
אאFFEE  

 

  

אאא
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אאאא 

١٢١١٢١  



 ١٢١ א 

 אFE  

 
 

،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א  

אאאאאא
אאאאאאW

אאאK


אאאאאאא
  א        ،א אא  

  א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א   ? א F אאE ?  ? ?

אאאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


   א אא  א W
אK


אאאא



 

 

 

אאאא  

 

אא  

אאא
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אאאא 



א




א
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- ١ - 

א١א 

אא
אא

 
אאאאW 

١K אאאאאK
٢K אאאאאאאK

W 


אאאאאאא
אK

אF١J١Eאאאא
אאאK


אF١J١E


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
אF١J٢Eאאאאאאא

אK


אF١J٢E


אאא(Blocks)אאא

אאא  NOR  ORאאF١J٣EאANDNAND 
F١J٤KE
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
אF١J٣E




אF١J٤E


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אF١J٥EאאvVCC 5+=אאא
TTL v15VCC += K


אF١J٥E



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אF١J٦EאאClock
אאא1אHz 100 kHzK




אF١J٦E


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אF١J٧EאF١J٨EאאK


אF١J٧E


אF١J٨E


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אF١J٩EאאאK


אF١J٩E




אF١J١٠E7 segmentsאאK


אF١J١٠E
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אF١J١١EאDecoderK




אF١J١١E
אF١J١٢EJKK


אF١J١٢E
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
אF١J١٣EאאאאK


אF١J١٣E


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אF١J١٤EאK


אF١J١٤E


אF١J١٥E٤SwitchesK


אF١J١٥E



 ١٢١ אא 

 א  

 
 
 

- ١١ - 

אאאאאאאאאאאא
אאאאאאKICא

א،אאF١J١٦KE


אF١J١٦E

אF١J١٧EאאאK


אF١J١٧E

אאאאאאא
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Test Boardsא،F١J١٩KE


אF١J١٩E


אאאאאאאאא

אAnalog oscilloscopeאאF١J٢٠KEאא
אF١J٢١KE
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
אF١J٢٠E


אF١J٢١E


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אאאאאאאאF١J٢٢Eא
אאLogic probeK


אF١J٢٢E






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א٢א 

אORAND


אא 
 

אאאW 

٣K אאאאאANDORאK
٤K אANDאK 

٥K אANDאאK 

٦K אORאK 

٧K אORאאK 


אא

١K  7608 4 אאAND ،א
אF٢J١KE 

٢K  7432 4אאORאK 

٣K אאLEDSK 

٤K Switches K 

٥K 5vK 


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אF٢J١WEא٧٤٣٢٧٤٠٨K


אאWאANDא


١K אאאאא7408אאאא

אF٢J٢KE



150 ohms

Inputs

Output
AB

7408
1

2

Y3

SW1SW2
אא

א


אF٢J٢WEאANDאK
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٢K א A17408אB2אY
3K


٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K


٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אLED،

אא''''OFF ''ON''אK


٧K אF٢J١Eאא10Binaryא
OutputאאאLEDK


אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٢J١WEאאK

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אאWאANDאא


١K אאאאF٢J٢EאאאAND7408
K

Inputs

AB

1

2 Y

3

SW1SW2
אא

א

150 ohms

Output
7408

7408

SW3

C

4

5

6


אF٢J٢WEאAND אאK

٢K אא1،25אC، B،A6אK
אאאאF3אEאאאF4אE

אאC، B،Asw1sw2sw3K
٣K אאאאאF٢J٢EאאANDא

אC، B،AK


אאInputs א
Output YC BA

00 0 

10 0 

01 0 

11 0 

00 1 
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10 1 

01 1 

11 1 

אF٢J٢WEאאF٢J٢KE


אאWא ORא


١K אאאאא٧٤٣٢אאאא
אF٢J٣KE

150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7432


אF٢J٣WEאOR אK


٢K א A1٧٤٣٢אB2אY

3K


٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
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٦K אאsw1sw2אLED،
אא''''OFF ''ON''אK


٧K אF٢J٣Eאא10Binaryא

OutputאאאLEDK


אאInputs אOutput  
BA

BinaryLEDBinarysw2Binarysw1
0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٢J٣WEאאF٢J٣KE


אאאWאORא א
١K אאאאF٢J٤EאאאOR

7432K

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Inputs

AB

1

2

3

SW1SW2

אא

150 ohms

Output

SW3

C

4

5

6

D

SW4

7432

7432

7432

9

10 8
Y

א


אF٢J٤WEאאORאאK

٢K א1א،2،5٩א,DC، B،A٨אK
אאאאF3אEאאאF4אE

אא,DC، B،Asw1sw2sw3sw4 K
٣K אאאאאF٢J٤EאאORא

אC,D، B،AK

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
אאInputs א

Output YSw4= D Sw3= C Sw2= Bsw1= A
٠٠0 0 

١٠0 0 

٠١0 0 

١١0 0 

٠٠1 0 

١٠1 0 

٠١1 0 

١١1 0 

٠٠0 1 

١٠0 1 

٠١0 1 

١١0 1 

٠٠1 1 

١٠1 1 

٠١1 1 

١١1 1 

אF٢J٤WEאאF٢J٤KE


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א٣א 

אNOTNAND


אא 
 

אאאW 

١K אאאאאNOTNANDK
٢K אNOTK 

٣K אNANDאK 

٤K אNANDאאK 

٥K א NANDאANDא NOTK 


אא

١K ٧٤٠٤FאF٣J١EEא 6אNOT K 

٢K 7400 4אאNANDK 

٣K 7408 4אאANDK 

٤K אאLEDSK 

٥K  Ksw1، sw3   sw2 

٦K 5vK 
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אF٣J١WEא٧٤٠٠٧٤٠٤٧٤٠٨K

אאWאNOT


١K אאאאאא7404א 
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אF٣J٢KE

150 ohms

Output

אLED

Input

A

7404

1 Y
2

SW
א


אF٣J٢WEאאNOTK


٢K א A1،אY2K
٣K א14א5vא7GroundK
٤K אאאsw1''ON''''''OFF
٥K אF٣J١WE


א Output  YאInput  A

٠
١

אF٣J١WEאNOTK
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אאWאNANDא


١K אאאאNANDאא7400א
אF٣J٣KE



150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7400

LED


אF٣J٣WEאNAND אK


٢K אA17400אB2אY3K
٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אאאLED

،אא''''OFF ''ON''אK
٧K אF٣J٢Eאא10Binaryא

OutputאאאLEDK
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
אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٣J٢WEאאאאF٣J٣KE


אאWאNANDאא


١K אאאF٣J٤EאאאAND٧٤٠٠
K

٢K א1א،2١٠אC، B،A8אK
אאאאF3אEאאאאF٥א 4E

אאC، B،Asw1sw2sw3K
Inputs

AB

1

2

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4

5

6 9

10

8
Y7400

7400
7400

LED


אF٣J٤WEאאNANDאאK
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
٣K אאאאאF٣J٣EאאANDא

אC، B،AK 


אאInputs א

Output YC BA
00 0 

10 0 

01 0 

11 0 

00 1 

10 1 

01 1 

11 1 

אF٣J٣WEאאF٣J٤KE


אאאWאNANDאאAND.NOT


١K אאאאF٣J٥Eא AND7408 א
NOT7404אאK



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Inputs

Outputs

AB

7408
1

2

Y

3

SW1SW2
אא

א
150 ohms

1 2

YLED1 LED2

7404


אF٣J٥WEאNANDאANDNOTK


٢K א14אא5vא7GroundK
٣K אאאsw1sw2K
٤K אF٣J٤WE


א Output  אאInputs  
Not(Y) Y sw2= Bsw1=A

00 

10
01
11

אF٣J٤WEאאאF٣J٥KE






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א٤א 

אNORXOR


אא 
 

אאאW 

١K אאאאאNORXORK
٢K אNORאK 

٣K אNORאאK 

٤K אXORאK 

٥K אXORאאK 

٦K א XORאאAND،OR NOTK 

 
אא

١K ٧٤٠٢FאF٤J١E 4 אאNOR K 

٢K 7486 4אאXORK 

٣K 7432 4אאORK 

٤K 7408 4 אאAND K 

٥K 7404 4 אאNOT K 

٦K אאLEDSK 

٧K 5vK 


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
אF٤J١WEאאאאK
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אאWאNORאK
١K אאאא7402אאאא

אF٤J٢KE


150 ohms

Inputs

Output
AB

12 Y

3

SW1SW2
אא

אLED
7402


אF٤J٢WEאNOR אK


٢K אsw1 sw22 3 7402 א1.Y
٣K א14א5vא7GroundK
٤K אאאsw1 sw2אאאא

אF٤J١KE
٥K אF٤J١KE


א Output  אאInputs  

YB A
00 

10
01 

11 

אF٤J١WEאאF٤J٢KE
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
אאWאNORאא


١K אאNOR7402אNORאאא

F٤J٣KE


Inputs

AB

12

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4
5

6 9

10
8 Y7402

LED

7402
7402


אF٤J٣WEאNOR אאK


٢K אאא14א5v

א7GroundK
٣K אאאsw1، sw2 sw3אאא

אאF٤J٢E
٤K אF٤J٢WE 






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א OutputאאInputs
Ysw3= C sw2= B sw1=A

00 0 

10 0 

01 0 

11 0 

0 0 1 

1 01 

01 1 

1 1 1 

אF٤J٢WEאאF٤J٣KE


אאWאXORא


١K אאאאא7486אאאא
אF٤J٤KE



150 ohms

Inputs

Output
AB

1

2

Y3

SW1SW2
אא

א
7486

LED


KאXORאF٤J٤WEא


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٢K א A1٧٤٨٦אB2אY
3K

٣K א14א5vא7GroundK
٤K אאA,Bאsw1sw2K
٥K אאאsw1sw2אא

א''''OFFאאא''ON''K
٦K אאsw1sw2אLED،

אא''''OFF ''ON''אK


٧K אF٤J٣Eאא10Binaryא
OutputאאאLEDK


אאInputs אOutput  

BA
BinaryLEDBinarysw2Binarysw1

0OFF0 OFF
1ON0OFF
0OFF1 ON
1ON1 ON

אF٤J٣WEאאF٤J٤KE


אאאWאXORאא


١K אאאF٤J٥EאאאXOR7486
K


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Inputs

AB

1

2 Y

3

SW1SW2
אא

א

150 ohms

Output

SW3

C

4

5

6

7486

7486

LED


אF٤J٥WEאXOR אאK

٢K א1א،25אC ، B،A6אK
אאאאF3אEאאאF4אE

אאC، B،Asw1sw2sw3K
٣K אאאאאF٤J٤EאאANDא

אC، B،AK


אאInputs א
Output YC BA

00 0 

10 0 

01 0 

11 0 

00 1 

10 1 

01 1 

11 1 

אF٤J٤WEאאF٤J٥KE
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
אW
٤K אאאF٤J٥EאXORאאא 

   AND  ORNOTK




BABAY +=2BA.BA.B A =A.XOR.B1Y B A 
00
10
01
11

אF٤J٥KE












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א٥א 

אאDecoder


אא 
 

אאאW 

١K אאDecoder7442אK 

٢K אאK
٣K אאאK 

 


אאW


١K  2  אא7404 NOTF 10א 12אKE 

٢K 4Switches K 

٣K א٧٤٤٢FאF٥J١KEE 

٤K 10אאאא.LEDS 

٥K 5vK 

 

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
אF٥J١WEא٧٤٠٤٧٤٤٢K

אאW


١K אאאאF٥J٢KE
٢K אאאA، B،C Dsw1، sw2 ،   sw3  

sw4אF12، 13،14( 15.7442  

٣K א16א5vא8GroundK 

٤K 1)  7442،2،3،4،5،6،7،9،10 

11אLEDאNOTא7404 K 

٥K 147404 א5v7K 

 7442 אNOTא
Lowאא. 

٦K אאאאsw1، sw2 ،   sw3  sw4
אאאאאK 
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C

Binary inputs

SW1

א אא

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


אF٥J٢WEאאK 

 


٧K אF٥J١E1אאאFאאE0א
א

FאאE






 
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אאDecimal 

Output
א Binary      

Inputs
אאאאא

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











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א٦א 

אאאMultiplexer
אא 

 
אאאW 

١K אאא(Multiplexer)א
74150K

٢K אאאא74150K 


אאW


١K אNOTאאא.7404 

٢K 6Switches K 

٣K א74150FאF٦J١KEE 

٤K ٢אאאא.LEDS 




אF٦J١WEא٧٤٠٤٧٤١٥٠K
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
אאW


١K אאאאאF٦J٢Eאאא

74150K

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
אF٦J٢WEאאMultiplexerK

אאאW
J אאEnable inputאאKאא

0.(Low) 

J אאA، B،CDאאאאא
W74150K 

JאאData inputsאאא16K
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
אWאKאאאאNOT

אאאFKE 

אאאאאאK
 

٢K אאא24א5vא12
GroundK 

٣K אאA، B،C DSwitches K 

٤K אאאA، B،C Dאא
אאאאW K 

٥K אF٦J١EאאK 

















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



Output

אInputs

אאinputsData

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
10 0 1 0 0
10 1 1 0 0
10 0 0 1 0
10 1 0 1 0
10 0 1 1 0
10 1 1 1 0
10 0 0 0 1
10 1 0 0 1
10 0 1 0 1
10 1 1 0 1
10 0 0 1 1
10 1 0 1 1
10 01 1 1
10 11 1 1

אF٦J١WEאK



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א٧א 

אאאDemultiplexer


אא 
 

אאאW 

١K אאא(Demultiplexer)א 

16א74154K
٢K אאא74154אK 

 


אאW


١K א٧٤١٥٤FאF٧J١KEE 

٢K 5Switches K 

٣K 16אאאא.LEDS 

٤K 16אNOTFא7404E 

٥K  Ω.150 

٦K 5vK 
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
אF٧J١WEא٧٤٠٤٧٤١٥٤K

אאW
١K אאאאאF٧J٢Eאאא

74154K 

٢K א24א5vא12GroundK 

٣K אאA، B،C D)א20، 21،22( 23
Ksw1، sw2 ،   sw3  .sw4 

٤K 1،2،3،4،5،6،7،8،9،10،11،13،14،15،16
،17אNOT אאLEDK 

٥K א14אא18F
אEאא.sw5 

٦K אאאA، B،C Dאאא
אאאK 





 ١٢١ אא 

 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


אF٧J٢WEאאK




٧K אF٧J١KE







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א Inputs
 Outputs


אא

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 

אF٧J١WEאK
٨K א18FאEא5Hz،אA، 

B،C D0110K
אא؟
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א٨א
אD


אא 

 
אאאW 

٨K א Dאא7402 ، 74047408K
٩K אא DאK 

١٠K אD7474DK 

١١K אאאאאאאא7474K 

 


אא
٦K א NOR٧٤٠٢FאF٥J١EE אאK 

٧K א ANDאאא7408K 

٨K אNOTאאא.7404 

٩K 7474א.D 

١٠K sw1، sw2 ،  sw3sw4K 

١١K ٢אאאא.LEDS 

١٢K 5vK 

١٣K FKE 



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
אF٨J١WEא٤٧٠٢٧٤٠٤٧٤٠٨٧٤٧٤K


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אאW DאאNOT،NANDNOR
אאW

١K אאאאF٨J٢KE 

150 ohms

SW2=D

Inputs אא

א

LED2

Outputs

7408

SW1=enable

7408 7402

7402

7404

Q

Q

LED1


אF٨J٢WEאאDK

٢K אאא7402) ،7404 (740814א
5vא7GroundK 

٣K אאאF٨J١Eאאאsw1sw2K 
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א Output  אאInputs  

QQsw1D = 
sw2

  0 0
01
10
11

אF٨J١WEאאF٨J٢KE 


אאWאאאאאא D


אאW


١K 7474אאאאאF٨J٣KE 



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


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אF٨J٣WEאאאאאאDK


٢K א145vא7GroundK 

٣K אאאF٨J٢EאאאאPresetsw4 =
sw3 = ClearK 




א 

Outputs

אאאא  
Asynchronous 

Inputs 

QQPreset =
sw4 

Clear= 
sw3 

  00 
10
01
11

אF٨J٢WEאאF٨J٣KE 

אאWאאאאאא D
אאW

١K אאאאPresetClearאPreset
Clearאאא1 =Preset 1 =  .Clear

٢K אאאsw1CLK) sw2 Zsw1DZ(sw2
אF٨J٣EאאK



א Outputsאאאא
CLK,D

א
CLK

א
CLK 

DataClock 
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QQQQDCLK
  1 00 ١ 

010١
101١
011١

אF٨J٣WEאאאאK 

א٩א
אאT 


אא 

 
אאאW 

١K א TאNANDאא
 7400א7410K

٢K אא TK 


אאW


١K אNANDאא٧٤٠٠FאF٩J١EE K 

٢K sw1، .sw2 

٣K ٢אאאא.LEDS 

٤K 5vK 

٥K אNANDאאאא7410K 
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
אF٩J١WEא٧٤٠٠٧٤١٠K

אאW


١K אאאאF٩J٢Eא74007410K 



150 ohms

SW1=T

Inputs אא

א

LED2

Outputs

7410

SW2= Clock

7410

Q

Q

LED1

7400

7400


אF٩J٢WEאאTK
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
٢K א145vא7Ground

7400א7410K 

٣K אsw1Tאsw2א.Clock 

٤K אאא sw2אא אF٩J١Eא
אsw1אאאאאK 

 



א Outputs 

 
אאInputs   

 
QQsw1sw2
  0 0 

10 
00 
10 

אF٩J١WEאאF٩J٢KE

٠٥אsw2אאאאF٩J٢Eאאsw1

''ON''''OFF''K


א Outputs 

 
אאInputs   

 
QQsw1sw2
  0 1 

11 
01 
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11 
01 
11 

אF٩J٢E 


٠٦אsw1אא،אsw2''ON''''OFF''

אF٩J٣KE





א Outputs 

 
   Inputsאא

 
QQsw1sw2
  0 0 

0 1
0 0
0 1

אF٩J٣E
٠٧אsw1אאא،אsw2''ON''''OFF''

אF٩J٤KE


א Outputs 

 
אאInputs   

 
QQsw1sw2
  1 0 

1 1
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1 0
1 1
1 0 
1 1
1 0
1 1

אF٩J٤E

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א١٠א 

אאאאCounters


אא 
 

אאאW 

١K אאאא74192K 

٢K אאאא74192K
 


אאW


٦K אאL٧٤١٩٢FאF١٠J١EEK 

٧K FKE 

٨K 4אאא.LEDS 

٩K Switch (SW)K 

١٠K  4 אΩ150K 

١١K 5vK 

 

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
אF١٠J١WE٧٤١٩٢K


אאWאאUp Counting       


אאW


١K אאאאF١٠J٢KE
٢K א16 74192א5vא8

GroundK 

٣K א14אSwitch (SW)K 

٤K א5א(Clock)אאא3،2،6   

    7אאאA  LEDS، B،C .D 

٥K א14(CLR)אאאא 

FCLR = 1 ،אאKE 

٦K אאאK 
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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


אF١٠J٢WEאאאאאK

 
٧K אאאF١٠J١KE








 


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אא
Outputs

Input

א
אא אא

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 אא 

 א  

 
 
 

- ٦٤ - 

אאWאאDown Counting       
אאW


١K אאאאF١٠J٣KE 

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


אF١٠J٣WEאאאאאK

٢K א16 74192א5vא8
GroundK 

٣K א14אSwitch (SW)K 

٤K א4א(Clock)אאא3،2،6 

      7אאאA  LEDS، B،C .D 

٥K א14(CLR)אאאא 

٦K FCLR = 1 ،אאKE 
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٧K אאאאאאF١٠J٢KE
אא

Outputs
Input

א
אא אא

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 
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א١١א


אאאShift Registers


אא 
 

אאאW             

١K אאאא 74194א
אK 

٢K אאאאאK
٣K אאאאאK
٤K אא74194K



אאW


١K  ٧٤١٩٤FאF١١J١EEאאK 

٢K FClockKE 

٣K 4אאא.LEDS 

٤K 5vK 

٥K  9Switches  K 
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אF١١J١WE٧٤١٩٤K


אאWאאאא       

אאW

١K אאאאאאאF١١J٢KE 

٢K א16 א5vא8GroundK 

٣K א14אSwitch (SW)K 

٤K אא אא A  ، B،C DSwitch א
אא 3،4،5 6 .74194 

٥K אClockאCLKא11K
1א CLRK 

٦K   אא٩10 sw0 ، sw1 אא 

X،Y،ZWאא15،14،131274194אאא  

LEDSK 
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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

אא
א

א


אF١١J٢WEאאאK

 
٧K א  sw0 ، sw1 sw0=1 sw1=1 אא

א  אאאA  ، B،C D 

٨K אאCLR 01אK 

٩K אA  ، B،C D1011K 

١٠K אא sw0 ، sw1sw0=1 sw1=0 ،
אאאאK 

١١K אF١١J١KE   
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
אאInputs א

OutputsאאאאCLRא

WZYX


א

(Clock) 
D C BAsw1sw0

0 0 0 0 0 CC C C 0C C 
    0 1 0 1 1 1 11

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 0C C 

אF١١J١EK
WxK


אאWאאאא       

 
 אאW


١K אאאאאאאK
٢K א16 א5vא8GroundK 

٣K א14אSwitch (SW)K 

٤K אא אא A  ، B،C DSwitch א
אא 3،4،5 6 .74194 

٥K אClockאCLKא11K
א1 CLRK 
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٦K   אא٩10 sw0 ، sw1 אא 

X،Y،ZWאא15،14،131274194אאא 

 LEDSK 

٧K א  sw0 ، sw1 sw0=1 sw1=1 אא
א  אאאA  ، B،C D 

٨K אאCLR 01אK 

٩K אA  ، B،C D1011K 

١٠K אא sw0 ، sw1sw0=0 sw1=1 ،
אאאאK 

١١K אF١١J٢KE   




אאInputs א
OutputsאאאאCLRא

WZYX


א

(Clock) D C BAsw1sw0

0 0 0 0 0 CC C C 0C C 

   0 1 0 1 1 1 11
 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 0C C 

אF١١J٢EK
WC
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א١٢א
אאאMemory


אא 

 
אאאW 

١٢K אאאאאאK
١٣K אאאאאאאאRAMK 

١٤K אאאאאאאK 

١٥K א RAMאאא 

(Binary to two's complement Encoder)
אאW

١٤K ٧٤٨٩אאאFאF١٢J١KEE 

١٥K 7404K 

١٦K 9Switches K 

١٧K 4אאLEDSK 

١٨K  4אΩ .1K 

١٩K א.(Clock) 

٢٠K א(Logic Probe) 

٢١K 5vK 


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
אF١٢J١WEא٧٤٠٤٧٤٨٩K

 
אאאWאא

7489W
748916C44 bit)C (1616א

א4K
אאאאאאאFאKE

)MEMemory Enable (FאאELow
אאאK

)WE Write Enable (FאEא
אאאאאאSwitches)(AddressK

אאא
(NOT) א 3)WE (7489K


אאW
١K אאאאF١٢J٢KE 
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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 

אא 

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


אF١٢J٢WEאאאK

 
٢K אאVCCGNDא 

7489 )(7404 K
٣K 9SwitchesאאFא4א، 6 ،10

،12 EאFא1א، 15 ،14،13 Eאא)ME (Fא
٢KE 

٤K אאMemory Enable אא.Low 

٥K אאאא)WE Write Enable (
אאאאHighאאאאK 

٦K אאאאאאאF١٢J١KE 



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
 

א 

Outputs
אאInputs

אאאאאא
Address 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J١WEאאK
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אאWאאא 

אאW
١K אאMemory Enableאאא

א.Low 

٢K אאאאאאא
א Write Enableאאאאא

K 

٣K אF١٢J٢KE 
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
א 

Outputs
אאInputs

אאאאא
Address 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J٢WEאK
WאאאאאאאK


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אאWאאאא
אאW

١K Memory Enableאא.Low 

٢K א Write Enableא High
א . 

٣K אאאאאF١٢J٣KE 
א OutputsאאInputs

אאאאאAddress 

W Z Y X A0 A1A2A3 
00 0 0 
10 0 0 
01 0 0 
11 0 0 
00 1 0 
10 1 0 
01 1 0 
11 1 0 
00 0 1 
10 0 1 
01 0 1 
11 0 1 
00 1 1 
10 1 1 
01 1 1 
11 1 1 

אF١٢J٣WEאאאK

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א١٣א
אא



אאW

אאאאW
• אאאאK 

• אאK 

• אK 

• אK 

• אאאK 

אאאאאאאW
• אIBMK 

•  MASMTASMK 

• DOSK 

• K 



אW
אאא FאאWE

١K אאאF
אKE 

٢K אאFAssemblesEאFObject fileEאאאK 

٣K אLinkאK 

٤K אK 
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
 

Wאא،אאאAssembler אאLinker
WCK



אאW

אW
אאאאאKאא

P1.ASMKאאASMאאאK

אאW

אאFAssembleWE
אאאTASMMASM

אP1.ASMאאאאאP1.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
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C:\Masm P1;
MASMא،אאא

אאP1.OBJK
W

אאאאאאK
אMASMאאW

C:\Masm P1 
אאMASMא،

Source ListingCross-ReferenceKSource Listing(P1.LST)
אאאK 

אCross-Reference(P1.CRF)אאא
אאKאאאאאKאאW



 





אאW

W 

P1.OBJאאKKP1.exe
LinkK

אW
C:\LINK P1;

אאאאK

MASM .ASM 

.CRF 

.LST 

.OBJ 
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אאאW

אW
אאW

C:\ P1.exe
אא؟?א?
אKאAאאK

W
١K אאאאאK
٢K אאאאK

WDL,BL,AH 

א AH BL DL 

١א000000102=0216  

٢א   

٣א   

٤א   


WאאINT 21HאאאאאK


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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  



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אINT 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

 


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א
א1אFאאאKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١
א2אFא NAND  ANDKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE١٥
א3אFא NOT  ORKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٣
א4אFא OR  XORKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٣٠
א5אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKK٣٨
א6אFאאאMultiplexerKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٤٢
א7אFאאאDemultiplexerKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٤٦
א8אFאDKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٥١
א9אFא TKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٥٦
א10אFאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٦٠
א11אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٦٦
א12אFאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٧١
א13אFאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE٧٨

א






 

 















 

 

 

 

 

 

 

 











אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 


