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 :تحسب قيمة المقاومة رباعية النطاق آالتالي 

אאאF1EאאאאF0Eאאאא
אF100EאאאאאF5%Eא     
±5%     R=10×100= 1KΩ 
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F5J2JEאאאאFRT E
W

 
RT=R1+R2+R3+...Rn 


F12VEאאאWمثال 

אאF6mAEאאF1KΩEא
F3.6.VE؟אאא

 אFI=6mAEאאאאאWالحل
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×
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3m
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1

20
1

10
11

++=

KRT 40
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F5J8E
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אא 6 = 2 × I1 + 5 × (I1+ I2) 

אא5 × (I1+ I2)      +I2      2 = 2 ×  
אאאאא5אאא7 W

I2 30 = 35 × I1  + 25 × 
2   I×  49 -1  I×  35 -= 14 -

                                              16 = 0    - 24  I2                         

AI 67.0
24

16
2 −=

−
=∴ 

I2אאW
2 = 5 × I1 – 9 × 0.67 

AI 6.1
5
8

1 ==∴ 

אאRBCW
I3 = I1 + I2                                 

= 1. 6 +(- 0.67) = 0.93 A 
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אFR4,R3FEΩ  10100ΩEאFAEF+6VE
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    א א  FOpenE  FShortE ،א  
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3V 6V Circuit OK
0 0 R1open 

6V 12V R2open 
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LEDFLight Emitting DiodeE

אאאאא


F2J3ELED

אW


F2J4Eאאא

F2J4EאאאאLED
אאאאאאא

אאK
אאW

א
אKLEDאא

אאאKאא
אאאאאא

אאאK
אאאאאאאאK
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אאאLEDW
אאאאאאא

אאאFVFEא2Vאא
אK

אאא LEDFאא
אELEDאא

KאאLEDאאא
אKW

א 
אFEאא  

 אFEאא
אFEא 
אאא 

אFאEFאאE 
אFאEFאאE

LEDאאא
אF2J3KEאאאK


F2J3E
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אאאאW

1J אאאא
2J אא 
3J אא 
4J אאאאאא

LEDאאא7-SegmentF2J5E 


F2J5E
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Zener Diode Characteristics 


אאW

1J אאK
2J א 

אאW
1J אא
2J אkl-13007 
3J אא 
4J אא 
5J א


אאW

1J אKL-13007אאKאאa
2J אאאאK 

 
3J אא15+אVאא.+V 
4J אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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5J אVR1אKאאאא
א2א1VR1Kא

אK 
6J אאאאIzאא

 VzK؟א 
15 14 12 10 8 6 5 4 3 2 1 Vin 

Vz 
Iz 


 

7J אאאVzאIz؟אא 
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8J ؟אא
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אא
Voltage Regulator


אאW

1J אאK
2J אאא 


אאW 

1J אאkl- 21001
2J אkl-13008
3J אHאאHא 




אאW
1J אKL-13008אאאCK 
2J אאאאK 

 
3J אVR1F1KΩEאK 
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4J אאאVinאאא
VR1אK 

Vout VR1 Vin 
Max.(1kΩ) 8V 
Max.(1kΩ) 12V 
Max.(1kΩ) 10V 
Min (0Ω) 10V 

 
5J ؟א 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 



אאאא
אאאאא




- 177 -  

אא
LED Characteristics 


אאW

1J אאאK
2J אא 
 

אאW 
1J אאkl- 21001
2J אkl-13007
3J אHאאHא 


אאW

1J אKL13007אא
2J אאאא 

 
3J אאאאאאאא

אK 
4J אא10אVאא+VK 
5J אVR1אאאLED 
6J אאLEDאVF 
7J אאLEDאאW 
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  IF=………………………….mA 
 VF= ……………………………V   

8J אאאאW 
10 9 8 7 6 5 4 3 2 1 IF(mA) 

VF(V) 
 

9J אאאאLEDאאאא
K 

10J ؟אא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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אא


1WאאאאאאW
1J  
2J אא 

2WאאאאW
 א 
 אאא 
 אאLEDאאא 
 אאLEDאאא 
 אאאא 
 אLEDאאא 
 אאא 
 אאLEDא 
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אאFאאE
אאאאא


אאאאאאא

אאאא،אא
F√Eאא،אאא

EFאא 
אאאאאWאא 

אאFאאE 
א 

 
 

1Jא     

2Jאאאא    

3–א    

4JאאLED    

5Jאאאא    

6Jא    

אאאאא
،א????א

אאא 
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אאFאאE
אאא

אאW………………………אLLW
אW…………KKאW123

4
20

אW………
אאW80٪א
אאW100٪א 

א א
 

1Jאאאאאא  

2Jא 

3Jאא 

4Jא 

5Jא 

א  
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אאW
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אאW
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אאWאW
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אאW
אאאאBJT


אאW

אאW
1J אאאאBJT
2J אא 
3J אאא 
4J אאא 
5J אא؟אא


אאW
33


Wאאאא
א10אJ15אאא




אאW
1J אאאא
2J אא 
3J אאא 
4J אאא
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אאאBJT
BIPOLAR JUNCTION TRANSISTOR


אאאאאאאא
אא،،،א

אKאאאאאאא
אאK

אאאאאW
1J אאUJTFUNIPOLAR- JUNCTION 

TRANSISTOR E
2J אאBJT 
3J אאFETFFIELD EFFECT TRANSISTORE 

BJTWאא


F3J1E

אאF3J1EW
1J BASEWFאE
2J EMITTERWאאאאא 



אאאא
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3J COLLECTORWאא
אאאאK 

אאBJTFNPNEאFPNPEאא
אאאK

אאW
אאאא

אKאאאP-NK
J אאאFאEאאאNPN

F3J2KE 


F3J2E

J אאאFאEאאאPNP
F3J3E 


F3J3E 
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אW
1J אאאאא

אאFNEאאFPE
2J אאאאא

אאFאאE 

אאאאW
1Jאאאאאא
FאאEאא

אאאK 
אאאאאאא   

         א 
2Jאאאאאא

אאאאאאKאא
אאאאאא

אא
IE = IB + IC  

 
WIEא

ICא
IBא

אאא


אאW
1J אΒ(BETA)W 

אאIC אIB
  Β= IC/IB  

אΒאא20200אאאאא
Βא10000KאאאאHFE



אאאא
אאאאאאBJT
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2J אΑW

אאICאIEW
Α = IC/IE 

אΑ0.900.995K


אΑΒW
אאאΑΒW

IE = IC + IB  
אIC

C

B

C

C

C

E

I
I

I
I

I
I

+= 

Α= IC/IE وآذلك Β=IC/IE لتصبح العلاقة آما يلي : 

βα
111

+=


אאאΑאΒK

ΒΑאאW


α
αβ

αβα
αββα
βαβ

β
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−
=

−=
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אאW


1J אאCOMMON BASEW
אאאאאFאEאאFאE


F3J4Eאאא

אאאאאאW
–א0UTPUT CHARACTERSW

אאVCBאאIE
אW

• אאACTIVE REGION 
• אCUTOFF REGION 
• אSATURATION REGION 
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F3J5Eאאא 

אאACTIVE REGIONW
אאאFאאEKאא

FאאEK
אאאאVCBא

ICאאאאאאK
אCUTOFF REGIONW

אאאFאאEK
אאFאאEKאIC אא

אKאאאOFF 
SWITCHK


אSATURATION REGIONW

אאאFאאEKאאFא
אEKאאICIEKאאא

ON SWITCH
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JאW


F3J6Eאאא

אאVEBאIEאVCB
אIEאאVEBאאא

אאאVCBאIEVEBF3J6E
אאאK

2J אאCOMMON EMITTERW


F3J7Eאאאא
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אאאאאאאאא
אW


F3J8Eאאא

אאWאאא
אWאאOFF
אWאאON 

אW


F3J9Eאאא


אאVBEאIBאVCE
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3J אאCOMMON COLLECTORW 


F3J10Eאאא

אאאאאFאאEאא
FאאKE

אאאאאאK
אW

אאVECאIEאIB
אW

אאVBCאIBאאVEC
אאאW

אF3J11Eאאאא


F3J11E
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אאאK
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אאאאאאאאKא
אאאאאFאאEאK

אאאאאKאאא
אא

אאאאאאאKאא
אאאאK


אF3J12Eאאאא


אאאאאאאW 
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אאאKאאא
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K
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אאK
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אאאאאאNPNPNP
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אאאאאNPN
אאאK

אאאW
1J אאאא
2J אאאא 

אאאאאPNP
אאא


אאאW

אאאאאW 
1J אאאאאאאאא

אאא 
2J אאא 
3J אאא 
4J אאאאאא 
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6J אאKאאא
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אא
TRANSISTOR CHARACTERISTICS


אאW

1J אאא
2J אא 


 

אאW
1J אא
2J אKL-13007 
3J א 
4J אא 
5J א 




אאW
1J אKL-13007אא

אאTR1(NPN)אאTR2(PNP)אCK
2J אאR×100 אאאא

TR1אאאRF(C-B)אא
א RF(E-B)KאאK 

3J אאR×10Kאאא
אTR1אאאאא
RR(C-B)אRR(E-B)Kאא 

4J א2א3אTR2א
אאK 
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5J א 
RR(C-B)RR(E-B)RF(C-B)RF(E-B)

TR1
TR2

 
6J אאאא 

  
7J אא15+אVאא+V 
8J אVR2אאאאIBK

אVR3אאאVCE 
9J אVR3אK 

10J אKאVR2
10µA.  

11J אאאVCEKאVR3
VCE = 1V 

12J אKVCEאIC
א 

IB = 10µA
654321VCE (V)

IC (MA)
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13J אIB = 20µAאאאVR2א
VR3אKאאW 

IB = 20µA
654321VCE (V)

IC (MA)

14J אIB = 30µAאאאVR2א
VR3אKאאW 

IB = 30µA
654321VCE (V)

IC (MA)

 
15J   אאΒΑאTR1אW 
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16J אאאVCEאIC
IB=10,20,30µA.   

 

 
17J א؟א 
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 אאאא
OPERATIONS OF TRANSISTOR AMPLIFIERS 

 
 

אאW
1J אאאא
2J א 

אאW
1J אא
2J אKL-13008 
3J א 
4J אא 
5J א 


אאW

1J אKL-13008אאאA
2J אאאא 

 
3J אא10+אVאאK 
4J אאאאאאW 

VB=………………………V
VC=……………………….V 
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VE=………………………..V


5J אאאאR3 = 1KΩW 
IC= VR3/R3 = ………………..MA 

 
6J א1אKHZVPP= 0.5Vא

אאא 
 










 
7J אאאאVINK 
8J אאאVO1אאK 
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9J אאW
 

VPP=…………………….V
10J ؟א؟אא 
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11J אאAVW 

AV1= VO1/VIN =……………..


12J אאאVO2אאK 
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אא

1W؟؟אאאאא
2WאאK؟אא
3W؟אא
4WאאאאאאW

1J ؟אא
2J ؟אא 
3J ؟אא 

5Wאא180؟אא
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אאFאאE
אאאאא


אאאאאא

،אאאאאאF√E
אאא،אאא
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אאFאאE 
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1J אאאא
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אאW

אאאאFET


Wאא
אאW

1J אאאאאאFET
2J א 
3J אאאFET 
4J אאאFET 



אאW
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אאאW

אא10J15אאא



אאW
1J אאאא
2J אאא 
3J אאא 
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אאFET
Filed Effect Transistor  

 
אFETאUnipolar  device א

אאאKאאאא
אKאאאBJTאא

אאאאFETW
1J אאאJFET (Junction FET)K
2J אאאאאMOSFETIGFETK 

 
אאאJFETW

אאW


F4J1EאאJFET



אאאא
אאאאא 
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אJFETF4J1EnFpE
אאpFnKE

אאאאאNFN ChannelEאא
NאאPאאאPFP 

channelE
אאאאnאא

אpK
אאאאW

1J אFSESourceW
אאאאFאn

אאpEאIsKאsאא
אBJTK

2J אFDEDrainW
אאאאא

IDאאאBJTK
3J אאFGEGateW 

אאאאאGאא
אאאאBJT

אאאJFETW


F4J2E

אאאnאpF4J2E



אאאא
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אW
JFTE אW

• אאאא 
• אאאאאאא

JFETNאאאאאD
אאKPאK 


אאאJFETNW

J VGS = 0،VDS = 0W 


F4J3E

אאID=0VDS=0אאא
NPאא

א
J VGS=0   VDSFVDS>0WE


F4J4E



אאאא
אאאאא 
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אאSאDVDS
אאVPOFPinch – off voltageE

אאאIDSSK
JVDS=0،VGS<0FVGSWE


F4J5E

אאאאאא
אאאאאא

cutoffF4J5EVGS  אאVGSOFF
ID=00

אאאJFETW


F4J6Eא
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אF4J6EאVPFאאIDא
אVDSאאאאE

אVGSאאIDא
אW

2

1 ⎥
⎦

⎤
⎢
⎣

⎡
−=

OFFVGS
VGSIDSSID

W
אאN-channel JFETW

IDss=10Ma،VGSOFF=-3.5VאאIDVGS=-1V  
VGS=-2V؟א

א
2

1 ⎥
⎦

⎤
⎢
⎣

⎡
−=

OFFVGS
VGSIDSSID

VGS = -1

mAID 1.5
5.3

111010
2

3 =⎥⎦
⎤

⎢⎣
⎡

−
−

−×= −


VGS= -2

mAID 84.1
5.3

211010
2

3 =⎥⎦
⎤

⎢⎣
⎡

−
−

−×= −
ID=0 When VGS = VGSOFF= -3.5V



אאאא
אאאאא 
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אgmTransconductanceW


F4J7Eא


אאאאאVDSW

VDS→
∆
∆

=
VGS
IDgm

אא(s)
אאID=IDSSVGO=0gmoא

אאW
2

1 ⎥⎦
⎤

⎢⎣
⎡ −=

VP
VGSIDSSID

אאאVGSgmW

⎟
⎠
⎞

⎜
⎝
⎛ −

−
=

VP
VGS

VP
IDSSgm 12



VGSאW
gm = gmo

VGS=0אW

VP
IDSSgmo 2−

=



אאאא
אאאאא 
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אאאאא
Metal-oxide semiconductor FET (MOSFET) 


אאאאאW


J אאDE MOSFET( Depletion – enhancement MOSFET )W 

אאאאVGSW
1J VGSDE-MOSFETNאא
2J VGSDE-MOSFETN 


J Enhancement – only (E – MOSFET )W

אאVGS
אDE- MOSFETאאK

VGS = 0 IDאאאOFF 
MOSFETK


אאDE- MOSFETW

אW


F4J8E

א(DE MOSFET)F4J8Eאא
F4J8JaEאnאpK



אאאא
אאאאא 
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 SSאF4J8JaE
אאF4J8Jb,cE

אW
J אאFDepletion modeEnW 


F4J9E

1J אאאVGS = 0 א
אאאID

2J אאאאאN
אאא

F4J9JcE 
3J אאאאאאא

אID 
4J אאאVGSOFFא

א 






אאאא
אאאאא 
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J N- channel Enhancement mode W
אW


F4J10E

1J VGS = 0אאאא
אID

2J אאאאא
F4J10JdE 

3J אאאאא
FאEאאID 





אאאא
אאאאא 
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אEnhancement only N- channel MOSFETW
אאW


PאDE-MOSFETאא

אsio2KאאKאאא
אאG


אאאאא

אאאאאא 
ID = O


אאאW


F4J11E





אאאא
אאאאא 
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אW


F4J12E

1J VGS=0ID=0אVDDא


2J אאKאא
אא

אאאאאא
אID 

3J אVGSNא 
(Threshold voltage ) VGSTh 

4J VGS<VGSTh ID=0VGS>VGSTh
אאIDF4J12E 


WP channel E – ONLY MOSFET אnאאn






אאאא
אאאאא 
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אאא 
FET Characteristics 


אאW

1J אאאFETK
2J אאאFETK 


אאW

1J אא
2J אKL-13007 
3J א 
4J אא 
5J א 


 
אאW

1J אKL-13007אאKאeK
2J אאאאK

 



אאאא
אאאאא 
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3J -15Vא–VKאVR5VGS 
4J +15Vא+VKאVR6אVDS 
5J אVR5אVGS = 0 
6J אDאSאVR6

VDS = 1VKאID 
7J VDSאאK 

VGS=0V 
7 7 6 5 4 3 2 1 VDS(V)

        ID(mA)
 

8J אVR5VGS = - 0.25Vא
 

VGS=-0.25V 
7 7 6 5 4 3 2 1 VDS(V)

        ID(mA)
 

9J אVR5VGS = - 0.5Vא 
 

VGS=-0.5V 
7 7 6 5 4 3 2 1 VDS(V)

        ID(mA)



אאאא
אאאאא 
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10J אVR5VGS = - 0.75Vא

 
VGS=-0.75V 

7 7 6 5 4 3 2 1 VDS(V)
        ID(mA)

 
11J אאאאאאא

אאFET 

 
12J ؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
 



אאאא
אאאאא 
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Touch-controlled Switch 


אאW

1J אאFETאא
2J אא


אאW

1J אא
2J אKL-13008 
3J א 
4J אא 
5J א 

 
אאW


1J אKL-13008אאKאgK
2J אאאאאK

 



אאאא
אאאאא 
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3J א+10Vאא+VK 
4J אKאאאLED؟ 

 
5J אאאאאאאאא

אK 
6J אאאאLED؟ 

 
7J אאאאאאאא

אאאW 
 

א VA VB VC VD VE VF 

א      

א       

 
8J ؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 



אאאא
אאאאא 
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אאא



1WאאאFET؟א
2WאאאאFET؟
3WאאאאJFET؟אאאאא؟
4Wא؟אאאא

J אאאאJFETW
 אN
 אP 
 אאא 
 א 

J אאאJFETW
 ID = 0 
  
 אIDאאא 
 א 

JאVPאאW
 אID 
 אID 
 אID 
 אID 

5WEFאאEFאאW
 אDE-MOSFETP-

K 
 אDE-MOSFETJN

אאא 



אאאא
אאאאא 
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 אDE-MOSFETאא
אא 

 אMOSFETאא 
 אMOSFETא

אאK 
6WאאאאאאאMOSFET؟



אאאא
אאאאא 
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אאFאאE
אאאאא


אאאאאא

אאאא،אא
F√Eאא،אאא

אא 
אאאאאWאא 

אאFאאE 
א 

 
 

1Jאאאא
FET

 

    

2JאאFET    

3–אאFET    

4Jאא
אFET

    

5JאאאאFET    

6Jאא  א א   
אאFET 

    

אאאאא
א،????א

אאא 





אאאא
אאאאא 
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אאFאאE
אאא

אאW………………………אLLW
אW…………KKאW123

4
20

אW………
אאW80٪א
אאW100٪א 

א א
 

1Jאאאאאא  

2Jא 

3Jאא 

4Jא 

5Jא 

א  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK










אאאא
אאאאא 
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אאW
אW

אW
אאW

אאW
אאW

אאW
א؟

O O KאKKKKKKKKKKKKKKKKKKKKKKKO א
אאWאW

אWאKKKKKKKKWKKKKKKKKKKKKKKKKKKKKKKKKKאKKKKKKKKKKKKKKKW
אWאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWאKKKKKKKKKKKKKKKW







 








 

 

 

אאאא

 

אאאא  

אאא
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אאאא 
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א
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אאאאא



אאאא
אאאא
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אאW
אאאאאK

אאW
אאW

1J אא 
2J אאא 
3J אא 
4J אאאאאא 



אאW
11




אאאW
א10א–15אאא




אאW
1J אאאא
2J אאא 
3J אא 
4J א 
5J אאא



אאאא
אאאא
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אא 
Photo Diode  


F5J1Eאאא

אאאאא
אאאKאאא

אאאאK


אאאאאW


F5J2Eאאאאאא

אW
אאאאאאאאKא

אאאאאאאאא
אאאK



אאאא
אאאא
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אאאאא
nאpאאאאא

אאאאאאא
אאF5J2E

אאאאאאאאאא
אKאאאאאאא

א(dark current )K
אאאא

אאאאא
אאאאאאאאאא

K


אW
F5J3Eאאאאאאא

אKאאאאאKא
אאאאאK




F5J3Eאא



אאאא
אאאא
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אאאW
אאW

1J אאאאK
2J K 
3J אאאאאאאא

אאFSolar CellEאאא
אאK 



אאאא
אאאא


 

- 232 - 

אאא
Photo Transistor




אאW

אF5J4Eאאאא
אאאKK


F5J4Eאאאא




אW
אאאאאאא

אאKאאאאKאאא
אK

אאאאאאאβKאא
אאאאאא

אK
אאאאKאאאא

א،אאאK،אא
אא،אאאKא



אאאא
אאאא
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אאאאאא،
K

אאOptcouplerW


F5J5Eאא

F5J5ELEDאKאK
אVSאLEDאאאאאKא

אאאK
אאאאKאאאאא

אאאאאK
אאאK



אאאא
אאאא
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אא
Photo resistors 

אאW


F5J6E


אאאאאא

אאאאאאאאK
אאאאK

אאאFCDSEאאא
KKKKKKKKKKKKKKKKאא

אאאאא
אאאF5J7Eאאא

אאK


F5J7Eאאאאאא



אאאא
אאאא
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W


F5J8E


אאאF5J8EאאאFאאא

אEאאR1,R2,R3Cא
אאאK

אאאא
KאאאאאאאBPX29

BPX25K
אאאאאאאאא

אאK
אאאW


F5J9E



אאאא
אאאא
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אאF5J9Eאאא
אאאאOFF

אאאא
אאONא

אאK




אאאא
אאאא
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אאא
CDS Characteristics 


אאW

1J אאאאK
2J אאאאK 




אאW
1J אא
2J אKL-13010 
3J א 
4J אא 
5J א

אאW
1J אKL-13010אאאaK

K 
 





אאאא
אאאא
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2J אאאא 
3J אאאKאא

אK 
R=  …………………..Ω 

4J אאאא 
R=  …………………..Ω 

5J ؟אאאאאא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

6J אא60W 


R=  …………………..Ω 
 

7J ؟אאאאא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


 

8J אK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK



אאאא
אאאא
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א
Light Controlled Circuit 




אאW
1J אאא
2J אאא 


אאW
1J אא
2J אKL-13010 
3J א 
4J אא 
5J א

אאW
1J אKL-13010אאKאaK
2J אאK 
 

 



אאאא
אאאא
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3J א+6Vאא+VK 
4J אאVR1אאLED1 
5J אאאאA,B.CאאאאK

אאK 
6J אאKאKאאK 

אאVAVBVCאLED

א
א

 
7J אאאאא

א 
 

8J אאא(VR1+R1)Kא
אLED؟א 

 
9J ؟א 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK



אאאא
אאאא
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אא


1WאאאW
1J ؟אא
2J ؟אאא 
3J ؟אא 

2W؟אאאא
3W؟אאאא
4W؟א؟אאאא
5W؟א؟אאאא



אאאא
אאאא
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אאFאאE
אאאאא


אאאאאא

،אאאאאאF√E
،אאאאאא

א 
אאאאאWאא 

אאFאאE 
א 

 
 

1Jאאא     

2Jאא    

3–אאא    

4Jאא    

5Jאא    

אאאאא
א،????א

אאא 





אאאא
אאאא


 

- 243 - 

אאFאאE
אאא

אאW………………………אLLW
אW…………KKאW123

4
20

אW………
אאW80٪א
אאW100٪א 

א א
 

1Jאאאאאא  

2Jא 

3Jאא 

4Jא 

5Jא 

א  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK










אאאא
אאאא
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אאW
אW

אW
אאW

אאW
אאW

אאW
א؟

O O KאKKKKKKKKKKKKKKKKKKKKKKKO א
אאWאW

אWאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWאKKKKKKKKKKKKKKKW
אWאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWאKKKKKKKKKKKKKKKW
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אאאא  

אאא
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אאאאא
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אאאאW

אא
אאW

אאW
1J אאא 
2J אאאא 
3J אאא 
4J אאא 



אאאW
אא10–15אאא




אאW
22




אאW
1J אאאא
2J אאא 
3J אא 
4J אא 
5J אאא



אאאא
אאאאאא
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אאא
Integrated Circuit 


אאאאChip

،אאא،אא،K
אאאאאאK

אא(external pins )
אאאICKאאאאאאא

אאאא،אאאIC
אאא


F6J1E



אאאא
אאאאאא
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אF6J1EאאICW
1J FEאP 

 NאאaK
2J אp אאאא

b,c,dK 
3J אאאאאeK 
4J F6J2E 

 
F6J2E

אא
(Data Sheets )אאאK

אאW
אאא،א،אא،

،א،אא،
אא،אF6J3EK


F6J3E



אאאא
אאאאאא
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אאאאICW
אאאICW

1J K
2J אK 
3J אK 
4J אאK 
5J אאאאK

אאאW
JאאאW

1J Linear 
2J Digital

אאאאאאאא
אKאאאאא(binary )K

JאאאאאW
1Jאאאא(Small Scale Integration ) SSIW

אאאאאאאאK12א
K

2Jאאאא(Medium Scale Integration ) MSIW
12-100אאSSI

אאא(Counters )אDecodersאEncodersאאאא
Small memoriesאאאArithmetic circuits

3Jאאאא(Large  Scale Integration ) LSIW
אא100אKאא

א(Microprocessors )
4Jאאאאא(Very Large  Scale Integration ) VLSIW

אאאאאאא،
אFSingle chipKE



אאאא
אאאאאא
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אאאאDigital Integrated Circuits Families )WE
אאאאאאא

אאW
TTL : Transistor -  Transistor Logic  
ECL : Emitter – Coupled Logic 
MOS:  Metal – Oxide Semiconductor 
CMOS: Complementary Metal – Oxide Semiconductor 
I2L : Integrated – Injection Logic  


TTLא
ECLאא
MOS،I2Lאאא
CMOSאאא

TTL74XXX54XXXאא
אאאאKאF74XXXEאאאא

אאK
ECL10XXX 10102 , 10107KCMOS

א40XX40504002K
אאאאK

5474אאK
אW

74LSXXLow power schottky 
47HxxHigh speed 
74LxxLאאאאLow power



אאאא
אאאאאא
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Wאאא
1J אאאאWאא30 – 80

אאאאאK 
2J אאאאאאאאא

אאאאא 
3J אאאK 


אData SheetsW


אאאא

אW
1J Recommended Operating Conditions 
2J Electrical Characteristics  
3J Characteristics Switching 





אאאא
אאאאאא
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 W
אא555אW


F6J4E

 
אאא555אאKא

אKאאK
אF6J4EאאאאW

1J אGround 
2J אTrigger
3J אOutput
4J אאReset 
5J אControl Voltage
6J אThreshold
7J Discharge 
8J אVCC 


אא555א،אא،

،אא،،אאK
אאF6J5Eאאאא555א



אאאא
אאאאאא
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F6J5E

אאא555W
אאאאICא

KאW
1J אאאW 




F6J6E

אאאאא
א2אא



אאאא
אאאאאא
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אRאCא
KאאאאאאW

T=1.1 × R ×C

 

F6J7E
2J אאאW 



F6J8E

אאF6J8Eא2אא
אאא

אאאאאא



אאאא
אאאאאא
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F6J9E

אאIC555אאW


F6J10E

אאאאאאIC555
אאאKאאאFKE


אאאאאאא3

אאאK



אאאא
אאאאאא
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אא


1Wאא؟אאא
2WאW

1J אאאSSIK
2J אאאVLSIK 
3J TTLK 
4J אLSIC 

3W؟אאאא
4W؟אאאא
5WאאW

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTTLא
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKאאKKKKKKKKKKKKKKKKKKKKKKKא

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
6W؟אא





אאאא
אאאאאא
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אאFאאE
אאאאא


אאאאאא

،אאאאאאF√E
אאא،אאא

א 
אאאאאWאאא 
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