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Physical Design (Layout) and Verification

1. OBJECTIVES

The first part of this laboratory session will introduce the Layout Suite XL Editor. Y ou will learn the basics
of the IC layout techniques on a simple example of the NAND logical gate. This tutorial will take you
through all the necessary steps. At the end of the first phase, you will learn how to perform all the necessary
layout verification steps. In the second phase, you will use the acquired knowledge to autonomously design
the layout for the 4-to-1 MUX schematic that we designed in the first session.

First, you will design your own schematic of a 2-input NAND gate at the transistor-level. Then you will
perform a simple transient test to make sure the circuit is functional. Finally, after the design has been
validated, you will create the mask layout of this component and check the design rules for it. As the last
step, you will extract the layout parasitic and compare the simulation results with the schematic.

In the final stage, you will apply your knowledge to the 4-to-1 multiplexer and perform the full design flow
as you have practiced on the NAND gate.

1.1. PREREQUISITES

v/ Start the Virtuoso Design Environment wunder your existing project directory —
EE429 FULLCUSTOM (as described in laboratory session no.1, section 3.2).

v'If the Library Manager does not appear automatically, activate it by selecting Tools— Library
Manager, from the CIW window.

v' If a window appears asking for the available licences, simply click Yes and proceed.

v' Use Library Manager and make sure that when creating cell views, the view type is set to
Schematic. The default view name should be schematic. Also note that some windows may appear
below other windows.
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2. CREATING THE 2-INPUT NAND GATE SCHEMATIC

v Use the Library Manager and in the EDATP library, create
a new schematic called NAND. S

v" Draw the NAND schematic as shown in the figure. Use the
minimum gate length, and the widths equal to Wn = 200nm g
and Wp = 300nm. Name the transistors as shown.

v Check and Save the schematic and create a symbol for the
NAND.

v Again use the Library Manager and in the EDATP library,
create another schematic called NAND_TB.

v Draw the NAND testbench as shown in the figure below.

CaAF .
c=12f

v Create a meaningful transient analysis test and test the functionality of the circuit. Use VDD =
1.2V, minimum Period = 2ns, and the load capacitor C = 10fF.
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3. CREATING AND VERIFYING THE LAYOUT

3.1. THE LAYOUT EDITOR

As mentioned in the laboratory session no.l1, there are different tools used for graphical editing. The tool
used as a layout editor is called Virtuoso Layout Editor. The goal of this session will be to draw a layout

for the NAND gate.

v Create a new cell view in your EDATP library. Select EDATP library
and NAND cell and choose File— New— CellView.

v Select layout as the view name, and Layout XL as the desired
Application as indicated in the figure.

@ Notice the Type field. It should be set to layout automatically as soon

as you type layout as the desired View. If a license window pops-up,
click YES.

AR New File <@lsmsrvz.epflch> (2 v~ 1%

File

Library EDATP

Cell HAND

View Layout]

Type layout n
Application

Open with Layout XL n

_ Always use this application for this type of file

Library path file
“prohafedahd2012_fulloust/C0S_VIS0/cds. 1ib

m _Cancel || _Help

ggggg

cadence

Figure 1 - Virtuoso Layout Editor

The Virtuoso Layout Editor window will appear. All available fabrication layers are listed in the layer sub-
window (see Figure 1). Many useful commands can be found in the command toolbar below the drawing
surface. Depending on the type of the workspace, different sub-windows and design assistants may be
available. In Figure 1, we removed all the additional features that are not needed for this stage of the project.
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Figure 2 — Cross-section and layout of a MOS transistor.

Integrated circuits are manufactured in multiple fabrication steps and are composed of a large number of
planar layers. Multiple steps can be required to fabricate a single layer of a specific material (aluminum,
copper, silicon di-oxide, polycrystalline silicon, etc.). Integrated circuit layout is composed of the geometric
shapes that correspond to the actual patterns of these materials in all the different layers. Based on the
layout information, precise masks are generated and provided to the fabrication tools. Layout therefore
often contains additional information necessary for the proper fabrication such as dummy or dummy
blockage metal layers, different doping layers, salicidation layers etc.

For layout drawing, similar as for schematic composition, multiple useful keyboard shortcuts exist. Short
list of the most important keyboard shortcuts is given in the following table:

| Shorteut | Menu point | Description |
u Edit > Undo Undo, most important command. Undo levels are limited !
r Create > Rectangle Rectangle the basic building block of the layout
P Create > Path Lets the user draw a minimum width path between two points and even
change layers while doing so.
Create » Instance Instantiates another design in the current design
o Create =~ Contact Adds a special instance from the technology library to connect two lay-
ers.
CTRL+p | Create > Pin Adds a "logical’ layer specifying an electrical contact
c Edit » Copy Copy selected instances
m Edit » Move Move selected instances
g Edit > Stretch Modify the shape of abjects
E3 N/A Shows additional properties for the selected command.
F4 N/A Toggles partial and full select. When selection method is partial, edges
of rectangles become selectable.
f Window © Fit All Fits the entire design into the layout window
i Window - Zoomep In Lets the user select a rectangular area for zooming in
k Window 1> Create Ruler | Creates a ruler to measure distances
q Create - Properties Change and view properties of objects and shapes
e Options = Display Changes seftings of the display
CTRL+Hf | N/A Shows only the current level of hierarchy. The instances in the lower
level are shown using a red instance box.
SHIFT+f | N/A Show all hierarchy layers. All drawing layers regardless of hierarchy
are shown.

Table 1: Keyboard Shortcuts (Note that in the latest versions of Virtuoso (6.1.6 and higher), the p
shortcut creates wire instead of path)
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3.2.

the Navigator

|Workspace: | Basic

Now, we will draw the layout of our NAND gate.

Set the workspace in the Layout Editor to Basic so that you can see

Before we start drawing the layout, it is useful to set the Design Rule

Driven (DRD) drawing. This will allow us to check the design rules
in real time and easily draw the correct design.

In the Layout Editor window, choose Options— DRD Edit...
Set the DRD Mode (enable Enforce and Notify) and the Hierarchy

Depth to Current & Below, as in the figure below.

LAYOUT TUTORIAL

Step 1 - Generate the Layout Instances:

DRD Options (on eslsrv13) x

Interactive | Batch | Filters

» Post Edit __ Enabled

» Display

Configuration file

save To Load From

@D e Deious ) _appy )t

We are finally ready to start drawing the layout. First, we will place all the devices from the
schematic in our layout (schematic-driven layout).

From the layout editor Command Toolbar, choose Generate All From Source (see figure on the
next page), and set it up to generate only the instances and to preserve the device correspondence
(mapping between the schematic and layout). Do not forget to uncheck I/O Pins and PR Boundary

options.
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v" Click OK.

Step 2 - Displaying the Net Connectivity:
v" All the instances existing in the schematic will now be placed in the layout, as in the figure below
(transistor sizes in your design will larger than this screenshot).

v" You can now show the incomplete nets (nodes to be connected) by selecting all the transistors
(hold the left mouse button to make the selection box), and clicking on the Show/Hide selected
incomplete nets from the Command Toolbar (see figure on the next page).

v" The incomplete nets will be depicted. You can use this feature from time to time, to check if your
connections are correct. It can be quite useful. You can turn it off by using the same command
button.
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Step 3 - Moving and Aligning the Transistors:
v" Use m and select the device to be able to move and align the transistors.

v" While you are moving the transistor, hold the right mouse button to make the zooming box. In the
layout editor you will be able to zoom while drawing shapes or moving and editing instances.
This can be quite useful.

v’ Put the PMOS transistors as close as possible to each other.

v Repeat the same for the NMOS transistors.

v" You will see that the tool will make difficult to move transistors freely, or even not allow you to
push the transistors closer together.

v' Make sure that the bottom NMOS transistor in the schematic (MO - on this
figure), is on the left side in the layout, and that the other transistor (M1 -
on the figure) is on the right side in the layout. Y ou can do this by selecting
the transistor in the layout and checking the instance name in the Navigator
sub-window. Moreover, for PMOS part, M2 should be on the left side and
M3 should be on the right side.

Hame - |
M43 (P_15_tAbd)
|2 (P_15_bAb)
M1 (M1 E_hAkA)
L b (N1 E_MM)
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Step 4 - Controlling DRD Enforce:

v So far, your layout should look as follows:

v In order to be able to put transistors where we want and connect them, we need to turn off the
DRD Enforce:

v" DRD Enforce is now off, and we can move transistors more freely.
v" We can turn the DRD Enforce back on if needed by using the same command button.

@ When drawing shapes, it can sometimes be very useful to turn the DRD Enforce off.
Remember at this point how to do that.
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Step 5 - Connecting the Transistors:

v Use the move and zoom functions to connect the future drains of your PMOS transistors. To make
sure that the contacts are matched (aligned) perfectly (see figure).

v Repeat the same for NMOS transistors to connect the drain of M0 to the source of M1:

@ As an alternative, you can use Quick Align (shortcut a) for alignment of objects. Let us assume
that you have two objects, like with the transistors in our case, not aligned. If you press a, you
are prompted to choose lines, mid-points or edges, depending on with respect to what you want
to align. First, left-click the edge, line or mid-point of the object you want to align with other
object (reference point), then left-click the other objects edge, line or mid-point (target point).
The two shapes will be aligned. In addition, you can choose whether you want to align an object
or a copy of it by pressing F3 after pressing a. You can try it with different shapes during or
after the tutorial. It is a useful function to be aware of because Quick Align is easy to understand
and can save time if used efficiently.
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Step 6 - Using the Rulers:

Press k to draw the ruler. To draw, select starting and ending points of the ruler by left-click after
pressing k. To access more options about ruler, you can open Create Measurement dialog by
pressing F3 after pressing k. In some cases, depending on Virtuoso settings, Create Measurement
dialog may pop-up right after clicking k, without pressing F3.

¥ Create Measurement@selsrv1.epfl.ch

- Type Ruler
Segment Mode Single
— Mid Point of Distance
Snap Mode orthogonal
Snap Target Edges

_ Dynamic Measurement
Al

_ Edge Measurement
« Savable Measurement

» Display Options

__Cancel __Help _

You can always remove the existing rulers by pressing Shift+k.

Use the rulers to check the size of the via in the drain-source transistor connections to make sure
they are matched (light green layer in the middle connection - see the figure). If the transistor
drain and source (both PMOS and NMOS), are aligned perfectly, the size of the via should be
exactly 0.09um x 0.09um (see figure below).

@ Note that if you consider a larger transistor, the tool will automatically create more vias for its drain
and source. If you select the instance of your transistor PCELL and type q, you will be able to explore
the transistor parameters and modify them. Just make sure that your layout and schematic match!
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Step 7 - Drawing the Poly-Silicon Wire:
v" So far, your layout should approximately look like in the following figure:

v To draw the poly-silicon wire, in the Layers sub-window, select the poly-silicon drawing layer
(PO1 drawing - see figure). Press p and use the left mouse button to start and end the wire. You

can access Create Wire window if you press F3 after pressing p, just like the case with rulers
(Step 6).

@ Note that you can tick the “‘used” button to only show layers that are currently used in your layout. Be
careful check that this box is unticked before using a new layer! otherwise, you’ll not be able to find it.

@ Under these checkboxes, you will find the buttons AV, NV, AS and NS. By default, AV will make all the
layers visible, NV will remove the visibility for all the layers except the one selected, AS will make all
the layers selectable while NS will make all the layers non-selectable. Just keep your mouse on the button
and wait for the popup window, to see their purpose. Use the AV and NV options to rapidly see some
specific layers. You can manually add and remove visibility for some layers with the column of V
tickboxes next to the layers.

[_Palette
Layers

X Create Wire

Connectivity
NetName

Justificationcenter [§§ Offsel 0
Begin Style aUto Bseon 0
End Style auto Bd o

Snap Mofie orthogonal ‘§3

_ Snap to Pin Center

@ cancel | Defaults | Help

@ Note that you can make the wire to break under the 90 degree angle if you use the left mouse
button multiple times. Try it out! You can also change the Snap Mode to diagonal to draw 45
degree lines and width of the wire (See above figure).

@ [t is important to know that with the advances of integrated technologies, constraints on drawing
are strongly increasing. In sub-30nm technologies PO layers can only have one orientation (i.e.,
no 90 degrees angles). 45 degrees angles in metals are usually prohibited for sub-90nm
technologies. In this lab, you are using a 65nm technology node, keep your angles at 90 degrees.
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Step 8 - Drawing Wires and Creating Metal 1 to Poly-Silicon Via:

N O @ B3

v" Note that while drawing wires, you can use the zoom buttons ' e e i (or the right click

selection box) to zoom in and out. You may need to turn the DRD Enforce off to be able to draw
freely (see Step 4). Turning the wheel of the mouse can also be used to zoom in and out.

v" So far, your layout should approximately look like in the following figure:

v" To draw the poly to metal 1 contact, press o and select M1_POLY as the Via Definition. Press
Hide.

X Create Via

Mode ® Single _ Stack _ Auto _Options,
Compute Fri® Row/Col _ Width/Height _ Shape(s) _ Dra

Constraint Group Same as Wire.

Via Definition M1 _POLY ﬂ - |\a’ Standard Via / umcésll

Rowsl [ <3 Columnl [  (ResetParametersto..

System | User defined | Cut pattem | Array pattern

Justification  centercenter B x o vy o
Cut

size X 0.09 3 vy 0.09 Cut Class None
Spacing 37011 &3 v (01

Enclosures
¥ Compute Show Enclosures

» More Options

Sk Rotate Ak Sideuays 2 pside Doun

@I concel A

The two following tips require you to check carefully the Design Rule Manual (DRM) document:

@ Optional note for optimizing you design 1: you can click on “reset parameters to...”: and select
“minimum rules” to have a via definition that corresponds to the minimum rules. This via will not pass
DRC checks so be careful when using this option.

@ Optional note for optimizing you design 2: you can draw a via yourself if you know which layers are
used, using the key R.
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Step 9 - Placing the Poly-Silicon to Metal 1 Contact (Via):
v" Place the contacts trying not to break the design rules:
v" So far, your layout should approximately look like in the following figure:
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Step 10 - Drawing Rectangle:

v' The current organization of you layout is good already, but you could want to have your gate
contact further away from the polysilicon gate. Select the contact and press m. Bring the contact
120nm away from the vertical PO1 line (you can use the ruler— press k to use it).

v' Make sure the POI drawing layer is still selected and press r to enter the rectangle mode. Create
Rectangle option can be accessed with F3.

Y All Layers [~ ]

v Valid _ Used _ Routir
Gilke) Q ' =
.POl drawing D

AV ¥ NV v AS » NS »
Layer |P..|V|S|_

# Create Rectangle@selsrv1.epfl.ch

|~ | Net Name
» Size — Enable smart snapping

» ROD _ Create as ROD object

» Slotting _ Enable

drav
W ME1 drav

vIL drav
gum i @I  cancel Help

Objects | V|S|__
Instances ¥ ¥ |5
Pins M

v' Draw the rectangle by using the left mouse button. Make sure not to break the design rules: Here
the minimum width for PO1 is 0.06um (60nm).
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Step 11 - Creating Metal 1 Wire:

v In the Layers sub-window select ME1 drawing layer. Start drawing the MEI wire same as for
the poly-silicon (you may need to turn the DRD Enforce off - see Step 4). To see the options

(Create Wire window, see figure), you can press F3.

[ Palette 7 8 x|
Layers & X
Y All Layers n
» Valid _ Used _ Routir
:‘i|£E.I Q n w # Create Wire@selsrv1.epfl.ch
M| ME1 drawing '

Connectivity
Net Name

AV v+ NV v AS v NS ~

ol b BYEr B[ MuSd
lrol drav ¥ &
[]PO2 drav ¥ ~

Width 0.24
Justificationcenter K@ Offset o
Begin Style @uto - [EETa)
End Style @uto Bc 0
Objects 8 x| Snap Mode orthogonal |3
Objects | V[S|__
Instances ¥ ¥ — Snap to Pin Center
- Pins v ¥
Vias ¥ ¥
Objects | Grids
[ Navigator 728 x @I cancel . Defaults | Help
All
‘ NAND

v" So far, your layout should approximately look like in the following figure:

@  To help you with the sizing, in this view, we use a 0.33um distance between the transistors symbol layers.
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Step 12 - Stretching/Skewing the Shapes:

v" In the Layers sub-window make sure ME1 drawing layer is selected. Press r and try to draw a
rectangle of 0.3um x 0.3um (see figure).

ssic M= =
|X 2.435 Y -0.660 dX 0.300 dY 0.300 Nst:0.4

v Press F4 and after that put the cursor close to the rectangle edge. You will be able to select the
edge. Select the edge and try to drag it left and right. Alternatively, you can use s for stretching.

i

r
@ Note that F4 will toggle this button from .—tﬁ to . You can alternatively click on it.
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Step 13 - Creating VDD and GND Supply Lines:
v’ Stretch the rectangle and place it as in the figure below:

@  You can place it at the minimum distance from the transistors drain/source metals (i.e. 90nm)

v Press F4 once again and you will be back in the normal selection mode. Click on the rectangle
and press ¢. Copy the rectangle (use left mouse button) and place it as in the figure below.

v" Use the distances shown in the screenshot. Make the rails 300nm high, and 200nm larger than the
transistors symbol layers.

@ Notice that as for the move function, when copying you need to press the left-mouse button to
define the reference point and then press it once again to place the shape. Reference point can
be anywhere on the drawing surface, but it is usually good to keep it close to the shape.
Especially if you need to zoom later, reference point should be defined carefully.
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Step 14 - Finishing the Metal Connections:
v" Complete the remaining metal connections as in the figure:

@ A good practice when designing logic cells is to leave enough space on the boundaries of the cells, to be
able to abut them to an identical cell. For e.g., if ME1 minimum spacing is 90nm, leave 45nm before the
cell boundary. Use the ruler for it.

v' This cell is good. As you will see later, during the Design Rule Check (DRC) phase, your design
needs to respect some rules, such as minimum area, minimum distances etc. The minimum area
for ME1 layer is 0.042squm. In between your NMOS, you currently have a piece of metal that
you are not using. Measure it and calculate its area.
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Step 15 - tune device parameters:

v" Select one of the two transistors and copy it (with ¢) next to your design. Select the newly created
transistor and press q. Select the Parameter panel. The following window should appear.

X Edit Instance Properties

>

Instances (1) Attribute | Co
116-N_12_LLRVT]

Multiplier

_\_Apply | 11 Commoa

ectivity | Parameter | Property ROD

Length
Total Width
Finger width
Fingers
Threshold
Apply Threshold

Gate Connection e None _ Top

_ Bottom

. Both _ Alternate

Contact Specification S/D Metal Width
S/D Metal Width
Switch S/D

Bodytie Type

90n

None n

Minimum n

-

Use Design Rules
mis_flag

Display S/D Labels
Display CenterLines
Show Sim Parameters —

Body Type T - |

__ Display CDF Parameter Name

Deselect Convert To Mosaic &3 concel Apply Help

v Click on contact specification and select “Contact rows/Columns”. This allows you to select
the type of contacts you want in the source and drain of your transistor. Put 0 on “Contact Rows
SA” and “Contact Column SA”. Press Apply. This option disabled the metal contacts on one
side of the transistor. Conversely SB-related options concern the other terminal.

Note that there is a minimum width accepted in the design kit for these automated options. If
you need to do it for smaller transistors, you will need to flatten it. See later.

Contact Specification |Contact Rows/Columns n ‘

Contact Rows SA 0

Contact Columns SA

Contact Position SA | Distributed [
Contact Rows SB 1

Contact Columns SB 1

Contact Position SB | Distributed [
Switch 5/D ()

Bodytie Type None n
Use Design Rules Minimum n
mis_flag 1 n

Display S/D Labels (]

Display CenterLines

Show Sim Parameters —

Body Type Pwell |3

v" Put back the terminal on this transistor, select back “S/D Metal Width”, and make it multi-finger.
Put the total width to 800nm and the finger parameter to 4. Press Apply, you should now have
created the following transistor.
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Attribute | Connectivity | Parameter | Property | ROD

Multiplier 1
Length 60n
Total Width 800n
Finger Width 2000
Fingers 4

Threshold 80n
Apply Threshold o

Gate Connection © None  _ Top _ Bottom _ Both  _ Alternate

S/D Connection o None _ Source Drain _ Both

Contact Specification _|s/D Metal Width B
'S/D Metal Width 90n
Switch S/D =)

Bodytie Type None B
Use Design Rules. Minimum [
mis_flag 18

Display S/D Labels

Display Centerlines  —

Show Sim Parameters —

Body Type rwell 3

v" Use the Gate connection option and try different configurations with “Top”, “Bottom”, “Both”
and “Alternate”

v Do the same with the S/D connection option. What do you observe?

v" Change the S/D Metal width parameter to 150nm. What do you observe? try to force it to 50nm,

what happens?

Suppress the transistor you just created and come back to your design.

Tune the contact specification parameters to remove the middle terminal in the pull-down

network of your NAND gate as follows.

AN

V' Note that almost all of the devices provided in PDKs have such kind of options. At the end of the day, all
of these options are things that you could do by hand, i.e., drawing transistors using the r drawing tool.

v’ You could also modify one transistor PCELL by using the flatten option. Be careful with this option!
flattening is an irreversible action!
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(5 ]

v Optional Step: Do as at the beginning of step 15, copy one of your
transistors (with ¢) or instantiate a new one (with i). Select the transistor
and select Edit>Hierarchy>Flatten.

v" Select displayed levels, and preserve pin geometry. Click OK.

This Option removed all the hierarchy levels associated to this cell and
transformed it in shapes that you could create with the r drawing tool.

Important! Flattening can be very useful for the Full-Custom design, since it
provides the possibility to work in layer level. However, you should be very careful when you use flattening.
First, if you are flattening the primitive cells like we did here, you need to be aware of all the layers required
for the proper functioning of the transistor. Otherwise, if you make a mistake, unexpected errors and/or
issues may occur. This is why, in practice, flattening is reserved for more experienced designers. Second,
flattening destroys the hierarchy of your design. This can be a major issue for larger designs, since the loss
of hierarchy makes the layout debugging practically impossible. Therefore, as a general rule: you should
never flatten the higher level cells.

v Try to select layer by layer (left click) and delete (press delete) the | X - "o
unnecessary layers exactly as in the figure below (if you make a HEETED W) ~ Gl
mistake, press u - undo):

& displayed levels
user level

« Pcells
~ Vias
~ Preserve
_ Pins
¥ Pin geometries
_ Term name
__ ROD objects
_ Selections

»iDetached blockages;

@3 cancel | Apply . Help

v" Select one of the transistor and try to merge the two transistors. How close can you put them
before the DRD notifier complains ?

v The minimum distance between the gates is /20nm. Compare it to the previous implementation
using the contact specification option. This approach seems to improve the density. Though,
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your PO1 lines will not be aligned anymore. This will improve the density of your layout at the
price of a bit more complexity in the routing.

Important comment : This industrial tool provides a lot of functions which can be extremely useful for
the designer. Though, these are not always properly supported by the design kits.

As a reminder, the software is developed by a software company (Cadence), and the design kit is
integrated inside the software by the foundry (here, UMC). The foundry does not always update the kit
to the latest changes, and so, some features are sometimes not supported, partially supported, or simply
bugged. This is part of your engineer job, to know what is, and what is not supported. And... deal
with it.

The question is... how and where to find that. inside PDK_HOME/doc/ you will find a pdf called
Release Note UMK65SFDKLLC000000A B11 PB.pdf

From page 27, it lists the known issues and solutions to the problems of this design kit. Some of them
are irrelevant for you, some are critical. Specifically :

MOS dog-bone does not support design variables.

Issue: It is not recommended to use design variable when MOS width is less than 0.12um (Mos dog-bone). The
parameters of MOS dog-bone do not support design variables in this version.

(Responsible: IPDS/DF/FDK)

This one answers why you get different results when using variables and small devices. But also why
the abutment and modification of transistors smaller than 120nm does not properly work.
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IC615 Virtuoso off-grid issues of Flip vertical/ horizontal
In 1IC615, add 2 more options in layout editor options

In the Editor control (left side of the form), these options are
1. Rotate Around Combined Center

2. Flip Around Combined Center

These 2 option might cause off-grid issue if the option is checked. Unfortunately it was set to on by default in IC615.
Please turn these options to be off and see if the off grid issue still exists.
Or you can set in .cdsenv

layout flipAroundCombinedCenter boolean nil

layout rotateAroundCombinedCenter boolean nil

Page 32. This issue is critical. And we fixed it for you. You can check the content of the .cdsenv file in
your working directory.

Cadence virtuoso features an automatic merging function for transistors, which is not fully supported in
this PDK. You can enable it by ticking the “Abut Server” function in the Option>Editor (Shift+e)
dropdown menu of the layout editor. Be careful with this option it tends to not properly abut
transistors if smaller than 120nm.

Editor Controls

» Repeat Commands

— Display Reference Point

& Auto Set Reference Point

¥ Recursion Check

_ Maintain Connections

— Select Created Object

— Rotate Around Combined BBox
— Hip Around Combined BBox

& Turn Off Infix In Smart Snapping
— Use Layer Palette LPPs Only

— Check Large Coordinates

— Palette LPPs Display Order
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Step 16 - Creating the N-Well Contact:

v' If you remember your classes about MOS transistors, transistors are actually 4-terminal devices.

Their substrate needs to be biased. Ideally, all of your NMOS substrate should be biased to GND

while all of your PMOS substrates should be biased to VDD. To do so, you will need to connect

the N-WELL of your PMOS to VDD, and the PSUB of your NMOS to GND. Let’s start with the

N-WELL.
v" Now, we need to create a contact for the N-Well. Press o and select M1 _NWEL as the Via

Definition, and set the number of columns to 3.

® Single _ Stack _ Auto

e

od

Compute Frie

=

Col _ WidtHeight _ Shape(s) . Dra

Row/!

Constraint Group Same as Wire'

Via Definition M1 NWEL [

‘@_ Standard Via / umc65/l

Rowsl B & colmn] | Reset Perametessto...

System | User defined | Cutpattem | Aray patiem

Justification centercenter [J % g

Cut

0

Y

Size X009 & Yo

Y |0

Spacing } 0.12 €3

Enclosures
¥ Compute

Show Enclosures

» More Options

v Center the N-Well contact (horizontally it should be the same width than the PMOS cells NWEL)
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Step 16 - Creating the Substrate Contact:

v" Now, we need to create a contact for the substrate. Press o and select M1 _PSUB as the Via

Definition, and set the number of columns to 3.

X Create Via
Bl Mode e Single _ Stack _ Auto _Options

Compute Fri ® Row/Col _ Width/Height _ Shape{s) _ Dra

Constraint Group Same as Wiren

Via Definition |M1_PSUB B3 T[] Standard Via/umcesll

Rowsl [ <3 columnf [ ResetParametersto...

User defined | Cut pattemn | Array patterr

System
centercenter f@ x o

Justification Y 0
Cut

size x[0.09 & Y 009  CutClass None
Spacing » 0.12 £3 v 0.11

Enclosures
» Compute Show Enclosures

» More Options
2 lpside Toun

€I _concel

5k Rotate Ak Sideusys

v Center the substrate contact (horizontally) and place it (vertically) so that PPLUS layer (purple)

touches the NPLUS layer (orange).
Search: filer Q B'
Active: I’PLUScrawing n
Abx N ox AS v NS v
5 Layer  |Pumo./V §
n 1
SUBSTRATE

[0
SfHBOL

QUESTION 3-1: Let’s say your polysilicon are not aligned between the PMOS and NMOS transistors. How would
you connect them ? What do you need to be careful about ? feel free to describe your approach with a drawing.
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Step 17 - Verify your Layout

v" So far your layout should approximately look as follows:

v" Check your layout and make sure that everything is in place.
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Step 18 - Creating the Pins:

v In the Layers sub-window choose MEI pin layer, and press Ctrl+p. (Type MEI into Filter for
easy access.) If not defined yet, define the Signal Type as Power.

Palette 728 X

Y All La)L' # Create Pin@selsrv1.epfl.ch
~ Valid _ Used _ Routir
diltey Q ' = Mode ® Manual . Auto

i ME1 pin D

AV v NV v AS v NS ~

Connectivity ® Strong <~ Weak

Terminal Names vDD| _ Physical Only

— Keep First Name

— Create Label

_ Create as ROD Object

rect0

Pin Shape ® rectangle . dot o polygon o circle

1/0 Type ~ input ~ output @ ® inputOutput l_ switch
~ jumper o unused"—= ¥

Snap Mode orthogonal [~ ]

=

=

m

o

k-]

=)
KKKKIEK

gl
H
|-
x| |

KikKKKKIK

Objects
Objects
Instances
Pins
Vias
Objects | Grids

@)

KKK=S

Access Direction ¥ top « bottom « left & right

KKKk ©

¥ any _ none

Signal Type I er

Navigator 78X
e @I concel _tep
< NAND

v Set the pin name to VDD and the I/O Type to inputOutput. Press Hide and draw the small
rectangle on the top (VDD) metal line as in the figure:
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Step 19 - Creating the Pins:

v' Repeat the procedure for all the remaining pins. Remember to define GND as inputOQutput, A and
B as input, and Y as output. Draw the rectangles at the correct places.
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Step 20 - Creating the Labels:

v" Now we will define the labels for our pins. In the layers sub-window choose M1_CAD text layer.
Press I and enter DD for the label. Put font height to be 0.1 and place the center of the label (+

sign) on top of the VDD pin rectangle. Repeat the procedure for all the remaining pins.

. X Create Label - O *

L i « | ‘%"
Mode ® Manual _ Auto
Ity <3 @ 4 818
)

Ralette L2 % | abel (Patterr VDD

Layers &%
Y All Layers n Label Layer/Purpose
¢ Valid » Used _ Routil| » {{jse current entry layer:
ilte 0*4' ~ | _ Usesame layer as shape, select pydrawing |
B.M1 CADTEXT — Auto (Using stampLabelLayers section from technology file)

AV ~ NV ~ AS ~ NS =

~| Layer |Pur.. V| S|
B DIFF drw v ¥
W NWEL drw ¥ ¥
B PPLUS drw ¥ ¥
ENPLUS drw v v
Hro1 drw ¥ ¥
B CONT  drw ¥ »
W ME1 drw ¥ &
B SU..TE drw ¥ ¥
BiPwM drw ¥ »
H ME1 pin )

M1 CAD TEXT « «

SYMBOL M...L ~

k

Objects
Objects

i Instances

- Pins

- Vias

Objects  Grids

KK &=

[ & [& [0

< Select layelll DIFF drawing

Label Options

Font (stick B Heigh o1 Justificatioicentercenter [
v Drafting ~ Attach

_ Overbar ~ Expand

¥ Keep Label

Scan Line

_ Label Selected Objects ¥ Auto Zoom Out

Auto Step
i Step|Custom

X

0

Snap Mode (©rthogonal -]

HUpside Jown

Sk Rotate Ak Sideways

Cancel | Help
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Step 21 - Verify the Layout

v So far, your layout should look like this:
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Step 22 — Optimize your substrate biasing with TAP Cells:

In digital design, cells are abutted in rows along the VDD and GND rails. Adding substrate biasing
on top may not be the best way to operate, as it will introduce irregularities that will make the
design harder (i.e., all the cells are not always aligned vertically, nor make the same width, and
thereby this will induce DRC errors). In this context, using TAP cells is a good alternative.

A TAP cell is a substrate/Nwell biasing cell that has the same height than a regular cell, but instead
of containing transistors, it contains a connection between VDD and the N-Well and GND and
the substrate. TAP cells are placed regularly along the rows to bias the substrate and wells.

Create a new layout cell called TAP. Make it the same height that the NAND2 cell you created
before. Make the NWELL the same height as well. as shown in the following figure :

Library EDATP
Cell NAND2
Library EDATP
Cell NAND2_wo_TAP
Options
v’ The top contact is the same than in step 16 while the bottom | """
one step 17. S |
v' Save it and close it. ocreny Sodeabmel =1
v' Copy your NAND2 cell in a new cell called | =omsves
NAND2 wo_TAP (right click>copy). OUndatemstonees:  [oinieLrmy
[ — e o
TAP Rename... Ctri+shift+R __ Add To Category Cells
test
Delete... Ctri+Shift+D @ e ome) e
@ To copy a cell and include its hierarchy from one library to another one, use the hierarchical copy.
v' In the newly created NAND2 wo TAP cell, suppress the substrate connections on the top and
bottom of the cells.
v" Copy the NAND2 wo_TAP cell into a new cell called NAND2 _TAP
v'In the schematic import your TAP cell in the layout using the i key, and place it next to your

NAND?2 layout. Connect the NWELL and metals (both VDD and GND) with rectangles (r
key).
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Your final cell should look like this:

v

v How does this compare to the previous cell you designed (with the biasing well connections on

the top and bottom)?

@ Note that here

spacing between the TAP cell and the logic gate. Also,

we did not optimize the

b

you do not need one TAP cell per gate, but one TAP cell per row of gates. The DRC will usually

tell you if you miss TAP cells by complaining about a floating substrate for e.g.

QUESTION 3-2: Why do you need to add TAP cells ? list the different ways of handling substrate biasing which we

just explored.
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3.3. DESIGN RULE CHECK

After you finish drawing the layout, it is necessary to perform the final Design Rules Check (DRC).

In this lab, we propose you to use a tool developed by a company called Mentor Graphics (acquired by
Siemens in 2017). This tool, Calibre, is commonly used in the industry for DRC, LVS and parasitic
Extraction (PEX) in technologies down to sub-20nm. Note that the steps described here are specific to this
tool. However, the general methodology will be equivalent with other tools. Other compagnies such as
Cadence and Synopsys also propose equivalent tools (e.g. Cadence Assura, Cadence PVS, or Synopsys

StarRC).

v Save your layout (File> Save). 1tus  Optimize ISR UMC Utils Help

v Use Calibre >Run nmDRC... from the Layout Editor Menu. __ M5 &

v" Select the Rules panel. Y -2.430| RunDEM.. dy 1|

v" Define the DRC rule file and the DRC run directory as in the 23: E?ngs .
following screenshot (you need to import calibre_drc_rules Run PEX...
— these rules are just a renamed version of the rules called G- RUN XACT...
DF-LOGIC MIXED MODEG5N-1P10M2T2F-LL-Calibre- Start RVE...
drc-1.14-PI). You can find all the different rules in Clear Highlights
J/RuleDecks/Calibre/DRC/ 2 '

v' Make sure that the “check selection recipe” is defined as -
“checks selected in the rule file” and click on “Edit...”

v

ccccc

Check the box corresponding to the exclusion of density checks. Click OK.

Calibre Interactive - nmDRC v2020.1_17.9 o X Check Selection - Recipe editor x

Wew... | Import... | Export,.. Copy... | Clear | Rename

Recipe; | Checks selected in the rules file {Hodified)

Recipe edits Recipe checks (4435 of 4577 selected) 7} i 73 o]

Include:
Chesks | Groups
cks Pattern Fort
Nore B 10,51, CLS
[ 101,54, CLUS
B L4010, CLYS

Exclude:
Checks with comectivity

v Checks uith density

[ 11KV EN2.CLYS
B 1X01_L3.0HL.0LVS

[ 1252
B 252
B 12,54
A 10 2 1 ue

Check text

~ fduanced 3 Cancel

@ Wedisabled density checks to ease the design during this lab. In real life, when fabricating a circuit, each
layer must have a minimum density to ensure that the fabrication process can be performed. One would
usually add what is commonly called fillers to make sure that a minimum density is achieved in the design.

v" In the Input panel, make sure that you are extracting the layout from the layout viewer in the
GDSII format.
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v More options are available by clicking on Setup>DRC Options. There is no need to change any
options in it for this Lab.

X Calibre Interactive - nmDRC v2016.2_39.26 - [m} x
Eil . Sety Hel
ot SRS (R = X Calibre Interactive - nmDRC v2016.2_39.26
Bules .]RE (Hierarchical} Increnental
Irputs File Transcript Setup
Outputs Lavaut | batvers | ||
R Gt || e T 1 Rules
Transcript 5 i
et Environment... g¢
Layout. FiledIYN_N_F_NDZ_¥1.calibre.db | | Inputs =
Run IRC 4
Top Cell:  [DYNNF_ND2KL Outputs Layout Yiewer, .,
Start RYE [ | et
Library Nane/fLSI2 4 R
un Control
View Name: [layout = Preferences, ..
» frea: | 1| Tranzcript
W Show ToolTips

Shomededauser(s leviszes
Run DRC

Other relevant points of interest:

v On the top, on the scroll down menu, the default option is “DRC (hierarchical)”. This option
maintains the hierarchy in the design rule checks and makes the evaluation faster. In some cases,
if the errors are referring to lower hierarchy levels, you can put it to “DRC (flat)”. The run will
take more time but will give you the position of the DRC problems regardless of their position
in the layout hierarchy.

v' Ticking the “area” button will allow you to select the area in which you want your DRC to be
run (by clicking on the “...” and then making a square around your block of interest). This can
enable you to avoid some errors related to the edged of your contribution, or just focus in one
area of interest inside your layout.

@ As a designer, you should always, by yourself, do a hierarchical DRC check. i.e., before integrating the
layout of a cell in a higher hierarchy level, you should always make sure that your cell is “DRC clean”.
Consider the following statement : “Everything that has not been tested is not working”

v Once this is done, click on Run DRC.

After you finish drawing the layout, it is necessary to perform the final Design Rules Check (DRC).

Notice at this point that the DRC Run Directory is set to ./DRC_rundir within your project directory. This
is the location where your DRC-run data will be stored. Depending on the design-kit, similar as for the
simulation directory, the default location can be different. If needed, it is possible to store DRC data in the
different place by specifying another path manually. However, be careful about where you store different
data. Never use the same directory for storing simulation data and DRC data (same is the case for
LVS data in the next session). As a rule, you should always use a dedicated and a different directory
for the different types of data.

@ Note here that for this technology, and this lab, we provide you with the rule files (in the corresponding
DRC rundir, LVS rundir and PEX rundir folders). You can check the different subfolders in
./RuleDecks/Calibre/. They contain the rule files. Most of the PDKs would usually just request you to provide
the rule files and run the DRC from a working DRC folder. The version of the UMC65 PDK you use in this
lab will require you to have the rule files, or at least symbolic links to the different required files in your Run
Directory.
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@ Ifyou want to create a new Run Directory for DRC, LVS or PEX, you can follow these steps :

Inyour CDS VISO folder, you will find a directory called calibre_refDirs. Inside this directory are you will find three
ready to use DRC, LVS and PEX folders containing the required rules. Just copy the one you need in your working
directory and rename it the way you want.

v Check the rule files in the DRC rundir, LVS rundir and PEX rundir folders. You can open them
with gedit. Do not modify them ! As you can see, these files are quite complex and embed a lot of
options. For each technology feature, options can be enabled/disabled. The following box describes
some rules and options that will be considered during the DRC check process.

@ Switches: Design rule check file contains many rules related to layout constrains, but also rules
related to further processing and production steps. In different phases of the design, different
rules may be needed or used. At this stage of the design, we need to check if our layout fulfills
the geometry constrains and the most relevant design rules. Note that the design rules as well
as the switches can be very different from one technology process to the other. The naming
of the switches can also be very different, even if they relate to generally similar design rules.
Some are however very common and easily recognized such as: layer coverage, antenna errors,
Electrical Rule Checks (ERC) or grid alignment.

Some typical switches are explained here:

@ Layer coverage (check density) — IC fabrication process requires diffusion, polycrystalline
silicon and metal layers to be sufficiently inhabited in order to improve the uniformity of the
implantation and deposition, quality of polishing and overall reliability of the final design.
Typically, the metal coverage of the final chip is around 30% of the total area, top metals usually
require higher coverage, while polycrystalline silicon requires typically around 15%. The
diffusion coverage is generally needed for higher gate-oxide uniformity. Here, the goal is to check
only a small part of the design, so no coverage check is needed in our case.

@ ERC (Skip_Soft-Connect_Checks) — Electric Rule Check is used to check the design for all
possible connections that may lead to the final circuit malfunctions. Typically, ERC verifies for
proper substrate and well contacts, looks for gates connected to pads or supplies (possible
breakdowns), disconnected or unconnected inputs, floating and shorted outputs, etc. Generally,
ERC check is needed more in the final stages of the design. Here it will be enabled. However,
checking ERC should usually be performed after each larger design block (note that if you do not
choose the switch, these rules will be included).

@ Metal Slots (check slots) — Similar as for coverage (and for the same reasons), checks the
uniformity of metal patterns. The layers needed to fill the required coverage are in most cases
generated automatically. This part of the DRC check validates if the automatically generated
layers are properly placed and if they satisfy the design rules. It also checks for very wide lines
in the design and suggests the possible changes, in order to avoid non-uniformity and stress due
to large metals lines. This is important for the final chip, and we will not use it for our gate.

@ Grid (included by default) — The masks that are used in different processing steps are always
aligned to the same predetermined grid. This check verifies if the shapes you have placed
correspond to the specified grid, or in other words it checks for possible off-grid elements.
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i

Antenna Checks (in this technology, antenna rules are in the separate rule file) — A very
important design rule. It checks for Electrostatic Discharge (ESD) related problems. The most
important antenna rule checks if gates of transistors have appropriate path towards VDD and
ground (protection diodes) in order to conduct the excess of charge safely. If no protection is
used, the accumulated static charge may cause large spikes of the gate voltage, causing the gate-
oxide breakdown and circuit malfunction.

Seal Ring (SR) — In order to protect the integrated circuit, a seal ringis required that is
implemented around the edge of the chip. The seal ring is generally subject to a bit different
design rules than the rest of the chip. This switch enables the DRC check for the seal ring. This
rule is important for the final chip, and we will not use it for our gate.

Die Corner (check die _corner) — As for the seal ring, die corners are also subject to specific
design rules. This switch enables the check for the die corners to confirm if they satisfy the design
rules. This rule is also important for the final chip, and we will not use it for our gate.

Top Metal — Top metal is also subject to specific design rules. It is therefore important to specify
which metal is the final metal layer on our chip.

The Calibre DRC runs and gives you 2 output views :

The DRC summary report that contains information on the checks and layers.
The RVE view which contains the different errors. It is important to note that some errors cannot
always be solved at your level.

This view shows that you have no DRC errors :

File Yiew Highlight Tools Window Setwp Help
Ol R7[ &) &6 @ || [Search TEy

FFilter: Show All 7| o Results Found £

& g Check / Cell |Results

o . [

v Try to break a rule, for e.g., by drawing a random POI rectangle next to one PO1 gate, or moving the
right side PO1-ME1 contact closer to the gate (min space rule is 120nm). For this example, we moved
the contact on the left, and reduced the spacing to 80nm. Save your design and run the DRC again.

v" A “Check PLY_F.S2” error should appear. If you click on the “+” it will show you in which cell the
error appears. You can use this feature to filter your errors.

v The bottom panel gives you information on the rule being broken in the selected check. Here, it says
that the minimum spacing for PO1 is 120nm.
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v" The figures on the right panel are reference to all the different DRC errors in your design. As visible
here, only one error exists in this design. Double click on the “1”. Switch to your layout view, the DRC
error is highlighted and visible. Correct it, save your design and run the DRC again.

()( Calibre - RVE v2020.1_17.9 : NAND2.drc.results
File ¥iew Highlight Tools Window Setup Help
I E T = "

TFilter: Show ALL | FNAND2, 1 Result (in 1 of 1 Checks)

55 2ig Check / Cell | Result. |[A]

3 Check PLYF.52 |1

1) Check PLY_F,52, Cell NANIZ d-Vertex Polygon

4-Vertex Polygon. Coordinates in cell HAND2

=
Hininum spacing and notch of FOL on filed is 0.12um

Rule File Pathnans: _65_2021_2022/cl. _test/CIS_VISO/IRC Calibre/_calibre_dre_rules_

@Check PLY_F,52

=N

Figure 3 — An example for error in the layout and its description.

QUESTION 3-3: Explain with your own words what does a DRC does. What does a successful DRC
means ? does it means that the circuit is correct ? and why ?

3.4. LAYOUT VERSUS SCHEMATIC (LVS) CHECK

v" Run Calibre>nmLVS

v' Set the rules and run directory for the LVS as shown in the screenshot

Calibre Interactive - nmLVS v2020.1_17.9 o009

Eile Iransoript Setup tele nize NeCElsl UMC Utils  Hel
Ee LVS Rules File
Inputs hane/edauserls Le visse/ edalabs 65 2021 2022/class/validat ion/edalab202]_fullust/CO5_VISO/LVS rundir/calibre lve_rules ‘ View | Losd Run nmDRC...
Run DEM...
Rul ol LVS Run Direstory T
Transoript [7hone/edauser0/ levisse /adalabs_65_2021_2022/class/val idat ion/sdalab2021_fulleust /C05_VISOALVS_rundir «
fun L3 [ —— Run PERC...
stort REE Run PEX...

Run xACT...
Start RVE...
Clear Highlights
Setup 4
About

v" Click on inputs and make sure that in the “layout” and “netlist” panels the case “export from
viewer” is selected. Note here that you could give it a netlist and a gds file. As Calibre is an
independent tool (not developed by cadence) and does not need cadence virtuoso to run.
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X Calibre Interactive - nmlVs v2016.2_39.26 — O X X Calibrelnteractive - nmlV5v2016.2 33.25 - o x
File Transcript Setup Help File Transcript Setup Help
Rules || | Run: Hierarchical | ‘ Rules || | Run: Mierarchical  — | ‘
Inputs Input:
. = Anedts)
Step!  Lauout vs Netlist — | | ‘ Step:  Lauout ve Hetlist — | ‘
utputs Dutputs

Fun Control || Layout | Metlist | H-Cells | Signatures | Uaivers |

Fun Control || Layout | Metlist | HCells | Signatures | Watvers |

M Export fron schematic vieuer E

|
|
ol
|

Transcript.
— Fornats GISIT = g M Export fron layout viewer ‘ UFEEriE: — TE
Run LS
Lot FiledfREE,calibredb [ e ‘ ‘4’?“” L] Spice Files{4REG. sro.net
[ sart me it
Top Cell:  [4REG ‘ Start RE_ |
Top Cell:  [4REG
Library HandVLS12
View Nane: [Taout Library Nane 512
View Nane: [schenatic
Lot Het144REG. op oo | view

@ X

You can explore the LVS options by clicking on setup>LVS options
Some of these options can help you with your design. When evaluating a big block with several vdd and

gnd rails which are not yet connected, you can either connect them for the LVS pass, with a wire, or tick
the “connect nets named” in the LVS Options>connect panel and input vdd and gnd there. “Connect all

by name” can be used as well.

CAUTION: these techniques may make you forget about some connections! so use it wisely! They
should only be used if you know why you are using them ! (i.e., do not use them in this lab, but

know they exist)
v Click on “Run LVS”

When the LVS is done, it will show you the calibre RVE view. Make sure that ERC (electrical rule
checks) the extraction and comparison results are correct.

Calibre LVS shows you a nice smile is the comparison is good.

X Calibre - RVE v2020.1_17.9 : sudb NAND2Z

File %iew Highlight Tools MWindow Setup Help

J B AT l"““ LR T E A H Search i |

+Nav19ator1 X || @ Conparison Results X l

Results & Layout Cell / Type

| Source Call | Mets | Instances

| Parts

 NANI2
Extraction Results e G

(@ Comparison Results
ERC

" ERC Results

f |ERC Summary

HAND2 5L, 55 1L, 15

5L, 55

Reports Cell MANDZ Summary (Clean)
i=|Extraction Report
{L|L¥S Report

Rules
f&Rules File M M

View *o# #

4

O Info #

i Finder

Lr5chematics
5 LAYOUT CELL HAHE: HAND2
LB SOURCE CELL MAME: HAND2

W lptions

CELL COMPARISON RESULTS { TOP LEVEL )

# S

*
*

#
CORRECT # |
#

AR

[— -
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v Create an error in your layout to make the schematic and the layout different. Cut the
connection between the VDD rail and the NWELL substrate biasing contacts. Save your design

and run the LVS.

v" The introduced error here makes the PMOS substrate disconnected from VDD.

X Calibre - RVE v2020.1_17.9: svdb NAND2

File View Highlight Tools

Window Setup  Help

Ol R e B R R Search T4

‘xLNavlgatur] % || (2 Comparison Results X |y Extraction Results

Results B! Laout Cell / Tupe Source Cell Count Nets
PhExtraction Results B % HANDZ NAND2 3 6L, 55

x [ s 3

() Canparison Results
- x Incorrect, Nets 1

=D % Incorrect Instances 2

3 ERC Results

£ ERC Sunnary
Reparts

£ |Extraction Report
£L]LYS Report
Rules

& Rules File
View

@ Info

A F inder
Setup
SOptions

Cell NANDZ (3 Discrepancies)

ILAYOUT MAHE SOURCE MAKE
X Discrepancy #1 in NAND2

Met £ ** no similar net

3 Discrepancy #2 in NANDO

M2(0.8L0,-1.335)  MP(P_12_ LLRYT) HH2 HPP_12 LLRYT)

9t B ai B

b ol ¥ no similar net *

g b: VD <=
3 Discrepancu 43 in NAND?
HB(1.070,-1.385)  HPCP_12_ LLRYT) HHB HFCP_12 LLRYT)

9t R 9t A

b: B **po similar et

-y bs VD

v The Layout Vs Schematic comparison found 6 nets on the Layout and only 5 on the schematic,

Why ?

v" When looking in details (bottom view), the two PMOS (M2 and M3) have their bulk (b) node
connect to a node named “6” in the layout (left column) and VDD in the schematic (right
column). Net “6” is referred as “no similar net” in the schematic column (called “SOURCE

NAME”).

v’ If still not clear, you can click on the “schematics” menu in the left panel.
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DF Layout Metlist NANDZ.=p - O x| LR

o R ¢ T A« B o R H B - fam
< HOMCAPS _SYHESH_MH = [l Subckts =
< MOMCAPS_ASHESH_MHI
< HOMCAPS_ARRAY _WP3,
< MOMCAPS_ARRAY _WP4,

< HOMCAPS_ARRAY _WPS,

@ MIMCAPS _20F_MUELL
@ MIMCHPS _20F _PSUE_|
@ MIMCAPS_20F _M1_RFI
© PRI_RF

@ P_12_LLRYT_CIMS_E:
= hAnD2) LSUBCKT P_12_LLRVT_CDMS_B2497B113330 * Library Name: EDATP

@ The left view shows the schematic extracted from the layout while the right view the original
schematic.

v Double click on the two symbol cells, and then on the NAND2 symbol. Use the
center the view on the schematic.

D Layout Netlist N2, sF
Y £ T T # ¢ jan
> I3 5 BErT 5
NAND2 NAND2
W25 LLRF ]
0 P LLF
© N_IP_25 LLRF

 RNPO_NI LLEF
© RMPOLLEF

RPN LLEF
 RNPOLLEF

© RHR_ILLLRF
 RR_LLRF

© VARHIS L7 LLRF
VRIS 22 LLRF

© VARDIOP_LLRF
 HONCAPS Y K
 HONCAFS.£5_HHKF
 HONCHPS_SHHESH JHKE
 HOICHPS_ESHESH I

© HONCRPS.4RRAY_AP3 RFACL
 HONCAPS.FRRAY_{P4_RFALL
 HONCRPS.£RRAY_APS_RFACL
© HINAPS_20F_MWELL RFIF
 HINCRPS_Z0F_PSLB_FFKF
© HINCRPS._Z0F M1 RFKF 2

o PR ;~ * Lirary bone: TP
© P_12_LLRVT_CONS_ 62487811333)  SEETPROI o e

* View Nane:  schenatic
ATZ]

v The missing connections are here clearly visible. Interpreting the LVS errors from the report,
and being able to identify what to solve is an important quality of a full custom designer.

@ LVS errors will not always be as straightforward as here. As the LVS extracts the schematic
from the layout, it is important that you perform hierarchical LVS steps. As for the DRC,
consider that while you do not have a LVS clean, your block is not working.

@ Here, when disconnecting the TAP cell, we created LVS errors. If you want to use TAP cells
in your design, you will not use one TAP cell per logic gate, but rather include 1 TAP cell
every once in a while in the NWELL rail. You should thereby, expect your LVS to fail if the
TAP cell is not included in your LVS check. One possible design flow is to design the cell
without the TAP cell, and check for the DRC. Then, as the LVS does not check DRC rules, you
can add the TAP cell in your layout, and validate the functionality. You can finally remove the
TAP cell and integrate the cell within the next hierarchy level.

QUESTION 3-4: Explain with your own words what does a LVS does. What does a successful LVS means
? does it means that the circuit can be fabricated ? and why ?

QUESTION 3-5: In your opinion, could a DRC be wrong and a LVS correct ? and vice-versa ?
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3.5. LAYOUT PARASITICS EXTRACTION

In this section you will learn how to use Calibre PEX for creating an extracted netlist of the layout. The
extracted view of a layout consists of parasitic and wiring capacitances and resistances (depending on what
is being selected) in addition to the elements in the schematic view. The extracted netlist will later be used
for post-layout simulation.

v' First, create a cellview, in which you will Edit View Design Manager Help

host the extracted netlist. Select the cell that _ Wi Library... Ctrl+N
you want to extract and click New>Cell |, o, ctrl+o
V?GW.:. Open (Read-Only)...  Ctrl+R Category... Ctrl+N
v' Give it a name that correspond to your .
R M Mew File - O *
current naming methodology (do NOT make the name start e
with a number, you may have troubles later on, Note that the || | ar VLSI2 B

names are cap-sensitive), with a reference to PEX (_PEX for | oy

CELLNAME_PEX ]
e.g.). Make it a spectre type (spectreText). And open it with

: ’ View spectreText

the text Editor. Type Spectre

v’ Click ok Application

v ”é}fe new cellview now appears as a spectreText in cadence. Open with  (Text Editor k3
ose 1t.

Always use this application for this type
Library path file
/home/edauser0/levissefivisiz/cds.lib

@T® cCancel | Help |

v Switch to the layout view of the cell you want to extract.

v Open Calibre>Run PEX
@ Parasitic extraction does something a lot alike the LVS, but then

1ize ReElllslg=f UMC Utils He
does generate a new netlist that can then be simulated and = =

compared to the pre-layout netlist (schematic simulation). @ RUN NMDRC
v’ Select the calibre_pex_rules file inside the PEX_rundir folder. 35¢ | RUN DEM... ’
As for the LVS, select the Run directory as being the directory == Run nmlLVs...
holding the rule file (in this example, PEX rundir). Run PERC. ..
Bl Calibre Interactive - PEX v2022.2 38.20 * | @ o X -
File Settings Configurations Help ~[Search ] Run I—}Ex =
Rules Run EACT.
Inputs RulesFile  FULLCUSTOM_TEST/PEX_rundirfcalibre_pex_rules|& |2 | |
Qe Run Directory [ABS/2025-2026/EE429 FULLCUSTOM_TEST/PEX_rundir || Start RVE...
i Layer Derivations Clear H |g hl |g hts
Run Control —
Search
Transcript EEtup ’
About

43/54




v' In the Input page, under the layout tab, make sure that the box export from layout viewer is selected.

Same for the netlist tab.

T Calibre Interactive - PEX v2022.2 38.20 * L ARSI
File Settings Configurations Help v[Sealr'ch
- Layout Path
utputs
VS Layout Format [GDSII [~
Run Control « Export from layout viewer @
Search Cayout File  |GALU 8B.calibre.db @ A
Transcript Library Name |EDATP_levisse |
Top Cell 'GALU 8B 4
View Name  [layout |
-~ Source Path
Source Format [SPICE |v]
| Export from source viewer (A
SPICE File |GALU_cB.src.net ; i
Library Name |EDATP_levisse |
Top Cell |GALU_8B [2]
View Name  |schematic |
-~ H-Cells
_ | H-Cells File  [hcells |ElE
| Match cells by name
| RunPEX |
| StartRVE |

v In the Outputs page, in the netlist tab, make sure that format is set to SPECTRE
v’ Set the extraction type to Transistor Level, and RCC, and No Inductance.
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L] Calibre Interactive - PEX v2022.2 38.20 * o E X
File Settings Configurations Help ~|Search |

Rules Outputs
& Extraction Mode (XRC v

LVS - - Extraction Type
Run Control Level (Transistor Level |~
Search Resistance/Capacitance RCC [+
Transcript Inductance 'No Inductance |~
Options
| Corners (all |y

- PEX Netlist /
Netlist Path |GALU 8B.pex.netlist | = l _
Netlist Format ['SPECTRE | |~

| View Netlist after extraction run finishes
| Scale (1

_|
Use Names From (Source Names |~

| Device Info File [ =

v'In the Netlist Path field, select the spectre.scs file that corresponds to the spectreText cell you just
created inside virtuoso. In this example, the library is called “al work™ and the cell is
“ADDERSBIT PEX”. Just chose the good path corresponding to your newly created cellview.
Click OK. The tool will ask you if you are okay to overwrite the file. Click Yes.
x

X Choose PEX Metlist File { Files:2 )

| Leek in: |022/c1ass /edal ab2021_test /CDS_VIS0/al work/AIDEREBIT_PER/ spectreText ] |j el | ef =

DM
N -

3

File name: Ispectr‘e.scs 0K
File tupe: [A11 Files (*) w| Cancel

Click on Run PEX

v
@ Ifyou ticked the “View netlist after PEX finishes ”on the output panel, it will show you the

extracted netlist at the end of the process. Spectre netlists are not generated in a single file.
The main file defines the transistors and nets.

@ The Spectre.scs.pex file contains all the parasitics elements.
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«){ PEX Metlist File - fhome/edauserl/levisse/edalabs_65_2021_2022/class/edalab2021_test/CDS_VISO/al_work/FILENAME_PEX/spectreText/spectre.scs - m] x

File Edit Options Windows

¢ File: /homesedausers1evissesedalabs_B5_2021_2022/class/edalab2021_test/CDS VIS0 al_work/FILENANE_PEX/spectreText,/spectre. sos W
/7 Createdy Wed Jul 14 11314715 2021 ‘
/¢ Program "Calibre xRC"
A7 Version "w2020,1_17,9"
I

laboe 1
include "/homesedauser0slevisse/edalabs_B5_2021_2022/class/edal ab2021_test/CDS_VIS0/al_work/FILENAME_PEX/spectreText/spectre, scs,pex”
subckt adder_8hit ( GMD ANCON: BACON> Sh7h> SWAON> BAGTND RRGFAD ANCIN: N
B WID SNCBRS ShaLNy BWCBNy ANCENY ANCZN: BRGZW SNOGNF GRCZND BN N
AREENY ANGEN BRGEVY Shddhy SNGEWY BN ANGANY )

£ Acdy R4
£ Bod> B4
£ 503 503
£ 50y 544>
£ BCGEy BLEy

@ Note that there are no resistance and capacitances values lower than the values you define as
limits in the calibre PEX options.

ctre.scs.pex
dala.../CD5_VISO/al_work/FILENAME_PEX/spectreText

Open ¥ | [

Save = = L} x
~flevisse/edalabs_65_2021_20

spectre.scs.pex spectre.scs

1)/ File: /home/edauserd/levisse/edalabs_65_2021_2022/class/edalab2021_test/CDS_VISO/al_work/FILENAME_PEX/spectreText/
spectre.scs.pex

2 // Created: Wed Jul 14 11:14:15 2021

3// Program "Calibre xRC"

4 // Version "v2020.1_17.9"

5 // Nominal Temperature: 25C

6 // Circuit Temperature: 25C

1/

8 simulator lang=spectre

9 subckt PM_ADDER_8BIT\%GND ( 269 278 271 273 274 276 279 282 283 285 286 288 \

10 291 294 295 297 298 300 301 303 304 306 309 312 313 315 316 318 321 324 325 \

11 327 328 330 331 333 334 336 339 342 343 345 346 348 351 354 355 357 358 360 \

12 361 363 364 366 369 372 373 375 376 378 381 384 385 387 388 391 393 397 399 \

e e e e i i i i il i il 5 2 8 )

14 cO ( 764 GND ) capacitor c=0.208806T

43 r29
44 r30

628 639
628 710

resistor
resistor

15cl ( 721 GND ) capacitor c=0.243978f
16 c2 ( 713 GND ) capacitor c=0.108298f
17 c¢3 ( 710 GND ) capacitor c=0.752121f
18 c4 ( 682 GND ) capacitor c=0.1092477f
19 ¢5 ( 639 GND ) capacitor c=0.208762f
20c6 ( 631 GND ) capacitor c=0.108298f
21c7 ( 628 GND ) capacitor c=0.675407f
22 c8 ( 600 GND ) capacitor c=0.109477f
23¢9 ( 557 GND ) capacitor c=0.208762f
24 cl0 ( 549 GND ) capacitor c=0.10882987
25c¢ll ( 528 GND ) capacitor c=0.675407F
26 cl2 ( 516 GND ) capacitor c=0.10856627
27 c¢13 ( 473 GND ) capacitor c=0.19891f
28 c14 ( 465 GND ) capacitor c=0.10836997
29 ¢15 ( 462 GND ) capacitor c¢=0.6210897
30 cle ( 436 GND ) capacitor c=0.225879F
31cl7 ( 434 GND ) capacitor c=0.1066947
32 c¢l18 ( 430 GND ) capacitor c=0.1645197
33c¢l19 ( 424 GND ) capacitor c=0.2413337
34 c20 ( 21 GND ) capacitor c=0.567041f
35¢21 ( 13 GND ) capacitor c=2.83516F
36 r22 ( 710 755 ) resistor r=0.334393
37r23 ( 710 721 resistor r=0.334393
38 r24 ( 710 764 resistor r=17.5

39 r25 ( 710 760 resistor r=17.5

40 r26 ( r=17.5

4L 70\ L) IU resistor r=ir.5

42 r28 ( 628 673 resistor r=0.334393

( r=0
( r=0

)
)
)
716 713 ) resistor
]
)
)
)

:334393

.110423

v" Close the window and open the netlists with a text editor from your terminal (you can also
open the spectre.scs netlist from the library manager window, but the editor is not really
convenient to use).

[edauserO@selsrvl CDS VISO]$ gedit EDATP/FILENAME PEX/spectreText/spectre.scs &

v Correct the name of the subckt created by Calibre PEX with the name of the cell at the
beginning (line 8) and at the end of the file. You could also do this step by opening the
spectreText view in the library manager.

@ Using gedit, take a look at the other files that are being included inside the spectre.scs file.
What do you see there ? do not modify them !
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8 subckt [FERSINIENHEY ( GND Ah<O%Z> B\<0%> S\<7\> S%<0%> B\<7\> A\<7\> A\<l)> \
9 B\<l\= VDD S\<6\= S\<l\= Bl\<bt\>= A\<b\> A\<2\> B\<2\> S\<b\> S\<2\> B\<L\> \

10 Av<EA> A\<3\> B\<I\> S\<d\> Si\<3\> B\<d\> A\<d\> )
11 77

DOU AL/ TIETILD | II_:I\‘-‘I\)_AJ.‘I\{I'II"I'IJ.J_U I‘_J\J.‘l\j CID_J\J.‘!\{I'II"I'IJ.J_Q N_IfIJIJ_I\J.‘I\.fI'II"I'Il.J_b Ay
931 N_VDD_XI7\/MPM13_b ) P_12 LLRVT l=be-08 w=2.4e-07 ad=3.84e-14 as=2.4e-14 \

932 pd=8e-07 ps=4.4e-07 nrd=0 nrs=0 sa=1.6e-07 sb=1.35e-06 sca=16.52 sch=0.019587 \
933 scc=0.000974964

934 //

935 include "/home/edauser0/levisse/edalabs_65_ 2021 2022/class/edalab202] test/CDS VISO/al_work/FILENAME PEX/spectreText/
spectre.scs.ADDER BBIT.pxi"

936 //
937 ends [@S=ILHISNE=Y
938 //

Ann s

v" Save the file and close. If you used gedit to edit the netlist, go back to your library manager.
Select your cellview as shown in the next screenshot. Double click on the spectreText to open

it.
Cell View
Y B- |7 M-
T FILENAME_PEX ~ & spectreText -
8BIT_ADDER

View Lock Size
8bit_adder ﬂ—ﬁ
8bit_adder_1
8bit_adder _flat
8bit_adder_tb
ADDEREBIT_PEX
BIT_ADDER
NAND2
NAND2_2

BIARMT e

v Click on the “Build a database of instances, nets and pins found in file" button. @

m Text Editor (Spectre) Spectre-Editor Editing: al_work FILENAME_PEX spectreText — O x

Launch File Edit View Create Check Options Window Help
Ble &0 5 ¢ Q]
o |[Basic BE 2

@@&q [ File: fhome/edauser0/levisse/edalabs_65_2021_2022/class/edalab2021_test/CDS_VISO/al_work/F:
ces /f Created: Wed Jul 14 11:14:15 2021
{f Program "Calibre xRC"
Q, n - ||/f Version "v2020.1_17.9"

Name | ator | .
~ FILENAME PEX simulator lang=spectre
§ - include "fhome/edauser0/levisse/edalabs_65_2021_2022/class/edalab2021_test/CDS_VISO/al_wol
subckt FILENAME_PEX ( GND A\=0\> B\<0\> S\<7\> S\<0\> B\<7\> A\<7\> A\<1\> |
B\<1\> VDD S\<6\> S\<1\> B\<6\> A\<6\> Al<2\> B\<2\> 5\<5\> S\<2\> B\<5\> "
A\<5\= Al< 3= B\<3i> Si<4\> S\<3\= Bi<4\= A\<4\> )
I
[ A<d> A<4=>
{/B<d4> B<4=>

cadence

[15<3=| M schDBax - ] x
//S<4>

[/ B<3> Cellview FILENAME_PEX symbol does not exist.
I A<3> @ Do you want to create it?

fl A<5=>

{/ B=5=>

jfS<2> . No  _ Help

fI 5<5=>

v" At this point, the tool will ask you if you want to create a symbol for your cellview. Click yes.
@ [f the tool tells you that you have a syntax error, check that the name you gave for the subckt
at the beginning end at the end the file is the same than the cellview name. if you used gedit to
modify the file, make sure that the file is not being opened/locked in virtuoso when saving it.
Also, make sure that your subckt name does not start with a number and that you respect the
capital letters in both the name and cellview name. This will make the simulator/parser crash.
Finally, if you renamed the cellview, make sure that you updated the paths associated with the
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“include” statements to account for the new name. If none of these solutions work, try to follow
the flow again with a new cellview. Then, if none of this works, you can call a TA.

v" Create the symbol as shown in the screenshot. A good practice is to keep input on the left,
outputs on the right. For the postPEX symbol creation, do not merge the pins (e.g. A<7:0>).

Click OK.
X Symbol Generation Options - O *®
Library Name Cell Name View Name
al_work FILENAME_PEX symboaol
Pin Specifications Attributes

Left Pins |B<7> B<6[> B<5> B<4> B<3> B<2> B<1> B<0> A<| | List

Right Pins S<7> S<6> S<5> 5<4> S<3> 5<2> S<l> S<0> List
Top Pins VDD GND List
Bottom Pir List

Exclude Inherited Connection Pins:

e None _ All _ Only these

Load/Sav _ Edit Attribute _ Edit Label _ Edit Propertii _
@CI® cancel | Apply . Help

v A new symbol is not being created. Check in the library manager that you now have a “symbol”
view. Save and close it. The example in the screenshot is for a 8bit adder.

& Virtuoso® symbol Eator L Editing: a NAME bER symbol - U ox

cadence| Launch File Edi Options Window Help cadence

(=" § % 0@ %X O X ¢ R-7T-2-F-]Q Q & §
cell View e Basic B Direct Text Edit]i¢
B B [ Navigator 753
& FILENAME_PEX ~ I 'spectreText 1

<

BBIT_ADDER View | Lock Gl

8bit_adder 2 symbol edausero@selsrvl.epfl. [Qsearch B~
8bit_adder_1 |8 spectreText |edausero@selsrvl.epfl.ch | ..

me
8bit_adder flat | FILENAME_PEX
8bit_adder_tb

ADDERBBIT_PEX

BIT_ADDER

|FuenavePex |
NAND2

NAND2_2

NAND2_chain

NAND2_chain_tb

NAND2_th

adder_8bit

extracted_addersbit

mirror_adder

mirror_adder finalsize @
mirror_adder_fs_tb

mirror_adder_tb Property E... 78X

— - mouse L: mouseSingleSelectPt() M: deToggleAssistants() R: schHiMousePopUp()

v" Call a TA to check your circuit with you.

@ Here, you will note that the calibre PEX tool does create as many pins as there are wires. You
can select the instance and press “space” to avoid naming them by hand. And then, with the
“I” key, create a bus label (e.g., A<0:7>) that you attach to a single wire, to make all these
wires a bus again. Also, note that you could create a wrapper cellview in which the wires are
connected to a bus.

QUESTION 3-6: Explain with your own words what does a PEX does.
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QUESTION 3-7: what does the resistance and capacitance filter means for the precision of the simulation?
Describe the trade off.

QUESTION 3-8: Metal corners exist. In the lab, we make you use the typical corner. How do you think
parasitic metal corners are being defined ? hint. They consider capacitance and resistance.

3.6. PoOST LAYOUT (EXTRACTED) SIMULATION

Throughout this section you will learn how to run a post layout simulation from the extracted netlist.

v Open the testbench you designed for your NAND2 gate.

v' Import the NAND2 PEX cell and connect -it to the same inputs A and B. connect a 10fF
capacitance to the OUT and OUT PEX signals. Do NOT connect them together !

@ Small tip: select the instance and press spacebar. Virtuoso will automatically create wires with
corresponding labels. This is really useful when dealing with big instances that have many

input-ouputs. Just rename the labels you need to rename.
Eiiparen

¥ & Gl§ Open Test Editor...
¥ & Pal gpen Design in Tab

25 Col ) 4d Analysi

Docu Add Analysis...
setur] Create Test Copy

_IRelialj Delete

_IChecd potes...

Delete Notes

Job Setup...

Clear Job Setup

Pre-Run Script...

Design...
Load State...

e Simulation...

Data | Hig M

_Run Sun| ~

1 Test
»1 Point g
¥ 0 Comnel =
» Nominal

i »
e —

MDL Control..

Open your ADE XL view for the testbench (NAND2 _tb).

You must tell ADE that he will have to look into both the schematic view and the spectreText
views. Right click on the transient test you will run. In the dropdown menu, select
Environment

v Add spectreText in the first position of the “Switch View List”. Click OK. Be careful with the
capital letters, make sure you have it properly written.

v
v
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X Environment Opticns - m} *

Switch View List | spectre cmos
Stop View List spectre
Parameter Range Checking File

Print Comments _ Name Mapping _ Subcircuit Port Connections

v’ Setup your test outputs and run the simulation.

&~ % |% 025 d e

Test | Name | Type | Details | EvalType | Plot|Save
EDATP:NAND2 th:1 A signal /A point ¥
EDATP:NAND2_th:1 B signal /B point » _
EDATP:NANDZ th:1 ouT signal JOUT paint ¥
EDATP:NANDZ2 th:1 OUT PEX signal  /OUT_PEX point ¥

v' Zoom in the plot outputs to see the difference between the pre and post-PEX simulations. What
do you observe ? why is the NAND2 PEX cell slower ? here the difference looks small, but
when simulating a larger circuit, you should expect much more parasitic-induced delays.

@ In order to observe internal nodes inside the extracted cell.
You need to tell the simulator to save all the signals so that "T———
you can observe them in the wave viewer. In the data view, [Z.% € Test

Tl

Data View

50/54




double click on the transient test you want to run. Then select outputs>save all... tick “all” and
click ok. Close the test editor.

g X Save Options - O X
Session Setup Analyses Variabled Rell{lcl fSimulation Results Tools Help cadence| save Options
@l i 27 & = & Er setup Select signals to output (save) _ none _ selected _ Ivipub _ vl _ allpub
Delete x| = -
: : = % || Select power signals to output (pwr) _ none _ total _ devices _ subckts _ all
Design Variables | import ents | oo
oo Name | value ]l export Rl | setievel of subcircuit to output (nest
1:Tsim . . L
2 period ™" Send To Expression Editor » [ | select device currents (currents) _ selected _ nonlinear _ all _ none
3 vdd To Be Saved » 3
] To Be Plotted 3 0 Set subcircuit probe level (subcktprobelvi)
Save All ...
G| sestactmmint s Gaepsben) yee o
A Select AHDL variables (saveahdlvars) _ selected _ all
==l| ~Pcell OP Parameters Save Ontions

@ After running the simulation, in the wave viewer. Select the browser mode in the top right
corner. And then in the left panel, a hierarchical view of all the signals will appear. You can
dive down into it, and plot the signals you need.

ﬁ Virtuoso (R) Visualization & Analysis XL: EDATP NANDZ_tb adex! — O ot
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
F-B-E el ¢ w0 mn X008 QR el famiy BRI
/ R= Subwindows:; 1 n m B &, [Data point 7 ||| Browser B= ﬁ:o

[ Browser 78X || EDATP:NAND2 th:l I Basic

Append nlz_’ 2 5 B »
2 X {5 | &
.16/psF/EDATP:NAND2_tb:1/psflig =

& O ...5/1/EDATP:NANDZ2_tb:1/psf
23 ...6/1/EDATP:NAND2_th:1/psf
& B ...psT/EDATP:NAND2 tb:1/psf
B-F= tran
LBl E

1 x_PM_NAND2%A
[0 x_PM_NAND2%B ||
1 x_PM_NAND2%GND

[0 X_PM_NAND2%VDD

[0 x_PM_NAND2%Y

2 tranOp

3 model hdl

Signals | Search

1 x_PM_NAND2%A
3 x_PM_NAND2%B & N_VDD_MI
[ x_PM_NAND2%GND & N_VDD_MI
[ x_PM_NAND2%VDD & N_VDD_MI
[ X_PM_NAND2%Y & N_Y_MM1_
_A_MM1_g & N_Y_MM2

m
=
(=4
I#—
=
=
S
o

Trace Info  Browser
mouse L: M: R:
6091 Trace: /A (Tsim=2e-08): Cantext: /home/edauser0devisse/edalabs 65 2021 2022/class/edalab?021 test/cDs Viso/simulation/EnaT N
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4. DESIGNING 2-TO-1 AND 4-TO-1 MULTIPLEXER GATE (OPTIONAL)

<

Open the schematic of either a MUX21. Launch the Layout XL and design the layout for your 2-
to-1 MUX schematic.

Using the 2-to-1 multiplexer layout, create the 4-to-1 multiplexer layout.
Open the MUX 4-to-1 schematic and launch Layout XL.
Instantiate all the MUX 2-to-1 layouts and connect them properly.

Launch the DRC and LVS checks to verify the design (you do not need to run a PEX for MUX 4-
to-1).

D N NN

Here are some guidelines on how to design the MUX 2-1:

- Define a height for your cell. Try to take the same for all the cells. It will help you making the final
abutment.

- You can start from the dimensions we propose in the design of the NAND gate.

- Make a drawing ! don’t jump on the layout editor. Take pen and paper and draw a draft of how
you would see it. If TAs are available. Propose them your drawing.

- Avoid stacking PMOS or NMOS. Put the PMOS next to each other and the NMOS next to each
other.

- When possible. Try aligning the gates between the NMOS and PMOS.

o For e.g., the input inverter here is easy to align.

o Inthe second stage, gates controlled by A and B are easy to align. Though you would need
to cross wires for S and S _INV. There is not much you can do there. Alternatively you
could align S and S_INV. And manage for A and B.

o Don’t be too greedy with density. It will take too make your design harder.

- Tons of optimizations techniques can be used. Have a look at the layout from the
UMC65LL UMK65LSCLLMVBBR BO03PB standard cell library. These are extremely dense
designs, though some of the tricks applied there can be useful.

- More guidelines will be available in the project document for the layout of the 8bit adder.

5. PROBLEMS, SOLUTIONS, ALTERNATIVE APPROACHES

5.1. INSTANCES UNBINDED

It can happen, and WILL happen, that your instances get “unbinded” between the layout and the schematic. This is
related to Layout XL, which “connects” (binds) instances between the layout and the schematic, in order to help you
do the layout. Though, if instances get unbinded, then the tool gets confused and complains about nets or instances
being incorrect. The bindings are automatically created when you “create from source”.

This problem typically happens when you :

- Flatten a transistor. At this point, instance binding are being lost.
- Invert two instances which were supposed to be connected differently.
- Reverse one transistor by inverting drain and source connections.

These situations are NOT problematic, though, as the tool assumes you use its features, it will get confused
and mess with your design experience.

Two possibilities arise :
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1- For simple designs , sometimes, help from the tool is not mandatory, if you know what you are
doing. You can simply use Layout L (instead of XL) which does not feature instances binding.
Though it does also not feature “create from source”. For e.g., you could use XL to automatically
create the instances, and then switch to L.

2- You can correct the binding. Click on the “define device correspondence” button.

Define Device Correspondence Gl

Filter: /Al Instances B
[Schematic ~ | [Layout -
B- & Top B 1 Top
@ Mo -@ NMo
2 M1 @ pmo

) M2 @ PM1

Net Classes
Names

+ [u]
Navig... =~ Property E...
8 o B3 B el
2 oe@go TR %Y
Iimouse L: mousesingleselectPt()

Update Layout Instance
v Name Parameters

Bind| Unbind Deselect All

[ Close JRNEETED

The new window allows you to unbind wrongly binded instances and connect them properly.

This can be done at various level in the hierarchy. And while it could sometimes be useful to disable
the binding inside a small cell design, it is always useful to correct the binding on a higher level of
hierarchy. This can help you figuring out where do each wire is supposed to be connected to.

5.2. MARKERS

Unbinded instances will trigger markers in the virtuoso environment. Even if the problem is solved these
will not go away.

An easy way is to clean markers with the following approach:
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WCDﬂnectiviw Options Tools Window Quantus Floorg

e BT -

Selection Find...

Delete
Delete All...

1": Application Readiness Checker...
Design...
Integrity...

Verify>Markers>Delete or Delete All...
The Delete button allows you to select the markers to remove, while Delete All... is more generous

Note : This feature is accessible in ic_studio, the latest version of virtuoso.

5.3. NETLIST AND EXTRACTION

Parasitic extraction is a good exercise to understand what happens behind virtuoso. In this lab, we purposely
make you use a netlist on the output of the PEX. Though, other approach exist which enable you to directly
import a schematic-like view on virtuoso. Further more advanced techniques will be explored in the
advanced vlsi design EE-490b in the next semester.
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