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Prenos signala izmedu dva dela sistema.

Vddl
—_

SoC1l |

GND1

Identi¢na situacija

¢q> Zicom

Vdd2
=

> s0C2

GND2
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Sta je shvatio prijemnik
drugog SoC-a?

_ Vaar=Vaaz

R




Struja tece samo ako povezemo dodatnom ,,zicom* ova dva dela sistema

R

Vaa1 = V.
vags L § — Lo 1= Yaar Ve
Vddi
Vdd2
e _
o e
SoC1 > sec2
| GNbt GND2
Masa je povratni put signala
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Uoditi
R
L L Napon na kondenzatoru
Vddl —\/dd2 pre spajanja Vdd2 — VVdd1

\/\/J Prilikom spajanja ,,ogromna“

/| ) e
[ struja kroz liniju mase.

Spajanje uredaja:

1. Iskljuditi napajanje
2. Spojiti uredaje

3. Ukljuciti napajanje

UsSB Standard B
Standard & + D-
B : i - D+ D- + L2
»mali trikovi Hot plagging
vrhunsko inZenjerstvo Hot swapping —r . E
4 3 2 1
4 3
- D+
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Smetnje = povrsina konture

Vddl vdd2
SoCl //// > soC2
| GNbt GND2
Cilj smanjiti povrsinu
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Jednostruki prenos signala
Single ended
Vddl
Vdd2
= _ Vdd:
SoCl = > soC2
il |\ 1L
| eNbt GND2

Zice, kablovi, koje se koriste
1. Untwisted pair cable

2. Coaxial cable

3. Twisted pair cable

4. Unshilded twisted pair cable
5....
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Da li je bas pametno spojiti
dodatnu zicu na oba kraja?




Flat cable — uglavnom za paralelne prenose podataka

Uociti — ,,upredeno®
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UTP

Coaxial cable

Outside insulation Insulation
)

Copper mesh Copper wire
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Prilagodenje impedanse

Ry =7y~ Zour

~ OUT

Series termination (at driver)
.

Avoids signal distortion at receiver

* Doesn't eliminate the first reflection at
the receiver (potential radiation
problems)

* Has no effect on the driver current and
DC voltage levels

o B> n )iz
= R E-100a0 - . i

& Lsongr Ri|Zw =2, | o

§ T = R,=2Z, |

Parallel termination (at receiver)

* The termination resistor may be
connected either to VCC or GND

* Eliminates all the reflections

* Increases the driver DC current (must
drive a low-value resistor)

*  Resistor to GND lowers the DC voltage
level for High state

* Resistor to VCC rises the DC voltage
level for Low state

Uoditi: spajanje $ilda na masu samo na jednoj strani
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Diferencijalni prenos podataka
Differential
Vddl
— Vdd2
_Ko_rlste se__dlfgren_(_:ljaln_l predajnlm SoC1 : (1 O> S0C2
i diferencijalni prijemnici
smetnja
| ©eNBL GND2
Vip = Vg = Vor +AV) = (Vopr + AV) = Vop = V_p
Untwisted pair cable
Twisted pair cable
Unshilded twisted pair cable
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Prilagodenje impedanse

Series termination (at driver)
*  Avoids signal distortion at receiver

Re * Doesn’t eliminate the first reflection
at the receiver (potential radiation
Rs problems)

* Has no effect on the driver current
and DC voltage levels

* Most common receiver termination

* Eliminates all the reflections of the
differential signal

* Does not eliminate the reflections of
the common mode signal (potential
radiation problems)

* Increases the driver DC current (must
drive a low-value resistor)

AC termination (at receiver)
*  Similar to parallel termination but
without the additional driver DC

Rp current
c *  Increases the rise time at the receiver

end (use with caution!)

R, =Z,

gt Tae =Rp Cp<2:ty

\ Karcqya 2 CletrromkU Namenski racunarski sistemi - 2021/22
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“PI" Termination (at receiver)

vee * Terminates both common end and

T differential signals

* Eliminates all the reflections

*  Assures a valid input state at the
receiver when driver is in HighZ

2.Zmn .Zudd

Pl * P2
- Zmn - Zur.h'

“T" Termination (at receiver)

* Terminates both common end and
differential signals

* Eliminates all the reflections

* Requires an additional voltage source
for differential signals with common
mode offset (some differential
receivers might have an internal
regulator to provide common mode
voltage outside the chip, if this is the
case then use it!)
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DS30BA101 3.125 Gbps Differential Buffer

Veo

j‘:o 1uF
10F 1000 Differential TP Cable 14F
— —m- OUT+ b—o
1 uF 14F
——| N- out- fo—o
Parameter Test Conditions Reference Min Typ Max Units
DRy Input Data Rate IN+, IN- 3125 Mbps
trn Transition Time Low to High 20% - 80% OUT+, 90 130 ps
tr. | Transition Time High to Low ouT- %0 130 ps
\ ;:j;cdt:ri;:a?;g:w’y:;c Namenski racunarski sistemi - 2021/22 13
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DS30EA101 0.15 to 3.125 Ghps Adaptive Cable Equalizer
0.1pF
750 Coaxial Cable 1uF
| — ™+ out+ b—o
750% DS30EA101
1puF
= ;Lr“—o IN- out-fo—o
750 3T4a
The DS30EA101 is an adaptive cable equalizer
optimized for equalizing data transmitted over copper
cables. The equalizer operates over a range of data
rates from 150 Mbps to 3.125 Gbps and automatically
adapts to equalize signals sent over any cable length
from zero meters to lengths that attenuate the signal
by 50 dB at 1.5 GHz.
The DS30EA101 allows either single-ended or
differential input. This enables equalization of signals
over coaxial cables as well as twisted pair cables.
< Katedra za elektroniku Namenski racunarski sistemi - 2021/22 14
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PATA — Parallel AT Attachment

Cable key prevents Signal Name Pin Pin Signal Name
improperty plugging
it into the drive -RESET 1 2 GROUND
IDE connector Data Bit 7 3 4 Data Bit 8
Data Bit 6 5 6 Data Bit 9
Data Bit 5 7 8 Data Bit 10
Data Bit 4 9 10 Data Bit 11
Data Bit 3 11 12 Data Bit 12
Data Bit 2 13 14 Data Bit 13
Data Bit 1 15 16 Data Bit 14
Data Bit 0 17 18 Data Bit 15
Stripe on P
m!edac:pmcible RED(+5V) GROUND 19 20 KEY (pin missing)
denotes pin 1 " BLACK(Gnd)
Y% \ BLACK(GNd) DRQ3 21 22 GROUND
1 YELLOW(+12V) -low 23 24 GROUND
Ultra ATA Transfer -I0R % % GROUND .
STRMIBE _+ 1/0 CH RDY 27 28 CSEL:SPSYNC
from sendr]
v * + * * * -DACK 3 29 30 GROUND
AR s W pamns W oams X maas X _oamms ¥ oame X IRQ 14 31 32 Reserved
Erm snde] Address Bit 1 33 34 -PDIAG
Data transferred on falling and rising edge of strobe. Address Bit 0 35 36 Address Bit 2
Fast ATA Read -CS1FX 37 38 -CS3FX
cmne as eq _DA/SP 39 40 GROUND
[fem host] * | * ‘ + 1 Pin 28 is usually cable select, but some older drives could use it for spindle synchronization between
' ] i multiple drives.
DATA Fyen P aarverranN AT 2 Pin 32 was defined as -IOCS16 in ATA-2 but is no longer used.
e doive] ote that - preceding a signal name (such as -RESET) indicates the signal is “active low.
Note th: dif ignal h Si di h ! low.”

Data transferred on rising edge of sirobe only.

40 —> 80 zica. Svaka druga GND. Brzi prenos.

Katedra za elektroniku

\“. prof dr Lazar Saranovac Namenski rac¢unarski sistemi - 2021/22 15
15
SATA — Serial ATA SATA Pinout - Plug
R Pundupleks diferencijalni prenos Pr——
15203745067
- 1 1 1
__("j\'f T'll' RXS P % ; < % & & %
_— A 3 RX5 N [G) G) [G)
—— N ‘:_“p
—— B i TX5 N
—— B X TX5 P
—— GND 7_“|
|
SATA Signal nt\A o
Reserved
gé/ Reserved
e L oo PWDIS
com
= I com
10nF (X7R) 10nF (X7R) com
+5VDC
HAP 0% = o
T 10nF (X7R) 10nF (X7R) Rx ; +5VDC
HAM DAM z com
Comou | 10F 0T st e | B I com
HEM DBM 2 com
Re|  10F (X7R) A00F (X7R) 3 S +12vbc
: Serial ATA——> +12voc
2l BA B GND. Power 15 | | +12vbc
l 1 Connector
0 B l I
Bafer zbog duzine kablova
atedra za elektroniku Namenski ra¢unarski sistemi - 2021/22 16

prof dr Lazar Saranovac




Galvanska izolacija

Katedra za elektroniku
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STA AKO MASE NE SMEJU ili NE MOGU DA SE SPOJE
Vddl
= Vdd2
‘1 ?
SoCl i+ > soc2
GND1 GND2
Masa je povratni put signala — ne postojii
R
vdd1 % § TR vaddz
Iz=0, nema prenosa signala
\ ‘f:;?:'idz;dr“';i:':((’x:( Namenski racunarski sistemi - 2021/22 18
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Galvanska izolacija signala

Transformator

MCU Portion

Katedra za elektroniku

Ethernet Port - RJ45

TD+ 1T+

q
L.A )\'J\ A A'J

TD- 2TX-
RD+ —5 O 3RX+
<
<
R —
¥
<
RD- — 6 RX-
4
NC/4 5
NC/5 7
8
1

Galvanic Isolation

Ethernet Jack Connection

R145
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Galvanska izolacija signala + prenos napajanja PoE
Power Sourcing Equipment (PSE) Powered Device (PD)
Data Pair Data Pair
48 volts DC DC1oDC |y
Converter
Data Pair Data Pair
\ z atedra za elektroniku Namenski ra¢unarski sistemi - 2021/22 20
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Kapacitivnosti

|

|

|

o |
+ “ +

Galvanska izolacija signala

Transmitter Reciver

]

QUTPUT

BUFFER
I
|
\ Katedra za emkl,mmku Namenski racunarski sistemi - 2021/22 21
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U oba prethodna slu¢aja — naizmeniéni signali. Sta je sa jednosmernim?
Optokapler

|
: I oI

1 |

P —
1
5:& ’ \
|
2 | 4
1
1
=
Led dioda + Fototranzistor
[t
Collector - n
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A

Voo

Povezivanje

Optotransistor Tk
Z40R
SVAF/ Vout
— —
T ] zajednicki emitor*
270k
T:won
&0V

+18V
Optocoupler

SWi1
s

>
= ,,zajednicki kolektor*
LED Q1
R1 R2 V
150R a7 o
T ) Sard

Katedra za elektroniku

Namenski racunarski sistemi - 2021/22 23

prof dr Lazar Saranovac

23

A

Komunikacija izmedu dva dela sistema — galvanski razdvojeni

Vddl vdd2
R2
SoC1 Pyy S0C2 Razl%(::%ta napajanja.
Razli¢ite mase.
Py
R1
GND1 GND2
Izbor R1i R2
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Realna komponenta

ald 32 (618
o) [ e
Ne [3] 4 ]E
<_ABSOLUTE MAXIMUM RATINGS (1)
PARAMETER TEST CONDITION | SYMBOL VALUE UNIT
INPUT
Reverse voltage Vg 5) s
Forward current Ig 50 mA
Surge current t=10ps lrsm 1 A
Power dissipation Pyiss 70 mw
OUTPUT
Collector emitter breakdown voltage Veeo 70 2
Emitter base breakdown voltage Vego 7 v
I 50 mA
Collector current =1me o 100 =y
Power dissipation Pgiss 70 mw
COUPLER
Isolation test voltage Q.sg 5000 Vams
Creepage =7 mm
Clearance =7 mm
Isolation thickness between emitter L 04 mm
and detector
Katedra za elektroniku Namenski racunarski sistemi - 2021/22 25
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ELECTRICAL CHARACTERISTICS (1)
PARAMETER ‘ TEST CONDITION PART SYMBOL MIN. TYP. MAX. UNIT
INPUT
Junction capacitance V=0V, f=1MHz G 50 pF
e d vottage @ le=10mA Ve | 13 | 15 v
orwardvollage Ir = 10 MA, Tomp = - 55 °C Ve (s 13 D v
Reverse current @ VR=6V ™ ot 10 pA
Capacitance Vr=0V,f=1MHz Co 25 pF
QUTPUT
ol o braska an3s ([ BVeeo 30 v
ollector emitter breakdown
voltage® lc=1mA 4N36 BVeo 30 v
AN37 BVceo 30 v
Emitter collector breakdown
voltage®? le =100 A BVeco 7 v
QUTPUT
4N35 BVeso 70 \
Collector base breakdown
voltage © lc =100 pA, Ig = 1 pA AN36 BVeso 70 v
4N37 BVeao 70 v
4N35 ! 5 50 A
Vee =10V, I =0 cEo m
4N36 lceo 5 50 nA
Vee=10V Ig=0 4N37 I 5 50 nA
Collector emitter leakage current @ e r CEQ
4N35 lceo 500 pA
Vee=30V, IF=0,
Tamb = 100 °C 4N36 lcea 500 pA
4N37 Iceo 500 pA
Collector emitter capacitance Vee=0 Cce 6 pF
COUPLER
Resistance, input output @) ‘ Vip = 500 V ‘ ‘ Rio ‘ 10 ‘ ‘ 0
Capacitance, input output ‘ f=1MHz ‘ ‘ Cio ‘ ‘ 0.6 ‘ pF
Katedra za elektroniku Namenski ra¢unarski sistemi - 2021/22 26
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CURRENT TRANSFER RATIO

PARAMETER TEST CONDITION PART | SYMBOL | MIN TYP. MAX | UNIT
4N35 CTRpc 100 %
Vee=10V,l-=10mA | 4N36 | ClTRoc 100 %
aNa7 | CTRpc 100 %
aN35 | CTRoc 0 50 %
T\ici Tt toote [ aNas | CTRuc 40 50 %
4N37 CTRpc 40 50 %

Note
) Indicates JEDEC registered values.

SWITCHING CHARACTERISTICS

PAR. TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Switching time (1 Vee=10V,lc=2mA R =100 ton, Lot 10 ps
Note
M Indicates JEDEC registered values.
TYPICAL CHARACTERISTICS I
Tamb = 25 °C, unless otherwise specied
d-to
Vol L—"tn
tpLn -
V=15V
Sy F—ts—t—
i4n25_13
, Fig. 13 - Switching Timing
\ Kared»ra a elekl,romku Namenski racunarski sistemi - 2021/22 27
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O V(;c &) VCG
) Sa inverzijom
Moguca pobuda i sa strane
anode — bez inverzije
Bez inverzije
Moguca pobuda i sa strane ~ TTL
anode — sa inverzijom
15007
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Prakti¢no ima ga u
svakom zi¢nom telefonu

Optokapler sa dve LED diode

240R

bk

5V

T_

Vo

Optotransistor

oVout

Zbog malog inverznog
probojnog napona LED diode

Ring Line

IFII—E‘ —oO

k1
¥ - —
Bt Lo /
L] L] AN
12710 A,K A!K 15101 9
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,,brzi“ optokapleri —manja kasnjenja - za prenos signala vi$ih uéestanosti
High speed
INTEGRATED Fotodioda
SOURCE HCPL-7721
HCPL-0721 U
| Br;:ldmm h Rlv:dm ?InM - Ph:wa: Bi::d
o toconductive Mod tovalac Mode
] : o
=C \ | [
| e
= C
oS0 NP 7 g/macams
| Py
s |
GATE INPUT | NC* E e E__O Vour Pl L ——
| 1 cmos
— — PUSH-PULL
4 L 51— OUTPUT e e .
1 SHIELD B STAGE P — razli¢iti nivoi svetlosti
P, — u mraku
,.koliko para toliko muzike*
Katedra za elektroniku 30
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Photodiode Phototransistor

The photodiode is a PN-junction diode, used to generate electric  [The phototransistor is used to change the energy of the light

current once a photon of light strikes on their surface. into an electrical energy
It is less sensitive It is more sensitive
The output response of photodiode is fast The output response of the phototransistor is low
It produces current It produces voltage and current

It is used in solar power generation, detecting UV otherwise IR rays &| It is used in compact disc players, smoke detectors, lasers,

also for light measuring, etc. invisible light receivers, etc.
It is more reactive to incident lights It is less reactive
The photodiode has a less dark current Phototransistor has high dark current
In this, both the biasing is used like forward and reverse In this, forward biasing is used
The linear response range of photodiode is much wider The linear response range of phototransistor is much lower
Photodiode allows low current as compared to a phototransistor Phototransistor allows high current as compared to the
photodiode
The photodiode is used for battery-powered devices that use less  [The phototransistor is used as a solid-state switch, not like a
power. photodiode.
\ pfj]zed(:'riazzaafl;gra%r(])i\lj;c Namenski racunarski sistemi - 2021/22 31
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High speed optokapleri + diferencijalni prenos
+5V
é HCPL-2631
Hi ——~~—~—~—=77 1 Rp
H l —OH
H _-_/ \\._ | i‘ b
| -
DATA : \T : —
Ll ! | JoapF SR
|
L HS : I I H —O L
_ | gz kf }.E !
- y |
V0 S L) 1
i\
| \' LSTTL EXCLUSIVE-
E = con @ il OR FLIP FLOP
2:
Katedra za elektroniku ;
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Katedra za elektroniku

,Upravljanje snagom®

Phato-transistor

Photo-3CR

6

Photo-darlington

-,
snubber

\ ) Namenski racunarski sistemi - 2021/22 33
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Solid state relay
+Vee
k)
+
T g | SR l—q.
= . R =
a Switching a
DG Input g Transistor = L 3
_ IR
— LED P PN LED y
Direct Switching Control Transistor Control
+Vee +Vee
' S8R . S8R .
’g Micro-controller ’g
Logic Gate 5 (sink mode) ]
S . 3
o ? : b ?
Open-collsctor | agic Gate Control Micro-controller Control
Sink mode
. |
DG Transistor + Thyristor Bridge ~,
Qutput Confi i |
utpu 5 onfiguration Iy
Output g Output g
Drive o Drive : o
Gircuitry R Gircuitry
I
Back-to-Back / .
p . Y,
Thyristors g Triac Output -
Output g g
U |
Drive —_— g DDL::;( 1 g
Circuitry ['& |
Circuitry
]
Katedra za elektroniku .
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Solid state relay — primer upotrebe

Rz
18002
0.5W

MOC 3020
Opto-isclator

24002

To Migro- 120V aus
controller ]
* ] BTADG-E00E
MOC 3020 random switching ;,N
MOC 3047 zero-switching - \
,»prekidac*
\ atedra za elektroniku Namenski rac¢unarski sistemi - 2021/22 35
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Elektromehani¢ke komponente — Rele(j) - Relay
Electrical
Moveable Fixed Contacts Connections
Contact 7
i 7 = Normally open
Pivot I L i = Common
R 4 =1 Normally closed
Armature
Magnetic +—|
Flux ]
Energizing
Yoke Coil
Alr Gap Coil Supply Voltage |

\ Katedra za elektroniku Namenski ra¢unarski sistemi - 2021/22 36
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Simboli B

SPST - Single Pole Single Throw \ {
SPDT - Single Pole Double Throw

DPST — Double Pole Single Throw A
DPDT - Doble Pole Double Throw .SP.ST

U kom stanju j kida¢ kad bud
om stanju je prekidac kada nema pobude B1 B
NO — Normally open

NC — Normally closed ;(%(
A1 Az
Katedra za elektroniku
\ prof dr Lazar Saranovac

DPST

Namenski racunarski sistemi - 2021/22

A B
f
C

SPDT

A1B1 A:2B:2

Ci Cz
DPDT

37
Upravljanje
vddi N
I I Contacts
1
I O O
| \ DC, AC LM_i ;_l
o) R=05Vb C=1xamps
I O - __—_f Vb @ Load
Py I
R1 :
Arc Suppression
GND1 |
Katedra za elektronik .
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Pomo¢na kola — dovoljno struje

2B

4B

5B

]
6 ) 1
6B DO 6C

7B

Ress
: [[: >

pb—— CcOM
—— 1C

—— 2C

—— 4C

—— SC

7c

Figure 20. ULNZOOZIBA ULQ2003A and ULN2003AI

nputB []—

v

|05m

72K

A

Input B [

Block Diagram

Re
T

Figure 21. ULN2004A and LQ2004A Block Diagram

\ Katedra za elektroniku Namenski racunarski sistemi - 2021/22 39
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Realna komponenta
5 2 3
Al 12 11 14
ron T S
: 33 Iy
H 1
- 1
A2
1
uz
s LT
4.8 ‘ 123 p2
Ll
Contact specification
Contact configuration 2CO (DPDT) 1CO(SPDT)
Rated current/Maximum peak current A 8/15 16/25* l
Rated voltage/
Maximum switching voltage VAC 250/440 250/440
Rated load AC1 VA 2000 4000
Rated load AC15 (230 V AC) VA 350 750
Single phase motor rating (230 V AC) kW 037 0.55
Breaking capacity DC1:30/110/220V A 6/0.5/0.15 12/0.5/0.15
Minimum switching load mW (V/mA) 300 (5/5) 300 (5/5)
. Standard contact material AgNi AgNi
Katedra za elektroniku Namenski ra¢unarski sistemi - 2021/22 40
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Coil specification

Nominal voltage (Un) V AC (50/60 Hz) 12-24-48-110-120-230- 240
Vv DC 12-24-48-110-125

Rated power VA/W 1.2/0.5 1.2/0.5
Operating range AC (0.8...1.1Uy (0.8...1.1)Uy

DC (0.73...1.1)Uy (0.73...1.1)Uy
Holding voltage AC/DC 0.8Un/04 Uy 0.8Un/0.4 Uy
Must drop-out voltage AC/DC 0.2Un/0.1 Uy 0.2Un/0.1Uy
Technical data
Mechanical life AC/DC cycles 10-10° 10-10°
Electrical life at rated load AC1 cycles 100-10° 100103
Operate/release time ms 10/3 15/5
Insulation between coil
and contacts (1.2/50 ps) kv 6 (8 mm) 6 (8 mm)
Dielectric strength
between open contacts VAC 1000 1000
Ambient temperature range °C -40...470 -40...470
Environmental protection RTH RTII

Katedra za elektroniku
prof dr Lazar Saranovac
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Do sada videli - Monostabilna relea — Potrebna pobudna struja ,,stalno“ — Tro$e energiju

Ideja kao kod klasi¢nih elektri¢nih prekidaca.
Delujemo silom, prebacujemo u odgovarajuce stanje i nije vise potreban pritisak, mehanicka sila.

Bistabilna relea - latching

Katedra za elektroniku
prof dr Lazar Saranovac
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Bistabilna relea sa dva pobudna namotaja

10.6

N i D (SO ——

10-91 ‘T——ﬁ - I, we 9. 0 . N0
- 1 Orientation mark
] S g P (R (o e
I o
' 1 Diagram shows the "reset” position
(1.3 i s 29 po
! ! 254 Energize terminals 1 and 16 to "set"
' ' Energize terminals 2 and 15 to "reset"
l‘} O O O o
[0 A8, gy g . g . )

Matching 16 pin IC socket

\ Katedra za emkl,mmku Namenski racunarski sistemi - 2021/22 43
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Upravljanje bistabilnim releom
o o o CHEND o
Portovi
\ Ifated,ya za elektroniku Namenski racunarski sistemi - 2021/22 44
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Bistabilna relea sa jednim namotajem

RESET SET

Katedra za elektroniku
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Upravljanje bistabilnim releima sa jednim namotajem
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Kontaktor — upravljanje trofaznom snagom
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Reed relay — brza — esto za prenos signala
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Reed switch — dosta ¢esto u alarmnim sistemima

ELEETIONICS

Normally Open When a Magnet is placed near the

in absence of Magnetic Field. ~ Reed Switch, it is closed.
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150 Ohms 100
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