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What and why LTSPICE

 What ?
» Analog part of pspice simulation software

* Drawing interface and component library provide by
LTC

e Why ?
* Free download on
www.linear.com/designtools/software/

 Easy to use
« But only analog analysis



Objective

* See the different ways to use this software

* Use LTSpice as an help during futur studys and
projects



How do we work together ?

1% day :Presentation of the software and its possibilitys

« From 2" to 8" day :

- First step with Ltspice

- .OP, .DC, .TRAN and .AC simulation
- ,STEP, .PARM and .MEAS add tools
For all simulations

- First we perform simulation together
- Second you try yourself on exercises

« The 9" day you try to use the new knowledges to resolve
some small problems with Ltspice and my help,



OVERVIEW

Main simulation tools

.OP : calculate the opearting point of a circuit

.DC : the same as .OP but for several value of
one/several voltage(s) or current source. The
result Is given in a graph

.TRAN : use simulator as a scope to see the
timing diagram of differents signals

AC : calculate the frequency response of circuit



OVERVIEW

Additionnal tools

« STEP use with .PARAM command allows to
perform analysis in which value of component

can be varied .

« MEAS allows to perform measurement on the
result of the analysis (timing periode, frequency,
max and min value of a curve, ...)



Analysis
Different steps to perform a simulation

1.Create a new sheet and save It on a folder
specially created for all the files of the
simulation

2 Drawing schematic

Place and move component. Don't forget the ground
- Place wire to connect components

Place label to mark the most important node

3 Set the analysis (.OP, .DC, .TRAN or .AC)
4.Run simulation
5.Interpret results




Drawing schematic
Place and move component

Select component by press a key or click on the correspondant pictures in the tool bar

Component | Press Key |Click |Component Press Key | Click
Resistor R > Diode D -
Capacitor |C L Other component |F2 key B
Inductor |L 3 Ground G <

Move the mouse until the position you want, and left click to place the component.



Drawing schematic
Place and move component

To move and rotate a componant, it must be select (grey). It's not, select it whith
# and use « CTRL+R » to turn it, and mouse to move it.

Fixed component, R1 Not fixed component,
cannot move or > - can move and rotate

rotate R j




Drawing schematic
Connect component : trace wire

Press « F3 » key or click on i to select wire tools.

Left click on the

Left click to change
direction | terminal point of the
R1 other component what
you want connect, or
— E/\/\/ﬂ riht click to finish the

1 k wire

R2
2.2k

Left click on the
terminal point of one ! V1
component to begin

x



Drawing schematic
Place label

Press « F4 » key or click on @ {5 select label tools.

Met Name | S
\—\? ") GHD(global node 0] g R1
7 O com A
RBE] N
Port Type: [Input | / 1k
o o ame; | Place the node on V1
sl the wire on what you R2

want give name.

2.2k

X

Comment : label can also be use to connect 2 nodes. Just give the same
name at the 2 nodes



.OP analysis

1. Draw the schematic study, and modifie (Right click on V) the DC voltage of V1
R1

out

Edit Simulation Command lﬂ]
DC value i

Tranzient | AL Analyziz | DC sweep | Moize | DC Transfer | DC op pht

X

0 Uspice V - op campieas M

File Edit Hierarchy Yiew | Simulate Tools Window Help

2. Setting the analysis

operating point treating capacitances az open circuits and
inductances as shark circuits.

Compute the

ErCE e

—— Bause
f, op_sampleasc | vEO. ) Halt Ctel«H

Clear Waveforms 0
Efficiency Calculation * Syntas: .op
_ % Control Panel -op
1. O exal oo o PR e S e
oo e




.OP analysis

3. Click on schematic to valid your choice

op <« left click on the schematic to put it

~

4. Run the analysis #

o

B T CATemphLTC_BEbiet\OP'exampleh\op_example.asc &r
" —--— Operating Point —--
A new window appears and V{out) : 3.4375 voltage
: . V{n001): 5 rolt
Contalns the Value Of the Operatlng II:;E}: —0.0015625 ;Zm'i:gicurrent
p0|nt T{ER1l): -0.0015625 device current
T(vi): -0.0015625 device current




.DC analysis

 Perform .op analysis for any value of one (or
more) voltage (or current) source(s).

 Example: with the same circuit,we want to know
how change the output voltage, If the input
change.

* You need only change the analysis setting by
choosing DC sweep



.DC analysis
Setting

» Setting the DC sweep analysis
e

AF LTspice IV - op_exampleasc

File Edit Hierarchy Yiew | Simulate Tools Window Help
@ & | W& o | A 0 A Bun
p— Bause
{‘ 0p_sxample. asc I-E: VLo, I Halt Ctrl+H
Clear Waveforms 0
Efficiency Calculation L

% Control Panel

Transient | A2 .-i'-.nal_l,lsis| DC sweép | Moize | DC Transfer | DC op pht

Compute the DC operating point of a circuit while stepping independent zources and
treating capacitances az open circuits and inductances az shaort circuits,

Name of the source which change of value

Tst Source | 2nd Source | 3rd Source |

Linear, octave, decade or list of value

Mame of 13t Source o Sweep: 1

Start Value: 0
Stop Value: 10

[ncrement; 01

-
-

[

[

-

~— Firstvalue simulate
~—— Last value simulate

Voltage range between two simuation



.DC analysis
Result

 Resultis a graph :

L""" op_example.raw E'@

Yout]

FAIL.

6
-
T A
T S O S NS oL s S S
s e T i et Linear scale
2 Gym : : : : : : : : :

2.1Y=-

1.4V

A T Y T Y T 18V Horizontal axis : value of V1

Step between 2 values
Start value Stop value



.DC analysis
Example

e Load line

2.0mA ! :Ilm] ! ! ! : :I[Hzl ! !
PSR S S S O N U S
SN N A O
S
N R A S
A T o i
I A S
SR N U N N =2 ol
PSR = LN B
A B o S S N
0.0mA i | | | | ' | | |

i i i i i i i i
0.0y 0svy 1.0v 1.8V 20V 256V 3. 3.5V A0V ARV LDV

Operating point



.OP and .DC

Trainning
1.Propose a simulation which give the operating point of the following
circuit
IN |D1| ouT
L]
V1 1N4148
T R1
— 1k

12

~

2.Propose a new simulation which allows to have the same result by
tracing diode and « generator+resistor » caracteristics



.DC sweep

Trainning

* Propose analysis which allow you to plot the 3
caracterics of BJT (Bipolar Junction Transistor),

1.1b = f(Vbe) for Vce = 6V
2.1c = f(Ib) for Vce = 6V

3.1c=f(Vce) for 0<Vce<12V pour ib= 0 to 100uA by step
10uA



.TRAN analysis

i:st eeeeeeeeeee Faw El@

Vi Vi)

2.0%

gl

2.0v - - L LS. LR o

-2.8Y f f f f f f t f f f f
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8Bms 2.1ms 24ms 2.¥ms 3.0ms 3.3ms

_________

* Transient analysis Is used when you want to
see the timing diagram of the waveform
(voltage and/or current) of a circulit.

* |In practical, it's the same result as an scope



Right on the
source symbol

.TRAN analysis

Set up the voltage or current source

A

Voltage Source - V1

-

Series Resistance[Q]:

DC wvaluelv]:

Advanced

R |
Cancel

V L

Ind gpeﬁdeﬂi—VeHage&eefee—\H—\

==

Choose one of this
function. Each are
discribe below.

Functions
@ [none]

PULSE[W1 %2 Tdelay Trize Tfall Ton Periad Moycles)
SIME[Voffzet Vamp Freq Td Theta Phi Nepcles)

EXPT W2 Tdl Taul Td2 TauZ2)

SFFM[Woff Yamp Foar MDI Fsig)

PLit] w12 w2 ]

F'L FILE: Browse

Function for .TRAN analysis

Additional P'WL Paoints

Maksa thiz information visible on schamatic:

. DCWalue

'Small sighal AC analysis[AC)

|Parasitic Properties

DC walue:

Make this information visible on schematic:

AL Amplitude;
AC Phase:

Make this information visible on schematic:

Series Resistance[Q]:
Parallel Capacitance[F]:

Make this information visible on schematic:

Cancel ] [ Ok

@,

Click on
Advanced button



.TRAN analysis
PULSE DEFINITION

Vipulse]

_____________________________________________________________

______________________________________________________________________________________________________________________

R I ) e T e T it e i e

e

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Independent Voltage Source - V1

Functions
) [narne)

@ PULSEN W Tdelap Trise Trall Tan Penod Moycles)
71 S5IME[vaffzet Wamp Freq Td Theta Phi Moycles)
T EXPMT W2 Td1 Taul Td2 Taug)
SFEFMM off % amp Foar MDI Fsig)
P PLET W E2 2 )
i Pl FILE:

Vinitiallv]: -1
Yon[]: 3
Tdelap[z]: 10m
Trizelz]: Bm
Tralllz]: 10m
Tonfz]: 20m
Tpenod[z]  70m
Mopcles: 3




Independent Voltage Source - V1

.TRAN analysis
SINUS DEFINTION

______________________________________________________

==q---r--71--Aa---r--
e it il Bt Sl

Functions
) [narne)

DC aff et
Amplitde]:
FreqHz]:
Tdelay(z]:
Theta[1/z]:
Phi[deq]:

Moycles:

Additional Pl Faints

71 PULSEMT W2 Tdelay Trize TEall Ton Penod Mepcles)
@ SIMEMoffzet Wamp Freq Td Theta Phi Moycles)
T EXPMT W2 Td1 Taul Td2 Taug)
() SFFMN off Yamp Foar MDI Fsig)
P v 202

1 Pl FILE:

—r -

________________________________________________

Make this information visible on schematic: [¥]




.TRAN analysis

PWL (Piece Wire Linear) DEFINITION

Tirne[z] Yalue[y]
0 0
10m 1]
10.7m 1
20m 1
20.7m 2
< 40m 2
40.m -1
| B0m -1
i 50 1] |
-
! Right click on a time or value
| above to edit.
I [Insert F'cuint] [ Cancel ]
| | DeletePaint | | 0K |

’I.I'[pullse] | |
________________________ (40ms;2V)
L._I ................................................ EE—
OmsOV) o
________________________________________________ A
\‘/’
(40,1ms;-1V)



.TRAN analysis
Example : RC low pass filter

 Draw the circuit below :

R1

ouT
C1

100n

1K

| IN
V1
v

<~

e Set the voltage source as it provides a square
wave as defined above (at right)

» Set transcient analysis to observe 10 periodes of

V(IN) and V(out).



.TRAN analysis
Example : RC low pass filter

» After drawing schematic, right click on the
voltage source and set as below :

Functions
[rione]

@ PULSEPMNT 2 Tdelay Trize Tfall Ton Period Movcles]
SIMEMaoffzet Wamp Freq Td Theta Phi Mopcles]
EXPMT W2 Td1 Taul Td2 Tau2)
SFFMMaff Wamp Foar MDI Fzig)
FrsLET w1 12 w2 )
Fw/L FILE: Browse

Vinitiallv] -5
Yon[W] B

Tdelay[z]: 0O
Trize[z]: 0.07m
Tfal[z]: 0.01m
Ton[z]: 0.49m

Tpenod[z]: 1m

M oycles:

Additional Py L Painkz

take thiz information vizible on schematic: |



.TRAN analysis
Example : RC low pass filter

« After setting the source, set the analysis as
below :

Transient |.-'1'-.|: Analyziz I DC sweep | Moize | DC Transfer | OC op pnt|
Perform a non-linear, time-damain zimulation.
Sop Tine: 1 g 10periode => 10*1ms
Time ta Start Saving Data: O
Masimum Timestep: 0.0Tm <@ As the rise and fall time in pulse definition

 Run analysis and display v(IN) and V(out)

¥(in)

CRTL+click onthe name
Waveform: Viout) (o S

Y i R b i A ¥ I e e e Interval Start: Oz

"""" | | T U R | I N (TR I | I | T O | R | N Interval End:  10mz
""""" Bt | i | D | Tk | Rl | At | It | T | At | St | S | T | R | dverage: |[79.839m\
B | I | D R | 1 I | O RS 38385/




.TRAN analysis
FFT

* You can see the spectrum of signal by right clik
on the probe windows and in the list choose

. | Zoom Area Ctrl+Z M-I IF 1

« view », the « FFT » ;| arome s | -
Kl Zoomto Fit Ctrl+E

O\ pantr K no

----{£] Autorange Y-axis Ctrl+Y FIV W 1T F b

___.&ManualLimits 4§ 5 N i T R i
¥ Autoranging

g Visible Traces
12 Add Trace Ctrl+A
= c',";_. Delete Traces F5

Select Steps

Add Plot Pane
[Delete this Pane

"2 Sync. Horiz. Axes

Marching Waveforms 4

— I Grid
25 Reset Colors
«*, Mark Data Points

Eye Diagram 4

| View  CfWer

SPICE Error Log Ctrl+L




.TRAN analysis

» Select V(IN) and
V(OUT) and click
« OK » .

* |In the new window
select the both V(IN)
and V(OUT) again

and click Ok.

FFT

Select Waveforms to include in FFT Li‘z‘-J

HOTE: Fourier components are nomalized o | ok |
correspond to the time domain RS amplitude.
Chl-Click to toggle | Cancel |
Mumber of data point zamples i time; 262144 =

Huadratic interpolate uncomprezsed data
Time range o include

Start Time: |0z @ Uze Extent of Simulation Data
_ ' Uze curent zoom Estent
End Time: | 10ms | Specify a time range

Binomial Smoothing done before FFT and windowing

Mumber of Paints: 3L

Windowing [Penodic and normalized to unit area)

Windowing Function: | [hone] bl

Praview Windaw

MOTE: The DC compaonent iz removed before windowing.

Fezet to Default alues !




.TRAN analysis

Modifie Y-AXIS.

Left Vertical Axis — Magnitude

Range
Top: i A
Tick: | 500m

B okbarm: 1 s

Cron't plot thie magritude

Reprezentation 0

Bode -

@ Linear

ik

Cancel

=1 Lagarithrmic
i1 Decibel

 You must have :

FFT

Modifie X-AXxis.
Horizontal Axis - T ]

Cuantity Plotted: | frequency

Aoz Limnits

Left: 1EI tick: 11kh2 Right: | [EEEE
[ Logarithmic: Cancel ok

Viin)

4.0V

3.6V
3.2V
2.8V
2.4V
2.0V
1.6V
1.2V
0.5V
0.4V

0.0v

0K

L] L] L] L] L] L] L] L] L]
Hz 1KHz 2KHz 3KHz 4KHz 5KHz 6KHz 7KHz 8KHz 9KHz 10KHz



.TRAN analysis
Trainning : setting source

Place voltage source on a new schematic project, and set to the waveform as follow :

@ Viin)




.TRAN analysis
Trainning : setting source

Place voltage source on a new schematic project, and set to the waveform as follow :

¥(in]

1 1 1 1 1 1 1 1 1
-----------------------------------------------------------------------------------
1 1 1 1 1 1 1 1 1
_____________________________________________________________________________________
1 1 1 1 1 1 1 1 1

-------------------------------------------------------------------------------------

...............................................................................

_______________________________________________________________________________

""""""""""""""""""""""""""""""""""""""""""""""""

_____________________________________________________________________________________

""""""""""""""""""""""""""""""""""""""""""""""""




.TRAN analysis
Trainning : rectifier

« Draw the schematic as below and perform a transient analysis for an
sinus wave input as below, display V(in) and V(out), and I(D1) in an

other pane:
D1 | Vi)
in I I out : !
V1
1N4148 R1
1k
« Modify the schematic as below and run again
in II:”I out
V1
1N4148 R1 c1

K T1o00p

X



AC analysis

t: Draftl.raw EI@
VY[out]f¥[in)

« Perform an Small Signal AC Analysis Linearized arround the
DC Operating Point and display the diagram of magnitude and
phase functions of frequency, impedance versus frequency,...

« This mode of analysis is useful for filters, networks, stability
analyses, and noise considerations.



AC analysis
Example : RC low pass filter

» After drawing schematic, right click on the
voltage source and set as below :

Independent Voltage Source - V1 e S
T — DCValie Use by the software to calculate the
@ [none] el - . . . . . .
(71 PULSE[1 %2 Tdelay Trise Tfall Ton Peraod Meoycles) Makatbisinrarmation :?SITHE IDn sckismatic: T Ope ra’tl ng pOI nt befo re | I n earl Zatl O n (O If
71 SINE[Voffset Mamp Freg Td Theta Phi Noycles) B em pty)
(73 EXPIYT Y2 Tdl Taul Td2 Tauz) Small signal AC analysiz{.AC) ) .
SFFM(Yaft VVamp Fear MDI Fsig] Acampice: 1| < AM plltude of the sine wave used to
& wl 2 w2 . AC Phaze: . . .
o 1_ - = Mk this information visible on schematic; [V drlve the CIrCUIt
1 PywLFILE: Browze i,

Parasitic Properties
Seriez Resizgtance[0):

Farallel Capacitance[Fl:

M ake this infarmation visible on schematic; (V]

Circuit study

| | |IN ouT

O e B N (Y T
SOAN0Nal FY L Folncs

Make this information visible on schematic; (4] Canicel | | 0k,

100n




AC analysis
Example : RC low pass filter

» After set voltage source, set analysis as below :

Transient | AC Analysis | DC sweep | Noise | DC Transfer | DC op pnt

Compute the small signal AC behawior of the circuit lineanzed about its DT operating Decade1 OCtave or |Inear
poin. . . .
| / Take suffisant point if you want smooth curves
Tepe of Sweep: | Decade - .
/ At least 1 decade lower than the theoretical
Start Frequency: 10 // IOW cut Oﬂ: frequency

Stop Frequency:  Tmeg < | Atleast 1 decade higher than the theoretical
low cut off frequency

Mumber of points per decade: 100

R1
\ 1
Reminder : LN . ouT ot _
V1 __(:1 V(-J 1"‘ I’1C18
100n - 1
V' CUtOff_Z*T[* Rl*Cl

» Run analysis >



AC analysis

Example : RC low pass filter
e result :

&=l Change color
Default Color: EA,/ Aittached Cursor; _lj [ ok |
Enter an algebraic expressian ta plat: e  Cancel |
Viu Al i Jl . To use cursor on
Left click on the K - - the curve
name to modrfy k | ( Delete this Trace |

Enter the expression you want to display
’ L""" Draftl.raw

|||||
|||||
||||||||
R e R i e I I
||||||
|||||||
' '




AC analysis
Trainning : laplace function

,Create a new schematic and draw as follow

Place a new component and

select "E" (voltage dependant source voltage),
Right click on the E value, and

E1 enter the formula as below

LAPLACE=1/(1+2*0.707*(s/(2*P1))+(s/(2*Pl))*2)

.Set an AC analysis in decade between 0.1 and 10 hz, and run
simulation.( you can change the value 0,707 of the damping
factor to see its effect)



Additionnal tools
.PARAM .STEP

Y{out)f¥[in]

Directive .PARAM allow you to create one or any user defined variable that you can
use in place of componant value, or for calculate an other parameter.

Directive .STEP allow you to change the value of parmeter step by step, then allow to
repeat analysis for various values of parameters or component.



Additionnal tools
.PARAM .STEP : how to use

e How to simulate Potentiometer

A
Remider : what is potentiometer ?
R1
» (1-a)*Rtot
= ™
rot { e e (M
R2
a*Rtot
Rtot : value of the total resitor measure
between nodes A en B. When you B
move cursor, resistor between Aen M,
and between M and B varied, with this _
relation - a . parameter which represent the
Rtot= Rav+RMzs cursor position :
O<a<l

We need 2 parameters :
*Rtot : total resistor between nodes A and B
*a . cursor position



Additionnal tools
.PARAM .STEP : how to use

« Create parameter : click on < and write in the
text box.

Syntax : .param param_name=default_value param Rtot=10k
¥ param a=0.5

in

Ex . .param Rtot=10k, .param a=0.5

R1
{(1-a)*Rtot+10m}
out

*Affect to a component : Replace the value
of the component by a relation between
curly braces.

Ex : 10k => {(1-a)*Rtot+10m}

R2
{a*Rtot+10m}

Do vary : use the .STEP directive as follow :
STEP param param_name init Stop Step — ™stepparama010.1

v .op
Name of parameter

Start value Stop value Step between 2 values



Additionnal tools
.PARAM .STEP : how to use

The result is a curev which give the .OP analysis

.param Rtot=10k result for each value of the parameter a,
Jparam a=0.5
in Vout=f(a)
¥[out]
R1
V1 {(1-a)*Rtot+10m}
out
10 R2
{a*Rtot+10m}

stepparama010.1
.op

Xaxis=>a parameter



in

Additionnal tools
.PARAM .STEP : try yourself

R1
10k

R2
2k

out

By using PARAM and STEP propose an
analysis which allow to see how vary
power consumed by R2 in foncion of R2.

For what value of R2 the power is max ?



Additionnal tools
.PARAM .STEP : try yourself

.Resume this schematic and analysis

Place a new component and

select "E" (voltage dependant source voltage),
Right click on the E value, and

E1 enter the formula as below

LAPLACE=1/(1+2*0.707*(s/(2*P1))+(s/(2*Pl))*2)

Damping Factor

.Propose modification to see the influence of the damping
factor (0.707 in the formula) on the magnitude curve.



Additionnal tools
.MEAS

 When simultion is completed, it's possible to

perform measurement on data point file using
the directive .MEAS.

« MEAS allow :

 to find a particular point at particular value of the x
axis, or when a condition is met...

 to find maximum value, minimum value, peak to
peak value,RMS value, ...

 To measure a range on a x axis between to
particular point,...



Additionnal tools
.MEAS - Example

 RC circuit : Step response

. Result :
Schematic :
_ R1 10V Ylout
in out oy ! !
1k v
Vi 7v-
__C1 6V
100n ic=0 >V
v
3v
é 2V
1v-
tran 0 0.5ms 0 0.01m uic v ' ' ' '
Dps 100ps 20015 300ps 400ps 50015

We want to know : what's the value of V(out) for time = R1*C1=100us



Additionnal tools
.MEAS - Example

 RC circuit : Step response

We want to know : what's the value of V(out) for time = R1*C1=100us

10V VY[out]

v}

e T e ————————
i e T e
L P I e
v ATttt e aoa SERRRETEEEES
L B -ont EEERERRRRRE ATttt e aoa SERRRETEEEES
T T B T ATttt e aoa SERRRETEEEES
K R e
A R R B GARChuCeE SEEEEEEEEREERE S EEGRCRETl SEREEERERER
1 R .

| | | | | |
Ops 100ps 20015 300ps 400ps

Measure on the Name of the
result
transient analysis param it

Vsr recieve the value of v(out) at t=100us

Using the °F button, we add on
the schematic the follow
directive :

.meas tran vrc find v(out) AT=100u
P

At t=100us

On
which
measure
IS done

the user defined

receive the
result



Additionnal tools
.MEAS - Example

 RC circuit : Step response

. R1
in

out

1k
VA1

10

C1

i

Aran 0 0.5ms 0 0.01m uic

.meas tran vrc find v(out) AT=100u

View => spice error log

Vsr recieve the value of/ - .

v(out) at t=100us

100n ic=0

10V V[out]

1V
OV

_______________________________________

T T i beeeeen
T B i CTETTTIRS SRR beeeeen
B¥f - o e eeneee
BYf - e eeneee
AV - e eeneee
R e
A R e e

______________________

______________________

______________________

______________________

_________________________________________________________________________

|| 1 ] 1
Ops 100ps 200ps 300ps

i SPICE Errar Log: CATemp\LTC. BKbiet\M... SRS

utirmit: * C:\Temp\LTC BRbiet\MEA: #

el

Per .tran optioms, skipping opera

vrce: viout)=6.31075 at 0.0001

4 T ¥




Additionnal tools
.MEAS - Example

 RC circuit : Step response

Schematic :

out

C1

100N ic=0

i

.tran 0 0.5ms 0 0.01m uic

.meas tran vrc find v(out) AT=100u
.meas vmax MAX v(out)
.meas tran ratio param (vrc/vmax)*100

View => spice error log

P

B ' SPICE Error Log: E:\Temp\LTC_EKbFEﬂMEAS\MEAS_tmn_H...Lﬁj

Eti:cuit.: * C:\Temp\LTC BRbiet\MEAS\MEAS tran @+

—

Per .tran options, skipping operating point f,':.

vrc: v{out)=6.31075 at 0.0001
vmax: MAX(v({out))=9.93288 FROM 0 TC 0.00035
ratin: (vrec/vmax)*100=63.5330




Additionnal tools
.MEAS - Example

 Potentiometer : find the a value for which
v(out) = 0,5*V(in)

Schematic : View => spice error log
.param Rtot=10k [ 7% SPICE Error Log: CATemp\LTC_BKbiet\MEAS\mess.alf
param a=0.5 Fircuit: * C:\Temp\LTC BRbiet\MEAS\mea

.step parama 0.1 0.90.1
.meas op alpha when v(out) = 0.5*v(in)

Direct Newton iteration for .op point

alpha: w{out}=0.5%v(in) AT 0.5

in
R1
V1 {(1-a)*Rtot}
out
-10 FQZ
{a*Rtot}

.0p



Additionnal tools
.MEAS - Example

« Potentiometer : find the range on a for which
0,3*v(IN)<v(out) < 0,7*V(in)

Schematic : View => spice error log
.param Rtot=10k (& SPICE Error Log: C\Temp\LTC_BKbiet\ME#
param a=0.2 Fircuit: * C:\Temp\LTC BRbiet\l

.Step param a 0.1 0.9 0.1

.meas a_range trig v(out) val=0.3*v(in) R —
+ targ v(out) val=0.7*v(in) a_range=0.4 FROM 0.3 TC 0.7
in
R1 .meas a_range trig v(out) val=0.3*v(in) targ v(out) val=0.7*v(in)
V1 {(1-a)*Rtot} . o J N\ ~ -y
out
10 R2 From V(out) = 0,3*V(in) To V(out) = 0,7*V(in)

{a*Rtot}

X

.0p
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Additionnal tools
.MEAS - Example

« Amplifier : find the bandwidth

« Definition : bandwidth is the frequency range for wich
magnitude G is between G, and G

V2

.measure tmp max mag(V(out)) Tmp receive the max value mag(V(out)) where
mag(V(out)) is the real part of V(out)

.measure BW trig mag(V(out))=tmp/sqrt(2) rise=1 targ mag(V(out))=tmp/sqrt(2) fall=last

BW receive the frequency range FROM which mag(V(out)) cross the yalue —=%
for the first time by rising (rise =1) TO mag(V(out)) cross the value max \/ 2

for the last time by falling (fall =1). J?2

Comment : for more examples, see the help file, press F1 keys.



Summary

Trainning 1

* Take again and modify the rectifier analysis to
perform the measurement of the ripple ratio in
fonction of the value of the capacitor

in N out
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Summary

Trainning 1

Expected result :
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Summary
Trainning 1

.param cv 100n
Correct: -Paramrv 1k
.step param cv 10u 1000u 10u

: D1
In | out

L
V1 1N4148

R1 C1

SINE(0 12 50) ™ ewy

<7

Aran 0 200m 10m 0.1m

.meas vmax MAX(v(out))
.meas ripple pp v(out)
.meas ripple_ratio param ripple/vmax



Summary

Trainning 2 : frequency measurement

Open the file
« c:\programmeFiles\LTC\example\educational\Wien.asc »
and run it.

Modify the schematic for change the value of C1 and C2
from 0,01uF to O0,1uT by step of 0,01uF

Add .measure statement to measure the frequency of the
signal at output of the Opamp

Trace the graph frequency versus the value of the 2
capacitor.



Summary

Trainning 2 : frequency measurement

» EXpected result

hﬁWien.lﬂg.raw
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Summary

Trainning 2 : frequency measurement

e Correct:
o1 R2 R1
NN NN
. 4.9K 10K z >
U309 =
Fus V1 V2
. »S
ez ~a > LT1001 15 15

||
| /\/\/_. param cv 0.01u

{ev) 10K .step param cv 0.01u 0.1u 0.01u
P1| .meas temp trig v(vs) val=0 rise =2 targ v(vs) val=0 rise=3
" -] .meas frequency param 1/temp
R5 c3 1N4148
1Meg |,
9w tran 0 1 800m 10u uic
NS

This example schematic is supplied for informational/educational purposes only.



Web Link

 Power Point tutorial

www.ltspice.linear.com/software/LTspiceGettingStartedGuide.pdf

 Complete documentation

www.ltspice.linear.com/software/scad3.pdf



