LTspice QuickStart

CMOS inverter schematic and simulation using LTspice

1. start LTspice either through the GUI (double click on the SWCAD III icon) or using
the following command: wine whateverpath to/scad3.exe

Féj Linear Technology L Tspice/SwitcherCAD [l

File “iew Tools Help

| P H R F0 SOCE BRI AR I RN S (L L0+

IRead\;

2. Open: File > New Schematic

Féj Linear Technology L Tspice/SwitcherCAD [l

File Wiew Tools Help

Mew Schematic
T+ MNew Symbal
Ii' Qpern...

»R2RN B2 LB F

D eer U EHS®

Mewws Library 4

@ Print Setup...

1 inverter.net
Z inverker,asc
3 standard. mos

Exit

IStart drafting a new schematic
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A new schematic file (Draftl.asc} will open for you to edit.

Linear Technology L Tspice/SwitcherCAD Il - [Draft1.asc]
'I: File Edt Hierarchy Wiew 3Simulate Tools Window Help

(P AP A0 QoaR B HBRE 208 A8 Lo®2 %3 YDDO O o)

3. Select, place, edit and connect together the necessary circuit elements.
Select the PMOS device:

Linear Technology LTspice/SwitcherCAD III - [Draft1.asc]

{: File | Edit Hierarchy ‘iew Simulate Tools ‘Window Help

| B & e CaR B ERE SREN 08 LS BRI IDNO O ey
¥ Redo Shift+F3
An Text
-p SPICE Directive

SPICE Analysis

& Resistor
# Capacitor
3 Inductor

omponent

Em  Rotats Chrl+R
ﬁ Mirror Chrl+E
L Draw Wire F3
(& Label et F4
<L Place GHD el
- Place BUS tap

& Delete Fs
Duplicate F&
% pove F7
ﬂ Paste

% Drag F3
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I Select Component Symbol f'5_<|

Top Directary: | C:MProgram FilessLT CAVSwCAD R prn w |
P-Channel MOSFET transistor with explicit
zubstrate connection[uzed for monolithic
MOSFETS)

H—=5

; | ||:umn:us4

C:5Program Files\LTCASwiCAD 4 ibS zpmb

b FemteBead_ <] meszfet prp
cap g i prpe
CH 5w g nmos prpd
i h nmosd polcap
curmemt ind nph res
dinde indz2 npn resd

e LED npn3 ghottlky
e load npnd SLk4

f load2 pif SLlu
FerriteBead lprp mosg A
FeriteB ead2 IHire Hine

< >

Click OK to confirm the selection. Drag the mouse to the position where you want to
place the device and then left click.

Féj Linear Technology L TspicefSwitcherCAD 11 - [Draft1.asc] [Z”E”‘s__ﬂ
‘I:' File Edit Hierarchy Wiew Simulate Tools  Window Help - 8 x

A= 3 5 F - = = e

Tywpe Ckrl4+R ko rotate or Cerl4+-E o mirror.
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Féj Linear Technology L TspicefSwitcherCAD IIl - [Draft1.asc] [Z|[E|rz|
‘l:' File Edit Hierarchy ‘iew Simulate Tools ‘Window  Help -8 X

MeE @ T & QUAQR Bl Ha® s+R20 M 08 2

¥

BJFHW
PMOS
—

Type ESC and then right click on the symbol to edit the device parameters.

Monolithic MOSEET - M1 f'5_<|

kodel Mame: |F'I'--1I:I5_tr | (1]
Ll Cancel
Wfidthla; |1u |

PROS_tr =050 w=Tu
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Linear, Technology | Tspice/SwitcherCAD Il - [Draft1.asc]
‘l:' File Edit Hierarchy Miew Simulate Tools Window  Help

B EH e £ o B AR o A8 2 <

If you want to change the name (M1) of the transistor or the location of the name, right
click on the name of the transistor.

Il Enter new reference designator for M1

Juztification

| Left
[]vertical Text

q

o
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Linear Technolopy LTspice/SwitcherCAD Il - [Draft1.asc]

'l:' Fil= Edit Hierarchy View Simulate Toaols wWindow Help

Jlm|n|?|x@|®\@\e\ﬁ\|§1ﬁ|9%@|aa-uam@@mw

The appearance of the circuit can be modified at any time by using the Edit Menu (or the

corresponding toolbar icons)

Linear Technology L TspicefSwitcherCAD III - [Draft1.asc]

‘l:' File | Edit Hierarchy Miew Simulate Tools Window  Help
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1T Component Fz
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@' o F7
2 Paste
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Add the NMOS device and the voltage sources (Edit > Component)

Féj Linear Technology L TspicefSwitcherCAD Il - [Draft1.asc] Q@]E|
‘l:' File Edit Hierarchy Miew Simulate Tools Window  Help =

M H T & QU B Ha® sB2o M 08 2

M_p

¥
o=
— PMOS_tr
¥
l==1a

V1 — NMOS_tr

Right click on the NMOS device and the voltage sources to enter their parameters. To set
the parameters of the input voltage use the advanced button.

Independent Voltage Source - ¥1 |§|
Functions DC W alue
) [none]
&) PULSE M1 W2 Tdelay Trize Tiall Tan Period Moycles)

() SIMNEoffzet Wamp Freq Td Theta Phi Moycles)

(O ERPR WE Tdl Taul Td2 Tau2) Small zignal AC analpsziz[.AC)

() SFFM M off % amp Foar MD1 Fsigl AL Amplitude:

O PWALIED wl £2 02 AL Phase:

) PSL FILE: M ake this information visible on schematic:

Parasitic Properties
Seriez Resistance[2]:

Winitiall]: |0 )
von[v]: |5 Parallel Capacitance[F]:
b ake thiz information wizible on gschematic:
Tdelay[=z]: |O

Trize[z]: | 1n
Trall[z]: |1n
Tonl[=]: |10

T period[=]: | 20n
Moycles: | d

kM ake this information visible on schematic: [ Cancel ] [ (] ]
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Linear, Technology | Tspice/SwitcherCAD Il - [Draft1.asc]
‘l:' File Edit Hierarchy Miew Simulate Tools Window  Help
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All components necessary to build the inverter are now on the schematic. Next step
requires to connect the component together using Edit > Draw Wire.

Linear Technology LTspicefSwitcherCAD Ill - [Draft1.asc]

‘l; Eile Edit Hierarchy View Simulate Tools ‘wWindow Help
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Let’s now complete the circuit adding grounds (Edit > Place GND) where needed.

Féj Linear Technology L TspicefSwitcherCAD Il - [Draft1.asc] E][E|g|
‘l:' File Edit Hierarchy Miew Simulate Tools Window  Help =

M H T & @ O AR E HaE +BOM O 2
Vdd

JEM b o

PMOS_tr

S

—

M_n
NMOS_tr

Vin

—
=
|_

N
PULSE{050 1n1n10n 20n 3)

Right click on each ground symbol and make sure that all grounds are common.

MNet Name E|
\—\'7 (%) GND[global nade 0]
| O com
HELC] O
Fort Tvpe: | Hone w

[Fart type iz only vizible if drawn at
the end of a wire.]

[ Cancel ] I 1]8 ‘

Let’s label a couple of nodes of the circuit with convenient names (for example the node
where the input signal is applied and the node where the output of the inverter is taken)
by using Edit > Net Name
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\—\'7 () GNDIglobal node 0] \—\'7 () GNDIglobal node 0]
)/ Ocom |/ O com

i oLt

Fort Tvpe: | Hone w Port Type: w

[Fart type iz only vizible if drawn at

[Fart type iz only vizible if drawn at
the end of a wire.]

the end of a wire.]

[ Cancel ] I ] ‘ [ Cancel ] I ] ‘
Féj Linear Technology LTspicefSwitchernCAD IIl - [Draft1.asc] E”E'E'
‘l:' File Edit Hierarchy ‘iew Simulate Tools ‘Window  Help - 8 X

e 3 7 & QUK Bl Ha® s M O8 2

‘[: Draft]. azc hﬁ Diraftl.raw

vdd
5V
— M._p
o=
L PMOS_tr
out
|_
M_n
. : b=y~
vin in L_|NMOS_tr
S

PULSE(0 50 1n 1n 10n 20n 3)

At this point all we have to do is to specify the SPICE analysis we would like to run and
where the models for the transistors are located.

Let’s put the spice models in a file called my . cmos located in the directory:
/opt-u/CAD/MySpicelLib
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* Spice Models Library. Filename: my.cmos

.model NMOS tr NMOS (kp=0.25m Vto=1 lambda=0.02)
.model PMOS tr PMOS (kp=0.25m Vto=-1 lambda=0.02)

To add to the schematic the necessary spice directives and analysis we use:

Edit > SPICE Directives and Edit > SPICE Analysis.

Il Edit Text on the Schematic:

[Iwertical Text

Howw to nietlist this ket Justification _DK
(%) Comment | Left v | = |
() SPICE directive __ar‘u:e

CHMOS [nverter

Type Chril-b ta start a new line.

Il Edit Text on the Schematic:

[Iwertical Text

Howw to nietlist this ket Justification _DK
() Comment | Left v | = |
(*) SPICE directive __ar‘u:e

3

< y.-"npt-u.-"l:.ﬂ-.D S picelibdmy cmos

\..lor even better use oinclude

Type Chril-b ta start a new line.

Edit Simulation Command

Transient | A Analpziz | DC sweep || Moize OC Transfer | DC op pnt

Ferform a non-linear. time-domain sirmulation.

Time to Start Sawing Data: |0

t aximum Timestep: | 10p

Start external DC supply voltages at 0 [

Stop zimulating if steady state is detected: [
Dior't reset T=0 when zsteady state = detected:

Step the load current source: [

Skip Initial operating point solution: [

Syntax: tram <Tprint: <Tstop> [<Tetartz [<Trmaxstep:]] [<optionz [<optionz] ...]

wanoaonoiog) or beftter .frnn lop 4on
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Féj Linear Technology L TspicefSwitcherCAD Il - [Draft1.asc]
'[: File Edit Hierarchy Miew Simulate Tools wWindow Help =
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o inCllAdC
vdd
@ jopt-u/CAD/MySpiceLib/my.cmos T
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- _ . M_n
Vin n | NMOS_tr
~7
PULSE(0 5 0 1n 1n 10n 20n 3)

4. Save the schematic As: inverter.asc

F&j Linear Technology LTspicefSwitcherCAD |ll - [inverter.asc] E@@
‘[:_ File Edit Hierarchy View Simulate Tools WWindow Help =

B T F G e B B ERE stB2o M OF 4L S ©

o inc “de
, vdd
Jdib)lopt-u/CAD/MySpiceLib/my.cmos 5\
{fran (0 40n 0 10p —Im_p
lop 40n b=l
CMOS Inverter —— PMOS_tr
. out
|_
_ _ ""‘:—_J— M_n
Vin in - i NMOS_tr
~7
PULSE(0 50 1n 1n 10n 20n 3)
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5. Set up the SPICE netlist generation preferences using:
Tools > Control Panel > Netlist Option

Control Panel EJ

m Operation ci’ Hacksl B Internet
é; Compreszion ".- Save Defaults Eﬁ SFICE -E_ Dirafting Options
HEH M etlizt Dl:ltil:Ir'IS 3:: W gweeforms

Stules/Corvention
[ Corwert "p' bo 'u' [4]

[C] Reverse comp. arder
Semiconductor bModels

[] Diefault Devices[*]
[] Defaul Libranie=[*]

[*] Setting remerbered between program invocations.

[ Fezet ta Default YW alues ]

[ OF. ] [ Cancel ] [ Help

6. Run the Spice Simulation (Simulate > Run)

Fij Linear Technology L Tspice/SwitcherCAD [l - inverter.asc

File Edit Hierarchy Wiew Simulate Tools wWindow Help

BeE dH T F Qo B HRE +2oM A8 L@ ¢ 3 DD

'l: irwerter. asc L“-’" inverterraw

inverter.asc

10ns 12ns 14ns 16ns
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7. Make sure there are no errors by checking View >SPICE Error Log
Hops!! Here we notice the bulks are not properly connected, so we 1) fix the
schematic, 2) run again the simulation and 3) check again for errors

Fij Linear Technology L Tspice/SwitcherCAD Il - [inverter.asc] @@
‘[: Eile Edit Hierarchy iew Simulate Tools Window Help =R

BeE dH T F Qo B HRE +2oM A8 L@ ¢ 3 DD

CMOS Inverter » 10p 20n

trar(0 20n 0n 10 Vdd
|,’opt-quADfMySpiceLibfmy.cmos
. M
.include _ P 5V
in PMOS_tr

Vin ou

\

PULSE(0 50 1n 1n 5n 10n 5)

NMOS_tr

8. In order to observe the traces we are interested in 1) right click on the inverter.raw
window, 2) click on Add Trace or Visible Traces and 3) make your selections.
Alternatively you can also click on the nodes of interest on the schematic window.

Féj Linear Technology LTspice/SwitcherCAD Il - inverter.asc

File Edit Hierarchy Wiew Simulate Tools ‘Window Help

e T & oA B HaE o 588 40 3 0800

‘l: irverter. asc ;:_‘_"-’" inverter.ravw

inverter.asc

= (=13

I I I :
12ns 14ns 16ns 18ns
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9. The spice netlist is automatically saved as inverter.net and can be opened using:
View > Spice Netlist

* /home/ctalarico/MySpiceCir/inverter.asc
M p NOOIl in out NOO1l PMOS tr 1=0.5u w=1lu
M n out in 0 0 NMOS tr 1=0.5u w=0.5u

vdd N0Q01 0 5V

Vin in 0 PULSE(O 5 0 In 1n 5n 10n 5)

* CMOS Inverter
tran U 40n 0o _10p)~ > .tran /lop 4on

.1ib) /opt-u/CAD/MySpiceLib/my.cmos
[ I.n C/ “Je
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