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



Netlists

H C:isUsersiyDevon\Desktop\6181v61813allenKey.asc
sU1 HBB2 Uo U+ U- Uo LT1822

U1 U+ B8 15

U2 a8 u- 1%

R1 Ui HB81 {R}

R2 HA81 He8Z {R}

C1 HBB2 8 {1/(2=xPi=R=18Kk)}

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

U3 Ui B SINE(® 1 {f} 8 8 B8) AC 1
.step param f list 1k 18k 188k
-param R 1k

-Eran 1m

-1ib LTC.1ib

-backanno

-end

Components 1

Commands -




LTspice

« Developed in 1998 by Mike Engelhardt at Linear
Technology Corporation

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

I M C:sUsersiDevoniDesktopi61813v6181Sallenkey.asc
{1/(2*Pi*R*10k)} XU1 HA@2 Uo U+ U- Uo LT1822
U1 U+ 8 15

u2 a u- 15

15 R1 Ui Hae1 {R}
i RZ2 HOA1 HAB2 {R}
c C1 HBB2 B {1/{2=Pi=R=10k)}
15 C2 HAB1 Vo {1/(2=Pi=R=18k}}
: g;{lf(Z*Pi*R*lOk)} U3 Ui 8@ SINE(B 1 {f> 8 8 8) AC 1
5

-step param £ list 1k 18k 188k

V+

(;;) e -param R 1k
.step param f list 1k 10k 100k tran 1inm
SINE(0 1 000 T, .
o param R 1k _1ib LTC.1ib
-backanno
-end

You do this Ltspice makes this



Getting Started

B e v AT

Help

D Revsmoer | THAT'S IT!

MNew Library »

¢3) Print Setup...

1 61015allenKeyBasic.asc

2 ChUsers\,.\b1015allenkKey.asc
3 Draftl.asc

4 ChUsers\..\psetlSim.asc

LT LTspice IV - [Draftl.asc] . . » - -_ -
{: File Edit Hierarchy View Simulate Tools Window Help
P P FD O R HRE| fBRE A L@ &Lt 3 FDMD D S

/

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

L
T
||
|
; @ i 1in
|
L 3
‘ 13 ) : _\I+\ - Vo &
@ ViJ\/\/—-—/\/\/-—/(DDZZ
1T 10k 10k >
L 1
@ 15 T ——1n
> @ - o
s tranim T

.step param f list 1k 10k 100k 1MEG
SINE(O1 {f}000)
~ AC1



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.




Adding Other Components

T Devices besides basic resistors, capacitors, and
inductors are found from this button

AT Select Component Symbol

X}

Top Directony: lC;\Pngram Files (xBERLTCAL T spicelvyibisym

Bipalar MPM transistor

Open this macromodel's test fixture

npn

ChProgram Files (xBENLTC\LTspicelibhsym?,

[74HCT] cap ind2
[Camparators] CHwW LED
[Digital] zht load
[FilterProducts] loade
i e Ipnp
( Opamps el Itline
f mesfet
[PowerFroducts] FerriteBead i
[Feferences] FerriteBead2
[SpecialFunctions] q
bi g2
hi2 h
by ind

TwSdiode
e e U]

ener

Cancel
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Op-

Amps

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

LT Select Compenent Symbol

=

Top Directony: IE:'\F’ngram Files [x86]4LT CALT zpicelhdibhaym

)

|deal zingle-pole operational amplifier. r'ou must b opamp. zub

~

(L —
[:|+ Open thiz macromodel's test fsture \ A TTE N TI O N
opamp
C:\Program Files [«86)5L TCALT spicely ibhapmbOpampsh, TO THE TEXT
LTCE084 LTCE24E LTCE401-20 LTCEA10-2 RHE200
LTCE0E5 LTCE247 LTCE401-25 LTCES11-1 UriversalOpamp2
LTCE0S7 LTCE243 LTCE401-8 LTCES11-2
LTCE0ES LTCE252 LTCE403-1 LTC yo u mUST
LTCEO30 LTCE253 LTCE404-1 ¢ lit llv includ
LTCE10 LTCR254 LTCE404-2 L
LTCE102 LTCE255 LTCE404-4 RH1014 ITera y Inciude
LTCE103 LTCE3ED LTCE405 RH1028 :
LTCE1 04 LTCR3E2 LTCE406 RH10562 llb OpClmp.SUb
LTCE240 LTCE400-14 LTCE409 RH1123 . _H . "
LTCE24 LTCE400-20 LTCE416 RH1438
LTCE242 LTCE400-25 LTCE417 RH1814 in YO ur netlis
LTCE244 LTCE400-2 LTCES10-1 RH27C :
LTCE244HY LTCE401-14 LTCET102 RH7C or sc hemaT IC
L L F
as a SPICE
Cancel Ok . .
[ e ] ] __| directive.
L%
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you can tweak.

Op-Amps

Though listed as "ideal” there are still 2 parameters

2@ A

is. /
o

AT Compenent Attribute Editor

 Open Symbok| C:%Program Files [(x86)5LT CALT spicelylibhsymOpampshopam
Attribute Walue

Prefi #

Inzth ame (N *
Spicekd adel

" alue opamp

WalueZ

Spiceline Aal=100k,

Spiceline? GEw=10Meg <@

Cancel ] 4

6.101 Spring 2020

Lecture 4

Open Loop Gain: As this
number approaches infinity,
the Op Amp becomes more
“ideal”. Look at some Op Amp
data sheets o 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 accurately model a real Op Amp not available in LTspice,
UniversalOpamp?2 has many tweakable parameters.

-

AT Select Component Symbol

P

N

LT Component Attribute Editor 29

Top Directory: [C: “Pragram Files [#8E)5LT CALT spicellibhsym

7

1

—

0

+

Univerzal Opamp model that allows 4 different levels of simulation
accuracy. See /examples/Educational/Universaldpamp2. asc for
detailz. Enand in are equivalent voltage and current noises. Enk
and ink are the respective corner frequencies. Phimargin iz used to
set the 2nd pole or delay to the approximate phase margin for
level 3a and level 3b. Thiz version uses the new, experimental level
2 zwitch as the output devices.

Open Symbol| C:%\Program Files (x8E15LT CALT spicelVslibhapms0 pampsiUnive

Thiz iz the fourth attribute to appear on the netlist line.

Attribute Walue Wiz
Prefix H
[]+ — ; 5 5 InstName uz *
Open thiz macromodel's test fisture
SpiceModel lenvel 2
|:| Universaldpamp2 Walue
C:\Program Files [<B6ALT CALT spicellibksymiOpamps', Avol=Theg GBYWwW=10Meg Slew=10Meq
LTCE0S4 LTCE24E LTCE401-20 LTCEI10-3 : 1=45
LTCR085 LTCE247 LTCE401-26 LTCE11 Spiceline? en=0 enk=0 in=0 ink=0 Rin=500Meg
LTCROET LTCEZ45 LTCR401-5 LTCES11-2
LTCE0SE LTCE2S2 LTCE403 LTC7652
LTCA090 LTCE253 LTCE404-1 apamp
LTCE10 LTCE254 LTCR404-2 apampz
LTCE02 LTCEZ55 LTCE404-4 RHIOA
LTCE103 LTCEIE0 LTCE405 RH1022
LTCE04 LTCE3EZ LTCE405 FH1 0564
LTCE240 LTCE400-14 LTCE40 FH1125 - . . -
LTCE241 LTCE400-20 LTCEHE FH1493 O I
LTCE242 LTCE400-26 LTCEHT RH1814 pen Oop 90' n ’ 9Cll n
LTCE244 LTCE400-5 LTCES10A RHZ7C .
LTCE244HY LTCR401-14 LTCRI0-2 RH37C b d d 1- h I 1. .l.
‘ I andwidth, slew rate, curren
| limit, rail-rail voltage, input
voltage offset, phase margin,
Rin, etc.
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Editing Components

>

Vi—/\/\/ -

10k

AT Resistor - R2 . $<
rManufacturar: | - |
Part Mumber:

| Cancel |
| Select Resistor
Resistor Froperties
Fesistance[(2]: 10k

Tolerance[*:]:

FPowear Rating[+]:

T

in

Just right click the
component



Editing Components

i

AT Voltage Source - V1

+HHV+

DCwaluelv]: 15

seties Resistance[ Q) |

But what
about this?

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

15
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Editing Components

LY Independent Voltage Source - V3 . — |
Functions DCYalue
+ (none)
> FULSIER Ve el itse Tl Tem Perize) Neyelss)] tdake this information visible an schematic:
Q) SIME(voffset Wamp Freq Td Theta Fhi Moycles)
EXP(1 V2 Td1 Taul Td2 Tau2) Small signal AC analysis(AC) -
SFFMYoff Vamp Foar MDI Fsig) AC Amplitude: 1
PAL(T 1 12 42..) AC Phase:
PWLFILE: EiEEs Make this information wisible on schematic: |«
1 5 Parasitic Properies
DCoffsefv] 0 Series Resistance[0]:
Amplituda]V] 1 Parallel Capacitance[F]: W
Freg[Hz: 1 hake this information wisible on schematic: |V I
Tdelays]: 0
Theta[1/s]: 0
Phi[deg]: 0
MNeoycles:
1 5 Additional PVWL Points
Make this information visible on schematic: v Cancel | [ QK l
o — \ . - :

Voltage sources can produce many test signals.
PWL can be used to construct any signal.



Selecting Device Model

There are no "ideal” BJT's, MOSFET's, etc. You can select a model
(provided by LTspice), download models, or create your own.

ALY Bipolar Transistor - Q1 lﬂ:ﬁ

1 Pick Mew Transistor | J
Transgistor Properties

Transistor, MNPN

N P N tanutacturer

Folarity npn

eEn] AT Select Bipolar Transistor ﬁ

Collector Current[s]

h

Part No. Manutacturer Polarity  “ceo[v] lefrmA]  SPICE Madel i
: Fhilips npn model MIS=T1E-14%AF=1 I:II 3 |
23904 Philips nph 40.0 200 model 2M3304 WPR(15=1E-14 W AF=10(
FZT849 Zetex nph 30.0 7000 model FZT843 MPMN{IS5=5.8591E-13 NF
ZTHB49 Zetex npn na 7000 rnodel ZT+849 ako FZTa49 MPMMNCoeo
ZTA10484  Zetex nph 175 5000 model ZTx1048A NPN{I5=13.73E-13 M
2M4124 Fairchild ngn 25.0 200 miodel 2M4124 NPMN(1s=6.734f Xti=3 Eg=
2MN3IINA - Fairchild ngn 25.0 500 model 2M339TA NPM(1s=12.03f #ti=3 Ec
DRIENSQ Eaoivehild e SEN inn vl sl RIEOQ0 DR ~—F Q1 14#%%H -2 Ea-
4| 1] [ P
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Simulation: Transient

Transient simulation gives Voltage and/or Current
vs.time.

LT Indepengdg™oltage Source - V3

— - =X

O Walue

I PULSE(1 Ve Tdelay Trise Tfall Tan Period Noycles) el i inamistian wislkls an schemaic
@) SINEvoftset Vamp Freg Td Theta Phi Noycles)
(DEXP(1 %2 Tdl Taul Td2 Tau2) Small signal AC analysis(AC) R
() SFRM(volf Wamp Foar MDI Fsig)

(CIPWL w1 1242,

AC Amplitude: 1
AC Phase:

PWL FILE: Browss Make this infarmation wisible on schematic:

prasitic Properties
Series Resistance[]:

Parallel Capacitance[F]: 'i

DC offset]:
Amplitude]:
Freg[Hz]:

Make this information wisible on schematic:

Tdelay[s]:
Theta[1/s]:
Phi[deg]:

These are transient
parameters for

: | a voltage source
Additional PyWL Foints

hematic: l Cancel ] l OK. l

Moycles:

15

bdak e this information wisible

6.101 Spring 2020 Lecture 4
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Simulation: Transient

View | Simulate Tools Window Help

B, @, {4 Run
: Pause
D ) it Ctrl+H

Clear Waveforms
Efficiency Calculation

0

3

% Control Panel

Edit Simulation Cmd

=

AT Edit Simulation Command r

-

Transient | AC Analysis | DC sweep | Moise | DCTransferl DCop pnt|

Ferform a non-linear, time-domain simulation.

< Stop Time: Tm )

6.101 Spring 2020

Maximum Timestep:

really need

! Start external DC supply voltages st 0v: [
Stop simulating if steady state is detected: ||
I Dan't reset T=0when steady state is detected:

Step the load current source: [
Skip Initial operating point solution: [ |

Time to Start Saving Data; This is a” you i

Syntax: tran <Tstop? [<option? [<option»] ..]

tfran 1m

Lecture 4
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Random Tangent: Parameters

|l
; 1n
n
3
15 —\|+\
4 . Y
vi'\/\ A/ A 171022
10k 10k >
15 J—
> 1n
> A4
step param f list 1k 10k 100k 1ME
SINE(0 ({})0 0 0) MES
AC1 Thisis a You MUST define all of your parameters.
parameter The "list” command allows you to choose

multiple values (simulation simulates each
value separately).

6.101 Spring 2020 Lecture 4 18



What Should My Circuit Do?

« The very first step to any simulation is to know how

your circuit shoul/d behave. Simulation is a verification
tool NOT A CIRCUIT SOLVER.

e So how should this circuit behave?

+
>
N
. L
v.J\/\,_._/\/\;l:? LT1022
10k 10k S




Here's Where You Write the Solution

[
in
+
>
+
. Vo
Vi = LT1022

10k 10k >

1n
RV




Here's Where You Write the Solution

. ||
2| 1n
i :
) Vi — Uy —_—> £ -
Ll — Vi < LT1022
R 10k Vx 10k

i, = (v, —v,)sC i3 ) Tan

. Uy — Vg _ C v
3 =~ = VoS
v, =V,(sCR + 1)
il — iz + i3
V; — V,(SCR + 1)
» = (v,(sCR+1) —v,)sC +v,sC
() A DOUBLE POLE!

V; - (sCR + 1)%

6.101 Spring 2020 Lecture 4



Expected Behavior

e Double pole is at: f = -
p f S7RC 16kHZz

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

of the double pole



Transient Simulation

View | Simulate Tools Window Help

;

1D L Ctrl+H L — .

T s TeE o . Hover over the desired

Efficiency Calculation ¥ voltage node to be probed and
click when you see this symbol

“T* Control Panel ;
+ v
Vo

Edit Simulation Cmd

_
LT1022

**This is the current pr'obeff

6.101 Spring 2020 Lecture 4 23



Transient Simulation

1.0%
0.8v=
0.6Y=---
0.4Y=—--
0.2%=1-
0.0y—=
-0.2—
-0.4=
-0.6=
-0.8=-
-1.0V 1 1 1 1 1 1 1 T 1
0.0ms 0.1ms 0.2ms 0.3ms 0.4ms 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms
1 kHz
B 10 kHz
B 100 kHz
B 1 MHz
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AC simulation gives Voltage and/or Current

vs.freguency.

AT Edit Simulation Command

AC Simulation

| X

' ACAnaIysiﬂ)C SWEEP | MNoise | DC Transfer | DC op pnt

point.

Type of Sweep:
Murnber of points per decade: 10
Start Frequency: 1k

I Stop Fregquency:

Compute the small signal AC behawvior of the circuit linearized about its DC operating

+
>

Syntax .ac <oct dec, lin> <Mpoints» <StanFreq>» <EndFreg>

acdec101kIMEG

-

6.101 Spring 2020

15

15

This is the AC
parameter.
Just set the
amplitude to 1

\

AT Independent Voltage Source - V3

— —

Functions

() (none)

PULSEM1 wE Tdelay Trise Tfall Ton Period Noycles)
(@) SINE(\offset Warnp Frag Td Theta Phi Neycles)
(CVEXPM1 W2 Tdl Taul Td2 Tau?)

(C) SFFM(Voff Yamp Fear MDI Fsig)

CIPWLIN W1 1242.)

() PWLFILE:

DC offsetlv]: 0

Amplitude[v]: 1
Freg[Hz]: 4f+
Tdelay[s]:
Theta[1/s]: 0
Phi[deg]:

Meycles:

Additional P/l Points

Browse

Make this information visible on schematic:

DCvalue

n schematic

Srmall signal AT analysis(AC)

AC Amplitude: 1

AC Phase:
ake this information visible DW

Parasitic Properties
Series Resistance[02]

Parallel Capacitance[F]: W
Ivake this information visible on schematic

Cancel | [ ok |

Lecture 4
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AC Simulation

TdB
0dB
-1dB—

-14dB-
21dB-
-28dB-
-350B-
-42(B-
-49(B-
560B-
-63dB-
70dB-

77dB ' ————r——] i —————] i —————
1KHz 10KHz 100KHz 1MHz
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Extra Fun: Math in LTspice

3 < {1/(2*Pi*R*16K)} >

+

>
T I )
Vi \/\ =\ \ T 1T1022

{R} >

Remember: C:{1/(2*Pi*R*16IQD

1 V4
=5 rc = 16kHz tran 1m

.step param f list 1k 10k 100k 1MEG

iLNlE(O 1{f}000) .param R 1k
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Transient Simulation

1.0V
0.8V=
0.6V--
0.4V—-
0.2V—-

0.0V "

0.2V=
0.4V=
0.6V=
0.8V=

----------------------------------------------------------------------------------------------------------------------------------------------------

-1.0V:

0.0ms 0. 1m5 0. 2ms 0. 3m5 0. 4m5 0. 5ms 0. Ems 0. ?ms 0.8ms 0. 'Jms 1.0ms

6.

It's the same as beforel

101 Spring 2020 Lecture 4 28



Even More Fun

; 1n
|
(5 :
15 ke

. L
vi'\/\,+/\/\/#—+ £ LT1022

{R} {R} >

115 -
> %
.ac dec 10 1 1MEG
.step paran{R)ist 1k 10k 100k 1MEG
014000 .param f 1k

*Note: You can try out some math functions in the simulator
window, too! (ex: V(Vo)/V(Vi)).
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AC Simulation

1MHz

100KHz

10KHz

1KHz

100Hz

10Hz

1Hz

30

Lecture 4
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Temperature as a Variable

e PTAT current source

=R
PNP LQ ; PNP

3.0V §R1 02
\a| PNP 20k

3.0

-_ T NEEsgggguEumusnn’® S
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Temperature as a Variable




Including External Models

-
un®
.
s

':. .inc /Users/jimmy/Dropbox (MIT)/MIT/Academics/Sophomore/Fall/6.012/design-project/devices_dp.sub o

.
hLLTTY

A E AR E AN EEEEEEEEEnag
"EEmag,
LTS
"ay,
Ll

Yo

-
apun®®

5

RULSE(-.05 .05 0 020%0n)

Open Symbol

Attribute
Prefix
InstName
SpiceModel
Value
Value2
SpicelLine
SpicelLine2

6.101 Spring

.tran [0"400A 0P 400N s e s annnnnn J
ET
PRET PRET
PRET ET | M12 M8
M2 M6 . - _ e [ —
— M4 3 M [ JON ) = devices_dp.sub
| .subckt NFET D G S GND
.model NCH NMOS ( LEVEL =1
M1 w3 s + 70X = 3.09E-8 GAMMA = 0.80
e + PHI = 0.96 vTO = 0.63
NFET NRET NRET + U0 = 650
Hj '_] +KP = 7.27E-5
+ RSH = 22.03 LAMBDA = 6.667e-2
+ LD = 7.96E-15 WD = 7.96E-15
2 + CGDO = 2.5E-10 CGS0 = 2.5E-1@ CGBO = 1E-10
~ A v < + 0 = 2.91E-4 PB = 9.88 MJ = 0.5
+ CISW = 1.09E-10 MISW = 0.05 )
M1 D G S GND NCH 1='1lg' w='wg' ps='6u+wg'
* PFET mOdeI + pd='6u+wg' as='3uxwg' ad='3uxwg'
¢ |ncludes .ends NFET
parameters to
K 3 t PFET D G S VDD
describe MOS ; PMOS ( LEVEL =1
+ = 3.09E-8 GAMMA = 0.481
i i + = 0.7 VTO = -9.87
device physics ¥ = 5
o + = 2.48BE-5
il Mltisttto:Amp:Tost + = 0.20 LAMBDA = 6.667e-2
+ = 1E-14 WD = 1E-14
Jusers/jimmy/library/application support/ltspice/lib/sym/pmos4.asy + = 2.55E-10 CGSO0 = 2.55E-10 CGBO = 1E-10@
+ = 2.89E-4 PB = 0.8 MJ = 0.44
+ = 1.54E-10 MISW = 0.080 )
ey . e *
This is the second attribute to appear on the netlist line. ML D G S VDD PCH l="lg' w='wg' ps='6u+wg'
Value Vis. + pd='6u+wg' as='3uxwg' ad='3uxwg'
X
Ma X .ends PFET
.subckt GANLED V1 V2
PFET X .model MXZ8-PW27 D(Is=2,3275e-19 Rs=2.4475 N=2.7088 mfg=Lumileds. type=LED)
Jg=1.5u wg=1.5u D1 V1 V2 MXZ8-PwW27
.ends GANLED
Cancel ok
2020 Lecture 4 33



Making Things Pretty

+
>
| T 15
F—IT— = Vi _/\-\.‘J:_f\\
(") {R}
3 15
(-7 ) .ac dec 10 1 1MEG
N— .step param R list 1k 10k 100k 1MEG
_rf— SINE(01 {f}000) .param f 1k
AC1
+
>
< 15
i i LT1022
15 =
> in
> N
.acdec 10 1 1MEG
.step param R list 1k 10k 100k 1MEG
AC1

6.101 Spring 2020 Lecture 4
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Making Things Pretty

Simulate | Tools Window Help

LR B 88 Copy bitmap to Clipboard
= |&] Write to a .wmf file
Sallenke ;‘f-

7+ Color Preferences

g ¢ Sy
Expo

6.101 Spring 2020

n[ Dﬂlﬂﬂfﬂ
AT Control Panel

LT Color Palette Editor

X

Operation | Ci Hacks! |T Internet % Netlist Options |§ Waveforms|

‘ Compression | I Save Defaults ':i*' SPICE | -a- Drafting Options

Allow direct component pin shorts[*] [

Font Properties[*]
Automatically scroll the view[*] [+/]
Mark text justification anchor points [ | ’Tahoma v]
Mark unconnected pins Size['] 28 =
Show schematic grid points
grid points[] [ Bold[ 1]

Orthogonal snap wires
Ortho drag mode[*] [ |
Cut angled wires during drags

Color Scheme["]
Un-do history size: 500
Draft with thick lines[*] [+/] HotKeys[']

Show Tile Blocks[*]
Reverse Mouse Wheel Scroll[*] [

[*] Setting remembered between program invocations.

I Resetto Default Values ]

[ 0K l I Cancel ] I Help ]

K schemeii [ et

........................ | LBO

<

Cc

OLBI

Click on an itern above to change its color,

Selected ltam: lWires v]
Selected ltem Colar bix
ect ] 0
Green: [ 0 Aaphy

Defaults

Lecture 4
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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: [ ct L Lw
—~R2 — = +
= 10p 100 ( )
<2200 ] T 10
R4 R5 ~ Q3 T ;
- AR
9K 1K X 2N3906 J
clz il |/ Q5
[
100p L‘RS }..Z\_zuagm i
{"_‘) 2K c3 a7
! i L= < -, 2N2219A
va -, 2N3904 | 001y < R12 ™
R1 - o R7 — = < 1K
N a1 Q2 AN—B (I DA i
IN3904 2N3904 N L
o e z"/{ .[ 50K AC1 —~R10
L —R6 . < R4
N ) ,_l < 5K it 2 e <i 8
" SINE(0 .7 1K
l ¢ ] =~ i . _ 2N3906 - ~
. >R3 i Qs
' ;m <R t 2N2219A
5K < R13 LA
7 {’m
To look at gain and phase margins: ,l_‘ V2
i) comment the .tran line e ( '
il) uncomment the .ac line : = ==
iv) re-run the simulation -options maxstep=10u -10
iii) plot V(A)/V(B) fourier 1K V(a) <-- To see the output of a .four statement, select View=>Spice Error Log ~.~

.ac oct10 1 100Meg
This exampie Is supplied for purp only.




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

After: 3 0 ?
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L Tspice Secrefts

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

http://ltwiki.org/?title=Undocumented L Tspice

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.



Questions??
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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



