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SPICE

Simulation Program with Integrated Circuit Emphasis

 Originally developed at EE Berkeley
e Uses mathematical models to describe circuit elements
e SPICE3 Is the latest variant.

It allows DC and time transient analysis of nonlinear circuits
(transistors, diodes, capacitors, etc., also digital circuitry)

Command line driven interface

Available in public domain (written in C)

Has become de-facto the industry standard

Many spin-offs exist (use modified SPICE2 or SPICE3 as their
engine), such as HSPICE, PSPICE, WInSPICE (commercial)
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Netlist

SPICE Netlist — text file containing circuit description

1 R 5 INPUT
gﬂ/\ﬁ * Demo of a simple AC circ.
30 O vi 1 0 ac 12 sin
ri 1 2 30
V 12V i ci 2 0 100u
1 @DGOHZ Cy=—100uF .ac lin 1 e? ?{}
.print ac v(2
.end
0 0
OUTPUT

—--— AC Analysis ---

frequency: 60 Hz
V(2): mag: 7.94876 phase: -48.5171 voltage



Netlist (closer look)

* Demo of a simple AC circ. Circuit description
vl 1 0 ac 12 sin ; vl 1s an AC source of 12V amp.
rl 1 2 30 ; rl1 1s 30 Ohm between nodes 1 and 2

cl 2 O 100u ; cl 1s 100uF between nodes 2 and O
.ac Iin 1 60 60 ; directive to perform AC analysis
.print ac v(2) ; print out the voltage from node 2
.end ; anything after .end will be 1gnored

SPICE directives

Commands starting with dot (.ac, -.end, etc.)are known as
SPICE directives



e [ Tspice 1V

A freeware circuit simulator (Windows or *nix/Wine)
Netlist syntax is powerful but hard to visualize

L Tspice has schematic capture and is much easier to
use than traditional text-based SPICE. The user can enter
a circuit to be simulated via a graphical user interface
Has virtual scope, makes Bode plots, performs FFT, etc.

Worth learning about
— It is fast, expandable, powerful, and free
— Most widely used noncommercial CAD electronics software
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‘[; File Edit Hierarchy Wiew Simulate Tools Window Help - 8 X

e d T X QU Bl Ha® sBEM O L0 ¢ 3 ¥x-8 0 Aa op

« To begin drawing the circuit, click New
Schematic, or Ctrl+N
 Enable grid if not shown by clicking Ctrl+G
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‘[; Eile Edit Hi_erar-:h;f Wieww Simulate  Tools wWindow Help - O x
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 To add a component, click on the corresponding icon

« Component button contains slew of predefined components:
voltage and current sources; transistors; opamps; gates; user-defined
stuff

* You can Delete (F5 or Ctrl-X) and Move (F7) components, as well
as Drag (F8) them (keep the wires connected) 8




2rCAD IIl - [Draft1.a = BX]

‘[; File Edit Hierarchy Wiew Simulate Tools Window Help - O x

e E T & QO Bl Ha® i+ 2R M 48 203 D800 9D Aa op

D4
R N
- Lﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

~ Torotate the component - . . To mirror the component

i Prior to placing press Ctrl-R [y prior to placing press CUrl-E
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Place Diode ()Olbar Summary

Place Inductor
Place Capacitor
Place Resistor
Label Node Place Circuit Element
Place Ground
Draw Wire

Féj Linear Technology LTspice/SwitcherCAD Il - [Tokheim F-F.asc]
‘l; File Edit Hierarchy WView Simulate Tools Window Help

P H P £ &0 HR% sR0#H A8 LB +3 ¥D,Y00 Aa op
Simulate
Move /
Zoom In
Drag
Pan
. Undo
Zoom Out Find
Auto Scale Redo
Delete Rotate
Copy Mirror
Paste Place Comment

1
Place SPICE Directive



Prefixes are case Insensitive: T =1,
G = (¢, and so on

T =terra = 1012

G =giga = 10°
MEG = meg = 10°
K = kilo = 10°

M = milli = 103

U = micro = 10
N = nano = 10-°

P =pico=10"%

F =femto = 10-1°

No need to enter units, they are assumed (e.g. “1M” Is
1mV if entered for voltage, 1ms if entered for time, etc.)
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oy | Tspice erCAD |1 - [Dre =B
‘[; File Edit Hierarchy Wiew Simulate Tools Window Help - O x

e E T & QO Bl Ha® i+ 2R M 48 203 D800 9D An o

-

| Right-click to enter |
component value

Resistor - R1

Voltage Source - ¥1

Part Mumber, - . : k.
DC walue[V] ||
. . . . . . . . . . Cancel

Select Resiztor
Senes Resistance[a]:

Reziztor Properties | | g : : : : : Advanced
Resigtance[0 ] : : : : : . . . 3 :; .

Tolerance[%]:

Manufacturer, -

Paower Bating:
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SPICE analysis

“Draw” your circuit, then specify all of the components,

then select Simulate — Edit Simulation Cmd

Your choices:

e Transient analysis

« AC small signal anlysis

e DC sweep

* Noise analysis

e DC transfer function

e DC operating point (Q-pt)

Highlighted is what you will
be using in this course

Edit Simulation Command

Tranzient | AC Analysic | DC sweep | Moize | DC Transfer | DC op prt
Perfarm a norelinear, time-domain simulation.
Stap Tirne:
Time to Start 5aving Data:
bd awirmumm Timestep:
Start external DC supply voltages at O [
Stop simulating if steady state is detected: [

Step the load curment source: [
Skip Initial operating point solution: [

Syntas: tran < T stops [<option: [<option:] ..]
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Adding SPICE directives

After setting up the simulation command, you are set to
go. Simply click Run button &

Run command is a SPICE directive itself '.ac dec 50 1 1000
You can add other SPICE commands directly by clicking
on Spice Directive button ep

Refer to HELP for details on the syntax
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SPICE use In this course

Your home assignment for this week includes working
your way through Supplement Part 1 (a tutorial) then
working home problems using LTspice.

Install LTspice on your own computer. LTspice is installed
on all lab computers and in A&EP computer room

Supplement Part 2 contains LTspice experiments.
They will start after the break and are to be done in the
same way as the usual lab experiments, but using LTspice.
Print out results using the lab printers, attach them to your
lab report, etc.

You can do LTspice experiments anywhere you have
access to LTspice, not just in the lab 15




Two examples

 We will look at how to setup two examples
— Examplel: crossover corrected push-pull amp (ex6.10)
— Example2: active filter

« Any additional files not included with LTspice but
required for this course are found under Splce models on
the Blackboard. €

[EJ SPICE Models

Salt & Pepper
@ @

LTspice Library Files 16

00.212 Kb
Files needed for LTspice experiments and home assignments.




Flrst example demonstrates transient analysis

(el = Y T Tt s s e I — = L = D =¥ LV“H%TBSZD@'{?

f-Next,specifycomponentvaluesforresistors,

| DC voltages by right-clicking on the elements | () fyge=———a s R R R

| (be careful, sometimes you may click on the
| name thinking you are changing the value)

'19':-'! Cll nlﬂLﬁHUﬂl l-l L ﬂr’lh: IIIUl-Il:.-'Iﬁ_j

Linclude LM?41 MOD

ﬁ.tran01 ﬁ.....ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ"""ﬁﬁﬁﬁﬁﬁﬁﬁﬁ"" Qe

| » First, create the circuit (you

. may want to use Ctrl-E, Ctrl-R | —
| to mirror and rotate the A SR
| symbols for best orientation) f:EEEEEEEEEEEEEEEEEEEEEEEEET

= oN3006 |
Q2 <

ﬁﬁf‘éfzﬁffff::ﬁﬁffffff___ﬁfff:f::::::::::::::::fffffffffff
915 . NSINE(00.0510020m). - 0

S

L2N3004

-~ Speaker
;S

Alternate



Assigning Vin

* Right-click on Vin, then click Advanced. You will see a
window like this. Choose SINE Function.

| INEEpENEENIV eIl S eSS OURGE NS d]
Furictions DC W alue

() [hone]
() PULSEMT %2 Tdelay Trize Tfall Ton Period Meycles)

(#) SIME [Wolfzet Yamp Freq Td Theta Phi Moycles]

O EXPIV1 V2 Td1 Taul Td2 Tau2) Small zignal AL analyziz] ALC)
() SFFM[voff Warmp Fear MO Fzig) AL Amplitude:
1 PweLtl vl 12 w2 ) AL Phaze:
) PAL FILE: M ake thiz information wisible on schematic:
Parasitic Pronertie
DC affsetfv]: |0 — | Enter:
"“m'j!‘“de:”f 1”-;; +«—wi DCoffset[V]: 0
T:T[ [2:' . Amplitudep[V]: 0.05
elayz] | 20m ]
Theta[1/s]: Freq [HZ] ' 100
Phildeg] Tdelay[s]: 20m
M oycles:

b ake thiz information visible on schematic: Catcel ] | aE. | 18




Assigning Diodes and Transistors

If you do not assign diode and transistors, LTspice will use
some default models. It may be OK for a simple circuit like
the one we are looking at. Real-life situations require more
accurate model specific to the actual component being
used. E.g. to assign a specific diode model, right-click on it,
then click “Pick New Diode” and choose IN914.

Diode - D1 E' I Select Diode @
o ] & ]
[ coree ]
| Pick New Diodw | Part N, Mig. s Vbrkdr¥] | lave[s] | SPICE Model &
Diode Properties < q 1H914 otarala silican 5.0 0.2 .model TH314 D[l=
N AT b otaorala silican 5.0 nz madel TH4143 Dl
Dinde: D trS04148 Onsemi silicon 100.0 0z model MMSD4143
1HE317 b ataral Schattky 200 1.0 ‘model TN5817 DJ:
M anufacturer: 1ME218 Matoral Schattky 300 1.0 model 1M5818 DJ:
Tome: THEE19 katarala Schattky 40.0 1.0 madel THEE13 Dl
L BATS4 Wishay Schattky 300 03 model BATSS Dff =
. tMER 05200 Matorala Schattky 200 05 madel MBROS20L
A, Fonward Currentfa] | -
RS A 4] MERO520L Mataral Schattky 200 05  .model MEROS30L
Breakdown Yoltage[¥] |0 MERS1100 Motorala Schottk 100.0 1.0 mu:ndeIMBlﬂgSHEIEI b
< »




Assigning Transistors and opamp

o Similarly, assign the transistors to be 2N3904 and 2N3906

* Note: you will find some familiar components missing
(e.g. LM741 op-amp); you have to add them to LTspice

 All major manufacturers will have SPICE model files

O n I I n e <j - - @ ﬁ @ - ;,\”’ hittpe e, national . cammpf fLMLIM74 1 himl v | [ ' Im741 datashest

National

Semiconductor
Tha Sight & Sound of information ! WNER

L _ F
Select | Design | Buy | Explore | Contact Us | Analog University® | WEBENCH® Tools | My Profile Sign-0On

’ Search ” Order Parts ” Cross-Fef ] Home | About Us | Invesi

=7 Products > Amplifiers/Buffers/Comparators > Operational Amplifiers > General Purpose > LM741

4.
LM741 - Operational Amplifier Y
eﬁ'ﬁ-nam
Datasheet Packaging Samples & Pricing Reliability Design Tlicatiun Notes Knowled:
General Description Typical Application Also Recommended
The LM741 series are general *elick for larger image LME261 Higher Bandwidth,fastar Slew
purpose operational amplifiers Rate, higher Output Current, Sm
which feature improved -—1- Package
Efar:q?;jrgggﬁg\éﬁrelﬁqgsugy LM7 41 OUTPUT LMy 721 Wider Bandwidth, Lower Moise,
More I + [PERTET
LM7201 Improved Bandwidth And Slew
Lower Supply Current, Rail-to-rz

Input & Output

T Additional Resources 20

V- Design Tools (see below)



How to add LM741

e (Google for LM741, you will get to the manufacturer’s
web-site with link to Model file LM741.MOD

 Download it, it 1s an ASCII file in SPICE format:

¥ FEAEAAEESR R FEAESEAEEESES SRR
* [2) National Semiconductor, Inc.
* Models 1ght b?: \

* National Semiconductor, Inc.

w1111t iiiiiiiiiiieiiiiiiiiiiiiiiiiiiiiieiiieeeeeese 1L COMES from National
* Legal Notice: This material is intended for free software support.

* The file may be copied, and distributed; howewver, reselling the ESEE[T]'(:()r](le(:t()r

* material is illegal

FELSSSSSSSSSSSSSS S S S S S S S S S S S S S S LSS S S LSS S S SEAS A

For ordering or technical information on these models, contact: (:()rT]F)()r]Eer]t rT]()(jEBI

*
* National Semiconductor's Customer Response Center -
, describes frequency
* [g00) 272-9959 -
* For Applications support, contact the Internet address: response, InPUt and
| mmemsrpsbgRiaxy.nac.ea output impedance, etc
’ L]
RN 1 1
*LM741 OPERATICNAL AMPLIFIER MACRO-MODEL _Can be a' SUbCIrCUIt that
RN
) Includes other elements
* connections: non-inverting input
* | inverting input

* | | positive power supply
*

| | | rarrat drra vaTrayr osnvn e 21



How to add LM741

Place this file where LTspice will look for it, preferably in
the local directory (where you circuit file Is saved)

Add generic opamp (opamp2) to your circuit | g

Right-click on the symbol to invoke PRI
Component Attribute Editor pamp
Enter Value = LM741/NS

. . . C:hprogram filezhbchswcadintiblaymiopampshopampz. asp
(must match the first line in LM741.MOD
file, which is not a comment, i.e. not

preceded by *, something like
SUBCKT LM741/NS ...)

U2

,D

Attribte WYalue Y.
. . Prefix *
Add SPICE directive e L2
Spicebd odel
Value
WalueZ
Spiceline
Spiceline?

Jib LM741.MOD




Time Transient Analysis

Choose Simulate — Edit Simulation Cmd

Indicate Stop Time of 0.1 s |

Click OK and place SPICE
directive somewhere on
your circuit

.tran 0.1
Ready to go!
-2

Edit Simulation Command E|

rarseat | AC Analysiz | DC sweep | Moise | DC Tranzfer | DC op prt

arm & non-lingar, time-domain zsimulation.

Stap Tirme: |01
Time to Start Saving Data:
bl airmurn Timestep:
Start external DC supply voltages at 0v: [ ]
Stop simulating if steady state is detected: [

Step the load curent source: [
Skip Initial operating point solution: [

Syntax: tran <Tstopy [<option: [<option:]..]

ran 01

Cancel
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Looking at the result

L Tspice has nice tools to look at the waveforms, voltages

or currents, FFT (Fourier Analysis), gain amplitude and
phase (in AC analysis)

You can open multiple panes, plot signals versus time
or signal versus another signal

You can zoom In, zoom out, also activate scope-like
cursor(s) for more accurate measurements on waveforms

By default the mouse cursor transforms into voltage
orobe #° , however, when hovering over a component (or
pressing Alt over wire), it transforms into current probe

Pressing Alt over an element will report instantaneous
power drawn by the element (thermometer icon) ,,




AD 11l - [Draft1.2 M=E3

'l:' File Edit Hierarchy Wiew Simulate  Tools  Window  Help

e 3 T & QU Bl He® s+B20 8 02 053 X009 Aa op

- Second example will S I\/Iust include with this opamp! j
- demonstrate AC analysis D j o _\ '
llbopampsub

C1
|
||

01p

705K 795K ::"/..'....VO:“_t:::::

< Use _ideal opamp from
~ the list of components

B



Assigning Vin

* Right-click on Vin, then click Advanced. Use Small

signal AC analysis section.

Independent Voltage Source - Vin
Functions

(%) [none]

() PULSEMT W2 Tdelay Trize Tiall Ton Period Neycles)
() SIME[Voffset Wamp Freq Td Theta Phi M cycles)

() EXPN W2 Td1 Taul Td2 TauZ)

() SFFM[off Wamp Fear MDI Fzig)

OV PWALIE w1 12 %2 )

() P FILE:

tdake this information vizible on schematic:

DC 4 alue
DC walue:
t ake this infor

Small zignal AL analyziz[ AC]
AL Amplitade: |1
AL Phasze:

Series Resistance[a]:

Parallel Capacitance[F]:

h schematic:

t ake this infarmation vizible on schematic:

X

td ake thiz information vizible on schematic:

Cancel ] |

e

AC amplitude
1 volt
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AC Analysis

Choose Simulate — Edit Simulation Cmd

On AC analysis tab specify
type of sweep (decade),
number of points per decade,
Initial and final frequencies

Click OK, plant SPICE
directive somewhere

-ac dec 50 110K
Ready to go!
-2

randient | AC Analyziz

Edit Simulation Command

DC gweep | Moize || DC Transfer | DC op pnt

Compute the zmall signal AC behawvior of the circuit inearized about itz DC operating

point,

Tope of Sweep: |Decade
MHumber of points per decade; |50
Start Frequency: |1

Stop Frequency: (10000

htaw: .ac <oct, dec, line <Mpointer <StartFreqr <EndFreg:

.ac dec 501 10000
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Féj Linear Technology LTspice/SwitcherCAD Ill - Draft1.asc
File Edit Hierarchy ‘Yiew Simulate  Tools  Window  Help

e 3 T & QU Bl He® s+B20 8 02 053 X009

‘L( Draftl.azc t—’" Diraft].raw

Draft1.asc h:

"« Click on Vout to -
display Bode plot

_lib opamp.sub

— |
>—4——Vout

AC1<>
.ac dech0 1 10K -

100H=z 10KHz




Few gotchas

e “M” and “m” are interpreted the same by SPICE. Thus, a
resistor value of 10M is the same as 10m (ten milliohms)

— Use 10MEG (or 10E6) to specify ten megohms

e Do not enter “1F” or “1f” as the capacitance for a one-
farad capacitor (enter “17). “F” and “f” designate the
prefix femto (10-1°)

* When simulating astable circuits (multivibrator), specify
some small nonzero initial voltage in the positive
feedback to seed the oscillations

Initial conditions SPICE directive — .1CG V(vi) = 1u
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Additional resources

LTspice Supplement (read Part 1 Tutorial this week)
Documentation and examples installed with LTspice
Our PHY S3360 mailing group

Yahoo! LTspice group (great resource, kept active by
many thousands of users)

30



	Computer Modeling of Electronic Circuits with LTspice
	SPICE
	Netlist
	Netlist (closer look)
	LTspice IV
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Toolbar Summary
	Prefixes are case insensitive: T = t, G = g, and so on
	Slide Number 12
	SPICE analysis
	Adding SPICE directives
	SPICE use in this course
	Two examples
	Slide Number 17
	Assigning Vin
	Assigning Diodes and Transistors
	Assigning Transistors and opamp
	How to add LM741
	How to add LM741
	Time Transient Analysis
	Looking at the result
	Slide Number 25
	Assigning Vin
	AC Analysis
	Slide Number 28
	Few gotchas
	Additional resources

