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Module Objective

In this module, we will learn how to:
» add the dummy devices and understand the purpose of the dummies
 place the devices in a way to achieve less overall area
« draw the bulk of the transistors
« connect the components using different metal layers

cadence



2D AMERICAN
| z) UNIVERSITY
“x'f\ aﬁu;i \‘:j OFBEIRUT

1. Adding Dummy Transistors
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1. Adding Dummy Transistors

« From the Library Manager, open the schematic view of the cs_amplifier cell.

Library Manager: WorkArea: /home/user/cadence0l

= o x

File Edit W¥iew Design Manager Help

cadence

& Show Categories __ 5how Files

Library

v M-

Category Cell

n‘-

-l'-;} amplifier_common_source ¥ -l'-;} cs_amplifier - -l'-;} schematic

-

US Bths nmaos
aExamples

ahdiLib

analoglLib

basic

View A|Ln|:l;|

maestro

[~ schematic ||

symbol

pmos
testbench

bmslib
cdsDefTechLib
Epdk045
mix5ig

models

Size |
8k

33k |

24k

Messages

Log file is "fhome/userfcadencedl/libManager.log”.

|

|IJ'b: amplifier_common_source |Free: 386.30G
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Adding Dummy * In general, all the devices have to be “matched” in order to have a layout that meets the

Transistors

specifications.

Layout MXL Layout Design Engineers use different techniques to make the devices matched in a
Overview design.
v
Generating the One of the methods used is the addition of “dummy” devices. These devices are not part
Components of the design (in our case the CS Amplifier). When used correctly they influence the
v performance of the circuit, meaning our specifications are most likely to be passed
Placing the (however this is not guaranteed).
Components
! According to the placement of the main devices that are part of the design, the number
Routing the of dummy devices are differed.
Components

In our case, we will add 6 dummy transistors and 2 dummy resistors.
First, we have to modify the schematic by adding the dummy devices.
In case of a transistor, a dummy must have the same width and length.
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3SRt 1. Adding Dummy Transistors (continued)

Adding Dummy + Select the left PMOS transistor. To copy the transistor, either right click and choose Copy
VEmSEiee or use the bindkey C.

Layout MXL * The connections of the Gate, Source, Drain, and Bulk are connected to vdd.

ayout | | | . .
- » Place and wire the copied transistor as shown in the figure.

Generating the
Components

v

Placing the
Components

v

Routing the
Components
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1. Adding Dummy Transistors (continued)

Select the copied transistor, and press Q to open the Edit Object Properties.
Change the Gate Connection to Bottom and the Multiplier to 2.
Make sure the S/D Connection is set to Both.

Edit Object Properties

Add Delete Modify
CDF Parameter Value Display
Madel Name g45plsvt G -
Multiplier 2 of |3
Length 450 M G -
Finger Width 3.00u M LA - =
Total Width 30.9u W G -
Fingers 10 Pﬁ_n
Folding Threshold 10u M CL - |
Diff Cont ~ of K3
Gate Connection LM off n
Use DEM Rules Minimum LA -
S/D Metal Width BOn M G -
/D Connection LM off n
Switch /D w of K
Bodytie Type LM (e n
Frlit Area & Perim L - [
m Cancel Apply Defaults Previous Next Help
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1. Adding Dummy Transistors (continued)

« Select the right PMOS transistor, copy, and wire it as shown in the figure below.

 Also, select the copied transistor and change the Gate Connection to Top, the
Multiplier to 2, and make sure the S/D Connection is set to Both.

”g-‘q--El ul 15wt - h akEn e
_{ I:__: w=41.51 W
-45n

Property

Edit Object Properties

Value

Library Name gpdk045 ' of
Cell Name pmos 1y ' value n
View Name symbol ' off
Instance Name PM3 of n
Add ' Delete Modify
CDF Parameter Wal Display
g45pisvt
Multiplier 2
Length 45n M
Finger Width 4.16u M
Total Width 41.6u M
Fingers 10
Folding Threshold 10u M
Diff Cont v
Gate Connection Top n
_-—
-« I
m _Cancel ,  Apply , _Defaults Previous _ Mext
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1. Adding Dummy Transistors (continued)

« Select the NMOS transistor, copy, and wire it as shown in the figure below.

 Also, select the copied transistor and change the Multiplier to 2. Make sure the Gate

Connection is set to Bottom, and the S/D Connection to Both.

CDF Parame ter

Multiplier
Length

Finger Width
Total Width
Fingers

Folding Threshold
Diff Cont

Gate Connection
Use DFM Rules
5/0 Metal Width
5/D Connection
Switch 5/D
Bodytie Type

Edit Area & Perim

Edit Object Properties

Value

g45nisvt
2

45n M
2.145u M
21.45u M
10

10u M

g
Bottom n

Minimum n

60n M

gon @

Mone n

1.716p

Display

Cancel

_Apply _Defaults | Previous | Next

_Help

cadence



2D AMERICAN
\ %/ orBEIRUT

Adding Dummy
Transistors

Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

z} UNIVERSITY

v

Routing the

Components

1. Adding Dummy Transistors (continued)

» Select the resistor and open the Edit Object Properties form.
« Make sure to select the checkbox of all the parameters shown in the figure below. Click

OK.

e Check and Save the schematic.

Edit Object Properties x

|

=1
E

Segment Width T.5u M

=

zment Lengt 995n M

E

Effective Widt 1.5u M

=

Effective Lengt 995n M

E

Left Dumrmy

Right Dummy

K K |
=1

E

Contact on Durmrmy

=

ebbbbhbbbbbbbRak

Contact Rows

=
E

Show Tap Params

E

Left Tap

Right Tap

E

Top Tap

K K K K Kk
=1

=

Bottom Tap

E

Tap Extension

=

End Resistance 0 Ohms

Sheet Resistivity 650 Ohms v

m Cancel Apply

Defaults Previous Mext Help

Note that
enabling Left
Dummy and
Show Tap
Params will
cause the
parameters to
appear if they
are not
already
displayed.
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2. Layout MXL Overview
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2. Layout MXL Overview

« Before designing the common source amplifier, it is important to explore the tool Layout
MXL to be acquainted with the toolbar and the features.

» Under Launch, click on Layout MXL.

« The Startup Option will pop-up, click OK to proceed.

« The New File form will pop-up, click OK to Launch the Virtuoso Layout MXL.

mEile Edit View Cre

ADE Explorer

ADE Assembler
Layout XL

T BT T

[ Layout EXL
Layout 5iF with Template
Layout 5iP
Schematics L

Schematics XL

Pcell IDE

Power Manager

Plugins L

Startup Option

Physical Implementation Startup Options

Layout

& Create New ' Open Existing

Configuration
« Create New ' Open Existing

& Automatic

Help

[ New File ~ X

File

Library amplifier_commaon_scurce n
Cel [es_anpLiticr |
View layout

Type layout n
Application

Layout MX

Library path file

Shomefuser fcadencel1/cds . lib

m Cancel Help
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2. Layout MXL Overview (continued)

« The black canvas is where we will place the components and wire them using the metal

layers from the Layer Selection Window (LSW).

E{] Virtuoso® Studio Layout Suite MXL Editing: amplifier common_source cs_amplifier layout

A - 0O X

Launch File Edit View Create Verify Copnectivity Options Tools Window Quantus Plan Place Route Concurrent EAD Module Pegasus Help

Drop-down lists

cadence

3@ L » I 2 Am o» % 2 ||Classic n

Rk el O PER » | (Rselecto seivyo Seiqo Seio Y 119950 X

¥ Toolba

Off
Dist:  Crd: ﬂ v n v

Valid Used Routing

Ny * AS * NS »

epdk045
gpdk045

Selection

BT
Oxixe ey
E Oxide_thk  drw
Poly drw
Fimp drw
[ vt drw
[ vt !

> Instances ¥ ¥

Objects | Grids

Layers

Filter | & M~
FATR

Layer -

Objects Rl oo
Objects

EIEX AR E AL EY B 1N
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2. Layout MXL Overview (continued)

« Below are some of the most frequently used features:

L, Align

- [ Copy (C)

- [l Stretch (5)

X Delete

- " Repeat Copy

Q Edit Properties ()

- [ Align

Align Left

Align Vertical
Align Right
Align Top

Align Horizontal

L e 17

u

| & | & o5

Align Bottom
Align Spacing
= |.... Align Spacing Value
Orthogonal Spacing
. Orthogonal Spacing Value
- leAlignlayerTh
L, View

- Rotate

- 40 Rotate Left

- &l Rotate Right
- =5 Flip Vertical

-~ /& Flip Horizontal

- & Zoom In {Ctl+Z)

- = Zoom Out (Shift+Z)

. [, Zoom to Fit ()

[ Zoom to Selected (Cul+T)

- () Properties
L, Create

- % Create Group

- 3% Ungroup

:E Create Instance
ﬂf Create Label

- =@ Create Pin

- B, Create via (O)
-], Create wire
ﬁ Create Bus

L, Optimize

Generate All From Source
Generate Selected From Source
Generate Selected From Layout

-
&
L}
=
E.‘ Generate Clones

Update Clone Families
% Generate Chained Devices
Generate Folded Devices
Place AsIn Schematic
Check Against Source

i Update Layout Parameters

s

_ Update Components and Nets
&
=

- ¥, Update Schematic Parameters

- o8 Define Device Correspondence

- &% Extract Layout Connectivity...

- [l Annotation Browser...

- #F Show/Hide Selected Incomplete Mets
m\a ShowfHide Commaon Incomplete Nets For Selected Instances

& Update Binding

_“" Backannotate All Dummy Instances

- 1@ Execute Flow
-~ 1¥ Preferences
- 10 Browse Constraints

* Note that you
can add the
Align feature
in the Toolbar.
From the
drop-down list
of Window,
select
Toolbars 2>
Align.
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Adding Dummy « We will draw a rectangle and learn how to adjust the size by using the Full Select and Partial Select features
Transistors from the Toolbar.
» Select Metall from the LSW.
Layout MXL : :
Overview « From the drop-down list of Create, select Shape - Rectangle (or use the bindkey R).
« Draw a rectangle of any size.
Generating the * Notice when you select the rectangle, all the edges of the rectangle are selected. This is because we are in the
Compf“e”ts Full Select mode. Notice in the toolbar the icon |/ .
Placing the
Components Launch File Edit View Create Verify Connectivity Options Tools Window Quantus Floorplan Place Route PVS Help (édence
T IEEdlo ¢ % 0 @EXEQRID %= ® -|Q Q & »cssc [ or B
- [}, oM |Gl &w 0 'E.1 B, v - -| FiSelect:1 Sel(N)0 Sel(l)}0 Sel{O):1
Routing the B P LT ST D e
Components Layers 8 x|
v Valid _ Used __ Routing

Filter, Q B-
Il etal1 drawing B

AV v NV w AS v NS w

Name | Vis | Sel |

| Layer |Pu.|V|S

Cont drw & il
Metall drw W ZI‘J
Vial drw &
Metald drw &
T iz Arw o
Objects f X
Objects | V|5 | o
- Instances v v

Objects | Grids
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2. Layout MXL Overview (continued)

* Click on the icon Full Select|_ﬁl’t;s once to change the mode to Partial Select|ﬂ & .

* Now if you hover over the rectangle, you can notice that you are able to select an edge.

Generating the
Components

v

Placing the
Components

v

Routing the
Components

I=N==N
%S % Q0 0By

o

Y |

e 0 [ ¥ O R - Ao mos | QW

» ||| Classic n > |fo n
- » || % B & -

{P)5elect:0 Sel(Nx0 Sel{l):0 Sel[O:l:[J| b5

Layers 8 x
& Valid _ Used _ Routing
Filter) Q n -

iMetaI‘I drawing n

AY * NY w A5 w NS w

|V15|Sel|

+ || -

+ | -

2| layer |Pu.| V| 5|

Cont drv W =
Metall drw |
Vial drw & &
B 1etaiz drv W W

T wiaz AL Y

Objects 8 x|

Objects (M]3

i Instances ¥ W

il

=

Cbjects | Grids

| of: 2 00 R e a1 I = B B B @ R

:E: SO i B E CE o Al E R IR

Prefel: Rect Layer(Metall drw) Width(30.5100) Height(20.1750)

imouse L: mouseSingleSelectPt)
209 | >

M: _lebSelectCBI)

R: _IxHiMousePopUp() .

| Cmd: D

cadence



D AMERICAN

Adding Dummy
Transistors

Layout MXL

Overview

Generating the
Components

v

Placing the
Components

v

Routing the
Components

2. Layout MXL Overview (continued)

* Click on the icon & from the Toolbar to Stretch the rectangle.
* You can also choose Edit = Stretch or use the bindkey S.

» Click on an edge once and move the mouse pointer to adjust the rectangle.

* Left-click to confirm the modification (or press Enter).

Virtuoso® Layout Suite GXL Editing: amplifier_common_source cs_amplifier layout * - o X

Launch File Edit Wiew Create WVerify Connectivity Options Tools Window Quantus Floorplan » (éden(e
I m s ¢ld 0 @ X B0 »I7% »IK > s B> o =
N P N 0 Ev 3] B & - » | eseecs »

Palette 78X
Layers 81X
¥ Valid __ Used __ Routing

fies O, B- K
. Metal1 drawing n *

AV v NV v AS w N5 v BN

Name | Vis | Sel |

- | Llayer |Pu.|V|S5|
Cont drw W W =

Objects & x|
Objects | V[ 5|
- Instances v W

Cbjects | Grids

_---ﬂgﬁaﬂ”ﬁ”i&ﬂ*elllﬁ.“.
_...E-E@-qg\,,mm*iéuﬂ“!gm - %ER

Select: Rect Layer(Metall drw) Width{50.5100) Height{20.1750)

(=

mouse L: Enter Point I:

R: Pop-up Menu '
Cmd: Stretch D

2(3) | Paint at the new location for the stretch:
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Adding Dummy « Another important feature is the Create/Edit Snap Mode.
Transistors ~ —
2 b Wl eld 0 WX EQERY
Layout MXL 1%, <3 8 o %@ &l D1 98 Ay G - » | 3 ]

Overview Palette Create/Edit Snap Mode: Diagonal
Layers & Xl
Generating the * There are three choices:
Components : —
p¢ — Diagonal £
Placing the e
— ngl
Components AnyA gie —%—
v :
Routing the — Orthogonal Ziz
Components . : r—
P  Click on the icon .~ to change the mode.

« Click on the icon Move | s from the Toolbar (Edit - Move or bindkey M).

« Select the rectangle and try to move it by changing the Snap Mode.

* Notice when Diagonal is selected, the rectangle moves diagonally, up, down, left, and right.
* When Any Angle is selected, the rectangle moves in any angle on the canvas.

* When Orthogonal is selected, the rectangle moves up, down, left, and right.

- Close the Layout view without saving. cadence
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3. Generating the Components

* Open the schematic view of the cs_amplifier cell.

« Under Launch, click on Layout MXL.

« The Startup Option opens, click OK to proceed.

« The New File form opens, click OK to Launch Virtuoso Layout MXL.

o))
mEue Edit View Cre

ADE Explorer

ADE Assembler
Layout XL
n Layout EXL

Layout SiP with Template

LLO7 0 I~

Layout SiP
Schematics L

Schematics XL

Pcell IDE

Power Manager

Plugins 3

Startup Option X

Physical Implementation Startup Options
Layout

& Create New . Open Existing

Configuration
« Create New . Open Existing

&, Automatic

[ ok JEN Help
—_— & e

- New File A
File
Library amplifier_common_source n
Cell fes_amp1itier
View layout
Type layout n
Application

Library path file

/home/user/cadence01/cds.lib

o J

Help
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3. Generating the Components (continued)

* We need to generate the components from the schematic.

* Click on the Generate All From Source icon located at the bottom left.

* If you received the message “This command will delete all constraints, wiring and instances in
‘amplifier_common_source cs_amplifier layout'. It cannot be undone. Contlnue’P” click Yes to

proceed. This message means you had previously saved the rectangle that we drew while

exploring the tool.

* The Generate Layout window opens, uncheck the PR Boundary and click on the I/O Pins tab.

Eﬂ Virtuoso® Studio Layout Suite MXL Editing: ar

Launch File Edit Miew Create Verify Connectivity Options

Tools Window Quantus Plan Place Route Cor

=Nca=) ¢ld 0 @ X 20 BB »|%2® »|Q »]¢

%R % it;gklk«"lf*lﬂlu% -l

Palette 7 E X

# Valid _ Used _ Routing

||| (P)5elect0 Self(N)0  Sel(l):0 SEI[O!0|X -6.6550

fier Q .

AV » NV v AS v s~ [ R

gpdk045

el

Objects s
i»---ln_ta ces ¥ ¥

+| - -

Objects |

Generate Layout

enerate | |/0 Pins _ Floorplan
Generate

& Instances
— Chain __ Fold

~ /0 Pins
_ Except Global Pins

Position

Minimum Separation 0.12

Device Correspondence

_ Preserve User-Defined Bindings

Connectivity Extraction

& Extract Connectivity after Generation

Design Planning
— Virtual Hierarchy

~

x

{
™

Cancel Defaults He!

« The black
window of the
layout is
where we will
be placing the
components
and
connecting
them.
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3. Generating the Components (continued)

« Change the Layer to “Metal3 pin” from the drop-down list and click on Apply.
* Notice that the Layer column for all the pins is now of the type “Metal3 pin”.

Generate Layout A X

Generate | /O Pins | PR Boundary | Floorplan

Specify All or Selected Pin Values
Layer: Width: Height: MNum:

[B] Metai3 pin IJ 0.08  0.08 1 i hpply
Specify Pins to be Generated
Term Name - |NetName |Layer Width  |Height |Num |
Vin vin | [l Metal3 pin 0.08 0.08 1
ground ground | [l Metal3 pin 0.08 0.08 1
out out| @] Metal3 pin 0.08 0.08 1
wdd vdd | [@] Metal3 pin 0.08 0.08 1
Pin Label

__ Create Label As ® Labe|

m Canral Mafanlits Haln

We must
change the
Layer of each
pin according to
the connection
Layer it will be in
contact with.
Also, we must
change it to
“pin”, otherwise
we will
encounter errors
later when we
run the Physical
Verification
Systems.
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Generate |1/O Pins}| PR &ol

Layer:

Generate Layout

indary | Floorplan

Specify All or Selected Pin Values

Width:

Height:

3. Generating the Components (continued)

« Select “Create Label As”, choose “Label”, and click on Options.
« Change the “Set Pin Label Text Style” form as shown in the figure.
 Click OK to close the Set Pin Label Text Style form and the Generate Layout form.

Set Pin Label Text Style

v

Routing the
Components

i 0.08

B wetal3 pin ' _ApRly
Specify Pins to be Generated
Term Name - |Net Name |Layer Width  |Height |Num |

Vin vin . lMetal3 pin 0.08 0.08 1

ground ground | [] Metal3 pin 0.08 0.08 1

out out| @] Metal3 pin 0.08 0.08 1

wdd vdd | [B] Metal3 pin 0.08 0.08 1
Pin Label

W Create Label As & Label ' Text Display Options...

Height 0.1
— Auto
Fant ramian
Text Options ¥ Drafting
— Dwerbar
Layer Name | text

& Same As Pim

Layer Purpose . [drawing

® (Same As Pin:

Justification centerCenter

Orientation (RO

L

 Note that it is

important for
the Label to
have the same
Layer as that of
the pin,
otherwise we
will encounter
errors when we
run the
Physical
Verification
Systems.
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3. Generating the Components (continued)

« The components are now generated and placed as shown in the figure below.
* The pins are located at the top left of the canvas.

Eﬂ Virtuoso® Studio Layout Suite MXL Editing: amplifier common_source cs_amplifier layout * A - O X

Launch File Edit View Create Verify Connectivity Options Tools Window Quantus Plan Place Route Concurrent EAD Module Pegasus Help (aden(e

(i ™ |°%° 0 @ ¥ 8O |E|&) » :"3 e W » [ » | crassic BE [z=5|0 o n
L—% j""'Ti g Ve OSI% iﬁ EHKLPI EI EI @ » || (P)Select:0 Sel(N}0 Sel{l:0 Sel{0)0 |)c 95650 ¥ -0.8850  dX 406400 dY 27.6500  Dist49.1542 Cmd: v| ""; || n| i‘/ v| @

Palette 7 E X
Layers 82X

¥ Valid _ Used __ Routing
Filter) Q [~
. Metal1 drawing n

A v NV v AS v N5 v

b gpdk045 )
Name | Vis | Sel |

+ - |+
o layer  JPu.| V| 5]
[ Pivt drw v [E

Objects 8 x|
Objects [
i Instances v ¥

Objects | Grids
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« Select from the toolbar, Options - Display (or simply press E on the keyboard).
« Enable Pin Names and Enable Dimming.

Generating the

Components

Display Options

Placing the
Components

v

Routing the
Components

# EIP Surround

# Pin Mames

— Dot Pins

» Net Expressions

__ Stretch Handles

— Via Shapes

— Transparent Group

— Group NMame Only

__ Traversed instance BBox

— Array lcons

 Label Origins

—_ Use True BBox

—_ Cross Cursor

—_ Row Name

__ Row Site

» Dynamic Highlight
 Dragged Object Ghost

__ Selection Hint

= __ Current Level PR Boundary

Scroll Percent 25

Instance Drawing Mode BBaox

Path Display Borders and Centerlines

Set LPP Visibility Mode Do not check validity

Show Name Of s instance & master . both

Array Display

% Full
« Border

' Source

Display Levels

Start 0

Stop O

m Cancel Defaults Apply

Major Spacing 5
X 5nap Spacing 0.005

¥ Snap Spacing 0.005

Resolution

Medium
I

&)

Snap Modes

Create diagonal

Edit diagonal

Display Abstraction Controls
— Merge Shapes

cope (Pcells

— Slot Shapes

Dimmine

Scope |none
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Adding Dummy » Below is a zoomed in view of the pins. Notice the label on each pin.
Transistors

!

Layout MXL S @l ¢ld 0 ExX @0 ER|IY % 5 Q Q& E o BS & o 3
Overview —[E g‘_‘,l ¢?7 / Iﬁ"«"' 'tol iy :J;% Ny B ~ o || 9% | B S ~| (PSelect8 SelfN)4 Selil}0 Sel(O)E [% 23750 ¥ -9.1150
Palette 7E X . . . . . . . . . . . . . . . .
- Layers &)X
Generating the v vaiia _ used __ Routing
ey Qe R~
Components %Nwel.mawmg -1

AVvMNSv

ﬁne | vis | Sel | §
Placing the 1))
- Layer |Pu..| ¥ |S |- }
Components T ©
Oxide drw o o
¢ [E Oxide_thk  drw &
. B roly drw W W
Routing the Wrmve  dw v
| drw W W
Components W dw v v
Nimp drw W W
[ Pt drw & ¥
I Pt drw W W
Objects &) x|
Objects s
;»---Inﬁtances ~ gi

Objects | Grids
& B3 R sl H
w

25% & RO RS &

ﬁﬁmﬁmﬁam

imouse L: mousesingleselectPt() M: _lebDimmingOptionCE() R: _lxHiMousePopUp() .
45 | > | cme: [l
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3. Generating the Components (continued)

* Press Shift + F to view the terminals of each transistor.
« Zoom in and out using Ctrl + Z and Shift + Z respectively (or the scroll-wheel), to see the

terminals of each transistor.

T o PrTTETETeTIITTS ST T ST =SS e T=T —=j=== — —

Launch File Edit View Create Verify Connectivity Options Tools Window Quantus Floorplan Place Route PV5S Help (édel‘](e

B Edls e|sk O @ X RO E® -~ b e m L 1Q Q & B [|[cessic B& & o B

N ';,,T} g/ 05\1%|k_ib| (v O] E & > |~ h - | @ ~| (FiSelect0 SellNY0 Sel(X0 Sek0)0 [ 104400 ¥ -9.4550

Palette rdll-1b

Layers X

I¥ Valid _ Used _ Routing
Filter| Q B-
.Nwelldrawing n . . . . . . . . . . . CRIEIERIRTT.

AV v NV ¥ A5 ¥ NS w T Ty oo T

MName | vis | Sel | §

s Layer Pu...
MNwell drw
Oxide drw

[ Oxide_thk  drw

Poly drw

[ Pimp drw

[ rinvt drw

[ v drw

Nimp drw

B Pt drw

I Pt drw

]

+
LRk KK KKKRIKE=] 5

Objects

Objects
Instances

< [=

LN e A L G L (8

[0 ) |

Objects | Grids ’ : : : : : . E .
EXEIEE EEYNE] BElEErEeEE
EFEEYYrEEEFrELY T TS 1N

The parameters
have affected
the dimensions
of the transistor,
and the number
of fingers
showed us the
multiple drain,
gate, and
source of each
MOSFET.

Notice how the
tool generated
the connection
between all
drains, gates,
and sources.

Press CTRL + F
to hide the
terminals
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3. Generating the Components (continued)

* In order to make things easier, some useful keybinds are mentioned below:
— To move any object: M
— To draw arectangle: R
— To create a path: P
— To stretch a path: S
— To create a ruler: K
— To delete all rulers: Shift + K

« To get the full list of the keybinds, from the CIW - Options - Bindkeys, and select Layout.

Virtuoso® 6.1.8-64b - Log: fhome/user/cadence01/CDS.log - o x
File Tools [[Elaed Help cadence
[T the bin Save Session.. e 'Update from Source' commands,
otherwise - e - Binding'
INFO (LX-1| Save Defaults.. generation form...
Loading te =
IMFO {LCE- User Preferences... found N
INFO (LCE- File Preferences... —
Log Filter... ol
il
nmouse L: En Bindkeys.. M: Rotate 90 R: Pop-up Menu
1| Select thg Toolbars... D
Fonts...

Cdsenv Editor...

License...

Checkout Preferences...

Checkin Preferences..
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4. Placing the Components

* Itis recommended to have the schematic opened next to the layout.

 When a component is selected in the schematic, it will be highlighted in the layout (the
opposite Is true).

Launch FHle Edit View Create Check Options Window PV5 Help

cadence

U =

oy
Wt T .

Basic n =y @0 E :ﬁ ].[Qt ”” Q- n "Jl

Mavigator

?ﬁlx|

™ OBJECTS

All

Instances
Nets

Pins

Nets and Pins

Schematic
cs_amplifier

S|

Property Editor

[

) instance ﬂ All

.Q
th
nxD|

Model Name
Multiplier
Length
Finger Width
Total Width
Fingers
Folding Thre...

HEEHEHEEHH

2(3)

(various)
1

45n M
{various)
(various)

10

10w M

b

mouse L: schSingleSelectPt()

R
A= I_

- I L] - B '\:{ > 3

R: schHiMousePopUp(

M: _lebDimmingOptionCB{)
cmd: set:4 [J

M Virtuoso® Studio Layout Suite MXL Editing: amplifier common_source cs_amplifier layout * A - O0X

Launch File Edit View Create Verify Connectivity Options EAD Module Pegasus Help cadence

gy dls e “’%& O m % :-B:O ‘D:.‘ » :"s L ®o» \-( » || Classic BE-‘ @0 el n
D% E}g /S G Qﬂkﬁ Ay 0| @ » || (Plsclct4 SeiN0 Sellj4 Sel(0)0[% 23600 Y 43100 dk 406400 Y 276500  DistddA542 Cm:
7 8 X

¥ Valid _ Used _ Routing

Filter, q n X
. Metal1 drawing '

A v NV v A5 » N5 v

Tools Window Quantus Plan Place Route Concurrent

il By-&

gpdk04s
Name | Vis | Sel |
NENE

A
(A

Layer |Pu.| V|5

<
<

EIEX TS FELETEY LA™ 107

If the terminals
are not
generated,
select the
transistor in the
layout view and
from the
Parameter tab,
change the
Gate and S/D
connection as
mentioned in
slides 8, 9, 10
and 11 for the
dummy
devices, and for
the actual
devices check
Module 2 slide
63 and 64.
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Adding Dummy - Similarly, when a net is selected in the schematic, it will be highlighted in the layout as .« Schematic-
TranSJStors shown below. driven layout
Layout MXL feat_ure, is

available in

Overview Virtuoso® Schematic Editor XL Reading: amplifier_common_source cs_a.. — O X
= Taunch Fle Edt View Create Verfy Conneciviy O Tooks Window 0 Floorplan Place R VS Hel 1
¢ I__EUHCh Elle Edlt EIEI‘I‘I Ereate ChECE DEI:IDHS Hlndow P‘JS ﬂe.lp c a d e n c e aunc ile I ew reate erl onnectvity ptions ools indow uantus corplan -E(E : DLI(E- elp ca d e n ( e | VI rtu OSO
= s dile e |"%" 0 % = Q@ =] » :'E e o o» G & & E\E"\ Classic n':f\_'_‘ = H
Generatlng the \ g = i N i = L »” bl »” » I"v-h '%T}g / Z°51§|C£| _E\ EI EE ~ > || 3% ~| '\ Tk ~| (FiSelect0 SelfN}1 Sel{lj0 SeflOk0 [X 25200 ¥ -85750 ») Layout MXL_
Components Q-0 - Bssic BE G B0 1y »[la f - [ e It highlights
Navigator il =) X| ¥ Valid _| Used _ Routing
; Fiter) Q B - h
PI . th Sc:r:nn;ﬁﬂ:: .Nwelldrawmg n W ere to
aClng e = AV v NV v AS v NS v
T - Nome Ve 5 connect each
Components A o _
e i — or component in
Nets 3 Nwell drw v w|=
Pins 4 Cide drw  w ¥ th I t
Routing the s T i W o con 2 e layou
D .Pimp drw W -
Components B o v v view
Property Editor all =) X| I ot dw ¥ ¥
Nlmp drw W
1 wire segrn Attributes n [ Pt drw ¥ ¥
- - [ drw v v
MNet Name netl 2y = 5 x|
Signal Type  signal Objects s
Min Voltage 0 Instances w !i
Max Voltage 0O = Objects | Grids
EERNR il O S EYHE s HBE>HERBZ » F
Points (various) 26 . 5 o B 28 W [ e Bk
=4 & & f e Ty BB o g
Colar [ cad... i - E] SRS '.E _ q] é = R i
. moussls SChSLng|ESE|ECtPt“ 55 SChHiStI'EtCh[J B SChHiMDUSEPOPUP“ mouse L: mouseSingleSelectPt() M: (_drdDeferredTextboxCB) R: _IxHiMousePopUp()
23) cmd: Sei:3 [l | > | cme: [
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4. Placing the Components (continued)

* In order to move any devices in any angle around the canvas, click on the icon (from the
toolbar) 2. once to make it as such # (14 & & # %91 21 0 B %8 o)

» Always select the transistor in the schematic to know which one it is in the layout.

« Select the NMOS from the schematic. It is now selected in the layout. From the Layout
MXL, select Edit > Move (or press “M” on the keyboard) and move it downwards (shown
next slide).

« Select the resistor, press M and place it above the NMOS.

« To create a Ruler, press K on the keyboard, and make sure the distance between the
NMOS and the resistor is 1 um.

« Select the left PMOS from the schematic (the PMOS that is part of the actual design). It is
now selected in the layout, press M and place it above the resistor. Make sure the
distance between the resistor and the PMOS is 1 pm.

« Select the right PMOS from the schematic (the PMOS that is part of the actual design). It
IS now selected in the layout, press M and place it above the PMOS. Make sure the
distance between the two PMOS transistors is 0.5 um.

Note that you
can zoom in
and out
using your
mouse
wheel. Also,
you can click
and hold on
your middle
mouse
button to
move around
the canvas.

cadence
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Adding Dummy « The steps that were mentioned in the previous slide are shown in the figure below. * Note that you
Transistors ] _ _ can select
T » The rest of the transistors are the dummy transistors. We will place each dummy each dumm
Layout MXL transistor on both sides of the actual corresponding transistor. aummy
Overview transistor in
1 the
Generating the schematic to
Components make sure
_ which one it
Placing the is in the
Components
layout.
Routing the _
Components * Another quick
tip is to press
F to zoom in
an absolute
scale the
current
window
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Adding Dummy - The measurements must be precisely as indicated because this is very critical. « Make sure
TranS|St0rS . that the tlp Of
T « Make sure you use the ruler correctly, and take extremely small, precise the ruler is
Layout MXL measurements. |
Overview always
v exactly on
Generating the the edge of
Components any
component
Placing the when
Components measuring
Routing the the distance.
Components

cadence



(723 AMERICAN
' / orBEIRUT

Adding Dummy
Transistors

!

Layout MXL
Overview

v

Generating the
Components

Placing the

Components

Routing the
Components

4. Placing the Components (continued)

* Notice that the right PMOS, left PMOS, resistor, and the NMOS are not vertically aligned. We must
align them vertically because it will ease the routing (i.e., the wiring).

 In order to Align the mentioned transistors vertically, from the toolbar select Window - Toolbars -
Align.

Launch File Edit View Create Verify Connectivity Options Tools M cadence
."" : .‘:]_P‘.E . - |¢%}° II_:] Lﬂf _;R u |% | ii::km:;:Upda:e :4= E‘ @O__"I'ur .
Irh :t'!-l’} I g - onrlkl (ljgl _El E' Enl% ‘%‘i - Workspaces b Chip Assembly Router EI:0  Sel0)0 |?'< 12.0550 »

Palette ey Tabs » | v Create
Layers X | - DRD
¥ Valid _ Used __ Routing

- DRD Compactor
IS - R
.Nwelldrawing n

AY v NV + AS w NS W
Name | vis | Sel | -
+

v Edit

v File

v Foorplanning

Go

Guardring

Layer (Pu.| V|5 [N v Layout XL Toolbar

MNwell drw o W=
Oxide drw & W Metal Density
[ Oxide_thk  drw & & Met Tracer
B Pol drw W W )
. Y sl ¥ Options
Objects =) X| Pin To Trunk
Objects b s Placement
i Instances ¥ ¥ Search

Objects | Grids S
EE SR N i=] BElsmch
BEd @O TS BEF xEE R,

Show Selection Info

5mart Display

€ L <

Status Toolbar
Symbolic Placement of Devices

v View

R: Pop-up Menu '

Jimouse L: Enter Point M: Rota] v WIPVS

* The following icons will be added in the toolbar | = = = & <&
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4. Placing the Components (continued)

 Select the right PMOS, left PMOS, resistor, and the NMOS and select the icon = to
align them vertically.

Virtuoso® Schematic Editor XL Reading: amplifier.common_source cs_amplifier schemati.. - @ X

Launch File Edit View Create Check Options Window PVS Help cadence

[ = = = FF

EQ W »|% 2= »IQ QA8 Iz=3T

B < -

T

Ty -
Ll ¥ Gyl |

B & 6 %

= - : ‘_{ \:\ » ).‘{E—»" |:] L_L_J x .
e R B )14 0| IR E. - » | 5 -

=R » || Classic n»
.

Q - = Basic
dx

(Fselect:7  SeliN):0 Sellk4 Sel(O)3 |X 20.4550 ¥ -30.3250 2.9

7
Navigator 7 & x|

Schematic
cs_amplifier

~ OBJECTS

Al

Instances 7
Nets 5
Pins

Nets and Pins

™ GROUPS
Cells

Types

D ety

Property Editor 78 x|
(o |nstanceﬂ All n
H m Name (various) .
Multiplier 1 =

E Length asnm
Finger Wid (various)

[ Total Width  (various)

Fingers 10 ooy ) R — 58
B Folding Thre... 10uM B <t Lo gl E =2 [ E = Eﬂ al

Diff Cont true

CE. 28 W R B Ct v M kB e R
Gate Conne... (various) T | -.ﬁ i ll?'&il 'l?i- o8 3% @‘ Et} h o |t‘] I—/"l
Use DFM Rul... Minimum

S/D Metal W... 60n M

[ &M Connect... Roth el

mouse L: schSingleSelectPt() M: hiZoomAbsoluteScale(getCurrentWindow() 0.9) R: schHiMousePopUp()
23 | | et cor-a W

M: hiZoomAbsoluteScale(hiGetCurrentWindow() 0.9)

Note that this
step is
important
because later
when we wire
the
transistors,
the
connection
must be in
contact with
the other
transistor.
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Adding Dummy » The next steps involve placing the corresponding dummy transistors on the sides of the
Transl'smrs actual transistor.
Layout MXL » Select the NMOS dummy transistor from the schematic to highlight it in the layout.
Overvi . . .
VeiV'eW  Since the Multiplier of the dummy device was set to 2, we have two NMOS dummy
Generating the transistors in the layout and they will be placed on each side of the NMOS.
Components

« Place one of the dummy NMOS transistors on one side of the NMOS, and the other

[ ——— dummy NMQOS transistor on the other side.
components « Make sure to have a minimum distance of 0.12 um between the NMOS and the dummy

NMOS transistor (Minimum N+ Implant space is 0.12 pum, i.e., between two Nimp layers).

Routing the

Components « Also, make sure not to move the NMQOS transistor that is part of the design, since it must
be aligned vertically with the other devices that are part of the actual design.

« Similarly, select the “left” PMOS dummy transistor from the schematic to highlight it in the
layout. Place one of the dummy transistors on one side of the PMOS, and the other
dummy PMQOS transistor on the other side.

« Make sure to have a minimum distance of 0.12 um between the PMOS and the dummy
PMQOS transistors (Minimum P+ Implant space is 0.12 um, i.e., between two Pimp layers).
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Adding Dummy « Make sure not to move the resistor and the transistors that are part of the actual design. ﬁl?rtn\/\éeg;/;\:vso
Tra”j'smrs « The steps that were mentioned in the previous slide are shown in the figures below. (yellow layer of
Layout MXL  Notice that the transistors are not horizontally aligned. - the N_MOS_
Overview - Select the NMOS transistors, from the toolbar click on the icon | “x to align horizontally. gigssrtr?r) IS
v « Similarly, align the PMOS transistors horizontally. ' '
Generating the _ _ _ . Min
Components « Make sure the distance between the resistor and the PMOS remains 1 pum. linimum
distance
Placing the E’?twelen two
Components IMp layers
(red layer of the
Routing the PI\/IQS |
Components transistor) is
0.12 pm.

« Itis possible to
select multiple
transistors by
holding the key
Shift and left
clicking
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4. Placing the Components (continued)

Similarly, select the “right” PMOS dummy transistor from the schematic to highlight it in the layout.
Place one of the dummy transistors on one side of the PMOS, and the other dummy PMOS
transistor on the other side.

Make sure to have a minimum distance of 0.12 um between the PMOS and the dummy PMOS
transistor (minimum spacing between two Pimp layers).

After placing the dummy transistors, select the three PMOS transistors and align them horizontally.
Make sure to keep the distance 0.5 um vertically between the two PMOS transistors.

Make sure not
to move the
resistor and
the transistors
that are part of
the actual
design. To get
a minimum
distance of
0.12 pm,
move the
dummy
devices closer
to the PMOS
transistor.
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Our goal is to
optimize the

layout,

meaning to

reduce the

parasitic (RC)

effects.

We reduce the
area by

placing the

close to each
other as much
as possible.
This will also
reduce the
parasitic

components
effects.

®
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4. Placing the Components (continued)

* The figure below combines all the previous work.

UNIVERSITY
of BEIRUT
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E) Usiror | 5. Routing the Components
Adding Dummy * We will now start drawing the bulk of the * The body or
H - Laumch  File Edit View LN Verify Connectivity Options Tools Window Quantus Floorplan Place Route PV5  Help [éden(e .
TranSJStorS tranSIStorS. l r l:]"_ ----;;;;-E---------------------------.-- |@ ¥ DE » \;( ¥ -‘j ¥ ____Classic n» "i.DfF H the bU|k’ IS the
Layout MXL « The bulk of the NMOS transistor is made |/ S5 -4 " g E 2 B & - | pseeas sewo sews s » Ath terminal of
. . Palette 74 ¢ .
Overview of P-Tap. We will use what is called a — ;o a transistor. It
T Guard Ring to surround the transistors  |./a" ™ ~"g« . has to be
Generating the automatically. i created
. Name | vis [ ¢ MPP Guard Rin Shift+G H
Compf”e”ts . Select the three NMOS transistors. From T g manually in
e the toolbar choose Create > MMP Guard fgr el o : the layout
aCIng © - - + EXEZ thi j:z f ._: i 0.12 ?'l 0 ]ﬂ 210 .
Components Ring (or Shift + G). T — : i since we
O e selected the
Routlng the E::ip EEE ;; Feed Through Terminal Pins... i gl }I.lgz bOdytIe type to
Components =E';':; v : be none in
Wi o Module 2.
| EE= drw ¥ o
[T whiad Arn wd ol
Objects =) x|
cblects VIS
C:)bjects Grids —
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5. Routing the Components (continued)
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Adding D : .
dang Dummy 1 |« Since the bulk of the NMOS (2:7heka slide

¢ tranSIStorS are Connected to Launch Fle Edit Wiew _“__-___":‘fij_ﬁ_i'__t_:_n_ﬂ_rl_e_c_ti_\.'_il:__',r_“%)Ti_u_n_s“:l'-unls Window Quantus Floorplan Place Route céden(e _I >/.|:Ol.l:'I d

Layout MXL ground, we must connect [ | | s SPEN TS Cﬁnn.o n
Overview the pin “ground” to the bulk. |55 < & ™" EV _ﬂl@ o | @seeco seo tNi pins.

I o T I D en
Generating the Because the pin is of type T Used_ﬂ{,mi:'_- Label.. | highlighted it
Components metal3, we must first pea g« rE—— looks like a

v establish a via stack on the |[Wrers A ‘ dot since it
CPQIranCIr(])gng;?s bulk of the transistor from Name |+‘-"i5_|+- MPP;uard_Ring Shift+G Is small with

i metall to metal3, then draw —— ——~ *= respect to
—— a metal route to the outside, Wme—ov v 4 "o ' the other
Components and ﬁna”y_ position the pin fj:*—‘“k o %% ;mwm R devices.

ground On It !Pimp drw ; ; U
. ects : Feed Through Terminal Pins...
To create a via, from the Fows o =
toolbar choose Create > _—“—— ——
Via... (or press O). 18 o 5 £ %0 N 23 15 4l HI““‘* S (8] [ 2 7
28 @ & @@ © il & B E Zh o Al &% IR
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5. Routing the Components (continued)

* The “create via” option will pop up. Make
sure to first select the stack option.

« Change the Start Layer to Metall and the
End Layer to Metal3.

« Change the number of rows to 5, click on
Hide, and place the via on the right side of
the bulk like shown in the picture below.

Create Via b3
Mode s Single & Stack s Auto . FastEdit _ Options
Compute From ®& Row/Col . Width/Height _ Shape(s) . Drawn Area
Constraint Group Same as Wire n
Start Layer End Layer Justification
Metall Metal3 CEnter-center
Top Rows |5 B Top Columns 1 B
Via Definitions Cut Class
Metal2 -» Metal3 M3_M2 B (None
Metall -> Metal2 M2_M1 B
P Mere Options
L Sk Rotate L il ¥ Sideways il _ %Upside Diawn §
m _ Lancel | Help
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Adding D _ _ _ o . o
Transistors « The next step is to create a path using Metal3, to place the pin and label on it. First Keep in mind
: ) : that all you
7 select Metal3 drawing from the Layer Selection Window (LSW).
Layout MXL need to do to

Overview  From the toolbar choose Create - Wiring - Wires, or Press P. draw a pass

¢ i Launch File Edit Wiew LN Verify Connectivity Options Tools Window Quantus Floorplan Place IS to C“Ck
Metal3 drawing _
Generating the AV v NV v oAS v NS v ([ b il e | shape V@ - Qo once on your
) = 1 : 1 = Wiring ek ttitsttedeleiate 1 H
Components Name [ vis | sel ]| (A )G o mouse's right
¢ al N Galetle 740 % Bus Ctrl+Shift+x .
. Layers g o Str_andedWire CtrI+Shif;+5 CIICk and drag
PlaC|ng the ool kayer [ Pu | M8 | | v valid  Used L Routin| 2 Label.. o _ _ :
. PRt drw I Filter Q n & via. o &% Point to Point Ctrl+5hift+D It to the
Components . Marvt drw W E‘, ineIIdrawing Multipart Path d r d
Il sirot drw W W AV~ NV v AS v N& puig Guard Ring.. - BE esire
: plame [(Ms | mPP Guard Rin Shift+G i .
Cont drw W W =ng . .
Hewitig) ine g Metall drw o W ot location
= == " . 1
Components |:|‘u'ia1 drw  w W Nw:alrer |E:N| ‘;li P&R Dbjects (. Once you re
Metal2 drw o o Oxide  dw & M  Group i
= _ — [ Oxide thk drw ¥ o done1 hlt the
Viaz drevw & i roly dw ¥ o  Microwave y B g .
Ve aw o 7] | [Meme o v 4 enter bindkey.
Via3 drw o [ e dw v o TP ':‘
- .NI\.". drw M
(W] metals drw W W Bnrimp dw v ¥ N
Il viz4 drw o W =Ph~n dw o ¥ N
Phvt drv » W
[ Metals dw o ¥k aw v v *ﬁ
8 x .5iPro drw @ W
Objects [ cont drw W W n
Objects [ V|5 || Do Al
- Instances ¥ W
Objects | Grids
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5. Routing the Components (continued)

« Select your metal3 path and open its properties by pressing Q.
« Change the Width of the path to 0.6 and click OK.
« The result should look like the picture below.

P OB L e

o

Edit PathSeg in Route Properties

Shapes (1) Attribute | Connectivity | Paramets Property
PathSeg: Metal3/drawing

Layer . Metal3 drawing n
{(24.315 -28.45) (26.27 -28.37))
Begin Point (24315 -28.41)
Begin Style truncate n
0
Route Status Routed n

(26.27 -28.41)

truncate n

0

TRUE

Help
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5. Routing the Components (continued)

« Last step is to add the ground pin and its label on top of the path.

* From the schematic, click on the pin ground. It is now highlighted in the layout. Select
both the pin and the label (you can use Shift on the keyboard to select multiple objects),
and press M to move and place it on the path that we just placed (if you previously
closed the Layout MXL, check slide 18 on how to enable the labels).

* Notice after placing the pin and the label on the bulk, the connection is named “ground”.
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5. Routing the Components (continued)

* Notice after placing the pin and the label on the path, the bulk and the connection are

named “ground”.

ground

Jaroun d

qroundg
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Adding Dummy  The bulk of the PMOS transistor is made of N- We want our
Transistors Tap. pins to be
: « Select all the devices (including the bulk of the visible outside
Layout MXL i i the bulk, this is
Overview NMOS and excluding the path created earlier) UK,
1 and create a Guard Ring (Shift + G) of N-Tap why it is not
Generating the Guard Ring Template. inside the N-
Compf”e”ts « Enclose it by 0.3, select the option rectangular . Tap Ring we
: click Apply, and close the form. just placed.
Placing the
Components * The figure shows the bulk of the PMOS

transistor which also encloses the bulk of the
Routing the NMOS transistors.
Components
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5. Routing the Components (continued)

« We will repeat the same process for the
VDD pin.

* You can copy a via by pressing C and
clicking on the previously inserted via, or
you can press O to construct a new one
with the same parameters as before
(Check slide 46).

* Place the via on the bottom left side of the

N-Tap bulk we just placed and draw a
Metal3 path to the outside.

* Change the width to 0.6 and place the

VDD pin and label on top of it.
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5. Routing the Components (continued)

« From the toolbar choose Create - Multipart Path.

* Press F3 on the keyboard (or Fn + F3 in case you have FnLock pressed on your keyboard

machine) to open the Create Multipart Path form.

« Select N-Tap from the drop-down list of MPP Template and click Hide.

Width
Offset
Justification

Connectivity

Template Name

Create Multipart Path

N-Tap MPP Template N-Tap n
Technology Library 'gpdkms
» Choppable .
0.18 End Type U = n
o 1]
center n 0
None n
a Load Template... g g Save Template... > a Subpart.
[ Hide JReNIE

x

- Make sure the Create/Edit Snap Mode is set to Orthogonal.

(|"'El§*‘m § -+ $ Q164 013 G B - )

« After finishing the Layout, we will run Design Rule Check (DRC) which checks the different
dimensions and placement on the canvas (Module 9) and reports any violations.

* In this case, since the path of N-Tap contains the oxide layer, and the guard ring is of the same
type, we can place the two oxide layers on top of each other in order not to get any errors later.

* Thus, we need to be careful while placing the path on the next slide.
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5. Routing the Components (continued)

» Place the mouse pointer on the oxide layer as shown below, extend it to the other side, and again
place the mouse pointer on the oxide layer (shown next slide) and press enter to confirm the path.

Keep in mind
that it's
important to
position the
pointer
precisely
where it
appears in the
image.
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5. Routing the Components (continued)

» After extending the path from one side, place the mouse pointer on the oxide layer as shown and
press enter on the keyboard to confirm the path.

Note that to
confirm the
path, do not
press on your
mouse’s right
click. Instead
press enter.

Note that the
path and the
oxide layer
should match
exactly as
highlighted in
the image
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5. Routing the Components (continued)
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5. Routing the Components (continued)

* Also, we need to add an Nwell layer for

the PMOS transistors.

From Layer Selection Window (LSW),
click on used and select the Nwell layer.

From the toolbar select Create - Shape
- Rectangle (or simply press R on the
keyboard).

From one corner of the guard ring, right
click to start drawing the rectangle.

Extend the rectangle diagonally to the
other corner. When done the Nwell layer
should cover completely the PMOS
transistors and half of the guard ring.

The highlighted rectangle shown in the
figure is the drawn Nwell layer.

=]

[ =)

Palette T E X
Layers K
¥ Valid ¥ Used _ Routing
Filter | 'Q, B =
._HwE'FI drawing [~ |
AV * NV + A5 w N5 =
MName | Wis | Sel |

e || - || | -

|
E
E
E
i
E
E
E
E
E
|
i

T LN PR T e T T et e i

Layer | Furp...| v |
el drw
Cxide drw
u Paly drw
B rimp drw
Mirmp drw
. SiProt drw
[ ] Cont drw
B etan drw

B Resdum drwv
. PFWdummy drw
|:| text drw
| E=N pin

KKKk iKKIKIKIKIKIK]|K
KKK KKRKIRRKIR K|
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5. Routing the Components (continued)

« To make sure that you have placed the N well layer, small purple dots should be visible like shown
in the image in the highlighted red box.
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v
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v
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« We will start by routing the NMOS transistors.

It is recommended to have the schematic next to the layout to make the routing easier.

Launch File Edit View Create Check Options Window PVS Help

(éden(e Launch File Edit View Create Verify Connectivity Options Tools Window Quantus

|4%9 @ L__I ¥ » :"'" » '\;{ > ||| Classic n

N W T T ==K« = L=

Palette il S
Layers &%

Navigator el =S |

Schematic
cs_amplifier

¥ WValid _ Used _ Routing

=
Q-0 - Basic B B E0 M w o T & | P E PR mw o 0B IYE. -~ | - 8-

Routing the

Components

~ OBJECTS Filter| Q, n ~ B
All ._ -
Mwell drawing B .
Instances
AV v NV + AS »+ N5 .
Mets
Pins

Name | Vis | Sel |

Mets and Pins

¥ GROUPS Layer [Pu..| ¥ | 5[
Cells Nwvell drv W !I\i
Types Oxide drv & W
B oxide_thk  drw & &
Poly drw & W
B Fimp drw o W
O B Nhet drw W W
Property Editor el Xl mennpry . Sl oI il W v drw W
= u vm3 r=H A Nimp drv & W
40k 5chema(in Attributes n = e . S . Phut dw W
i e m=2 L
Library amplifier_c... : N it drv W W
Cell cs_amplifier W ot dw v ¥
View schematic [ M siProt drw W W |
Mode | read-o.. Objects a8 x
Last Saved Mon Jan 22... Objects | v | S |
Lo > Instances ¥ ¥
Units inch - — [ N L L s
Objects | Grids . . . .
i 5. [=s1 OO T3 r
ol BRT @*oull A (] [
e sdgeoc Tl EE DD -aﬁ"x,,

You can use
features like
Net
Highlighting
and Dimming.
From the
schematic
toolbar, Edit 2
check Net
Highlighting
and Display
Dimming.

From the
layout,
Options 2>
Display and
check Enable
Dimming.
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. . . . Create Via x 5
Adding Dummy - First, we will connect the pin Vin to the gate of the _ — _ o o8t
TranSiStOrS tranSIStO r zq:r:ZuteFrom H. S;I::fc: Staz:id(;‘,::;:t ) FZ:::;J Drawn Area T ¥ Valid __ Used __ Routing
v . . o o ' ' R Fite) Q| 2 -
Lavout MXL « Select Metal3 from the Layer Selection Window [ e v 3 [l Vo3 Graving B
y . (LSW) Start Layer End Layer Justification M AV * NV v AS # NS +»
Overview . tetalt B oo B e cene 8 Name | Vis | Sel |
*_ * Since we are using Metal3 for the path, we need |wws 7 B wowss B —— 'V'I S*"
Gg”era“”g tthe to set up a Metall to Metal3 via on the NMOS -
Ompf”e” S gate before constructing the path. S T B B — R
. . Metall -> Metal? M2 M1 B |tone v DCont dw ¥ ¥
Placing the - To create a via, from the toolbar, Create = Via... |, uopen e e
Components (Or O On the keyboard)' Ak Rotate Ak Sideways %Upside Down .MCldlz d.rw L4 ;
= = - - - - Via2 dw ¥ ¥
Rouing the  Select Stack in mode, then Metall as the Start e g
Components Layer and Metal3 as the End Layer. B vetais - drw ¥ v

« Set the columns to 2 and keep the number of
rows at 1.
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5. Routing the Components (continued)
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Adding Dummy
Transistors - To create a path, from the “fFErEriirirIririrm B —

! toolbar, Create - Shape - A
Layout MXL Path (or P on the keyboard). '
Overview i o

T Draw a path from the via on i stretch 5

Generating the the gate of the NMQS and fl‘t ol :
Components press enter to confirm the Compose Trunk

¢ path . 4 Decompose Trunk
PIaCing the — . Higrarchy ]
Components | | . Right click on the path, then | _
T select Properties, or Press Q Trace Net b
Components on yOUr keyboard . Set the {De)Select Under Cursor

Wldth to 06 “L. Routing Object Granularity (3
Deselect All Ctri+D
Select ]
Probe ]
DRD Targets
I:;I Properties
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5. Routing the Components (continued)

The Path should look like this.

Select the pin Vin from the
schematic, it should be highlighted
in the layout. Select (you can use
Shift to select multiple objects) both
the pin Vin and its label (Display =
Options - Enable Pin Names) and
place it on the path as shown here.
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Adding Dummy * As you can see from the schematic, the source of the NMOS transistor is connected to ground. « YOu can use
Transistors Also, the dummy NMOS has all its terminals connected to ground. features like
LayO:t MXL * You can zoom in on the transistor to figure out where are the terminals. N_et o

Overview Highlighting
7 and Dimming.

Generating the From the
Components schematic
> _* = toolbar, View->

acing the

Components Check Ne_t
Highlighting

Routing the and Display

Components Dimming.

* From the

layout, Options
-> Display and
check Enable
Dimming.
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5. Routing the Components (continued)

» Select Metall from the LSW. Create a path (you can also create a wire under Create => Wiring =>
Wire) and connect the source of the dummy NMOS transistor to the source of the other dummy
NMOS transistor. This connection also connects the source of the NMOS transistor of the actual
design to the source of the dummy transistors. The connection is shown below.
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5. Routing the Components (continued)

« Add the additional paths on the sides as shown below to connect the sources of the three NMOS
transistors to ground.

cadence



I 7 ';'qu'(;;;[:;\. AMERICAN
L/ orBEIRUT

Adding Dummy
Transistors

v
Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

Routing the
Components

:} UNIVERSITY

5. Routing the Components (continued)

» Create a path between the source (S) and the gate (G), also between the drain (D) and source (S)
of the dummy transistors.

* Notice the connections are done for both dummy devices.
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5. Routing the Components (continued)

« Zoomed in view of the connections.

ground

Drain to Source and Source to ground (bulk)
connection.

Source to Gate connection

« The following terminals have been connected:
— Both dummy NMOS transistors: Source, Drain, and Gate
— NMOS transistor: Source and Gate

 The Drain of the NMOS transistor is connected to the Drain of the PMOS transistor, which in turn
Is connected to the output pin. This connection will be done later.
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5. Routing the Components (continued)

Adding Dummy « We will now connect both terminals of the resistor. The plus terminal of the resistor is connected to
Transistors the Drain of the PMOS transistor and the minus terminal to the ground.
LayO:t MXL * You can click on the connection to the ground in the schematic to highlight the connection needed
Overview to draw in the layout. The figure below shows the highlighted connection. To make the connection
T shorter, we can flip the resistor vertically. Select the resistor in the layout, right-click, and
Generating the select Rotate = Flip Vertical.
Components
¢ = Check Options Window PVS Help cadence | Lunch File Edt View Create Verfy Connectiviy Options Tools Window Quantus Floorplan Place Route PVS Help cadence
: @ IR Q Q W = Q” 5 ¢ |4 O @ % 2o =] »_.:Jg T ] Q Q & & liciassi B » Jlor ﬂ_
CPOIranCFI)r:)gnérrlﬁs ic B & A 1 oy Ty - m[%ﬁg -+ & | Q@ A0 01 [TR0Y - || {2 | B & - | @seecto s semo seopo [x 51900 »

Layers (=104

Routing the

A o NV v AS w NS W

Components

MName | Vis | Sel |

C | layer | Pu. V|5 | -

(W Pt drw

(I

v ¥
W Nt drw o W
M siPro drw W
[ ]cont drw W W
Metall drw  » W
Wial Arnr o wd
Objects <] x|
Objects Vs S
----- Instances v v

M: hiZoomAbsoluteScale(getCurrentWindow() 0.9) R: schHiMousePopUp() wmouse L: mouseSingleSelectPt) M: hiZoomAbsoluteScale(hiGetCurrentWindow() 0.9) R: _IxHiMousePopUp() 1
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5. Routing the Components (continued)

« Select Metall from the Layer Selection Window and create a path from the minus terminal of the
resistor to the bulk of the NMOS transistors. This connection will also connect the third terminal
(bulk) of the resistor to the ground, since the bulk of the resistor contains a Metall Layer.

 The connection is shown below.

vl
=
3
g
.l
)

—
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. . Layers g X

Adding Dummy * The connection can further be clearly shown by the following steps. ¥ Valid & Used _ Routing
Transistors : i -

J  Select “Used” from the LSW to only show the layers that have been used in the layout. 23;1 ?;H — Hﬂ
Layout MXL » Select the Metall layer from the LSW. AV v NV v AS v NS
Overview Name | Vis | Sel |

1 Click on “V” in the Layers panel to turn off the visibility of the layers except Metal1.

Generating the

+ (| - ||+ -

The connection Metall from the minus terminal of the resistor is in contact with the Metall layer of

Components the bulk of the NMOS transistor. o] Layer [Pu.|V S|
¢ . Mwell driw  w W
Placing the [l oxide  dw ¥ ¥
Components (& Poly drw
B Fimp drw W W

Mimp drw  » &

Routing the M siProt drw W W
Components Cont drv o W
fetall driw W

graund greund

":J-r'l:.‘-'l.l i : ' ' greund
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Routing the
Components

Adding Dummy * In order to connect the Drain of the PMOS transistor to the plus terminal of the resistor, we need

Transistors to use Metal2 layer.
v : : : :
Layout MXL The bulk of the PMOS transistor and the bulk of the resistor contain a Metall Layer, and if the
Overview connection was done using a Metall layer, it would cross the both bulks, thus creating a short.

S *_ - When different metal layers cross each other, a connection is not made unless a Via stack is used.
enerating the _ _
Components Avia M2_M1 (Metal2 to Metall) is needed to move from Metall to MetalZ2.
o _¢ - First, select Metall from the LSW. From the toolbar, Create > Shape - Rectangle (or press R on
Comggnénfs the keyboard) and create a rectangle connecting the drain of the PMOS as shown on the next

slide.

You can align the edges by using the Stretch feature. From the toolbar, change the selection mode
from Full Select |"& to Partial Select /% . Select only the edge of the rectangle that needs to be
aligned with the edge of the Drain. Press S on the keyboard (or Edit - Stretch) and make the
appropriate modification.

Select the drawn rectangle, and press Q on the keyboard (or right-click and Properties) to open
the Edit Rectangle Properties form.

Change the Height to 0.13, and make sure the Width is 1.7 (width of the drain rectangle).
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5. Routing the Components (continued)

* Notice how
the rectangle,
Is aligned
from both
sides to the
rectangle of
the Drain.

* We must align
the edges in
order not to
face errors
later when we
run DRC.
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5. Routing the Components (continued)

* The next step is to add the Metal2_Metall Via on top of the drawn rectangle.
* From the toolbar, Create - Via (or press O on the keyboard).

* From the drop-down list of Via Definition, select M2_M1. Change the number of Columns to 11
and place the via on top of the drawn rectangle as shown below. Notice how the via also is aligned
from the top and the bottom (Edit > Move or press M on the keyboard).

Create Via x

Maode & Single \_ 5Stack o Auto . FastEdit Options

Compute From & Row/Col . Width/Height . Shape(s) . Drawn Area

Same as Wire n

Via Definition | M2_M1 B 7 [ standard via / gpdkoss

Constraint Group _ Use All Vias

Rows 1 B <> columns 11 B Reset Parameters to . n
System
Justification X 0 Y 0

Cut
S5ize X 0.o7
Spacing X 0.07 s 0.07

Enclosures

~ Compute Show Enclosures

¥ More Options

Sk rotate Ak Sidewvays %Upside Dowen

m Cancel Help
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Adding Dummy « Similarly, create a via M2_M1 and place it on top of the plus terminal of the resistor.

Transistors . i i . .
T « Make sure that the via placed on top of the plus terminal of the resistor aligns perfectly like shown
Layout MXL in the figure below.
Overview « To ensure that the via fits exactly, select it, press Q to open its attributes, then adjust the following
! parameters.
Generating the _ _ . _
Components * Next, choose the via and click M to position it correctly.
v
Placing the
Components
Routing the
Components Enclosures
Right 0.015 ;)- 0.015 :)
Top 0.03 0.03

Bottom 0.03 0.03
Implant X ] ]

Implant ¥ ] ]

Purnng -3
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Adding Dummy « Select Metal2 from the LSW and create a path (P) from one via to the other. This connection
Transistors connects the drain of the PMQOS transistor to the plus terminal of the resistor.
v
Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

Select the connection and press Q to open Properties.
Change the width of the connection to 0.3.

Routing the

Components
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Routing the Components (continued)

* The next step is to connect the gates of the two PMQOS transistors together.
below. Make sure to have a minimum of 0.06 um between Metall layers.

» Select the layer Metall from the LSW. Create multiple paths (P) to connect the gates as shown

 The connection is shown below.

.
Z5
P ()
mmm € o < S &2 v 2 o 2
mEE | E g s 2 o & S 5| ER
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Adding Dummy * The next step is to connect the gate of the PMOS transistor to the drain. « Note that the
Transist _ . . .
rani's o « Avia M2_M1 (Metal2 to Metall) is needed in order not to create a short circuit between the measurements
Layout MXL source and the drain of the PMOS transistor. in this image
- . . . o need to be at
Overview * From the toolbar, Create - Via (or O), from the drop-down list of Via Definition, select M2_M1. least 0.06 um
*_ Change the number of columns to 2 and place the via on top of the gate of the PMOS transistor hi 00 Hm.
Generating the as shown below. Make sure to have a minimum spacing of 0.06 um between two Metall layers In this case,
omponents (the via contains Metall layer). there is no
y need to take
Placing the the exact
C t
Omponents measurements.

Routing the
Components
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5. Routing the Components (continued)

« Select Metal2 from the LSW. Create a path (P) from the drain of the PMOS and connect it to its
gate (to the via M2_M1). Select the connection, click Q (properties), and change the width to 0.3.

 The connection is shown below.
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Routing the
Components

Adding Dummy « The next step is to connect the source of
Transistors PMOS transistors to Vdd.
v : :
La Notice that all the terminals of the dummy
yout MXL .
Overview PMOS transistors are connected to Vdd. Thus,
T we will connect the source of the PMOS
Generating the transistor to the source (drain, or gate) of the
Components dummy transistor, and in turn connect the
7 source of the dummy PMOS transistor to Vdd.
Cp'acmg the The following connections are needed for the
omponents

dummy PMOS transistors:
— Source to Gate connection
— Drain to Source connection
Select Metall from the LSW.
Create paths (P) to connect the terminals
accordingly.

The connections are shown in the figure
(zoomed-in views are on the next slide). Make
sure to connect all four dummy PMOS
transistors.
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5. Routing the Components (continued)

* Make sure to have a minimum spacing of 0.06 um between two Metall layers.

« Zoomed in view of the connections are given below.
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5. Routing the Components (continued)

« Connect the source of the PMOS transistors to the source of the dummy PMOS transistor as
shown below using Metall layer.
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5. Routing the Components (continued)
* Now add the paths (P) from the source to the Vdd (bulk) using Metall layer from the LSW.

Make sure to
have a
minimum
space of 0.06
um between
two Metall
layers.
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5. Routing the Components (continued)

* The last step is to connect the drain of the PMOS transistor to the Drain of the NMOS transistor
and connect it to the out pin.

Check Options Window PY5 Help (éden(e | Launch File Edit View Create Verify Connectivity Options Tools Window Quantus Floorplan Place Route PVS Help (éﬂen(e

-] | & E‘-ﬁi »ml 2= N @ |d O @ % __'-“3 @ |=| s [k e B s [ Q QB B [cessic nI:E‘u [r=5|0”|0ff n

iy Ay Ty | &y f(ocsearen B~ W-"Q ‘-‘:"—}uig - & °n’1§|k£°| El o] .l_]lL% 'g; ~ > || 3% ~| n| G - (RiSelect:0 Sel(N:1 Sel(l0 Sel{0)0 X 128400 ¥ -33.0400 »
Palette ieall=1e
Layers 5 X
W Valid __ Used __ Routing

=y Q R -

Metall drawing hd

B G A A

AV v NV = A5 = NS -

Name | Vis | Sel |

(W] Pit drw W o
W izt drw W W[
.SiPro drw o !'\_;‘
[ ] cont drw W W
Metall drw  » W
L] viat drw o W
B etalz drw W
] viaz drw o
[ Metal3 drw W
I Vi3 drw ¥ W
[W] Metald drw W W
1 . I viad drw W
e iy e M Metas  dw v v
e [ vias drw W o
[l Metals drw W W
[ viag drw ¥ W
[ 1etal? drw ¥ W
] via7 drw ¥ W
| Metald drw  » W
] viae drw ¥ W
Objects 8 X%
Objects [vlis |
- Instances ¥ V|

Objects | Grids
It o 2 00 " B Lo il E Il e B R [N (B [
28 & & @@ © % il & & B Zh x 6 %, 35 B
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5. Routing the Components (continued)

We must use vias in order not to make a wrong connection.
From the toolbar, Create - Via (or press O on the keyboard).

Choose Stack as the Mode. The Start Layer will be Metall, since the drains contain a Metall layer
and the End Layer will be Metal3, since we would like to make sure not to connect to any other
connection or device.

Change the Top Rows to 25, click Hide, and place the via on top of the drain of the PMOS
transistor.

Create Via x
Mode w Single & Stack o Auto s FastEdit Options
Compute From ® Row/Col . Width/Height . Shape(s) .. Drawn Area

Same as Wire '

Constraint Group

Start Layer End Layer Justification

Merall n Meral3 n center-center n
Top Rows 25 B Top Columns 1 B
Via Definitions Cut Class
Metal2 -> Metal3 M3_M2 B o j L
Metall - Metal? M2 M1 B [none —
* More Options
. -
Ak Rotate Ak Sideways = Upside Dawn
€D _cne_bep_

If you clicked
Hide, and want
to open the
form again,
press F3.
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5. Routing the Components (continued)

» Create another via stack of Metall to Metal3. Change the Top Rows to 12 and place it on top of
the drain of the NMOS transistor as shown below.
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5. Routing the Components (continued)

» Select Metal3 from the LSW. From the top
edge of the via placed on top of the drain
of the PMOS transistor, create a path (P)
and connect it to the via placed on top of
the drain of the NMOS transistor.

* The figure shows the connection.

Layers = X|
& Walid » Used __ Routing
Filter |, B -

. Metal3 drawing n

AV v NV w A5 w N5 ¥

Name | Vis | Sel |

4| - [+l -

. Mwell drw ¥ W
I oxide drw ¥ W

Paly drw ¥ W
. Fimp drw ¥ W
Himp drw L
. SiProt drw ¥ W
|:| Cont drw ¥ W
| BN drw ¥ W
[ viat drw ¥ W
B 1etalz drw & W

Via2 drw ¥ W

hetal3 drw ¥ W

Resdum drw L
. PWdummy drw ¥ W
|:|text drw ¥ W
. Metall pin ¥ W
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Adding Dummy « Create a Metal3 path as shown in the figure below.
Transistors

v
Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

Routing the
Components
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Adding Dummy - From the toolbar, change the Edit/Snap mode to Any Angle [/ 5 & 3¢ S5 &ol 0135 2 8 - »
Transistors
v
Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

Routing the
Components

« Select both the pin and the label out and place them both on the Metal3 layer as shown below.

cadence



? AMERICAN
oL/ orBEIRUT

Adding Dummy
Transistors

v
Layout MXL
Overview

v

Generating the
Components

v

Placing the
Components

Routing the
Components

2} UNIVERSITY

5. Routing the Components (continued)

« The Vout and Vin labels are text layers, thus they are not part of the layout. The final layout is

shown below.

| |,
CL

Hl=:

—]

I

Note that a
layout can
always be
improved.

This layout
might not be
the best one,
however, as
a first
attempt, it is
quite good.
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Adding Dummy * We can also view the cross-section of the layout by clicking on Window => Assistants => Cross
Transistors Section
' * The viewer displays the different layers present in a cross-section, from top to bottom. This is
Lgf’e‘;fn'\éw helpful when you want to identify any missing or wrongly placed layers or debug any connection
T iIssues across layers.
Generating the * When you invoke Cross Section Viewer, a cutline appears on the canvas that follows the pointer.
Components As you hover the cutline over the design, the cross-section of the area underneath the cutline is
v displayed in the viewer.
Placing the
Components =N \"%}" DX #0 BB %28 »|Q st RE & lor ko

oy *"' / S EN ]§§|kcfb| fiv| O] .:J,% » || (Fselectn SeliN}D Sell0 Seii0)0 [x 2800 ¥ 82750  dX 35150  dY 18650 | Dist38791 S EA S B
n : 2
IL;T: = T I h 8
Routlng the M Valid _ Used __ Routing
Filter, n -
Components | O

AV w NV * AS ¥ NS =

£pdki45

el

Name | Vis | Sel |
-+ -

Objects & x|

Objects N N
Instances ¥ W

Objects | Grids

_5.@(8"&1@&4*35:

PreSel: Inst Name(RO) CellName{resnsppoly)

q:l.-aﬁi‘é

mouse L: Freeze Cutline M: Rotate Cutline R: Popup Menu
5(6) | Cross Section Viewer : Click to fix the position Cmd: geCrossSection D‘
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