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1. EMC delavnica 2016: HELLA SATURNUS
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2. EMC delavnica 2017: ISKRA EMECO gor Strojinc
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4. EMC delavnica 2019: MAHLE EDS ~ Ziga Smelcer
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5. EMC delavnica 2020: HELLA SATURNUS

Martin Debevc
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6. EMC delavnica 2023 - KOLEKTOR
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13,7 What
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https://polarion.kolektor.com/polarion/wi-attachment/13_1638_HENGST_2/HENG-23311/2-screenshot-20220317-093113.png?revision=373643
https://polarion.kolektor.com/polarion/wi-attachment/13_1638_HENGST_2/HENG-23229/1-diagram_20220314-1954.44237.mxg.png?revision=436363
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Kako?

nedelja 16.4
ponedeljek 5.6

vsebina ————EE  preavatel

Predstavitev EMC delavnice in izziva Marko Jankovec (FE LPVO), Jaka Ivancic¢ (Kolektor)
Osnove BLAC motorjev Damjan Miljavec (FE LES). Simon Mandelj (GEM m.)
Osnove krmiljenja BLAC motorjev Peter Zajec (FE LRTME). Jaka Ivancic (Kolektor)

orek 21.2.
orek 28.2.
orek 7.3.
Elektromagnetna zdruzljivost Marko Jankovec (FE LPVO), Mirko Ivanci¢ (Amiteh)
Nacrtovanije filtrov Kristijan Saksida (Mahle EDS)

orek 28.3. Prakti¢na delavnica nacrtovanja filtrov Tomo Kozeljnik in (Wurth elektronik)
orek 4.4. Novosti v Altium designerju Matija Markovi¢ (Computer Controls)
Dizajn za proizvodnjo v avtomobilski industriji Hella Saturnus

Oddaja PCB in BOM

Ekskurzija v Kolektor mobility

.6. Oddaja koncnih projektov
Meritve EMC
Zakljucek EMC delavnice

16.6
orek 27.6.
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Nagrade

Forvia - Hella Saturnus Denarna nagrada (700 €)

Preliminarne meritve v EMC komori,

Red pitaya STEM-lab (550 €)
SN N Denarna nagrada (500 €)
_Izvedba vseh meritev,

2 uri meritev v EMC komori in tehni¢no darilo (500 €)
e I Osciloskop Rigol DS10547 (354 €)

L N Denarna nagrada (300 €)
B I Denarna nagrada (200 €)

urth elektronik Brezplacni vzorci
dozivljenjski free-refill design kit po izbiri (~200€)
. Boni za nakup v spletni trgovini in letna naro€nina na revijo Svet
Sh elektronike (200 €)

LN .zdelava tiskanih vezij
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Prijave po letnikih

48 Studentov

@ Dijak

® 1.stopnja VS-EL, 1. letnik

O 1.stopnja VS-EL, 2. letnik

@® 1.stopnja VS-EL, 3. letnik

@ 1.stopnja UN-MM, 1. letnik
® 1.stopnja UN-MM, 2. letnik
® 1.stopnja UN-EL, 1. letnik
® 1.stopnja UN-EL, 2. letnik

@ 1. stopnja UN-EL, 3. letnik
@ 2. stopnja UN-EL, 1. letnik
@ 2. stopnja UN-EL, 2 letnik
@ Doktorski studij
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Prijave po smereh

48 Studentov

@ Brezusmeritve
@® Avtomatika
Avtormatika in informatika
@ Biomedicinska tehnika
@ Elektronika
@ Elektroenergetika
@ Energetika in mehatronika
© ETAP
@ Mehatronika
@ Robotika
@ Tehniska kakovost
® KT
© Multimedija
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lzkusnje z nacrtovanjem vezij

48 Studentov

@® Jih nimam.
@ Sem Ze enkrat poizkusil.
@ Sem Ze izdelal svoje veze.

@ Sem Ze izdelal ved vezj, tudi
kompleksnejSa za lastne potrebe.

@ Sem Ze delak kompleksna veza po
narocilu za podjetja.
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Sodelovanje pri tekmovanju

KOLEKTOR
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48 Studentov
@ Tekmovanje me ne zanima.

@ Bi, a nimam ¢&asa.

Bi, e bi bila mamljiva nagrada.
@ Bi, ¢e le ne bo prezahtevno.
@ \/sekakor.
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izr. prof. dr. Marko Jankovec aborstor za foovolai
Predstavitev delavnice i optoelektroniie
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Ve V

Jaka Ivancic
Predstavitev podjetja Kolektor in izziva delavnice

Predmet nacrtovanja

Nacrtovanje Nacrtovanje konéne
vhodnega vezja stopnje

Vgrajena programska
oprema je na voljo in ni
del izziva. Obsega
funkcionalnost vodenja
motorja, temperaturne
meritve in LIN
komunikacijo

Programska nastavitev
prozenja gonilnikov
konéne stopnje prek LIN

KOLEKTOR natrtovanje elektronike za EMC
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prof. dr. Damijan Miljavec Laboratorij za
Osnove elektronsko komutiranih motorjev

elektri€ne stroje
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dr. Simon Mandelj
Razvoj pogonskih mot
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IZ r- p rOf- d r- Pete r ZaJ eC _|§|i;|_ Laboratorij za regulacijsko tehniko

L R T M F in moénostno elektroniko

Mocnostna stopnja BLAC pogona - razsmernik
: | B

:
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DeJan Begus in Jaka Ivanuc =Im

......

3 fazn sisten

wski koordinatni gistem
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izr. prof. dr. Marko Jankovec
OS nove E M C in optoelektroniko

Laboratorij za fotovoltaiko

07 Osnove EMC 0 »
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Mirko Ivanéi¢ AMITEH
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dr. Gregor Ergaver
Predstavitev projektov MAHLE EDS
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Kristijan Saksida
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Tomo Kozeljnik in Anton Tihole
Delavnica nacrtovanja flltrov
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Meritve filtrov z WE delavnice

MA;{.?&OWSA

10 EGUIPMENT
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Matija Markovic

Novosti v Altium Designerju

ALTIUM
DESIGNER
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Andrej Krejan SORVIA
Predstavitev podjetja @

Y
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Jernej Stemberger, Jure Klanéar =ORVIA
Dizajn za r0|zvodn oV avtomobllskl industriji @&

| _I Pogosti problemi na SMT

| y Voiding, solder balls, tombstones. ..
y IPC-A-610H class 2/3

SORVIA
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Grega goes into stealth mode FORVé%




NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

Scavenger hunt SORV%-%
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Obisk Kolektorja v Idriji B




NACRTOVANJE ELEKTRONIKE ZA EMC KDLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Obisk Kolektorja v Idriji oL B
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Oddaja projektov
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500

KOLEKTOR

Testiranje delovanja in merjenje elektricnih parametrov

/ T
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EMC meritve
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EMC meritve
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EMC meritve
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EMC meritve




48 NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

Zadovoljni z rezultati
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Tekmovalni projekt

EMC-24827 - Pogon je sestavljen iz vezja, konektorja, statorskega navitja in rotorja. Zunanji gabariti vezja in klju¢ne
povezovalne pozicije so dolocene s prilozenim izhodis¢nim naértom tiskanega vezja.
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Arhitektura

EMC-24848 - Staticna arhitektura vezja mora slediti naslednji shemi:

Pogon
13,7 Vhat
Akumulatorsko
napajanje —l' P Vhodno ,| Konéna Statorsko
_)"' < Vezje > stopnja navitje
LIN =-= PC vmesnik 1 {
LIN 4 N

K Kacii Mikrokrmilnik in Merilnik
omunikactia "charge pump"” faznega toka
TLE9877QXW40

. vy
[ Meritev j‘

temperature
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Nacrtovalske zahteve

* Obratovalni profil

EMC-24840 - Med obratovanjem pri nazivni napetosti pricakujemo razlicne tokovne porabe in trajanja obratovalnih
nacinov:

3

RPM
* Aktivhe komponente nazivno delovanje
= AEC-Q101 kvalificirane 12000
* Vse komponente
= SMD
= Tmax =125 °C mirovanje mirovanje
= Umin=30V 0 ;
* Napetostno obmocje 8,5V do 16 V nea o inea
*  Amplitude faznih tokov
o zagon 17 A * 4 slojno vezje po predlogi

= obratovanje 6 A
* Skupna izgubna moc
* Padec napetosti na vhodnem vezju
* Prenihaj fazne napetosti
e Zascite
o Prenapetost
= Qbratna polariteta
* Skladnost s
s EN55025:2017
= VW81000:2018 v obmocju od 9 kHz do 150 kHz.

wanw -

View from TOP side
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Ocenjevalni kriteriji

EMC-24913 - Pregled 1 - Pregled BOM

Pregled BOM obsega kriterije:

- skladnost z zahtevami o kvalifikaciji komponent,

- skladnost z zahtevanim temperaturnim obmocjem,

- skladnost z ostalimi zahtevami podanimi v tem dokumentu.

Stevilo toc¢k: 3 tocke za vsak izpolnjen kriterij. Skupai! 0. l

EMC-24914 - Pregled 2 - Cena aktivnih in filterskih komponent

Med tekmovalci se primerja sestevek cen vseh aktivnih elementov, filtrskih kondenzatorjev, kondenzatorjev koncne

stopnje ter tuljav v vezju.
NiZja cena pomeni boljsi izid oziroma manjsi tockovni odbitek.

Cena se izbere na podlagi cene v spletni storitvi Octopart za koli¢ino 1000 kos.

Stevilo to¢k odbitka: cena komponent pomnoZena s[faktoriem 5.]
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Ocenjevalni kriteriji
EMC-24915 - Test 1 - Osnovna funkcionalnost

Opis metode: preizkus pogona na namenski testni napravi.

Testni pogoji:
Uin=9+ 15V s korakom 1V
T=23°C

Pricakovan rezultat:

- pogon uspesno pospesi do 12000 rpm,
- pogon vzdrzuje 12000 rpm 10 minut,

- pogon uspesno zavira do 0 rpm.

Stevilo to¢k: 2 tocki za delovanje v vsakem od napetostnih korakov. Skupaj:{12.
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Ocenjevalni kriteriji

EMC-24916 - Test 2 - Izkoristek motorja

Opis metode: preizkus pogona na namenski testni napravi za preverjanje izkoristka.

Testni pogoji:

Uin=13,7V
T=23°C
n=12000 rpm

Pricakovan rezultat:
izkoristek vecdji od 80%.

Stevilo tock: razlika med pomerjenim izkoristkom in 80% pomnozeno s faktoriem@

[T = 2(izkoristek — 80%)]
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Ocenjevalni kriteriji
EMC-24917 - Test 3 - Odpornost na napacno polariteto

*test je lahko destruktiven zato se na zeljo tekmovalca izvede po EMC testiranju.
Opis metode: prikljuditev pogona na negativno napetost.

Testni pogoji:
Uin=-14V
Trajanjet=60s
T=23°C

Kriterij:

- pogon ne utrpi poskodb,

- vhodni tok pri testni napetosti ne preseze 5 mA,
- pogon po vzpostavitvi nazivne napetosti deluje.

Stevilo tofik@
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Ocenjevalni kriteriji

EMC-24918 - Test 4 - Odpornost na prenapetost

*test je lahko destruktiven zato se na Zeljo tekmovalca izvede po EMC testiranju.
Opis metode: preizkus pogona na namenski testni napravi za preverjanje odpornosti na prenapetost.

Testni pogoji:

Uin=13,7V

n=12000 rpm

Prenapetost Uinp =42V

Upornost vira prenapetosti Rin =2 Ohm
Trajanje Uinp (pravokotni pulz) t = 100 ms
Stevilo pulzov: 10

Razmik med pulzitr=30s

T=23°C

Kriterij:
- pogon ne utrpi poskodb,

- pogon po koncanem testu deluje.

Stevilo todk: 5
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Ocenjevalni kriteriji

EMC-24919 - Test 5 - Moc in padec napetosti na vhodnem vezju

Opis metode: preizkus pogona na namenski testni napravi. Meritev padcev napetosti na vhodnem vezju in preverjanje
izgubne modi.

Testni pogoji:
Uin=13,7V
T=23°C
n=12000 rpm

Kriterij:

- padec napetosti na vhodnem delu vezja med konektorjem in konc¢no stopnjo mora biti med nazivnim obratovanjem
manjsi od 200 mV,

- skupna moc¢ izgub na vhodnem vezju ne presega 0,7 W.

Stevilo toEk! 5. l
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Ocenjevalni kriteriji

EMC-24920 - Test 6 - Meritev prenihaja faznih napetosti

Opis metode: preizkus pogona na hamenski testni napravi. Meritev faznih napetosti z osciloskopom.

Testni pogoiji:
Uin = 13,7 V
T=23°C

OP1 = pospesevanje
OP2 =12000 rpm

Pricakovan rezultat:

Prenihaj (ali oscilacija) faznih napetosti ne sme presegati =3 V.

Stevilo tofik@
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Ocenjevalni kriteriji

EMC-24921 - Test 7 - Prevodne napetostne emisij
Opis metode: meritve prevodnih napetostnih emisij po EN55025:2017.

Testni pogoji:

Uin=13,7V
T=23°C
n=12000 rpm

Stevilo tock glede na dosego razreda:
-Class1:0

-Class 2:5

-Class 3:10

-Class 4 : 20

- Class 5 :
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Ocenjevalni kriteriji

EMC-24922 - Test 8 - Sevalne emisije EN55025
Opis metode: meritve sevalnih emisij po EN55025:2017.

Testni pogoji:
Uin=13,7V
T=23°C
n=12000 rpm

Stevilo tock glede na doseganje razreda:
-Class1:0

-Class 2 :5

-Class 3:10

- Class 4 : 20

- Class 5 :
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Ocenjevalni kriteriji

EMC-24923 - Test 9 - Sevalne emisije VW TL81000
Opis metode: meritve sevalnih emisij po VW TL81000:2018.

Testni pogoji:
Uin=13,7V
T=23°C
n=12000 rpm

Stevilo to¢k glede na doseganie razreda:

-Class3:3
-Class 4 : 6

- Class 5 @
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Shema — vhodni filter

M. Jankovec. Zaklju¢ek EMC delavnice

KOLEKTOR
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VDC OUT

| GND EXT }

+

T~C56

= [}
3 0
5 v

FaX
OPOMBA:
. 1. VHODNI FILTER JE IZVEDEN V ZRAKU
&)
o
> — —
l £ Y ¥ ¥ A\ < 0 L1
L2 BNX024HO01L
1
n C54 + D2 AN
AT~220uF p— 55 SZP6SMB20CAT3G ——(C13 —
B A7uF : 4.7u 3]l
® L 4

47uF

GND

47uF je moral biti dodan, ker ob priklopu na LISN se motor ni vrtel.



NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice 26.9.2023 | |

Shema — zascCita proti obratni polariteti

Prvotna ideja zascite Izvedena zascita
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Shema — Povezava kovinskega dela motorja

Vdclink
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Shema — dusilno vezje
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Meritev — preklopov MOSFET-a na fazi

Brez dusilnega vezja Z dusSilnim vezjem

Mew File

MNewFolder
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Nacrt tiskanega vezja - plasti

1. sloj — signalne / mocCnostne linije
2. sloj — masa (GND)
3. sloj — napajanje (VCC)

4. sloj — signalne / mocnostne linije

-
-*

”

VCC 0.035mm

|
Dielectric 2 0.203] r' ’
11 :

’Q

Bottem 0.03556mm
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Nacrt tiskanega vezja
postavitev komponent

Spodnja stran tiskanine

BLAC krmilnik
EMC delavnica

Jan Zagar
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Nacrt tiskanega vezja
postavitev komponent

PR
|

zgornja stran tiskanine

‘§ :
= g
= =]
E |
= L=
B =
| ] =]
=B [ |
(=28 L=

[ ] “hecossensnnd’




NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

Preliminarne meritve - sevalne

Spectrum Analyzer 1 EMI Receiver 1 v +
Swept SA Frequency Scan

KEYSIGHT |nput RF Input Z: 50 Q Atten: 10 dB Scan Type: Smooth 2 Atten: 10 dB
[:] Coupling: AC Corr CCorr Preamp: Off Seq: RemeasCurrent A Preamp: Off

Align: Auto Freq Ref: Int (5) | EMC Std: CISPR  # of Scans: =25/25
Trig: Free Run PP P

1 Spectrum Mkr1 62.401 MHz| 2 Meters

Scale/Div 10.0 dB Ref Value 81.99 dBpV 28.938 dBuV 1205

Trace 1 Pass *

e 13 a i "pﬂh. ."a‘ j‘l...-.

Start 30.0 MHz Video BW 1.2 MHz Stop 1.000 GHz 11.89

Res BW 120 kHz Dwell Time 6.73 ps (60 kHz) Freq 62.58 MHz

Res BW 120 kHz
Sig Trc Freq Peak Amptd QPDAmptd EAvgAmptd PeaklLL1A QPDLL1A EAvgLL1A Composite AmpCor RBW Time
1 1 62.581 MHz 12.374 dBpV 7.1883 dBuyV -3.0309 dBuV -27.626dB -32.812dB -43.031dB -26.195 dB 120 kHz (CISPR)  2023/06/1

== h F - ? JUFJ?:11’?I,:42E?23
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Preliminarne meritve - konduktivne
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Jan Zagar
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%  Part Description %  Distributor/SKU 4 UnitPrice # Line Total Batch Total Notes %
Panasonic - Aluminum Electralytic Future Electronics = 0,4267 = 0,4267 =426,6763
1 B6T-EEE-TKIVZ21 1 @ EEE-TKIV221UP = Capacitor, 220 uF, 35 V. £ 20%, sseann v
; ock:
3000 hours @ 125°C. Radial ot
0,603€
Wurth Elektronik = Inductor, Power, 0.25UH, 20%, RS A 4707 214707 2 1.170,6666
2 710-744306025 1 @ 744306025 = 10.6X104; Product Range: 8008335 v
Waurth Elektronik - We-hecm Stock 04
Panasonic ] Aluminum Electrolytic Al =0,2026 =0,8102 =810,2160
3 | GOT-EEE-TCIV470 4 @ EEETCIVATOXP = Capacitor, 47 uF, 35V, £ 20% | EEETCIVATO v
5 ock: 2.
2_[][][] h_o_u_v_s @ 125°C, Radial Tape & Resl
KEMET = Ceramic Capacitor, Multilayer, Mouser 0,1610 04830 483,0000
4 B0-C1206C475MSF 3 @ C1206CATSMERACAUTO = Ceramic. 50V, 20% +Tol, 20% | EICI20ECHTSUSRAUTO v
ock:
Tal, XIR, 15% TC, 4.7uF, et
Murata = EMIFilter Block 15A 50VDC Lcsc 17457 1,7457 17457000
5 B1BNX024H0L 1 ) BNXO24HO1L = Flat Style SMD Automative c124729 v
Embossed T/R Stock: 6291
KEMET = Multilayer Ceramic Capacitor, TME 0,0406 0,0406 40,6000
6 | B0-C1206C104KAF | 1 © C1206C104KARECAUTO S 01uF 250V, £10% XTR, C1206C104KARECAUTO v
1206 [3216 Metric] Stock 08
Vishay = VISHAY - SQJ912BEP-T1_GE3,  Verical 20,6202 20,6202 2520,1699
7| 78-5QI912BEP-T1 | 1 @ SQUIT2BER-T1_GE3 2 _Dual MOSFET, Dual N SQU912BEPT1_GE3 v
Channel, 30 A, 40 V, 0.009 Stock: 1.848
Toshiba - Trans GP BJT NPN 20V 0.3A Arrow Electronics 20,0398 20,0398 39,7606
§ | F5725C332/ALF 1 © 2SCIIREALF B 150mw 3-Pin SMini TIR 25C3326-ALF v
Stock: 14
ROHM = Schottky Diode, 40V, 0 6A, TME 0,0397 0,0397 39,7000
9 755-RB56OVM-40F 1 @ RBSBOVM-40FHTE-17 & 50d-323FI Rohs Compliant: | | RBSEOVI-40°HTE7 ¥
Yes [Rohm RBEGOVM- Stock: 05
Infineon - Rectifier Diode, Schottky, 1 Rochester Electronics 20,0896 20,0896 89,6489
10 726-BAS3010B-03' 1 @ BAS3010B03WEG327THTSA! B Phase, 1 Element, 1A, 30V BASI010B03WEBIZTHTSAY ¥
V(RRM), Silicon Stack: 50.000
Wurth Elekironik = Ferite Bead, 60 Ohm, 6A, Famell 0,1450 04350 435,0000
11 710-782953600 2 @ 782963600 = 1306 Rohs Compliant: Yes 2551300 v
[Wurth Elektronik 782963600 Stock: 17858
Vishay = Dual Mosfet, Dual N Channel, Famell 0,3400 1,0200 1.020,0000
12 | 78-5QJ9SOAEP-T1 3 @ SQUIBOAEP-T1_GE3 S TA TV, 0.04100m 10V,2 2400407 v
v Stock: 0 &
Mcc = Rectifier Diode, 1 Phase, 1 LCSC 0,0196 0,0588 £8.,8000
13 | 833-SM4004PL-TP 3 @ SM4004PLTP = Element, 1A, 400V V(RRM). c151800 v
Silicon Stock: 2.160 &
AVX = Multilayer Ceramic Capacitor, Rutronik 0,0056 0,0449 44,8800
14 | 581-08055C104K 8 ® 08055C104KAT2A = 01UF 50V, :10% X7R 0805 | KKKese? v
ock: 452
[2012 Metric] Stock: 452.000

Tekmovalec cena tranzistorjev B4\ cena kondenzato jev Bd cena dugilk Bd cena diod W
Jan Zagar 158€ 181€ [278E

Tekmovalec T kvalifikacija E temp. obmodje E ostale zahteveE Cena komponen Bd Totke E
Jan Zagar




NACRTOVANJE ELEKTRONIKE ZA EMC KDLEKTDR

M. Jankovec. Zakljuéek EMC delavnice  26. 9. 2023 |

Jan Zagar - delovanje

* |zkoristek 85,05%

* Prenihaj 1,2V

* Padec napetosti 0,163 V

* Tok nasprotne polaritete 13,2 mA

Tekmovalec
Jan Zagar
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Jan Zagar - CE
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Jan Zagar - VW

100 7
JRE(R5) fkHz Meritev Lim (R5) Class

90 1

80 1
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60 1

50 1

40 1

30 1

20T

10T

-2,51 26 76,95 5
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Frequency in Hz
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Jan Zagar - RE

Level in dBuV/m

M. Jankovec. Zaklju¢ek EMC delavnice
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26.9. 2023 I

60 T
RE (R5) fMHz Meritev Lim (R5) Class
T 25,55 0,154 AV 26 2
50-.;_
40T *
T . ¢ ‘_ s
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Komponente

Dual N-Channel 30 V MOSFETi Polymer aluminum kondenzatorji

VISHAY SQ4282EY-T1_GE3

Wurth Hybrid Alu. Ele. Capacitor

* Vds_max=30V * C=68uFx3
* Rds_on=10mQ * ESR=30mQO /3
- ID=8A * Iripple =1,25 A x3
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Nacrt tiskanega vezja
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Nacrt tiskanega vezja

* Kratke tokovne zanke
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Popravljanje napak

* Vhodna tuljava
* Current sensing
* Miller-jeva kapacitivnost
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Ho. Query : Qy 3

1 78-SQ4282EY-T1_ 3

2 SQJADZEP-T1_GE 1

3 1459036 1

4 710-88201220904 2

5 732-87558575300: 3

& T10-7447714047 1

7 MMSZ52488 2

8 1N4148WS-7-F 1

cena tranzistorjev Il Cena kondenzatorjev M Cena dusilk M cena diod m

0,58 €

Jasa Vid Meh Peer

Tekmovalec
Jasa Vid Meh Peer

Matches $

@

w

Part

Vishay

S04282EY-T1_GE3

Vishay

SQUADZEP-T1_GE3

onsemi
BCB46ALT1G

‘Wurth Elektronik
885012209048

‘Wurth Elektronik
875585753005

‘Wurth Elektronik
T44T7T714047

Diotec
MMSZ52488

Diodes Inc.
TN4148WS-T-F

Part Description

Dual N-Channel 30 WV 12.3
mhm 3.9 W SMT Automotive
Power Mosfet - S0OIC-8

Transistor MOSFET N-CH 60V
60A 8-Pin PowerPAK 50

Trans General Purpose BJT
MPM 65 Volt 0.1A 3-Pin S0T-23
Tape and Reel

Multilayer Ceramic Capacitor,
Weap-Csgp Series, 47 F,
10%, X7r, 50 W, 1210 [3225

Cap, 68Uf, 50V, Alu Elec,
Hybrid, Smd Rohs Compliant:
Yes |[Wurth Elektronik

Inductor Power Shielded
Wirewound 4.7uH 30%
100KHz Ferrite TA 12.4mOhm

Zener Diode, 18V V(Z), 5%,
0.5W Silicon, Unidirectional

Rectifier Diode Small Signal
Switching 75V 0.3A 4ns 2-Pin
S0D-323TIR

Distributor/SKU

Mouser

T8-5Q4282EY-T1_GE3

Stod: 14.321
Tape & Reel

Arrow Electronics
SOJADZEP-T1_GE2
Stock: 3.000

Cut Tape

Newark
5EM4029
Stock: 158.439

Farnell
2466760
Stodc 0.5

DigiKey

T32-B75585753005TR-ND

Stodk: 1.000 &
Tape & Reel

MNewark
B2TT102
Stodk: 1.072

TME
MMSZ52488-DI0
Stodk: 2.054

TME
1N41 48 WS-T-F
Stodk: 05

M. Jankovec. Zaklju¢ek EMC delavnice

Unit Price %

0,5310

= 0,5407

20,0150

0,271€
0,2030

1,21€
1,6118

0,579€

40,3956

0,0189

0,0199

Line Total

15930

= 0,5407

20,0150

0,6060

4,8353

40,3956

00378

0,0199

Batch Total

1.593,0000

= 540,7067

15,0040

606,0000

4.835,2800

8955512

37,8000

19,9000

26. 9. 2023

Notes
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Jasa Vid Meh Peer - delovanje

* |zkoristek 83,90%

* Prenihaj 5,2V

* Padec napetosti 0,130 V

* Tok nasprotne polaritete 1,32 mA

Tekmovalec E Osnovng Izkoristelg Polariteta E Padec |E Prenihaj E Tocke K
Jasa Vid Meh Peer
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Cilji izdelka

ZANESLJIVOST/
PREDVIDLJIVO DELOVANJE

CENA EMC ZAHTEVE

ENOSTAVNO
DEBUGIRAN]JE
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¢ &

Single MOSFETs (25.282)

lzbira MOSFET

IPD50N06S4L-12
* Vds_max= 60V

* Rds_on=9,6 mQ
* |[d=50 A

Dual MOSFETSs (3.127)
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Kondenzatorji DC link

* Polymer aluminum
PANASONIC 355VT120M
C=3 x 120uF

ESR: 18 mQ (/3)

* Iripple= 4,4 A (*3)

@
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My EMI Filter project 26 1 kHz
Insertion Loss
3.50 pH 00de
-0.0dB
cl cz
82.0 uF 230 uF S 316
dB
O . . O
-50.0dB
c1 L o uF 16.0V 15.8 mQ s
T 70.0 dB
L1 vvve 350 pH 102 A 8.00 mQ
L 90.0dB
= 1 iz 10.0kH ok .00 MH 10.0 M
=2 _|_ 330 pF 16.0V 950 mQ .00 kH 0.0 kHz 100 kHz 1.00 MHz 10.0 MHz
My EMI Filter project
261 kHz
Insertion Loss
15 10.0d8
230 pH
0.00 dB
-0.0d8
20048
cl -]
150 uF 820 pF o
O - - O -40.0 d8 -42.0
dB
-50.0 4B
L
¢ =
G T 10uF 16.0V 18.9mQ L
__—-_._.____-_.—-—-._—-_-._-__ _—-—-—-.__-‘-‘
L1 eens 330 pH 750A 290 m0 #0048
1 £0.0dE
= 1.00 kHz 00k k MH O M
c2 _|_ 820 uF 16.0V 7.84 mQ .00 kHz 0.0 kHz 100 kHz 1.00 MHz 10.0 MHz
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Razpored komponent
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Tiskano vezje
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Cilji za vezje 2.0

ZANESLJIVOST/
PREDVIDLJIVO DELOVAN]JE

CENA /\ EMC ZAHTEVE

N4

ENOSTAVNO
DEBUGIRANJE
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Spremembe na vezju 2.0

* Cdc_link 3* 120 uF - 3* 270 uF
* Cpi_filt 82 uF - 150 uF

* Lpi_filt 3,5 uH-> 3,3 uF
 ,Snuberiji“

* Vezje 1.0: 11,60 EUR
* Vezje 2.0: 5,8 EUR




117

NACRTOVANJE ELEKTRONIKE ZA EMC

Preliminarne meritve za vezje 2
_Receiuer @] @

@ RBW (CISPR) 120 kHz MT 1s ESH3-22
Input AC  Att 0dé Preamp ON Step TD Scan

Level dBuv  Frequency  [69.1200000 MHz

-30 -10

Scan @2CA Yiew®3ICa YiewOS5Pk Max -
lelt Che:c:k P 1100 kHz | PASS || | | 1MHz ; o 10 MHZ —E===
aadhummjﬂuia,ummﬂlww PASS | : @ @ : N EET

70 duv— Lld il e Ry
K= EN 550‘35 Automotive Voltage PK Clags 5 1

g BTNy iy i
6D°q,g.|_|v: o “':‘*:g: :++T+

® i EN 55025 Automotive Voltage AV Class 5 1o

R o e
I EYE "@"" - : § § 1B .
e.~-M' & 3 Ml LU R R SN N R E

~ Lo N bl N
“'dE'”\'lr! ﬂrﬂﬁ T e h—

lt ' o oa s ' e UG ot ol iy .
UdBIJV T if Ijl»ql T : — : e l'.L. ).!'1:1___.5—-_}\1;".\.‘. q
| L A R IR e
-wdﬁw L EiH S N I R e Ny —
—zﬂ.daw? —

e m“_.;.‘L | R : : § FTEY
Start 9.0 kHZ Stop 108.0 MHz

Measuring... LLLLCLED W6 Naesis

narer 2o.ounzoze anose - Konduktivne motnje: zel-AVG, sivo-peak

M. Jankovec. Zaklju¢ek EMC delavnice

KOLE KTDR
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Hvala za pozornost

* |n srecho!
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FID2

Jonas Orazem

1c1
A
4 mpExT

ELEKTRONIKE ZA EMC
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Hybrid palymer 150n

ATBEMS277M1GLAEQ22 270 uF

qQl

IPD5ONOES4L1ZATMAT

Q@

IPD50MNOGS4L1ZATMAZ

ATBEMS277M1GLAEQ22 270 uF

\.15|r.m
TP1
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Vdclink
R
-C13
A | 68wF
A
[R26
2R

o] see

ATBEMS2TTM1GLAED2Z 270 uF

Vdclink

[R13
2R

15
g | saoF
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s | 630
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pe]

Qs

| IPDS0MN0GS4L12ATMAD

L

[R28
|2E.

s | 6ExF

Spremembe glede na V1:
-Spremanjen kondenzatorji C19, €20, C21
-Spremenjen kondenzator €24
-Spramanjen tuljava L1

~Spremanjens TVS diodz

26. 9. 2023

)

IPDSIN0G34L12ATMAT

pel

Q6

IPD50M06S4L12ZATMAZ

-6 dodstnh smubberjev, realiziranih v "zraku”, zato jih i za PCE-ju

KOLEKTOR
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Jonas Orazem
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Jonas Orazem
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NACRTOVANUJE

Jonas Orazem

No.

ELEKTRONIKE ZA EMC

M. Jankovec. Zaklju¢ek EMC delavnice

26. 9. 2023

Query s Qty s Matches Part s Part Description H Distributor SKU H] Unit Price % Line Total Batch Total Notes s
KEMET - Cap Aluminum Palymer 150uF ~ Mouser 0,2860 02860 286,0000
1 ATEEMS157TMIHL - 1 © ATBAMS15TMAHLAED24 = 50v20% Solder Cylindrical B0-ATBBMS15TM1HLAED4 v
24m Ohm 2150mA 2000 hr o e
‘ape & Reel
KEMET - Cap Aluminum Palymer 270uF  Mouser 0,2700 0,8100 810,0000
2 ATEEMSZITMIGLY 3 @ ATBEMS27TMAGLAED22 = 40V 20% Solder Cylindrical B0-ATBBMSITTMIGLAEZ2 Y
22m Ohm 2200mA 2000 hr e e
‘ape & Reel
Multicomp - Ind Power Shielded MNewark = 0,1041 =0,1041 = 104,0903
3 1864447 1 = MCSDRH125B-3R3MHF = Wirewound 3.3uH £20% T4AC1240 v
100kHz Ferrite 10.84 Stock: 2004
Diodes Inc. - Diode Zener Single 18V 6% Newark “ 200103 20,0103 =10,3152
4 BZX84C18-DC 1 © BZXB4C18 = 350mW Automotive 3-Pin g7T1053
80703 Stock; 5.984
5 2803392 6 @ Infineon E IPDS0OMOGS4L S_eries 60V 50 Rochester Electronics w = 0,2358 214145 = 1.414 5021
IPDS0OMOGS4L12ATMAZ A12 mOhm OptiMOS®-T2 'PDWWBE':“*UZ"*TMM
Power-Transistor -PG- Stod 2514
& 23200146 1 © Infineon H Mosfet, Aec-0101, P-Ch, -40V, Mouser o 0,6230 06220 £23,0000
IPDS0P04P413ATMAZ -50A, 58W Rohs Compliant: T2E-IFDE0FD4P413ATM
Stodk: 12.475
Yes [Infineon T
ape & Reel

cena tranzistorjev | Cena kondenzatorjev Md| Cena dusilk Bd cena diod M

2,04 € 0,01€ 3,25€

Tekmovalec had

Jonas Orazem

Tekmovalec
Jonas Orazem

a komponeniE Tocke E
3,25€ -7,25,

kvalifikacija
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M. Jankovec. Zaklju¢ek EMC delavnice 26. 9. 2023

Jonas Orazem

* |zkoristek 86,33%

* Prenihaj 1,6V

* Padec napetosti 0,097 V

* Tok nasprotne polaritete 0,1 mA

Tekmovalec OsnovnaE IzkoristekE Polariteta E Padec rE Prenihaj E Tocke

Jonas Orazem 2 1’35 5 5 4
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NACRTOVANUJE

ELEKTRONIKE ZA

Jonas Orazem - CE

Level in dBpV

KOLEKTOR

M. Jankovec. Zakljuéek EMC delavnice 26, 9. 2023 I

80T
TO = ——
50 :: CE(R5) fMHz Meritev Lim (R5) Class
-18,87 41,61 PK 34 5
BQy—+——-
40 1 Broatdicast PK:
30T
20T WN“ ® Broadtast AV ;
101 .
i Ware @ *
T @
&
150k 300 400500 8001M M 3M 4M5M B 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Jonas Orazem - VW

RE (R5) fkHz Meritev Lim (R5) Class
-19,25 26 76,95 5

Level in dBuV/m
}
L 4

0 i i i i i i i H— i
9k 20k 30k 40 50 60 80 100k 150k
Frequency in Hz
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NACRTOVANUJE

ELEKTRONIKE ZA EMC

Jonas Orazem - RE

4 RE (R5) fMHz

15,67

Meritev
0,168 AV

Lim (R5)

Class
26 3

Level in dBpV/m
i

M. Jankovec. Zaklju¢ek EMC delavnice

KOLEKTOR

26. 9. 2023 | |

BASE LIM QP.

BASE LIM AV_

300 400 500 800 1™

i i i
2M 3M  4M
Frequency in Hz

5M

6

8

10M

20M  30M
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M. Jankovec. Zakljuéek EMC delavnice 26, 9. 2023 I

Jonas Orazem - RE

T CISPR 25 Class 5 PK

Level in dBpV/m
i

sl 4

] ] ] ] ] ] ] | |
30M 50 60 70 80 90 100M 245M
Frequency in Hz



PV Laboratorij za fotovoltaiko Laboratorij za _Q‘_J;_\_ Laboratorij za regulacijsko tehniko in
in optoelektroniko elektriéne stroje LRTHE moénostno elektroniko

- MAHLE Si= [E#
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Luka Kavcic
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KOLEKTOR

Shema, izracuni, simulacije

Bulk kondenzatorji (C, I, R), snubber, gate, shunt

.include BUK7D36-60E.li
.include DHTHEOISLPDWQ spice L25 L16

dclink

PWL file=pwlgh2.pwl

PWL file=pwlgh3.pwl

PWL file=pwlgl2.pwl

PWL file=pwlgl3.pwl

Aran 0 7m 2m
+|€17 1050_7aa7714022_2.2u 0B05_ 742792030 300hm
" I
V=if(V(dclink)>10,28,0) L35 =
60n 60n
X1
L8 R3 R11
in = uit
\g! out—iisn+ 1.2p . 5 R1 Q1 RO (Ca
7 earth 100] 100!
13.8 |c1s |18
L2 R7 R14 3p 13.7p
= GL1 E =
in LISN 33n 5 RS |c2 R13 [5 e an 5 R17 |c7 e
L15 1001 100 1001
earth
1p Earth =1 Bt
3.5n 7 5n -
R2 17
2m 2n
I &2
H1 L1 g
PWL file=pwigh1.pwl PWL file=pwigll.pwl é" "
= g
B2 I V2
V=V(lisn+)-V(lisn-) @24
H2 L2
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Nacrt tiskanega vezja
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Preliminarne meritve

. . eceiver X —
Razlika povezave statorja i E— &

Input AC Att 0de Preamp OM Step TD Scan

Level dBpv Frequency  (100.0000000 MHz|

Scan Q1CA View@Z2CaA View@3Ca View
80 dBjre Ghesk— 100 kHz— — JFARE T 1 MHz *M1[1] 22.84 dBpV
|  Line ENT55025 Automat|ve Voltage [FAIL || @ @ | 1 0.000 s 80.040000 MHz
70 dBpN——f : ¥ 2 e o : ¥

I Dl
0 dBpv T R
" i . ;_j L : ' iﬁ h ici::
| g + EN 55025 Automotive Voltage AW Class 5 1

e

DB““ 'ﬂ AL
"

—— ke on

|

! W 0 f‘m.l B EEE RN AR ?
BT T PR R ] I R U I =222

T s s e o n

20 dey "!

10 dBuV‘ : T W

eI RN
Tdauv: —— : ——— : — - J_:__‘;,ﬁ'

-10 dBpv-

T TR T A '
A » e e e e e —t—t — o TR -I
Tt S S s A A R ' ' ' o 1 Il

'%ngﬂqﬁ
I' e

-30 dBpy-—— e s REER
. b g

Stop 108.0 MHz

Measuring... WLRLRECED e ﬂi?:':;:ig %

Start 9.0 kHz

Date: Z2Z.JUN.Z023 10:36:4B6
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Preliminarne meritve

Razlika vrednosti kondenzatorjev: 100u vs 220u

[iBRestmm] Foceiver ) =]
RBW (CISPR) 120 kHz MT 100 ms ESH3-22

Input AC Att 0de Preamp ON  Step TD Scan
Scan @3CA View

80 dBpV— i ——— 100 kHz—— T 1MHz M1[3]
¥ 3 A

70 dBpv

75.50 dBpvY
0.000 s 26.000 kHz

|de . RS o
&80 dBV = — 11

PR L H N B 1

i QB:& q: EN 55025 Automotive Voltage AV Class 5

BT o ar d w1 L

ks e

" EI_.H ; |' dd he

! HINE L H HE ez
[} :J”l: | ki T 4 DU

i TH

Start 9.0 kHz Stop 108.0 MHz

Measuring...

. 4

16:02:05 %

Date: 22.JUN.2023 16:02:05
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M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023

Preliminarne meritve

Receiver @] N

@ RBW (CISPR) 9 kHz MT 1ls ESH3-22
Input AC  Att 0 de Preamp ON Step TD Scan

Level dBuV  Frequency  [150.0000 kHz

-a20 -30
Scan O1CA YWiew@3CA Yiew@ 4Pk View -
‘ Limit; Che::k P 100 kHz PASS || 1 | 1MHz tM1[1] 48.73 dBpV

a0 dbi ' tomatjve Vultagg pPASS | | !l 10.000 s 75.600 kHz
| Line EN 55025 Automatjve Vjoltage [PASS )| | || y 0 y i ' AN

70 dBpv— 5 — T T — T
¥ :EN55u25AutDthwchlltagE PK Clags 5 ] 2 e : ok EBhb

:Fx§5 5 i e IRl i : AR
;EN 55025 ﬂutumotwe\fultageﬂﬂ”‘laSS5 : A | ' oo

L | WA | ¢ G301 i RN R iR
| ”‘*'U[ I EREE R R : ERET

: W ! . : . !
AT ; flﬂm,,..... - -

: :IHMWH YA . BEBREEL : « I I B
il | : FV Wby .T“'f“\.* g L 4 g Mg Ll W
o ' : T et L || i T\ O
: : Lol ey ] . T s Sl A
i i i a1 ) i
. M H
: : §oomopoEpn ] : G \ F ik
: T T 0 e : ] : A
' P T T T v e e e e e S s R B
e e T T T 1 1
gt gt | TF ! Bk g oppi ! B AN : IR

Start 9.0 kHz Stop 108.0 MHz

Measurno. WNNALACED W6 o

Date: 29.JUN.2023 15:56:54
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |
L k K .
Footprint za BC847 je mirrored, Dead-Bug
. 1 Vi
FIDI  FII + MCSDRH]}:‘B—JRB%{F
c17
SRR TRIVIZIUR
DClink
——c1s
In
Vdclink 1c1
45 g coim £
- I
cis C15 o, | E RS V10PWI0ERT
R — du7 W g | e 220n
VDDC je za core, 1 e = ——I—c1
VDDP je z2 [0 porta = CPIL u_g;g_on ==
_l_i's vDDC
3 Vdclink
L 40 1 oo
1o veR %ﬂ:— VCP je kamor se stora naboj iz
— ] Clargs pumpor
T 4n7 VED je vhod za charge pumps
vDEC B ] o T
—Ll 4= B y Vdclink
——2DCa = vsp (4
l:lﬁ T g IR X .
b = @D L T VDH potegni possbej iz V
) [ T Vdclink  Vdclink preko mos do znd prek kondija nazzj
Lin dossmt matter gy Vdclink
pg [ VAREF e {5
oo 33
GD_REF m BowsrhOS SchDoc
S e Ve [}
a1 SH Vde
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Ul Toren0sSAl
Bl on Ve [
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—E o Ve [ RI6 100k 522
GHigy o SH Vi 3n
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GL3 22
36 =, I 1 Q3 =k
opz + ¢ < - 23
o 122 cll C 108 10 ) GNDM R17 >— 81 D21 in
RS R sL : c24 ~— GL D12
b 100k | = S R18
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M. Jankovec. Zaklju¢ek EMC delavnice 26.9. 2023

Luka Kav¢
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Luka Kavcic

. e 668 8.8 .6
CRERY S

® ®# ® ® » p 2 000 0 0o 0 0
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NACRTOVANUJE

ELEKTRONIKE ZA EMC

Luka Kavcic

No. Query

1 T4AC1340

2 3702818

4 3748631

5 3818775

& EEE-TKIVZ221UP

Tekmovalec cena tranzistorjev | Cena kondenzatorjev M| Cena dusilk Bd cena diod M
084€ [ 010€ [ T033€

E temp. obmocje

Luka Kavcic

Ve

Luka Kavcic

3 771-BUKTD36-60E

Qty

Matches &

@

kvalifikacija

Part

Multicomp
MCSDRH125B-3R3MHF

Diodes Inc.
DMTHEO15LPDWQ-13

Mexperia
BUKTD3E6-60EX

Mexperia
BCB47AQCZ

Wishay
V10PW10HM3N

Panasonic
EEE-TK1VZ2Z21UP

1,30 €

Part Description

Ind Power Shielded
Wirewound 3.3uH +20%
100kHz Ferrite 10.84

Mosfet, Dual, N-Ch/60V/36.3A
IPowerdi5060 Rohs
Compliant. Yes |Diodes Inc.

Mosfet, N-Ch, GOV, 14A,
Dfn2020Md Rohs Compliant:
Yes [Mexperia BUKTD36-60EX

Bipolar Transistor, Mpn, 45V,
Dfn14120 Rohs Compliant:
Yes [Mexperia BCB847AQCZ

Schottky Rectifier, 100V, 104,
To-252Ae Rohs Compliant:
Yes [Vishay V10PW10HM3A

Aluminum Electrolytic
Capacitor, 220 uF, 35V, £ 20%,
3000 hours @ 125°C, Radial

Distributor/ SKU

MNewark
T4AC1240
Stodc 200 40

Digikey
31-DMTHE015LPDWQ-13T...
Stodk: 080

Tape & Reel

Farnell
3438518
Stodk: 3.864

Farnell
3748621
Stock: 00

Mouser
TE-VI0PW10HM3
Stodk: 4.200

Tape & Reel

Tl
EEE-TK1VZZ1UP
Stodk: 500 8
Tape & Reel

M. Jankovec. Zaklju¢ek EMC delavnice

Unit Price %

©0,1041

03313

0,1330

0,0170

0,3330

=0,4220

Line Total

©0,1041

0,9938

0,2660

0,0340

0,3330

= 0,8440

26. 9. 2023

Batch Total

= 104,0003

993,7800

266,0000

34,0000

333,0000

= 843,9750

Notes

2,58€
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M. Jankovec. Zakljuéek EMC delavnice  26. 9. 2023 |

Luka Kavcic - delovanje

* |zkoristek 83,77 %

* Prenihaj 2,00 V

* Padec napetosti 0,168 V

* Tok nasprotne polaritete 3,8 mA

Tekmovalec
Luka Kavcic
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M. Jankovec. Zakljuéek EMC delavnice 26, 9. 2023 I

Luka Kavcic - CE

80T
| CE (R5) fMHz Meritev Lim (R5) Class

1,13 0,15475 AV 50 4

TD S ——

010 9 A Broadcast PK:

Level in dBuV

150k 300 400500 8001M 2M 3M 4M5M B 8 10M 20M 30M 40 5060 80 108M
Freguency in Hz
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Luka Kavcic - VW

@QT RE (R5)  fkHz Meritev  Lim (R5)  Class
-12,07 26 76,95 5

Level in dBuV/m
\ 4

0 ] i i i i i i H— i
9k 20k 30k 40 50 60 80 100k 150k
Frequency in Hz



144 NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Luka Kavcic - RE

4 RE (R5) fMHz Meritev Lim (R5) Class
45+ 16,41 0,168 AV 26 3

_ *
1 > BASE LIM.QP.

: BASE LIM AV_
+ *

Level in dBpuVim
i
*

0] % ¢

150k 300 400 500 800 1M 2M 3M 4M 5M 8 8 10M 20M  30M
Frequency in Hz
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M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023

Luka Kavcic - RE

T CISPR 25 Class 5 PK

Level in dBuV/m
)
o
ot

15+ ¢ R CIgRen Class S AL
T * * ¢ * ‘ 0
10+
5 ——
g &
D ——
T o6 . ¢
5] 4 ¢ e
30M | 50 60 70 80 90 100M ' S4EM

Frequency in Hz
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—Pc_a
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—Pc_a
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.Jan

c. Zakljuéek EMC delavnice 26. 9. 2023
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—Pc_a
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M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

Luka Pogacni
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Luka Pogacnik
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M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023 | |

Luka Pogacnik
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M. Jankovec. Zaklju¢ek EMC delavnice 26. 9. 2023

Luka Pogacnik - BOM

No. Query F Oy ¥ Matches §  Pant #  Part Description #  Distributor/SKU % UnitPrice &  Line Total Batch Total Notes ¥
KEMET - Aluminum Organic Polymer DigiKey 0,3851 07702 7702200
1 A7SOMNBSSM1JLA - 2 © ATBOMNGBEM1JLAS035 = Capacitors 63Volt 68uF SMD | 399-ABONNGBGI1ILASO3S... v
3KHr ESR=35 mOhms ok
_______ ape & Reel
Mexperia H Zener Diode Single 18Y 2% Rochester Electronics “ 20,0184 = 0,0184 18,3799
2 PDZ18B,115 1 = PDZ18B,115 S 200hm 400mW Automotive PDZ188, 115
2-Pin SOD-323 TIR Stock 613.000
MNexperia ] BUKTD25 Series 40V Surface- Verical - 0,143 = (,8002 = 800,1821
3 BUK7D25-40EX 7 = BUKTD25-40EX a Mounted N-channel Trench BUK7D25-40EX
MOSFET - SOT1118 Stock 2.988 4
Taiyo Yuden - Multilayer Ceramic Capacitor, Future Electronics = 0,1660 =+ 1,6598 +1.659,8175
4 983-UMK325ABT1C 10 © UMK325AB7106MMHP & 10 uF 50V, £20%, X7R, 1210 snseso v
- OCK: i
[3225 Metric] Tape & Reel
0,716
Wurth Elektronik = Ind Power Choke Shielded DigiKey 1,0895 1,0895 1.089,5400
§ 744771003 1 © 744771003 = Wirewound 3.5uH 20% 1KHz 732-1205-2-ND v
Femite 9.25A T/R ok o
ape & Reel

cena tranzistorjev Il Cena kondenzatorjev M Cena dusilk M cena diod m

Luka Pogacnik  080€ 2,43€ 0,72€ 0,02€  3,96€,

Tekmovalec kvalifikacija Bd temp. obmogje E ostale zahteveE Cena komponeniE Tocke E

Luka Pogatnik I T 39%€ 108
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M. Jankovec. Zaklju¢ek EMC delavnice 26. 9. 2023

Luka Pogacnik - delovanje

* Odpoved kosa pri zagonu na 15V
* |zkoristek N/A

* Prenihaj N/A

e Padec napetosti N/A

* Tok nasprotne polaritete 0,1 mA

Tekmovalec E OsnovnaE IzkoristekE Polariteta E Padec rE Prenihaj E Tocke ks
Luka Pogacnik
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M. Jankovec. Zakljuéek EMC delavnice 26, 9. 2023 I

Luka Pogacnik - CE

80T
707 CE(R5) fMHz Meritev Lim (R5) Class
T -1,02 108 PK 38 5
60 T
50—
> 4
Q 40T Broadcast PK
= + frdeabebocobenceeen
5 =
> 30T
= “’ “ » & .....
20T » “ Broadeast’A\.
1 L
10+ N 0 ®
il g 6 o
0 ——
150k 300 400500 8001M 2M 3M 4dM5M 6 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz
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NACRTO

Luka Pogacnik — VW+RE

Lewvel in dBuy/m

VANJE ELEKTRONIKE ZA EMC

120

115
1125
110
107.5 -
105
1025
wo- RE(R5) fkHz
57,5
a5 -5,1
825
80 -
875
85—~
B2 - g
B
75
75|
725 -
70
&7.5 -
65 |
€25
80
575
55
525 [ {1
50 |
as{ ||

% I‘ L

32451

10k 20k 0k

45

40k 50k

Lim (R5)

76,95

5

200k

00k 400k

600k 200K 1M

M. Jankovec. Zaklju¢ek EMC delavnice

1M 20M
Frequency in Hz

KOLEKTOR

26.9. 2023 I

hier siervices Knlakios

ther dervices Kolekbor
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Luka Pogacnik - RE

RE (R5) fMHz Meritev Lim (R5) Class
&5 28,72 176,13 PK 26 0

Lewvel in dBpW/m

e - Iff/ = \Il/\ll'/

40M 50 M 60 M T0M M 20 M 100 M 200 M
Frequency in Hz



PV Laboratorij za fotovoltaiko Laboratorij za —R'i«_-’— Laboratorij za regulacijsko tehniko in
in Optoelektroniko elektricne stroje LRTHE moénostno elektroniko

o MAHLE == G
FORVIA ot goap QNI
@' 23122 INSTRUMENTATION W ELEKTRO) SV/CE

.|NTECT|V “vi%. TECHNOLOGIES

ooooo

Predstavitev
Maj Pavlin
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Shema

Ft
7 | Zaséita pred napaéno ‘
Vhodni filter polariteto in prenapetostjo
VBAT MCU o VBAT
— L oL 2 1 . . 33
==ERNE LQHSBPNR47NTOL -
C——
X1 > | =—cso |50 UK9M14-40EX
c42 C43 ca4 C45 220nF
— * TOGE ‘ TOGE ‘ TOGE I 10uF L'E
GND . MMBT222A1TIGE VCP
| I |
= e
GND R19
10k
- — R13 {
RB521S30T1G s
Ll []11{001-: =T C39 Q3
= 10nF 1 2
GND e 6. BATTERY 2 |—
— PHASE 1  BATTERY ] (-
& R16 ={ PHASE2 ~ GROUND2 |3
T— G2 ___ _—1 o . G2 GROUND 1
T0DET
I Lok 4R TAUCGONOAS6LOASHATMAL
17 |
Phase A B |\ o []JI{DDI-: —T—C40
) )
re-alil 10nF =
: 10nF l GNDSH




164 NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

lzraCuni, simulacije

* Infineon reference design
 REDEXPERT®
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Nacrt tiskanega vezja

LAYER STACKUP

1. SIGNAL g

2. POWER | ZASCITA.

3. GND | 4} |
DNI

| = oy VH
- "KONGNA |} FILFER
4. SIGNAL b STOPRA [ /o, |

| I 1
Phase B |y Phase_ A




R s K OLEKTOR

Preliminarne meritve

Rgate = 10 Ohm Rgate = 4,7 Ohm
Cgate =10 nF

DS0-¥ 20248, MYB2101226: Wed Jun 14 21:52:21 2023

1200y 2 0.0s

D30-¥ 20244, MYS2101228: Sun Jun 11 13:33:45 2023

' KEYSIGHT |

TECHM S

10.0:1
10.0:1

Rise(1]:

Clear Meas

~-

Fast Debug 42 Channels
| Al




PV Laboratorij za fotovoltaiko Laboratorij za —R'i«_-’— Laboratorij za regulacijsko tehniko in
in Optoelektroniko elektricne stroje LRTHE moénostno elektroniko

wtos  [TIAHLE 2 Si= ioms
I YOU EXPECT

PORVIA  swaeveco - goap  SSNRIR JM
& svet

ooooo

' 3122 INSTRUMENTATION =l EVTD(
.|NTECT|V “Zif! TECHNOLOGIES W ELENITKUININ

ooooo

Rezultati
Maj Pavlin
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° I °
£
Reverse polarity
nekfilter protection

11 \"BATTMCU Q4 \'E.F’LT
1 1 vy 2 . =k
— . D GND
= I LQHSBPNRA4TNTOL 1¥] = =
X o 5 UKIMI4-40EX
e s D1 c14 c1s Ll
T(‘AZ TCH TCM "701) _ b - ; i PN 100F 45 IC{ TLESETTQXW40 =
== TOuF TOGE TOGF 10uF 2 VCP VBAT_MCU | — Vs CPIH ———
GND 1 Pl |_1 = : 1
RE3IIS30TIG i e H—"T S
— MMBT2222ALTIG VDDEXT CPIH —=
GND ﬁl—cz
R19 Cl4 8 CPIL 2200F
10k 100nF _[—————— VDDC
= o3 VEAT
- GND uF 0 | <npp
= . 5 | VCP- Charze
7| mB;s3TIG L 4 vep 2 VCP LT | o capaciy
== C§
= PhﬂA—l'Xi—| GND B il
i A2 vow =D
B Phase B Ty EEIEIES = —
Shuat connection I & fpy veD ﬁ»_TE——“"' ingut for Clarze
GNDSH X4 b B . ') b} Pump b
H D! bt C i - Vbat Vhat Vhbat i f @D L IfounFIEfF
iz i @ &> @o
vl & iy i
C13 C20 c21 -
10uF 10uF 10uF | 3 | gy —_ E2 Ans
1 1 1 | o [ @ . VES
5= = == [ WEE 3 | oo per i P
GND GND GND | L 4.ToF
b 5]
. GHI
Vhat Vbat Vbat [ Phaze A
| GHI
c24 €25 C26 - Fhee B
10uF 10uF 10uF | GH3I
—— —= —— I Phaze T
GND GND GND b 6L
G2
- PLOMTALL =
oi _ Vhat Vhat WVhat - PL2WTALL GL3
Vhat L P13
vt - P14 10 M .
| Phase B c27 28 ci1 B e = i |[1Gme
Q3 5 10uF 10uF 10uF b 008 e =
&1 TMIANE 2 | ey F21 - =+ =+ - BEEE ol [ 051
PHASE 1  BATTERY | \— 1 7R GND GND GND L
i) PHASE_2 GROUND_2 [— : L PEEE
= G2 GROUND_1 |——4 1|
o TAUCG6ONO4SEL045HATMAL I%IEF Vbat Vhat Viat i &0 @D &
100k —TC40 I == i
10aF E= GND C31 32 €33
GNDSH 10uF 10uF 10uF
GND GND GND
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Maj Pavlin

L]
% 4 BBon

Ka

o
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Maj Pavlin

Ny A
% o

' Snx
- v m. AR
* 2% . 103500
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Maj Pavlin - BOM

No.

1

Cena kondenzatorjev M| Cena dusilk Ad cena diod M
2,24€ [0ATE [007€

Query

CL31B108KBHNNI

IAUCBONO456L04%

BUK9M14-40EX

MMBT2222ALT1G

LOHS5BPNR4TNTOI

RB521530T1G

Maj Pavlin

Tekmovalec

Maj Pavlin

re
-

Qty

16

Matches &

©

Part

Samsung
CL31B106KBHNNNE

Infineon
IAUCE0M04SELO45HATMAT

Nexperia
BUKIM14-40EX

onsemi

MMBT2222ALT1G

Murata
LQHEBFPNR4TNTOL

onsemi

RB521530T1G

E kvalifikacija

L3

ELEKTRONIKE ZA EMC

L3

Part Description

Multilayer Ceramic Capacitor,
10 uF, 50 V, £ 10%, X7R, 1206
[3216 Metric]

Maosfet, N-Ch, 40V, 60A, Tdson
Rohs Compliant: Yes [Infineon
IAUCB0M04SELO45HATIVAY

BUKSM14-40E - N-channel 40
V. 14 mQ logic level MOSFET
in LFPAK33

Bipolar (BJT) Transistor NPN
40V 600mA 300MHz 225mW
Surface Mount SOT-23-3

Inductor Power Chip Shielded
Wirewound 0.47uH 30%
100KHz Ferrite 44 0.01440hm

Rectifier Diode Schottky 0.2A
2-Pin S0D-523 T/R / DIODE
SCHOTTKY 30V 200MA

E temp. obmocje

Distributor/SKU

LCSC
Ca9632
Stock: 231.850

Mouser

T26-1AUCB0OND455L045H

Stock: 3.824
Tape & Reel

Mouser
TT1-BUKSNM14-40EX
Stock: 17.510

Tape & Reel

LCsC
CB2460
Stock: 449.850

Future Electronics
3023269

Stock: 0/™

Tape & Reel

RS
7916325
Stock: 2.100

E ostale zahteve E Cena komponeniE Tocke

L3

Unit Price &

0,0296

0,6310

0,3290

0,0206

20,0739

= 0,0126

M. Jankovec. Zaklju¢ek EMC delavnice

Line Total

0.4736

1,8930

0,3290

0,0206

=0,0739

= 0,0126

26. 9. 2023

Batch Total

473,6000

1.893,0000

329,0000

20,6000

73,8947

12 6248

0,01€

Notes

2,80€

L3
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Maj Pavlin - delovanje

* |zkoristek 85,0 %

* Prenihaj 1,4V

* Padec napetosti 0,093 V

* Tok nasprotne polaritete 1 A

Tekmovalec
Maj Pavlin
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Maj Pavlin - CE

CE(R5) fMHz Meritev Lim (R5) Class
T 12,62 0,15675 AV 50 3
680 1 ‘
10 *
50 '—"’—'
2 7 »
o 40+ Broadcast PK
= 1 - 0000
> 30t e =
_l e
20+ “‘ » & ‘E‘roa-:lcasl AV
10 T
D-_
150k 300 400500 8001M 2M 3M 4M5M 6 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz
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Maj Pavlin - VW

901
RE (R5) fkHz Meritev Lim (R5) Class
4,6 26 76,95 4

80T

0T

60T ¢ @ *
1 PR &
50T L 4

Level in dBuV/im

401

L 4

30t

20 ; 1 i i i i i — i
9k 20k 30k 40 50 60 80 100k 150k
Frequency in Hz
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ELEKTRONIKE ZA EMC

Mal Pavlin - RE

Level in dBuVim

KOLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

70T . .
RE (R5) fMHz Meritev Lim (R5) Class

-+ 33,74 0,168 AV 26 1
60 1%

1& **t
50 % ¥

L RN

T x & "

40T "
¢ [ 2

4 &

I = ¢ .
07T e ’ P BASE LIM QP_

-__ —%

/ !

ol PN BASE LIM A\’

+ ®» @
10t
0 : S — : : : : |
150k 300 400 500 800 1M oM  3M 4M 5M & 20M  30M

Frequency in Hz
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Mal Pavlin — RE

T CISPR 25 Class 5 PK

T R A - CIPR25 Class 5 AY
15T * . SO G * N o

Level in dBuV/m
i

1 ¢ ® L N
0T - . .

i i i i i i i i i
30M 50 60 70 80 90 100M 245M
Frequency in Hz



PV Laboratorij za fotovoltaiko Laboratorij za _Q‘_J;_\_ Laboratorij za regulacijsko tehniko in
in optoelektroniko elektriéne stroje LRTHE moénostno elektroniko

WURTH
o MAHLE 5= [

SORVIA SKRAEMECO +._ go a p Egﬁ?g&%g Ill
@ SV/et_

o::o----o-..-.--;:.,: ..... ™ ’ :?:::/: INSTRUMENTATION : . X, Y,
.lNTECT|V “41% TECHNOLOGIES W )

L e T -
Designed by ::'_
Hate) Plamnsek »

Matej Planinsek
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Shema

Vhodno vezje

TuF MLCC + 150uF

ﬁ]—fi neon IAUC45N04S6L063H
i DMPHOISLFG /\ k
N i
1 O u H OptiMOS - 6 Power-Transistor Product Summary
= RoHS

—l VDC IN Ccls I _AE...-—-Héo A ‘/ Vos 40 |v
— 2 LIN 4 Y Y Qualified L —— 6.3 |mQ
= INPUT GND ETQP4MI00KFM )
X 100a In 45 | A

Features

* OptiMOS™ - power MOSFET for automotive applications PG-TDSON-8-57

+ Half-Bridge - N-channel - Enhancement mode - Logic Level

g * AEC Q101 qualified é
* MSL1 up to 260°C peak reflow

Stator na GND pri vhodnem konektorju 7o eperatng emperse 0

+ Green Product (RoHS compliant)
Mosfet
DC Link PHASE 2

R13
R14 = 100k Q2 Vdclink
Vdelink Vdelink Vdelink GDRIVE H 2 MCU - GDRIVE H 2 7.8
el 0 i by
1 -
&) c18 Sl c19 14020 D F—j 5 -
c21 c22 c23
Ll 3 PHASE 2 1
100n | 150uF  100n 150uF 1000 | 150uF o * { B
maybe DNP _— i 15
1 [ 1 [ 0 R GND h— 4.7
= - = 5.6 1
GND GND GND GDRIVE L 2 MCU _ RI16 T . GDRIVE L 2 ’ 1
g el [ [AUCA5NO4S6L063H C3l
C32 . —r—C33 R17 4.7n
2x 150uF GNDSL  GRD

elektrolit 125C

GND GNDSL GNDSL
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j_“ = ?:_ f.i:w A Ao :;: 1
L - - L foms s —"" —‘-I—m
e l s =\ — ,.hl;:f.h - o e !
N

| mulacija preklopov tr L NI

Precharge /B-_—\ﬁd—t
di/dt”
Lt
Gate tok Fazna napetost
| ...___1,,,! [
Python iz parametrov generira PWL za LTspice (

100nF MLCC v DC link = 200Mhz oscilacija?? >
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M. Jankovec. Zaklju¢ek EMC delavnice 26.9. 2023

Postavitev komponent & plasti

Decoupling blizu/pod
procesorjem

Desi qned by
Matej Planinsek

: cm o cis cio Zgoraj, spodaj signali / komponente

= @
V- v

Vmesni zgoraj: GND
Vmesni spodaj: GND (+ signali)

Mosfeti pri faznih sponkah, shunt na
sredini, DC link na sredini na drugi strani
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Tokovne zanke

innrnmr
i
= =4
-

LTT IR EfRT]




182

NACRTOVANUJE

ELEKTRONIKE ZA EMC

KOLEKTOR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 | |

— konduktivhe meritve

Priklop statorja

Receiver X)) Receiver &) Receiver X)) :2:[
© RBW (CISPR) 1 MHz MT 1s ESH3-22 © RBW (CISPR) 1 MHz MT 15 ESH3-22 © RBW (CISPR) 1 MHz MT 1s ESH3-22
Input AC  Att 0de Preamp OFF Step TD Scan Input AC  Att 0 dé Preamp OFF Step TD Scan Input AC  Att 0de Preamp OFF Step TD Scan
Level dBpv Frequency (108.0000000 MHz| | Level dBpv Frequency (108.0000000 MHz) | Level dBpv Frequency (108.0000000 MHz/
10| 10| 10|
Scan Q1Ca Clrw@2Pk Clrw Scan Q1CA Clrw@2Pk Clrw Scan Q1CaA Clrw@2Pk Clrw
0 dBirit-ChEEE 000 dBpy kH - 100 MHz 80 deyyv—D1 83.000 dBpY kHz 80 dBpv-—D1 83.000 dBpy [ £10 MHz
| Line Em55025 Autbnjotive Voltage | | N N
70 - ; 0B : 70 dBpv . - .
Tfnﬁﬂf‘% RS e S ROV E VS0P € I‘ BT EN 55025 Atomotive Voltage PK
50 dBpy-— - - - 60 dBjy- B0 UBp VA -
- \ : | : : - !
70 cewy T EN 5502 ‘SU dBw 5 Aut\nmn(%\\ve voltage &v C 70 cewy T EM 55025 A\JtantiV‘e voltage &Y
L : ] S Lo L Boo v 0o
40 dByv- TD dBpiv Y] N - 40 dpiv- fi
. i oA .
. i W .
30 dBpv- ‘30 dBpv- 30 dBpv-
: : : TN
20 dBpv+ ok 20 dBpvT 20 dBpv+ e
: | : :
10 dBpv-+ ‘10 dBpv- 10 dBpv-+
0 dBpv— ‘0 dBy 0 dBpv—
-10 depy -‘10 B -10 depy
-20 dBy 20 dBpv -20 dBy
-30 dBy : -30 depv -30 dBy :
H H TF H H HE TF H H TF H
Start 9.0 kHz Stop 300.0 MHz ||| Start 9.0 kHz Stop 300.0 MHz || Start 9.0 kHz Stop 300.0 MHz
I Measuring...  WANANNNLD W TR ) I ) Measuring...NRNRARED WO LG I | measuring.. T QRARRARAN WO L
Date: 28.JUN.2023 13:01:17 Date: 28.JUN.2023 12:39:43 Date: 28.JUN.2023 12:50:35

GND nepriklopljen 1k-1k delilnik med + in - napajanje



R s KOLEKTOR

Preliminarne meritve

+ (EBSE ~ocever ©) =]

KEYSIGHT lnput RF npuZ500  Afen 1008 ScanType Smooh || ,  Afen 10dB RBW (CISPR) 1 MHz  MT Ls ESH3-22
7 Coupling Corr CCorr Preamp: Off Seq: RemeasAll > Preamp: Off Input AC  Aft 0 de Preamp OFF Step TD Scan
Align: Aulo FreqRef. Int(S)  EMC Std: CISPR  #of Scans: 111 x
ot Level dBuv Frequency  [(108.0000000 MHz/
1 Spectrum Mkr1 63.320 MHz|2Meters . \ . . \ \ \ )
Scale/Div 10.0 dB Ref Value 60.74 dB].lV 1 3 J 5 d BLJ\" . Scan O1CA Clrw@2Pk Clrw
% i 20 dejntsheék 000 depy kHz——— ~10 MHz . 100 MHz

| Ling 55025 Autbinjotive Yolta

s deuy—b
o N A

50 dB - N i i .
H v EM 535025 Automotive Voltage & Class 5

I N, N )
40 dBu\f: — i H
30 depv- :
Video BW 90 kHz Stop 1.000 GHz i i fpbns
Freq 160.3 MHz 20 dBpv- R
Dwell Time 108 ps (4.5 kHz ' :
i ) #Res BW 3 kHz 10 dBLiv 1 :
Trc  Freg Peak Amptd QPDAmptd EAvgAmptd PeakLL1A QPDLL1A EAvgLL1A Composite AmpCor RBW Time . 5
160.27 MHz 14.413dBpV 11.207 dBpV 4.6076 dBpV -25.587 dB -28.793dB -35.392dB -15.007 dB 9.00 kHz (CISPR) 2023/06/ 0 depy
-10 dau\,:
-20 depy
-30 dBpv : .
_ [ R [ [ A 15 ;
. e — Start 9.0 kHz Stop 300.0 MHz
(& . 9 Jun 16, 2023 - 28.06.2023
| H 4:25:47 |3 ] LIL] (o w ][ Measuring...  EREEEENND e 13:01:18 ///j
XY
. INSTRUMENTATION Date: 28.JUN.2023 13:01:17
~viss TECHNOLOGIES



PV Laboratorij za fotovoltaiko Laboratorij za _Q‘_J;_\_ Laboratorij za regulacijsko tehniko in
in optoelektroniko elektriéne stroje LRTHE moénostno elektroniko

WURTH
o MAHLE 5= [

' H @) RV% SKRAEMECO +._ go a p Egﬁ?g&%g I ll

v 22122 INSTRUMENTATION : sv/et
.|NTECT|V “4i% TECHNOLOGIES W

Designed by oo
Hate; Plarmnsek -

Ilililgrll.llllilllllauoaamu

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

Matej Planinsek



185

NACRTOVANUJE

ELEKTRONIKE ZA EMC

Planinsek

—L VDC_IN
—2 LIN

3 INPUT_GND
X1

DMP4013LFG

DI
TZMC15-Gsos €}
N

Cl

U

z ETQP4M100KEM

LI

n
P

IC1 TLE9877QXW40
. 1 vs crn 45—
CHT—CH—C40 c41 cl
3 1 .
T T T 100n 1 jCRID 3J 2200
— >0 vppEXT CPH [———
GND 4 2
- e T 0
1f VDDEXT not used and [ VbBC
disabled,can beleftopen ] 3 Vdelink
Tu
1 VDDRO |
N c4 2 cs
u ver 4,
= co
B 47n
PEN BVEN =
R Vdelink
LIN BN vsp 47
0| . 7 g R
g GND_LIN 1 100n 1 Tu
" i “ Ro Vdelink
co ] VAREF VDH
loon—_ 33 | Clo 750R &
GND_REF 47n Place In caps
— closetoMCU ]
e | B GDRIVE H_| MCU .
PO I ), 3 R PHASE 1|
P02 ol SHI * j—
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Matej Planinsek
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Matej Planinsek — BOM

No. Query + Oy % Matches §  Part %  Part Description % Distributor/SKU % UnitPrice % Line Total Batch Total MNotes -
Samsung - Multilayer Ceramic Capacitor, 1 LCSC 0,0056 0,0448 448000
1| CL2B105KBFNNN | 8 © CL21B105KBFNNNE = 4R 50V, £ 10%, XTR, 0805 C28323 v
[2012 Metric] Stock: 1.268.600
Vishay = Zener Diode Single 15V 5% RS 20,0149 20,0149 14,9203
2 TZMC15-Gs08 1 © TZMC15-GS08 = 300hm 500mW Automotive 6997893 v
2-Pin Mini-MELF SOD-80 T/R Stock 8.500
Panasonic - Ind Power Chip Farnell “ 0,3710 0,3710 371.0000
3 | ETQP4M100KFM ! = ETQP4M100KFM ®  Shielded/Molded Wirewound 2065285
10uH 20% 100kHz Metal 6A Stock 1.874
. Infineon = Mosfet, N-Ch, 40V, 45A, Tdson  Famell 05700 1,7100 1.710,0000
4 | IAUC45NO4S6LOB: | 3 © IAUCA5NO4S6LOB3HATMAT ~ ®  Rohs Compliant: Yes [infineon 3846080 Y
IAUC45N04S6LOG3HATMAT Stock: 8785
Diodes Inc. - Masfet, P-Ch, 40V, 10.34, Arrow Electronics 10,2940 10,2940 = 293,9846
5  DMP4013LFGQ-7 1 © DMP4013LFGQ-7 = Powerdi 3333 Rohs Compliant: = DMP4013LFGQ-T Y
Yes |Diodes Inc. Etmk' 1.550
T2 ut Tape
AVK = Capacitor Aluminum 100uF L 10,1932 ~0,5795 = 679,5295
6  AEH0810101M035 3 © AEH0810101M035R = 35Vdc 20% Radial Can AEH0810101M035R v
Cylindrical Can 220mA 2000 hr 21 oo
=S —— ape & Reel

Tekmovalec had

Matej Planinsek

Tekmovalec
Matej Planinsek

2,00€
Bd kvalifikacija

0,62 €

E temp. obmocje

0,37€

cena tranzistorjev I Cena kondenzatorjev M| Cena dusilk Bd cena diod M

0,01€

E ostale zahteve E Cena komponeniE Tocke E

3,01€

3,01€,

-6,05,
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Matej Planinsek — delovanje

* |zkoristek 85,12 %

* Prenihaj 1,4V

* Padec napetosti 0,183 V

* Tok nasprotne polaritete 0,1 mA

Tekmovalec Osnovn:E IzkoristekE Polariteta E Padec rE Prenihaj E Tocke K
Matej Planinsek
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Matej Planinsek — CE
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of" T g A
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. g » o
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Matej Planinsek — VW

90T RE (R5) fkHz Meritev  Lim (R5)  Class
12,32 26 76,95 5

801

701

60 T

50
4 L ¢

40+ ¢
L e )¢ *

30T

20T

Level in dBuV/m

07T

0 i i i i i i i H— i
9k 20k 30k 40 50 80 80 100k 150k
Frequency in Hz
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Matej Planinsek — RE

| RE(R5) fMHz Meritev Lim (R5) Class
45+ 15,31 0,17 AV 26 3

1 | BASE.LIM.QP.

BASE LIM AV_

Level in dBuV/m
i
*
*

] ] ] —— ] ] ] ] —+—+— ] ] |
150k 300 400 500 800 1M 2M 3M 4M 5M 6 8 10M 20M  30M
Frequency in Hz
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Matej Planinsek — RE

T CISPR 25 Class 5 PK

15+ s —
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10T ‘

L R ek e, - g SPR25 Class 5°AV

Level in dBuV/m
i

[ & e

] ] ] ] ] ] ] ] |
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Frequency in Hz



PV Laboratorij za fotovoltaiko Laboratorij za _Q‘_J;_\_ Laboratorij za regulacijsko tehniko in
in optoelektroniko elektriéne stroje LRTHE moénostno elektroniko

KOLEKTOR
wos  [JIHHLE Si=
SORVIA SKRAEMECO +._ goa p ESNTEECBELE Ill

.
HELLA

' 22122 INSTRUMENTATION : sv/et
-|NTECT|V “Zi% TECHNOLOGIES W )

Tjaz Uran Oblak



R s KOLEKTOR

Shema

Vdclink Q1 1
Q
2 S
2l Q4a 1 © S
R3 IPG20N04S4-12A R2 s g @
GHI —— o2 |:} - 2R E o Vs e I
T }%5 — 14T R1 1
[ 10k
100k —T—Cl — —T1—C2 X1
4n7 In SH1 1 s
A | 49 RSS070P05
- Q4B TFZV1iiB l_‘M4
GLI R7 4 |'_ IPG20N04S4-12A R4 BZX84C15L vd
II II i
2R 3 | I'_} imok
RS
100k TC3 «”
4n7 R2
70k
SL
L1 Vdclink
VD protect cl L 2 Y Y 1 1 I .
TP6 _T_cg 78404084150 TP7 DC I|nk:
——c10 o 2591128P
R 13 15 uH * 4 100u elektrolitski kondenzatorji
= 1

« 3 100n keramiCni kondenzatoriji



R s K OLEKTOR

lzraCuni, simulacije

Prenapetost Napacna polariteta




197 NACRTOVANJE ELEKTRONIKE ZA EMC KOLEKTDR

M. Jankovec. Zakljuéek EMC delavnice  26. 9. 2023 |

Nacrt tiskanega vezja

Srednji
plasti sta
GND
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Preliminarne meritve
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Tjaz Uran Oblak
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Tjaz Uran Oblak
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Tjaz Uran Oblak - BOM

No. Query + Q % Matches § Part %  Part Description %  Distributor/SKU % UnitPrice & Line Total Batch Total
Infineon = 40V, Dual N-Ch, 122 mQ max, ,  Famell 04770 14310 1.431,0000
1 IPG20N0454-12A 3 © IPG20N04S412AATMAT = Automotive MOSFET, dual 3514433 v
SS08 (5x6), OptiMOS™-T2, Stock: 3883
ROHM = Mosfet, P-Ch, 45V, 7A, Sop DigiKe 0,6720 1,3440 1.343 9600
2 RSS070POSHZGTE © RSS070P05HZGTB = | Rohs Compliant: Yes [Rohm 846-RESOTOPOSHZGTECT-ND
RSS070P05HZGTE Shock 2103
ut Tape
Diodes Inc. = Mosfet, P-Ch, 20V, 6A, Tsot-26 ~ TME 0,1300 0,1300 130.0000
3 DMP2035UVTQ-7 1 © DMP2035UVTQ-7 s Rohs Compliant: Yes |Diodes DHP2035UNTQ-7 v
Inc. DMP2035UVTQ-7 Stock 04
0,333€
Wurth Elektronik = Power Inductor, Smd, 15Uh, RS = 0,6542 = 0,6542 = 654,1961
4 | 78404084150 1 @ 78404084150 & 3754 Rohs Compliant: Yes 2581126p M
[Wurth Elektronik 78404084150 ~ Stock 1000
Samsung - Multilayer Ceramic Capacitor, LCSC 0,0665 0,0665 66,5000
5 CL32B475KBUYNM 1 © CL32B475KBUYNNE = 47UF 50V, £10% X7R 1210 | Ci7008% Y
(3225 Metric] Stock: 9.080
Samsung = Multilayer Ceramic Capacitor, Newark «0.0094 10,0375 = 37.5100
6 CL10B104KBBSPN | 4 © CL10B104KB85PND = 01uF 50V, +10% XTR 0603  70AHSes v
[1608 Metric] Stock: 25,862
AVK - Capacitor Aluminum 100uF T 10,1932 = 0,7727 = 772,7060
7 AEHO0810101MO35 4 © AEH0810101M035R = 35Vdc 20% Radial Can AEHDS10101MO35R v
Cylindrical Can 220mA 2000 hr | 30 o
ape & Reel
onsemi - BZX84C11LT1 Series 225 m\W Rochester Electronics «0,0209 «0,0209 209118
8 BZX84CTILTIG 1 = BZXBACIILTIC 2 10 mA 11V SMT Zener Voltage |~ BZXB4CIILTIG v
Regulator - SOT-23-3 Stock: 433,338
onsemi = DIODE ZENER 15V 225MW Newark £0,0122 ©0,0122 212,1907
9  BZXB4C15LTIG 1 = BZXBAC15LTIG ® 501233/ Zener Diode Single 7210340 v
15V 5% 300hm 300mW 3-Pin Stock: 48.997

cena tranzistorjev Il Cena kondenzatorjev M Cena dusilk B cena diod M

Tjaz Uran Oblak 2,90€ 0,88 € 0,33 € 0,03 € 4,15€

mponeniE Tocke E
4,15 € -11,75,

Tekmovalec
Tjaz Uran Oblak
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Tjaz Uran Oblak - delovanje

* |zkoristek 83,5 %

* Prenihaj 6,2V

* Padec napetosti 0,192 V

* Tok nasprotne polaritete 0,1 mA

Tekmovalec E OsnovnaE 1zkoristekhd Polariteta I Padec rE Prenihaj E Tocke K
Tjaz Uran Oblak
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Tjaz Uran Oblak - CE

CE (R5) fMHz Meritev Lim (R5) Class
5,44 0,1815AV 50 4

Broadcast PK:

Level in dBpV

10 T ‘ ’
ot o 00
150k 300 400500 8001M M 3M 4M5M 6 8 10M 20M 30M 40 5060 80 108M

Freguency in Hz
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Tjaz Uran Oblak - VW

100 T

RE (R5) fkHz Meritev Lim (R5) Class
-9,27 26 76,95 5
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—
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i i i i i i i — i
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Frequency in Hz
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Tjaz Uran Oblak - RE

50T
4 RE(R5) fMHz Meritev Lim (R5) Class

454+ 12,28 0,17 AV 26 3

1+
wt® +
T *
3BT

30T

&k

BASE.LIM.QP.

25T

1 I & PR TR
ot e ™™ J. H BASE LIM A\s

10T
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i i i ——+— i i i i — 1+ i i i
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Tjaz Uran Oblak - RE

T CISPR 25 Class 5 PK

20— —-—+
1 _"_"_.- ---------- B C|8$R25 Clags 5-A\
151 —e— i ‘;______— .......... &
4 ’ .

Level in dBpV/m
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] ] ] ] ] ] ] ] |
30M 50 60 70 80 90 100M 245M
Frequency in Hz
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Nacrt tiskanega vezja
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Preliminarne meritve

Video BW 300 kHz d 5 / Video BW 300 kHz
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Zan HedZet Kostanjsek
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Zan HedZet Kostanjsek

Hedzet, Stopar, Uisnar
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Zan HedZet Kostanjsek - BOM

No. Query s Qty + Matches § Part +  Part Description +  Distributor/SKU % UnitPrice & Line Total Batch Total Notes s
Infineon = Single N-Channel 80 V 15 Verical = 0,6649 ~4,1096 ~4.109,68956  Ni automotive
1 IRFB668TRPBF 6 = IRF6665TRPBF = mOhm 31 nC HEXFET® Power ~ IRFESSSTRRGF v
Mosfet - DirectFET® Stock: 774 (]
Murata = Multilayer Ceramic Capacitar, ™ = 0,0366 = 0,3657 3657225 | ni126°C
2 | GRM319R61H475L | 10 © GRM319R61H4T5KA12D = 47UF 50V, +10% X5R 1206 = GRUSISRGIHATSKA12D v
[321 g Metric] ?tnck: 28.000 o‘
ape & Reel
Bourns - Ind Power Shielded Wirewound Verical = 0,4702 = 04702 = 470,1878
3 SRF1260-330M 1 © SRF1260-330M & 33uH/132uH 20% 100KHz SRF1260-330M v
Ferrite 3.28A/1.64A T/R Stock 40045
] Infineon = Mosfet, Aec-Q101, N-Ch, 40V, RS 20,6691 20,6691 669,164
4  IPCOONO43S53RBA° 1 © IPCI0N04S53REATMA ® 90 Tdson Rohs Compliant: 22074020 e
YES |Inﬁneon Stock: 10.005
Taiyo Yuden ] Ferrite Beads Power Chip LCSC 0,0351 0,0702 70,2000
5 | FBMJ3216HS800-1 | 2 = FBMJ3216HS800-T = 800hm 25% 100MHz 4A coze87 v
0.010hm DCR 1206 Automotive = =0 3920
Rubycon = Radial Can- SMD ALUMINUM  element14 APAC 20,2918 20,2918 291,781
6  50THV100M10X10 1 © S0THV100M10X10.5 = ELECTROLYTIC CAPACITOR  2102¢38 v
THV 50V 100muF £20% Stock: 4350

ekmovalec cena tranzistorjev Cena kondenzatorjev Bd cena dusilk Cenadiod M
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Zan HedZet Kostanjéek - delovanje

* |zkoristek 84,81 %

* Prenihaj 3,2V

* Padec napetosti 0,13 V

* Tok nasprotne polaritete 1 A

Tekmovalec E OsnovnaE 1zkoristekhd Polariteta I Padec rE Prenihaj E Tocke K
Zan HedZet Kostanjsek
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Zan HedZet Kostanjsek - CE

80T
701 CE(R5) fMHz Meritev Lim (R5) Class
T 12,37 108 PK 38 2
60 T
50 @~ &
2 1%
@ 409 BroadcagyPK.
£ + '* (FELRTTTTRY
2 34 ’Q “0 s : 4 5
g7 .
20T . * Br-:na-:lcﬂ;?\_‘i
T N & N
10T
0 —_—
150k 300 400500 8001M 2M  3M 4M5M 6 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz
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Zan HedZet Kostanjsek - VW

0T

RE (R5) fkHz Meritev Lim (R5) Class
-1,98 26 76,95 5

80T

70T

60T
T 4

50T - ?

1 . *
401

30+ . 4 ¢

20T

Level in dBuV/m

10T

0 ] ] ] ] ] ] ] — |
9k 20k 30k 40 50 60 80 100k 150k
Frequency in Hz
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Zan HedZet Kostanj$ek - RE

0T RE (R5) fMHz Meritev  Lim (R5)  Class
T 16,67 0,17 AV 26 3
45 __*t
10+ %
IR e
35:_-._.-_--‘;'4. ==
30T i
£ 1 B, Al TV N . BASE LIM QpEF
> 25T
= 1 e ’
& -l b H BASE LIM/AV_
= i
s T ) .
8 15T
+ : aHe
10T
5T .
0__
54
: : ——t——— : : — 11— : i
150k 300 400 500 800 1M 2M 3M 4M 5M 6 8 10M 20M  30M

Frequency in Hz
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Zan HedZet Kostanj$ek - RE

45T

» CIS@RZE Class 5 PK
—_ ' ’
S S S _

CISPRZ5 Class 5AV

Level in dBpV/m

15T . —-——fr - - — ¢
[ ¢
10T
5+ * &
1 >
0T * & X
1 »
30M 50 60 70 80 90 100M 245M

Frequency in Hz
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SUPPLY SUPPLY
e a VDO Vs VDO VsD
I I | T T T T
11 _L'l_L'1 2 L
10y 1000 fu
MCU supply
Vs 1C1 TLESSTTOXWAO .
| 45 Vs CPIM 48 CP1H

1 CPIL 5
CPIL _(..P.m__l'(
Co o = D 3 & 100n
|| oo |_AhL VDDEXT CP2I1 ﬁ

cpa 4 CP2L TTT7

STEE 100m
VDo
vboP ) clo
VOP %lu
| 01 OUU C28
(4n7)
L won =
RI WD
m-- A3 vsp 47 1 .
R2 12 Charge Pump Supply
= GND _LIN

- RS
o | yuREF VDH %”‘D k |—‘I

ELEKTRONIKE ZA EMC
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L
Cdd | Gap REF | Eq"
C30 B
1000 =
23 ail ——adl SW]
== Po.l SHI =
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1 : . GH2
= 3 GII2 cwo
= P04 SH2 52
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N 5 GII3
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41 12 sH3 —d6  SW3
] P13
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SEG6 0Pl
= =] [=%

KOLE KTOR
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VHOD FILTER

ELCO MLCC

VDO TN _

= TTNCON 5 1 - i S a1 Tttt
— 3 - ERLU W TRl | T 1
X 1 CI3 CIT peinen 313 CI5 CI6 C17 Cl& Cl19 €20 C21 €22 €23 €21 €25
B GND IN 10w 10 - = ln 10w GND T So0u S60u5o0u —  10u [0u I0un 1o 10w 10u
PROTECTION  vDC e
gy S - - - i -
{10k} ) X2 ] X3 - X4 o XS
?1l<\-' SW] N swa 1 [, SW3 1 e
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R6  R7 RS R9 RID RIL =
= OM |~ 100 ] @)

HF2
=L V100 S

TRANSISTOR
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. RI2 i s _RI3 5 g _RI4
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Tranzistorji - ROHM - rqg3e080gntb ”

1000 Q 40 [
T & T.=25°C | |
» |Pulsed | |
400 O T ] Ciss | o
— SR o 30
ud. NN o - NG
= S L Ipb=4.0A =
O '\\ ‘ & % D - — ID 8.0A
.(D- N\"\ C 5 '_,i
y [
e 100 INGT o o 20
b e
o Sl s* 16
o Ty 7))
O I = 10
\i\Cr” 'a
Ta = 25°C 5
If = 1MHz o
Vas = OV =
10 T L LTI L L LEL 1l & 0
0.01 0.1 1 10 100 0 2 4 6 8 10

Drain - Source Voltage : Vps[V] Gate - Source Voltage : Vgs[V]
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lzracuni, simulacije

V(sin1)

NN N

Sint sin2 sin3
vdd_ ys Vi v2 v3
{gate_voltage} SINE(O 1 {spin_freq} 0) SINE(O 1 {spin_freq} 0 0 120) SINE(O 1 {spin_freq} 0 0 240)
vmiddle vig ¥ss V6
{gate_voltage/2} °
zaga2
Vi3
PULSE({-pulse_amp} {pulse_amp} {dead_time} {1/sw_freq/2} {1/sw_freq/2} 0 {1/sw_freq})
.tran 0 20m 0
zagal
.param spin_freq=200 sw_freq=13k gate_voltage=10 V4

.param pwm_offset=100m dead_time=50n

.param pulse_amp=1.025 PULSE({-pulse_amp} {pulse_amp} 0 {1/sw_freq/2} {1/sw_freq/2} 0 {1/sw_freq})

vdd_1 v7 vss_1 ™

5.0V-
4.5V
4.0V-
3.5V
3.0V
2.5V
2.0V
1.5V

{gate_voltage}

SW_3
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lzracuni, simulacije

(V1)

vDD vDD VDD
signals X1 - Ra :: M2 ra : M4 r6 : M6
7 | phi
Sw_1 sw_1 phi ha phi_u | NDC7002N ph2_u | NDC7002N ph3_u —| NDC7002N
SW_2——sw_2  ph2 —P_hS A A A
SW_3——{sw_3 ph3 —h"l—u
ph1_up —E12-\P SW 1 swW 2 sw_3
ph2_up —Eh2_upP ' ' .
— h3_u
ph3_up —BR3-UP — — s s
in_freq=200,sw_freq=13k R3 R5 R7
e otimces 01 dend in phi \/\/J%mcmozn h2 NDC7002N h3 NDC7002N
1 1 1
VDD
R1
10m
vi
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lzraCuni, simulacije
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lzraCuni, simulacije - relativni izradun

minimalna
konfiguracija

namensKki
filter

atenuacija

(uposStevamo na izmerjen
spekter motenij)

100KHz 100MHz
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Preliminarne meritve

Scan OlCA Clrw@2Pk Clrw -

Limit ¢heck | © [100kHz | ASE 1MHz [0 1 MI[1] 25.80 dBpY
L db"ﬁ‘ﬁ EN 55025 Autiphjotive "u!'ultage PASS ! . ! D0.000s 34.250 kHz

Ling rmiﬂtmmﬂmmdmagél{ keSS S | B
50 dBpvi 'Eiilii E — —
soapuvitie o il L | T EEEEEEE EEE
H . I|EM 55025 automaotive Waltage & Class 5 : AR o
40| did i —-— ”I : A :

I | S

| 1 1 1 1 1 1 1
1 1 1 1 [ 1 1 1 1 1 1 [ L 1 1 1 1 1 11
T T T T T T T 1 T T T LA I B R
1 1 1 1

10 dBpiv-

0 dBpv—

10 depy

20 dBpv

Start 9.0 kHz Stop 300.0 MHz
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Preliminarne meritve

w 25.80 dBpY
34.250 kHz

2R2

80 4R7

60

. :
o | | Y |
% 1 1 11 1
° | . | .
7]
g ‘”" 1 1 1 U |- 1
S i‘ 1 [ d 1
“ 1 [ d 1
‘ 1 1o
20 H TR
1 [ 1
rw d 1
0 —
-20 ] 1 1 1 oo ] 'l ] h
4 5 6 7 8 !
10 10 10 10 10 TF

frekvenca / Hz Etﬂp 300.0 MHz
&
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Preliminarne meritve

25.80 dBpV
34.250 kHz

5.71v SN LOGMAG 3dB/ -14,35dB
6.0

PORT 1

1.
paraziti '
vezja .

-9.0

13 240,046 000MHz -2,27dB
2% 1116,031 500MHz -6,96dB
*33 2520,008 000MHz -14,35dB

3.0

0.0

i
-
w

NanoV/VA-F Vv2

Vector Network Analyzer

S21

-12.0

PORT 2

=150 graer 50. 000kHz osLco

2 mold compound
@

MOSFET e f\
¢%
BLT (bond line thickness) .

paraziti D X .
A Infineon
A directFET . R SR - :
li C . : : Lo :
me velik C IR EEE 1A

velika L mala L Stop 300.0 MH2
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a Smelcer

M&y CH&EYIVH

P D
.ﬂT 'TT FIDI  FID2 L PI
Iou 100n I VHOD FILTER
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Ziga Smelcer
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A4

Ziga Smelcer - BOM

No. Query $  Qty + Matches § Part % Part Description %  Distributor/SKU % UnitPrice & Line Total Batch Total Notes
Samsung - Ceramic Capacitor, Multilayer, Future Electronics = 0,0279 20,2607 = 260,6606
1 CL31B10BKAHNFN 9 © CL31B106KAHNFNE = Ceramic. 26V, 10% +Tol, 10% 8111042 v
Tol, XTR, 15% TC, 10uF, Stock Se000
-, o Ll ape & Reel
KEMET = CapAlum Poly 560UF 20% Mouser 0,2840 0,2840 284,0000
2 | ATGBMSS6TMIELS | 1 © ATEBMSE6TMIELAEOTT = 25V SMD B0-ATEEMSSETHELAETT v
Stock: 3.116
Tape & Resl
Diodes Inc. = Trans MOSFET N-CH 30V 60A  DigiKey 0,1708 0,1708 170.8300  Ni Automative
3 DMN300SLFV-7 1 © DMN3009LFV-7 &  8-Pin PowerDl EP TR 31-DMN3009LFV-TCT-ND v
Stock: 2.000
Cut Tape
ROHM = Tians MOSFET N-CH30V8A  Avnet 20,1158 20,6951 £ 695,0978
4  RQ3EOB0GNTB 6 © RQ3E080GNTB & Automotive 8-Pin HSMT EP TR ROJE030GNTE Y
QK L
Bourns - Ind Power Shielded Wirewound Arrow Electronics = 0,614 = 0,614 = 511,5426
5 SRF1260A-3R3Y 1 © SRF1260A-3R3Y = 3.3uH/13.20H 30% 100KHz SRF1260A-3R3Y Y
Ferrite 9 26A/4 63A T/R Slock 12
ut Tape
Diotec - Diode Zener Single 14.7V 6% T™ME 0.0163 0,0163 16,3000
6 ZMM15 1 = ZMMA5 s E00mW Automotive 2-Pin Mini- ZMM15-DIO v
MELF T/R Stock: 8.825

Tekmovalec E cena tranzistorjev | Cena kondenzatorjev Md| Cena dusilk Bd cena diod M

Ziga Smelcer 0,51€

Tekmovalec
Ziga Smelcer

1
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Ziga Smelcer - delovanje

* |zkoristek 86,12 %

* Prenihaj 2,6 V

* Padec napetosti 0,148 V

* Tok nasprotne polaritete 1 A

Tekmovalec
Ziga Smelcer
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Ziga Smelcer - CE

KOLE KTDR

M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023

80T
TO S ——
60 T CE (R5) fMHz Meritev  Lim (R5)  Class
4 2,5 108 AV 18 4
501+
> 1
=1
@ 40 :‘ Broadcast PK:
c T SR S WRUNIRNAN
- =
E_, 0T ¢
L0 gy g s b
20T ’ 4 & Qroa-:lcasi A‘_‘
or At N g o ®
D ——
150k 300 400500 8001M 2M  3M 4M5M 6 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz
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Ziga Smelcer - VW

90T

RE (R5) fkHz Meritev Lim (R5) Class
-9,97 26 76,95 5

80T

70T

60+
L

1 * L

40+ ¢ &

1 * &
30T

20T

Level in dBuV/m

10T

0 ] ] ] ] ] | ] — |
9k 20k 30k 40 50 60 80 100k 150k
Frequency in Hz
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Ziga Smelcer - RE

50T

451

+ -5 L INRAl, O i BASE.LIM QPE.

0+ " BASE LM AV_
ie
1 R e

Level in dBuV/m
i
*

1 +#
10T »

] ] ] — 1+ ] ] ] ] — 1 ] ] |
150k 300 400 500 800 1M 2M 3M 4M 5M 6 g 10M 20M  30M
Frequency in Hz
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Ziga Smelcer - RE

Level in dBuV/m

RE (R5) fMHz Meritev
18,44 176,34 PK

T

M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023

Lim (R5) Class

26 2
4

*
QCBP&S Class 5'PK

i i i i i i i
50 60 70 80 90 100M
Frequency in Hz

245M

KOLEKTOR
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M. Jankovec. Zaklju¢ek EMC delavnice ~ 26. 9. 2023

Kdo bo po vasem mnenju zmagal?




NACGRTOVANJE ELEKTRONIKE ZA EMC KDLEKTDR
M. Jankovec. Zakljuéek EMC delavnice

26.9.2023 |

Povzetek rezultatov — BOM cene po komponentah

Cena kondenzatorjelMd Cena dusilk Bl cenadiod Kd skupaj Ml

Ziga Smelcer

Luka Kavcic 1,30 €

Maj Pavlin

Matej PlaninSek 2,00 €

Jonas Orazem 2,04 €

Luka Pogacnik _

Tjaz Uran Oblak 2,90€

Zan Hedzet Kostanjsek | 4,78€

Jan Zagar 1,58 € 1,81 €

Jasa Vid Meh Peer 2,15 € _
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Povzetek rezultatov - BOM

Tekmovalec E kvalifikacija
Ziga Smelcer

Luka Kavcic

Maj Pavlin

Matej Planinsek

Jonas Orazem

Luka Pogacnik

Tjaz Uran Oblak

Jan Zagar

Jasa Vid Meh Peer

Zan HedZet Kostanjsek

E temp. obmocje

M. Jankovec. Zaklju¢ek EMC delavnice 26.9. 2023

E ostale zahteve E Cena komponemE Tocke




255 NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec. Zaklju¢ek EMC delavnice 26.9. 2023

Povzetek rezultatov - delovanje

Tekmovalec
Jonas Orazem
Ziga Smelcer
Matej PlaninsSek

Luka Kavcic

Jan Zagar

Maj Pavlin

Jasa Vid Meh Peer
Tjaz Uran Oblak

Zan HedZet Kostanjsek
Luka Pogacnik
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Povzetek rezultatov — CE 150kHz — 108 MHz

Tekmovalec B ce (R5)M f MHz B Meritev M Lim (R5) M Class Bd Lim (R) M Lim (R+1) M T(R) M T(R+1) M T+ M T

Jonas OraZem -18,87 41,61 PK 34 35

Matej Planinsek -5,99 0,15675 AV 35

Luka Pogacnik -1,02 108 PK 35

Luka Kaveié 1,13  0,15475 AV 60 50 20 35 13, 33
Ziga Smelcer 2,5 108 AV 24 18 20 35 9 29
Tjaz Uran Oblak 5,44 0,1815 AV 60 26 20 35 2 22
Maj Pavlin 12,62  0,15675 AV 70 60 10 20 7 17
Jasa Vid Meh Peer 8,23 51,3 PK 46 40 10 20 6 16
Jan Zagar 14,25 0,1545 AV 70 60 10 20 6 16
Zan Hedzet Kostanjsek 12,37 108 PK 56 50 5 10 5 10
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Povzetek rezultatov— VW RE 9kHz — 150 kHz

Tekmovalec E RE (R5) kdll f kHz E Meritev E Lim (R5) E Class E T
Jonas Orazem -19,25 26 7695005 9
Matej Planinsek -12,32 26 76,9500 5 9
Luka Kaveic -12,07 26 7695005 9
Ziga Smelcer -9,97 26 7695005 9
Tjaz Uran Oblak -9,27 26 769505 9
Jaga Vid Meh Peer -8,46 26 7695005 9
Luka Pogacnik -5,1 45 76,95

Jan Zagar -2,51 26 76,95

Zan HedZet Kostanj$ek -1,98 26 76,95

Maj Pavlin 4,6 26 76950 14§
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Povzetek rezultatov — RE 150 kHz — 245 MHz

A RE (R5) M f MHz

Tekmovalec

Tjaz Uran Oblak 12,28 0,17 AV
Jasa Vid Meh Peer 14,82 0,168 AV
Luka Kavcic 16,41 0,168 AV
Zan HedZet Kostanjsek 16,67 0,17 AV
Matej Planinsek 15,31 0,17 AV
Jonas Orazem 15,67 0,168 AV
Jan Zagar 25,55 0,154 AV
Ziga Smelcer 18,44 176,34 PK
Maj Pavlin 33,74 0,168 AV

Luka Pogacnik 28,72 176,13 PK
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Ve V

1. mesto — Luka Kavcic

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Luka Kavcic -3,9 35,0 33,3 13,6 9,0 87,0 1

CISPR 25 Class 5 PK

[
o

Level in dBpVim

t } } } t t } t |
30M 50 60 70 80 90 100M 245M
Frequency in Hz
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Nagrade

e Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)
CRERLEEEET TR Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)

T N Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

L N Denarna nagrada (300 €)

B SN Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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2. mesto — Jonas Orazem

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Jonas Orazem

80T
TO ——
60 1
501
s o+
=1
@ 401 Broadcast RK
£ + B
o
E 07T
50+ mm“ < Broacicast AV
10“ ‘ ‘ ‘
I Warw® *
o+
3 $
1 ®
150k 300 400500 8001M M 3M 4M5M 86 8 10M 20M 30M 40 5060 80 108M

Frequency in Hz




263 NACRTOVANJE ELEKTRONIKE ZA EMC KDLEKTDR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 |

Nagrade

CRERLEEEET TR Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)

T N Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

L N Denarna nagrada (300 €)

B SN Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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3. mesto — Matej Planinsek

Tekmovalec BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Matej Planingek -6,05 370 350 10,0 9,0 85,0 3|

CISPR 25 Class 5 PK

Mate; Plamnsek

e D
_j.ﬂ
s ¥
B
e O
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o
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)
OSSN O <2 rna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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4. mesto — Ziga Smelcer

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Ziga Smelcer . 365 39,0 28,8 4,6 9,0 77,7 4|

80T -
- r
70 A — C
| o
©
60T -
| Lo}
| - - ‘s
50 b
2 1 Siinden
@ 40 Broaticast PK: o °
E ;‘ T T = l ! o
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201 '“ L 4 L 4 Qroa-:\casl.f\_‘i.
0T hactl T . o *
ot
150k 300 400500 8001M 2M  3M 4M5M B 8 10M 20M 30M 40 5080 80 108M

Frequency in Hz




267 NACRTOVANJE ELEKTRONIKE ZA EMC KDLEKTDR

M. Jankovec. Zaklju¢ek EMC delavnice  26. 9. 2023 |

Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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5. mesto — Tjaz Uran Oblak

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Tjaz Uran Oblak -11,8 29,0 22,0 17,7 9,0 66,0 5]

50
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35 —

30

CISPR 25 Class 5 PK
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20—
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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6. mesto — Maj Pavlin

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Maj Pavlin -5,0 32,0 17,4 3,1 6,0 53,5 6]

CISPR 25 Class 5 PK

Level in dBpyV/m
¥
=]
]

* * ®e

} } } t } } t } i
30M 50 60 70 80 90 100M 245M
Frequency in Hz
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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7. mesto — Jasa Vid Meh Peer

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Ja%aVid Meh Peer | -258 30,0 16,3 15,2 9,0 44,7 7l
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70 N ———
60T
S04
»
z 1% *
Q 40+ Broactcast PK :
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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8. mesto — Luka Pogacnik

Tekmovalec BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Luka Pogacnik
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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9. mesto — Jan Zagar

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto
Jan Zagar -22,8 32,0 15,8 7,2 9,0 41,2 9

@SgR 25 Class 5 PK

N
o

Level in dBuV/m

30M 50 60 70 80 90 100M 245M
Frequency in Hz
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)
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10. mesto — Zan HedZet Kostanjsek

Tekmovalec E BOM E Delovanje E CE E RE E VW RE E Vsota Mesto

45T
40-_
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Nagrade

T N Denarna nagrada (2000 €)
N Denarna nagrada (1000 €)

TR EEFETTITTMM Denarna nagrada (700 €)
[T N Red pitaya STEM-lab (550 €)
ST Denarna nagrada (500 €)
SN2 uri meritev v EMC komori in tehniéno darilo (500 €)
N N Osciloskop Rigol DS10547 (354 €)

LT I Denarna nagrada (300 €)

EEE I I Denarna nagrada (200 €)

A L N Dozivljenjski free-refill design kit po izbiri (~200€)



I s FOLEKTOR

Koncni rezultati SVEL

v v v v v v -l v
Luka Kavcic -3,90 35,0 33,3 13,6 9,0 87,0 1
Jonas Orazem -7,25 40,0 35,0 10,0 9,0 86,8 2
Matej Planinsek -6,05 37,0 35,0 10,0 9,0 85,0 3
Ziga Smelcer -3,65 39,0 28,8 4,6 9,0 77,7 4
Tjaz Uran Oblak -11,75 29,0 22,0 17,7 9,0 66,0 5
Maj Pavlin -5,00 32,0 17,4 3,1 6,0 53,5 6
Jasa Vid Meh Peer -25,80 30,0 16,3 15,2 9,0 44,7 7
Luka Pogacnik -10,80 15,0 35,0 -4,7 9,0 43,5 8
Jan Zagar -22,80 32,0 15,8 7,2 9,0 41,2 9
Zan HedZet Kostanjsek -26,90 27,0 9,7 13,3 9,0 32,1 10
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