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Lect. 22: LTspice Tutorial

& LTspice ?

LTspice is a free circuit simulation program developed by Linear Technology, now a part of Analog Devices. It is
widely used for power conversion, circuit, and power system design. It provides powerful features to help users

model and analyze various types of circuits. Additionally, it is widely used among users, with many documents and

resources available.
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Lect. 22: LTspice Tutorial

Installation
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Lect. 22: LTspice Tutorial

& LTspice Installation

- Search for LTspice on Google or click the link below

https://www.analog.com/en/lp/002/tools/Itspice-simulator-kr.html

GO gle Itspice X B3 !J o Q
HH  olojx] g4 a¥ R~ I HE7| =]
=0 27| 7rE Mg PSpice Rc 8|2 4H HE 7| gt 4H Opamp r|

A0 9F 14,100,000/ (0.287%)

Analog Devices
https://www.analog.com » tools » Itspice-simulator-kr %

LTspice CH22E
LTspice®= Ot &1 2| 20| thet A|Z2{|0|H 2P S 7 H6t7| 9|
Ze5t0 BE £ 8 SPICE AIS2[0/H AT EQOO|R), 2|2 = A U
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Lect. 22: LTspice Tutorial

@ LTspice Installation

- Download according to your OS version

LTspice CI2RE
AME 2 29 HX(0S)d Bt LTspice A|22{0|H £AZEQNE CIR2EETHN L:
D AHO|E IRt - 20235 12& 12€

=2 1064H|E G Q0| Ct22E EEFINPANE

Mac0S 1015 %! 1 O| ¥ CIREE 7 1715

=28 | Tspice XVII CI22E (X g T F)

PEZXPLIZEE(XH B&)

MacOS 10.9 CI2ZC (X[ £ &)
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Lect. 22: LTspice Tutorial

@ LTspice Installation

- Execute the downloaded file (LTspice64.msi)

®

Welcome to the LTspice
Setup Wizard

The Setup Wizard will install LTspice on your computer. Click
"Next" to continue or "Cancel" to exit the Setup Wizard.

Next > Cancel

B, | Tspice Setup — X
Installation Type @ -

Choose the installation type.

Install LTspice for:

@ Only for me (user)

O All users (running installation as Administrator recommended)

< Back Next > Cancel

Electronic Circuits 2 (24/1)

-

etup X
. -
End-User License Agreement :

Please read the following license agreement carefully A ‘;

SOFTWARE LICENSE AGREEMENT [
20230822-LTS-CTSLA

This Software License Agreement (the "Agreement”) is a legal
agreement between Analog Devices, Inc, a Massachusetts
corporation, with its principal office at One Technology Way,
Norwood, Massachusetts, USA 02062 ("Analog Devices") and you
(personally or on behalf of your employer, as applicable)

@ I accept the terms in the License Agreement

O I do not accept the terms in the License Agreement

< Back Next > Cancel
— X
Select Installation Folder @ 1
This is the folder where LTspice will be installed. \ 'S

To install in this folder, click "Next". To install to a different folder, enter it below or click
"Browse".
Make sure that you have the right privileges for selected directory

Folder:
C:\Users\user\AppData\Local\Programs\ADI\L Tspice\

Browse...

< Back Next > Cancel

Read me file

Please read the following text carefully

What's New in LTspice 24

We recommend that you update components after instalfing or updating L Tspice.
In LTspice, choose Tools > Update Components to install the latest { Tspice library
and models.

> Faster simulation speed and improved consistency

> Ul Improvements
« Icons and cursors have been updated
« Default background has changed
« Screen-resolution awareness & scaling has been fixed

» Nafault bauhnard chartrite hava rhannard

< Back Cancel

®

The Setup Wizard is ready to begin the LTspice installation

Next >

Ready to Install

Click "Install" to begin the installation. If you want to review or change any of your
installation settings, click "Back". Click "Cancel" to exit the wizard.

< Back Install Cancel




Lect. 22: LTspice Tutorial

@ LTspice Installation

- Search or click the icon on the desktop

or
<« @) =2 2 =4 3 @
7He 8=
l W LTspice
OH

OH

=

"H LTspice64.msi >

& Uninstall LTspice 24.0.9.0 >

o ltspicel
EE  Q ltspicd Success !
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L Tspice Basics
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Lect. 22: LTspice Tutorial

@ LTspice Basics

Click on File - New Schematic, an empty schematic window will pop-up.

[}7 LTspice

File View Tools Help

f fiorsiomac_cun|
&8 New Symbol

E Open. Ctrl+O
E Open Examples.

New Library

:

™ Print Monochrome

[EF [Tspice - [Draft3.asc] — [}

%, File Edit Hierarchy View Simulate Tools Window Help

OBDHSEEP N TERAQARIILLO =3 ¢Bmt t Q.7 Q

= C:WUsersW...WDraft1.asc
[ CWUsersW..WDraft1.asc

= C:WUsersw..Wphotodiode.asc

[ cwusersw..woraft1.asy
[ C:WUsersw..wPD_Model.asy

sersw...Wpd_model_sym.asy

New Schematic Window
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Lect. 22: LTspice Tutorial

< LTspice Basics Wire, Ground, Voltage source, Resistor, Capacitor, Inductor, Diode
1
[&F | Tspice - [Draft3.asc] - m] X
": File Edit Hierarchy View Simulate Tools Window Help ‘ / Component - = ’]

CAGHESP|NTERQRAQAAIALL O 2 =3 g[Wet t (O 1280 @
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@ LTspice Basics — Key shortcuts

Lect. 22: LTspice Tutorial

Description Shortcut
Place Net Name N
Move Mode M
Stretch Mode S

Delete Mode Del or Backspace
Duplicated Mode Ctrl+ C
Rotate Ctrl + R
Mirror Ctrl+ E
Undo Ctrl+ Z
New Schematic Ctrl + N
Save Ctrl + S

Description Shortcut
Configure Analysis A
Run/Pause Simulation Alt+R

Stop Simulation Alt+S

Zoom to Fit Space
Place Component P
Draw Wire w
Place Ground G
Place Voltage Source \%
Place Resistor R
Place Capacitor C
Place Inductor L
Place Diode D

SPICE Directive

Electronic Circuits 2 (24/1)
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Lect. 22: LTspice Tutorial

& LTspice Basics — Component Values (S| Unit)

K, k, kilo = 103 M, m, milli = 1073
MEG, meg = 10° U, u, micro = 107°
G, g, giga=10° N, n, nano = 10~°
T, t, terra= 1012 P, p, pico = 1012

F f, femto = 10~15

W.-Y. Choi
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Lect. 22: LTspice Tutorial

@ LTspice Basics - NCSU 45nm CMOS Model Setup

In this semester, we will be using the NCSU 45nm CMOS Model.
The uploaded file (models_nom) contains the definitions of MOSFET’s characteristics.

This is an open-source for 45nm CMOS technology node provided by North Carolina State University (NCSU).

* Customized PTM 45 NMOS NMOS_VTH
.model NMOS_YTH nmos level = 54
NMOS_THKOX Inc 2007-08-10 27 3:54 NC TH * parameters related to the technology node
+tnom = 27 epsrox = 3.9
) . 4 T— e TLD ta0 = 0.008 nfactor = 1.6 wint = 5e-09
NMOS_VTG.inc 2010-02-19 27 253 NC THY e
- e - +cgso = 1.1e-010  cgdo = 1.1e-10
NMOS_WTH.inc 2010-02-16 2% 11:54 NC I+ i
* parameters customized by the user
- 2010-02-19 H 253 NC DH2 +toxe = 1.63e-09 toxp = 1.0e-09 toxm = 1.63e-09 toxref = 1.63e-09
NMOS_VTLInc sUlitertE = e C = rdtox = 6.3e-10  lint = 3.75¢-09
: T 0m 0 D 2 Pp— +vth0 = 0.6078 k1=0.4 u0D=0.05 wvsat= 170000
PMOS_THKOX.inc sHpEE e e e +rdsw = 155 ndep = 3.24e+018 xj = 1.98e-08
PMOS_VTG.inc 2010-02-16 2% 11:54 NC It
; 0100916 ©= 1154 NC I
PMOS_VTH inc il - IC = +version = 4.0 binunit = 1 paramchk= 1 mobmod =0
PMOS_VTLinc 2010-02-16 2= 1154 NC DY :canmod =2 igcmod =1 igbmod = 1 geomod =
+diomod = 1 rdsmod =0 rbodymod= 1 rgatemod=
1
m O d el S_n O m +permod =1 acngsmod= 0 trngsmod= 0

NMOS VTL.inc

Electronic Circuits 2 (24/1) W.-Y. Choi




Lect. 22: LTspice Tutorial

@ LTspice Basics - NCSU 45nm CMOS Model Setup

W Settings X
Operation Schematic Waveforms SPICE Save Defaults LiSpice * +
Netlist Options ~ Compression || Search Paths | Internet  Hacks c o B HAANR p> 2A > LTepice >
User libraries directory - libraries, symbols, plot.defs, user.*(.dio, etc)[*]
I C¥UsersWusertDocumentsWLTspice Ir—mowse @ M= ps7) T mE
Separate search path directories with semicolons or new lines. 1 53 -
Symbol Search Path[*] H_] =ay7 Manual
LTspice - test.asc ;
y = . @ ERE - 7ol models_nom
File Edit Hierarchy View Simulate Tools Window Help Prbs
TEST

OACHRSSO> I NEBQC

1) To apply the PDK, click the Settings

Library Search Path[*]

[*] Setting remembered between program invocations.

Reset to Default Values

gt

x| on
2l Tl 2%

2) Search Paths — User libraries directory
Check the existing library path

Electronic Circuits 2 (24/1)

i HHE =
| nte=c

=

3) Add ‘models_nom’ folder to the library path

Finish !

W.-Y. Choi



Lect. 22: LTspice Tutorial

Inverter Design Example

W.-Y. Choi
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Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

[9 LTspice

file View Tools Help

a New Schematic Ctri+N
n New Symbol

E Open. Ctrd+O
B Open Examples..

New Library
L vDD <
/’/_:\\ a Print Setup.
— | J M Pprint Monochrome

\
he M2 \———-/1 = C:WUsersw..WDraft1.asc
A, CWUsersw..WDraft1.asc
J — PMOS_VTL

I, C:WUsersw..Wphotodiode.asc

[ cwusersw..woraft1.asy

IN [ c:wUsersw..WPD_Model.as,
ou ] !

r- ™
(t Tm M1
1[;15 ?Fs_\lﬂ

Inverter Schematic

1D cwusersw..wpd_model_sym.asy

sersW...Wireepdkd5-v14.tar

1) File - New Schematic (Ctrl + N)

Electronic Circuits 2 (24/1)



Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

We want to place components such as voltage sources, MOSFETs and GND.

8 1. oraw wire
brdcomponen ]
net abel Net
X sPice Directive
t comment Text
LB .op Data Label
Pe piace 8US tap

Inverter Schematic

2) Right-Click on background— Draft - Component (P)

Electronic Circuits 2 (24/1)

W.-Y. Choi



Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

T t X
[F omponen amos S pmos
Directory: -Channel MOSFET transistor N-Channel MOSFET transistor with explicit

L - N e used for monolithic

C:WUsers'fuser #AppDatatLocal WL Tspicet¥libsym v MOSFETS) MOSFETS)
Search: Go to analog.com

0 C:WUserstuser#AppDatatLocal WLT spicetlibwsymw
ADC] ] bv ind2 ]
Comparators, cap 15016750-2 h
Contrib] swW 1507637-2 m
CurrentMonitors]  current LED pnp
DAC] diode load pnp2
Digital] e load2 pnp4
FilterProducts] €2 Ipnp polcap

[Misc] f Itline res
OpAmps] FerriteBead mesfet res2
Optos] FerriteBead2 n schottky
PowerProducts]  fra m SOAtherm-HeatSink:
References] fraprobe S SOAtherm-NMOS
SpedalFunctions] g npn SOAtherm-PCB
B on3 i

bl npn. ne

bi2 ind npnd TVSdiode nmos v/ nmos4 pmos v/ pmos4

Get Product Info
Open Example Circuit Cancel Place

3) There are a total of 4 MOSFETs. We will be using nmos4 and pmos4 among them.

Electronic Circuits 2 (24/1) W.-Y. Choi




Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

nmos4 pmos4

N-Channel MOSFET transistor with explicit P-Channel MOSFET transistor with explicit
substrate connection(used for monolithic substrate connection{used for monalithic
MOSFETS) Drain MOSFETS) Drain

F Component ¢
Top Directory: J

C:WUsersWuserWAppDataWLocal WLTspice'WlibWsym

Search: Go to analog.com

C:WUsersWuser WAppDatatLocal WLT spiceWlibWsym# “;:_,:]_E
ADC] bv ind2 pif —{—F]

Comparators) cap 1S016750-2 pmos

Contrib) csw 1S07637-2

CurrentMonitors]  current LED pTIp G ate Bo d y G ate Bo d y
DAC] diode load pnp.

Digital] e load2 pnp4 + +

FilterProducts] e2 Ipnp polcap >

Misc] f Itline res

OpAmps] FerriteBead mesfet res2

Optos] FerriteBead2 njf schottky

PowerProducts fra nmos SOAtherm-HeatSink

References) : fraprobe SOAtherm-NMOS SO U r C e SO U r C e
SpedialFunctions] g npn SOAtherm-PCB

Switches] Q2 npn2 SW
bl h npn3 tline
bi2 ind npn4 TVSdiode

In the case of PMOS, typically, a symbol with the drain terminal at the bottom is used.
Cancel Place

However, in LTspice, the symbol has the Drain terminal at the top.

Nevertheless, since the drain and source of a MOSFET are symmetrical components,

there is no functional issue. It's just important to be aware that the names of

the source and drain may appear swapped in the simulation results.

W.-Y. Choi
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Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

838833333
13R5337L17
H

Open Example Cirouit Cancel Place

voltage in Component (P)

Ground (G)

4) Place NMOS and PMOS Draw Wires (W) 6) Place voltage source and Ground

NMOS body connected to Ground
PMOS body connected to VDD

Electronic Circuits 2 (24/1) W.-Y. Choi




Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

. Configure Analysis A

’ Run/Pause

View

Edit

Draw
Waveforms

Hierarchy

Eile

|_| Float Window

Alt+R

»

13

» n Component P
12 n“ Label Net

4 t SPICE Directive

t Comment Text

l"' Place BUS tap B

7) Right-Click and Draft — SPICE Directive (.)

Electronic Circuits 2 (24/1)

W Edit Text on the Schematic:
How to netlist this text Justification Font Size OK
() Comment Left ~

© SPICE directive [ Vertical Text

1.5(default) -
Cancel

Jinc models_nom$MMOS_VTL.Inc

.inc models_nom¥NMOS_VTL.inc
.inc models_nom¥%PMOS_VTL.inc

Press Shift+Enter to start a new line.

8) .inc + path of model parameter file

'_
J
- PMOS

~ IN | ouT:
@) -
T 0.5
~

M2

M1

NMDS

VDD

NMOS_THKOX.inc
NMOS_VTG.ine
NMOS_VTH.inc
NMOS_VTLinc
PMOS_THKOX.inc
PMOS_VTG.nc
PMOS_VTH.inc

PMOS_VTL.inc

W.-Y. Choi




Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

SFET - M2 F Enter new instance name for vin X
Model Mame: PMOS_VTL oK Justification Font Size 0K
LengthiL) 450 Cancel Left . 1.5(default) -~
Cancel
Width(w) u Vertical Text o
Drain ArealAD)
win|
Source Area(AS)
ouT® Dirain Penmeter(PD)
vin - Source Penmeter(PS)
‘ M1 Mo. Parallel Devices(M) = M1 > oK
VTL VTL DG value[V]: 0.5
0.5 — NMpS_ PMOS_VTL I=45n w=1u e oM
Cancel
Sernes Resistance|(]]
Advanced

. , _ 10) Right-Click on voltage source name
9) Right-Click on MOSFET instance (symbol)

and change the instance name to vin

and change the model name to PMOS_VTL and NMOS_VTL

Set the length (= 45nm) and width values to what you desire
Right-Click on voltage source instance (symbol)
and change the DC value

* nominal voltage of this PDK is 1V, so VDD = 1V

W.-Y. Choi
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Lect. 22: LTspice Tutorial

@ Inverter Design Using a NCSU 45nm CMOS Model

VDD
J M2 . BT et Name
PMOS_VTL :7 GND(global node 0}
\|/ COM
n?
é Port Type: None

~—~
M1
NM VTL Cancel OK

Label Net (N)

11) Label Net (N) — labeling IN and OUT

W.-Y. Choi
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Simulation

W.-Y. Choi

Electronic Circuits 2 (24/1)



Lect. 22: LTspice Tutorial

€ 1. DC Operating Point Simulation

DC operating point simulation is used for checking each node’s Voltage, Current.

Capacitors are treated as open circuits, while inductors are treated as short circuits.

v

I

F__
e
. PMOS_VTL

500mV IN

M2

35.97981mVv

M1

G ="

Electronic Circuits 2 (24/1)

[9 CAUsers\user\Documents\LTspice\Draft2.asc

V(out) :
V{in):
V(n001) :

Id(M1) :
Ig(M1):
Ib(M1) :
Is(M1):
Id(M2):
Ig(M2):
Ib (M2) :
Is(M2):
I(Vin):
I (Vdd) :

V (ml#dbody) :
V (ml#sbody) :
V (m2#dbody) :
V (m2#sbody) :

4698

0.

0.

1
3.549%69%e-12
1.62235e-12
1

1
0.000304082
1.34187e-10
=9.93741le-13
-0.000304082
0.000304082
-2.47166e-10
2.52869e-12
-0.000304082
1.12979%e-10
-0.000304082

=== Operating Point ---

voltage
voltage
voltage
voltage
voltage
voltage
voltage
device_current
device current
device_current
device_current
device current
device_current
device_current
device current
device current
device_current

W.-Y. Choi



Lect. 22: LTspice Tutorial

€ 1. DC Operating Point Simulation

[F LTspice - [Draft2.asc] [:9— LTspice - [Draft2.asc]
1, File Edit Hierarchy View Simulate Tools Window Help 1 File Edit Hierarchy View Simulate Tools Window Help
CADHSSP>PIEIM=EEBQ CADHSS >N D=EBQ vbD
'f:jl_.h- Analysis (A)

Run/Pause (Alt+R)

M2
PMOS_VTL

3) Click the Run/Pause (Alt + R) IN

- :g Highlight Net

1) Click the Configure Analysis (A)

[T = CaUsers\user\Documents\LTspice\Draft2.asc vin
--- Operating Point --- "._.'t Label Net N
B S 7 $ V(out) : 0.24698 voltage
Igure-Analyst V(in) : 0.5 voltage
V(n001): 1 voltage n 5 q
L V (mlfdbody) : 3.5496%e-12 1t - "
Transient AC Analysis DC sweep Noise DC Transfer] DC op pnt | Transient Frequency Response v§:1:sbm§; . 1152235:_12 ::u:g: - LE Place .op Data Label
V (m2fdbody) : 1 voltage
V(n2#sbody) : 1 voltage e Delete Net
Id(M1): 0.000304082 device_current
Ig(Ml): 1.34187e-10 device_current
Ib(Ml): -9.9374le-13 device_current
Compute the DC operating point treating capaditances as open drcuits and Is(Ml): -0.000304082 device current
inductances as short circuits. Id(M2): 0.000304082 device_current
Ig(M2): -2.47166e-10 device_current
Ib(M2) : 2.5286%e-12 device_current
Is(M2): -0.000304082 device_current
I(Vin): 1.1297%e-10 device_current -ﬂp
I(vdd): -=0.000304082 device_current
Syntax: .op .
and click .op Data Label

2) DCop pnt - OK 4) Get the results window

W.-Y. Choi

Electronic Circuits 2 (24/1)



Lect. 22: LTspice Tutorial

€ 1. DC Operating Point Simulation

VDD
',_
M2 .
|,_ PMOS_VTL
S0OmVIN . | oyTe——246.97981mV
vin
g J NMOS_VTL

.op

6) After running the simulation, you can check the results in two ways.

1. Directly probe nodes.

W CUserstuser\DocumentshLTspice\Draft2.asc
=== Operating Point ---
V(out) : 0.24698 voltage
V{in) : 0.5 voltage
V(n001) : 1 voltage
V (ml#dbody) : 3.54969e-12 veltage
WV (mlfisbody) : 1.62235e-12 voltage
V (m2f#dbody) : 1 voltage
V (m2#sbody) : 1 voltage
Id(M1) : 0.000304082 device current
Ig(M1): 1.34187e-10 device current
Ib(M1) : -9.93741le-13 device_current
Is(M1): -0.000304082 device current
Id(M2): 0.000304082 device current
Ig(M2): -2.47166e-10 device current
Ib(M2) : 2.52869%e-12 device current
Is(M2): -0.000304082 device current
I(Vin): 1.1297%e-10 device_current
I(vdd) : -0.000304082 device current

2. Check the data in the results window.

Electronic Circuits 2 (24/1)
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& 2. DC sweep simulation

DC sweep simulation is used for seeing specific point’s voltage or current variation when changing DC value

IN

M2 =
. PMOS_VTL

vin

0.5

0o

ouTs —

li
M1
J
OS_VTL

=

Electronic Circuits 2 (24/1)
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Lect. 22: LTspice Tutorial

& 2. DC sweep simulation

[9- Configure Analysis
L VDD
Transient AC Analysis Noise DC Transfer DC op pnt Transient Frequency Response
. Compute the DC operating point of a circuit while stepping independent sources and M2
Eg_ LTspice - [Draft2.asc] treating capacitances as open circuits and inductances as short dircuits. [ — 1
i, File Edit Hierarchy View Simulate Tools Window Help PMOS VTL
o & E B En . . m E % Q 1st Source  2nd Source 3rd Source -
bnfiqure Analysis (A) Name of 15t source to sweep: vin A
Type of sweep: Linear - IN
. ouTs
: 0 -
Start value vin
Stop value: 1 N M1
Increment: 0.01 =
' ' 0.5 NMOS_VTL
1) Click the Configure Analysis (A)
Syntax: .dc [<oct,dec,lin>] <Sourcel> <Start> <Stop> [<Ina>] [<source2> ...]
.dcvin 01 0.01
QK Cancel

2) DC sweep — set up the simulation environment

W.-Y. Choi
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Lect. 22: LTspice Tutorial

@ 2.DC sweep simulation OUT node voltage Drain current of M1

[;r LTspice - [Draft2.asc] T T

i, File Edit Hierarchy View Simulate Tools Window Help

CADHESDNT=EBQ

OUT*-

Grid option
= Ctrl + G

3) Click the Run/Pause (Alt + R) 4) If you want tosege voltage, click on the node in schematic

Electronic Circuits 2 (24/1)




Lect. 22: LTspice Tutorial

€ 3. Parametric Simulation

Parametric Simulation is an option with which you can view simulation results for varying values of specific parameter.

Parametric Simulation can be used for not only DC sweep but also AC sweep and Transient simulation.

Electronic Circuits 2 (24/1)
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€ 3. Parametric Simulation

F’ LTspice - [Draft2.asc]

€ File Edit Hierarchy View Simulate Tools Window Help

CATHSSPITMERQ

VDD

M2 1
PMOS_VTL W Monolithic MOSFET - M1

ModelName: ~ NMOS VIL OK
1) Click the Configure Analysis (A) — N our Lengtn(Ly 45n Cance
BT Configure Analysis o M1 Width(W): {width_nmos}

NMOS_VTL Drain Area(AD):

Transient AC Analysis DC sweep Noise DC Transfer DC op pnt Transient Frequency Response 0-5 Source Area(AS).
Compute the DC operating point of a circuit while stepping independent sources and
treating capacitances as open dircuits and inductances as short drcuits. Drain Penimeter(PD):
1st Source 2nd Source 3rd Source Source Perimeter(PS):
.0
Name of 1st source to sweep: vin P No. Parallel Devices(M):
Type of sweep: .dcvin 010.01
NMOS_VTL I=45n w={width_nmos}
Start value: 0
Stop value: 1
Increment: 0.01
Solrrs Ak el <Snms <E <G ([T e o] 3) ASSi gn a parameter name to the desired value for the sweep
.dcvin 01 0.01 . . H
(in this example, the width of the NMOS)

OK Cancel

. . . format : {parameter name
2) Choose simulation type you want to view {p )

W.-Y. Choi
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Lect. 22: LTspice Tutorial

€ 3. Parametric Simulation

.inc models_nomwWNMOS_VTL.inc
.inc models_nomWPMOS_VTL.inc

VDD
}—-
. Configure Analysis A M2 1
’ Bun/Pause Alt+R TR0 NI
t Alt+ [ Edit Text on the Sche =
View 4 ) L ouTs— How to netiist this text Justification Font Size oK
I L. o v w 05 SL R
Draw 4 n Component P AC1
Waveforms 12 n._.“ Label Net N 7
Press Shift+Enter (o start a new line
Hierarchy 4 .t SPICE Directive
§ b t Comment Text T 29
e .dcvin 010.01
[ Float Window 5
l,., Place BUS tap B .step param width_nmos 0.5u 1u 0.1u
4) Enter the command using directives functions. 5) Enter .step param width_nmos 0.5u 1u 0.1u
SPICE Directive (.) / \

<parameter name> <start value> <stop value> <increment>
The simulation option displayed in black text will be run.

If you want to change the simulation, right click on text and click OK.
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€ 3. Parametric Simulation

W LTspice - [Draft2.asc]
1 Ffile Edit Hierarc chy  View Simulate Tools Window Help

Y 1AL - D=L Y

The simulation results correspond to
six values for nmos_width ranging

from 0.5u to 1u in increments of 0.1u

i 7) If you wanttegsee voltage, click on the node in schematic
6) Click the Run/Pause (Alt + R) ) y g
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€ 4. AC Simulation

AC sweep is used for seeing frequency response at a specific node.

(Do Not confuse it; it is not used for time-domain simulation)

.inc models_nomWNMOS_VTL.inc
.inc models_nomwPMOS_VTL.inc

313.30317KHz,13.499238dB

Both MOSFETs Lo =
length : 45n M2 N, S
. . PMOS_VTL l 1) ;
width : 1u b o) 50.2798518Hz 1p. 5007484
=)
IN -
. oUT*— =
L vin ] %
() M1 S
oS __ NMOS_VTL S
AC1
~ ~
.op

.dcvin010.01

.step param width_nmos 0.5u 1u 0.1u

.acdec 251 1 30G

100Hz 100KHz 1MHz 10MHz 100MHz 100GHz

Frequency
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€ 4. AC Simulation

y Voltage Source - V1

x

Lok

DC value[V]:

= [ s |

I Advanced I

Series Resistance[Q]

[&¥ Independent Voltage Source - vin >
Functions DC Value
© (none)
() PULSE{V'1 V2 Tdelay Trise Tfall Ton Period Neycles)
() SINE(Voffset Vamp Freq Td Theta Phi Ncycles)

DC value: 05

Make this information visible on schematic: (@

() EXP{V1 V2 Td1 Taul Td2 Tau2) Small signal AC analysis(AC)
() SFFM(Voff Vamp Fcar MDI Fsig) AC Amplitude: 1
CIPWLIt v t2v2.) AC Phase:
() PWL FILE: Browse Make this information visibie on schematic: ()
Parasitic Properties
Series Resistance((]:
Parallel Capacitance[F]

Make this information wisible on schematic: [

Make this informat n-i-’-‘-v-- : ic: @ Cancel ok |
2) DC Value is what you desire.

1) Right click on voltage source Make sure that Magnitude of AC Amplitude is setto 1

Electronic Circuits 2 (24/1) W.-Y. Choi
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‘ 4- AC SI m U I atl O n [g LTspice - [Draft2.asc]

L Ffile Edit Hierarchy View Simulate Tools Window Help

[T LTspice - [Draft2.asc] o qﬁ E E é @ D m E % Q

L File Edit Hierarchy View Simulate Tools Window Help

OADHESPnTERQ e

5) Click the Run/Pause (Alt + R)

3) Click the Configure Analysis (A)

Transient| AC Analysis |DC sweep Noise DC Transfer DC op pnt Transient Frequency Response

Compute the small signal AC behavior of the drcuit linearized about its DC
operating point.

Type of sweep: Decade
Number of points per decade: 251

Start frequency: 1

Stop frequency: 100G

Syntax: .ac <odt, dec, lin> <Npoints> <StartFreq> <EndFreq>

.ac dec 251 1 100G

10MHz 100MHz 1GHz

_ _ o e _ 6) If you want to see voltage, click on the node(OUT) in schematic
4) Select AC Analysis and Configure the simulation settings.
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€ 4. AC Simulation

Magnitude Phase

100Hz {Hz 10KHz 100KHz 10MHz 100MHz 100GHz

7) This moment, | just want to see Magnitude

so right click on the right axis and click the ‘Don’t plot phase’ button.

Electronic Circuits 2 (24/1)

Range Representation 0K

Top: 189° © Phase

Tick: o Unravel Branch Wrap
Bottom: 90° () Group Delay

| Don't plot phase

Cancel
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€ 4. AC Simulation

=

Cursor 1
Viout)

Freq 31622777KHz  Mag 1349923808
Phase: 179.99959°
Group Delay: 3.5662818ps.

Ratio (Cursor2 / Cursor1)

100Hz

Cursor

Qg Yoo o Fit
@ Autorange Y-axis

View

Add Traces

ﬁ Place Cursor on Active Trace

a Clear All Cursars
c Redraw

:-'E Add Plot Pane Above

o
3w Add Plot Pane Below

|4

Notes & Annotations
Edit

n Copy Image to Clipboard
Marching Waveforms
File

[ Float Window

° Waveform Settings

8) | wantto check Gain and 3dB Bandwidth.

right click on background and ‘Place Cursor on Active Trace’ or C

A
C

Shift+C or Esc
=

Cursor 1

F5

Viout)
Freq 31622777KHz  Mag.  13.49923808

p

B

Phase: 179.99959°
Group Delay:  35662818ps

Ratio (Cursor2 / Cursor1)

6.3dB

100GHz 1Hz 10Hz 100Hz

Label this attached cursor position

(«]

10KHz

Q Zoom to Fit

View
Add Traces A
ﬁ Place Cursor on Active Trac C
M@ crear i cursors Shift+C or Esc

€ Redraw FS

Add Plot Pane Above P

£ Add Plot Pane Below B

=4
Notes & Annotations
Edit

B copy Image to Clipboard

Marching Waveforms

,
|

File »
! N Amow
[ Fioat Window N
Line

3 invetom seigs S
ectangl
100KHz 1MHz 10MHz O slipse z 100GHz

&= Line Style/Color

9) To add the Cursor Position, right click on background and

‘Note & Annotations — Cursor Position’ or L
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€ 4. AC Simulation

For this example:

313.30317KHz,13.499238dB

Magnitude

10GHz 100GHz

Frequency

Electronic Circuits 2 (24/1)

AC Gain (V/V) = 13.5dB
3dB Bandwidth = 50.3GHz
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€ 5. Transient Simulation
Transient simulation is used for time-domain responses at a specific node.

Amplitude

Output

Time

Electronic Circuits 2 (24/1)
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&€ 5. Transient Simulation

VDD [‘,‘? ndependent Voltage Source - vin

Functions DC Value
(none)

PULSE(V1 V2 Tdelay Trise Tfall Ton Period Ncycles) Make this information visible on schematic

‘ |—|::-£ 1 | © sinEqvottset vamp Freq Td Theta Phi Neycles) |
EXP(V1 V2 Td1 Taul Td2 Tau2) Small signal AC analysis{ AC)
— PMOS_VTL _ .
SFFM{Voff Vamp Fcar MDI Fsig) AC Amplitude 1
PWL{t1v1t2v2 ) AL Phase:
PWL FILE Make thes information visible on schematic: ﬂ
IN l ITI Parasitic Properbes
' 0 DC offsel[V] 05 Series Resistance{():
vin Amplitude(V 001 Parallel Capacitance(F]:
M 1 FreqiHz] 1G Make this information visible on schematic: [
Tdelays]
| NM VTL Theta[1/s]
0-5 | — Phildeg]
AC1 Noycles
Make this informafion visible on schematic: [ Cancel OK
1) Right click on voltage source 2) Use any input you want to put in.

If you want to input sine wave, use SINE Functions.

W.-Y. Choi
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&€ 5. Transient Simulation

[9 LTspice - [Draft2.asc]

1 File Edit Hierarchy View Simulate Tools Window Help

CATH élig;_ mEaQ

ure Analy

3) Click the Configure Analysis (A) BT Uspice - [Draft2asd

1 Ffile Edit Hierarchy View Simulate Tools Window Help

Run/Pause (Alt+R)

AC Analysis DC sweep Noise DC Transfer DC op pnt Transient Frequency Response

Perform a non-linear, time-domain simulation.

I Stop time: 50n I

Time to start saving data:

Masimum Timestep: 5) Click the Run/Pause (Alt + R)

Start external DC supply voltages at OV: [
Stop simulating if steady state is detected:

Step the load current source:
Skip initial operating point solution:

Syntax: .tran <Tstop> [<option> [<option>] ...]

tran 50n

OK Cancel

4) Select Transient and setup stop time you want to see

W.-Y. Choi
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€ 5. Transient Simulation

IN

\__ / <
T SINE(0.5 0.01 1G)" NMFSJ'T'-
AC1

Schematic -
6) If you want to see voltage, click on the node(IN, OUT) in schematic
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€ 5. Transient Simulation

If you run too much time, signal can not be seen well.

Quantity Plotted:  time Eye Diagram
Axis Limits
Left: 100ns tick: 4ns Right: 120ns
(" Logarithmic Cancel OK

Right click on x-axis to set up time-range

Electronic Circuits 2 (24/1)
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&€ 5. Transient Simulation
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Homework

@ Design condition
Vpp = 1.2V, Vgs = OV, Rp = 1.4k}, M1 length = 180nm, M1 width = 4.5um, C;, = 100fF,
Vin DC offset voltage = 0.6V, Amplitude = 0.05V, Frequency = 300MHz

1) Determine Vth by plotting Id-Vgs curve (Sweep Vgs from 0V to 0.6V)
2) Plot gm(transconductance) by using DC sweep simulation. (Sweep Vgs form 0V to 1.2V)
3) Determine ro for the transistor at Vgs=0.6V

4) Run transient simulation and AC analysis simulation. Find DC gain and 3dB-bandwidth.

Electronic Circuits 2 (24/1)

Vin

VDD
w3
I_; M1

CS Amp

Vout

:
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1. Follow the instructions

1-1) Draw CS Amp schematic

[ Independent Voltage Source - V1 *
Functions DC Value
E (O inone)
= wlﬁ} Make this information visible on schematic:
(®) SINE{Voffset Vamp Freq Td Theta Phi Neycles)
(CJEXP(V1 V2 Td1 Taul Td2 Tau2) Small signal AC analysis|.AC)
(C) SFFM{Vaff Vamp Fcar MDI Fsig) AC Amplitude: 1 I
= [a] OPWLE v1t2v2.) AC Phase:
; g R1 () PWL FILE: Browse Make this information visible on schematic:
1.2k Parasitic Properti
DC offset[V: 06 Series Resistance[Q]:
|5 Ampltude[V]: 0.05 Parallel Capacitance[F]:
- Vi L V2 (=] Freq[Hz} G Make this information visible on schematic: [5]' VC|tE g e 5 ource - "-.l'lz ><
C — Mi —m——————
Theta[1/s]:
oses 75 e —
S ~ Neycles: D 'U'allJEpUr]: m
Cancel
— — Series Resistance[ll]: |:|
~ Additional PWL Points Advanced
Make this information visible on schematic: Cancel
VIN(V1) voltage source setting VDD(V2) voltage source setting

W.-Y. Choi
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1-2) Run Transient and AC analysis simulation

& configure Analysis 4 750mV
- 720mV
Transient  AC Analysis DCsweep Moise DCTransfer DCoppnt Transient Frequency Response
Perform a non-inear, time-domain simulation. 690mv :
Stop time: fpon v/ [;T Hemwerk.raw
Time to start saving data: 630mV . / Cursor 1 Vieut)
Madmum Timestep: 500mV- ! ! ; W Hor: Vet: | 410.00625mV

Cursor 2

Start external DC supply voltages at ov: [] 570mV . Viou)
Stop simulating if steady state is detected: [ 5A0mV Horz:|  5.7641921ns Vett:| 730.02621mv
Don't reset T=0 when steady ed: : Diff {Cursor2 - Cursar1)

Step the load current source: [ 510mV Horz:|  -480.34934ps Vert:|  320.01996mV

Skip initial operating point solution: [] 480mV: : Freq:| 2.0818182GHz  Slope:| -6.66223e+08
450mV

Syntax: .tran <Tstop> [<option> [<option=] ...]
“ran 20n 420mV
390mV
Cancel Ons 2ns 5 6ns

Transient simulation Simulation result

Check input & output amplitude and CS Amp gain

W.-Y. Choi
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1-2) Run Transient and AC analysis simulation

& configure Analysis X
Transient AC Analysis DC sweep Moise DCTransfer DCoppnt  Transient Freguency Response

Compute the small signal AC behavior of the drcuit linearized about its DC
operating point.

Type of sweep: Decade -

Mumber of points per decade: hoo

Start frequency: 10Meg

Stop frequency: 680G

Syntax: .ac <oct, dec, lin> <Npoints> <StartFreq> <EndFreg>

.&C dec 100 10Meg 60G

Cancel and Edit Text Directly. .. Cancel
AC analysis simulation

Electronic Circuits 2 (24/1)

100MHz

Check DC gain & 3dB Bandwidth

Simulation result

10GHz

4 Homwerk asc X

Cursor 1
Viout)

Freq:| 18.362%1MHz | Meg: | 10.30057808 @
Phase: | 170.05300° O
Group Delay
Viout)
Froq:| 48.714316GH: | Mog: | [REOWRIE ©
Phase: | 88,102371° O
Group Delay
Ratio (Curscr? / Cursor)
Freq: | 48.695953GHz | Mag: | -3.001400208
Phase: | 91850715
Group Delay: | -3.9535728ps

Cursor 2
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1-3) Find gm(transconductance) using DC sweep simulation

& configure Analysis X =
>
Transient AC Analysis DCsweep Mpise DCTransfer DCoppnt Transient Freguency Response
Compute the DC operating point of a circuit while stepping independent sources and
tregdl i heoni i kg iits,
a
= =) R1
Ist Source  2nd Source  3rd Source = >

Mame of 1st source to sweep:
Stop value: .6 0. .
P SINE(0.6 0.05 1G) 1.2 VIN

AC1

Syntax: .dc [<oct,dec,lin>] <Sourcel> <Start> <Stop> [<Incr =] [<source2:...]

dovin 1z

Cancel and Edit Text Directly... Cancel

DC sweep simulation Click Nmos drain terminal Drain current depending on Vg
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1-3) Find gm(transconductance) using DC sweep simulation

toolbar — Plot Setting — Add Trace — Expression to add function (D(Id(M1)))

[ add Traces to Plot X

Only list traces matching
|

Available data: [+] Asterisks match colons Concel

Vim1#dbody)
Vim18sbody)
Wiout)

Viwdd)

Wiwin)

{R1)

[\al]

IV2)

Ib{M1

lg(M1}

ls{M1)
LAl

Expressionis) to add:

[ Dudmy | | |
[] AutoRange Id(M1): M1 transistor drain current

Add Trace gm and Drain current depending on Vg

D function calculates derivative of y in terms of
x-axis’ variable

Electronic Circuits 2 (24/1)
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1-4) Find ro for transistor at Vg = 0.6V using DC sweep simulation

[ configure Analysis e ¥ add Traces to Plot b4
Only list traces matching
M2 transistor Transient AC Analysis DCsweep Noise DCTransfer DCoppnt Transient Frequency Response |
Compute the DC operating point of a drcuit while stepping independent sources and Movailable data: Asterisks match colons Cancel
treating capacitances as open drcuits and inductances as short dreuits.
V4 Vim 1Hdbody) Ib{M2)
—- lst Source  2nd Source  3rd Source E:m;ﬁbboog}}: :g :mg
— M2 Mame of 1st source to sweep: E::ronj?sbody} :g :mg
— - Vivdd) 1s(M1}
nmog Vi 0.6 4
WVin001) wd = I
V3 swrtvaes [ 0| Vin002) Clp
Stop v o To=|3%
] ¢ VD.E‘
S (W)
0.6 (M 1)

Syntax: .dc [<oct,dec,lin>] <Sourcel> <Start> <Stop> [<Ina>] [<source2> ...]
.dcv401.2 |

Expressionis) to add:

NMOS VTL L = 180nm, W = 4.7um

[ oodmzy | |
Cancel and Edit Text Directly... Cancel ] AutoRange |d(M2) M2 transistor drain current

Testbench schematic DC sweep simulation Add trace for ro

W.-Y. Choi
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1-4) Find ro for transistor at Vg = 0.6V using DC sweep simulation

BT Homwork.raw

Cursor 1
1/D(d{M2))

L 57034221 V| Vert:| 30.362066KQ

Cursor 2

[ — NfA— [ — N/A—
Diff (Cursor? - Cursor)
| — NJA— [ — NJA-

ro depending on Vpg

Electronic Circuits 2 (24/1)
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