
 

 


אא

אא

٢٠٢٠٦٦



א ٢٠٦ 
 

א  א 
 

  

 

 
 

 ،،אא،אW 
 

 אא א א א א א אא
אא،אאאאאאא

אאאא א
אאאאאאWא

אאK 
 אאאאאאא

  א        ،א אא  
א א אא א  א ، א 

א،אאאא
אאאאאאאאאאאא

אא،אא
אא،אK 

 אא?א??א?
אאאאאאאK 

 אאאאאאא
،א،אאאא

אאאאאK 
  אא א؛   א
אK 

 
אאאא  

 



א ٢٠٦ 
 

א  א 
 
 

 

 
 

אאאאאאא
אאאאא،אאK

אאאאK 
،אאאאא

אא،אאאאאא
אKאאא
אKאFEא،א

אאאאKא
א،אאKא

אאאאאאKא
אאאאFאאEאאא

אאאאKאא 
אא،אא

אאאאאאאא،
אאאאאאאאUPS،

אאאאאאאא
אאא،אא،אאא

אאK 
אאאאאא

אאאאKאאא
אאאאאאאK 

אאאאא،
אאאאא،אאאאא

אאאאK 



א ٢٠٦ 
 

א  א 
 
 

 

אאאאא،אאא
אאא،אאא،א

אאאאKא
אאאK 

אאאאאאא،
،אאאאאאא،אאאא

אאאאאאאאK 
אאאאא،אא

אאאאאאאאא،
،אאאא

אאK 
אאאא،אא

אאKאאאאאK
אאאK 

אאא،אא
،אאא

،אאאאאאאK
אאאאאא

אאאאK 
אאאאאW 

• אאאK 
• אאאאאאאK 
• אאאאאK 
• אאאאאא 
• אאאאK 
• אאאאאK 

 



 

 

  

אאאאאאאא  

אא  


א





א





א


א






١
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אאWאא،אאאאאא

אאאאאKאאא
K 

 
אאWאאאW 

١K אאאאאאK 
٢K אאאאK 
٣K אאאK 
٤K אאK 
٥K אאK 
 

אאאWאא٩٠K٪ 

 
אאW٩K 

 
אאWK 

 
אאWאאאא J١K 
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א א אאאא 
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אאWאאאא 
Semiconductors Used in Power Electronic Circuits  

אא١٩٤٨،אאאאא
אאא١٩٥٦Kאא١٩٥٨א

Kאאאאאאא
אאאאאאא،אא

אK 
אאאאא

אאאאKאאא
אאאאאאאK 

١ J١אאPower Electronic Circuits  
אאאא،א

אא،אאאאאאא
אאאאאאK

אאא?א?،١ J١،
אאKאאFא

אEאW 

• אאא • Diode rectifiers (uncontrolled rectifiers)

• אאא • ac-dc converters (controlled rectifiers) 

• אא • ac-ac converters (ac voltage controllers)

• אא • dc-dc converters (dc choppers) 

• אא • dc-ac converters (inverters) 

 



א ٢٠٦ אא 
א א אאאא 
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١ J١א 

 

١ J١ J١אFאEא(uncontrolled rectifier) 
אאאאאאא،

אאאא،אאאאא
אKאא١ J٢K 

Uncontrolled rectifier


Fixed dc voltage  
 

א

 
Fixed ac voltage  

א  

  
١ J٢אא 

١ J١ J٢אFאEא(Controlled rectifier) 
١ J٣،אא

،אאאאא،א
אאאאK،אאאאא

אאKאאאאK 
 

  
١ J٣ 

 

Controlled rectifier 
 א   

Variable dc voltage

א 

 
Fixed ac voltage  



א ٢٠٦ אא 
א א אאאא 
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١ J١ J٣אא(ac voltage controller) 
،אאאא

אאאאאא،
א١ J٤א،אא،אאאא

אאאאאאא
אאKאאא،אאא

אאאאאK 
 

Ac voltage controller
אא

 
Fixed ac voltage  

א  

Variable ac voltage 
 

א

  
١ J٤אא 

 

١ J١ J٤אא(dc chopper) 
אאאא

אאא
אאKאאאאאאאא

،אאאא١ J٥אא
אKאאאא

אK 
 

Dc chopper 
אא

 
Fixed dc voltage  Variable dc voltage 

 
אא  

  
١ J٥אא 

AC

DC



א ٢٠٦ אא 
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١ J١ J٥א(Inverter) 
אאאאא

אאא١ J٦Kא
אאא،אא

אאאאK
אאאאאאאאאא

אאאאאאאאא
אאKאאאאא

אאאאאא،א
UPSK 

 

Inverter 
א

 
Fixed dc voltage  Variable ac voltage 

 
אא 

  
١ J٦א 

 

אאאאאאאא
אאKאאא

KאאW 
 JאאאאK 
 JאאאאאK 
 JאאאאK 
 JאאאאאאאאK 

אאאאאא
אאאאאK 
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א א אאאא 
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١ J٢א     Power Electronic Elements   

א،אאאאא
אאאאא

אאאאא
אKאאא

אאKאאא
א٥

א٤٠٠٠KאאאK 
 

١ J٣אאPower diode  
،אאאאא
אא،א،א

א(Freewheeling)KאאאאאP-N
NP

אאא،١ J٧א،(Anode)א
(Cathode)،א١ J٧،א(A)

FEא(K)F١ J٧Eא،אאא
(Forward bias)KאאאFאאE

אאאאאאא
אא٢}١Kאא(A)FEא(K)،

אאאא(Reverse bias)Kא
אא(leakage current)אאא،

Kאאאאאאא
אFVBREאא،אאא
١ J٧אאאK 



א ٢٠٦ אא 
א א אאאא 
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FE  

  
FE  

  
FE 

  
FE  

١ J٧אא 
 

١ J٨אאאא(pracical)،א
אאאא hW(Ideal)–אא

אאא Jאא١ J٨K
אאאא(IA)אאאא(VAK)K 

א،אאאאKאא
W 

١ JאאאאGeneral purpose diode  
٢ JאאFast recovery diode   
٣ JאSchottky diode   
 



א ٢٠٦ אא 
א א אאאא 
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١ J٨אאאאא 

 

١ J٣ J١אאאאGeneral purpose diode  
אאאאאאאאאF١

EאאFאאEאא
א٢٥، אאא

אאאאאא،
אאK

אאאאא١٠٠٠
٣٠٠K١ J٩אאאאא

אאK 
 



א ٢٠٦ אא 
א א אאאא 
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١ J٩אאאאFPowerexE 

 

١ J٣ J٢אאאFast recovery diode  
אאאאאP-NאאFאE،

אאא(recombination)–אאFE(hole) 
FEאPNאא JאPN K

אאאאK 
אאאאאאאאאאאאא

אא٥Kאא
אאFKE 

١ J١٠אאK 
 
 
 

 



א ٢٠٦ אא 
א א אאאא 

  
 

- ١٠ -  

  
١ J١٠אאאFPowerexE 

 

١ J٣ J٣אSchottky diode  
אאאאאאאP-N

،אא،אאא
אאאאP-N،

אP-NאאאK
אאא(voltage blocking)

٢٠٠،٣٠٠،
אאאאאK١ J١١א

٣٠K 
 
 
 
 

 
 



א ٢٠٦ אא 
א א אאאא 
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١ J١١א٣٠FE 

 

١ J٤א Thyristor  

אאא،א
אKאאK

אאאאאא،Silicon 
Controlled Rectifier(SCR)Kאאאאאא
אאאאK 

 

١ J٤ J١א Thyristor construction and operation 

אאpnpn
(Junctions) J1,J2, J3،١ J١٢Kא
א(A)א(K)אא(G)Kאא(p)אא 

١ J١٢אאאאאK 
 
 



א ٢٠٦ אא 
א א אאאא 
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FE 

 
FE 

١ J١٢אא 
 

א،אאJ1,J3א
(Forward bias)א،J2א(Reverse bias) 

אאא(Leakage current)Kא
א(Forward blocking)،١ J١٣K א

אאאאאאF
אE 

א،אאJ2א
אJ1,J3אKא

(Reverse blocking)א،אאK
١ J١٣אK 

אאאאVAKא
אאאאאאאא
אאאאKאאא(Forward 

conducting)K١ J١٣K 
 



א ٢٠٦ אא 
א א אאאא 
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FE 

 
FE 


FE 

١ J١٣א 
 

١ J٤ J٢אאThyristor characteristics  
אאאא(VAK) אא (IA) 

אאאאK١ J١٤א
EאFאאKאאא
אאKאאא

אאאאאאאאאאא
pnpn،אא،אאאאVBoאIBoK

אאאאאאא
١אKאאאאא

אאK 
אאאFאא

אאאVBoE،א
אאאIgK 

אאאאאאK
אאאאא

אאאאאIH (holding current)K 
אאאאאאאK

אאאאאVBRאא



א ٢٠٦ אא 
א א אאאא 
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אKאאאאא
אאאK 

אאאאאא
١ J١٤،אאאאא

אאאKאאא
אאאאאא

אK 
 

  
١ J١٤אא 

 

אאאא
אאאVBoאאKא

אאאאא
،אאאאKאאא

אFאאא
אE،אאאא

אאאאKא
אKאאא



א ٢٠٦ אא 
א א אאאא 
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אאאאאאא
אאאא  IL (Latching current)Kא

אאאאאאKאא
אאIHK 

 

١ J٤ J٣אThyristor firing  
אאאאאILא

א،Kאאאא
אאאאKאאא

Kאאאאא 
 JאאWאאאא

אא،א
אKאאאאאא

،אאאאאאKאא
אאאאאאHeat sink،

١ J١٥K 

 
١ J١٥אאHeat sinks 

 



א ٢٠٦ אא 
א א אאאא 
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 JאWאJ2אא
א،אאJ2א

אאאKאא
אאאK(Light activated silicon controlled rectifier LASCR)K 

 JאאאWאאאאאאVBoא
(Leakage current)אאאK

אא،אאK 

 Jאאא(dv/dt)WאאאאאK
אאאאאא

אאאKאאאא
٢٠٢٠٠אאאא(dv/dt)Kאא

K 
 JאאאWאאאאאא

אאאאאאאאאP2אא
אJ2אKאא

אאאאאא،
אKאא

אאא،אאא
אK 

 

١ J٤ J٤אFאEMethods of thyristor turn-off  
אא

א،אאאKא
אאאK

אאIHאKא
אאאאKא



א ٢٠٦ אא 
א א אאאא 
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אאאאאאא
FEאא،אאאK 

 

 JאאWאאאא
אF١ J١٦Eאא
אF١ J١٦E،אאא
אdv/dtאאK 

 

  
١ J١٦א 

 

 JאאFאWEאאא
אאאא

אKא١ J١٦،אאאאאS
אאאאא،

אKאאאאאאK 
אאאאאאאא

א(Line commutated)K 
 

١ J٤ J٥אThyristor protection 

אאאאאאא
אאאKאאאאא

אא،אאK



א ٢٠٦ אא 
א א אאאא 
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Fאאאא
אאKKKEKאאא

אאאאאאKאאא
אאאאK 

 JאאאאWאאאא
אאאאKאאא

אאאאא
אאdv/dt،א

אאאK 
אא،אאאאאא

אאאאאאKאא
אאK 

אאאאאאא
Kא

אאK١ J١٧אאאאאאRC
אKאאאאאאאK

אR1אאאאאאאאK
אR2אKאאאאאdv/dt

אאKאאdv/dtאאאא
אאKאאא١ J١٧K 

  
١ J١٧אאאאdv/dtא 

 



א ٢٠٦ אא 
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 JאאאאWאאאאאא
אאאאאKאאאK

אאאא
אאKאאאא

אאאאאאKאא
אאK 

אאאאdi/dtFE
،א١א J١٨K 

 

  
١ J١٨אdi/dt 

 
 

١ J٤ J٦אאThyristor types  

אאא
אאKאאאאאא
אאTRIACאאKאא

אאאאאאאKאאא
אאאאאW 

 
 



א ٢٠٦ אא 
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١K אא 1. Phase controlled thyristor(SCR) 

٢K אאא 2. Fast switching thyristor (SCR) 

٣K אאא 3. Gate-turn-off thyristor (GTO) 

٤K אא 4. Bidirectional triode thyristor (TRIAC)

٥K אא 5. Light activated silicon-controlled rectifier 
(LASCR) 

 
אאאאאא،אא

אאאאא(SCR)אא
،١ J١٩אאאK١ J٢٠

K 
 

  
١ J١٩אא 

 
 
 



א ٢٠٦ אא 
א א אאאא 
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١ J٢٠FPowerexE 

 

אאא(Data sheet)א
אאאאאאאאאאאK

אאאאאאאKא
אא،א

אאKאK 
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א א אאאא 

  
 

- ٢٢ -  

  
١ J٥ אאPower Transistor 

אאאא
אאאא

אאאאKאא
אאא،א

אאKאאאא
אKאאאאW 

١ J אאא(Bipolar Junction Transistor) BJT  
٢ J אאאאא 

(Metal–oxide-semiconductor filed effect transistor) MOSFET                                        
٣ J אאאאאא 

(Insulated Gate Bipolar Junction Transistor) IGBT 
١ J٥ J١אאאBJT 

אאאאאאאא
PאאאNאאאאאאא

א Jא (base)א(collector)א(emitter)אא
،(NPN)א(PNP) F١ J٢١E،

אאאא
(saturation)،אא،

אאאKאא
אאאאKאאא

אא،אאאאא
אאאאאאK 
 

אאBJTאאאאאאא
אאאMOSFETאאאIGBT،



א ٢٠٦ אא 
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אאאFאאאE،
אא،אא١٠Kאאא

אאא،אא
אאאK١ J٢١אאאK 

 

    

FE אאאא 

 
FE אאאא 

١ J٢١אאאא 
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١ J٥ J٢אאאאאFEMOSFET 
אאא

א،(source)(S)(drain)(D)א(gate) 
(G)אאא،FאאאE

אאאאאאKאא،N-channelא
אP-channelKאאMOSFET

(Transconductance)א(majority carrier)،א
אא،אFאא

אאEאKאאא
אא١٠٠אאאא،F٢٠

١٠٠EאאF١١٠٠KE١ J٢٢אאאא
אאMOSFETKאN-channelK 

 

   
  الترآيب  الرمز
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א א אאאא 
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אא 

١ J٢٢אאMOSFETN-channel 

١ J٥ J٣אאאאאאIGBT 
אIGBTאאBJTא

MOSFETKאאאאא
BJTKFאאEBJTא

MOSFET٤٠Kאאא١٦٠٠١٠٠٠
K ،א(collector)(emitter)א(gate) K١ J

٢٣אאאאאIGBTKאאא
אאאK 

   
א אאאIGBT 

١ J٢٣אאIGBT 
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אאא 

 
١ J ؟אא 
٢ J אאאK 
٣ J ؟אאאK 
٤ J ؟אאא 
٥ J אאא 
٦ J ؟אאאאא 
٧ J אאא؟ 
٨ J אאאא؟א 
٩ J אאאא 

١٠ J ؟ 
١١ J ؟אאאאא 
١٢ J אאאא؟אא 
١٣ J אאאאא،אאא،אא

IGBTא،K 
١٤ J אאאאאIGBT 

 

 



 

 

  

אאאאאאאא  

אא  


א


א

א



א







٢



א ٢٠٦ אא 
א א אאאא 

  
 

- ٢٧ -  

 
אאWאאאאאאK

אאאאאאאאKא
אאאאK 

 
אאWאאאW 

١K אאאאאK 
٢K אאאאK 
٣K אאאאאאK 
٤K אאאK 
٥K אאאאK 

 
אאW٦K 

 
אאWK 

 
אאWאאאאאאאאK 

 
 



א ٢٠٦ אא 
א א אאאא 
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אאWאאאאUncontrolled Rectifier Circuits 
אאאאאאFאEאא،

אאאאאא
אאFאאEK 

אאאאא،אאא
אאW 

١ J אWאK 
٢ J אW،K 

אאאאאאאא،אאא
،אאאאא

אאאאאFא
אEאא،Kאאא

אאאאאאאא
אאאKא،אאאא

١אאאאא،K 
٢ J١אאאSingle-phase rectifier circuits 

אאאאWא،
אKא،אאא

א(Centre-tap rectifier)א(Bridge rectifier)Kא
אאאאK 

٢ J١ J١אאא  The single-phase half-wave rectifier 
א،אאאאאאא

(dc component)אאא
אאאאKאאאאאא

K 
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٢ J١אאאאאאאאא
אאKאא

FKE 

 
٢ J١אאאא 
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אאW 

2-1  tmVsv ωsin= 

אאFא0π،2π3πEאאא
אאK،אאאאאW 

2-2  
R

tmV

R
sv

Li
ωsin

== 

אאאאvsאא   
 (V L)٢ J١K 

אאvs Fאπ2π،3π4πEאא
אאאא،אאא

Kאאאאאא
אאF٢ J١KE٢ J١א

אא(VAK)،אאאאאאאא
אW 

2-3  LvsvAKv −= 

אאאvAK،אא
אאאאKאאאא

PIV(Peak Inverse Voltage)K 
אאdcacKא

dcFאאאVoEאאW 
 

2-4  
 

 
2-5  Vo =  = 0.318 Vm 

  



א ٢٠٦ אא 
א א אאאא 
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אאאIo אאW 

2-6  
 

אא(Pdc) אאאאW 

2-7   = Io
2 R =  

אאאאאW 

 

 
 

 
2-8   = 0.5Vm 

אאאאאFאEאW 
 

2-9  
 

،אאאאאאאאאאא(Pac)
אאאאW 

 

2-10   = R =   
 

אאאאVdc
Vac(ripple)אאא،

א אאW 



א ٢٠٦ אא 
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2-11   =  =0.386 Vm 

אאאאאW 
אא (η)אאW 

2-12   =  = 0.405 = 40.5% 
אFFא،FאאאE

אW 

2-13   =  =  = 1.57% = 157% 

אא(Ripple factor (RF))אא
אW 

 

  
 

2-14   = 1.21 =121% 

 
אא(Transformer utilization factor)אאאא

אאאא،אKאאTUF
אאW 

2-15   =  = 0.286 =28.6% 

 
W 

Vs =    

Is= Irms =  

Vsאא،אאIsאאאאK 
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א א אאאא 
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٢ J١ 
אא٢ J١א،אאאא٢٢٠א

א(N1/N2)٥א١٠אW 
١K אאא 
٢K אאא 
٣K אאא 
٤K אאא 
א 

VP=220  N1/N2=5  R=10Ω  

21 N
sV

N
pV

=  

V
N

NpV
sV 44

5
1*220

1

2 ===  

VsVmV 23.6244*22 ===
 

 

 

VmV
rmsV 12.31

2
23.62

2
===  

A
R

rmsV
rmsI 112.3

10
12.31 ===

 

 
 

 

PIV= Vm=62.23 V 
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- ٣٤ -  

 
 

1/TUF=1/0.286=3.496 אאאאא
٤٩٦}٣אאאK

אאאאאא
אאK 

٢ J١ J٢אאאאא 
Single-phase full-wave center-tap rectifier 

٢ J٢אאאאK
אאאאא

אאאאKא
אאאאD1אאא

D2،אאאVsא،
אאאאD2אא2Vsאאא،D2

Kאאאאא
אאD2אאאD1א،א

אאאKאאא،
אאאאK 



א ٢٠٦ אא 
א א אאאא 
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٢ J٢א 
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א א אאאא 
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אאאאVdcאאW 

2-16  
 

 

2-17   = 0.6366 Vm 
  

אאאIo אאW 

2-18  
 

אאאאאW 

 
 

 
 

 
2-19    0.707 Vm 

אאאאאFאEאW 
 

2-20  
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