Nacrtovanje elektronike 2a  &|FE |z

i 2025 e e oo
- Studentska delavnica
in tekKmovanje
P s
HELLRH
.

( INSTRUMENTATION ; lSKroemeCO KOLEKTOR AMlTEH

t%: TECHNOLOGIES

SEWED)

“Mmotors SR o
e YOU EXPECT

, -
.|NTECT|V CLERIRO sv;t AUR&NRA @E

Py, ':i»h“\



Nacrtovanje elektronike 2a

Vi [alasd - ORVIA @&

Studentska delavnica
in tekmovanje

El“ UNIVERZAV L]JUBL]ANI S1E1 INSTRUMENTATION "\; iskraemeco KOLEKTOR AMITEH

|ﬂ: Fakulteta za elektrotehniko 743 TECHNOLOGIES

Laboratorij za fotovoltaiko ) motors S ELEKTRONIK

OLE:(PEE
L PVQ' in optoelektroniko

fllINTECTIV  ElEKRONIKE  AUR{DRA

UL FE - EMC Studentsko tekmovanje 2025
16.6.2025

Predstavitve konceptualnih resitev



~ORVIA

NACRTOVANJE ELEKTRONIKE ZA EMC
M. Jankovec 16. 6.
” N
HELLRA
N

|zzIv

0 % - 45%: |
Vin & PWM i /_ \ LED napajanje (PWM) /_ \
ﬂ H H\ - LED off E LED driver: T
?;Ei?tzoﬂsc;ﬁgiﬁ) oD (2x zaporedno)
| Nichia NFSW123GT
60 % - 80%: s _ y
| AN /
i Bmd LED 10% ;
LED PWM
| c N
95 % - 100%: , o
dekoder in

J U U t- : :‘sgillzijska

__________________________________________________________________________________________




NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
16.6.2025 —

HELLRA

e

Moznosti krmiljenja MP/ﬂZ@GA

. / % MPQ7200A — 10% / 100%
i —&lem Ej - ENDIM S/ e e Y Y ey LED+
S IREF el
i I
Detekcija PWM =

FAULT SET "~
OUTY INGND § § LED-
a AGND  PGND k J

NTC

-L -

ﬂ
i =
I

Figure 1: Buck Topology (214.7kQ Rirer)

I



NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

Detekcija PWM: Analogna z RC in primerjalniki
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Detekcija PWM: Digitalna meritev Casa z logiko
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Detekcija PWM: Meritev ¢asa z Renesas GreenPAK
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Prilagoditev na vir napajanja s PWM
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Koncept resitve

- Generali bomo svoj PWM

- Cena logike pod 20c

- Digitalna logika, torej, vecja odpornost na motnje?
- Zanimiva ne standardna resitev, aka NE komparator
- Vse komponente pod hladilnikom
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Lin
55,60835 40 0,300
15,52313 dLA lavg inductor
3761074 0,418
33 k induc tor
0,502
Iset resistor [kOhm]
3,33333
0,001858155
302624

Fitters F is from 320-410-500kHz
410

Power budget

250

Tagotovn ne gori

do 45%

do 8%

273

zagotovo seeti 0%

4,38

zagotovo gor 35%

po BT

Q5 [ms]

06 [ms]
2,0000

0,50000
0,50000
0,50000

0,50000
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= X X
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B el L L T T BT T LBuF 15 15 150 15 1 1500 15M
22pF |JJ0pF  |200pF LOZ3uF_|L23uF 12 Juf_|32uF 16 16 W | L6 6 T )
27pF 270pe [2ro0pF  |o2veF | 2reF [27ue 18 T 180 18K T 1808, 1EM
33pF 330pF__ |3300pF | 033uF |33k |3.3uF 330F 7 2 200 20K i3 200 200
39pF [ F90pF 300pF  |.03%uF [ 3%uF 3.9uF 2.2 22 220 22K FE3 230K 2IM
a7pF 470pF _ [a700pF | DaTuF | a7uF_ [4.7uF 47uF 74 74 7a0 7K 74K Fa0K 7.4M
S56pF SE0pF SE00pF | .0S6uF  |.56uF 5. 6uF 27 27 20 27K Fi 270 2.7M
GapF GBOpF _ |6800pF _ |.06BUF | 6BUF _ [6.8uF ] 30 300 30K 30K 00K 3,00
B2pF B20pF  [8200pF | 0B2uF | 82uF  [8.2uF 33 33 330 33K 33K 330K EETT)
0.0820F|  D.BInF 8.2nF] wioF|  #a0nF|  8200nF 35 E 360 3.6 36K 350K 3.6M
] ) 330 EET 3 3500 340
43 43 A3 [T [ a0 | aam
At ar A 4% 4 470m 4.im
51 51 510 51K 1K 10K 5.1M
S0 56 00 5.6 56K 500 5.0
[ 62 620 2K 2K [
68 [ [ 6.8K [ AKX | 6.AM
75 75 T 75K 3 V50K, 7.5M
Cout ESR a2 82 20 BIK BRI BIOK BIM
0, 0,5 9.1 01 910 91K 91K oK | 9am

85 minimatni izkoristek |
janski izkoristek konv
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Pmax]W] Psvicer  tok switer
2223529 2,054348 0267842
nska margin

1,89 2142735 0,080754
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Filter iz referencne sheme deluje zelo dobro




NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025 = O I !V I A
16.6.2025 e

HELLR
e

Nacrtovanje tiskanega vezja

Vse komponente so na spodnii strani vezia pod aluminijastim ohisjem :)

ADVANCED TRABANT
ILLUMINATION SYSTEM
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Nacrtovanje tiskanega vezja

Vezje je bilo sestavljeno in je delalo ze en mesec pred deadlajnom.
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Nacrtovanje tiskanega vezja

Vezje je bilo sestavljeno in je delalo ze en mesec pred deadlajnom.

CASIO
Fx-891EX

CALC
Ve

]

FACT

erm

RECALL

'sT0

consT

ENG

CONV

MENU SETUP QN

o ®O

Receiver |

(=)

Input AC Att

Level
Average

RBW (CISPR) @ kHz MT

1

s

ESH3-Z5 Automotive 110 MHz. TDF ESH3-Z2.TDF

0 dé Preamp OFF Step TD Scan

dBpv
-5.65 EI=T

Frequency

| [l [l

(85.0000000 MHZ|

Start 150.0 kHz

[ Scan Qliav Max@3Pk Max -
EN S906T L Gheik | "1 MHz PASS ‘ 110 MHz R
Line EN|55025 viavics | PASS : Do .
=0 dhine EN55025 Vi BpKICY pPASS : L
[ = ~ - [ i i 1 1 i 1 i i 1 I 1
EN S90fh8 EAMesh25 viAvica | | PASS ;
Line EN| 55025 VIAVIC4 | | PASS : Cor
EN SaPE E L AopZS YRR eT—— PSS H ]
Line EN[ 55025 V:BKIC4 | ! PASS : Hi——
o S ' Il Lo
EM SS025 W AW C5 L 4] o L ! IR
40 dBpyv— S N N L S
: : e B a L —
30 dBpv— — : ——
TR o]
M | RN
20 depv . W‘ ,M -H]‘ — . . T S . T
RV “ | PR ‘-‘-Hih!.[ . - i A S L
' by ' 1 [ i \ ' n £ WA [
RN oo LA ,ﬁﬁ.{ ML o e ! /1 oL
-0 dBI.IV Ml 1 ik b i .«L‘ “H‘Ul ul"lh\lAHL‘J' # e mﬁ- — -Ju i { -
. S Y \Il : J\!I;d\mr‘r‘-" g ' p e A A T T e : R
: 1 AN : .
: o bl . TH

Measuring...

~ Stop 85.0 MHz
[ PEEEEEE W (] 04.04.2025

10:20:24 77

” N
HELLR
"



NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
16.6.2025 —

HELLRA

e

Nacrtovanje tiskanega vezja

Vse komponente Lepo pasejo na svoj footprint :)
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Imunost na vsiljene motnje
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ST Imunost na sevalne motnje
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Morebitni popravki

GLAVNAD!ODA
Polaganje je drago :| KoNDl
Vecja tuljava bi bila boljsa POLAGANSE
glede ucinkovitosti!
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Teleyukhin / Zupet — Funkcionalni in elektricni testi

Osnovna

Temperaturna obremenitev: 66.81 °C

funkcionalnost

PWM
obmocje

lllll

sedse, o

Napetostno
obmogdje

Temperaturno
obmogdje

LEDICE
©
XK. <

o ouo

Obrnjena polariteta

RS I KSR KN R ES RS

u1[v] B 11[mA] B2 P1iw) B u2(v] B2 12[mA]Ed P2[W] B3 1zkoristek B3

Izkoristek 13.51 158 2135  6.12 313 1915 89
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Teleyukhin / Zupet — EMC
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Opis elementa Koda proizvajalca Koda dobavitelja Dobavitelj Cena/kos (za 10 000 vezij) St. Kosov na vezje|Cena za §t. kosov na vezje

0402-0603 <100nF
Bulk 22uF 16V 1210 X7R

5V rail 10uF 16V 1206 X7R
Stevec

AND vrata

Mosfeti

Glavna dioda
Logi¢na dioda
Glavni ferrit

LED ferrit

Filter tuljava 4,7uH

SW tuljava 33uH

CS3225X7R226K160NRL

GRM31CR71C106KA12L
CD4060BPWR

SN74LVC1G08
2N7002
NSR1020MW2T3G
BAT54C-QR
CBW321609U301
BLM18PG121SN1D
NR6028T4R7M

NRS6045T330MMGK

Samwha Capacitor C2918510

Murata Electronics C97954

Texasa instruments CD4060BPWR

Texasa instruments SN74LVC1G08

Shikues C42444380

onsemi NSR1020MW2T3G
Nexperia BAT54C-QR

FENGHUA EMICBW1206-301
MURATA FE1768

Taiyo Yuden 587-2100-2-ND

Taiyo Yuden LMNRS6045T330MMGK

$t. komponentBd Cena komponent B8l Cena polaganja
53

LCSC

LCSC
Texasa instruments

Texasa instruments
LCSC

MOUSER

Arrow Electronics
Maritex

RUTRONIK

Digikey
Onlinecomponents.co

m

B4 Skupaj K4

0.53€ 1.26 €

0.005 €

0.026 €

0.013 €

0.046 €

0.046 €
0.005 €
0.036 €
0.009 €
0.010 €
0.006 €
0.086 €

0.085 €

B RPN W R NN

0.150 €

0.105 €

0.064 €

0.046 €

0.092 €
0.011 €
0.036 €
0.027 €
0.020 €
0.006 €
0.086 €

0.085 €


http://onlinecomponents.com/
http://onlinecomponents.com/
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NACRTOVANJE ELEKTRONIKE ZA EMC SORVIA
16.6.2025
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Question of logic

 Measuring time of pulse
 Comparing with certain value
 Depending on time of pulse — PWM: 0%, 10% or 100%

e 20ms delay on startup
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Question of execution
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Question of functionality

FUNCTIONALITY IS:
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Question of EMC
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Question of EMC: emissive interference
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Question of EMC: conductive interference
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Pokovec / Zaplata — Funkcionalni in elektriéni testi

Temperaturna obremenitev: 50.36 °C

Osnovna

funkcionalnost

PWM
obmocje

Napetostno
obmogdje

Temperaturno
obmogdje

Obrnjena polariteta

RS KSR ES YRS M KN

Izkoristek u1[v] B 11[mA] B2 p1{w) B u2[v] B 12[mA]Ed P2[W] B izkoristek [
13.51 151 2.040 6.12 306 1.873 91
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Pokovec / Zaplata — EMC
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NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025 "

Pokovec / Zaplata — Cena

Oznaka elementa na shemi Opis elementa Koda proizvajalca Proizvajalec Koda dobavitelja Dobavitelj

(o} 10u 0805 kondenzator CL21B106KOQNNNE Samsung 95841 LCSC 0.012€ 1 0.012€
C2, C4, C8, C9, C12, C19, C20, C39, C40, C43, C44, C45 100n 0603 kondenzator NA NA NA NA 0.005 € 12 0.060€
C5, C46, C25, C26, C31, C33, C34, C36, C37, C38 10u 1206 kondenzator CL31B106KAHNNNE Samsung C14860 LCSC 0.016 € 10 0.160€
IC1 Idealna dioda AP74700QW6-7 Diodes Incorporated AP74700QW6-7 Vertical 0.215 € 1 0.215¢€
L1 33uH glavna tuljava CR6045-330M Ceaiya C7588812 LCSC 0.024 € 1 0.024€
L2 10uH filterska tuljava ZE ZNR4030ST100M ZE C42429195 LCSC 0.022 € 1 0.022€
PS1 LDO 5V MG78L05T3 Megain C22396244 LCSC 0.010€ 1 0.010€
Q1 N-channel MOS HL 3404 HL C19271467 LCSC 0.010€ 1 0.010€
Q2 N-channel MOS 2N7002,215 Nexperia 65189 LCSC 0.008 € 1 0.008€
IC3 Configurabilna matrika SLG46536V Renesas SLG46536V Renesas 0.406 € 1 0.406 €
R9 Upor CAY10-104J4LF Bourns 652-CAY10-104J4LF Mouser 0.006 € 1 0.006€
Ce6, C7 1n 0603 kondenzator NA NA NA NA 0.005 € 2 0.010€
R1 10k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R2, R4 4.87k 0402 upor NA NA NA NA 0.005 € 2 0.010€
R3 53.6k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R4 10n 0603 kondenzator NA NA NA NA 0.005 € 1 0.005€
R5 33k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R6 20R 0402 upor NA NA NA NA 0.005 € 1 0.005€
R7 100k 0402 upor NA NA NA NA 0.005 € 1 0.005€

$t. komponentEd Cenakomponent Bl Cenapolaganja B Skupaj B
41 0.98€ 0.41€ 1.39€
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NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025
16.6.2025

Simulacija koncepta

10% (Labeled Node)
I=0A
v=0Vv




NACRTOVANJE ELEKTRONIKE ZA EMC

ZascCita pred obratno polariteto

HL 3404

Q1
9] LT g

FILT IN
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LN
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Draga idealna

dioda (21c)
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Aljaz Sturm— Funkcionalni in elektri¢ni testi

Osnovna Temperaturna obremenitev: 51.12 °C

funkcionalnost

cbmotie
obmotie
bmotie
Obrnjena polariteta

ur[vli B i1ima] B paiw) BB u2(v] Bl 12[mA]EE P2 (W] B 1zkoristek K3
13.51 153  2.067 6.18 304  1.877

Izkoristek
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Aljaz Sturm — EMC
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NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025 "

Aljaz Sturm - Cena

Oznaka elementa na shemi i Koda proizvajalca  |Proizvajalec Koda dobavitelja |Dobavitelj
C1 10u 0805 kondenzator  CL21B106KOQNNNE Samsung C95841 LCSC
C2,C4, C8, C9, C12, C19, C20, C39, C40, C43,C44, C45 100n 0603 kondenzator NA NA NA NA
C5, C25, C26, C31, C32, €33, C34, C35, C36, C37, C38 10u 1206 kondenzator CL31B106KAHNNNE Samsung C14860 LCSC
c41 680p 0603 kondenzator NA NA NA NA
C42 4.7n 0603 kondenzator NA NA NA NA
IC1 Idealna dioda AP74700QW6-7 Diodes Incorporated AP74700QW6-7  Avnet
SN74AHC1G02DCK
IC2 NOR vrata SN74AHC1GO02DCKR Texas Instruments R Texas Instruments 0.018 € 1 0.018€
1C3 Binary counter 74HC4060BQ,115 Nexperia 74HC4060BQ,115 Verical 0.104 € 1 0.104€
Monostabilni
IC4 multivibrator CD74HC4538PWR Texas Instruments CD74HC4538PWR Texas Instruments 0.122 € 1 0.122€
IC5 AND vrata SN74HCSO8DYYR Texas Instruments SN74HCSO8DYYR  Texas Instruments 0.044 € 1 0.044€
SN74AHC1G32DCK
IC6 OR vrata SN74AHC1G32DCKR Texas Instruments R Texas Instruments 0.018€ 1 0.018€
L1 33uH glavna tuljava CR6045-330M Ceaiya C7588812 LCSC 0.024 € 1 0.024¢€
L2 10uH filterska tuljava ZE ZNR4030ST100M ZE C42429195 LCSC 0.022 € 1 0.022€
PS1 LDO 5V MG78L0O5T3 Megain C22396244 LCSC 0.010€ 1 0.010€
Ql N-channel MOS HL 3404 HL C19271467 LCSC 0.010€ 1 0.010€
Q2 N-channel MOS 2N7002,215 Nexperia C65189 LCSC 0.008 € 1 0.008 €
R1 10k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R2 4.87k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R3 53.6k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R4 10n 0603 kondenzator NA NA NA NA 0.005 € 1 0.005€
R5, R9 33k 0402 upor NA NA NA NA 0.005 € 2 0.010€
R6 20R 0402 upor NA NA NA NA 0.005 € 1 0.005€
R7 100k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R10 13k 0402 upor NA NA NA NA 0.005 € 1 0.005€
R11, R12 105k 0402 upor NA NA NA NA 0.005 € 2 0.010€
R13,R14 20.5k 0402 upor NA NA NA NA 0.005 € 2 0.010€

$t. komponentEd Cenakomponent Bl Cenapolaganja B Skupaj B
50 0.88€ 0.50€ 1.38€
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Koncept resitve

« Da dela dobro — Nevem se...

Sv

« Ne predrago -1

EN/OIM

100%

. Cimbolj preprosto - ? Pwt

« Elegantno
- uh oh

NT ¢

OFF
ON (10%)

Napajanje
komparatorjev

l a _§ Napajanje
i:: \ Cipa
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lzraCuni, simulacije
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Jernej Leskovec — Funkcionalni in elektricni testi

Temperaturna obremenitev: 54.25 °C

Osnovna

funkcionalnost

PWM
obmocje

Napetostno
obmogdje

Temperaturno
obmogdje

Obrnjena polariteta

RS KSR ES YRS M KN

T e vVl K2 11[ma] K2 p1iw) B3 u2(v) K2 12[mA]Rd P2[w] B Izkoristek K2
13.51 147 1.986 6.08 301 1.830 92
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Jernej Leskovec — EMC
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318MHz, svetilnost
BCI 100 mA se poveca za vetl RI 100 Vim V 60 V/m H+V
kot 10% 1Ghz
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Jernej Leskovec - Cena

P Mfr. No Mfr. SKU elj ) . ) ezje

R1-R14, C3, C25, C26, C4, C6, C8, C19, 0402, 0603

C20, C22 komponente NA NA NA NA 0.005 € 23 0.115 €
791-
Cc2 0603, 1u kondenzator 0603B105K250CT Walsin 0603B105K250CT  Mouser 0.003 € 1 0.003 €
0805, 2u2
C1,C23,C24 kondenzator CL21B225KAFNNNF  Samsung KKK20356 Rutronik 0.010€ 3 0.029 €
0805, 10u
C5, C7, C9-C12,C14-C18, C21 kondenzator CL21B106KAYQNNE Samsung C3039694 LCSC 0.027 € 12 0.326 €
D3 Dioda BAS716,115 Nexperia C282366 LCSC 0.018 € 1 0.018 €
Zener 20V (idealna 863-
D1, D2 dioda) SZMMBZ5250BLT1G onsemi SZMMBZ5250BLT1G Mouser 0.018 € 2 0.037 €
652-SRP3212A-
L1 4u7 filterska tuljava SRP3212A-4R7M Bourns 4R7M Mouser 0.089 € 1 0.089 £
L2 33uH glavna tuljava SRU1048-330Y Bourns SRU1048-330Y Avnet 0.283 € 1 0.283 €
Q2 PMOS (idealna dioda) AO3401A Alpha & Omega C15127 LCSC 0.026 € 1 0.026 €
Q1, Q3 PNP (idealna dioda) BC856C Diotec 637-BC856C Mouser 0.011 € 2 0.021 €
Texas
Ul OC komparator LM2903DR Instruments C7549 LCSC 0.030 € 1 0.030 €

$t. komponentld Cenakomponent B8 Cenapolaganja [E Skupaj B
48 0.98€ 0.48€ 1.46 €
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Koncept resitve

* Vse bo delal v prvo in bo slo ¢ez meritve in bo najbl pocen
* Bolj natancno:

o RC povprecevalnik in dva komparatorja,

o zravn pa ogromno kondenzatorjev da so tokovne Spice znotraj toleranc
pri 95%
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Max=1.894 Vv
Max=2_ 109V 13873V average

R
input ,]i P /l\ Min=1.866 V

Min=1.564 V'

RCAH

Adjustam potenciometre dokler ne preklop takrat kot bi moral
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Nacrtovanje tiskanega vezja

vie niso na masi babilonski stolp
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Preliminarne meritve

* Pri filtru rabis input kondenzator, da tuljava ne nabije -40V nazaj na napajanje

Segrete kitajske diode prevec puscajo na 60C in pokvarijo PWM

vezje ni prkljueno
U kitajske diode

neaznadene diode iz laha

‘ ' 2
A

e 10 voltni keramicni kondenzatorji se ne eksplodirajo pri 70V
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Morebitni popravki

Nespametna izbira diode e

skupaj polaganje

Kondenzatorji so dragi :(

ktajk a dioda

schattkyd oda iz laba
77/

p r 0402 ot

tuljava 22uh

kondié 121D4TF

1431

Comparator




Nacrtovanje elektronike 2a

i 2025

Studentska delavnica
in tekmovanje

L) F E UNIVERZAY LJUBL]JANI
Fakulteta za elektrotehniko

Laboratorij za fotovoltaiko
in optoelektroniko

Samo Debeljak

Rezultati

rORVIA&

2si4% INSTRUMENTATION *\; lSkaemeCO KOLEKTOR M"EH

~iv+ TECHNOLOGIES

WiURTH

motors S ELEKTROMIK
I

YOU EXPECT
svet
/ -

M INTECTIV

UL FE - EMC Studentsko tekmovanje 2025
16.6.2025



NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
16.6.2025

HELL

N

Samo Debeljak — Funkcionalni in elektricni testi

Temperaturna obremenitev: 56.15 °C

Osnovna

funkcionalnost

PWM
obmocje

Napetostno
obmogdje

Temperaturno
obmogdje

Obrnjena polariteta

RS KSR ES YRS M KN

Izkoristek u1[v] B i1ima] B parw) B u21v] Bl 12[mAJEE P2 (W] B i1zkoristek B3
13.51 153  2.067 6.10 301  1.836 88




ARSI SRRRNN———— O RV | A
Samo Debeljak — EMC

| 5

RBW 9 kHz
10.Jun 25 19:10 MT 50 ms

Att O dB AUTO PREAMP ON
daBpv 100 1 MHz 10 MH=z
CECf_ava
P
ser
1 PK
CLRWR
Q
La0 -
6DE
r
Hhﬁkﬁhvkﬁdgp Py et
3 s
] R I —
5
-30
150 kHz 30 MH

16.6.2025
HELL
N’
RE ‘ 5
@ RBW 120 kHz Marker 1 T1 ]

1 PK

CLRWR

== |

Att O dB AUTO

PREAMP ON

70
REC_AV1&

|60

100 MHz

sGL

TDE

|30

SLESEN.

6DE

[[:M

--10

--20

=30

30 MHz

300 MHz

BCI 100 mA

Vezje skoraj
ugasne, tudi na 60
mMA ni znotraj 30%

RI

100 V/Iim H

+V
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HELLR
S

S Debeljak — C
ISP ST U N e e S il Pee—
Oznaka elementa na shemi Opis elementa Koda proizvajalca | Proizvajalec| Koda dobavitelja Dobavitelj vezij St. Kosov na vezje vetzje

GRM32ER71A476K
c7 c8c3c5c4cl6cl7 kondic¢ 1210 47uF E15L murata C84494 lcsc 0.145 € 7 1.01€
c18cl11cl12 cl13cldclc2clOch kondic¢ 0603 100nF Srot 0.005 € 9 0.05 €
ri0r11ri12ri13r8r9r15rl6r6rlrld
r2r4r5 upor 0603 1% razno Srot 0.005 € 14 0.07 €
Comparator open
u3 drain LM393SR COSINE C25503982 lcsc 0.018 € 1 0.02 €
texas
U2, U4 tl431 TLA31IDBZR instruments C21235 lcsc 0.041 € 2 0.08 €
tuljava 22uh od mogoce
L1112 dolenjcev SMMS0530-220M mogoce Icsc 0.062 € 2 0.12€
r3 upor 0402 53.6k Srot 0.005 € 1 0.01€
schottky diodaiz  nekaj podobnega
D1 laba CUS10S30,H3F toshiba C146335 lcsc 0.027 € 1 0.03 €
ROHM
D6 schottky dioda  RB551VM-30TE-17 Semicon C209640 lcsc 0.018 € 1 0.02 €

$t. komponentBd Cenakomponent Bl Cenapolaganja B Skupaj B
38 1.40€ 0.38€ 1.78€
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HELLR
e

Stikalo za izklop

Koncept resitve

ldealna dioda

switcherja
DO2310D
Ql Q2
' 2 | | 3 7 | ¢ | 3 T
\-‘ﬁﬂl L L . il T — lil ._|\?111_5‘k7
1T 0 C12305
== f‘ L - 100k _
220F —c11 | & i
1004F ANODE GATE [
GND i CATHODE ks !
1 —1 VCAP 21
3. BN )
GND [~ o
LM74700QDBVRQI GND Q3
DO23100
GND
hDoe
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HELL
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Koncept resitve

Vhodni buffer 2x primerjalnik

D3
. il
INS819W-L C1-1 R C I te I
TluF Vin_A Vin_A Vin_A Vin_A
- C24

] 7
{ [_t?m = U2B [_‘E?m S
U N 6 LM358DR2G 10uF  U4B
LYSSSPR2G iy L N 7! I 6 LM3358DR2G
R11 2l 4 . DIMMING  Jtop[2C).
Vin| 1} 10k0 100 1kQ = 2 =
47O c1s C16 ] i. MO I
1uF IuF

GND GND

\ GNDGND /

GND GNDGND /
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op[3C]| Vin LK

Koncept resitve

EMI

filter

Il

GND GND

c2 C3

MPQT7200AGLE-AECL-P

I~

[Fina

GND

1l
+ 2 4 iy o Iy a 1 2 113 -

T e e e T B | sw
ClI—=C2I—C4 =—C5 =—C6 ——C17 Cl18 Cl9 M SW
ZIUFl 220F lUlIFI lﬂuFl lDuFl 10uF | 100nF | 1000F |4 INGND
D top[3C], pwm logika[4B][ DIMMING 21 EnDIM IREF

-—:g—-: FAULT ISET
— NTC
H—= NC =PfA vCC
10k€2 AR
=
GND ==
GND

o

16.6.2025

1

GND

HELLR
N

{Value}
N
B2 | (value)

N

GND
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lzraCuni, simulacije

UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLF'
N

TOKMA§_3000

SRR LR L R R R R R

_;Ewcar_napajagje

: JPULSE(D 100 oooo 250005)

| Svicar_enable: : ;i

~ dimming_enable

ff.t'rariOlfO.DOlfﬁff fﬁff..__f_fﬁﬁf_fﬁﬁf_ffﬁf_fﬁﬁf..fﬁf.ffﬁfﬁ.f.fﬁf'
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Nacrtovanje tiskanega vezja

J1
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HELLRA
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Nacrtovanje tiskanega vezja
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Preliminarne meritve

* [zmerjena eff. vezja: 88%
* Po datasheetu: 92%

Efficiency vs. Input Voltage
2 LEDs (V gp = 6V), L = 15pH

98 2.1
96 | Efficiency | 1.8

= 7))

g 92 - 1.2 8

z '

60 | —ILED= 0.35A¥ > i

™ 88 - |LED = 0.50A | | 0.6

I'm" ILED = 0.75A g
86 ' | 09 &
o Power=Loss 0

8 10 12 14 16 18 20
INPUT VOLTAGE (V)
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N

Maj Pavlin — Funkcionalni in elektricni testi

Osnovna Temperaturna obremenitev: 61.90 °C

funkcionalnost

cbmotie
obmotie
bmotie
Obrnjena polariteta

ui[vli B i1ima] B riiw) B u2(vi Ba12[mA]EE P2 (W] B 1zkoristek 3
13.5 187  2.525 6.12 301  1.843

Izkoristek
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'-

U

RE

1 PK
CLRWR

.

Att O dB AUTO

RBW 9 kHz
MT 50 ms

PREAMP ON

| 5

&%

--20

100 1 MHz 10 MHz daBpv
CEC[_AvVS
P
seL
1 PK
CLRWR
La0 -
|30
6DE
20
91-2\
-0 L3 ‘;fr a
\,I"\{ ﬂk Cald et |
 _10 .- £ r a N

-30

150

kHz

30 MHz

11.Jun 25 17:29

RBW 120 kHz Marker 1 T1

MT 5 ms
Att O dB AUTO PREAMP ON

70
REC_AV1a

|60

100 MHz

%

--10

--20

=30

30 MHz

300 MHz

sGL

TDE

6DE

BCI

100 mA

RI

100 V/Im H+V
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Maj Pavlin — Cena

So::;Ii(a AT Opis elementa Koda proizvajalca Koda dobavitelja Dobavitelj C::;/ e = O St. Kosov na vezje

SROT €0.0050 28 €0.1400

C2,C3,(C4,C5,C6,C7, CGA1206X7R106K500

C17, C20 50V 10uF X7R £10% 1206 Keramicni kondenzator NT HRE C6119989 LCSC €0.0186 9 €0.1674
GRM1887271A106KA7

(6°] 10V 10uF X7R £10% 0603 Keramicni kondenzator 3D Murata Electronics €C2959727 LCSC €0.0294 1 €0.0294
CGA0603X7R105K250

C14, C15, C16 25V 1uF X7R £10% 0603 Kerami¢ni kondenzator JT HRE C7503503 LCSC €0.0023 3 €0.0069

D3 40V 350mA SOD-123 Schottky Dioda 1N5819W-L PIELENST C41376455 LCSC €0.0028 1 €0.0028
CS3225X7R226K250N

C12,C23 25V 22uF X7R +10% 1210 Keramicni kondenzator RL Samwha Capacitor C2918511 LCSC €0.0384 2 €0.0768

L1 1.8A 1uH #20% 1008 S¢itena tuljava ANR252010T1ROM APV C6364750 LCSC €0.0232 1 €0.0232

L2 830mA 33uH +20% 5x5mm Tuljava PSPNAQ5020-330M PROD Tech C436701 LCSC €0.0265 1 €0.0265

Q1,Q3 60V 3A 1.5W 100mQ MOSFET N-kanalni, SOT-23 D02310D DOINGTER C41367407 LCSC €0.0108 2 €0.0216

UMW(Youtai
Semiconductor Co.,
Q2 30V 4.2A 50mQ 1.4W MOSFET P-kanalni, SOT-23 AO03401A Ltd.) C347476 LCSC €0.0131 1 €0.0131
Dual 200nA 0.6V/us Operacijski ojacevalnik, SOIC-

U2, u4 8 LM2904DT STMicroelectronics C105411 LCSC €0.0323 2 €0.0646
LM74700QDBVRQ(TO

u3 SOT-23-6 ORing kontroler KMAS) Tokmas C7589230 LCSC €0.2800 1 €0.2800

2.5-36V 100mA Referenca napetosti, nastavljiva,
U5, Ue, U7 SOT-23 LTL431ATLT1G LRC C83052 LCSC €0.0178 3 €0.0534

$t. komponentBd Cenakomponent Bl Cenapolaganja B Skupaj B2
55 091€ 0.55€ 1.46€
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Luka Persolja
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HELLRA
N

Koncept resitve

- Sinhroni zunanji PWM -> manj kapacitivnosti
- Dekodiranje z LPF in komparatorji — najbolj preprosto
- Dimenzioniranje komponent
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N
I \V4 [} [ I o0
o
z v
V3 dd 5] c10 comb—:@ v
- D1
y” 51-20 _ Vee -624.97679nV DMP3099L
{volt} 5V 12 T3 w5 el B4
R11 L] At w9 >Re
PMEG2010E . R
10k Op, ig=0 $ S 1Meg .
PWM1 PWM2 ;:; 0402%7R_1nF._885012205061 I=if({duty2}>4.7m, I(B2), I(B3))
M~
V5 Vi1 8
6 @ 2 ref
§R1
ULSE(O {volt} 300m 10n 10n {duty1} 5m 30) PULSE(O {volt} 150m 10n 10n {duty2} 5m 30) 1o
88501 220@?8 RS
PWM3 comb t =
B1 R12
v4 R1 S  U1 ok
_/V\/L D 100%
V=V(PWM1)+V(PWM2)+V(PWM3) 10k Y
PULSE(O {volt} O 10n 10n {duty1} 5m 30) S g
DMN63D8LDW
I5 2 o
wn
R6
; PULSE(OOOm 0 0 0 150m 1) ; PULSE(O 300m 0 0 0 0.5m 5m 32) : R7 us 10k LR
- 100k O 100k A —AA, °
100n, ic= 100n, ic=
13 10k o
DMN63D8LDW
PULSE(O 300m 150m 0 0 0.5m 5m 30) PULSE(0 300m 160m 0 0 5m 5m 28) 100n/65n, 203k QOUn, o
27n/17n, 444k
16 & 1 RS
On, ic=0 80k & gi{g% ff = 0-2.25 0-2.5 0-2,045
n, ic= - off = 0-2,25m — 0-2.5m — 0-2,045m
PULSE(0 300m 301m 0 0 0.5m 5m 30) 60-80% 10% pwm = 3-4m — 3.333m-4.444m — 2.727m-3.636m
PULSE(0 0 300m 00 0 150m 1) e 35-100% on = 4. 75-5m — 5.277m-5.5m —4.318m-4. 545m
BAS16HY .inc /Users,"IukapersoFa/DownIuads/Im2903b.lib
83 A RC R10 pwm D2 .inc /Users/lukapersoHa/Downloads/slomS1 3a/tl07xh_tI08xh.lib
B2 Q .nc /Users/lukapersol]a/Downloads/DMN63DBLDW.Iib
B N .inc /Users/Iukapersolja/DownIoads/DMPi{1D?LDW_.Iib
CLR CLR o .inc /Users/lukapersolja/Downloads/PMEG2010ER.lib
1=I(15)+(16)+I(17) VCC 5V EN/DIM .model MySwitch SW(Ron=100m Roff=100Meg Vt=0.01 Vh=0 Lser=0 Vser=0)
1=1(12)+1(13)+1(14) CGND VGND BAS16HY 9 .params vcc=5 speed=1 tripdt=0
o .param duty1=4m duty2=4.75m volt=8
74HC123 OR vrata g 10Meg “tran 450m

10% PWM generator
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Nacrtovanje tiskanega vezja
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Nacrtovanje tiskanega vezja

Napacna povratna vezava
Monostabilni multivibrator ima 5V vhod
(Pre)veliki kondenzatorji

MAGIC SMOKE
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Preliminarne meritve
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16.6.2025 @
Morebitni popravki

Drugacna detekcija — problem stabilnosti in izhodnih upornosti
Manj predimenzioniranja?
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Luka Persolja — Funkcionalni in elektricni testi

funkcionalnost DC=73%

Osnovna PO mode ne deluje,

PWM PO mode ne deluje,
obmodje DC=73%
Napetostno PO mode ne deluje,
obmogje DC=73%

obmogéje DC=73%

Temperaturno PO mode ne deluje,

Obrnjena polariteta

K X X X X

Temperaturna obremenitev:

57.76 °C

13.51 156 2.108 6.06

302

Izkoristek u1[v] B 11[mA] B2 P1{w] Eau2[v] B2 12[mA]Ed P2[w] B4 1zkoristek K4

1.829

86
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Luka Persolja — EMC

RBW 9 kHz / RBW 120 kHz Delta 2 [T1 ]
10.Jun 25 18:5¢ MT 50 ms 11.Jun 25 17:33 MT

5 ms 1.74 dB
Att O dB AUTO  PREAMP ON Att O dB AUTO PREAMP ON 106.750000000 MHz
daBpv 100 1 MHz 10 MH=z dBpv | 5 100 Miiz Marker 1| [T1 ]
CEC[l_AVS REC_AvV1a 17.7B dBpv
Py
| 60 79.8500000p0 MHZ
ser sGeL

-50

nﬂ Q ok
L
N
;

50 I I

S

P Y e 1

--20
--20
-30 =30
150 kHz 30 MHz 30 MHz

300 MHz

BCI RI
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Luka Persolja - Cena

Oznaka elementa na shemi

Lf1
Lf2-3
cf2
Cf1/Cf3/Cin9/10
Cin1-8
Cmultl
Loutl
Coutl
Cvccl
M1
M2
D1
u3
u2
Q1
D2/3

Rpwm1/Rup1-2/Rgl-
3/Rmultl/Rntcl/Rclampl

Rip1
Rlp2
Rgenl
Rdivl
Rdiv2
Rdiv3
Rin1-2/Rfaultl
Rfb1-2
Rdutyl
Risetl
Rirefl
Rbst1

Cvcc2/Cbypass1-2/Clpl-

2/Cbstl

Cpwm1/Cout2/Cled1

Cgenl
D4

Opis elementa
Tuljava 180uH
Ferrite bead
Kondenzator 1uF 1210 50V
Kondenzator 1nF 0603 50V
Kondenzator 10uF 50V
Kondenzator 1uF 0805 25V
Tuljava 33uH
Kondenzator 4.7uF 1210 25V
Kondenzator 4.7uF 1206 6.3V
PFET
Dvojni NFET
Schottky Dioda
Operacijski ojacevalnik
Monostabilni multivibrator
NPN tranzistor
Signalna Dioda

Upor 10k 0603 1%
Upor 42.2k 0603 1%
Upor 75k 0603 1%
Upor 80.6k 0603 1%
Upor 909R 0603 1%
Upor 6.04k 0603 1%
Upor 9.09k 0603 1%
Upor 100k 0603 1%
Upor 2M 0603 1%
Upor 4.87k 0603 1%
Upor 53.6k 0603 1%
Upor 23.2k 0603 1%
Upor 20R 0603 1%

Kondenzator 100n 0603 25V

Kondenzator 1nF 0603 16V

Kondenzator 10nF 0603 16V
Zener dioda 0603 5.1V

Koda proizvajalca
7447779218
742863160
885012209047R
885012206083R
885012209073
885012207078
74406042330
885012208068
885012208002
DMP3099L-13
DMN63D8LDW-13
PMEG2010ER,115
TLO82HIDDFR
SN74LVC1G123DCTR
BC817-25,215
SBAS16HT3G

RTO603FRDO710KL
RTO603FREQ742K2L
ACO0603FR-0775KL
RTO603FREO780K6L
ACO0603FR-07909RL
RCO603FR-076K04L
RTO603FREQ79K09L
ACO0603FR-13100KL
AC0603FR-072ML
CRO603-FX-4871ELF
RCO603FR-0753K6L
RTO603FREQ723K2L
ACO0603FR-0720RL

CL10B104KASNNNL
885012206034
885012206040

SZMMBZ5231BLT3G

Wourth Elektronik
Wourth Elektronik
Waurth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Waurth Elektronik
Wourth Elektronik
Diodes Inc.
Diodes Inc.
Nexperia
Texas Instruments
Texas Instruments
Nexperia
OnSemi

Yageo
Yageo
Yageo
Yageo
Yageo
Yageo
Yageo
Yageo
Yageo
Bourns
Yageo
Yageo
Yageo
Samsung Electro-
Mechanics
Wourth Elektronik
Waurth Elektronik
OnSemi

7447779218
742863160
885012209047R
885012206083R
885012209073
885012207078
74406042330
885012208068
885012208002
DMP3099L-13
DMP3099L-13
PMEG2010ER,115
TLO82HIDDFR
SN74LVC1G123DCTR
BC817-25,215
2124344

Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Wourth Elektronik
Waurth Elektronik
Wourth Elektronik
Avnet
Avnet
Avnet
Texas Instruments
Texas Instruments
Avnet
Future Electronics

$t. komponentBd Cena komponent Bl Cena polaganja

1.60€

0.63€

B4 skupaj B4

2.23€

0.480 €
0.045 €
0.037 €
0.002 €
0.090 €
0.010€
0.184€
0.043 €
0.047 €
0.028 €
0.023 €
0.039€
0.054 €
0.114€
0.009 €
0.009 €

0.005 €
0.005 €
0.005€
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €

0.005 €
0.005 €
0.005€
0.005 €

16.6.2025

1

NP RPRRPRPRRRRPERRRREO®ODNERLN

PR RPRPNWRRRRRERRLRO

R kW o

~ORVIA

Koda dobavitelja Dobavitelj Cena/kos (za 10000 vezij

0.480 €
0.090 €
0.037 €
0.010€
0.720 €
0.010€
0.184€
0.043 €
0.047 €
0.028 €
0.023€
0.039€
0.054 €
0.114 €
0.009 €
0.018 €

0.045€
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.005 €
0.015€
0.010€
0.005 €
0.005 €
0.005 €
0.005 €

0.030€
0.015€
0.005 €
0.005 €

” N

HELLR
N
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Miha Peterle

a@z° as

Ri4 Ri2

RIS RI3
Ci12 afsw
€13 fyf

st b Veseu,




NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025 = O I !V I A
16.6.2025 e

HELLR
e

Koncept resitve

* Two-step dimming za enostavnost in nizke stroske

« RC filter za glajenje PWM, nizkocenovni opamp

« ZasScita pred napacno polariteto s Schottky diodo (kasneje)
« NTC za izklop, "enable" za 10 % svetilnost

* Preprostost zaradi lazjega debugiranja

« Uporaba interne reference DC-DC Cipa



NACRTOVANJE ELEKTRONIKE ZA EMC FORVIA

UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLF'
N

lzraCuni, simulacije

[EF LEspice - Tekmovanje _ 8 %
File Edit Hierarc View Simulate Tools Window Help
U R * I Lmvl-l“rrf RAR K EHR2R s BRERA LS LIP3 D009 Aa op
— ¥ Temovane 1. Tekmavery

ChatGPT

1, Tekmovane c = |

st paicnin PWH lisi /45 0.6 D.8 0.95
paran Uins13.5
sran

vi
©* PULSE(D{Uin} 0 :2m 0.2m {4m8*PWM] Sm]) f -




NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025 : V I
16.6.2025 "
HELLRA
N—

Nacrtovanje tiskanega vezja

& 00 00 00 OO
QGO0 00 00 00 O ‘



NACRTOVANJE ELEKTRONIKE ZA EMC SORVIA

UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLH
S

Preliminarne meritve

* Nakljucno nedelujoce vezje z oksidiranimi kontakti DC-DC Cipa.
* Tezave z vhodnjo stopnjo

* Klasicni funkcijski generatorji delujejo v obmocju od 20 do 80% PWM?
(mixed signal generator)



NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A
” N

Morebitni popravki

J1 Vhod
< 1
> 2
Ty,
5023520200—

GND
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16.6.2025 —
HELLA
e

Miha Peterle — Funkcionalni in elektricni testi

Osnovna Odpovedala . .
funkcionalnost RP dioda

PWM
obmogje

Napetostno .
obmogdje !

Temperaturno
obmogdje

Obrnjena polariteta

Temperaturna obremenitev:

58.00 °C

Izkoristek 13.54 164 2221 612 314 1920

ur[vli B i1ima] B paiw) BB u2(v] Bl 12[mA]EE P2 (W] B 1zkoristek K3

86




ARSI SRRR—— O RV |1 A
16.6.2025 @
Miha Peterle — EMC

CE E] RE @

RBW 9 kHz / RBW 120 kHz
10.Jun 25 16:54 MT 50 ms 11.Jun 25 17:44 MT 5 ms

Att O dB AUTO PREAMP ON Att O dB AUTO PREAMP ON
dBpv M MH dBpv M
CEC[_AvVS REC_AV1a
0
seL G
K K
CLRWR CLRWR

by

BCI 100 mA E RI 100 V/Im H+V E




NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025 "

HELLR
N

[ ]
Miha Peterle — Cena
Oznaka elementa na shemi Koda proizvajalca Koda dobavitelja Dobavitelj Cena/kos (za 1000 vezij) [S

C14-C17, C20-C25 10u,1206 CGA1206X7R106K250NT C6119987 LCSC 0.012 € 0.220 €
Dvhodna SOD-323FL RB551VM-30TE-17 ROHM Semlcon C209640 LCSC 0.016 € 1 0.026 €

L2 SMD,4.7u 2.3A SFE4018A-4R7M-F-HF DDY C5159668 LCSC 0.019€ 1 0.029€

Cvhodni 1n,1206 NV1206B102K202CEDN HUIJU C710463 LCSC 0.004 € 1 0.014 €
C8-C11,C1 2u2,1206 TCC1206X7R225M250HT CCTC C5449010 LCSC 0.007 € 5 0.087 €

C19, C26-C27, C2-C5 100n,0603 LCSC 0.005 € 5 0.075€
C28-C29 10n,0603 LCSC 0.005 € 4 0.060 €
C12,C13 2u2,0603 0603B225M100NT FH C47345168 LCSC 0.003 € 2 0.025 €
Q4-Q7 NMOS,SOT-32 L2N7002SLLT1G LRC C22446827 LCSC 0.003 € 4 0.051€

u2 dual comparator LM393DTR(XBLW) XBLW C18723572 0.017 € 1 0.027 €
R12-R15, R5, R7, R17 10k, 0603 0.005 € 7 0.105€
R10 1k3, 0603 0.005 € 1 0.015€
R18,R16 4k2, 0603 0.005 € 2 0.030€

R11 1k,0604 0.005 € 1 0.015€

R8 12k,0605 0.005 € 1 0.015€

R6 20R,0606 0.005 € 1 0.015€

R9 22k,0603 0.005 € 1 0.015€

R4 51k,0604 0.005 € 1 0.015€

R3 24k,0605 0.005 € 1 0.015€

L1 22u,SMD,7.1x6.6mm SL0630-220M TECHFUSE C22463825 LCSC 0.049 € 1 0.059 €

$t. komponentBd Cenakomponent B8 Cenapolaganja [ Skupaj
510 040€ 0.51€
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NACRTOVANJE ELEKTRONIKE ZA EMC

Koncept resitve

Sl
PRETSET ST ) —
dﬂmmmilBC]\_m——l—T

[
10k 10k B BT

EMC delmvmica 2005[3C] [ PWA | — 1
l 1
.17 N MR l o l
1k "‘35—|-_/N 18 £
. H LINTO02ELLTIG 2 i)

HLINTO0ELLTIC tH
[]Rls ' &o
fkB

3

16.6.2025

5ul ‘—|;C17
100m
B3 D
i)
Voo
RE IC1 LAVISEANR
s EMC delavmica 200330 _HIC] }1 10UT VeC+ §
7 I 20UT ———{ DoJEM
I N 8
. 3
GND IO+
I
10k %]
] &
GND
Vel 1 WIINLIWVIIALD IV IJIHHI“III

Q12

Internal
KPLQQ /PL aro KPLQ“

Q14

@

- Input

Esnf

7

~ORVIA

N—

OCimsv iy

Output
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lzraCuni, simulacije

Q2
IRLML2244

Q1A
BCB57BS




NACRTOVANJE ELEKTRONIKE ZA EMC sORV|A
16.6.2025

HELL

N

Nacrtovanje tiskanega vezja

* Tuljava je na zgornji strani kar ni optimalno zaradi sevalnih moten;




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A
16.6.2025
HELL

Preliminarne meritve

* Konduktivne motnje so na faksu Sle ¢ez :D



NACRTOVANJE ELEKTRONIKE ZA EMC SORVIA
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16.6.2025 @
Morebitni popravki

* Nastavitev referencnih uporov
* |dealna dioda zamenjana z Shottky diodo
* Uporabljen komparator namesto opampa
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° HELL
N~

Simon Kaurin — Funkcionalni in elektricni testi

funkcionalnost RP dioda

Osnovna Odpovedala

PWM Kratek zvezen prehod med
obmogje PO in DRL in obratno.

Napetostno .
obmocje !
Temperaturno
obmogdje

Obrnjena polariteta

Temperaturna obremenitev:

58.24 °C

13.55 156 2.114

6.11

303

T e v vl B 11[ma] K2 p1iw1 K2 u2(v] K212 [mA]Ed P2[w] B izkoristek K4

1.851

87




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

Simon Kaurin — EMC

U

Att O dB AUTO

RBW
MT

9 kHz

50 ms

PREAMP ON

sGL

daBpv 100 1 MHz 10 MH=z
CEC[_AvVS
P
1 PK
CLRWR
Q
La0 -
|30

10

L-10

“"}““ﬁ Ty - M“ﬂﬁhqknhﬁw"ﬁ““
--20
-30
150 kHz 30 MHz

'-

16.6.2025
/ RBW 120 kHz Marker 1 T1 ]
11.Jun 25 17:22 MT 5 ms 10.56 dBuv

daBpv

1 PK

CLRWR

o]

Att O dB AUTO

PREAMP ON

70
REC_AV1a

|60

100 MHz

50
L
40 I [ —
[
l [
[ 50 ! T T
[
[ [ T
T
[ [

--10

--20

=30

30 MHz

300 MHz

sGL

TDF

6DE

BCI 100 mA

Pri 20MHz se
intenziteta poveca za
vecC kot 30%

RI

100 V/Im H+V
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N

Simon Kaurin - Cena
___-_____

C1-C7,C9-C14 10u,1206 CGA1206X7R106K250NT €6119987 LCSC 0.012€ 0.286 €

D1 SOD-323FL RB551VM-30TE-17 ROHM Semicon C209640 LCSC 0.016 € 1 0.026 €

L1 SMD,1.3x1.8mm WI0603LD4R7MST-TIA-HF DDY C5152010 LCSC 0.019€ 1 0.029€

Cc8 1n,1206 NV1206B102K202CEDN HULU C710463 LCSC 0.004 € 1 0.014€
C20,C27,C28,C23 2u2,1206 TCC1206X7R225M250HT CCTC C5449010 LCSC 0.007 € 4 0.069€
C21,C26,C29,C24,C17 100n,0603 LCSC 0.005€ 5 0.075€
C22,C29,C25,C30 10n,0603 LCSC 0.005€ 4 0.060€
C31 1n,0603 LCSC 0.005€ 1 0.015€

FH (Guangdong
Fenghua Advanced

C18,C19 2u2,0603 0603B225M100NT Tech) C47345168 LCSC 0.003 € 2 0.025€
Q5,06 NMOQOS,SOT-32 L2N7002SLLT1G LRC C22446827 LCSC 0.003€ 2 0.025€
IC1 dual comparator LM393DTR(XBLW) XBLW C18723572 0.017€ 1 0.027 €
R4-R7,R9,R14,RNTC 10k, 0603 0.005€ 7 0.105€
R3 1k3, 0603 0.005€ 1 0.015€
R8,R10 4k2, 0603 0.005€ 2 0.030€
RE 8k2,0603 0.005€ 1 0.015€
R17 1k,0604 0.005€ 1 0.015€
R18 6k8,0605 0.005€ 1 0.015€
R16 20R,0606 0.005€ 1 0.015€
R11 4k7,0603 0.005€ 1 0.015€
R12 56k,0604 0.005€ 1 0.015€
R13 24k,0605 0.005€ 1 0.015€
R15 100k,0603 0.005€ 1 0.015€
L2 22u,SMD,7.1x6.6mm SL0630-220M TECHFUSE C22463825 LCSC 0.049 € 1 0.059€

$t. komponentBd Cenakomponent Bl Cenapolaganja B Skupaj B

54 0.44€ 0.54€ 0.98€
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Blaz Krajnik

ol &

*Co dam vse od sebo,
pol men né ne oslane"

cizfl] B . C25

R‘|5._[] .......016




V_PWM 7,

NACRTOVANJE ELEKTRONIKE ZA EMC

Koncept resitve

UL FE - EMC studentsko tekmovanje 2025

~ORVIA

16.6.2025 —

HELLH
S

Peak detector (SENSE)
D4 Signal attenuation .
2 ] |V PEAK
IN3819HW-7-F i
3
cl4 1100k
22uF
~
— {¥ PEAK SENSE
GND !
4
00k
R29 =
0 Ohm
GRD
~
V_PEAK
Signal attenuation Buffer N _ave detector
: , RS R26 i
A = |V _AVG
== Ic2 I —Lcu g Ofiry
Lok Wk 1 181y  oumt 4 T 10w
= £ 0UT2 INL —
| " N2 INI= 2
| oD 5| e v 2 GND a
i TMZ004BIFWR

1

GND

——V_PEAK_SENSE|—

Signal attenuation

for comparrison
reference ~60%

——cMpss

V_PEAK_SENSE|—

v PEAK -+

Signal attenuation
for comparrison
reference ~90%

——cvpoo

R20
0 Ohm . .
§ v Switch to turn the chip ON/OFF
CMP55 | V_AVG - CMP90 | V_AVG :
H Q2
i V_PWR 1 2 3
= 25 E =
LT 0 Ohm i —
15k o i D6 DMP3098LQ-7
e i MMSZ5240B
IC1 E
our  vee - i
=— 1IN-  20UT = 1
v e o : !
1 GND 2N+ i
J: TM2903BIPWR Iy 2 S EN DIM i ~
GAD =c2 0 Ohm 1 :
100nF | L7
L ! 100k
GND i
>V_G : -
Mode decoding (comparators) i 1 R22 3
—> T T
H 0 Ohm
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lzraCuni, simulacije

Duty: 60%
2-Step Dimming

|

EN/DIM pin = LOW
V,\ pin = HIGH

|

Vezje deluje pravilno?
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HELL

N

Nacrtovanje tiskanega vezja

A1 wedu QHES




NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025

Limit Check: | il 10.65 dBpY]
10DIIRRER 556 ! e 99.480000 MHz|

EN SEIS
et
EN 55!
2n b

EN SBI

lco dn.ar
Fm 55025V AV C4 |

I
EN 55025V AV C5
| 40 dByv——ri

Prevodne R e==== '

AT AR =it | R |

rt — EERE | |
u | N | 4 | Start 150.0 kHz Stop 108.0 MH_Z_JK Lal —
emisije | k== o

i
Scanning...

195595 77
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V(v_chip)

A ﬂ A Logika in Cip napajana z istim
10ms 2o'ms 30ms  40ms detektorjem vrSne vrednosti

[22n [22n[22n (220 [10p [10p Tzzu —|32p

|3 les [ce [e co ;;:p_ i < c10 C1

TFZV6_28 \—-v G

Logika in Cip napajana z razlicnima
detektorjema vrsne vrednosti

I I
20ms 30ms 20ms 40ms 100ms 120ms 140ms
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N

Blaz Krajnik — Funkcionalni in elektricni testi

Temperaturna obremenitev: 72.06 °C

Osnovna

funkcionalnost

PWM
obmocje

Napetostno
obmogdje

Temperaturno
obmogdje

Obrnjena polariteta

RS KSR ES YRS M KN

u1[v] B 11[mA] B p1w] BB u2[v; B 12[mAIE2 P2[w] B 1zkoristek |2 "Ce dam vse od sebe,

Izkoristek 13.51 151  2.040 6.01 200  1.79% 88 pol men né ne ostane”




ARSI SRRR—— O RV |1 A
16.6.2025 @
Blaz Krajnik — EMC

CE E] RE @

RBW 9 kHz / RBW 120 kHz
10.Jun 25 18:48 MT 50 ms 11.Jun 25 17:32 MT 5 ms

Att O dB AUTO PREAMP ON Att O dB AUTO PREAMP ON
dBpv M MH dBpv M
CEC[_AvVS REC_AV1a
0
G: G
K 1 K
CLRWR CLRWR
I oE
] [
L
l [
H I
[ [
] L
I T B = e
[
[ [
6DE
L
Lot

BCI 100 mA E RI 100 V/Im H+V E
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16.6.2025 "
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N

\Y4 ° °
Blaz Krajnlk — Cena

€19, C20 GCM188R71E102KA37D Murata 0.005 € 0.010€
€3, C4, C5, C6 06035C223KAT2A KYOCERA AVX / / 0.005 € 4 0.020€
C16, C25, C26, C28, C29 TMK107B7104MAHT ~ TAIYO YUDEN / / 0.005 € 5 0.025€
c18,C21 CC1210KKX7R8BB475  YAGEO CC1210KKX7R8BB475  Ampacity Systems 0.046 € 2 0.092 €
C1,C2, C13,C15, C17, C24, C27 UMK325AB7106KM-P  TAIYO YUDEN UMK325AB7106KM-P  Unikevic 0.046 € 7 0.322¢€
C7, €8, €9, C10, C11, C12, C14, C22, C23 GCM32EC71E226KE36L Murata GCM32EC71E226KE36L %ﬁ 0.170€ 9 1.530€
L1 AOTA-B252010S4R7MT  ABRACON AOTA-B252010S4R7MT ;‘\E'\I’;Crt'fg‘r’]?cs 0.050 € 1 0.050 €
L2 SRR5828A-220M Bourns 6521-SRR5828A-220M Mouser 0.397 € 1 0.397 €
R20, R22, R25, R26, R27, R28, R29 RCO805FR-100RL YAGEO 4125207 Future Electronics 0.002 € 7 0.014 €
R16 RCO603FR-131RL YAGEO / / 0.005 € 1 0.005 €
R11 RCO603FR-1020RL YAGEO / / 0.005 € 1 0.005 €
R8 ACO603FR-7W4K7L YAGEO / / 0.005 € 1 0.005 €
R12 RCO603FR-077K87L YAGEO / / 0.005 € 1 0.005 €
R19 RCO603FR-1010KL YAGEO / / 0.005 € 1 0.005 €
R6, R7 RCO603FR-0715KL YAGEO / / 0.005 € 2 0.010€
R15 ACO603FR-0723K2L YAGEO / / 0.005 € 1 0.005 €
R3 RCO603FR-1033KL YAGEO / / 0.005 € 1 0.005 €
R14 ACO603FR-0753K6L YAGEO / / 0.005 € 1 0.005 €
R1, R2, R9, R13, R17, R18, R23 RCO603FR-10100KL YAGEO / / 0.005 € 7 0.035€
R4 ACO603FR-07147KL YAGEO / / 0.005 € 1 0.005 €
RS, R10, R24 RCO603FR-10300KL YAGEO / / 0.005 € 3 0.015€
IC1 LM2903BIPWR Texas Instruments LM2903BIPWR Texas Instruments 0.042 € 1 0.042 €
IC2 LM2904BIPWR Texas Instruments LM2904BIPWR Texas Instruments 0.036 € 1 0.036 €
D3, D4 IN5819HW-7-F . IN5819HW-7-F Worldway 0.010€ 2 0.020€
Diodes Incorporated Electronics
D5, D6 MMSZ52408 e MMSZ52408 Arrow Electronics 0.012 € 2 0.024 €
Semiconductor P
D7 SMBJ18CA-Q Bourns SMBJ18CAQ-13-F Ampacity Systems 0.063 € 1 0.012 €
a1, Q2 DMP3098LQ-7 : DMP3098LQ-7 Sl 0.028 € 2 0.056 €
Diodes Incorporated Technology

$t. komponentEd Cenakomponent Bl Cenapolaganja B Skupaj B

ssl L 276e 068€ | 344€



https://octopart.com/search?q=CC1210KKX7R8BB475&specs=0&currency=EUR
https://octopart.com/search?q=UMK325AB7106KM-P&currency=EUR&specs=0
https://octopart.com/search?q=GCM32EC71E226KE36L&currency=EUR&specs=0
https://octopart.com/search?q=GCM32EC71E226KE36L&currency=EUR&specs=0
https://octopart.com/search?q=AOTA-B252010S4R7MT&currency=EUR&specs=0
https://octopart.com/search?q=AOTA-B252010S4R7MT&currency=EUR&specs=0
https://octopart.com/search?q=SRR5828A-220M&currency=EUR&specs=0
https://octopart.com/search?q=RC0805FR-100RL&currency=EUR&specs=0
https://octopart.com/search?q=LM2903BIPWR&currency=EUR&specs=0
https://octopart.com/search?q=LM2904BIPWR&currency=EUR&specs=0
https://octopart.com/search?q=1N5819HW-7-F&currency=EUR&specs=0
https://octopart.com/search?q=1N5819HW-7-F&currency=EUR&specs=0
https://octopart.com/search?q=MMSZ5240B&currency=EUR&specs=0
https://octopart.com/search?q=SMBJ18CA-Q&currency=EUR&specs=0
https://octopart.com/search?q=DMP3098LQ-7&currency=EUR&specs=0
https://octopart.com/search?q=DMP3098LQ-7&currency=EUR&specs=0
https://octopart.com/search?q=DMP3098LQ-7&currency=EUR&specs=0
https://octopart.com/search?q=DMP3098LQ-7&currency=EUR&specs=0
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Koncept resitve

Vin
Vin s Q MPQ7200AGLE-AEC1-P
PMOS Ul R3 r
o o - . VIN MPQ 13 VIN BST 7_BST MPX
¥ —
122 T e H 2 cs R6 .
2 R4 _ T 10uF| vcece 100nF ci
12k ) DNP : D4 11
o L, oursee 3 Lo W MPQ 1 3 2 T =Zvnl\1e ]
T 22uF Tk ENDM Wz 74406043220 3le . Lu
i 7 e 2y C16
[]]sY 22uF| o [REF | 17 IREF MPQ 61000421121 DNP Vin s a
e e sser {18151 1P R e ) 0 Vin s a
- 16
OUT 60% 5 o EE 15
4 5 -
J e e, (B — - T . RI7 RIS L in_lp b
an 10uF | [53.33 | |15k 3 OUT LT
1 INI+= 20k 20k IC2A
20 - LM2904BIPWR
50k IC3A
= = = = = LM2204BIPWR
GND GND GND GND GND
PMQOS za izklop Cipa
Vin e n Vin_s I IC1A )
- Vin s a LM2803BIPWR Vig s a
11‘{11( []R14 °:r Vin s a Vin s a
- 20k Vin Ip h 2 >
- L 1_OUT 60% []]:‘éf
Vin s a g = Vin_s h -1 _
; S m- e - =14 C15 C41 C42
Vin ipn 20 s ope Ll 38 20 5 | 100F | 10uF 1000F | 10uF
B i5E 1 L 17 ==c1 []mg 1000F | 100aF y
Sk — 9 ;
ok iggjf %é)“ FM2003BIPWR 1000 10u 25k = [ B 31 LM2904BIPWR —_ L
GND = =
= LuF GND GND
= = GD RIG GRD — &y R12
GND GND —1 = — —
G D - -
e lmeg GND  GND

- Komparatorja za dolocitev stanja delovanja (10% - Filter za pretvorbo
ali 100%) DUTY v analogno
vrednost
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Nacrtovanje tiskanega vezja
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Morebitni popravki

* Cena
* Poenostavitev vezja

Texas Instruments
Wurth
Wurth
Wurth

Future Electronics

Mouser
Mouser
Mouser
Mouser
Mouser

81
st kos

UL FE - EMC studentsko tekmovanje 2025

~ORVIA

16.6.2025 HELLF'
0.041 2 0.08 € 12q=Im2904bipwrécL "

0.073 1 0.07 €
0.116 1 D12 €
0.172 1 0.17 €

0.037 1 0.04 € 3SS314PEHE327XT¢
0.005 20 0.10€

0.0062 1 0.01 € =RC0805FR-131RL:

0.012 1 0.01 € |5=s5GAEDIMZZMvdG

0.007 1 0.01 € TTE1003F?qs=sGAf

0.002 3 0.01 € =sGAEpPIMZZMvdGK

0.004 3 0.01 € 070RL ?gs=sGAEpil
81 247 €
0.01 0.81 3.28¢€

polaganje na kos cena polaganja koncna cena

WHY IS IT SO
EXPENSIVE

After blasting expensive
things in R&D

-

""_____——“é’ 5
: > Me
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— !
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Tilen Plahuta — Funkcionalni in elektri¢ni testi

Osnovna Temperaturna obremenitev: 86.39 °C

funkcionalnost

PWM Pri prvem PWM pulzu (25 ali 45%, ko bi
- morale biti LED ugasnjene) LED
obmoqe poblinkajo, za tem pa se vezje ugasne

Pri prvem PWM pulzu (25 ali 45%, ko

Napet?_Stno bi morale biti LED ugasnjene) LED
obmocje poblinkajo, za tem pa se vezje ugasne
. o .
Temperaturno Pri prvem pu|ZI:I na°45A: utrlpnc.a, za
. tem ugasne, Pri 60°C, 45%, vezje
obmoqe sveti v PO

Obrnjena polariteta

ur[vli B i1ma] B r1iw) BB u2(vi B2 12[mA]EE P2 (W] B 1zkoristek K3
13.51 153 2.067 6.02 306  1.841 89

Izkoristek




ARSI SRRR—— O RV |1 A
16.6.2025 @
Tilen Plahuta — EMC

0
m
)

RBW 9 kHz / RBW 120 kHz Marker 1 T1 ]
10.Jun 25 18:19 MT 50 ms 11.Jun 25 17:2 MT 5 ms 10.77 dBuv
78.750000000 MH=z

Att O dB AUTO PREAMP ON Att O dB AUTO PREAMP ON

dBpv 100 1 MHz 10 MHz daBpv 70 100 MHz

CEC[_AvVS REC_AV1a

0

|60
seL seL

1 PK 1 PK
CLRWR CLRWR 50

.

TDE

40

30

B . : i Lol .
.. - ‘MMMWM L

IS
=

Bk

\-.-u-‘t.;-u \«.f\.\_ |--20
L-20

-30 =30

150 kHz 30 MHz 30 MHz 300 MHz

BCI 100 mA RI 100 V/Im H+V
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Tilen Plahuta - Cena

Opis elementa Koda proizvajalca Proizvajalec Dobavitelj Cena/kos (za 1000 vezij St. Kosov na vezje Cena za $t. kosov na vezje

Oznaka elementa na shemi
C10

C1,C28, C13,C31, C11, C15,C42,C18
C2,C3,C6,C7
C4, C23, C24, C25, C26, C27
C14, C41, C17, C29, C38, €39, C30, C5, C12,
C21,C22
C8, C9, C16,C32,C33
C19, C20

C40, C35, C37
D3
D4, D6
D5
D7
IC1
I1C2,1C3

L1
L2
L3

Q2
R3, R4, R5, R7, R8, R9, R13, R10, R11, R12,

R14,R17, R18, R24, R19,R20, R22, R25, R21,

R30

R1

R15

R16
R23, R28, R29
R26, R32, R33

0805 10uF

0805 1uF
4.7u 1206
1210 22uF

0603 100nF
0603 1nF
1210 10uF

1206 10uF
Schotky diode SMA
SOD123 Schotky
SOD123 Zener 10V
TVS DIODE 36VWM 58.1VC
LM2903BIPWR
LM2904BIPWR
FIXED IND 1UH 1.8A 78
MOHM SMD
FIXED IND 2.2UH 2.1A
106MOHM SMD
FIXED IND 22UH 1.23A
172MOHM SMD
Transistor PFET

Resistor 0603 1%
Resistor 0805 1%
Resistor 0805 1%
Resistor 0805 1%
Resistor 1206 1%
Resistor 0805 1%

$t. komponentEd Cenakomponent B Cena polaganja

GRM21BC71E106MEO1L

GCM21BR71H105KA03L
GRM31CR71H475MA12L
GCM32EC71E226KE36L

/
/

GCM32ER71E106KA42L

GRM31CR71E106KA12L

SX33L_R1_00001
B0520LWQ-7-F
MMSZ5240BT1G
SMAJ28CA

74479275210
74479299222

74406043220

BSS314PEH6327XTSAl

/
RCO805FR-131RL

RTO805FRD0749K9L

RK73H2ATTE1003F
1206W4F0000T5E
ACO0805FR-070RL

81

Murata

Murata
Murata
Murata

Wurth
Wurth
Murata

Murata
Panijit
Diodes Inc.
Onsemi
Bourns
Texas Instruments
Texas Instruments

Wurth
Wurth

Wurth
Infineon

/
YAGEO

YAGEO

KOA Speer

Royalohm
YAGEO

247¢€

Mouser
Worldway
electronics

Worldway electronics
Worldway electronics

Wurth
Wurth
Lcsc
Worldway
electronics
Mouser
AVNET
Future Electronics
Mosuer
Texas Instruments
Texas Instruments

Wurth
Wurth

Wurth
Future Electronics

Mouser
Mouser
Mouser
Mouser
Mouser

0.014
0.026
0.18

0.005
0.005
0.072

0.0088
0.055
0.03
0.011
0.075
0.048
0.041

0.073

0.116

0.172
0.037

0.005
0.0062
0.012
0.007
0.002
0.004

B4 skupaj K4

3.28€

16.6.2025

S

11

N U0

N R R RPRNRPR W

W wWwER R R

~ORVIA

” N
HELLH
N

0.056 €

0.112 €
0.104 €
1.080€

0.055€
0.025€
0.144 €

0.026 €
0.055€
0.060 €
0.011€
0.075€
0.048 €
0.082 €

0.073 €
0.116 €

0.172 €
0.037€

0.100€
0.006 €
0.012 €
0.007 €
0.006 €
0.012 €


https://octopart.com/opatz8j6/a1?t=t9yIeGilzHJLrYdWNOkhXDKRYfeLCCmhPbeO3v4vZF0cACs2RHEKHrMChpkpEvlfWWcxmlmz0YRulh-MrzU2X1XRn_52cEZ6qtSsLwJpRIioZm50AfeAdCECgN-8xEdz4m5SYmBFOi6Q0TIh8f6PLL-6ahZPwndLNmzhcJrKST8631oeZb_OrFN4wc5wNveXD7r-FSw6rb1BKdSQ1QFO25CBowURzVRU1RFjBs36ascOSSmMFIjSK6Wt1V-HQ8c0kNCYf3giI7w1HX-i7I0luVNh
https://eu.mouser.com/manufacturer/koa-speer/
https://eu.mouser.com/manufacturer/koa-speer/
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NACRTOVANJE ELEKTRONIKE ZA EMC

Koncept resitve

Blokovna shema tiskanega vezja v sklopu EMC delavnice

Vin & PWM LED napajanje (PWM)
LED driver:
MPQ7200-AEC1 (L::’ "'E“‘Ed )
i zaporedno
GND (buck topologija) aND
LED PWM

PWM
dekoder in
funkcijska

logika

3 Nacrtovalske zahteve

3.1 Funkcionalne zahteve:
Z uporabo MPQ7200A-AEC1 je treba izdelati DC/DC pretvornik za napajanje dveh zaporedno
vezanih belih LED z izhodnim tokem 300 mA, ki mora delovati v navedenih temperaturnih in
napetostnih pogojih, opisanih v poglavju 3.2. Poleg DC/DC pretvornika je treba nacrtati tudi
analogni vmesnik, ki vsebuje funkcijsko logiko, ki bo glede na napajalno napetost modulirano
s PWM samostojno preklapljala med spodnjimi nacini delovanja:

1. 0% do 45 %: LED ne sveti (LED PWM = 0 %)

2. 60 % do 80 %: LED PWM = 10 % % 3 % (7 % do 13 %)

3. 95 % do 100 %: LED PWM = 100 %
Pretvornik mora imeti zad€ito proti napa&ni prikljucitvi napajalnih sponk,

3.2 Elektriéne zahteve:
V spodnji tabeli so zbrane vse elektricne zahteve vezja.
Tabela 1: Seznam elektrignih zahtev

Lastnost Vrednost Opomba

Obmotje napajalne |8V do 16V V tem podrofju mora pretvornik

napetosti zagotavljati nazivni izhodni tok in ustrezno
PWM krmiljenje LED.

Temperaturno -20 °C do +60 °C V tem podro€ju mora pretvornik

obmotje delovanja zagotavljati nazivni izhodni tok in ustrezno

tiskanine PWM krmiljenje  LED. Pri obeh

temperaturah  pofakamo  minimalno
10 min, da se temperatura elementov
ustali.

Obmoéje frekvence | 200 Hz + 10 % V tem podroju mora pretvornik
PWM nanaialne zanntavliati nazivni izhndni tak in nstreznn

~ORVIA

16.6.2025 N

HELLR
N

PWM Dekoder za LED Nadzor

1. Pretvorba PWM v analogno vrednost:

* Uporabim¢ R = 10 kQ, C = 100 nF), ki pretvori PWM signal v povprecno napetost (DC),

sorazmerno z duty cycle PWM signala.

2.(Komparatorji 3a odlocanje:
* Komparator 1:
* Odlodi, ali je signal "ON" (= 45% duty cycle) ali "OFF" (< 45%).
¢ Komparator 2:
* QOdloci med 10% PWM (dim) in 100% PWM (full) glede na napetost iz RC filtra:
¢ 3.0Vza10% PWM (dim).

e 475V za100% PWM (full).

3. Logika za LED:
* LED OFF: Ce je PWM < 45 %.
* LED Dim (10%): Ce je PWM med 60 % in 80 %.

« LED Full Brightness (100%): Ce je PWM med 95 % in 100 %.
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Simulacija

V2
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. V_IN
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:“;—;

PULSE(0 1000 0 4m 5m 100)

.tran 0 500m 0

.inc 2N7002AK-Q.lib
.inc tlvo062.lib

" .inc BUK7M17-80E.lib
L
< R1
< 5k
mos_out
|_
oy ML

— 2N7002AK-Q
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Rezultati simulacije

wapwm V simulaciji vse deluje.
VEBOE VERLE 6re
SEVkor) Va 1009

11V
v
9V

8V

v
6V
5V~

\\
N
\
4v ™
\\
v ~
\\
T
\“\

2v T

1V T ——

ov

-1V
Oms 30ms 60ms 90ms 120ms 150ms 180ms 210ms 240ms 270ms 300ms 330m
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Genius ideas “h

ALV dul”

TLV906xS 10MHz, RRIQ,
CMOS Operational
Amplifiers for Cost-Sensitive

.tran 0 500m 0

.inc 2N7002AK-Q.lib

.inc tlvo062.lib Systems datasheet (Rev. M)
.inc BUK7M17-80E.lib R6
* 10k
—
> _I. - OA
D v2
7N l
} mos_out
¥_ 5 htdwn
|_
‘ch M1

V_IN

—| 2N7002AK-Q

c1
L P 56k

- rc_out >
% "
PULSE(0100004m 5m 100) e 10k
800n
rc_out/2
V4 S >
200n _\Qﬂ
g + dlm
—tlvo062
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Preliminarne meritve - BC|

* Problem: failed BCI 5x
* Solution: VecC kondenzatorjev
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Joze Papez — Funkcionalni in elektricni testi

Osnovna
funkcionalnost

Temperaturna obremenitev:

74.59 °C

Pri 80% vezje preklaplja med DRL in PO,

PWM (utripa med 77 in 80%). Pri prvem PWM pulzu
obmoEje (25 ali 45%, ko bi morale biti LED ugasnjene)
LED poblinkajo, za tem pa se vezje ugasne.
Pri prvem PWM pulzu (25 ali 45%, ko
Napetostno
P .. bi morale biti LED ugasnjene) LED
obmocje poblinkajo, za tem pa se vezje ugasne

Temperaturno Pri prvem pulzu na 45% utripne,
obmogdje za tem ugasne

Obrnjena polariteta

Izkoristek 1351 155 2094 611 302 1846

u1[vl] B i1ima] B parw) B u21v] B2 12[mAJEE P2 W] B i1zkoristek A

88

841

558

521
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Joze Papez — EMC
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NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025 "

HELLR
N

JoZe Pape? - C

tuljava 74438335047 Wurth Mouser 0.155 € 1 0.155 €
CX1 kondenzator N/A N/A 0.005 € 1 0.005 €
CX2,CX3 kondenzator N/A N/A 0.005 € 2 0.010€
CX4 kondenzator N/A N/A 0.005 € 1 0.005 €
DO tvs dioda PASMA20CA Vishay Verical 0.032 € 1 0.032€
D1 dioda SS13 Dowo semi LCSC 0.070 € 1 0.070€
C1,C2,C3,C4 kondenzator N/A N/A 0.005 € 4 0.020€
C5,C6,C7,C8 kondenzator 12105C106K4Z2A AVX Ampacity Systems 0.110€ 4 0.440€
C9;C10,C11 kondenzator GCM32EC71E226KE36L Murata Rebound Electronics 0.169 € 3 0.507 €
c17 kondenzator generic N/A N/A 0.005 € 1 0.005 €
C18,C19,C23,C31 kondenzator generic N/A N/A 0.005 € 4 0.020€
IC1 opamp TLV9062IDR Tl Chipsmall limited 0.034 € 1 0.034 €
Ql tranzistor 2N7002 Infineon LCSC 0.005 € 1 0.005 €
C28,C29 kondenzator 800n CCO603KRX7R7BB824 Yageo Digikey 0.016 € 2 0.032€
C20,C21,C22 kondenzator 1uF 0603DC105KAT2A Kyocera AVX easev 0.019€ 3 0.057 €
C24 kondenzator 10uF GRM188771A106KA73D Kyocera AVX Yic international 0.007 € 1 0.007 €
R1-R11,R13,R15,R16 upor generic RCO603FR Yageo Mouser 0.002 € 14 0.028 €

$t. komponentEd Cenakomponent Bl Cenapolaganja B Skupaj B2
45 1.28€ 0.45€ 1.73€
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Jan Rakar

MPQ led driver
Rakar -




NACRTOVANJE ELEKTRONIKE ZA EMC SORVIA

UL FE - EMC Studentsko tekmovanje 2025

16.6.2025 HELLH
.

Koncept resitve

* Two step dimming

* Duty < 45% izklopi gonilnik s pmos stikalom
* Aktiven filter za pretvorbo v analogni signal
* Komparatorji za preklope



NACRTOVANJE ELEKTRONIKE ZA EMC

Koncept resitve

* Pwm vzorcenje -> aktiven filter + buffer

C34 R2E

I

DNP DNP

D4

Vin

2 T
J L1

MBRO353tlg

EMC delavnica 2025[2A], powerSupply[1B]

i

Analog supply

i

R11
36k

2
5

C17
100n

(2}
@

UL FE - EMC studentsko tekmovanje 2025
16.6.2025

n—t

oy

Sampeled output

u2A
LM2904BIDR
U2B
R9 R10 =
PO e | 1 ° 21y
| P | S | 7
12k Tk5
l 6 -
c10 LM2904BIDR

470n

Z

EMC delavnica 2025[3A]

~ORVI



NACRTOVANJE ELEKTRONIKE ZA EMC

Koncept resitve

* Pretvorjen PWM signal
primerjam z referencnimi
napetostmi

* Komparatorja na podlagi tega
preklopita izhodni tok ali
izklopita LED gonilnik.

UL FE - EMC studentsko tekmovanje 2025 = O I !V I A
16.6.2025 e

HELLR
e




NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025

16.6.2025
K t Si t
N4
L] L ] L] L] L]
* Se slikica EMI filtra in PMOS stikala @
ot cn
DNP
DNP Analog supply
D6 m—_ TP1
2 1 1 2
22u 22u 22y
GND GND GND
EMC delavnica 2025[2B]. dutySampling[1A]
LQM2HPN2R2MGOL
DS | LI 5 Iz 5 ?_}._l 5 pulk EMC delavaica 2025[3B]
Vin H 7 T " - AR 7 ;;‘::" ltl T T MPQ7200 Vin
470 — ==
$$13-E3/61T Lcﬂ__cn _| aocs0r = - = =
C31=—C32 c33=—C12 = = =—ci3 ——c2 €23 ——C4 ——CI5 €26 ——C35
G300 oog 22n 22n 47u | 47u Roa RS 47u 47u = - o = =
—| 033 | [033
DNP DNP
Onl R12
= == == == == == 033
GND GND GND GND GND GND
HF filter Namesto elektrolita = Ly Ly
GND = = =

o
=
3
g
&l
2l

dodan 2nd stage v primeru tezav

EMC delavnica 2025[2B], Analog[3C][_MPQ7200_PowerSW

~ORVIA

HELLH
S



~ORVIA

UL FE - EMC studentsko tekmovanje 2025
” N

16.6.2025 HELLF'
N

NACRTOVANJE ELEKTRONIKE ZA EMC

Some LT spice

DUTY DETECTION

morajo biti cerifici pe bmoéje od -40 °C

do +125 °C output is connected to node “sampling_cap”
HA param r1=20k
-param r2=60k

D3
Pl S50ms response time so the voltage at the cap settles ta the correct valtage
ig_cap
+16v
dbuffered

@Bs

R18
1 0.45 padec
FDSE675 nalog_sup
u3
R17
10k
ANALOG PART —> DODAJ PRAVI MODEL
PULSE(Q 5 0 500m 500m 0 1) >
PULSE(0 5 0 2.5m 2.5m 0 5m)
COMPARATORS
.tran 0 1000m 0 1000u
E output current (pullup) == 1uA - 4mA
]
g L3 .
- st e e = 2 HOTE: ni rail to rail - vhod do Vsup-2v
H H RS treba delitnap
g
£
2 N/DIM
@mw a
E .
R10 £og series (196) T =
1k digital_sup y T
Joo LA

100pwm_der
220y RS
200

R11 g ceries (196)
2.8k

Opwm_det

R12 5
523 B2 series (1%)

RC, da preventam false triggers?

reference lahko bufferas

s
<
&
; o
t07xh_tl0Sxh.lib vii
. H108:xh Jib
PULSE(0 16 0 500m 500m 0 1) Q;mm

OSCILIRA



NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A
16.6.2025
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N

Nacrtovanje tiskanega vezja

* Postavitev EMI filtra ¢im blizje vhodnemu
napajalnemu konektorju

* Gonilnik na spodnji strani v luknji

* Majhno preklopno vozlisce

34 R26

]

(@]
(5 -

2

AGND
wariove MPQ7200_Vin

2

=
>I
=
=1
~
R
o
o
=

AGND

o o




NACRTOVANJE ELEKTRONIKE ZA EMC sORV|A
16.6.2025

HELL

N

Nacrtovanje tiskanega vezja

* LocCitev GND linij
gonilnika in
preostalega vezja

\0
N
(a4
<+
™
O
e

7 AV
o~ >
o()




NACRTOVANJE ELEKTRONIKE ZA EMC FORVIA

UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLF'
.

Preliminarne meritve

* Tezave z BCI

i L ——




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A
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HELL

N

Preliminarne meritve

* Resitev
D5
Vin > — N 9 o >

SS13-E3/61T

C31 C32
22n 22n

C30

‘ R23

DNP DNP

GND GND G

—d



NACRTOVANJE ELEKTRONIKE ZA EMC SORVI
16.6.2025 —
HELLR
S

Cena vezja

0 0
2 0.078
1 0.051
71 2.6202
0.01 0.71

Cena komponent s polaganjem 3.3302




NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A

Morebitni popravki

* Popravki
s Zmanjsanje Stevila komponent
o Implementacija histereze, ki bi preprecila oscilacije na meji preklopa

* Kaj sem se na delavnici naucil
= Nekaj razumevanja o konceptih in testih, ki se jih za validacijo vezij opravlja
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NACRTOVANJE ELEKTRONIKE ZA EMC SORVIA
16.6.2025

HELL

N

Jan Rakar — Funkcionalni in elektricni testi

Osnovna Temperaturna obremenitev: 74.59 °C

funkcionalnost

Pri prvem PWM pulzu (25 ali 45%, ko
PWM . " .
bmoci bi morale biti LED ugasnjene) LED
2lelinlete)s poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko
Napetgstno bi morale biti LED ugasnjene) LED
obmodje

poblinkajo, za tem pa se vezje ugasne

Temperaturno Pri prvem pulzu na 45%
obmocje utripne, za tem ugasne

Obrnjena polariteta

u1[v] B i1mA] B papwi B u2iv] B3 12[mAJEE P2 W] B3 i1zkoristek A
13.51 158 2.135 6.07 302  1.833 85

Izkoristek
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Jan Rakar — EMC
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NACRTOVANJE ELEKTRONIKE ZA EMC

Jan Rakar — Cena
Oznaka elementa na shemi Opis elementa Koda proizvajalca Koda dobavitelja Dobavitelj Cena/kos EE LY Cena za $t. kosov na vezje

C15, C30, C34, C31, C32, C29, C18, C19, C17, C5, C6, C1C, C1D, C16, C2

C1A, C1B, C25, C23, C24, C26, C35

C21, C22

C3,C4

R1, R23, R26, R10, R11, R9, R14, R27,, R3, R4, R5, R6, R2, R7, R22, R13, R16, R17, R19,R20
c7

C9, C10

C13

C12,,C33
C14, C27, C28

D3

D4, D6
D5
L1
L2
L3

Q1

RS,

R18
R24, R25
R12,

U2, u4
u3

0603 <= 100n
GCM32EC71£226KE36L-
22uF 1210 GCM32EC71E226KE36L Murata 4172714
VHODNI FILTER (10u) -1210 UMK325AB7106KM-P Taiyo Yuden UMK325AB7106KM-P
4.7uF 1206 8.85012E+11 Wurth /
resistor 0603 1% / / /
0805 10uF GRM21BC71E106MEO1L Murata 81-GRM21B71E106MEO1L
0805 1u 0603DC105KAT2A Kyocera 0603DC105KAT2A
2ND STAGE FILT 8.85012E+11 Wurth /
VHODNI FILTER 10uF UMK325AB7106KM-P Taiyo Yuden UMK325AB7106KM-P
10uF - 1210 UMK325AB7106KM-P Taiyo Yuden UMK325AB7106KM-P
s SMAJ28CA Hourns SMAJ28CA
Schootky diode MBRO0530T1G onsemi MBRO0530T1G-32877
Schootky diode 1A SS13E3/61T Vishay
1ND STAGE TULJAVA SRP2512A-4R7M Bourns 428-71-12004320
2ND STAGE TULJIAVA 1uH 74479275210 Wurth /
IZHODNA TULJAVA 22uH 74406043220 Waurth /
Alpha & Omega
MOSFETP-CH 30V 2.6A 50T23 AO3409 Semiconductor A03409-2716469
resistor 1206 CRGCQ1206F12K TE Connectivity CRGCQ1206F12K
resistor 1206 CRGCQ1206F12K TE Connectivity CRGCQ1206F12K
Damp res 0805 RCO805FR-131RL YAGEO 603-RCO805FR-131RL
Damp res 2nd stage 0805 RCO805FR-131RL YAGEO 603-RCO805FR-131RL
LM2904BIDR OP. AMP 595-LM2904BIDR Texas Instruments LM2904BIDR
LM2903BIDR COMPARATOR  296-LM2903BIDRCT-ND Texas Instruments LM2903BIDR

16.6.2025

0,005

Worldway Electronics

Unikeyic
/
/

Mouser
Bettlink
/

Unikeyic

Unikeyic
Component Stockers

USA

Worldway Electronics
Worldway Electronics

Bettlink

Waurth

Wurth

worldwayelec

Mouser
Mouser
Mouser
Mouser
Texas Instruments
Texas Instruments

0.175 €

0.045€
0.043 €

0.005€

0.052€
0.042€
0.043 €
0.045€
0.045 €

0.009€

0.008 €
0.026 €
0.140€
0.073€
0.172€

0.035€

0.008 €
0.008 €
0.006 €
0.006 €
0.039€
0.045€

W NP N

R R RPORN R

P NR NP R

HELLR
N

0.075€

1.225€
0.090€

0.086 €

0.100€
0.052€
0.084€
0.043 €
0.090€
0.135€

0.009 €
0.022 €
0.026 €
0.140€
0.073 €
0.172 €

0.035€
0.008 €
0.008 €
0.012 €
0.006 €
0.078 €
0.051€


https://octopart.com/opatz8j6/a1?t=0CXDtt4ly5QGj6A3CEXsHQcj_wFNVUSu70bgzOnwy4ctCu_YAiYyZMT8iti7YJyh-6tW7az5GEghh0nQCzC-eF71bkNSzIwrlxyBFpa7XUdEOO7nIStBbngCSpU9zKVYB8--HcAmIqVOJc_wfxF_KdAndMyv0UeqwbYsN9Wb7z4b5DYMoFpERR4KQ7uz43q_aI9TVzWUQ9ZrG0wOzg5ZYKJ11RG2HLBx5Nr11nDAbFMZUBjFVhlH0-UJ5vCrGWHN3j8s1PV3hHj2XQhc_H3KgcW8
https://octopart.com/opatz8j6/a1?t=meAeAlPT1ZlfjMSET6DHSVnsLL2mD7rcCI8gjtgKJhlCu1_TXYaCV-M6qgxGYCypGz-rQsgE7CC9K6oWHTvkPIOs-uktLjyD6UeaqGfnJmVBqfAuqxl7S3AUuwYvQhP3NHEDlWh8x0tYlPALxGBwWAsnZzLlY-ysI5CgTko5Ahqdhu_6g56OxqIZz7CrfpdArJlnOM1fHQLOKQXTpIp32UrjXCfnyRhEgtOHBHqRZl76BJ2z66Dy9n-9z3QWVRpSaMklF3wz6flRB4CKb9Imuiedvw
https://octopart.com/opatz8j6/a1?t=meAeAlPT1ZlfjMSET6DHSVnsLL2mD7rcCI8gjtgKJhlCu1_TXYaCV-M6qgxGYCypGz-rQsgE7CC9K6oWHTvkPIOs-uktLjyD6UeaqGfnJmVBqfAuqxl7S3AUuwYvQhP3NHEDlWh8x0tYlPALxGBwWAsnZzLlY-ysI5CgTko5Ahqdhu_6g56OxqIZz7CrfpdArJlnOM1fHQLOKQXTpIp32UrjXCfnyRhEgtOHBHqRZl76BJ2z66Dy9n-9z3QWVRpSaMklF3wz6flRB4CKb9Imuiedvw
https://eu.mouser.com/manufacturer/bourns/
https://octopart.com/opatz8j6/a1?t=Vot5odnH8mFWvz3WRHmwP7lrm5tNajRcPL1rBOTpXhpWDbMpJAuKq5_HOOQJ3flGR_l60at3ejYMGloZQ3IDPzxaa2b-1IE6_2fsuiFb4jkDQUkL--zolrdCuZ_M7jgCXK4vYe3iLNB6ZISIUngA12IefoI4P1P6qvD11ivM_oYy-G1ttMhvl3xI0NS0X5OOfjUz7ErbvkvqZMMM-4MQ_tOz_9moIOP2L59zkjB5qwlR3UvMKqmKk9Knhnv5VITquqc_XAenccuubiAaStw
https://octopart.com/opatz8j6/a1?t=Vot5odnH8mFWvz3WRHmwP7lrm5tNajRcPL1rBOTpXhpWDbMpJAuKq5_HOOQJ3flGR_l60at3ejYMGloZQ3IDPzxaa2b-1IE6_2fsuiFb4jkDQUkL--zolrdCuZ_M7jgCXK4vYe3iLNB6ZISIUngA12IefoI4P1P6qvD11ivM_oYy-G1ttMhvl3xI0NS0X5OOfjUz7ErbvkvqZMMM-4MQ_tOz_9moIOP2L59zkjB5qwlR3UvMKqmKk9Knhnv5VITquqc_XAenccuubiAaStw
https://octopart.com/opatz8j6/a1?t=aafxCubu9TPRUunuP-jSmcIx-Ja0_NivbTQFYl4OTKoAxemmturI-aDqhERL15_q251xI0ReCd82_BypFjHkJgUl9xDzsFx_qJH6l87FSbXi7wEkvknMAiPC-_fFYVJefqA-TS870g8OwwgLkZc7mj93uTv5rzGXoAJaLPYM5GMD09E9Xm-vp_Gc6B0KmfjCfYjZLXUTHYA3o74Ww9mzazwAqWx9pCLo3J3Q7ixvh5MmagJvmYzGZgwGVg2WSv_dwHKW-ia_dmymsXhtb0H0pKQ
https://octopart.com/crgcq1206f12k-te+connectivity-91018248
https://octopart.com/crgcq1206f12k-te+connectivity-91018248
https://eu.mouser.com/manufacturer/yageo/
https://eu.mouser.com/manufacturer/yageo/
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N

Koncept resitve

* |zkoristit MPQ7200A:
o Two-Step Dimming
o NTC pin = EN pin
= Vcec 5V, 1I0mA
* Samsung CL31B106KAHNNNE
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Koncept resitve

@2
IRLMLZ2244
V_out

n
Q1A Y'Y Q1B
BCB57BS N BCB57BS
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Koncept resitve

Q2
IRLML2244

D/

BCB5/BS
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UL FE - EMC studentsko tekmovanje 2025 : V I
16.6.2025 "
HELLRA
N—

Koncept resitve

@2
IRLML2244
V_out

D2

- Q1B
BCB57BS N BCB57BS

1N4148

V_g
. W/ MBT39!

R2

Q3

R4
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UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLF'

lzraCuni, simulacije

Input a
R1
100k U2 R2
e ' 106 — 5 5 5 5
1n LM324 1y R10
7 N~ 60k LM324 | s
13k R11 ) _ V95 +
100k
R15 R9
100k 1Meg 100k

3
<
a5



UL FE - EMC studentsko tekmovanje 2025

16.6.2025 HELLF'
N

450ma—
ADOMA
i50mA-|
00mA
250mA
[200ma
150mA
: | ‘ | | ‘ | ‘
S0ma
OmiA—

NACRTOVANJE ELEKTRONIKE ZA EMC FORVIA
” N

lzraCuni, simulacije

MP

InputShape

lapg = 276 MA, Q1q0, = 138
Duty10 AV =2V,C;, =70 uF

R18 PULSE(0 0.28 0 1.339u 1n 0 2.44u) via
Model Vhoda MPQ7200A 1 V15 :
__| Vswitcher O §
B2 < RSim1 PULSE(0 0.17 0 1n 1n 1.338u 2.44u) S PUESS(GS 20m ShSnd00usn o C | = 12 O ‘LLF + 1 0 ‘UF
10Meg Y4 o - rea —_

I=if(V(V60-80)>1 , if(V(V95+)>3 ,V(InputShape) , V(InputShape) * V(Duty10) ), 0)

sV : v 151 oV
DC-bias Voltage
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Nacrtovanje tiskanega vezja

* Kar nastane noter ostane noter
* Kar pride od zunaj ostane zunaj

N
—
1:GND

1: GNOBNDI : GND :

2:NetC13_2 : NetC13_2 : NetC13_2
2:NetC13_2 : NetC13 2 : NetC13_2

1:GNBND 1 : GNOSND : GND
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16.6.2025

Preliminarne meritve

ﬁ_—_-—"_
& ROHDE&SCHWARZ E

Ty

i
]
t!

]

DisPLAY
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Morebitni popravki

* Ne
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NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
16.6.2025

HELL

N

Luka Kavci¢ — Funkcionalni in elektricni testi

Osnovna Temperaturna obremenitev: 54.81 °C

funkcionalnost

PWM Kratek zvezen prehod med

obmogje PO in DRL in obratno.
Napetostno

obmocje
Temperaturno

obmocje
Obrnjena polariteta

u1[v] B2 11[mA] B p1iw] B u2[v] B 12[mAIE3 P2[w] B Izkoristek |4
13.51 155  2.094 6.17 307  1.894 90

Izkoristek




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

Luka Kavcic — EMC

1 PK
CLRWR

Att O dB AUTO

RBW 9 kHz
MT 50 ms
PREAMP ON

100
CEC
Q

r_ava

1 MHz

10 MHz

sGL

.

40

30

10

L-10

--20

-30

N

\«ma,

U N o |

150

kHz

16.6.2025

'-

U

RE

MT 5 ms

Att O dB AUTO PREAMP ON

RBW 120 kHz Marker 1 T

dBpv 70
REC_AV1a

|60

100 MHz

1 PK
CLRWR

-
o

--10

--20

=30

30 MHz

300 MHz

sGL

TDE

6DE

BCI

100 mA

RI

100 V/Im H+V




NACRTOVANJE ELEKTRONIKE ZA EMC

Luka Kav

C13, C14, C15, C16, C21, C22,
C11, C12, C17, C18, C19, C20,
Ce6, C8,C3

FB1

L1

RN1

Q1

Q2

D3, D4

L2

R3

C7,C2

R5, R12, R6, R2, R4,R7, R8, R9,

R10,R11,R1

OpAmp
Capacitor

Ferit

Tuljava

Resistor network
MOSFET

BJT

Dioda

Tuljava

0402 Upor

0603 Kondenzator

0603 Upor

Ve V

CIC

Oznaka elementa na shemi Koda proizvajalca Koda dobavitelja Dobavitelj Cena/kos (za 10 000 vezij)

LM324LVIDYYR

CL31B106KAHNNNE

FBMJ2125HS420-T

NRS6028T220MMGIV

MNR14E0APJ104
DO3407B
MMDT2907A
1IN4148WT
CD43-4R7M

Samsung

TAIYO YUDEN
TAIYO YUDEN
ROHM Semicon
DOINGTER
Slkor

onsemi

HanElectricity

LM324LVIDYYR

C14860

963-FBMJ2125HS420-T
NRS6028T220MMGJV
C308568

C41384538

C5122540

C232841

C42931114

LCSC

Arrow
Avnet
LCSC
LCSC
LCSC
LCSC
LCSC

$t. komponentBd Cena komponent B8 Cena polaganja

B4 skupaj K4

0.89€

0.049€

0.013 €

0.021€
0.102 €
0.008 €
0.010€
0.024€
0.008€
0.017€
0.005€
0.005€

0.005€

16.6.2025

[
N P RN R R R R B u

[y
[

0.049€

0.195€

0.021€
0.102€
0.008 €
0.010€
0.024€
0.016 €
0.017€
0.005€
0.010€

0.055€

HELLR
N
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NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025

Jasa vid Meh Peer

£ ococ_out

o> 0 GO

T ™ Bicas pue WAL
o ﬁﬁamm i—
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UL FE - EMC Studentsko
HELL
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Koncept resSitve - Napajanje

* Preprecitev kvarjenja signala

Konstantna napetost

LS.
[/
>

i‘*‘v

-

A




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A
” N

Koncept resitve — Dekodiranje PWM

N—

Signal: PWM -> Uporovni delilnik -> LP

* Reference: Napajanje -> Uporovni delilnik -> LP

—
—
—
—
T e o e o o e e e e e e e e e e Mmm M M e Rm R M e Mem M mm e e ey

ENDIM

IC1

10UT
1IN-
1IN+

bdf—

95% _ref-

| Lsa

vee
20UT
2IN-

GND 2N+
Py LM2203BOQPWROQ1

DCDC_VIN
(I

C33
Il}.lu

GND

LT =Y B L)

GND

‘Lcao
Imoﬂ 45% ref

15%_ref
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Simulacije

Vin=8YV, Duty=10%

V(45_%_ref)

THIS IS FINE.

1.8V+

1.5V

1.2v+

0.9V—

0.6V

0.3V

0.0V

-0.3V

T T T T T T T T T T T
210ms 240ms 270ms 300ms 330ms 360ms 390ms 420ms 450ms 480ms 510ms 540ms




NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
.

Nacrtovanje tiskanega vezja

.

Top side

Dimming in turn off logika

* Bottom side

* Stikalni pretvornik



ARSI RN = ORVIA
.
HELLA
N—

Preliminarne meritve

Imunost na elektromagnetno sevanje (RI)

* Imunost na vsiljene tokove (BClI)




NACRTOVANJE ELEKTRONIKE ZA EMC FORV'A
.
HELLA

Preliminarne meritve

Imunost na elektromagnetno sevanje (RI)

* Imunost na vsiljene tokove (BClI)
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NACRTOVANJE ELEKTRONIKE ZA EMC SORV|A
16.6.2025
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N

Jasa Vid Meh Peer — Funkcionalni in elektricni testi

Temperaturna obremenitev: 57.90 °C

Osnovna

funkcionalnost

PWM
obmocje

K[

Napetostno

.. Sveti pri 16V 45% (nad 14,5V)
obmodje

Temperaturno
obmogdje

Obrnjena polariteta

NS

u1rv] B 11[mA] B p1pw] B u2[v; B 12[mAIEE P2[w] B 1zkoristek [Ed

Izkoristek 1351 152 2054 611 308 1880 o1




NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

Jasa Vid Meh Peer — EMC

RBW 9 kHz
10.Jun 25 18:40 MT 50 ms

Att O dB AUTO PREAMP ON

daBpv 100 1 MHz 10 MH=z
CEC[_AvVS
0

sGL
1 PK

CLRWR

.

m
RS wa
Iy

150 kHz 30 MHz

16.6.2025 @
e

RE ‘5

/ RBW 120 kHz
11.Jun 25 17:31 MT 5 ms

Att O dB AUTO PREAMP ON

asuv |5, 100 MHiz
REC_AV1a

|60

sGL
1 PK

CLRWR

TDE

w
o

6DE

A LSRN, el g, e X ]

--10

--20

=30

30 MHz 300 MHz

Pri 60 MHz se

BCl 60 mA vklopi DRL

RI 100 V/Im H+V




NACRTOVANJE ELEKTRONIKE ZA EMC

16.6.2025 "

HELLR
N

Jasa Vid Meh Peer — Cena

Oznaka elementa na shemi Opis elementa Koda proizvajalca Proizvajalec Koda dobavitelja Dobavitelj ezij St. Kosov na vezje Cena za St. kosov na vezje

Samwha
C3, C4, C10,C28 Capacitor 10u 25V CS3225X7R106K250NRK  Capacitor C2918497 LCSC 0.024 € 4 0.094 €
Samwha
C5, C6, C7, C8, C9, C26 Capacitor 22u 25V CS3225X7R226K250NRL  Capacitor C2918511 LCSC 0.038 € 6 0.230€
C21,C22 Capacitor2.2u 16V CC1206KKX7R7BB225 YAGEO C107183 LCSC 0.015 € 2 0.029€
C23 Capacitor 10 u 10V CGA0603X7R106K100JT HRE C22399626 LCSC 0.027 € 1 0.027 €
FB1 Feritte bead 0805 FBMJ2125HS420-T TAIYO YUDEN 963-FBMJ2125HS420-T Mouser 0.025 € 1 0.025 €
IC1 LM2903 comparator LM2903A-SR 3PEAK C7496686 LCSC 0.035€ 1 0.035€
MMDT3906-7-F double
IC2 PNP MMDT3906 TECH PUBLIC C7603391 LCSC 0.010€ 1 0.010€
L1 L4.7u CD43-4R7M HanElectricity C42931114 LCSC 0.015 € 1 0.015€
L2 L33u CY54-33UH SHOU HAN C2929433 LCSC 0.023 € 1 0.023 €
Q1, Q2 MOSFET 3401H GOFORD C3151755 LCSC 0.009 € 2 0.019€
ZD1 Zener diode BZT52C16 DOWO C7544544 LCSC 0.006 € 1 0.006 €
C1-C25 Capacitor < 100 nF 0603 0.005 € 15 0.075 €
R1-R26 Resistor 0603 0.005 € 21 0.105 €

$t. komponentBd Cenakomponent B8 Cenapolaganja [ Skupaj
57 0.69€ 0.57€ 1.26 €
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Saso Domadenik
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Kako napajati Cip iz PWM?

Pulse Width Modulation
25% Duty Cycle

I | .

Ov

50% Duty Cycle

Ov

75% Duty Cycle

LU UL
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Kako napajati Cip iz PWM?

Pulse Width Modulation
25% Duty Cycle

I | .

Ov

50% Duty Cycle

Sw

Ov

75% Duty Cycle

LU UL




NACRTOVANJE ELEKTRONIKE ZA EMC

UL FE - EMC studentsko tekmovanje 2025
16.6.2025

Kako napajati Cip iz PWM?




ISR NRRR— O RV 1A
16.6.2025 @
Kako napajati Cip iz PWM?

Pulse Width Modulation
25% Duty Cycle Q2

> I ¥ |RLM2244 Vot

Ov

50% Duty Cycle

Sv

Ov

75% Duty Cycle

LU U U UL

GND i
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Pulse Width Modulation
25% Duty Cycle Q2
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Pulse Width Modulation
25% Duty Cycle Q2
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Pulse Width Modulation
25% Duty Cycle Q2

> I ¥ |RLM2244 Vot

Ov

50% Duty Cycle
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75% Duty Cycle
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HELLRA
e

Kako napajati Cip iz PWM?

Pulse Width Modulation
25% Duty Cycle Q2

> ‘| ‘| '| ‘| '| IRLML2244

Ov

50% Duty Cycle

Sv

Ov

75% Duty Cycle

LU U U UL

Q1B
BCB57BS

GND
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PCB ze oddan!

* 1IN4148WT




A —— C RV 1A
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HELLR
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Kako preklapljati stanja?

* Dimming * Turn off
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Kako izklopiti LEDice?




RSN RN —— O RV 1A
16.6.2025 @
Kako izklopiti LEDice?

B ——

EN/DIM | 3




RSN RN —— O RV 1A
16.6.2025 @
Kako izklopiti LEDice?

—EN-Pin
* Odklopi LEDice



RSN RN —— O RV 1A
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Kako izklopiti LEDice?

S ?P\\)\j
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16.6.2025 @
Kako izklopiti LEDice?
—EN-Pin
dkloniLED:
* Kratkostici LEDice
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Kako izklopiti LEDice?

+—EN-Pin
Yeklopi LED

%\)\j



NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

16.6.2025 @
Kako izklopiti LEDice?
« ENPin
o
et | i LEDs
* Kratkostici VCC
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Kako izklopiti LEDice?
« ENPin
o
et | i LEDs
* Kratkostici VCC
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16.6.2025 @'
Kako izklopiti LEDice?

+—EN-Pin

N
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Kako izklopiti LEDice?

e NTC Thermal Shutdown
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Kako izklopiti LEDice?
« ENPin
o
|;; | | -
—KratkostieMCL

cRuvt
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HELLR

.

Kako izklopiti LEDice?

e NTC Thermal Shutdown




RSN RN —— O RV 1A
16.6.2025 @
Kako izklopiti LEDice?

e NTC Thermal Shutdown

> "thermal shutdown” == "thermal shutdown”

(& false
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Kako izklopiti LEDice?
« EN-Pin

Crathostidi LED:
Ceatkosti& \ICC
e NTC Thermal Shutdown
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UL FE - EMC studentsko tekmovanje 2025

Kako izklopiti LEDice?

VFILT

R18
11k

D3

VCC IN4148WT

I

VCC
RI11
10k
RI2 R13
— |
“ 100k 100k
— 1Ql .
1 $2N7002K-TI=GESS
100n
o

B =

68n

ICIB
LM2903A-SR

GND

ICIA
LM2903A-SR
1

16.6.2025
VCC VCC VIN Ul
MPQ7200AGLE-AEC1-P
R7 [1R2 413 1
|:|91k |:|91k VIN BST —
MPQ7200A
_|_714 INGND z
= sSW =
o GND 3 | pNDIM
IREF —
[—1% Favrr
TP1 ISET —
NIC, L | N1 vee
. A A
P 2 - p
K NC g & g
o] < A
—'U uw
C: —
—
>

||H 5.6,11, 12

GND

N
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Nacrtovanje tiskanega vezja

* Skoraj vse komponente na spodnji strani
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HELL

N

Preliminarne meritve

* Fail med 100 in 500 MHz
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HELLRA

e

Preliminarne meritve

* Fail med 100 in 500 MHz
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HELLH

N

Preliminarne meritve

* Pass Rl
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NACRTOVANJE ELEKTRONIKE ZA EMC FORV|A

16.6.2025 @
e

Saso Domadenik — Funkcionalni in elektricni testi

Osnovna
funkcionalnost

PWM Pri prvem PWM pulzu (25 ali 45%, ko

- bi morale biti LED ugasnjene) LED
obmoqe poblinkajo, za tem pa se vezje ugasne
Napetostno Pri prvem PWM pulzu (25 ali 45%, ko

- bi morale biti LED ugasnjene) LED
OmeCje poblinkajo, za tem pa se vezje ugasne
Temperaturno Pri prvem PWM pulzu (45%, ko bi

.. morale biti LED ugasnjene) LED
obmocje poblinkajo, za tem pa se vezje ugasne

Obrnjena polariteta

Temperaturna obremenitev:

46.62 °C

Izkoristek 1351 141 1905 604 289

ui[v] B 11[mA] B2 P1pwi B2 u2[v] B2 12[mA]E2 P2[W] B3 1zkoristek B3

1.746

91




ARSI SRRRNN———— O RV | A
Saso Domadenik — EMC

RBW
MT 50 ms
Att O dB AUTO PREAMP ON

CECl_Ava
Q

10 MHz

111111

16.6.2025 @
e

RE @

/ RBW 120 kHz Marker 1 T1
1.Ju 25 134 MT 5 ms 19.4 iBuv
8 400000000 MH

Att O dB AUTO PREAMP ON

REC_AV1&

30 MH=z . 300 MH=z

BCI

RI 100 V/Im H+V E




NACRTOVANJE ELEKTRONIKE ZA EMC

~ORVIA

16.6.2025
Saso Domadenik — Cena
C1, 4, C5, C7, C8, C9,
C10, C11, C20, C21,
C22 Mali kondici N/A N/A N/A N/A 0.0050 € 11 0.0550 €
C2,C3 Capacitor CC1206KKX7R7BB225 YAGEO C107183 LCSC 0.0145 € 2 0.0290 €
Ce6, C12, C13, C14,
C15, C16, C17, C18, Samsung Electro-
C19 Capacitor CL31B106KAHNNNE Mechanics C14860 LCSC 0.0129 € 9 0.1161 €
D3, D4, D5, D6 Male diode 1IN4148WT onsemi C232841 LCSC 0.0086 € 4 0.0344 €
IC1 Dvojni komparator LM2903A-SR 3PEAK C7496686 LCSC 0.0346 € 1 0.0346 €
L1 Tuljava za switcher CY54-33UH SHOU HAN C2929433 LCSC 0.0231 € 1 0.0231 €
L2 Tuljava za filter SL0420-4R7M TECHFUSE C22463808 LCSC 0.0523 € 1 0.0523 €
963-FBMJ2125HS420-
L3 Ferrite bead FBMJ2125HS420-T TAIYO YUDEN T Mouser 0.0220 € 1 0.0220 €
Q1 N-MOS 2N7002K-T1-GE3 Vishay Intertech C81445 LCSC 0.0176 € 1 0.0176 €
UMW(Youtai
Semiconductor Co.,
Q2 P-MOS AO3401A Ltd.) C347476 LCSC 0.0134 € 1 0.0134 €
Q3, Q4 PNP BC856C Guangdong Hottech  C181145 LCSC 0.0060 € 2 0.0120 €
R1,R2,R3_1,R3 2,
R4, R5, R7, R8, RY9,
R11, R12, R13, R14,
R15, R16, R18 Upori N/A N/A N/A N/A 0.0050 € 16 0.0800 €

$t. komponentBd Cenakomponent B8 Cena polaganja

50

0.49€

0.50€

B skupaj K

0.99€

HELLR
N
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PWM test

16.6.2025

~” N
HELLR
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To¢ke M Frekvencald Komentar

N N
o o

N
o

=
lU'l

514
201
511
498
201
201
500
505
497
496
512

507

506

513

488

201

Preden se vklopi DRL, se za kratek ¢as prizge PO in obratno.

Preden se vklopi DRL, se za kratek ¢as prizge PO in obratno.

Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED
ugasnjene) LED poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED
ugasnjene) LED poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED
ugasnjene) LED poblinkajo, za tem pa se vezje ugasne

Pri 80% vezje preklaplja med DRLin PO, (utripa med 77 in 80%).

Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED
ugasnjene) LED poblinkajo, za tem pa se vezje ugasne.

Vezje ne gre v PO mode, tok je, Pri 25% ima 73% izhodnega duty

cycla

Analogna
Digitalna

Analogna
Analogna
GreenPAK
Digitalna

Analogna
Analogna
Analogna
Analogna
Analogna

Analogna

Analogna

Analogna

Analogna

Analogna

B2 Tip detekcije B GeneracijaPWM

MPQ driver
Izvhodnega PWM
MPQ driver
MPQ driver
Izvhodnega PWM
Izvhodnega PWM
MPQ driver
MPQ driver
MPQ driver
MPQ driver
MPQ driver

MPQ driver

MPQ driver

MPQ driver

MPQ driver

Zunanji PWM generator
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Napetostni test

Ll
30 Preden se vklopi DRL, se za kratek ¢as prizge PO in obratno.
30
30
30 Preden se vklopi DRL, se za kratek ¢as priZzge PO in obratno.
30
30
30
30
30
30
25 Sveti pri 16V 45% (nad 14,5V)
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED ugasnjene) LED
20 poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED ugasnjene) LED
20 poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED ugasnjene) LED
20 poblinkajo, za tem pa se vezje ugasne
Pri prvem PWM pulzu (25 ali 45%, ko bi morale biti LED ugasnjene) LED
20 poblinkajo, za tem pa se vezje ugasne
10 Ne grevPO mode
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MPQ driver
Izvhodnega PWM
MPQ driver
MPQ driver
Izvhodnega PWM
Izvhodnega PWM
MPQ driver
MPQ driver
MPQ driver
MPQ driver
MPQ driver

MPQ driver
MPQ driver
MPQ driver

MPQ driver
Zunanji PWM generator
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Temperaturni test

Tocke Komentar

20 Pri prvem pulzu na 45% utripne, za tem ugasne
20 Pri prvem pulzu na 45% utripne, za tem ugasne
Pri prvem pulzu na 45% utripne, za tem ugasne, Pri
20 60°C, 45%, vezje sveti v PO
20 Pri prvem pulzu na 45% utripne, za tem ugasne

-NegrevPO

u Tip detekcije

Analogna
Digitalna

Analogna
Analogna
GreenPAK
Digitalna

Analogna
Analogna
Analogna
Analogna
Analogna
Analogna
Analogna

Analogna
Analogna
Analogna

ﬂ Generacija PWM

MPQ driver

Izvhodnega PWM

MPQ driver
MPQ driver

Iz vhodnega PWM
Izvhodnega PWM

MPQ driver
MPQ driver
MPQ driver
MPQ driver
MPQ driver
MPQ driver
MPQ driver

MPQ driver
MPQ driver
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Zunanji PWM generator
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Toéke[® Komentar

B2 Tip detekcije @ GeneracijaPWM
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- Analogna MPQ driver
) Digitalna Iz vhodnega PWM
- Analogna MPQ driver
- GreenPAK Izvhodnega PWM
] Digitalna |z vhodnega PWM
- Analogna MPQ driver
- Analogna MPQ driver
- Analogna MPQ driver
- Analogna MPQ driver
- Analogna MPQ driver
- Analogna MPQ driver
318MHz, svetilnost se poveca
20 ¢ez meje 10% Analogna MPQ driver
100mA, cca 60MHz, vklopi se
20 DRL, 60mA je OK Analogna MPQ driver
Pri 20MHz se intenziteta
poveca za veC kot 30%, tudi
10 na 60mA Analogna MPQ driver
Vezje se "zadima", ne ugasne
100%, vidno na kameri, tudi
10 na 60mA ni znotraj 30% Analogna MPQ driver
-Ne moremo pomeriti, ne
deluje PO Analogna Zunanji PWM generator |
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To¢ke[® PWM B3 Komentar B2 Tip detekcije B Generacija PWM

- 45 Analogna MPQ driver
40 435 Digitalna Iz vhodnega PWM
- 44.5 Analogna MPQ driver
- 46 Analogna MPQ driver
40 52 GreenPAK Iz vhodnega PWM
- 52.5 Analogna MPQ driver
- 67 Analogna MPQ driver
- 62.5 Analogna MPQ driver
40 505 Analogna MPQ driver
- 63 Analogna MPQ driver
- 57 Analogna MPQ driver
- 39 Analogna MPQ driver
- 42 Analogna MPQ driver
20 52.5 Fail na 100V/m 1Ghz Digitalna |z vhodnega PWM
H OK, Fail na
100V/m vertikalno
20 58 1GHz, na 75V/mje Analogna MPQ driver
- Ne moremo
0 pomeriti, ne deluje Analogna Zunanji PWM generator
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lzkoristek

Izkoristek Tocke Bd RP B3 Fitter B3 1zktlop -

14 Idealna dioda z analognim krmljenjem. DM filter prek NTCvhoda
91 12 Idealna dioda s Cipom DM filter Prek EN vhoda
91 12 Idealna dioda z analognim krmljenjem 2x DM filter prek NTCvhoda
91 12 ldealna dioda z analognim krmljenjem. DM filter prek NTCvhoda
90 10 Idealna dioda z analognim krmljenjem. DM filter prek NTCvhoda
90 10 Idealna dioda s Cipom DM filter Prek EN vhoda
89 8 Schottky dioda DM in CM filter Prek EN vhoda
89 8 Schottky dioda 2x DM filter prek MOS tranz.
88 6 Schottky dioda DM filter prek NTCvhoda
88 6 Schotky +ldealna dioda z analognim krmljenjem DM filter prek MOS tranz.
88 6 Schottky dioda DM filter prek NTCvhoda
87 4 Schottky dioda Ni filtra prek NTCvhoda
86 2 Idealna dioda z analognim krmljenjem. DM filter prek NTCvhoda
86 2 Schottky dioda DM filter prek MOS tranz.
85 0 Schottky dioda DM filter prek NTCvhoda

_ -24 |dealna dioda s Cipom DM filter prek MOStranz.
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