Vhodno izhodne naprave

Laboratorijska vaja 7 - AV 1
Linije — LTSpice, simulacija
elektronskih vezij in odboji
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LAB 7 — AV1: Linije, LTSpice - simulacija
elektronskih vezij in odboji

{- 7.1: Uvod v LT Spice in osnovna vezja }

m /.2: Vpliv Casa vzpona/padca na odboje - ponovitev
m /.3: Naloga 4-1 - Simulacija
m /.4: Simulacija odbojev za lab. meritve — DN 2-AV1.1

m /.5: Simulacija odbojev na naslovni liniji — DN 2-AV1.2
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LTSpice

LTSpice:

m https://www.analog.com/en/design-center/design-tools-and-
calculators/ltspice-simulator.html

m Orodje za risanje in simuliranje elektriCnih in elektronskih
vezij (angl. schematic design tool and circuit simulator)

m Osnovne elektronske komponente:

m upor (angl. resistor)

m kondenzator (angl. capacitor)

s tuljava (angl. inductor)

m prenosna linija (angl. ideal transmission line)
m Vir napetosti (angl. voltage generator)

m Vvir toka (angl. current generator)
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. - Learn How to Use LTspice

LTSpice

Instructional Videos
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LTspice Basics Essentials Tutorial AC & Noise Analysis Tutorial
Learn the basics of using LTspice - creating Learn how to use transformers, add third Learn how to perform a basic AC analysis in
a new schematic, running transient and AC party models, create, work with symbols, LTspice as well as some capabilities you
simulations, and viewing results on the and more. might not already know about. Also learn
waveform viewer. how to set up a noise simulation in LTspice
to view both input and output referred
voltage noise.
View Video Series I I View Video Series ] [ View Series
Tips and Articles
T .=, - e SCHEME AND WAVEFORM EDITING SHORTCUTS
Sawtooth Waveforms

by Gabino Alonso.

Getting Started with LTspice Tips and In-Depth Articles Keyboard Shortcuts

Learn how to use the most useful features in Our extensive collection of technical Keyboard shortcuts are an alternate way to
LTspice, whether starting with an example resources tackles a wide range of LTspice invoke one or more commands in LTspice
circuit, or drafting one from scratch. topics. that would otherwise only be accessible by

clicking through the menu or toolbar.

[ Read Article I I Recommended Reading List ] [ Keyboard Shortcuts I

https://www.analog.com/en/design-center/design-tools-and-calculators/Iltspice-simulator.html
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LTSpice

m Osnovni tutorial (priporocljiv):

1 http://cds.linear.com/docs/en/software-and-
simulation/LTspiceGettingStartedGuide.pdf

m Ostali viri:
O https://ltwiki.org/files/LTspiceHelp.chm.html (ver.XVII)
O http://elec.otago.ac.nz/w/images/d/df/Ltguide10.pdf
1 YouTube

1 Pripravljena vezja :

m https://www.analog.com/en/resources/design-tools-and-
calculators/Itspice-simulator/lt-spice-demo-circuits.html
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LTSpice - primeri
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LTSpice

m Osnovno okno:

B LTspice - [Draft2.asc]
-+ File Edit Hierarchy View Simulate Tools Window Help

dioda  kopiranje

orodje za premikanje
orodje za komponent v vezju
brisanje

\

tuljava
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-
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LTSpice

m Osnovne kratice v naboru komponent v LTSpice:

Ved na strani: http://Iltwiki.org/?title=Components Library and Circuits

izvor napetosti

upor

kondenzator

(brez izgubna) prenosna linija
tuljava

dioda

Schottky dioda

Zener dioda

voltage
res

cap

tline

ind
diode
schottky

zener
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LTSpice

m Nekatere osnovne kratice merskih enot v LTSpice:

piko [107-12] p
nano [107-9] n
micro [10/-6] u
mili [107-3] m
kilo [1073] k
mega [10/6] meg
giga [1079] g
terra [107M 2] t
ohm ohm
farad [F] F
Henry [H] H

Pomembno !
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LTSpice

m Postavitev osnovnih elementov

y LTspice - [Draft2.asc]

{ File Edit Hierarchy View Simulate Tools Window Help

- [m] X

- 8 x

CAOHESOPNIEBRAQAATILYO I3 vBEt 1O I elq

« Draftl.asc % Untitled

Ready

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

X

Top Directory:

|C:\Users\Uporabnik\AppDatz\anl\LTspice\lib\sym / ~ ‘

y 4

Search; ‘ voltage ‘ ‘ Goto ﬁog.com ‘
[ C:\Users\L bnik\AppData\Local\L Tspice\lib\sym\

ind2 pif varactor

15016750-2 pmos

1507637-2 pmos4 zener

LED pnp

load pnp2

load2 pnp4

Ipnp polcap

Itline res

mesfet res2

njf schottky

nmos SOAtherm-HeatSink

nmos4 SOAtherm-NMOS

npn SOAtherm-PCB

npn2 sw

npn3 tline

npn4 TVSdiode

< I >

‘ Cancel | | Place
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LTSpice

m Lastnosti komponente 'voltage'

LTspice I¥ - [Draftl.asc]

-l: File Edit Hierarchy Yiew Simulate Tools “Window Help

~=lol |
=l

B F0 | QeaR 20 EBE 2Rl A8 LM+ 00D 0 (1o

Ix

¥oltage Source - ¥2

ok
DC valuel] ||—
Series Resistance[0]: l— ancel

Advanced |
V2 Desni klik
&— (lastnosti
elementa)

V

Oblika izvornega signala
napetosti:

Editing companer]

1) Enosmerni tok: (none)
2) Pulz (PULSE)

3) Sinusni signal (SIN)
4) Eksponentni (EXP)

) Independent Yoltage Source - ¥2 x|

i~ Functions
f (% [rone]

 PULSE[1 %2 Tdelay Trise Tfall Ton Period Moycles)
" SINE[Woffset Wamp Freq Td Theta Phi Meycles)
 EXP W2 Tl Taul Td2 Tau2)

" SFFM[Waff Yamp Foar MO Faig)

7 PWLIE w1 (292

" PWL FILE: | Brnwsel

Additional P Paints |

M ake thiz information visible on schematic:

vrednost enosmerne
napetosti

- DCWalue
DC value: I k

b ake this information visible on schematic: [v

~ Small zignal AC analyziz].AC)

AL Amplitude: I
I—

AL Phaze:

W ake thiz infarmatian visible on schematic: [v

r~ Parasitic Properties

Series Resistance[a]: I
Farallel CapacitancelF]: I

M ake this information vigible on schematic: [

Cancel | QK I
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LTSpice

PULSE je najbolj pogosta oblika vira napetosti v nasih vezjih:

Vinitial
Von

Tdelay

< -
2 [

poO povezavah.

zaCetna napetost [V]
vrednost stanja ,on™ oz. druga napetost po prehodu [V]

c¢asovna zakasnitev (,time delay") - trajanje zacetne napetosti

cas vzpona [s]

¢as padca [s]

cas stanja ,,on" - trajanje druge napetosti [s]
celotno trajanje ene periode impulza [s]

Stevilo period oziroma ponovitev. 0 pomeni vec¢no ponavljanje

Vinitial[V]:
Waon[V]:
Tdelay[s]:
Trise[s]:
Trall[s]:
Ton[s]:
Tperiod|[s]:
Meycles:

0.4

43

10p

10p

R

-

T PULSE(0.4 4.3 50n 10p 10p 450n)

[T Resistor - R1 X
Manufacturer:  ——
-OK
Pat Number: ——
Cancel
Select Resistor
Resistor Properties
Resistance[Q]:

Tolerance[%]: l:l
l Power Rating[W]: l:l
VIN - LV 14 © Rozman,Skraba, FRI




LTSpice

m Simulator

[9 LTspice - [Draft2.asc]
-( File Edit Hierarchy View Simulate Tools Window Help

- O

OSGHASCPITNERAQA I I LSO =3 ¢Bet tOS 10 0o

-« Draftlasc & Untitled

W Configure Analysis

Transient AC Analysis DC sweep Noise DC Transfer DC op pnt Transient Frequency Response

Perform a non-linear, time-domain simulation.

Time to start saving data: l:l

Start external DC supply voltages at OV: [ ]

Stop simulating if steady state is detected: D
Don't reset T=0 when steady state is detected: | |
Step the load current source: [ ]

Skip initial operating point solution: [

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

.tran 500n

Klic ukaza ".tran' 'trajanje simulacije'
v tem primeru: 500 ns

Starting SPICE run...

Za na$e potrebe bomo uporabili
»ransient analizo (eno od 6 moznih)

VIN - LV 15
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LTSpice — Primer 1: kondenzator

Desni klik -> moznost raCunanja s

_ prikazanimi signali, brisanje..

VIN LAB 07.02 AV1 - Simulacija vezij v orodju

4, kondsnzator ase | $2 kondsnzator mw /
| kondenzator.raw El@
V(vin) Vivcond) 1(C1)
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" | B VA (", V(Vcond)l(C1)
1 kondenzator.asc El@
- [
Winitial[V]: 04 e~ R1
Vo[V | 43 . T
Tdelay[s]: 50 V1 100 R2 3
Tn.::[ﬂ: 10 10k *€—— Merilna tocka :
— ]' " c1 W levi klik (sonda) ali
all|s|: 057 .
B PULSE(0.4 4.3 50n 10p 10p 450n) 20p B nariSem povezavo in dodam
onks] oznako (F4 label)
Tperiod[s]: "
Neycles: .tran 500n %
x=41.23ns  y = 2320V, 192.00uA
LEA Portal:

Capacitors and Capacitance: Capacitor physics and circuit operation

LTSpice Osnovno vezje s kondenzatoriem.mp4

Physics Videos by Eugene Khutoryansky

Z naslova <https://www.youtube.com/watch?v=f MZNsEqyQw&ab channel=PhysicsVideosbyEugeneKhutoryansky>

VIN - LV
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https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQAB_N7k3qZLTJf4CmS9WlweAf6P4bqduLDMQ1_tB37Oil4?e=ysp7Uj&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
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https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQAB_N7k3qZLTJf4CmS9WlweAf6P4bqduLDMQ1_tB37Oil4?e=ysp7Uj&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQAB_N7k3qZLTJf4CmS9WlweAf6P4bqduLDMQ1_tB37Oil4?e=ysp7Uj&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
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LTSpice - Primer 2: tuljava

LT ——

tuljava.raw

V(vin) Vivtulj)

1 tuljava.asc ===
Vinitial[V]: 04
Von[V]: 43
Tdelay]s]: 50n o
Trize[s]: 10p C)
Tallsl: | 10p PULSE(0.4 4.3 50n 10p 10p 450n)
Ton|s]: 450n
Tperiod|s]: .tran 500n %
Meycles:

x=4257Tns  y = 1.911V, 191.09pA

LEA portal:

Inductors and Inductance

VIN LAB 07.03 AV1 - Simulacija vezij v orodju Physics Videos by Eugene Khutoryansky

LTSpice Osnovno vezje s tuljavo.mp4

Z naslova <https://www.youtube.com/watch ?v=ukBFPrXiKWA&ab channel=PhysicsVideosbyEugeneKhutoryansky>
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https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQBq9ihV_0jjTqmTQt2yP3_tAfFu-Ngp2fgEu5ZM7XqGuAo?e=85WA4w&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D

"

LTSpice — Primer 3: (naloga AV1) model idealne prenosne linije (f=25 MHz)

1, mode|_prenosne iniie_ideal.ase | ¥ model_prenosne_inie_ideal raw
Fd model_prenosne_linije_ideal.raw [=&][=]
in) V(vout)
1, model_prenosne_linije_ideal.asc E@
5
V(Vout S o
( ) > R1 L2 >‘
f=25 MHz 0.0001n R2 J
C1
1000mieqg
Vintial[V]: | 04 PULSE(0.4 4.3 20n 10p 10p 20n 40n 5) 0.001p
Won[V]: 43
Tdelay[s]: |  20n
2] .tran 200n %
Trise[s]: 10p
| Trall[z]: 10p '/
Ton[s]: 20n f=25MHz: LEA pOI‘tak
Tperiodfs]: | 40n W on“ stanje 20ns VIN LAB 07.04 AV1 - Simulacija vezij v orodju
Neycles: 5 B perioda 40ns LTSpice Osnovni model prenosne linije.mp4
B 5 period (ponovitev)
VIN - LV 19 © Rozman,Skraba, FRI
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https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQDcE32167IrRJhWB1knuVS1AeueF2uDepWKPTgo4-GS9w8?e=kUq75v&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQDcE32167IrRJhWB1knuVS1AeueF2uDepWKPTgo4-GS9w8?e=kUq75v&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQDcE32167IrRJhWB1knuVS1AeueF2uDepWKPTgo4-GS9w8?e=kUq75v&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/IQDcE32167IrRJhWB1knuVS1AeueF2uDepWKPTgo4-GS9w8?e=kUq75v&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJTdHJlYW1XZWJBcHAiLCJyZWZlcnJhbFZpZXciOiJTaGFyZURpYWxvZy1MaW5rIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXcifX0%3D

" N

LTSpice — Primer 3: (naloga AV1) model realne prenosne linije (f=25 MHz) R1=100

4, model_prencsne_liniie_ideal.asc

§7% model_prenosne_liniie_ideal raw

Fad

model_prenosne_linije_ideal.raw

[=[==]

4.4V

V(vin)

Vivout)

4.0V-

1 model_prenosne linije_ideal.asc

V(Vin) V(Vout)

=25 MHz

© o

Vintial[V]: | 04 PULSE(0.4 4.3 20n 10p 10p 20n 40n 5) fT
Won[V]: 43
. Frekvencal
! Trisels]: 10p
= Trallfz]: 10p // 0.314 0 314 0
Tonlsk [ 20n f=25MHz: Realna Ilnua. ZC R e
Tperiodfs]: | 40n B ,on“ stanje 20ns u vedja _kapac!tlvnost in
Neycles: 5 B perioda 40ns B vecja induktivnost
B 5 period (ponovitev)
VIN - LV 20 © Rozman,Skraba, FRI
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LTSpice — Primer 3: (naloga AV1) model realne prenosne linije (f=2.5 GHz) R1=100

1, model_prencsne_liniie_ideal.asc

§7% model_prenosne _linije_ideal raw

model_prenosne_linije_ideal.raw E'@

V(vin) V{vout)

1 model_prenosne_linije_ideal.asc E'@
V(Vout) ; §
f=2.56 GHz R2 an
- 1000smeg
1 PULSE(0.4 4.3 0.2n 10p 10p 0.2n 0.4n 10) 10p
Von[V]: 43
Tdelay[s]: 0.2n %
| ThseRl|[ 10 Ll Sl
Trall[z]: 10p 4
Tonfs]: | 0.2n f=2.5GHz:
Tperiod[sl: | 0.4n u »on' stanje 0.2ns
Neycles: 10 W perioda 0.4ns
B 10 period (ponovitev)
VIN - LV

22 © Rozman,Skraba, FRI




" JEE
LAB 7 — AV1: Linije, LTSpice - simulacija
elektronskih vezij in odboji

m /.1: Uvod v LT Spice in osnovna vezja

{- 7.2: \/pliv Casa vzpona/padca na odboje - ponovitev }

m /.3: Naloga 4-1 - Simulacija
m /.4: Simulacija odbojev za lab. meritve — DN 2-AV1.1

m /.5: Simulacija odbojev na naslovni liniji — DN 2-AV1.2

VIN - LV 24 © Rozman ,Skraba, FRI



Lastnosti elektricnih linij — analiza odbojev

Ponovitev — predavanja

Casovni diagram poteka napetosti na izhodu iz linije do ¢asa t =71, &e je ¢as
vzpona signala enak ¢asu potovanja signala po liniji t, = T.

Uy(t), up(t) [V]

T gl 7,81V tr -7 tr =0
7 4
614V Stacionarno
6 + - stanje 1
5,00 V 4,87V &
ST Lmv A L N AV LT coooufl) ey
___ ___________________ ’ 3,83V
4 Up(t)
3+ 2,70V
Stacionarno | 2 1
stanje 0
Nt
0,2V
1 1 1 1 1 1 1
I T T I I T T
0 3 6 9 12 15 18 21 t [ns] —>
T . 27 3t 47 57 67 7T
r
VIN - LV 25 © Rozman,Skraba, FRI



Lastnosti elektricnih linij — analiza odbojev

Ponovitev — predavanja

Casovni diagram poteka napetosti izhodu iz linije do 8asa t =71, &e je ¢as
vzpona signala enak ¢asu potovanja signala po liniji t, = 2T

u,(t), uy(t) [VI
T gl 7,81V tr - 2’C

6,14V Stacionarno

6 T ub(t) stanje 1

Stacionarno 2 + 2,70V

stanje 0

Nt

02V

1 |

I T
0 3 6 9 12 15 18 21 t[ns] —
T 27 37 47 5t 671 7T

VIN - LV 26 © Rozman,Skraba, FRI



Lastnosti elektricnih linij — analiza odbojev

Ponovitev — predavanja

Casovni diagram poteka napetosti izhodu iz linije do éasa t =7, ¢e je ¢as
vzpona signala enak ¢asu potovanja signala po liniji t, = 37 (t, > 21 )

Uy(t), up(t) [V] _
T tl‘ =31
84 7,81V
7 -
6,14 V Stacionarno
stanje 1
4,75V

3+ 2,710V

Stacionarno | 2 1

stanje 0
Nt
02V
I I I I I I I
0 3 6 9 12 15 18 21 t[ns] —
T 27 { 31 47 57 67 7T

VIN - LV 27 © Rozman,Skraba, FRI



" JEE
LAB 7 — AV1: Linije, LTSpice - simulacija
elektronskih vezij in odboji

m /.1: Uvod v LT Spice in osnovna vezja

m /.2: Vpliv Casa vzpona/padca na odboje - ponovitev

[- 7.3: Naloga 4-1 - Simulacija }

m /.4: Simulacija odbojev za lab. meritve — DN 2-AV1.1

m /.5: Simulacija odbojev na naslovni liniji — DN 2-AV1.2

VIN - LV 28 © Rozman ,Skraba, FRI



" N
Naloga 4-1:
Ugotovite ali pri podanih podatkih vezje deluje pravilno

(Lahko tudi: izraCunajte in nariSite potek napetosti na urinem vhodu
Cipa 74ACT74 - D FlipFlop) .

D Flip Flop
R, = 100Q, 6 = 6 ns/m, I=50cm
—_’RIZH=10Q 0 L - b
u(t Ry =10 kQ
(®) 48V CLOCK tek [

02V— u,(t) Up(t)
- t >
t=0 ir_ Y
Sprememba signala iz stanja 1 - T

v stanje O ob €asut=0

P +Bos =SS
FD\H.\-FQ«:)

VIN - LV 29 © Rozman,Skraba, FRI



" J
Naloga 4-1 (objavljena reSitev):

Ugotovite ali pri podanih podatkih vezje deluje pravilno
(Lahko tudi: izraCunajte in nariSite potek napetosti na urinem vhodu

- . Tok =6ns, Fg ik =166.6 MH
Cipa 74ACT74 - D FlipFlop) . oLk = PNS: ok ?
D Flip Flop
Rzy=10Q Ry = 10(:3 i=_6_ns>/_m_|=_5?f e
u(t Ry =10 kQ
v 48V CLOCK 1 CLK "
0,2V —of - u,(t) up(t)
t=0 t y ,
Sprememba signala iz stanja 1 o= ——
v stanje O ob Casut=0 Uv(t) p.=-0,82 T=56(=3ns, pp=1 Ub(t)
. .. . 02V t=0- " t=0- 02V
Objavljena resitev (e-ucilnica) 438V t=0+t==—"
~ g5y e T 00 | T s
L : 732V ‘ Up(t) t :"_‘;_- t=1 8,56V
----- &
= Mod) \l/ _________________ t
272V A 514V t=21 TS ¢
wopresrve) Tt=3t 1,72V
QIDU L 7L \\Q_d;%rga\uockt ______ e—- —————
o8 gt C 452V t=d4r (2
BF_é 9 15 2 27 —t [ms] """" ~>- oy
| ____llz==-|t=b51 7,
__________
VIN - LV 502V t=671 p==ziil’
- t=71 2,72V




" J
Naloga 4-1 (objavljena reSitev):

Ugotovite ali pri podanih podatkih vezje deluje pravilno
(Lahko tudi: izraCunajte in nariSite potek napetosti na urinem vhodu

&ipa 74ACT74 - D FlipFlop) .

rt = cg—-& = QMS/N‘OISW\ = 3ns
%u: —le—Eo

856y S
‘ 732V
T S o Mb(k) |
o 1_;:121 = A ‘/U-Dd%
A
232V
: *me(sne\wu)
Us R 02V. A 1721 -,
e R G =, +?b,, . ﬁ’ 0498V = 02N nt === e “w"%'l"’d‘c"’\"
tso+ Am(o+) = My(o-) AV Re A6V Aoo o L : 2
R e BB o L ey =
= 02V & 48Vv)=43ay
t:rt = M(")—"‘)
M) M (0-) + Mp (A + Mg (1. Qe = _ ps=-0,82 T=0(=3ns, pp=1 ub(t)
3 : 02V t=0- t=0- 0,2V
- O r4nev tasen) = BisEY 4,38V t=0+ T
Aa“-r?-:\r‘-ﬁhp(l\&— t ~~~$" ________
o e Mo = Mty ——“'———_::::: t=r 8’56\/
- Gocle s ‘ i/ _______ & t
i Wtw e ge-PKﬁ‘r" W 1=
ST Mo(ST) + ey \ 3 . | et \l/
V& peovem 2 unnie Geeados 544V t=21 B
£2T Ma(zt) - 2,72\ s felenes § = AcEmHL e t=E3T T2V
e N B s R e O L <«
c U 4savit=ac T
},«)\.«Lv\n,, e - [ e ~
__._-iz==-t=51 7,32V
---------- <
VIN - LV 5,02V t=6rc peciilll
R t=71 2,72V




" B
N (objavljena resitev):

aloga 4-1

Spletna vizualizacija odbojev:

Transmission Line Reflections P Rl
! ! i -1.010V 4.800 V
Continuous Time Oscilloscope View
|||||||| w) SOURCE Z, ()
0,2 48 10 100
LOAD Z, (Q) DELAY TD (NS) RISE TIME TR (NS) ANIM SPEED
2.0x
rl = 8.998
SOURCE LOAD
=m -
3 v_source 0e0) v

https://lapsylab.qgithub.io/transmission lines reflections.html

VIN - LV

T 856y S | L e
e 73
My (t)
= Moty
232V A
172\ : vmb(angltpu)
20v ALY ik \’\Q.Jsl{,roo\go‘-,\@
08V . ‘ \ o
Oi =) 5 41'5 2l 27 LR [V\S]
p=-0,82,  T1=8(=3ns, p,=1 Up(t)
4a38 V t = 0+ ~~~~~~~~~~~~~
T~
t ____::::::: =1 8,56V
A — — |
5!14 V t = 2 < T $ ~~~~~~~~~~~~~ \l/
—_——_——_—::_ t = 3 T 1172V
UL &
452V t=4r7 2100
----- $__——————- 32V
_______:::::- t=5‘c 7’
502V t=61 ==:::ZZ:::::_éﬂL
T t=7r1t 2,72V



https://lapsylab.github.io/transmission_lines_reflections.html

"

mLTSpice — Naloga AV4-1 - Simulacija

izraCunajte in nariSite potek napetosti na urinem vhodu Cipa 74ACT74 - D FlipFlop

4, odboj_rialoga_AV41asc | $2 odboji_nialoga_AV4T raw

g odboji_naloga_AVA1.raw ===
V{uv) V(ub) V(vgen)

£ odboji_naloga_AV41.asc [==]=]
Vinitizl[V]: 0.2 =
o
Von[V]: 48 =) > =
> R T T 7
Tdelay[s]: 0 V1
_ 10
Trise[z]: 1p Td=3n Z0=100 R2
Tall=]: 1p 10
PULSE(0.24.8 0 1p 1p 100n)
Ton[s]: 100n
Tperiod[s]: .tran 100n N %
Meycles:

x=80.52ns y= 4174V

Pozor: nap. nivoji do 5V !

VIN - LV 33 © Rozman,Skraba, FRI
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mLTSpice — Naloga AV4-1 — 3ns zakasnitve in do 33ns

izraCunajte in nariSite potek napetosti na urinem vhodu Cipa 74ACT74 - D FlipFlop

QPJ,C;I}:C_%EI:;_\L—‘—' raw [ [@]=]
V(uv) V{ub) V(vgen)
f y f
V(Vub)
V(Vgen)

+, P4_odboji_naloga_AVA1.asc =N E=RE=

c

5 > a

> R1 = T =

V1 10
Td=3n Z0=100 R2
10
PULSE(0.2 4.8 3n 1p 1p 100n)
.tran 33n

Pozor: nap. nivoji do 5V !

VIN - LV 34 © Rozman,Skraba, FRI



LTSpice — Naloga AV4-1 FlipFlop

V(vin)

V{vout)

V{velk)

V(ffout)

d [
: 2

¥

_— oy,

Ol

A

Yﬁ
I
i

2
—
-~ om |

‘——’

Ay

‘——’

Nastavimo nap.

nivoje za D-FF

(do 5V, sicer 1V)
Whigh=5 Wlow=0

VIN - LV

L
ons e 1. Yy e g

L~

T
15ns

[z Component Attribute Editor

X

n/

C:\Users\R\Documents\L TspicaXVINib\sym\Digital'dflop sy

Attribute Value
Prefix A
InstMame Al
SpiceModel DFLOP

lue2 Vhigh=5 Viow=0
| SeeliE = = ——

Snicel ine?

T T T
21ns 24ns 2ns 30ns

V(Vin)
V(Vout)
V(clk)

V(FFout)

© Rozman,Skraba, FRI



v EE———

LTSpice — Naloga AV4-1 FlipFlop - problem

95.

V{ugen) V(ffout)

55.0v

74-9V

== oo

=~

0.5

Do.

Problem: D-FF namesto enega prehoda 0->1 V(Vgen)
naredi 3 prehode: 0->1->0->1 V(FFout)
(dva dodatna nepotrebna prehoda)

36 © Rozman,Skraba, FRI

T e . .~
o ] 1 ] 1 [] 1 \
o N/ ! N : 1\ ' V(Vgen)
P! | l \'\
] | | | [ | [ V(FFout)
1.0v \ ’ \ ’ \ ’
-l 7 . wl 7 . /
Ons \ 6ns ' 9ns ‘ns ' 15I \Sln ' ral 24Ins 27 30ns



Naloga 4-1a: Serijska prilagoditev

Ponovite izraCun in izris ob dodani serijski prilagoditvi.

Kaj se spremeni ?

u(t)

0,2V e

48V

t=0

t->

Sprememba signala iz stanja 1
v stanje O ob €asut=0

D Flip Flop

Ry = 1009, 6 = 6 ns/m, I=50cm

Ry =10 kQ

Tok = 6ns, Fe = 166.6 MHz

VIN - LV

37 © Rozman,Skraba, FRI



Naloga 4-1a (objavljena resitev): Serijska prilagoditev
Ponovite izraCun in izris ob dodani serijski prilagoditvi.

Kaj se spremeni ? — Racunska resitev

U(t) 48V

0,2V e

t=0
Sprememba signala iz stanja 1
v stanje 0 ob ¢asut=0

t->

Tok = 6ns, Fe = 166.6 MHz

Objavljena resitev (e-ucilnica)

AO

t—

D Flip Flop
Ro = 1009, o= 6 nS/m, |=50Cm
e ——— 5
RVH=10 kQ
cLotK 1 CLK
Up(t)
s e i

Uv(t) pv=0 p =1 Ub(t)
200 1-0 t=0- 02V

2,5 V t= 0+ ~~~~~~~~~~~~~

—23V

23V e t=¢ 48V

4!8 V t = 2 S

| t

© Rozman,Skraba, FRI
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Naloga 4-1a (objavljena resitev): Serijska prilagoditev
Ponovite izraCun in izris ob dodani serijski prilagoditvi.

Kaj se spremeni ? — RaCunska resitev Objavijena resitev (e-ugilnica)
Transmission Line Reflections :;g;;ni; STE':’;;;E“;
Continuous Time Oscilloscope View S > — M (-t = 4
V LOW (V) V HIGH (V) SOURCE Z, (Q) LINE Z, @4\ (e ¥ \ lg\l
. 0 (Q) AAA‘
02 48 100 100 2, + G:) ub(t)
Lj/;zz;f;) D;LAV TD (NS) RI:[ TIME TR (NS) ANIM SPEED 2
21x |
- )
s = 9.000 ri = e.99s AO _t_->
SOURCE c!m
t uy(t
[ v_source (x=0) [___] V_Load (x=1) ) pv:o pb_1 b( )
6 : : V t=0- t=0- 0,2V
’ Vt=0+TT"""-___
=23V
23y Em[t=r 48V
Vit=2c]-"
o b Time (ns) v b b b b t t

https://lapsylab.github.io/transmission lines reflections.html
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LTSpice — Naloga AV4-1a (A: serijska prilagoditev)

1, odboil_nzloga_AV41asc | §¢ odboji_naloga_AV4T raw

odboji_naloga_AV41.raw

===
V(uv) V{ub)

V(vgen)

odboji_naloga_AV41.asc

x=81.28ns y=2.320V

R1

Vgen

T

—uv
»—ub

100

Td=3n Z0=100 R2
PULSE(0.24.80 1p 1p 100n)

.tran 100n N N

Nap. nivoji do 5V !
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LTSpice — Naloga AV4-1a FlipFlop (A: serijska prilagoditev)

5 ov V(vin) \ % V{vout) V{vclk) Viffout)
4.5V hd
1.0V ' I
3:0\/— I I
2.5V l I
1.0V
.57 ‘ I
B "ﬂns 3rI|s ‘Erlls l 9rI|s 12Ins 15Ins 18Ins 21Ins Zdlns 2?Ins
=
[z Component Attribute Editor V (Vi n)
C:\Users\R\Documents\L TspicaXVINib\sym\Digital'dflop sy
V(Vout)
Nastavimo nap.
. . Attribute Value Vs, A
nivoje za D-FF Pref A V(clk)
o InstMame Al X
(do SV, sicer 1V) - | socotessoror
T Vaise2 Vhigh=5 Vlow=0 - V(FFOUt)
Spiceline
VIN - LV socel e . © Rozman,Skraba, FRI

30ns



v EE——

LTSpice — Naloga AV4-1a FlipFlop (A: serijska prilagoditev)

m
o — — .

-
. ,\ 1 V(Vgen)
o] I |

N Pl V(FFout)
. : I

o \ I

- L/

T T T T T T T T
Ons 3ns 6ns 9ns 12ns 15ns 18ns 21ns 24ns 27ns 30ns

Resitev: D-FF naredi tudi samo eden (zakasnjen) prehod 0->1
V(Vgen) in V(FFout)
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LTSpice — Naloga AV4-1a FlipFlop (B: paralelna prilagoditev)

V(vgen) V(vclk) V{ffout)

4, Vezje4_Naloga_Av41_D-FF_Par zak.asc

el
=
S Al

Vin

Ql O

PULSE(0.2 4.8 0 1p 1p 100n) ()

<

Resitev: D-FF naredi tudi samo eden (zakasnjen) prehod 0->1

.tran 30n

Par. Zakljucitev,
PocCasnejsi CLK

|zziv: bi lahko problem resili Se kako drugace ? Cas vzpona ...

VIN - LV 3 PULSE(0.2 4.8 0 10n 10n 100n)



LTSpice — Naloga AV4-1a FlipFlop (C: daljsi ¢as vzpona (10ns > 31=9ns)

__V{vin)

_V(vclk)

'( Vezjed_Naloga_AV41_D-FF_Cas_vzpona.asc

c
Q - -
= = >g Al 3
oM T g
10 D Q
Vi Td=3n Z0=100 vyclk —
PULSE(0.2 4.8 0 10n 10n 100n) Cr) V2 >CLKCLR QL

PULSE(0.1 4.5 0 0.5n 0.5n 3n 6n)

<

ResSitev: D-FF naredi tudi samo eden (zakasnjen) prehod 0->1

-tran 30n Par. Zakljugitev,
PocCasnejsi CLK
Cas vzpona ...
N |zziv: bi lahko problem reSili Se kako drugace ? —~

a
PULSE(0.2 4.8 0 10n 10n 100n)




" N
Naloga 4-1:
Ugotovite ali pri podanih podatkih vezje deluje pravilno

(Lahko tudi: izraCunajte in nariSite potek napetosti na urinem vhodu
Cipa 74ACT74 - D FlipFlop) .

D Flip Flop
R, = 100Q, 6 = 6 ns/m, I=50cm
—_’RIZH=10Q 0 A - b
u(t Ryy =10 kQ
(®) 48V CLOCK tek [

02V— u,(t) Up(t)
- t >
t=0 Y . R
Sprememba signala iz stanja 1 - T

v stanje O ob €asut=0
Teok = 6ns, Fg ik = 166.6 MHz

&= Bic¥e VIN LAB 07.05 AV1 - Simulacija vezij v

P+ P T SO orodju LTSpice_Simulacija in razreSitev
% o s problema naloge z odboji.mp4
e o e o A
Pou+Po VIN LAB 07.05 AV1 - Simulator vezij
LTSpice_Simulacija in resitev Naloge
4-1in 4-1a.mp4
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" JEE
LAB 7 — AV1: Linije, LTSpice - simulacija
elektronskih vezij in odboji

m /.1: Uvod v LT Spice in osnovna vezja
m /.2: Vpliv Casa vzpona/padca na odboje - ponovitev

m /.3: Naloga 4-1 - Simulacija

[ m /.4: Simulacija odbojev za lab. meritve — DN 2-AV1.1 }

m /.5: Simulacija odbojev na naslovni liniji — DN 2-AV1.2
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Merilni tocki
. 777777777777 1
Funkcijski  Rgen=50¢ Rser / Zy, 8 /
generator :I—Oflik

|
|

|

|

|

|

| RL
|

|

|

|

|

T

(Priprava na LV2) - Merjenje odbojev na liniji Ver Ug u,
Primer rezultatov meritev.~~~ L ! | —
Slike osciloskopa: UTP kabel, Rs= 50..550 01, R = 1..500 0 {Rger=50 (3) UTP Napetost se e pravilno parazdell, 2

zakasnitvijo 136 pofavi tudi na izhodu,
Ro=100Q RL > Ry, rR.=5000 RL =Ro RL < Rg r.=10

Ri,Rs=0,50,500Q P1=0.666 (poz. odboj) p1=0 (ni odboja) p1=-0.98 (neg. odboj)

Rs < Ro

Rs=50 Q
ps=-0.333

[1V/razdelek]

Visfe polujade
napelosh

Rs = Ro

ps=0
[1V/razdelek]

Rs > Ro

Rs=550 O
ps=0.692

[1V/razdelek]

Mizke polujods
napelost!



Vgen

RA 3 E
: — , o T
(Priprava na LV2) - Merjenje odbojev na liniji IR =T
] ] . ] nn ] PULSE(0.0 5.0 200n 22n 22n}400n) ‘
Primerjava: Simulacija - Meritve. - i
Napefos! se & pravilno porazdeli, z ran " ;
‘ SPICE Simulacije slik iz osciloskopa: UTP kabel, Rs= 50..550 ), R, = 1..500 02 Zaf-':;"-"wfo 1r ;L‘ Pq'ﬂ'f'mf na izhodu.
Ro=100Q RL > Ro, Ri=5000 RL=Ro RL < Ro r.=10
R.,Rs=0,50,500Q pL=0.666 (poz. odboj) ©.=0 (ni odboja) PL=-0.98 (neg. odboj)
¢ Rs<Ro
I e [ e
23 Rs=50 Q Ustse = Uk R/ (R4RL)
ps=-0.333
[0.5V/razdelek]
777777777777 Merilni tocki
g Rl R om0
Vsre i Us U
|
| Slike osciloskopa: UTP kabel, Rs= 5§0..550 (2, R = 1..500 {1 (Rgen=50 02) UTP | Napeicat 22 28 pravine paradel], = e I I
zakasnitwijjo 17 se pofavi tudi na izhodu.
Ro=100Q RL > Ro, R.=5000 RL=Ro RL < Ro, Ri=10
RL,Rs=0,50,5000 pL=0.666 (poz. odboj) ©0.=0 (ni odboja)
Rs < Ro
i3 Rs=500Q
3% ps=-0.333

[1V/razdelek]
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" JEE
LAB 7 — AV1: Linije, LTSpice - simulacija
elektronskih vezij in odboji

m /.1: Uvod v LT Spice in osnovna vezja
m /.2: Vpliv Casa vzpona/padca na odboje - ponovitev
m /.3: Naloga 4-1 - Simulacija

m /.4: Simulacija odbojev za lab. meritve — DN 2-AV1.1

[- 7.5: Simulacija odbojev na naslovni liniji — DN 2-AV1.2 }
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" EE————

DN2-AV1.2: Simulacija odbojev na liniji s programom LTSpice — DRAM pomnilnik, naslovna linija

Krmilnik pomnilnika DRAM 1M x 16bitov

Ri=24Q Z,=70Q R, = 1M
Vy=0,1V 5 = 6 ns/m
V,=18V =10 cm
t. =0,3ns
50 © Rozman,Skraba, FRI
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DN2-AV1.2: Simulacija odbojev na liniji s programom LTSpice — DRAM pomnilnik, naslovna linija

Model linije

Rs Zy,9d

I_CD
=

v

oO— +—0O
.

Vs - Napetost izvora [V]

Rs - Upornost izvora - izhodna upornost oddajnika [Q]

Z, - KarakteristiCna impedanca linije [Q]

R.- Upornost bremena - vhodna upornost sprejemnika [Q)]
d - Zakasnitev signala na enoto dolzZine [ns/m]

u; - Napetost na vhodu v linijo [V]

u, - Napetost na izhodu linije [V]
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DN2-AV1.2: Simulacija odbojev na liniji s programom LTSpice — DRAM pomnilnik, naslovna linija

Mozne zakljucCitve

—— Model linije

Z, T
RSFC Rser

) 0
] L

Vsre ui UL

par Rbremena
=
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DN2-AV1.2: Simulacija odbojev na liniji s programom LTSpice — DRAM pomnilnik, naslovna linija

Preizkusite :
O Vsrc: V0O=0,1V: V1=18V: tr=t=0,3ns
O Linija T1: Zo=70Q,t=0,6 ns (TD =1* d)

Razlicni mozni nacini zakljucCitve:
O Brez zakljuCitve:
Rsrc =24 Q, Ro = 1M Q
O Serijska zakljuCitev
Rser + R3=Ro0 =70 Q
O Paralelna AC zakljuCitev*
Rpar =70 Q = Ro, Cpar=5 pF

O Obojestranska zakljucitev*

Rser+ R3=Ro=70Q
Rpar =70 Q=Ro, Cpar=5pF

*
Neobvezni del: primerjajte porabo (el.tok) z ostalimi; lahko tudi spreminjate Cpar.
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