Introduction to LTspice

Acknowledgment: LTspice material based in part by
Devon Rosner (6.101 TA 2014), Engineer, Linear Technology
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SPICE

 Simulation Program with Integrated

Circuit Emphasis

» Developed in 1973 by Laurence Nagel at
UC Berkeley's Electronics Research

Laboratory

» Dependent on user defined device

models
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Netlists

M c:wUsersiyDevonyDesktopy61811v61813allenKey.asc
XU1 Heaz Uo U+ U- Uo LT1822

U1 U+ @ 15

uz a u- 15

R1 Ui Hee1 {R}

RZ2 HOee1 HBe2 {R}

C1 HBB2 8 {1/{2=Pi=R=18k)}

C2 HBB1 Vo {1/(2=Pi=R=18k)}

L U3 Ui @ SIHE(A 1 {f} @ 8 @) AC 1
[ .step param f list 1k 18k 188k
-param R 1k

-tran 1m

.lib LTC.1lib

-backanno

-end

Components -

Commands A
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LTspice

Technology Corporation

3 {1/(2*Pi*R*10K)}
P —
t»:-' 1 $
\—' 2 vi" A \ - >' 2 A

Y A LT022
) ®  ®| =

Yy ran 1m
Nk, step param f list 1k 10k 100k
'yi‘l:N‘Etlll{r}nnu) .param R 1k
You do this
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= |{1/(2*Pi*R=10k)}
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Lecture 4

Developed in 1998 by Mike Engelhardt at Linear

GUI, simulator, and schematic -> netlist for SPICE
FREE and comes with tons of models

M C:vUsersybevon\Desktop\6181\6181Sallenkey.asc
XU1 NBO2 Uo U+ U- Up LT1822

U1 U+ 8 15

U2 8 u- 15

R1 Ui HO®1 {R}

R2 NBB1 HBB2 {R}

C1 NBB2 8 {1/(2*PixR*18K)}

€2 NBB1 Vo {1/(2*PixR*18k)>

U3 Ui @ SINE(® 1 {f} 6 @ 8) AC 1
.step param f list 1k 18k 188k
.param R 1k

-tran 1im

.1lib LTC.1lib

-backanno

-end

Ltspice makes this




Getting Started

AT LTspice V08
file Diew Tools Help

i — THAT'S IT!

New Library

2 Print Setup...

1 61015allenkeyBasic.asc

2 CAUsers\ AB101SallenKey.asc
3 Draftl.asc

4 ChUsers), \psetdSim.asc

ALY L Tspice IV - [Draftl.asc]

- . -
'[; Eile Edit Hierarchy View Simulate Tools Window Help
BE | H T F0 80am (SR se0H S TR EIFODDO O D

These buttons are where you will live
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Component to Menu Item Matchup

[
wn
Ak

- o3

.tran 1m
by

.l:lr:l
.step param f list 1k 10k 100k 1MEG

SINE(0 1 {f} 0 0 0)
vV ac1
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Net Labels

By labeling nets you can avoid a giant mess of wires. A/ways use
these for at least your power supplies. When you start making

large circuits, your power supplies will provide energy all over your
schematic.
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Adding Other Components

T Devices besides basic resistors, capacitors, and
inductors are found from this button
Iﬂ‘;ele{!Lo'hDDﬂel‘lS\wbol ‘ " é

Top Dwwctony | C:\Program Fabies (BEILTCU Tagecadviitiviyen
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Op-Amps

There are no “ideal” op-amps in reality. BUT, there are in LTspice.

AT Select Companent Symbal

Top Darclony. | C:AProgram Files [(BSALTEAL T spico\ibhaym

[E) CAPsogram Fies [@NLTCALT ipicelv byt Dpampsh

LTCEDR4 LTCEME LTCEAD 20
LTCE0ES LTCG247 LTCEA00-26
LILBRE, LICE2E LICEm-8
LTCENSR LTCE2S2 LTCEAMRY
LTCEO0 LTCE2S3 LTCE404-1
Lics1n LICESA LTCEAM-Z
LTCEINZ LTCEXEE LTCEAD4 4
LTCEI03 LTCEXO LTCE405
LICE1M LICERS LTCEADE
LTCE24D LTCE400 14 LTCE4DR
LTCE21 LTCEADD 20 LTCEAIE
LTCE242 LTCEA00-26 LTCE4T
LICE2 LTCEADE LICEn
LTCE244HY LTCRAM 14 LTCESAD2
| Lernel
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=

Ireal snghe poles apesatiesal amplies.'ou must b nparmp s

PAY CLOSE
ATTENTION
— TO THE TEXT
ﬁ e You must

literally include
Jib opamp.sub
in your netlist
or schematic
/| asa SPICE
— | directive.
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S
o
RH1MA
AH1029
RH10SEA
RH1128
RH1438
AH1914
RHZ/C
37

Op-Amps

Though listed as “ideal” there are still 2 parameters

you can tweak.

7 Component Attribute Editor = ]

Open Spmbal:| C:\Program Files (x86)5LTCALT spicelvyibsymtOpampshopanp

Atibte Valus Vis /
Prefis % q

Insthlame ut %

SpiceModel

Value oparp

Value2

SiceLine Aok100K

SpiceLine2 GBW=10Meg

Cancel
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Open Loop Gain: As this
number approaches infinity,
the Op Amp becomes more
“ideal". Look at some Op Amp
data sheets to see some real
open loop gains.

Gain Bandwidth: As this
number approaches infinity,
the Op Amp becomes more
“ideal". To check if this is high
enough, multiply your desired
Closed Loop Gain by your
highest desired output

frequency.
10

Op-Amps

To more accur‘a‘relz model a real Op Amp not available in LTspice,

UniversalOpamp?2

as many tweakable parameters.

LT Select Companent Symbal

Top Doty | C\WProgeam Fies BT CLT spcelv'dham

e —

LTCR

LTCEN
LTCE

Cancel o
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Uireversal Cipamp model hat ko & diterent
scoimacy. Ses Sessmmpien] ducaonalUines

LT Camponent Attribute Editor @

[ DpenEpmick] C\Progran Fies (METATEW T spcaf i pammpaLirive

This is e Sousth st ha appes on the et e,

Asbute Ve i
et "
[T u ®
SpceHodsl vl
Vikse
VisksaZ dovede1 Mg a1 [y Showe e
Spacaline? el arkelirel kol e E00H 80
Cancel [T

Open loop gain, gain
.| bandwidth, slew rate, current
| limit, rail-rail voltage, input
voltage offset, phase margin,
Rin, etc.
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Editing Components

I >

LT Resistor - R2

LS . _ &

Marufachurar ok
Pt Mumber  ——

10k

Resistor Properties
Fusistanco(n] 10k
Talerance[*]

Power Rating[W]

T Just right click the

component

[1n
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Editing Components

V+

LT Voltage Source - V1 ﬁ

o]
(oot

DCwalue[w]: 15

Series Resistance[0)] |

But what
about this?

15

This is the basic voltage source menu.
Use this for DC sources such as power
supplies or bias voltages.

Editing Components

LT Independent Voltage Source - V3 i
Value.
NP VE Tl T 2 Small signnl AT anal, 5
SFFMVoE Viamg Foa MO Fiig) AL Amphiude 1
PALOT A 242 ) ACPhase

PYWLFILE:

15

>

Voltage sources can produce many test signals.
PWL can be used to construct any signal.
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Selecting Device Model Simulation: Transient
There are no “ideal”" BIT's, MOSFET's, etc. You can select a model . . . .
(provided by LTspice), download models, or create your own. Traqsuenf simulation gives VOHGQe’ and/or Current
vs.time.
LT Bpoia or - 1 “ “ﬁ
— + 5 b S
Q1 . > S
NPN - e
" 17 Seloct Bipotar Transistar ) Maks tis inlormasion
[ ] 1 . eosisc |':|:1!h-.
vy A — These are transient
S R S parameters for
s g B0 M0 s NIRRT Ege 15 a voltage source
B mooE m el > canlin
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Simulation: Transient

View | Simulate Tools Window Help

B @ Run i
P Pause
s 0 T
Halt Ctrl+} 5 - . '
Clear Waveforms 0 AT Edit Simulation Command &
Efficiency Calculation  *
Transient | AC Analysis | DC sweep | MNoise | DCTranslerl DCop pnll
.? Control Panel Perfarm a norrlinear, time-domain simulation
Edit Simulation Cmd
Time to Start Saving Data: Thls is G" YOU
Meoimum Timestep FZGIIY need |
Stant external DC supply vahages at 0v: [ ]
Stop simulating if steady stats is detected: [
I Daon'treset T=0when steady state is detectad
Step the load curent source: [ ]
Skip Initial operating point solution: [
Syntax: tran <Tstop> [<option> [<option>] ]
tran 1m
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15
\ v

Random Tangent: Parameters

11
1
1in

LT1022

15

Vi V
Gy
-

tran
Step param f list 1k 10k 100k 1ME
SINE(O 00)

AC1 ThisTis a You MUST define all of your parameters.
The "list” command allows you to choose

arameter . . . .
P multiple values (simulation simulates each
value separately).
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What Should My Circuit Do?

* The very first step o any simulation is o know how
your circuit shoul/d behave. Simulation is a verification
tool NOT A CIRCUIT SOLVER.

* So how should this circuit behave?

|
|
1

i v
Vi 11022 °
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Here's Where You Write the Solution

41“_

022 vo
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Here's Where You Write the Solution

iz 1n'—
v — v A, %
il - % W\f;: Vetoe] oL oz
i, = (Ve —v,)sC aim
. UVx — Vo C
i3 = = V,S
R
v, = V,(SCR+ 1)
1:1 = iz + i3
v; —V,(SCR+ 1
: O(R ) = (v,(SCR+ 1) —v,)sC + v,sC
U, 3
— = Il
) =rzrypz A DOUBLE POLE!

6.101 Spring 2020

Expected Behavior

 Double pole is at: f = 2 . 16kHz
2T . .

« We expect frequencies up to this point to be
large, but frequencies above to quickly drop
off due to the -40 dB/decade characteristic
of the double pole
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Transient Simulation

View | Simulate Tools Window Help
B, I
Lo I
. ' Hover over the desired
Efficiency Calculation + VOITGgE node to be pf‘obed and
S Control Panel ~ click when you see this symbol
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e
- +/l—/ LT1022
>

e
Vo

**This is the current probef_&
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Transient Simulation

T T T T T T T T T
0.0ms 0.1ms 0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms

1 kHz
M 10 kHz
Il 100 kHz
M 1 MHz
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AC Simulation

AC simulation gives Voltage and/or Current

vs.freguency. This is the AC

AC Simulation

LT Edit Simulation Command X par‘ameTer‘ . fau r
e e e i [ e G Just set the [
Attt s st s amplitude to 1 o i
anpute the sl A sor ot circut linearized abosdt ity DT oparasing 14dE= = 60"
e —— “21di3- - -0
R . P 20054 w1000
“_F_I 1 ; -35016 120
‘ Siop Frequency.  TMEG 4245 ES ST
49dE~ 160"
yeinc  ac <oct dec. ind <Npoints> <Starfreg <Endfeg> ~56d6~ ~100
- : 15 6306 --200°
) -T0dE- R
— — o 7748 —rt ey - 240"
1KHz 10KHz 100KHz 1MHz
1
> 3 s =
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Extra Fun: Math in LTspice Transient Simulation
[
1 1
- {1/2*Pi*R*16K)7 > M
0BV R e S R
0 oevd A H H Y A W : : H H A
15 0.4v-- B T e e T s R T o S EO B e S iy At SUEY
. Vo 0.2V Ao e e b e G o e e b e b
{ Vi LT1022 R L N TN T
. ® >
15 0.4V
> Remember: {1/(2*Pi*R*16K)} > 05
S 1 -0.8v
=——=16kHz v ‘
f ZHRC .tral"l 1m 1.[J(]'.[)ms: 0.1Ims 0.2Irns U.SIms 0.4Irns 0.5Irns O.EIrns 0.?Irns 0.8ms OBIms 1.0ms
.step param f list 1k 10k 100k 1MEG
ﬁ:"f(o L8000 .param R 1k It's the same as before!
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Even More Fun

15
E

>
s
.acdec 10 1 1MEG
@ .step pararr®ist 1k 10k 100k 1MEG

SINE(0 1 {f} 00 0) .param f 1k
AC1

*Note: You can try out some math functions in the simulator

window, too! (ex: V(Vo)/V(Vi)).

AC Simulation

BdB- T
4dE- : - 60°
NdR=t ——————nt == - 50°
PELES : - 40"
U3 - J0°
12dE~ - 20"
16dE~ = 10"
20dB- o sam fa ai e feesbesieiod L o
-24d B~ : b= 10°
206 20"
“12d 6 30"
JbdE~ =-40"
40dE~ 50"
-44dB o R | Ty T ¥ Bard Ty .'I o e T ey 0
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz I1MHz

Temperature as a Variable

e PTAT current source

£ -+
3.0V
PP q * NP
Q4 I T 2
3.0V
vi PHP
a1
3.0
iy M S
NPN NPN - . NPH
R1D1
200

R102

[ @
e NPN

Temperature as a Variable




Including E

xternal Models

- 3
5 T
r; i ]’—'HU -|»—'u1p | "_Er
] e
= M2 e il
A ! ]
| = 1 !
“'T_'/S -] :,_'15
—{ A | NFET pr
| B P
PULSE(-05 05 0 OEB0n) I
g . ;
v ™ e = ]
(ot e
« PFET model g o
* Includes o
parameters to R
Ao
describe MOS ’.m o s | LEVEL = 1
device physics - na 7 =
. . g N~
a1 Jsataemisrim s pepparifAtteaiypend. s

it P et 1 b o s 4 T i
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W10 G5 VoD POM Run'lg’ we'vg'
* pdnBung’ e dusg’ e
veady PFET
HHBEAT GANLED W1

A

v
LBadel MOA-PWa] Bi15ad, 32T5e-19 Aned. 4475 Wed, TOBE migsLimiisds typesLsn)
B V1 VI me-rert
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Making Things Pretty

i 1

i i\ e
() R}
= = i
> 1n
5 =i %
Ry .ac dec 10 1 IMEG
N .step param R list 1k 10k 100k 1MEG
- SINE(01{r}000) param 1 1k
AC1
+
.
15
——\o
+ 022
1 15
=
.acdec10 1 1IMEG
.step param R list 1k 10k 100k 1MEG
SINE(0 1 {f} 00 0) .param f 1k
AC1
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Making Things Pretty

Simulate | Tools Window Help

VR B 81 Copy bitmap to Clipboard
Write to a .wmf file

SallenKeyE=a "5 nirol Panel

4] Color Preferences
. Sync Rale=ca
AT Control Panel
Expo

Adow deact£amenert gen shoms'|
Actcmatcally scrcl e ves]'} ¥

Mk teo ustcation anchor powts
Mark unconneched pms [

Saow schematc gred pors{'}
Ortiogonsl srap wies [

it dhag mode{']

Cut glec wauws durss deags [

Uil hiseey mire. 500
Show -1.. Beexal'|

Fevarse Mouss Whael So

Opanon | Hacks! | Y wemet | [1F] Sesiat Opacns | £ Wavetorms -
& Compresncn | # SsveDetstn | FSPCE | T Drafieg Opscns f

LT Color Palette Editor i

B2 WaveForm,| & Schemetic B3 Ntin)

Comment Text ?LBO
vC
l . Vc
I C1 ILBI I
S
e 100p < R1
< 5K
=7 tran 10m
FontProparies]] Click,an an ftem abiave fa change s sk,

Inboms = Selected hern. [Wines d ——
ol ® 12 | Solncind bom Calar Mic —_
[ | Fed: [} o \mmERocel

1 Grean: [} o ey
F | Bive: ] 0 [ Doteurs
Holkepa')

I} SuRg remermbened betwsen peoJram invoCa6ons

Reset o Catout Vakes
o
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Cancel Hep
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Making Things Pretty

Bob Reay of Linear Technology has provided a nifty tool on his website to
give LTspice circuits an even better makeover:

http://reaylabs.com/tools/SchematicViewer/SchematicViewer html

Before:

»J.\“
)

Ij"ﬂ

=

H

6.101 Spring 2020 Lecture 4 36




Making Things Pretty

Bob Reay of Linear Technology has provided a nifty tool on his website to
give LTspice circuits an even better makeover:

http://reaylabs.com/tools/SchematicViewer/SchematicViewer html

5

After:

&
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LTspice Secrets

Many aspects and functions of LTspice are not documented. You
can learn lots of interesting undocumented capabilities of LTspice
from:

http://Itwiki.org/?title=Undocumented LTspice

Of particular interest should be B-sources. These allow you to
make devices such as non-linear resistors whose value is
determined from a function of voltage, current, if statements,
constants, etc. Though you cannot build these, they may be useful
to model a part not available in LTspice, or to model a special
function in your circuit you have not designed yet.
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Questions??
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http://www.analog.com?doc=LTspice.pdf
http://www.analog.com

LTSPICE SHORTCUTS ON A MAC
11/5/2013 REV 3

a DRAW CIRCLE

b BUS TERMINATION

g GROUND

I DRAW LINE

S ADD SPICE DIRECTIVE (right click for HELP ME EDIT)
t ADD TEXT COMMENT
w DRAW BOX

23 H HIDE LTSPICE

23 L SPICE LOG

3 N NEW SCHEMATIC

3 @) OPEN

23 Q QUIT LTSPICE

3 S SAVE

23 Z UNDO

48w Z REDO

23 M MINIMIZE

¥ M MINIMIZE ALL

23 W CLOSE

¥ W CLOSE ALL

3 P PRINT

48 P page seupt

F2 COMPONENT

F3 WIRE

F4 NET NAME

F5 DELETE

F6 DUPLICATE

F7 MOVE (CNTRL-R to rotate, CNTRL-E to mirror)
F8 DRAG (CNTRL-R to rotate, CNTRL-E to mirror)
F9 UNDO

{4F9 REDO

SPACE BAR ZOOM TO FIT

2 FINGER PINCH ZOOM IN

2 FINGER SPREAD ZOOM OUT

Here are the modifier key symbols you may see in OS X menus:
23 COMMAND

\ ALT OR OPTION
& SHIFT



