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Creating a Library

Drawing the Schematics

a) NMOS

b) PMOS

c) Common Source Amplifier

3. Creating a Symbol
4. Creating a Test Bench
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Module Objective

In this module, we will learn how to:
» characterize (i.e., find the basic parameters) of NMOS and PMQOS transistors

« design a full circuit consisting of a common source amplifier with its biasing current
source implemented as a current mirror. In our case, the specifications, which are
typically handed over by the system/block-level designers, are as follows:

— Power supply voltage: 1.1V

— Load = 100 kQ

— Voltage Gain =2 7.5 dB

— Bandwidth =2 4 GHz

— Average Power Consumption < 2.75 mW — Average Current Consumption < 2.5 mA
— Temperature range: 10°C to 75°C

 create a symbol for our circuit
e create a testbench for our circuit to run Transient, DC, and AC simulations
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1. Creating a Library
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&)™ Some Important notes before starting

« Wire names, pin names, and variable names should be unique, which means that each
identifier used within the design environment must be distinct and not duplicated.

 Cadence is case sensitive.

» Spaces and special characters shouldn’t be used when naming libraries, variables, pins,
or wires.
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e Sometimes a
window opens

NMOS * Launch Virtuoso. behind the one
v where you are
PMOS ' _ o o currently
v * Below is the Command Interpreter Window (CIW), this is the main window. The tool working. Make
CS Amplifier outputs all the messages that it needs to communicate with us. sure to check
v the taskbar for
Symbol I
i Virtuoso® 6.1.8-64b - Log: /fhome/user/cadence01/CDS.log - 0o x new files.
Test BenCh File Tools Options Help CE{'EI’I ce o If a message

COPYRIGHT (C) 1992-2023 (CADENCE DESIGM SYSTEMS INC. ALL RIGHTS RESERVED.

(C) 1992-2023 UNIX SYSTEMS Laboratories INC., a regarding the
Reproduced with permission. ' I|Cense pOpS
This Cadence Design Systems program and online documentation are L up C||Ck on
’
= i Always.
imouse L: schsingleSelectPt() M: schHiObjectProperty() R: schHifMouseFopUp()
1 i
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1. Creating a Library (continued)

- Select File > New - Library... * You should not

give a library the

- Enter a name for the Library. In this module, we will name it “amplifier_common_source”. name of an
NMOS _ _ _ _ _ _ existing one
T * Inour library, we are going to include real components that came in the design kit. Therefore, because it will
PMOS we attach the technology file (which is a specific library) to our library. overwrite it.
y «  We will be using the 45nm CMOS process.
CS Amplifier . ) . ; . i e
T « The name of the library is gpdk045 where “pdk” stands for “process design kit”. - The
. : : : . documentation of
SyTbol « This library contains the real components that are fabricated as part of the integrated circuit. this pdk can be
« Click on “Attach to an existing technology library”, add the “gpdk045”, and click OK. accessed from
Test Bench the Linux
New Library X | Attach Library to Technology Library A X desktop.
Library Technology File .
. . New Library amplifier_commu:un_sourcek
Nl.ame amp.hfler._mmm.on_source : ;::E-l::c:ne:i‘t:i:gti::::iyg_:llrbraries Cadence IS Case
I:T'-recmrymo""'brawd"eao”ﬂ] ® Attachto an existingtechnologylibrar_vé pes AL n SenS|tlve, and
ngs_r_fkﬂrdahi — Do not need process information Technology Library analoglib 'y Spaces and
preEMsimDataCsVs asic :
simulation Design Manager EdSDEfTEEhLiD SpeCIaI
Mo design manager setup found 1aiSiUELib - CharaCterS are
Jhomefuser/cadencel P b
Compression enabled i - nOt allowed When
- naming a librar
m _ Cancel )| Defaults | Apply /| Help m - Lancel - - Apply - - Help - g y
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NMOS

v

PMOS

v

CS Amplifier

v

Symbol

v

Test Bench

1. Creating a Library (continued)

« Select Tools - Library Manager...

Here you can find all your libraries as well as the built-in libraries and their contents.

Library Manager: WorkArea: /home/user/cadence0l

= u] x

File Edit View DesignManager Help

cadence

» Show Categories __ Show Files

Library Category Cell

7 n -

\74nv\7 nv

View

-I‘-;} amplifier_common_source - -E}

DCEAN
US_Bths
aExamples
ahdiLib
analoglib
basic

bmslib
cdsDefTechLib
EpdkD45
mix5ig

models

Messages

View -~ Lock |5

Deleting view "schematic” from cell "nmos” in library "amplifier_commaon_source™

Deleted cellview 'amplifier_commen_source/nmos/schematic'.

Deletion of 1 view done.

Warning: LIB amplifier_common_source from File fhomefuserfcadence01/cds lib Line 30 redefines
LIB amplifier_common_source from the same file (defined earlier.)

Mean

Lib: amplifier_common_source |Free: 387.11G A
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Useful Bindkeys (Shortcuts) in Schematic Editor

Combination
I
P
Ctrl+ P
L
Ctrl + X

< 0O <«

U
Shift + U

« To get all the Bindkeys, in CIW (main Cadence window): Options - Bindkeys...

Action
Create Instance
Create Connection
Create Pin
Create Connection Name
Descend Read
Rotate
Copy
Move
Undo
Redo
Zoom to Absolute Scale
Zoom Out
Zoom In
Edit Object Properties
Select All
Deselect Al
Check and Save
Cadence Help

* Note that the
Bindkeys
depend on
the exact tool
setup.

* The shortcuts
are usually
indicated
next to the
command in
the menu.
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Implementing Units Prefixes with Corresponding Letters

Giga
Mega
Kilo
milli
micro
nano
pico
femto

Prefix

10°

106

103
1073
107°
107°
10—12
10—15

Corresponding letter

-~ >S5 3 x~<0

* Note that no
spacing
should be
between the
last digit and
the unit
prefix.
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2. Drawing the Schematics
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Library

PMOS

v

CS Amplifier

v

Symbol

v

Test Bench

2.a. NMOS

From the Library Manager, select your library.
Select File = New -> Cell View.

Name the Cell “nmos” and click OK (make sure both fields Library and Type are set as

shown below).

The Schematic Editor pops up.

Virtuoso® Schematic Editor L Editing: amplifier.common_source nmos schematic - o x
Launch File Edit View Create Check Options Window PVS Help (aden(e
I'his is where we will create our circuit. Y T T T
= Basic 'E‘ﬁ% V,[%:ﬁ -L[Q -ﬂ}']h‘ﬁ} Qy nv
Navigator =) X|
Schemati
mos
[+ OBJECTS
) Al
File Instances
j amplifier_common_source n RES
Library =l £ Pins
N d Pins
Cell nmos s and
| GROUPS
~ . Cells
View schematic Tp=
Type schematic n
Application
Open with Schematics L n
= + o
__ Always use this application for this type of file Property Editor 7.8 %]
ﬁs:hema:\n Attributes H
Library path file library amplifier c...
/home/user/cadence0l/cds.lib el =
View hema
Mode unknown
Last Saved Thujan 1 ..
Locked By rikordahi@...
Units i

2(3) | >

maouse L: schSingleSelectPt()

M: deNew() R: schHiMousePopUp()

cma: sero [l

Note that the
editor window
can take
some time to
POp up or can
even pop up
in the
background.
Make sure to
check the
taskbar.
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2.a. NMQOS (continued)

From the Schematic Editor, select Create = Instance = Browse.
Select the NMOS transistor from the gpdk045 library as shown below.

Library Browser - Add Instance

& Show Categories

Library Category Cell View
¥ n - Nd n - 7 H -
H: gpdk04s * | mos B nmostv * B symbol x
= ey mesiy e p—
US_8ths 0 - = Uncategorized nmosiv_3 auCdl 20k
aExamples \_' | bipolar nmosTv_hvt aulvs 20k
ahdiLib 5 cap nmosTv_hvt_3 hspiceD 20k
amplifier_common_scurce . dicde nmaosTv_vt spectre 20k
ana.logLib - = ind nmosTv_ht_3 -
bmslib - 5 moscap nmosiv_nat_3
cdsDefTechLib = - = primitives nmos2v =
B = resistors nmos2v_3
mixSig nmos2v_nat
models nmos2v_nat_3
passivelib pmosiv
pliLik pmosiv_3
plIMMLib pmosiv_hvt
riExamples pmosiv_hvt 3
riLib pmosiv_hvt
sample — pmosTv_ht_3
enlirtinne L omosy

Lib: gpdkD45 |Free: 387.11G

Close Help

Display...

Note that
next to every
command
there is a
keyboard
shortcut you
can use,
which eases
the work.
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PMOS
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Symbol

v

Test Bench

2.a. NMQOS (continued)

Place the transistor in the Schematic Editor.

Select the transistor, then right-click and
select properties...

Here you can change the different
parameters of the transistor.

First, set the Fingers to 10, and then set
the Finger Width to 2.16\.

Add Instance x
Library gpdk045 n _Browse | i
Cell nmosiv n
WView symbol n
Names
& add Wire Stubs at:
« allterminals & registered terminals onky L
Array Rows Columns 1
A2 Rotate | | Ak Sideways | | = Upside Down
Model Name B45nisvt
Multiplier 1
Length 45m M )
Finger Width 2.16u M
Total Width 21.6u M
Fingers 10
Folding Threshold 10u M
Diff Cont L
Gate Connection N n
Use DFM Rules minimum _ [§g
S/D Metal Width 60n M
S/D Connection MNone ﬂ
Switch 5/D (B
Bodytie Type N n
Edit Area & Perim (B
Dirain diffusion area 1.728p
Source diffusion area 1.9872p
Dirain diffusion periphery 23.2u M
Source diffusion periphery 27.76u M
Drain diffusion res squares 3.7037m
Sowrce diffusion res squares 4.25926m
Left S/D Length (SA) 140n —
[ Hide Qe Defauilts Help

For every
parameter,
you can set its
visibility

using the
drop-down
menu to its
right.

Keep in mind
that there
should be no
gap between
the last digit
and the metric
unit when
inserting it
(2.16u in this
case).
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Library

=

PMOS

v
CS Amplifier

v
Symbol

v

Test Bench

2.b. NMQOS (continued)

* It's worth noting that if the instance isn't visible in the schematic, it's because the instance's

image, as shown in the figure below, isn't visible.

Make sure that the NMOS transistor is shown in the image next to the view option.
You can make the image appear by selecting "symbol" from the view option's drop-down

menu.

Add Instance »

Library  gpdk045 ' Browse &
. -

Cell nmos v '
View Iﬂymh-:u1| '
MNames =
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2.b. NMQOS (continued)

One additional feature in the transistor's attributes include a parameter called Bodytie Type, which
allows us to select between three different types: None, Inherent, and Detached.
» None: Transistors may be designed with their body terminals floating or with the assumption
that they are linked to the substrate.
» Integrated: Transistors automatically connect their body terminals to an initial or specified
voltage.
» Detached: Transistors' body terminals or disconnected from any particular voltage source or
node.
In the event that the setting is "none" or "detached," manual intervention may be necessary
during layout to ensure that NMOS and PMOS transistors are properly bodytied to the right
voltage sources or nodes.

Use DFM Rules Minimum _ |§@ o
5/D Metal Width 60n M -
S/D Connection None n off
Switch 5/D oft
Bodytie Type Integrated n ofr

Left Tap Integrated off

Detached

Right Tap off

TODDODDD

Edit Area & Perim ;uff

Please take
note that this
slide is for
educational
purposes only.

For the
purposes of
this project, the
transistor's
body will be
connected to
the source
terminal with
the body tie set
to none, which
means we will
set up the
body tap ring
manually.
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2.a. NMQOS (continued)

» Below is the difference between a transistor having 3 fingers (left figure) and 10 fingers
(right figure), both with the same total width (21.6 um), as seen in the Layout GXL tool
which we will use in Module 8.

# Virtuoso® Layout Suite GXL Editing: amplifier_common_source NMOS layout* _ 0O x

Launch Hle Edit View Create Verify Connectivity Options Tools Window OQRC Optimize Hoorplan »cadence

= g 9 @ |<:{=:> L [E I_".B: D] |%| » :"a » \.n‘\ » |l Classic n» | Off A
[Fiselect:0 SellNE0  Sel{l)k0 5e|[01:0|x -3.4750

17 o @~ %I QHGH 01 B 5 B~

Palette 78X
Layers & X
S All Layers B

w Valid _ Used __ Routing
Q B-
. Nwell drawing n

AV w NV = A5 + N5 -

~| layer |Pu.| ¥W| 5|

Objects & x|
Objects | V| 5|
i Instances ¥ v

Objects || Grids I
65 o = O3 WE A ol s B [ ][O

[® &=
R @O Bl BRED I 6"

b, Faq

" mouse L: mouseSingleSe lectPy() M: hiZooma bsoluteScal el hiGetCurrentWind owl( ) 0.9)

34| >

R: _IxHiMouse PopUp()

| Cmd: J|

# Virtuoso® Layout Suite GXL Editing: amplifier_common_source NMOS layot - O x
»cadence

Launch Fle Edit View Create Werify Connectivity Options Teools Window QRC Optimize

Q

= J & |<:{}-:> L E ._".B: > :Ig » |G » [[|classic n» | Off he
i'-[% -s..}.; g ~ ODEI%“‘_LE" _EI o gg '{% - » || (FiSelect:o SeliMk0 Sel(k0 Sel(0)0 | >
Palette rall=1F 4
Layers = b

Y Al Layers n

» Valid __ Used __ Routing

nv

. Nwell drawing n

45) | >

AV w NV ow AS w NS w
H Layer | Pu..| V| 5|

Lo — ool

Objects L.¥|.5 [Eay

Instances ¥ W ;

el |

e ol = e W AR el Wl v B [ 5] [3] [F R
8 & e @Bl d 5 E o e R, Ik

" mouse L mousesingleselect Puf)

R: IxHiMouse PopUp()

| Cmd: J|

M: hiZoomAbsoluteScale| hiGetCurmentWWind ow() 0.9)

The result of
having
multiple
transistors in
parallel or
multiple
fingers will
change the
shape of the
transistor in
the layout tool.
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v

Symbol

v
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2.a. NMQOS (continued)

* Insert two independent dc voltage sources from
the library analogLib.

« The analogLib library contains ideal components.

« Set the DC voltage value of the first source to Vgs.

Set the DC voltage value of the second source to
Vds.

Library Browser - Add Instance - o x

» Show Categories
Library Category Cell View

¥ B- v B- v B-

1 analeglio

= Independent Ty vdc + | H; symbol -
OCEAN Ky i 5 Ewverything isource View ~ | Leek | Size
US_Bths | Uncategorized pdc auCdl 20k
aExamples | Actives pexp aulvs 19k
ahdiLib 1 Analysis port hspiceD 20k
amplifier_common_source © Interface_Elements ppulse spactre 19K
e P T N T
basic Parasitics ppwlf symbol_xform 13k
bmslib Passives psin
cdsDefTechLib - = Sources vam
£pdk045 i 5 Dependent ubit
passivelib e 5] Ports vpulse =
pliLib ‘. 5 7_5_Domain vpwl
plIMMLID vpwir
rfExamples wsffm
rfLio vsin
sample — vsource e
cnlitinne Bl

Lib: analoglib |Free: 387.11G
Close Display... Help

Edit Object Properties X
Apply To \only current n instance n
Show _ system @ user ¥ CDF
Browse Reset Instance Labels Display
Property Value Display
Library Mame analoglib n P_nff
Cell Name wdc n P_nﬂ‘
Wiew Mame symbol n P_nﬂ‘
Instance Mame VO P_nﬂ‘
Add Delete Modify
User Property Master Value Local Value Display
lvslgnore TRUE \off n
CDF Parameter Value Display
Moise file name \off n
Number of noiseffreq pairs 0 \off n
DC voltage Vgs W =17 n
AC magnitude \off n
AC phase \off n
X¥F magnitude _Dﬂ‘—n
PAC magnitude \off n
PAC phase \off n
Temperature coefficient 1 \off n
Temperature coefficient 2 \off n
Mominal temperature \off n
m Cancel Apply Defaults Previous Next Help
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* Add a ground from the analogLib library as shown below.

« At any time, you can cancel a command by pressing the Esc key.

PMOS
CS Ampllfler Library Browser - Add Instance - o x
i ¥ Show Categories
Library Category Cell View
Symbol v B- v B-v B-
y -l'—';: analoglib ¥ | Everything -lf;z gnd - -l'—'_,} symbaol -
v Vew Lo | e
US_8ths M - = Uncategorized deblock d
TeSt BenCh abxamples - = Actives defeed symbol_xform 13k
ahdiLib - 5 Analysis deepprobe _
amplifier_common_source :' Interface_Elements delay 5
- = Misc delayline
basic - = Parasitics diffstbprobe
bmslib ) -+ = Passives diffstbprobel_gnd
cdsDefTechLib = B 5 Sources dicde
Egpdk045 durnmy
mixsig fourier
models fourierZch
passivelib fracpole
pliLib generic
plIMMLik
rfExamples gnda
rfLib gndd
sample — iam —
enlitinns = jhig hyffer
Lib: analoglib |Free: 387.11G
Close Dizplay... Help
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Library * Note that in

m « Select Create - Wire, or press p. case the
designer
« Connect the components. wants to add a
PMfS - Flip the Vds voltage source by right clicking on it and bulk
oS Amolifier choosing rotate. Rotate twice to obtain as shown in connection,
P the figure. g 45nTsvt the bodytie
! . w=21.5u type in the
Symbol « Complete the circuit as shown. properties of
oot Etench * You now have a circuit of an NMOS, connected to the NMOS
Vds and Vgs. should be
checked.
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2.a. NMOS (continued)

» Select File = Check and Save.

« If there is an error, a message will be shown in the CIW window, otherwise the CIW

outputs the messages below.

Virtuoso® 6.1.8-64b - Log: /fhome/user/cadence01/CDS.log

= a x

Fle Tools Options Help

cadence

INFO {SCH-1183): Mo changes were made. No objects updated.

INFO (SCH-1170): Extracting "nmos schematic”

INFO (5CH-1426): Schematic check completed with no errors.

INFO (5CH-1181): "amplifier_common_source nmos schematic" sawved.

nmouse L: schsingleSelectPt)

M: schHiObjectProperty)

R: schHiMousePopUp()

il

1 =

cadence



2.a. NMQOS (continued)

 For the “nmoslv” transistor, the threshold
voltage is around 600 mV, therefore we

choose a value higher than 600 mV for Vgs.
In our example, we will choose 650 mV.
CS Amplifier * Note that later when we design the common
v source amplifier, the values of the
Symbol parameters will be the same. As you can
y see in the figure, there will be a PMOS X
Test Bench above the NMOS, and the output node is at =

the drain of the NMOS or the PMOS.
|deally, we would like the output to swing as
much to the top as to the bottom, as a result
we set the dc of the output at the middle
(550mV) of Vvdd. Therefore, Vds of the
NMOS transistor would be 550 mV.
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2.a. NMQOS (continued)

* Now we will use the tool ADE Explorer to run the analyses.
In Schematic Editor, select Launch - ADE Explorer.

The window “Launch ADE Explorer” pops up. Select “Create New View” and click OK.
Make sure the fields of the window “Create new ADE Explorer view” is as shown below.

Click OK to proceed.

Create new ADE Explorer view X

Launch ADE Explorer x

ADE Explorer

m Cancel Help
— = — "

File
Library amplifier_commaon_source :
Cell nmo s ]
View maestro

maestro

Application
- ADE Explorer

Library path file

Shome fuser fcadencell/cds. lib

Openin @ newtab . currenttab o new window

m Cancel Help
— e — -
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2.a. NMQOS (continued)

The maestro view opens.

You still need to add the model files (these files define the parameters of the
components used in your circuit, thus implicate your circuit behavior).

Select Setup = Model Libraries...

Launch 5ession

i Analyses Variables Outputs Simulation Results Tools

F=E=n=1

Setup

MName

g -|'_\|— ampliﬁer_g

% Simulator s
=] % Analyses
Lditran 03
> W ac 12
> W dc t

H ¢ Design Varig
Hl 1& Paramet
i | ‘—'ﬂ Corners

= JobSetup ..
. Design ..
Simulator ...
Sawve Options ...
High-Performance Simulation ...
i© Temperature ...
m Stimuli .
Simulation Files ...
EMVIR Analysis ...
MATLAE/Simulink 4

4 Environment ...

I IES l[newwn |

estbench E maestro

}ame | Type |
signal finput]
signal Jrl3"--'tF”-

t __| Reliability Analyses
f _| @ Monte Carlo Sampling
H |__ ChecksfAsserts

Make sure to
always change
the model
library as tt
when you
open any
maestro view.

The maestro
view sets by
default the
model libraries
to mc which is
not what we
want.
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2.a. NMQOS (continued)

* The tool may have already defined the Model Library.
* If this is the case, the file “gpdk045.scs” will be selected as shown below.

 Click on the Section field and select “tt” from the drop-down list. It stands for “Typical
NMOS Typical PMOS” process conditions.

* Click OK to save your “Model Library Setup”.

spectre26: Model Library Setup

|Model File
£ Global Model Files

o | /home/user/pdk/gpdk045_v_6_0/gpdk045/../models/spectre/gpdk045.5cs
‘el | =Click here to add model file>

| secti

tt

& e sy

»

_—

_—

_—

%
—_—

Help _

« |If the tool hasn’t defined the Model Library, the next few slides explain how to select the

file “gpdk045.scs”.

Make sure to
always change
the model
library as tt
when you
open any
maestro view.

The maestro
view sets by
default the
model libraries
to mc which is
not what is
needed for
real world
applications.
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2.a. NMQOS (continued)

Library « When the “Model Library Setup” form pops-up, click on <Click here to add model file>.  Make sure to
m * Enter the following directory: ?r:\évalsdcgange
library as tt
PMOS ) ” when you
T $GPDK_045/models/spectre/gpdk045.scs open any
CS Amplifier maestro view
| .
Symbol * Note that the “GPDK_045” must point to the root folder of the pdk, “‘gpdk045 v 6 0.
I * The maestro
Test Bench spectre26: Model Library Setup x \éleefva\_luslfiﬁeby

\Model File |5Eftinn||
E}- Global Model Files

[ sGPOK_045/models/spectre/gpdk04s.scs E’-Ig model libraries

to mc which is

e =Click here to add model file=

i not what is
Z needed for
; real world
. applications.

m _ Lancel | Apply /| Help
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2.a. NMOS (continued)

« Make sure to

« Click on the Section field and select “tt” from the drop-down list, it stands for “Typical always change
NMOS Typical PMOS” process conditions. Itirt])?aTogsltt
PMOS » Click OK to save your “Model Library Setup”. Whenyyou
v open any
CS ArIpIifier spectred: Model Library Setup x maestro view.
Symbol T — et | - The maestro
T | e e e e .
- __ <Click here to add model file> view sets by
Test Bench — default the
=z model libraries
- to mc which is
— not what is
needed for
&P cnce  appy  Hep real world
- applications.
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_ ] ] It e i @ e B0 § I8 e Be-o BFA RN BE %[O :
Library * Click on “Click to add variable” T — e | « To insert the
under the Design Variables. @ o value 550 mV
. = se: . @ S e for Vds, in the
* The window “Editing Design 1 pares value (expr)
. ”» _ B Dsign Van‘ales Editing Design Variables -- ADE Explorer x
SMOS Variables” pops-up. Select Copy box 550m
7 From. e o S should be
'@ Monte Carlo Sampling Value (Expr) .
CS Amplifier  Both Vds and Vgs will be added in [/~ —— typed in only.
v the Design Variables. ety
Symbol  Make sure to
i * Select Vds and change the Value i |
(Expr) field to 550 mV and click on S E— not leave any
Test Bench P Spacing
Ch ange. Editing Design Variables -- ADE Explorer X between the
 Select Vgs and change the Value Selected Variable — __ last digit and
(Expr) field to 650 mV and click on | i 1__ the metric
Change. Value Expr) [550] |R e unit.

* Then click on OK. i --

| MNext i\ Clear i\ Find J

-
Cellview Variables Copy From | CopyTo - —

m Cancel Apply Help
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Choosing Analyses -- ADE Explorer x
. Analysis s tran & dc - — Noise
ibrary « To run a simulation, we need to choose the type of o e e
analysis. Select Analyses - Choose... Cewp Cps  pac O
— pnoise . puf — psp — Opss
* tran is the regular time-domain simulation. S
P'V'fs - Select dc. -
CS Amplifier » Check the “Save DC Operating Point” and check e
1 the “Design Variable” under the Sweep Variable. |
SyTbo' « In the Variable Name field type Vgs. ~ Temperure e —
Test Bench * The Start point should be 0.1 and the Stop should B e

be 1.1.

« The maximum voltage that can be across the
nmos is 1.1V.

« Select the Sweep Type as Logarithmic and set
the Points Per Decade to 50.

* Click OK to add the analysis.

Sweep Range

® Start-St
- restop Start 0.1 Stop

— Center-5pan

Sweep Type

% Points Per Decade
Logarithnic
26 n « Number of Steps
Add Specific Points

Add Points By File

Enabled »

m _ Lancel | Defaults || Apply /| Help

1.1

Options...
b p -
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Test Bench

2.a. NMQOS (continued)

Select Outputs = To Be Plotted = Select on Design.
By clicking on a connection, we select the voltage.

By clicking on a device terminal (red square), we select the current going into the
device. We want to plot the drain current, so we click once on the red square at the drain
of the transistor.

If you have done any changes to the circuit, make sure to check and save in the
Schematic Editor.
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Library
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v

CS Amplifier

v

Symbol

v

to “tt”.

2.a. NMOS (continued)

* In the maestro view, the output expression is added after selecting the red terminal.
* The process condition (section) used for the simulations is “mc”. It should be changed

* From Setup - Model Libraries, change the section to “tt”.

Test Bench

spectre3: Model Library Setup

|Model File
E}- Global Medel Files

& W fhome/user/pdk/gpdk045_v_6_0/gpdk045/. /models/spectre/gpdk045.5cs

[ [ M[<Click here to add mode! file>

=

tEEE

< -
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Test Bench

2.a. NMQOS (continued)

Save the session by selecting Session = Save.

To run the simulation, select Simulation = Netlist and Run or simply click on the
Run Simulation button (green button) on the right side of the Explorer window.

A window will pop-up, showing what the simulator is doing.

If there are no errors, the tool VIVA XL (Virtuoso Visualization & Analysis XL) plots the
output expression.

Virtuoso® ADE Explorer Editing: amplifier—common-source nmos maestro - o x
Launch Session  Setup Analyses Variables Outputs Simulation Results Tools EAD  Parasitics/LDE Window Help caden ce
; e .- | L4 oy == T . v
I¢% o Dl gz | b= & B UG f[rewwin B BT 21 BE %]
Setup il X| & nmos [ maestro —
Sk
Name | Value | Name | Type | Detail | Piot | save | Spec | 3
n n signal {l) ~ /NMO/D ¥ ¥ I;
1} amplifier_common_source_nmos_1 ( k
% Simulator spectre @
EI% Analyses x
> W dc t0.1 1.1 50 Logarithmic Points Per .. ’
1% Design Variables m
- [ vds 550m
[+

- [E] vgs 650m

(&3] 1& Parameters

[ v <l Corners

[+ |__| Reliability Analyses

[ '@ Monte Carlo Sampling
&

—

amplifier_common_source

nmaos schematic

Simulator: spectre aps D
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Library » To create a marker, select Marker - Create Marker...

« Select “Point” and place it where the slope starts to increase.
* This is the Threshold Voltage Vth (591 mV).

PMOS

¢ DCR
CS Amplifier
v

¢ SNMO/D @
Symbol

v

Test Bench

M3: 591.026m 531.3167uA
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v
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v

Symbol

v

Test Bench

2.a. NMQOS (continued)

* Now to get ID, set a new Vertical Marker,

with X Positions equal to Vgs (650 mV).
« The value of ID is equal to 1.04 mA.

/NMO/D & 1.04721mA 10.0
9.0
8.0
7.0
6.0

£ 50

Tue Nov 28 16:46:51 2023 1

-_—

0" "

10°

Vs

|

1.04721mA

Create Graph Marker - o x
Point | Horizontal = Vertical
o [T
Hint: Use bind key V"
.:!' Close Apply Help
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« To export the waveform, in the VIVA XL Window, select File > Save Image...
« Save the image in the desired folder.

i Save Image x
CS Amp“fler Look in: [ /ome n & = [:2] E] o
i g Comput: user ® Selected subwindow only
SymbOI cadenc — All subwindows, using |Single file n
i — Render exactly as screen
¥ Resize image(s)
Test Bench .
Width: 990
pixels n
Height: 634 b
Resolution: 96 pixelsfin n
— Maintain aspect ratio _Impurt
dimensions

Graph Display

W Title W Axes

& legend & Grids

¥ Replace background color with: |:|

-
s Copy to Clipboard
—————
File name:;
Format Options ... Save Cancel Help
Files of type: Windows Bitmap Format (*.bmp) n
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2.a. NMQOS (continued)

« To find Vds at that current (1.04 mA), we need to sweep Vds.

» Double click on the dc analysis set previously and change the Variable Name to Vds.
« Change the Start value to 0 and the Sweep Type to Automatic.

« Knowing the value of ID, we set a horizontal marker and find the value of Vds on the plot
which is 550.7 mV.
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2.a. NMQOS (continued)

« Checking the

saturation
_ _ o _ _ _ _ condition is
* Now to check if the transistor is in its saturation region, we need to verify the following important
PMOS conditions: before
P > Vgs = Vth < 650 = 591 (mV) continuing
CS ATp“f'ef > Vds = Vgs — Vth & 550.7 = 650 — 591 (mV) our work
Symbol * The conditions hold and therefore the nmos transistor is in the saturation region. ggﬁiuvj:nvtve
v our transistor
Test Bench to be in the

triode region.

cadence



2\ AMERICAN
;) UNIVERSITY

PMOS

v

CS Amplifier

v

Symbol

v

Test Bench

2.a. NMOS (continued)

 To find the Early Voltage Va of the nmos transistor we can use either of the two methods

described below.

 Method one:

— In the maestro tab, click on Results = Print > DC

Operating Points.

— Click once on the nmos transistor.

— The Results Display Window lists all the
parameters, including the early voltage which
is equal to 1.134 V.

Results Display Window - O x

Window Expressions Info Help

cadence

signal OP{"/NMO™ "27")
rgate 0
rgbd 0
ron 529.189
rout 1.09072K
rseff 74.537m
self_gain 11.9704
taul NaN
trise 0
ueff 21.0928m
vbs 0
vdb 550m
vds 550m
vdsat 106 . 6BEm
vdsat_marg NaN
vdss 106 . 6BEm
1.13361
vgb 650m
ved 100m
VES 650m
Vet 58.5846m
vsat_marg 443, 314m
vsh -0
vth 591.415m
vthi NaM
vth_drive NaMN
signal OP("MMO.xrg.r1™ "27")
i 94 .505%p
1v2 25.8369 £
pwr 230.759z
res 25.8369
subckt_trise 0
v 2.44174n =

19

* Run the
simulation
again, in
case you
had closed
the maestro
tab.
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PMOS

v

CS Amplifier

v

Symbol

v

Test Bench

2.a.

NMOS (continued)

 Method two:

We have to use the tool Calculator.

From the maestro tab, click on Tools =
Calculator.

The highlighted field is where we will write
the required expression to find the early
voltage of the nmos transistor.

Click once on “op”, which enables us to
select a schematic instance to create an
expression for DC operating point.

Select the nmos transistor by clicking once
on it.

Choose “vearly” from the List in the window
“OP parameters for NMO” and click OK.

The highlighted field of the tool Calculator
should have the expression shown in the
next slide.

Virtuoso (R) Visualization & Analysis XL calculator - o x
File Took Optio p cadence
HH In Cor itsDB:  fome/userfcadence0 -_common _sour 0/1/amplifier_common_source_nmos_1/pst B (=)
vf wdc P mp wn | Usp Uvswr Uhp wozm
am
Ui [(ide [Ois | & opt L var w2 |Uzp Uy gd L data
[|& ot Famiy _ wave | ciip | T ] dppend T [Rectanguiar B 8| B
Key P... & x|
2 e (sl et
4
e 2 2l e =
- 4@ o O fm ym T EE |
Stacl & X
Q
S
\S eci
PN evmQAM  eyeHeig P frequeny g & kurtosi: malQQ pavg, phaseMargin psd ms_jitter settling
aasp evmQpsk  eyeWidthALKY gainBwProd  groupDelay lastval IQQPYalue peak phasel psabt ot skewne|
eyeAperture fallTime q gainMargin m g P loadpull numCorn peakToPeak pow pst ift slewR
anal tyCycle eyeDiagram firstval q_jitter getAsciiWave harm: eq i P Ishift rst period_jitter prms pzbor mple  spectr
Fun
20

OP parameters for .. X
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v
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v

Test Bench

2.a. NMOS (continued)

« Click on the highlighted button to send the expression to ADE Outputs.

Virtuoso (R) Visualization & Analysis XL calculator - o x

File Tools Miew Options Constants Help cadence

||H In Context Results DB:  fhome/user/cadenced1/simulation/amplifier_common_source/nmos/maestro/results/maestro/ExplorerRun.0/1/amplifier_common_source_nmos_1/psf n k

vt [vf | Jvde [vs oS | ®op ot w Mp | \vn W Sp KJVEWr L/ hp W Zm

\ i s idc L J 5 ' VN2 W Zp L yp — Bd . data

Al
|||lﬁ= amplifi er_mmmon_suurn ‘

it
|l |i®

. opt . var

|||.,_,. Off . Family . Wave |1 Clip | I:J(\ EE LAppend iﬂectanguiar n @' E

- T —

2 e e s

4(s5](&

2 ;

0(s L= RSN N R == - Y
20
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* Run the simulation by clicking on the Netlist and Run button.

Virtuoso® ADE Explorer Editing: amplifier_common_source nmos maestro - o x

Launch 5Session  Setup  Analyses Variables Outputs 5Simulation Results Tools EAD  Parasitics/LDE  Window Help

PMOS IS o EE 7 e e &5 IR e Bl BERIZI BE X9

¢ Setup Z.E.EJ “& rmos [# maestro

cadence

ac
o

Name | Value | Mame | Type | Details | Value

CS Ampllfler B B signal (ij | /NMO/D
1 i amplifier_common_source nmos_1 A B T - -

. %3 Simulator spectre

L

=] % Analyses x
Symbol W dc  t01.1Automatic StartStop R
i =] & Design Variables -
- [E] vds 550m
Test Bench B v som [

(£} 1& Parameters
[EI ‘:'l Corners

[+ |__| Reliability Analyses
E

E

f @ Monte Carlo Sampling
H |_| ChecksfAsserts
[ IEE—
limouse L: M: R:

1(3) Results: ExplorerRun.0 | amplifier_common_source nmos schematic | Simulator: spectre aps Batch ﬂ
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Library

* The value of the early voltage Va is 1.134 V.

Virtuoso® ADE Explorer Editing: amplifier_common_source nmos maestro - o x
P M OS Launch  Session  Setup Analyses Wariables OQOutputs Simulation Results Tools EAD  Parasitics/LDE  Window Help C 5 dence
i ISF=A=INSERT D L= N =0 Y - [T - =700 - 1=
— Setup el .E.l <& nmos E-, maestro e
CS Amplifier Name | Value | [ ree———— Detais e
i n n signal{l)  /NMO/D @
-4} amplifier_common_source_nmos_1 expr OP("/NMO" "vearly”) 1.134 {0 |
%3 Simulator spectre
SymbOI [—]% Analyses x
i ¥ dc  t01.1Automatic Start-Stop >
EI& Design Variables ]
Test Bench L[ vds 550m o
-

- [ ves 650m

[ | & Parameters

[ v <) Corners

[+ |__| Reliability Analyses

[ @ Monte Carlo Sampling
[ __ ChecksfAsserts

4 I
limouse L: M: R:
1(3) Results: ExplorerRun.0 | amplifier_common_source nmos schematic | Simulator: spectre aps  Batch D
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2.a. NMQOS (continued)

Now using the previous results, we can get the transistor parameters.

« A\=— = —_=0.881 V!
SMOS V4]  1.134
v
CS Arzplifier = %K'n%(Vov)2(1+ A Vds) A
bol
s « Vov = Vgs — Vth = 650 — 591 = 59 mV
Test Bench

e k'n = 2(L)1d _ 2(45n)(1.04m)

— —4 2
 wEWov)(1+Avys)  (21.6w)(59m)2(1+(0.881)(550m)) 84 X107 A4/V

_2(d) _ 2(1.04m)
Vov 59m

= 35.25 mA/V
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CS Amplifier

v

Symbol

v

Test Bench

2.a. NMOS Parameter Summary

Parameter Value

Wn 21.6 um
Ln 45 nm

Id 1.04 mA
Vov 59 mV
Vth 591 mV
Vgs 650 mV
Vds 550 mV
gm 35.25 mA/V
K'n 0.84 mA/V?
Va 1.134V

A 0.881 1/V
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@) 5| 2.b. PMOS

“biary - We will now find the characteristics of the PMOS transistor.
NMOS « From the Library Manager, select your library.

 Select File > New = Cell View...

 Name the Cell “pmos” and click OK (make sure both fields Library and Type are as
CS Amplifier shown below).

y .

We will go through the same steps as of the NMOS transistor, in order to get the

Symbol characteristics of the PMOS transistor.
v New File X
Test Bench -

Library fampliﬂer_cc:mmun_suurce ﬂ
Cell Ipn‘u:ns I
View schematic
Type schematic =
Application
Open with schematics L n

_ Always use this application for this type of file

Library path file

Shomefuser fcadenceldl/cds . lib

€D oo sen cadence
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35T 2.b. PMOS (continued) ——————
Library « The PMOS and the NMOS will have the same v~ g- - B-|v B- + The size of
! Vgs, Vds, L and ID. _— e e —m—=——] the PMOS
NMOS * Note that for the PMOS, all the reported ||5:” 5 Pl - = transistor
voltages are in absolute value. wuoge || Eee pas e —  Sould be
houl he simulat " o W B, [ greater than
 We s _oud repeat the simulations ano_l eep Fi— the size of the
cs Amplifier changing the value of the transistor width W ol NMOS
T until we get the same value of the drain |[*,, M : :
: , : . Pt . transistor if
Symbol current we got in the NMOS simulation, which | | thev are to
T was 1.04 mA. The value of W corresponding | F= e e NN car?/ the
" to a 1.04 mA drain current happened to be @ . y
Test Benc Lose PR — same current
41.6 um. .
_ _ with the same
* So let us start first by setting up the PMOS. | géspisut terminal
Go to Create = Instance and browse to get | 1 voltages since
the pmos1lyv transistor. :ensmwh js:ﬁu M K'p < K'n.
. . . inger Widt 16U
« After placing the PMOS in the Schematic |, . ... o
Editor, select the transistor, then right-click | .- »
and select properties. Set the Fingers to 10 g hresnon 100 W
and the Finger Width to 4.16 um and click on
the enter key on your keyboard.
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F) ™ 2.b. PMOS (continued)

_ « Don't forget
L'biary - Place the components as seen in figure below. to flip the
NMOS - Set the DC voltage values of the gate and drain to Vg and Vd respectively. voltage

o _ source at the
« Connect the circuit correspondingly. source
» To name the connections ‘gate’ and ‘drain’, click on Create - Wire Name... terminal of
. : the
CS Amplifier * Then attach the labels to the respective connections as shown below. .
T transistor.
Svmbol Create Wire Name x
mpbo
y¢ Mames gate| * Always
Test Bench __ Expand bus names CheCk and
__ Attach to multiple wires - T H Save after
__| Create net alias labels < Bt E- o mOdl |n
— Display bundles vertically ﬂ‘ gt=H16u fy g .
your circuit.
F Font
F Entry Style
Rotation 2 =l )

m_ Cancel | Defaults | Help
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Library

NMOS

CS Amplifier

v

Symbol

v

Test Bench

2.b. PMOS (continued)

« Launch ADE Explorer (Launch - ADE Explorer).

» Select Create New View and click OK.

* Click OK when the “Create new ADE Explorer view” window opens.

» Select click to add variable > Copy From

« Set Vd to 550 mV and Vg to 450 mV.
« Select Analysis = Choose - dc.

« Check the Save DC Operation Point and set the design variable to

Vg.
* The start and stop are setto O and 1.1

respectively.

=
\Ch
%)

Setup

=] %; Analyses

=] & Design Variables

Mame | Value

-,} amplifier_common_source_pmos_1
%; Simulator spectre

¢ v dc t0 1.1 Automatic Start-Stop

[ vd 550m
L E ve 450m

H _& Parameters

H 1“"& Carners

H |__| Reliability Analyses

7 |_| @ MWonte Carlo Sampling

[ e N B

H || Checks/Asserts

Choosing Analyses -- ADE Explorer

Analysis « fran ’ aC s noise

Wt Xf i SENS « docmaich s acmatch
w stb — PZ o If - 5p

ws ervip &/ pss ~ pac ' pstb

o pnoise o pxf - psp < (pss

« gpac « Qpnoise s qpxf ' qpsp
ws b « hbac « hbstb « hbnoise
— hbsp — hbxf

DC Apalysis
Save DC Operating Point @

Hysteresis Sweep I

Sweep Variable

— Temperature
Variable Name
esign Variable Ve

— Cemponent Parameter Select Design Variable

— Model Parameter

Sweep Range

@_K,tart-‘itop Start Stop ‘l‘l—‘

« Center-5pan

Sweep Type

Automatic n

Add Specific Points

Add Points By File

Enabled Options...
R ——r®

m . Cancel Defaults Apply

Help
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v
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2.a. PMOS (continued)

* You still need to add the model files.
» Select Setup = Model Libraries...

Launch 5ession i Analyses Variables Outputs Simulation Results Tools

I @2 | @ o0 sewp - U IES [[rewwin |

Setup i Design ... bethench El maestro

MName Simulater ... }ame | Type |

Sawve Options ... signal finput
. -|'_\‘|— amplifier_co) High-Performance Simulation ... signal ngUtPL
% Simulator 5| Wl Model Libraries .. -
EI% Analyses
- ¥/tran 03
F@ac 1200k Stimuli..
Fvlde ot

i© Temperature ...

Simulation Files ...
EMVIR. Analysis ...
MATLAB/Simulink r

H ¢ Design Varig
H 1& Paramet
(v )| Corners| (] Erwironment ..
t __| Reliability Analyses

__l@ Monte Carlo Sampling

__ Checks/Asserts

al
H

Make sure to
always change
the model
library as tt
when you
open any
maestro view.

The maestro
view sets by
default the
model libraries
to mc which is
not what we
want.
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Library  The tool may have already defined the Model Library. . Make sure to
! . Qo o always change
NMOS * If this is the case, the file “gpdk045.scs” will be selected as shown below.
_ _ _ _ the model
+ Click on the Section field and select “tt” from the drop-down list. library as tt
« Click OK to save your “Model Library Setup”. when you
— open any
S ATpllfler spectre26: Model Library Setup x maeStro VIeW
|Model File | secti
S b | -} Global Model Files
yT ° = 1J;l}clhlrle;userIpu:Il:dgpdk§l4|5;r_5_ﬂfgpdk045f...-'r'nou:leIsIspectreIgpdedS_scs | & i The maestro
Tost Bonch - & view sets by
default the

\ /

model libraries
to mc which is

%
—_—

@ concel | Appy | Help not what is
, . . . . needed for
* |If the tool hasn’t defined the Model Library, the next few slides explain how to select the real world
file "gpdk045.scs”. applications.
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2.a. PMOS (continued)

Libiafy « When the “Model Library Setup” form pops-up, click on <Click here to add model file>. -« Make sure to
. : : _ always change
NMOS Enter the following directory: the model
library as tt
“$GPDK_045/models/spectre/gpdk045.scs” \é)vs:r? gr?;
CS Amplifier maestro view.
i . 114 b
SyTbOI * Note that the “GPDK_045” must point to the root folder of the pdk, “‘gpdk045 v 6 0. . The maestro
Test Bench spectre26: Model Library Setup x \éleefva\_luslfiﬁeby

\Model File |5Eftinn||
E}- Global Model Files

RN sGPDK_045/models/ /gpdk045 E’-Ig model libraries
| _045/models/spectre/gpdk045.5cs J

to mc which is

e =Click here to add model file=

o not what is
Z needed for
; real world
. applications.

m _ Lancel | Apply /| Help
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F) Siheer | 2.a. PMOS (continued)
Library  Make sure to
* » Click on the Section field and select “tt” from the drop-down list. always change
NMOS _ _ the model
» Click OK to save your “Model Library Setup”. library as tt
when you
open any
CS Amplifier spectred: Model Library Setup X maestro view.
i \Model File | Section |
Symbol %ﬁ— .l * The maestro
i <Click here to add model file= VleW Sets by
Test Bench — default the
=9 model libraries
X to mc which is
not what is
needed for
@€ e sopy  Hep real world
applications.
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2.b. PMOS (continued)

» To plot the voltage Vgs vs. current, select
Output - To Be Plotted - Select on
Design and click once the red terminal of
the source current.

* Note that the drain and source current are
the same.

* Vgs is the absolute value of (1.1-Vg). To
plot the Vgs vs. the source current, we
have to use the tool Calculator. This is
explained in the next few slides.

* Remember
that choosing
the red
terminal as
output means
current and
choosing the
connection
means
voltage.
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2.b. PMOS (continued)

« From ADE Explorer, click on Tools = Calculator.

% Analyses
Fov de t 0 1.1 Automatic Start-Stop

&% Design Variables
- 8] vd 550m
- & ve 450m

"4 & Parameters
v =} Corners
__ Reliability Analyses

Q Real Time Tuning
S-Parameter Companson ...

RF 8

Calculator ..
Results Browser ...
Waveform ...

Results Display .

Job Monitor ...
— ® Monte Carlo Sampling
__ Checks/Asserts
'Ar L
nouse L: M:

Virtuoso® ADE Explorer Editing: amplifier_.common_source pmos maestro - o
punch S5ession Setup Analyses Variables Outputs Simulation Results EAD Parasitics/LDE Window Help ci denc
oo d 7 @ de 8 5§ UGS vewwi  ogviewer . Bd x|
petup Z,E,S*_‘.I & pmos = maest Debug... e

o]
Name | Value | Corners ... s ]
n n signal (1) Monte Carlo ... g

4 amplifier_common_source_pmos_1 Export Data ... P
@ Simulator spectre Create Datasheet °

y |

amnlifigr srorpmoan cossrca nenac coborr gtie | Cipmilatnr cmartra 2o
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2.b. PMOS (continued)

« The highlighted field in yellow is where we can write the functions or equations.

« From the drop-down list in the Function Panel, select Special Functions, then click on
waveVsWave, as shown below.

Virtuoso (R) Visualization & Analysis XL calculator - o x
File Tools View Options Constants Help (aden(e
E| In Context Results DB: none specified n k
ot | U | Uvde |[Ovs Uoes wOp KJOt  Lmp | /wvn ' Sp svewr Jhp i zm
ﬁ amplifier_comm on_sourn
||| WAUE (LR L ide (LIS s Opt . var wm2 |Lizp L yp . gd . data

& off _ Family _ Wave | ciip | By o] |Append

nRectangular n @' Q

0 /|
| stack & x
-
W/
vy
| Function Panel F X
Special Functions n ﬁ O.
PN busTransition compressionVRI delayMeasure evmQAM fallTime frequency harmanic integ loadpull pavg pow pzfilter rshift spectrumMeasurement unityGainFreq xval
aasP calcval convolve deriv evmQpsk firstVal  gainBwProd harmonicFreq intersect Ishift peak prms  riseTime sample stddewv v ymax
abs_jitter caleValForRel cross dft eyeAperture  flip gainMargin  histogram2D  ipn normalQQ peakToPeak psd Fms settlingTime  swapSweep Yo ymin
analog2Digital clip d2a dftbb eyeDiagram fourEval getAsciiWave i ipnVRI  normalQQPValue period jitter psdbb rmsMNoise skewness tangent waveVsWave
average compare dBm dnl eyeHeightAtxY freq getData iinteg kurtosis numConv phaseMargin pstddev rms_jitter slewRate thd A
bandwidth compression  delay dutyCycle eyeWidthAtXY freq_jitter groupDelay inl lastVal  overshoot phaseMoise pzbode root spectralPower triggeredDelay xmin
status area B

4

« |Ifthe
Function
Panel is not
shown, click
on the
highlighted
button “f,”.
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Library
v
NMOS « The waveVsWave window appears.
¢ * We have to create expressions for the xTrace and the yTrace.
« We have to use the highlighted part that was shown in slide 42, in order to fill in
CS Amplier both traces.
v
Symbol
I
Test Bench e i Bsa
select xTrace “

OK' | Apply | Defaults Help | Clt
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Library

v

NMOS

CS Amplifier

v

Symbol

v

Test Bench

2.b. PMOS (continued)

* First, type ‘abs (1.1 - ’in the highlighted box, then click on vs (shown in figure).

sweep voltage.

Now the expression should be as below.

Select the connection named ‘gate’, add a “ ) ' to close the abs expression.

This expression is the xTrace. Cut the expression and paste it in the xTrace box.

Clicking on vs will allow us to select a schematic signal to create an expression for DC

prosly Virtuoso (R) Visualization & Analysis XL calculator - o X
R R, R File Tools View Options Constants Help (é d ence
g te 45Em
3‘ .| In Context Results DB:  none specified B !
558m 2
wel o = | —t | owf | wdc & vs 05 | oop oot — Mp | — 5p o wswr o hp
Vi =W -] L!ﬁ amplifier_commaon_sour
Iil [[| et I . if . idc 4 s — opt . wvar — VN2 | Zp L yp — Ed
[[t Off ... Family . Wave |1 Cli.pl *\.-'hl EH Append nﬂectangular =| {a&'| E
Key P... 2 X abs{1.1 -V5( .-'g:;:e"}ﬂ
7 8 9 i/
4 5 [
e e il ) el
i} + , + ‘| Qj £y ) HL'J HL'J E | ¥
Stack g X

cadence



2\ AMERICAN

T Sitror | 2.b. PMOS (continued)
Library * Now for the yTrace, click on is (shown in figure).
vafos  Clicking on is will allow us to select a schematic terminal to create an expression for DC
sweep current.
 Select the red terminal of the source.
— * The expression should be as below.
CS Amplifier
] * This expression is the yTrace. Cut the expression and paste it in the yTrace box.
Symbol
¢ Virtuoso (R) Visualization & Analysis XL calculator - o0 x
Test BenCh File Tools View Options Constants Help cadence
Flrr‘u:l:z:']'-.,.-' .| In Context Results DB:  none specified n =
1.17"'q45p 1swt" - wf vdec vs 0s o ot m wn 5 VSN h
';E;H:]t% 456m ""]=‘-1-1r'_:| Ll L‘Er;i’ ampliﬁer_common_sourn HTR H. Hl IH- - e LU B — 5P — nhp
li T i i it o if . idc &) is — Opt . wvar — VN2 | Zp L yp — Ed
£ E - \ Off . Family ... Wave |1 Clipl \.-'hl EU Append nﬂectangular =| {%’| E
vde=vq I _ % isfremois']
; i 3 H © ) fm = " EH | 5
Stack 5 X
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CS Amplifier

v

Symbol

v

Test Bench

2.b. PMOS (continued)

 Now the waveVsWave window should be as below.
* Click OK.

Function Panel (5] <]
l_Special Functions B fo Q.
wav eVsWave
Select xTrace |abs(1.1 - VS["/gate"]) n
Select yTrace |I5"/PRMO/S") '
OK  Apply Defaults Help Close
aaaaaaaaaa [ - |

cadence



CS Amplifier

v

Symbol

v
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2.b. PMOS (continued)

« After clicking OK, the whole expression should appear in the highlighted field

mentioned earlier.

* In order to send the expression to ADE Explorer, click on the highlighted button.

Virtuoso (R) Visualiza

File Tools View Options Constants Help

||H In Context Results DB:  none specified

AUl

wo! W [ W wdt | W4 Vs W4 DS s Ot ! MP | s VT
lﬁ'ampllfer comman suurn
WA IE [ W 0F | s ide | B s i Opt WL/ var W N2
[} Off _ Family . Wave |£ Clip | f\!ﬁ lﬂ |Append Enﬂectangul.ar n %’ E
Key P... 3 §| waue‘ufswa*.rel?x absi1.1 -V5("/gate")) ?ylS.’".-'F‘h-1D.-'S"2|
7 ] 9 f
4 5 ]
1 2 3 - oxpr, o]
=3 O n =
e M O s B 5
Stack
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CS Amplifier

v

Symbol

v

Test Bench

2.b. PMOS (continued)

« ADE Explorer should be as below.
* Click on the Netlist and Run button to run the simulation.

Virtuoso® ADE Explorer Editing: amplifier_common_source pmos maestro

Launch  5ession  Setup  Analyses Wariables Outputs Simulation Results Tools EAD  Parasitics/LDE  Window Help

cad

I o D g7 & 3= & 0 [ [rewwin oo BWEI B %

%3 Simulator spectre
EI'%; Analyses
¢ W dc  t01.1 Automatic Start-Stop

EI& Design Variables
ARG 550m
[ ve 450m

| g& Parameters

H v ‘—'ﬂ Corners

t| |__ Reliability Analyses

H 'ﬁ] Monte Carlo 5ampling
__| Checks/Asserts

[F R R B

H
H

Setup el )f| |=_l", maestro & pmos
Name | Value | Mame | Type | Details | Plot | Save | Spec
ﬂ n signal {I) | /PMO/S LA
"4 ampiifier_comman_source_pmos 1 expr  waveVsWave(?x (abs 1.1 \342\200\223VS "/gate”)) 7y IS(/PMO/S") v

* The process
condition
(section)
used for the
simulations
should be “tt”
not “mc”.
Check slide
23 to see
how to
change it
from Setup
- Model
Libraries.
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E) BErer Y| 2.b. PMOS (continued)
Library - To see the value of Id we got, we should set a marker at Vgs which is 650mV as we did
! In the NMOS simulation.
NMOS _ o
« Marker - Create Marker = Vertical and set the X Positions to 650 mV.
« We can see from the plot that the value of the current is approximately 1.04 mA.
CS Amp||f|er :::\-’sW:ne(?x abs((1.1 -\-’S("f'gane")))?}'JIS("XPMUX'S"))
i W vsitgate™)) 7y ISCUPMOSY) @ 1.04686m A 11 0_;
Sym bol 10.0 — /
Test Bench 80— ,,
30_ /.,
20— ////
IU_UIU Ull 0|2 0|3 0|4 U.ISHHW mtll.I; UIS 0|9 IIU 1|1
VI(V)
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Library

v

NMOS

=

CS Amplifier

v
Symbol

v

Test Bench

2.b. PMOS (continued)

* Note that we need to get a value of Id which is approximately equal to the value of the
current gotten from the NMOS simulation.

- If the value of the current we got happened to be greater than the value we are
expecting, we should reduce the width of our transistor because the current is directly
proportional to the transistor’s size according to the following equation.

o= sK'p=(IVov[)2(1+ Ajvds|) A
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F) SSErer | 2.b. PMOS (continued)
Library
NM¢OS * On the same plot, double click on the x-axis and set the scale to logarithmic.
» Create a marker and place it at the point where the curve starts going up. This is the
value of the threshold voltage Vth which is 570 mV.
CS Amp||f|er Independent Axis Properties for V - o x ' :::\-’sze(?x abs((1.1 - VS("/gate"))) ?}:IS("XPMU;-S"))
i SEIEHE Seake Bl vsivgate"))) 7y IS(VPMOVS") @ 1.046BEmA “'Ué
SymbOI Mode ._RutuScaIe n 10.0—§ IJ,'
i Axtis Limits Minimum  22.0m V' Maximum 1.1V 9.0—§ [
Test Bench Divisions Minor 10 = Maj 5 80_ IIII."
Step Size _ Use 5tep Value tep Vall 7.0—§ III."
Scale Optinn :E 6.0—% Illll,"l
VV)
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CS Amplifier

v

Symbol

v

Test Bench

2.b. PMOS (continued)

* Now to get Vds, we have to change the Variable Name in

slide 39 to Vd.

» Repeat the same steps of the waveVswave function and

select the “drain” connection instead of the “gate”

connection.

» Then the final expression in slide 47 has to be:
waveVsWave (?x abs (1.1 - VS ("/drain"))

IS ("/PMO/S™))

 ADE Explorer should be as below. Click on the Netlist

and Run button to run the simulation.

Choosing Analyses -- ADE Explorer

fa%

Analysis s tran & dc s 8C — Noise
— xf /' SENns « domatch s acmatch
w Stb w Pz o IT — 5p
— Eenvlp s pss - pac /' pstb
w prioise o pxf — Psp — Opss

 Qpac  gpnoise . qpxf ' gpsp
' hb ' hbac « hbstb . hbnoise
— hbsp . hbxf

OC Analysis

Save DC Operating Point L4

Hysteresis Sweep -

Sweep Variable

_ Temperature

Variable Name

& Design Variable vd
— Component Parameter . Select Design Variable

__ Model Parameter

Virtuoso (R) Visualization & Analysis XL calculator

Virtuoso® ADE Explorer Editing: amplifier_common_source pmos maestro

File Tools View Options Constants Help

tputs  Simulation

Parasitics/LDE  Window Help

= (G fvewwn B oo BTG B %

”H In Context Results DB: :}Iifier_common_saurcefpmosfmaestro.fresuItsfmaestrofExpIorerRun_UJ“IIampliﬂer_cornmon_source_pmcs_lfpsfn k

<& pmos

sV | AAvde [ AJVE KOs (RJop WJaot . mp vn

s Wi
wﬁ- ampliﬂer_common_suurn m
WA b | A iR

W idc w5 . opt . var / vn2

5P

—zp P

(& Off . Family . Wave |1 Clip | ,\I'r’\ lﬂ |Append nﬂemngular nl @'l §

Key P... BX] | wavevswavers abs(1.1 -vs("/drain|) 2y 15(/PMO/S")

4 5 [

1 ogd () (e —

0 lls 1+ 8D Hea o= f%| )
Stack

Name | Type

waveVsWave(?x abs((1.1 - VS("/gate"))) Py IS("/PMO/5")) L
waveVsWawve(?x abs({1.1 - VS("/drain"))) ?y IS{"/PMO/S™) ~

Details | value | PIDE_J Save |
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v

Symbol

v

Test Bench

2.b. PMOS (continued)

« Knowing the value of Id, we set a horizontal marker and find the value of Vds on
the plot which is 548 mV.

waveVsWave(?x abs((1.1 - VS("/drain"))) ?y IS("/PMO0/5"))
Name

W _in 7y 1scTPMOIST)
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2.b. PMOS (continued)

» To find the value of the early voltage of the pmos transistor, we can use either of the
two methods explained earlier in the nmos section.

» Using the first method, from the maestro tab, Results = Print - DC Operating Points
and click on the pmos, we find the early voltage Va of the pmos to be 1.55 V.

Results Display Window - o x

CS Amplifier

v

Symbol

v

Test Bench

Window Expressions

Info  Help

cadence

signal OP{"/PMO" "22")
rdeff 18.6154m
region 2
reversed o

rgate 0

rghd 0

ron 528.017
rout 1.48577K
rseff 21.4077m
self_gain 17.8785
taul MaM
trise V]

ueff 12.6625m
vbs o

vdb -550m

vds -550m

vdsat -113.453m
vdsat_marg NaM

vds -113.453m

vgh -650m

vegd -100m

VES -650m

vgt -79.6768m

vsat_marg 436.547m

vsh -0

vth -570.323m

vthi NaMN

vth_drive MaM

signal OP("PMO.xrg.ri1™ "27")
i -358.428p

1v2 48.2028

pwr 6.19264a —
Y - —— | B T v w1 ]

22 | HelpAction
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Libiary - Check the saturation conditions:
NMOS »Vsg 2 |Vth| & 650 2 570 (mV)

w or Vgs < Vth & — 650 < — 570 (mV)
5 Vsd = Vsg — [Vth| < 548 = 650 — 570 2 80 (mV)

cS A”Ip”f‘er or Vds < Vgs — Vth & — 548 < — 650 + 570 < — 80 (mV)
Symbol The saturation conditions are true.
: * Now for the DC parameters of the transistor:
Test Bench

|Vov| = Vsg-|Vth| = 650- 570 = 80 mV
21d _ 2(1.04m)

gm = —— — 26 mA/V
1 1
= Vel = 155 - 0.645 1/V
, 2(L)Id . 2(45n)(1.04m)

— —4 2
b= w(Vor?)(144Vgs)  (41.6u)(80m)2(1+(0.645)(548m)) 26 X107 4/V
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Symbol

v
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2.b. PMOS Parameter Summary (continued)

Parameter Value

Vds
gm
K'p
Va

41.6 pm
45 nm
1.04 mA
80 mV
570 mV
650 mV
548 mV
26 mA/V
0.26 mA/V?
1.55V
0.645 1/V
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&) Bk 2.c. Common Source Amplifier

Library * From the Library Manager, click on your library, then File - New - Cell View. Name
v the new cell view “cs_amplifier”.
NMOS : .. : : : ! : .
T » Create the circuit in the next slide. This circuit consists of a current mirror and a
PMOS common source amplifier.

 We can flip the transistor direction by clicking on “sideways” before placing it in the
CS Amplifier Schematic Editor. Also, we have to flip the voltage source at the source of the PMOS

transistors.

Symbol . . . : . o
yT 2 * The resistor resnsppoly is found in the gpdk045 library. We will use it instead of a
Test Bench regular resistor to be able to use it in the Layout GXL tool, which will be explained later

In the modules.
 The value of the resistor chosen is 430 Q.

» To be able to set the resistor value, change the Calculated Parameter (in Properties)
to Length instead of Resistance.

* In order to obtain a current of 1.04 mA at the source of “PMO0” of width equal to 41.6
um, it is important to have 450 mV at the gate of “PMQO” (or “PM1”), Thus, we must
adjust the width of PM1 to 30.9 um, to achieve approximately 450 mV at the gate of
PM1.

cadence
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Libiary « PMO: « Set the value
— Fingers =10 of the gate

NMOS — Finger Width = 4.16 pm voltage of the

y — Length =45 nm NI\(IOS. to Vin.
PMOS — Gate connection: Bottom This will be

- — S/D connection: Both e O Bogesp et our input
CS Amplifier . PM1- }‘ _“: w=41.6u voltage for
' - : the ampilifier.

Symbol — Fingers = 10
1 — Finger Width = 3.09 pm e vdc=1.1V
Test Bench — Length =45 nm « R0O=4300Q

— Gate connection: Top
— S/D connection: Both

* NMO:
— Fingers =10
— Finger Width = 2.16 pm
— Length =45 nm
— Gate connection: Bottom
— S/D connection: Both
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Library * We adjust the Gate Connection and the S/D Connection for the transistors, because when we
T design the common source amplifier using the Layout GXL tool (Module 7), the terminals will be
NMOS automatically generated for each transistor.

v * Adjust the connections as shown below from the properties form of each transistor.
PMOS

Edit Object Properties x Edit Object Properties x Edit Object Properties x
—1 - Cell N value
i n Cell Name pmosiv n value n ell Name pmos iy ‘ .
CS Amplif vt oo B —
m p I Ier View Name symbol n off View Name symbol ' _
Instance Name NMD loff n off n
Instance Name PMO off Instance Name PM1 e
Add Delete . Modify .
Add Delete Modify aad Bekels Modify
Sym bOI CDF Parameter Value Display v -
M ; off n CDF Parameter Value Display CDF Parameter Value Display
Viodel Name g45nisvt _ . n :
ipli E45pisvt off g45pisvt @
Multiplier 1 off n n B : n
Multiplier 1 off n Multiplier 1 o
T B h o ot = n Length 450 M off
Length 45n M off n £ng n c
ESt enc Finger Width 2.16u M off n g n ¢ ' .
) ) =
i Finger Width 4.16u W aoff n Finger Width 3.00u M o
Total Width 21.6u M o - L - |
-
Total Width 41.6u M of | Total Width 30.9u M o
Fingers 10 off c b n
of
i Fingers 10 aff n Fingers 10 c
Folding Threshald 10u M off 2 . . - |
Folding Threshold 10u M off n Folding Threshold 10u M o
Diff Cont v it - - i
Diff Cont v S - Dff Cont v = B

CL -
G -
Gate Connection Bottom ' e n | ;
ini n ' Gate Connection Bottom n Gate Connection Top n

Use DFM Rules Minimum oft .

\ n Use DFM Rules Minimum n

off

o K

bek

b

Use DFM Rules Minimum n

S/D Metal Width 60n M

S/D Metal Width 60n M

S/D Connection Both n

5/D Metal Width 60n M

1

S/D Connection Both n
ST - - S/D Connection Both ' off n = .
m — — e oo ex Ll m Sancel Apply Defaults _ Previous | Mext Help m Cancel Apply Detaults Previous | Mext Help
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v

PMOS

CS Amplifier

Symbol
v

Test Bench

2.c. Common Source Amplifier (continued)

 Since this is a direct coupled design, before running the DC analysis, we have to model
the input resistance of the load by adding a resistor at the output node.

* If the load exhibits itself as a resistor which is not much larger than the output resistance
of the amplifier, the aspect ratios of the output transistors should be adjusted in order to
keep the same output DC voltage.

 In the following sections, we will place the circuit that we have just built into a symbol
and use it as an amplifier. The output of the symbol will have the load resistance; thus,
we must take the value of this resistance into account while calculating our parameters.

* The current of the PMOS and NMOS are the same. But after adding the load resistance,
the current coming from the PMOS will be split into the resistor and the NMOS.

cadence
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Library

v
NMOS

v

PMOS

CS Amplifier

Symbol
v

Test Bench

2.c. Common Source Amplifier (continued)

W

A 100 kQ resistor is used at the load.

We want our output DC voltage to stay constant at 550mV, which is in the middle of the power
source 1.1 V and the ground O V.

Using Ohm'’s law, the current passing into the load is I = % = 55)%’: = 5 uA.

The current passing through the NMOS transistor will be obtained using Kirchhoff's Current Law;
I(Nmos) = I(Pmos) — I(load) = 1.04m — 5u = 1.035 mA.

To accommodate for this change in current we have to change the width of the NMOS transistor
because as stated previously the width and the current are directly proportional.

Using the following equation: Id = %k’n%Vovz(l + AVds)

B 2xLxId B 2 (45n)(1.035m)
~ k'n(Vov)2(1 + ANVds) (8.4 x 10%)(59m)%(1 + (0.881)(550m))

= 21.45 um

Replacing the value of W of the NMOS transistor and adding the load resistance, we get the circuit
shown in the next slide.

Note that
the load
resistance is
not a part of
our inner
circuit and
will not be
modeled in
the layout
part so here
we will
model it as
an ideal
resistor “res”
from the
analogLib.
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v

NMOS

v

PMOS

CS Amplifier

Symbol

v

Test Bench

2.c. Common Source Amplifier (continued)

e NMO:

— Total Width = 21.45 pm
e R1:

— Resistance = 100 KQ

"g45n 1=vt”

w="12"1.450

L

= r=168K

.=:]-

|

 Make sure to
connect the
gate of PM1
to the Drain
terminal to
ensure better
performance
and stability.
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2.c. Common Source Amplifier (continued)

« To run DC analysis, Launch ADE

Explorer and create a new view. Copy
the variables from cellview (Variables -
Copy From Cellview). Then set the value
of Vin to 650 mV.

Now for the type of analysis, click on
Analysis - Choose - dc, and check
Save DC Operating Point and run the
simulation.

The values shown in the figure should be
annotated on the circuit, and we can
notice that our output DC voltage Vo is
equal to 550 mV, which is a good value
because it is approximately in the middle
of the supply voltage of value 1.1 V and
the ground O V.

Check and
Save before
running the
simulation.
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Library 1} K & &8 _".:’E L 1 2 * Give the pins
NM¢OS » To be able to put our schematic into a symbol we — - mean'”?;“i ]
need to define input and output pins. names that do
l . . . Names [vdd ] n0t Conta|n
PMOS * To add input and output pins. Click on the Add Diection [ogu - special
Pin icon in schematic toolbar (or simply type Create Pin x characters.
CS Amplifier “Ctrl + P” on your keyboard). To add the input ames [van |
pins on your schematic, write their names in the S - - Note that vdd
Symbol “_Names” label, and set their “Direction” as Create Pin - and ground
i “InpUt’,' Names[gruund| ] are aISO plns'
Test B h . . .
el - Our input pins are Vin, vdd and ground. Descion s - o
Usage _s,chematic n d PlnS WI”
Signal Type signal n become the
~lE terminals of
_— Place multiple pins .
your design.
b Net Expressien  __ Attach to pin
b Supply Sensitivity
Rotation \_fq_i_"__’ \_.:J_-h_, \_5—_-_, \_i"‘!._,
!IEB Cancel Defaults Help
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* Move your mouse pointer to the schematic, then add the input pins as shown below.

prmosly prmosly

CS Amplifier

Symbol
v

Test Bench
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Library

v
NMOS

v

PMOS

CS Amplifier

Symbol

¢ m: 1
Test Bench .
nmas T

» To add the output pin, follow the same procedure used for the input pins, but make sure
to set the Direction of the pin to “output”.

r'g ‘-]'El ol 1 = .‘t .
i = : 1 . 4',_: ,
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2.c. Common Source Amplifier (continued)

* Now after you have drawn your entire circuit, select “Check and Save” on the toolbar.

-

b Eelka ¢ 0 @ X O T2 9 ¢ -T2 -|Q QA & | 1 e [

« If any errors occur, try to troubleshoot your drawing. (You can check your errors in the
CIW).

* Itis a good
practice to
“Check and
Save”
periodically
using
shortcuts.
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3. Creating a Symbol
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Library

v

NMOS

v

PMOS

v

CS Amplifier

Test Bench

3. Creating a Symbol

* In order to use your amplifier in a test bench, you first need to create a symbol that represents it.
* In order to do that, select Create - Cellview - From Cellview.
« Make sure that the data is filled correctly in the window “Cellview from Cellview” form, then click OKk.

 Later, if a design should incorporate this one, you can use this design’s symbol view instead of its
schematic view.

Cellview From Cellview x

Library Name amplifier_common_source ' Browse
b= =
Cell Mame cs_amplifier '
From View Mame schematic H
To View Mame symbol
Tool / Data Type ~ (SthematicSymbol L
Display Cellview 4
Edit Options L
m _ Cancel | Defaults Apply Help

 Using the

symbol view
allows the
creation of
large circuits
that do not
look cluttered.

For example,
you have
already used
the symbol of
a transistor in
this design,
without
knowing
exactly what it
contains.
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Library

v

NMOS

v

PMOS

v

CS Amplifier

Test Bench

3. Creating a Symbol (continued)

* The “Symbol Generation Options” form pops-up, here you can customize the pin
locations of the symbol generated.

» To make your design look more like an amplifier, choose the locations as shown below.

Symbol Generation Options x
Library Mame Cell Mame View Name
amplifier_common_source cs_amplifier symbol
Pin Specifications Attributes
Left Pins Vin List
p = =
Right PFins out List
T -
Top Pins vidd List
T -
Bottom Pins  ground List
T -
Exclude Inherited Connection Pins:
& MNone . All s Onlythese:
LoadfSave __ Edit Attributes Edit Labels  _ Edit Properties _
@D ol Aoy Hep

Using the
symbol views
leads to what
is called a
hierarchical
design, as
opposed to a
flat design.

Due to case
sensitivity,
make sure
you type the
pin names
exactly as
they appear.
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L'biary  After choosing the locations of the pins, this is how your symbol will look like. ?c?rTSonents
NMOS « To make this look more like an amplifier, it should have a triangular shape. Therefore, have agreed-
v delete the green boundaries of your square, and draw a triangular shape by selecting upon symbol
PMOS Create Polygon from the toolbar. shapes. For
v example, an
CS Amplifier amplifier is

B e anaas [ 2@ O &[] & triangular.
. [ {@instanceName] + Ensure you

Test Bench click each
corner
individually
without
holding down
the mouse
button.

[@partNarnel
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3. Creating a Symbol (continued)

After you have drawn a triangular shape, your symbol should look as shown below.

Extend the connections at the vdd and ground by clicking on the edge of the connection
once and extending it.

The pointer should look like this.

You can also change the “@partName” to “cs_amplifier”.

[

- cs_amplifier  ouEs

B

Don’t forget
to check and
save before
exiting.
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Library

v
NMOS

v
PMOS

v
CS Amplifier

v
Symbol

Test Bench

4. Test Bench

* The purpose behind creating a symbol for a schematic is to use it in a test bench,
therefore we should create a new Schematic Cell View.

« From the Library Manager, click on our Library, then select File = New - Cell View.

|| New File a X

File

Library amplifier_common_source ﬂ
Cell [teatbencrﬂ l

View schematic

Type schematic ﬂ
Application

Open with Schematics L n

__ Always use this application for this type of file

Library path file

Shome/fuser/cadencell/cds.lib

The test
bench is yet
another
schematic that
incorporates
the symbol
view of the
design
(amplifier).

The test
bench is
distinguished
from the
design itself
much like in a
laboratory
setup.
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4. Test Bench (continued)

« To start creating our test bench circuit, we need to add the amplifier symbol we

generated previously.

« Add the amplifier symbol in the schematic, by pressing ‘I' on your keyboard, and then
select it from the “amplifier_common_source” library as shown.

Add Instance X
Library amplifier_common_source . Browse
Cell cs_amplifier|
Wiew symbol
Mames
M Add Wire Stubs at:
. dllterminals & registered terminals onky .
Array Rows 1 Columns 1
- 47 Rotate Ak Sideways hﬂ Upside Down
m _ Lancel | Defaults | Help

* Itis a good

practice to
distinguish the
test bench from
the design. For
example, one
design might be
tested in
several
different test
benches. Also,
one test bench
might be built
for different
designs.
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Symbol
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4. Test Bench (continued)

« Name your amplifier ‘A0’ as shown below.
« Move your mouse pointer to position it in your test bench schematic.

Add Instance
Library amplifier_common_source Browse
Cell cs_amplifier
View symbol
Mames [A{I|

M Add Wire Stubs at:
. all terminals & registered terminals onky

Array Rows 1 Columns 1

47 Rotate Ak Sideways = Upside Down

Cancel Defaults Help
= — p— p——
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4. Test Bench (continued)

First, the amplifier should be provided with a
supply voltage.

To provide this supply, add the vdc sources to
your schematic from the analog library
(analogLib).

Set the DC voltage of the vdc source to vdd.
Add a ground from the analogLib library.

Connect the voltage source and the ground as
shown in the next slide.

Add Instance

Library analoglib

Cell vdc

View symbol

Browse
. _

¥ Add Wire Stubs at:
— all terminals & registered terminals only

Array Rows 1 Columns

A2 Rotate

1

Ak Sideways ﬁ‘ Upside Down

Moise file name

MNumber of noise/freq pairs 0

DC voltage vdd ¥

AC magnitude

AC phase

XF magnitude

PAC magnitude

PAC phase

Temperature coefficient 1
Temperature coefficient 2

Mominal temperature

Defaults

_Help_

* For information
regarding any
of the other
parameters,
check the help
files.
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4. Test Bench (continued)

« Don’t forget
to flip the
voltage
source.

Library

T « So far, the circuit should look like this:

NMOS

v
PMOS

v
CS Amplifier

v
Symbol

Test Bench

cs_amplifier
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4. Test Bench (continued)

« To complete the test bench schematic,
add the input voltage, and the load at the
output.

* First, add an input voltage, select “vsin”
from the analogLib library with the
following properties:

— DC voltage = Offset Voltage = vin V
— AC magnitude = Amplitude = 10 mV
— Frequency = 100 MHz

Library analoglib
Cell vsin

View symbol

Add Instance

Browse
o =

MNames

¥ Add Wire Stubs at:

— dllterminals & registered terminals only

Array Rows

A2 Rotate
o -

First frequency name
Second frequency name
Moise file name

Mumber of noiseffreq pairs
DC voltage

AC magnitude

AC phase

XF magnitude

PAC magnitude

PAC phase

Delay time

Offset voltage
Amplitude

Initial phase for Sinusoid
Frequency

Amplitude 2

M’

1 Columns 1

. FEI
Ak sideways | | = Upside Down |

0

wvin V

10m vV

wvin V

10m v

100M Hz

[ |

When adding
a vsin source,
the DC voltage
and the Offset
voltage should
be the same
and this
applies also to
the AC
magnitude and
Amplitude.

One of them is
for Transient
analysis and
the other for
AC analysis.
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4. Test Bench (continued)

« Add a resistor with the following properties as a load on the output terminal.

Add Instance x

Browse ]

Library analoglib

Cell res

View symbol

Marmes

— Add Wire Stubs at:

i1l terminals

Array Rows 1 Columns 1

47 Rotate Ak Sideways = Upside Down

Model name

Resistance rload Ohms|

Lemgth

Width

Multiplier

Scale factor

Temp rise from ambient

Temperature coefficient 1

Temperature coefficient 2

Resistance Form

Generate noise? \, n v
Cancel Defaults Help
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Library

v * Connect the circuit as shown below.
NMOS

v

PMOS

v
CS Amplifier

v
Symbol

Test Bench
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Library « We will also name the input and output connections; this will help later to easily identify
! the waveforms.

NMOS
T * Click on Create > Wire Name... (or simply type ‘L’ on your keyboard).

P'V'fS « Then attach the labels by clicking on the corresponding connections as shown below.

CS Amplifier « Click on “Check and Save” on the toolbar to save your work and check for errors.

v

Symbol

Test Bench Create Wire Name x

Names [ inp ut|

_ Expand bus names
_ Attach to multiple wires
__ Create net alias labels nput

_ Display bundles vertically

* Font
* Entry Style

Rotation v -y _-;'-[3 _
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