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אאאאאאW

אאאK


אאאאאאא
  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א   ?א  ?  ? א ?

אאאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


   א אא  א W
אK


אאאא
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א א 

 
 

 

אאאאא
   א א    א  ،א  א אא

אאKאאאאאK
،אאאאא

،אאאאאאאאK
אאאאK

א،אאאא
א א    K ،       א  

אאאK   א
  ،א אא  אא א   K  א 

אאאאK
   א  א   ،א  א  

،אאא،אאא،אא
אאאא،א א،אאUPS،

  א ،א  א א  א א א ،א
،אאאא،אאאK

    א א  א  א א   
א אא א א Kא   א    

אאאאאאא
אK

אאאאא،
،א אא    א א   אא  א אא

אאאאK
א  אא    ،א א א  א א 
،א  א  א א א   ،  

 א  א א      א א   K 
אאאאK
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א א 
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אא،אאאא،אאאאא

אאאאאאאאK
אאאאא،אא

Kאאאאאאאאא
אאאאאK

א א    ،א א א א    
א א K אא  א א

אKאאאK
  ،א  א       א א

א،אא
   ،א  א א א אא    א

א K  אא א א א א    
אאאאK

אאאאאW
• אאאK 
• אאאאאאאK 
• אאאאאK 
• אאאאאא 
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א٢٤٢ אא
אאאאאא 
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אאWאא،אאאאאא
אאאאאKאאאK


אאWאאW

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

אאאWאא٩٠K٪ 


אאW٦K


אאWK


אאWאאאאאK





א٢٤٢ אא
אאאאאא 
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אאאא
Semiconductors Used in Power Electronic Circuits  


א א    ١٩٤٨ ،א אא אא   

  א א١٩٥٦א K  א א  ١٩٥٨א     
Kאאאאאאא

אא،אאאאאאא
אK

אאאאא
אאאאKאאא

אאאאאאאK
١J١אאאTypes of Power Electronic Circuits 

אא،אאא
אאאאא،אאאא

אאאאאאKא
אא?א?،١J١،

 א   א K  אא
אW 

-    Diode rectifiers (uncontrolled rectifiers)  
-    ac-dc converters (controlled rectifiers) 
-    ac-ac converters (ac voltage controllers) 
-    dc-dc converters (dc choppers) 
-    dc-ac converters (inverters) 

Power 
converter 

Output to 
the load 

Power 
source 


١J١א





א٢٤٢ אא
אאאאאא 
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١J١J١אFאEא(uncontrolled rectifier)
אאאאאא،א

 ،אא אא    א  א אא א  
אKאא١J٢K

Uncontrolled rectifier


Fixed dc voltage 
 

א

 
Fixed ac voltage  

א  


١J٢אא

١J١J٢אFאEא(Controlled rectifier) 
 ١J٣ א א ،

 ،א   א  א א  א  ،א 
אאאאKאאא،אא

אאKאK

Controlled rectifier
א  

Variable dc voltage 
 

א

 
Fixed ac voltage  


١J٣

١J١J٣אא(ac voltage controller) 
אאא،א

א،אאא١J٤،
א אא    ،א א אא   א א א 

אאאאKא
  א  א א   א א  א ،אא

אאK



א٢٤٢ אא
אאאאאא 
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Ac voltage controller
אא

 
Fixed ac voltage  

א 

Variable ac voltage 
 

א


١J٤אא

١J١J٤אא(dc chopper) 
     א  א א   א   

א       א    א   
א  א א  א  א א  א  א  ،א

   אא    ،אא ١J٥א    א 
אKאאאא

אK


Dc chopper 
אא

 
Fixed dc voltage  Variable dc voltage 

 
אא  


١J٥אא

١J١J٥א(Inverter) 
א אא א א

אאא١J٦Kא
،אאאאא

אא אאK
א אא  אא א   א  א  אא

א א  א א   א אא Kא   
 א   ،אא א אאא

אאאאUPSK




א٢٤٢ אא
אאאאאא 
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Inverter 
א

 
Fixed dc voltage  Variable ac voltage 

 
אא  

 
١J٦א

אאאאאאא
   א א Kא א א     

KאאW
Jאאאא
Jאאאא
Jאאאא
JאאאאאאאאK

אאאאאא
אאאאאK

١J٢אאא     Power Semiconductor Devices   

א،אאאאא
 א        א א   אא

אאאאא
אKאאא

אאKאאא
א٥

KאאאK
١J٣אאPower diode 

،אאאאא
אא ،א،א

א(Freewheeling)KאאאאאP-N،
١J٧א،אא،א،

F  E א F ١J٧Eא    ،  א   אא



א٢٤٢ אא
אאאאאא 
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(Forward bias)KאאאFאאE
  א א אאאאא

אא٢}١KאאFE،א
א  אא א (Reverse bias) K    

א(leakage current)אאא،Kא
אאאאאאאFVBREא

א،אאא١J٧א
אאK


١J٧אא

  ١J٨אא   אא  א   ،א
  אא–א  א      א   א 

אJאא ١J٨  Kא  אאא
(IA)אאאא(VAK)K

אא،אאאK
אאW

١JאאאאGeneral purpose diode 
٢JאאFast recovery diode  
٣JאSchottky diode  



א٢٤٢ אא
אאאאאא 
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١J٨אאאאא

١J٣J١אאאאGeneral purpose diode 
אאאא אאא  א א F١
Eאאאאא

٢٥، אאאאאא
אאאא،

א K אא 
 אאא ١٠٠٠٣٠٠ K

١J٩אאאאאאא
K




١J٩אאאאFPowerexE



א٢٤٢ אא
אאאאאא 
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١J٣J٢אאאFast recovery diode 
אאאאאP-Nאא،אא

א(recombination)–אאא
אJאP,N KאאאאK
אאאאאאאאאאאאא

  א  א      ٥ Kא א א
אFKE١J

١٠אאK 



١J١٠אאאFPowerexE

١J٣J٣אSchottky diode  
אKאאאP-Nא

،א،אאאא
אאאP-N،א

P-NKא
אא(voltage blocking)

٢٠٠     ،٣٠٠   ،א א א א  
אK١J١١א٣٠K



א٢٤٢ אא
אאאאאא 
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١J١١א٣٠FKE 

١J٤אאאThyristor and its types  

א  א     ،א     א 
אKאאK

אאKאאאאאא
אאאאK

١J٤J١אThyristor construction and operation 

אאpnpn
(Junctions)J١,J٢, J٣،١J١٢Kאא

אאאK١J١٢אאאאאK



FFEE

١J١٢אא



א٢٤٢ אא
אאאאאא 
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א،אאJ١,J٣א
(Forward bias)א،J٢א(Reverse bias) 

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

  א   א ،א  J٢ א  
אJ١,J٣אKא

(Reverse blocking)אאא،K
١J١٣אK

אאא אVAKא
אאאאאאאא

א א K א א  א  (Forward conducting)K 
١J١٣K




١J١٣א

١J٤J٢אאThyristor characteristics  
אאאא(VAK) אא (IA) 

א אא א K ١J١٤  א 
אאא KאאFאE



א٢٤٢ אא
אאאאאא 
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אאKאאא
אאאאא،אא،אאVBo

אIBoKאFאEא
אאאאאא١אKאא

אאאאאK
אאאאאא K

אאאאא
אאאאאIH (holding current)K

אאאאאאאK
אאאאאא

אKאאאאאא
אאK

א   אא     א אא    
١J١٤،אא  אא  א

אאאKאאא
אאאאאאK

אאאא
אאאאKאא

א Kא  אא א
Kאאאאאאא

אKאאK
אאאאאא

א  א א  א   א  אא א    IL 
(Latching current) K    א  א א  

אאאאKאאאאK



א٢٤٢ אא
אאאאאא 
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١J١٤אא

١J٤J٣אThyristor firing 
אאאאאIL،

  K Wא אאא אא
 א א  K   א אא  א א   

אאאK
JאאWאאאא

      א   א ،א   
א Kאא א א  א א 

،אאאאאאKאא
אאאאHeat sink،١J١٥K

JאWאJ٢אאא
א،אאאא א K 

אאאאא
K(Light activated silicon controlled rectifier LASCR)K



א٢٤٢ אא
אאאאאא 
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J אאא   Wאא א אאא
(Leakage current)אאאKא

،אK

Jאאא(dv/dt)W  אאאאאK
  א  א א  א אא 

אאאKא אאא
אא(dv/dt)Kאאאא٢٠٢٠٠

K
J אאא  Wא אא  אא   א

אאאאאאאאאP٢אא
א    K א א א   א א 

        א א   ،א 
אKאאאאאK 

 


١J١٥Heat sink 

١J٤J٤אFאEThyristor turn-off
אא

  א    א  ،אא  K א  
אאאKא



א٢٤٢ אא
אאאאאא 
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אIHאKא
א  א א א  Kא א 

،אאאאאאא
אאאאK

JאאWאאאאא
F١J١٦E א אא
F١J١٦Eא،אאא

dv/dtאאK
J א אFא WE א  א     א  

א    א    א   א 
א K א ١J١٦ א   ،א  א א  א S

א،אאאא
אKאאאאאאK

אאאאאאאא
א(Line commutated)K


١J١٦א

١J٤J٥אThyristor protection 

אאאאאאא
אאאKאאאאא



א٢٤٢ אא
אאאאאא 
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א א،אא K
  K   א אא

אאאאאאKאא
אאאאאK

Jאא א  א Wא א א  א  
אאאאKאאא

אאdv/dt،א
אאאאK

אא،אאאאאא
אאאאאאKאא

אאK
אא א א א א א

  K  א         
אא K  ١J١٧א א א א   א א RC
אKאאאאאאאK

אR١אאאאאאאאK
 א R٢א    Kא אא א     dv/dt

אא Kא אdv/dtאאאא
אאKאאא١J١٧K


١J١٧אאאאdv/dtא



א٢٤٢ אא
אאאאאא 
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Jאא א  א  Wאא א  א א א
אאאאאKאאאK

א  א           
 אא אא Kאא

 א א אא אא א א    Kא א 
אאK

 א  א א  א  di/dt    F E
،א١אJ١٨K




١J١٨אdi/dt

١J٤J٦אאThyristor types  

 אא  א  
א  א   Kא א א  א א  א  

FאEאKאאאאאא
א  א א Kא  א אא  
אאאאW

١- Phase controlled thyristor(SCR) 
٢- Fast switching thyristor (SCR) 
٣- Gate-turn-off thyristor (GTO) 
٤-Bidirectional triode thyristor (TRIAC) 
٥-Light activated silicon-controlled rectifier (LASCR) 



א٢٤٢ אא
אאאאאא 

 
 

- ١٧ - 

אאאאאא،אא
،אאאאאאא

١J١٩אאאאK١J٢٠
K


١J١٩אא




١J٢٠FPowerexE

אא א א       א א א 
א אא אא  א א Kאא   אא  

 אא א  Kא א 



א٢٤٢ אא
אאאאאא 

 
 

- ١٨ - 

אאאא،Kא
K

 
١J٥ אאPower Transistor

אאאא
אאאא

אאאאKאא
אאאא،א

אKאאאא
אKאאאאW

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

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

                                      (Insulated Gate Bipolar Junction Transistor) IGBT


١J٥J١אאאBJT
אאאאJא (base)א(collector)א(emitter)

،(NPN)א(PNP) F١J٢١E،
אאאא(saturation)،

א،אא
אא Kאאא
א אא  Kאא  א       

אא،אאאאאא
אאאאאK

 אBJTאא אאאא א
אאאMOSFETאאאIGBT،



א٢٤٢ אא
אאאאאא 
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א א   א Fא  א א E   ، 
אא،אא١٠Kא אא

אאאאא،
אאאK١J٢١אאאK

١J٥J٢אאאאאMOSFET
אאMOSFET(Transconductance)א

 (majority carrier)    א ،     א
אאא، Kאאא

אא١٠٠אאאא،
F٢٠١٠٠ EאאF١١٠٠ KE ،א  (source)(drain)

א(gate) אאא،FאאE
אאאאK١J٢٢אאאאאא

אMOSFETK



١J٢١אאאא


 



א٢٤٢ אא
אאאאאא 
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١J٢٢אאאMOSFET




١J٥J٣אאאאאאIGBT
 א IGBT א  אBJTא    

MOSFETKאאאאא
BJT  KBJTאMOSFET

٤٠ K  א א א ١٦٠٠  ١٠٠٠ K  
 ، א(collector) (emitter)א(gate)  K  ١J٢٣ א

אאאאIGBTKאאאאא
אK 


١J٢٣אאאIGBT







א٢٤٢ אא
אאאאאא 
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אאא


١J ؟אא
٢J אאאK 
٣J ؟אאאאא 
٤J ؟אאא 
٥J אאא אא ،א א א ،אא  

IGBTא،K 
٦J אאאאK 
٧J ؟אאאא 
٨J ؟ 
٩J אאאא؟אא 

١٠J ؟אאאK 
١١J אאאאאIGBT

 





 

 

 

אאאאאאאא  

 

אא  

אאא
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א
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א٢٤٢אא
אאאאאא 
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אא W    א  א  א  א א א K
 אא אאא א א א Kא 

אאאאK


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


אאW٤K


אאWK


אאWאאאאאאאאאK


 



א٢٤٢אא
אאאאאא 
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אאאאUncontrolled Rectifier Circuits
אאאאאאFאEאא،

אאאאאא
אאFאאEK

א א   אא  א،א א  א א  
אאW

١J ،אWאK
٢J אאFאE،W،،K

אאאאאאאא،אאא
،אאאאא

א   א     א א  F א   
אE אא، Kאאא

אאאאאאאא
א אא K א،אאאא

١אאאאא،K
٢J١אאאSingle-phase rectifier circuits 

א  א א א W، א
   א K  א  ،א א  א  

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

٢J١J١אאאThe single-phase half-wave rectifier 
א،אאאאאאא

(dc component)אאא
א  א אא K אא  א אא א   

K



א٢٤٢אא
אאאאאא 
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٢J١אאאא אאאאא
  א   א  K א   א    

FKE


٢J١אא



א٢٤٢אא
אאאאאא 
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אאW
                                                              ٢�١tmVsv ωsin=

אאFא٠π،٢π٣πEאאא
אK،אאאאאW

٢�٢                                                 
R

tmV

R
sv

Li
ωsin

== 

אאאאvsאא   
 (V L)٢J١K
      אאvs Fאπ٢π،٣π٤πEאא

    א   א א  ،א א   א
  Kא אא אאא

אאF٢J١KE٢J١א
אא(VAK)،אאאאאא

אאאW
                                                         ٢�٣LvsvAKv −= 

 א  אא   vAK א     ، 
אא א   א א K א  א אא   

PIV(Peak Inverse Voltage)K
     א  אdc  ac K  א

dcFאאאVdcEאאW

                                       ٢�٤)(
0

sin
2
1 tdtmVdcV ω

π
ω

π
∫= 

                                                                     ٢�٥
π
mV

dcV = 

אאאIL dc אאW

                                                          ٢�٦
R
mV

R
dcV

dcLI
π

== 

אא(Pdc) אאאאW



א٢٤٢אא
אאאאאא 

 
 

- ٢٦ - 

                                                              ٢�٧dcIdcVdcP = 

אאאאאW

                                         tdtmVrmsV ω
π

ω
π

∫=
0

2)sin(
2
1 

                                       tdtmV
rmsV ω

π ω
π

∫
−=

0 2
)2cos1(

2

2


                                         
πωω

π 02
2sin

4

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −= ttmV
rmsV 

                                                                                     ٢�٨
2
mV

rmsV = 

אאאאאFאEאW

                                                                    ٢�٩
R
mV

R
rmsV

rmsI
2

== 

א  ،אא  א א   א א  א אא א(Pac)
אאאאW

                                                                     ٢�١٠rmsIrmsVacP =
א          א א אVdc

   Vac  (ripple)א  א א،
א אאW

                                                              ٢�١١22
dcVrmsVacV −=

אאאאאW
אא (η)אאW

                                                                              ٢�١٢
acP
dcP

=η 

אFFא،FאאאE
אW



א٢٤٢אא
אאאאאא 

 
 

- ٢٧ - 

                                                              ٢�١٣
dcV

rmsV
FF = 

אא(RF)אאאW

                                                                                   

dcV
acV

RF = 

                      ٢�١٤121

222
−=−⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛
=

−
= FF

dcV
rmsV

dcV
dcVrmsV

RF 

      אא(Transformer utilization factor)אאאא
א א א א ،א K א TUFא

אאW

                                                           ٢�١٥
sIsV

dcP
TUF = 

Vsא،אאאIsאאאאK
٢J١אא٢J١אאאא،٢٢٠

٥אא١٠אאWא،א،
אאא،אא،אK

אVp=٢٢٠   N١/N٥=٢     R=١٠Ω                                     

21 N
sV

N
pV

=  

V
N

NpV
sV 44

5
1*220

1

2 ===  

VsVmV 23.6244*22 ===  

VmV
dcV 8.1923.62 ===

ππ
 

A
R
dcV

dcI 98.1
10

8.19 ===  



א٢٤٢אא
אאאאאא 
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VmV
rmsV 12.31

2
23.62

2
===  

A
R

rmsV
rmsI 112.3

10
12.31 ===  

WdcIdcVdcP 204.3998.1*8.19 ===  

WrmsIrmsVacP 845.96112.3*12.31 ===  

%5.40405.0
845.96
204.39 ====

acP
dcP

η  

%15757.1
8.19
12.31 or

dcV
rmsV

FF ===  

%12121.11257.112 orFFRF =−=−=  
PIV= Vm=٢٣}٦٢ V 

   א א٢J١  א א  א אIs א א 
אIrmsK

286.0
112.3*44

204.39 ===
sIsV

dcP
TUF  

١/TUF=١L٤٩٦}٣=٢٨٦}٠  אא אאא
٤٩٦}٣אאאK
אאאא

אאK


٢J١J٢אאאאא
       Single-phase full-wave center-tap rectifier 

  ٢J٢  אאא א  K 
אאאאא

אKאאאא
אאאאD١אאVs،

אאאאאD٢אא٢Vsאאא،D٢
Kאאאאא



א٢٤٢אא
אאאאאא 

 
 

- ٢٩ - 


 אאD٢ אא אD١א،א

אאא Kאא 
אK



א٢٤٢אא
אאאאאא 

 
 

- ٣٠ - 


٢J٢א



א٢٤٢אא
אאאאאא 

 
 

- ٣١ - 

אאאאVdcאאW

                                         ٢�١٦)(
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