Vhodno izhodne naprave

Laboratorijski vaji 7, 8 - LV1, LV2

Meritve dolzine, karakteristicne impedance linije
In razlicnih situacij z odboji
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Laboratorijski vaji 7, 8 - LV1, LV2

m /.0: Uvod v meritve prenosnih linij

m /.1: LV1-1: Meritev dolzine linije (l)

m 7.2:LV1-2: Meritev karakteristicne upornosti linije (R,)

m /.3: LV1-3: Izziv - Meritev karakteristiCne upornosti linije
drugace (R)

m 8.1: LV2 : Meritve odbojev (razmerja Rv, Rb)

m 8.2: LV2 : Vpliv Casa vzpona/padca — omejevanje odbojev

m 8.3: Odboji v praksi - omejevanje (zakljuCitve, ,slew rate)
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Laboratorijski vaji 7, 8 -
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LV1, LV2
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Vhodno izhodne naprave

Laboratorijska vaja 7 - LV1
Meritve dolzine, karakteristicne impedance
linije
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Laboratorijskavaja 7 - LV1

{- 7.0: Uvod v meritve prenosnih linij }

m 7.1: LV1-1: Meritev dolzine linije (I)
m 7.2: LV1-2: Meritev karakteristiCne upornosti linije (R,)

m /.3: LV1-3: Izziv - Meritev karakteristiCne upornosti linije
drugace (R)
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Model linije

Rs Zy, 0

O
Q

I_O
=

Vs ' U,

<
<

O <

q
O

Vs - Napetost izvora [V]

Rs - Upornost izvora - izhodna upornost oddajnika [Q]

Z, - KarakteristiCna impedanca linije [Q]

R,- Upornost bremena - vhodna upornost sprejemnika [Q]
o - Zakasnitev signala na enoto dolzine [ns/m]

u; - Napetost na vhodu v linijo [V]

u, - Napetost na izhodu linije [V]
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9.1: Uvod v meritve prenosnih linij

Seznam uporabljenih instrumentov:
m funkcijski generatorji HP 33120A, RIGOL DG 3101A
m osciloskopi RIGOL DS 1102E

Linije
m Koaksialni kabel
m UTP Catbe
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Spoznavanje merilne opreme...

Prednja stran osciloskopa - shema

Multi-function Common Menu Run Control

-

A
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USB Host Logic Analyzer Port Signal Input EXT Trigger Probe
Channel Input Compensation

VIN - LV
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Spoznavanje merilne opreme...

Prednja stran osciloskopa - realna

RIGOL T'D AAAAAABAAAA | Cursors

W L . Mode
Manual
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MENU

ammn RUN CONTROL —\

Measure " Acquire :/ Storage s
LR | Auto RUN/STOP
& ¥
Cursor (D:sptay 4 Utility
S = - H
VERTICAL mesmmm—m s HORIZONTAL Smamm TRIGGER =
e POSITION < PoSITION D> e LEVEL
= =
: & | &
e SCALE < 4 scae P <
i) & 50%
P ——
. FORCE .ocal
e )
EXT TRIG
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rednja stran osciloskopa - kontrole

Y-0s (el. napetost)

* nastavitev merila
[V/razdelek]

* pozicioniranje
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Spoznavanje merilne opreme...

X-os (€as)

e nastavitev merila

[s/razdelek]
* pozicioniranje

= HORIZONTAL =

<] POSITION [>

Prozilnik
* zacetek dogodka
* obicajno 50%

Fay
W

S TRIGGER ===

N
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g

FORCE [Local

LEVEL

o

S0%

https://www.rigolna.com/products/diqgital-oscilloscopes/1000/

https://www.youtube.com/watch?v=TAQflYAa2VM
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Spoznavanje merilne opreme...

PC aplikacija za osciloskop (USB povezava)

Virtual Panel
Contral Output Dizplay MENU
E Stop || [ Expot S Frint [ &) Preview | [ Zoom [ ] [ ] [ ]
keazure Aoquire  Storage [:] [:]

RIGOL Fo [ ] [ ] [ ] AUTO RUMASTOR
T . d - - —
= ! Curzor Digplay [Itility
i |
| ]
i | Vertical Horizontal Trigger
; ! - N B ~ y T
| | Position Level
| | Position | ] | m =
1 1
| | | |
| 1 Menu
| ; OFF Menu
| 1
i ! -50%

13 i : Scale | Scale
! |||

[MEFEE SEEARL) Time S5.8688m= _) . J \ y
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Zaslon osciloskopa — meritev periode

RIGOL T°[D
T

VIN - LV

f Programska
— nastavitev:
AR L= 28 By * Delay 10ms
S =5

* Perioda 20ms
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Zaslon osmloskopa meritev amplitude

RIGOL =
= e PR - s - m —r —rl_l | - — r|I|1 I:"jEI

CurE: 24 . Amll
LAYl 3,28 hlarial

Twpe

COUrce

H 1= Ee=le Time 5.088m=
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poznavanje merilne opreme...

Generator signalov

m DG 3101A 100MHz
\ A AN '#&4  Function/Arbitrary Waveform Generator 300MSals

103.000.00kHz |}

| Dty Cye
LTS

Offset

5000 Vpp | 2800 Vdc ‘S
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Meritve prenosne linije [ i

—_ )
/ s \‘\\\??\\

Sredniji polozaj:
. Odprte sponke!
e

i:
.
\ \

Merilni tocki

____________ 1
Funkcijski I Rs Zy, 0
generaftor Rgen=50Q > >/ °
-o— o—] (0
| | L
I
| RL
Vsrc @) : Us U,
I
I
I
| v r‘:
—O O O
___________ - - -
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Laboratorijskavaja 7 - LV1

m /.0: Uvod v meritve prenosnih linij

{ m /.1: LV1-1: Meritev dolzine linije (l) }

m 7.2: LV1-2: Meritev karakteristiCne upornosti linije (R,)

m /.3: LV1-3: Izziv - Meritev karakteristiCne upornosti linije
drugace (R)
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LV 1.1: Meritev dolzine prenosne linije
Impulzni generator uporabite kot izvor signala za napajanje linije, s

pomocjo osciloskopa pa izmerite Cas potovanja signala po liniji (7).
Razmislite ob kakSnih pogojin lahko najbolje opravite meritev ?

|zraCunajte Se dolzino prenosne linije, Ce poznate zakasnitev na enoto
dolzine:

m Koaksialni kabel & = 5,1ns/m (= 66% svetlobne hitrosti)
m Parica (UTP Cat 5e) d = 4,8ns/m (= 69% svetlobne hitrosti)
Merilni tocki
T T T 7
e . LI

@—%MJ O

|
|
I RL
Vsrc @} : uS uL
|
|
|
|
|

P
<«
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LV 1.1: Meritev dolzine prenosne linije

Merilni tocki

____________ q
Funkcijski I R Zy, 8 /
y Rgen=500 se’ 0
[ o

generator
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LV 1.1: Meritev dolzine prenosne linije

|zraCcunajte Se dolzino prenosne linije, Ce poznate zakasnitev na enoto
dolzine:

m Koaksialni kabel & = 5,1ns/m (= 66% svetlobne hitrosti)
m Parica (UTP Cat 5e) d = 4,8ns/m (= 69% svetlobne hitrosti)
RIGOL . ) : . - S28m ;u_n;cis;__p\_)g;n_;o;—l Ree / 2,.8 /

generator — :
|

O

—Strmini in
toCka meritve

. )
o [T oy ey oy Sy e oy -|I
=&i1) =13. -ir. Umaill) = 3. 36U |

MEkEEE 1.6E)
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Laboratorijskavaja 7 - LV1

m /.0: Uvod v meritve prenosnih linij

m 7.1: LV1-1: Meritev dolzine linije (I)

{- 7.2: LV1-2: Meritev karakteristicne upornosti linije (R,) }

m /.3: LV1-3: Izziv - Meritev karakteristiCne upornosti linije
drugace (R)

VIN - LV 20 © Rozman ,Skraba, FRI
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije

|Izhodna upornost funkcijskega generatorja je R;,=50Q, na izhodu linije
pa pustite odprte sponke Rb= 0,

S pomocjo osciloskopa izmerite napetost prvega vala V1 = u,, (0+) in
napetost v stacionarnem stanju V2 = u,, (t>10 t) na vhodu linije ter
izraCunajte karakteristicno upornost linije R,,.

Merilni tocki

| — generator |

V, vV, Vsrc @

____________
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije

-#_'—-—_'—
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Merilni tocki

u, (t) Funkcijski
1 generator
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije

RIGOL ; F 1,641

Ri=elll=518.8n= A~ ik Ri=elll =516 ..8n=

EEED 1 .66 ' Az 95 EEED 1.E0U
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakter
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije
b, = PRo ! pIEpY I Be
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije

Izhodna upornost funkcijskega generatorja je R,,=50Q, na izhodu linije
pa pustite odprte sponke Rb= . / —
Nastavitev generatorja = TR

Agilent 33120A
15 MHz Function /
Arbitrary Waveform Generator

, . Shift 1 Turn on the menu.
User’s Guide Mar O/OR
A: MOD MENU
Output Termination
Applies only to output amplitude and offset voltage. The function 2 Move across to the SYS MENU choice on this level. @
generator has a fixed output impedance of 50 ohms on the OUTPUT
terminal. You can specify whether you are terminating the output into D: Svs MENU
a 50 ohm load or an open circuit. Incorrect impedance matching between
the function generator and your load will result in an amplitude or
offset which does not match the specified signal level. 3 Move down a level to the OUT TERM command.
s Output termination: 500 or High impedance. The default is 500, 1: QUT TERM
See the table on page 59 for a list of amplitude limits for all functions.
4 Move down a level and then across to the HIGHZ choice. @'
. If}rﬂlu EPEICif}'"a 50 ochm termination h'u" are aﬂuall}" Lerrninat.ing into With the output termination set to “HIGH Z”, the function generator
an open circuit, the displayed output will be fwice the value specified. allows you to set the unloaded (open circuit) output voltage.
For example, if you set the offset to 100 mVde (and specify a 50 ohm
termination) but are actually terminating the output into an open HIGH Z
circuit, the actual displayed offset will be 200 mWVdc.
5 Save the change and turn off the menu.
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.2: Meritev karakteristiCne upornosti prenosne linije

Izhodna upornost funkcijskega generatorja je R,,,=50Q), na izhodu linije

pa pustite odprte sponke Rb= .
Nastavitev generatorja

RIGOL

User’'s Guide

DG4000 Series
Function/Arbitrary Waveform Generator

5. CH1 Output
BNC connector with 500 nominal output impedance.
When DutEutﬂ is enabled (the backlight turns on), this connector output
waveform according to the current configuration of CHI1.

RIGOL DG3000 Series Function/Arbitrary

User's Guide Waveform Generator

1. To Set the Output Load

For the [Output] Connector on the Front panel, the Generator has a built-in 508
series impendence. If the actual load does not match the set one, the displayed
amplitude and offset are incorrect. This function is used to match the displayed
voltage with the expected one.

Merilni tocki
____________ -
Funkcijski  Rgen=504 : Rse/r1 / Zy, 6 /
generator |
F—O—|| -
I
| RL
Vsrc : uS UL
|
|
I
) O
___________ i L L

VIN - LV 28
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Laboratorijskavaja 7 - LV1

m /.0: Uvod v meritve prenosnih linij
m 7.1: LV1-1: Meritev dolzine linije (I)

m 7.2: LV1-2: Meritev karakteristiCne upornosti linije (R,)

m /.3: LV1-3: Izziv - Meritev karakteristiCne upornosti linije
drugace (R)
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LV1 - Meritve dolzine in karakteristiCne upornosti prenosne linije

LV 1.3: Meritev karakteristiCne upornosti prenosne linije

1zziv: ali bi lahko Se na kaksen drug nacin izmerili karakteristicno
upornost linije ?

Merilni tocki
____________ 1
Funkcijski  Rgen=50¢ : Rser / Zy,d /
generator | #
:l I

|
|
|
Vsrc @9 : uS
|
|
|
|
|

O)
S

RL

O«
O«
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LV1 - Meritve dolZine in karakteristiCne upornosti prenosne linije

1. Domaca naloga

VHODNO - IZHODNE NAPRAVE

POROCILO Z LABORATORIJSKIH VAJ

LAB., VAJA LVI, LV2
Doliina linije, karakteristiCna impedanca, odboji

PRIIMEK IN IME

VPISHNA STEVILKA

SKUPINA ST,
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Vhodno izhodne naprave

Laboratorijski vaja 8 - LV2
Meritve razlicnih situacij z odboji
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Laboratorijska vaja 8 - LV2

[- 8.1: LV2 : Meritve odbojev (razmerja Rv, Rb)

m 8.2: LV2 : Vpliv Casa vzpona/padca — omejevanje odbojev

m 8.3: Odboji v praksi - omejevanje (zakljucitve, ,slew rate®)
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Meritve prenosne linije

Stikala — polozaiji:
« 0...RL=R(P2)
+ Srednji polozaj:
odprte sponke (R, =«)
« 1...RL=R(P2) + 22E

R(P1) =0 ... 500E
R(P2) =0 ... 500E

Merilni tocCki

Funkcijski Zy,d

generator 1gen=50¢I

— [ Ho—

<
<

O
O«

)
14
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(LV2) - Merjenje odbojev na liniji

LV 2-1: Merjenje odbojev pri razlicnih odbojnih
koeficientih na vhodu in izhodu linije

m Impulzni generator uporabite kot izvor signala za
napajanje linije, z osciloskopom pa dolocCite potek
signala in izmerite napetostne nivoje na vhodu Vv linijo
In na izhodu. Izhodna upornost impulznega generatorja
J€ Ryen = 9002,

Merilni tocki

____________ _]
Funkcijski  Rgen=50% | Rser / Zy,9d /

generator

|
I
|
|
Vsrc @ i uS
|
|
|

RL
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LV 2-1: Merjenje odbojev pri razlicnih odbojnih koeficientih na vhodu in izhodu linije

lzmerite in narisite potek ug (t) In u,(t) za
vseh devet kombinacij R In R,. Vse to
ponovite tudi s simulacijo v programu SPICE.

RL>R0

R =R,

RL<R0

VIN - LV

36
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(LV2) - Merjenje odbojev na liniji
|lzmerite in narisite potek ug (t) In u.(t) za vseh
devet kombinaci] Rg In R, . Vse to ponovite tudi s
simulacijo v programu SPICE.

Merilni toc¢ki
____________ .
Funkcijski  Rgen=50% : Rser / Zy, 0
generator |
:l |
|
|
| RL
Vsrc : uS
|
|
|
| A p4
___________ . L L
c
S ®
> R1 7 T T
Vi 550
Td=220n Z0=100 1 R2
PULSE(0.0 5.0 200n 22n 22n 2400n)
Rser=0
tran 2400n
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(LV2) - Merjenje odbojev na liniji

V1 sso
Td=
PULSE(0.0 5.0 200n 22n 22n 2400n)
Rser=0

+Vgen

R1 £
4

T 7

220n Z0=100 4 %RZ

.tran 2400n

N

...Vse to ponovite tudi s simulacijo v programu SPICE.

Napetos! se #e praviino porazdel, 2

SPICE Simulacije slik iz osciloskopa. UTP kabel, Rs= 50,5502, R, = 1..500 0}

Ro=100Q
R.,Rs=0,50,5000Q

Rs < Ro

Rs=50 Q
ps=-0.333

[0.5V/razdelek]

Vidfe polufode

napetast

Rs = Ro
ps=0
[0.5V/razdelek]

Rs > Ro
Rs=550 Q
Ps=0.692

[0.5V/razdelek]

Nizke potujode
napetosh

RL > Ro, Ri=5000
P1=0.666 (poz. odboj)

il

Ut

RL=Ro
P.=0 (ni odboja)

Wl

zakasnitviie 1 se pojav tedl na iztodu.

[

Us(1) = AU Ro/ (Rs#Ro)

Us(04) = Us(0-) + Up(1)

RL < Rln, R=10
pL:_O_QB (neg. Udb[}]}

Wl

Ustae = U RL/ (Rs+Ry)

Winl

UL (r)=Ue (0-)+Up(1)+Un(1) P

Us(2)= U 1)=Us{1)"pe

N




Merilni tocki

,,,,,,,,,,,, 1 Stikala — poloZaiji:
. Funkcijski  Rgen=50¢ Reser / Zy,d / « 0...RL=R(P2)
generator I:I—OfiF « Srednji polozZaij:

odprte sponke (R ==)
+ 1...RL=R(P2)+ 22E

|
|

|

|

|

|

1 RL
|

|

|

|

|

|

T

(LV2) - Merjenje odbojev na liniji Ve Us Uy,

)4 kt' )Py : 't 1 Potenciometri:
...Se s praktiénimi meritvami. | | | — e
Slike osciloskopa: UTP kabel, Rs= 50..550 0, R, = 1..500 0 (Ryen=50 ) UTP Napetoat a8 38 praviies porasien, = R(P2)= 0 ... 500E

zakasnitvijo 1 se pofavi tudi na izhodu,
Ro=100Q RL > Ro, Ri=5000 RL=Ro RL < Ro r=10
R,Rs=0,50,500Q PL=0.666 (poz. odboj) P2.=0 (ni odboja) p1=-0.98 (neg. odboj)

Rs < Ry
£3 Rs=500Q
$5 ps=-0.333

[1V/razdelek]

R5= Ru

ps=0
[1V/razdelek]

Odboj
p=-1

Rs > Ro

Rs=550 Q
§  ps=0.692
§3 [1Virazdelek]




(LV2) - Merjenje odbojev na liniji

Vife polujoce

Primerjava: Simulacija - Meritve.

Napetos! se #& pravilno porazdeli, z

‘ SPICE Simulacije slik iz osciloskapa: UTP kabel, Rs= 50..550 ), R, = 1..500 )

Ro=100Q RL > Ro, Ri=5000 RL=Ro
R.,Rs=0,50,5000 p.=0.666 (poz. odboj) p.=0 (ni odboja)
¢ Rs<Ro
- S e
$% Rs=50Q
ps=-0.333
[0.5V/razdelek]
| Slike osciloskopa: UTP kabel, Rs= §0..550 02, R, = 1..500 0 (Rgen=50 02) UTP I Napetost se 2e praviino porazdel, z
Zakasmitvijo 1756 pafav tudi na izhodu,
Ro=100Q RL > Ro, R.=5000 RL=Ro
R(,Rs=0,50,500Q p1=0.666 (poz. odboj) ©.=0 (ni odboja)
Rs < Ro
3 Rs=50 Q
- ps=-0.333
[1V/razdelek]
VIN - LV 40

Zakasnitvijo 1r se pofaw fudi na zhodw.

PULSE(0.0 5.0 200n 22n 22n 2400n)

Rser=0

A T

=\/gen
-US

.Ul

V1 ss0

Td=220n Z0=100

.tran 2400n N N

RL < Ro,Ri=10
pL=-0.98 (neg. odboj)

Ustae = U R/ (Rs*RL)

Merilni tocki
,,,,,,,,,,,, 1
Funkcijski  Rgen=50¢ } Rser / Z,,8
generater :l#o—iir
|
|
|
!
Vsre } Us ug
|
|
|
|
—————o 1 L

R2

RL < Ro, R=10

© Rozman,Skraba, FRI
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Laboratorijska vaja 8 - LV2

m 8.1: LV2 : Meritve odbojev (razmerja Rv, RD)

[ m 8.2: LV2 : Vpliv Casa vzpona/padca — omejevanje odbojev}

m 8.3: Odboji v praksi - omejevanje (zakljucitve, ,slew rate®)

VIN - LV 41 © 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, = 7.

uy (1), uy(t) [V]

T gl 7,81V tr:’C t=0

Stacionarno

6,14 V .
stanje 1

2,70V

Stacionarno | 2 1
stanje 0

N1t

02V

1 ]
I T
0 3 6 9 12 15 18 21 t [ns] —
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Lastnosti elektricnih linij — analiza odbojev

Ponovitev — predavanja

Casovni diagram poteka napetosti izhodu iz linije do ¢asa t =71, &e je ¢as
vzpona signala enak ¢asu potovanja signala po liniji t, = 271

uy(), up(t) [V]
T w [iez

6,14V Stacionarno
stanje 1

Stacionarno 2 1 2,70V

stanje 0

N1t

02V

| |

I T
0 3 6 9 12 15 18 21 t[ns] —>
T 27 37T 47 57 671 7T
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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, = 3t (t, > 21 )

u,(t), up(®) [V]
g+ 7,81V

2+ .-
02v™ | ///
0 : K # : = :
14 3 6 9~ 12 15 18 21 “t{ns
5 T 2T 3t \‘45 5T 6T 7T T~
- tl’ \\\\
> > \\\ 511V
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LV 2-1: Merjenje odbojev pri razlicnih odbojnih koeficientih na vhodu in izhodu linije

m  Na impulznem generatorju spreminjajte cas vzpona
signala t, in opazujte vpliv na odboje.

m  Pri kateri vrednosti t, se odboji zacnejo manjsati?

VIN - LV 45 © Rozman,Skraba, FRI



" N

LV 2-1: Merjenje odbojev pri razlicnih odbojnih koeficientih na vhodu in izhodu linije

m  Na impulznem generatorju spreminjajte cas vzpona
signala t, in opazujte vpliv na odboje.

m Pri kateri vrednosti t, se odboji zacnejo manjsati?

m Prikaz meritev :

o= 1.0 Tine 200.0rw @550 000

e | Oe= 1000 Tise 200.0ns 0792000

02t 2t 4t
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Laboratorijska vaja 8 - LV2

m 8.1: LV2 : Meritve odbojev (razmerja Rv, RD)

m 8.2: LV2 : Vpliv Casa vzpona/padca — omejevanje odbojev

[- 8.3: Odboji v praksi - omejevanje (zakljucitve, ,slew rate“)}
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RS-232 oddajnik/sprejemnik - ADM 3222
ADM3202/ADM3222/ADM1385-SPECIFICATIONS

Vee=+3.3V = 0.3V, C1-C4 = 0.1 wF. All specifications Ty, to Tyy unless otherwise noted.)

+3.3V INPUT

Cls +33VTO 466V v,
O1uF VOLTAGE e c3 +c5
Ci- DOUBLER  V+ *o1uF Totr

C2+ +66VTO-66V  y—
OuE L VOLTAGE ca
C2-  INVERTER [ 0.1pF
1

TiN Tiour
CMOS EIA/TIA-232
INPUTS OUTPUTS
21N T2out.
cMos Riout Riin
EIA/TIA-232
OUTPUTS INPUTS*
R2oyt R2jN

£\
z *INTERNAL 5k PULL-DOWN RESISTOR
= ON EACH RS-232 INPUT

EN[1]e 18] SO
°‘+|Z Evcc
V+E EGND

c1-[4] apmazzz [ Ttour
C2+[5]| ToPVIEW [1a] Rijy

co- E (Not to Scale) E] Riour
L [12] Ty
T20u7 2] [11] 21y

R2jy E E R2oyT

Slew Rate: max 30V/us

VIN - LV

Primer omejitve Casa vzpona/padca — RS232

Paramcter Min Typ Max | Unit Test Conditions/Comments
DC CHARACTERISTICS
Operatng Voltage Range 3.0 33 5.5 v
Vee Power Supply Current 1.3 2.1 mA No Load
& 10 mA R; =3 kQ o GND
Shutdown Supply Current 0.01 05 PA
LOGIC
Input Logic Threshold Low, Vi 08 \Y% T
Input Logic Threshold High, Vi 2.0 \Y T
CMOS Output Voltage Low, Vor 04 \Y Iour= 1.6 mA
CMOS Output \"oltagc High, Vou V(;c -0.6 \' lou‘r =-1mA
Input Leakage Current 0.01 =1 HA T =GND to V*
Qutput Leakage Current 10 HA Receivers Disabled
RS-232 RECEIVER
EIA-232 Input Voltage Range 30 +30 v
EIA-232 Input Threshold Low 0.6 1.2 v
EIA-232 Input Threshold High 1.6 24 A
EIA-232 Input Hysteresis 0.4 AY
EIA-232 Input Resistance 3 5 7 k)
RS-232 TRANSMITTER
Qutput Voltage Swing (RS-232) 5.0 5.2 \Y Vee = 3.3 V. All Transmitter Outputs Loaded
with 3 kK to Ground
Output Voltage Swing (RS-562) +3.7 v Vee=3.0V
Transmitter Qutput Resistance 300 Q Vee =0V, Vour=%2V
RS-232 Output Short Circuit Current 15 mA
Qutput Leakage Current +25 HA SD =Low, Vour=12V
TIMING CHARACTERISTICS
Maximum Data Rate 460 kbps Vee =33V, R =3k 10Tk, C; =50pF to
Receiver Propagation Delay 1000 pF. One Tx Switching
TPHL 0.4 1 Us
TPLH 0.4 1 Us
Transmitter Propagation Delay 300 750 ns Ry =3k, C; = 1000 pF
Receiver Output Enable Time 200 ns
Receiver Output Disable Time 200 ns
Transmitter Skew 30 ns
ReceiverSkew . __ . . o ol o 2300 o o e e e e e e e e e e o e
| Transition Region Slew Rate Measured from +3 Vto -3 Vor-3Viwe+3V, |
Vee =433V
6 10 30 Vips Ry =3kQ, C; = 1000 pF, T, = +25°C |
ko o s o o o o L4 10 30 Vius R =3 kQ. G =2500 pE; Ty = +25°C 1

*ADMI385: Input leakage current typically 10 A when Ty = GND.

Specifications subject to change without notice.



Laboratorijska vaja (LV4): O¢esni vzorec, RS232, SPI

ADM3202/ADM3222/ADM1385—SPECIFICATIONS

Ve =+33V = 03V, C1-C4 = 0.1 wF. All specifications Ty to Tyy unless otherwise noted.)

Paramcter Min Typ Max | Unit Test Conditions/Comments
DC CHARACTERISTICS
Operatng Voltage Range 3.0 33 55 v
Vee Power Supply Current 1.3 2.1 mA No Load
& 10 mA R; =3 kQ o GND
Shutdown Supply Current 0.01 05 A
LOGIC
Input Logic Threshold Low, Vi 08 A T
Input Logic Threshold High, Vi 2.0 \Y T
CMOS Output Voltage Low, Vo 04 \Y Iour= 1.6 mA
CMOS Output Voltage High, Von Vee - 0.6 \' lovr=-1 mA
Input Leskage Current 0.01 =1 VA Tpe =GND to Vo *
Qutput Leakage Current 10 VA Receivers Disabled
RS-232 RECEIVER
EIA-232 Input Voltage Range 30 +30 \',
EIA-232 Input Thresheld Low 0.6 1.2 Y
EIA-232 Input Threshold High 1.6 24 v
EIA-232 Input Hysteresis 0.4 Vv
EIA-232 Input Resistance 3 5 gt kQ
RS-232 TRANSMITTER
Qutput Voltage Swing (RS-232) 5.0 5.2 Vv Vee = 3.3 V. All Transmitter Qutputs Loaded
with 3 k(2 to Ground
Output Voltage Swing (RS-562) 3.7 v Vee=30V
Transmitter Qutput Resistance 300 Q Vee=0V, Vour=22V
RS-232 Output Short Circuit Current 15 mA
Qutput Leakage Current +25 PA SD =Low, Vour=12V
TIMING CHARACTERISTICS
Maximum Data Rate 460 kbps Vee =33V, Ry =3 kK210 Tk G, =50pF to0
Receiver Propagation Delay 1000 pF. One Tx Switching
TPHL 0.4 1 Uis
TPLH 0.4 1 Us
Transmitter Propagation Delay 300 750 ns Ry =3kQ, C; = 1000 pF
Recetver Output Enable Time 200 ns
Receiver Output Disable Time 200 ns
Transmitter Skew 30 ns
ReceiverSkew . . . = o ol o 2300 o o e e e e e e e e e e e e
| Transition Region Slew Rate Measured from +3 Vo -3Vor-3Viwe +3V, |
Vee =433V
‘ 6 10 30 Vips R; =3 kQ, C; = 1000 pF, T = +25°C |
| I S (S I Vius R =3kQ G =2500 pE, Ty = +25°C 1
*ADMI385: Input leakage current typically -10 pA when Try = GND.
Specifications subject to change without notice.
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Primeri zakljucevanj linij:

m SCSI /
0 Aktivni - vgrajen regulator napetosti

CAN - Controller Area Network

RS485 _—
T Pasivni - upor 120 ohm —— : :
RS485 1200

m Ethernet coaxial 10BASE?2

1 Pasivni - upor 50 ohm (BNC terminator)

= Antenski kabel & el
0 Pasivni - upor 75 ohm VAN NG connecton )

m Unibus, MIL-STD-1553 ?

m CPE-SDRAM povezave ->

ERM (ODT)

VIN - LV SN © Rozman,Skraba, FRI
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- N Ponovitev — predavanja

Dodatek: CPE-SDRAM (zmogljiva povezava)

Motherboard Signal Termination

DRAM Termination
m DDR (SSTL - mat. plosca)

a DDR2.3 (ODT — moduli): convter [
[ 50; 751 150 Oth (DDRZ) . ~On-Die Signal Termination o i
1 40, 60, 120 Ohms (DDR3) Lo on

DRAM
aglvo

Controller

PriporocCila Samsung (DDR2):

ODT Termination

m  Single memory module / channel : 150 ohms
m  Two memory modules / channels
1 DDR2-400 /533 memory : 75 ohms

Input Voltage (V)

Input Voltage (V)

J
.5
.5
1"
09 . -
07
05
03

1

0 ors 1 25 3 ars

3
Time (nanoseconds)

1 DDR2-667 / 800 memory : 50 ohms
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" N Ponovitey - predavara

Dodatek: CPE-SDRAM (zmogljiva povezava)

SSTL Termination

Motherboard Signal Termination o

IAN

S |
.f/lll"‘ A

Memory

On-Die Signal Termination i
Termination Termination

ODT Termination

Memory
Controller

Input Voltage (V)
eze

oy
05
ors 15 225 3 375

VIN - LV

52 © Rozman,Skraba, FRI



o
N Ponovitev — predavanja

Odboji v praksi

Dodatek: ZakljuCevanje v praksi

m Razlike v izvedbi (matiCha pl. vs. On-Die-Termination)

SSTL Termination ODT Termination

19
1.7
=) S 15
@ ; 13
g g
One Single-Rank Module s g é T
0.7
§. §, 05
= £ o3
0.1
0 0.75 15 2.25 3 375 -0 0 0.75 1.5 225 3 375
Time (nanoseconds) Time (nanoseconds)
19
17
S S 15
§ @ 13
Two Dual-Rank Modules £ g u
(Second Module) S S 2
- I 3 5 o
Resistive Termination 2 3 o
On DDR memories, the necessary resistive e
termination is located on the_moth_erboar_d, Whlle e e O e 2
on DDR2 and DDR3 memories this termination Time (nanoseconds) Time (nanoseconds)

is located inside the memory chips — a technique
called ODT (On-Die Termination).

Vir: https://www.hardwaresecrets.com/everything-you-need-to-know-about-ddr-ddr2-and-ddr3-memories/6/
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https://incompliancemag.com/article/an-overview-of-transmission-lines-in-electronic-systems/
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"

Odboji v praksi

Ponovitev — predavanja

m Razlike v izvedbi (matiCna pl.
SSTL Termination ODT Termination
i
S E 15
g § \2 ;/
S S 09 \
> >
: : ST
£ £ o3
0.1 \
o o1 15 225 3 375 O T o s 2 3 A
Time (nanoseconds) Time (nanoseconds)
19
17
s S s
§ § \/ \/
g ; 09
3 o Z N\ / &
£ ;! 03
01
Al -01
o 075 15 225 3 375 0 075 15 225 3 375
Time (nanoseconds) Time (nanoseconds)

Primeri o¢esnih
vzorcev (bomo se
obravnavali, merili) ...

vs. On-Die-Termination)

Bit Sequence (011) Bit Sequence (100)
Logicl] | —— Logicd — | |
togeo—" 1] Logeo | Nt Resulting
1 [ 1 ] I i Eye
f £ : i i i Logic 1 1 1
I I Logic 0 | _
Logic 1 | i 1—— | :
L I t D.?
Bit Sequence (001) Bit Sequence (110) ye-Diagram

Signal To Noise
Best Time T, Ratio at Sample

Ny ( \Envelope of

KN /Digital Signal

S u—
\
-

Amount of ATINX
Distortion 3%~ °

Measurement of
Jitter

Variation of
Zero Crossing

Vir: https://incompliancemag.com/article/an-overview-of-transmission-lines-in-electronic-systems/
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" A
Dodatek: Prakticni primer CANBUS vodila

INTEGRA BM SYSTEM Bus length

Regarding bus length, two points must be considered:

1. Voltage drop

Wire resistance cause voltage drop, which depends of Secondary power supply

cable length, wire diameter and power consumption. Cable B+ 1+1{] coop

must be selected to ensure each module have at least the 24V 23V 22V 21V 24V 23V 22V 21V

minimum specified voltage. B {1 {1 BAD
24v 23V 22V 21V 19V 18V 17V

2. Signal delay

Communication speed is limited with propagation time and

bus topology. With default 100kbps baudrate, 100m is safe Network topology

without restrictions. For a longer distance, cable must be
connected in a line (without trunks) and properly terminated.

FREE
Speed\Topology FREE LINE
100kbps 100m 300m
50kbps 200m 500m 1] Lne
20kbps 500m 1000m
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Dodatek: Prakticni primer CANBUS vodila

INTEGRA BM SYSTEM

1) Total IEX-2 bus length <100m

Cabling topology & Termination

. Cantroller

5m am
E E — — D D Expansion module
20m 20m  —1om 20m

CYBRO-2

Total line length: 95m
no termination neccessary

5m —  |EX-2 cable

10m

2) 100m< Total IEX-2 bus length <200m

B

Termination

CYBRO-2
1200hm internal

Total line length: 180m

3 segments of 60m, terminated

40m

1
e [ ] |j2400hrn
5

5m

GND

m CANL
CANH

R +24Y

>om D Ij24l:lohm

{1200hm'+2400hm"+240chm’)'=600hm

I ™
1om—~—  20m Y

3) 200m < Total IEX-2 bus length <300m

—
. 20m = 40m

1

CYBRO-2
1200hm internal

Total line length: 250m
single line, terminated

[

o ] [:]1200hm

VIN - LV
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" A
Dodatek: Prakticni primer CANBUS vodila

500kb/s: Lab. vaja CANBUS — meritve

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

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

mp. ........................................................................................ u ......................................................................................... u ........................................................................................ 4
CHi= S@Eml _ I CHZ= SEEm ime 1.B88us

CHZ=  SHE Time 1.@EE: CHi= S@Eml  CHZw me 1@ CHi= S@eEml

3 zavitki UTP ki —cca 40m...

bla s spojni
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Dodatek: Prakticni primer CANBUS vodila

i Lab. vaja CANBUS - meritve

Nezakljucena linija

=
WidD=1.000us Umaxil)=4.44V
s 1.99Y Time 2.000us @>0.0000s

Umax(Dl= 3.92V

j pizeEs 1.60V Time 2.000us ©0.0000s

e —
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Dodatek: Prakti¢ni primer CANBUS vodila
Nastavitev Casa vzpona/padca (CAN Phy)

Please use MCP2561

MICROCHIP

MCP2551

High-Speed CAN Transceiver

Features

Supparts 1 MbJ's operation
Implements 150-11898 standard physical layar
raguiraments

+ Suitable for 12V and 24V systemns
+ Externally-controlled slope for reduced RFI

emissions

=+ Detection of ground faull (permanent Dominant)

on TXD nput

= Powar-on Ressl and vollage brown-out prolection

An wnpowered node or brown-out event will not
disturt the CAN bus

* Low current standby operation

Pratection against damage due o shorl-circuit

_F'ackage Types

PDRIP/SOIC /
=

-
W
W
o
o
o
=

1.4.2 SLOPE-CONTROL

Slope-Control mode further reduces EMI by limiting the
rise and fall times of CANH and CANL. The slope, or
slew rate (SR), is controlled by connecting an external
resistor (REXT) between Rs and VoL (usually ground).
The slope is proportional to the current output at the Rs
pin. Since the current is primarily determined by the
slope-control resistance value REXT, a certain slew rate
is achieved by applying a specific resistance.
Figure 1-1 illustrates typical slew rate values as a
function of the slope-control resistance value.

Rs vs. Slew rate

conditions (positive of negative batiery voltage) FIGURE 1-1: SLEW RATE VS. SLOPE-CONTROL RESISTANCE VALUE
= Prolecton against high-voltage ransients
= Audomalic thermal shuldewn protection
« Up o 112 nodes can be connected 25
High-noise immunity due o diferential bus
Implernentatan
« Temperalune ranges: H
= Industrial {1} -40°C 1o +85°C 20 I
- Estended (E): 40°C to +125°C
%)
= H
- H
> 45 i
@
2
[
14
= 10 -
2
7]
5 u
0 ; i i i i : : |
10 20 30 4 49 60 70 76 90 100 110 120
Resistance (kQ)
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LV2 - Merjenje odbojev na liniji

Dodatek: ZakljuCevanje v praksi - Viri
Viri :

m https://incompliancemag.com/article/an-overview-of-

transmission-lines-in-electronic-systems/

m https://m.blog.naver.com/framkang/220456911948

m https://www.techarp.com/bios-quide/dram-termination/

m https://www.hardwaresecrets.com/everything-you-need-

to-know-about-ddr-ddr2-and-ddr3-memories/6/
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