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Ziga Smelcer

100 kHz (51k MELF upor)
>30 V Start-Switch
65 uH tuljava

1 mF + 40 uF VHOD
5.6 mF+ 120 uF IZHOD

=R 36 -~ _60?
sWITea: “lav 7A
pima3in: Ziga Smelcer

MELF SENSE delilnik
(stabilnost)
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TRANZ'STO RJA DirectFET™ Power MOSFET @

Typical values (unless otherwise specified)

* Infineon IRF6668 Vpss Ves Rbs(on)
N-MOS 80V max | 20V max 12mQ@ 10V

Qg tot di 0932 er Qoss vgs!th!
22nC | 7.8nC | 1.6nC | 40nC | 12nC 4.0V

60 S 120 —
Ip=12A © Ip=12A ‘ |
5 50 g 10.0 Vps= 64Vr—
£ S Vpa= 40V~ ﬁé/
~. 40 > 80 DS-
c ) : 4
S = /
0 30 3 6.0 /
) o - V4
i T,=125°C @ /
T 20 £ 40 =
g b ,/
= 10 S 20
T, =25°C o //
0 | L oo
4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18 20 22 24

Vgs, Gate -to -Source Voltage (V) Qg Total Gate Charge (nC)
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14 H

Properties Test conditions Value Unit | Tol.
TULJAVA inductance 0kE 10mA | 65 | o |20
Rated Current I, | AT=50K 17.2 A | max.
* WURTH Saturation Current loar | JAL/LI < 30 % 26.6 A | typ.
DC Resistance Rpe | @20 °C 13.13 mQ | typ.
7443783533650 DC Resistance Rpc | @20 °C 14.44 mQ | max,
Self Resonant Frequency fros 4,28 MHz | typ.
Typical Inductance vs. Current Characteristics: Typical Temperature Rise vs. Gurrent Characteristics:
70.0 100.0
90.0
60.0
\\ 80.0
50.0 70.0
—_ \ ~— 60.0
L 400 \ %
% % 50.0
E 30.0 %
£ & 400
20.0 = 300
20.0
10.0
10.0
0.0 0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0.0 10.0 20.0 30.0

Current [A] Current [A]
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RIPPLE
A
i =165A @ 60V
7 A=lour LA @ 36V
Y
4—— =10 us—»
0 -

Figure 23. Inductor Current
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Vhodni filter (L)
» Wurth 744866692

* 41.4 dB pri 100kHz

o]
*69mH
“4A
* 68 mQ)
* 250V
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Vhodni filter

* 10 uF MLCC, X7R 1.8 uF @ 60V
* 100 nF MLCC, NPO 100 nF @ 60V
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VHODNI C

* United Chemi-Con

100 V

1.0 mF

3.86 Aripple
* TDK 4x

75V

10 uF (1.8 uF @ 60 V)
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GATE UPOR VRg™
MELF zaradi visokih pulzov

Fig. 6 - Schematic of the helical trimming pattern
of the MELF resistor.

Thick Film Chip Resistor Thin Film Chip Resistor

Pulse Load Capability

2000

=
~
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~
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Q
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£
300
Q
v
&
200
- I I
. [
Standard Thick Film Untrimmed Thin Film Double Sided Thin Film Carbon Film Carbon Film
Thick Film Chip 1206 Thick Film Chip 1206 Thick Film MELF 0204 MELF 0204 MELF 0207
Chip 1206 D/CRCW Chip 1206 MCA Chip 1206 MMA CMA CMB

D/CRCW-IF CRCW-HP
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GATE RESISTOR

R_GATE_HIGH =20 Q
R_GATE LOW =2.210Q
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SNUBBER
* |zraCun parazitne kapacitivnosti:
2X MOSFET :[Coss |Output Capacitance | — | 310 | — | pF

VEZJE : ~ 100 pF

— minimalna SNUBBER kapacitivhost 720 pF
—> uporabil 1.6 nF, NPO

* lzgube na uporu: Pdiss =C_ E_*f. = 1.6n 60° 100k = ~ 0.6 W

* Ohisje 2512 za upor (1-2W)
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SNUBBER
* Optimizacija R za prenihaj (234567892039)Q

Vout AC
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GATE LOW AAr

GATE DIODA HACK E_—i N ==

* Couplanje SW tocke v LOW_GATE!
* ReSitev DIODA :)

ot~ | Ha
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0 SW W [_7 /’# 22 -1I_5 1 ~cr|_5 a; 0-5 1 '|I5 2 2I5 3
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10m |
J

- - %107



NACRTOVANJE ELEKTRONIKE ZA EMC
Predstavitev 27.3.2019

TRAIJNOSTNO TESTIRANJE

2h na 100W oy
3*12V transformator /@ i

lzkoristek ~ 94 %
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PROBLEMI

Pozabil prispajkati HIGH_GATE upor
60V -> izhod !!!

Prenihanja SW pri prekloplh ( DISCONTINUOUS NACIN!!!)

DSOX ZDM CNE3056107: Fridug 09 17:37:24 201 EI

ime: 2019-08-09 17:35:08
eq(1); op[1];
75.0kHz
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PROBLEMI

* Merjenje visoko frekvencnih prenihajev

ANTENA!

RESITEV



Nacrtovanje
elektronike za

S03 Bernard Versnjak

MAHLE @ sSi= w7rbe= =4

WURTH ELEKTRONIK

-------

f blf

ULIOm
/ Laboratorij za fotovoltaiko o , AM"E

in optoelektroniko METRELJETIEL .lNTECT|V ¥/ TEXAS INSTRUMENTS




NACRTOVANJE ELEKTRONIKE ZA EMC 30
Bernard VerSnjak 21.10. 2019

P[] I M| 4.00us || KAANVAAANS 4.00us Measure X

I I t I I I t‘ \ E 0—\/_'0005 1 Frequency
61.05KHz
Pk=Pk

10.6V
Mae<i mum
10.4V
WMinimum
-200mVv
Pk=Plk
32.6mV
W< i mum
24 4mV
Minimum
-15.2mV

Cyclic RMS

R/ | I 2.00us || NV 10.4mV
@/le’ A% 10.0mv J5g  &F 5.00V CH2 £ 200mv 31.0000H=z Modify
! OV .O0NIML
: PPk
| 11.2v
Mz i mum
10.2V
Minimum
-320mV
Pk—Pk
216mVv
WMap<imum
110mVv
WMinimum

-106mVv

Mean

| A Nnnmvs
] i M) 40.0us || KAV 40.0us Math X

e OF 2.00v CH2 £ 4.40v 50,8560k L.25MHz! Operation
O CH2-CH1

O CH1 xCH2 -
QO CH1/CH2
O CH2/CH1
@FFT

Source
= CH1
O CH2

Wi o
@ Hanning
OF lattop
O Rectangular
O Bartlett
O Blackman

374.658KHz Page 1/2




NACRTOVANJE ELEKTRONIKE ZA EMC

Bernard VerSnjak 21.10. 2019

... INPRVI SPODRSLJAJ

i

s

My,

dey 2y [‘u




NACRTOVANJE ELEKTRONIKE ZA EMC

Bernard VerSnjak 21.10. 2019

MERJENJE

DIFERENCIALNE MOTNJE SOFAZNE MOTNJE
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IZGUBE NA MOSFETU
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|ZBIRA MOSFETA

SPODNJI MOSFET - IRF

> PREVLADUJEJO PREVAJALNE
3710 IZGUBE

Vpss = 100V
» Qqg, tr in tf so stranskega pomena

RpS(on) = 23MQ » Pomemben je Ron, saj velja:

P =R,, - I12-(1-D)

Ip =57A
» Ocenjena izgubna moc pri najvedji
obremenitvi: 6W
Qq Total Gate Charge — | — | 130 Ip = 28A
Qgs Gate-to-Source Charge — | —| 26 nC | Vps =80V
Qgd Gate-to-Drain ("Miller") Charge — | — | 43 Vgs = 10V, See Fig. 6 and 13
ta(on) Turn-On Delay Time —_ 12 | — Vpp = 50V
t, Rise Time — | 58 | — s Ip = 28A
td(off) Turn-Off Delay Time — | 45 | — Rg =2.5Q
ty Fall Time — | 47 | — Vgs = 10V, See Fig. 10 @
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|ZBIRA MOSFETA

ZGORNJI MOSFET - IRF > PREVLADUJEJO STIKALNE IZGUBE
540

» Q(g) mora biti éimdrrl}anjéi, zaradi

PRODUCT SUMMARY av

Vos (V) 100 . at .

Rosion () Vs =10V 0077 » Trin Tf morata biti Cim manjsa

Qg (Max.) (nC) » Ron je stranskega pomena

Qgs (nC) 11

Qgg (nC) 32 » Ocenjena izgubna mo¢ pri najved;i
Configuration Single obremenitvi: 5.2W

Turn-On Delay Time n | - 11 _
Rise Time & Vpp =50V, Ip =17 A - 44 - .
Turn-Off Delay Time Loy Rg=9.10,Rp =290, seefig. 10° - 53 -
Fall Time G 43
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GRETJE HLADILNIKA

» Termalna upornost hladilnika: 0,12 °C/W

» Termalna upornost IRF3710 (Rjc + Rcs): 1.25 °C/W
» Termalna upornost IRF540 (Rjc + Rcs): 1.5 °C/W

» lzgubna mocC na IRF540: 5.2 W
» lzgubna moC na IRF3710: 6 W

°C °C °C °Ccy, _ o
> AT = 52W - (152 + 0.12-=0) + 6W - (1252 + 0.12-5) = 16.6°C
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., TAR POINT GROUNDING"

MASA NI PREVODNA POVRSINA, AMPAK ENA SAMA TOCKA

» Previdnost pri povezovanju spodnjega
MOSFETA in obeh filtrov k masi.
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POVRATNA POVEZAVA

av

‘o . al .
> Povezava mora iti dale¢ od mest z — IN —
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,Current sense resistor”

» Povezava mora predstavljati ¢im manjSo impedanco
1: NetC13_1

» Upornost bi lahko zmanjsal Se bolje s poligonom

ANNODE
NetC13_1

o

NetCY_2

MetC_1

I‘leetQ2_3‘
0 00O
O 00 O

2 1
NetR11_2 NetR11_2
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KRITICNI ZANK]I
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FILTRI

- 150n kondenzator

SOFAZNA 2
DUSILKA 1mH
' — Serija
kondenzatorjev
 150n
« 33n
« 100n
Serija © 190n
koncJ:Ienzatorjev 22k
. 10uF « 100 uF
 10uF
 10pF
 1uF

 1uF
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POTREBNE 1IZBOLJSAVE

%‘DDD
2888

» Pri povezavah z visokimi tokovi se
poskuSamo izogibati uporabi skoznikov.

» KiritiCni zanki morata biti Cim manjsi.

» Upornost povezave z Rs mora biti ¢im
manjsa.

» Boljso razporeditev elementov pri obeh
filtrih.

» Vecja kapacitivhost na izhodu.
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lzracuni
UVLO — Undervoltage Lockout
R, = 100kQ
Ugnoutuvio = 1.25V

Vintmax) = 60V

Vin(min) = 36V

Vinorf) = 35V
R, Uenoutuvio B Uenoutuvio
Ry Viorm —U R — R

1 in(off) ENoutUVLO in(off) ENoutUVLO

R,= 3,7kQ ~ 3,74kQ

Nad 0,4V in pod 1,25V bodo tranzistorji onemogoceni (standby mode).
Pod 0,4V je LM5117 v shutdown mode
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|lzracuni

Frekvenca delovanja notranjega oscilatorja

5,2-10°
RT —_ — 94‘8
fsw

_52:10°
SW — RT

_52-10° 948 = 520kH
Jsw = Toka = g
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Predstavitev 21.10.2019

Izracun mocCnostne tuljave

_ Vout ( VO’LLt)
L, = 1=
Ipp(max) - fsw Vi
* valovitost toka (ripple current)sem si izbral,da bo 35% od
nazivnega izhodnega tok (I,,,4, = 74).
Ipp(max) = 0.35:-7A = 2.45A
14V ( 14V

Lolvinesor = (1-=2) = 84uH ~ 82uH
olvin=sov = 5 454 520kHz 6OV> 3 3

ponovni izracun Ipp(max) toka pri tuljavi z 8,2uH

|lzracuni

I = ki 1 = 2.54
pp(max) = g 5, H - 520kHz 60V )~

1 - 14V R AN
pp(min) = g 5 H - 520kHz B

L — 14V 1 14 — 7.78uH
OlV‘"=48V_2.45A-520kHz agy ) — O
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Predstavitev 21.10.2019

|lzracuni

[zraCun shunt upora — Rg

* Maksimalna zmoznost izhodni tok (IOUT(max)) naj bo 20%-50% vecji od nazivnega
izhodnega toka v nasem je ta tok 7A.
* Za moj primer sem si izbral 30% visji tok od 7A

lour(max) = 1,3 - 74 = 9,14
VCS(TH) = 120mV
K=1

. Vescrm B 0.12V
> ) Vour - K Ipp@min) 91 + 14V -1
OUT(max) T fow Lo 0) '~ "' 520kHz - 8,2uH

= 10.5mf = 10m(

_Z
2
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|lzracuni

TroSenje mocCi na Rs uporu

. _(1_-Your Y. 7 2. p _(1_1YY 742, —
PRS—(l Vm(max)) loue * Rs = (1= =) - 74% - 10mQ = 0.375W
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|lzracuni

Izracun med izhodnim kratkim stikom je tok tuljave omejen:

ton(min) = 100ns — minimum high side MOS ON time
VCS(TH) = 120mV

I B VCS(TH) . Vm(max) tON(mm) 0.12V 6OV 100ns — 1274
lim_pk = g Lo ~TomQ " 82uH ’
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|lzracuni

Izhodni napetostni delilnik Rgg, in Rpp,

VOUT —_ 14‘V
RFBl —_ 1kQ
RFBZ — VOUT —1

RFI,_\B)1 0,8V
FB2 — 16,5
RFBl

RFBZ — 16,5kﬂ
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lzbor elementov za 2. vezje

* Texas Instruments webench

* Razlike:
o Mocnostna tuljava je sedaj 15uH
Upor Rygmp = 150kQ zato, daje K =1
Kondenzator Cygmp = InF
Upor Reomp = 30k
Kondenzator Ccomp = 3,30F

O

O

O

O

O

Kondenzator Cyr = 68pF
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Predstavitev 21.10.2019

Izbira tranzistorja

IRFB4610
Cenovno ugoden 0,95€/kos
* Aplikacije:
o Za visoko ucinkovite stikalne napajalnike
= Za visokofrekvencna vezja
* Tip paketa
= TO-220
* Podatki
o Max Vps = 100V
o Max I, = 734
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|lzbor sofazne dusilke

Attenuation [dB]

0.01 0.1 1 10 100

Freguency [MHz]

— 4 (cormom ) - e A diff)
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Postavitev elementov - zanki

* 2 zanki 2 veIikd—i
dt

Vout

Q1
VN —— CN { E Q2 —— Cout RLOAD
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Postavitev elementov - RC snubber filter

° Csnubper = 1nF
* Rsnupper = 6.8()
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Predstavitev 21.10.2019

Postavitev elementov

* Blokirni kondenzator Cy ¢

* Ryy, R7, Rpp, Css, Cres, Cramp:

\O

2
NelC16_1 wgm=| N

OQx

1 1
NetC16_1 NetC16_1

R T AN
o

2 2
AGND AGND

o
© 0 o0
@ 7
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Nacrtovanje

- Uporaben napajalnik za solarne sisteme iz 10S LiPO na nizjo napetost
- Malo vedji tok (10 A)

- lzkoristek tudi vsaj 90 %

- Kasneje popravek za UVLO na 30..32 V

- EMC seveda, blizu je RF oprema!

- Preizkus layouta (brez zank!)
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Komponente

- Varnostni faktor vsaj 1.5

- Webench, Spreadsheet

- lzkaze se, da je za dinamicne izgube Qg prva prioriteta
- Rdson ni tako kriticen

- Tok Id vsaj za faktor 2 ved;ji

- Klasi¢éno ohisje (SMD ni zazeljen)

- Kondenzatorji!!l Problem, ker je zahtevana napetost 60 V ->
komponente 100 V na vhodu, 25 V na izhodu

- Elektrolitski imajo majhen Iripple!
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Layout
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Meritve

- prenihaj na stikalni tocki 54 MHz
- Snubber 2,2 Ohm ter 4,7 nF

- lzkoristek okoli 91 % pri lload 7 A
- QGretje IC-ja, potrebno bi bilo urediti njegovo napajanje

- Na izhodu vsaj Se enkrat vec keramike (Kompromis v designu, saj je
cena visoka!)

- Hladilnik je lahko precej manijsi
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lzbira komponent

Kljuche komponente

e Dusilka

e Tranzistorja

e Kondenzatorji (vrednosti, tipi)
e FB upori (tolerancni razred)

e Elementi filtra
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Dusilka in Tranzistorja

F1 Typical Inductance vs. Current Characteristics: F2 Typical Temperature Rise vs. Current Characteristics:
16.0 [ \ 100.0
.’——_ . ™ .
\_/ T a0.0 fo OptiMOS "5 Power-Transistor, 80 V
Infineon
6A-8A 20.0 BSZ110NO8NS5
12.0 L.
T0.0 1 Descnptlon (enlargedElEcSe%ti;hemon]
| Features
10.0 60.0 + Ideal for high frequency switching and sync. rec
T "3 - = Optimized technology for DC/DC converters
= B « Excellent gate charge X Rosen, product (FOM)
— 3 * Very low on-resistance Rosor,
£ 84 x 500 * N-channel, normal level
3 2 + 100% avalanche tested
=3 2 * Pb-free plating; RoHS compliant
'E E 40.0 1 » Qualified according to JEDEC" for target applications
= EBO -4 h * Halogen-free according to IEC61249-2-21
E « Higher solder joint reliability with enlarged source interconnection
= a0
4.0 | Table 1 Key Performance Parameters
20.0 arameter Value Unit
Vos 80 \Y
o 10.0 Ros(on)mex 1.0 mQ)
In 40 A
00 | 0.0 | Qoss 19 nC
an 50 10.0 150 20.0 250 0.0 50 10.0 150 20.0 250 Qe(0V..10V) 15 nc
Current [A] Current [A]
{RoHS
Properties Test conditions Value Unit Tal. e’ 0
Inductance 100 kHz/ 10 ma L 15 HH +15%
Rated current AT=50K In 140 A M,
Saturation current AL < 30% laqp M0 A vp.
DC Resistance i 2000 Bpe B/D me2 +10%
Self resonam frequency frag 128 MHz ¥p.
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Vhodni in izhodni kondenzatorji

* MLCC kondenzatorji

Dx(1-D)x1,,, 04x(1—04)x7A

out —
Vinﬂp X ﬁ%‘w

200mV x 400kHz

Cout =
out v
outyip X Jsw

 Dx(A=D)xA4lL,, 023x(1-023)x24

20mV x 400kHz

* AL polymer kondenzatorji

5 x IStep X Dmax x TR_PS

I

Cp

—CeE_Total X (1—Tol.)

Predstavitev 27.3.2019

VIN_Tran _ |
D1 Electrical Properties:

Properties Test conditions Value Uit Tol.
Capacitance 0.25V; 120Hz C 220 WF + 20%

Rated voltage g 2% Ve K

Leakage current after 2 min. I sk 1100 HA M.

Dissipation factor 120 He F 10 % .

ESR 100 kHz Resp 15 me M.

Ripple current 100KHz @105 lripple ABDD A i

Specifications
Capacitance: 68 uF
Capacitance Tolerance:  20%
Voltage DC: 63 VDC, 72 VDC (Surge)
Temperature Range: -55/+105C
Rated Temperature: =~ 105C
Life: 2000 Hrs
Resistance: 30 mOhms (100kHz 20C)
Ripple Current: 2450 mAmps (100kHz 105C)
Leakage Current: =~ 556 uA (2min 20C)
Impedance Ratio at -25C:  1.25
Impedance Ratio at-55C:  1.25
High Temperature Solder: Mo
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Nacrtovanje filtrov

LP, fc = 15kHz Vhodni kondenzatorji
| -
>

o
TE ik TR VIN_cmo+ [T vn_Fs
m || O FEish Lfish |-T-|
——Cyhl ——Cyil VT VL
HlgF SEF TR0 Lomc i St e + cpety &
Lems_ind g T
3 4 o ﬁ L L
- - 4~ 1 LA ——inl ——Cin® Cin3
1 [smkl | ) Smk2 T R = " s 5 =—CEul et IxdTF | ImdToF | ImaToF
= Y Y T
i o =3
OiImM
&0 FRil Ll '
T T D— 1000k, 54 D56 uH, 164 .
¥ k
mPF W T ] D |'_'| TP_“N_F =
TR VIN- TP VIN_cme- 1
. LP, fc = 15kHz
. . VCC OUT
Izhodni kondenzatorji |
_VQUT+ TP_\_F+ TP_VOUT_f+
q—‘ Liouth FEouwh L] | HEC OUT
VYL Y .
D56 ul, 16 A 1000km, 84 S o
1 9 Leme_out?
——Coutl ——FCout2?  ——Cout3 +|_cootl our +| cfou2 P an— = e
2x 10uF 2x 1WF 2x 10uF ——Cpoly T 1009 .y == —_—c
o e 4 8, z T - N
22 0u} e A e sany 25y, 220] 25V, [ 7oF
0.056mEH
L foud FEoutl GND |
n VY VY
056U, 16 A 1000km, 84
= TP_WOUT — e, ] ] 7463000
1 ™ vE TP_VOUT -
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Sofazna dusilka in ferrite bead

Vhodna sofazna dusilka Izhodna sofazna dusilka Ferrite beads

Typical Impedance Characteristics{; Typical Impedance Characteristics: Typical Impedance Characteristics: DC bias current:
10000 10000 1000 1000
1000 I ! 1000
e - -
g ! !"‘ 100 e 100 _aellHNRS
—_ =] o I — 7 —_ P Rt A0 Y
<) p % 4 K | ) v — =) ".. -'“ Py
b hd . o
§ 4 £ f’ M — 2 /‘;‘ ~ $ f.'f s
5 / M T 100 i ™ ] y. 4 g ” Gl
§ / g g / N 5 2t
£ F g- ‘EI' ; LY 8 PAVIERS R0 .
E L E = / E LRI
£ J 2| / / 1 = rAARey
4 4 ’ / 1 y 7 4 /
p 7 10 10 R
/ / s ya
/ 4 / 4 " Ca
10 / 7 10 / ; iy 4
/ 4 R A1
it LR
,/ ' RV
PP UERY
/ L 7 / i RN
/ / I 1 Il 1 L2 ot A
1 1 £ 1 10 100 1000 1 10 100 1000
0.001 0.01 01 | 10 100 0.001 0.01 0.1 1 10 100
Frequency [MHz] Frequency [MHz] Frequency [MHz] Frequency [MHz]
— 7 (COMIM) - =7 (diff) —7 (comm) - =7 (dif) 7 p——y - =R ——Z(@IA wmemeZ @A ssseeZ @A seens Z (@ 4A  e— (0 BAT
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Shema

VOC_IN VoL ouT
veC N Dl
TP_VIN_F+ Cig—
S50V
. o
X cpoly in O‘;F gSZ
T 68uF o
=T Cinl =T Cin2 =—Cin3 |
2x4.7uF 2x4TuF 2x 4 TuF []R.ml
Rdamp 549
0R22
u - ::_.kwp d‘ Choat g
—L 1o —; 51 D1 —:
TP_uvic N — 52 D25
U ML= = I;_‘ L2 oEve |2 e =
. 1 tvio ST G VCC_OUT
16 1
—— T oocmp = *7 vecons - ?7‘_‘
= - v N L TP_VQUT+
e pF TR_VOUT_L
" e ilm Ho i F
L.:r_.“““ 1 2] o s [12 Eree T
405k B 15uH, 14 A
L 1 B2
o s " =
4, 12
& " © 1 Hom : ——Coutl ——Cout2 ——Cout3 + I
. = 3 o3 M . 2% 10uF 2% 10uF 2 x 10uF s
2 o R fell - G []‘6!‘ -
EP l‘nﬂ? -
[]h: [ 182k
230 M CRBTTTOFMATORE
e 7 ea — TP_VOUT-
[]r; n ::Jmur ::UnF =
N Cramp
b h —Lanr —
‘ (== )
10m []M:l
1k
™
TP_GND1 TF_GNDZ TF_GND: v = v
AGND
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PCB Layout

e 100 Cmmd 100 <mm3
20 (mm)—>>
20 (mm)—3=
F
&
‘s% @% |
=
EME 2013 = |
) 07,2019 sy Il m O
! Jan Cvijanévic Hudoklin

100 Cmm?
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Testiranje

e e
& S ;- & °
4 CREST
k) Temp
) 7 9 mve A.

Ql.

PC-Comm (.

| et

|
,!3

—
"

 Valovitost
na izhodu

20.0mvy

)

value Mean Min Max Std Dev ) " . i - |
@D Frequency 134.1MHz 133.5M 131.5M 134.2M 1.321M |[1.00us J[Z-SOGS/S ] [> ¥ 280mVJ
@ Max 69.2mV  67.8m  66.0m  69.2m  1.65m §+v899.1731ms ] (10M points

Frequency 88.50MHz Low signal amplitude

@D Peak—-Peak 110mv 109m 108m 110m 1.03m

19 Aug 2019
Max 100my 100m 100m 100m 0.00 15:17:48
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RBW!: 20 kHz Cancel - Back

Frequency: 15.075 [WHz RBW: 20 kHz Cancel - Back Frequency: 15.075 Mz RBW: 20 kiz Cancel - Back Frequency: 15075 MHz
Span: 29.85 MHz Trace 1: (Freeze) Span: 79,85 MHz Trace 1: (fverage) 10 /10 Span: 29,85 Mz Trace 1i (Average) 10/ 10
Input Att:  -— Trace 2: (Awerage) 10 /10 Save State Input Att:  — Trace 2: (Off) Save State Input Att:  -— Trace 2: (Off) Save State
41-2: 18,75 kHz Marker: 368.75 kHz S i
44,668 dB (87.68 dBec/Hz) -50.93 dBrm (-92.94 dBm/Hz) :
-15
B Save Trace 1 ’
RIGOL DSA815 spcvnn ponne LX .
: \yze IkHz-1.5GHZ
action

Save Trace 2

Sawve Correction
" ki 12:47:34 2019-08-27

-115
dBm

Center: 15.075 MHz

Spectrum Analyzer: Measurement Off
l ' - - Cancel - Back

-
».U

’

“l

Vpliv C sofazno dusill

dBm

Frequency: &9 MHz RBW!: 120 kHz
Span: 78 MHz Trace 1: (Freeze)
Input Att: 0dB Trace 2: (Average) 10/ 10 Save State
41-2: 537 5 kHz Marker: 54.475 MHz
22,293 db {73 .08 dBcfHz) -75.72 dBm (-126.52 dBm/Hz) ]
-15
Save Trace 1 Meas Mode \ L k1
Sooe. T
\ L 7"
-

Section

Save Trace 2

Save Correction

‘ -115 | ‘
Span: 78 MHz]

-115
dBm AR
Start: 30MHz Stop: 108MHz Center: £3 MHz
bpectrum Analyzer: Measurement Off 12 - acte i Analuzer Maac rement OFF

Start: 30MHz
Spectrum Analyzer: Measurement Off
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Mozne izboljSave

‘ Odstranitev bakra na obeh slojih pri filtru in mocnostni dusilki

Dodaten filter pri napajanju Vin LM5117

Povezovanje krmilne zanke vrat

‘ Cenovno optimizirati vezje
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~d
lzbor elementov
» Stikalna frekvenca delovanja 500 kHz,
* Induktivnost tuljave: Lo=—,PP(M‘:i‘;1fswx[1-ﬁ]:
* Induktivnost tuljave 10 uH in maksimalen tok 7 A, e

Impedanca sofazne dusilke

 Sofazna dusilka z vrhom slabljenja pri frekvenci 500 kHz,

80y
75]
70—
651
607
\ 551
=
= > spb—-
p=9
g g
8 \ T 45 bt
= -—
2 E _— L - ]
\ £ a0 CISPR25_class5_voltage Peak
35 P e e S
30 -
251 CISPR25_class5_voltage QP
201 CISPR25_class5_voltage AV
.0 15. 157
Current [A]
10
|ﬂdUktIVﬂOSt tUIave 150k 300 400 500 800 1M 2M  3M 4M 5M 6 8 10M 20M 30M 40 50 60 80 108M
J Frequency in Hz
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Napaki v shematiki
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NapacCna povezava diode D3



NACRTOVANJE ELEKTRONIKE ZA EMC

Predstavitev 27.3.2019

Napaka na PCB tiskanini

i
w
xx

@
=

1

Neustrezna in predolga linija med CSG in
GND merilnega upora
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Testiranje

Temperatura tranzistorja
pri izhodni moci 70 W

Temperatura switcherja pri
izhodni mocCi 70 W

Temperatura tuljave pri izhodni
moci 70 W
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ldeja
* 2% fo, <150kHz

v

* fow = 70kHz
5,2%10°
* Ry = F — 948 - Ry = 73,2k - f,, = 70,130kHz

o L, = Vout (1 _ Vout) » L, = 68uH

Inp *fsw Vin
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Dusilka
* Coilcraft AGP4233-683ME - 68uH

Part number +20% (pH) nom max (MHz) 10%drop 20%drop 30% drop 20°Crise  40°Crise
AGP4233-683ME 68 2.80 2.95 6.4 10.6 12.2 13.0 24 34
Typical L vs Current Typical L vs Frequency
1000 HH 10,000 ~0
470 pH ' o
220 H A
— 100 1]th|: pH ﬁmm 470 pH IS 2%
3 z o LA
@ 68 pH % © 00 L
- 22 yH g 1 }
10 /
2 0 : ﬁTpH 2 10 pH Je5
10 5.6 H =R
33 H
1
1
0.1 1 10 100

Frequency (MHz)




NACRTOVANJE ELEKTRONIKE ZA EMC

Tranzistorja

- MOSFET high:

O

O

O

O

O

Majhen Q,

IPP1OONO8N3GXKSA1
izgube = 2W

ohisje TO220

na hladilu

Siﬁneon

Predstavitev
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IPP100NOSN3 G IPI100NO8N3 G

IPBO97NO8N3 G
OptiMOS "3 Power-Transistor
Product Summary
Features Vos 80 |v
» Ideal for high frequency switching and sync. rec.
i . : R 0s(0n)max (sMD) 9.7 |mQ
» Optimized technology for DC/DC converters
Io 70 |A

* Excellent gate charge x R pg(on) pProduct (FOM)
* N-channel, normal level
» 100% avalanche tested
* Pb-free plating, RoHS compliant

Gate Charge Characteristics”

Gate to source charge Qs - 9 - nC

Gate to drain charge Qg - 5 -

. Vpp=40V, ;=46 A,

Switching charge Q. Vee=0to 10 V - 10 -

Gate charge total Qq - 26 35

Gate plateau voltage V piateau - 52 - Vv

Output charge Q oss Vpp=40V, Vgs=0V - 35 47 |InC
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Tranzistorja

* MOSFET low:

O

O

O

O

O

Majhen Rygon)

IPBO31NOSN5ATMA1L
izgube = 0.7W

ohisje D2PAK

na tiskanini brez hladila

(infineon

Predstavitev

27.3.2019

OptiMOS™5 Power-Transistor, 80 V

IPBO31NO8NS

1 Description

Features

* Ideal for high frequency switching and sync. rec.

« Excellent gate charge x Ros(en) product (FOM)

= Very low on-resistance Rpsen)

* N-channel, normal level

= 100% avalanche tested

* Pb-free plating; RoHS compliant

= Qualified according to JEDEC" for target applications
» Halogen-free according to IEC61249-2-21

D*PAK

Table 1 Key Performance Parameters
Parameter Value Unit
Vbs 80 v
Rbs(on),max 3.1 mg2
Io 120 A
Qoss 82 nC
Qa(0V..10V) 69 nC
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Serew M4
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Serew M3
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o

Screw M3
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PCB
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Moj napajalnik je lahko tudi zvocnik

* Napajalnik se prizge A
s Ko V., ni previsoka th
N

© Pri majhnem izhodnem toku
* Tuljava piska
* = Feedback vezje ni dobro. - Debug.

* Po ponovnih izra€unih in menjavah R in C v povratni zanki vezje deluje
(tiho) tudi pri maksimalnem izhodnem toku.
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Snubber?

* Ups.




NACRTOVANJE ELEKTRONIKE ZA EMC

Predstavitev 27.3.2019

gate

File ‘“ertical Time e igger Display Cursors Measure Math Ana Utilities  Help File ‘“ertical Timehase ) y  Cur 5 Me { Anals Utilities  Help

AR AL AL N AP AR AR I AP AR N N R
A Pl
s
g of - FN .
My { L{
b, d i
¢ {
3 VM
Ao
C1 Hadisn i, § s el P B
) BN SS 'y S OSSR U S SS S SRSE ) SR OSSR (S __(|. inben i it T y N b &wms&hw-w.%< e ezl A
\
\

A AL it

Ll s

o bkt ek s b il et Jal Tl W T SRR PRI RA] L T g 2 s
y .. \/ ypedoinedigh = T o
A A
Measure P1:pkpk(C1) P4:pkpk(C2) P5:rms(C2) PE:rms(C1) Measure P1:pkpk(C1) P4:pkpk(C2) P5:rms(C2) PE:rms(C1)
value 234V 725W 4486 Y 868 Y value 691V 300V 758V 4206 Y
status ' status ' ' 4
1 imebase

10.0 Vidiv 10.0 Vidiv || B 10.0 Widiv 50.0 nsidiv fNormal
-30.00 ¥ offset 0.00 ¥ offset ns 50.0 nsidiv 5005 1.0GSis
225% TEY \ TEY

20.0 Vidiv
-59.00 ¥ offset
174V

448V |- 148 v | 148V
223 v | @y 0 223

856 Y
M2y




Predstavitev 27.3.2019

NACRTOVANJE ELEKTRONIKE ZA EMC

I

=
]
1]
o

BER g ¥,

oR

5o
-G'
a|p




NACRTOVANJE ELEKTRONIKE ZA EMC
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gietreranE EreRRanike e ol
Cilji
lzdelati pretvornik:

* Tapped inductor buck converter

* Spread spectrum buck converter

* Merjenje toka preko RdsOn

* Enostransko vezje izkljucno na spodnji strani

* Hlajenje preko PCB brez potrebe za hladilno telo
Filtriranje na vhodu in izhodu do 1GHz

Gregor Pecar 2019
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Tapped inductor buck converter

Sl I’ll 171

Prednosti: [ w—reee 2
- Vigji izkoristek U L, L "
» Manjsi tok na vhodu Lz
* Vecji duty cycle |

"()IV@,C A D, L. = Ve
Slabosti:
* ViSja obremenitev stikal

* Tok skozi D1 je vedji —
* (Skladno z razmerjem n1:n2)
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Spread spectrum buck converter

Zakaj?
Emisije vezja so enake, vendar so razsejane po frekvencnem spektru, ne
dobimo Spic, efektivno znizamo nivo povzrocenih motenj

Prednosti:
* Boljsa EMC kompatibilnost

e\ oo

kjer se izognemo upornosti bakra v dusilkah
Slabosti:

* Tezje filtriranje v dolocenih primerih, ker je sedaj spekter razsejan

LA VAN ]
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Merjenje toka preko RdsOn

Prednosti:

* [zognemo se merjenju preko uporovnega elementa, posledicno nizje
izgube

* |zgube v merilnem uporu so lahko vecje kakor izgube v tranzistorju

* BoljSe hlajenje tranzistorja, saj je termalna pot neposredna, ne greje se
tudi upor

Slabosti:

* Upor dusi motnje

* RdsOn se spreminja s temperaturo in Vgs

* PoveCana kompleksnost vezja
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Enostransko vezje izkljucho na spodnji strani

Prednosti:

* Motnje sevajo samo na eno stran in ,v tla“ (kar samo po sebi ne
pomeni, da bodo manjse)

Slabosti:

* Nobene uporabe vij, potk, na drugi strani, da se izognemo emisijam

* Problem z visino in postavitvijo komponent

* Problem s hlajenjem komponent

Problem s kapacitivnim spojem dusilke in hladila

Vse SMT
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Hlajenje preko PCB brez potrebe za hladilno telo

Prednosti:

* Odpade montazni material za hladilnik

* Nizji stroski proizvodnje in manj montaze, vrtanja itd.

* Manjsi kapacitivni sklop med tranzistorjem in hladilnikom

Slabosti:

» Zahtevana povrsina za hlajenje je velika, baker pa je tenak
* Velika povrsina pomeni velik kapacitivni sklop

* ViSja delovna temperatura zaradi slabsega hlajenja
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Filtriranje na vhodu in izhodu do 1GHz

Prednosti:

» Zadoscanje delu EMC testiranj s filtriranjem emisij, ki se skurijo v
dusilkah

Slabosti:

* Dusilke in kondenzatorji so strosek

* Filtriranje vhoda in izhoda je 2x strosek, kot ce filtriramo samo vhod

» Za dobro filtriranje pri visjih frekvencah rabimo 2 tipa dusilk, saj zaradi
parazitnih kapacitivnosti motnje prehajajo cez prvo toroidno dusilko

* |zjemne izgube zaradi upornosti bakra, posebno na izhodu

* Vprasljiva ekonomicnost, saj je izguba pik (x2 cene), skoraj toliksna kakor
te dusilke ponujajo filtracije (20-30dB)

- Spice (4V) e vedno pridejo ¢ez
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Kaj sem uspel narediti in ugotoviti

* Tapped inductor buck converter

S dusilko WE-DCT 744851470 se ni obnesel
Pregrevanje ze pri minimalni obremenitvi

* Spread spectrum buck converter
LTC6908 — ni bil na zalogi

DS1090U-32+ - na zalogi vendar ni vgrajen, reseno s 2x NPN avalanche
oscilatorji na delu oscilatorja in Ramp generatorja

* Merjenje toka preko RdsOn
IR25750L — dela, teoreticno, realno pa je popolni polom

Napetostna Spica ob izklopu zgornjega in vklopu spodnjega tranzistorja
sprozi pretokovno zascito
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Kaj sem uspel narediti in ugotoviti

Enostransko vezje izkljucno na spodnji strani:

» Zahtevno, vendar izvedljivo, velik problem z zrcaljenjem, ker zgubis
orientacijo

* Hlajenje preko PCB brez potrebe za hladilno telo

Potrebno termicno resevati s 0.8mm bakreno plocevino na obeh
straneh. Reseno, tranzistorji na 80C po 1h 110W obremenitve.

* Samo enostransko (pod tranzistoriji) ni bilo zadostno, na drugi strani se
je toplota odvajala skoraj tockovno

Filtriranje na vhodu in izhodu do 1GHz:
* Lahko, da je bilo uspesno. Sama postavitev bi lahko bila dosti boljsa
* Dilema, ali zacCeti filtracijo s feritom ali s toroidom ?
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Problemi

Kurjenje zgornjega driverja glavnega Cipa (-2 kom)

* Premajhna induktivnost dusilke

Enormno gretje (120Win pri 100Wout, -1 kom zaradi stika)

* Premajhna induktivnost dusilke

Nestabilno delovanje (pri visjih Vin se vse skupaj ugasne, -1 kom, Cip ok)
* Premajhna induktivnost dusilke in preobcutljiva merilna zanka
Motnje na Vin (4V Spice)

* Premajhna induktivnost dusilke, konverter je deloval v DCM
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Resitve

Kurjenje zgornjega driverja glavnega Cipa

* Premajhna induktivnost dusilke

Resitev, zamenjava z dusilko z vecjim nazivnim tokom in realno
induktivnostjo (+-20% !!!)

Dodane diode (za vsak primer) in RC snubber

Razlog:

WECDIS

PN, e
|
=
=

]
Tl
i

)

i

AT
)
ek

-
il

il
n—? 8
I
4

[[SEE
IHH
IHH

i
I
HH
= 5
i “
[

IHH

—HH

qI|I

|

IHH

IHH

i



-] =) -] L") -] o -] -] -] -] =] -] o -] L") -] o -] -] 109

NACRTOVANUJE

Napake o

SMEUEUNE . °
SHERE I U 78L05
..; °
s Slaba masa e
=
; =i o
' o = el CSS °
@.Ve( g e CRES
= G RUNL
4 = _MRLTCF "~ Ruio. Bifa o
| CuvLG (] °
LMolle R\flr‘sf; 6 o o o
e a2
T b W. L I
- SATLUULY = - 1)
| T T
B | ([EE LI2 cfBerz LIt
. ___gj:é--ﬁ'L '| = & % e I
,3%'% 'I_ | | ER ) 11
@ | | "
=/ [ | \
| | o
el | | | A |
o g | 4 ' 3 o
[¥]|[ Y] | = - V|
B \l lu%l”’ - °
55 S CI4 | o
T \ | °
FE — I|I [ ]
£ 4 o
[ E Shd °
o &l )
|
|| 1 2 ]
o © o o o o




NACRTOVANJE ELEKTRONIKE ZA EMC 110

g—o—n—o_n—g—o—o—o—o

w J

@) :
2 ) Bt -
| s fc’\%za : 4 ¥
i § Plkecec2 @ @ g - %
; ‘R%ggz\— = 1 e [ e B .-'71;‘-
1 78 Ok . T ot

% -
P+
¥
: .y':‘In«,;.
> @n
°9

°0

(*o | I
)
)
)

) NN
f?‘ 7)‘ ~ q KI-“

£5 | Q'@ O

:QU.\"'[_‘V o Q | 1’\? ‘}’\3 5 #
RUMLO.E+14 P A

$ 7 cURILC A e [ fj' ‘1,) ‘f)‘
LMBLLP N - & :

1 RN \ 2 & & ~ & IS q . (90

: B2 CVIN \ - ——— : ~ o e
ROSTRDISZ ./ | = ; ;:jj 4
CDISCRAMR ’ = S g,o

f 1 RgC%Rccs "4 | “Ruk / e : (o I G =
RC%?"' '.,\;‘Q(‘, S 3 4 LokE | /7 -J-Ln—g_ 'u‘:[ l -1

OrsW. T > s
#O. T o T

ey
b2

",——'J
&
5’ - -
o) PPt r‘)ﬁ
> & |00
s o OO
o # >
l' :
= SL
o o
O
c ° o e
- © o o
‘“-*'Wft\? o ° ¢
el © ()
(T ©
2o o e 3¢
. (7'7 o °
o <
) 0%lé0i
$[orko o 8
S HFS (o] o) (o] QO o

o)
(o]

0

(o)

o

o
On




. | | 2 . ‘ 3 ‘ 4
Kondenzatorski bloki
Lil Ll LI2 ek I‘E‘_LMMN 4 o LO2
Pwr )E = ’VW“I—’VWW— o _—Tr_ J_ Pwr ,\- cn +14 col
CIl Cl2 o o E ] <ol co2 J_m\ SOUT dour
: T T Lo [ ™, T T : oo SIgREgIs
Ferrite 1/2 Ferrite 22 Line filter R 5 Line filter Ferrite =
A 2480hm 2480hm 320011 PGND AGND 56,11 2480hm jf;'— mnp—_[— n T L0 T 'm'é? T m‘—r ‘m‘T 7 A
IR = et L e ) — Pwr GND GND G\D GND
Vhodni filter Izhodni filter
If; ci2 IN co2
BOUT | & - o B OUT
i A N ]
jﬂ?— 100n - Tan [ 1 ] amowr
| ; | W ki -
HB GND GND GND GND
HO N [aik] N O3
Ve 14 RHB R:Jr 0 2 sout | § + + 5 = OUT
: oR¥1 1 B A B
48V 12 T woon] 10n ] in ] Wk
N Ve Source v o - b
t GND i GND GND
L DNC | QH
B ——CHBEZ |'= N Cl4 5 B
lu Vee Sink 2 n r 2w o bg
on T oo A
ZXGD3006EG RSW Iu ] o] 2] 22
+ T —tSW W v
RSNB RLI DP2 4 oL GND GND
10 LO<-
RCC2
4RV CSNB RCSG +14 M
10n
CCLK P
"CLK ]
71 RT SR RCCI
36V 13 : AGND
QP ) RCC2
. MOSFET-N P M CCUL pecy  Rocs ROCH
— — RAMP
(2 1k CCl1 M 1M (2
RCC3 In
AGND AGND
AGND
=Copperfill
| RZ3 |
LM5117 i
1 +14 48V
EB —f—0 AGND T
UVLO <-——i— UVLO VIN —f9— 4> VIN o
N/C<+—3% DEMB HE —2  —t=HB AGND
RES<-—— RES HO —o— = HO REAMP DvCeCe RVIN c : ; r
4 c 2
55 <p P g W —t o SW - 1500k RT 10 = Zunanja zanka | -&=Zunanja zanka 2
RT<—f— RT VOO —o—-bVCC UCOMP2 ; 5 RES 4=88 RZ1 RZ2
AGND <+——2— AGND LO —i—thO CDIS RAMP ~ FRRT 100, e ik VAR J—CSS 10 10
VCCDIS €——{— VCCDIS PGND —j3—>PGND 180p CRAMP |47k CoMP ovee CVIN CRES |
D FB-<——1— FB C8G —5—+-CSG 1nx2 lu 100n —vrlﬂou I u D
COMP <—d— COMP €S ——>CS AGND AGND
N/C <——— CM RAMP ———>RAMP  AGND AGND AGND AGND AGND  AGND AGND AGND AGND AGND AGND

Ni vgrajeno




NACRTOVANJE ELEKTR

ONIKE ZA EMC

LIl Lz LMAIN LOI LO2 ’ .
]]"h““ bl Sﬁ}“_ B vt Vot Kondenzatorski bloki
Por —] r‘\_'_ m - v Lo Fopes
Pductor nductor &;Lucror 4 Inductor Tndumor ]r&mor a8
mH IDmH mH o
d PP /j"\)'\/'\/'\T w,u-\m_]— ] =Vale A CIlin €T3 A
Inductor nducior Inducior Induetor nducior 4+ 4 + L= LT
A 10mH 10mH 10mH PGND AGND gy 10mH L L6 1
LT =) - Pwr Valye | =Valye | =Valu} § =Valhd =Value
Whodni filter Izhodni filter —%ll,— T —élf:—
GND GND GND GND
i
' IN ci2 02
g LTC8908 14 UATELOSCD —5 a oot TE co2
. ' - -~ - .l O ouT
H LIv- oun [ cik E— N out ﬂ Ay Ly [, L G o 10 1
— o TAGND <——— GND OUT2 |— CLNI  GND CLNO valle  =Valde i =Valuk | =Valhe =Value i oy e g T3 4
(LTIF ,—3 SET  MOD 1 AGND Value ,3,6,?;|7 Value ;1: : I} | ! ;l’— Vi |=Vaie | =Vaig} |=Vafuq =Valu
TR RLTC GND GND IND GND
1 ; ; GNE
AGND AGND AGND AGND
Clock Gen | Value s IE Cl4 o
MNapajanje clock generatorja 5V LS LS o A= OUT
I I O A I A I A 1
r i3
out o1 5 # TT T =valde | =vahfe | =val] | =Vakic =Value —Valfe | =Valfe | =3
RSET ICO [— 1 [ ey va |3 W AL S Sl S
B vee I | 21 [ GND GND
GND 10 2 2| GATE com |2
AGHD AN TR KGND PGND
—
CSG VIBGND .
LO LO 1R25750LPBF +48V
Icu
— L1 RL2 QH
Value MOSFET_POWER_1
SW
DL DL2 I
CDOE e BITIeaRs-R0140R
40808, QL .
—‘._0_{ MOSFET_POWER_| S
@ ™
PGND PGND
H=RES L85
CRE 58
Valuy Value
AGND  AGND
LM5117 - 1 vee
1 14 = SLE 14 Y +14 48V 14 (upp:rrll
EB —j—AGND T
UVLO <k ——— UVLO VIN —fg——VIN T
N/C<—3— DEMB HB ———~>HB CCLK [ IRFBI Ve "l'~'
3 - [ .
RES <F-—jy— RES HO ——-HO RRAMP Value | |=vale L =Value DVCE RVIN DHB D-14
55— 88 SW —e—L>5W alue RT ) CDO603-BO14OR | J4value C IS0 B0 140R aND
RT <+——— RT VCC —g—VCC FB J_CC yioc VIN .
AGND <+——— AGND LO —7—>L0 RAMP - Mlrirr RFB2 RU\! - T HB
VOCDIS <—3— VCCDIS PGND —.;—h[;s]"(]jq[) CRAMP Valug Value CUVLOD CVCC CVIN CHB éunamn zanka | dumnn zanka 2
D FB<——}— FB €S0 —5—L0SG Value Valug Value Value ne
COMP <l——— COMP CS ——>C8 -5 falue V .|uL
N/C<——— CM RAMP ———>RAMP  AGND AGND AGND AGND AGND  AGND AGND AGND AGND
ICR
AGND AGND
1 2 3 4



NACRTOVANJE ELEKTRONIKE ZA EMC

Predstavitev 27.3.2019

Katero vrednost izbrati za Ramp upor ?

Electric Characteristics RRamp ?
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Nacrtovanje
elektronike za

MAHLE @ sSi= w7rbe= =4

WURTH ELEKTRONIK

/ Laboratorij za fotovoltaiko o , AM"E _
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f: 100 kHz
* L: 68 uH
M: Si7252DP

* lpp: 1.58 - 1.46 - 1.26

* HS losses: 1.96 (DC: 0.82 + SW: 1.14)
* LS losses: 1.55 (DC: 1.28 + SW: 0.27)
* totla losses: 3.51

222
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PowerPAK® SO-8 Dual

Top View Bottom View
PRODUCT SUMMARY
Vps (V) 100
Rps(on) max. () at Vgg =10V 0.018
Rps(on) max. (2) at Vgs =7.5V 0.019
Rps(on) max. () at Vgs =6V 0.021
Qq typ. (NC) 122
Ip (A) 36.7
Configuration Dual
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Inductance / DC Current (20.0°C)

90 pH
é |4
30 uH T
| w
49
70 uH .-4
11.0 +1.0
60 pH
220 #1.0
50 pH
5] |
E H — 74435586800
g = — 74435588200
= o
-
— 40 uH e
a5 +.0
30 pH
20 pH .
72| =
= H
uw
10 uH Marking | o
0H T T T T T T T T T
0A 2A 4 4 6 A A 10A 12A 14 A 16 A 18 A 20 A
Current
| 74435588200 WE-HCI 2212 single 820pH  30.4mQ 7.00A  850A 500MHz 225mm  220mm  12.4mm 125°C  Shielded MnZn
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Temperature Rise / DC Current (20.0°C)
90 K

80 K

TOK

60K

S0K

= 74435536300
== 74435538200

40 K

Temperature Rise

K

20K

10K

0K ' —_— T T T T T T T
0A 1A 24 IA 44 A GA TA A A

Current

4| < T4435588200 WE-HCI 2212 Single 82.0uH 30.4 mQ T.00A 8.50A  5.00 MHz 22.5mm 22.0 mm 12.4 mm 125°C  Shielded MnZn
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VVsak zna narest switcher

- doc. dr. Marko Jankovec
uvodno predavanje EMC delavnice 2019
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Your PC ran into a problem and needs to restart. We're

just collecting some error info, and then we'll restart for
you.

20% complete

For more information about this issue and possible fixes, visit https://www.windows.com/stopcade

If you call a support person, give them this info:

Stop code: CRITICAL PROCESS DIED



VVsak zna narest switcher

- doc. dr. Marko Jankovec
uvodno predavanje EMC delavnice 2019



NACRTOVANJE ELEKTRONIKE ZA EMC

Glasujte za projekte

* https://forms.gle/2xmfhwprNKmE7epr6
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