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LTSPICE

Linear Technology Simulation Program with Integrated
Circuits Emphasis (Programa de simulacion con
énfasis en circuitos integrados).

LTspice IV is a high performance SPICE simulator, schematic capture
and waveform viewer with enhancements and models for easing the
simulation of switching regulators. Our enhancements to SPICE have
made simulating switching regulators extremely fast compared to normal
SPICE simulators, allowing the user to view waveforms for most
switching regulators in just a few minutes. Included in this download are
LTspice IV, Macro Models for 80% of Linear Technology's switching
regulators, over 200 op amp models, as well as resistors, transistors and
MOSFET models.

ETSII. Dpto. de Tecnologia Electronica. Pedro Diaz Hernandez




¢Por qué/para qué un simulador de circuitos?

Un simulador de circuitos electrénicos es una herramienta de software utilizada por profesionales en el campo de
la electrénica y los estudiantes de las carreras de tecnologias de la informacion. Ayuda a crear algtn circuito que se
desee ensamblar, ayudando a entender mejor el mecanismo, y ubicar los fallos dentro del mismo de manera sencilla
y eficiente. © Wikipedia.

VENTAIJAS
Utilizar un simulador de circuitos le permite al ingeniero electrénico hacer pruebas sin correr el riesgo de dafiar
el circuito, si eso llegase a ocurrir, implicaria mayor gasto de material semiconductor.

Cuando un circuito trabaje correctamente en el simulador, serd mds fdcil montarle en una protoboard, y se puede
tener la seguridad de que el circuito funcionard correctamente.

Con el simulador se puede hallar de manera mas fdcil los errores y problemas que surgen a la hora de
ensamblar los circuitos eléctricos, con algunas herramientas que los programas ya cuentan como por ejemplo:
multimetros, generadores de voltaje u osciloscopios.

Algunos programas cuentan con diferentes vistas al circuito que se estd montando. Se puede observar como si
se estuviese conectando en un protoboard, o como un diagrama de conexiones. También se puede ver como una
placa de circuitos la cual se puede mandar a fabricar con alguna compaiiia y asi obtendrd un trabajo final
funcionando.

INCONVENIENTES

Algunos simuladores de circuitos no estdn lo suficientemente actualizados, y no cuentan con todos los chips del
mercado, y eso seria un contratiempo para el disefiador, ya que deberd darse a la tarea de fabricar su propio
semiconductor, y eso podria tomarse su tiempo.

Cuando no se sabe como manejar el programa de simulacién, genera retrasos en los disefios, se deben estudiar de
manera completa todos los componentes y opciones que tiene el programa, para poder realizar el trabajo de
manera correcta.



Recursos disponibles

LTspice IV LT HIER

A [T ITC ITAL spice, Linear Technology and the Linear g
are regisiera tratemants of Linear Technobgy Qrrporation A
other trademiarks are the property of their respective onners.

http://www.linear.com/designtools/software/

Download LTspice IV for Windows (Updated January 20, 2015 ) >40Mb
Download LTspice IV for Mac 05 X 10.7+

LTspice Information Flyer & Shoncuts

Mac 05 X Shortcuts

LTspice Getting Started Guide

LTspice Blog

LTspice Demao Circuit Collection

YWiew Upcoming LTspice Seminars

Follow LTspice on Twitter! | =5

View the LTspice Video Channel tﬁ

twitterd
Fong:vg Eg;:; Emﬁg ( LTSpice® J

up-to-date information on models, ——
demo circuits, events and user Download video.linear.com/ltspice

tips. Wiew Instructional Videos.

www.linear.com/ltspice
Included in the download is a complete
and fully functional SFICE program, help
4 files, macro models for Linear Technology’s
power products, over 200 op amp models,
as well as models for resistors, transistors
and MOGFETs.




Instalacion del programa

. LTC
. LTspicelV
4 || Educational
| contrib
. FRA
. PAsystern
| Jigs
,cmp
| sub
4 |1 sym

. Comparators

. Digital

| FilterProducts
, Misc

| Opamps

| Optos

. PowerProducts
. References

. SpecialFunctions

LTSpice se instala en: C:\Archivos de programa\LTC\LTspicelV.

En el raiz de LtspicelV aparecen diversos archivos, entre los que se encuentra el
ejecutable de la aplicacion scad3.exe, asi como dos carpetas, examples y lib.

La carpeta examples se subdivide en otras subcarpetas que contienen diversos
ejemplos de circuitos para simular.

La carpeta lib contiene tres subcarpetas:

* cmp Contiene las librerias elementales de componentes Spice: Resistencia, Bobina,
Condensador, Diodo, B]T, FET y MOS.

* sub Contiene librerias de componentes, modelos y subcircuitos.

* sym Contiene simbolos de componentes.

Todas las librerias y archivos de simbolos son archivos de texto, incluidos los archivos
que contienen los circuitos de simulacidn.

Todos los archivos de texto han de comenzar por una linea de comentario, que por ser
la primera no es necesario que se preceda del asterisco. Si hubiese mas lineas de
comentario, si deberan de ser precedidas por un asterisco o un punto y coma.



Instalacion del programa

| LTC || standard.bead
4 || LTspicelV ) standard.hjt
4 | examples C standard.cap
4 | Educational D standard.dio
. contrib L. standard.ind
. FRA J standard,jft
. PAsystem I standard.mos
' 1= || standard.res
4 1 lib
. cmp
J sub
ad | b Sy
, Compar T> bi.asy
, Digital
'gita T bi2.asy
, FilterProducts
i T bv.asy
. Misc
I cap.asy
, Opamps
Optos T cell.asy
. PowerProducts T csw.asy
. References L Ly
T diode.asy

, SpecialFunctions

LTC3026.lib
LTCH655.lib

Pote.lib
S0Atherm-MNMOS.lib
4M25.5ub

4M2T .sub
capometer.sub
CNY17.sub

DOOD®EFEE



Instalaciéon del programa

Ejemplo de esquematico

ran 10m s> | © Prueba PWLbt  Definicion de puntos de onda

' 1, Prueba.asc Esquema del circuito
__| Prueba.log Bitacora

Vi R1 || Prueba.net Fichero de Netlist
@ 10K * Prueba.op.raw Visor de graficas
- Prueba.plt Tipo de graficas a mostrar
7 PWL file="Prueba PWL.txt" L Friehap PO de gratic
e Prueba.raw Visor de graficas
~7 N7




Instalacion del programa

| Prueba PWL.txt
‘l: Prueba.asc
|| Prueba.log
| Prueba.net
* Prueba.op.raw
|| Prueba.plt
* Prueba.raw

Definicién de puntos de onda
Esquema del circuito

[

j Prueba PWL.bxt: Bloc de notas

Archive Edicion Formate Ver Ayuda
p 0

1m 1

2m 05

2.4m -1

3m 21

am -0.6

tran 10m

PWL file="Prueba PWL.txt"

§R1
10K




Instalacion del programa

| Prueba PWL.txt
‘l: Prueba.asc
|| Prueba.log
| Prueba.net
* Prueba.op.raw
Prueba.plt

L

* Prueba.raw

Bitacora

Qf’ CALTSpice practicas\Prueba.log - Notepad++

Archive Editar Buscar Vista Codificacién Lenguaje Configuracion Macro  Ejecutar
c:._j] GG[E]| | |mbﬂ|% -$||_'-I_|:='|_|§_.1 IIE

[= Pruebalog |

Circuit: * C:\LISpice practicas\Prucba.ass

LOP point found by inspection.

[V U

Date: Thu Feb 05 13:11:38 2015
Total elapsed time: 0.156 seconds.

-1 o n

Lconom = 27
cemp = 27

(=TT =1

method = modified trap
meniner = 2112
Lraniter = 2112

Lranpoints = 1057
accept = 1057

U

rejected = 0

matrix size = 2

£illins = O

zolver = Hormal

Matrix Compilerl: 36 byvtes object code size 0.1/0.2/[0.1]
Matrix Compiler2: 96 byvtes object code size 0.1/0.3/[0.1]

e
oot

5D e m

w3 B3



Instalacion del programa

| Prueba PWL.txt

tran 10m
‘l: Prueba.asc
|| Prueba.log I
__| Prueba.net Fichero de Netlist Vi §R1
* Prueba.op.raw 10K
|| Prueba.plt
PWL file="Prueba PWL.txt"

* Prueba.raw

~7

j Prueba.net: Bloc de notas
Archive Edicién  Formate Ver Ayuda

|" CA\LTSpice practicas\Prueba.asc

V1 Salida 0 PWL file="Prueba PWL.txt"
R1 Salida 0 10K

dran 10m

backanno

.end

10




Instalacion del programa

| Prueba PWL.txt
‘l: Prueba.asc

|| Prueba.log
| Prueba.net
o 7 L.
N Prueba.opraw  Visor de graficas
| Pru EbE.FIH: Qf' CALTSpice practicas\Prueba.raw - Notepad++
* Prueba.raw VISOF de gra'flcas Archivo_l Editar Buscar Vista Cedificacion Lenguaje Configuracién Macro
a B ) GI.BJ| | |ﬁnhﬁ|'g 3|'—"I.E_!.|
[=] Prusbaraw |
1 l‘.‘l‘itle: * C:\LTSpice practicas\Prusba.asc
2 Date: Thu Feb 05 12:47:535 2015
3 Plotname: Transient Analysis
4 Flags: real forward
5 HNo. Variables: 4
& No. Points: 1057
7 Cff=et: 0.0000000000000000e+000
8 Command: Linear Technology Corporation LTspice IV
3 Variables:
10 0 time time
11 1 Vizallida) voltage
12 2 I(R1) device current
113 3 I(V1) device current
14 Binary:
SRR MU LM LINU LINU L INU LINULINULINU LINO LINU LINULINU LINULINULINU LI
16 > -Q5wi«. wi«oNNMREARED o= EE> 0N -H5wi+/wi+
17 =Ai@s>ED, <scEE6 s o EET >
18 = Emd N EnpEi=- X6 ¢ 2T ] L DRI 7 Em, =AEFAET | BRI YOl
19 EEEER/ gEEms>FCTE G- 1ASE2 0 g rrx T T T - EIEEIRE
20 =LEEEYATER > OEME O, rGAEMO, 52 > c@EE @R, U, K
21 =E0MEE; 7> O>-ERE - ERE -, Sz AMACERR, ; 72> F18-£1, R0
22 1lcG>? i>EERGAER  EEEGvY:E>7 A>vAESVAE  :EE. 7?8
11 23 ars
24 4I,°GaEcEllE?*4>0EgN: iEEY , RAIERcE k2 *UFEEM? 1+RE1+R




@ Instalacion del programa

-

| Prueba PWL.txt | C:\LTSpice practicas\Prueba.plt - Notepad++
-[; FPrueba.asc Archive Editar Buscar Vista Cedificacion  Lenguaje  Coenfigura
|| Prueba.log o = o s 6| | | 88 Bp | %
| Prueba.net [= Pruebaplt |
* Prueha.op.raw 1 |[T1’ansient Analysis]
. g 2 |
|| Prueba.plt TIpO de graflcas a mostrar . N . 1
* Prueba.raw 4 {

5 traces: 1 {524290,0,"V(galida)"™}

g X: ('m',0,0,0.001,0.01)

T ¥[oj: (" ',1,-1.2,0.3,2.1)

: Y[1]: ('m',0,1e+308,1e-005,-1e+308)
g Volts: (' ',0,0,1,-1.2,0.3,2.1)

10 Log: © 0 0O

11 GridStyle: 1

ﬁ Prueba.raw 12

12

ams 4ms ams oms ms ams ams 10ms




Ventanas de trabajo

LT | Tspice IV - Amplificador inversor.asc

File Edit Hierarchy View

T A

Simulate Tools

& O e R | &

Window Help

=R S

| BE LB 3 ¥

[l

0.0ms 0.5ms 1.0ms 1.5ms 2.0ms

2.5ms 3.0ms 3.5ms 4.0ms

de graficas

4.5ms 5.0ms|

‘l: Amplificador inverser.asc

(=8 =)

R1 -

Vi - 10k

SINE(0'1 500) O

4K7 .

tran 5m
“.include dpamp:sub

Dibujo esquematico




Barra de herramientas

Ejecutar simulacién Visualizar graficas Dibujar cables Mover/Arrastrar Insertar texto

LT LTspice IV - Amplificador inversor.asc @
Eile Edit Hierarchy \Wiew Simulate Tools ihdow Help

EE R T L T T I e e e e

J A

Control panel Zoom Organizar ventanas Insertar componentes Directivas SPICE

e Resistencias

e (Condensadores
e Bobinas

e Diodos

e Etc.
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Control Panel

/\

AT Control Panel

m Operation | ci’ Hacks! I W Intemet

||5i Dptmns *_r""" Waveforms

W[ Save Defaults | 5 SPICE | T Drafting Options

Onby compress transient analyses;
Enable 1st Order Compressign: .
Enable 2nd Order Compressign:

Window Size(Mo. of Points):| 300
Relative Tolerance: 0.0025

Absolute Voltage tolerance[V]: 1e-005
Absolute Cument tolerance[A]l: 1e-009

(These settings are not remembered
between program invocations.)

[ Reset to Default Values ]

[ Aceptar ][ Cancelar ][ Ayuda

15

Eliminar la compresion de datos: Mejora los puntos
por graficay la visualizaciéon de las mismas.



Control Panel

rﬂ Control Panel
ik Operation | & Hacksl | B Intemet
HEH Metlist Options ¥~ Wavefoms
(@: Compression I # Save Def(l F* SPICE E ) Drafting Options
v

Default Integration Method

) Gmin: 1e-012

() trapezoidal

@ modified trap Abstol: 1e-012

) Gear Reltol: 0.001
Default DC solve strateqy Chgtol: 1e-014

[C] Noopiter Trtol[]: 1

[ Skap Gmin Stepping Voltol: 1e-006

Engine
Satol: 0.001
i in: 0.0001

MinDeltaGmin:
Matrix Compiler: | object code | 7] Aecept 3Kd as 3.4KT] |

Mo Bypass

[*] Setting remembered between program invocations.

Permite escribir valores de forma mas “natural”. — | i Reset to Default Values ]

i Aceptar ][ Cancelar H Ayuda ]
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Control Panel

(17 Control Panel
ol Operation | Hackss | ¥ intemet
G Compression I j Save DE.‘fEuﬂSJE‘ SF‘ICE_I.LDﬁﬂg'ng Options
B Metlist Options | ¥~ Waveforms

Plot data with thick lines[f ] |

Iz radian measure in waveform expressione[*] [

[ Replace "ohm" with capital Greek omega[7]
lse "¥OR" type cross hair cursor*] [ |

[ Fort[7]: [Tahuma J\ v]
Fort point size[]; 10 = [ BEold Fa
Color Scheme["] ] [ Open Plot Defs ] [ Hot Keys[] ]\

Directory for .raw and log data files[]
Store raw, plt and log data files in a speciiic directory[*] [

Browse

[*] Setting remembered between program invocations.

[ Reset to Default Yalues ]

i Aceptar ][ Cancelar ][ Hfyuda ]

17

Dibuja mas gruesas las lineas de las
graficas de resultados.

Permite utilizar la “Omega” para los
valores de resistencia.

Fuente de pantalla para los resultados.



Control Panel

LT Control Panel

‘ Compression | /r Save Defaults I Eﬁ SFICE | ‘E" Drafting Options
st Options | ﬁ Waveforms
%4 Hacks! ¥ Intemet

Defautt Window Tile Pattem[]:
Marching Waveforms
Generate Expanded Listing[*] [

Elimina los ficheros temporales de analisis de los
circuitos (Raw, Net, Log y Fourier). Directory for Temporary Files[]
C:hUsershAcer AppDatatLocal Temp

[*] Setting remembered between program invocations.
[ Fleset to Default Values ]

[ Aceptar ][ Cancelar ][ Hfyuda ]
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Control Panel

LT Control Panel

G Compression | f Save Defaults | g SPICE I -E- Drafting Options
B Netiist Options | ¥ Wayefoms

ol Operstion | 5 Hacks! (@

Don't cache files Don't verfy checksums

Linear Technology Site: [http:.e’.r’LTspiceJinear-tem.mm:’ T]
Connection Type: [Defaurt (Recommended) V]
Proogy Server Corfiguration (Usually Found Automatically)

Server

Idzer Mame:

FPazzward:

(These settings are not remembered
between program invocations )

E Reset to Default Values {

[ Aceptar ][ Cancelar ][ FAyuda ]
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Control Panel

’H Control Panel
‘ G Compression | / Save Defaults | F SPICE | -E- Dirafting Options
ok Opeation | “I' Hacks! | W Intemet
Metlist Cptions | h': Waveforms

Style/Convention

[ Convert "Wto u'[7
|| Reverse comp. order

| Semiconductor Models

/ Default Devices[]

Mejora la escritura de valores de componentes Default Librarias["]

[*] Setting remembered between program invocations.

| Reset to Default Values |

[ Aceptar ][ Cancelar H Ayuda ]

20




Ejecutar la simulacién

AT Edit Simulation Command

nal_l,lsis DC sweep | Moize | DC Transter | DC op pnt

Performn a non-inear, time-domain zsimulation.

Stop Time:  Bm
Tirne to Start Saving Data: 0.2m

05CilOSCOpi0 < :Maximum Timestsp: 0.005m_ >

-

Start external DC zupply voltages at 0
Stop simulating if steady state iz detected;

Don't reset T=0 when steady state is detected:

Step the load current source:

Skip Initial operating paint olution:

I3
1

]

_tran 0 6m 0.2m 0.005m

t: Amplificador inversor.raw

21

Tipos de simulacion

A7 LTspice IV - [Amplificador inversor.asc] =[]

{_ File Edit Hierarchy View Simulate Tools Window Help

BeE W T+ QOeRIRLI B $®

% ;L .tran 0 6m 0.2m 0.005ry >
’ .include opamp.sub

[E=NEoR/)

L L




Ejecutar la simulacion

22

AT Edit Simulation Command

nal_l,lsis DC sweep | Moize | DC Transter | DC op pnt

I3
1

Perfe
Ti

Start external D

Stop simulating if
Don't reget T=0when
Step

Skip Initial

_tran 0 6m 0.2m 0.005m

Cancel |

= Tipos de simulacion

h‘: Amplificador clase B.raw

(o ][O 5]

VY[salida]

VY([entrada]

Salto temporal
controlado por el
programa

oy 490ps

56015 630ps

0.6ms




Ejecutar la simulacion

23

AT Edit Simulation Command @

- Tipos de simulacion
nal_l,lsis DC sweep | Moize | DC Transter | DC op pnt

Perfd
h‘:AmpIificador clase B.raw E'@

Ti VY[salida] VY([entrada]

Start external D
Stop simulating if
Don't reset T=0 when

Step

Skip Initial

{%;;Fa::--t:e:r;zf k: Amplificador inversor.raw

“tran 0 B 0.2 [ oy V(nooz2) -I[R4)

Ca

630ps

t:)\mpliﬁcador

.options plotwinzise=0

ST
0.0ms 0.0ms 1.0ms 1.5ms 2.0ms 2.53ms 3.0ms 3.5ms 4.0ms <4.50ms

0.0ms 0.6ms




Ejecutar la simulacién

AT LTspice IV - [Filtro amplificador guitarra.asc]
{:. File Edit Hierarchy View Simulate Tools Window Help

N = N 2 QUeRIBEI Bm® &

&

Fitro Graves-Agudos para guitarra

Diagrama de Bode

Simulation Command

C sweep | Noise

DC Tranzfer | OC op pnt

Compute the small signal AC behavior of the circuit linearized about it DC operating

paint,

Type of Sweep:

Mumnber of points per octave:

Start Frequency:

Octave hd

50
20

Stop Frequency: 20k

Syntaw: ac <oct, dec, liny <Mpoints> <StartFreqr <EndFreqs

k‘jc,'-‘ E(0 2 1kHz il == o
SINEO2 100) g T erebie Volumen ac oct 5020 20k
It Cancel
b -
3 i’,’r‘: Filtro amplificador guitarra.raw E'@
0.0dB
Magnitud
24
100Hz




Ejecutar la simulacién

V(=alida)

Diagrama de Bode

Simulation Command

Retardo de grupo

Magnitud

Magnitud

DC op pnt




Ejecutar la simulacién

AT LTspice IV - [Curva diodo con temperatura.asc] = LT Edit Simulation Command @

1, File Edit Hierarchy View Simulate Tools Window Help

Be d T FoacR gl B%% &8

P ——
DC sweep |Nu:be IDC Transfer | DC op pntl

Barrido de c.c.

Compute the DC operating point of a circuit while stepping independent sources and
treating capacitances az open circuits and inductances as short circuits.,

13t Sowrce | and Source | 3rd Source |

Mame of 13t Source to Sweep: YCC
VCC
Type of Sweep: __Lineal -
Start Yalue: 0
oV 1N4148 Stop Walue: 1.1
I Increment: 0,01
N

Syntaw: dc [<oct,dec lin:] <Sourcel> <Start> <Stopr [<Incre] [<source2s ]
.dc VCC 0 1.1 0.01 veEoiiom

.dc i1 0 100m 0.5m

t: Curva dicdo con temperatura.raw EI@

Il 1N4148

26

Omv 180mv 360mVv 540mVv 720mV 900mV
v(salida)




Ejecutar la simulacién

-

3] TLO74.pdf - Adobe Acrobat Pro Extended ) =) ||t
TLO74 ) ; .
‘y’ TLO74A - TLO74B AT L TspiceV - [Amplificador inversor.asc] EI@
= ‘l; Eile Edit Hierarchy View Simulate Tools Window Help — & =
LOW NOISE J-FET QUAD OPERATIONAL AMPLIFIERS BE H XN Qo RO R 4

.noise V(salida) V1 oct 100 20 200k
R1

Vil

N R2
DIP14
(PLastic PacKage)

SINE(0 1500) 3

D 4K7
$014
(Plastic Micropackage)

Vi 10k

Ruido en componentes

¥ Amplificador inversor.raw AT Edit Simulation Command

()

P r—
| Transient I AL Analysis I DC S%€8p| Noise | DC bansfer I DC op pnt|
Perform a stochastic noize analps

et linearized about it DC operating

paint.

Output:  Wzalida)
Input: %1
Type of Sweep: Dctave—"
Hurnber of points per octave: 100
Start Frequency, 20
Stop Frequency: 200k

Syntaw: noise VW[<out>[ <ref:]] <srcr <oct, dec, lin: <Mpoints> <StartFreqr <EndFreq:

.moize Wzalida) W1 oot 100 20 200k




Ejecutar la simulacion

LT Edit Simulation Command

Funcion de transferencia

| Tranzient I AC Analysiz | DC sweep I Noiﬁ | DC Transfer I)C op pntl
N

Find the DC small-zsignal tranzfer function.

Output: W[zalida)

Source: w1

W [zalida) v

Cancel

Syntaw: HW[<out:[ <ref]] <srcy

28

LT LT=pice IV - [Amplificador inversor.asc]
4, File Edit Hierarchy View GSimulate Tools Window Help |- [& x|

(o] O ]

BT F0 Q0R RLEBE &8

‘L: Amplficador inversor.asc |{: Circuito The\renin,asc|

R1
2k2
Vi 2k2
R4§
SINE(D 1 500) 33k
1k5
A V(=alida) V1

.include opamp.sub

ALY * CALTSpice practicas\Amplificador inversor.asc

—--- Transfer Function ---

Transfer function: -0.99998
v1#Input_ impedance: 2200.02

output_impedance at V(salida):

transfer
impedance
1.99986e-005

impedance




Ejecutar la simulacio

Polimetro

AT Edit Simulation Command

| Transient | AC analysis | DT sweep | Moise | DC Tranger | DC op pri

Campute the DC operating point treating capacitances az open circuits and
inductances as short circuits,

LT LTspice IV - [Circuito Thevenin.asc] EI
4, File Edit Hierarchy View Simulate Tools Window Help [=][&][x]
B ETFo QR BRI EBE e A Spnia o
.op
Entrada——— o
R1
1K
Lovi
—_— . LT * CALTSpice practicas\Circuito Thevenin.asc
7: Sallda ——— Operating Point --——
 E—
R2 V({entrada) : 3 voltage
SV Visalida): 2.5 valtage
1K I(R2): 0.0025 device_current
I(R1): 0.0025 device current
I(vl): -0.0025 device_current

29




Ejecutar la simulacion

LT LTspice IV - [Circuito Thevenin.asc] EI

4, File Edit Hierarchy View Simulate Tools Window Help [=T=]x]

AT LTspice IV - [Circuito Thevenin.asc] EI
1, File Edit Hierarchy View Simulate Tools Window Help [=]=] ]

| PP F0 QA BI AR s MO

BE R0 QR BIIERE RO M OE| 2

tf V(salida) V1

Entrada "
L
L Vi
=5 Salida
——1 R2
5V
1K
N N

if V(salida) V1

Entrada "
R1
1K
L1Vl
=N Salida
| —
5V
1K

Right click to edit R]i DC operating point: I(R1) = 2.5mA Dissipation=6.25mW

This is node Salidai DC operating point: V(salida) = 2.5V

V1

Moviendo el ratén encima de los
componentes, se indican la
corriente y la potencia en los

U

mismos.
Si se mueve sobre los conductores
o los nudos del circuito, se
muestran las tensiones.

30

Sélo disponible para simulacion .tf o .op




Ejecutar la simulacion

AT LTspice IV - [Circuito Thevenin.asc] EI
4, File Edit Hierarchy View Simulate Tools Window Help [=]=][x]
BB P F QR B HRE M OS LB+ 3 * Se puede mostrar
permanentemente la tensién en
% Run Eld Vl los conductores/nudos del
M Halt Ctrl+H Ida o
Etic . circuito. Aparece un cuadrado
iciency Calculation 4 )
Clear Waveforms 0 vacio donde se desea colocar la
Marching Waves 4 tension. (Via menu contextual).
Edit Simulation Crnd. Mas facil: Si se pincha encima
@, Zoom Area CtrleZ del conductor, también aparece
Q Zoom Back Ctrl+B este dato.
g\j”’” to it Vi El valor se actualiza en cada nueva
an - .z
— ; simulacion.
{£] Autorange Y-axis | Sa
2 Visible Traces —
#7 Set Probe Reference
Bill of Materials 4
Efciney Repor K( AT LTspice IV - [Circuito Thevenin.asc] EI
& SPICE Netlist 1K 4, File Edit Hierarchy View Simulate Tools Window Help [=]=]x]
2 SPICE Error Log ChrisL | BS |- PF0QOQAR[EBINBEHE IBEHAOHE L@+
Place .op Data Lahil lll \\
V¥ Show .op Data Flag 7 [} ,'
Entrada » 3 v
\~_‘¢
Display .op informatien on the schematic Rl
Sal 1K
R2 Vi
5V L
1K — Salida
1
tf V(salida) V1
31
Sélo disponible para simulacion .tf o .op v

Type Ctrl+R to rotate or Ctrl+E to mirror.




= —

AT LTspice IV - 1371.asc

Eile Edit Hierarchy View 3Simulate Teools Window Help

FE PR IR ERE 2O
1, 1371asc ¥~ 1371w

= 1371 raw = |[@= | =
V{n001]

gops 120ps A ITE 200ps
1, 137.asc [ |
L1 D1
o
4.7y MBRS340
Vin R1
W 53.6K
U1

= —

AT LTspice IV - 1371.asc

Eile Edit Hierarchy View 3imulate Tools Window Help

BE EH P FN QAR BRI AR & 2N

4 1371asc |2 1371 mw

¥~ 1371 raw = |[@= | =
<{U1:5%]

381ps  383ps  385ps  387ps  389ps  391ps  393ps  395)s

1, 137L.asc E=B[E=R~~=
D1
M~
L]
MBRS340
Vin E;‘
SHDN U1

4

Click to plot V(N001). DC operating point: V(n001) = 5.99945nV

Tension referida a masa

Haciendo left click sobre el cable deseado.
32

Left-click to plot k({U1:5W).

Corriente que atraviesa un componente

Left click sobre el componente. Situando el cursor
encima del componente se indica el sentido
convencional de la corriente.



||:| El |-t

|£‘E‘-£_;-J AT LTspice IV - 1371.asc

Eile Edit Hierarchy View 3Simulate Teools Window Help

AT LTspice IV - 1371.asc

Eile Edit Hierarchy View 3Simulate Teools Window Help
B P F0 QAR B AR & RO N B £ acaR B0 BT 20N
1, 1371asc ¥~ 1371w 1, 1371asc ¥~ 1371w
= 1371 raw = |[@= | = = 1371 raw = |[@= | =
V[NOD1,0UT) V[NDOD1,0UT)*I[D1])
L L_J L L L_ {A {
374jis 378pis 382ps 386is 390ps 39415 "3gips 383us  385ps  387ps  380us  391ps  393ps  395ps
£ 137L05c (oo ) £ 137Lasc (oo )
D1 E L1 @
[
_/'W &>

MBRS340 m B <R

4

Left-click to plot D1 dissipation: V{NOOL,QUT)*I(D1) DC operating peint: I{D1) =

Release Left button to plot V(N0O01,0UT).

Tension diferencial Potencia instantanea disipada

Haciendo left click sobre el cable deseado y, Haciendo Alt+click sobre el componente deseado.

manteniendo pulsado el boton, arrastrarlo al
segundo punto.
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AT LTspice IV - 1371.asc

=SREN X

File Edit Hierarchy View Simulate Tools Window Help

P& E 0] QORI E

| B R B % By

4, 137asc |12 1371 rmw

I~ 1371w

ID1HR]

480ps 540ps 600ps

(== [=]

660s

1, 1371.asc
L1 D1
IR o
4.7p MBRS340
SW
£l

Click to plot wire current I{D1)-I1{R1)

34

Corriente por un conductor

Pulsando Alt+click sobre el conductor deseado



o5

[~

[
w2 1N4007

LM7805
- u3 U1
N G”‘ - +
Lig 4
Q=
= PUENTE

C1 c2 C3 c4
= — e LOAD
4072p 100n i00n | 2.2p 5
.fran 55ms
N NS
Interval Start,  Os
Interval End:  45ms
fverage: | B.9951Y
RMS: 91368
16ms 1 2 2 32ms 36ms

35 Valores medio (Average) y eficaz (RMS)

Pulsando Ctrl+click sobre la etiqueta deseada “V(condensador)’.




Insertar componentes

AT Select Component Symbol

Top Directony: [E:HF‘mgram FilezhL T CALT spicel*libhaym

L

e = -

Folanzed Capacitor

1
J

Open thiz macromodel's test fxture

EuropeanCap
1
1

Muestra todos los componentes
Dibujo del componente

Subdirectorio de trabajo
Funcionalidad eléctrica/electronica

AT Select Component Symbol

Top Directary: [C:\ngram Files\LTCALT spicelt™ibhaypm

GND U Ve
TRIG DIS
ouT THRS
RST cv

An idealized 555 timer model,

Open this macromodel's test fisture

MESS5

%2 C:WProgram Files\LTCALT spicefvslibhsymt,

{Comparators] ¢ T
: [Drigital] cap FermiteEead IHine I
1 |[FilterProducts] cell FeriteBead? mesfet :
| [Mizc] CEW q NESSS |!
: [Opampsz] et a: hif 1
1 |[Optas] diode h nmos |}
: [PowwerProducts] e ind nmozd (1
1 |[References] e indz nph :
: [S pecialFunctions] EuropeanCap LED nph :
: bi EuropeanPolcap load npnd |1
Y biz2 EuropeanB esiztar lnadZ nphid :

N T oo T vl
36

b f lprp pif
cap FeriteEead Itire: prmos
cell FeriteBead? mesfet pranzd
cow g HESSE
curent 02 nif php2
0% prpd
AT Select Component Symbol 054 polcap
pr Pate
Tap Ditsctory: | C:AProgram Files\LTCALTspicelvlibhsym <] P2 res
3 ble Ref b3 res?
rogrammable Rererence bind SCthtk}'
Coll Ref = .
Comp Rrmid
V+ GND-F
[ Open thiz macromodel's test fisture ]
Rtop GND-5
L7143

C:A\Program FileshLT CALT spiceltibhaymi R eferencesh

. LTEER0 LTCEERS-3.3
LT1009 LTEEE4-1.25 LTCEESS-4.096
LT1021-10 LTEER4-2.048 LTCEEER-E
LT1021-5 LTEER4-2.5
LT1021-7 LTEES4-3
LT1236-10 LTEER4-3.3
LT12365 L TEES4-4.096
LT1431 LTEES4-5
LT1634-1.25 LTCEERR-1.25
LT1634-2.5 LTCEESS-2.048
LT1634-4.096 LTCEERS-25
LT1634-5 LTCEERR-3




Insertar componentes

’H Resistor - R2 ﬂ
R2 .

\\_ b anufacturer.: --------
=X Part Number: -
V1 1 dk._,/l Sellect R ezistor

/| .
Fesistor Properties
4

S Resiztance[0y]: g3

/ Tolerance[*]:
SINE(0 1 500) R3 A

i 7

4K7 L7 Select Standard Resist
¥ [ QutandEdtDstshass | [ OK |
[ List &l Rezistors in Databaze ] [ Cancel ]
R[] kdfg. Part Mo, Power[w] Tolerance(%] -
12.400 0.100 1.00 4
12700 noo 1.00
13.000 noo 1.00
13.300 noo 1.00
13700 noo 1.00
14.000 n1oo 1.00
14.300 noo 1.00
14,700 noo 1.00
15,000 o100 1.00
15.400 noo 1.00
16.800 noo 1.00
16.200 noo 1.00
16.500 noo 1.00
37 16.900 n1oo 1.00

17.400 0.1aa 1.00 -




Insertar componentes

AT Select Component Symbol
Top Directarny: [E:\F‘mgram FileshL TESLT spicelvlibhayrm v]
0 Capacitor
\\ Open thiz macromodel's test fisture
\
M ‘\ cap
\
C:\Program Files‘\LTE‘\L'I‘spicelv'\lib'\sym‘\
[Comparators] [ f Ipnp
[Drigital] FeriteBead Ithire
[FilterProducts] cell \ FeriteBeadZ meszfet
[Mizc] CE \ q MERR5
[Opampz] curment \\ g2 nif
[Optosg] dinde \ h nmos
[PowerProducts] = \\ ind nmosd
i . F—H-'ences] el indz2 nph
ir Capacitor - C1 sIFunctions) EuropeanCap \\ LED npnzg
EumpeanF’DIcaﬁ\ load npn3
Manufacturer - -EI K EuropeanResistar, load2 npnd
Part Humnber: e m | D
— \
Type: Cancel \
- \
Select Capacitor \

Capacitor Properties
Capacitance[F]:

Yoltage Fatinglv]:

RS Current B atingld):

Equiv. Sernies Resistance[02]: - =

== Cpar

Equiv. Series Inductance[H]: s o

Equiv. Parallel Resistance(: |
<l S R R

Equiv. Parallel Capacitance(F]: -




Rser

§ Rpar <Capacitance> L Cpar

edegE o, o s

. Precision LCR Meter: Agilent 4284A

Lser RLshunt

¥ -a0°

L
Modelo LTSpice IV
— M
Rs
Modelo Agilent

(@ —1

>
==

-

Rs/ESR: Resistencia equivalente serie (Debida a la
longitud de las placas del condensador, patillas de
conexion, etc.).

Rp/IR: Resistencia paralelo/Resistencia del
aislamiento/Pérdidas-fugas internas del condensador
(Debidas a la no perfeccion del dieléctrico entre placas).
C: Capacidad nominal del condensador.

L: Inductancia (Debida al arrollamiento de las placas del
condensador). Mas importante en condensadores de
Aluminio, despreciable en condensadores de Tantalo.
AC: Variacion de la capacidad nominal del condensador
(Debida a efectos de temperatura, frecuencia de trabajo,
etc.).

PR: Resistencia de polarizacion del dieléctrico.

Cda: Variacion de la capacidad debida a la absorcion del
dieléctrico (dielectric absorption).

39




Insertar componentes (C 2)

1
—J
Re

Frecuencia (Hz) Z(0)  ©(Grados) Cp (uF) Rp (0) D Cs(uF)  Rs(Q)

L 220p 20 40,91 -88,75 194,39 1.867,12| 00211 19447 0,89 85°

Il f | 220 100 B,40 -87,54 189,21 19532 0,0413 18956 0,36 85°
'C' 220 1.000 0,88 77,46 174,93 406 02061 18368 0,13 85°
220 10.000 0,19 -23,33 40,26 0,22 16089 16929 0,16 85°

220p 20.000 0,15 -17,15 15,12 0,16 30235 171,20 0,14 85°

220p 100.000 0,15 0,49 -0,00080 0,16/ 29000 | -1562,00 0,14 85°

220p 1.000.000 0,21 4336 | -0,000516 0,28 25213 | -122400 0,13 85°

e R

Diagrama Fasorial (Aluminio electrolitico)

20 100 1.000 10.000 20.000 100.000  1.000.000
80

60 /
. /
/)
/
/!

20 /
¥ -90° 0

~—

40 / P

-60 /

80 _‘/
-100

Desfase vs. Frecuencia

| o] UF e—270uF =] 000uF 3 300uF




Insertar componentes (C 3)

1
Rp Frecuencia (Hz) () 8 (Grados) Cp (uF) Rp (1) D Cs (uF) Rs (1)
L 220p 20 40,91 -BE,75 194,39 1867,12| 00211 194,47 0,80 85°
” f | 220p 100 8,40 -87,54 189,21 195,32 00413 189,56 0,36 85°
c 220p 1.000 0,88 -77.46 174,93 406/ 0,2061 183,69 0,19/ 85°
220p 10.000 0,19 -29.33 40,26 0,22| 16089 169,29 0,16 85°
220p 20.000 0,15 -17,15 15,12 0,16/ 3.0235 171,20 0,14/ as®
2201 10:0.000 0,15 0,49 -0,00080 0,16 25000 -1.562,00 0,14, 85°
2201 1.00:0.000 0,21 43,36 -0,000516 0,28 25213 -1.224 00 0,13 85°
%%
r )
Capacidad vs. Frecuencia (Aluminio electrolitico)
20 100 1.000 10.000 20.000
10.000
\
L0 —]
¥ -90°

. ~.
N

10

T~

) J0UF s 1.000UF —3.3COUF|




Insertar componentes (C 4)

1
Re Frecuencia (Hz) Z(0) 8 (Grados) Cp (puF) Rp () (] Cs (uF) Rs ((0)
L 220 20 40,91 -88,75 154 35 186712 00211 154 47 0,89 &3°
H I | 220p 10y 8,40 -87,54 189,21 19532 00413 189,56 0,36, 83°
I 220p 1.00:0 0,88 -77.46 17483 406 02061 183,69 0,19 85°
220p 10 (oM 0,19 -29,33 40,26 0,22 15089 169,29 0,16 85°
220p 20.000 0,15 -17,15 15,12 0,16| 30235 171,20 0,14, 85°
220p 10:0.000 0,15 0,49 -0,00080 0,16 25000 -1.562,00 0,14, 85°
220p 1.00:0. 000 0,21 43,36 -0,000516 0,28 25213 -1.224 00 0,13 85°
4 4
- \
Rp-ESR vs. Frecuencia (Aluminio 220uF)
10 100 1.000 10.000 100.000 1.000.000
10.000,0
1.000,0 \\
¥ -00° 100,0 \

10,0 \
1,0 \
_\\ v

0,1

0,0

‘ o R —ESR|




Insertar componentes (Cy 5)

1
Red
Rp e
L ====
—L =
Rs C —_—
-{ \l-
4 D
Diagrama Fasorial (Comparativa Tipos)
20 100 1.000 10.000 20.000 100.000 1.000.000
60
20 //
0
-20 /
A
-60 / / /
2 7~ _
-100
Desfase vs. Frecuencia
| o Al-220u em—Ta-2.2u e Low ESR-10u
N J
43

Polarizados

e )
Diagrama Fasorial (Comparativa Tipos)
20 100 1.000 10.000 20.000 100.000 1.000.000
-85
-86
-87
-88 —
\
-89 \
-90 —
-91
Desfase vs. Frecuencia
\ ‘ e Cer-100n Pol-100n MKP-10n s Styroflex-150p

t‘f_'_'f‘x

No polarizados



Insertar componentes

T Inductor - L1 F-E-.l

kM anufacturer: 0K,
Rser Part Humber:
Cancel
E, Select [nductar i
Rpar — Cpar Show Phase Dot [
Elndisitariens |nductor Properties
/ [nductance[H]: L

/ Peak Curent[a]:

Seriez Resistance[0]:

A
! [l
,:', e e 1 Parallel Rezistance[CY]:
,:" [ Cuit and Edit Databasze l Parallel CapacitancelF]:
1
1 . . . .
,,' [ List &ll Inductors in Database l [Series resistance defaults bo 1me)
,"’ L[uH] hfg. Part Mo. Ipk[A] Rzery]
!" 10000.0 Boums, Ihe. SRROF0E-103vL 0.020 38.000
100000 Bowmns, Inc. SDRO306-103KL 0,100 33.000
100000 Bowmns, Inc. SDR1005-103KL 0110 39.000
L 1 100000 Bowmns, Inc. SRRO303-1037L 0130 26.000
100000 Bowmns, Inc. SRR1203-103KL 0,200 19,200
1 0" 120000 Bowmns, Inc. SDROBO3-1Z3IL 0038 142,000
120000 Bowmns, Inc. SDROBO3-1Z3IL 0038 142,000
150000 Bowmns, Inc. SDROBO3153IL 0032 168.000
150000 Bowmns, Inc. SDROS03-153IL 0032 168.000
150000 Bowmns, Inc. SRRO303-1537L 0120 40,000
01 Coilcraft SLCYS305-500 50,000 0.000
01 Coilcraft SLCYE495-500 84,000 0.000
01 Coilcraft QE03L5-51N 1.000 0.064
01 Coilcraft SLCYS305-640 32,000 0.000
44 01 Coilcraft SLCYE435-700 B5. 000 0.000
01 Coilcraft SLC11YE-700 100,000 0.000




-
] - .
1| LF Bipolar Transistor - Q2 II AT Select Bipolar Transistor
-
I oK l
’ Canicel l -
Part Mo M anufacturer Polarity WVeealV] lc[md)] SPICE Model -
. 2 BCwWEDS ROHM nph 320 200 .model BCWEDA NPM(I5 =20 vAF=100 BF=120
Pick Mew Transistor ~ko
~+ HCwEDR ROHM nph 320 200 .model BCWEDR MPM(15=20f VaF=80 BF=2401
Tranziztor Properties BI:\JVI:TDE}.~~ ROHM nph 320 200 .model BCWEDC MPM(IS=20f WVAF=65 BF=360 |
BCWEID ?By nph 320 200 .model BCWEDD NPN[I15=20f VaF=45 BF=5001

Trangistor,  BCH47E

2M3m8 Semicoa npn a80.0 1000
i nph 450 100

Manufacturer.  Philipz

BCE47C Philips npn 450 100 made| BCS47C NPN(I5=4.679E-14 NF=1.01 I5] =
Falarity  npn BCBATA Philips npn 450 100 model BC3474 NPN(IS=9.677E-15 NF=0.9322
Veeolv] 45 BCE4TE Philips npn 450 100 made| BCB47E NPN(I5=1.822E-14 NF=0.9932
BCB4TC Philips npn 450 100 made| BCB47C NPN(I5=2.375E-14 NF=0.9925
Collector Current[a] 0.1 BE|81 7-25 Philins |nDn 450 500 .model BC817-25 NPNII5=9.198E-14 NF=1.003 ~
4 I 2

45




Insertar componentes

i = ~
|47 Diode D1 j L7 Select Diode ()
Cancel
. . hdfg. tupe Whrkdn[v] |avefh) SPICE odel 'S
Pick Mew Diode : B ) |:|
> OnSemi gilicon 7h.0 020 .model TH314 D[lz=2.52n Re=.068 N=1.752 Cjo=¢
Diode Properties ¥ .madel T4 ]
Diode:  1H4148 Ongemi gilicon .model MMS0A148 D[le=252n Re=0E8 N=1.752
- . OnSemi Schottky 200 1.00 _model THE817 D[lz=31.7u Rs=051 N=1.373 Cjo=
Manufacturer:  OnSemi N5818 =\ OnSemi Schottky 300 100 model TN5818 D(ls=31.7u Rs=.051 N=1.373 Cjo=
Type:  zlicon THEE13 OnSemi Schottky 400 1.00 _model TH5E813 D[lz=31.7u Rs=051 N=1.373 Cjo=
A E 4C o 02 BATEY Yishay Schottky 0.0 0.30 .model BATE4 D(le=TuRs=22 N=1 Cjo=12p M=..
werage Forward Current[a]. 0.
E MBRO520L OnSemi Schottky 200 0.50 .model MBRO520L D[ls=825n Rs=115N=7228(
Breakdown Yaltage[v] 75 :‘Jr||nn|:"|n| e i an |n Aen o dLLIARACAM R 4 CC. M. AACA K 4 n:n

46




Insertar componentes (V)

: i
- 1
i i ;
IIBI SIME[Woffzet Wamp Freq Td Theta Phi Moycleg) : _______________\"
i () EXPV1 2 Td1 Taul Td2 Tauz) . IL Small signal AC analpsis(. m:]'
. I T T e
: () SFFMMoff Wamp Foar MDI Fsig) : AC .&mplltude:
1
:(_' Pl w1 t2 w2, ) : AL Phasze:
i':' Pl FILE: Browse : -_hia_kf t_h|_3|_nf_|:|lm_at_|nn wvizible on schematic:
N o ————————————————— - - -
A L Parasiic Propetes I
/ .
/, DE offsefv] OV Senes Resstance[0):
4 N N
AtV 298 g
/ ake thiz information wisible on schematic:
// FreqHz] BkHz
,/ Tdelay[z]:
4
L Theta[143];
Phi[deg]:
/
// Mepcles:
4
Anélisis TRAN @
47 Additional PwL Points

b ake this infarmation wisible on schematic: Cancel ] [ O, ]




Insertar componentes (V 2)

48

Onda PULSOS

-

tﬁ Prueba.raw

@ PULSEMT %2 Tdelay Trize Tfall Ton Perod Meoycles)
SIMNEMoffzet Wamp Freg Td Theta Phi Moycles)
EXP W2 Tdl Taul Td2 Tau2)
SFFMNoff Y amp Foar MO Fzig)
FWLIE w1 b2 w2 ]
/L FILE: Browse

Yinitiall]: 0
Yonl] 1
Tdelay[z]: 0.5m
Trige[z]: 0.1u
Trall[=]: 0.2m

Ton[z]: 1.5m
Tperiod[z]: Bm

MNoycles:




Insertar componentes (V 3)
Onda PULSOS ¥ Prucba.raw _ [

TON =0 - Triangular 0 : ; Winitial[v] -1
TR, TF # 0 > Trapezoidal L vl I
TR =0, TF # 0 - Diente Sierra 0 [t Tdelayls] O
TR, TF = 0 - Cuadrada : Trsels} 1m

TON = eo = Escaldn unitario 0 o
PER = o - Pulso Unico / \ / \ : : / 3 o
Tpenodz]: 2m

MNeycles:

VinitiallW]: 0
Wanl]: 1
Tdelay[z]: 0.5m
Trize[sl Tu
Tiallz]: 1u
Tan[s]: 1m
Tperodlzl Bm

Meycles:

¥ Prueba.raw =
Yinitiallv 0 '
YWon[v] 1
Tdelay[z]: O
Trze[zl Tm
Tfallz} Tu
Tonlzl O
Tpenodz} 1m

49

Meycles:

10ms]




Insertar componentes (V 4)

-

onda PULSOS h: Prueba.raw . i =il IEI 2

TON =0 - Triangular Yinitiallv]: 0
TR, TF # 0 = Trapezoidal 0 Yorlv] 1
TR =0, TF # 0 - Diente Sierra Tdelayls]} [1m
TR, TF = 0 - Cuadrada o
TON = oo = Escaldn unitario SRR
PER = o = Pulso Unico peti
Tonfsl 15m

Tpeniod[z]:

Moycles:

Wonl]: 1
Tdelay[zl 1m
Trizefz] Tu
Trallls]: Tu
Ton[gl 0.5m
Tpenod[z} 2m
Mepcles 1

¥ Prueba.raw o |[@[=
Vinitiall] -1 (

YWon[v] 1

Tdelayz] 0O

Trise[s]: Tu

Trall[z): Tu
50 Tonlsl 1m
Tpenodlz]: 2m

Moycles:

10ms




Insertar componentes (V 5)
Onda SENOIDAL

.

t: Prueba.raw |i”£”ﬁ|

0.0ms 0.3ms 0.6ms 1.2ms .oms  1.Bms 2.1ms 2 PULSERT W2 Tdelay Trize Tfall Ton Period Mopcles)
@ SIME[offset Wamp Freq Td Theta Phi Movcles]
EXPMT W2 Td1 Taul Td2 Tau2)
SFFMM off Wamp Foar MDI Fsig)
LT w1 12 w2 )
PafL FILE: Browsze

DC offgetl] 0.2
Amplitudel]: 1
FreqHz]: 2k
Tdelayz] 0.5m
Theta[1/s]: 400
ol Phildeg]: 0
Meoocles: 3




Insertar componentes (V 6)

-

kﬁ Prueba.raw EI@

V(salida)

PULSENT W2 Tdelay Trige Tiall Ton Period Moypcles)

@) SIME[Woffzet Yamp Freq Td Theta Phi Moycles]

EXPMT W2 Td1 Taul Td2 Tau2)

SFFM[Moff Wamp Foar DI Fzig)

PUsLtT vl 12 w2 )

/L FILE: Browse

DC offsetl] 0O
Amphtude]: 1
FreqHz] 2k
Tdelay[z]: 0
Theta[1/z]: 0
Phildeqg]: 0O
1]

MHeoycles:

52




Insertar componentes (V 7)

53

Onda EXPONENCIAL @ ExPM1 Y2 Td1 Taul Td2 TauZ)

SFFM[aff W amp Foar MDI Feig)
Pl «1 12 w2 )
Pl FILE: Browse

Yinitiall¥]: 0
YVoulzedl] 1

r

Rize Delayz] 0.7m
Rize Taulz] 0.1m
Fall Delay[zl 2.1m
Fall Tau[=]l: 0.3m

ﬁ Prueba.raw

No posee “Ncycles”




Insertar componentes (V 8)
Onda EXPONENCIAL

r

¥~ Prueba.raw _n:uu = || 2|

@ EXPMNI V2 Tdl Tauwl Td2 Tau2)
SFFMM off Wamp Foar MO Fsig)
FUsLtT vl 12 w2 )

Fw/L FILE:

Winitially']:
Wpulzed]:

Rize Delay[z]:

-0.1V

0.0ms 2.1ms 2.8ms 3.0ms 4.2ms 4.9ms 3.6ms 6.3ms

54




Insertar componentes (V 9)
Onda simple de FM @ SFFMMaoff Yamp Fear MDI Fsig)

FudLitl vl £2 %2 ]
Single Frecuency FM (SFFM) P/l FILE: Bromse

DC offzetld] 1
Amplitudel] 3
Carner FreqHz], 200

___________________ ~

b odulation Indes: 0.4

r i
1
e e ’ -

3':: Prueba.raw Signal FreqHz]: 4k

-

DC offsetld] 0
Amplitudel]. 3
Carrier FreqHz]: 200

55 Sighal FreqHz]: 4k




Insertar componentes (V 10)
Onda PWL (Piece Wise Linear) Lineal por tramos

¥ Prueba.raw = =)=

Piece-wise Linear Points

Time[z] W aluefv]
& PwLitl v 122, X 0
m 1
/L FILE: Browsze 2m ns
2.4m -1
time[s} O 3m 21
B 0.6
= 7 | ——
ime2(z]: 1m ,,/’/
valueZ]: 1 ,,/’/
tima3z] 2m /,/"
valug3lvl 0.5 . .
- Right click on a time or value
tmed[z]: 2.4m tgs above to edit.
56 valued[y] -1 //"/ | Inzert Paint | | Cancel |
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Insertar texto/Directivas Spice

LTSpice puede realizar seis tipos de analisis:

AC respecto al punto de trabajo (AC)

Barrido en DC (DC Sweep)

Ruido (Noise)

Punto de trabajo en DC (OP)

Funcion de Transferencia con pequeiia sefial (TF)
Analisis transitorio (TRAN)

AN

Estos andlisis y otras caracteristicas se incorporan al fichero de Netlist comenzando por un punto. Por eso
se les denomina comandos de punto.

.step temp -55 125 10

Step the temperature from -55°C to 125°C in 10 degree step. Step sweeps may be nested up to three levels deep.

Y Edit Text on the Schematic:

How to netlist thiz text Juztification Font Size 0K
(") Comment 1 B[defaul] = Variable Global
Cancel

@ SPICE directive [ Wertical Text

.ztep temp list 0 27 50 100

Examples:
.stepoctV11205
Type Chil-M to start a new line. .step 11 10u 100u
.step param RLOAD LIST 5 10 15
.step NPN BC547C(BF) LIST 100 350

* Variacidn Logaritmica (Octavas) de V, de 1V a 20V con 5 muestras entre octavas.
59 * Variacion lineal de 1, de 10uA a 100uA en saltos de 10uA.

* Modificacion del pardmetro (valor) R,pap: 502, 10Q y 15Q. (Lista de valores)

e La ganancia de corriente (Beta Forward) del BJT BC547C serd de 100 y de 350. Pardmetro Interno
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LTSpice puede realizar seis tipos de analisis: AC or frequency analysis AC

DC operating analysis .OP
AC respecto al punto de trabajo (AC) DC sweep .DC
Barrido en DC (DC Sweep) End of subcircuit .ENDS
Ruido (Noise)
Punto de trabajo en DC (OP)
Funcion de Transferencia con pequeiia sefial (TF)
Analisis transitorio (TRAN)

Fourier analysis .FOUR
Frequency response transfer function .FREQ
Function definition user .FUNC

Global nodes .GLOBAL

AN

Graphical postprocessor .PROBE

Estos analisis y otras caracteristicas se incorporan al fichero de
Include file .INC - INCLUDE

Netlist comenzando por un punto. Por eso se les denomina

comandos de punto. Initial conditions .IC

Library file .LIB
Syntax: .AC <oct, dec, lin> <Nsteps> <StartFreq> <EndFreq> Mode cefiniton MODEL

Node setting .NODESET
Noise analysis .NOISE
Options .OPTIONS
Parameter definition PARAM
Parameter variation .PARAM
Parametric analysis .STEP
Plot output .PLOT
Print output .PRINT
Sensitivity analysis .SENS
Subcircuit definition .SUBCKT
Table TABLE
Temperature .TEMP
Transfer function .TF

60 Transient analysis .TRAN
Value VALUE
Width .WIDTH
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LTSpice puede realizar seis tipos de analisis: AC or frequency analysis AC

DC operating analysis .OP
AC respecto al punto de trabajo (AC) DC sweep .DC
Barrido en DC (DC Sweep) End of subcircuit .ENDS
Ruido (Noise)
Punto de trabajo en DC (OP)
Funcion de Transferencia con pequeiia sefial (TF)
Analisis transitorio (TRAN)

Fourier analysis .FOUR
Frequency response transfer function .FREQ
Function definition user .FUNC

Global nodes .GLOBAL

AN

Graphical postprocessor .PROBE

Estos analisis y otras caracteristicas se incorporan al fichero de
Include file .INC - INCLUDE

Netlist comenzando por un punto. Por eso se les denomina

comandos de punto. Initial conditions .IC

Library file .LIB
. Model definition .MODEL
Syntax: .AC <oct, dec, lin> <Nsteps> <StartFreq> <EndFreq>
Node setting .NODESET
Noise analysis .NOISE
Options .OPTIONS
Parameter definition PARAM

Parameter variation .PARAM

Annotate the Subcircuit Pin Names to the Port Currents = -
Parametric analysis .STEP

End of Netlist

Download a File Given the URL

Load a Previously Solved DC Solution
Evaluate User-Defined Electrical Quantities Sensitivity analysis -SENS

Compute Network Parameters in a .AC Analysis Subcircuit definition .SUBCKT

Plot output .PLOT

Print output .PRINT

Limit the Quantity of Saved Data Table TABLE

Save Operating Point to Disk
Write Selected Nodes to a .Wav File

Temperature .TEMP

Transfer function .TF

61 Transient analysis .TRAN
Value VALUE
Width .WIDTH
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Syntax: Para un punto del eje de Abscisas

.MEAS [SURE] [AC|DC|OP|TRAN|TF|NOISE] <name>

+ [<FIND|DERIV|PARAM> <eXpr>]

+ [WHEN <expr> | AT=<expr>]]

+ [TD=<vall>] [<RISE|FALL|CROSS>=[<countl>|LAST]]

.MEAS TRAN res5 FIND V(out) WHEN V(x)=3*V(y) cross=3 TD=1m

Indica el valor de V(out) la tercera ocasion que se encuentre la condicion V(x)=3*V(y), pero no empiece a contar (demora) hasta pasado
Ims. A esto se le nombrard como res5.

Syntax: Para un rango a lo largo del eje de Abscisas
.MEAS [AC|DC|OP|TRAN|TF|NOISE] <name>
[<AVG|MAX |MIN| PP |RMS | INTEG> <expr>]

[TRIG <lhsl> [[VAL]=]<rhsl>] [TD=<vall>]
[<RISE|FALL|CROSS>=<countls]

[TARG <lhs2> [[VAL]=]<rhs2>] [TD=<val2>]
[<RISE|FALL|CROSS>=<count2>]

+ 4+ 4+ + +

El rango sobre el eje de Abscisas esta definido por "TRIG" y "TARG". El valor TRIG, si se omite,
es, por defecto, el punto de comienzo de la simulacidén. De igual forma, TARG es el punto del
final de la simulacidén. Si se omiten estos datos, el rango de datos es el tiempo total de 1la
simulacidn. Los tipos de operaciones de medida que se pueden realizar en el intervalo son:

<AVG |MAX |MIN | PP |RMS | INTEG>

.MEAS TRAN res7 AVG V(NS01l) TRIG V(NS05) VAL=1.5 TD=1l.lu FALL=1] TARG V(NS03) VAL=1.5 TD=1.lu FALL=1

Indica el valor medio de V(NS01) desde la primera vez que descienda V(NS05) de 1.5V, después de 1.1us y la primera vez que descienda
V(NS03) de 1.5V, después 1.1us. Se nombrard res7.

El resultado de un comando .MEAS se puede enlazar en otro comando .MEAS. En este ejemplo, se calcula el ancho de banda a -3dB:

62 .MEAS AC tmp max mag (V (out) ); Encuentra el valor de pico y le [lama "tmp"

.MEAS AC BW trig mag(V(out))=tmp/sqgrt (2) rise=1 targ mag(V(out))=tmp/sqgrt(2) fall=last
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Syntax: .MODEL <modname> <type>[(<parameter list>)]

The parameter list depends on the type of model. Below is a list of model types:

Type Associated Circuit Element
SW Voltage Controlled Switch
CcswW Current Controlled Switch
URC Uniform Distributed RC Line
LTRA Lossy Transmission Line

D Dicde

NPN NPN Bipolar Transistor
;’I:I-P PNP Bipolar Transistor
NJF N-channel JFET model
PJF P-channel JFET model

NMOS N-channel MOSFET
EMOS P-channel MOSFET
NMF N-channel MESFET
PMF P-channel MESFET

VDMOS Vertical Double Diffused Power MOSFET

Tipos de componentes

63
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.PARAM - Parametros definidos por el usuario

The .param directive allows the creation of
user-defined variables. This is useful for
associating a name with a value for the sake
of clarity and parameterizing subcircuits so
that abstract circuits can be saved in
libraries.

The .param statement can be included inside

a subcircuit definition to limit the scope
the parameter value to that subcircuit.

64

abs(x)
acos(x)
arccos(x)
acosh(x)
asin(x)
arcsin(x)
asinh(x)
atan(x)
arctan(x)
atan2(y,x)
atanh(x)
buf(x)
cbrt(x)
ceil(x)
cos(x)
cosh(x)
exp(x)
fabs(x)
flat(x)
floor(x)
gauss(x)
hypot(x,y)
if(x,y,z)
int(x)
inv(x)
limit(x,y,z)
In(x)
log(x)
log10(x)
max(x,y)
mc(x,y)
min(x,y)
pow(x,y)
pwr(x,y)
pwrs(x,y)
rand(x)
random(x)
round(x)
sgn(x)
sin(x)
sinh(x)
sqrt(x)
table(x,a,b,c,d,...)
tan(x)
tanh(x)
u(x)
uramp(x)

Absolute value of x
Real part of the arc cosine of x, e.g., acos(-5) returns 3.14159, not 3.14159+2.29243i
Synonym for acos()

Real part of the arc hyperbolic cosine of x, e.g., acosh(.5) returns 0, not 1.0472i

Real part of the arc sine of x, e.g., asin(-5) returns -1.57080, not -1.57080+2.29243i
Synonym for asin()

Arc hyperbolic sine

Arc tangent of x

Synonym for atan()

Four quadrant arc tangent of y/x
Arc hyperbolic tangent

1ifx>.5, else 0 Operaciones
Cube root of (x) trigonométricas
Integer equal or greater than x y matemadticas
Cosine of x

Hyperbolic cosine of x

e tothe x

Same as abs(x)

Random number between -x and x with uniform distribution

Integer equal to or less than x

Random number from Gaussian distribution with sigma of x.

sqrt(x**2 + y**2)

If x> .5, theny else z

Convert x to integer

0.ifx>.5, else 1.

Intermediate value of x, y, and z

Natural logarithm of x

Alternate syntax for In()

Base 10 logarithm

The greater of x ory

A random number between x*(1+y) and x*(1-y) with uniform distribution.
The smaller of x ory

Real part of x**y, e.g., pow(-.5,1.5) returns 0., not 0.353553i

abs(x)**y

sgn(x)*abs(x)**y

Random number between 0 and 1 depending on the integer value of x.
Similar to rand(), but smoothly transitions between values.

Nearest integer to x

Sign of x

Sine of x

Hyperbolic sine of x

Real part of the square root of x, e.g., sqrt(-1) returns 0, not 0.707107i
Interpolate a value for x based on a look up table given as a set of pairs of points.
Tangent of x.

Hyperbolic tangent of x

Unit step, i.e., 1if x> 0., else 0.

x if x> 0., else 0.
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.PARAM - Parametros definidos por el usuario

The .param directive allows the creation of
user-defined variables. This is useful for
associating a name with a value for the sake
of clarity and parameterizing subcircuits so
that abstract circuits can be saved in
libraries.

The .param statement can be included inside
a subcircuit definition to limit the scope
the parameter value to that subcircuit.

& Convert the expressions to either side to Boolean, then AND.

Convert the expressions to either side to Boolean, then OR.

& Convert the expressions to either side to Boolean, then XOR.

> True if expression on the left is greater than the expression on
the right, otherwise false.

< True if expression on the left is less than the expression on the
right, otherwise false.

>= True if expression on the left is greater than or equal the
expression on the right, otherwise false.

<= True if expression on the left is less than or equal the
expression on the right, otherwise false.

+ Floating point addition

- Floating point subtraction

* Floating point multiplication

/ Floating point division

*x Raise left hand side to power of right hand side, only real part

is returned, e.g., -2**1.5 returns zero, not 2.82843i

Booleanas y matemadticas
65

abs(x)
acos(x)
arccos(x)
acosh(x)
asin(x)
arcsin(x)
asinh(x)
atan(x)
arctan(x)
atan2(y,x)
atanh(x)
buf(x)
cbrt(x)
ceil(x)
cos(x)
cosh(x)
exp(x)
fabs(x)
flat(x)
floor(x)
gauss(x)
hypot(x,y)
if(x,y,z)
int(x)
inv(x)
limit(x,y,z)
In(x)
log(x)
log10(x)
max(x,y)
mc(x,y)
min(x,y)
pow(x,y)
pwr(x,y)
pwrs(x,y)
rand(x)
random(x)
round(x)
sgn(x)
sin(x)
sinh(x)
sqrt(x)
table(x,a,b,c,d,...)
tan(x)
tanh(x)
u(x)
uramp(x)

Absolute value of x

Real part of the arc cosine of x, e.g., acos(-5) returns 3.14159, not 3.14159+2.29243i
Synonym for acos()

Real part of the arc hyperbolic cosine of x, e.g., acosh(.5) returns 0, not 1.0472i
Real part of the arc sine of x, e.g., asin(-5) returns -1.57080, not -1.57080+2.29243i
Synonym for asin()

Arc hyperbolic sine

Arc tangent of x

Synonym for atan()

Four quadrant arc tangent of y/x

Arc hyperbolic tangent

1ifx>.5, else 0

Cube root of (x)

Integer equal or greater than x

Cosine of x

Hyperbolic cosine of x

e tothe x

Same as abs(x)

Random number between -x and x with uniform distribution

Integer equal to or less than x

Random number from Gaussian distribution with sigma of x.

sqrt(x**2 + y**2)

If x> .5, theny else z

Convert x to integer

0.if x> .5, else 1.

Intermediate value of x, y, and z

Natural logarithm of x

Alternate syntax for In()

Base 10 logarithm

The greater of x ory

A random number between x*(1+y) and x*(1-y) with uniform distribution.
The smaller of x ory

Real part of x**y, e.g., pow(-.5,1.5) returns 0., not 0.353553i

abs(x)**y

sgn(x)*abs(x)**y

Random number between 0 and 1 depending on the integer value of x.
Similar to rand(), but smoothly transitions between values.

Nearest integer to x

Sign of x

Sine of x

Hyperbolic sine of x

Real part of the square root of x, e.g., sqrt(-1) returns 0, not 0.707107i
Interpolate a value for x based on a look up table given as a set of pairs of points.
Tangent of x.

Hyperbolic tangent of x

Unit step, i.e., 1if x> 0., else 0.

x if x> 0., else 0.
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.TRAN - Realiza andlisis transitorio no lineal

This is the most direct simulation of a circuit. It basically computes what happens when
the circuit is powered up. Test signals are often applied as independent sources.

Syntax: .TRAN <Tstep> <Tstop> [Tstart [dTmax]] [modifiers]

.TRAN <Tstop> [modifiers]
Tipos de andlisis

.TRAN Modifiers

UIC: (Use Initial Conditions) Utiliza para el punto de operacion en c.c. las condiciones iniciales fijadas por el usuario.
steady: Finaliza la simulacién cuando se alcance el estado estable (Finalice el periodo transistorio).

nodiscard: No elimina el periodo transitorio simulado antes de que se alcanzase el estado estable.

startup: Resuelve el punto inicial de operacion con las fuentes de tensién independientes y fuentes de corrientes
desconectadas. Después activa el analisis transitorio y activa estas fuentes los primeros 20us de la simulacion.

step: Calcula la respuesta del circuito para diferentes saltos (steps).

66
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.WAVE -- Write Selected Nodes to a .Wav File

LTspice can write .wav audio files. These files can then be listened to or be used as the input
of another simulation.

Syntax: .wave <filename.wav> <Nbits> <SampleRate> V(out) [V(out2) ...]
Example: .wave C:\output.wav 16 44.1K V(left) V(right)

La serial de entrada puede ser un fichero Wave

Filtro Graves-Agudos para guitarra
.tran 0 40s Os

R1 C3
100k =

[2.2n 5

Set=1 —P_nz R3 uz
Ri=1meg % "\\/A\/ % Rt=1meq Il
U1 Jf2 100k e Rt=1meg

u3
" Bass _ 820n Treble Volumen
s 4
O . =
i wavefile="Mana recortado.wav" chan:[]i 100k

< <

Valores invertidos por posicion de potencidmetros

i .wave pasobanda.wav 16 44.1k Salida E
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Elementos disponibles en un circuito

68




7S

Saae

Modelo de Ebers-Moll

Jewell James Ebers y John Louis Moll

Efecto transistor

iE = I_S(eVBE/VT _1)

Efecto diodo

|15 (%" -1)

69



Elementos disponibles en un circuito: Modelado de un BJ]T 2 de 3

L’ Modelo de Gummel-Poon
Hermann K. Gummel y Samuel H.C. Poon

Modelo de Ebers-Moll

Jewell James Ebers y John Louis Moll

Efecto transistor Efecto diodo
|
2 Ve 1V, \/ A
g == ("= —1)|{15(e%" -1)
O
Ve /' V, I Ve /V;
IC_IS(eBE i 1)__S(esc T 1)
aR
lg=lg —l¢c
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Elementos disponibles en un circuito

: Modelado de un B]T 3 de 3

@k lpc @ lpg
I o o T
-— -—
E o— * Lo C

Modelo de Ebers-Moll

Jewell James Ebers y John Louis Moll

G
Reex
I¢ A
Cicex Cesex
Re

Modelo de Gummel-Poon
Hermann K. Gummel y Samuel H.C. Poon

LTSpice utiliza 81 pardametros para definir el comportamiento de un BJT

Efecto transistor Efecto diodo

e =5 (e 1)1 (%% —1)

o1
|
T
Or
iB=IE_iC
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VBIC - Vertical Bipolar Inter Company model is a generous
contribution of source code from Dr.-Ing. Dietmar
Warning of Danalyse GmbH, Berlin, Germany.

The VBIC model is a extended development of the
Standard Gummel-Poon (SGP) model with the focus of
integrated bipolar transistors in today's modern
semiconductor technologies. With the implemented
modified Quasi-Saturation model from Kull and Nagel it is
also possible to model the special output characteristic of
switching transistors. It is a widely used alternative to the
SGP model for silicon, SiGe and IlI-V HBT devices.

VBIC Capabilities compared to SGP model:

« Integrated Substrate transistor for parasitic devices in
integrated processes.

Weak avalanche and Base-emitter breakdown model.
Improved Early Effect modeling.

Physical separation of I and I,

Improved Depletion capacitance model.

Improved temperature modeling.

e o o o o

Model Structure

I(|3Bco i gc!

b=~




Character

Leading

mim QM W|lO|lQ W | B *

wn|lA ([ O|Oo|B|H|HA|Y

BNix|F| <[

Type of line

Comment
Special function device
Arbitrary behavioral source
Capacitor
Diode
Voltage dependent voltage source
Current dependent current source
Voltage dependent current source
Current dependent voltage source
Independent current source
JFET transistor
Mutual inductance
Inductor
MOSFET transistor
Lossy transmission line
Bipolar transistor
Resistor
Voltage controlled switch
Lossless transmission line
Uniform RC-line
Independent voltage source
Current controlled switch
Subcircuit Invocation
MESFET transistor

A simulation directive, For example:
.options reltol=le-4¢

A continuation of the previous line. The
"+" is removed and the remainder of the
line is considered part of the prior
line.
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The circuit to be analyzed is described by a text file called a netlist.
The first line in the netlist is ignored, that is, it is assumed to be a
comment. The last line of the netlist is usually simply the line
".END", but this can be omitted. Any lines after the line ".END" are
ignored.

The order of the lines between the comment and end is irrelevant.
Lines can be comments, circuit element declarations or simulation
directives. Let's start with an example:

This first line is ignored

* The circuit below represents an RC circuit driven with a 1MHz square wave signal
R1 nl1 n2 1K ; a 1KOhm resistor between nodes n1 and n2

C1 n2 0 100p ; a 100pF capacitor between nodes n2 and ground
V1nl0PULSE(01000.5u1y); a IMhz square wave

.tran 3p; do a 3us long transient analysis

.end

The first two lines are comments. Any line starting with a "*" is a
comment and is ignored. The line starting with "R1" declares that
there is a 1K resistor connected between nodes n1 and n2. Note
that the semicolon, ";", can be used to start a comment in the
middle of a line. The line starting with "C1" declares that there is a
100pF capacitor between nodes n2 and ground. The node "0" is the

global circuit common ground.



S SIESIES T The circuit to be analyzed is described by a text file called a netlist.

The first line in the netlist is ignored, that is, it is assumed to be a

: Comment comment. The last line of the netlist is usually simply the line

s Speoiah functlonicavios ".END", but this can be omitted. Any lines after the line ".END" are

B Arbitrary behavioral source lgnored.

Cc Capacitor

D Diode . 0. q
The order of the lines between the comment and end is irrelevant.

E Voltage dependent voltage source . . . . . .
Lines can be comments, circuit element declarations or simulation

F Current dependent current source i . . .

= e ————— directives. Let's start with an example:

H Current dependent voltage source

This first line is ignored
* The circuit below represents an RC circuit driven with a 1MHz square wave signal

-

Independent current source

’ el e R1 nl1 n2 1K ; a 1KOhm resistor between nodes n1 and n2
5 BucEel bngucooacs C1 n2 0 100p ; a 100pF capacitor between nodes n2 and ground
2 L V1 n1 0 PULSE(0 1000 .5u 1) ; a IMhz square wave
el MOSFET transistor .tran 3p; do a 3us long transient analysis
[ Lossy transmission line .end
.... Q Bipolar transistor
i Resistor The first two lines are comments. Any line starting with a "*" is a
o Foltege oontzolled Ewitoh comment and is ignored. The line starting with "R1" declares that
* eI b ST there is a 1K resistor connected between nodes n1 and n2. Note
Y that the semicolon, ";", can be used to start a comment in the
: middle of a line. The line starting with "C1" declares that there is a
B beirenis Tommcaion 100pF capacitor between nodes n2 and ground. The node "0" is the
. T ——— global circuit common ground.
A simulation directive, For example: \
gopppnsice ol ad Q1 Salida N002 0 0 2N2222 Netlist
+ A continuation of the previous line. The .model NPN NPN
"+" is removed and the remainder of the / lib C:\Program Files (x86)\LTC\LTspicelV\lib\cmp\standard.bjt

line is considered part of the prior

line. \

73 .model 2N2222 NPN(IS=1E-14 VAF=100
+ BF=200 IKF=0.3 XTB=1.5 BR=3

Bipolar transistor Qxx C B E [S] <model> [area] + CJC=8E-12 CJE=25E-12 TR=100E-9 TF=400E-12 . y
+ [0ff] [IC=Vbe,Vce] [temp=<T>] + ITF=1VTF=2 XTF=3 RB=10 RC=.3 RE=.2 Vceo0=30 Icrating=800m mfg=Philips)

Definicion de funcionamiento




Problemas de Convergencia

CONVERGENCE
A netlist that doesn’t simulate isn’t converging numerically. Assuming the circuit contains no connection errors, there
are basically three parameters that can be adjusted to help convergence: ABSTOL, VNTOL, and RELTOL.

ABSTOL is the absolute current tolerance. Its default value is 1pA. This means that when a simulated circuit gets
within 1pA of its “actual” value, SPICE assumes that the current has converged and moves onto the next time step or
AC/DC value. VNTOL is the node voltage tolerance, default value of 1uV. RELTOL is the relative tolerance parameter,
default value of 0.001 (0.1 percent). RELTOL is used to avoid problems with simulating large and small electrical
values in the same circuit. For example, suppose the default value of RELTOL and VNTOL were used in a simulation
where the actual node voltage is 1V. The RELTOL parameter would signify an end to the simulation when the node
voltage was within 1mV of 1V (1V-RELTOL), while the VNTOL parameter signifies an end when the node voltage is
within 1pV of 1V. SPICE uses the larger of the two, in this case the RELTOL parameter results, to signify that the node
has converged.

Increasing the value of these three parameters helps speed up the simulation and assists with convergence problems
at the price of reduced accuracy. To help with convergence, the following statement can be added to a SPICE netlist:

.OPTIONS ABSTOL=1uA VNTOL=1mV RELTOL=0.01

To (hopefully) force convergence, these values can be increased to
.OPTIONS ABSTOL=1mA VNTOL=100mV RELTOL=0.1

Note that in some high-gain circuits with feedback (like the op-amp’s designed later in the book) decreasing these
values can actually help convergence.
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Errores comunes en la simulacion y como solucionarles

SOME COMMON MISTAKES AND HELPFUL TECHNIQUES

The following is a list helpful techniques for simulating circuits using SPICE.

= @ N [=
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The first line in a SPICE netlist must be a comment line. SPICE ignores the first line in a netlist file.

One megaohm is specified using 1MEG, not 1M, 1m, or 1 MEG.

One farad is specified by 1, not 1f or 1F. 1F means one femto-farad or 10-15 farads.

Voltage source names should always be specified with a first letter of V. Current source names should always start
with an L.

Transient simulations display time data; that is, the x-axis is time. A jagged plot such as a sinewave that looks like
a triangle wave or is simply not smooth is the result of not specifying a maximum print step size.

Convergence with a transient simulation can usually be helped by adding a UIC (use initial conditions) to the end
of a.TRAN statement.

A simulation using MOSFETs must include the scale factor in a .OPTIONS statement unless the widths and lengths
are specified with the actual (final) sizes.

In general, the body connection of a PMOS device is connected to VDD , and the body connection of an n-channel
MOSFET is connected to ground. This is easily checked in the SPICE netlist.

Convergence in a DC sweep can often be helped by avoiding the power supply boundaries. For example, sweeping
a circuit from 0 to 1 V may not converge, but sweeping from 0.05 to 0.95 will.

.In any simulation adding .OPTIONS RSHUNT=1E8 (or some other value of resistor) can be used to help

convergence. This statement adds a resistor in parallel with every node in the circuit (see the WinSPICE manual
for information concerning the GMIN parameter). Using a value too small affects the simulation results.



Pasos a seguir para realizar el primer esquematico

T\ e Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.

Fijamos valores de los componentes.

Seleccionar tipo de simulacién y caracteristicas.
Afnadimos etiquetas para mejorar la visualizacion.
Visualizar datos/curvas/graficas de interés (V, I, P...).
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Pasos a seguir para realizar el primer esquematico

. Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.

Fijamos valores de los componentes.

Seleccionar tipo de simulacién y caracteristicas.
Afnadimos etiquetas para mejorar la visualizacion.
Visualizar datos/curvas/graficas de interés (V, I, P...).
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Pasos a seguir para realizar el primer esquematico

1 =\ Vee Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.

Fijamos valores de los componentes.

Seleccionar tipo de simulacién y caracteristicas.
Afnadimos etiquetas para mejorar la visualizacion.
Visualizar datos/curvas/graficas de interés (V, I, P...).
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Pasos a seguir para realizar el primer esquematico

1 =\ Vee Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.

Fijamos valores de los componentes.

Seleccionar tipo de simulacién y caracteristicas.
Afnadimos etiquetas para mejorar la visualizacion.
Visualizar datos/curvas/graficas de interés (V, I, P...).

o0

™

Sl e DY =

.tran 0 5m 2m

4
_\\ v2

! PR— —

-

T SINE(0 0.9 "+
80 J;\Cl Carcel ]




Pasos a seguir para realizar el primer esquematico
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Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.
Fijamos valores de los componentes.
Seleccionar tipo de simulacién y caracteristicas.

Afnadimos etiquetas para mejorar la visualizacion.

Visualizar datos/curvas/graficas de interés (V, I, P...).
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Pasos a seguir para realizar el primer esquematico

1 -\ _Vec Partimos de la idea feliz

Colocamos los componentes.

Realizamos conexiones de los componentes.

Fijamos valores de los componentes.

Seleccionar tipo de simulacién y caracteristicas.
Afnadimos etiquetas para mejorar la visualizacion.
Visualizar datos/curvas/graficas de interés (V, I, P...).
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Datos generales

LTspice leading characters

T = tera = 1012 » A special functions device

G =giga = 10° e B arbitrary behavioral source

MEG = meg = 10° e C capacitor

K =kilo =103 e D diode

M = milli = 103 * E voltage dependent voltage source

U = micro = 10°
N =nano =10-°
P = pico = 1012
F = femto = 101°

F current dependent current source
G voltage dependent current source
H current dependent voltage source
I independent current source

] JFET transistor

K mutual inductance

Informacion relacionada

http://www.intusoft.com/models.htm#freemodels
http://www.penzar.com/links.htm
http://ee.cleversoul.com/simulation.html
http://cmosedu.com/
http://www.simonbramble.co.uk/It spice/Itspice It spice.htm
http://www.onsemi.com/site/support/models
http://www.coilcraft.com/modelsswcad.cfm

83 http://tech.groups.yahoo.com/group/LTspice/
http://Itspice.linear.com/software/scad3.pdf

L inductor

M MOSFET transistor

O lossy transmission line

Q bipolar transistor

R resistor

S voltage controlled switch
T lossless transmission line
U uniform RC-line

V independent voltage source
W current controlled switch
X subcircuit invocation

Z. MESFET transistor

* comment

+ continuation of prior line
. simulation directive
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