
 

אא

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 

١٢١١٢١  



אא
א١٢١

 

 


،،אא،אW



אאאאאאאאאא
אאאאאאאא،א

א אאאא
אאאאאא؛א

אאK


אאאאאאא
א،אאא

،אאאאאאאא
א         א   ،א אא  
אאאאאאאאאאאא

אא،אא
אא،אK



אא?א??א?א
אאאאאאK



א א א א א אא
،א،אאאא

אאאאאK


אאאא،אK



אאאא



 

 

 

אאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א


א


١



אאאא
א١٢١אא

 

- ١ - 

אאWאא 
 

א


Wאאאא
١K אאאConductors
٢K אאאInsulators
٣K אאאSemi-conductors 

 
אאאWאאא،אאא،א،א

אKאאאאאאאF١-١KE
אא،אאאK

אאאאאKאא
אאאאאאK

 
 

+29

 
F١-١Eא

 
 

אאאWאאאאאא Kאאא
אאאאאאKאא،

K




אאאא
א١٢١אא

 

- ٢ - 

אאאWאאאאאאאאאא
אSiliconאGermaniumK،،אא

אאF١J٢KEא  אא
אאאאאאא،
،א

אKאאאא
אK

+14

 
 

F٢-١E


אאאFאאEאDopingKאאא
אאPhosphorאBoronK


אאN-type Silicon 


אאאKא

،אאאאאא
F٣-١KE

 
 

F٣-١E



אאאא
א١٢١אא

 

- ٣ - 

א،אאא
،אאאKאא

N-type SiliconאF٤-١KE،אאא
אאאK


 
 

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא


א

F٤-١Eאא



אאאא
א١٢١אא

 

- ٦ - 

אK،אאא
0.7V،א0.3VאKא

אא،אK


 
 

F٩-١Eאא


א،אאאKאאK




אאאא
א١٢١אא

 

- ٧ - 

אא
 א א    א א   F١٠-١E،  א 

، א   א ، א  א 
אא  ، א   א אK،  

א  א א  א א   א א 
אKאאאא،KאאK


F١٠-١Eאא

،אא،אא
0.7א VאK

F١-١E
אאאK


אא









א



אאאא
א١٢١אא

 

- ٨ - 

אאא 


١K אא 

 אא– -אאא ،א
0.7V KאאאאK

،אrdא،K
אא אאאא אF١١-١E،،א אID،

אאאאאK،אאאא
אאאאK،R،

Kאאאאאאא

 
F١١-١Eאא 

 ،אאאאא א VD،،אאא אID  ،
،אVS، VDIDKVS ،אאK

،אאא0.7אV
אאאאKאאKאא،אא

אא0.7 VF١٢-١KE 
ID (mA)

VD
0.7 V

 
F١٢-١Eאאא 



אאאא
א١٢١אא

 

- ٩ - 


،אאאVD،א0.7Vא

אאאאאאאאKW


D

D

I
V

dr ∆
∆

=


،אאאאW 


0=−+ SRD VVV



DSR VVV −=∴


אאא،אאאאאאW


R
VI R

D =


R
VV

I DS
D

−
=


VD = 0.7Vא،W


R
V

I S
D

7.0−
=




אאאא
א١٢١אא

 

- ١٠ - 

٢K אא
،אאאאאF١J١٣KE

 
F١٣-١Eאא 


،אאFµAnAEאא،Kאא

،אא א  אאא ،Breakdown،
אF١٤-١E אKאא

אK

ID

VD
VB

 
F١٤-١Eאאא

אאאאאא،W


0== RD II


0=DV


SR VV =




אאאא
א١٢١אא

 

- ١١ - 

אF١٥-١Eאא א אKאא
،אא0.7VKאא،א

אאאאאאK






F١٥-١Eאאא


א،אאKאא
א Kאאאא،א

אאאF١٦-١KE

 
F١J١٦Eאא





אאאא
א١٢١אא

 

- ١٢ - 

F٢-١WE


אאאאK 


 
 

WאאאKW 


R
V

I S
D

7.0−
=


mA  4.7
k2

7.010
=

−
=DI





אאאא
א١٢١אא

 

- ١٣ - 


Kאאאאא

 

WאאאKW


  0== RD II 
 

  0=DV   
   
  V 10== SR VV 

 



אאאא
א١٢١אא

 

- ١٤ - 

 
 

١K אאאא0.7 Vאא؟
٢K ؟אאא 
٣K אאאW 



FE


FE


FE


FE



٤K אאאאאאK،אאאא

אאאאאK

 
 
 


 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

אאאא  

 

אא

אאא
 ة للتعليم الفني والتدريب المهنيالمؤسسة العام

אאאא 


א

א







٢



אאאא
א١٢١אא

 

- ١٥ - 

אאWאא


אאאאא،א
אK،אאאאאACאא
אDCאאKאאאRectifierאאK

אאאאאRectifier CircuitKאא
،אאKאאא

אאאאאאKאא،،אK
אאKאאא

אאאאKאאאאא
אאאKא

אאאK


אHalf-wave Rectifier Circuit
 

אF١-٢E،،א،א
אאאאאK




F١-٢Eא




אF٢J٢EאאאK
אאאא،אאK



אאאא
א١٢١אא

 

- ١٦ - 

א،אא0.7 Vאא،
אF٢-٢KE

 
F٢-٢Eאא


א،אאאאאK

אאאאK א،
אאאאאאאאא

Peak Inverse Voltage (PIV) אF٢-٢KE
 

 
F٢-٢EאFKEאאFKEאא


אאPIVאאVBKא

אאאK



אאאא
א١٢١אא

 

- ١٧ - 

אF٢-٢EאאKאא
אאאא،אK

Vin

VP(in)

Vout

t

t

VP(out)

FE

 
F٢-٢Eאא


אא0.7V א
אW

( ) ( ) 7.0−= inPoutP VV


אאאW


( )
π
outP

AVG
V

V =





אאאא
א١٢١אא

 

- ١٨ - 

אאאאא


אאאאאא
אאאYKאאא(110 V – 220 V) K

אאאאאTransformerא
F٣-٢KEאאאאא

אK





F٣-٢Eאאאאא
אאאPrimary TurnsSecondary TurnsKא

אאאאאאאאW

secsec V
V

N
N pripri =

W
אאא Npri :

אא Nsec :

אאאאVpri :

אאא Vsec :

אאW


( )pri
pri

V
N
NV sec

sec =

אאF٣-٢E،אאאVsec



אאאא
א١٢١אא

 

- ١٩ - 


F١-٢E

٤E-F٢אאאאאאאא

 
F٤-٢E 

אW
  ( ) 2220=priPV 

 
  ( ) V 311.127=priPV 

 
  ( ))(

sec
(sec) priP

pri
P V

N
NV = 

 
  ( ) ( ) V 77.78311.127

4
1

sec ==PV 

 
  ( ) ( ) 7.0−= inPoutP VV 

 
  ( ) V 77.087.078.77 =−=outPV 

 
   

אאW


  ( ) V 24.5408.77
===

ππ
outP

AVG
V

V 

 
 



אאאא
א١٢١אא

 

- ٢٠ - 

אאFull-wave Rectifier
 

 אאאאK
אKאאאאKאא

אאאאאאאאK
אאאKFull-wave 

Bridge RectifierאF٥-٢KE

 
F٥-٢Eא


אאאאאD1D2אKאא

D3D4אKאאD1D2
אF٦-٢KEאאאK

אאאאאD3D4אK
אאD1D2א KאאD3

D4אF٦-٢KEאאאKא
אאKאF٦-٢EאאK 




F٦-٢EאFKEאאFKEאא



אאאא
א١٢١אא

 

- ٢١ - 

 
אF٦-٢Eאא א

 
،אאא

אKאW


( ) ( ) 4.1−= inPoutP VV


אאאW


( )
π
outP

AVG
V

V ×= 2


א אא א אאK

  1.4 V ،אאא
אאKאא

Kאאא
אאK



אאאא
א١٢١אא

 

- ٢٢ - 

FEאFiltering 
 

 אאא،א
אFKEאאאאK

אאאKאא
אאאאF٨-٢KE

 
F٨-٢Eאאא

א،אK אF٨-٢EאK
Vin

VP(in)

Vout

t

t

VP(out)


F٨-٢Eאאא 

אאאאאW

f
CRL 2

1
>>

f אK




אאאא
א١٢١אא

 

- ٢٣ - 

F٢-٢E


א،אא؟Kאאאא


 
 

אאאW


  ( ) rmspriP VV 2= 

  ( ) V 162.631152 =×=priPV 

  ( ) ( ) V 16.2663.162
10
1

sec ==PV 

  ( ) ( ) V 14.864.126.164.1sec =−=−= PoutP VV 

  ( ) V 9.4614.8622 =
×

=×=
ππ

outP
AVG

V
V 

אW


  
f

CRL 2
1

>> 

  F6.5
5.1602

1
2

1 µ=
××

=>>
kfR

C  

 
א5.6 µF





אאאא
א١٢١אא

 

- ٢٤ - 




١K אאאאאאW


 
 


٢K אאאאא،אאאא

א؟

 


٣K אאאאאאK 




 

 

 

אאאאאאאא  

 

אא

אאא
 يب المهنيالمؤسسة العامة للتعليم الفني والتدر

אאאא 




א


א



א


א



٣



אאאא
א١٢١אאאא

 

- ٢٥ - 

 
אאWאאאא


א Zener Diode 

 
،אאא،אאא
( 0.7 V)KאאאKאאא

،אאאKאא،
אאF١-٣KE 




 

F١-٣Eאאא


אאאאאאאאא
אאK

אאאאא0.7 Vאא
אK،אא،אא100א VKא
אאKאאTTL(5V)K



אאאא
א١٢١אאאא

 

- ٢٦ - 

،אא
אאKאאאZener Diodeא

F٢-٣KE


F٢-٣Eא


א،אא

א   א   K،א א  א
אKאאא،(0.7 V)KF٣-٣E

אאאK





F٣-٣Eאא


א،אאאK
F٤-٣EאאKאא



אאאא
א١٢١אאאא

 

- ٢٧ - 

אKאאKאא
אאKnee אאאא،IZK K

،אאאאאא،אא
אאאאאKאא

אאIZMK،אאאאא
Kאאאא،אאאא

אאIZKIZMKאאאTest Current, IZTK
אאאא،אאIZKאאא

אW


،א IZK :

א IZT :

אאאIZM :


 

 
F٤-٣Eאא 

 
 



אאאא
א١٢١אאאא

 

- ٢٨ - 

א 


١K  


אF٥-٣EאאאאK




F٥-٣Eא


،אK،אא



Zout VV =


א R אאאאIZאIZT W


Z

ZIN

I
VVR −

=


אאאאאאאאK



אאאא
א١٢١אאאא

 

- ٢٩ - 


F١-٣EW 


35 mAאאאאא


 





  Ω=
−

=
−

=  428.57
35

520
mI

VVR
Z

ZIN 

   
٢K א 


אאאאאF٦-٣KE



 
F٦-٣Eאא





אאאא
א١٢١אאאא

 

- ٣٠ - 

،אאאאאRK אIZ
 א    ILא   K  א   

אRאאIZKIZMK


ZLT III +=

R
VVI ZIN

T
−

=

אW


L

out
L R

VI =

L

Z
L R

VI =

،אאאאאאאאKא
،אIZMאK



אאאא
א١٢١אאאא

 

- ٣١ - 


F٢-٣EW 
35 mAIZM = 90 mAKאאאRא


  mA 66.67

120
8

===
L

Z
L R

VI 

 
  mA 101m 66.67m 35 =+=+= ZLT III 

 
  Ω=

−
=

−
=∴  8.181

101
820

mI
VVR

Z

ZIN 

אא؟
אW 

  mA 101== TZ II 
 
 

אIZM אK 



אאאא
א١٢١אאאא

 

- ٣٢ - 

אאאVaractor Diode 


אאאאK،،
אF٧-٣KE



 


F٧-٣Eא


אWאAאאא،d،
אא∈ אW



d
Ac ∈

=


אאאאK אאאא

אK


אאאאKאאא
אאאאF٨-٣KE אאK א

אK ،אאאאא
אFאאאאEאFאאKE



אאאא
א١٢١אאאא

 

- ٣٣ - 


F٨-٣Eאאאאאא


אאאאאאF٩-٣KE 

אאאאאאא
K


 
F٩-٣Eאא


  אא    ،א א א  ،א א

אאאאאאK




אאאא
א١٢١אאאא

 

- ٣٤ - 

אאא
١K אאאLight Emitting Diode (LED)  

אאאאאאאאאא
אF٩-٣KEW




F٩-٣Eאאא

      F١-٣E  
אאא 

א Red 
אGreen 
אא Infrared (IR)


אאא1.2 V3.2 VאKאאא

3 V10 Vאאאאאאאא
K،אR אאאא

אאאF١٠-٣KE



F١٠-٣Eאאאא



אאאא
א١٢١אאאא

 

- ٣٥ - 

F٣-٣WE 


אא20 mAKא،אא
2 V




  Ω 150
m 20
25
=

−
=

−
=

D

DIN

I
VVR 

 
 

אאאאאK אא
 אאאאא 7 Segment Display א F١١-٣  KE

א א 809אאא 
אK


אF١١-٣Eאאאאא


٢K אאאPhoto Diode 
 

אאאאאא
אKאF١٢-٣EאאאK





אאאא
א١٢١אאאא

 

- ٣٦ - 


F١٢-٣Eאאאא


אאLEDאאאKאא

אRemote ControlKאא
אאא،אLED

IR אאאאאKאאFאEא
אאאאK



אאאא
א١٢١אאאא

 

- ٣٧ - 




١K אאאאא40 mA





 
 

٢K ،אאאאא،א،אK 
         IZK = 1 mAIZM = 196 mA 






 

אאאא5.1 Vא
24 Vא35 mAא49 mA



 

 

 
 
 

אאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א
א



٤



אאאאא
א١٢١אא

 

- ٣٨ - 

אאאWאא
אאא

Bipolar Junction Transistor 
 

אאאאאאאK
אאאא K،אא،אא،א

،אK
אW

١K אא
٢K אאאא 


  א  א    א א   ،אא

אBipolar Junction Transistor (BJT)


אאא


،אאאא،אpאא  
nK  ،  א       

Kא،pn
 א F١-٤KE   א  npnא    Kא 

אאWאBaseאCollectorא  EmitterK
אא،npKאאpnp

K




אאאאא
א١٢١אא

 

- ٣٩ - 


 

אF١-٤EאאFKEpnpFEnpn 


אF٢-٤EאאCא،אBא،אE

אK



אF٢-٤EאאFKEpnpFEnpn





אאאאא
א١٢١אא

 

- ٤٠ - 

אא


אאW
١K אאאא
٢K אאאא

F٣-٤EאאאK 
 






F٣-٤Eאאא
FEpnp FEnpn 


 

،אאא0.7 Vnpn-0.7 V
pnpKאאאאK





אאאאא
א١٢١אא

 

- ٤١ - 

אאא


אאאאאאF٤-٤KEא
אאאאKאאאIE אאnpn،

אICאIB אאKאpnpK



אF٤-٤EאאאאאFKEpnpFEnpn


א אאאאא  K،

אאאW


CBE III += 
 

אא


אאאאBeta (β)W


B

C

I
I

=β


אא    א       א 

אKhFEאא10 500אא



אאאאא
א١٢١אא

 

- ٤٢ - 

אאאאאKא
אאאאK


F١-٤WE


אβ 150 א،100 µA

hאאK


  mA  15100150 =×== µβ BC II 
 

  mA 15.1m 15µ 100 =+=+= CBE III 


אאאאK

W


אאאK،א
אKאאאK





אאאאא
א١٢١אא

 

- ٤٣ - 

אא


אאnpnאאאאF٥-٤KE


 
F٥-٤Eאאאא

،אאאאאא
0.7 VאW



V7.007.0       =−=
−= EBBE VVV


אאאאW


0=−+ BBBER VVV

B


BEBBR VVV
B

−=∴

W
BBR IRV

B
=





אאאאא
א١٢١אא

 

- ٤٤ - 

אW

B

BEBB
B R

VVI −
=∴


אRCW


0=−+ CCCECC VVRI


אאאW



CCCCCE RIVV −=∴


אאאW


BECECB VVV −=


אאאאpnpאאKW


V 7.0−=BEV



אאאאא
א١٢١אא

 

- ٤٥ - 


F٢-٤WE


  VCB, VCE, IE, IC, IBאאβ = 150 



אאW



  µA 430
kΩ 10

7.05
=

−
=

−
=

B

BEBB
B R

VVI 

  mA  64.5µ430150 =×== BC II β 

  mA 9.64m 64.5µ 150 =+=+= CBE III 

 
 

אW


  ( ) V 3.5545.610100mA 64.510 =−=×−=−= CCCCCE RIVV 

  V 85.27.055.3 =−=−= BECECB VVV 

 
 



אאאאא
א١٢١אא

 

- ٤٦ - 

א


אאאIC אVCE 
אKאאאKאא

אאאאKאא
אVBB אVCC IC VCE K

،אאאKW


0=BI
0== BC II β


אאאoffK

 א  VBB  ،      א א  א
  KVBE = 0.7 V   K   VCC  א     K

VCE 0.7 V،אאאא K
אאא K א Saturation   K VCE 

 0.7א V ،אאא אאא
אא  Kאאא  Kא 

אאKאא Active RegionK
אVCE  ، אאאא،א

אא،א Kא
אאKאF٦-٤EאK






אאאאא
א١٢١אא

 

- ٤٧ - 




F٦-٤Eאא


،אאאאאאF٧-٤KE


IC

VCE
0

א
IB1 = 0

IB6

IB5

IB4

IB3

IB2


F٧-٤Eאאא



אאאאא
א١٢١אא

 

- ٤٨ - 

א،אאW
١K אCut-off Region 
٢K אSaturation Region 
٣K אאActive Region


Wא


،א،אאא
אKאאאF٨-٤E




F٨-٤Eא


W


0=BI

0=CI

CCCE VV =






אאאאא
א١٢١אא

 

- ٤٩ - 

WאW


אאVCE0.7 V VCE(sat)א
אKאאF٩-٤KE






F٩-٤Eא


،אאאW


( )
( )

C

satCECC
satC R

VV
I

−
=




،אאאאswitchon-off Kא
אאאK


Wאא


אא،אאאK
אאK



אאאאא
א١٢١אא

 

- ٥٠ - 

W


אאאאK
          א   א  א א

؟אאאאא>א
אאאאאאאRelayאF١٠-٤KE





F١٠-٤Eא


   K א   
אK ،אאא،אאא،אא

אאK אK ،אא،אא
אאאKאאאאאאאK

אאא،אאאאאא{



אאאאא
א١٢١אא

 

- ٥١ - 




١K ،אאVCEKאאFא–א–אE


RC

RB

+VCC
+ 5 V

VBB
1 V 1 k

100 

 
 
 
 


٢K    ،א RC   ،א  IC = 73 mA  β = 170

VVCB = 1.943






אאאאא
א١٢١אא

 

- ٥٢ - 

٣K אא،אאאIB = 0 A ؟


 



٤K אאאW 


 

 


E VBB אאאאK
E ،אאאאVCEIC؟







אאאאא
א١٢١אא

 

- ٥٣ - 

٥K א،אWDC , , βBC II 
 



 

 

 

אאאאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א
א


א



٥



אאאא
א١٢١אאא

 

- ٥٤ - 

אאWאאא
אאאאא

BJT Bias Circuits 
 

،אK،אא
אאאF١-٥KE




אF١-٥Eאאא


W)(satCECEאאאאא،אא VV =

،אאא،אאCCCE VV =
אF٢-٥Eאאאאא  Kא

אאKא
אאאאK







אאאא
א١٢١אאא

 

- ٥٥ - 

אF٢-٥Eאאאא
אא،אאKא

אאVBBאF٣-٥KE



אF٣-٥Eאאא


א     ،    K א 

א       אK א  א    
א   אאK א   א   אא K 

אא Kאא
אאאאאאKא

אQ(Q-point)אICVCEאאא
IBK



אאאא
א١٢١אאא

 

- ٥٦ - 

F١-٥EW


،אאאאא
β = 200K




WICVCE


  µA 198
kΩ 47

7.010
=

−
=

−
=

B

BEBB
B R

VVI 

 
  mA 39.6µ 198200 =×== BC II β 

 
  ( ) V 93.6m 6.3933020 =×−=−= CCCCCE RIVV 


،IC = 36.6 mAVCE = 6.93 Vא


Wאאא،אאאא

אK אIC = 0 A אW 


  ( )
( ) mA 6.60

330
020
=

−
=

−
=

C

satCECC
satC R

VV
I 



אאאא
א١٢١אאא

 

- ٥٧ - 

 
אאא(60.6 m – 39.6 m = 21 mA)  אK

אא(39.6 m – 0 = 39.6 mA)א
אW






אאKאW


  mA 105
200

m 21
===

β
c

b
II 


א،W 


  ( ) µA 303µ 105µ 198max =+=BI 

W  
    ( ) µA 93µ 105µ 198min =−=BI  

אאK





אאאא
א١٢١אאא

 

- ٥٨ - 

אאא


אא،VBBאאא
VCCVBB Kאא؟אאא

 א א  ،VCC א VBB   Kא 
אאאאאK F٤-٥E

،אאR1R2VCC K

 
אF٤-٥Eאאא


א        Kא א   א 

Rin(base)W
( ) EDCbasein RR β≅





אאאא
א١٢١אאא

 

- ٥٩ - 

 אאאF٥-٥WE


VB

R2

R1

Rin(base)

VCC




אF٥-٥Eאא
،אאRin(base)אאאR2KאאW


( )baseinRR  \\2


אאאא VBאאאR2אW


( )

( )
CC

basein

basein
B V

RRR
RR

V ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
=

\\
\\

21

2


א( ) EDCbasein RR β≅βKβRE   

R2  K אR2 אאRin(base)،א
אאR2Kא،W



CCB V
RR

RV ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

≅
21

2


אאאאאRin(base)R2אאK



אאאא
א١٢١אאא

 

- ٦٠ - 

אאאאW
אאאאREW 

 
BEBE VVV −= 

 
אW



E

E
E R

VI =


אא،،אW



EC II ≅


،אVCE 
 

0=−++ CCEECCCE VRIRIV


א،אאW


( )ECCCCCE RRIVV +−=



אאאא
א١٢١אאא

 

- ٦١ - 


F٢-٥WE


β = 100אVCEICא



  ( ) Ω=×=≅ k 56560100EDCbasein RR β 
   

Rin(base)RE،KW


  V 59.310
k 5.6 k  10

k 6.5

21

2 =⎟
⎠
⎞

⎜
⎝
⎛

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

≅ CCB V
RR

RV 

 
 

  mA 16.5
560

7.059.3
=

−
=

−
=

E

BEE
E R

VVI      

   
  mA 16.5=≅ EC II 

 
  ( ) ( ) V 95.1560k 1m 16.510 =+−=+−= ECCCCCE RRIVV 

 



אאאא
א١٢١אאא

 

- ٦٢ - 

אא  א אא א א npn א  pnp 
אאK


،אאאא،אא

אW


אאBase Bias


אF٦-٥EאאVCCאRBK



אF٦-٥Eאאא



אאאא
א١٢١אאא

 

- ٦٣ - 

אW


  0=−− CECCCC VRIV 
 

  CCCCCE RIVV −=∴ 
אW


  0=−− BEBBCC VRIV 

 
  

B

BECC
B R

VVI −
=∴ 

 
IBBC II β=  W



  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

B

BECC
DCC R

VVI β 

 
אICβKאאאβא

אאK




אאאא
א١٢١אאא

 

- ٦٤ - 

אא


אאאאVCCVEE אF٧-٥KE

 
אF٧-٥Eאאא



   
  

DCBE

BEEE
E RR

VVI
β+

−−
= 

 
EC II ≅ 

 
  

DCBE

BEEE
C RR

VVI
β+

−−
=∴ 

 
 
 

،אאאVBE β Kאאא
אאKאאK



אאאא
א١٢١אאא

 

- ٦٥ - 

אא


אF٨-٥EאאאאאRB
אVCC K


אF٨-٥Eאאא


אאW



  
DCBC

BECC
C RR

VVI
β+

−
= 

 
אאVBEβKאאא

אאK


אאאאאאאאאא
אKאאאאאK 


 
 



אאאא
א١٢١אאא

 

- ٦٦ - 


١K אVCEICאβ = 50 

 
٢K  אאאW





 

 

 

אאאאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 


א




א
א



٦



אאאא
א١٢١אאא

 

- ٦٧ - 

אאWאאא
אאאאא


אאW


،א،אאאא

     ،א א  K א       
KאאאאאאBJTאאא

Common Emitter AmplifierKאאא
אK
אF١-٦EאאאK ،אאK

אWאאאאאאDC Analysis
אאא K אאא

אAC AnalysisאאK


R1

R2

RC

RE

VCC

Rin(base)

Vin

C1

C2 Vout

CE

RL


אF١-٦Eאא





אאאא
א١٢١אאא

 

- ٦٨ - 

אאא


אאאKyW


fC
X C π2

1
=

אא،W∞=CX
אא،אאK

אאאF٢-٦KE



אF٢-٦Eאאאאא





אאאא
א١٢١אאא

 

- ٦٩ - 

אאאאאאאאW


CCB V
RR

RV ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

≅
21

2


( )ECCCCCE RRIVV +−=

( ) EDCbasein RR β≅


EC II ≅


אאא


אאאאF١-٦Eאא،W
١K אאא
٢K אאK


אאאא،אF٣-٦E





אF٣-٦Eאאאאא




אאאא
א١٢١אאא

 

- ٧٠ - 

אא،אא(e, b, c) א
א(E, B, C)   K    א '

erא
W



E
e I

r mV 25' = 


אאW


( )

'
eacbasein rR β=


אאW


( ) ( )baseintotin RRRR  \\  \\ 21=


אW



LCout RRR  \\=


אW


outC RR =


FEאVoltage GainW


Ee

out
v Rr

RA
+

= '





אאאא
א١٢١אאא

 

- ٧١ - 

 א   א   RE א אCE  א
אBypass capacitor אאRE 

אאW


'
e

out
v r

RA =


אאאאאW



EC RX ≤10



אאאא
א١٢١אאא

 

- ٧٢ - 

F١-٦WE
=Ωאא אא  8'

erK א
אא2 kHz10 kHz؟


  Ω=  560ER 

אאW

  1.76
5608
k 1

' =
+

=
+

=
Ee

out
v Rr

RA 

אאW

  125
8
k 1

' ===
e

out
v r

RA 

אW 

  EC RX ≤10Q 

  Ω===  56
10
560

10
E

C
RX 

 



אאאא
א١٢١אאא

 

- ٧٣ - 

אאא،W


  
fC

X C π2
1

= 

  µF 42.1
56k22

1
2

1
=

××
==

ππ C
E fX

C 

 
 

אא


א א،אא Common Collector Amplifier  Kאא
אF٤-٦ KEאאא

אאאאK אאאאא
אK

1≡vA


אאKאאאK


אF٤-٦Eאא





אאאא
א١٢١אאא

 

- ٧٤ - 

אאW  

LCout RRR  \\=


( ) outacbasein RR β=


( ) ( )baseintotin RRRR  \\  \\ 21=


FEאCurrent GainW


in

e
i I

IA =



( )totin

in
in R

VI =



out
e R

I V 1
≅



אאאא
א١٢١אאא

 

- ٧٥ - 

F٢-٦E


א175=acβ؟


R1
18 k

R2
18 k

RE
1 k

VCC
+10 V

Vin

C1

C2 Vout

RL
1 k


  Ω=

+
×

==  500
k1k 1
k 1 k  1 \\ LCout RRR 

 
  ( ) Ω=×== k 5.87500175outacbasein RR β 
   
  ( ) ( ) Ω== k 16.8 \\  \\ 21 baseintotin RRRR 

 
  

( )
µA 123

k 16.8
1

===
totin

in
in R

VI 

 
  mA 2

500
1V 1

==≅
out

e R
I 

 
  3.16

µ 123
m 2

===∴
in

e
i I

IA 

 
 
 



אאאא
א١٢١אאא

 

- ٧٦ - 

אא
 

אF٥-٦EאאאCommon Base AmplifierK

R1

R2

RC

RE

VCC

Vin

C1

C3 Vout

C2

RL


אF٥-٦Eאא

אאW

LCout RRR  \\=


'
e

out
v r

RA =

( )
'

eemitterin rR =
،אאאא

אK 
 

1≅iA 
 

אאא'
erKאאאא

אאאאK




אאאא
א١٢١אאא

 

- ٧٧ - 

F٣-٦WE


250=DCβא،א





'
er،IEW

  V 76.110
k 5.6 k  10

k 6.5

21

2 =⎟
⎠
⎞

⎜
⎝
⎛

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

≅ CCB V
RR

RV 

 
  mA 06.1

k 1
7.076.1
=

−
=

−
=

E

BEE
E R

VVI 

 
  Ω===  6.23

m 1.06
m 25mV 25'

E
e I

r 

   
  Ω=

+
×

== k 8.1
k10k 2.2
k 10 k  2.2 \\ LCout RRR 

 
  3.76

23.6
k 8.1

' ===∴
e

out
v r

RA



אאאא
א١٢١אאא

 

- ٧٨ - 




١K ،אאאאאWAv, Rout, RinK
75=DCβ70=acβK






٢K Ai,  Rout,  Rin  אאאK





אאאא
א١٢١אאא

 

- ٧٩ - 

٣K Av, Rout, Rin(emitter)אK
 



 

 

 






















אאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 


א

א




٧



אאאא
א١٢١אא

 

- ٨٠ - 

אאWאא
Power Amplifiers 

 
 

אא،
אK אא،אאאא K،א

אאאאK א
אאאאאF١-٧KE






אF١-٧Eאאא


אאאאאK


אאFEClass A Power Amplifier


 א   א  א   א א  א א F٢-٧KE
אאFKE




אF٢-٧Eאא





אאאא
א١٢١אא

 

- ٨١ - 

אאF٣-٧KEאאאאK


אF٧J٣EFE




W
( )

'
eacbasein rR β=


( ) ( )baseintotin RRRR  \\  \\ 21=



'
e

out
v r

RA =


אW



⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

out

in
vP R

RAA 2





אאאא
א١٢١אא

 

- ٨٢ - 

F١-٧E 
 
FE200=acβאאאא
 




'

erאW

  V 315
k 5 k  20

k 5

21

2 =⎟
⎠
⎞

⎜
⎝
⎛

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

≅ CCB V
RR

RV 

 
  mA 7

330
7.03
=

−
=

−
=

E

BEE
E R

VVI 

 
  Ω===  57.3

m 7
m 25mV 25'

E
e I

r 

   
  Ω===  500k 1\ k \ 1 \\ LCout RRR 

 
  33.133

75.3
500

' ===∴
e

out
v r

RA 

 
 



אאאא
א١٢١אא

 

- ٨٣ - 

אW


  Ω=×==  75075.3200'
)( eacbasein rR β 

 
  ( ) ( ) Ω===  631.58  750\ \k 5\ \k 20 \\  \\ 21 baseintotin RRRR 

 

  22455
500

58.63133.133 22 =⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=∴

out

in
vP R

RAA 


אאFEF-EClass B and AB Power Amplifier


אF٤-٧EאאFEאאאא،
אKאFEאF٥-٧KE


אF٤-٧Eא




אF٥-٧EאאFE



אאאא
א١٢١אא

 

- ٨٤ - 

،אאא  אאא  K
א אא Push-Pull Amplifierא  F- Eא 

F٦-٧KE  


R1

R2

Vin

RL

VCC

C1

C2
D2

D1

Q1

Q1

C3




אF٦-٧Eאא


אאQ1 אא،אאQ2א
אאKאאD1D2אR1R2אאK

אKאאW


CCsatCout VIP )(4
1

=
W

L

CC
satC R

VI 5.0
)( =



אאאא
א١٢١אא

 

- ٨٥ - 

IC(sat)،אW


L

CC
out R

VP
2

8
1

=


F٢-٧WE


 אאאFEאVCC = 20 Vא 

100 Ω 



   w25.6
88

20
8
1 22

=
×

==
L

CC
out R

VP 

 
 
 

אFEClass C Power Amplifier 
 

אF٧-٧EאFKE





אF٧-٧Eא


אאאאאא

VBB  VBE אF٨-٧KE  W

BEBBin VVV +>



אאאא
א١٢١אא

 

- ٨٦ - 






אF٨-٧EאאFE


אW


out

CC
out R

VP
25.0

=


F٣-٧WE

אאFEאVCC = 24 Vא 100 Ω 
 



   w88.2
100

245.05.0 22
=

×
==

out

CC
out R

VP 



אאאא
א١٢١אא

 

- ٨٧ - 




١K אאאFE200=acβ
 


 


٢K  אאאFEאVCC = 24 V

75 א Ω 



אאFEאVCC = 24 Vא 75 Ω



 

- ١٢٠ - 

 










אאאאאא  

 

אא

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א
א

א


٨



אאאא
א١٢١אאא

 

- ٨٨ - 

אאWאאא
Operational Amplifiers 

 
 א אאOp-Ampא  אא א אאא 

    אא א K   א  
،אא אא א   K א א K

אF١-٨EאאKאאאאא741


 


אF١-٨Eאא


אWInverting Input Non-inverting 

InputKK،א+V 
-V +15V -15VK،א

אF٢-٨EאאאK



אF٢-٨Eאאא



אאאא
א١٢١אאא

 

- ٨٩ - 

אא


אW
١K אאKאאאאאאK
٢K אאK
٣K ،א105


אאאNegative Feedback

 
אאF٣-٨E،אאאOpen 

LoopKאW


510=OLA


א،אאא
אK،אאאא–V א

،אא+V


F٨J١E


،אV15V ±=±



FEאW

  V 100m 1105 −=×== inOLout VAV 



אאאא
א١٢١אאא

 

- ٩٠ - 


،אא -VK

אאאW
  V 13−=outV 

 
א2V KאאאאK


FEאW


  V 100m 1105 =×== inOLout VAV 


אא+VKKאא

אW
  V 13+=outV 

 
אאאאK


א،،אא

א،אאאאאאאKאא
אאClose LoopK،אאאא

א א K،א   א  א   א 
אאאאאאK

אאא،אF٤-٨KEא
CLA





אאאא
א١٢١אאא

 

- ٩١ - 


אF٤-٨Eאאא


אW


١K אא 


אאא،F٥-٨KE




אF٥-٨Eאא


KאאK

אאאאK
אאאW





אאאא
א١٢١אאא

 

- ٩٢ - 

1
1

R
R

A f
CL +=


F٢-٨WE


אאW






  11
k 10
k 10011

1
=+=+=

R
R

A f
CL 


٢K אVoltage Follower


אאK


1=CLA 



אאאא
1R

R fא

אK،א0=fRאR1،
KאF٦-٨EאאאK



אאאא
א١٢١אאא

 

- ٩٣ - 


אF٦-٨Eא


٣K אאInverting Amplifier


אאאאאאKאF٧-٨EאאK


אF٧-٨Eאא


אאאKאאאK

אאW


1R
R

A f
CL −=



אאאא
א١٢١אאא

 

- ٩٤ - 

F٣-٨E


 א؟


 

  5
k 20
k 100

1
−=−=−=

R
R

A f
CL 

 
  

in

out
CL V

VA = 

  V 1025 −=×−==∴ inCLout VAV 
 




  
 
 



אאאא
א١٢١אאא

 

- ٩٥ - 




١K ،אאאאאW






٢K 20


-10



 

 

 










אאאא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א
א







٩



אאאא
א١٢١אא

 

- ٩٦ - 

אאWאא
Op-Amp Applications 

 
אComparator


אאאאאאKא
אאF١-٩Eאא

K


אF١-٩Eא


אאאW


אא

V1 > V2 Vout = -V 

V2 > V1 Vout = +V 


V1،אאאV2אאאK





אאאא
א١٢١אא

 

- ٩٧ - 

F١-٩WE


  א א     א    ،א   
V15±



V1 V2 Vout

1 mV 0 V - 13 V 

-1 V -3 V - 13 V 

-1 V 0 V + 13 V 

2 V 3 V + 13 V 

3.999 V4 V + 13 V 


،אאאאאF٢-٩KE






אF٢-٩Eאאא




אאאא
א١٢١אא

 

- ٩٨ - 

אאאאVREFא
אW



( )V
RR

RVREF +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=
21

2


אאאR2VREFK

F٢-٩E
אאאK




אW 

  ( ) V 215
k 5.6k 1

k 1

21

2 =⎟
⎠
⎞

⎜
⎝
⎛

+
=+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

= V
RR

RVREF 

 
א2 V13-א Vאא2 Vא

+13 VאW



אאאא
א١٢١אא

 

- ٩٩ - 




אאאא،א  א
F٣-٩KE




אF٣-٩Eאא




אאאא
א١٢١אא

 

- ١٠٠ - 

אאSumming Amplifier


אאא K
KF٤-٩Eאאא

W


⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+++−=

−−−−=

K

K

3

3

2

2

1

1

3
3

2
2

1
1

       
R
V

R
V

R
VR

V
R
R

V
R
R

V
R
R

A

f

fff
CL



 


א،אK



אF٤-٩Eאא 





אאאא
א١٢١אא

 

- ١٠١ - 

F٣-٩E


א،K





  5
k 20
k 100

1
1

−=−=−=
R
R

A f
CL 

 

  1
k 100
k 100

2
2

−=−=−=
R
R

A f
CL 

 

  2
k 50
k 100

3
3

−=−=−=
R
R

A f
CL 

 
  ( ) ( ) ( ) V 5.212215.05 −=−×−+×−+×−=outV 





אאאא
א١٢١אא

 

- ١٠٢ - 

אOp-Amp Integrator


א،אאאאאK
 F٥-٩Eאאאא Kאא

אאאK



אF٥-٩Eאא


אאאא،א

אF٦-٩KEאאKאאW


RC
V

t
V inout −=
∆

∆



 
 

אF٦-٩E



אאאא
א١٢١אא

 

- ١٠٣ - 

،א אאא RאC
א  Kא  א     א ، א

K


F٤-٩E
אאאאK


אאW



  µs / kV 50
µ 0.01k 10

5
−=

×
−=−=

∆
∆

RC
V

t
V inout 


א50 kV1µsK100א µs  W


  V 5 - µ  100k 50 =×−=∆ outV 
אW







אאאא
א١٢١אא

 

- ١٠٤ - 

אOp-Amp Differentiator 


א،אאאKF٧-٩E
 א אא  אK        אא 

אאK


אF٧-٩Eא


،אאא

אאKאאאאאא
F٨-٩KE

אF٨-٩E


אאW


CR
t

VV f
in

out ⎟
⎠
⎞

⎜
⎝
⎛−=





אאאא
א١٢١אא

 

- ١٠٥ - 

F٥-٩E
אאאאאW

אאאFWE


  V 4.4 µ 0.001k  2.2
µ 5

10
−=×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=⎟

⎠
⎞

⎜
⎝
⎛−= CR

t
VV f

in
out 

אאFWE


  V 4.4 µ 0.001k  2.2
µ 5

10
+=×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−−=⎟

⎠
⎞

⎜
⎝
⎛−= CR

t
VV f

in
out 


אW







אאאא
א١٢١אא

 

- ١٠٦ - 




١K אאאK




 
 
 
 
 
 

٢K אK 


 
 



אאאא
א١٢١אא

 

- ١٠٧ - 

٣K אאאאK
 

 
 
 
 
 
 

٤K אאאאאW
 



 

 

 














אא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

אאאא 




א


١٠



אאאא
א١٢١א

 

- ١٠٨ - 

אאWא
Filters 

 
 

אאאאאאK
אאKא

،،אאאא
אאאאאKאאאאPassive 

FiltersאאאאאאKא
א،אKאאאActive Filter 

אF١-١٠KE



F١-١٠Eא


אאאFאEאKאאא،

אאאאKא
אאאא،אKאא،א

אK




אאאא
א١٢١א

 

- ١٠٩ - 

אאאActive Low Pass Filter (LPFE 


 א   א אא  א א Cut-off Frequency  ،
אאאאKאF٢-١٠KE


אF٢-١٠Eא


אא-3 dBאא

אאW


dB 3
2
1log10log10 −=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

in

out
V
V


 אF٣-١٠ Eא א      א   Kא   

אW


RC
fC π2

1
=





אאאא
א١٢١א

 

- ١١٠ - 


אF٣-١٠Eא

RאC אKאR1R2
אאאאKאא

אאאאא،אאF٤-١٠KE



F٤-١٠Eאא

אא




אאאא
א١٢١א

 

- ١١١ - 

F١-١٠E


אאאאאW


  ( )( ) kHz 59.1

µF .0010k 1002
1

2
1

===
ππRC

fC 

 
אאאא1.59 kHz 

 



אאאא
א١٢١א

 

- ١١٢ - 

אאאActive High Pass Filter (HPFE 


  ،א   א אא     א אא 
אאF٥-١٠KE




אF٥-١٠Eא 


אF٦-١٠Eא אאKא

אW

RC
fC π2

1
=






אF٦-١٠Eא 



אאאא
א١٢١א

 

- ١١٣ - 

F٢-١٠E


אאאאא10 kHz





   R C   ،C = 0.001 µF  K
אK ،א C = 1 F

 
  

RC
fC π2

1
= 

 
  ( )( ) Ω===∴ k 16

k 10µ 001.02
1

2
1

ππ CCf
R 




אΩ== k 1621 RRK


 
אאאאאאא

אא،K



אאאא
א١٢١א

 

- ١١٤ - 

Active Band Pass Filter (BPFE


אא
1Cf

א
2CfאאאF٧-١٠KE 



1Cf 0f 2Cf


אF٧-١٠Eא


אא אאKאK

אאאא
1Cfאאאא

2Cf
אF٨-١٠EאK



 


אF٨-١٠Eא 
 



אאאא
א١٢١א

 

- ١١٥ - 

אאW


112
1

1 CR
fC π

=

 
 

אאW


222
1

2 CR
fC π

=


אא

1Cf
2CfW



210 CC fff = 
 





F٣-١٠E


אאW

 
 



אאאא
א١٢١א

 

- ١١٦ - 

  ( )( ) kHz 59.1
µF .0010k 1002

1
2

1

22
1

===
ππ CR

fC  

 
  ( )( ) kHz 9.15

µF .0010k 102
1

2
1

11
2

===
ππ CR

fC 

 
  ( )( ) kHz 5k 9.15k 59.1

210 ===∴ CC fff 
 


 

Active Band Stop Filter 


א        א        
1Cf

א
2CfאאאF٩-١٠KE



1Cf 0f 2Cf


אF٩-١٠Eא





אאאא
א١٢١א

 

- ١١٧ - 

אKא
אF١٠-١٠KE






אF١٠-١٠Eא


א  ،אא א60 Hzא K،
אR1R2،C1C2K  אW



21 CC ff =


RC
f

π2
1

0 = 





אאאא
א١٢١א

 

- ١١٨ - 

F٤-١٠E
R1R2 אא60 Hz؟

 
   
  

RC
f

π2
1

0 = 

 
  Ω=

××
==∴ k 12

µ 22.0602
1

2
1

ππfC
R 

 
 

   
 



אאאא
א١٢١א

 

- ١١٩ - 




١K אאאאKאאאR = 1 
kΩ 
C = 0.002 µFK


٢K    א אא א  Kא   א א  


1 kHzאR = 3.2 kΩK


٣K  א  א  K  א  אא

אK







אאאא
א١٢١א

 

- ١٢٠ - 

٤K אאf0אK 
 



 

 

 


























אא  

 

אא  

אאא
 المؤسسة العامة للتعليم الفني والتدريب المهني

 אאאא




א


١١



אאאא
א١٢١א

 

- ١٢١ - 

אאWא
Oscillators 

 
א   א   K،    א 

 ،  א   F١-١١  KE  א  א א K
אK







אF١-١١Eא


א א א     א  א   
אאאKאאW

١K אאאאאאK
٢K אאאאK


אא

אFEWien Bridge Oscillator
אאאאRC KאF٢-١١EאK


אF٢-١١Eאא



אאאא
א١٢١א

 

- ١٢٢ - 

אFאResonanceEW


RC
fr π2

1
=


אאKאאאא

אKאאאאK،אא
אאW



3
1

=
in

out

V
V


א،אא،אא(3)K

W


( ) ( ) 13
3
13 ===

in

out
CL V

VA





אאאא
א١٢١א

 

- ١٢٣ - 

(3)אF٣-١١KE

 
אF٣-١١Eאא

אR1 R2W
21 2RR = 

F١١J١E
אאK


 ( )( ) kHz 23.7

µ 001.0k 222
1

2
1

===
ππRC

fr 

 




אאאא
א١٢١א

 

- ١٢٤ - 

Colpitts Oscillator 


א،אאא LC א  RC K
LC ،אאאאא
RC אא1MHzK

 BPFאא  
 KF٤-١١Eא אאאאא

אאK אאאK

 
אF٤-١١Eא

אW

T
r LC

f
π2

1
≅

C1 C2 ،אאW

21

21
CC

CCCT +
=



אאאא
א١٢١א

 

- ١٢٥ - 

F٢-١١E
אW




  ( )( ) µF 0091.0
µF 1.0µF 01.0
µF 1.0µF 01.0

21

21 =
+

=
+

=
CC

CCCT 

 
  

( )( )
kHz 46.7

0091.0m 502
1

2
1

==≅
ππ T

r LC
f 





אאאא
א١٢١א

 

- ١٢٦ - 

Crystal Oscillatorאא


אאאאKאא
אאאאאאאKאא

אF٥-١١KEאF٥-١١KE


אF٥-١١Eאאא



אאאא
א١٢١א

 

- ١٢٧ - 

אא


אאאאאאאאא 
(555 Timer)K Kאאא،א

אאKאאאF١١J٦KE




אF٦-١١Eאאאאא555


tHאאאאאHighW


( )CRRtH 21694.0 +=


אtLאאאאאLowW


CRtL 2694.0=
אאW



אאאא
א١٢١א

 

- ١٢٨ - 


( )CRRttT LH 21 2694.0 +=+=


אאW



( )CRRT
fr

21 2
44.11

+
==


F٣-١١E

אאאאW





  ( ) ( ) kHz 16.7
µ 001.0k 1002k 1

44.1
2
44.1

21
=

×+
=

+
=

CRR
fr 



אאאא
א١٢١א

 

- ١٢٩ - 

אא


אאאאאF٧-١١KE
אאאאאK







אF٧-١١E




אאאא
א١٢١א

 

- ١٣٠ - 

 


١K אאאW 




٢K אאW


 
 
 

אא555 tH  = 0.7 mstL  = 0.3 ms




אא
א١٢١א

 

- ١٣١ - 

א


............................................................................................................ 

אאWאא.................................................................................١ 
א...............................................................................................١ 
אFאאDiodeE..............................................................................٥ 

אאא...............................................................................٨ 
אאWאא.......................................................................١٥ 

אHalf-wave Rectifier Circuit...................................................١٥ 

אאאא١٨..........................................................................א 

אאFull-wave Rectifier................................................................٢٠ 

FEאFiltering....................................................................٢٢ 

אאWאאא٢٥.........................................................א 

א Zener Diode.................................................................................٢٥ 

א.......................................................................................٢٨ 

אאאVaractor Diode.........................................................................٣٢ 

אא٣٤............................................................................................א 

אאאWא٣٨.................................................................................א 

אאא.........................................................................٣٨ 

אא....................................................................................٤٠ 

אאא........................................................................................٤١ 

אא.......................................................................................٤١ 

א.....................................................................................٤٦ 

אאWאא٥٤.........................................................................א 

אאאאא...................................................................٥٤ 

אא٥٨............................................................................א 



אא
א١٢١א

 

- ١٣٢ - 

אאBase Bias.................................................................................٦٢ 

א٦٤.............................................................................................א 

א٦٥..............................................................................................א 

אאWאאא.........................................................................٦٧ 

אאW......................................................................................٦٧ 

אא........................................................................................٧٣ 

אא......................................................................................٧٦ 

אאWאא..............................................................................٨٠ 

אאFEClass A Power Amplifier.....................................................٨٠ 

אאFEF-EClass B and AB Power Amplifier..............................٨٣ 

אFEClass C Power Amplifier.......................................................٨٥ 

אאWאא٨٨...........................................................................א 

אא....................................................................................٨٩ 

1.א٩١...............................................................................א 

٢KאVoltage Follower......................................................................٩٢ 

٣KאאInverting Amplifier............................................................٩٣ 

אאWאא..................................................................٩٦ 

אComparator.....................................................................................٩٦ 

אאSumming Amplifier.....................................................................١٠٠ 

אOp-Amp Integrator.....................................................................١٠٢ 

אOp-Amp Differentiator................................................................١٠٤ 

אאW١٠٨.................................................................................א 

אאאActive Low Pass Filter (LPFE...........................................١٠٩ 

אאאActive High Pass Filter (HPFE............................................١١٢ 

Active Band Pass Filter (BPFE............................................١١٤ 

Active Band Stop Filter......................................................١١٦ 



אא
א١٢١א

 

- ١٣٣ - 

אאW١٢١............................................................................א 

אFEWien Bridge Oscillator.....................................................١٢١ 

Colpitts Oscillator.....................................................................١٢٤ 

אאCrystal Oscillator.................................................................١٢٦ 

אא............................................................................١٢٧ 

אא......................................................................................١٢٩ 



 

 



 





 

 

 

 

 

 

 

 





















אאאאאא
אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS 
 
 

 


