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{ VI digte

AKDriStese uA a LINJ @f C  ®Absolute maximum ratings (T, = 25°C)

N ap ona Parameter Symbol Conditions Limits Unit
] ] . Repetitive peak reverse voltage Vem Duty =0.5 400 "
Asruje do nek0| I kOhllj ada Reverse voltage Vg Direct voltage 400 v
amperasaprobojnim G giass epoxy SUbsaE. [rcn:

P . P J ) - Average current o |60Hz haf sin wave , Resistive load] "~28°C 2 A
naponi mado nekolikohiljada T oaiive omard surge coment| Tras[rz ratt sinwave , Nomrepetive a7 250| 50 A
VO Itl Operating junction temperature T; 150 °C

N 4 H Storage temperature Teg 5504150 | °C
| Jredstavljajuppnnt
strukturu ®Electrical characteristics (T, = 25°C)
. ] Parameter Symbol Conditions Min. | Typ. | Max. | Unit
APrimer: RR2L4S
Forward voltage Ve le=2A - 09 | 11 vV
Reverse current lr Vg=400V - 0.01 | 10 nA
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DiodniA & LINJ @f 21 6 A

Alzlazninaponidealnogh & LINJ trélfa @albuiié DC signal belzarmonikai poskakivanja
AUlaznastrujatreba dabude sinusoidabezharmonika

AUkupniTHD¢ total harmonic distortionulaznestrujei izlaznoghaponatreba dabude nula, aulazni
faktor snagetreba dabudejedan

AUlaznifaktor snage(PF¢ power factor) R S ¥ AsgkaoO S

5 n P -,
o O W Ee |

o G5

gdeje. ugaoi 1 Y ®hanekomponenteulaznestrujei osnovnekomponenteulaznognapona
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Slmulacuapolutala LIN3aRLf 2 I

sniA a L
2L SNBSSYyeSY
our>

D1

N
> OuT
RR2L4S =1
V1
- 1

SINE(0 230 50) _ )| 4

tran 50m
.FOUR 50Hz I(D1)




SimulacijapolutalasniA N3aRlf 2 |

a L
2 L0 SNBOSYy2SY

1(D1)

14A
13A4
1274
11A4
10A

T
360V V(out)

300vH

240V

180V

120V

60V

0V

-60VH

-120v

-180v4

-240V- T T T T T T T T T
Oms 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
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Simulacijapolutalasni a LIN3aRLf 2 I
2 LI SNBSSy e2SY

AZboginduktivnog 2 LJi S NBzafhiyhabon je i negativanu negativnoj poluperiodi ulaznog
napona Dabi sediodaA a 1 f, gotsbriofe tlastrujaopadnenanulu

ANa osnovu Furueoveanal|zeS|gnaIadob|Jamo daje THD4.33% . =-84.6°, pa se za PFdobija
0.094 pasel | | f @alaGakizaénfiguracijenije pogodnazaispravljanjenapona

APFY 2 B38LJ2 @ S\etivinjemantiparalelnediode sa2 LJi S NB oT8048.(8% . =10.44°,
PF6.897

Fourier components of I(dl)
DC component:6.63579

Harmonic Frequency Fourier Normalized Phase Normalized
Number [Hz] Component Component [degree] Fhase [deg]
1 5.000e+01 7.128e+00 1.000e+00 0.00°
2 1.000e+02 2.320e-01 3.254e-02 49.81° 134.41"°
3 1.500e+02 1.452e-01 2.037=-02 74.44° 159.05"
4 2.000e+02 1.025e-01 1.43%e=-02 100.27° 184.88°
5 2.500e+02 6.98%-02 9.804e=-03 125.77° 210.37°
] 3.000e+02 5.101e-02 T.156e-03 152.63° 237.23°
7 3.500e+02 4.091e-02 5.73%=-03 177.53"° 262.13"
8 4.000e+02 2.562e-02 3.5094e-03 -143.55° -hB. 095"
9 4.500e+02 1.941e-02 2.723e-03 -108.25° -23.65"

Total Harmonic Distortion:|4.337693%|(4.357066%)
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Simulacijapolutalasni N3aRilf 2 |

lasnih & L
2 LI SNBoSyeasSy

1(D1)

33A

30A-
27A4
24A-
21A4
18A
15A1
12A1

240V

220V
200V
180V
160V
140v
120v
100V
80V
60V
40V
20V
v+

-20V- T T T T T T T T T
Oms 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
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SimulacijapunotalasnA & LIN3aRif 2 |
2 LiSNBoSyasy

D1 D3
NN R1
T Vi RR2L4S | RR2L4S 1
- N
SINE(0 230 50) D4 D2 L1
— /\ /\ 100m
RR2L4S RR2L4S.

.tran 50m
.FOUR 50Hz I(V1)




Simulacijapunotalasnit N3aRlf 2 |

a L
2 L0 SNBOSYy2SY
/N

V(NDD2, NOC
240V V(N002,N004)

N 2\

Fourier components of I(vl)
200V DC component:-4.76324
180V Harmonic Frequency Fourier Normalized Fhase Normalized
Number [Hz] Component Component [degree] Fhase [deqg]
160V 1 5.000e+01 6.032e+01 1.000e+00 175.05" 0.00®
2 1.000e+02 1.517e-01 2.515e-03 172.91° -2.15"°
140V 3 1.500e+02 1.996e+01 3.310e-01 -179.29° -354. 35"
4 2.000e+02 9.08%=-02 1.507e-03 164.68° -10.37"
120V 5 2.500e+02 1.200e+01 1.98%9e-01 -179.25" -354.30°
6 3.000e+02 5.113e-02 B8.477e-04 156.57" -18.49°
— 7 3.500e+02 8.546e+00 1.417e-01 -179.54°" -354.59°
8 4.000e+02 4.487e-02 T7.440e-04 152.10° -22.95"
sov- 9 4.500e+02 6.661e+00 1.104e-01 -179.33" -354.39°
Total Harmonic Distortion: 42.590092% (47.829219%) |PP=0.916604|(0.898765)

60V
40V
20V

0V

-20V T T T T T T T T T
Oms 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms

Y ¢95w! %! alLYwh9[9Y¢whbLY| X 9[9Y¢whb{YL C!lY|[¢9¢C DbL-~




Bipolarnitranzistorisnage

Akoriste se u kolima koji ne zahtevaju visoke
LING | AfRekvéngij&do stotinakkHz)kao O (

suLINE | AizRdrirdapafanja

AC A 1 prédstavljajunnpn* strukturu: n'n- je
kolektor (n je episloj), bazaje p, aemitor n*

APrimer. 2N6546

Y! ¢95w!

Y

Designer's™ Data Sheet
Switchmode Series NPN Silicon
Power Transistors

The 2MB547 transistor is designed for high-voltage, high-speed, power switching
in inductive circuits where fall time is critical. They are particularly suited for 115 and
220 volt line operated switch—mode applications such as:

+ Switching Regulators

+ PWM Inverters and Motor Controls
+ Solenoid and Relay Drivers

+ Deflection Circuits

Specification Features —

15 AMPERE
NPN SILICON
POWER TRANSISTORS
300 and 400 VOLTS
175 WATTS

High Temperature Performance Specified for: CASE 1-07
Reversed Biased SOA with Inductive Loads TO-204AA
Switching Times with Inductive Loads (TO-3)
Saturation Voltages
Leakage Currents

MAXIMUM RATINGS (1)
Rating Symbol Value Unit
Collactor—Emitter Valtage VCEQ(sus) 400 Vde
Collector=Emitter Voltage \"CEK{SLS} 450 Vde
Collector-Emitter Voltage VCEY 850 Ve
Emitter Base \oltage VER 9.0 Vdc
Collector Current — Continuous I 15 Ade
— Paak (2) lom 30
Base Current — Conlinuous Ig 10 Ade
— Peak (2) IBM 20
Emitter Current — Continuous IE 25 Ade
— Peak (2) IEM 35
Total Power Dissipation Po Watts
@Tc=25"C 175
@ Te=100"C 100
Darate abovae 25°C 1.0 Wiee
Operating and Storage Junction Temperature Range T, Ts‘tg -85 1o +200 C
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t NB | Az®tindpgjanja
AUlaznii izlazninaponasu DCc¢ nazivajuse DGDCkonvertorima

AKoristese komponentesnage(BJTMOS,|IGBTkao LINE | & IRNIS ‘[)\§ed§Nara| zatvarg tako
da se na 2 LJu S NFpojsvlyijetednja vrednost ulaznognapona pri 6 S Ysdzkoristi PWM
tehnika

ADGDCkonvertorsasamojednomLINE | A Fkbnipdn2nibmnazivase DCchopper

APostOJe LJNB°[ A c’RIlezCI)nhﬂ)ona (stepdown, buck konvertor 6 2 LI5S NJHzOnaﬂ)ona)
LINS | ALB2 I%)\hb?dor(a(stepup, boost konvertor), LING | AifReért6rnadpong LINBE {1 A R 6 |
blokirniLING U @lybakkkdnvertor), X
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SimulacijaBJT buck choppeBJT

A4

a LJdz@apona

VOUT »

Lo
2 3
- Q L1
O «~ - f Ej fj L
145.84
V1
+ R1 D1 LS
- 250 VAN 200p
20 o | 1No14
L L

<

PULSE(0 300 0.1n 0.1n 16.7u 40u)

.include 2n6546.txt
tran 2.5m uic

Y ¢95w! !

R2
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SlmulacijaBJT buck choppeBJT
a LJdzQapbné

e
AQL je LINB 1, RR2 B NJ Y Badnk @1 3 L
struju, V2 je PWM generator,LJ2 RS O S o & Y —m
duty cycleje 42% 145.84p
AKadaje LINE 1 Zafedred) kroz kalem L o C1
LINE §tiujékSjasemenjau vremenu RT ~ - R2
YO w T 20 29 1 N91a 200 °
- V2
Yo U
AStrujane LINR &raz®19er je inverzno
polarisana na krajevima kalema se L L

iIndukuje napon koji se suprostavlja
naponuVl, (i S Od& smanjistruju kroz
kalem Cl ima filtarsku uloguy, smanjuje PULSE(03000.1n 0.1n 16.7u 40u)

.include 2n6546.txt
poskakivanjezlaznoghapona ran 2.5m uic
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SlmulacuaBJT buck choppeBJT
a LJdzQapbné

AKadase LINB | atveri, ia krajevima

2N6546

#—VD>
o

|

kalemase indukuje naponkoji direktno
LJ2 t | dNdd®) ko da je promena
struje u vremenu
YO ® W ¢ R2
Yo 0 200p 5

AKalemseLJ2 Y ka0 izvor, preko diode

se zatvara provodi put, tako da kroz
LJ2 O NPLANRG §tr0168 | kada je
prekinutoR 2 @ 2 Snap6raadl.

Alzlaznlnapono iti:

PULSE(03000.1n 0.1n 16.7u 40u)
w Q}O 8 C¢C T L8 'DO .include 2n6546.txt

.tran 2.5m uic
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SimulacijaBJT buck choppeBJT

A4

a LJdz@apona

1.8A
1.6A
1.4A4
1.2A
1.0A4
0.8A
0.6A
0.4A4
0.2A4
0.0A
20A
|16A-
1274
8A
4A4
0A
,4A—
,BA—
-12A4
-16A
208 Vivd)
20V [ 03_bjt_buck_chopper X

Cursor 1

I(V1)

Viwout)
Hom:| 2.1397516ms  Vet:| 5.0460121V

Cursor 2

Holz:l - NjA- Vell:l - NjA-
Diff (Cursor2 - Cursor 1)

L L L Holz:| - N/A— \f'ell:l -~ MN/A—
By 'L_L L LA LJ L1 LI Fea| - N/A- slope | — NfA- o L LS b L

2.8V

0.0v T T T T T T T T T T T T
0.0ms 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms 2.2ms 2.4ms
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SimulacijaBJT buck choppeBJT

A 4
> L \] d @ Y b !

24y V(vout) V(vd) I{L1) 5.9A
- 2.0A

21V
- 1.8A

18V
- 1.6A
157 - 1.4A
- 1.2A

12V
- 1.0A

9V

- 0.8A
6V
/\ A B D'GA

3V - 0.4A
- 0.2A
0V
I —
- 0.0A
_3V_
-0.2A
-6V T T T T T T T T T T 0.4A
2.312ms 2.320ms 2.328ms 2.336ms 2.344ms 2.352ms 2.360ms 2.368ms 2.376ms 2.384ms 2.392ms
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SlmulacuaBJT buck choppeBJT
a LJdzQapbné

AFrekventna analiza kola: dodati AC
komponentugeneratoruV2, simuliratiu
opseguod 10 kHz do 10 MHz, u 10
ul 6 potdkadi

At NB | A RIE66S|al U e/ shekaliko
desetina ili stotina kHz, do nekoliko
MHz Trebavoditi NJ 6 dxy"Wemenu
potrebnom za otvaranje i zatvaranje
LINE 1 ANeRY B OR52 @dinaponskih
LINB Y I (bScifagija

AZbog viskoih dz6 S & ( lzayTd #réba < _ " -
korlstltl brze LINS {1 A BT~6210S] A 2S @S
diode. L1 je (i A LINelikgiBduktivnosti PULSE(0 30 0 0.1n 0.1n 16.7u 40u)

.include 2n6546.txt
pasezatokoriste kalemovisajezgrom ¢ dec 10 10K 10MEG

L1
0 =

C1
D1 R2

VAL 200 5
1N914
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SimulacijaBJT b

a LJdz@aponé

uck choppeBJT

18 B : 180°
9dB ' ; ~160°
0dBA ¥ 03_bjt_buck_chopper X ;

Cursor 1 : [-140°
Vivd) H
Freq: | 998.53539KHz Mag: 10.070522dB @ i
-odB- Phase: | 58.97124° O ;
Group Delay: 744.95513ns i 120°
Cursor 2 :
-18dB Freq - N/A- Mag, — N/A- ;
Phase — NJA- : -
Group Delay: = NAA- E 100
Ratio (Cursor2 / Cursor1) :
-27dBA Freq| - NA- Mag - N/A- :
Phase —N/A-
Group Delay: = NAA- E - 80°
-36dB+
- 60°
4506
- 400
-54dB-
- 200
-63d8 .
S e F Q0°
-81dB T T T T T T — T T T T T T T T T T T T -20°
10KHz 100KHz 1MHZ IDMHZ

¢95w!

Y
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SimulacijaBJboostchopperg BJT
LJ2 R khdpbné

D1
’ M ‘ —n VOUT
150p 1N914

V1 2N6546 — R2

CF) 200p 100

5
| |

PULSE(0 60 0 0.1N 0.1N 26.7U 40U)
.include 2n6546.txt
.tfran 5m uic
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SimulacijaBJT boost choppeBJT
LJ2 R khdpbné

AV2 je PWMgenerator,duty cyclesignalaje 66.7%

APrinciprada kola d t Ajé Kagkod buck chopper,
zasnivase na prenosu energije akumulirane u

L1 D1
kalemunakondenzator Iy S P m—
150p 1N914
AKadaje LINE | z?atBbI‘enstrUJa krozkalemje: R1
YO al c1
LV 500 2N6546 Ta0o §R2
Yo O (_) V2 u 100
5 T R3
AKadaseLINE 1 gtvBristiujakrozkalemie: C-) §10Meg
YO o W
yo 0 % = = = =
) ) PULSE(0 60 0 0.1N 0.1N 26.7U 40U)
Azlazninaponije: include 2n6546.txt
) .fran 5m uic
b} (L) U 7
) = P W

P Q p TOPX
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SimulacijaBJboostchopperg BJT
LJZ2 R Ahadpéna

14V

134

12vH

11V

10V

'y

8V

7V

6V

5V

4V

3VH

2V

T T T T T T T T T
0.0ms 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0me
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Inverteri

ADGACkonverterise2 0 A Bayidjuinverterima ulaznisignal je DC, izlazniAC

AKomponentesnagese uovim kolimakoristekaoLINJ 1 :ArékVeidciiaizlaznogsignalazavisiod
vremenakolikoje LIND | gtvBrénfodnosnozatvoren

AKoristese: BJT, MOS, IGBT, GTO, kiGTori.

APostojeNJ T fviesielnieera PWMinverteri - voltagec source fiapr. trofaznisinusn) i
current source; Resonafftulseinverteri.
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SimulacijaHaltBridge ResonarRulse
Inverter

- -
c1 '3123 Q1
V2
4 1N914 2N6546
V1 L1 R1
- IB—W—/\/\/ A L
_ 50 1 PULSE(0 40 0 1n 1n {{DC}/(200*{f})-2ns} {1/{f}})
100
C2 D2 Q2 R3
AN V3
4y 1N914 2N6546
< - "
* * -
INCLUDE 2n6546.txt PULSE(0 40 {1/(2*{f})} 1n 1n {{DC}/(200*{f})-2ns} {1/{f}})
.param DC=80 f=50KHz
.tran 400u
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SimulacijaHaltBridge ResonarRulse
Inverter

AOvo kolodeé:lnosmerni napon od 100 V, pretvara u
r

I A vaugabdrinapon100Vpp, a frekvencija o o] N R
?;Iazno_gsi nalaz l?%&s @%rwwenc%gmsignalakoﬁi l ZLM
12y du TovekadtJNB 1"A Rl 0 S U

. . . . L. . X g ”<_>00 1 50p 1 PULSE(0 40 0 1n 1n {{DC}/(200*{f})-2ns} {1/{f}})
AKondenzatoriCl i C2 suistih kapacitivnostj O Ul2y | 6JA° | 2l N
a je na svakomod njih po 5(\)/ \{ (12/3:50 V). Kadase y ol vesss IV
a

d

dzL £ Sldzﬁw\l- AP A @a0d Odaje naponna . . —

Ej]- u \E\/Q:lS (b’\/d O k J e Ql d Z‘I f a CB @yf n |, a ;LE';';,‘,’P.E&%‘ES ,ieg (t,f(tHz PULSE(0 40 {1/(2*{f})} 1n 1n {{DC}/(200*{f})-2ns} {1/{f}})
p raZ n l .tran 400u

AKadaseA & 1 DRmmdoAu i } A padananulu, pa Y2y

jeizlazninaponV,—50V. a S S dzisadase C2 prazni 40V —
prekoLJ2 U NXH @kocm seCl dopunjuje 0 .
Al 1t 2 dz6 xrabtisip@ Yl | 6Ase2 RNIa | 8 10 20t (us)
0V, pai izlaznina onna-50V. @2 sei dalje praznj a Cl V3 C
puni, svedokse(S)Z naA a 1 ,for&l@zéckiusponavlja %Vf |
0
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SimulacijaHaltBridge ResonarRulse
Inverter

110V
90V—
70V=
20V
30V
10vH
-10V:
58V

V(a)

V(b)

52V

45V

V(NOO1,B
55V ( B)

49V

naponnaCl

42V
60V
40V
20V
v
-20v
~40v
60V
3.5A

V(A,B)

-0.3A4

-4.2A
4.2A

0.4A1

-3.5A T T T T T T T T T
Ops 40ps 80us 120ps 160ps 200ps 240ps 280ps 320ps 360ps 400ps
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SimulacijaHaltBridge ResonarRulse
Inverter

60V

SDV-'\
40V

30V
20V
10V

-10V4
-20V
-30V
-40v
50V J_/J—)f_lw—’u—fd__au—/g—”u—’u—’w—Ju—’u—’u—’J—’J—’u—’u'—’f:5OkHZ

-60V- T T T T T T T T T
Ops 40ps 80ps 120ps 160ps 200ps 240ps 280ps 320ps 360ps 400ps

V(AB
60V- (A,B)

S0V~ ey ’\_ —
40V

30V
20v+
10vH
0v+
-10v4
-20V+
-30V4

40V
50V | Hrﬂr_'-l—l_h_’_Il_'l_r—'J—l—J—JJ—'l_l_.l_‘l_l_.l_l_.l_.l_r'Jr‘—'.l_l_l_‘.l_.l_l_l_.l_l_l_‘f:lOOkHZ

-60V- T T T T T T T T T
Ops 40ps 80ps 120ps 160ps 200ps 240ps 280ps 320ps 360ps 400ps
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MOStranzistorisnage

Almajuvisokuulaznuimpedansyi 2 y U N&apbrOmpaje upravijanjejednostavno

AUnipolarnakomponentag velikabrzinaprekidanja pogodnizaLING | A iR/bréngp&janjai u
kolima za upravljanje radom elektromotora U upotrebi su uglavhom NMOS zbog @ S
pokretljivostielekironau odnosunaO dzLJt 2 A ¥y S

Almaju pozitivni temperaturni koeficijent otpornosti dz] f 2 dzfedhgsenno je paralelno
vezivanje@ A M@Stranzistorajer se brzo uspostavljabalansstrujai smanjujeseY 2 3dz0 y 2 &
proboja

AMOSne mogudaA T RANEOESonei provode2 I €rGjeody | 2a Yy BIDY A 2 A K

APodela LDMOSateralni double diffused MOS)¢ pogodanzaprimenuu & y I Oigfdgrisanim
kolima, VDMOS(vertikalni DMOS)¢ pogodanzaizradua y I Qlskrekhih komponenatazbog
@ S 6gBstine pakovanja (A @S R A YAt yd@ 6 SeRsagbnalnegeometrije vezanih
paralelng.
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MOStranzistorisnage

EOUrcE pate drain gale
77
n= well

n= = drain extonsion channel regon
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P~ epidayer

p* subsirate
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drain

LDMOS VDMOS
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