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TUsunsu LTspicelV
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TFaude wasiddgyaens anunsaldaulalaglufidednialusesdiuiugunsal
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2. mgUuszasd

44' Yo = v a 1% v . ° ° 3
wielitinfnwlaseuiuasaasdld LTspicelV lunseaniuunagdnasin1svineuyes 1Wasuaugdon

3. YUABUNITAIIUIHATY LTspicelV

3.1 antilvian LTspiceIV‘ﬁ http://www.linear.com/designtools/software/|tspice.jsp

3.2 aslusunsy LTspicelV Ine double-click fAlwg LTspicelV.exe
3.3 \aSaaundenldom LTspicelv

4. NI5DBNLUULAZIIADINITNINIUINDTAY LTspicelV
4.1 Waldsunsu LTspicelV

4.2 @519 Schematic Iag Click “File” -> “New schematic”

AT Tspice IV = | (O] -
file \Vjew—Tools Help

B P \ l B
—

Ready

4.3 zleninanaiaunsalding Schematic Juun



LT | Tspice IV - [Draft2] — | (2] |-

-l: File (Edit) Hierarchy View Simulate Tools Window Help - & %
B & Me\w B s beMas@ Im+3 Y000 Aa op
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4.4 s1annsanngunsalinaglalae click “Edit” v3e Icons wianll viseaunsald Shortcut Keys

[

C wve &
Aneq lasall

Shortcut Keys #14¢)

flaridu Key A185U"Y

Draw Wire F3 NaaeliensiogUnsal

Label Net F4 sedeli Node lursasviil plot nsmlldine
Delete F5 or delete augunsal

Duplicate F6 Anaangunsal (copy and paste)

Move F7 gregunsal

Drag F8 favidedagunsallaeiidseiiu
Resistor R AR TUNIY

Capacitor C MAFAAUUTEY

Inductor L Madwnileanih

Diode D Malalon

Component F2 quﬂﬂiﬂiéu'ﬂ Wil NMOS, PMOS, etc.
Place GND G 379 Ground

Directive S 1afdaildlunng Simulation g
Text T TNVOANOTUIYANNE

4.5 NIFVHVEIINLIIIULAENTERAYERgluN1TINRUNTal (F2)



Select Component Symbol “

Top Directory: | CAPragram Files\LTC\L TspicelMjlib\sym ~|

Yoltage Source, either DC, AC, PULSE, SINE,
PWL EXP, or SFFM

[ Open this macromodel's test fixture ]

[valtagel ]

(22 C\Program Files\LTC\LTspicelMlibisym,

g2 nmos pnpd
nmos4 polcap
ind npn
ind2 npn2
LED npn3
load npn4
load?2 pif
Ipnp pmos
‘ Itline pmosd
mesfet php
njf pnp2
< {11} »

Com] [

Select Component Symbol “

Top Directory: IC:\ProgramHIes\LTC\LTspiceMjib\ m v]

Current source, either DC, AC, PULSE, SINE,
PWL. EXP, or SFFM

[ Open this macromodel's test fixture ]

[curren‘l ]

(22 C\Program Files\LTC\LTspicelMlib\symy,

Comparators] b g2 nmos
Digital] cap h nmos4
FilterProducts] csw ind npn
Misc] T in 2 npn2
Opamps] diode LED npn3
Optos] e load npnd
PowerProducts] e load?2 pif
References] f Ipnp pmos
SpecialFunctions] FeniteBead ltiine pmos4
bi FeriteBead? mesfet php
hi2 g njf pnp2

< I »

i)
Ll— it

4.6 ilenmsasiasaualaiunsaidennissiassnisintaulalag Click “Edit” -> “Spice Analysis”

LAYINNANAIAIUY Schematic



Edit Simulation Command ‘ ‘

Transient | AC Analysis I DC sweep I Noise I DC Transfer I DCop pntl

Perform anon-linear, time-domain simulation.
Stop Time:
Time to Start Saving Data:
Maximum Timestep:
Start external DC supply voltages at 0V:
Stop simulating if steady state is detected:
Don'treset T=0 when steady state is detected: [ |
Step the load current source:
Skip Initial operating point solution:

Syntax: tran <Tstop> [<option> [<option>] ..]

tran

[ cencel | [ ok |

4.7 BUIaeINIsvinaules Click “Simulate” -> “Run”

5. A19819N199NLUULAZIIADINITYINNIUYDII995V88 Common-source

51 919 NMOS lngfiun F2 wagidion “nmosd” ¢asy

Select Component Symbol “

Top Directory: [CM’rogram Files\LTC\L TspicelMlibisym v]

N-Channel MOSFET transistar with explicit
substrate connection(used for monolithic
MOSFETS)

I Open this macromodel's test fixture ]

nmos4| ]
N A N E W N -
(21 CAProgram Files\LTC\LTspicelMilibysymy, RO L T Y Y I T XTI [
by g2 nmos pnpd
cap h (T N ool cap
CSw ind npn res
current ind2 npn2 res2
diode LED npn3 schottky
e load npnd SW
e2 load2 pif tline
f Ipnp pmos wvaractor
FerriteBead Itline pmosd voltage
FertiteBead? mesfet pnp zener
o njf pnp2
< {L1) »

Cancel

5.2 manuILile Edit AaautAves NMOS4 Tagld Model name “N_1u” wag L = 1e-6, W=10e-6

kazAan OK



— 3
Monolithic MOSFET - M1 g

Model Name: N_Tu M
Lengh(.) [ concel

Width(w): 10e-6
Drain Area(AD):

Source Area(AS):

Drain Perimeter(PD):
Source Perimeter(PS):
No. Parallel Devices(M):

N_Tul=1e-6 w=10e-6

53  afguniu R uay click ¥iieldan R = 100 KQ

Manufacturer:
Part Number:

Resistor Properties
Resistance[Q]:
Tolerance[%):

Power Rating[W]:

54  Maunasaglidudlagiun F2 Lagiden voltage

e

Top Directory: | CiProgram Files\LTC\L Tspi i n

Voltage Source, either DC. AC,
PULSE, SINE, PWL EXP, or SFFM

[ Open this macromodel's test fiture ]

(22 CAProgram Files\LTC\L TspicelMilibisymy,

load npn2 polcap
load2 npn3 res

Ipnp npnd res2
Itline pif schottky
mesfet

njf

nmos

nmos4

npn

55 AANUUL Voltage source ile Edit AavanURAves Voltage source Tdr1 DC value = 3 V



R1
100e3 v

— v

M1

H:H:' Voltage Source - V1

N_1u
! ]
DCvaluelv]: 3

Series Resistance[Q)]:

5.6 7379 Ground
5.7 279 input voltage source lagfiun F2 Lazldon voltage LazAdnvI1UU Voltage source Liie
Edit Aauaud® uazadn Advanced Livaidenuiinuad voltage source lngtdan SINE voltage

source wayly DC offset = 1.5V, Amplitude = 10e-3 V, Freq = 100e3 Hz, AC amplitude =

1 hag Aan OK

Independent Voltage Source - V2 &

Functions DCValue
) {none)

) PULSE(V1 V2 Tdelay Trise Tfall Ton Period Neycles)
@) SINE(Voffset Vamp Freq Td Theta Phi Noycles)

Make this information visible on schematic:

CIEXP(1 W2 Td1 Taul Td2 Tau?) Small signal AC analysis(AC)
_) SFFM(Voff Vamp Fear MDI Fsig) AC Amplitude: 1
(I PWLIT w1 t2v2.) AC Phase:

*) PAWL FILE: Brows Make this information visible on schematic:

@

Parasitic Properties
DC offsetv]: 15 Series Resistance[Q)]: |
Amplitudev]: 10e-3
Freg[Hz]: 100e3
Tdelay[s]:
Theta[1/s]:
Phi[deqg]:

Parallel Capacitance[F]:

Make this information visible on schematic:

Neycles:

Additional PWL Points

Make this information visible on schematic: Cancel ] [ 0K




5.8 LAy Draw wire 11931972935 Common-source é'f\‘lgﬂ

file Edit Hierarchy View Simulate Tools Window Help
| BE @ %40 Q0aR =0 HRE L REH A8 LoD+ 3 YDYDD iniidor

¥
v A

59 Save file Ingds®® csamp.asc 1391 working directory aufidesnis 1u C:\homework

510 1d model w84 transistor tiesiassnisvinaulaelsy download model file 910

http://cmosedu.com/cmosl/cmosedu_models.txt 159 directory wgnfufulnauas
schematic 1y C:\homework

5.11 fen Spice directive wagiiun “.include c:\homework\cmosedu_models.txt” wazadn OK

How ta netlist this text Justification m
@ Comment I@—'—

(@) SPICE directive [ ]vertical Text

Iinclude cihomeworkicmosedu_models .t

Type Ctrl-M to start a new line.

5.12 don Label Net #i node input L output T dudie Vin uaz Vout



Net Name_ . ]

S (©)GND(globalnode 1)
- () coM

BE Vo )

{Porttype is only visible if drawn at the
end of a wire.)

| cancel | [0k |

5.13 1den Spice analysis Iaeiden transient analysis Tnaiden Stop time = 100e-6 s, Time to

start saving Data = 0 s, and max. Timestep = le-6 s

Transient | AC Analysis

Perform a non-linear, time-domain simulation.

Stop Time: 100e-6
Time to Start Saving Data: 0
Maximum Timestep:
Start external DC supply voltages at 0V:
Stop simulating if steady state is detected:
Don'treset T=0when steady state is detected: [ |
Step the load current source:

Skip Initial operating point solution:

Syntax: tran <Tprint> <Tstop> [<Tstart> [<Tmaxstep>]] [<option> [<option>] ..]

tran 0100e-6 0 1e-6

Loma ] [ ]




5.14 Run simulation Wag plot dgygyras Vin and Vout Iag Click “Add Trace” 1@on V(Vin) uag

V(Vout)

Only listtraces matching

Available data: [] Asterisks match colons

ivin) ]
Vivout)
W(n001)
I(R1)

I0v1)
I(v2)
lh(t1)
Id(h1)
Ig(M1)
Is(M1)
time

Expression(s) to add:

Vivin)
AutoRange




File View PlotSettings Simulation Tools Window Help
P& P *0 QAR ECEBE 4 BBREE| L D=3 YDD0DCMHMr
., CSamp ¥ csamp

V(vin) V(vout)

VAN VAW AV ANV VA

10ps  20ps  30pus  40ps  50ps  60ps  70pus  80ps  90us  100ps

DBl s [e]o]s © © & o[m]aa]ls]  EEEGCEECTI

5.15 1@en AC analysis lagidian Type of sweep WUy decade ,number of points = 100, start

frequency = 1e3 Hz , stop frequency = 100e6 Hz

lw AC Analysis

Compute the small signal AC behavior of the circuit linearized about its DC operating
point.

Number of points per decade: 100

Stop Frequency:  100e6

Syntax: .ac <oct dec, lin> <Npoints> <StartFreq> <EndFreq>

.acdec1001e3 100e6




LY LTspice IV - CSamp. = | ]

File View PlotSettings Simulation Tools Window Help

BE AP0 QAR |IEI ERE s H S S
_cSamp| ¥ CSamp
1~ csamp e | € csamp Slal=]

Vivout)

AC1
SINE(1.5 10e-3 100e3)
.include 1l i I_models.txt

;tran 0 100e-6 0 1e-6 op
.ac dec 100 1e3 100e6

x=931781KHz y = 83508, 185.887°

6. LGLUTUNTU LTSPICE 31809AMENHMUE |ns-Vps Y83 NMOS vu1n W=10um L=1um TnelUasuuas
WS9HU Ves 970 0 B9 5 V flag 0.5 V waztUasunladusssu Vos 910 0 89 5 V flag 0.1 V Tnglindon
1519 lps Vs Vps EMSUATINU Vs A9 WAZAIIMNIAT Ky=WnCop V1, A, B80T g

7. awhnssiaeddude 6. Snadilneld NMOS vun W=100um L=10um LAZOSUIIAINLLANANS
Yoinsmiileante 6. uazde 7 7Ananesls

8. lglUsunsu LTSPICE 31804AaN®ME |ns-Vps ¥ad PMOS w1 W=10um L=1um Tnowlasuutas
WS99 Ve 90 0 89 5 V 718z 0.5 V waslUasunuasusasi Ve 990 0 519 5 V fiaz 0.1 V Inglingen
A5 Ips Vs Vps EMSUAILIINU Vos A9 BAZAIUINMAT ko= WCoy, Vi, Ay, UBT .

9. awhnissiaedlude 8. nadilneld PMOS 4u1m W=100um L=10um WazesuI8AALANATYDS

AsNAA1INTD 8. warde 9 IAnANaLls

10. 1BNE15819949

[1] LTspice Tutorial http://denethor.wlu.ca/ltspice/

[2] Another LTspice tutorial http://web.cecs.pdx.edu/~ssuzuki/engr_notes/\tspice/LTSpice_help.pdf

[3] CMQOS analog and mixed-signal design http://cmosedu.com/

[4] YouTube tutorial on LTspice http://www.youtube.com/watch?v=lyADW32wi10

[5] LTspicelv download page http://www.linear.com/designtools/software/ltspice.jsp

[6] LTspice tutorial from McGraw Hill http://highered.mcgraw-

hill.com/sites/0073106941/student_view0/lt spice instructions_and support_files.html



