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٣J٣אאZener diode characteristic curve 
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אאאTC(positive temperature coefficient)و 
VZאאאאא ،

temperature coefficient) (negative VZאא
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   = (20V)(20mA) = 400mW                                                            

٣J٧FEZener Diode as a Voltage Regulator

FEאאא
אאאאאאא

א(line regulation)، אא
.(load regulation) 

٣J٧J١אZener Regulation with a Varying Input Voltage

F٣J٥EאאאVL
VZאVinאאK
אאאVin

אVZאאאאR
אItאKאאאאILאאIt

אאאא،א
אIZIZKIZMאK











It IL 

DZ 

IZ

      + 
Vin  

       -  

  R 

RL VL = VZ 

F٣J٥Eאאא 



א١٤٦ א  א 

 אא  
 
 

- ٥٢ - 

٣J٥W
אאF٣J٦Eא،VZ = 20V،R = 20 Ω،RL = 200 Ω،
 rZ = 0 א24V30 VK

FEIZ(min)) IZ(max).(
FEאR PR(max)) (PZ(max)











אW
FEאאא RL W

A1.0
200

V20
=

Ω
==

L

Z
L R

VI  

אאאאRאW 

R
VVI Zin

t
−

=  

אVZRאאItאVin
אIt(min)Vin = 24VאIt(max)

Vin = 30VK

A2.0
20

V20V24
(min) =

Ω
−

=tI  

A5.0
20

V200V3
(max) =

Ω
−

=tI  

W
It = IZ + IL                                                                                                                                                       

                                                                                    

It IL 

DZ 

IZ

                        +
Vin = 24   30 V 

                         - 

  R 

RL VL = VZ 

F٣J٦E



א١٤٦ א  א 

 אא  
 
 

- ٥٣ - 

אאILאא(IZ = IZ(min))
It(min) (IZ = IZ(max))It(max) K

A1.0A1.0A2.0(min)(min) =−=−= LtZ III  
A4.0A1.0A5.0(max)(max) =−=−= LtZ III     

FEאR W

                               PR(max) = It(max)
2
 R                                                                                       

                                         = (0.5A)2 (20Ω) = 5W                                                                    

  W
             PZ(max) = VZ IZ(max)                                                                                                                                       

                                         = (20V)(0.4A) = 8W                                                                     

٣J٧J٢אVariable LoadZener Regulation with a

F٣J٧EאאאVL
VZאRLאK













אאא٣J٧(RL = ∞)،
אILאאItKאRL

אאאאאאKRL
אIL אIZאאItK

א VL א VZאIZא
(IZK)אאIL(IL(max))،W

It IL 

DZ 

IZ

      + 
Vin  

       -  

  R 

RL VL = VZ 

F٣J٧Eאא



א١٤٦ א  א 

 אא  
 
 

- ٥٤ - 

 F٣J٥E It = IZK + IL(max)                                                                                
٣J٦W

IL(max)،IL(min)RL(min)א،אF٣J٨E،
VZ =12V،IZK = 1 mA،IZM = 50 mA،rZ = 0K











אW

RL = ∞IL = 0AIZאאIt،

mA5.25
470

V12V24
(max) =

Ω
−

=
−

==
R

VVII Zin
tZ  

אIZ(max)IZMאאא
IL = 0Aאא

אאאאK
A0(min) =∴ LI  

(max)LZKt III +=Q  

mA5.24mA1mA5.25(max) =−=−=∴ ZKtL III  

RL(min)W

 Ω== 490
(max)

(min)
L

Z
L I

VR  

אאRL 490ΩאIL24.5 mA
IZIZK(1 mA)אK

It IL 

DZ 

IZ

                  + 
Vin = 24V 

                            -  

  R 

RL VL = VZ 

F٣J٨E



א١٤٦ א  א 

 אא  
 
 

- ٥٥ - 

٣J٧J٣אאPercent Regulation

אאאא
אK

• Wא
אאא

אאאא∆Voutאא∆VinW


%100 regulation Line 







∆
∆

=
in

out

V
V

 

٣J٧W
אאאא0.25Vאא

5V؟א
אW

%5%100
V5

V25.0%100 regulation Line =





=








∆
∆

=
in

out

V
V  

• Wא
אאאאא

אאאאא(no load)אא(full load) 

אאW

%100 regulation Load 






 −
=

FL

FLNL

V
VV

 

WJ
VNLZאא

VNLZאאא





א١٤٦ א  א 

 אא  
 
 

- ٥٦ - 

٣J٨W
،אאא،א12Vא

א  11.95V؟א


אW

                                      

%418.0%100
V95.11

V95.11V12                          

%100 regulation Load

=





 −

=








 −
=

FL

FLNL

V
VV



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א١٤٦ א  א 

 אא  
 
 

- ٥٧ - 

אא


٣J؟١אאא
٣J٢אאאאK
٣J٣א5.6V5.65Vאא20m 

30mA؟، 
٣J٤א70oC אא25oC 

6.8 Vאאא،.+ 0.04% / oC
٣J٥אאאאאאF٣J٩E

אIZK = 1.5 mAVZ = 14 VאאK
 
 
 
 
 
 
 
 
 
 
 
 
٣J٦אאF٣J١٠Eא،VZ = 200V،R = 20 Ω،RL = 250 Ω،

 rZ = 0 אK220V240 VK
FEK
FEא K 










F٣J٩E

+

DZ 

 

Vin 

  R 

DZ 

        +
Vin  

         -

  R 

RL 

F٣J١٠E



א١٤٦ א  א 

 אא  
 
 

- ٥٨ - 

٣J٧אאF٣J١١E،Vin=30V،VZ =20V،IZK = 5 mA،IZM = 200 

mA ، R = 50ΩrZ = 0KאאRLאאא
K





 
 
 
 
 
 
 
 


٣J٨אאאא0.2Vא5V

10V؟א
 
٣J٩א،אא،א3.6Vא

א  3.4Vא؟

F٣J١١E

DZ 

        + 
Vin  

              -  

  R 

RL VL = VZ 



 

 



 

 

 

אאאא  

 

אאאא  

אאא
]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ 

אאאא 




א





א




٤



 

 



אא١٤٦ א  א 

אא אא  
 
 

- ٥٩ - 

אאא


אאW

• אאאאאK
• אאאאאאאK 
 Kאאאאאאא •
• אאאK 
• אאאאK 
 



אא١٤٦ א  א 

אא אא  
 
 

- ٦٠ - 

١-٤      Introduction      
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F٧J٥EאאVDS אID،אאJn،
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• אPinch-off voltage VPWאאVPא

VDSאא.ID
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٧J٣J٢J٢אאCurveThe Transfer Characteristic
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٧J٣J٢J٣אאאJFET Parameters 

• א:Drain resistance rdאVDS
אIDאVGSKאא100kΩ.1MΩ 

• א:Transconductance  gm אID
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٧J٤אאאאא
)                                          MOSFET(ransistor Tffect Eield Femiconductor SxideOetal M

אאאאא)MOSFET(
אאאאא)ransistorTffect Eield Fate Gnsulated I(

IGFETKאאאאאא
אאאאא(Integrated Circuits)K

(1010Ω - 1015Ω)אאאא
אKאאאאאא(Enhancement type)א

אאאא(Depletion type)K

٧J٤J١אאMOSFETאאMOSFETThe Enhancement
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٧J٤J١J١אאא  MOSFET 

The Enhancement MOSFET Operation                                                                             
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אאאאאאJpאא،
אאאאאאא
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٧J٤J١J٢אאאאMOSFET
Enhancement MOSFET Characteristics                                                                                  
                                                

F٧J١٠EאאאאMOSFETאJnK
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אאאF٧J١٠EאאJp
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٧J٤J٢אאMOSFETאאאMOSFETThe Depletion
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٧J٤J٢J١אאאא  MOSFET 
The Depletion MOSFET Operation                                                                                   
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אאאאאאאאאא
אאאאאאאאK
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אאאאאאIDK

אאאJpאאאאאא،
אאK

٧J٤J٢J٢אאאאאMOSFET
Depletion MOSFET Characteristics                                                                             
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אאאF٧J١٢EאאJp
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٧J٤J٣אאאMOSFETMOSFET Circuit Symbols 
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אא
٧J١אאאאאאK
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٧J٤אVPאVGS(off)אJFETK
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٨J١Introduction 
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٨J٢J١אStates of a Thyristor 
Wאא(Forward biased state)אא

(Reverse biased state)Kאאאא
אאאאא

אאK
٨J٢J٢אאCharacteristic Curve of a Thyristor 
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אאא
אא(Forward breakdown voltage)VFBא،J2،
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אא(On state)Fא BCאF٨J٢KEE
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٨J٢J٣אאאCharacteristic Curve of a Thyristor  Ideal
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