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4 Potential market

Space exploration ~ Industry
8% . 4%

Consumer market
44%
Military.
44%

mIndustry m Consumer market ® Military ® Space exploration
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I8 Primeri upotrebdoT¢ Smart City
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Primeri upotrebdoT¢ Smart Street Parking
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Primeri upotrebdoT¢ Smart Street Parking
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Primeri upotrebdoT¢ Smart Street Parking
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(%8 Primeri upotrebdoTc¢ Brojanje i klasifikacija vozila
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(5l Primeri upotrebdoTc¢ Brojanje i klasifikacija vozila
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Primeri upotrebdoT¢ Poljoprivreda

A Data centar
A Advice via SMS
A Nigeria example
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KEI’ osene Radio Made in Moscow

for use in rural
areas, this all-wave radio is reportedly
powered by the kerosene lamp hanging
above it. A group of thermocouples is
heated internally to 570 degrees by the
flame. Fins cool the outside to about 90
degrees. The temperature differential
generates enough current to operate the
low-drain receiver, Regular listeners may
want fur-lined union suits, though: It
works best in a room with open windows.

Rani primertkerozinski radio prijemnik

Kerosene Lamp
Powers Radio

EMOTE areas of Siberia and China use

thermoelectric generators like the one
shown here to convert heat from a kerosene
lamp into electricity for radios.

The 20-lb. device is being studied by sci-
entists at the Martin Co., Baltimore, Md.,
where similar direct conversion principles
have been applied to nuclear heat sources.
They paid $56 for the Russian-built device.

A series of thermocouples is arranged
around the upper portion of the lamp. As
each set of elements is heated at one end by
the lamp, a small amount of electricity flows
through the pair. Metallic fins remove the
excess heat,
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Photovoltaic cell 'I
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Commercial thermal energy Developed thermal energy
harvesting device harvesting device
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A System is active 24/7
Standby current: 500 nA
Minimal power for start: 6puW (3V/2uA)
Radio module: 868 Mhz, max 100 m
Autonomy: 10 days in dark

6 Sensors:

Air temperature
Air humidity
Soil humidity
Leaf humidity
Light intensity
UVA and UVB index

A Available backup voltage
Current voltage

c I
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8 days hum/temp data
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Fotonaponski
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Fotonaponski
Yl 5 Y2Vl LI 21 2dz0A aAaidSYA

Mono Thin Film
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Fotonaponski
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ShortCircuit Current Density vs. Temperature
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Open Circuit Voltage vs. Temperature
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Open Circuit Voltage vs. Irradiance
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Gema kola za napajanje sekundarni
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|zbor primarnih |
Y8 sekundarnih kondenzatora

Stoga, kapacitivhost kondenzatora dovoljna da napon na kondenzatoru ne padne
ispod zadate vrednosti V_c (t_dis) nakon vremena p r a g n {_disrstrupm |_dis je:

QnOuo
w0 Gy Oy

0 =



|zbor primarnih |
sekundarnih kondenzatora

S obzirom natodasistemnet r as@wk o | i strujerusvakom trenutku, potrebno je
I zr alswednauf ia | strojeiu toku jednog ciklusa rada sistema (pokretanje,
merenje, prenos podataka, sleepr e g)i m. .
By = Ba, @0
Q= : -

E
B "Q 1 OQ

Kada je napunjen do napona VT1, primarni kondenzator mora da napajaWSN | v o r
tako daoni z vswegperacije jednog ciklusa rada zajedno sa inicijalnim
pokretanjem sistema i to u vremenu od:

Q=&+ 4@+ Qg + Ao

gde je t_m vreme potrebno za pokretanje mikrokontrolera, a t_rfc, t_acq, t_rft
vremena porebna za konfigurisanje radio modula, akviziciju podataka sa senzora i
prenos podataka p o mo fadio modula, respektivno.



|zbor primarnih |
sekundarnih kondenzatora

P + Do+ Ry iy *+ Codo
:

0=
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Wy Wpogre

61:

Kada se WSN | v mapaja iz sekundarnog kondenzatorap ot r ocsgujej a
je definisana kao srednjap ot r azgwrgma jednog ciklusa (aktivho
stanjeisleepr e gi m

B = @i Qi + Cole+ RAs
” Qui + Qo+ Qq
Qﬁw%o

0, = tatj e vreme gel | e

(*bacmo (*Ba ®©




|zbor primarnih |
sekundarnih kondenzatora

-

by

baa

Pad napona usled merenja i prenosa podalka

*+—— Oscilacije napona usled povremenog
punjenja sekundarnih kondenzatora

P2_CONTROLING_—

30,0 Izs.oksu 1—5 7 14av
0.00000s J| 10M points
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|zbor primarnih |
sekundarnih kondenzatora

4.0

Napon na superkondenzatoru [V]




|zbor primarnih |
Y& sekundarnih kondenzatora

[ : 1

‘Vertical
0)-4.90 div
.00V

T //_ Pl il "

7 % 7 ’ / /

f J

/ No charging
Charging .
1CHARGING_CURRENT
1.00v_~ @ 100V & I!' 3;.“0 ooomlfgkwoslﬁul : 7 uov.

Povremeno punjenje superkondenzatora pri osvetljenju od
20 Ix



|zbor primarnih |
W sekundarnih kondenzatora

= (b)
O -200ms 72V |
® 578s 248V

AS.98s A760mV

200 500 5/s J oo0v
0.00000 & 10k points

Izlazni signal iz dan/n o kola u zavisnosti od napona na fotonaponskoj
el iji




|zbor primarnih |
'8 sekundarnih kondenzatora

4.':'_ T | T | T | T | T | T 1 T 1 T |
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1.5 1
1.0

0.5

\reme [h]

Napon na superkondenzatoru za vreme rada sistema u potpunom
mraku



|zbor primarnih |
Sl sekundarnih kondenzatora

 [t.eomy ty (40 m3) 1, (2005)
Mikrokontroler 0.8 mA 0.8 mA 0.8Y/1.12mA  0.8Y/1.192mA 1.2 pA

1.7 mA 27 mA 100 nA
0.6 mA

3.7 A 3.7 A 3.7 A 3.7 A 3.7 A
1.1 pA 1.1 pA 1.1 pA

Curenje
superkondenzatora 0.5 pA 0.5 pA 0.5 pA

| . =
= ) ) rft
Ukupno |, =0.8mA [+=2.5mA lacd 154;/1.72 27.80/28.2  1,~=6.6pA
mA

1) startup (Vdd =2.1V); | = 2.1mA
2) normalan rad (Vd@ 3.77 V): b= 7.7HA

P ot r osguejkanponenata za vreme pojedinih operacija
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keramicka ploca

oblasti elektricnog
termoelektricni kontaktiranja
pax Cu elektrode
Napon otvorenog kol k o | | generige TEG pri P OS
razlike na njegovimstranani@ z av i si o dNiBibekoyima | el 1 | a

koeficijenata terapoagaektrilnih mate
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20 M

Raspodela temperature u TEG Raspodel a el ektri-|r
PE03110-2 5 1z a °@il=2b@A  yPHE31-1025z a HOFGi |, =25mA
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Postavka eksperimenta: a) fotografija i b) termovizijski snimak
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250

— AT=2°C
— AT=3°C
= AT=4°C
AT=5°C
— AT=6°C
——— AT=7°C
- AT=8°C
AT=9°C
— AT=10°C
— AT=12°C
——— AT=14°C
— AT=16°C
— AT=18°C
—— AT=20°C
=== potrosac

0 20 40 60 80 100 120 140
I,(mA)
Zavisnosti napomda sna up et rkoa@al yit\er moe

temperaturne razlike na TEGPE031-10-13; strujnenaponska
karakteristika buster kola kao potr ocg

VL = Nb %n D- R’EG IL
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Wireless Remote Sensor Application Powered From a Peltier Cell
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20mV TO 500mV
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Baterije | superkondenzatori




XM Prva baterija

~

O Srebro-cink baterija Aleksandra Volte




8 Modifikacije prve baterije




M Baterija- koncept

Zn+Cu” = Zn* +Cu
aq aq

Electrons —»
«— Current

Device

<— Anions |




Baterija- koncept

Electrons —»

<4— Current

Device

Cur+2 e S Cu

InSZn*+2e

Cu*+2e —Cu E} e, =1034V (oxidation reaction)

ZIn—>Zn*+2e E} e =%076V (reduction reaction)

Zn+ Cu: — Zn: +Cu B =+110V (complete cell reaction)



Y@ Oblici I dimenzije

R1 RaD42s RO3 E £ £ E
(G {Aand)y A ) E R1216 £ R1220 ¢ R1225 £ RI1616 £ R1620 E R1632
© o n © S o
~ a— N g— o mm— — a— O g— o .
E E E E 12.5 mm 12.5 mm 12.5 mm 16.0 mm 16.0 mm 16.0 mm
M 0 il : O
- LA L - - E mor2 E roote £ rooes E rozo  E rozzs  E mosss
°® @ o 2 n < 0 «
o = P jp— Noe— o
23.0 mm 23.0 mm 23.0 mm

20.0 mm 20.0 mm 20.0 mm
© 00 00

fi4 (C)

R17345 - E
E
: g g " E roaiz Eruazo £ roaso £ oraam £ R332
3 2 e 6 mai e Sorem cmmm -~ R o e—
! - ° 24.5 mm 24.5 mm 24.5 mm 24.5 mm 30.0 mm
26.2 mm 34,2 rmm

174 mm




Sl Dizajn elektroda
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Dizajn elektroda

( \{Casa
Button Coin
(Zn/Ag,0) (LVCF,}
=
Cathode
k = Anode q
Spiral wound B Separator w Anode
» - Separator
Anode ) Cathode
Cathode ==
Separator  Cathode
(. ) Case

Stacked plate



Parametri baterije

Electromotive force (emf)

Potential
Voltage

Current
Resistance

Capacity

Power

Power density (weight basis)

Power density (volume basis)

Energy

Energy density (weight basis)

Energy density (volume basis)

volt

ampere or amp
ohm

ampere-hour or amp-hour
coulomb

watt
watts per kilogram
watts per cubic decimeter

watt-hour
joule

watt-hours per kilogram

watts-hours per cubic decimeter
joules per cubic centimeter

€ or ohm

Ah

W kg™
W dm
Wh

Wh kg™!
Wh dm-3

Jcm™



il  Kapacitet

|

Potential
of voitage

i

Current

Resistance

Potential
of voltage
Current

=

Resistance

Potential
of voltage

A

Current

N

Resistance




¥l Kapacitet

Cell voltage, V

| | |
0.0 0.4 0.8 1.2 1.6 2.0
Discharge time, hours
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Kapacitet

Cell voltage, V
w
S

00 04 08 12 16 20
Discharge time, hours

tyo

ad
)

w
=

Discharge voltage, V

(=]

00 04 08 16 20
Discharge time, hours

: 1O
capacity (Ah) zEZij(tﬁl_tj)
j=0



3 Snaga, energija

6 Snaga baterije je snaga potrebna da se baterija isprazni za
1 sat (W)

(@)

Energija je ukupna energija oslobolL
vremenu (Wh)

energy (Wh) = jEidt
0
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Decreasing ) 4.2 Incressing
3.0 temp_erature : discharge
s ¢ S current
g ) '
3 £ 1
S g
3 | 3 i
3 -
] 3.0
) 0% 100%
Percent discharge Percent discharge
Intermittent discharge

Cell voltage, V

Continuous discharge

L B

- SN VOIS S Sys—
0% 20% 40% 60% 80% 100%
Percent depleted
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1.9

1.7+
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1.3F

Cell voltage, V

1.1F

0.9

S~ Zn/HgO
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Cell voltage
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Cell Type

Leclanché zinc-carbon

Alkaline zinc-manganese dioxide (Zn/Mn0,)

Zinc-silver oxide (Zn/Ag,0)

Zinc-air

Lithium-thionyl chloride (Li/SOCL)
Lithium-manganese dioxide (Li/Mn0,)
Lithium-carbon monofluoride (Li/CF )

Lead-acid

Nickel-cadmium (NiCd)
Nickel-metal hydride (NiMH)

Lithium ion

{ Y2LINI} OyaSyes

Self-Discharge Rate
5% to 10% per year
3% to 4% per year
1% to 5% per year

3% to 5% per year with tab on
20% to 60% per month with tab off

1% to 3% per year
0.5% to 2% per year
0.5% per year

15% to 30% per month (SLI)
4% to 8% per month (VRLA)

5% to 25% per month
12% to 25% per month
2% to 5% per month



Pouzdanost baterija

| T I I |

i Normal
depletions

Premature
Early failures end of life
i Random failures

Number of failures

0
Time or number of charge-discharge cycles



Pouzdanost baterija

Negative Positive
electrode electrode

v

Electrolyte —T_ﬁ_ ‘ X -

Separator —T Foreign Dissolved metal ions
material
¥
——»
e 000 -@_,.-E

Dentrite

il i

entrite



00] Bezbednost baterija

Curenje
Pregrevanje
Osl obalLanj e

O O O

gasova
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6 Alkalne baterije

6 Koriste se ako je potrebno da korisnik
da i h zameni (daljinski wupravljal, sat.

6 Mala snaga, mala gustina energije

6 Vel i ka struja samopragnjenja




oPd LT 02N oFGSNARA2E T LINF1OGABYS

Cink- ugljenik baterije
Koriste se ako je cena presudni faktor
Mala snaga, mala gustina energije

O, O O O

Vel i ka struja samopragnjenj a

EVEREADY

6V . 4R25 996
0% Mercury-Cadmit




] LT o2NJ ol GSNRAZ2IF T I LINFTUOUABYS

Litijjumske baterije

Koriste se ako je dovoljna mala struja
Pogodne za dug period koriglenja
Lagane

Malih dimenzija

O Ox Ox O O Ox

Skuplje su od alkalnih i cink-ugljenik baterija SANYO

§ +
-

0

[\

¢, CR2438

4,\~

@
A




02N oFGSNRZ2I T LINFQTGABYS

Ni-Cd baterije
Jeftine punjive baterije
Vel i ki ¢givotni wvek trajanj a

0
0
0
0

Osetljive su na regim punjenja




Iy LT 02N oFGSNARA2E T LINF1OGABYS

NiMh baterije
Velika snaga i struja (baterijski alat)
Ni su mnogo osetljive na regim punjenja

O, O O O

Krali ¢givotni vek




] LT o2NJ ol GSNRAZ2IF T LINFTUOUAGBYS

SLA (Sealed Lead) baterije
Velika snaga i struja

Mala cena u odnosu na kapacitet
Velika masa

O, Ox O O O,

Krali ¢givotni vek, mali broj ciklusa pt




fyd LT 0o2NJ ol GSNRAZ2IF T I LINJFTUOUAGBYS

Litijjumske punjive baterije

Velika snaga i struja, velika gustina energije
Mala cena u odnosu na kapacitet

Skuplje

O, Ox O O O,

Zahtevaju posebna kola za punjenje, obavezna sertifikacija




Punjive baterije

600

Energy density, Wh dm™3

Li ion

NiCd
Lead acid

1 |
100 200
Energy density, Wh kg™

300



i0e] Punjenje baterijag konstantan napon

Voltage

Charging voltage

Current

Battery voltage

Charging time

Current

Voltage

Charging voltage

Battery voltage

Current

ChargingTime

Sa ogranilenjem str

Current



IN(0] Punjenje baterija konstantna struja

1.55V

Charging current

Voltage

Battery voltage

Charging time

1C

Current



INMN Punjenje baterijag kombinovano

Voltage, V

Constant current  Constant potential
|

|
| |

Battery voltage

\‘-_l

Charging time

Current, A



IN¥A Punjenje baterija

O

Float metod T konstantan napon, mala struja (olovo-gel za backup
napajanja)

Trickle T konstantna struja malog intenziteta

O O

Pulse charging i reverse pulse charging



N Kriterijumi za kraj punjenja

1= VCO

- oV

Voltage

Charging time

Temperature

Ambient, /¥ 4

temperature

Charging time



MYy Baterije u mikroelektronici

Positive
terminal

-

Protective coating

sctrode material

Electrolyte

15 um

Negative
terminal

)

—




INESY Superkondenzatori
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NS} Superkondenzatori




INWE Superkondenzatori

Electrostatic Electrolytic Electrochemical double-layer
d dx
O
ALO, o ©
o o
+ + O
& 3 t;
_E&&A Q
=3 o o
O
@]

Electrode / ,\Separator

\ v l Activated carbon
E I E \
d




Nk} Superkondenzatori

. [ epoioe|g uogieg
— 10P 3||00) JUalIngy /Aﬂ\

|le e ¢ ¢ & ¢ ¢ @

L
ov..h.soos..s.. i
e® e eve e
K3 | ioiesedagsnoso4 |

V00 , %20 0,,

9. 8 9 9 9. ¢ .08
- 510 10801 ©
3
S
B O
o @
D 23
. 3B
83 Owm
D (=]
g 2 )
o o)
o

Connecting
Terminals

e
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Superkondenzatori

s §

8

Power density (kw/L)
- o

o
-

0.01

cle

'esponse

High capacitance

compar

to

electrolyti

€ capacitor

0.

01 0.1 1 10
Energy density (wh/L)

100

1000



I} Superkondenzatori




VAR Superkondenzatori

V)

Voltage

Constant Current

Time

(t)



iv¥4 Kola za punjenje

LM317
Vi — INPUT  OUTPUT %

ADJUST




€Y Kola za punjenje

TR D4 LM317T 11
N = =
‘ w vo
%
1N4007
D2
”— —— Cpp——— .
AC Ng0o7 | = =il Il
230¢ 15-0-15V.1A LSS g0y 10k

LED-GREEN
CHARGING

11.0VAaw

-

B1
12v



Kola za punjenje

AC ADAPTER DC BAT TO SYSTEM
3VTO7V _"_] | _J_L_T" "
C1 — .
1uF _T_L”
=] =X | g
= 1 c3
CHARGE | | T WF
CONTROL -
37V Tg 23 el * -
: 0 T0 LOGIC RAIL
T L
] SN, R1
promr S LOGIC PO_K 100kQ2
MAXIM CONTROL | (CHG) INDICATES
THAT POWER
%ﬁgﬁ; IS PRESENT
( ) GND (EITHER DC

OR USB)



i) Kola za punjenje

1A Li-lon Battery Charger

12 9.10
ViNO =~ Voo Vear + Single
TPPT T7 T
31sTAT1 THERMES —

4700
—;w‘—“ STAT2 PROG
47002 1kQ 10 kQ
mw— PG Vss S
4700




Kola za punjenje

Veo o T
N Coreri
10 A

1’_—9‘* ;’io-om%‘m &'ﬁ

1| Comerm " a0 ?)U:_JE&

Vier (121V) 310 w3 3 3 100

D
727 ki 3 4,_l.’>—*‘
—e PRECONDITION], .0
;ua

‘L_D' T4
TERMINATION V'

™~

.I
exrd

Vs
i

157340
50 pA
'
insm _l; E
N Charge
s 1% o
> Sen
‘ 12140 T_'l/ﬁa Logc
'
‘
om0 AT
THERM i
b (8
1M0 1w 3
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+NBEGS 0SOABYAK
i3 komunikacionih modula

Radio moduli (SPI, UART, direktno)
Bluetooth moduli (UART, SPI)

Wifi moduli (SPI, UART)

GSM moduli (UART,USB)

O O O O

MRFS9XA RN-42 ESP8266 UBLOX SARA
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IR0} Elektromagnetni spektar

«— SOUND RADIO LIGHT HARMFUL RADIATION —

VHF = VERY HIGH FREQUENCY 2.4 GHz 4G CELLULAR

! UHF = ULTRA HIGH FREQUENCY Ttami ISM band 56-100 GHz

i SHF = SUPER HIGH FREQUENCY iSMbands 1. UwB
' EHF = EXTREMELY HIGH FREQUENCY 315-915 MHz ot Dt

3.1-10.6 GHz

30 km 0.3 km 3m 3cm
HF | VHF'
e AM Broadcas FM Broadcast-U Radar Bands
--Sonics—» < Ultra-sonics » <4+—— Microwaves —»

I | | |
10 kHz 1 MHz 100 MHz 10 GHz




I¥R Dozvoljene frekvencije

« USA/Canada:
= 260 — 470 MHz
* 902 — 928 MHz
= 2400 — 2483.5 MHz

* Europe:
= 433.050 — 434.790 MHz
= 863.0 - 870.0 MHz
= 2400 — 2483.5 MHz

» Japan:
= 315 MHz
= 426-430, 449, 469 MHz
= 2400 — 2483.5 MHz
= 2471 — 2497 MHz

(FCC Part 15.231; 15.205)
(FCC Part 15.247; 15.249)
(FCC Part 15.247; 15.249)

(ETSI EN 300 220)
(ETSI EN 300 220)
(ETSI EN 300 440 or ETSI EN 300 328)

(Ultra low power applications)
(ARIB STD-T67)

(ARIB STD-T66)

(ARIB RCR STD-33)



Dozvoljene frekvencije bez licenciranja

315/915MHz

" 315/426MHz
4 /

5\ ¥
3543MHN 47

' &

433915MHz . )




I} GSM frekvencije

rJ

B
N 16

- I GsmMo00/1800MH: [ GSM 850/ 1900 Mhz d K




http://maps.mobileworldlive.com

Telekom Srbija a.d. (Telekom Srbija)

Coverage quaity
1 van )

elekom Srbija a.d. (Telekom Srbija)

"Zranunin
Hnsts

.t BbOG-MA%’ A cove User mause whest fo zo0m on map
See other | g (Beigradeiy . 3 A i
Technologies g Saling Svbcienio ¢ & g o Q0000

you are the network operator of this ©
Bt Poge b o mep and would like to updste the data v
ONTENEGRO

Barare

SERBIA

W agyevace
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3 sc

See other
Technologies

Naken

Keivdvec

levia ™

M

yous e Ther etk opecston of his o X
map and would like: {0 spdale the dats wa aie

e Igdumw v 1
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Peenrm .

" Wovel PRISHTINE \ submit dats to the CGSMA.
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Ry Komunikacioni siste2 LIOU I OSY

Transmitter

Recelver




IK§] Amplitude Shift Keying ASK, OOK

AJednostavan i jeftin sistem
APodIogan gumovi ma, nepouzdan

1




(YA Frequency Shift Keyind-SK

APouzdan, manj e podl ogan

gumovi ma

Azanteva veli propusni opseg od ASK

AVarijanta GFSK se koristi kod Bluetooth-a

1 0




(K13 Phase Shift Keyind?SK

APouzdan, manj e podlogan gumovi ma

ANe zahteva veli propusni opseg od ASK
AKompIikovana elektronika i zahteva sinhronizaciju

ADanas se | esto koristi . Wi fi, ZigBee

1 0 1
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(el Antene

O

PCB
() Jeftine
() Prihvatljivog kvaliteta
Q Velikih dimenzija za male frekvencij
O Komplikovane za dizajn
O Spol | avip)jrgeng
Velikih dimenzija
Q Skupe
Odlilnog kvaliteuia
o) Chip antene

() Skupe ~
() Malih dimenzija

O Dobar kvalitet . %\
~



IVM8 Domet

O Pravio:6d B veia snaga, dupli domet
O Pravilo: Dupla frekvencija, duplo manji domet
O zavisi od mnogo | ega: okolina, antena,

urelblaj.i



I%yd  Mikrostrip

Whese ¢~ Reative Diskectrie Constant

s o e

W~ Vlczhet gap
h A= Wil al e

h = Iniciness of diclootris

This caloulutor usss Sy nSeei i sl will Guenclinm i most smodeens Srowsees, For ssns infuemsationg see Al sae calenlisoes

http://chemandy.com/calculators/coplanar-waveguide-with-ground-calculator.htm




IiX] Chip antena kod bluetooth




2% Napajanje GSM modula

577us | | 4.615ms

<

BAT

3|
/

VB AT

24 J_
IBAT . _ CA T

ALOW ESR kondenzatori (min 470uF)
AKratke i gi roke
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i) \/rste protokola

6 U utar gtampane pl ol e

) SPI
12C

IzmeLu urelaja (do 4m)

RS232
USB

| zmelLu urelaja (do 1500m)

O RS422
O RS485

O,
O On OO

(@)



ivyd SPI $erial Peripheral Interfage

Standardna konfiguracija Konfiguracija Au | ar




SPI oznake

(; SCLK: Serial Clock (output from master).

(; MOSI: Master Output Slave Input, or Master Out
Slave In (data output from master).

(; MISO: Master Input Slave Output, or Master In
Slave Out (data output from slave).

C; SS: Slave Select

Sgrial Clock:

O SCLK: SCK.

Master Output_Slave Input:

O MOSI: SIMO, SDO, DI, DIN, SI, MTSR.
Master Input_Slave Output:

O MISO: SOMI, SDI, DO, DOUT, SO, MRST.
Slgve Select:

N

O SS:SS.SSEL, CS, CS,-CE, nSS, /SS, SS#.



(ixe)l  SP| modovi

[0;]
a
3
T
@
|
Spl_CSH—‘ I
I
Mode 0 SPI-CLK oo S
Mode 1 S O
SPI_CLK
Mode2 e S
SPI_CLK
Mode 3 e
1
Mode Polarity Phase Description

0 0
1 0
2 1
3

0
1
0

SPI_CLK s active high and sample commences on the rising edge
SPI_CLK Is active high and sample commences on the falling edge
SPI_CLK Is active low and sample commences on the rising edge
SPI_CLK Is active low and sample commences on the falling edge



0] % OGAUS A GONIXyvatlFaz2NR VI LRY

Redni otpornici 22-100 q q

O O,

Najbolje koristiti gotove translatore zbog velikog
broja linija i brzine



(YR Prednosti | mane (u odnosu na 12C)

Prednosti:

Full duplex komunikacija

Push-pull drajveri

Velika brzina prenosa

Manja potrognja struje
Slave ne zahteva svoj takt

O O O O O O O

Slave ne zahteva adresu

( nema

pull up

ot



kY4 Prednosti i mane (u odnosu na 12C)

Mane:

Posebne linije za adresiranje

O O O O O O O

Nemoguli nost dodavanj a

Zahteva veli broj linija

nNovi h

urelaj a

Podrgava samo jedan master urelaj
Nema wustanovl jenog protokola za prover.
Ne sadr gi standard za potvrdu prijema

(s«



LX) 12C (nter-Integrated Circu)tprotokol

SDA ! \

SCL




Yy |2C (nter-Integrated Circujtprotokol

Koristi samo dve linije: takt i data

Linije su open drain i zahtevaju pullup otpornike

Svaki slave poseduje jedinstvenu 7bitnu adresu koju moramo unapred znati
Komuni kaci ju pomastangyreeliajzavr gava

Podaci se postavljaju na silaznoj I Vi ci

O O O O O O

Svipodacisu8bi t ni posl e | ega ide (N)ACK

data
updated sampled updated sampied

&
54

data data



KB 12C (nter-Integrated Circujtprotokol

Bl N T NN TN TN T N N W
sbA >\ N/ A6 X Asao Y Rew Y (Nack X b7 X D6-D0 Y (NACK \ /<

N start bit \stop bit /
START bit: silazna i1vica M SDA dok je SCL jog uve
STOP bit: wuzlazna ivica na SDA dok je SCL jog uvel
Podaci se |itaflfu dok je SCL na A

Posle svakog bajta ide ACK (low) ili NACK (high) - open drain



156

12C (nter-Integrated Circujtprotokol

T N A A A A A A =

SDA \ [/ AeA0 ) RmW ) (N)ACK X byte X (nack X

byte Y (NJACK \ Vi
CMaster generige START bi't
CMaster galje 7bitnu adresu za slave + bit R/ W (1
C Master galje i1ili prima prvi bajt (8 bita)

C Sledi NACK/ACK generisan od strane primaoca (1/0)
CMaster generige STOP bi't



IYd 12Cc ponovljeni start

SDA \
re/peated start’
e W s W e W g T e W s W o W e WY s W W
SDA \ [AaawW\ ACK [To@ T\ ACK /T \ BEEER. AKX [EEEEHR, AcK e
master a a ne

Koristno kada i mamo vige




|zlazni drajveri

Vin

CMOS push-pull

._'
_|

VDD

VOUT

Open drain

VDD




Open drain drajver

output = HIGH to LOW

output

LOW to HIGH

$harge

L

lllllllllllllll




(510 Open drain drajver

CHi= 2,68V CH2= 2,68V CH1 £2.18U CHi= 2,880 CH2= 2,68V M 58.8ns
[ Pos:8.88ys I P

Pull up otpornike treba pagljivo izabrati!
Vi ge s | avi etpamicienargejotpornosti.



(X}  12C- problemi

both try to claim the bus
at the same time

8

i

cannot support thi
high clock frequency

used by other
devices on the bus
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|2C¢ translator napona

Vpp1 =33V

%
. SDA4

Vop2=5V

[]Rp Rp
SDA &

3

SCL4

SCLp

w

3.3 VDEVICE

3.3V DEVICE

»

5V DEVICE

5V DEVICE
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7y RS232 specifikacije

Asinhroni prenos T nema taktal!

Samo 1 zmelu dva urelaja

Podac.i se gal ju -8bitgva ket i ma od po 5
Start bit

Data bitovi i prvo LSB

Parity bit T odd | even parity

Stop biti 1,1.51 2 bita

Bit AOfi je predstavljen sa +5 do +
Bit Alf je pde-tb¥t avljen sa

Maksi malna dugina kabla je 15m il.

O Ox Ox O O Ox Ox O O Ox



RS232 specifikacije

| I ; : SPACE “5VTO vI5Y
' \ RS232 standard definisan je
v / N\ . .
| S \\
; ! S I T T R kompl etno jog 19¢
v Tada jog nije pos
I / )\ 3
sy, MARK “———— _GVTO-15V
|
|
| RECEIVER DRIVER
INPUT QUTPUT
THRESHOLD I
| —_ — — =, = =
25-PIN CONNECTOR
X
PROTECTIVE GROUND ~{—|-) 14
TRANSMIT DATA LINE (TD)——F) &7 SECONDARY TD
RECEIVE DATA LINE (RD) |y O TRANSMIT CLOCK 9-PIN CONNECTOR
REQUEST TO SEND (RTS)——0 ] SECONDARY RD
CLEAR TO SEND (CTs)——() O RECEIVER CLOCK
—— LOCAL LOOPBACK
DATA SET READY (DSR) ——0) Ol SerchoARE s DATA CARRIER DETECT (DCD) |
SIGNAL GROUND ——0) DATA SET READY (DSR)

RECEIVE DATA LINE (RD)

DATA CARRIER DETECT (DCD)—{—HO O] DATATERMINAL READY(DTR) o (T DATA LINE (TD) REQUEST TO SEND (RTS)

O (O—— REMOTE LOOPBACK

RESERVED O — R DIERTE R DATA TERMINAL READY (DTR) CLEARUTO SENDI(CTS)
RESERVED ——1) AR RING INDICATE (RI)
UNASSIGNED o (7 DATA RATE DETECT
SECONDARY.DCD (O TRANSMIT CLOCK
SECONDARY CTS 4-%%_ TEATMOOR




Sinhroni | asinhroni prenos

(A) SYNCHRONOUS TRANSMISSION
TRANSMITTER SENDS BITS ON CLOCK'S FALLING EDGE
| \E:RECEIVER READS BITS ON CLOCK'S RISING EDGE

. ' . ' . .
' . ’ . .

oy L1 L ¢ [ 3
-8|T7: . ' . ; ;

‘BIT @
t @ ' 1 ' 1 1! @ ' @ ) & vy oo

MANY SYNCHRONOUS PROTOCOLS SEND MSB FIRST

(B) ASYNCHRONOUS TRANSMISSION

TRANSMITTER USES AN INTERNAL CLOCK
TO DETERMINE WHEN TO SEND EACH BIT.

THEN USES ITS INTERNAL CLOCK TO READ THE
FOLLOWING BITS NEAR THEIR CENTERS.

J:-RECEIVER DETECTS THE FALLING EDGE OF START,

. . . ‘. ' . . .

DATA
(61H)

: ‘BIT 7. STOP

: : CBIT
e ' 1 * 1 ' e °

H 1 H

'START-BIT @
CBIT ¢ : :
1 "o ' @

H H : 1

.
.
.
.
.
. ' . .
.
.
.
.



I5Yd RS232 povezivanje

O O Ox O

DTR - Data Terminal Ready
DSR - Data Set Ready

RTS - Request To Send
CTS - Clear To Send

Male connector

["Pin | sIG. | Signal Name
i [ 1+ | bep | Data Carrier Detect
X RY [ 2 | RXD | Receive Data
- >—<: L [ 3 | ™o | Transmit Data
= | 4 | DR | Data Terminal Ready

| 5 | GND | Signal Ground

| 6 | DSR | Data Set Ready

7 | RTS | Request to Send
A1 [ 8 [ €18 | Clearto Send
= [ 9 [ Rl | Ring Indicator

Mase moraju biti povezane!



iGte] RR32- povezivanje

< >
D%q



(6] RS23Z%; talasni oblik

+124

@

=1z

START BIT

STOF EBIT

auy

START BIT

MEXT STARET BIT

MEXT START EBIT

A TTL je sainverznom
logikom!
ATal an

baud
upotrebljenog kristala

rat e

z



i RS232 ASCII

Hex Dec Char Hex Dec Char |Hex Dec Char |Hex Dec Char
0x00 0 NULL null 0x20 32 Space|0x40 64 @ |J0x60 96
0x01 1 SOH Start of heading 0x21 33 ! Ox41 65 A |0Ox61 97 a
0x02 2 STX Start of text 0x22 34 X Ox42 66 B |0x62 98 b
0x03 3 ETX End of text 0x23 35 # 0x43 67 € |J0x63 99 ¢
0x04 4 EOT End of transmission 0x24 36 $ Ox44 68 D |Ox64 100 d
0x05 5 ENQ Enguiry 0x25 37 % 0x45 69 E |J0x65 101 e
0x06 6 ACK Acknowledge 0x26 38 & 0x46 70 F |JOx66 102 f
0x07 7 BELL Bell 0x27 39 X 0x47 71 G |J0x67 103 g
0x08 8 BS Backspace 0x28 40 ( 0x48 72 H |J0x68 104 h
0x09 9 TAB Horizontal tab 0x29 41 ) 0x49 73 I |0x69 105 i
0x0A 10 LF New line 0x2A 42 * Ox4A 74 J |Ox6A 106 3
0x0B 11 VT Vertical tab 0x2B 43 + 0x4B 75 K |JOx6B 107 k
0x0C 12 FF Form Feed 0x2C 44 A 0x4C 76 L |0x6C 108 1
0x0D 13 CR Carriage return 0x2D 45 - Ox4D 77 M |0x6D 109 m
0x0E 14 SO Shift out 0x2E 46 3 Ox4E 78 N |OX6E 110 n
Ox0F 15 SI Shift in 0x2F 47 / Ox4F 79 0O |JOx6F 111 o
0x10 16 DLE Data link escape 0x30 48 0 0x50 80 P |JOx70 112 p
O0x11 17 DCl1 Device control 1 0x31 49 1 0x51 81 Q@ |0x71 113 g
0x12 18 DC2 Device control 2 0x32 50 2 0x52 82 R |J0x72 114 r
0x13 19 DC3 Device control 3 0x33 51 3 0x53 83 s |J0x73 115 s
0x14 20 DC4 Device control 4 0x34 52 4 0x54 84 T |J0x74 116 ¢t
0x15 21 NAK Negative ack 0x35 53 5 0x55 85 U J0x75 117 wu
0x16 22 SYN Synchronous idle 0x36 54 6 0x56 86 V |0x76 118 w
0x17 23 ETB End transmission block | 0x37 55 7 0x57 87 W |J0x77 119 w
0x18 24 CAN Cancel 0x38B 56 8 Ox58 88 X |0x78 120 x
0x19 25 EM End of medium 0x39 57 S 0x59 89 Y |0x79 121 vy
Ox1A 26 SUB Substitute Ox3a 58 $ Ox5A 90 2Z |JOx7A 122 =2
Ox1B 27 FSC Escape 0x3B 58 s 0x5B 91 [ |JOx7B 123 {
0x1C 28 FS File separator 0x3C 60 < 0x5C 92 \ |Jox7c 124 |
0x1ID 29 GS Group separator 0x3D 61 = 0x5D 93 ] |J0x7D 125 }
0Ox1E 30 RS Record separator Ox3E 62 > Ox5E 94 ~ |JOX7E 126 -~
0x1¥ (31 (US Unit separator 0x3F 63 ? 0x5F 95 _ |JOx7F 127 DEL



IWgR Flow control

0 Saftwerski
() XON - Resume transmission i ASCII 17
O XOFF - Pause transmission i ASCII 19
0 Hardverski
Q RTS (Request To Send) and CTS (Clear To Send), RTS flow control
O DTR (Data Terminal Ready) and DSR (Data Set Ready), DTR flow
control
O Bez kontrole



i¥4 Flow control

@- /:)5\
D go——— T—C9 B
S 20 —104 @
£ [T . T2 og)
@ 03 o
- 30 ®
=) 40— 02 )
Q |go0———— T 06 ®

Connector 1 Connector 2 Function
2 3 Rx <« Tx
3 2 Tx = RX

5 5 Signal ground




i8] Flow control

Null modem with loop back handshaking

DB 9 female

Connector 1

5
N
N :
o
Connector 2 Function
3 Rx <« Tx
2 Tx = Rx
5 Signal ground
- DTR —» CD + DSR
1+4+6 DTR —» CD + DSR
- RTS —» CTS
7+ 8 RTS —=» CTS




w2y Flow control

DB 9 female

Null modem with partial handshaking

ajews) 6 4d

Connector 1 Connector 2

/7+8
3

= A~ U1 O N

Function
RTS, —» CTS; + CDq
Rx <« TX
Tx — RX
DTR —» DSR
Signal ground
DSR <« DTR
RTS1 —» CTSq + CDy




I¥&Y Flow control

Null modem with full handshaking

® 20 \\ o4 ©
£ |70 < ogl @
S 30 " 03 | @
o |80 < o7l =
=) 40 N 02 =
Connector 1 Connector 2 Function
2 3 Rx +« Tx
3 2 Tx — RXx
4 6 DTR — DSR
5 5 Signal ground
6 4 DSR <« DTR
7 8 RTS —» C(CTS
8 7 CTS <« RTS




RS23Z; naponski
IN4s] translator MAX232

+5V INPUT ¢3
L 5
TOP VIEW = VB
CEI
" 1 Ve 12
ol e, Ve aE S ssvrowmov VT IOV
v4[2] 15| GND "l“—: C1- VOLTAGE DOUBLER
ci-[3 14] TIOUT _F|C2F wovTO-ov |8 10V
El MAX220 1d “275] c2- VOLTAGE INVERTER | =4
c2La) () maxzaz 3l o sV =
c2-[5 MAX232A I'5] mouT :mcrm%
v-[& 7] TN TN 3 ; TIOUT 14, -
+5Y
T20UT[ 7] 10] T2IN TTL/CMOS RS-232
INPUTS 400k OUTPUTS
RZIN [ 8] 9] R20UT 10| T2IN > T20UT|7,_

DIR/S0 - 2| RIOUT :: _ RN 13,}

CAPACITANCE (uF) TTL/CMOS Sk RS-232
DEVICE C €2 (3 C4 C5 OUTPUTS ol roouT S onls INPUTS
MAX220 0.047 0.33 0.33 0.33 0,33 -l-—40< > -
MAX232 10 10 10 10 10 e
MAX232A 01 01 01 01 01
GND =

J__1§



RS23%; naponski
INd translatori




R232 na USB (FZBOX)

12

3

USB_vCC
C15
100nF
10
ferit
R44 .
e |
J7
R MMZ2012R601AT000 R43 .
o R42
uss PP 2 8
ID
GND |— 27
Shield ——
ICRO USB
—— C19 —— C16
4TpF 47pF 11

— C17

| 100nF

3V30UT

USBDM

USBDP

RESET#

GND

VCCIO

GND

RXD f———<] FT_RX
RTS# f—mm

2
CTS# —5

CBUSO f—¢
CBUS1 =
CBUS2 p=—=—

CBUSS ==

13

1

U6

FT230XS-R



Mgl R2L32¢ programski kod

6 Sl anje se zavrgava S
13,10)

6Prijem moge biti u i
bafer) i1ili na | ekanj

0O Kad god mogemo, kor.i

reprezentacijui | akge za deb

Primer dobro formiranog paketa:

St ar t npadaai,fznak za razmak#,podaci,...R e | z aCRE,ICR,LF



ikSl0] RS485

UART Data Frame Example
0xD9—8 Data Bits, Odd Parity, 1 Stop Bit

Data

Idle

RS-232
+5V

. Signal Line

5V —

RS-485
5V

TX+
oV

5V

1

4

0

V

ov—

.. Signal Line —.
¥

Common Ground Return

Vem

| Signal Line

Vem

CcM
Op—

Receiver

Diff. Receiver

-» DataOUT



RSN} R3IF85

Single Point-to-Point

»

ISL3295E

Parallel Point-to-Point

ab

Ry iz)—‘

2 x |SL3295E

2 x ISL3283E

Multidrop

ISL3295E

ISL3283E

ISL3283E

Point-to-Point
(Full-Duplex)

ISL3283E

£

ISL3176E ISL3176E

Point-to-Point
(Half-Duplex)

(e Rig




R385- povezivanje

.Liéi.

Backbane with stubs

Backbone with stars or clusters
lavoid)

Star network Ring
(avaid) lavoid)



RS48% zatvaranje
Impedanse

* * mpF v
RT 31200 1200 3Rt -L_"_'
3 <

ANor mal nofi zatvar anjZeativmapreadnajnes ei mpedanse u sr ed



R85- bias

b3
" 120 Q




R&85- kablovi

+1.5V| ‘-1.5V +zoo|nvl Xf-zoomv R

A A r'\ A
= (= = b=
/

l
A A A A 505 .
%‘%%'L‘ Tinned Copper AN 22 AWG

Braid Tinned Copper
Drain Wire

Belden 3106A

Aluminum Foil Foam High Density
Polyester Tape Polyethylene

2 AWG
Tinned Copper

PVC Jacket

¢
¢
¢
¢

= Signal A-B

Ground

¢




k(8] RS485 kablovi

A
1200

0 1000 oe----mmenmameanes
@
©
E
= 100 g e o e e e o
s)
o
<@
20 U onmidbe v
©
O

1 : ; i

1k 10k 100k 1M 10M
Data rate (bps)



IRSY4 RS485 primer

Obratiti pagnju na DIR pin
Obratit pagnju na Rf i Cf
120 ohm se stavlja spolja



