Introduction to LTspice

Lab 1



et us start: What is SPICE?

« SPICE stands for Simulation Program
with Integrated Circuit Emphasis.

 SPICE Is as close to a universally
available package for doing numerical
network analysis as one can find.



Getting LTspice

* On the handout, Is the procedure to access
L Tspice on ASU’s computers.

* You can download LTspice from the EEE202
Lab Blackboard website or
www.linear.com/LTspice



http://www.linear.com/LTspice

Accessing LTspice Today

« Turn on the computer.

* Use your ASURITE ID and your own
Password to log on.

* Click on “Start”, then choose LTspice IV from
the list of programs. Alternatively, you can
search for “LTspice” in the search bar.



Starting a new schematic

« Go to “File” -> “New Schematic” or use
the “New Schematic” button on the
toolbar.

ERIE-TEJE:

<
New Schematic



Placing components

* Go to the Edit menu and click on the component you
want to place.

* You can also use the buttons on the toolbar to place
components.

(F3) (F4) (C) (F7) (F9) (Ctrl+R)
Draw Wire Label Node Capacitor Diode Move Undo Rotate Add Text

Lo® 2+ 3:9@Q@ \

Add Ground Resistor Inductor Add Component Drag Redo Flip Add Spice Directive
(G) (R) (L) (F2) (F8) (Ctrl+E)

« After placing a component, you can cancel your
selection by clicking the right mouse button.



Placing Components (contd.)

* You can also search for a component
by clicking on the “Add component”

button or pressing ‘F2'. -

@ <3 ¥DROD

op Directony t | C:\Program Files (#8EALTCALT spicelt™libhsym

!

Add Component
(F2)

~
A resistor
§ Open thiz macromodel's test fisture
resistor

Comparators ] b g2
[Digital] cap h
[FilkerProducts] a0 ind
[Mizc]  cument indz2 2
[Opamps ] diod LED 3
[Optaz] ] lnad 4
[PowerProducts] el load2 f
[Feferences f lprp
[Special IFunctions) Feritel Bead It
bi Ferite BeadZ mesh
bi2 g njf 2
L4

Cancel ak.



Placing Components (contd.)

Place about a half dozen resistors down by
moving the mouse and clicking on the left
mouse button

R1 R2 R3
>R R R
-~~~ R4 RS R6
-~ R R R

When done, click the right mouse button or
you will keep placing resistors



Manipulating Components

« To move a component, first click on the ‘Move’ button or press
‘F7’°. Then select the component and move it around.

« While the component is selected, it can be rotated (Ctrl+R) or
mirrored (Ctrl+E).

L ~@® <3 DO DD EmEdda op

o \ Mirror (Ctrl+E)

Rotate (Ctrl+R)

 Resistor is selected
 To delete a component and press the ‘Delete’ key or ‘F5’ on the
keyboard. y 84

\ o
Delete Duplicate
(F5)



Manipulating Components (contd.)

* Right click on a resistor to see Iits attributes.
New values can be entered In the attributes
window.

Right click on the name of the
resistor to change its name. O Restor- R x
AT Enter new reference designator for R1 et " N Marufscturer oo
B : (1] 4
- Part Murnber: - -
Justification . Cancel
B . Select Resistar
akkorn e
[]ertical Text Cancel Resistor Properties
! Fesiztance[0): III
| | . - Tolerance[%]; I:I

Right click on the resistor
to change its attributes. 10



Other Components

* LTspice includes various other circuit
components such as:

— Inductors (L), capacitors (C) , diodes
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sSources

» Most circuits in LTspice require a source of some kind.
* Click ‘Add component’ button or ‘F2’. Then select ‘voltage’.

AT Select Component Symbol >

Top Directory: | C:\Program Files [#86]5LTCALT spicelyslibaym ~

Woltage Source, either DC, AC, PULSE, SIME,
/L, ExP. or SFFM

. V1 .| LT Voltage Source - V1 x
Open thiz macromodel's test fisture

DL valuel]:

Cancel
I Seriez Resistance[0)]: I:l
. V . Advanced

voltage

C:4%Program Files [BE1LT CALT spicely™ibeymb

cap ird npn zchottky
I id2 nphd S0atherm-HeatSink
curment LED nphid SOatherm-MMOS
diode :0632 pif S04atherm-PCE . .
Mos B

e e st e Right click on the voltage source to
F Hire php TS dinde . .
Ferietesd, sl ored change the voltage. Note that this is a
a oS polzap zener
2 risd DC voltage source.
h npn resd
< >

Carcal
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Sources (contd.)

« AC sources can be obtained after clicking ‘Advanced’ in the
attributes window.

AT Independent Voltage Source - V1

o . V1 | LT Voltage Source - V1 > Functions DCYalue
'l (®) [nane)
_IZIK
] DCvaluel: | | () PULSE[W1 %2 Tdelay Trize Thall Ton Period Moycles) Make i
' P Series Resistancele) | | (O SINE[Voffset Yamp Freq Td Theta Phi Neycles]
B V . Advanced .
------- (O EXP[¥1 %2 Td1 Taul Td2 Tau2) Small sigr
...................... . l:::l SFFMMaff Wamp Foar MO Fsig)
O PWLIN w1 12 w2 )
() PWL FILE: Browse Make t
Paraszitic |

Current sources have the same features just like voltage sources.

'}~ Note: the arrow points in the direction of

|- - - conventionally flowing current.



Basic circults

« Build a voltage divider in Ltspice.

« Step 1: Place the components as shown and
enter the given values in the schematic.

— To fit the components within the window, In
LTspice, press Space on your keyboard.
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Wiring components

« Step 2: Wire the components together
— Click the ‘Wire’ button or press ‘F3’

Your circuit should look like this.
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Simulating Circuits on LTspice

« Before simulating the circuit, save the schematic.

 To simulate the circuit, click on the Simulate menu
and click Run or click on the ‘Run’ button.

| d| | #
LY Edit Simulation Command X )

¢
Trangient AC Analyziz DC sweep  Moize DC Transf Run Simulation

To simulate a DC circuit
choose DC op pnt

Compute the DC operating poin tt tg |:| t + a5 open circuits and
inductances az short o

An operating point
analysis provides a DC
analysis of the circuit.
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Simulation Error

You probably got an error as shown below:

This circuit does not have a conduction path to ground! | & © © 7
: Please flag a node as ground. i

Every circuit in LTspice MUST have a ground!
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Simulating Circuits on LTspice

Connect a ground to the circuit as shown and simulate
your circuit as described earlier. File->Save

/<~ @
v

Add Ground
(G)




Simulation Result

* You should see something similar:

. . .| AT * C:\Users\bkanb\AppData\Local\ Temp'Draft2.asc >

| —-—— Cperating Point --—-

—l_ ‘-.-'I:n':l':ll}: g VDltEI.gE
T e oo .| |Vin002): 2.5 voltage

1BV I(R2): —0.0025 device current
S R ) b 25 8 I -0.0025 device current
: dp ; I(V1): -0.0025 device current

— Simulation is complete, but there are no
meaningful results displayed.
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Displaying Results

« After the simulation is complete, move the cursor over wires and

components to see information in the status bar.
L. m o R

_+>_____“5_____1“__

.C—f;uﬁﬁiﬁﬁiﬁﬁﬁﬁﬁﬁ

R

op . . .

vl

This is node NO01. DC operating point: V{n001) = 5V

« To display the voltage values at the nodes, left-click on the wire for that
node and place the empty label box on the wire. The label will display

the voltage.

» If the box isn’t

connected to the wire,
it won'’t display the
voltage value.
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Displaying Results

To display the value of the current passing through a
component, left-click on the wire that is connected to the
component and place the label box near the component.

Right-click on the label ‘?7??" and Displayed Data window will
open.

AT Displayed Data et ‘

} Only lizt traces matching
| |
dvailable data Agterizsks match colons Cancel
i |
[&%ﬁ I(R1) is the current
It1) expression for R1.

- -.2.4999999mA - -
| _ m:'R1:

Edit exprgezion to dizplay below.

............ ||[|:|-|] v

____________ Evaluate, Copy to Cliphoard, and Gluit
nr - -
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Displaying Results

 All the values should be displayed on the circuit
clearly.

Note that the current values are negative.
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FYI: Netlists

« When you simulate your circuit, the internal software
automatically generates something called a netlist
that drives the actual number crunching

— The Netlist describes your circuit textually
e In the View menu, click on “SPICE Netlist”

AT |Tspice IV - [Draft2]
4, File Edit Hierarchy | View

@\ Zoom Area Ctrl+Z E
e\ foom Back Ctrl+B
E\ Loom to Fit Space |
Pan .
¥ Show Grid Ctrl+G |
¥ Mark Unconn. Pins S |
Mark Text Anchors AL
Bill of Materials v
Efficiency Report
S| SPICE Netlist
5] SPICE Error Log Ctrl+L |
% Visible Traces ]
Autorange ¥-axis | 23



FYI. Understanding the netlist

* Below is a sample netlist for the circuit you
built previously

vl NOO1 0 5V
R1 NOOZ NOO1 1k
R2 0 NOOZ 1k

* There are four columns:
— The first column denotes the circuit component.

— The second and third columns specify the nodes
between which the component is connected.

— The last column provides the value of the
component
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FYI: Examine Your Netlist

 For this circuit, the Netlist is easy to deduce.
You can figure out which point on the circuit is
denoted by nodes $N_0001, $N_ 0002 and O.

 However, for a more complex circuit,
deducing the Netlist can be very hard. Also, in
future simulations, plotting the correct
waveform can also prove challenging.
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Naming the Nodes

To make the task of understanding Netlists, and

especially plotting waveforms in the future easier, we
can name the nodes in LTspice.

Click ‘Label Net’ button or press ‘F4’ aE
— Net Name pop up window will open. Label net button
— Enter a label name and click ok. 7 Net Nome -~
— Connect label box to the wire. S 5NDigkbalroce 0
\I/DEDM
B 175 |

Port Type: | Maone e

Cancel
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FYI: Naming the nodes

* Once you name all the nodes, your circuit should look
like this:

* Your new netlist should look like this:

* Schematics Netlist *

vl Nl 0 5V
Rl N2 N1 1k
Rz 0 N2 1k
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Build another circuit

« Clear the voltage divider and build a current divider as
shown on LTspice:

« Add Component (F2) -> current (this will get a current source)

. FilosSave
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Simulate the circuit

« Simulate the circuit and display only currents in the
circuit. You should end up with something similar to
this:

Too many
decimal points

\ =2.0000001mA

A
N

oAk
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Rounding values

« Sometimes voltage and current labels might show too many
decimal points for our purposes. It makes the circuit look
crowded. To fix this issue, the voltage/current expression need
to be rounded. |

»  Edit expresszion to dizplay below, Multiplying with 1000
reduces the number
of decimal points to 3.

o ZEZ Right-click

. _+=_ on the value round( 1[F2]* 1k ] 4 1k

2mA| -

Rz
oAk
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Circuit Analysis

« Consider the following circuit. Analyze the
circuit using techniques learnt in class. Find
the current in and voltage across R6

« Show all your work in your data sheet. Write
neatly and legibly
R1R3

.10 - 10

ST S

31



Simulate

* Build and simulate the circuit shown in
the previous slide. Does LTspice give
you the same answers that you
calculated?
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