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The Best Simulators are
Developed by the Concerns that
Need them.

e Best charged-particle optic simulator: scanning electron microscope company
e Best MOSFET circuit solver: Intel
e Best radar return solver: Government Intelligence

e Best analog circuit solver: IC company, Linear Technology Corporation

Software companies can’ t compete because it isn’ t possible to recoup the NRE with
licensing fees. For example, PSpice grosses a few million dollars a year, but LTspice
is used in the design and sale of about a billion dollars worth of IC’ s.
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Time Line of SPICE

CANCER (Computer Analysis of Nonlinear Circuits Excluding Radiation)
SPICE 1 (Simulation Program with Integrated Circuit Emphasis)
SPICE 2 (Larry Nagel's Ph.D. thesis is the user guide)

SPICE 2G6
SPICE 3 LTspice XVII
SPICE 3F4 LTspice OS X
| LTspice IV (multi-threaded
e g B o - & self-authoring)
2 2 ﬂ 2 2 2 Py = - = 10,0_00,000 base
> g 8 g g LTspllcs_downldoa::ds.
- = 8 ~ BN i radiomution)
a s B / Y
= '|" 'I" LTspice/SwitcherCAD III

pPower SwitcherCAD (SMPS simulation)
DOS SwitcherCAD (SMPS synthesis)
Linear Technology Corporation founded

e LTspice has been the industry de facto standard since mid 2000’s
e Downloaded 4 times per minute(excluding updates)
e Distributed 100’s of times more than any other SPICE program
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L Tspice XVII e

AT | Tspice XVII - Pierce.asc

File Edit Hierarchy View Simulate Tools Window Help
P& HETF0QE0ARIRIIBRY I DEMNAHE LD +3F¥DYOD

-, Pierce.asc E@

K1L1L2L31.

1.0ms 1.2ms 1.4ms

630 e Multi-monitor

1N4148

.tran 1.5m startup ) X64

This example schematic is supplied for informationalleducational purposes only.

o UNICODE
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Drafting Your Own Circuits

e General Purpose Schematic Capture/#]
- Unlimited schematic size
- Unlimited depth of hierarchy
- Bidirectional cross-probing
- Graphical Symbol editor
- Complete documentation

e Macromodels of 2500 Analog Devices Products

e Integration with Industry Superlative SPICE Simulator
- Unlimited, professional SPICE proven for IC design
- Unmatched combination of robustness, accuracy, speed and compatibility
- Advanced analysis/simulation options, parameter sweeps, FFTs, etc.
- Use 3™ party models
- Active independent users’ group
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&~ v > This PC » Documents » LTspiceXVIl » examples » Educational > v O  Search Educational P
= Th ~ 5
This PC : ; [ i ) il
ne b h :: =398 T —t ‘L- S I’Jz«’
m Desktop i . ¥ ey e
2 Documents contrib FRA PAsystem 160.asc 1563.asc  alacartRoye astable.asc  audioamp.
r.asc asc
Custom Office Templates
et 'REHS Examples using LTspice as a T
”:;CGXV” general purpose SPICE program /... ocoppntes
I T ] . Br.d i
examples = = -
Educational = S T E%_Q?mw et Ty :;QT« L,
. o o o o o ST o o
Ngs dimmer.asc  Draft3.asc Eca GFT.asc HalfSlope.a  Hartly.asc Howland.as IdealTransf
lib i c ormer.asc
emp Model Test Jigs — one for each - -
. . s, _—
- micromodeled Linear product by iy B
sub E] gamp.asc  LoopGain.a LoopGain2.
sc asc
sym _
OCEANIC B TRT s Ris o e
Outlook Files e o o o ey
v MC1648.as MeasureB  MonteCarlo  NES555.asc NF.asc noise.asc NoiseFigur ~ NonlLinearTr
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Additional Resources for Example Files

e http://www.analog.com
- Some products feature an example LTspice schematic —

ony i HOHS
Reliability Data
RoHS Material Declaration

Ssamples Simulation

For samples contact your local 2ales office. How To Simulate The LTM4600
LTspice Demo Circuit

- http://grou pSIO/g/LTSpICG (formerly http://groups.yahoo.com/group/LTspice)

e FAE's at Analog
e | Tspice@analog.com
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Waveform Display Features
* Plot expressions of data assisted with cross probing 2
- Cross probe voltages, device and port currents
- Differential crossprobing
- Dissipation expression composed by the schematic
- Current in a “wire”
- Dimensional analysis L
- Horizontal panning with the mouse tilt
e Waveform average and RMS calculator
e Fourier analysis (both .four statements and FFT's) 2
e Dynamic waveform data compression 2
e Multiple plot planes
- Attached cursors ganged across plot panes 2]
e Eye diagrams 2] 2]
e Complex data: Bode, Nyquist, and Cartesian 2
e Parametric plotting (X-Y plotting) 2
ANALOG
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What Usually Is Modeled?

- Typical performance at room temperature

e Error amp
- Gm
- Source/Sink Current

e Oscillator
- Frequency
- Duty Cycle Limits

e Switch logic

e Switch current limit

e Switch beta Ed|
e Peak current vs error voltage [7]
e Slope compensation

e Burst Mode ]
e Switch minimum on time

e Pulse skipping ]

e PLL capture & phase lock Ed]
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What Usually Is Not Modeled?

e Production scatter

e Behavior over temperature

e Catastrophic failure modes 2

e Strategic simplification: Oscillator SYNC pin(unless the device has a PLL)

e Tactical simplifications mentioned on the symbol
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What Can’t Be Counted on to
Modeled or Not?

e Igin all modes

e Misc features in shutdown

DEVICES
LT1533 Case Study
e Voltage and current slew rate limiting
e Complex control logic
e External timing capacitor
e Timing-cap current look-up table
e Demo board available
e Difficult to get efficiency analytically
DEVICES 2
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Demo Board Schematic

Y% LTspice IV - [1533demo.asc] [ =133
4 He Edt teerarchy Yew Smuste Jooks Window Heb BEE
PREe d T F @ QAR E BEay i O8 Ly 3 XD0HBOD Aa op
D4
K1L213 1415 1. K] 21617 1 —
. MBRS140 _E:!
L2 L4 D2 “L,g"
537 1837 5 33p
L MBRS140 _\w— D R8
357
. L L3 215 _f?}_ = UUU o o
B PGND — 0§ o>
. S 5371 5 1837u | MBRS140 105 _I—sap
—{coB 3 CcoLA [ - POS
MBRS140
= Vin
LY R4
— rvst ——— A/ —>
cs Rs 17K
FHF—— rResL —AA—D R2
1.15n R3 LT1533 17K S
G rt SHDN — ’
18.2K R6
FB Ve R1
|‘3 68k |Ca 2537
e GND > ;|;15°°P ;|;olsu _tran 2m startup
ANALOG . .
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Vin 5V
Vout = +/-5V
Iout = 28mA

Linear Technology Switcher CAD Il - [ 28nvsl.asc)
¥- Elle View Window Help

Bl £0| ajajalal sl SiwE| [ le]s) sl

x=21866s y=18.00
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With Voltage Slew Limit

Vin = 5V
Vout = £5V
Iout = 28mA

x=70.66ps y=12.00V

ANALOG
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LT1533 Efficiency Comparison
LTspice Demo Board

Min. Slew Rate Limit 73.0% 75.0%
With Current Slew Limit 66.0% 65.4%
With Voltage Slew Limit 63.0% 62.0%
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SMPS Stability
or
Open Loop Response From the
Closed Loop System

. BT BT . BT LJtd

LmEd
2 fd
£
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Three Numerical Methods Account
for the Success of SPICE

e Newton iteration
e Sparse matrix methods

e Implicit integration
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Newton Iteration

Circuit to Simulate
I .

‘ 1mA

SPICE Solver

Initial Solution Guess Newton-Raphson Ilteration
V[0] = oV ) V[n] ) ) Vin+1]
| D l D
BN D \ L C - 1 AL C 1
$) oY, Linearize > CT) = (:_ ) [GIIVI=[ > ( &) R T
[1mA MMmA ] GInl ‘ A | GInl
i m | - Iin] Solve Matrix m ' "l
: for Voltages | T
[ D I
\1‘ Linearize About New Voltage Solution
Robustness depends G[n] — G[n+1] In] —> I[n+1]

on the I-V curve
implementations being
representable as
straight lines, i.e.,
continuous in value
and slope
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Berkeley Diode Di tinuit
44 Diode - PSpice A/D - [Diode.dat (active)] =8 X T | Tspice XVII - [Diode.cir] o [ ]
B File Edit View Simulation Irace Plot Tools Window Help 88 __- | & | x \‘ E File View PlotSettings Simulation Tools Window Help ol e

o— \ \ m— BEHT N QRQARAR RG] ERE & eSS

-996nA-T

-998nA -+

-888nA

802nA
300mU 286mU
o I(D1)

-300mV -280mV -260mV -240mV -220mV
For Help, press F1 Vl=-2 100% HINNRENRE N Right-Click to manually enter Horizontal Axis Limits

PSpice LTspice
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Berkeley MOS Discontinuous Value

4 DiscontinuousValue - PSpice A/D - [DiscontinuousValue.dat (active)] - y T L Tspice XVII [DiscontinuousValue.cir] L="]

JIET =5

‘L;LI'E View Plot Settings Simulation Jools Window Llelp
EErE RS CC - E LI LT T

B File Edit View Simulation Irace Plot Tools Window Help B - = x |

9.6V .8 10.0V
ID(M1)
U1

For Help, press F1 Vl= 105 100% HNNNEENN I x = 10.500V y - 0.503A

10.0V 10.1V 10.2Vv VvV 10.4V  10.5V

PSpice LTspice
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##4 DiscontinuousSlope - PSpice A/D - [DiscontinuousSlope.dat (active)] = X P L Tspice XVII - [DiscontinuousSlope.cir] =y x|
B File Edit View Simulation Trace Plot Tools Window Help B _- | & | X \‘ File View Plot Settings Simulation Tools Window Help = x

B E 5 F QAR EHHR® B0 s OHS
Id(M1)

3.08

PSpice LTspice
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Newton Iteration

Circuit to Simulate

N lr/,-"l T
I 1mA
=7 Speed depends on how
fast you can compute
SPICE Solver and solve this matrix
Initial Solution Guess Newton-Raphson Iterat.on
V[0] = OV V[n] V[n+1]
[ D D
JEE Y D . JuN | L - L e
(1) % Linearize > (1) < (¢) mewvEm>(4) < (%)
b TR = - d N A g G[n] W - ) S Na :1’ ™ < G[n] N '—v—"/
AT AR I I Iin] Solve Matrix m l "l
T for Voltages T
1 J )
\ Linearize About New Voltage Solution
G[n] — G[n+1] IIn] —> I[n+1]
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Simulation Speed Determined by

1. Time to Compute the Matrix

2. Time to Solve the Matrix
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Simulation Speed Determined by

"Compute the matrix”
means computing
these coefficients

O(N):

G11 G12 - - - G1n vi
G21 G22 v2
Gnl Gnn Vn

"Solve the matrix”
means solving for
this vector

O(N?2):

So use smaller m
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LTspice’s multi-threaded
solver computes these
coefficients in parallel.

I1
I2

LTspice’s self-authoring solver
allows the matrix be solved at

the theoretical FLOP limit

atrices!

Matrix Node Reduction
1 SPICE/LTspice _ D > Norton
N Integrator ' ) ~  Equivalent
r_, ]
t
< L SPICE _, > & 2 & 2
K Integrator T ' | iy l
< T < Three
§ 7 internal
(") nodes
:_l[
f . J: i) No
e == == Irl;t-:-asg‘::actirﬁ EC) = internal
L, i nodes

But what happens to t
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Matrix Node Reduction

SPICE/LTspice
Integrator

,,,,, _ 1 SPICE
T Integrator

\ LTspice

T Integrator

Node reduction imp

Norton
Equivalent

1 |

L
I
Three

internal
)} nodes

No
internal
nodes

roves accuracy!
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® 0O o0 -, ACcap.asc | C
&) (&) P Q. (norma ) il 1€ (P x = 58.550Hz y = -8.411dB
R1
C3 -8dB
1T == -10dB
ci Rser=1T -12d8
1 -14dB
V1 ' —16dB
Cb A B -18dB T T
T R2
ACT 1T Cc4 .02054dB—|
= ol .02058dB—|
c2 Rser=1T
.02062dB—
= l1 == 5. 02066dB—|
.AC OCT 100 1K 100K e
Node reduction improves both speed and accuracy [#]
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Implicit Integration

e Circuit reactances give rise to differential equations that are
numerically integrated.

e Because the solution looks like exp(-const*time), if a normal
method; e.qg., Euler is used; the error would exponentially deviate
from the correct solution and diverge to infinity.

e Implicit methods; e.g., backward Euler; are used in circuit
simulation to avoid the singularity. Unfortunately backward Euler
is extremely slow and inaccurate, so 2" order methods are used.

ANALOG
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2"d Order Implicit Integration Methods

e Trapezoidal(trap)
- Potential for Ringing artifact
- Fast
- Accurate

e Gear
- No Ringing artifact
- Slow
- Inaccurate

e Modified Trap(proprietary to LTspice)
- No Ringing artifact
- Fast
- Most accurate method known

ANALOG
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Gear Integration Error

I1
c1 L1
:|: 50m
dp PWL(0 O .1m .1 .2m 0)
S T S

(. PSpicatiror PSpice A [PSpicaterar. dat (activ =T
Bitie C® yow Smuson [ace fot Took wndow two gl = | x
0~ oL &

QAW MWre ™ %W o

B @ffd e

. ‘ TEI\ Anchn i f Bovicesy

100 EEEEEESEES

PSpice LTspice
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Gear Integration Error In Context of a
Practical Example

LTspice IV - [amp.asc] @§|
1 Eile Edt Herarchy Yiew Smulste Tock Window Help - 8 x
P d P F LN = == ERad M O 5D +3 000D Ax op
! vi
RS
Q9 Q10 P
Q3906 Q3906 10
Q3
Q3906
R4 c2 as
11
10K 10p = Q3904
a7
2K
04 Ak " Q2219A
Q3904 | po1p
o 1 our
9.09K

pulse(0 .1 0 10u 10u 50u 100u)

model Q3904 NPN(Is=1E-14 Vaf=100 Bf=300 1kf=0.4 Xtb=1.5 Br=4 Cjc=4p
+ Cje=8p Rb=20 Rc=0.1 Re=0.1 Tr=250n Tf=.35n Itf=1 vtf=2 Xtf=3)

.model Q3906 PNP(Is=1E-14 Vaf=100 Bf=200 Ikf=0.4 Xtb=1.5 Br=4 Cjc=4.5p
+ Cje=10p Rb=20 Rc=0.1 Re=0.1 Tr=250n Tf=.35n Itf=1 Vtf=2 Xtf=3)

+ Ikf=.2847 Xtb=1.5 Br=6.092 Nc=2 Isc=0 Ikr=0 Rc=1 Cjc=7.306p Mjc=.3416 Vjc=.75 Fc=.5
+ Cje=22.01p Mje=.377 Vje=.75 Tr=46.91n Tf=411.1p Itf=.6 Vtf=1.7 Xtf=3 Rb=10)

1K
model Q2219A NPN(Is=14.34f Xti=3 Eg=1.11 Vaf=74.03 Bf=255.9 Ne=1.307 Ise=14.34f v2
Jtran 100u 100U
-10

(448,1109)

ANALOG
DEVICES Z

Copyright © 2018 Analog Devices, Inc.



Gear Integration Error In Context of a
Practical Example

e e —

- - 1O0X%]

BT Edt vew Smuston Irace Plot Toos Window teb B 35 Fle View BlotSettings Smdston ook Window beb

i SELUS e > BE @ T £ QO\C\Q\LL.E%% L W=
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: ‘ !
) |.|‘ ‘H [
@ H }
™ | |
. |
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0|1 70p. QU 90} 100}

PSpice LTspice
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Trap Integration Artifact

- 0%

e
45 Fle Wew PlotSettngs Smuston Toos Window bielp

BE E T ol Ed EBT farn 08
IV1)

Biﬂ“x"-’f QO\O\QE-:.L.E%%,% N o8
1)

Trap Modified Trap
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Trap Integration Artifact Circuit

LTspice IV - [Trapringing.asc]

4, File Edit Hierarchy Yiew Simulate Tools VWindow Help
RS E DA Qooar B B2 oM O8 LD +£3 XDV 0 An o
: V2
Vi ‘H} :1
<
Q @ . SUT —
PULSE(O 3.3 1n 1u
( ) ‘r-& M2
| N
dran 0 1.2u 0 .1n N
.model N NMOS(Tox=20n Vto= .5 Gamma=.5 UO=650 Rs=10)
.model P PMOS(Tox=20n Vto=-.5 Gamma=.5 UO=650 Rs=10)
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Trap Integration Artifact Circuit

e =3 | Tspice IV - [ Trapringing.cir]

12 B wew PotSettings Smuetion ook Window Heb

PeE d T 4 QAR B ERT 2o n O8
i)

BB Edt Vew Smuston Jrace Blot Tpos Window Hep M || X

A BBUS Tisprngng »
Q@G Q MaxwB ERP - F

> B ‘ T3\ Arakysia £ Wakch | Devices |

0% HENRRRRERR

PSpice LTspice
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Three Numerical Methods Account
for the Success of SPICE

e Newton iteration
- Need I-V curves continuous in value and slope ;¢ Robustness

e Sparse matrix methods
- Node reduction for speed and accuracy

- Compute matrix coefficients in parallel threads {@ Speed
- Solve matrix with self-authoring code

e Implicit integration
- Proprietary modified trap Zrs _ .
- speed and accuracy of trap ;%@ Integrlty

- No trap ringing

ANALOG
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L Tspice was not the first SPICE
iImplementation, nor is it the only
free SPICE, but it is the best and

most widely
used SPICE implementation.
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L Tspice Behavioral Simulator

e PSPICE style behavioral modeling 2

- Legacy POLY() statements

- Arbitrary expressions

- Laplace

- Look-up tables.
e Arbitrary capacitance: write an expression for the charge. [#]
e Arbitrary inductor: write an expression for the flux. ]
e An original mixed-mode simulator -- not xspice based. 2]
e Co-simulation for very complex models Ed]
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Example Mixed-Mode Simulation

e i Laplace=1.
V=rand(time*500) >= .5 ma 1.1K r t o)
7 space=.9K Laplace={w0/Q}*s e / g;ggozs D
;.options baudrate=500 delay=.6m /(s*s+{w0/Q}*s+{wO0*w0}) AM
: mtol=10 cache=2 )
mark=2K space=0 :
.params w0=2*pi*1K Q=5 .tran 0 300m 10m
ANALOG
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Mixed-Mode Simulator

e Computationally lightweight

e Tight feedback between analog and digital circuitry

- Implemented as a mix of intrinsic SPICE devices
and ~30 optimizing HDL compilers.

- Predictors aid timestep control.

e Easy to program so that models for new products are
usually quick to be generated.

ANALOG
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wo hase SMPS & PLL Capture

QoarR BY OB IDEM 08 LIB2F3FTDOBOOC An 2P

|||||||

ANALOG Total elapsed time: 5.508 seconds.
DEVICES Ed
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Chan et al. Nonlinear Magnetics
Extended per US Patent 7,502,723

A computationally lightweight model that uses only three
parameters to specify the core’s major hysteresis loop:

Hc: Coercive force [Amp-turns/meter]
Br: Remnant Flux Density [Tesla]
Bs: Saturation Flux Density [Tesla]

B

Bs_
Br )
major hysteresis loop " e
A / / initial
: I —1{/ magnetization
minor loops_ // | — I/
P e L~ M curve
f A/ »"?.f i
" /1
!« .'I,l H
'/./f ‘l Hc

ANALOG —
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Gapped Core Magnetic Solver

e Core physical dimensions specified with four parameters:
Lm: Magnetic Length(excl. gap)[meter]
Lg : Length of gap [meter]
A: cross sectional area [meter**2]
N: number of turns

s Yndow e
Qe Ed Ba% sheoMa O&

- DX

I1 L1
Hc=16 Bs=.44 Br=.1
A=5u Lm=2m
PWL(0OO11) [ Lg={1u*Lg} N=100

.tran 60m .step paramlLg4 101

.
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SMPS Inductor Saturation

QQQE\ i::L, BERa% 2 o5

.l’

“u |\\|1|l|‘H1'\III A
i LR AL

I
il
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Core Saturation Considerations
e Saturation flux density goes down monotonically with temperature
e Maximum service temperature plus self-heating
e Controller peak current production scatter
- Startup/tran5|ent/short circuit conditions
o LTsp-ce » [smpssamn raw
Tl u mu gl mu \H !Ill\wl\
If you use the worst inductor that works in simulation, you wiill
have failures over service temperature and production scatter.
ANALOG
DEVICES Ed L
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Simulating Transformers

Qo BEd Ba% st O8

jbﬂ"rff

Mutual coupling K-statement
placed as a SPICE directive
on the schematic

" is -“' ap i Bus 10ps 2us ) -l_-_ I
e —m’

IN KiLilL21.

H::Q

PULSE(0 1 0 10n 10n .5u 1u)

.tran 20u
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Multiple Windings

Féj LTspice IV - [Xform4.asc]

‘.E’Tm";wﬂ E:?AEE _ée _QQ_V ::JE =T £ B d 58 LB 3T OO y ~Aa
'K2L5L61. K5L6L71.
§K3 L5 L7 1. K6L6L8 1.
 K4L51L8 1. K7L7L8 1. KiL1L2L3L4 1.
L5 L6
100pu;: 100p — 100u 100|.|
L7 ° L8 L3 ‘L4
100p; 100p 100p; 100p
e . : N{N—1)
For N windings, the number of mutual couplings is >
2 2
ANALOG <l <l
DEVICES fd
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L Tspice's Special Enhancements
for SMPS Simulation

Automatic Steady State Detection and Efficiency Computation
VDMOS MOSFET Model

Node Reduction

Mixed-Mode Simulator with intrinsic SMPS controller functions

Nonlinear magnetics with gapped magnetic circuit solver(US Patent 7,502,723)

ANALOG
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VDMOS MOSFET
Normal Monolithic MOSFET VDMOS
(Used in IC’s) (Discrete Power MOSFET)
Source

/ Gate \

Gate

Bulk(Substrate)

() (]
Drain-Source
}—, Current Path |
G*{ — B qu
’_l G I—qn
(2] w
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DEVICES d

Copyright © 2018 Analog Devices, Inc.




LTC Proprietary VDMOS Model

Replace a problematic subcircuit with a single new intrinsic SPICE device

VDMOS |\ Ced
3* Cgidmax
?Rd Rb
C*atanfa*) gd)+D / A'tanh(a*Vgd)+B
_/\R/\,J Body
g Rs Diode P

Cgdmin —

ANALOG
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VDMOS Gate Charge Behavior

W LTspice XVII - Qgate.raw

File View Plot Settings Simulation Tools Window Help
PEETFIAQAR L ERE 2R HOSS )

- Qgate.asc E2 Qgateraw

S =

12ms 18ms 24ms 30ms 48ms 54ms 60ms|

,sz 11

2
ate %mmbv 10. 15
1y

.tran 60m
.ic V(gate)=0
.model D D(Ron=1u Roff=1T)

x=3277ms _y =6.66V

ANALOG
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And That's Often Not Even
the Worst of It!

To get the charge correct: [#]

The I-V curve got botched: L

ANALOG
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How Do I Add 3 Party Models?

e .model Statements

- supply parameters for the built-in device equations
of native internal devices.
- Common for diodes, bipolar’s, and JFET s

2 7 7

e .subckt Statements: Random Libraried Circuitry

- Automatic symbol generation!
2 A

ANALOG
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Beware of OpAmp Models

e Boyle Model 2

e Noise 2

DEVICES
Misc. Advanced Features
e Waveform plot annotations 2]
e Hierarchy L
- automatic symbol generation 2 (2
e BUS's fd
e Fast Access file format 2 7
e .measure statements fd
e Optional double precision data files [#]
e Read/Write .wav files 2 2 A 2 2 A
e URL's in a .lib and .inc statements (2]
e Color Preference Editor
DEVICES
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Misc. Advanced Techniques

e User-defined parameters & functions

[

e .step’ing a user-defined parameter

- Overlay simulation runs

- Parameter sweeps

- Monte Carlo

- Optimization

- .step’ed .meas data can be plotted

e Place .op data on the schematic

e Using the Universal Opamp Model

T e I T
[
[

[

Complete Help Documentation

£ LTspiceHelp

Hide

© = H-
Back Print  Options

- o X

Contents | Index ] Search l

o

<

- @ Modes of Operation A
- @ Schematic Capture
- @ Waveform Viewer

@ LTspice®

@ Introduction

&0 Dot Commands

2 .AC - Perform an Small Sig
2 BACKANNO -- Annotate th
[2.DC -- Perform a DC Source
~[? END -- End of Netlist
-2 ENDS - End of Subcircuit |
-3 FOUR -- Compute a Fourie
2 FUNC -- User Defined Fun
2 FERRET -- Download a Fil
[ .GLOBAL -- Declare Global
[ IC —- Set Initial Conditions
2 INCLUDE -- Include Anothe
-3 LIB -- Include a Library
2 LOADBIAS -- Load a Previt
-2 MACHINE -- Arbitrary State
-2 MEASURE -- Evaluate Use
[ MODEL -- Define a SPICE
2 NET -- Compute Network |
2 NODESET - Supply Hints
[ NOISE -- Perform a Noise
[2.OP - Find the DC Operatii
2 .OPTIONS - Set Simulator

.. PARAM . llser-Dafinad P; ¥
>
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Circuit Description

Circuits are defined by a text netlist. The netlist consists of a list of
circuit elements and their nodes, model definitions, and other SPICE commands.

The netlist is usually graphically entered. To start a new schematic, select the
File=>Open menu item. A windows file browser will appear. Either select an
existing schematic and save it under a new name or type in a new name to create
a new blank schematic file. LTspice uses many different types of files and
documents. You will want to make a file with a file name extension of ".asc".
The schematic capture commands are under the Edit menu. Keyboard shortcuts for
the commands are listed under Schematic Editor Overview.

When you simulate a schematic, the netlist information is extracted from the
schematic graphical information to a file with the same name as the schematic
but with a file extension of ".net". LTspice reads in this netlist.

You can also open, simulate, and edit a text netlist generated either by hand or
externally generated. Files with the extensions ".net", ".cir", or ".sp" are

recognized by LTspice as netlists.

This section of the help documents the syntax used in netlists, but occasionally
gives schematic-level advice.

General Structure and Conventions
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Updates With Field Sync

e Incrementally updates your installation off the web

e Automatically merges databases of devices

e Free Lifetime Updates

P [=1E3

lesplceIV
Eile View | Tools Help

| B @ | & °F Control Panel AECEE IR L I AT
) Color Preferences

’,."'E This utility will check the Linear Technology web site for
- new models and a new version of LTspice/SwitcherCAD Il

You may want to establish vour internet connection
n your usual manner before selecting "OK" to continue

| oK & I Cancel I

Check Linear Technology's website for updates i
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Thanks for Listening!
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