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1 Introduction

This document is to serve as the lab manual for the ECE484 (Digital IC Design) class which
is offered each Fall by the SIUE ECE Department. The manual was prepared by Professor
G. Engel (August 2018). The purpose of the manual is to train students in the use of the
Cadence EDA (Electronic Design Automation) tools which we currently use here in the ECE
Department. Specifically, the manual describes how to use the custom IC design tools which
comprise the Cadence 1C6 software suite.

Prior to Fall 2018, the version 6 (IC6) toolset has been used in the IC design courses offered
by the Department but Cadence is urging customers to adopt the IC6 toolset. Moreover,
staring in the 2018 Fall semester, we will be using the AMS 0.35 micron Process Design Kit
(PDK) which is generally referred to as the AMS HitKit. This has made it necessary for us to
update the tutorials used by students in ECE484. The tutorials in this new manual are based
on the Washington University in Saint Louis (WUSTL) Cadence Tutorials. The WUSTL
tutorials were prepared by Michael Hall (a former SIUE student and graduate assistant of
Dr. Engel’s). The WUSTL tutorials are a good place to look for additional information on
how to use the Cadence design software.

This manual will walk you through all the necessary steps for designing and testing an in-
verter. First, we are going to create a schematic for the inverter. We, then will create a
symbol for the inverter and test the transient characteristics of this inverter using Analog
Artist Simulator. Lastly, we are going to create a layout for the inverter and test the tran-
sient and DC characteristics using a netlist extracted from the layout of the inverter. This
final simulation will include parasitic capacitances which will more accurately relect the true
performance of the inverter.

Labs for the ECE484 class will be carried out in EB3009. EB3009 will serve as the new
Student Computer Aided Design (SCAD) Laboratory. The room is home to about a dozen
computers running Centos 6.9 (Linux). The Cadence IC design tools reside on each of the
computers, but student files are stored on a server (vlsi.ece.siue.edu) located in Dr. Engel’s
research laboratory.

The machines in EB3009 mount vlsi’s home directory and the campus server provides user
authentication. Therefore, provided you have an SIUE computer account (and you remem-
ber the password!), you can get an account on vlsi.siue.ece.edu and all of the other computers
in the SCAD lab. Since your Linux home directory resides on "vlsi”, feel free to use any
of the computers in the lab. NOTE: Before using the machines in the SCAD lab,
one must have an account on the vlsi server. These accounts will be created
with the help of the ECE484 teaching assistant during the first week of lab in
ECE484. The TA will also create an ece484 project directory for you by running a setup
script (namely, clone-ece484).


https://eda.engineering.wustl.edu/wiki/index.php/Tutorials:Cadence:Main

The computers in the SCAD lab have been assigned the following hostnames:

e scad0.ece.siue.edu (NOT WORKING)
e scadl.ece.siue.edu

e scad2.ece.siue.edu

e scad3.ece.sive.edu (NOT WORKING)
e scad4.ece.siue.edu

e scadb.ece.siue.edu

e scad6.ece.siue.edu

e scad7.ece.siue.edu

e scad8.ece.siue.edu

e scad9.ece.siue.edu (USED BY TA)

e scadl0.ece.siue.edu

e scadll.ece.siue.edu

e scadl2.ece.siue.edu

The combination to the room will be given to you during the first lab meeting. Please DO
NOT share the information with others!.

Finally, Cadence asks that any tutorials prepared by faculty come with following disclaimer:

Information is provided ”as is” without warranty or guarantee of any kind. No statement
1s made and no attempt has been made to examine the information, either with respect to
operability, origin, authorship, or otherwise.

Please use this information at your own risk —and any attempt to use this information is at
your own risk — we recommend using it on a copy of your data to be sure you understand
what it does and under what conditions. Keep your master intact until you are personally
satisfied with the use of this information within your environment.”

Cadence® s a trademark of Cadence Design Systems, Inc. 555 River Oaks
Parkway, San Jose, CA 9513/.



2 LINUX Tutorial

Login to the machines in the SCAD lab by using your university e-id and password. Since
many of you may have never used the Linux operating sytem before, I wil provide a brief
introduction to Linux here. Begin by double-clinking on the terminal icon. This will launch
an xterm window. Here is a link to a Linux Tutorial for beginners. I suggest you become
familiar with the following commands: cd, 1s, cat, pwd, less, mv, rm, mkdir, rmdir,
which, find. Give the following commands and see do what you would expect based on the
tutorials. The TA will explain what the sequence of commands do in more detail.

cd -~

pwd

Is

Is -al

cat ~ /.alias

less ~ /.alias

mkdir tmpdir

cd tmpdir

pwd

gedit tmpfile

Is

cd ..

pwd

rm -rf . /tmpdir

Is

go ./

Pretty cool? Linux is a very nice operating system!.


http://www.sanfoundry.com/1000-linux-command-tutorials/

3 Cadence Setup

You can check to make sure that the ece484 project directory was created correctly by typing
cd ~ /cds/eced84

Is

You should see several subdirectories including a Lib and a Libtest directory.

Each time you log in, you should open up a terminal window. In order to use the Cadence
Version 6 tools you must type the following command

cds_ams

This will configure the enviroment for you. You should make sure that the programs will
use the eced84 project directory. To check this, type the command

p

The command should return the string

ece484

Then to actually launch the tools, you should type
icd_ams

This launches Cadence’s Virtuoso program. The following window will pop up.



File Edit View Search

Using AMS AG Native 0.
Setup file created on
Makes use of AMS-AG Hi| —Library Cell

File Edit Miew Design Manager Help

__ Show Categories __ Show Files

Setting PROCESS variab

LM LICENSE FILE is 528| ||A_CELLS
- - 4_CELLS_130626 | |

Checking to see if we CORELIED
Configuring HOL design| ||coreLiBD 3B
Setting up path to Men| ||CORELIE 3B
Setting up licensing f| ||GATES
Setting up licensing f| ||Lib

Leaving MGC.init LibTest
PRIMLIE

[geetha@vlsi-wrk2 HINP
[1] 6961 Messages
[geetha@vlsi-wrk2 HINP

Log file is "‘homesgeetha/cds/HINPchipdogdibbdanager.log”.
WARNING: The .cdsinit
This may lead

Starting: virtuoso hi

[ Virtuoso® 6.1.6-64b - Log: /home/geetha/cds/HINPchip/log/CDS.log

File Tools Options  hitkit  Help

lmouse L
1 | hitkit: ams_4.10 Tech: $35d4h3 User: geetha

Click the YES button.

In the next section of this manual, we will actually begin designing a circuit (specifically, we
will perform a task known as schematic entry). All I ask that you do now, is exit from the
program. Here is how one exits from the Virtuoso program.

Left click CIW: File — Exit...

A dialog box should appear, and ask to confirm the request. Left click yes to exit Cadence,
or left click no to cancel and resume. If you have any unsaved work, the Save All form
appears with the library, cell, and cell view names. All Cadence windows will now close, and
the design session will end.



[&=] Library Manager: WorkArea: /home/geetha/cds/HINPchip - o x

File Edit File Edit View [Design Manager Help cadence

_ Show Categaries __ Show Files
Makes use  Lbrary cell

Setting P
LM LICENS ||A_CELLS
- A_CELLS_130626

: BORDERS
Setting u CORELIB

Checking | || cope( g0
Configurl \|coReLigo_se
Setting u ||CORELIB_3B
setting u |[GaTEs
Setting u ||Lib
Leaving M ||LibTest
PRIMLIE
[geetha@y
[1] 6961
[geetha@y

\q‘) Do you really wish to quit?

_Gencel ) _tielp_

Virtuoso® 6.1.6-64b - Log: /home/geetha/cds/HINPchip/log/CDS.log

File Tools Options hitkit Help

Tm‘-ouse L:
1]

If you want to use the Cadence tools in a different class, for example, eceb85 then issue the
command

sp eceb85

If you would like ece585 to be your default project then issue the commands
ulp

sp eceb585

Ip ece585

The sp command "sets the current working project”. The ulp command "unlocks the de-
fault project” and the Ip command ”locks the current project down as the default project”.

LASTLY, PLEASE MAKE SURE THAT YOU LOG OUT OF THE COM-
PUTER BEFORE LEAVING THE LAB SO THAT OTHERS CAN USE IT.



4 Schematic Entry

Launch the Cadence tools as described in the previous section of this manual.
From the CIW window please select Tools: Library Manager

You should see the following window pop up. It is what we call the ”Library Manager”. We
will use the Library Manager each time we create a new design. We can also use it to copy
and/or delete designs.

geetha@vlsi-wrk2:HINPchip
File Edit View Search Terminal Help

Using AMS AG Native ©.35 micron process
Setup file created on Nov. 21, 2017
Makes use of AMS-AG HitKit

Eile Edit View Design Manager Help rjden(e

_ Show Categories _ Show Files
Library

H_CELLS
4_CELLS_130626
BORDERS
CORELIB
CORELIBD

Messages

Log file is "/home/geetha/cds/HINPchipdog/libianager.log”

umouse L:
1 ‘ hitkit: ams_4.10 Tech: s35c4h% User: geetha

Whenever we create a schematic for a logic cell in ECE484, it should be saved in the Lib
directory. When we create a schematic of a "testbench” (something we will use to test the
cell), we will want to save the testbench in LibTest. We will find things like nfets, pfets, etc.
in the PRIMLIB library. [tems such as ideal resistors, ideal capacitors, voltage sources, etc
can be found in analogLib.

First select Lib and then File: New — Cell View. The New File window will pop
up. Let’s make a digital inverter cell which we will call my_inv so type my_inv in the the
Cell field. In the the View field type schematic or from the type pull-down menu choose
schematic and the View fiels wil be automatially filled in. In the Application section,
select the following: Open with Schematic XL and check the box that says Always use this
application for this type of file.



File
Likrary Lib

Cell my_ire
WiEny schematic

Type sEhEmaﬂC n

Application
Cpen with Schematics XL B

¥ Always use this application for this type of file

Likirary path file
Jhome fgeetha/cds /HINPchipfcds. Lib

@3 concel | Hep

Left click the OK button. The Virtuoso Schematic Editor window should pop up as
shown in the figure below.

Virtuoso® Schematic Editor XL Editing: Lib inv schematic

Launch File Edit ¥iew Create Check Opfions Window hitkit Calibre Help cadence

d 0@ X Q T ¢ da-7 U QR AE ML L eE
Constraints BE ﬁq} oy At leQ'lh\l}Q Q- B-

Editing: constraint

"l B

S Type (@ -
I inv (0)

- B | [
mouse L: schSingleSelectPl)

Wt schHiMouseP opUip( R: schHiMousePoplipg)
1¢2) | hitkit ams_4.10 Tech: s3504h5 User: geetha

| cm: Set:0 ||

Left click: Schematic Editor: Create — Instance



Shortcuts: You may notice letters by some of these menu choices. Rather than searching
through the menus, you can just hit that key on the keyboard to have the same effect. These
are call bind-keys. In the future you can press i in order to insert an instance.

A Command Browser window appears. In this window select PRIMLIB under the Li-
brary pull-down menu. Next click on Mosfets — pmos4. The window should look like
the one in the figure below.

[ ComponentBrov _ 0O X

Commands Help  cadence

Lihrary PR'ML'B n

Flatten

Filter *

. (Bo up 1 lewel)
rmos30m
o sd
rmosmd
pldmos

Mosfets

3| Helpaction |

You can edit the parameters of the pmos4 cell such as width, length, etc. For this exercise,
keep the default parameters. The Add Instance window is shown below.
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Edit Object Properties

Apply To anly current n instance n
Show _ system o user o CDOF
Browse Reset Instance Labels Display
Property Walue Display
Library Mame PRIMLIE| off n
Cell Mame prosd value n
Wiew Mame symhol off n
Instance Mame MEO off n
Add Delete Maify |
CDF Parameter Yalue Display
Model name modp off n
Width 0.7u M aff B
Width stripe 0.7 M off n
Length 0,350 X L - G
Mumber of Gates 1 off n
MOS transistor shape M off B
Mumber of hends 1 off n
Top Contact v off n
Bottom Contact "4 off n
Join Gates right |53 off B
Join all drains ~ off n
Join all sources v off n
Guard Bar Lef _ Diff _ Cont ® Mone L - |
Guard Bar Top _ Diff ' Cont ® Mane of 3
Guard Bar Right _ Diff _ Cont ® Mane o 3
Guard Bar Bottom o Oiff w Cont @ Mone aff n
Substrate Contact L off n
Dirain diffusion area 5. 05e-13 aff B
Source diffusion area 5.95e-13 off n
Drain diffusion periphery Z.4u M off n
Source diffusion petiphery 2.du M off n
L -

=

Drain diffusion res squares 0. 7142857

=
o
&
)
)
=

Cancel Apply Defaults || Previous

Move the cursor into the editing window. Notice that there is an PMOS transistor there
instead of the normal cursor. Position it where you want to put the transistor, and left click
to place it. You can right click to rotate the transistor if you want it to face a different
direction (this is especially useful with pins). While placing, stretching, etc., you can press
F3 to show the options form for the command if it is currently hidden.

Press Esc to return to a normal cursor after you have finished placing all the transistors you

want. For this inverter example, place it on the bottom half of the screen on the right side
of the center-line. To rotate press r.
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Click Schematic Editor: Create — Instance

Follow the same steps as before, but choose a nmos4 transistor. Use the default values for
length and width. Place the NMOS transistor somewhere below the PMOS transistor.

To make life easier: Before trying to place a component, left click the Hide button on the
Add Component window. This will move it into the background so it’s out of your way.

Repeat the same procedure as above and add both gnd and vdd symbols (from analogLib.
Place the gnd symbol below the nmos4 transistor and place the vdd symbol above the
pmos4 transistor. Refer to the final figure at the end of this section to see the placement
of all components. When adding the gnd and vdd symbols, the Add Instance window
appears and it should look like the ones shown below.

[d Component Brov _ 0O x

Commands Help  cadence

Library (@naloglib ~ |

Flatten _

Filter *

. iGo up 1 level)
gnd
grda
gndd
v E
vooa
oo
wdd
vdd_inherit
wdda
wddd
vas

Sources/Globals

5] |

Now, we’ll add the pins for the inverter. Click Schematic Editor: — Create Pin (bind
key p).

The Add Pin dialog box comes up. In the Pin Names field enter the pin name in (note,
multiple pin names can be given, separated by a space) and ensure that Direction is set to
input. The Add Pin window should look as follows:

12



Pin Mames i

Direction input n Bus Expansion @ off _ on

Usage schematic n Placement ® single o multiple

Attach Met Expression: & Mo o Yes
Froperty Mame
Diefault Met Mame

Font Height 0.0625 Faont Style stick

42 Rotate | | Ak Sideways | |5 Upside Down) | Show Sensitivity == 8

m _Cancel | Defaults || Help |

Place the in pin somewhere towards the left side of the editing window, between the two
transistors.

Click Schematic Editor: — Create Pin again. The Add Pin dialog box comes up. In
the Pin Names field enter the pin name out and ensure that Direction is set to output. The
Add Pin window should look as follows:

Add Pin
Pin Mames o]

Direction output n Bus Expansioh @ off _ on

Usage schematic n Placement & single o multiple

attach Met Expression: & Mo oo vYes
Property Mame
Default Met Mame

Font Height 0. 0825 Faont Style stick

4% Rotate | Ak Sideways | |5 Upside Down | Show Sensifivity == B

@@ cencel | Defaults | _Help K

Place the out pin somewhere towards the right side of the editing window, between the
two transistors. Now, we’ll add all the wires to make the inverter work. Click Schematic
Editor: Create Wire (bind key w). The Add Wire form should appear. Just click its
Hide button. You can refer to the figure at the end of this section to see how everything is
connected together.

Notice that as you get closer to one pin than another (including those on devices), a small
diamond will show up either inside of or around that pin. That is where you want to click to

13



connect a wire. Also, when wiring the schematic, leave the wire width at 0, Route method
at full, and (usually) Draw Mode as route. This tells the software to auto-route the wires
for you.

=] Add Wire X

Draw Mode route n Route Methog —(full n

idth 0

DEEET - |

v

@I cancel | Defaults || Help

If you put a wire where you don’t want it to go, you can delete the wire by left clicking
Schematic Editor: Edit Delete (bind key del) and then left click on the object you want
to delete (wire, pin, component, etc.).

Make all of the following wire connections:

e Gates - For the first wire, left click on the gate terminal of the pmos4 transistor, and
left click again on the gate terminal of the nmos4 transistor. You have just connected
the gates.

e Input - Now, move the mouse until the little square is inside the diamond on the in
pin. Left click in the diamond. Move the cursor over to the wire you connected the
two gates together with. A diamond will form around the cursor, as long as it’s on the
wire. Left click on the wire. You have just connected the input to the gates of both
transistors.

e Body - The body of the nmos4 and pmos4 transistors are the center pins. On the
pmos4 transistor, connect this pin to vdd. On the nmos4 transistor, connect the
body to gnd.

e Sources - The source of the nmos4 transistor is the bottom terminal with an arrow
pointing out and the source of the pmos4 transistor is the top terminal with an arrow
pointing in. Connect the source of the nmos4 transistor to gnd and the source of the
pmos4 transistor to vdd.

e Drains - There should now only be one pin left on each transistor (the drains of both
transistors). Connect these two pins together.

e Output - Finally, connect the drains of the FETSs to the out pin.

A picture of what this should all look like when completed is shown on the next page.

14



Virtuoso® Schematic Editor XL Editing: Lib inv schematic

Launch File Edit View Create Check Opfions Window hikit Calibre Help cadence

= & 0 @mxX Q T ¢ B-7 QK QAR BLLEBsE
Q-0 - Constrainis [ IS N =N ey 8-

Navigator 28X Cons... 28X
Default

Q

Editing: constraint
Al

N Type () C
= v (@)

Name =
= v

MNO (nmos4)
MPO (pmosd)
FIND (ipir)

Property Editor 2 8]

gnd!

mouse L: schsingleSelectPt) M: schHiMauseFapUpQ Fi: schHiMousePopUp()
5(6) | hitkit ams_4.10 Tech: s3504ns User: gestna | cme: Set-o |

Once you are done editing, left click the ”check mark” icon on the left side of the screen.
This will check your work for connection errors and will save your work in the library. You
can accomplish the same thing by left clicking Schematic Editor: File — Check and
Save.

You can now close the Schematic Editor by left clicking on the ”X” in the upper right most
corner of the Schematic Editor Window.
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5 Symbol Creation

The symbol editor allows one to create a ”black box” description of a cell using labels, pins,
shapes, notes, and a selection box. Symbols make your design more readable, as you can use
them in more complex designs, instead of individual transistors.

There are two different ways you can create a symbol: create a new symbol cell view using
the Library Manager, or generate a symbol cell view from the schematic. I will explain the
latter which is easier and should be used throughout the semester.

In the Library Manager click once on the Lib library to select this library. Then left click
the my _inv cell and finally the schematic cell view. Right click on the schematic cell view
and click Open or double click on schematic to open the schematic editor. You should see
the circuit which you previoysly. It should look something like the circuit shown below.

Virtuoso® Schematic Editor XL Editing: Lib inv schematic

Launch File Edit View Creats Check Options Window hitdt Calibre Help cadence

=N~ 0 mMXQTE ., ¢ £-T 7 AR QAH % 1LLE =B
Q-0 -~ Constainis BE G A Iy a8 e 8-
Detaut B
Q B-
Name. |

@ Mo

Property Editor___28)]

Left click Schematic Editor: Create — Cellview — From Cellview... This will then
show the Cellview From Cellview window shown on the next page. This window allows a
symbol to be generated from the schematic view. It does this by identifying the pins that
are already defined in the schematic and automatically generating a symbol with the same
pins.
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File

Library Lib n
Cell Ty _ Lo

Wiemy symbol

Type schematicsymbaol n
Application

Open with symhol XL g

¥ always use this application for this type of file

Library path file
Jhome fgeetha/cds HINPchip/cds. 1ib

[ ox JESTTReETS

Click OK.

Next, the Symbol Generation Options window will appear which will list the pin specifica-
tions of the new symbol. Cadence has already identified the input and output pins and has
automatically added the input pin, in, to the left pins and the output pin, out, to the right
pins. Cadence has now generated a default symbol using the pin specifications previously
given. The symbol shoud look like the one shown below.

Virtuoso® Symbol Editor L Editi ib inv symbol
Launch File Edit ¥iew Create Check Opfions Window Help cadence
y - = re . - - ]
b=« d 0D mMxXOTo . fg-e 7 7 | L E
- Q- Easic PER % % 2@ 4@ /& [ &
| Mavigator 78 x| - -
7 Default B
n -
wl
L outP_ 1
Property Editor 78 x|
- i 1 [ 0l |
mouse L: mouseSingleSelectPi]) td: schHikMousePopUp() R: schHitousePoplp()
B(9) | hitkit: ams_4.10 Tech: s35d4h5 User geetha | Cmd: Sel: 0 J|

If you wish you can use the drawing tools in the ”Symbol Editor” to modify the schematic
and make it look like the more traditional symbol used for inverters. The lab TA can help
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you do this, if you ask. When finished your symbol might look like the one below.

Virtuoso® Symbol Editor L EEiting: Lib inv symbol *

Launch File Edit View Create Check Opftions Window Help cadence

U @k 0 mx0Tos £-¢ 1 71K H

MR Bsc  REGE|R -4 @ ®E
Havigator 78 X

Default B
Q B-

INarne: |

inv

Lin

1 out

® inP_0

- outP__1

Property Editor 28 %
== selection [ (atiinutes [

Left 15
Right 3
Top -0.1875
Botiom -0.6675
X-Center  2.25
Y-Center  -04375
Width 15
Height 0s
mouse L: mouseSingleSelectP]) M schHiMausePopLipg) R schHiMousePoplpg)
8(3) | hitkit: ams_4.10 Tech: s35d4nS User: geetha | Cmd: Sel: 1

You should now close the Symbol Editor by left clicking on the ”X” in the upper right most
corner of the Symbol Editor Window. You should also close the Schematic Editor Window.

Congratulations! You have successfully created your first schematic and associated symbol.
But how do we know that the inverter design is correct? Well, we will have to run electrical
simulations to prove that indeed the design is correct. We will do that in the next section
of this manual.
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6 Electrical Simulation

Before we can simulate the inverter, we must create another schematic. This schematic is
what engineers call a testbench. Use the Library Manger to create a new schematic in the
LibTest folder. The name of the testbench should be my_inv_tb.

Begin by instantiating your inverter symbol, my_inv. This can be done if you Left Click
Add — Instance and select Cell Name: my_inv from Library Name: Lib and View
Name: symbol. Or you could also use the shortcut key i.

We then need to add a voltage source to drive the input of the inverter. This can be done
if you Left Click Add — Instance and select Cell Name: vpulse from Library Name:
analogLib — Sources — Independent and View Name: symbol.

Fill in the properties form as shown in the figure below. The TA will explain the meaning
of the parameters. Place this symbol such that the positive end is connected to the input of
the inverter. The negative end should be connected to a gnd net which can also be found
in the analogLib library.

Edit Object Properties

e R
2] Virtuoso! Library Mame analogLih| off
Launch FEile Edit View Create Chd Cell Mame wpulse off
- _ Wiew Mame symbal \off
b = ot dl® 0@
Instance Mame Ve \off
Il - - || [Constraints
Navigator 78] __ Add | Delete | Modify
¥ Default n User Froperty haster Walue Local Value Display
‘—'0‘ - Ivslgnare TRUE off
Name |
= inv_th CDF Parameter Value Display
B 10 (i) Frequency name for 1/period off
@) 15 (eap) fuency P ¢
Ci W0 [vdc) Moise file name off
T gnd Mumber of noisedfrer pairs o (off
1 in
off
L aut D voltage (
1 v AT magnitude (off
AL phase off
HF maghitude - off
FAC maghitude \off =
PAC phase off
Properly Editor 28 %] Waltage 1 0w (off
@) instance [ 21 B Voltage 2 EER off
wslgroe  tue I Pericd 100n = off
FrRguency ... = _—
Moise fiig it Delay time 0= off
MNumberof . 0 ) ——
O vaitage Rise time 1p = off
AL magit.. Fall time 1p s off
AL phase
_F magmt.. d Pulse width Sin = \off
ILIY S
_— = ——| Temperature coeficient 1 \off
nmouse L: schSingleSelactPt)
30[5) | hitkit: ams_4.10 Tech: s35d4ns 1| TeMperaure coeflicient 2 aft
Mominal temperature off
Type of rising & falling edge | B off
B i -__

@ _ Cancel ) #pply ) Defaults | Previous  Mext | Help

We also will need to add a DC voltage source which we will connect up to the vdd net. This
can be done if you Left Click Add — Instance and select Cell Name: vdc from Library
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Name: analogLib and View Name: symbol.

B Virt

= Edit Object Properties

I

Launch File Edit Wiew Create P — n —— n
g = & & |||¢%> [C1 ]| Show _ system @ user & CDF
||| WY T |||'% Erowise Reset Instance Labels Display
| Mavigator 78 x| Property Wallg Display
b AREET -1 Library Name  analogLib of @
Q -
= n I Cell Mame v LA ~ |
ame -
= nv_th Wigw Mame symhol off n
B 10 (inv)
: 15 {cap) Instance Mame w0 off n
@ 0 (vdc)
: VﬁdEVPU'Se) Add Delate Madify
-1 gn!
1 ign User Property hdaster Walue Local Walue Display
out Ivslgnare Tt off n
vi!
CDF Parameter Walue Dizplay
Maise file hame off n
Mumber of noise/freq pairs 0 off n
DC voltage 339 off n
[ Property Editor 7 & X] AC magnitude LA -
Qinstancen all n AC phase Lﬂ
ﬂ.-"S.IfQ'.l‘?OfE true = HFE magnitude off n
Mise e f...
Mesmberof . 0 PAC magnitude off n
DC voltage 33V
off
AL magint. PAC phase J
AC phiase Temperature coefiicient 1 off n
X mageit..
PAC e Temperature coefiicient 2 off n
r IIII.I I
— — —| Mominal temperature off n
nmouse L: sch3ingleSelectPi])
30(45) | hitkit ams_4.10 Tech: 535~ & i B
_ m Cancel Apply Defaults Frevious I ext Help

In the same manner as just described, add a capacitor from the inverter output to the gnd
net. Wire up everything as you did in the previous section of this manual. Also, you will
want to use the shortcut 1 to label the input and output nodes. Just click on the node you
want to label before pressing the 1 key. When completed your testbench schematic should

look like the circuit shown on the next page.
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Save the schematic. In the schematic window menu you should: Left Click Editing:File —
Save. We are now ready to run a transient analysis on the inverter. This time you should:
Left Click Editing: Launch — ADE L. Click YES.

You should see something similar to that pictured below.

ADE L (1) - LibTest inv_tb schematic o x

Launch Sgssion Setup  Analyses Yariables Outputs  Simulation BResults Tools  Help CédEl’ICE

Pl a8 drE
Analyses z2Ex —
LAC

Design Yariables

Type | Enable| Arguments

D
| Cirans

Mame | Yalue

Next License

\‘?I) ficLic-23) License Analog_Design_Enviranment_L ("35200" is not available to run ADE L.

2 Would you like to try checking out the license &nalog_Design_Environment_XL ("95210") instead?

RGN Mo Always | Newer | Help

. 2 ]
Mamessignal/Expr | Walue | Plot| Save| Save Options |
4 \p
- Welcome to ADE L Plot after simulation: @ute K@ Plotting moge: Replace B
23] | | Status: Initializing... ﬂ

In the Analog Design Environment (ADE) window go to Setup — Simulator ... You
should select the spectre simulator. The project directory should be ./Sim.

You should see something like what is shown in the figure below.

21



= Choosing Simulator/Directory/Host -- ADE L (3) x

Simulator spectre n

Project Directory

Host Mode & |ocal o remote o distributed

Host

Remote Directory

m Cancel Defaults Apply Help

Now we must tell the simulator where it can find the electrical models for the nmos4 and
pmos4 devices. In the ADE window go to Setup — Model Libraries ... You should
complete the form as shown below.

spectre2: Model Library Setup

|Model File
B Glabal Model Files
# ‘homescdzadminfvendors/abds_aGispectre/s35/s0aciprocessOption.scs

|Eection

- Wt dhomescdsadmindyvendors/a ks _AG spectre/s 30/ s0ac/cmosa3 508 ciostm —
e o dhomedcdsadmintyendors/aME_AG spectre/s 30 5080/ res 505 restm
» Jhomescdsadmindyendorsfars_aG spectre/s 35/ s0ac/cap scs captm s/
# ‘homescdsadminsvendors/abs_aGs spectre/s 35 s0acivbic.scs hiptm
# ‘homescdsadminfvendors/abs_AG spectre/s 30 50acdind. scs indten 5
- Wt fhomescdsadmin®yendors/AME_AGIspectre/s35/snaci/esddiode scs esddiodetmn \
-I:l <Click here to add model file= ]
*
—_

Apply Help

Zancel

In the ADE window menu go to Analysis — Choose ... Set the transient analysis to have
Stop Time as 300n. We have specified a transient analysis from 0 to 300ns. Make sure the
conservative box is checked.
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[ Choosing Analyses -- ADE L (1) x

Analysis & tran W dc « ac  hoise
W HF W SENS « dcmatch o acmatch
 sth o 2 o 3p w ENVIp
o Pss - pac — psth — pnoise
 pef  PEp ' gpss ' gpac
w gpnaise o gpsf w qpsp — hb

. hhac . hhnoise _ hhsp

Transient &nalysis

Stop Time 3006

accuracy Defaults (errpreset)

» conservative moderate __ liberal

__ Transient Moise

Dynamic Parameter

Enabled Options...

m Cancel Defaults Apply Help

We need to make sure the analog options are correct. You select from the ADE menu Sim-
ulation — Options — Analog ... The following menu with Simulator Options should pop
us (Component Tab). You must make sure that the scale is set to 1.0 and NOT 1le-6.

] Simulator Options X
kdain Algorithim W Check Annotation Miscellaneous
COMPOMNENT OPTIONS ]

scalem 1.0
scale 1.0 =
scalefactor
approx _ ho _ yes
macromodels _no _ wes
mamxrsd
auto_minductar _no _ wes
minr
MNP ORT OPTIOMNS
nrnrirkanca e .- v
€&  cancel Defaults Lpply Help

Now we need to select some nodes that we would like to dispaly. Left Click Outputs — To
be Plotted — Select on Schematic. Select the input and output of the inverter. Use
the ESC button to exit this mode. The Analog Design Environment window should look
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like the one shown below.

ADE L (1) - LibTest inv_tb schematic

Launch Session Setup  Analyses Warishles Outputs Simulation Results Tools Help cadence

(== SR =N =

_ Analyses
Design Variables
Enable

__Type
Name | Walue | lh

s
pe:
¥
Outputs 78X O
KamesSignal/Expr | Value | Plot| Sawe| Sawe Options
q in FEIRRELD W\
E out ™ ] ally
o I .

> Results in /home/gestha/cds/HINPohips| | Plot afier simulation ewtn K@ Pioting move: Fepiace B3 ) |

2(3) | Model Libraries .. Status: Ready | T=27 | Simulator spectre | State: trans IJ

Note that the "Plot” buttons are checked for the input and output nodes of the inverter.
Run the simulation by pressing on the green traffic light icon. After a few seconds you should
see the following report.

[@ /home/geetha/cds/HINPchip/Sim/inv_tb/spectre/schema - o x

Eile Edit Wiew Help cadence

zbstol(I) = 1 pa

temp = 27 C

tnom = 27 C

tempeffects = all

errpreset = conservakive

nethod = gearfonly

lteratio = 10

relref = alllocal

cmin = 01 F
in = 1 ps

Output and IC/nodeset summary:
SAvE 2 {current)
save & {voltage)
tran: time

T.642 ns (2,585 %), step 2733 ps (91.1 m%)

tran: time = 25 20 ns (8.432 %), step = 3 n= [
tran: time = 40.29 ns (13.4 %), step = 3 ns (1 z)
tran: time = 53.62 ns (17.9 %), step = 1.307 ns (436 m%
tran: time = 67.78 ns (22,6 %), step = T34 p= (245 m%
tran: time = 83.78 ns (27.9 %), step = 1.645 ns (548 m%)
tran: time = 97.78 ns (326 %), step = 2 2E5 ns (742 m%
tran: time = 112 6 ns (375 &), step = T24 3 ps (241 m
tran: time = 128.5 ns (42,8 %), step = 3 ns [
tran: time = 143.5 ns (47. 8 %), step = 3 ns (1%
tran: time = 157.8 ns (2.6 %), step = 587. % ps (196 mz)
tran: time = 172.7 ns (57.6 %), step = 897.5 ps (299 mi
tran: time = 187.6 ns (625 %), step = 2.03 ns (67T m%
tran: time = Z02.5 ns (67.5 %), step = 3306 ps (110 m%)
tran: time = 219.5 ns (73,2 %), step = 2,100 ns (733 m%
tran: time = 234 5 ns (78,2 %), step = 3 ns (1 %
tran: time = 248 .3 ns (82,8 %), step = 1.74 ns (580 m%
tran: time = 263.3 ns (87.8 %), step = 1126 ns (375 m%
tran: time = 278 ns (92.7 %), step = 1.19 ns (397 mz)
tran: time = 292.6 ns (97.5 %), step = 2,631 ns (877 m%
Mumher of accepted tran steps = 1071

Post-Transient Simulation Summary

- To further speed up simulation, consider
add ++a3ps on command line

- Hon-default settings that could significantly slow down simulat
errpreset = conservative, default moderate
reltol = 10e-06, default 100e-06 (conservative)

-~ B ~

18 | Trace: fout; Context: /homedgeethascds/HIMNP ohip/Simdny_th'spectre | L1 Cci |
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You will also see the wave window appear as shown on the next page.

Analysis XL
File Edit View Graph fxs Trace Marker Measurements Tools Window Browssr Help

cadence

Bl S Ml ¥
o E7 B [0 subwindows; 1 B3 || e

] LibTest inv_th schematic [£)

QX

Transient Response

. Jout

0.0 200 400 600 80.0

8(16) | plot new graph subwindow

& & Q0w »

s
G - =l
Classic R &

Data Point

100.0

Left click Axes — Strip in order to separate the different curves. The result should look

like the one on the next page.

Virtuoso (R) Vis!

File Edit ¥iew Graph Axis Trace Marker Measurements Tools

n & Analysis XL

cadence

F-B-2d & mle
2 7 B 0 supwindows; 1 K@

[ LinTest inv_th schematic £

0 %

*®

m

. sout

mause L.

8(16) | Trace: in; Cantext

Data Paint

b8 5 ity

reniy (G O Y
Classic BE G

Q &

»

pst, Dataset: tran-tran

Notice that the output node voltage is delayed from the input and that the output rise time
is longer that the output fall time. The TA can show you how to actually make measure-
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ments on the waveform.

Now go around and close up all of the windows. Left click on the ”X” in the upper right
most corner of the window. When you get to the ADE window, it will ask you if you wish
to save the state. Respond by hitting the YES button. If you save the state then when you
want to re-run the simulation all you have to do is to load the state. You will not have to
enter the simulator, the model files, etc.

r -
) ADE L (2) - LibTest inv_tb schematic - 0O x
Launch Session Sefup  Analyses Mariables Outputs  Simulation Besults Tools Help cadence

U=EEIR e =" = J

Analyses 7 %
Design Yariables i ZE] sac

_ Twpe | Enable Arguments Pares
Mame | Yalue | |} 0 300n conservative

E

|13

Save State Query

@ Do you want to save the current state?

x
s O

Nl . Mo Cancel | Help 7 & x|
B| Plot | Save| Sawe Optians
1 in W Al A
2 out W Al

i I D
- Results in /homefgeetharcdsHiNPehips| | PIot ater simuiation: (Auto K@ Piotting moce: Replace k@ B

1] :
i1 5;|| Plat Outputs | Status: Ready | T=27 C | Simulator: spectre |J

You should see window pictured below pop up. Enter a state name or take the default
"statel” name and then click OK. I called my state "tran”.
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B Saving State -- Virtuoso® Analog Design Environment (2)

Save state Option 2

Directory Options

Directory o Cellview

State Save Directory

Browse...

Save As

Existing States tran

Cellview Options

Library LibTest

Cell inv_th

State

Description

.

Brotvse. .
-

i —

spectre_statel

What to Save

¥ Analyses

» Model Setup

» Simulator Options

» Graphical Stimuli

» Device Checking Setup

» Turbo and Parasitic Reduction
» Parameterization Setup

_Select All

¥ ariahles "

Simulation Files [

<

<

Convergence Setup »

<

Conditions Setup w
Relxpert Setup v
¥ MOL Control Setup &

<

_ancel | Apply | Help

_ Clear All
Outputs

Environment Cptions
Waveform Setup
Results Display Setup
Cosimulation Options
Distributed Processing

5

o

Before you close up the CIW (Command Interface Window), you should left click Options —
Save Defaults. When the window pictured below pops up just click OK. This is something
you only have to do once. From now on the simulator type should defalut to ”Spectre” and
the scale should always be set to 1.0 but it never hurts to check to make sure that this is the
case! Now go ahead and close up the CIW. Congratulations, you have successfully simulated

your first IC design.
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= Save Defaults

Tools To Save Al possible toaols
&ll loaded tools
Loaded tools by name  (fill in Toaol Names)
Yariahles Ta Save hodified variables anly
— Modified and different from Default

— Al tool variahles

Available Tools Diva Currently Loaded Diva
UltraSim = adexl
UltraSim¥erilog adle

ahb amsDirect
shsGen asimenv
adexl aubdl
adle auCore
amns anlars
AmaT1rent

Tool Mames

Save To File

File Status _ Overwrite ® Merge values o Retain values

m _Cancel | Defaults | Apply | Help

[c] virtuoso® 6.1.4-64b - Log: /opt/home/campus/gengel/cds/ece484/log/CDS.Ic - O x

File Tools Options Help cadence

.. .osuccessful.
start simulator if needed. . .
.. .osuccessful.
sinvlate. ..
INFO (ADE-3071): Simulation completed successfully.
reading simulation data. ..
.. .osuccessful.
net finp selected but not highlighted
net foutp selected but not highlighted
*WARENING* (icLic-37 Could not get license Analeog Desicn Enwironment

I
nmouse L: P
1 | >
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7 Physical Layout, DRC, and LVS

In this section of the manual we will describe how to physically lay out a cell, how to check
to make sure that the layout conforms to all of the manufacturer’s rules (DRC), and finally
how to make sure that the layout yields a netlist which is equivalent to the netlist produced
by the schematic editor (LVS).

7.1 Layout

By now, you should know how to enter a schematic, how to produce a corresponding symbol
for the cell, and finally how to simulate your design to make sure it functions correctly. The
next step in the process of making an integrated circuit (IC) is to perform the physical layout
of the cell. What is a layout? A layout is basically a drawing of the masks from which your
design will be fabricated. Therefore, layout is as critical as specifying the parameters of your
devices because it determines whether you will have a working design or a flop!

There are two approaches to doing layout: manual and automated. Manual layout usually
enables the designer to pack one’s devices in a smaller area compared to the automated pro-
cess but it is much more tedious. The automated process, on the other hand, is done using
standard cells and usually takes more real estate, but it is much faster. In this tutorial, you
will learn how to perform MANUAL LAYOUTS ONLY and, specifically, the layout of a
simple inverter will be described. You will then be asked to lay out other cells for which you
have already completed the schematic entry process. You should know that for the purposes
of this course, you are primarily required to know how to create manual layouts, although
the Cadence tools can support either manual or automated layouts. In fact, later in the
semester we will experiment with the standard cell approach to layout.

Before we start the layout of our inverter, one needs to understand the importance of design
rules. Design rules give designers guidelines for generating layouts. They dictate the spac-
ings between wells, sizes of contacts, minimum spacing between a poly and a metal layer,
and many other similar things. Design rules are essential to any successful layout, since they
account for the various allowances that need to be given during actual fabrication and to
account for the sizes and the steps involved in generating masks for the final layout. Note
that layout is very much process-dependent since every process has a different fixed number
of available masks for layout and fabrication. In this tutorial, we will be using the AMS 0.35
micron CMOS process, which is a NWELL process. It supports 2 poly and 4 metal layers.

We will now create a layout for the my_inv cell we created a schematic for and then later
simulated. You should launch the Library Manager just like you did in early sections of this
tutorial. In the Library Manager window, select the my_inv cell in Lib. You should then
left click on File — New — CellView. A ”New File” menu will pop-up. You should set
the View filed to layout and the the Application to open with should be Layout XL. Click
the ” Always use this application for this type of file: button. The form should be completed
as shown in the figure on the next page.

29



File

Library Lib n
Cell

Wil layout

Type layout n
Application

Open with Layout XL n

¥ Always use this application far this type of file

Library path file
/home fgeetha/cds /HINPchip fods. 1ib

@ Cancel Help
e — " ————

Then click on the OK button. An empty layout editor window and the schematic editor
window will pop-up along with a Layers window. In fact, the schematic window may cover
up the Layers window. You may need to bring the Layers window to the forefront. If you
want minimize the schematic window. The Layers window will show all the layers such as
nwell, pwell, active, etc. for the given process. If the Layers window is blank, then there is
an error! The Layers window should look something like the pallete shown below:

ETECT)
& Valid _ Used _ Rouling
Q B-
.NTUE drawing n
AN MY AS NS
Name | Wis | Sel |
i Layers 1) 0) B
I amanefault 151D
- | Layer |P.| |
(] DIFF  drw
W HeT drw
W coll dw
BROLY  drw
@cEroLy  dnw
WEVTT  dnw
W NFLUS  drw
W FFLUS  dnw
W MIDO%  drw
PIHRES  drw
BroL
B FoLyz  dw
D coNT  dw
W ETT dn

4

i

m

~

-

Es
KRRk kRERkKRKERRRKERCRKEKRERRKKRERKKKKR KKK
R A L A A L A T T A T T N L 11

|
Ei

You should now go to the Virtuoso Layout Editor Window (NOT the Virtuoso Schematic
Window!) and from the main menu at the top select Launch — Configure Physical Hier-
archy .... We will use prepared scripts (called PCELL for ”parameterizable cell” generators)
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to automatically draw our transistors but first we must tell the tool which script to use for
each of the devices which appear in our schematic. We need to fill in the form correctly as
described below.

You need to select PRIMLIB as the Physical Library for both PO and for NO. The TA will
help you do this. For MPO the physical cell should be pmos4 and for MNO the physical cell
should be nmos4. Your form shpould look like as the one that is shown below. Save the
information by clicking on the Disk symbol or by going to the File menu item and selecting
Save. Then close the ”Configure Physical Hierarchy Editor Window”

[€] Configure Physical Hierarchy Editing: Lib inv physConfig - 0O x
File Window Options Help cadence
(L3 = & |(Hierarchy confguration @ G4
| Top Cell &) x| | Global Bindings X
Logical Physical . . . -
Physical library list: Lik
Library: Lik Library: Lib Logical switch view list physConfig schematic symbal
Cell: inv Cell: inv
View: schematic Wiews:  layout Physical stop view list  lavout abstract
Open Open Constraint view list constraint
Instances Cells
Mame -~ | Inherited “iew List | Wiew To Use | Physical Library | Physical Cell | Physical View |Inherited Stap Lisf
= inw physConfig schematic symbal layout ahstract
u MO physConfig schematic symbaol PRIMLIE nimosd layout layout
w (@) MPO physConfig schematic symbol PRIMLIE pmasd layout layout

Now that the tool knows which PCELL generators to use for the FETSs, we can have the tool
use the schematic to draw all of the FETS and to place them into the layout window. It will
also place the ports for us. In the Virtuoso Layout Window (NOT the Virtuoso Schematic
Window) from the main menu, you should select Connectivity — Generate — All From
Source ... The form should be filled out like the one shown below.
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r bl

| Generate Layout x
Generate ¥ Pins FFR Boundary Floorplan
Generate
¥ Instances
_ Chain _ Fold Chain Folds
¥ /0 Pins

__ Except Global Pins

_ Except Pad Pins
» PR Boundary

— Snap Boundary

Fosition
Minirum Separation: 1 — In Boundary

Device Correspondence

_ Preserve User-Defined Bindings

Connectivity Extraction

 Exfract Connectivity afler Generation

Cancel Defaults Help

And now switch tab to I/O Pins then under Pin Label select radio button called Label
click on Options. In the form shown below, make sure to select the Layer Name:PIN and
Layer Purpose:metall.Then click OK

m Set Pin Label Text Style x

Height 1

Font ‘_Stick n

Text Options v Drafting

— Cverbar

Layer MName ® PN n

— Same Az Pin

Layer PUrpose & |netall n

« Same As Pin

Justification centerCenter n
Orientation RO n

@ Cancel Help
e — " ————

After clicking on the OK button, you should see the layout for the NFET and PFET (the
one with the big green box!) appear in the layout window. You will also see 4 ”blue” squares
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(metal-1 i.e. M1). These are the 4 ports: vdd!, gnd!, in, and out.

Select the PFET and use the "move” command (short-cut key m) to move it to the top of
the bounding box. Notice that you can only move in one direction. Place the FET and then
repeat the move command; this time moving in the opposite direction. Do the same for the
NFET (but place it at the bottom of the bounding box). You layout should be similar to

the one shown on the next page.
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We now need to connect the two poly gates. We will do this by using the "path” command
(short-cut key p) but before you press the p key, we need to tell the tool that we want to
route using the "polyl” layer. We do this by selecting poly1 layer in the Layers palette. We
then position our cursor on the top of the NFET poly stub. One then hits the p key.

You can then route the poly from the NFET to the poly stub on the PFET. To complete
the route, you should double left-click. If you make a mistake you can undo by using the
short-cut key u. Your layout should look similar to what is shown on the next page. You
can cancel the ”Create Path” menu. Also, I recommend frequent saving of your layout by
pressing the ”Disk” icon in the Layout Window menu bar.

Note: one can measure distances by using the "Ruler” command. Click in the Layout
Window where you want to start measuring and press the shortcut key k. Drag the ruler
and then double left click to terminate the ruler command. Rulers can be removed by using
the shortcut-key K.
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We will now connect the drains of the FETs together using metall (M1 for short). Tap the
metall tag in the LSW palette. Then go to the Layout Window and use the path command
to connect up the drains. Also put in the two power supply rails using M1. Select the
"gnd” rail and hit the shortcut-key q. This is the "query” command. Change the Width
parameter to 1.7 and hit the OK buttonThe following menu shown below should pop up.

i Edit Path Properties x|
= Y > ¥ Apply ; Common
Aftribute Connectivity Farameter Property RED
Layer n Layer Filter
hB o {(0 8.6) (8.6 10.3))
Painits {0 945) (8.6 9.45)
Width 1.7 Begin Extension 0
Tupe truncate n End Extensioh 0
Route Status Routed n Parnt of a Route  FALSE

_Cancel | |_apply ) | Help_

Repeat for the ”vdd” rail. Move the rails using the shortcut-key m. Also, hook up the
source terminals of the two FETS using M1. Don’t forget to ”Save”! Your layout should be
similar to the one shown below.
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Poly1 is not a layer which one generally likes to route in so we will want to make the gates of
the FET's accessible through the M1 layer. We will do this by placing a M1-polyl say P1_C
contact. Go to the Layout Editor menu bar and select Create rightarrow Via. Change
the ”Via Definition” from ND_C to P1_C. Place the contact as shown below and hit the

ESC key.

We are almost finished, but we still need to add substrate contacts. You will need to use
the ”Create Via” command just like you did for the poly contact but this time we will want
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to use the ND_C via definition. We will want to place the ND_C onto the vdd rail as is
shown below.

| TT—

We also need to place a substrate contact on the gnd rail. This time when you use the
"Create Via” command, choose the PD_C via definition.Then add a NWELL by selecting
NTUB drawing in the Layers as shown below in the vdd railing using r shortcut-key.Finally
move the ports (blue boxes at the bottom of the layout onto the appropriate nets in the lay-
out. You can identify the port by selecting it and then using the q shortcut-key. The finished
layout should be similar to what is shown below. Don’t forget to ”Save” your layout
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7.2 Design Rule Check (DRC)

Our next step in the design process is to perform a Design Rule Check, more commonly
known as DRC, on the layout. Although designers might be conscious of the design rules
when performing the layout, there is a possibility of overlooking and thus violating the de-
sign rules. So, the DRC is a step taken to alert us to any violations. This step is important
because the violation of any design rule would result in a higher probability, and in some
cases an absolute certainty, that the fabricated chip does not work as desired.

To run the DRC, choose Run DRC... from the Calibre menu in the layout view window.
A pop-up menu, similar to one shown below will appear. In the below form select Rules
then change the DRC Run Directory as /home/X/cds/ece484/Calibre/DRC where X

is your Username

Calibre Interactive - nmDRC v2011.2_27.20 : .calibreDrcRunset

Eile  Transcript Setup ﬂelp|
— DRC Rules File
Bules
Inputs $AMS_DIRfcalibre/s35d4/535d4h5 rules | Wigw | Load |

Dutputs :
— DRC Run Directory

it

Run Control
mhomefgeethalcds/ecedfd/CalibrefDRC
Transcript

Layer Derivations

Run DRC

b

Start RVE

You need to make sure that you're in edit mode for your layout that you want to run DRC
on. For huge layouts, DRC might take a bit of time to perform. You can shorten this time
by deselecting the Echo Commands option. Click on the OK button.

Cadence then runs the DRC and reports the errors or warnings, if any, in the CIW window.
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File Tools

Qptions  Help

Virtuoso® 6.1.4-64b - Log: fopt/home/campus/gengel/cds/ece4d84/log/CDS.log

cadence

execubing:
executing:
execubing:
executing:
DRC starcted
complet

R R T

CPU TIME =

drec (metaleapCapEdge wialdEdge (sep < (lambda * 5.0)) ercMesg)
savelerived (geomtnd (metalcap vwiald) errMesg)

dre (metalcapBottonEdge wiadEdge (enc < (lambda * 5.00) errMesg)
drc (metalcapBottonEdge vwialdEdge (enc < (lambda * 5.00) errMesqg)
....... Wed Sep 13 14:37:41 2017

ed ....Wed Sep 13 14:.37:41 2017

00:00:00 TOTAL TIME = 0O0:00.00

R R T

Sunmary of rule violations for cell "my_inw Llayout"
Total errors found: 0O

[

Il ~
nmouse L: Set Entry Layer : Toggle Yisibility R: Toggle selectability
1 | =

The CIW window above shows that there are no errors or warnings found in the DRC process.

Let’s perform a DRC on a layout that has errors. For the purposes of this tutorial, this step
is strongly recommended so that you can gain some experience in dealing with layout DRC
violations. You can purposely violate a design rule by stretching any of the mask layers to
some ridiculously large dimension or by moving/shifting some layer as shown below. In this
case I moved the poly contact to the right so that the spacing requirement beteen polyl
wires was VIOLATED.You will see the spacing error between poly 1 layers as shown in the
below figures.

=] Calibre - RVE v2011.2_27.20 : inv.drc.results - 0O x
File  Miew Highlight Tools Window Setup Help
el & |9 Ble x| e O |

Topcell inv, 20 Results (in 15 of 18 Checks) an. T

E: Check / Cell 5 6 o
¥ Check INFO_QRC_MODE_OFF =

¥ Check INFO_PROCESS_S35D4H5_REVY

¥ Check INFO_RMETX_DEVICE_SHORTE

¥ Check INFO_RMETX_VIAX_DEVICE_SH

¥ Check sPAC_POLY1_PO31

% Check ILL_POLY1_DIE_RATIO_POR1

¥ Check ILL_METZ_DIE_RATIO_MZR1

% Check ILL_MET3_DIE_R&TIO_M3R1

¥ Check ILL_POLY1_MNOT_CONT_ERC

¥ Check INFO_TEXT_VDD | |
¥ Check INFO_TEXT_WES L
% Check ILL_FLOATING_GATE_ERC = x|
¥ Check sPAC_SUBTAP_MNDIFFS0_LATS_ -
¥ Check SPAC_SUEBTAP_MDIFF_LATI_RE

¥ Check ILL_MET4_DIE_RATIO_RDTM4 4 ||

i I
Fule File Pathname: /home/geetha/cds/HINPchip/Calibre/DRCY_s35d4ht. rules_ ﬁ
Rule File Title: DRC/LWS 0.35 U SICE 5350453503 polycide 3%/5V 12 ¥ HET REVE (last %
modification 12-Jan-2016) =
B0 5 1 Minimum POLY] soacing = 0.45 7|
O Check SPAC_POLY1_POS1, Cell inv: 2 Results |0

Right click on Check SPAC_POLY1_POS1 error and click on highlight, this hightlights
the error in the layout.
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The layout above leads to the results of the DRC. Errors are indicated by markers (white as
shown above) but in your layout, these markers will blink. The errors are also reported in
the CIW as shown below.You may then proceed to correct the errors according to the design
rules.

When performing huge layouts, the blinking markers might not be easily located at times.
Fortunately, Cadence has an easy search tool. Under the Verify menu in the layout window,
choose Markers — Find...

A pop-up menu will appear. Click on the Zoom to Markers box.

Click on the Apply button and Cadence will zoom in to the errors or warnings as desired.

If there are more than one errors/warnings, as is almost always the case, you can view each
one of them by clicking on Next.
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Calibre - RVE v2011.2_27.20 : inv.drc.results

Eile  ¥iew Highlight Tools MWindow Setup Help
|ole & [@||Bless| m o

Topcell inv, 10 Results (in 10 of 13 Checks) an. T

E Check/ Cell 1 b

3 Check INFO_GRC_MODE_OFF 8
% Check INFO_PROCESS_S3504H5_REVE
3 Check INFO_RMETX_DEVICE_SHORTED
% Check INFO_RMETX_VI&X_DEYICE_SHORTED |
3 Check ILL_POLY1_DIE_RATIO_PORT -
% Check ILL_METZ_DIE_RATIO_MZR1
3 Check ILL_MET3_DIE_RATIO_M3R1
% Check INFO_TEXT_¥DD
3 Check INFO_TEXT_WSS
% Check ILL_MET4_DIE_RATIO_RO1M4
« Check DENSITY_PRINT_FILES ( x|
« Check NET_ARES_RATIO_PRINT_FILES i =
« Check LAYOUT_INPUT_EXCEPTION_RDES (]

The Calibre DRC results window above shows the list of benign drc errors which can be
ignored if noticed during the DRC check.

7.3 Layout Versus Schematic (LVS) Check

The next step is to perform LVS. Since we generated a layout with certain a W and L for the
transistors (for the case discussed here, I had the NFET W = 0.7u and L. = 0.35u and the
PFET W = 0.7u and L = 0.35u), the layout versus schematic operation (discussed below)
will give you an error if the schematic against which the layout is compared has a different
W and L for its pmos4 and nmos4 transistors. So, make sure that the nmos4 and pmos4
have correct entries in their properties field for W and L.

Now from the layout window, choose Run LVS... under the Calibre menu. A pop-up menu
will appear, similar to one shown below.Select Rules button in the below form then change
the LVS Run Directory as /home/X/cds/ece484/Calibre/LVS where X is your User-

name
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Calibre Interactive - nmLVS v2011.2 27.20 : .calibreLvsRunset

Eile Transcript Setup Help
— L%3S Rules File
Bules
Inputs [$AMS_DIR/calibre/s35d4/s3504h5.rules | view | Load |
Dutputs i
— L%3 Run Directory
Run Cantral
|homefgeetha/cds/eceddaiCalibre/LVS] | .
Transcript |

Layer Derivations
Run LY3S

Start RME

ik

Click on the Run LVS button and wait. It may take a few seconds. Be patient!
A pop-up menu will then appear notifying you of the successful completion or failure of

the LVS job. If successfully completed the job, you will see the following dialog box with a
smiling face.
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[ Calibre - RVE v2011.2_27.20 : svdb inv - O x

File  Miewy Highlight Tools Window  Setup Help |
| ol & [@| & 5~ || e <E
--;}—Navigatur] ' % || (% Comparison Results X 1
Results E} Layout Cell / Type | Source Cell | Mets | Instances | Ports |
@ i k|
@ Comparison Results @ inv # iny 4L, 43 1L, 15 41, 45
Reports
m|Rules File
£ LVS Report ¥
i Cell inv Summary (Clean)
olnfo EE R R bR R e R R b e R b e R R
@ Finder
FSchematics &
Setup #* # #
. # # # CORRECT #
4 Options * # # #
#

You should see the following message in the LVS report file as shown below:

=] LVS Report File - inv.lvs.report =
File Edit Options Windows
INFORMATION AMD WARNINGS =
*hEkd *hEkd *hEkd *hEkd *hEkd *hEkd FhEddd.
Matched Matched Urmatched Urmatched Gomponent
Layout Source Layout Source Type
Ports: 4 4 0 1]
Hets: 4 4 1] 0
Instances: 1 1 1] 0 INV
Total Inst: 1 1 1] 0
o Statistics:
1 layout instance was filtered and its pins remowed from adjoining nets.
o Initial Correspondence Points:
Ports: wdd! gnd! out in
*hEkd *hEkd *hEkd *hEkd *hEkd *hEkd FhEddd.
UMMART
*hEkd *hEkd *hEkd *hEkd *hEkd *hEkd FhEddd.
I | =
| Row| 1  colf 1

We see from the dialog box that there are no errors in the LVS comparison. However, there
could have been errors if, for example, the W and L values of the transistors in the schematic
window did not match with the W and L values of the transistors in the layout. If there
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are any errors,you will see the errors noticed in the calibre LVS form shown below.Click on
Error in the form to view what went wrong.It will explain each of the terms in the above
window in great detail. The calibre form explains to you all the errors that it detected in
both the schematic and layout views during the LVS comparison.

Calibre - RVE v2011.2_27.20 : svdb inv

File  Miew Highlight Toaols Window Setup Help
‘ Ol K l""“ S e R ‘ Find: MR ‘
+Navigat0r] % (| (=) Comparison Results x]

Results B Layout Cell £ Type | Source Cell | Count | Mets | Instances | Ports |
& Comparison Results B ¥ inv E . iny 4 L, 45 (+13 2L, 15 (+1) =
= B3 Discrepancies 4

Befblis ¥ Incorrect Mets 1
=|Rules File _53504 3 Incorrect Instances 3
fu LWS Report Ny Ivs

View ¥
O nfa Cell inv (4 Discrepancies)

@4 Finder LATOUT NAME SOURCE NAME
O Schematics ¥ Discrepancy #1 in inv

Setup

** 1 1
{4 Options Met 4{4.485, 6. 6095 nissing net
¥ Discrepancy #2 in inv
03 925, 0. 395 mn{nmosd) *+ missing inst
¥ Discrepancy #3 in inv
1(3. 925, 6. 695) mpipmosd) *+ missing inst
¥ Discrepancy #4 in inv

K

The following points illustrate a situation if we had an error in the previous step.

1. By clicking on Errors displayed in the LVS calibre window.Select the my_inv then
Discrepancies that further breaks down to specific errors so that the errors that will
be shown are only those that you want to see at this point. In our case, the only errors
we encounter is the missing one of the nets in the layout that inturn fixes the Incorrect
instances error.

2. To zoom into each error, select the error and then right click to select the highlight
option. This helps to highlight the missing or additional nets and also helps to highlight
the devices.

3. Modify the layout or schematic appropriately and rerun the LVS check till your layout
design is perfectly matched to the schematic view.

4. There is also a feature that can help you in debugging the layout; especially in checking
the connections of your nets. Move your cursor to the net (in the Schematic Window)
you want to highlight and click on the left mouse button. Anything that is connected
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to that net will be highlighted. You are then able to determine which connection or
connections should not have been made to that fets based on what has been high-
lighted. An example of the highlight is shown on the next page.

Virtuoso® Schematic Editor XL Reading: Lib inv schematic_Config: Lib inv physConfig Virtuoso® Layout Suite XL Editing: Lib inv layout _ox
Launch File Edit ¥iew Creale Check Options Window hitkit Calibre Help cadence | Leunch Eile Edit View Create Verfy Connectivity Options Tools Window Optimize Place Floorplan »cadence
0 QT2 2 B o [ W= < »| || ¢ | 0O mx@Q 2| > [T 2 s Qs f[Casic  BEY »
QO Constraints BE G 6 A o Ty By - % \'—h Fo) i —+ %m’\}\ A¢l D)% By, » [|(Fseiecto seipy1 Seif:o Sel()o [x 3150 »
Navigator X | [ constraint Manager 7.5 x|[_Palette 28 %]

B Layers 8%
Default = = »
B v D v valid _ Used _ Routing

Q M Editing: constraint Q B-
T | Show: All B | W ver arauing -]
@6 10y NI O RIENSal [ AN AS NS
B Higad i~ inv (0) Name | Vis
1@ MO (mas4) AilLayers [DDEE
Q) MPO tpmosd) amsDefault | +)(-](+)-

- Lna =
Sl
-
L vel!
® inf_o
® outP_t v
v
v
7
v v
@vier v v v
WvE? v v
WMET2  pin v v
K3 LT
@rvers v v
[@rEs  pin v v
I3 viea L)
[®rvEs v v
[mWMETs  pin v v
B rFeo e
Wrve v v v
mooD  aw v v
(W50 ane v v
W LNPLUS  drw w0
WLPPLUs e v v
B vETCer ane v v
Lwie scofl etioutes 3 E—
MetName  out Objects | V| 5| _
Signal Type  signal - Instances v v§
Min Voliage 0 Pins v v
Max Valiage 0 L vias v
Width Type  narrow — m
s @,-01875) Ojects ][ Grids L A
125 o P (o) e [l
ST aLa Bac nHE-BEEEREIWE AL W
- > oo B 28 S e = = i
DLW BUITGE @ EHRB BE
mouse L: sch3ingleSelectPt) M: schHiMouseP opUp() R pUpi mouse L. M: geScrallfnil "s*  nil) R: _beHiMousePopUp()
2(3) | hitkit:ams 410 Tech: s3504hs Lser: geetha et Sel:1 ] 12) | hitit ams_410 Tech: s3504ns User: geetha [ cone: |

One should realize that almost no one designs a perfect layout on the first attempt so do
not expect to pass the LVS check on your first try. In most cases, there will be many errors
reported in the lvs report and calibre form. You should not be intimidated by all these
errors. Many of these are, in fact, related to each other. Hence, once you fix one of these
errors, many of the other errors should disappear. The idea is to concentrate on one error
at a time, change the layout design accordingly and repeat LVS steps until the layout and
schematic views match perfectly with each other.
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8 Space Based Router

Cadence’s space based router tool is used to generate optimized layouts automatically based
on the requirements if, for example,for Device level, ASIC, or Chip Assembly. It is a routing
solution integrated into the Virtuoso Layout Suite and provides a comphrehensive set of
routing features for various layout tasks. It helps make huge and complex physical layouts
of custom digital, analog, and mixed designs at the device, cell and block levels in a small
amount of time. You can run automatic routing using the Wire Assistant. It supports
some of the following routing topologies like: Minimum Spanning Tree used for most
connectivities where the algorithm is based on minimizing wire length, Pin to Trunk is
used for connecting power rails where it uses spine style routing and Pin to Aligned Pin
used to quickly route straight connections between aligned pins. In addition, the Wire
Assistant has three pre-defined topologies say Device level, ASIC and Chip Assembly as
discussed before.

We will walk you through all the necessary steps for designing and testing a 4-bit syn-
chronous counter which is functionally equivalent to a 741.S163. We will create a schematic
of the 4-bit synchronous counter before that we create a 1-bit synchronous counter cell using
standard cells from the CORELIB. We will then will create a symbol for the 1-bit and
the 4-bit synchronous counter and test the transient characteristic for both 1-bit and 4-bit
synchronous counters using the Analog Artist Simulator. Lastly, we will create a layout
for the 4-bit synchronous counter using the space based routing tool auotmatically and run
the DRC and LVS checks for the 4-bit synchronous counter. A final simulation will include
parasitic capacitances which will more accurately reflect the true performance of the 4-bit
synchronous counter.

8.1 4-Bit Synchronous Binary Counter

We will design, simulate, and layout a 4-bit synchronous counter which is funtionally equiv-
alent to 74LS163. A 74LS163 is a 4-bit synchronous counter that can count up from 0(0000)
to 15 (1111). Instead of implementing the complex circuit shown in the datasheet of the
74L.S163 with specific pins like CLEAR, NO CHANGE, PARALLEL LOAD and EN, we
will design some simple logic using the select controls (Sel0 and Sell) to achieve the same
functionality.

Initially, we will design a 1-bit synchronous counter using a positive-edge triggered D-flipflop
and a 4 to 1 multiplexer with a 2-bit select bus to implement the CLEAR, NO CHANGE,
COUNT UP and PARALELL LOAD function. A half-adder with one input set to 0 will
be used to implement the COUNT UP function. The synchronous counter we will design
is able to maintain its previous state when the select bits Sel[1:0] are ”00”, clear its output
when the select bits Sel[1:0] are 01”7, count up by one when the select bits are ”10” and
finally it does a parallel load when the select bits are ”117.

We can either design the primitives cells, for example, a D flipflop, a half adder and a 4x1
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MUX using transistors and gates or we can use the standard cells available in CORELIB. In
this document we will simply use the standard cells from CORELIB. Once we have a 1-bit
counter, we can easily construct a 4-bit synchronous counter by connecting the four 1-bit
cells together by connecting the carry out of the preceeding section to the next stage input.
You can look at the block diagram of the final 4-bit synchronous counter and its functions
listed as a truth table in the figure shown below.

Sell Sel0 Output
>Clk
0 0 No Change
4 Bit Synchronous | Dout
counter 0 1 CLR
+ Din 1 0 Counter
Selo Sell 1 1 Paralle Load

8.2 Schematic Entry and Symbol Creation

Launch the Cadence tools and create a schematic for a 1-bit synchronous counter with
Schematic XL as shown in the form below. Just make sure that whenever you create a
schematic for a logic cell, it should be saved in the Lib directory. Also, when we create a
schematic of a ”testbench” (something we will use to test the cell), we will want to save the
testbench in LibTest.

[&=] Library Manager: WorkArea: /home/geetha/cds/ece484 - o x
File Edit View [Design Manager Help cadence
__ Show Categaries __ Show Files File
Library Library Lib n Views
Lib Cell 1bit_syncounter
A_CELLS iew schematic Wiew -~ Lock | Bize |
A_CELLS_130626 =
BORDERS | | Type schenatic n
CORELIE - —
CORELIBD Application
CORELIBD_3E Open with \Schematics XL n

CORELIB_GE
GATES o Always use this application for this type of file

LibTest — Library path file
R — shone fgeetha/cds/eceddd /ods. Lib

Messages

Log file is “homesgestha/cs/acedBa/ogdibManay

Cancel | Help
JLancel ,\_Help

[F @l

Lib: Lik [Free: 1.00T gz
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Left click the OK button. The Virtuoso Schematic Editor window should pop up as
shown in the figure below.

Virtuoso® Schematic Editor XL Editing: Lib inv schematic

Launch File Edit Wiew Creale Check Opfions Window hitkit Calibre Help cadence

& O @ %X @ T @ ¢ -7 7 | Q @ B
Constraints BE G e T Wy o T B

peraut B

B- Editing: constraint

Name | Al B.

= inv
oo Type (@ -

= inv (0)

mouse L: schsingleSelaciPly) I schHilouseP opLip () R: schHitouseP opLip()
| cre: seo |

1(2) | hitkit ams_4.10 Tech: 53504h5 User: geetha

Left click: Schematic Editor: Create — Instance or you can press i in order to insert
an instance.

A Command Browser window appears. In this window select CORELIB under the Li-
brary pull-down menu. Next click on FlipFlops — D _FlipFlops — DF1. The window
should look like the one in the figure below.

r
[€] componentBrov - o x Add Instance

Commands Help  cadence |Lirary
Cell IF1

Wiew symhol

Browse

Library |CORELIE B

Flatten _|

Mames

Filter *
™ Add Wire Stubs at

« all terminals & registerad terminals only

T 9]

Too up 1 Level) |

Array Rows 1 Columns

PE= Y. T TR |

@ _cancel ) Defaults ) Help

FlipFlops/D_FLipFlops

9 ‘ HelpAction

Move the cursor into the editing window. Notice that there is a D-flipflop there instead of
the normal cursor. Position it where you want to put the transistor, and left click to place
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it. You can right click to rotate the D Flipflop if you want it to face a different direction
(this is especially useful with pins). While placing, stretching, etc., you can press F3 to show
the options form for the command if it is currently hidden. Once you place it, the window

should look like the one in the figure below.

Virtuoso® Schematic Editor XL Editing: Lib 1bit_syncounter schematic *

Launch File Edit View Creats Check Opfions Window hitdt Calibre Help

cadence
U RE ¥ 0@X0TEs ¢ £-T 7 |[AIQAQH B 1L 1L »E
e Constrants B @ 6 A o T E o B-

Navigator 2.8 ] Constraint Manager 28X

Default B v O
Q |- I Eatting: constant

= X
- tt_oyneounor s (il B
B 10 (DF1) N Type @ =&k % (]
= 1bit_syncount......

Property Editor___ 78 X

mouse L: sch3ingleSelectPt)

W ScTHMousePapUp0
5(6) | ik ams_4.10 Tech, s354hs User geetna

R: schHiMousePopUpQ

Add another instance MUX41 under Multiplexers from CORELIB.

r
[€] componentBrov - O x Add Instance

Commands Help  cadence

Library COREL IE| Browse m

n Cell U4l
Library |CORELIB
Y Wiew symhol
Flatten
MNames £
Filter *

& Addd Wire Stubs at
THUTAL — all terminals & registered terminals only

MUKZE Afray Rows 1 Coluring 1 o

hURzE FER=T B Cidnni & Liraicle Do

it .

MUK3IZ m _ Cancel Defaults | Help

Multiplexers

8| Helpaction

Now the window should look like the one in the figure below.

49

|



Then add another instance ADD21 under Adders from CORELIB.

[€] Ccomponent Brov - o x Add Instance

Commands Help  cadence Library || Browse

Cell ADDEL
Library \CORELIE [~ ]

Flatten _

View symbol

Mames ]

Filter *
W Add Wire Stubs at

(Go up 1 lewel) < allterminals @ registered terminals only

AOD22 Array Rows 1 Columns |1 ¥

Qancel_ § Defaults

Adder

9 | Helpastion

And the window should look like the one in the figure below.
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We will also use LOGICO symbol to implement the CLEAR function, so add the LOGICO0
symbol as well, following the same steps as before. We get this LOGICO instance from
LOGICO01 under CORELIB.

[€] component Brov _ o x 1 Add Instance x

Commands  Hel a
Help cadence Library Browse | [

Cell LoGIcO
Library (CORELIB B

Wiew symbol
Flaften _ e

Mames

Filter

@ Add Wire Stubs at
. (6o up 1 Level) o allterminals @ registered terminals only | ..

anay Rows 1 Columns 1 9

@I cencel ) Defaulls | Help

LOGICOL

8 | Helpaction

LOGICO looks like the one in the figure below.

LOGICH

Now, we’ll add the pins using the shortcut key:p, by stating if they need to be input or
output in the form as shown below.

- _ AddPin_____ x
Pin Mames clk|

Ditaction input n Bus Expansion @ off _ on

Usage schematic n Placement ® single  multiple
Signal Type signal ﬂ

Attach Met Expression: & No U Yes
Froperty Mame
Default Met Mame

Font Haight 0. 0625 Font Style stick

4= Rotate Ak Sideways | | =5 Upside Down | Show Sensitivity ==

m _LCancel ) Defaults | Help
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Once you add all the required components: D Flipflop, 4-to-1 Multiplexer, Half-Adder,
LOGIC 0, input and output pins that are needed, use the shortcut key:w to create wires.
You have to make connections between the components and pins in the same way as shown
in the figure below.

Virtuoso® Schematic Editor XL Editing: Lib 1Bit_Syncounter schematic

Leunch File Edit View Create Check Options Window hitkit Calibre Help cadence

UuPeE e B 0 WX @ T @ ¢ -7 I Q&I L 1L e
- (v Constraints BE G M o T B-
Havigator 28x Constraint Manager 28 %
Default B = ~EB - O »
Q - I Editing: constraint
bame =l Show: Al

1Bit_Syncounter

i 10 (ADDZ1)

I 12 (DF1)

5 M (Muxa1)
15 (LOGICO)
cin

[ wme@ —T&E %]
= 1Bit_Syncount.....

Property Editor 78X

mouse L: schiingleSalectPty) : schHiMausePopLpg R: schHiNousePopLpg
3@d) | hitkit: ams_4.10 Tech: s3584n5 Lser: geetha | cra: sel: 0

Once you are done editing, left click the ”check mark” icon on the left side of the screen.
This will check your work for connection errors and will save your work in the library. You
can accomplish the same thing by left clicking Schematic Editor: File — Check and
Save.

You have created a schematic for the 1-bit synchronous counter. Mow it’s time to create a
symbol for it. Using the symbol editor, you can create the symbol either by using a create
new cell view or left click Schematic Editor: Create — Cellview — From Cellview...
where as creating symbol through schematic identifies the pins that are already defined in
the schematic and automatically generates a symbol with the same pins as shown below.
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Symbol Generation Options

Likrary Mame Cell Mame Wiew Marme

Lib 1Bit_Syncounter symhol

Pin specifications Attributes
Left Pins clk 5el0 Sell Cin Din _List
Right Pins Cout DO DO* _.List._
Top Pins __List__
Eottom Pins ._List__

Exclude Inherited Connection Pins:

& Mone _ &l Only these:

Loadisave Edit Attributes Edit Lahels _ Edit Properties _

_Gancel ,_&pply ,_Help
Click OK.

The 1-bit synchronous counter symbol shoud look like the one shown below.

Virtuoso® Symbol Editor L Editing: Lib 1Bit_Syncounter symbol

Launch File Edit View Creale Check Opfions Window Help cadence

e 3 @

[SR=N" F 0 mxXQTE, £-¢ T 7 RA]H
M e RBEERISNES0N0 & [BE
Navigator 2.8 X/ =

Defaut

Q 8-
Nane =
| 1Bit_Syncounter

Property Editor 28|

anceNamel

R schHIMousePOpUR)
cmai set0

mouse L mouseSingleSelectPi( M: sehHiMausePapLipg

6(10) |
By now, You have successfully created a 1-bit counter cell.
Now, we use four of these 1-bit counter cells to build a 4-bit synchronous counter just by

connecting the carry-out of a lesser bit to the carry-in of a more signiticant bit. The carry-in
of the first bit will be set to 0.

Create a schematic for a 4-bit synchronous counter using Schematic XL in the same way

as we did for 1-bit synchronous counter. The Virtuoso Schematic Editor window should
pop up.Then add the instance 1Bit_Syncounter from Lib which you have created before.
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[[€] component Brov - o x Add Instance

Commands Help  c3dence |cirary Tib Browse | )

Cell TBit_syncownter
Library Lib B

View sgbol
Flatten

Names g
Fiter

o Add Wire Stubs at
o all terminals @ registered terminals only

[4Bit_Syncounter
aray Rows 1 Colunns 1 ®

@@ concel ) Defauts . _Help

9 | Helpaction

After you place it, your schematic editor window should look like the one shown below.

Virtuoso® Schematic Editor XL Editing: Lib 4bit_syncounter schematic *

Launch File Edit View Create Check Options Window hitkit Calibre Help cadence
U @Ald0@X0DE s ¢ R-7T r IR QAR % 1L »8
e Constaints N Y B -
Navigator 7 8 X] Constraint Manager 78X
Default | - ~B-v O
a -4 Eding: constaint
Name |

Show: All B

N Type @ cl&@ik %0
= 4bit_syncount......

> anit_syncounter
= 10 (1Bit_Syncounter)

Property Editor___ 78]

nouse L schsingiselciFi) N hNBeFoRRD e sehHiviusePopli)
128 Pkt ams_410 Tech: s3564n5. User: goetna et 5ot

Proceed further placing four of the 1-bit synchronous counters, either one below the other
vertically or one beside the other horizantally and connect them up. Since you are creating a
4-bit counter you can use compound data input, output and select pins say D[3:0], Q[3:0],
Qbar[3:0] and Sel[1:0] along with the clk and carry bit pins. You can create compound
pins as shown below.
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- Add Pin x

Fin Mames D<3: 03

Direction input n Bus Expansion @ off _ on

Usage schematic n Placement 2 single o multiple
Signal Type signal_ K3

Attach Met Expression: 2 No o Yes
Propetty Mame
Default Met Mame

Fant Height 0.0625 Font Style stick

A7 Rotate J Ak Sidevsays ) q Upside Down ; Showe Sensitivity == )

m ) Cancel g Defaults y g Help )

Once you add four 1-bit synchronous counters, a clock pin, select pins, along with data input
and ouput pins, use the shortcut key:w to create wires and make connections between the
components and pins. Also, use the shortcut key:1 to label the wires in a way similar to that
shown in the figure below.

Virtuoso® Schematic Editor XL Editing: Lib 4Bit_Syncounter schematic *

Launch File Edit View Create Check Options Window hitkit Calibre Help cadence

U REI* 0 EXOTEs ¢ -7 7 QAR5 LLE S

-i- Constraints BE & [y M 1y Ty [ M -
Default B.
Q B-
Tiame Bl
cin
clk
cout

Constraint Manager 7.8 X
B v 5
Editing: constraint
Show: All B

N Type (o =&l % (7
i 4Bit_Syncount.....

D=0

D=1>

D=2>

B D<ad>

D=3>

@'=0=

[eR3ES

Q=2

Bl Greats

@3>

Q0=

Q1=

Q2= =
Bl Q=30

Q3=

Sel<D»

Bl Seklas

Sel<l»

® CinP_1

® clkP_0

® COUTP_6

® D<30-F_2

B 0'<3:0=F_5 o
® Q3P4

Property Editor 78X

mouse L: schSingleselectPt) 1 schHiMousePopLpg R: schHiMousePapUpg
4(5) | hitkit ams_4.10 Tech: s35d4h5 Lser: gestha | cmd: sel-0 |

Once you are done editing, left click the ”check mark” icon on the left side of the screen.
This will check your work for connection errors and will save your design.
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You can now create a symbol for the 4-bit synchronous counter from the schematic you made.

Create a symbol for the 4-bit synchronous counter from its schematic in the same way you
did for 1-bit synchronous counter and make the 4-bit signal lines say D[3:0],Q[3:0],Qbar[3:0]
and the 2-bit select bus say Sel[1:0]. To do this select the D[3:0] line and use the shortcut

key q and select the width to be wide as shown in the below form.

Edit Object Properties

Apply To only current i@ (symbol shape g

Property Walug

Sh line
irtNamel .

Wit o nanow @ wide 0. 0625

Foint List ((1.75 -0.78) (2.0 -0.75))|

Cancel | _Apply ) Defaulls | Previous || Next

Click OK.

Repeat the same for other signal wires. Your 4-bit synchronous counter symbol showld look

like the one below when finished.

Virtuoso® Symbol Editor L Editing: Lib 4Bit_Syncounter symbol
Launch FEile Edit View Create Check Options Window Help

ER=N" & 0 @XOLE L R-¢ T T IR AQE
LR Basic PEQR IR E 2 @R @/ ©[B
Navigator 28

Detaul

Q B-

Name =

rtNamel

Property Editor 2 8)]

instancel .I'v] me]

mouse L: mouseSingleSelectPi)

cadence

M schHiMousePaplpg
10(14) |

You should now close the Symbol Editor and also the Schematic Editor Window.

B schHIMoUseP oplip)
Cmd: Sel: 0

Congratulations! You have successfully created your schematic and associated symbol. But
we need to test if your 1-bit and 4-bit synchronous counters designs are correct. To do this

we have to run electrical simulations to prove that indeed the design is correct.
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8.3 Electrical Simulation

Before we can simulate the 1-bit and 4-bit synchronous counter designs, we must create an-
other schematic, what engineers call a testbench. We start with creating a test environment
for the 1-Bit Synchronous Counter first and then proceed further with 4-Bit Synchronous
Counter.

Use the Library Manger to create a new schematic in the LibTest folder. The name of the
testbench should be 1Bit_Syncounter_tb.

Begin by instantiating your 1-Bit Synchronous Counter symbol, 1Bit_Syncounter. This
can be done if you Left Click Add — Instance and select Cell Name: 1Bit_Syncounter
from Library Name: Lib and View Name: symbol. Or you could also use the shortcut
key i.

We then need to add a clock say voltage source to drive the input of the counter. This can
be done if you Left Click Add — Instance and select Cell Name: vpulse from Library
Name: analogLib — Sources — Independent and View Name: symbol.

Fill in the properties form as shown in the figure below. The TA will explain the meaning
of the parameters. Place this symbol such that the positive end is connected to the input of
the 1-bit synchronous counter. The negative end should be connected to a gnd net which
can also be found in the analogLib library.

Edit Object Properties

__Browse \_Resel Instance Lahels Display
Property Walue

Library Name  analogLib

Di
it
Cell Name vpulse or
i
off

Walue Dis|

A A A- A AR A MR- R-R- MM A-H-HNNH

[T . Cencel | _epply | Dsfaults | Previous (et | _Help

iE

In the same way add a Select controls and Data line say Sel[1], Sel[0], Din as inputs of the
counter using a vpulse. You can use the vpulse properties for Sel[1], Sel[0] and Din inorder
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as shown below as reference or you can come up with your own test cases to see if your 1-bit
synchronous counter design is working correctly.

Edit Object Properties Edit Object Properties

Browse Reset Instance Labels Display Y Browse Reset Instance Labels Display
Property Walue Display Property WValue Display
Library Name analogLib oft n Library Mame analogLih offt n
Cell Mame vpulse off n Cell Mame wpulse aff n
Wiew Name symbol off n Wiew Mame synbol off n
Instance MName 2 off n Instance Mame W1 offt n
Add Delete hadify Add Delete Iodify
User Property Master Valus Local Value Display User Property Master Value Local Value Display
lvslgnare TRUE off n Ivslgnore TRUE off n
CDF Parameter Walue Display CDF Paramatar Value Display
Frequency name far 1/period it Frequency name for 1/period i
aise file name iff Moise file name i
Mumber of noisedfren pairs ] Number of noisedfred pairs 0o
DC vollage DC woltage ]

AC magnitude AC magnituds

AC phase AC phase

HF magnitude XF magnitude

PAC magnitude PAC magnitude

PAC phase PAC phase

Woltage 1 Yoltage 1 0ov

Voltage 2 33v ff Voltage 2 33v it
Period &0n = Period ams

Delay time 10n s i Delay time 0= L
Rise time 1p = Rize time 1;.57

Fall time lp = Fall time 1p s

Fuls width I0n s Fulse width 20ns

E}
=

Temperature coefficient 1 Temperature coefficient 1

E)
=

Temperature coeficient 2 Temperature coeflicient 2

=

bkbbbbbkbbbbbEREREEE

=

ool o o s s s

Maominal temperature

Type of rizing & falling edge '

Maminal temperature

Type of rizing & falling edge '

— =
m Cancel Apply Defaults | Previous | Mext Help Cancel Apply Defaults | Previous | N& Help
Edit Object Properties
Briwse Reset Instance Labels Display
Property Value Display
Library MNarme analoglib ELA - |
Cell Narme wpulse off '
View Name synbal of @
Instance Name 3 LI - |
Add Delete Modify

User Property Master Yalug Local Valuge Display
Ivslghore TRUE of B
CDF Parameter Value Display
Freguency name for 1/period CLA - |
oise file nate - - |
Number of noise/freq pairs [ L - |
DC valtags . - |
AC magnitude of B
AC phase . - |
HF maghitude off n
PAC magnitude CLa - |
PAC phase off n
Voltage 1 33w LA - |
Vaoltage 2 ov off n
Perind 1000 5 ot '
Delay time 0s . - |
Rize time 1p = off n
Fall tima 1p s of K@
Pulse witth S0n = oft n
Temperature coeficient 1 of K
Temperature coeficient 2 - - |
Nominal temperature L - |

Type of rising & falling edge B of B | L

@3 concel (_epply | Defautis | Previous | _Next ﬁelp_
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We also will need to add a DC voltage source which we will connect up to the vdd net.This
can be done if you Left Click Add — Instance and select Cell Name: vdc from Library
Name: analogLib and View Name: symbol.

= Edit Object Properties b
Apply To only current n instance n
Show _I system o user ¥ COF
Erowse Feset Instance Labels Display
Property Walue Display
Likrary Marme analogLih off n
Cell Mame wde of K8
Wiew Mame symhol off n
Instance Mame ¥4 off n
A Delete rAodify
User Property Master Walue Local ¥alue Display
lvslgnore TRUE off n
CDF Parameter Walue Display
Moise file name ff
Mumhber of noisedreq pairs a0 it
DC voltage 3.3 ¥ i

=

AC magnitude

=

AC phase

HF magnitude

=

PAC magnitude

=%

F&C phase

=t

Temperature coefficient 1

=t

oobbbbbhkk

Temperature coefficient 2

Mominal temperature

@3 corcel aApply  Defaults | Previous | Next | Help

In the same manner as just described, add capacitors from the 1-bit synchronous counter
output lines say D0, DObar, Cout to the gnd net. Wire up everything as you did in the
previous section of this document.Also, you will want to use the shortcut 1 to label the input
and output nodes. Just click on the node you want to label before pressing the 1 key. When
completed your testbench schematic should look like the circuit shown on the next page.
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Virtuoso® Schematic Editor XL Editing: LibTest 1Bit_Syncounter_tb schematic

Launch File Edit View Creale Check Options Window hitkit Calibre Help cadence
SN =" d 0 M X @ T ¢ -7 7 |QQEFE (B LLEEBE
-i- Constraints BE & [y M 1y Ty [ ~ I
st Vomger 28
Default B. ~reg-Erv D
Q B- Editing: constraint
1Bit s;\‘nir:imr w Stow: Al B
E-{= 10 (1Bit_Syncounter) N Type (@ &l Y 1]
) CO (cap) | 18Bit_Syncount.....
) C1 (cap)
o) c2 (cap
) VO (vpulse)
0 V1 (vpulse)
) V2 (vpulse)
) V3 (vpulse)
) va (vdc)
Vs (vic)
1 cin
1 ok
1 Cout
1 Do
1 oo
1 Din
L gnet
1 sen
1 sen
L vael
Property Editor 78X

mouse L: schSingleselectPt) 1 schHiMousePopLpg R: schHiMousePapUpg
14(18) | hitkit- ams_4.10 Tech: s3504h5 User geetha | cmd: sel-0 |

Save the schematic. In the schematic window menu you should: Left Click Editing:File —
Save. We are now ready to run a transient analysis on the 1-bit synchronous counter. This
time you should: Left Click Editing: Launch — ADE L. Click YES.Make sure that the
ADE window settings are configured properly as discussed in your first lab.

In the ADE window menu go to Analysis — Choose ... Set the transient analysis to have
Stop Time as 100n. We have specified a transient analysis from 0 to 100ns. Make sure the
conservative box is checked.

Now select the input and output nodes of the 1-bit synchronous counter,you would like to
dispaly. Left Click Outputs — To be Plotted — Select on Schematic. Use the ESC
button to exit this mode.Make sure that the "Plot” buttons are checked for the input and
output nodes that need to be plotted. The Analog Design Environment window should look
like the one shown below.
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ADE L (2) - LibTest 1Bit_Syncounter_tb schematic

Launch Session Setup  Analyses Yariables Outputs  Simulation  Results Tools Help (é dence
L) . = s ™y
Bl a8 dl
) ) Analyses 70X
Design Variables SAC
Type | Enahle| Arguments e
lame | Walue | ||y tran v 0100n conservative E(I]
=
==
®
L il ) O
Outputs 78 x|
_ Mamessignal/Expr | Walue | Plot| Save| Zave Option
i clk ™) ally /W
5 Seld FEIEED -
3 Sell FEIREREL
4 Din FEIREED |~
5 D0 vl
; ot g ally [
el 11 L
- Results in . eethascdsfeceasassinsgi_ || Plot after simuiation: (Auto K@ Piotting mode: Replace [~ I
.21(29) | Temperature | Status: Ready | T=27 C | Simulator: spectre | State: trans J|

Run the simulation by pressing on the green traffic light icon. After a few seconds you should
see the report showing the simulation summary and you will also see the wave window ap-
pears with all the waveforms overlapped.Left click Axes — Strip in order to separate the
different curves. The result should look like the one on shown below.

Virtuoso (R) Visualization & Analysis XL

File Edit ¥iew Graph Axis Trace Marker Measursments Taols Window Browser Help cadence
f v o A O S i (=

mi~-F-E d &S mls " b % ] Q 2 i LT - = e

#5730 suowinaows) 1§ [ m Data Point $185200000n Z || Classic B= &

I LibTest 1Bit_Syncounter_th s... [£
Mon Jun 4 15:44:59 2018 1

mause L M. R:

24(35) | Trace: /Din; Cantext 18t _ibrsp pst, Dataset: tran-tran []
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Notice that the output node voltage is delayed from the input and that the output rise time
is longer that the output fall time.You have to verify if 1-bit synchronous counter is working
as expected by comparing the waveform with the truth table we discussed.You can even save
the state,when you want to re-run the simulation all you have to do is to load the state.

Once your 1-bit synchronous counter is working correctly, you are good to proceed further
and create a testbench for the 4-bit synchronous counter.

Create a test bench for the 4-bit synchronous counter in the following the same procedure
you followed while creating 1-bit synchronous counter testbench.Input appropriate voltage
pulse properties say clock, D[3:0], Sel[1:0] to check the operation of the 4-bit synchronous
counter that counts sequentially for every clock pulse.Also, add capacitors from the 4-bit
synchronous counter output lines say Q[3:0], Qbar[3:0], Cout to the gnd net. Wire up
everything and label the input and output nodes.Your testbench schematic should look like
the figure shown below.

Virtuoso® Schematic Editor XL Editing: LibTest 4Bit_Syncounter schematic

Leunch File Edfit View Create Check Opfions Window hitkit Calibre Help cadence

EN=N"} F 0 X QL@ ¢ -7 7 QA AQRIM,LLESE
-0~ Constraints B G [ A o Ty E o B -
Conirant Hanger____)81%
Defautt [-] rErBrv O
LY ﬂ M Editing: constraint
Ny el Show: All B
nter.

N Twe @) —[RIE 5 ]
= 4Bit_Syncount.....

i
tiouse L: schSingleselectety M: sehHiMousePopUp) R: schHiMousePapUpQ
15(19) | hitkit ams_4.10 Tech: s35d4hs User: geetha | cmd: Set0

Save the schematic.We are now ready to run a transient analysis on the 4-bit synchronous
counter. you should: Left Click Editing: Launch — ADE L. Click YES. And configure
the ADE window parameters,then set the transient analysis to have Stop Time as 100n. We
have specified a transient analysis from 0 to 100ns. Make sure the conservative box is
checked.

Also select the input and output nodes of the 4-bit synchronous counter,you would like to
dispaly as shown in the figures in the next page.
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Virtuoso (R) Visualization & Analysis XL

Elle Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence

F-E-0 d &Ml w OB % AQ Qe T - el
o &7 B [0 suowindows| 1 K3 (| M || & B DataPaint | - GE = ||| crassic BE &

] LibTest dBit_Syncounter sch.. 3

oo

®nov AN S S S

mouse L [ R
19(26) | Trace: fDel>; Context Dataset: tran-tran 1

Virtuoso (R) Visualization & Analysis XL

Eile Edit View Graph Axis Trace Marker Measuremenis Tools Window Browser Help cadence
f o 20 O L3 i@ §=2

M-B-P d @Ml o n x 8 QX Q @ famiy  fl 22 SRR 5

¢ 2 B 00 swowinaows| 1 3w M Data Paint = || Crassic BE &

K1 LibTest 4Bit_Syncounter sch... [

Transient Response Man Jun 4 15:3

mouse L: M R
16(24) | Trace: /2>; Contert

f Dataset fran-tran 1

Its time to verify verify if your 4-bit synchronous counter is working as expected by compar-
ing the waveform with the truth table we discussed.You can even save the state,when you
want to re-run the simulation all you have to do is to load the state. Your TA will help you
analyze the waveforms.
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8.4 Physical Layout, DRC, and LVS

In this section of the document we will walk through how to physically lay out the final cell
which is 4-bit synchronous counter using space based automatic routing tool. We will then
check to make sure that the layout confirms to all of the manufacturer’s rules (DRC), and
finally we will make sure that the layout yields a netlist which is equivalent to the netlist
produced by the schematic editor (LVS).

8.4.1 Layout

By now, you should know how to enter a schematic, how to produce a corresponding symbol
for the cell, and finally how to simulate your design to make sure it functions correctly. The
next step in the process of making an integrated circuit (IC) is to perform the physical layout
of the cell.

We will create a layout automatically using the space based routing tool for the 4Bit_Syncounter
cell. You should launch the Library Manager just like you did in earlier sections of this tuto-

rial. In the Library Manager window, select the 4Bit_Syncounter cell in Lib. You should
then left click on File -+ New — CellView. A "New File” menu will pop-up.The form
should be completed as shown in the figure on the next page.

File

Library Lik ﬂ
Cell i

Wienw layout
Type layout ~]
Application

Dpen with Layout XL n

» Always use this application for this type of file

Library path file
Jhome fgeetha/cds/ecedfd fods. Lib

€D corcel b

Then click on the OK button. An empty layout editor window and the schematic editor
window will pop-up along with a Layers window. In the Virtuoso Layout Window (NOT
the Virtuoso Schematic Window) from the main menu, you should select Connectivity —
Generate — All From Source ...

You will see a Generate Layout window with Generate, I/O pins, PR Boundary, and

Floorplan tabs. Go to the I/O Pins tab and choose the Label radio button. Then click on
the options under Pin Label. You will now see ”Set Pin Label Text Style” window. Choose
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the Layer Name to be PIN and Layer Purpose to be metall as shown in the below form.

r

| Generate Layout x
Generate ¥ Ping FFR Boundary Floorplan
Specify Default Values for All Pins
Layer: Width:  Height:  Mum: Create:
I - CERRRCCRER AT
Specify Fins to be Generated
Select: Mumber Of Matches: 0 Jadd New Pin...
Term Mame  Met Mame Layer Width  Height Mum Create
"COuT" "COUT" ("MET1" "pin") 0.5 0.5 1 t -
"Cin" "Cin" {"MET1" "pin"} 0.5 0.5 1 £t i Set Pin Label Text Style x
"O<0x" Riaibe ("MET1" "pin") 05 0.5 1 t |5 ] JE—
DIt S "Dl {("MET1" "pin") 0.5 0.5 1 t Height 0.5
"D<Ert "DERt ("MET1" "pin") 0. 0.5 1 t ;
"Dg3n "De3 {"MET1" “pin"} 0.5 0.5 1 t Font stick ﬂ
el el {"MET1" "pin"} 0.5 0.5 1 £ -
WA WAt i w fe A s - Text Ot '
Mame: Layer: Width:  Height:  MNum: Create: # prions o Drafling
- — — _ Cverbar
05 0.5 1 v ate
LE R Layer Mame =] n
Fin Lahel — Same &5 Pin
v .. i Layer Purpose
o Create Label A5 & Label Cptians... i p e metall n
— Text Display — Same &5 Pin
Justification centerCenter n
Orientation RO n
m Cancel Defaults | Help m Cancel Help

Go ahead and click "OK” to generate all the Instances and I/O pins. You should see that
the layout has D flipflops ,4-tol multiplexers, and half-adders. You will also see some ”blue”
squares (metal-1 i.e. M1). These are the I/O ports: vdd!, gnd!, Din ,Q, Qbar and clock.
Your Layout Editor Window should look like the one shown on the next page.
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Virtuoso® Layout Suite XL Editi

Lib 4Bit_Syncounter layout *
Launch File Edit View Create Verfy Connectivity Opfions Tools Window Opfimize Place Floorplan Route hikit Calibre Help
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mouse L: mouseSingleSelectPi) M: IxHiRelnitDesign) R: _IxHiMousePoplipg

Add the Wire Assistant toolbar to your Layout Editor by choosing Window — Assi-
tants — Wire Assistant from the menu bar, useful for performing space based routing.
Your Layout Editor Window should look like the one shown below with the assistant tool bar.

Virtuoso® Layout Suite XL Editing: Lib 4Bit_Syncounter layout *

B o &l ¢

Launch File Edit View Creale verily Comneclivity Options Tools Window Oplimize Place Flootplan Ruute hitkit Calibre Help cadence
(= ¢ld 0 @R BOR|IE %2R oo BEG
Ly <2 g ,}é "_.%\\Lbl 24 O] uﬂ\}}, 4 » || (F)Selsctd Selpp:0 Self):0 SelO)0 |} -281700 ¥ 137350 dx -80.800 o 35.700 Dist@E.4Z7 Cmu
Paletie 78X | ware assistant 708X
Layers 8% B & .
l» valid _ Used _ Routing = l“\ d #&
elec
Q B- M
] MTUE draving -] Hets
oA A SH > ¥ Override Constraints
Name | Vis| Sel|__
AllLayers WEHEE Net Fin Escape Bus
amsDefaull |(+)(=)+)-] = Default virtunsoDefaultsetup
Layers | Dir |_width | spacing]__
POLY1  # B3 035 045 ]
I POLYZ  # K@ 0E5
~ MET1 =@ o5 045
~ Overrides by layer
¥ ¥ Top MET4
o o Bott: POLY1
¥ g ottom
v ¥ Via IR MR
M M g Minbum Cuts T [
Ea~)
v ¥ L Net Width to(Maximum Pin Width
¥ ¥ Snap Wires to Manufacturing Grid [l
v ¥
Ea~)
v v
v ¥
v ¥

o
x| |

Objects
Objects | V| 5| __
$.. Instances v v
Fins v v
- Wias 4 17
Objects Grids <
GEEQTHME . MER-DEEERE, o6 L

péd@eoRud SRR MeESE BE

mouse L: mouseSingleSelectPt)
34(46) | hitkit: ams_4.10 Tech: s35d4h5 User: geetha

M: IxHisutoPlace()

Automatic @
Command Auto Route B
Route Net Al

wrong Way Tax asls (@ T

¥ Remove Pre-Route Dangles

¥ Prefer violations to Opens

¥ Exclute Blocked Pins Duting Routing

R: _bHiMousePoplipg)

L emd.

Click on Edit — Component Type to make the components/instances present in the Lay-
out editor categorized as No Component type to be standard_cells as shown in the form
on the next page. To do this, we need to create a component type named: standard_cells
and move the components under No Component type into standard _cells component type
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you created.

Eile  Window Options Help

[€] Configure Physical Hierarchy Editing: Lib 4Bit_Syncounter physConfi - o0 x

cadence
- C LT B
L”| =" | omponent Types | &5 i
Cells
Fhysical Library = FPhysical Cell

B standard_cell
i (@) CORELIB

(&) CORELIB
CORELIE
CORELIE

ADDZ1
DF1
LOGICD

Create component type

Attributes

Component Type:

Component class

standard_cell|

Cance| , f————

Terminal Mames

active layer:

Drain:

Width parameter. |

Gate

Folding threshald:

Source:

Wiews:

Bulk:

47|

Once you move the components into standard_cell component type, select standard_cell
and choose component class to be STDCELL under the Attributes section as shown in

the form below.

d

File Window Options Help

Configure Physical Hierarchy Editing: Lib 4Bit_Syncounter physConfig

O x

cadence

— 0
lm LI = | [ (campanent Types B‘ o

Cells

ADDa1
DF1
LOGICO
hALI41

i Q CORELIE

() CORELIE
- (Z) CORELIB
--(Z) CORELIE

e = Mo companent type

Physical Cell

Attributes

@
X

Component Type: standard_cell

Component class: |STDCELL

Active layer

Terminal Hames

Width parameter. |

Crrain:

Gate:

Folding threshald:

Source

Wiews:

Bulk:

4]

Go to the Layout Editor menu bar and select Place — Custom Digital — Placement
Planning.You should see a pop up menu like that shown in the figure below.
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- Placement Planning: Lib 4Bit_Syncounter layout x

Cluster Boundary '

Style

Style  Assisted Standard-cell '

Style File | Erowse Load
—_—— ==

Style Parameters
Regions Ruowrg Rails

Region Shape & Rectangle o Polygon

Qrigin: X Y

‘width Height

Draw liprate Delete
T aee
— Rows Fram Lower Left Offset X 0.0 Offset % 0.0
Propetties:

— Allow For Pins

& Horizontally WYerically
_ Allow Rows Beyond Region

_ Allow Rows Beyond Cluster

— Allow Rows Over Clusters

Freserve Constrained Objects  _

Layout Generation: ' Regenerate Al
Adjust Boundary

® Generate Only Missing Components
Statistics
Estimates; MNumber OF Rows: 0
Region Utilized (%): Intra Row 0.0 Inter Row 0.0

Count  Max Width  Min. Width Avi. Width

STDCELL. o oo oo 0.0

b

[ cose JNET

Calculate Rows, | Dressing Template Editor

In the above Placement Planning form under the Regions tab of Style Parameters, click
on the button Draw. Then you should select a point on the Layout Editor and draw
the square box by clicking on the other end to place your complete layout of the 4-bit syn-
chronous counter inside it. The Layout Editor window should look like the one shown below.
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In the Placement Planning form, click on the Calculate Rows button at the bottom

of the

form. Once you do this, you should see rows in the Layout Editor form as shown below.

&l

Launch FEile Edit Yiew Create Verify

Virtuoso® Layout Suite XL Editing: Lib 4Bit_Syncounter layout *

Connectivity Opfions Tools Window Opfimize Place Floorplan Rowte hitkit Calibre Help

== |4 D @ X & (
Uy R (DB -
T
Layers 5 x| MR
o Valid _ Used _ Routing

Q, ~ ||
] NTUE draing - -
AV NV A3 R IR
name [ vis[ cer_ MRS
alLayers JEE] | R
amsDerault |+ -)+)-] — |

~
F
E
v
~
~
F
E
F
v
~
~
F
E
F
~

)
~
~
~
~
¥
v
~
~
~
~
¥
v

o

KK < |
[

Objects x|

Ohjects

i-Instances
Pins
m-Yias

KKk K=

Objects Grids

B | &

» | B s Qo

Classic BE &

(FiSelect Selif)}0 Sel()0 Sel(©y0 [K 45100 ¥ 105650 dX -50.800

d 35.700 Dist88.427 Cmd

&pElYEE s nEHE>BEREER

QPN T RE T 2

mouse L mouseSingleSelectPl)
34(45) | hitit ams_4.10 Tech s3504n5 User: geetha

Close the Placement Planning form.

T

i 1

¥ 55 B

M. IxEditP lacementStyle ()

nents inside the rows you just created.

-0 X‘
cadence
[ Wire Assistant. 78 %
G- @ £~
Select |
Nets.

¥ Override Constraints
Net Pin Escape BUS
Default: vituosoDefaultsetup

Layers | Dir |_Widlh | Spacing]__
FOLY1  (# K@ 0.35 045
POLYZ  # [@ 0.65 0.5
METT =R@ 0% 045

Overtides by layer

wetz K@
L2 - |
P —_—

Minhum cuts 1 B

L Net Widih to. (Marimum Pin Width
Manufacturing Grid

[k o =i

Snap Wires to

Automatic 1)
Command Auto Route B
Route Net All

Wrang Way Tax (psis g T

¥ Remove Pre-Route Dangles

2 Prefer Violations to Opens

¢ Exclude Blocked Pins During Routing

R: _IsHiMousePopLipg)

| cma: |

Use the placer and automatically place the compo-

Go to the Layout Editor menu bar and select Place — Custom Digital — Placer.You
should see a pop up menu . Your form should look like the one shown below.
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Lib 4Bit_Syncounter layout Auto Placer

__ Group CMOS Pairs __ Insert Filler Cells

™ PFreserve Ahutment Chains
W Group M-factor Devices
_ Flace Selected Only

— Insert 5td Cell Substrate Contacts

@ Allow Rotation

o Minimum Disturbance Placement _ Save As _ Open Window
— ECO Mode Lbrary [
& Auto Placement
Cell

W Glahal Placement

__ Optimize Flacement WView
Runtime (Moderate 5 \_ Brawse.
_ Run Spacer within Rows Reserve Space For Routing (tracks)
_ Run Spacer hetween Rows z

Less More

— Adjust Boundary
Rules
Constraint Group (¥ifuosoDefaultExtractarsetup n
Minimum Boundary Offset [ pone '

Show More Options...

Cancel ,\_ Defaults . Apply \_Help

In the above Auto Placer form, uncheck Allow Rotation then check Optimize Place-
ment and Runtime to be Optimized under Auto Placement. Upon clicking on Show
More Options button you will look some more details about the placer tool. Now click
on the Show Placement Progress to see the progress while the placer tool automatically
routes the components inside the rows. Your Placer form should look like the one shown

below.

Lib 4Bit_Syncounter layout Auto Placer

__ Group CMOS Pairs _ Insert Filler Cells

¥ Freserve Abutment Chains
¥ Graup M-factor Devices

| Insert St Cell Substrate Contacts

_ Flace Selected Only
__ Allow Rotation

_ Minimum Disturbance Placement L save s L Open Window
o ECO Mods by~

& Autn Placement
cell
 Global Placement

& Optimize Placement Wiew

Runtime (0ptimized n . Browse

_ Run Spacer within Rows Reserve Space For Routing dfracks)

2

_ Run Spacer hetween Rows
Less Ware

_ Adjust Boundary

Rules
Constraint Group (¥iIMuosoDefaultExtactorsetup K@)

Minimum Boundary Offset 0. 000] Nane n

Hide Options

Job Host ' Foreground  Background o LBS
Show Placement Progress s/ Consider Nets Up To 35 Pins
Place Lin-Assigned Components In Mixed Mode

Cluster [Baundary

Companent placement within placement boundary
Use Component @ Boundary  Bounding Box

_ Cancel | Defaulls | Apply | _Help

Click on "OK”. You will see a pop menu called Placement Status like the one shown below.
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[ VLS-GXL Placement Status ("Lib" "4Bit_Syncounter" ' _

File Process Help cadence
| | T | 00:00:01 | 00:00:00 | 1435 99
|====mmmmm e ittt Rttt Rttt Eti ittt N
| | 8 | 00:00:00 | 00:00:00 | 1406, 18
|=m==mrom e ittt Rttt Rttt Eti ittt
| Detailed Place | & | 00:00:04 | 00:00:00 | 1406. 29
| ===== ===== ===== ===== ==========
Detaziled placemsnt cost = 3110436

Total estimated wire length by VOP

for signal nets with 35 or less pins = 1406. 29 um

Number of chains = 1}

#PLACEMENT STATISTICS====== ===== ===== ==========
Components = 16 =
Placed - 16 ~1
Not Placed = 0
il Il __
48 | 173 28

Wait for few seconds. Please be patient! This might take some time.

The Placer tool works on arranging the components and pins of the layout around the per-
imenter of the square box. The Placer tries all the possibilities and produces an optimized
layout. Your Layout Editor window should look like the one shown below.
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O] e POLY1 # B 035 045 |5
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[ PEUDEF  crv o o width Mode  (Overrides hy layer
MNEUR drw ) =

%DIFF dw o W y Tap verz B
HET (LR -

- = MET1

Bco o v v Boftar =

@ EFOLY  dw ¥ Yia [T I -

BEEFOLY  dw ¥ @ B 9 Mntumcus 1 B

W =TT W W

W] MPLUS  drw W W LI Mat width to |Maximum Pin Wicth |75

W PPLUS  cne o e Snap wires to | Manufacturing Grid i@

(W MDOx  dw v v

P HRES  dw v v R | =

BEroLyt dw v o _:I

Wrotve  dw v v Automatic ~

CONT d A

(] v o o il ERTHERE Auto Route B

Shiecks 2 %] N Route Hat Al (@elested
Objects AR - - - x: d

b Instances v wWrong Way Tax (A3 ls n 1
Pins ¥~  Remove Pre-Route Dangles

e Wiag ¥ ¥

I ——— — » Prefer Yiolations to Opens
Gbjacts s = - ¥ Exclude Binckad Pins During Routing

o asEa b R ] sl N L e
I o @@ Bl 5520 «Ge B8 s

Select:  PRBEoundary

: mouse L: mouseSingleSelectPi() M [xHiAutoPlace() R: _IxHiMousePopUp()
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Select the standard cells one at a time and use the "move” command (short-cut key m) to
move them close to one another in order to overlap or join their vdd! and gnd! rails. The
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standard cells after auto placement should look like the one shown below.

We need to perform two different forms of routing: one is Pin to Trunk routing and the
other is the Minimum Spanning Tree routing. As discussed in our introduction, the Mini-
mum Spanning Tree routing is used for most of the connections. The algorithm is based on
minimizing wire length. Pin to Trunk routing used for connecting supply rails using spine
style routing.

We start with Pin to Trunk routing. You can see that the vdd! pin is metall when we
generated our instances and pins as we choose to be. Now, we need to make the vdd! pin
to be metal2 pin.

To do this we need to edit the vdd! pin properties by using the short cut key:q. You will see
a pop-up window of vdd! pin properties. Choose the Layer to be MET2 | Pin as shown in
the form below.

Edit Rectangle Pin Properties

= e Anply Cammon

Attribute Connectivity Parareter Property ROD

Layer ' Layer Filter

Left 5575 Bottam 27.35
Right 6075 Top 2785
Width 05 Height 05
Flacement Status |Placed n

Fin Mame !

Terminal Mame !

_Cancel | _#pply | Help
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Click "OK”.

Also, make it a metal2 label. To do this we need to edit the vdd! label properties by
selecting the label using the short cut key:q. You will see a pop-up menu of vdd! label
properties. Then choose the Layer to be PIN | M2 as shown in the form on the next page.

] Edit Label Properties x
= o Apply Common
Aftribute Connectivity Farameter Praperty ROD
Layer o e | Layer Filter
B ((5.062 27 35) (B.588 27.65))
Text !
Origin: 5825 N 276
Height 05 Rotation RO n
Font stick n Justification |centerCenter n
Drafling » Crverbar
Cancel Apply Help

Click "OK”.

We now need to create a wire to create the vdd! rail. Go to the Layout Editor menu bar
and select Create — Wiring — Wire. You will see a pop up window of Create Wire and
choose the width to be 5 i.e, 5um as shown in the below form.

] Create Wire x

Connectivity
Het Mame

~ Prohe MNets

Witdth g

Justification |Center n Offset 0
Begin Style  truncate n Begin 0O
End Style truncate n End 0

Snap Mode jorthaganal n

¥ Auto Terminate
_ Enap to Pin Center
¥ Enap to ¥ia Center

m Cancel Defaults Help

Then click on the edge of the Metal2 vdd! pin at the bottom of the layout and draw a wire.
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Repeat the steps as discussed above to make the gnd! pin and label metal2 and also create
a wire to form the gnd! rail. Once you do this your Layout Editor window should look like
the one shown below.

Virtuoso® Layout Suite XL Editing: Lib 4Bit_Syncounter layout *

Launch Eile Edit Yiew Create Verify Copnectivity Options Tools Window Optimize Place Floorplan Route  hitkit Calibre  Help cédence
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Palette 718x - Wire Assistant 718x
L:v‘e;s Used fo - g @ £~
!Q‘ alid |_ Used |_| \Eng » Override Constraints
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.METZ drawing ' = Pin Escape Bus
P MY A5 NS Default: vitunsoDefault3etup
Name | Mig | Sal Layers | Dir | VAdth | Spacing|
all Layers |HEEEE MET1 | = |53 S 045
= E
amsDefautt |HDHEE METZ Il |5 [E = |
MET: =R 06 05
=l Layer [Pu.| ¥[8
MBUR dry Width Mode |Overrides by layer
[m] DIFF dri o o
[ et drw W o | Top TS - |
W oLl dw v v otom JETT BB
[BE EFOLY  drw v » i & v e
BB EFOLY  drw v v
W EMITT  dne W B o» Mintumcus 1 B
M HPLUS v ¢ | Net Width to Maximurn i Width -
W FFLUS  dnw v W
|:|M\DOX drwi W W Snap Wires to  Manufacturing Grid n
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B roLvt dny v v B G ILH"
B FoLve  dw v v —=
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W MET! dry @ Command ALta Route B
W ET g Routs Mt All_ | Selscted
[ viat dre v o - > !
METZ aw M Mg wrong Way Tax Custom @ 95 B
Objects &/X ¥ Remove Pre-Route Dangles (O]
Ohjects I a _ Prefer Wiolations 1o Opens
s Instances C T < | ¥ Exclude Blocked Fins During Routing
L Ping ¥ ¥
ST
Objects Gritls Il ™

Y EE NEHE>BE

R é@i TRy B EEBE BE

mouse L: mousesingleSelectPt() M. hiZ liGet owi) 0.9) R: _lxHibousePopUp()
37(51)| hitkit: ams_4.10 Tech: 535c4hS User geetha ‘ Crngl J‘

Now,we need to make the vdd! pin, label, and the wire into a "trunk”. Select the vdd!
pin,label and the wire you created by holding shift key and click on the RMB (right
mouse button) — Compose Trunk from the pulldown menu bar.




Once you do this, just cross-check the vdd! pin, label and the wire properties to make sure
that they are trunks. Use the short cut key:q to look if the vdd! pin has the ctuTrunk
property checked under the property tab as shown in the below form.

= Edit Rectangle Pin Properties x
= = Apply Cammon
Attribute Connectivity Farameter Froperty RED
ctuTrunk o

& ceete ) Madiiy
Lelete -, Mody

OK | Cancel | Apply || Help
PSSR el i Nl S

Select wire and use the short cut key:q to check if the wire drawn for vdd! has 1zStickyNet
property checked under the Property tab as shown below.

Edit PathSeg Properties

= o Apply Common

attribute Connectivity Farameter Froperty RO

IxStickyMet o

€I et | Moadit
\DElEiE,) \JRlodil,

QK | Cancel ;| Apply | | Help
‘e’ ‘s’ ‘el ‘waele’

And you will also see that the topology is STRIPE under the Attribute tab as shown in the
below form.

[ Edit PathSeg Properties X
= = Apply Comman
Attribute Connectivity Farameter Froperty ROD
Layer M:E:TZ Layer Filter
BB {(5.475 15.05) (10.475 100.05))
Width 5
Begin Point (78751508 End Paint (7A7E 0005
Begin Style truncate n End Style truncate n
Begin Extenzion @ End Estension @
Route Status  [Routed B ParofaRoute [FALSE

Topolagy STRIPE B

BI9  cCancel | Apply

Help
sSllcEly \aiiiiblie/ \aLiElRe

5



Repeat the same process discussed above to make the gnd! pin, label and wire a trunk. Once
you do this you can test if your vdd! and gnd! rails, pins and labels are trunks, just select
on the layout outside the Bounding Box and click on the RMB (right mouse button) —
Highligh All Trunks. You will see that the trunks are highlighted on the Layout Editor

window as shown below.

Virtuoso® Layout Suite XL Editing: Lib 4Bit_Syncounter layout *
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[ MET2 drawing -] et Pin Escape Bus
AY NV AS NS Default: virtuosaDefaultSetup
Name | Vis| Sel|__ Layers | Dir | VAdth | Spacing|
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Brotve  dw v o - -
D conm i v v Automatic
W VETT dw v v Command  [Aulo Route [~ ]
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METZ __ dw v wilg Wrong Way Tax Custom [ 5 B
Objects EES ¥ Remove Pre-Route Dangles ¥
onjects | v | 5 | K O O _ Prefer violatians to Opens
Instances v ¥E ¥ Exclude Blocked Pins During Routing
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e
Ohjects Grids i ™
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In your Layout Editor Window, we now configure the settings of the Pin to Trunk topology
settings in the Wire Assistant. Edit the width of the MET1 and MET2 to 1.8 i.e 1.8 um
and then choose layers Top to be MET2 and Bottom to be MET1. Then, Set Design Style
to " ASIC”, choose the routing style to be ”Pin to Trunk” in the Wire Assistant. Choose the
Wrong Way Tax to be Custom and give 95 for it. Your Wire Assistant form should look like
the one shown on the next page.

__ Net Width to II aximum Pin Width

wm Manufacturing Grid n

Routing Syle &
Design Style & Settings(...)
Settings(...)
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We need to do the topology setup in order to do pin to trunk routing. Check the Pin to
Trunks option under Routing Steps. Choose Pins to be All and Ortho Pin Select Mode to
be All under Pin Selection. You have to make sure that your Topology Setup form looks
the same as the one shown below.

[} Topology Setup x
Min Spanning Tree Pinto Aligned Pin Pinto Trunk

Routing Steps | Route Pin To Trunks _ Route Trunks To Trunks | Trim Trunks
Routing Scope
Route in & Current Editable Cellview  Current View érea

o Specified Area Select Atea
ey

Trunk Selection

select  Closest or Selectad ' _| InRange 0

Search From Pin Side # Morth » South o East 8 West & Over

Pin Selection

Pins Al n Ortha Pin Select Made (Al n

Route Pins To Trunks

_ Connect All Pin Shapes to Trunks _ Prefer to Route on Pin Layer
» Merge Taps in Close Proximity _ Wia Covers Width of Pin

_ Optimize Order of Trunks with Floating Ends

Pin Strapping

_ &trap Gate/Source/Orain Pins
__ Strap Pins on Different Instances

PinLayer  [POLY Maw. Pin Count (2| Max Pin Distance: 10
Strap Layer (METI Strap Width: (0.5

Sirap Location ® Closer To Fin Closer To Trunk

Trunk Offset from Device (Tap) Trunk Over Device

% Pin Cavered by Top ¥ias 100 yia Mode Match Trunk n
% Pin Cavered by Lower Vias 100 % Pin Covered by Vias 100 |2

Route Trunks To Trunks
connect & Al Trunks Crossed Trunks Only

THIM Trunks
Trim @ Both Ends . LefyLower End _ RightUpper End

m Cancel Apply Diefaults Help

Click "OK”.
Now, Select the vdd! and gnd! trunks and click on the selected button of Route Net in the
Wire Assistant Window as shown below.
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Once you do this you will see that the connections are
selected trunks automatically as shown below.

So far, we have just made connections to the vdd! and

ther to make other connections between the components,
We make these connections automatically using the Minimum Spanning Tree topol-

pins.

made from the components to the

gnd! trunks. Now we proceed fur-
as well as to the Input and Output

ogy. Before this you can choose to place/arrange your pins on all the four sides or just on
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two sides. By default the automatic routing tool places pins on all four sides around your
bounding box. In the layout shown below, pins are placed only on two sides besides the rails.

Edit the width of the MET1 and MET2 wires to default values i.e. MET1 to be 0.5 ym and
MET?2 to be 0.6 um. Then choose layers Top to be MET2 and Bottom to be MET1. Set
the Design Style to ” ASIC” and choose the routing style to ”Minimum Spanning Tree” in
the Wire Assistant. Your Wire Assistant form should look like the one shown on the next

page.

Wire Assistant

s~ & o &~

¥ Overmde Constraints

et Fin Escape Bus
Cefault: vitunsoDefaultsetup
Layers | Dir | Wadth | Spacing|

METT =K 05 @ 045
METZ Il §@ 06 05
METS | = 0.6 05

Width Mode |Dverrides by layer

H
# D MinMum Cuts 1 B

— Met Width to |Maximum Fin idth

Snap Wires to  Manufacturing Grid n

AR S
) o J o

Automatic
Coammand La‘-‘-.utn Raoute n
Route ket &ll Selected

Wrong Way Tax (Custom n = B

¥ Remove Pre-Route Dangles

Frefer Violations to Opens

< |

Exclude Blocked Fins During Routing

Now, click on the All button of Route Net to route the signal nets. Wait for a few sec-
onds and you will see that the connections are made automatically based on the minimum
spanning tree algorithm. Connections are spread through out the perimeter of the Bounding
Box. One can constrain the connections closer (compact layout) by reducing the size of the
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bounding box. Your Layout Editor window should look like the one in the

below once all the connections in the layout are made.

figure shown
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The finished layout will be similar to what is shown below. Don’t forget to ”Save” your layout
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8.4.2 Design Rule Check (DRC)

Our next step is to perform a Design Rule Check, more commonly known as DRC, on the
layout. DRC checks the layout against a set of defined design rules that must be satisfied.
Despite of the fact that the designers might be aware of the design rules when performing
the layout, there is a possibility of overlooking and thus violating the design rules. So, DRC
is the step taken to ensure that the design can be manufactured correctly even if there may
be misalignments during the fabrication.

To run the DRC, choose Run DRC... from the Calibre menu in the layout view window. A
pop-up menu,similar to one shown below will appear.

Calibre Interactive - nmDRC v2011.2_27.20 : .calibreDrcRunset

File Transcript Setup Help

— DRC Rules File

Rules

Inpiuits ‘$HM3_DIRfca]ihmisSﬁd4I835d4h5.mles View Load ‘

Cutputs

i

~ DRC Run Directary
| 484f Calibre/DRC ‘

Layer Derivations

Run Contral

Transcript

Run DRC

Start R¥E

i

You need to make sure that you are in edit mode. Calibre then runs the DRC and reports
the errors or warnings, if any, in the CIW window.

Virtuoso® 6.1.6-64b - Log: /home/geetha/cds/ece484/log/CDS.log
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ile Tools Options hitkit Help cadence
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Paths: 7
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Lines: a
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Boundaries: a
Area Blockages: 0
Layer Blockages 0
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Markers: a
Rows: a
Standard Vias 1
Custon ¥ias: a
CdsGen Vias: a
Pathsegs: 1
Text: 7
TextDisplay: 0
Cells: g
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==

Elapsed Time: 0.7s  User Time: 0.2s  CPU Time: 0.1s Pezk ¥M: G5TEKB e
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The CIW window above shows that there are no errors or warnings found in the DRC process.

Calibre - RVE v2011.2_27.20 : 4Bit_Syncounter.drc.results

Eile ¥iew Highlight Tools Window Setup Help
|ely & (@] Eleg | m -]

Topcell 4Bit_Syncounter, 11 Results (in 11 af 14 Checks) A

Check / Cell 1 ]
% Check INFO_QRC_MODE_OFF Al
% Check INFO_PROCESS_S3SD4HS_REVE

% Check INFO_RMETX_DEVICE_SHORTED

% Check INFO_RMETX_VIAX_DEVICE_SHORTED
% Check ILL_POLY1_DIE_RATIO_POR1

% Check ILL_MET1_DIE_RATIO_M1R1

% Check ILL_METZ_DIE_RATIO_MZR1

% Check ILL_MET3_DIE_RATIO_M3R1

% Check INFO_TEXT_vDD

% Check INFO_TEXT_VSS

% Check ILL_MET4_DIE_RATIO_RO1h4

+ Check DENSITY_PRINT_FILES

o Check NET_AREA_RATIO_PRINT_FILES

«# Check LAYOUT_INPUT_EXCEFTION_RDES |

HHEHEHEEEE 5

x|
j i a ¥
Rule File Pathname: /home/geethasfcds/ecedd /Calibre/DRC/_s35d4ht. rules_ x|
Fule File Title: DRG/LY¥S 0.35 U SIGE S35D4/535D3 polycide 3¥/5V 12 ¥ HET REWE (last modification 12-Jan-2016) &)
INFO : QRC_MODE turned off
@ Check INFO_RRC_MODE_OFF, Cell 4Bit_Syncounter: 1 Result |0

The Calibre DRC results window above shows the list of benign DRC errors which can be
ignored if noticed during the DRC check. In other cases there can be errors, for example,
like violating the defined spacing rules between the metal or poly layers. .You can identify
the errors indicated by markers on the layout. When performing huge layouts, the blinking
markers might not be easily located at times. Fortunately, Cadence has an easy search tool.
Under the Verify menu in the layout window, choose Markers — Find...

8.4.3 Layout Versus Schematic (LVS) Check

By now, we have generated an optimized layout automatically using the space based routing
tool. The last step in our design process is LVS. LVS is a tool that compares the netlist
extracted from the layout with the netlist generated from the schematic.

Choose Run LVS from the layout window... under the Calibre menu. A pop-up menu will
appear, similar to one shown below.
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Calibre Interactive - nmLVS v2011.2_27.20 : .calibreLvsRunset

Eile Transcript Setup Help

~ L¥S Rules File

$AMS_DIR/calibrefs35d4/s35d4hS5 rules Wiew Load ‘

— LW& Run Directory

W

Bules

Inputs

L

Dutputs

Run Cantrol

484/ Calibre/LVS ‘

Transctipt

Layer Derivations

Run LVS

Start RYE

i

Click on the Run LVS button and wait. You will be shown the transcript file that is pro-
duced. Hit OK to ”Overwrite” it. It may take a few seconds. Be patient!

A pop-up menu will then appear notifying you of the successful completion or failure of the
LVS job. If the job is successfully completed, you will see the following RVE dialog box with
a smiling face. If there are any errors, you will see a list of all LVS mismathces in a tree
format. Click on the error to see what went wrong.

Calibre - RVE v2011.2_27.20 : svdb 4Bit_Syncounter

File View Highlight Tools Window Setup Help
[elrals)|mg |[ml o]
+Nawgatar} &% || @ Comparison Results xl
Results 5 Layout Cell / Type | Source Cell | Mets | Instances | Ports
. @ 4Bit_Syncounter 4Bit_Syncounter 941, 945 1491, 1435 14L, 195 =
& Comparizon Resulls
Reports
R Rules File
fL| LYS Report
View
O nfa ¥
4 Fincer -
Cell 4Bit_Syncounter Summary (Clean)
O Schematics
Setup
&Optians # FUREERRT e _
¥ -
* & # COREECT # |
¥ # # # S
# FERRRRRRR AR

INITIAL NUMEERS OF OBJECTS

Layout  Source Component Type
ports T T T
Nets 146 146
Instances 132 132 nn {4 pins)

139 139 w4 mins)

*

You should see the following message in the LVS report file showing the comparison between
the layout and the cell schematic connectivities as shown below:
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=] LVS Report File - 4Bit_Syncounter.lvs.report - O x

File Edit Options  Windows
il
NUMBERS OF OBJECTS AFTER TRANSFORMATTON
Layout Source Component Type
Ports: 19 19 J
Nets: 94 94
Instances: 20 20 mn (4 ping)
20 20 mp (4 pins)
4 4 € {3 pins)
5 5 d (2 pins)
k2 52 INV (2 pins)
4 4 NANDZ (3 pins)
4 4 0aI_Z 1 (4 pins)
20 20 SOWEZ {3 pins)
20 20 SUPZ (3 pins)
Total Inst: 148 148
* = Humber of chjects in lagyout different from number in source.
L b b bbb b bk b R b R b Rl bbbl bR R R b bbb b bt b b L |
| | =
| Row| 1 col 1

We see from the dialog box that there are no errors in the LVS comparison. If there are any
errors, it will explain each of the terms in the above window in great detail. In most cases,
there will be numerous errors reported in the lvs report and calibre form. Many of these
are, in fact, related to each other. Fixing one of these errors, fixes many of the other errors.
Focus on one error at a time, change the layout design appropriately, and repeat LVS steps
until the layout and schematic perfectly match with each other.
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9 Verilog Simulation

HDL/Verilog Simulation Tutorial

This is a revised tutorial for instructing students on how to carry out standard cell design flows.
The following Cadence CAD tools will be used in this tutorial:

NC-Sim for simulation.
Sim Vision for visualization.

Running the Cadence Simulation tools

First you need to log into a computer in the SCAD lab. Open up a terminal window and type

e cds_ams
e cd $PHOME
e setup_edi

We now need select the accumulator design. To do this, we type
e sb accu

Use the editor, gedit, to open the env.tcl file. Make sure that the simulation mode is set to “rtl”. If not, please
change to mode to “rtl”. To do this, please type the command

e gedit envtcl
We should now take a look at the Verilog description of our accumulator module. Please type the below
commands now

e c¢d $SRC/accu/design
e gedit accuv
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You should see the following verilog code ....

// this is a simple 8-bit accumulator
‘timescale 1ns/10ps
module accu (in, acc, clk, reset);
input [7:0] in;
input clk, reset;
output [7:0] acc;
reg [7:0] acc;
always @ (posedge clk) begin
if(reset) acc<= 0;
else acc<=acc+in;

end

endmodule

Close the file and now let’s go look at the testbench.

e cd $SRC/accu/testbench
e gedit accu_tb.v

You should see the following testbench code...

// This is the testbench for our 8-bit accumulator
‘timescale 1ns/10ps
module accu_tb;

reg clk, reset;
reg [7:0] in;

wire [7:0] out;
accu accul(in, out, clk, reset);

initial begin
clk =1'b0;
forever begin
#50 clk = ~clk;
end



end
initial begin
#20000 $finish;

end

// Simulate the input signals

initial begin
#0 reset<=1;
in<=8'd1;
#1000 reset<=0;
end
endmodule

Close the file. We will now simulate the behavioral description of our accumulator design.
To run the simulator, we simply type

e cd $PHOME
e sim

The following SimVision & Console windows should appear.

L. Design Browser 1 - SimVision - O X

Eile Edit Miew Select Explore Simulation Windows Help cadence

I@ B fall v | 3 DR % o ‘ ﬁ, Dy ol SendTo '@ = A E
| M [Times <] - [0 Rps |- & =, || search Tines: [Value -] =48,

|- £ Q| | EGo-o

Mame = “alue (as recorded) v|

AN

Leaf Filter. |* H a .
-b show contents: | In the signal list area v| - Sl =

IREEIEE A |

|u objects selectad




B Console - SimVision o

File Edit ¥iew Simulation Windows Help cadence
Bla Bl 32 17 Y 3 || Text Search: -~

i i EE S 3
o- & 5 T o | B0 X 2 ad
ncsim: *E, TONOEN: file does not exist, /home/gestha/cds/ediProjects/local telfsimwision. tocl.
rncsime
nesime: source Sopt/oadence/IUStools/ incasfilesnosince
nosins |

Click on the stimulus (accu_tb ... in our case) in the Simvision window. Now click on the Waveform button (the
one that looks like a set of white digital waveforms on a black background, sixth from the right). This should
open a new Waveform window as shown below. Now press on the Run button on the Design Browser window
(Simulation = Run) or press F2 key (a short cut).

= Waveform 1 - SimVision - O x

Eile Edit Wiew Explore Format Simulation Windows Help cidence
- |- | §- < 33”‘”°@::‘:ILEIED !

Search Mames: | Signal = B di i || Search Times: | vValue -

Time: B [0 2000ps Ba:..

M [ Timea +| =0 Hr-p2- &5 0- 5%
1 Baseline =0

EF| Cursor-Baseline w=0

MName « 1400ps 1600ps 1800ps

HoBEE

= 0 200 400 GO0 500 0oo 200 400 16500

@ 0 objects selected

Then Zoom into the waveform if need, this should now display the signal waveforms that validate correct
functionality for the accumulator (increment by one for every clock cycle). And when you zoom more to look at
the output transition, you should see that the transition of the output from one value to another occurs at the
positive edge of the clock, showing ideal behavior.



Waveform 1 - SimVision - 0O x

File Edit Miew Explore Format Simulation ‘Windows Help cadence
B2 % @ A o - B | F rRESRBREBEE MY
Search Names: | Signal = M & & || Search Times: |Value v [~ | ﬁv %ﬂ%v

i = - = = I = L i . @
M [Times v| = |z0,000,000 i ps ~ | p2-| &= = || [ o = = BB 20,000,000 +0 | | Time: 55 »

(B Bazeline =10

EF| Cursor-Baseline + = 20,000,000p3

Cursor =

@ 0 ohjects selected

Congratulations! You have successfully simulated the behavioral description of our simple 8-bit accumulator.
You may quit the Sim Vision now and proceed to synthesis and then on to place and route.



10 Logic Synthesis

RTL Logic Synthesis Tutorial

The following Cadence CAD tools will be used in this tutorial:

RTL Compiler Ultra for logic synthesis.
You must complete the Simulation Tutorial before doing this new tutorial.
Running the Cadence logic synthesis tools

First you need to login to a computer in the SCAD lab. We then open up a terminal window and issue the
following commands

e cds_ams
e cd $PHOME
e sb accu

Before we can synthesize our design we need to prepare a SDC file. SDC stands for Synopsys Design
Constraints. We need, for example, to make sure that the tool knows how fast the design is to operate. Let’s
view the SDC file that Dr. Engel wrote.

o gedit $SRC/sdc/accu.sdc
Notice that in the sdc file we tell the tool that the clock has a 50% duty cycle and a period of 100 ns.

In addition to the SDC file we also need an 1/0 pin assignments before we can place and route the design. Let’s
view env file.

e cd $PHOME
o gedit env.tcl

Notice that we are instructing the tool to place the input pins on the “North” side of the chip while the outputs
should be available on the “South” side of the chip. Where the “clk” on the “East” side and the “reset” on the

“West” side. We can also choose the Aspect ratio, metal layers in addition to the pin assignments as shown in
the figure on the next page.

To lunch the RTL Compiler simulator, type the command:

e syn
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5] enw.tcl 3¢

18 #
79 #
80 #
81
82 # Provide X and Y dimensions of the core

83

84 set CORE_ X 1680

85 set CORE_Y 2000

86

87 # Set the aspect ratio for the layout

88 # A values less than 1.0 means wide and not so high!

89

90 set ASPECT 0.25

91

92 # Establish a boundary outside of the core area
93

94 set CORE_TO BOUND 15

95

96 # Utilization

97

98 set UTILIZATION 0.6

99

188 # Pin assignments

161

162 set N PINS {acc[@] acc[l] acc[2] acc[3] acc[4] acc[5] acc[6] acc[7]}
183 set S PINS {in[@] in[1] in[2] in[3] in[4] in[5] in[6] in[7]}
104 set E PINS {clk}

105 set W PINS {reset}

166

187 # Spacing in microns between the pins

1608

189 set N SPACING 18

110 set 5 _SPACING 10

111 set E_SPACING 16

112 set W SPACING 10

113

114 # Metal layer that should be used

115

116 set N LAYER 2

117 set 5 _LAYER 2

118 set E_LAYER 3

The command syn starts RTL Compiler and runs a synthesis script written by Dr. Engel and his former graduate
student, James Ziebold. The script will pause to allow the user to make sure that the tool understands all of
the SDCs. Make sure there are 0 failures. If so, then type “resume” to continue as the script instructs.

After some time, a schematic window will pop up and you can double click on the accu entry to view the
schematic. You should see the following:



Cadence Encounter(R) RTL Compiler v10.10-5322_1 - /home/geetha/cds/ediProjects/syn_dir/logfiles

HDL

File Report Tools Preferences Window Help cadence
I
Schematic
3 QO g &=
D | @ W Q- 1 1

El I
accu 1 auto update: 2000

Design is mapped

If you zoom in, then one might see something like ....

r
(] Cadence Encounter(R) RTL Compiler v10.10-s322_1 - /home/geetha/cds/ediProjects/syn_dir/logfiles - O x

File Report Tools Preferences Window Help cadence

Schematic

accu 1 auto update: 2000



Try some of the menu options, for example you can see what library standard cells were used in the
synthesized netlist by going to Report -> Netlist -> Mapped Gates...:

L Report Mapped Gates - 0O x

Generated by: Encounter(R) RTL Compiler v10.10-5322_1 (Aug 16 2011)
Generated on: Aug 14 2018 16:21:21
Module: accu

physical_cells
Technology libraries: s35 CORELIB_TYP 3.02
535 _|OLIE_TYP revision 1.0

Operating conditions: typical
Interconnect mode: ple

ADD22 1 145.60535_CORELIB_TYP
ADD32 8 1638.00535_CORELIB_TYP
[cLKing 1 36.40535_CORELIB_TYP
|oF3 8 2184.00)535_CORELIB_TYP
[inv2 1 36.40)35_CORELIB_TYP
IE 7 254.80)535_CORELIB_TYP
[NOR21 8 436.80535_CORELIB_TYP
XNR31 1 200.20)s35_CORELIB_TYP
TOTAL 33 4932.20
Close Help

In a similar manner, you can view the power report: Report -> Power -> Detailed Report. You will see a
window poped up asking for Depth and Minimum Count, choose depth to be 100 and minimum count to be 0
then click OK. “Leakage” power is what we call static power and “Switching” power is what we call dynamic
power.

Report Power

Generated by: Encounter(R) RTL Compiler v10.10-s322_1 (Aug 16 2011)
Generated on: Aug 14 2018 16:49:38
Module: accu

physical_cells
Technology libraries: s35 CORELIE_TYP 3.02
535 _|IOLIB_TYP revision 1.0

Operating conditions: typical
Interconnect mode: ple

accu 33 0.04) 327125.22293590.43 620715.65

Close Help




You can also view the timing report: Report -> Timing -> Worst Path. The tool is showing you the slowest
path. Every other delay path is shorter. The important value is the 91541 ps “Slack” value you see in the
report. This means that the delay associated with this path could have been 91541 ps longer and the design
would still function correctly! Or this means that we could operate the accumulator at a significantly higher
clock frequency. As long as you have positive slack the design will function correctly. Negative slack is VERY
BAD. The design will fail.

- Detailed Timing Report - O x
Close Endpoint: |acc_reg[7]'D

91541 521 375
(clock clk) launch 50000.00 R
(accu.sdc_line_28 7 1) ext delay 5000.00 55000.00 F
in[0] in port 1 40.30 0.00 0.00 55000.00 F
g554/B 0.60 55000.60
g554/CO wDD22 1 50.30 317.40 3656.50 55366.10 F
g550/Cl 0.80 55366.90
gs50/'CoO ADD32 1 50.30 325.40 411.30 55778.20 F
g546/Cl 0.80 55779.00
g546/CO ADD32 1 50.30 325.60 412.60 56191.60 F

§ss0 |

in[0]=

Congratulations, this is the end of the Logic Synthesis Tutorial. Exit the Synthesis tools.



Assignment: Post-synthesis simulation

Now that you are done with the synthesis, it’s time to simulate the accumulator using the design as
implemented using cells from the 0.35um standard cell library.

o gedit env.tcl
Change the simulation mode from “rtl” to “syn”. Save and quit the editor. Then type

e sdf
Dr. Engel’s “sdf” script will create another testbench, similar to the one we looked at before but will attach the
SDF (Standard Delay Format) file which the RTL Compiler created. The $sdf _annotate() system task attaches

the delay information.

In order to view the new testbench, type

e gedit $SRC/accu/testbench/accu_syn_tb.v

To view the netlist type

o gedit $PHOME/syn_dir/netlists/accu_syn.v

To view the sdf file

o gedit $PHOME/sim_dir/sdf/accu_syn.sdf

Now when we simulate the design, we no longer are simulating a Verilog RTL description but a Verilog netlist
that is describing the connection of standard cells we just observed in the schematic. Moreover, the delay of
these gates is accurately modeled in the SDF file which will also be used. To re-run the simulation using the
netlist and SDF file we type again (but remember we set the mode to “syn”)

e sim

The signal waveforms display should look like this:



5% Waveform 1 - SimVision

- o x
Eile Edit Miew Explore Format Simulation  Windows Help cadence
Ehlea DX BEdn B¢ rRERREBRE MY
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Notice that if you zoom in the waveforms, you will see that the transition of the output from one value to
another doesn’t occur at the positive edge of the clock, this delay in introduced by the cells.

File Edit “iew Explore Format Simulation ‘Windows Help
7 o o] & &[G P2 TR %+ " oBDBEuUEE
[ {E i
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- i . +—w
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=Y EBiaseline==0
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11 Place and Route

Standard Cell Place and Route Tutorial

This tutorial instructs students on how to use the Cadence Standard Cell Place and Route tool. The following
Cadence CAD tools will be used in this tutorial:

SOC Encounter
You may want to revisit the Simulation Tutorial and the Logic Synthesis Tutorial before doing this new tutorial.
Running the Cadence place and route tools

First you need to log into a computer in the SCAD lab. Issue the following commands

e cds_ams
e cd $PHOME
e sbaccu

To launch SoC (System on Chip) Encounter, type
e pnr

The “pnr” script was written by Dr. Engel and his graduate students. It calls other “tcl” scripts. For each step in
the place and route flow described in class, there is a script which performs that specific task. The
“encounter_log” window will keep you informed as to exactly what the tool is doing. Pay careful attention to
what is being printed to this window. As the pnr script calls mutiple steps while placing and routing, please pay
careful attention to encounter_log window to learn step by step approach about how the script does place and
route ?

The task is to create a “floorplan” for the design.

encounter_log
Log window for place and route scripts ... (Tue Aug 14 17:00:21 CDT 2018
)

Starting enc_hitikit.tcl

### austriamicrosystems HitKit-Utilities Menu added

Executing Encounter freeDesign command ...

Executing amsDbSetup (loading configuration data)

Executing amsUserGrid (setting up grid for floorplanning)
Executing amsGlobalConnect (connecting up to vdd! and gnd!)
Executing amsSetMMMC (creating timing constraints)

Executing amsSetAnalysisView minmax pnr

Executing amsFloorplan (floorplanning)

Executing SIUE Tcl package placePins procedure (pin location specified i
n env.tcl file)

---> Type resume to continue after reviewing the FLOORPLAN!!II

The script pauses so that you can get a good look at the floorplan. You should see the flooplan as shown
below.
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B Encounter(R) RTL-to-GDSII System 10.13 - /home/geetha/cds/ediProjects/pnr dir-accu _ o x

File Edit View Patition Floorplan Power Place Optimize Clock Boute Timing  Merify  Options scadence
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After viewing the floorplan, please type “resume” as instructed by the script. The tools then go on to place the
standard cells, create a clock tree, route the cells, etc. Verify that all of the steps discussed in class are actually
performed. When the script finishes, you should see the placed and routed design. Zoom in, if you wish to get
a better look. Notice that transistors cannot be seen. There is no need for the transistors. The LEF file tells the
tool where the inputs and outputs are for each of the standard cells. The LIBERTY file has complete timing
information for each of the cells. Nothing more is needed for the standard cell design flow.

Recall that in the previous tutorial (synthesis), we viewed the env.tcl file where the place and route tool was
told on which side of the chip the various inputs and outputs should be placed. Did the place and route tool
follow our directions? Please check to make sure that the inputs and outputs were indeed placed on the side
of the chip which we specified.



In the figure below, notice the huge power and ground rails which ring the core of our design. The width of
these rails, the distance between core and boundary, etc. can all be specified in the env.tcl file which we
viewed in earlier tutorials.

@ Encounter(R) RTL-to-GDSII System 10.13 - /home/geetha/cds/ediProjects/pnr dir - accu _- o x
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You can go ahead and EXIT the Place & route tool. All we need to do now is to simulate the design. The
simulation will include wire delay as well as gate delay. Give the following commands

e cds_ams
e cd $PHOME
e gedit env.tcl
In the env.tcl file, change the simulation mode to “pnr” and then save and exit the editor.

Now type

e sim
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If you zoom in, you should see the output signals transitioning after the clock transitions. While wire delay is
represented, in this small design the wires are short and their delay is negligible so the output should be very

similar to what we say when we simulated the synthesized netlist on the next page.
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You are done with the EDI(Encounter Digital Implementation) tools now, next step would be to convert this
accumulator design & layout from EDI to Cadence Virtuoso and also convert the netlist from edi to schematic
in cadence . In order to do this you can execute below two commands

e edi2ic
e edi2sch

Once you do this, you will be able to see your accumulator design with schematic, symbol and layout in the
Cadence Virtuoso. Use the below command to launch the Cadence tools

e jcd_ams

The accumulator design(accu) will be saved in the Library Manger = edilib, notice that the schematic
generated is made by using the digital standard cells (say INV(inverter), NOR gates, ADD32(Adder) and DF3(D
flipflop) etc..) from the CORELIB in cadence. Layout that is generated also uses the primitive standard cells
layouts.

Library Manager: WorkArea: /home/geetha/cds/ediProjects

File Edit Wiew Design Manager Help cadence
__ Show Categories __ Show Files
Library Cell View
ediLib accu layout
TECH_535D4 View -~ | Lock Size
15_fHths accu_WIan
ahdILik accu_WI1aTl cohematic SSk
analogLik accu_Wlag symbal 2Rk
hasic
bimslib
cdsDefTechLik
ediLibTest
functional
winrklib v
Messages
Log file is "fhomesgeetha’cds/ediProjectsflogdlibbanager log"”. —

1] -

|Lib: ediLib [Free: 1.07T 4

Now you can proceed further to check if the layout confirms to all the manufacturers rules using Calibre DRC, it
should just show the benign DRC errors. And finally, you need to do Calibre LVS check in order to confirm that
the layout yields a netlist that should match the netlist generated by the schematic. you will see a smiling face
in the Calibre - RVE dialog box, showing that the netlists match.

Congratulations you have successfully completed your first standard cell design. Exit the cadence tool. Make
sure all windows are closed.
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1 PEX Introduction

Parasitic extraction, or PEX, is a tool that allows a designer the ability to create a netlist for simulation that includes parasitic
elements. The PEX tool adds additional capacitors, resistors, and diodes to the netlist based on the features that have been
drawn in the device layout view. For example, the output wire polygon on an inverter cell will have some capacitance to the

substrate (GND) that will not be present in the electrical schematics but will be present in the calibre view generated by
PEX.

2 Running PEX

As mentioned above PEX creates parasitic components in the netlist based on features drawn in the device layout. So the
first step that must be completed before PEX can be run for any design is to create a device layout and ensure it generates
a clean LVS. If LVS has errors it is almost certain PEX will fail. Once a layout with a clean LVS is generated you can open
the layout view from the library manager and select Run PEX... from the Calibre menu as shown in Figure 1.

ice  Route s\sl= hitkit Help
4 »[d Runnmore. h% @" off
1289650 | U DRV dy

Run nmLV5...

Run PERC...

Run PEX...

Run xACT...

Start RVE...
Clear Highlight=s

Figure 1: Running PEX from the Calibre menu

After clicking this button a new window will open up. Ensure that your rules file is properly selected as shown in Figure 2.
The rules file should be the same for all PEX runs and the PEX Run Directory should be the the Calibre/PEX/ folder
inside the current project directory.

File Transcript Setup

Dutputs

— PEX Rules File
Eules
Inputs |$AMS_DIRfca]ihmf335d4¢335d4h5.mles

— PEX Run Directory

FEX Options

|fhl:lmEfH INPfcdsfCFDICalibre/PEX

Run Contral

Transcript

-[#] Layer Derivations

Run PEX

il

Start RYE

Figure 2: PEX rules setup



Next select the Qutputs tab. Here you will want to make sure that your extraction type is correctly set for the type of
extraction you wish to perform. There are five choices:

¢ R + C + CC: Extracts resistors, capacitors to substrate, and cross coupling capacitors between nodes.
e R + C: Extracts only resistors and capacitors to substrate.

e R: Extracts only resistors.

o C + CC: Extracts only capacitors to substrate and cross coupling capacitors between nodes.

e No R/C: Creates a normal netlist with no parasitic elements extracted.

Typically for a full chip extraction we will do C + CC. Ensure the extraction type is Transistor Level, format is CALI-
BREVIEW, and Use Names From is LAYOUT as shown in Figure 3.

%% Applications Places System @ &&=

Calibre Interactive - PEX v2017.2_50.48 : .calibrePEXRunset
Eile Transcript Setup

Bules Exraction Mode:  =RC | Accuracy 200 |

[nputs

Extraction Type: | Transistar Level | C+ | Mo Inductance

Dutputs

PEX Opfions
Metlist ] Mets ] Feports ] SWhB ]
Run Contral

Transcript

Format: EALIBHEUIEWl Use Mames From: LavOUT

Run BEX File: [[CFDtop pex.netlist

1 A

Start RVE W View netlist after PEX finishes

Figure 3: PEX output setup

Next move to the PEX Options tab. If this is not visible please enable it via the setup menu as shown in Figure 4.

Eile  Transcript Setup

Bules LYVS
| i Set Environment...

nputs L

P Merilog Translator... _
Dutputs Delay Calculation... et
FEX Dptions Layout Wiewer. . B nam
Run Control SEhematic Viewer.. 5y pam,
Transcript Preferences... eparab
tional
M Create PHDE W Show ToolTips o5 T |

W Create PDE - .
W Create Netlist _| Qutput multiple ner

Figure 4: Enable PEX Options menu



Once you are in the PEX Options tab, you will first want to setup the Netlist options, so select the Netlist tab. Under the
Netlist tab there are many sub tabs, start with the Format subtab. Here we will specify the ground node name. This is the
net that all capacitors to the substrate will be tied to so this net name will need to be a real ground net in your circuit.
Once your make you changes your menu should look similar to Figure 5

+% Applications Places System @ &% @ 4+  wedAug 5, 2:07PM
] calibre Interactive - PEX v2017.2_50.48 : .calibrePEXRunset EEX
File Transcript Setup Help

Rules | Metlist | ®ACT 30 ] LYS Options ] Connecl] Misc ] Include ] Inductance ] Database ] LVS Box]

L

Inputs ‘
s ‘ I Farmat l Reduction and CC ] Vias ] advanced ]
IFIE% Cifiams W Ground node name: |avss_PADS I

Run Control _| Ground layer name: |PPLUS dravring _| Stray

_| Hierarchy separatar. |}'

Transcript
M Output intentional device locations

Run PEX _| Cutput values for intentional R,C devices

i

_| Cutput multiple net ports from multiple tesd potts

Start RVE

i

‘ Output R _| locations | widths | minimum _| actual _| lengths _| layers _| thicknesses _| wiacount |

‘ Output C | locations |

‘ _| Extract floating nets:  GROUNDED = |l _| lgnore par text |
‘ Size multiplier for length units {in meters): |1 ‘

‘ Farmatter map file | View | _| Suppress LPE values fram CalibreMiew netlist

‘ _| Enable cotner extraction: &l — |

Figure 5: PEX netlist format setup

Next move to the Reduction and CC subtab (still within the Netlist main tab). Here we can specify thresholds for our
parasitic components. The appropriate threshold to set will depend on the circuit you are trying to extract. For a full chip
extraction a capacitance threshold of 25 fF is typical. However a smaller cell like an inverter might need to go as small
as 0.1 fF to extract any parasitics. Edit only the fields shown in Figure 6 to change capacitance and resistance extraction
thresholds.

+% Applications Places System @ &% @ 4+  wedAug 5, 2:08PM
] calibre Interactive - PEX v2017.2_50.48 : .calibrePEXRunset EEX
File Transcript Setup Help
Rules Metlist ] ®ACT 3D ] LYS Options ] Connecl] Mise ] Include ] Inductance ] Database ] LYS Box]
Inputs
outpLs ‘ . FormatI Recuction and CC I Vias | Advanced |
PEX Options ‘ _| Enable TICER reduction kelow: | Hz Port Merge | Mz Dagree | ‘
Run Contral
‘ _| Enahle CC reduction:  Absolute | fF Ratio | Scale [l |
Transcript
‘ _| Enahle analog reduction:  Delay | sec Moise | |
Run BEX
” W Enahle MinCap reduction: ICOMBINE |l] F IREMOVEES F
| Start RVE ” W Enable MinRes reductiun:l COMEBINE [0 ohm [SHORT 1 ohm | i LavERWISE |
‘ _| Enahle Minkutual reduction below: | |

Enable Parallel MOS reduction: Types |ALL R0 _| SAMEWL |

Ground all coupling capacitars
Keep coupling capacitors separate
Use ASIC optimizations

keep parasitic net models marked with _naxref fram netlists

Use current-controlled current sources to model mutual resistance &

Set global net names:

Specify device resistance model  GPICE —

L L W WL L L[L

Figure 6: PEX parasitic reduction setup




Next switch the main tab from Netlist to LVS Options. You should not have to change much here. Ensure the Power
nets and Ground nets fields are not populated. These fields are only relevant if special power net LVS rules are included
and we do not use those rules. Also ensure that Recognize all gates is selected. This will allow the LVS tool to recognize
logic gates from their transistor level components, making the LVS comparison more accurate. Your window should look like
Figure 7.

«® Applications Places System @ &

Calibre Interactive - PEX v2017.2_50.48 : .calibrePEXRunset
File Transcript Setup

Rules Netlist] *ACT 3D | LYS Options Connect] Misc] Include] Inductance ] Database] LWS Bux]

Inputs

Dutputs Power nets: |
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Run Contral

Transcript ‘ L%W5 Report Options:  Mone

ate Recognitian
’70 Recognize all gates Recgonize simple gates - Turn off | Mix subtypes
—_

Run PEX

Split Gate Reduction: Use seftings from rules

b

Start RVE rie Reduce split gates
emi-split gates i series-parallel zplit gates
Only when within tolerance . Only when the input order is same
M types during reduction
educe parallel MOS transistors ) Short equipotential nodes together
~[# Filter Unused Device Options
L |5 | Opt | Devices | Filter Description
O/l ae | an kOIS devices with source, drain, and gate pins tied together.
O gl ac | an MCS devices with floating gate pin, and source and drain pins connected to a single power net.
Oigd| ap | an MOS devices with floating gate pin, and source and drain pins connected to a single ground net.
gl ae | an MMOS devices with source, drain, and gate pins all floating.
Ol ar | an KOS devices with source and drain ping tied tagether. .
O] ad | an MOS devices with floating gate pin, and source, drain and hulk ping are all tiethngether.
O O as | &l MOE devices with all ping tied together, including bulk and optional pins.
Orgl al all MOE devices whose source, gate, drain, and bulk pins are all shorted together, regardless of the ¢
Oidle all MOS devices if the gate is floating or has no path to any pad, and either the source or drain is floa
goigdlc all MCS devices with gate tied to power or ground and either the source or drain floating.
gig o Al MMOS devices if the gate is floating, either source or drain have a path to power, and neither sourc
didle &l WMOS devices if the gate is floating, either source or drain have a path to ground, and neither soure
Oorglr all M and LDDM devices with the gate tied to ground.
[ [ rr Al kdhl ~wmd | b Amimems bl Hem camds Hed de mvmanal Amd Aamivses Ar Aemien fAlecadien
=]

Figure 7: PEX LVS options setup

The last tab that will need checking is the Include tab. In this tab we need to specify some extra PEX rules that should be
included in this run. The following rules will need to be included:

e LAYOUT CASE YES — This will ensure that PEX treats layout net names as case sensitive.
e SOURCE CASE YES — This will ensure that PEX treats schematic net names as case sensitive.

¢ LVS COMPARE CASE YES — This will ensure that when comparing layout nets to schematic nets, the PEX LVS tool
will treat the comparison in a case sensitive way.

Your window will look like Figure 8 when all changes are made.

At this point you can click Run PEX. PEX uses the hierarchical LVS tool by default, which is generally faster. However
this tool can give false error. Make sure to check out the errors (if any) that are reported and to run RVE and look at the
LVS report. If it looks fine and you had a clean LVS before running PEX you can move on. Otherwise please identify the
source of the problem or consult with someone more experienced.
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Figure 8: PEX Include options



Once PEX finishes running a new window will pop up to enter the calibre view setup information. This window should be
pre-populated correctly but ensure it matches what is shown in Figure 9. Make doubly sure that the Calibre View Type
is set to schematic or it will not simulate.

calibre View Setup X
CalibreView Setup Rle: = 1N
3 Browse WView Load
J F
1 CalibreView MNetlist File: /home/HINP/cds .current/HINPS_ams/Calibre/PEX/HINPtop. pex.netlist
E =
Browse
e —— .
Cutput Library: hinpLib
Schematic Library: hinpLib
- Cellmap File: ./calview.cellmap '
; =l
] View Edit Browse :
= LogHAle .fcalview.log H
3
Calibre View MName: calibre '
I
Calibre Vieu#ype:  maskLayout II
|| Create Terminals: & if matching terminal exists on symbol | Create all terminals '
| Preserve Device Case L
g
H Execute Callbacks L '
Suppress Notes - o
Reset Properties: m=1
Magnify Instances By: 1
: Nevira Plaramsant: - “n .- . " ; :
0K Cancel Save Help

2 [En] ase snman

Figure 9: PEX calibre view setup

Depending on the size of the circuit being extracted, this could take some time to finish. Once done a window will pop up
telling you if there were any warnings and errors. If there are no errors you can simulate. It is normal to have some warnings.
Several thousand warnings is not atypical for a full chip extraction. You can verify extraction succeeded by viewing the
netlist or opening the calibre view from the library manager and identifying the parasitic components.

3 Simulating a Calibre view

Calibre is a seperate piece of software from Cadence Virtuoso, and as such the simulator tool does not use calibre view
schematics for simulation. In order to simulate our extracted schematic we will need to create a configuration view to tell
spectre to use our calibre view instead of the normal schematic. The first step for this is to create a test bench schematic.
Once the test bench schematic is done, create a new cell view for that test bench from the library manager as shown in
Figure 10. In the dialog box that pops up change the view type to config as shown in Figure 11.



Edt  View DesignManager Help

Open Shell Window...  Ctrl+P

E xit Ctri+x

leLibTest

Figure 10: Creating a new cellview

Wi Library... Ctri+M
= Open... Ctrieg | | CelVew.. CurbN |
Open (Read-Only)..  CtrkR Category...  Ctri+N
s Open Wih...

Load Defaults...
Save Defaults...

New'File
File
Library |playLib
Cell bryan_inv
View config
Type [config
Application
Open with Hierarchy Editor
__ Always use this application for this type of file

Library path file

fhome /HINP/cds .current /JCFDv2/cds. 1ib

(o« IS

B_/

I 1 Itran=s noi=e Test

Figure 11: Creating a config view




You will be presented with a new dialog box to setup your config view. The easiest way to do this is to click the Use
Template button and use the spectre template from the drop down as shown in Figure 12.

i = New Configuration ()

Top Cell B

] Library: |playlib - -

) Cell:  |bryan_inv |
WView: -

| Template
T Lil -
M ame; <Other=
Vig — !
7 From File: s!p_ve filog - =
" o <
B Stc "_.J -
Coy -
spectresVerilog
Del spectreVeriog
systemVerilog
veriog =
vhdlinteg
vadpSpectre A

m . Cancel {| UseTemplate || Help |

Figure 12: Spectre config view template

The config view setup window will now be populated with some default values for the spectre simulator. Change the libraries
to include the libraries the testbench is in, as well as all of the libraries containing instances instantiated in the test bench.
Finally, add calibre to the view list so that our calibre view will be visible to spectre. Once completed the window should
look similar to Figure 13. If it is you can click OK



Top Cell

Library. | playlib

Cell: | bryan_iny
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U E

Global Binding s
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Stop List: spectre
Constraint List:

Description

Default austriamicrosystem s template for spectre

m | Cancel || UseTemplate | Help |

Figure 13: Complete config view setup window




The last step before simulation is to tell spectre which view it should simulate using the hierarchical view window. Find the
cell you created the calibre view for in the list of instances, and change it’s view to use field to calibre and click save.
You should see calibre in blue lettering meaning the view was found (see Figure 14). You can now run a simulation as you
normally would, just make sure the design being simulated is the config view rather than the schematic view and spectre will
simulate your extracted schematic!

Launch Fle Edit View Help cadence
L y
u ela ks ) B BoBQ B
Top Cell 7 & X|| Global Bindings 7.8 x|}
]
N Library. playlibTest Library List: playLi playLibTest
5L L Wiew List: sch schemnatic veriloga ahdl | ..
—_
| Wiew: schematic
Stop List: spectre
—_
Cpen Edit ADEL ADE Explorer Constraint List:
...... i ble'ﬂew e Vien
Cell Bindings
Library Cell View Found View To Use Inherited View List
PRIMLIE nmos4 spectre calibre spectre cmos_..
PRIMLIE prapacitor spectre calipre spectre cmos_..
PRIMLIE pmosd spectre calipre spectre cmos_..
analoglib cap spectre calibre spectre cmos_..
analoglLib vpulse spectra calibre spectre cmos_..
i playLi ryan_inv cdlibre calibre calibre spectre cmos_..
4 playlibTest inv_to schematic calibre spectre cmos_..
4|/l Mamespace: CDEA  Filters: OFF .
M2 | > [ |

Figure 14: Hierarchical view window
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13 Cadence Hot Keys

Cadence ICFB Hot Keys

Library Manager:

ctrl-r opens the selected view (the cell& view which is selected in library manager) for read
ctrl-o opens the selected view for editing

Schematic Diagram _(frequently used):

add a wire

add an instance

add a pin

label to a wire

display options like, grid size, snap size etc

select an object and press g to open the property dialogue box
{ or shift-z  zoom-out by 2x

}orctrl-z ~ zoom-in by 2x

oo —o — s

c copy

m move: if you move an object, none of the wires connected to it move to maintain connectivity
S stretch: if you stretch an object all connections to it also extend to maintain connectivity

3 (when in move or stretch mode): opens dialogue box to select move/stretch mode

a) snap mode: any angle. orthogonal, diagonal, etc. When we move an object, it can be restricted
to move only orthogonally, or in addition to orthogonal diagonally too, or unrestricted (any
angle) this changes those settings

b) turn/flip options: If before moving/stretching to final destination you want to rotate or flip the
object, then this window (invoked by 3) lets you do that.

f2 save
8 check and save
u undo
shift-U redo

<delete> delete an object
ctrl-d deselect all.

Schematic Diagram_(not frequently used):

3 save

5 open

tab  pan

f fit: fits the entire schematic in the window
shift-X descend to edit by one

b to go one level up and shift-b to return to top
X descend to read by one level

ctrl-r redraw the window
shift-v world view: see the whole schematic in a small window at bottom right showing which part
of it you are at in the main window
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ctrl-w close the window
shift-q properties of the whole cell view like name etc

Layout Tool (frequently used):

f fit
shift-f in hierarchical layout show all levels as if flat
ctrl-f  hide all hierarchy and show only outline of instances
r rectangle
q property of an object
ctrl-z zoom in
shift-z zoom out
2 save
t tap: if you select a layer, saw NW in layout and press tap, that layer gets selected in LSW
(layer selection window). Then you can use r to draw rectangles of that layer: Normally we
can select a layer in LSW and when we press “r” a rectangle of that layer gets drawn. But if
we press “t” (called tap) and then select a shape/rectangle, the layer of that shape/rectangle
gets selected in LSW and then pressing r cretes rectangle of that layer
p path: makes a min width path of the layer selected in LSW : If some layer is selected
(highlighted) in LSW, then “p” starts to create a path of that layer with width same as the min
width for that layer defined in the drc (if it is loaded into icfb)
ctrl-a select all
ctrl-d deselect all
copy
move: move a whole rectangle
stretch: can stretch just a side of a rectangle
fit
ruler
add an instance
undo
shift-U redo
shift-r reshape: use it to reshape a layer so as to make it bigger, e.g., a turn in a metal wire
shift-c chop: chop a rectangle, i.e., reduce its size as you want
shift-m merge all rectangles selected as per their layer-purpose name (Ipp) (layer purpose pair) for
example (“metl” “drawing”) is a 2 value array (pair) having value of layer (metl) and its
purpose (drawing), i.e. all selected and touching rectangles or paths in same layer-purpose
pair (say all metl drawings) (my above comment will clarify this too) get merged into one.
e display options like grid size, snap size etc
6 redraw

C X w30
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