'synthesize'’

: The synthesize command is obso

ead.
Info : Synthesizing. [SYNTH-1]

: Synthesizing 'inv' to generic
Info : Pre-processed datapath logic.

: No pre-processing optimization
Info : Skipping datapath optimization

: There is no datapath logic in
Info : Done synthesizing. [SYNTH-2]

: Done synthesizing 'inv' to gen
Info : Mapping. [SYNTH-4]

: Mapping 'inv' using 'medium’' e

Mapper: Libraries have:

domain default : 324 combo usab
Multi-threaded constant propagation [1]|@

Multi-threaded Virtual Mapping

CFlakhal mannina $arand dnfa

(4 thr

Figure : 23
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It will generate the Timing, Area, Power and Gates of the design.

Area Report :
The area report as shown in Figure 24.

@genus:root: 2> report area

Generated by: Genus(TM) Synthesis Solution 17.22-s017 1
Generated on: May 25 2019 10:45:14 am

Module: inv

Operating conditions: slow (balanced tree)

Wireload mode: enclosed

Area mode: timing library

Instance Module Cell Count Cell Area Net Area Total Area Wireload

(D) = wireload is default in technology library
Figure : 24

Power Report :
The power report as shown in Figure 25.

@genus:root: 4> report power

Generated by: Genus(TM) Synthesis Solution 17.22-s5017 1
Generated on: May 25 2019 10:45:32 am
Module: inv
Operating conditions: slow (balanced tree)
Wireload mode: enclosed
Area mode: timing library
Leakage Dynamic Total

Instance Cells Power(nW) Power(nW) Power(nW)

inv 1 8.757 44.417 53.174
Figure : 25
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Gate Report :

The number of gates can be displayed in the below report as shown in Figure
26.

Generated by: Genus(TM) Synthesis Solution 17.22-s5017 1
Generated on: May 25 2019 10:34:56 am

Module: inv

Operating conditions: slow (balanced tree)

Wireload mode: enclosed

Area mode: timing library

Gate Instances Area Library

INVXL 1 2.271 slow
total 1 2.271
Type Instances Area Area %
inverter 12.271 100.0
physical cells 0 0.000 0.0
total 12.271 100.0
Figure : 26
GUI:

Double Click file on the side of the window and see the RTL design.

The design after doing the synthesis will be shown in Figure 27 below.
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Figure : 27

Generated Files :
The files generated after doing the synthesis is shown in Figure 28 with the
highlighted arrows.

Figure : 28
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LAB 2 : BUFFER
Top Module :

module buffer(o,a);
output o;
input a;
assign 0=a;
endmodule

Test Module :

module tb_buffer;

reg a;
wire o;

buffer test (.a(a) ,.0(0));
//Above style is connecting by names

initial begin
a=1'b0;

#45 Sfinish;
end

always #6 a =~a;

always @(o)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b \toutput value o
=%b",Stime,a,0);
endmodule
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RESULT :

imed = [45 f[nsv|pa | ga = | EEO asns+0 Time: 508 [0:45ns hd g_{ ; - z i

)2 Baselnew=0
2| Cursor-Baseline v = 45ns

&~ Cursor &~ (U

MName

Constraint file :

set_input_delay -max 1.0 [get_ports “a”]
set_output_delay -max 1.0 [get_ports “y”]

Design :

The design after doing the synthesis as shown in figure 29.

Figure : 29
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LAB 3 : Transmission Gate
Top module :

module my_tran(A_in, A_out, B_in, B_out, control); input
A in, B_in, control;
output A_out, B_out;

assign A_out=A_in;
assign A_out = control ? B_in: 1'bz;

assign B_out=B_in;
assign B_out = control ? A_in: 1'bz;

endmodule

Test Module :

module trangate_test;
wire out ;

regin;

reg cntrll,cntrl2;

trangate t1 ( out, in, cntrll, cntrl2 ) ; task

display ;

begin

Sdisplay ( "time=%0d" , Stime , " ns", " Input=", in, " Output=", out, "
Controll=",cntrl1, " Control2=",cntrl2 ) ;

end

endtask

initial

begin

in=1'b0; cntrl1 =1'b0; cntrl2 =1'b1 ;
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in=1'b0 ; cntrll = 1'b1 ; cntrl2 = 1'b0 ; in =
1'b1; cntrll = 1'b0; cntrl2 =1'b1; in=1'b1
;entrll =1'b1; entrl2=1'00 ; end
endmodule

RESULT :

Bassline = =0 N
Curaor-Baseling = = 40na Baseline = 0

Timea = 4(

img = Cursor = i 10ns c0ns 30ns
& cntrl 1 l [
@ cntri2 ]
dh in 1

&

LAB 4 : Basic / Universal Gates

4a.AND gate :

Top Module :

module andgate (a, b, y);
input a, b;

outputy;

assigny=a & b;
endmodule

Test Module :

module tb_and_gate;

reg a,b;
wire y;

andgate test (.a(a) ,.b(b),.y(y));
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//Above style is connecting by names

initial begin a
=1'b0; b =
1'bO;

#45 Sfinish;
end

always #6 a =~a;
always #3 b =~b;

always @(y)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b b =%b \t output value y
=%b",Stime,a,b,y);
endmodule

RESULT :
Name

SCHEMATIC :

Dept of ECE ,Atria Institute of Technology Page 69



4b. OR gate :
Top Module :

module orgate (a, b, y);
input a, b;

outputy; assigny

=a| b;

endmodule

Test Module :

module tb_or_gate;

reg a,b;
wire y;

orgate test (.a(a) ,.b(b),.y(y));
//Above style is connecting by names

initial begin
a=1'b0; b
=1'b0;
#45 Sfinish;
end

always #6 a =~a;
always #3 b =~b;

always @(y)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b b =%b \t output value y
=%b",Stime,a,b,y);
endmodule
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RESULT :

SCHEMATIC:

4c.NAND gate :

Top Module :

module nandgate (a, b, y);
input a, b;

outputy;

assigny = ~(a & b);
endmodule

Test Module :
module tb_nand_gate;

reg a,b;
wire y;

nandgate test (.a(a) ,.b(b),.y(y));
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//Above style is connecting by names

initial begin a
=1'b0; b =
1'bO;

#45 Sfinish;
end

always #6 a =~a;
always #3 b =~b;

always @(y)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b b =%b \t output value y
=%b",Stime,a,b,y);
endmodule

RESULT :

SCHEMATIC :
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4d.NOR gate :

Top Module :

module norgate (a, b, y);
input a, b;

outputy;

assigny =~(a | b);
endmodule

Test Module :
module tb_nor_gate;

reg a,b;
wire y;

norgate test (.a(a) ,.b(b),.y(y));
//Above style is connecting by names

initial begin
a=1'b0; b
=1'b0;
#45 Sfinish;
end

always #8 a =~a;
always #10 b =~b;

always @(y)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b b =%b \t output value y
=%b",Stime,a,b,y);
endmodule
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RESULT :

SHCEMATIC :

4e. XOR gate :

Top module :

module xorgate (a, b, y);
input a, b;

outputy;
assigny=a"b;
endmodule

Test module :

module tb_xor_gate;

reg a,b;
wire y;
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xorgate test (.a(a),.b(b),.y(y));
//Above style is connecting by names

initial begin
a=1'b0; b
=1'b0;
#45 Sfinish;
end

always #6 a =~a;
always #3 b =~b;

always @(y)

Sdisplay( "time =%0t \tINPUT VALUES: \t a=%b b =%b \t output value y
=%b",Stime,a,b,y);
endmodule

RESULT :

Marne v Cursor ge [

SCHEMATIC :
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4f. XNOR gate :
Top module :

//Define our own XNOR Gate, module
xnorgate (out, inl,in2);

// Declarations of 1/0 ports
output out;

inputinl,in2;

wire in2bar;

assign in2bar = ~in2;

// Instantiate pmos and nmos switches :
pmos (out,in2bar,inl);

nmos (out,in2,in1); pmos
(out,in1,in2bar); nmos

(out,in1,in2); endmodule

Test module :
module xnor_test;
wire out ;
reginl,in2;
“uselib view = vlog
// Instantiate Xnor gate Module
xnorgate x1 (out, inl,in2);
‘nouselib
// Display task
display ; begin
Sdisplay ( "time=%0d" , Stime , " ns"," Inputl=", in1," Input2=", in2,
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" Qutput=", out ) ;

end

endtask

// Apply Stimulus initial

begin

inl=1'b0; in2 =1'b0; #10 ; display ; inl1 =
1'b0;in2=1'b1; #10; display; in1=1'b1;
in2 =1'b0 ; #10 ; display ; in1=1'b1;in2 =
1'bl; #10; display ; end

endmodule

RESULT :

ALTERNATIVE CODE :

module gates(

input a,b;

output not_out, and_out, or_out, nand_out, nor_out, xor_out,
Xnor_out);

assign not_out=la;

assign and_out=a&b;

assign or_out=a| b;

assign nand_out="(a&b);

assign nor_out="(a|b);

assign xor_out=a’*b;
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assign xnor_out="(a’b);
endmodule

LAB 5 : FLIP FLOPS

5a. D-Flip Flop :

Top Module :

module dff _sync_reset (data,clk,reset,q);
input data, clk, reset ;
output g;

reg q;

always @ ( posedge clk) if
(~reset) begin

g <=1'b0;

end else begin q

<= data;

end

endmodule

Test Module :
module tb_DFF();
reg data;
reg clk;
reg reset;
wire Q;

dff_sync_reset dut(data,clk,reset,Q);
initial begin

clk=0;
forever #10 clk = ~clk;
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end

initial begin
reset=1;
data <=0;
#100;
reset=0;
data <= 1;
#100;

data <=0;
#100;

data <= 1;
end
endmodule

RESULT :

SCHEMATIC :
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5b. JK-FLIP FLOP :

Top Module :

module jkff(input reset, input clk, input j, input k, output reg q, output gnot);
assign gnot="q; always
@ (posedge clk)
if (reset) g<=1'b0; else
case ({j, k})
2'b00: g<=q;
2'b01: q<=1'b0;
2'b10: g<=1'b1;
2'b11: g<="q;
endcase
endmodule

Test Module :
module test;

reg clk=0;
reg j=0; reg
k=0;

reg reset=1;
wire q, gnot;

jkff dut(reset, clk,j,k,q,qnot);

initial
begin
Sdumpfile("dump.ved");
Sdumpvars(1);
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j=1'b1; // set your JK here
k=1'b1;
#5 reset=1'b0;

#25 Sfinish;
end

always #1 clk="clk;

endmodule RESULT

Marme g+ Cusor v [

SCHEMATIC :

IFFOX1

2 (L L
] |:_[

AR
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5¢. Master-Slave Flip Flop :

Top Module :

module ms_jkff(q,q_bar,clk,j,k);
output g,q_bar;

input clk,j,k; reg

tq,q,q_bar;

always @(clk)

begin

if (Iclk)

begin

if (j==1'b0 && k==1'b1) tq
<=1'b0;

else if (j==1'b1 && k==1'b0) tq <=
1'b1;

else if (j==1'b1 && k==1'b1) tq
<="1tq;

end

if (clk)

begin

g <=tq; q_bar

<= "~tqg; end

end

endmodule

Test Module :

module tb_ms_jkff;

reg clk,j,k;

wire q,q_bar;

wire clk2,j2,k2;

ms_jkff inst(qg,q_bar,clk,j,k);
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assign clk2=clk;

assign j2=j; assign

k2=k; initial

clk = 1'b0;

always #10

clk = ~clk;

initial begin

j=1'b0; k = 1'b0;
#60j=1'b0; k=1'b1; #40 |
=1'b1; k=1'b0; #20 | =
1'bl; k=1'bl; #40j = 1'b1,;
k=1'b0; #5j=1'b0; #20 | =
1'b1;

end

endmodule

RESULT :

Mame 54,35 Ons 54,351,000n% 54,351,500ns
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5d. T- Flip Flop :

Top Module :

module tffmod(t, clk, q);
input t;

input clk;

output g;

reg q;

initial

q<=0;

always @(posedge clk) q
<= g”t;

endmodule

Test Module :

module tflipflopt_b;
reg t;

reg clk;

wire q;

tffmod uut (.t(t), .clk(clk),.q(q));
initial begin

t=0;

clk = 0;

#100;

end

always #3 clk="~clk;
always #5 t="t;
initial

#100 Sstop;
endmodule
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RESULT :

SCHEMATIC :

5e. SR-Flip Flop ;

Top Module :

module SR_flipflop(q,q1,r,s,clk);
output q,91;

input r,s,clk;

reg q,91;

initial

begin

g=1'b0; q1=1'b1;

end

always @(posedge clk)

begin
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case({s,r})

{1'b0,1'b0}: begin g=q; g1=q1; end
{1'b0,1'b1}: begin g=1'b0; q1=1'b1; end
{1'b1,1'b0}: begin g=1'b1; g1=1'b0; end
{1'b1,1'b1}: begin g=1'bx; g=1'bx; end
endcase

end

endmodule

Test Module :

module test;

reg clk=0;
reg s=0;
reg r=0;

wire q, gnot;

jkff dut(reset, clk,j,k,q,qnot);
initial

begin

s=1'b1;
r=1'b1;

#25 Sfinish;

end
always #1 clk="~clk;
endmodule
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RESULT :

LAB 6 : SERIAL AND PARALLEL ADDER

6a. Parallel Adder :

Top Module :

module adder4 ( carryin,x,y,sum,carryout); input
carryin;

input [3:0] x,y;

output [3:0] sum;

output carryout;

fulladd stageO (carryin,x[0],y[0],sum][0],c1);
fulladd stagel (c1,x[1],y[1],sum[1],c2);

fulladd stage2 (c2,x[2],y[2],sum[2],c3); fulladd
stage3 (c3,x[3],y[3],sum[3],carryout); endmodule

module fulladd (cin,x,y,s,cout);

input cin,x,y;

output s,cout; assign

s = Xy/cin;

assign cout =(x & y) | (x & cin) |(y & cin);
endmodule

Dept of ECE ,Atria Institute of Technology Page 87



Test Module :

module adder4 t;

reg [3:0] x,y;

reg carryin; wire

[3:0] sum; wire

carryout;

adder4 al ( carryin,x,y,sum,carryout);
initial

begin

x = 4'b0000; y= 4'b0000;carryin = 1'b0; #20 x
=4'b1111; y = 4'b1010;

#40 x =4'b1011; y =4'b0110; #40
x=4'b1111; y=4'b1111;

#50 Sfinish;

end

endmodule

RESULT :

ame f> [Cursar &~ U Ons  |20ns d0ns  |40ns  [30ns BOns  [70ns Gins 30ns 00ns [110ns [120ns [130ns
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6b. Serial Adder :

Top Module :

module adder_serial(

input clk,rst,

input en, // on Enable, addition will start input a,
// 4-bit adder

input b,

output [3:0] result

);

reg [3:0] y;

reg carry;

always@(posedge rst or posedge clk)
begin

if (rst)

begin

y = 4'b0;

carry = 1'b0;

end

else if (en)

begin

y[3]=vyI2];

y[2] = y[1];

y[1] = y[O];

{carry,y[0]} = a + b + carry; end
end

assign result = y;

endmodule
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Test Module :

module serial_adder_test;

reg clk,rst,en,a,b;

wire [3:0] result;

adder_serial U1 (clk,rst,en,a,b,result); //instantiation initial
clk=1'b0;

always

#5 clk="clk;

initial

begin

rst =1'b1;en=1'b0;a=0;b=0;
#10 rst =1'b0;en=1'b1;a=1;b=0;
#10 rst =1'b0;en=1'b1;a=0;b=1;
#10 rst =1'b0;en=1'b1;a=1;b=1;
#10 rst =1'b0;en=1'b1;a=0;b=1;
#10 rst =1'b0;en=1'b1;a=1;b=0;
#200 Sfinish;

end

endmodule

RESULT :

ame @+ Cursor &+ [l
A 3
-1
-1 clk

......|.I EM
-l result[3.0]
-1

—— p— p— p— p—
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LAB 7 : 4-BIT COUNTERS

7a. Asynchronous Counter :

Top Module :

module counter_behav ( count,reset,clk);
input wire reset, clk;

output reg [3:0] count;

always @(posedge clk or posedge reset) begin
if (reset)

count <=4'b0000;

else

count <= count + 4'b0001;

end

endmodule

Test Module :
module mycounter _t;

wire [3:0] count;
reg reset,clk;

initial

clk = 1'b0;

always

#5 clk = ~clk;

counter_behav m1 ( count,reset,clk);
initial

begin

reset = 1'b0 ;
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#15 reset =1'b1;

#30 reset =1'b0;

#300 Sfinish;

end

initial

Smonitor (Stime, "Output count = %d ",count );
endmodule

RESULT :

Nae g Cisr 4 (1 g 20lng A0lng

| s e e e 0 i s e s 1 s e e s 1 1 1 1
JMIUL LRER QAR A0 g g

U B R E R aut

|_'||||ﬂ_'||||i'||||_'

I|_ e ,_f',liuﬂ,'l_\'l'

7b. Synchronous Counter :

Top Module :

module counter_behav ( count,reset,clk);
input wire reset, clk;
output reg [3:0] count;
initial

count =4'b0000; always

@ (posedge clk) if (reset)
count <= 4'b0000;

else

count <= count + 4'b0001;
endmodule
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Test Module :

module mycounter _t;

wire [3:0] count;

reg reset,clk;

initial

clk =1'b0;

always

#5 clk = ~clk;

counter_behav m1 ( count,reset,clk);
initial

begin

reset = 1'b0 ; #15

reset =1'b1;

#30 reset =1'b0;

#300 Sfinish;

end

initial

Smonitor (Stime, "Output count = %d ",count );
endmodule

RESULT :

Al

N [gly e 1o 1s 17 1 | II [l II |I|-|||II Iy | II N II |

|0 ONa00080000090030003033300000303

R - - e e e e e e e !
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LAB 8 : SUCCESSIVE APPROXIMATION REGISTER

Top Module :

module sar (digitalout,done,comp,start,reset,clk);
output [3:0] digitalout;

output done;

input clk, start, reset, comp;

reg [3:0]ring_count;

reg [3:0]digital;

wire D4,set0,setl,set2,set3;

assign D4 = ring_count[0];

assign done = |D4;

always @(posedge clk or negedge reset)

begin

if (~reset)

ring_count <= 4'b1000;

else

begin

if (start)

ring_count <= 4'b1000;

else

ring_count <= (ring_count>>1); end
end

assign set3 = ring_count[3];
assign set2 = ring_count[2];
assign setl = ring_count[1];

assign set0 = ring_count[0];

always @(posedge clk or negedge reset)
begin

if(~reset)
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digital[3] <= 1'b1;

else

if(start)

digital[3] <= 1'b1; else

if(set3) digital[3] <=

comp; end

always @(posedge clk or negedge reset)
begin

if(~reset) digital[2]

<=1'b1; else

if(start)

digital[2] <= 1'b1; else

if(set2) digital[2] <=

comp; end

always @(posedge clk or negedge reset)
begin

if(~reset) digital[1]

<=1'b1; else

if(start)

digital[1] <= 1'b1; else

if(setl) digital[1] <=

comp; end

always @(posedge clk or negedge reset)
begin

if(~reset) digital[0]

<=1'b1; else
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if(start)

digital[0] <= 1'b1; else

if(set0) digital[0] <=

comp; end

assign digitalout = (digital) | (ring_count);
endmodule

Sub Module :

module dac (comp,sar_out,vref_d,vin_d,clk,start);
output comp;

input clk,start; input
[3:0]sar_out; input
[63:0]vref_d; input
[63:0]vin_d; reg

comp;

real v_dac,vref,vin; always

@ (vin_d or start) begin

vref = Sbitstoreal(vref _d); vin
= Sbitstoreal(vin_d); end

always @*

begin if(start)

comp = 1'b0;

else

begin

v_dac = (vref/15)*(sar_out); if
(vin<v_dac)

comp = 1'b0;
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else

comp = 1'bl;
end

end
endmodule

Test Module :

module sar_tb; reg
clk,reset,start;

reg [63:0] vref d,vin_d;
wire done, comp;

wire [3:0] digitalout;

real vref_real = 7.5;

sar s1 (digitalout,done,comp,start,reset,clk); dac d1
(comp,digitalout,vref _d,vin_d,clk,start); initial
begin

clk = 1'b1; start

=1'b1; #4000

Sfinish; end

always #10 clk = ~clk; initial
begin

#1;reset=1'b1;

#10; reset = 1'b0;

#1; reset = 1'b1;

end

initial

begin

#10;
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stimulus (0.0,0.5,vref real,8'd5);
end

task stimulus (input analog, input step, input reference, input [7:0]delay);
real

analog,step;

real reference;

begin

while(analog <= reference)
begin

repeat(delay)

@ (posedge

clk); start <=

1'b0;

vref_d = Srealtobits (reference);
vin_d = Srealtobits (analog);

@ (posedge done)

analog = analog + step;

@ (posedge clk);

start <=

1'b1; end

end

endtask

endmodu

le

RESULT :

i yref_real
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CUSTOM IC TOOL FLOW
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INVERTER

Creating a new Library:

. Create a new folder for example as test
. Open the terminal inside the folder and source the cshrc file by using a
command source /home/intall/cshrc
. After that invoke the tool by using a command virtuoso &
. Then the below window will be popup.
VirtuosoA® 6,1 7-64b - Log: Mhome/kedhar/CDS log DR
flle Touh Dptom Heo (id!ﬂ((‘

COPYRIGHT (C) 1932-70718 CADENCE DESIGN SYSTEMS IMC. ALL SIGHTS RESERVED. —
(€) 19922018 UMLK SYSTERS Ladoratories INC,, |
Reproduoed with perad sslon '

Thizs Cadence Design Systems grogram and aniise focusentation are

mnae i u a
[ inmouse L: awvhdouseSingleSelectPICR() hd: R: ddsOnLineHelpf'main)
1 I =

. In the above window Go to Tools -->Library manger-->new library
Give the library name and click ok, then a tab opens to attach the technology library as shown below

= Naew Library 23

Librory

N | vamrciae |

Pacrary |13 /eooe/Tanktnpirans) B == cr 1

=

|9 ceteur

| IBManagering

| HBMARRgaring ret=lck

e lyke: (LD cdurics
D ke Muanaxe
Compearion anabied

&> _ADRDY L CAncel _ el =
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Here Select the option as Attach to an existing technology library and click on OK.

=1 Technology File for New Library p

Technology File for library "inveter”

You can: « Compile an ASCIHl technology file
— Reference existing technology libraries k
®{Attach to an existing tecnology library
— Donot need process informaticn

m'\ Cancel | Help

. In the “Attach Library to Technology Library” window, select gpdk180 from the
Technology Library filed and click OK.

= Attach Library to Technology Library b

New Library inveter
Technology Library basic
cdsDefTechLib
gpdke4s
gpdke9e
ndk 188

s;kmle v
Cancel | Apply , _ Help

Creating a schematic cell view:

. In the Library manager, select the library(inverter), File --> New --> Cellview Then the
below Window will be pop-up.
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M ppicacas Poss Syt @ & A

@ do fl ol ¥, VeAFD R1D3PH  rock
Library Managen Warkarea: rootiDesktap'test

cadence

(rRres

R BT
AT o eI s s va A3

]
-

T [oBia-ekb.. [0 vilss

[onslog & SoilalTum .. | Jincizive Sceneric Bai_ | _j Ubary Hansgar

File

Library

inwveter B
Cell | EE |

Wiew schematic

Type =chematic n
Application

Open with Schematics L [~ ]

Alvways use this application for this type of file
Library path file

JSroot/Desktop/Stest/fcds . 1ib

@I o sep

Give the Cell name in the cell field and click OK. A blank schemat?cwindow for the
Inverter design appears as shown in below.
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. Launch Fle ZIclt ¥ew Create Check Ogtlons Wirdow Fvs Llsip

cadence
G ™ | |5k ) kd % @ T ¢ Mg~y |Q R RE Y 1L L = wmF
SO S v Y S B- L
| Navigator -] x! —

Sehwmatic

~ OBJECTS
All

Instances

MNeLs

Fins

MNets and Pins
¥ GROUPS

cels

Iypes

+ 1}

| Froperty tumor T

te:

i se |2 amasing eSolaer o M dt=0pel IEMan-ger) G2 570H Lo sePaplipg

102

cmd: ca:0 I
) In the inverter schematic window, press letter “i” ( Insert ) to get the components like
pmos, nmos, etc or go to create in top menu and select Create --> Instance
J If we press ‘i’ then a window opens as shown as below.
o
i Add Instance TL

g Library i E _Browse i
B
Wieuw symhaol =

Names

& Add Wile Stubs al

— dallterminals = reglstered rerminals only

Array Rows 1 Columns 1

42 Rorate b Sideways = lpside Nowwn

m Cancel Defaults Help

In the above window we need to select Browse option to get the components list.
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Now, Browse gpdk180 --> cell (component) --> symbol (view).

Library Manager: WorkArea: /home/tulasi/Desktop/test =

File LCdit

View Design Manager

Liclp

(= | =

cadence

Show Lategories

Show kiles

Library Cell View

B- v - |7 B -
e ik 180 - He rnmos - THr ~ynnibaal -
US_Sths Ina View | Leek | Shze |
ahdiLib mires ads 19k
analoglibs mZres = aucdl 19k
bLaxic 13 aulyvs 19k
cdsDetiechLib B mares wpcell 22k
connectlib = mSres layout 77k
rulcl:PL.(i)-.:;al 1miS1 ey spectre 1uk
Apake e I S T T
iEdROBO ndic =
inverter nmos3

rfExamplcs — nmas3hw —

iflils | [RLEATE BN TR S

Messages

1y ile is =fhoonned Dilasi ek b e Dl e Log”
Created vy librany Tt ™ b A ion e/ Lul asi /Des ko p/Ues Wit ver Ler.

[Lib: gpdk180 [Free: 672.7 16

<

After selecting the symbol we need to specify the values of the selected component

“and then click.on hide the window as shown below.

B TR S PE R TTTEN
Library View
v B - v
4. RpdKILO - Ly symbal
L Nithe - Lack | "
ORI ads
wnialoxLib wutu
ba Al
1 crectee
Lol T
functionul l
Lpdko13
E-ﬂ:(tﬂ-)
Invercar nmos3
rfCxampl=s nmoszdhv
et Amascean
UL nevs [
zamole nmozhy
nmoszrt
AP e
i
e res
Pl =
it e
wLloze. Do

rmouse L mouseAddPut)
=) l Pcintat ocadcn far the Irstance,

= [ = -

Lineny apdkIue
Lwit e
Vi wymbold
Names

M Adc Wore Shine at
-~ all terminals

* reglitersd term nals ony

I [TERTTIT 1

Aray Wi v
4> potatc 1k £ doanvs “m Lpsids Do

Ml p e w1

Mulklp ler _l"u T E

| et LGEE.

Talal vt Zu M }

e vadL 2u M

ringers 1

Threzho d oeen n

Apply Threeha A
Culs Connuelion
S/D Motal Widihy
Swizch 5D
Byl i Lyp e

Felil Arca &1

[

® NAane _ Tep o Formm Farh . Alernare
400 N
Mo =]
1.25
1.2
R.2an
@  concel . Defaul= . Llel
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» After placing the components select the pins by pressing letter ‘ p’ or go to create in top
menu by Create --> Pin
» After pressing P a Create Pin window will be pop-up.

Create Pin

T |
[

Names |
Dircction input n
Usage schematic n
Sipriel Typm gl
— Expand busses
— Flace multiple pins
P MNet Fxpressicon — Alless b olan prirs
" Supply Sensitivity
Rotation &2 =h = A
m _CLoncel . Defaults . llelp

In the Create Pin Window Specify the name of the pins(input, output, VDD, VSS) and

the Direction of the pins, then select Hide.

* Forrotation of pins we can press letter “r “.

» After placing the pins, press letter “ f “ so that the schematic will fit to the screen.

» After placing all the components and pins, press ‘W’ to give the connections or go to create
in top menu and select Create --> Wire.

* Click the Check and Save icon in the schematic editor window to Save the Design.

pPmatic
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Symbol creation:

1.In the Schematic window, select Create from top menu

Create —> Cellview—> From Cellview.

2.The “Cellview From Cellview” form appears. With the Edit Options function active, you can

control the appearance of the symbol to generate.

Boalar oy Pdeineme l.nuulur| n 1 Rrc e
il Mumsies Lrr n
From Wiew b ams scmematic n

T e v Pl e oy L

e TR [=r]
O sl S llvie e e
Edit Sptons -

EETE s Deslenadla o Apply o Help

3.Verify that the “From View Name” field is set to schematic, and the “To View Name" field is set
to symbol, with the “Tool/Data Type” set as Schematic Symbol.

4.Click OK in the “Cellview From Cellview” form. The Symbol Generation Formappears. Modify
the Pin Specifications as follows:

5.Click OK in the Symbol Generation Options form.

Symbol Genecation Opticos »

6.Anew-window displays an automatically.created Inverter symbaol @as-shown here.

v Aine_des symbol

" Specfoasicess AtirSurtes
Lafe s winm =
S wOout I:Jll.
T o Py vwdd e
Box -~ wvod (s

SwCOe InFenied Conmedhion
- Mo “~a o Dy these

L S oxt Ml ovew e AltmiSaswes EatLatwh At Trogertes
_Loncel . . Appey . . pep
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Editing a symbol:
It is optional, we can modify it or not because the functionality will not change. we will
modify the inverter symbol as look like an Inverter gate symbol.

1. Move the cursor over the automatically generated symbol, until the green rectangleis
highlighted, click left to select it.

2. Click Delete icon in the symbol window, similarly select the red rectangle and deletethat.
3. Execute “Create —->Shape —->polygon”, and draw a shape similar to triangle ass shownbelow.

4. After creating the triangle press ESC key. Execute “Create —>Shape —> Circle” to make a circle at
the end of triangle.

oSO DO 0 gele DO

Lanch Tile Edit View Create Check Optiors  Window  Help (aden(e

& 0 Ol 3 = : ; s =) S e

U RE|s G KX O 5 ¢ 8-T 527K &K Q

BabiL 'f;\J /_-’:—_‘ :}: ‘r‘ » ;) E‘% |jD './'/' (i:; ‘__i s |
Navigator 7.8/
Symbol
rv

= OBJECTS

All

Irstances

Nets 4

Jins

\ets and 2ins
~ GROUPS

G

Types

+ [l

Property Editar Rl x]

mousc L: mouseSingl=Selzctrt() M: schZoor it 1.0 G.9) f: schHiMouse 3°P,UP0,
3(4) Cmd: Sz1:0 [
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5. You can move the pin names according to the location.

6. Execute “Create —>Selection Box”. In the Add Selection Box form, click Automatic. A new red

selection box is automatically added.

7. After creating symbol, click on the save icon in the symbol editor window to savethe
symbol. In the symbol editor, execute File —>Close to close the symbol view window.

Dept of ECE ,Atria Institute of Technology Page 108



Inverter test design:

1.In the CIW or Library Manager, execute “File—>New—> Cellview”.

2. Set up the New File form as follows:

File

Library inverter v

cell | inv_tesH |

View schematic

Type schematic n
Application

Open with ?chematicsL v

__ Always use this application for this type of file

Library pathfile

/root/Desktop/test/cds.lib

3. Click OK when done. A blank schematic window for the Inverter_Test design
appears.
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Virtuoso® Analog Design Environment L Editing: inverter inv_test schematic

Laundds Fle Edit View Creale Cleckh Oplivis Wirndow PYS Help cadence
9 A e ) I 1471 25 - " 2 = 2 by fon 12 at =
J ¢t kadt o 1 O % G T @ AN g B o G & S B P8 L L 2 -
peee  BSE by Ay Uy Ay Wy | Es B -
“AC - [T - G — e 18 ¢, o ¥ 5
S 23] == 0 S0 1L B {= (e, = (2 >0 = | 2e =] smimTime
N vigsator 2.8 x| = - =
All
< Inv test
=% B -
Mosiie il
\ Inv_tesr
¢1 § 10 finv)
te (D PINO jexiin)
L0 VOlvue)
e G2 VI vpulze)
- L gnat
el nets
] nces
1. o
- ok
o
' '
Froperty Ecltor - e e e e e e e e e m e m s m e m - - - '
siremisae | ok LS sle Skl d PIC) B ea L HT ) we kA S v} R: vt dadiMemisss Peasl ()
50111 | inztance 1w Lmd: bel: StatuziReady | | 2/L  simulator: zpectre [

4. Add the components using Create —>Instance or by pressing letter “1”.
5. Click the Wire (narrow) icon and wire your schematic or you can also press the “ w ” key.
6. Go to Create—>Wire (narrow) in top menu and make the necessary connections. 7.Click

on the Check and Save icon to save the design.

Simulation:

In the Inverter_Test schematic window, select Launch -->ADE L in top
menu. The Virtuoso Analog Design Environment (ADE) simulation window
appears.

1. In the simulation window, go to top menu and select Setup—>Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre and click OK.

3. In the simulation window, go to top menu and select Setup --->Model Libraries.

The Model Library Setup form appears. Click the browse button to add gpdk.scs
if not added by default as shown in the Model Library Setup form.
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Remember to select the section type as stat in front of the gpdk.scs file. The Model
Library Setup window will now looks like the below figure.

spectre0: Model Library Setup

Muodel File |  Section |

B .-.c‘.,.‘._.':l.: L L Wt =

& Global Model Files
- ¢ Lrshan/cadence_analog_labs_B13/modelsispectresgpdk.scs stat
Sl - Cick bere {0 add model file-| s

€6 EE

@D  cancel Apply Help

Choosing Analysis:

1. In the Simulation window (ADE), click the Choose -->Analyses icon or you can also
execute Analyses --> Choose.

The Choosing Analysis window appears. This is a dynamic form, the
bottom of the form changes based on the selection above.

2. To setup for transient analysis

. In the Analysis section select tran
. Set the stop time.
Choosing Analyses -- ADE L (1) x

! Analysis & tran s dc « ac «wr hoisc
o Xf « 3Cns « dcmatch . acmatch
« stb s P2 s If — Sp
wo envip <. pss .+ pac «. pstb
wo pnuine oo pxal e s Ypss
— Ajjre < ll[lll(i\t‘ s (")xf S LA

| v hala e Balaene — bty v lalariesise
v hbsp ws hbxr

L Transient Analysis

(
ﬂ Stop |ime 2@6ne
E Accuracy Defaults (errpreset)
. conservanue _g:'mnrhnran; — lineral
— Transtent Noise
! Dynamic Parameter \
1 Fnahled W . Opligiy.. |
g! Cancel Defaults Apply | lelp
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Select the Accuracy Defaults by click on the moderate or Enabled option at the

bottom, and then click Apply.

To setup for DC Analysis:

In the Analysis section, select dc.

In the DC Analysis section, enable Save DC Operating Point.

Select the Component Parameter from Sweep Variable section.

Click the Select Component, Which takes you to the schematic window.
Select the input signal vpulse source in the test schematic window.

Select ” DC Voltage “ in the Select Component Parameter form and click OK.
In the sweep range section, type start and stop voltages as 0t01.8

respectively.
Check the enable button and then click Apply.

Chcms=sing

Snalysis - Llr=iry - o — A —_— Fuise
S 1 “.s SEens w o docmatch - St
—_— PZ — =R -_— JBnvip — s
— phAar. — st — pnnise —J et
-— PSP — Ggpso — gpac — gqpPnolisc
— Ll —_— L= - A ) - Fiba=
wr hbnoise
ODC Analwsis
Sawe T Tiperating Foint —
Huysleresis Swraa s ]
e ep wWarnakle
Componant INama S
— Termper=alure
Cesign “ariable Select Component
we S omponsnt Paramsastar Horoamcotor MNormce = U
— PhANr=l Farametar
Sweep Range
- Start-Sit
= 2 LVEY Start u =10 1. =
“w ZContcr =Span
Swweep Twpe
puteomonc B
Ackcl Specific. FPoints
Enablad - Dptlions
_CAancel L Defaults Aol ey Help
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Selecting outputs for plotting:

1. Select Outputs —->To be plotted —>Select on Design(Schematic) in the simulationwindow.

Session Setup Analyses Mariables Outputs Simulation Results Tools Help cadence

Il Status: Ready T=27 C Simulator: spectre

Design Variables Analyses f
Name —| Value | __ Twpe — [Enable | Arguments. | »' )7
1 wp 2u 0 g ec v 10 1.8 Automatic Star-Stop V0 N .
2 tran > 0 200n moderate 1;’ _ D¢
W _ Trans
r -~
_| Outputs e -
| MamefSignalEspr — |[Value | Plot |Save | Save Oplions | T
1 vout e | ally & X
2 vin ¥ | = allv
L,“ [ ] s @
€ (Il > Plot After Simulation: Auto @ Plotting mode: Replace B e

s
“.

>

1

5| Choose Design ...

L

L

2. Follow the prompt at the bottom of the schematic window, Click on output net Vout, input net
Vin of the Inverter. Press Esc with the cursor in the schematic after selecting it.

Running the simulation:

Execute Simulation ---> Netlist and Run in the simulation window(Green colour button icon) to

start the simulation, this will create the netlist as well as run the simulation.

When simulation finishes, the Transient plots automatically will be

popped up along with log file.
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Saving the simulator state:

1. In the simulation window, go to session ---> save state option. The saving state form

appears.

2.Set the save as field to Statel_inv and make sure all options are selected under what to save field.
3. Click ok in the saving state form. The simulator state is saved.

Creating a Layout view of inverter:

1. From the Inverter schematic window menu execute Launch --> Layout XL. A Start-up Option form

appears.

2. Select Create New option. This gives a New Cell View Form
3. Check the Library name(Inverter), Cell name (Inv-des) and View name (layout).

4. Click OK from the New Cellview form and a blank layout window appear along with
schematic window.
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Adding components to Layout:

1.Go to Connectivity —> Generate —> All from Source or click the icon
s 3]
sz 3]

In the layout editor window, Generate Layout form appears. Click OK
which imports the schematic components in to the Layout window

automatically.
2.Re arrange the components with in the PR-Boundary.

3.To rotate a component, Select the component and click Edit —>Properties. Now

select the degree of rotation from the property edit form.

i M e — FLANG gns s
el U WX OPR UMD LAY
4.Press ‘ f’ to fit the layout on display.

5.Press ‘ Shift+f ’ key, to enable the terminals of a transistor

FlSelect:0 SellN:Q  Sel{ix0 Sel(OX0 [X 3.1500 Y 3.1050 dX dy Dist Cmd:
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6.After enabling all the terminals of a transistor, press ‘P’ in order to make the connectivity.

7.To do HRail for vdd and vss

pins,

Right click on the vdd/vss pin select ‘pin placement’ option or select Place --> Pin
Placement from top menu below window will be pop-up.

d
Pin Placement: Inverter Inv layout x
7| | Pin Planner | Pt Oplimization |
1 Eir Fliter |~ Place Asin
- Tqi Fewel Pies 0 | ewel -1 Pins Edgc hA,|| n —
Status or Type Al
— Aulo-Swilch o Lewel-1 Symbd J
Ry Name .= Flirer
o J .~ Iterated Pins
Reliesh
W |Pinname Edge — |Order|status|Type |Layer |wiath Heignt e JUEEIENE,
o vdd:vd divdd P Uniinterleawe
inirin dany I Melll 0.300 0.300
- out:out:out any o Metall 0.200 0.300 Expand
J VSSVSSIVSS any I Merall 0300 0300 Collapst
- Al
i & Selected
|
o .~ Changec Order
A
~——
Move
ey pins L »-
v
\ J
‘_*'-'.’JIJ Oroer
= Message
Reary 1o place pins along specifiend page [ Create
Attributes VRail
Edge Or der PlaceinentStatus Const aint ; 4 HRal
Top N o Constraint (Roating) B Apply Zoom
- Shape Zoom ON
Re-Place kins
‘ Layer [l Mctall draving . Width ©.389 Height ©.308 All Edges n
fin
Pin Spacing
J Spduirig ype  \EEOter-center Exy Update Constraints T
T Space from LEETYDOTLIB M pin Spacefrom GENTER pin SpacedfremBIGLITARERIn
| N
=g 2 2 Ja
. Select the necessary pin like vdd/vss and select the required Edge in Attributes session and

click on Apply option by selecting HRail which is available in Create session as shown in the image .

. Make the necessary connections as per the schematic in layout window.
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. Save the design by selecting File —>Save or click on ‘save’ icon. E:]
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Physical Verification :

* For doing Physical verification we will go with ASSURA tool.

* Addthe Assura technology lib file path, Go to Assura ---> Technology, then a assura

technology lib window will appear. Browse the Assura tech lib.

e

Assura Technology Lib Select

€6 a— vy

Assura Technology File /install/FOUNDRY /analog/1868nm/assura_tech.lib View... Edit...

@ concel _Apply . Defauls | Help

Running a DRC:

* Once the Technology library is added Select Assura --> Run DRC from layout window.

* The Run Assura DRC window will pop up. Now enable View Rule files, select the technology
like gpdk180, 90 or 45 and also provide the Run Name while running the DRC as shown in the

- -
J Run Assura DRC b
| Layuut Desipgn Swuur ce o8 B Cotnp ar e wo layowls = . Ssiderbe Ll cak i = 8
Librar y inverler Cell inwv_laywoul Wikaww lavyoul a Urowse...
| ave 1 xtracted Wiew —  View NAame dro_extracted
Areas To De Checked el 7‘,=
| Run Name Run Directory Ix e
| Run Location tocay =]
| View ines s tes ~ Technology EF?",‘)'.?{“J,,,B Rule Set S'_ff_f’.“'_'_f*,n
| Rl s Fil Lal1/FOUNDRY /analow/180nm/pv/assur a fdra . rul ? Wi o Reloaa
Swilcln Narre=s Se=L Swwilc le=x
Y M
Varsanie WVaolese [ Totral T iky I 3= ption
P
| View awParameters S N Modifiy avPara meters_.. A AavParamerers are seT
View Additonal Sunctrons —_ Noagditonal TunNcilionNs arc sct.

| Erable limilDr cClieck -

[ ox NS e _ . Defoulle _ LoadSlale  Sewe Stale
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Click on Ok and new Progress File Window pop up so click on Watch log file so log file will
appear.

If there are any DRC errors exist in the design View Layer Window (VLW) the Error Layer
Window (ELW) appears by double clicking on the errors in ELW the errors will be highlighted
in the layout window.

Re-correct all the errors and re-run the DRC again.

If there are no DRC errors it will pop up with the window showing no DRC errors.

Running LVS:

LVS (Layout versus schematic)
Select Assura --> Run LVS from the layout window to run LVS check.
Below window will pop up Select the Technology File and specify the run name make

all the necessary changes as shown in the figure and hit on OK.

Run Assura LVS b

S chematic Design Source DAl B Use Existng Netlist - . MNetlistng Uptions._

Use Verillog |op Lell L

Library inverlker Cell inv lavoul Vie v schems Lic . Drowse...
I AyoriT Design Sodirce DAl n Use Exisling Extracied Nelisl
Library inverter cell inv_layout View layout . Browse |
Run Mame Run Directory . oam
Ruri Localion local n
View Rules Files 4 Technology L pJdki80 B Rulc Sct delault -
- ict Rulcs 1/FOUNDRY fanaolog/1806nm/pv/asaura fcxtract. rul g View.. .. Relcad
= Compare Rule a3/imestall/FOUNDRY /analog/1868nm/pv/acscsura/compare. rul View...

Switch Mames Set Switc he s

5 mnairng e 5) Wiew
- RSFE Incir ity Wi vy...

Ve ia e Value Defaull D e ip Lion

None BB
View avlParamctcors = Modify avlParametors... 7 avParamcters arc sct.
Yiew avCuoimnpareRules L ) MW odily avConnipar eRules... 1 avComnpare rule is sel
View addioonal functions — Mo additonal ranctions are set.

@I cancel . Apply .. Defaults . lLoadStwate  SaveState . View RSE . Help.
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. Now watch the log file by clicking on Watch Log file in Progress File Window.

. If Layout and schematic matches one window will pop and notify schematic and layout match

as shown in the figure.

LVS Debug — lvs_new 2

File Wiew Options Tools Help cadence

| -
ol it et 1| Ve | . Extract = C(_ompare STt et 1] My

%% Schematlic and Layout Match

If the schematic and layout do not matches, a form informs that the LVS completed

successfully and asks if you want to see the results of this run.
. Click Yes in the form.
. LVS debug form appears, and you are redirected to LVS debug environment.

In the LVS debug form you can find the details of mismatches and you need to correct all those

mismatches and Re — run the LVS till you will be able to match the schematic and layout.
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Running Quantus QRC:

ORC (Assura) Parasitlc Exaracilon Run Form

[ Sctup || Cxtraction || Ciltering || rdetlisting || Run Details || Substrate | —
Technology |gpdk100 ruieser |default [l -
pzivesst &-JONE B UseMultRuleSets . [ ]

Satup Dir Jhome/darshan//cadence_=nalog labs 6123/ /puv/assura froem | .

REF Include e Wi e LERE)

Rule RSF Include Vi Edit)

Tech Cmd File |Defoult 55 s Wiy L Edit)

itpiut |Estracted YWiews ' Libh rDesignLib Cel Inwverter View aw_extracted

hable CellView Check =

hracitic Res Component procoistor Prop Id x =

prasitic Cap Componant 'pcapac:l.tor | Hrop Id e

Brasitic Infd Compnnant pindin AT Frop In 1

Hrasilic M Curnpunernl Ppmind FPrup Id )

cductance L1 MCrop Id 1indl Inductance L2 Nrop Id ind2

ol Procedurce

ihetrate Extract fecf Extract MIZIS CiMmision Regs -~

ktract DS Ciffusion AP 3 add LYS MIDIS CUMiclon Res bt

ihstrate FProfie {MOME Extract pI2IS Cumision High (NONE B

brary Prefx | 7 I

birATy Trire)tliryye | J

O '” e

@3 (_Cancel il Defaults J_Apply J(_ Load State ) Save State J(_ viewRSC _J(_llelp )

o From the layout window, select Assura --> Run Quantus QRC for RC extraction.
. Click on setup and set the output to Extracted View and select the Technology as shown in

the above image.

. Click on Extraction from the top of the window and give the Ref Node as gnd! And also

select the Extraction Type to RC.

. Do the necessary changes as shown in the below image and click on ok.
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Quantus QRC (Assura) Parasitic Extraction Run Form

|Setup  (Lxtraction! | Filtering Meuisting | Run Details | Subslate | )
Lxtraction Iype B j==2) Name Space Layaurc Names, = —
Mo fracoure lengch Anfinite [mcrons n Temperature 25.06 C SELS
Mlax ltatlure lenulhs by layer Frlr
J oo il e I
Cap Coupling Mode Do vavapslverd | ] Hel Nude @ —
Mult Factor 7. Emberad Sl ieikinie s Lot ine Cefonix Feedy rire i ' o T ~
Ladder Network
e [ Lser Wegion - J RUA L na A R ] ) o
Mel Seleclivn Ty pe Eult Crup All Nets =B FS Extraclion Mode NN L =]
Layer Selup Cusluiiicalion el o Fs e —
Iveer | gt
Field Sulver Cunifig File - NI Fetlr o
Rexinlarnice Mesl Evlil ArapT U el | Wisd laaa s,
Aulurnatic Mesh Sice 2 PArsh Acerir W etate - Cimnrions -
AUto MMesh Sire Seale ockor 7.8 Ly o eranoes T-8 %
soleeT. K Mesh User Region N S Wileww | Fdir
MNAR-MARRATTAN RESISTANCS ACCIIEary deraun Rl

L

B
iHch Cells! Specafy a last of cells which appear ain the output hierarchy, requaires
:\ceJ.J. mame waith optional view and 1lLib names (cell, vaiew, Laib ) - g
L a—— — T L e
. The QRC progress will appears, click on Watch log file from Progress File window.
. When QRC completes, a dialogue box appears, informs you that Quantus QRCrun

completed successfully or not.

. Open the av_extracted view from the library manager and view the parasitics.

The outputisin:

Library: inverter
Cell: inverter
View: av_extracted

Quantus QRC Run

The Quantus QRC run "lvs_new" completed successfully

The av_extracted view will appear as shown in the below figure.
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To Create the configuration view

. In the CIW or Library Manager, go to File --> New --> Cellview.
. In the Create New file form by setting View as config as shown in the image and click on
ok.
New File b
B File L
| | Library inverter B |
| cen inv_post 7
View confiqg
Tope e i - |
Application

Open with Hierarchy Fditor n

— Always use Uiis applicatiorn for Ui ype ol Mile

Library pathfile
efprivanka/Desktop/example/inverterl/cds.1lib

@ conce . Hep
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. Now the new window will pop up click on use template option which will be on
bottom of the New configuration window.

New Configuration

- Top Cell

Library: iiinvc reer

Tl - l‘ill!l_’ll )\l‘

View: |Schematic

Global Bindings

Library List:

View List:

Stop List:

Cornstrain L List

- Description

. Select Spectre option and click on ok as shown in the below image .
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Uszc Template

e w
[T Lpmetree B3

From File: 1stall/ICo17/share Sty templates/ specte

EEDID  cuoes . Apply . nsp

. Change the Top Cell View to schematic and remove the default entry fromthe

Library List field and the top cell must be test schematic design.

New Conflguration

~ Top Cell

Library: |myDesignLib

Cell: Llnvcrtcr_Tcs‘t

Vieswy:  |schematic

~ Global Bindings

Library List:
Wiew LiIst: rspecxre cmos_sch cmas.sch schematic verlloga ahdl
Stop List: spectre

Constraint List

-~ Descriplun

Mote:
Flease remember o replace Tup Cell Library, Cell, and views
fields with the actual names usad by yvour design.

- R

(Canuel) (_Use Templale ) ( Help
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. Click on Ok by doing the necessary changes as shown in the image.
J The Hierarchy will be hierarchy window will be displayed as shown in the below image.

File Edit Miew Flugins Help cadence
[ ™~ R B |
| Top Cell 7.8/ X| | Global Bindings 7?8 X|
Library: myDesignLib n Lloen List
Call Inverer Test n Wiems List 5.5ch schematic weriloga ahdl
View: | schematic n Stop List spectre

Constraint List:

LRen
T Table view Tree Yiew
Cell Bindings
Library | Cell | View Found  |Jiew To Use | Inherited Yisws List |

analogLib vic specire specire cmos_sch cmos.s..,
analogLib Yhulse spectre spectre cmos_sch cmass...
opdk1&0 nmos spectre spectre cmos_sch cmos.s...
gpdklai prin g spectre spectre cmos_sch cmos.s...
myDesignlib Inverter schematic Spectre cmos_sch cmos.s...
myDuesignLib Inverter_Test schematic spectre cmos_sch cmas.s...

Il Mamespace: CDE&  Filters: OFF
14| =

. Click on the Tree view option in the hierarchy window editor as shown in the image.

Talale Wisus Tree Wiews
Tarmet: Onrurrennce

Inatanre ] Wie Tn | lae | Inhieriterd] Wi | st |
=1~ '-_;“ myDesignlib Invertar_Test schematic)
rel- L 10 {myDesignLlib Inverer schematic) spectre cmos_sch cmos. .
oo 0 WO (anEluygLibe wpulse speclne) speclre cmos_schr oo
G W fmnalogllb WG Spoctro) SpoCtre CHOS SCH CHOS. .
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J Save the current configuration and close the Hierarchy Editor window by click on

File --> Close Window.

To run the Circuit without Parasitics

. From the Library Manager open the test schematic Config view. Open Configuration or Top

cell view form appears.

~ B __Open Configuration or Top CellView

Open for editing

Configuration "myDesighLib Inverter_Test config” ® yes . no
Top Cell ¥iew "myDesignLlib Inverder_Test schematic" & yes o no
aGancely Help
. Click on ok by selecting both options to yes as shown in the figure.
. Make sure that the window must open with test schematic design for simulation.
. Execute Launch — ADE L from the test schematic window.
J Now you need to follow the same procedure for running the simulation. Executing

Session— Load state, the Analog Design Environment window loads the previous state.
. Click Netlist and Run icon to start the simulation. The simulation takes a few seconds and

then waveform window appears.

To run the Circuit with Parasitics

. Open the same Hierarchy Editor form, which is already set for test schematic config.
. Select the Tree View icon: this will show the design hierarchy in the tree format.
J Click right mouse on the Inverter schematic. A pull down menu appears. Select av_extracted

view from the Set Instance view menu, the View to use column now shows av_extracted view.

Dept of ECE ,Atria Institute of Technology Page 127



Virtuoso® Hierarchy Editor: (myDesignLib Inverter_Test config)

File Edit ¥iew Plugins Help cadence
IER=N = e A= J
|_Top Cell 78 X|| Global Bindings 2.8 x|
Librars; [myDesiantib Library List: myDesignLib
Cell: | Inverter_Test Set Instance View <none: bl
S pr——" Expand Instance av_extracted
Expand By Instance Group Jayout
Explain... schematic
_ Open
\ashig/ Open... symbaol
Open (Read-Only)... 3 Source File...
Tahle Wiew Tree View Add Stop Point [§, Reference Verilog...
Target: Instance Remove Stop Point
Instance. I Add Bind To Open...
= £5 (myDesignLib Inverter_Test schematic) Remove Bind To Open

=] B (0 (miyDesignLib (nyetter schematic) maectre cimos_sch cmos.sch...
Q Y0 (analoglib vpulse spectre) spectre cmas_sch cmos.sch..

= (20 V1 (analogLib vdc spectre) spectre cmos_sch cmos sch..

I Mamespace: CDEBA  Filters: OFF

L3(7)| >
B!
. Click on the Recompute the hierarchy icon
. The configuration is now updated from schematic to av_extracted view.
. From the Analog Design Environment window click Netlist and Run tostart the

simulation again.
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Streaming Out the Design

. Select File — > Export —> Stream from the CIW menu and Virtuoso Xstream out form
Virntuoso(R) XStream Out
Stream File™ fexporthomerdarshan/cadence _analog_labs_B1.34Anverter gds G
Technology Library | gk 80 E3
Library™ , my DesignLib iy
Toplevel Cells) | Inverter =y
View layrout _‘.
Cptiong - Loaed Hierarchy ) & Translate ’ Cancel
Load Template _ Save Template Refresh Libs Help _ Reset Options
\ él
. Click on the Options button.
. In the Stream Out-Options form select Automatic mapping and click OK.
o In the Virtuoso Stream Out form, click Translate button to start the stream
translator.
. The stream file is stored in the specified location with .gds format.
. From the Library Manager open the Inverter cell view from the GDS_LIB library

and notice the design.
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LAB 2 :Common Source Amplifier

AIM : To simulate the schematic of the common source amplifier.
Theory :

In electronics, a common-source amplifier is one of three basic single-stage
field-effect transistor (FET) amplifier topologies, typically used as a voltage or
transconductance amplifier. The easiest way to tell if a FET is common source,
common drain, or common gate is to examine where the signal enters and
leaves. The remaining terminal is what is known as "common". In this example,
the signal enters the gate, and exits the drain. The only terminal remaining is
the source. This is a common-source FET circuit. The analogous bipolar
junction transistor circuit is the common-emitter amplifier.

The common-source (CS) amplifier may be viewed as a transconductance
amplifier or as a voltage amplifier. (See classification of amplifiers). As a
transconductance amplifier, the input voltage is seen as modulating the
current going to the load. As a voltage amplifier, input voltage modulates the
amount of current flowing through the FET, changing the voltage across the
output resistance according to Ohm's law. However, the FET device's output
resistance typically is not high enough for a reasonable transconductance
amplifier (ideally infinite), nor low enough for a decent voltage amplifier
(ideally zero). Another major drawback is the amplifier's limited high-frequency
response.

Circuit Diagram :

Vdd
o |
Vbias
———— Vout
Vin I
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Schematic Entry :

Symbol Creation :
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Design entry for Test Schematic:

Library Cellview Properties

name name

myDesignLib cs_amplifier Symbol

analoglLib vsin Define pulse specification as AC
Magnitude=1; DC Voltage=0;
Offset Voltage=0;
Amplitude=5m; Frequency=1K

analoglLib vdd,vss,gnd Vdd=2.5;vss=-2.5;vbias=-2.5

Test Schematic Circuit :
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Settings in ADE L window :

ADEL (1) - 1_csamp cs_amp_test schematic = o x
Launch Session Setup Analyses Variables Outputs Simulation Results Toos Help cadence
g 5| e o7 e
&2 d 7 et 8
Anal i (=) B8
Design Variables b} oot Peo Zac
N val [ 1B Arguments Trans
ame | alue g o0 !
, | [
2 ¢ v t-55 Automatic Start-Stop /V1 E
3c v 150 100M Automatic Start-Stop ‘g-.
®
Il Y O
Outputs 78 xl;
- Name/Signal/Expr | Value | Plot | Save |  Save Options A
1 net6 v W allv
2 vout v Lef allv
|| ;
Plot after simulation: AUto n Plotting mode: \Replace n

> Results in /home/kedhar/simulation/cs amp 1

Simulation Results :
Transient Response :
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DC and AC Response :

|
1
B
1
& ]
>
i
‘1
|
!
E
i

Layout :
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Extracted View :
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LAB 3 : Common Drain Amplifier

AIM : To simulate the schematic of the common drain amplifier and then to
perform the physical verification for the layout of the design.

Theory :
Common drain amplifier is a source follower or buffer amplifier circuit using a
MOSFET. The output is simply equal to the input minus about 2.2V. The
advantage of this circuit is that the MOSFET can provide current and power
gain; the MOSFET draws no current from the input. It provides low output
impedance to any circuit using the output of the follower, meaning that the
output will not drop under load.
Its output impedance is not as low as that of an emitter follower using a
bipolar transistor (as you can verify by connecting a resistor from the output to
-15V), but it has the advantage that the input impedance is infinite. The
MOSFET is in saturation, so the current across it is determined by the gate-
source voltage. Since a current source keeps the current constant, the gate-
source voltage is also constant.

Schematic Entry :
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Symbol Creation :

Design entry for test circuit :

Library Cellview Properties

name name

myDesignLib cd_amplifier Symbol

analoglLib vsin Define pulse specification as AC
Magnitude=1; DC Voltage=0;
Offset Voltage=0;
Amplitude=5m; Frequency=1K

analoglLib vdd,vss,gnd Vdd=2.5;vss=-2.5;
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Test Schematic :

Settings in ADE L Window :

ADE L (8) - 1_cd_amp cd_amp-_test schematic - =} x
Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help cadence
3 < | L
BL @ 85 27 &1 d= 3D |
7.8 X
Design Variables Anaiyses I ;(:
o 3z Type | Enable | Arguments Trans
ame | alue y 10 S
1 tran v 0 10m moderate [ID
2 dc v t -5 5 Automatic Start-Stop /V2 g
i+
3 ac ! 150 100M Automatic Start-Stop 1{—- .
)
—~~
Outputs 2 x]. &
. Name/Signal/Expr | Value | Plot | Save | Save Options _ :
1 net4 ~ allv
2 vout 2 allv
Plot after simulation Auto B Plotting mode: \Replace n

52(89)

Status: Ready | T=27 C | Simulator: spectre | State:spectre_statel »JI-
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Simulation Results :
Transient Response :

|| Transient Response

5:04:

L 12 amp o v pes e L tontd e ) 1.cd_amp o amp testschematic 7] Window 18 7] Window19 V] window20 %
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Layout :

Extracted view :
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LAB 4 : Differential Amplifier
AIM : To simulate the schematic of the differential amplifier circuit.

Theory :
The differential amplifier is probably the most widely used circuit building
block in analog integrated circuits, principally op amps. We had a brief glimpse
at one back in Chapter 3 section 3.4.3 when we were discussing input bias
current. The differential amplifier can be implemented with BJTs or MOSFETs.
A differential amplifier multiplies the voltage difference between two inputs
(Vin+ - Vin- ) by some constant factor Ad, the differential gain. It may have
either one output or a pair of outputs where the signal of interest is the
voltage difference between the two outputs. A differential amplifier also tends
to reject the part of the input signals that are common to both inputs (Vin+ +
Vin-)/2 . This is referred to as the common mode signal.

Schematic Entry :
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Symbol Creation :

diff _amp

Design Entry for Test Schematic :

Library Cellview Properties

name name

myDesignLib cs_amplifier Symbol

analoglLib vsin Define pulse specification as AC
Magnitude=1; DC Voltage=0;
Offset Voltage=0;
Amplitude=5m; Frequency=1K

analoglLib vdd,vss,gnd Vdd=2.5;vss=-2.5;

AnaloglLib Idc DC current = 30u

Dept of ECE ,Atria Institute of Technology Page 142



Test Schematic :

Aiff_amp .

*

Settings in ADE L window :

ADE L (9) - 3_diff_.amp diff_.amp_test schematic

- o x

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help cadence
(d - " > -
P @2 8527 eu = & F |
Analyses 7.8 X
Design Variables ly I WAS
- o Type | Enable | Arguments Trans
Name | Value | - TS y b
1 tran v 0 10m moderate S |
2 dc v t-55 Automatic Start-Stop /V2 2
3 ac v 150 100M Automatic Start-Stop 1!—0 .
Outputs rall- X]
’ Name/Signal/Expr | Value | Plot | Save | Save Options VAl
| 1 net7 v allv
1 2 vout v allv
H
Plot after simulation: Auto n Plotting mode Replace n
60(103) Edit Variables Status: Ready Tw27 C | Simulator: spectre l State:spectre_statel _]
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Simulation Results :
Transient Response :

i :_/ % DD Subwindows; ”‘\ n 1] f’ ..I: ta Poin FiEE Claz.z.ic BE @0

1 3_diff_amp diff_amp_test schematic Il Window22z %

time (ms)

:

10" 10 10t 10 10 10*

1¢
freq (Hz)
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Layout :

Extracted View of Design :
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LAB 5 : Operational Amplifier
AIM : To simulate the schematic circuit of the Operational Amplifier.

Theory :
An operational amplifier (often op-amp or op-amp) is a DC-coupled high- gain
electronic voltage amplifier with a differential input and, usually, a single-
ended output. In this configuration, an op-amp produces an output potential
(relative to circuit ground) that is typically hundreds of thousands of times
larger than the potential difference between its input terminals. Operational
amplifiers had their origins in analog computers, where they were used to
perform mathematical operations in many linear, non-linear and frequency-
dependent circuits. The popularity of the op-amp as a building block in analog
circuits is due to its versatility. Due to negative feedback, the characteristics of
an op-amp circuit, its gain, input and output impedance, bandwidth etc. are
determined by external components and have little dependence on
temperature coefficients or manufacturing variations in the op-amp itself.

Op-amps are among the most widely used electronic devices today, being used
in a vast array of consumer, industrial, and scientific devices. Many standard IC
op-amps cost only a few cents in moderate production volume; however some
integrated or hybrid operational amplifiers with special performance
specifications may cost over $100 US in small quantities. Op- amps may be
packaged as components, or used as elements of more complex integrated
circuits. The op-amp is one type of differential amplifier.

The amplifier's differential inputs consist of a non-inverting input (+) with
voltage V + and an inverting input (=) with voltage V - ; ideally the op- amp
amplifies only the difference in voltage between the two, which is called the
differential input voltage. The output voltage of the op-amp V out is given by
the equation:

Vout = Ao (V +-V-)

Dept of ECE ,Atria Institute of Technology

Page 146



where Ao is the open-loop gain of the amplifier (the term "open-loop" refers
to the absence of a feedback loop from the output to the input).

Schematic Entry :

Symbol Creation :
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Design entry for test schematic :

Library name Cellview Properties
name

myDesignLib cs_amplifier Symbol

analoglLib vsin Define pulse specification as AC
Magnitude=1; DC Voltage=0;
Offset Voltage=0;
Amplitude=5m; Frequency=1K

analoglLib vdd,vss,gnd Vdd=2.5;vss=-2.5;

analoglLib Idc DC current = 30u

Test Schematic of design :
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Settings to be made in ADE L Window :

ADE L (10) - 4_op-amp op_amp-test schematic — o b4
Launch Session Setup Analyses Variables Outputs Simulation Results Toos Help (é dence
Al s = [L \ [ F .
PRy a8 dl
78 X
Design Variables Aoslyses [ oL
' - Type | Enable | Arguments Trans
Name | Value | | tran v 0 5m moderate @
2 dc v t-55 Automatic Start-Stop /VO .
3 ac v 100 100M Automatic Start-Stop !,,r:..
®
] ;"\
Outputs 78 Xl 3
" Name/Signal/Expr | Value | Plot | Save | Save Options , '
1 net4 v allv
2 vout v allv
1|
Plotafter simulation: Auto n Plotting mode: \Replace n

RESULTS :

Transient Response :

L2l 4 op_amp op_amp_test schematic ] window2e =
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iew

DC & AC Response

Layout V
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Extracted View of design :

LAB 6 : R-2R based DAC

AlM :

To design 4 bit R-2R DAC using Op-amp with given specifications and verifying
the following

1. Schematic:

1) DC Analysis

i) AC Analysis

Iii) Transient Analysis
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Specifications :

Schematic Entry :

Dept of ECE ,Atria Institute of Technology

Library name Cell name Properties
gpdk180 Polyres R=1K
gpdk180 Polyres R=2K
analoglLib Idc idc=30u
analoglib gnd -

Pin Names Direction
DO, D1, D2, D3 Input
vdd, vss Input
Vout Output
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Symbol Creation :

Design Entry for Test Schematic :

Library Cell Name Properties

Name

analoglLib vpulse For VO: v1=0, v2=2, Ton=5n,
T=10n For V1: v1=0, v2=2,
Ton=10n, T=20n For V2: v1=0,
v2=2, Ton=20n, T=40n For V3:
v1=0, v2=2, Ton=40n, T=80n

analoglLib Vdc,vdc For vdd: DC voltage=2.5
For vss: DC voltage=-2.5

analoglLib gnd -
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Test Schematic :

Settings in ADE L window :

ADEL (11) - 5_R-2R_DAC R-2R_DAC_test schematic = =] Ed
Launch Session Setup Analyses Mariables Outputs Simulation Results Tools Help cadence
] . = - i)
(A S T N =
7O X
Dresign Variables Analyses | =
. Type | Enable | Arguments Trans
bame 1 ihalne 1 tran ~ @ 300n moderate
i =
(=
*

e
<

Outputs =] x|

. Name/Sign al/Expr | Walue | Plot | Save | Sawve Options Al
i 1 netd v allw
| z net? w e allw

3 netd K e allw

4 netl1 w e allw

5 wdac ¥ - allw

il
Plot after simulation: AUto n Plotting mode: \REplace n
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RESULTS :

AT

3]

|
|
%
|
%

0.0 200 400 60.0 80.0 1000 120.0 . 50. 180.0 2000 2200 1 0 3000
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A S,
HTREN

VISION

To become a pioneer in developing competent professionals with societal and ethical values through
transformational learning and interdisciplinary research in the field of Electronics and Communication
Engineering.

MISSION
The department of Electronics and Communication is committed to:

M1: Offer quality technical education through experiential learning to produce competent
engineering professionals.

M2: Encourage a culture of innovation and multidisciplinary research in collaboration with
industries/universities.

M3: Develop interpersonal, intrapersonal, entrepreneurial and communication skills among students
to enhance their employability.

M4: Create a congenial environment for the faculty and students to achieve their desired goals and
to serve society by upholding ethical values.

PROGRAM EDUCATIONAL OBJECTIVES (PEOS)

Upon completion of the program, graduates will be able to:
PEOL: Tackle complex engineering problems with the sound knowledge of basic science and
mathematics.

PEO2: Utilize their knowledge and skills to develop solutions in multi-disciplinary environments
through collaborative research.

PEO 3: Inculcate effective communication skills, teamwork and leadership for a successful career in
industry and academia.

PEOA4: Exhibit professional ethics and social awareness in their professional career and engage in
lifelong learning.

PROGRAM OUTCOMES (POs)

Engineering Graduates will be able to:

PO1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering problems.
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PO2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics, natural
sciences, and engineering sciences.

PO3. Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

PO4. Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of the
information to provide valid conclusions.

PO5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an
understanding of the limitations.

POG6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the
professional engineering practice.

PO7. Environment and sustainability: Understand the impact of the professional engineering solutions
in societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

PO8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms
of the engineering practice.

PO9. Individual and team work: Function effectively as an individual, and as a member or leader in
diverse teams, and in multidisciplinary settings.

PO10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write effective
reports and design documentation, make effective presentations, and give and receive clear instructions.

PO11. Project management and finance: Demonstrate knowledge and understanding of the engineering
and management principles and apply these to one’s own work, as a member and leader in a team, to
manage projects and in multidisciplinary environments.

PO12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSOs)
PSO1
Apply the knowledge of leading-edge hardware and software tools to solve problems in the area of

Embedded Systems, VLSI and 1oT.

PSO2
Apply the concepts of Signal and Image Processing to solve problems in communication systems.
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