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 ١٢١ אא 
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- ١ - 

א١א 

אא
אא

 
אאאאW 

١K אאאאאK
٢K אאאאאאאK

W 


אאאאאאא
אK

אF١J١Eאאאא
אאאK


אF١J١E





 ١٢١ אא 

 א  

 
 
 

- ٢ - 


אF١J٢Eאאאאאאא

אK


אF١J٢E


אאא(Blocks)אאא

אאא  NOR  ORאאF١J٣EאANDNAND 
F١J٤KE



 ١٢١ אא 

 א  

 
 
 

- ٣ - 


אF١J٣E




אF١J٤E





 ١٢١ אא 

 א  

 
 
 

- ٤ - 

אF١J٥EאאvVCC 5+=אאא
TTL v15VCC += K


אF١J٥E






 ١٢١ אא 

 א  

 
 
 

- ٥ - 

אF١J٦EאאClock
אאא1אHz 100 kHzK




אF١J٦E





 ١٢١ אא 

 א  

 
 
 

- ٦ - 

אF١J٧EאF١J٨EאאK


אF١J٧E


אF١J٨E





 ١٢١ אא 

 א  

 
 
 

- ٧ - 

אF١J٩EאאאK


אF١J٩E




אF١J١٠E7 segmentsאאK


אF١J١٠E



 ١٢١ אא 

 א  

 
 
 

- ٨ - 

אF١J١١EאDecoderK




אF١J١١E
אF١J١٢EJKK


אF١J١٢E



 ١٢١ אא 

 א  

 
 
 

- ٩ - 


אF١J١٣EאאאאK


אF١J١٣E





 ١٢١ אא 

 א  

 
 
 

- ١٠ - 

אF١J١٤EאK


אF١J١٤E


אF١J١٥E٤SwitchesK


אF١J١٥E
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- ١١ - 

אאאאאאאאאאאא
אאאאאאKICא

א،אאF١J١٦KE


אF١J١٦E

אF١J١٧EאאאK


אF١J١٧E

אאאאאאא



 ١٢١ אא 

 א  

 
 
 

- ١٢ - 

Test Boardsא،F١J١٩KE


אF١J١٩E


אאאאאאאאא

אAnalog oscilloscopeאאF١J٢٠KEאא
אF١J٢١KE
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- ١٣ - 


אF١J٢٠E


אF١J٢١E





 ١٢١ אא 

 א  

 
 
 

- ١٤ - 

אאאאאאאאF١J٢٢Eא
אאLogic probeK


אF١J٢٢E









 ١٢١ אא 

 א  

 
 
 

- ١٥ - 

א٢א 

אORAND


אא 
 

אאאW 

٣K אאאאאANDORאK
٤K אANDאK 

٥K אANDאאK 

٦K אORאK 

٧K אORאאK 


אא

١K  7608 4 אאAND ،א
אF٢J١KE 

٢K  7432 4אאORאK 

٣K אאLEDSK 

٤K Switches K 

٥K 5vK 





 ١٢١ אא 

 א  

 
 
 

- ١٦ - 

 
אF٢J١WEא٧٤٣٢٧٤٠٨K


אאWאANDא


١K אאאאא7408אאאא

אF٢J٢KE



150 ohms

Inputs

Output
AB

7408
1

2

Y3

SW1SW2
אא

א


אF٢J٢WEאANDאK



 ١٢١ אא 

 א  

 
 
 

- ١٧ - 

٢K א A17408אB2אY
3K


٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K


٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אLED،

אא''''OFF ''ON''אK


٧K אF٢J١Eאא10Binaryא
OutputאאאLEDK


אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٢J١WEאאK




 ١٢١ אא 

 א  

 
 
 

- ١٨ - 

אאWאANDאא


١K אאאאF٢J٢EאאאAND7408
K

Inputs

AB

1

2 Y

3

SW1SW2
אא

א

150 ohms

Output
7408

7408

SW3

C

4

5

6


אF٢J٢WEאAND אאK

٢K אא1،25אC، B،A6אK
אאאאF3אEאאאF4אE

אאC، B،Asw1sw2sw3K
٣K אאאאאF٢J٢EאאANDא

אC، B،AK


אאInputs א
Output YC BA

00 0 

10 0 

01 0 

11 0 

00 1 



 ١٢١ אא 

 א  

 
 
 

- ١٩ - 

10 1 

01 1 

11 1 

אF٢J٢WEאאF٢J٢KE


אאWא ORא


١K אאאאא٧٤٣٢אאאא
אF٢J٣KE

150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7432


אF٢J٣WEאOR אK


٢K א A1٧٤٣٢אB2אY

3K


٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K



 ١٢١ אא 

 א  

 
 
 

- ٢٠ - 

٦K אאsw1sw2אLED،
אא''''OFF ''ON''אK


٧K אF٢J٣Eאא10Binaryא

OutputאאאLEDK


אאInputs אOutput  
BA

BinaryLEDBinarysw2Binarysw1
0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٢J٣WEאאF٢J٣KE


אאאWאORא א
١K אאאאF٢J٤EאאאOR

7432K
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 א  

 
 
 

- ٢١ - 

Inputs

AB

1

2

3

SW1SW2

אא

150 ohms

Output

SW3

C

4

5

6

D

SW4

7432

7432

7432

9

10 8
Y

א


אF٢J٤WEאאORאאK

٢K א1א،2،5٩א,DC، B،A٨אK
אאאאF3אEאאאF4אE

אא,DC، B،Asw1sw2sw3sw4 K
٣K אאאאאF٢J٤EאאORא

אC,D، B،AK




 ١٢١ אא 

 א  

 
 
 

- ٢٢ - 


אאInputs א

Output YSw4= D Sw3= C Sw2= Bsw1= A
٠٠0 0 

١٠0 0 

٠١0 0 

١١0 0 

٠٠1 0 

١٠1 0 

٠١1 0 

١١1 0 

٠٠0 1 

١٠0 1 

٠١0 1 

١١0 1 

٠٠1 1 

١٠1 1 

٠١1 1 

١١1 1 

אF٢J٤WEאאF٢J٤KE





 ١٢١ אא 

 א  

 
 
 

- ٢٣ - 

א٣א 

אNOTNAND


אא 
 

אאאW 

١K אאאאאNOTNANDK
٢K אNOTK 

٣K אNANDאK 

٤K אNANDאאK 

٥K א NANDאANDא NOTK 


אא

١K ٧٤٠٤FאF٣J١EEא 6אNOT K 

٢K 7400 4אאNANDK 

٣K 7408 4אאANDK 

٤K אאLEDSK 

٥K  Ksw1، sw3   sw2 

٦K 5vK 



 ١٢١ אא 

 א  

 
 
 

- ٢٤ - 

 
אF٣J١WEא٧٤٠٠٧٤٠٤٧٤٠٨K

אאWאNOT


١K אאאאאא7404א 
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 א  

 
 
 

- ٢٥ - 

אF٣J٢KE

150 ohms

Output

אLED

Input

A

7404

1 Y
2

SW
א


אF٣J٢WEאאNOTK


٢K א A1،אY2K
٣K א14א5vא7GroundK
٤K אאאsw1''ON''''''OFF
٥K אF٣J١WE


א Output  YאInput  A

٠
١

אF٣J١WEאNOTK



 ١٢١ אא 
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- ٢٦ - 

אאWאNANDא


١K אאאאNANDאא7400א
אF٣J٣KE



150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7400

LED


אF٣J٣WEאNAND אK


٢K אA17400אB2אY3K
٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אאאLED

،אא''''OFF ''ON''אK
٧K אF٣J٢Eאא10Binaryא

OutputאאאLEDK



 ١٢١ אא 

 א  

 
 
 

- ٢٧ - 


אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٣J٢WEאאאאF٣J٣KE


אאWאNANDאא


١K אאאF٣J٤EאאאAND٧٤٠٠
K

٢K א1א،2١٠אC، B،A8אK
אאאאF3אEאאאאF٥א 4E

אאC، B،Asw1sw2sw3K
Inputs

AB

1

2

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4

5

6 9

10

8
Y7400

7400
7400

LED


אF٣J٤WEאאNANDאאK



 ١٢١ אא 

 א  

 
 
 

- ٢٨ - 


٣K אאאאאF٣J٣EאאANDא

אC، B،AK 


אאInputs א

Output YC BA
00 0 

10 0 

01 0 

11 0 

00 1 

10 1 

01 1 

11 1 

אF٣J٣WEאאF٣J٤KE


אאאWאNANDאאAND.NOT


١K אאאאF٣J٥Eא AND7408 א
NOT7404אאK






 ١٢١ אא 

 א  

 
 
 

- ٢٩ - 

Inputs

Outputs

AB

7408
1

2

Y

3

SW1SW2
אא

א
150 ohms

1 2

YLED1 LED2

7404


אF٣J٥WEאNANDאANDNOTK


٢K א14אא5vא7GroundK
٣K אאאsw1sw2K
٤K אF٣J٤WE


א Output  אאInputs  
Not(Y) Y sw2= Bsw1=A

00 

10
01
11

אF٣J٤WEאאאF٣J٥KE
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 א  
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א٤א 

אNORXOR


אא 
 

אאאW 

١K אאאאאNORXORK
٢K אNORאK 

٣K אNORאאK 

٤K אXORאK 

٥K אXORאאK 

٦K א XORאאAND،OR NOTK 

 
אא

١K ٧٤٠٢FאF٤J١E 4 אאNOR K 

٢K 7486 4אאXORK 

٣K 7432 4אאORK 

٤K 7408 4 אאAND K 

٥K 7404 4 אאNOT K 

٦K אאLEDSK 

٧K 5vK 





 ١٢١ אא 

 א  
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אF٤J١WEאאאאK



 ١٢١ אא 
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- ٣٢ - 

אאWאNORאK
١K אאאא7402אאאא

אF٤J٢KE


150 ohms

Inputs

Output
AB

12 Y

3

SW1SW2
אא

אLED
7402


אF٤J٢WEאNOR אK


٢K אsw1 sw22 3 7402 א1.Y
٣K א14א5vא7GroundK
٤K אאאsw1 sw2אאאא

אF٤J١KE
٥K אF٤J١KE


א Output  אאInputs  

YB A
00 

10
01 

11 

אF٤J١WEאאF٤J٢KE
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אאWאNORאא


١K אאNOR7402אNORאאא

F٤J٣KE


Inputs

AB

12

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4
5

6 9

10
8 Y7402

LED

7402
7402


אF٤J٣WEאNOR אאK


٢K אאא14א5v

א7GroundK
٣K אאאsw1، sw2 sw3אאא

אאF٤J٢E
٤K אF٤J٢WE 









 ١٢١ אא 

 א  

 
 
 

- ٣٤ - 

א OutputאאInputs
Ysw3= C sw2= B sw1=A

00 0 

10 0 

01 0 

11 0 

0 0 1 

1 01 

01 1 

1 1 1 

אF٤J٢WEאאF٤J٣KE


אאWאXORא


١K אאאאא7486אאאא
אF٤J٤KE



150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7486

LED


KאXORאF٤J٤WEא





 ١٢١ אא 

 א  

 
 
 

- ٣٥ - 

٢K א A1٧٤٨٦אB2אY
3K

٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אLED،

אא''''OFF ''ON''אK


٧K אF٤J٣Eאא10Binaryא
OutputאאאLEDK


אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٤J٣WEאאF٤J٤KE


אאאWאXORאא


١K אאאF٤J٥EאאאXOR7486
K





 ١٢١ אא 

 א  

 
 
 

- ٣٦ - 

Inputs

AB

1

2 Y

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4

5

6

7486

7486

LED


אF٤J٥WEאXOR אאK

٢K א1א،25אC ، B،A6אK
אאאאF3אEאאאF4אE

אאC، B،Asw1sw2sw3K
٣K אאאאאF٤J٤EאאANDא

אC، B،AK


אאInputs א
Output YC BA

00 0 

10 0 

01 0 

11 0 

00 1 

10 1 

01 1 

11 1 

אF٤J٤WEאאF٤J٥KE



 ١٢١ אא 

 א  

 
 
 

- ٣٧ - 


אW
٤K אאאF٤J٥EאXORאאא 

   AND  ORNOTK




BABAY +=2BA.BA.B A =A.XOR.B1Y B A 
00
10
01
11

אF٤J٥KE















 ١٢١ אא 

 א  

 
 
 

- ٣٨ - 

א٥א 

אאDecoder


אא 
 

אאאW 

١K אאDecoder7442אK 

٢K אאK
٣K אאאK 

 


אאW


١K  2  אא7404 NOTF 10א 12אKE 

٢K 4Switches K 

٣K א٧٤٤٢FאF٥J١KEE 

٤K 10אאאא.LEDS 

٥K 5vK 

 




 ١٢١ אא 

 א  

 
 
 

- ٣٩ - 


אF٥J١WEא٧٤٠٤٧٤٤٢K

אאW


١K אאאאF٥J٢KE
٢K אאאA، B،C Dsw1، sw2 ،   sw3  

sw4אF12، 13،14( 15.7442  

٣K א16א5vא8GroundK 

٤K 1)  7442،2،3،4،5،6،7،9،10 

11אLEDאNOTא7404 K 

٥K 147404 א5v7K 

 7442 אNOTא
Lowאא. 

٦K אאאאsw1، sw2 ،   sw3  sw4
אאאאאK 



 ١٢١ אא 

 א  

 
 
 

- ٤٠ - 

C

Binary inputs

SW1

א אא

A

D

B

SW4 SW3 SW2

3

6

2

1

11

8

14

13

12

1

4

0

2

5
4

7

9

3

10

150 Ohms

15

GND

Decimal outputs

א א
16

+ 5 V

7442

Decoder

7404

7404

5

6

7

8

9


אF٥J٢WEאאK 

 


٧K אF٥J١E1אאאFאאE0א
א

FאאE






 



 ١٢١ אא 

 א  

 
 
 

- ٤١ - 

אאDecimal 

Output
א Binary      

Inputs
אאאאא

0 1 2 3 4 5 6 7 8 9 sw1sw2sw3sw4

00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 

אF٥J١E














 ١٢١ אא 

 א  

 
 
 

- ٤٢ - 

א٦א 

אאאMultiplexer
אא 

 
אאאW 

١K אאא(Multiplexer)א
74150K

٢K אאאא74150K 


אאW


١K אNOTאאא.7404 

٢K 6Switches K 

٣K א74150FאF٦J١KEE 

٤K ٢אאאא.LEDS 




אF٦J١WEא٧٤٠٤٧٤١٥٠K



 ١٢١ אא 

 א  

 
 
 

- ٤٣ - 


אאW


١K אאאאאF٦J٢Eאאא

74150K

Outputs
א

150 ohms

LED1 LED2

7404

Y

C

Data inputs

SW1

א א
5

2

14
13

15

12

1

6

11
10

3
4

0

7

9
8

Strobe AD B

D
C
B
A

W

Enable input

SW4

W

SW3

1-16
Multiplexer

SW2

Data  select inputs

74150

א א
אF٦J٢WEאאMultiplexerK

אאאW
J אאEnable inputאאKאא

0.(Low) 

J אאA، B،CDאאאאא
W74150K 

JאאData inputsאאא16K



 ١٢١ אא 

 א  

 
 
 

- ٤٤ - 


אWאKאאאאNOT

אאאFKE 

אאאאאאK
 

٢K אאא24א5vא12
GroundK 

٣K אאA، B،C DSwitches K 

٤K אאאA، B،C Dאא
אאאאW K 

٥K אF٦J١EאאK 




















 ١٢١ אא 

 א  

 
 
 

- ٤٥ - 





Output

אInputs

אאinputsData

א Y W

1514131211109 8 7 6 5 4 3 2 1 0

Enable 
input

ABCD
10 0 0 00
10 1 0 0 0
10 0 1 0 0
10 1 1 0 0
10 0 0 1 0
10 1 0 1 0
10 0 1 1 0
10 1 1 1 0
10 0 0 0 1
10 1 0 0 1
10 0 1 0 1
10 1 1 0 1
10 0 0 1 1
10 1 0 1 1
10 01 1 1
10 11 1 1

אF٦J١WEאK






 ١٢١ אא 

 א  

 
 
 

- ٤٦ - 

א٧א 

אאאDemultiplexer


אא 
 

אאאW 

١K אאא(Demultiplexer)א 

16א74154K
٢K אאא74154אK 

 


אאW


١K א٧٤١٥٤FאF٧J١KEE 

٢K 5Switches K 

٣K 16אאאא.LEDS 

٤K 16אNOTFא7404E 

٥K  Ω.150 

٦K 5vK 

 



 ١٢١ אא 

 א  

 
 
 

- ٤٧ - 


אF٧J١WEא٧٤٠٤٧٤١٥٤K

אאW
١K אאאאאF٧J٢Eאאא

74154K 

٢K א24א5vא12GroundK 

٣K אאA، B،C D)א20، 21،22( 23
Ksw1، sw2 ،   sw3  .sw4 

٤K 1،2،3،4،5،6،7،8،9،10،11،13،14،15،16
،17אNOT אאLEDK 

٥K א14אא18F
אEאא.sw5 

٦K אאאA، B،C Dאאא
אאאK 





 ١٢١ אא 

 א  

 
 
 

- ٤٨ - 

C

Data input

SW1

א  5

2

14
13

15

12

1

6

11
10

3
4

0

7

9
8

AD B

D
C
B
A

SW4
SW3

Demultiplexer

SW2

Data select for output

74154

א 

15

6

2
1

11

232120 22

16

4

13

14

5

8

17

7

9

3

10

150 Ohms

19

18

12
GND

G1

G2

Outputs



SW5

24

+ 5 V


אF٧J٢WEאאK




٧K אF٧J١KE










 ١٢١ אא 

 א  

 
 
 

- ٤٩ - 

א Inputs
 Outputs


אא

1514131211109 8 7 6 5 4 3 2 1 0sw5
A 

sw1

B 
sw2

C 
sw3

D 
sw4

 0 0 0 0 0 
0 1 0 0 0 
0 0 1 0 0 
0 1 1 0 0 
0 0 0 1 0 
0 1 0 1 0 
0 0 1 1 0 
0 1 1 1 0 
0 0 0 0 1 
0 1 0 0 1 
0 0 1 0 1 
0 1 1 0 1 
0 0 0 1 1 
0 1 0 1 1 
0 01 1 1 
0 11 1 1 

אF٧J١WEאK
٨K א18FאEא5Hz،אA، 

B،C D0110K
אא؟



 ١٢١ אא 

 א  

 
 
 

- ٥٠ - 

א٨א
אD


אא 

 
אאאW 

٨K א Dאא7402 ، 74047408K
٩K אא DאK 

١٠K אD7474DK 

١١K אאאאאאאא7474K 

 


אא
٦K א NOR٧٤٠٢FאF٥J١EE אאK 

٧K א ANDאאא7408K 

٨K אNOTאאא.7404 

٩K 7474א.D 

١٠K sw1، sw2 ،  sw3sw4K 

١١K ٢אאאא.LEDS 

١٢K 5vK 

١٣K FKE 






 ١٢١ אא 

 א  

 
 
 

- ٥١ - 


אF٨J١WEא٤٧٠٢٧٤٠٤٧٤٠٨٧٤٧٤K





 ١٢١ אא 

 א  

 
 
 

- ٥٢ - 

אאW DאאNOT،NANDNOR
אאW

١K אאאאF٨J٢KE 

150 ohms

SW2=D

Inputs אא

א

LED2

Outputs

7408

SW1=enable

7408 7402

7402

7404

Q

Q

LED1


אF٨J٢WEאאDK

٢K אאא7402) ،7404 (740814א
5vא7GroundK 

٣K אאאF٨J١Eאאאsw1sw2K 



 ١٢١ אא 

 א  

 
 
 

- ٥٣ - 

 
א Output  אאInputs  

QQsw1D = 
sw2

  0 0
01
10
11

אF٨J١WEאאF٨J٢KE 


אאWאאאאאא D


אאW


١K 7474אאאאאF٨J٣KE 



Outputs א

LED2

SW2

7474

150 ohms 150 ohms

LED1

SW1

SW4SW3

CLK
CLR

D Q
PS

Q

 Synchronous Inputs

Asynchronous Inputs

5

4

3 6

1

2





 ١٢١ אא 

 א  

 
 
 

- ٥٤ - 

אF٨J٣WEאאאאאאDK


٢K א145vא7GroundK 

٣K אאאF٨J٢EאאאאPresetsw4 =
sw3 = ClearK 




א 

Outputs

אאאא  
Asynchronous 

Inputs 

QQPreset =
sw4 

Clear= 
sw3 

  00 
10
01
11

אF٨J٢WEאאF٨J٣KE 

אאWאאאאאא D
אאW

١K אאאאPresetClearאPreset
Clearאאא1 =Preset 1 =  .Clear

٢K אאאsw1CLK) sw2 Zsw1DZ(sw2
אF٨J٣EאאK



א Outputsאאאא
CLK,D

א
CLK

א
CLK 

DataClock 



 ١٢١ אא 

 א  

 
 
 

- ٥٥ - 

QQQQDCLK
  1 00 ١ 

010١
101١
011١

אF٨J٣WEאאאאK 

א٩א
אאT 


אא 

 
אאאW 

١K א TאNANDאא
 7400א7410K

٢K אא TK 


אאW


١K אNANDאא٧٤٠٠FאF٩J١EE K 

٢K sw1، .sw2 

٣K ٢אאאא.LEDS 

٤K 5vK 

٥K אNANDאאאא7410K 

 



 ١٢١ אא 

 א  

 
 
 

- ٥٦ - 


אF٩J١WEא٧٤٠٠٧٤١٠K

אאW


١K אאאאF٩J٢Eא74007410K 



150 ohms

SW1=T

Inputs אא

א

LED2

Outputs

7410

SW2= Clock

7410

Q

Q

LED1

7400

7400


אF٩J٢WEאאTK



 ١٢١ אא 

 א  

 
 
 

- ٥٧ - 


٢K א145vא7Ground

7400א7410K 

٣K אsw1Tאsw2א.Clock 

٤K אאא sw2אא אF٩J١Eא
אsw1אאאאאK 

 



א Outputs 

 
אאInputs   

 
QQsw1sw2
  0 0 

10 
00 
10 

אF٩J١WEאאF٩J٢KE

٠٥אsw2אאאאF٩J٢Eאאsw1

''ON''''OFF''K


א Outputs 

 
אאInputs   

 
QQsw1sw2
  0 1 

11 
01 



 ١٢١ אא 

 א  

 
 
 

- ٥٨ - 

11 
01 
11 

אF٩J٢E 


٠٦אsw1אא،אsw2''ON''''OFF''

אF٩J٣KE





א Outputs 

 
   Inputsאא

 
QQsw1sw2
  0 0 

0 1
0 0
0 1

אF٩J٣E
٠٧אsw1אאא،אsw2''ON''''OFF''

אF٩J٤KE


א Outputs 

 
אאInputs   

 
QQsw1sw2
  1 0 

1 1



 ١٢١ אא 

 א  

 
 
 

- ٥٩ - 

1 0
1 1
1 0 
1 1
1 0
1 1

אF٩J٤E




 ١٢١ אא 

 א  

 
 
 

- ٦٠ - 

א١٠א 

אאאאCounters


אא 
 

אאאW 

١K אאאא74192K 

٢K אאאא74192K
 


אאW


٦K אאL٧٤١٩٢FאF١٠J١EEK 

٧K FKE 

٨K 4אאא.LEDS 

٩K Switch (SW)K 

١٠K  4 אΩ150K 

١١K 5vK 

 




 ١٢١ אא 

 א  

 
 
 

- ٦١ - 


אF١٠J١WE٧٤١٩٢K


אאWאאUp Counting       


אאW


١K אאאאF١٠J٢KE
٢K א16 74192א5vא8

GroundK 

٣K א14אSwitch (SW)K 

٤K א5א(Clock)אאא3،2،6   

    7אאאA  LEDS، B،C .D 

٥K א14(CLR)אאאא 

FCLR = 1 ،אאKE 

٦K אאאK 

 



 ١٢١ אא 

 א  

 
 
 

- ٦٢ - 

C AB

SW

2

7

8

14

6

3

150 Ohms

5

GND Outputs

א

16

+ 5 V

74192

Counter

D

QB

QC

QD

QA
CLR

SW=1   Clear
SW=0    Count

Count up

א א

א 
Single pulse clock


אF١٠J٢WEאאאאאK

 
٧K אאאF١٠J١KE








 





 ١٢١ אא 

 א  

 
 
 

- ٦٣ - 

אא
Outputs

Input

א
אא אא

A B C D 


א

(Clock) 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

אF١٠J١E



 ١٢١ אא 

 א  

 
 
 

- ٦٤ - 

אאWאאDown Counting       
אאW


١K אאאאF١٠J٣KE 

C AB

SW

2

7

8

14

6

3

150 Ohms

4

GND Outputs

א

16

+ 5 V

74192

Counter

D

QB

QC

QD

QA
CLR

SW=1   Clear
SW=0    Count

Count down

א א

א 
Single pulse clock


אF١٠J٣WEאאאאאK

٢K א16 74192א5vא8
GroundK 

٣K א14אSwitch (SW)K 

٤K א4א(Clock)אאא3،2،6 

      7אאאA  LEDS، B،C .D 

٥K א14(CLR)אאאא 

٦K FCLR = 1 ،אאKE 



 ١٢١ אא 

 א  

 
 
 

- ٦٥ - 

٧K אאאאאאF١٠J٢KE
אא

Outputs
Input

א
אא אא

A B C D 


א

(Clock) 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

אF١٠J٢E 



 ١٢١ אא 

 א  

 
 
 

- ٦٦ - 

א١١א


אאאShift Registers


אא 
 

אאאW             

١K אאאא 74194א
אK 

٢K אאאאאK
٣K אאאאאK
٤K אא74194K



אאW


١K  ٧٤١٩٤FאF١١J١EEאאK 

٢K FClockKE 

٣K 4אאא.LEDS 

٤K 5vK 

٥K  9Switches  K 

 



 ١٢١ אא 

 א  

 
 
 

- ٦٧ - 

 
אF١١J١WE٧٤١٩٤K


אאWאאאא       

אאW

١K אאאאאאאF١١J٢KE 

٢K א16 א5vא8GroundK 

٣K א14אSwitch (SW)K 

٤K אא אא A  ، B،C DSwitch א
אא 3،4،5 6 .74194 

٥K אClockאCLKא11K
1א CLRK 

٦K   אא٩10 sw0 ، sw1 אא 

X،Y،ZWאא15،14،131274194אאא  

LEDSK 



 ١٢١ אא 

 א  

 
 
 

- ٦٨ - 

CA B

9

4

8

14

6

10

150 Ohms11

GND

Outputs

א

16

+ 5 V

74194

D

QB
QC
QD

QA

CLR

א 
Single pulse clock

S1S0

C
B

B C

A

DA

D

SR

SL

CLK

Universal
Shift
Register

15

2

13

123

5

Parallel load inputs

Clear

7

1

Serial input (shift right)

Serial input (shift left)

SW1

SW0

SW4

SW5

SW9SW7

SW3

SW6 SW8

{
Parallel load S0 =1 , S1 = 1
Shift right S0 =1 , S1 = 0
Shift left S0= 0 , S1 = 1

Control

אא
א

א


אF١١J٢WEאאאK

 
٧K א  sw0 ، sw1 sw0=1 sw1=1 אא

א  אאאA  ، B،C D 

٨K אאCLR 01אK 

٩K אA  ، B،C D1011K 

١٠K אא sw0 ، sw1sw0=1 sw1=0 ،
אאאאK 

١١K אF١١J١KE   



 ١٢١ אא 

 א  

 
 
 

- ٦٩ - 


אאInputs א

OutputsאאאאCLRא

WZYX


א

(Clock) 
D C BAsw1sw0

0 0 0 0 0 CC C C 0C C 
    0 1 0 1 1 1 11

1 1 0 1 1 1 0 1 

2 C C C C 1 0 1 

3 C C C C 1 0 1 

4 C C C C 1 0 1 

5 C C C C 1 0 1 

6 C C C C 0C C 

אF١١J١EK
WxK


אאWאאאא       

 
 אאW


١K אאאאאאאK
٢K א16 א5vא8GroundK 

٣K א14אSwitch (SW)K 

٤K אא אא A  ، B،C DSwitch א
אא 3،4،5 6 .74194 

٥K אClockאCLKא11K
א1 CLRK 



 ١٢١ אא 

 א  

 
 
 

- ٧٠ - 

٦K   אא٩10 sw0 ، sw1 אא 

X،Y،ZWאא15،14،131274194אאא 

 LEDSK 

٧K א  sw0 ، sw1 sw0=1 sw1=1 אא
א  אאאA  ، B،C D 

٨K אאCLR 01אK 

٩K אA  ، B،C D1011K 

١٠K אא sw0 ، sw1sw0=0 sw1=1 ،
אאאאK 

١١K אF١١J٢KE   




אאInputs א
OutputsאאאאCLRא

WZYX


א

(Clock) D C BAsw1sw0

0 0 0 0 0 CC C C 0C C 

   0 1 0 1 1 1 11
 1 1 0 1 1 1 1 0 

 2 C C C C 1 1 0 

 3 C C C C 1 1 0 

 4 C C C C 1 1 0 

 5 C C C C 1 1 0 

6 C C C C 0C C 

אF١١J٢EK
WC



 ١٢١ אא 

 א  

 
 
 

- ٧١ - 

א١٢א
אאאMemory


אא 

 
אאאW 

١٢K אאאאאאK
١٣K אאאאאאאאRAMK 

١٤K אאאאאאאK 

١٥K א RAMאאא 

(Binary to two's complement Encoder)
אאW

١٤K ٧٤٨٩אאאFאF١٢J١KEE 

١٥K 7404K 

١٦K 9Switches K 

١٧K 4אאLEDSK 

١٨K  4אΩ .1K 

١٩K א.(Clock) 

٢٠K א(Logic Probe) 

٢١K 5vK 





 ١٢١ אא 

 א  

 
 
 

- ٧٢ - 


אF١٢J١WEא٧٤٠٤٧٤٨٩K

 
אאאWאא

7489W
748916C44 bit)C (1616א

א4K
אאאאאאאFאKE

)MEMemory Enable (FאאELow
אאאK

)WE Write Enable (FאEא
אאאאאאSwitches)(AddressK

אאא
(NOT) א 3)WE (7489K


אאW
١K אאאאF١٢J٢KE 



 ١٢١ אא 

 א  

 
 
 

- ٧٣ - 

Y WZ

10

8

7

4

3

GND

א 

16

+ 5 V

7489

X

Q2

Q3

Q4

Q1

RAM

Single pulse clock

C B

BC

A

D A

D

ME

WE

5

2

9

11

12

6

Data input Switches

Address
switches 1

א 

אא 

D1

D2

D3
D4

A1 A3A2A0
15 14 13

( Negative pulse )
 

Memory enable
switch

Write enable
pulse

א 

150 Ohms

Data output
א 

+ 5 V

1000 Ohms

04

04

04

04

12

5 6

13

1

43

2


אF١٢J٢WEאאאK

 
٢K אאVCCGNDא 

7489 )(7404 K
٣K 9SwitchesאאFא4א، 6 ،10

،12 EאFא1א، 15 ،14،13 Eאא)ME (Fא
٢KE 

٤K אאMemory Enable אא.Low 

٥K אאאא)WE Write Enable (
אאאאHighאאאאK 

٦K אאאאאאאF١٢J١KE 






 ١٢١ אא 

 א  

 
 
 

- ٧٤ - 


 

א 

Outputs
אאInputs

אאאאאא
Address 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J١WEאאK



 ١٢١ אא 

 א  

 
 
 

- ٧٥ - 

אאWאאא 

אאW
١K אאMemory Enableאאא

א.Low 

٢K אאאאאאא
א Write Enableאאאאא

K 

٣K אF١٢J٢KE 



 ١٢١ אא 

 א  

 
 
 

- ٧٦ - 


א 

Outputs
אאInputs

אאאאא
Address 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J٢WEאK
WאאאאאאאK





 ١٢١ אא 

 א  

 
 
 

- ٧٧ - 

אאWאאאא
אאW

١K Memory Enableאא.Low 

٢K א Write Enableא High
א . 

٣K אאאאאF١٢J٣KE 
א OutputsאאInputs

אאאאאAddress 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J٣WEאאאK




 ١٢١ אא 

 א  

 
 
 

- ٧٨ - 

א١٣א
אא



אאW

אאאאW
• אאאאK 

• אאK 

• אK 

• אK 

• אאאK 

אאאאאאאW
• אIBMK 

•  MASMTASMK 

• DOSK 

• K 



אW
אאא FאאWE

١K אאאF
אKE 

٢K אאFAssemblesEאFObject fileEאאאK 

٣K אLinkאK 

٤K אK 



 ١٢١ אא 

 א  

 
 
 

- ٧٩ - 


 

Wאא،אאאAssembler אאLinker
WCK



אאW

אW
אאאאאKאא

P1.ASMKאאASMאאאK

אאW

אאFAssembleWE
אאאTASMMASM

אP1.ASMאאאאאP1.OBJK
אW

 خطوات تنفيذ برنامج

  نصيمحرر

 asm.ملف امتداده 

Linkerالرابط 

المجمع 
Assembler 

 obj.ملف امتداده 

  تنفيذيملف
 exe. امتداده

 إنشاء ملف المصدر

تجميع برنامج المصدر

 ربط برنامج الكائن



 ١٢١ אא 

 א  

 
 
 

- ٨٠ - 

C:\Masm P1;
MASMא،אאא

אאP1.OBJK
W

אאאאאאK
אMASMאאW

C:\Masm P1 
אאMASMא،

Source ListingCross-ReferenceKSource Listing(P1.LST)
אאאK 

אCross-Reference(P1.CRF)אאא
אאKאאאאאKאאW



 





אאW

W 

P1.OBJאאKKP1.exe
LinkK

אW
C:\LINK P1;

אאאאK

MASM .ASM 

.CRF 

.LST 

.OBJ 



 ١٢١ אא 

 א  

 
 
 

- ٨١ - 

אאאW

אW
אאW

C:\ P1.exe
אא؟?א?
אKאAאאK

W
١K אאאאאK
٢K אאאאK

WDL,BL,AH 

א AH BL DL 

١א000000102=0216  

٢א   

٣א   

٤א   


WאאINT 21HאאאאאK





 ١٢١ אא 

 א  

 
 
 

- ٨٢ - 

א
TITLE P1: ECHO PROGRAM
.MODEL SMALL
.STACK 100H
.CODE
MAIN PROC
;display prompt
 MOV AH,2 ;display character function
 MOV DL,'?' ;character is '?'
 INT 21H  ;display it
;input a character 
 MOV AH,1 ;read character function
 INT 21H   ;character in AL
 MOV BL,AL ;save it in BL
;go to a new line
 MOV AH,2 ;display character function
 MOV DL,0AH ;carriage return
 INT 21H  ;execute carriage return
 MOV DL,0AH ;line feed
 INT 21H  ;execute line feed
;display character 
 MOV DL,BL  ;retrieve character
 INT 21H   ;and display it
;return to DOS 
 MOV AH,4CH ;DOS exit function
 INT 21H   ;exit to DOS
MAIN ENDP
 END MAIN  






 ١٢١ אא 

 א  

 
 
 

- ٨٣ - 

אINT 21h
 

DOS Interrupts  
Interrupt 21h
  Function 1h:
  Keyboard Input

Waits for a character to be read at the standard input device(unless one 
is ready), then echoes the character to the standard output device and 
returns ASCII code in AL.
Input: AH =01h
Output: AL =character from the standard input device

  Function 2h:
  Display Output
  Outputs the character in DL to the standard output device.
  Input: AH =02h
              DL =character 
  Output: none
 
 
  Function 4Ch:
  Terminate a Process (EXIT)
  Terminates the current process and transfers control to the invoking 
                 process.
  Input: AH =4Ch 
             AL =return code
  Output: none

 





 ١٢١ א 

 א  

 
 
 

 

א
א1אFאאאKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١
א2אFא NAND  ANDKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE١٥
א3אFא NOT  ORKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٣
א4אFא OR  XORKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٣٠
א5אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKK٣٨
א6אFאאאMultiplexerKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٤٢
א7אFאאאDemultiplexerKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٤٦
א8אFאDKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٥١
א9אFא TKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٥٦
א10אFאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٦٠
א11אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٦٦
א12אFאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٧١
א13אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٧٨

א






 

 















 

 

 

 

 

 

 

 











אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 


