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Introduction 
 אאאאFBinary number systemE

אאאאאאאאא )Digital 

Electronic Circuits(KאאאאאK 
 

١ J١אאNumbers Systems  
 אאאW 

١KאK 
٢KאאאK 
٣KאאאאאאK 
٤KאאאאK 

 
١ J٢אא Decimal Numbering System 

אאאא)10(
0,1,2,3,4,5,6,7,8,9 אא،אא

)Positional Weight(אא)128(א)8(אאF
אEא،אאא1 ) 8×1=8(،

אא)2(אאFאאEאא
א 10 )2 × 10 = 20(،אאF1EאאFאE

אאא100 )1 × 100 = 100(K
אאאW 

 
(1 × 100) + (2 × 10) + (8 × 1) = 100 + 20 + 8 = 128 

 

א128W 
                                       1           2  8 

    אאאא 
          102                101                100 



א ١٢٣ אא 
א אאאאא א 

 
  

 

                        1 × 102     +    2 × 101    +    8 × 100 
          (128)10   =    100        +       20        +        8 

 
  

אאאאאאאא
א10-1W 

                 
              102    101    100 • 10-1    10-2    10-3   ........ 

 
 
 

١ J٣אאאBinary Numbering System 
אאאאא)2(א

)1,0( ، אאאאאא)2(W 
 

..... 24      23      22      21      20  
 

א11001(2א(א (25)10W 
 

                                         24           23             22            21              20 
                       1             1              0             0               1 
  (11001)2 = (1 × 24) + (1 × 23) + (0 × 22) + (0 × 21) + (1 × 20)  

             = 16 + 8 + 0 + 0 + 1 = (25)10 

GאאאאW 
■אא)Number of Binary Combinations(W  אא

אאאא)bits(K
אאאW 

  n2   = N  

WN =אאא 
          n =א)bits( 
אא(2)אאW 

אא 
(Decimal Point) 
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  N = 22 = 4 
אא(3)אאW 

  N = 23 = 8 
אא(4)אאW 

  N = 24 = 16 
 

■אא)Bit(Wאאא
אאא20א)1((1)א

אאא21(2)א22(4)
ignificant Seast L(אאאא،אאKא

itB(אא)LSB(אאאאאא
א )itBignificant Sost M(אא)MSB(K 

 
١ J٣ J١אאאאא Decimal-to-Binary Conversion  

אאאאא2)Repeated 

Division–by–2 Method(K 
 
Wאאאאאא 

אא10)14(א،14א2א،
2אא)0  .(

אאאאאאKאאא
)LSB(אאאא)MSB(אא،

W 



א ١٢٣ אא 
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א  

  14 ÷ 2 = 7  0 
  7   ÷ 2 = 3  1 
  3   ÷ 2 = 1  1 
  1   ÷ 2 = 0  1 
    
          1   1   1  0 
          (MSB)                                 (LSB) 

W 
  (14)10 = (1110)2 

 
F١ J١WEאא(25)10אK 

א 
א 

25 ÷ 2 = 12  1     (LSB) 
  12 ÷ 2 = 6  0 
  6   ÷ 2 = 3  0 
  3   ÷ 2 = 1  1 
  1   ÷ 2 = 0  1     (MSB) 

אW 
  (25)10 = (11001)2 

 
 F١ J٢WEאא(87)10אK 

א 
א 

87 ÷ 2 = 43  1     (LSB) 
  43 ÷ 2 = 21  1 
  21 ÷ 2 = 10  1 
  10 ÷ 2 = 5  0 
  5   ÷ 2 = 2  1      
  2   ÷ 2 = 1  0 
  1   ÷ 2 = 0  1     (MSB) 

אW 
  (87)10 = (1010111)2 
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Wאאאאא  

אאאאאא
אא(2)אאאא)Decimal Fractions (

אאא(2)אאא،)0.3125(אא
אאW 

 
   

0.3125 × 2 = 0.625     0 
   

0.625  × 2 = 1.25     1 
   

0.25    × 2 = 0.5     0 
   

0.5      × 2 = 1.00     1 
                             

               (LSB) 1   0   1   0  (MSB)  
 

 
 
 

F١ J٣WEאא(39.25)10אK 
א 

 
 الباقي                                                                   

39 ÷ 2 = 19  1     (LSB) 
  19 ÷ 2 = 9  1 
  9   ÷ 2 = 4  1 
  4   ÷ 2 = 2  0 
  2   ÷ 2 = 1  0      
  1   ÷ 2 = 0  1     (MSB) 

אW 
                     (39)10 = (100111)2 

 

 الحامل     

אא
אאא

אאFאKE
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אאאא(2)W 
 

   
0.25 × 2 = 0.5  0    (MSB) 

   
0.5   × 2 = 1.00  1    (LSB) 

W 
  (0.25)10 = (0.01)2 

אאאW 
  (39.25)10 = (100111.01)2 
 

  

 الحامل
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1 J٣ J٢אאאאא Binary-to-Decimal Conversion  
אאאא)Bit(אא

אאאK 
 

 F١ J٤WEאא(1101001)2אK 
א 

     26          25          24         23           22          21          20  :  א 
       1           1           0           1            0           0            1   :  אא 
(1101001)2 = 1 × 26 + 1 × 25 + 0 × 24 + 1 × 23 + 0 × 22 + 0 × 21 + 1 × 20  
                 = 64 + 32 + 8 + 1 = (105)10 

 
 

אאאא  ات Binary Point ((אא)Bits( خان
אאאאאאאאא

W 
 

             ……24     23     22     21     20  •  2-1     2-2     2-3     2-4……. 
אא 

 
 

 F١ J٥WEאא2(0.1011) אאK 
א 

                  •   2-1        2-2        2-3        2-4 
                0 •  1          0          1           1 

 
 (0.1011)2 = 1 × 2-1 +0 2-2 1 × 2-3 + 1 × 2-4 = 0.5 +0.0+ 0.125 + 0.0625 = (0.6875)10 
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١K J٤אאאא     Hexadecimal Numbering System 
 אאאאאא(16)

)16(א )0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F(א
)A,B,C,D,E,F(אא(10, 11, 12, 13, 14, 15)אK 

 
١ J٤ J١אאאאאHexadecimal–to–Decimal Conversion  

אאאאאאא16א(……163 

162 161 160)אאא )... 4096   256   16   1(
אא16)522.39(W 

  אא :  162   161   160     •   16-1   16-2 

אאאא :   5      2       2    •    3       9 
 
(522.39)16 = (5 × 162) + (2 × 161) + (2 × 160) + (3 × 16-1) + (9 × 16-2) 

        = (5 × 256) + (2 × 16) + (2 × 1) + (3 × 0.0625) + (9 × 0.0039062) 
                 = 1280 + 32 + 2 + 0.1875 + 0.0351558 = (1314.222655)10  

 
١ J٤ J٢אאאאאDecimal-to-Hexadecimal Conversion  

אאאאאאאאא(16)
אאאאאאאאא

(16)א(2). 
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א 

א 

א 

Wאאאאאאאא 
אא10)97(אאאא97

(16)אא(16)א
א(0)Kאאאא 

אאאאKאאא)LSD(אא)MSD(
אאW 

     
   

97 ÷ 16 = 6  1 (LSD) 
  6   ÷ 16 = 0  6 (MSD) 

אW 
          (97)10 = (61)16 

 
F١ J٦WEאא(314)10אאאאK 

א 

   
   

314 ÷ 16 = 19 A (LSD) 
  19   ÷ 16 = 1  3  
  1     ÷ 16 = 0  1 (MSD) 

אW 
           (314)10 = (13A)16 

 
Wאאאאאאא 

אאאאאא
אא(16)K 

 
       

0.78125 × 16 = 12.5    C  
0.5        × 16 = 8.00    8   

W 
(0.78125)10 = (0.C8)16 
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א 

א 

 F١ J٧WEאא(329.52)10אאאK 
א 

אאאאא16W 
   
   

329 ÷ 16 = 20 9 (LSD) 
  20   ÷ 16 = 1  4  
  1     ÷ 16 = 0  1 (MSD) 

אW 
 ∴(329)10 = (149)16 

אא(16)אאW 
 

    
0.52 × 16 = 8.32      8  (MSD)  
0.32 × 16 = 5.12      5 
0.12 × 16 = 1.92         1 
0.92 × 16 = 14.72       E 
0.72 × 16 = 11.52       B 
0.52 × 16 = 8.32         8 (LSD)   

 
Wא(6)אאאאא 

 (0.52)10 = (0.851EB8)16 
אאאW 

 (329.52)10 = (149.851EB8)16 

 

 
١ J٤ J٣אאאא  Hexadecimal-to-Decimal Conversion  

אאאאאאא(16)א،
אאאאאא

אאK 
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 F١ J٨WEאאאא(F9B)16אאK 
א 

    אא :  162   161   160      

אאאא :   F      9      B   
  (F9B)16 = (F × 162) + (9 × 161) + (B × 160) 

       = (15 × 256) + (9 × 16) + (11 × 1)  
       = 3840 + 144 + 11 = (3995)10  

 
אאאאאאאאאאא
אאאאאW 

 
  ……163     162     161     160  •  16-1     16-2     16-3 ……. 

אא 
 

F١ J٩WEאאאא(A15.C3)16אK 
א 

       אא :  162   161   160     •   16-1   16-2 

אאאא :   A      1      5    •    C      3 
 
(A15.C3)16 = (A × 162) + (1 × 161) + (5 × 160) + (C × 16-1) + (3 × 16-2) 

          = (10 × 256) + (1 × 16) + (5 × 1) + (12 × 0.0625) + (3 × 0.0039062) 
          = 2560 + 16 + 5 + 0.75 + 0.0117186 = (2581.7617)10  

 
١ J٤ J٤אאאאאאHexadecimal-to-Binary Conversion 

אאאאא(0,1,2,……,9,A,B,C,D,E,F)
אאא(A,B,C,D,E,F)אאאא

(10,11,12,13,14,15)K،אאאאאא
אאאא،אא(4-

bits)F٢ J١KE 
 

  



א ١٢٣ אא 
א אאאאא א 

 
  

 

 
אא אא אאאא

0  0000 0 
1  0001  1  
2  0010  2  
3  0011  3  
4  0100  4  
5  0101  5  
6  0110  6  
7  0111  7  
8  1000  8  
9  1001  9  
10  1010  A 
11  1011  B 
12  1100  C 
13  1101  D 
14  1110  E 
15  1111  F 

אF٢ J١EאאאאK 
 

 F١ J١٠WEא(3A5)16אK 
א 

        (3A5)16   = 3          A         5  
         
                      0011     1010    0101     

      
                      = (001110100101)2 

 
 F١ J١١WEא(B35.D1)16אאK 

א 
 (B35.D1)16 =       B         3        5     •    D      1  
         

     1011   0011   0101  •   1101    0001   
    

       = (101100110101.11010001)2  
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 ١ J٤ J٥אאאאאאBinary-to-Hexadecimal 
Conversion 

אאאאאאא
אאאאאאא

אאאא
אK 

 
 F١ J١٢WEאא(110111101.101001)2אאאK 

א 
  0001 1011 1101  •   1010    0100 

 
  1   B   D  •     A  4 

אאאK 
 (110111101.101001)2 = (1BD.A4)16 

 
 F١ J١٣WEאא(11010010011.011001)2אאאאK 

א 
  0001 1010 1011  •   0110    1000 

 
  1   A   B  •      6  8 

  
(11010010011.011001)2 = (1AB.68)16 
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١K J٥אאא 
١ J٥ J١אאא     Addition of the Binary Numbers 

  אאא،אאאא
)Binary Digits(W 

0 +  0  =  0 
0 +  1  =  1 
1 +  0  =  1 
1 +  1  =  0  carry FאE  1 ⇒ = 10 

אאא،אאאאא1 + 1 = 

10(2)אא،(1)אאאאא
אאאאאאאאאW 

 
  

 F١ J١٤WEאא110 ,011אK 
א 

אאאאW 
 

    1 1 
     6   1 1 0 
  + 3          +      0 1 1 
        FE     9   1 0 0 1 

 
 F١ J١٥WEאא100 ,011אK 

א 
 4   1 0 0 
  + 3                  0 1 1 
        FE     7   1 1 1 

 
١ J٥ J٢אאBinary Subtraction  

אאW 
١ JאאאK 



א ١٢٣ אא 
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٢ JאאK 

אא،אאKא
אאFאEאאאאאא

אאאאאאW 
0 – 0 = 0 
1 – 0 = 1 
1 – 1 = 0 
0 – 1 = 1               (1) א (1) א  

אאאW 
• אאK 
 Wאאאאאאאאא •

 (0)(0)(1)(1)א(0)K 
 (0)(1)א(1)K 
 (1)(0)א(1)(0)אאFא

E(1)(1)(0)K 
 אאאאאK 

 
 F١ J١٦WEאא(101)אאא(011)K 

א 
 

       0 
  א 1 0 1  

    א 1 1 0– 
    0 1 0 

 
١ J٥ J٣אאאאא 

One's and Two's Complements of Binary Numbers 
אאאאאאאKא

אאאאאאאאK

(1)אא
(10)א(1)

א(1) 

1 
א(1)א(0) 



א ١٢٣ אא 
א אאאאא א 

 
  

 

אא)1()0()0()1(א
אW 

 אא 1 0 1 1 0 0 1 1  

  אא0 1 0 0 1 1 0 0  

אאאW 
אאWאאKא(1) א

אאאאW 
אאZא1+  א 

אאאא10110011K
אא(1)אאאK 

  אא 1 0 1 1 0 0 1 1  

  אא0 1 0 0 1 1 0 0  

      (1)   1  +    

  אא   0 1 0 0 1 1 0 1 

 
אאWאאאא)LSB(אא
)0(אא

אאאאאאאאא
אאאאאאא

אאאאאאK 
אא،(10101101)2אאW 

 
  אא 1 0 1 0 1 1 0  1  

  אא 0 1 0 1 0 0 1  1  

אא 
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١ J٥ J٤אאאאRepresentation of Signed Numbers 
אאאאאאאא

אאאאאאאאא
אאא،א(0)،א(1)

אKאאאאאאאא
אאא)Sign Bit(  אא

)Magnitude  .( 
אאאאאאWאא    

)Sign-Magnitude(אא )1's Complement (אא)2's Complement.( 
 
Wאא )Sign-Magnitude System( 

אא،אאאא)Bit(אאאא
אאאאאKאא

(+23)אאאW 
 

    0 0 0 1 0 1 1 1  
 
 

אא(-23) W 
     0 0 1 0 0 1 1 1 1  

אאא(+23)  ،(–23)אK 
 

Wאא )1's Complement System( 
אאאאאאאאאא

אאאאאאאאאK
אא (–23)אאW 

  0 1 1 1 0 1 0 0       (23+)א 

23א)–(1 1 0 1 0 0 0 1 

א
(Sign Bit) אא 

(Magnitude Bits) 



א ١٢٣ אא 
א אאאאא א 

 
  

 

אאאאאאאא
אK 

 
Wאא)2's Complement( 

אאאאאאאא
אאKאאאאאאK
אא(-23)אא(+23)W 

  0 1 1 1 0 1 0 0       (23+)א  

23א)-(1 1 0 1 0 0 1 1 
אאאאאאאK 

١ J٥ J٥אאאאאאArithmetic Operations with Signed Numbers 
،אאאא

אאאאאאאא
،אאF١ J٦KEאא

אאאאאאאא
אאאKאאאאאאא
אW 

 
 F١ J١٧WEאא11111010 אאא00001110אאאאK 

א 
אW 

 14 – (– 6) = 14 + 6 = 20  
אאW 

         0 0 0 0 1 1 1 0 א (+14) 

                        +   0 0 0 0 0 1 1 0 אא (+6) 

                                 0 0 0 1 0 1 0 0 א (+20) 

  
 F١ J١٨WEאאאאאאW 



א ١٢٣ אא 
א אאאאא א 

 
  

 

א 
(Discard carry) 

א 
(Discard carry) 

  (00001000)2 – (00000100)2 
א 

אW 
 8 – 4 = 8 + (-4) = 4 

W 
                 0 0 0 0 1 0 0 0 א (+8) 

                         + 1 1 1 1 1 1 0 0 אא (-4) 

                             1 0 0 0 0 0 1 0 0 א (+4) 

 
 

 F١ J١٩WEאאאאאאK 
 

  (11100111)2 – (00001001)2 
א 

אW 
 – 25 – (+9) = – 25 – 9 = -34 

W 
                 1 1 1 0 0 1 1 1 א (-25) 

                         + 1 1 1 1 0 1 1 1 אא (-9) 

                             1 1 1 0 1 1 1 1 0 (34-) א 



א ١٢٣ אא 
א אאאאא א 

 
  

 

אא 
 

F١ J١EאאאאאW 
a) 64                     b) 112                    c) 257                    d) 27.26 
e) 77.0625              f) 47.875                g) 33.125 

 
F١ J٢EאאאאאW 

a) 11011                   b) 1110101                c) 111111              d) 1110.11 
e) 10101.1101           f) 1100001.11011 

 
F١ J٣EאאאאאאאאW 

a) 14   b) 80          c) 560   d) 3000 
e) 62500  f) 204.125         g) 255.875  h) 631.25 

 
F١ J٤EאאאאאאאאW 

a) 9F   b) D52         c) 67F   d) ABCD 
e) F.4   f) B3.E         g) 1111.1  h) 888.8 

 
F١ J٥EאאאאאאאאאW 

a) 8  b) 1C      c) A64            d) 1F.C  e) 239.4 
 
F١ J٦EאאאאאאאW 

a) 1001.1111      b) 10000.1        c) 110101.11001 
d) 10100111.111011     e) 1000000.000111       f) 1111100.1000011 

  
F١ J٧EאאאאW 

a) 100 + 111     b) 1110.11 + 11.10 
c) 1111 + 1101    d) 1001.101 + 1101.11 
 

F١ J٨EאאאאאW 
a) 1101 – 0100    b) 1001 – 0111 
c) 11010 – 10111    d) 1100 – 1001 
 

F١ J٩EאאאאאאW 
a) 00110101   b) 11100100   c) 00010101 

 



א ١٢٣ אא 
א אאאאא א 

 
  

 

F١ J١٠EאאאאאאW 
a) 11110110   b) 01011101   c) 00110011 

 
F١ J١١Eאאאאאאאאאאא

אא(8-bits) W 
a) +28  b) – 83  c) +99  d) – 120 

 
F١ J١٢Eאאאאאאאאאאא

אא(8-bits) W 
a) +14  b) – 63  c) +107  d) – 122 

 
F١ J١٣EאאF٨EאאאאאK 

 
F١ J١٤EאאאאאאאאאאאW 

a) 101110001  b) 01100100   c) 10110011 
 
F١ J١٥EאאאאאאאאאאאW 

a) 10011101   b) 01100110   c) 10101101 
 
F١ J١٦EאאאאאאאאאאאW 

a) 10101011   b) 000111101  c) 10111011 
 

F١ J١٧EאאאאאאW 
a) 00010110 – 00110011    b) 01110000 – 10101111 
c) 10001100 – 00111001    d) 11011001 – 11100111 



  

 

  

אאאאאאאא 

אאאאאאאאאא 

א



א


א

א


  

٢



א ١٢٣ אא 
א אאאאא אאאא 

 
  

 

אאWאאאא  

 
אאWאאאאאK 

אאWאאאאW 

١K אאאאK 
٢K אאאK 
٣K אאאK 
٤K אאאK 
٥K אאK 
٦K אאאK 
٧K אאK 

אאאWאאא٩٠K٪ 

אאאאW٤ 

אאW 
 J א 
 J אאPower pointאאאאK 

אאWאאאK 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

  

 
 אאאאאאאאאא

אאאאאK 
 אאאאאאא

אאאאאאאאא
אאאK 

٢ J١אאאLogic Gates 
٢ J١ J١א  ANDAND Gate 

 אאANDאאאאאאאא(Logic 

Functions)،אא،א(Logical 

Multiplication)،אאאאאאא
א F٢ J١E،אA Bאאאא(Two 

Binary Variables)(0)א(Open)
(1)א(Closed)K 

 
 
 
 
 
 
 

 
 

،אאא،F٢ J١E
אאא(L)אא،א(L)

אאא،אא(Truth Table)K 

 
Voltage Source 

(A)  (L)   (B) 

אF٢ J١EאאANDאאK 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

  

 
L B A 





 
א F٢ J١Eאאא F٢ J١KE 

 
אF٢ J٢Eאא(Standard)אANDא،F٢ J٢E

אK 
אא 

YB A 
00 0 
01 0 
00 1 
1 1 1 

אF٢ J٢EאאANDאF٢ J٢EאאAND 
  

א(1)א A, B (1)،א
ANDאאא،(1)אאא

(1)אא،אאאאאW 
n2N =  

W Nאא 
nאאאK 

 
 F٢ J١EW 
• אאאANDאK 
• אאAND؟א 

Y
B
A



א ١٢٣ אא 
א אאאאא אאאא 

 
  

  

א 
אAND،אאאאF٢ J٣Eא

אאK 
אאא 

YC BA 
0 0 0 0 
0 1 0 0 
0 0 1 0 
0 1 1 0 
0 0 01 
0 1 0 1 
0 0 1 1 
11 1 1 

אF٢ J٣EאאANDאK 
 

אW 
  3222N 5n ===  

 
אא(Boolean Algebra)אאאא

אא،א(Boolean Expression)אא
אאא،ANDאW 

  BAY •=  
 

  Y = AB 
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(Pulses)אא(HIGH)א(LOW)،אF٢ J

٣EאA, B(1)אאt1אאY
(1)א،אאt2אA(0)אB

אY(0)،אאאאאKאא
אאאאא(Timing Diagram)K 
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٢ J١ J٢ א  OROR Gate 
 אאORאאאאאאאKאאOR
אא،א(Logical Addition)،

אאאאאאא F٢ J٤EK
אאANDאA B(0)

א(Open)(1)א(Closed)K 
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אF٢ J٤Eאאא،אא
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Voltage Source 
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(A)

Y 
B
A

t7t6t5 t4t3 t2 t1 

Y 
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 B
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אF٢ J٥EאאORK 

 
א אא 

Y B A 
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1 1 1 
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٢ J١ J٣א NOT FאE  NOT Gate (INVERTER) 
 אאNOTא(Inversion)א

(Complementation)Kאאא،אא(1)
א(0)،אא(0)(1)K 

אאNOT،אאאאF٢ J٧E
א،אאאאF٢ J٦EאאאK 

 
 א א

Y A 
1 0 
0 1 

אF٢ J٨EאאNOTאF٢ J٦Eאא
NOT 

  
אאא،אאאW 

  Y = A  
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Y 
A
B
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t7t6t5 t4 t3 t2 t1 
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Y A
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1 0 1 
0 1 1 
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אא(NOT gate)אאORאF٢ J١١E،
אאאאNORאא،NOR

F٢ J٨KE 
א אא 

YB A 
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0 1 0 
0 0 1 
0 1 1 

אF٢ J١١EאאNORKאF٢ J٨EאאNOR
K 
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אF1Eא،(1)אאא(0)،
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אNOT OR AND،Kאאא
NORW 

  Y = BA +  
אF٢ J١٢EאNORA Bא،א

אאNORאא(Y)אK 
 

 
 
 
 
 

אF٢ J١٢EאאאNORK 

Y 
t5t4 t3 t2 t1 

A

B

Y

B

A



א ١٢٣ אא 
א אאאאא אאאא 

 
  

  

Y A
B

٢ J١ J٦א XORExclusive-OR Gate  
 אאXORא??XOR-gate،

אF٢ J١٣EאאאאאאאאאK 
 

א אא 
Y B A 
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1 1 0 
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0 1 1 

אF٢ J١٣EאאXORKאF٢ J٩EאאXORK 
 

F٢ J٩EאאXOR،אא(Y)(1)א
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  Y = A ⊕ B 
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אF٢ J١٥EאאאXORK 
 

٢ J١ J٧א   Exclusive-NOR Gate         XNOR  
 אאא XNORאאאXOR،

אF٢ J١٦Eאא،אאאXNORF٢ J١٠E،
אא(Y)(1)אאA BA = B = 0

A = B = 1(0)אK 
 

א אא 
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٢ J٢אאאRules of Boolean Algebra  
אF٢ J١١Eאאאאאאא

אK 
 

2.    A  +  1 = 11.  A  +  0  = A
4.    A  •  1 =  A3.  A  •  0  = 0
6.    A  + A  = 1 5.  A  +  A = A
8.    A  •  A  = 0 7.  A  •  A = A
10.  A + AB = A9.  A  = A 

אF٢ J١١EאאאאK 
  

٢ J٣ J١אאאThe Boolean Expression for a Logic Circuit 
 ،אאאאאאא

אאאא،אאאא
אF٢ J١٩E،אאאW 
١KאאאANDאאBA,  BAK 
٢KאאאANDאא,C ACAK 
٣KאאאORאאCA  ,BACABA +K 
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  CABAY +=   
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אF٢ J٢٠EאאאF٢ J٢EאאאK 
אאאאאW 

  )CB()BA(DY +++=  
 
٢ J٣ J٢אאאא 

Implementation of a Logic Circuit Using a Boolean Expression 
 אאאKאא

אאW 
  )EFDC(ABY +=   

 
אאאאאA B)EFDC( +אאAND،

א)EFDC( +DCوאAND،EFא
AND،אאANDאOR،אא

אאאא)EFDC(AB +W 
١KאNOTאDK 
٢KאANDאEFDC  ,K 
٣KאORאא)EFDC( +K 
٤KאANDאאאYK 

אאאאאאאאF٢ J٢١KE 

)BA(D +
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Implementation of a Logic Circuit via a Truth Table 
 אאאאW  

١K אאאאאY = 1אאא،
אY = 1אאA = 0, B = 1, C = 0א،

אCBAאא(1)א،
(0)،(1)אאאאאא
אCABK 
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D 
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E
F
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אF٢ J١٢EאאאK 
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אאא 
YC B A 
0 0 0 0 
1 1 0 0 
0 0 1 0 
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אF٢ J٢٣EאאאאCBABCACBA ++K 
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Converting a Boolean Expression to a Truth Table                                      
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 F٢ J٤WEאאאW 
 

  ABCCABCBACBAY +++=     
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א(A, B, C)א،אאא
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אאאאאאW 
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אא(1)א(Y)،
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Simplification of Boolean Expressions Using Boolean algebra 
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 F٢ J٥WEאאאאאאאאW 
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אאאאאאאW 
  BCABACAAABY ++++=  
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אF٢ J٢٤EאאאF٢ J٥EK 
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 1BC1BAY •+•=  

א4אאאW 
 BCBAY +=   
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Introduction 
 אאאאאאאאאאא

אאאא،،אאא
אאאא(Combinational Logic Circuit)Kא)01(

אאאK 
אאאאאאאאאאNAND

NORאאא،אאא
אאאא)Karnaugh-Map(א

אK )K–map(K 
אאאאאאאאא

אאאאK 
 

٣ J١Demorgan's Theorems   
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אאNORאאאאANDא
אאא،אאאאא
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ANDא)negative AND(K 
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אF٣ J١EאK 

אאANDאORאF٣ J٢E
אאNANDאאאאORאא،

אאאאF٣ J٢E،
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٣ J٢אאאאNOR و NAND 

The Universal Property of NAND and NOR Gates 
אאאאאאאאאANDא،

ORאא،אאאNANDאNORא
)Universal Gates (K 

 
٣ J٢ J١אאNANDNAND Gate as a Universal Logic Element    
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אאאאF٣ J٣FEEאNANDאK
ANDאאNANDאF٣ J٣FKEE
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אאNOR אF٣ J٣FKEE 
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٣ J٢ J٢אאNORNOR Gate as a Universal Logic Element  
אNAND ،אאNOR אאא،ANDOR،

אNAND،אF٣ J٤EאאNOR
NANDKאORא NOTא 
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٣ J٣אאאאאאאNAND NOR 
Design of Combinational Logic Circuits using NAND and NOR Gates  
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1  1  0  0  0  
0  0  1  0  0  
1 1  1  0  0  
0 0  0  1  0  
1  1  0  1  0  
0  0  1  1  0  
1  1  1  1  0  
0  0  0  0  1  
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0 + 1 + 1 = 102 or 210   1  0א 1  0  1  1  0  
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F٣ J١EאאאW 

 a)                      b)                  
  

c)                                         d)      
 

F٣ J٢EאאאאאNANDW 
 a)                        b)       
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F٣ J٣EאאאאאNORW  
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c)                                 d)   
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 a)  
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 c) 

 
 d)  

 
F٣ J٦EאאאאאF٣ J٢٣Eאא،(1 or 0)

אאW 
 
  a) A = 1, B = 1, Cin = 1   b) A = 0, B = 1, Cin = 1 
  c) A = 0, B = 1, Cin = 0   d) A = 1, B = 1, Cin = 0 
 

F٣ J٧EאאאאאאאאאאW 
  a) S = 0, Cout = 0    b) S = 1, Cout = 0 
 c) S = 1, Cout = 1    d) S = 0, Cout = 1 

 
F٣ J٨EאאאאאF٣ J٢٦Eאא،(1 or 0)

אאW 
 

 a) A = 1, B = 1, Bin = 1   b) A = 1, B = 0, Bin = 1 
 c) A = 1, B = 1, Bin = 0   d) A = 0, B = 1, Bin = 1 
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Introduction 
אאאאא،אאאא

)Combinational Logic Circuits(אאאאא
אא،אאאא )Sequential Logic Circuits (

אאאאא)Memory(אאאא
אאאK 

אא،אאאאאאאאאא
אאאאא)Flip-Flop Circuit(، وאא

אאא)0(א)1(K
אאאא)1(אאא،

)0(Kאאאאאא
אא

אאאאאאאאאא)Bi-

stable Multi-vibrator(،אאNANDאNORא
אא)Digital Integrated Circuits(Kאא

אאאא)Counters(،אא)Shift Registers(K 
 

٤ J١א 
٤ J١ J١אLatches 

אאאאאא
אאKאאאאא

אאאאאאא
אאKאאאאאא

אאK 
א)Latch(אאאא)Bistable Multi-

vibrator(KאF٤ J١EאאאאאS-R
S אאא"1")Set Input(
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Rאאא"0")Reset Input(
QאQ

אK 
 

 
 

 
אא)Set Condition(0=Q Q =1, 

)Reset Condition(1 =Q0, .Q =א
אאSא)1(אא

Q = 1FאאEאQאאא،א
0 =QKאאRא Q = 0FאאEא

1א =Qא،S,Rאא)1(
אאא)unpredictable(،א

אאK 
אאS-RאNORאאאא

אאאאאאF٤ J٢KE 
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S Q
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אאאאאNOR)1(Fאא
אEא،אאאאאא

F٤ J١Eאאאאא،אאאא)Active High 
Inputs.( 

 
א 

(Mode of Operation) 
אאא 

Q R S 
אFאE 

No Change
Q0 0 0 

אא 
Latch RESETS

0 1 0 

אא 
Latch SETS

1 0 1 

א
 

Invalid condition

? 1 1 

אF٤ J١EאאאS-RאאאK 
אאאW 
١- אא)0(אS,Rאא

א)Q(FאאאEאאא
אK 

٢- אאאR)0()1(אאQ
)0(Q = 0 FאאEאאאא،א

Q = 0 K 
٣- אאאS )0()1(אאא

Q)0()1(Q = 1FאאEא،אאא
 Q = 1Kא
٤- אא)1(אS,Rאאא

אאNORאאאא،
אK 
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٥- אאאאא
،אאאאא،אא

אK 
אאאNANDאF٤ J٣Eאאא

אNAND)0(אאאאאאF٤ J٢E
אאאאאאאאא)Active Low Inputs(K 
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אאאW 
١- אא)1(אאאאאQ

FאאKE 
٢- אאא0 =Sא،1 =Rאא

)1(אא،אאאQ = 1
K 

٣- אאא1  =Sא،0 =Rאא
)0(،אאא،אאאQ = 0

K 
٤- א)0(אאאאאא

NANDאK 
אF٤ J٣Eאא)Logic Symbol(אאאאא

אאאאאאאK 
 

 
FEFE 

אF٤ J٣EאאאאאאאאאK 
 

אאאאאאאא
R,Sאא)Q(K0R0,S ==،

אאK 
 

٤ J١WאאאR,SאF٤ J٥KEאא
א)Q(אאאQאQ = 

0K 
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Q S
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אF٤ J٥EאאאאK 

٤ J١ J٢אS-RאאClocked S-R Flip–Flop  
אS-RRS−אאאאאא

אא)Q(אאאאאאא
،אאאאאאאאאאאK 

אאאאאFאE
אאאאאא

אאאS-Rאאא،א
אKאאא
אאא)Clock Pulse(אא)CK(،
אאאאאK 

אF٤ J٦EאאS-Rאא
אאא)CK(K 

 
FFEE 

אF٤ J٦EאאS-RאאK 

Q

S 

R 

 Q

Q 

 Q

Q S

R

   CK

S 

R

 CK
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א٤ J٦FEאאא
אS-Rאא)Positive Edge Trigger(א

א)0()1(א،٤ J٦FEאאאא
אאאא)Negative Edge Trigger (

אא)1()0(K 
אF٤ J٧EאאS-RאאאאNAND،

אNANDאאאאKאא
אS,Rא)Q(אאאא

אאאK 
 

 
 

 

 

אF٤ J٧EאאS-RאאK 

 
אF٤ J٣EאS-RאאאאW 

١K אאCKאא،אS,Rאא)0(א
אאאאK 

٢K אאRא)S = 0,R = 1(אא)0()1(
0(א(אאא)Reset.( 

٣K אאSאא)S = 1,R = 0(אא)0(
)1(אQ = 1אאא)Set.( 

אאS = 1, R = 1א
אK 

CK

R 

Q

Q 

S 
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א 

(Mode of Operation)
אאא 

QCKRS  
אFאE

No Change
Q0  X 0 0 

אא 
Latch RESETS

0  
1 0 

אא 
Latch SETS

1  0 1 

א
 

Invalid condition

?  1 1 

אF٤ J٣EאאאS-RאאK 
 

אאS-Rאאא]א
)1()0([אאאאאא
אא)1()0(K 

٤ J٢Wאאא)Q (אאS-RאאF٤ J٦Eא،
אאS,R,CKאF٤ J٨KEאאא

Q = 0 אאK 
 

 

 

 

 

אF٤ J٨EאאאאS-RאאK 

654321CK 

S 

R 

Q 
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א 
١- אאאS = 0, R = 0א،)Q(Q = 0K 
٢- אאאS = 0, R = 1،אQ = 0)Reset(K 
٣- אאאS = 1, R = 0א،Q )1(Q = 1)Set(K 
٤- אאאאS = 0, R = 1،אQ = 0)Reset.( 
٥- אאאS = 1, R = 0א،=1 Q)Set(K 
٦- אאאS = 1, R = 0 א،)1(Q = 1 K 
 

٤ J١ J٣אאאD  D-Type Flip-Flop 
אאאאDאאא)Single Bit(

0(א1(KאאאS-Rאאאא
DאF٤ J٩KE 

 

 
אF٤ J٩EאאאDK 

 
אאאDאאDאא

CKKאDאא)1(אאאCK،א
אא1(א([Set]אא،S = 1אR = 0

אאאS-RאאFא٤ J٣EאQ = 1Kא
Dאא)0(אאאCK،אא

אא)0([Reset]אא،S = 0א،R = 1 
אF٤ J٣EאQ = 0Kאא)Set()1(

א،אאא)0()0(אאK 

D

 Q

Q 

 CK

R

S
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אאאאאDאאאא
אא )Positive Edge Trigger(אF٤ J٤KE 

 
א 

 (Mode of Operation) 
  אא א

Q CK D 
אא(SET) 

(stores a 1)
1   1 

אא(RESET) 
(stores a 0)

0   0 

אF٤ J٤EאאאD אאK 
 

אא)Q(א)D(אאKא
F٤ J٩EאאDאאא)D(

אא )CK(אאא(Delayed time Filp-flop)K
אF٤ J١٠EאאDאNANDK 

 
 

 
 
 
 
 
 

אF٤ J١٠EאאDאNANDKאF٤ J٩Eאא
DK 

 
٤ J٣WאאאFQEאאאDאאF٤ J٩E

אאאFDEאF٤ J١١KEאאא
Q = 0 אK 

 Q 

Q 

D

CK

R 

Q

Q 

S 

  CK

D 
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א 

 

 

 

אF٤ J١١EאאאאאDK 

א)Q(א)D(אאאא)0()1(א
אK 

 
٤ J١ J٤אJ-KאאJ-K Flip Flop 

אאJ-KאאאאKאJ,Kאא
،אאאאS-Rא

אKאJ-KאS-Rאאא
אאאא)Set(אא)Reset.(אאJ-K

אאS-RK 
אF٤ J١٢EאאJ-KאאאאK

אאאS-Rאאא
אאאJ,Kאא)1(אאK 

 

 

 

 

 

אF٤ J١٢EאאJ-KאאאאK 

CK
D 

Q 

K

J 

CK

Q

Q  Q

Q 

CK

K

J 
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אF٤ J١٢EאאאאאSRא
Q،QאK 

אF٤ J٥EאJ-Kאאא
אJ,K)0(،אאאא

א)Reset(א)0(אאJ = 0, K = 1א،אא
אאאא)Set(J-KאאJ = 1, K = 0 

אאKאאאאJ-Kא)Toggle(،
אJ,Kאא)1(אQאא

אאאCKK 
 

א 
 (Mode of Operation)

אאא  
QCKKJ 

אFאE
 No Change

Q0   
0 0 

אא 
 (RESET)

0  
1 0 

אא 
 (SET)

1  
0 1 

א 
Toggle

0Q   
1 1 

אF٤ J٥EאJ-KאאK 

 
٤ J٤Wאאא)Q(אאJ-KאאF٤ J١٢Eא

אאJ-KCKאF٤ J١٣KEא
אQ = 0אK 
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אW 
 

 
אF٤ J١٣EאאאאJ-KאאK 

١- ،אאאJ,K)1(אאאQ 
1(א(K 

٢- אאאאאאאJ = K = 0K 
٣- ،אאJ = 0, K = 1)Reset(Q = 0K 
٤- ،אאאJ = 1, K = 0)Set(Q = 1K 
٥- א)Set(אאאJ,KאQ

1(א(K 
 

٤ J١ J٥אאאT T-Type Flip-Flop  
אאאTאאJ-Kאא

אJ,KאאF٤ J١٤Eא،
אTאאTאאKאTא

)Toggle(אאK 
א)T(א)1(אCKאא،אא

אאאCKאאאאא
אאאאאאCKאF٤ J١٤KE 

 
 

54321CK

J 

K 

Q
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אF٤ J١٤EאאאאאTK 

אאאאTאF٤ J٦KE 

 

א 
(Mode of Operation)

  אא א
Q CK T 

אFאE
No Change

Q0   
0 

א 
Toggle

0Q   
1 

אF٤ J٦EאאTK 

 

٤ J٥WאאאQאאא)T(אאF٤ J١٤E
אאTאCKאF٤ J١٥Eאא

Q = 0 אK 
א 

 

 

 
 
 

אF٤ J١٥EאאאאאTK 

T

 Q

Q  J

       CK

K

CK

T 

Q
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אאQאT = 1،אאא
אאאT = 0QQ = 0אא،T = 1

אQ)0()1(אK 
 

٤ J٢אאShift Registers 
،אא،אאאאאא

אאאא)bit(אא
א،אאא،
אאא

אא)Buffer Register(אאא)Shift Left(  أوא)Shift 

Right(אאא)Serial Data(א)Parallel Data(א
אא)Shift Registers(K 

 
٤ J٢ J١אBuffer Registers 

א)Digital word(
אא)bits(KאF٤ J١٦FEEא)4-

stages(אאאאD אאאאא
)Positive edge-triggered(K 
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א٤ J١٦FEאאאאאDK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אF٤ J١٦FEEאאאאF٤ J١٦FKEE 

Clock

D1 

D2 

    D3 

D4 

Q1 

Q2 

Q3 

Q4 





1 

0 

1 

0 

FE

CLR 

CK 

D1 D2 D3 D3 

Q1 Q2 Q3 Q4 

אאאא (3-bit word to be stored) 

אאא(parallel data outputs) 

FE

 Q 

Q D 

CLR

D Q 

 Q CLR

Q 

 Q CLR

D Q 

 Q CLR 
  

D 
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אאא)3-bits(אא
D4D3,D2,D1,אQ4Q3, Q2,Q1,א

אא)CK(  

KאאאאF٤ J١٦FEEאאא
אאQ4Q2, Q3,Q1,אא

אאאKאאK 
،אאאא

،אאאאא Jאא
)Parallel-in, Parallel-out Registers(Kא)Clear-input(אאא
)active-low(אאK 

 
٤ J٢ J٢אאShift Registers 

אאאא)move(א)Shift(א
אאאאאא،F٤ J١٧EW 

١ - אאא–אא)(Serial-in, Serial-out Shift Registers 

אא(SISO)K  

٢ - אאא–אא)Serial-in, Parallel-out Shift Registers(
אא(SIPO). 

٤ Jאאא–אא )Parallel-in, Serial-out Shift Registers(
אא(PISO)K 
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אF٤ J١٧EאאK 

אאא
אW 

 
٤ J٢ J٢ J١אאאא–אא 

Serial-in, Serial-out (SISO) Shift registers 
אF٤ J٧EאאKאאא

0110אFאאEאאאא1001א
אאK 

Serial-in, serial-out (SISO) Shift Registers 

Shift Right Shift Left 

Rotate Right Rotate Left 

Serial-In Serial-Out  Serial-In 

FE

Serial-in, parallel-out (SIPO) Shift Registers Parallel-in, Serial-out Shift (PISO) Registers 

Parallel Data In 

Parallel Data Out 

Serial-In 

Serial-Out 

FE  
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א אאאאא 

Q3 Q2 Q1 Q0Input Clock 

0 1 1 0 — — 
1 1 0 1 1 1st 

1  0 1 0 0 2nd 

0 1 0 0 0 3rd 

1 0 0 1 1 4th 

אF٤ J٧EאאK 
 

אאא)1st Clock pulse (אאאא
אאאאאאאאאאא

אאאKאאא)2nd Clock pulse(،א
0110(א(אאאאאא

)1001(Kא،אאאאאKאא
،אאאא(0110)אא،אא

א1001(א(אאאאK 
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אF٤ J١٨EאאאאאK 

אF٤ J١٨FEEאא)3-bits(אא
אאDKאאאאDאאא)FF0(א،

אא)Q0(אDאאא)FF1(אאא،)Q1(
אאאא)FF2(אאא،)Q2(אא

אאא)FF3(אאאאאאאאאאא،
אK 

Serial 
Data Out 

  

FF0 FF1 FF2 FF3 
Serial 
Data 
Input 

Clock 
Input 

FE
SISO Shift Right 

D  
 

2QD 

 

1Q D 

CK 

0Q 
 

D 

  FF0 FF1 FF2 FF3 

Serial 
Data 
Input 

Clock 
Input 

Serial 
Data Out 

FE
SISO Shift Left 

SISO Rotate Right SISO Rotate Left 

FE 

D 
0Q 

CK 

1Q D 

CK 

2Q D 

CK 

3
Q  
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אא)Clock input(،אא
)Positive edge (אאא)1-bit(א،א

אאאא–אאאאא
،אאאאאא

אK 
אאאאF٤ J١٨FEEאא

Dאאאאא–אא)SISO Shift-Right 

Shift Register  .(אאאאF٤ J١٨FEEא
אאאDאאא–אא)SISO 

Shift- Left Shift Register(K 
אאא،אאF٤ J١٨FEE،אF٤ J١٨FEE

،אאאאא
אאא–אאא

)SISO Rotate-Right(אא–אאא )SISO Rotate-Left (
אF٤ J١٨FKEE 
 

٤ J٢ J٢ J٢אאא–אא 
Serial-in, parallel out (SIPO) Shift registers 

אF٤ J١٩Eאאאאאאאא
א–אאK 

אאאא،אאא)3-bits(
אאא)Serial data input(אאאאאFא

אאאKE 
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אF٤ J١٩Eאאא JאאK 
 

)3-bits(אאאאא
אKאאאאאאא

Q3,Q2,Q1,Q0)()3-bits(אאK 
 

٤ J٢ J٢ J٣אאא–אא 
Parallel-in, Serial-out (PISO) Shift registers 

אF٤ J٢٠Eאאא
א–אאאאאאDKאאא

אLOAD/SHIFTKאLOAD/SHIFTא
)Low(،אאAND אא)Enabled(

אאInverterאKאאאא
א)D3,D2,D1,D0(אאאאK

אא)Clock pulse(،אאאא
)Q3,Q2,Q1,Q0  .( 

 

 

  

0Q 1
Q 

3
Q 

FF0 FF1 FF2 FF3 

CK CK 

Serial 
Data 
Input 

Clock 
Input 

0Q
1

Q
2

Q
3

Q

Parallel data outputs 

D 
2QD 

CK 

D D 

CK 
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אF٤ J٢٠Eאאא JאאK 

ANDאא)High(،אLOAD/SHIFTא
אא)Enabled(KאאאאQ0

אDאאא)FF1(א،Q1אאאא)FF2(،
אQ2אאאא)FF3(K،אאאא

אאאאאאא)1-bit(
אאאאFclock input.( 

 
٤ J٣אאאCounters 

אאאא،אאאא
אא)binary bits(אא،א

אאאאאאא)clock input(،
אאאאאאאאאאא

אאאאאאK 

Parallel data inputs 

Clock 
Input 

0
Q 

1Q 2
Q

3Q 
FF0 FF1 FF2 FF3 

CK CK CK 

0
D 

1D 2D 3D

)loadfor0,shiftfor1(

control)LOAD/SHIFT(

Serial 
 Out 

D D D D 

CK 
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אאאאאאאא
)Asynchronous Counters(אאאאאא  )Synchronous Counters(K

אאאאאאאאאאאא
אאKאאאאאאאא

א،אאאאאאא)Master Clock(،
אאאאאאאאאא،

אאאאאאאK 
 

٤ J٣ J١אאאאאאאAsynchronous Binary-Up Counters  
אF٤ J٢١FEEאאאK

J-KאאKאאאאאא
אאאאאK 

אJ,Kא)High(،א
א)Toggle()Negative edge(

אאKאאאאאאא)Q(א
אF٤ J٢١FKEE 

אQ3,Q2,Q1,Q0אא)3-bit word(א
אא0000אאא

אאאאF٤ J٧KEאאFF0)Q0(
)LSB(אאFF3)Q3(א)MSB(K 
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אF٤ J٢١EאאאאK 

אא)FF0(אאא)Clock input(،
אQ0)Toggle (،אאא

אQ0אF٤ J٢١FEEא،אאאאא

 

 

Q0 

Q1 

Q2 

Q3 

0 
 
 
0 
 
 
0 
 
 
0 

       1     2     3     3     5     6     7     8     9    10   11   12   13   13   15   16   17 

FE

CK ( 

0Q 1Q  
2Q 3

Q 
FF0 FF1   

CK CK CK 
Clock 
Input 

0
Q 

1
Q

2
Q

3
Q

       K                                      K                                      K                                     K 

 

J J J J 

FE

FF2 FF3 
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Q0"0""1"אאא"1""0"אK
אאQ0אאאFF1،Q0

אQ1)Toggle(KQ1א
Q2،Q2אQ3K 

 
אאא 

Q0 Q1 Q2 Q3 

0 0  0  0  0  
1 1  0  0  0  
2 0  1  0  0  
3 1  1  0  0  
٣0  0  1  0  
5 1  0  1  0  
6 0  1  1  0  
7 1  1  1  0  
8 0  0  0  1  
9 1  0  0  1  
10 0  1  0  1  
11 1  1  0  1  
12 0  0  1  1  
13 1  0  1  1  
13 0  1  1  1  
15  1  1  1  1  

 

אF٤ J٨EאאאאאK 

•אThe Maximum Count (N) of a Counter  
אאאאF٤ J٨Eאאא،

אא0001א]א)1(אא[אאאא،
0010א]2(א(אא[אאאאא،0011]

)3(אא[KKKKKKKאKאאא
،אאאאאאאW 

1 2N n −= 

Cycle Repeats

Binary Count 
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W  
 = Nאאא(N = maximum count before cycle repeats)  
 =  nאאאאא(n = number of flip-flops in the counter circuit) 

אאאאאF٤ J٢٠FEEאW 

)1111(15    
116    
12    

12N

210

4

n

=
−=
−=

−=

   

•אאThe Modulus (MOD) of a counter 
אא)Modulus of a counter()MOD(א

אאאKאאאאF٤ J٢١FEEMOD
(16)אא(16)00001111א
אF٤ J٨KEMODאאאW 

 
  MOD = 2n 
  MOD = modulus of the counter 
  n         = number of flip-flops in the counter circuit 

 
אאאאאF٤ J٢٠FEEאאאאאW 

 

    16
2

2MOD
4

n

=
=

=

   
  
٤ J٣ J٢אאאאאאאAsynchronous Binary Down Counters 

אאאאאאאאא
"1"Kאאאאאאאאא

א"1"אKאF٤ J٢١FEEא
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אאאאJ-KKאQ
אאQאאאK 

אאאאQאאאאF٤ J٢١FKEE
אאאאא(RESET)
Q3,Q2,Q1,Q00000KאאאאQLow

אQ1111Kאאאאאא
FF3,FF2,FF1HighKאאJ,KאאאHigh

א)Toggle(א
אאK 

 

אF٤ J٢١EאאאאK 
  

CK 
(

0
Q 

1
Q 2

Q 3Q 
FF0 FF1 FF2 FF3 

CK CK CK 
Clock 
Input 

0Q 1Q
2Q 3Q

       K                                      K                                      K                                     K 

HIGH 

FE

Clock 
Input 

Q0 

Q1 

Q2 

Q3 

0 
 
 
0 
 
 
0 
 
 
0 

       1     2     3     3     5     6     7     8     9    10   11   12   13   13   15   16   17 

F

0
Q 

1
Q

2
Q 3Q 

J J J J 

CK 
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אאאאאאFF0،אQ0"0""1"،
אא0Q"1""0"אאא

אFF1א،Q1"1""0"א1Q"1"
"0"Kאא1Q"1""0"אFF2א،K 

 

אאא 
Q0 Q1 Q2 Q3 

15 1  1  1  1  
13 0  1  1  1  
13 1  0  1  1  
12 0  0  1  1  
11 1  1  0  1  
10 0  1  0  1  
9 1  0  0  1  
8 0  0  0  1  
7 1  1  1  0  
6 0  1  1  0  
5 1  0  1  0  
٣0  0  1  0  
3 1  1  0  0  
2 0  1  0  0  
1 1  0  0  0  
0  0  0  0  0  

 

F٤ J٩EאאאאאK 

אאאאאאQ3,Q2,Q1,Q0(15)10 = 1111
אאאאF٤ J٩KEאאאא

אאאאאKא
אאF٤ J٢١FEEאא،FF0

،אאאQ0،א
אQ3,Q2,Q1אאאאאא

K 

Cycle Repeats

Binary Count 
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٤ J٣ J٣אאאאאLאאא 
Asynchronous Binary Up/Down Counters 

،אאאאאאאאאאא
אאאאאאאאאQ

אאאאאאאאאQK 
אF٤ J٢٢EאL

AND-ORאאDOWNUP /K 
 

אF٤ J٢٢EאאאאK 

 
אאDOWNUP /אHigh،אאANDא

א)Enabled(،Qאאאא
אאא،אאא،

DOWNUP /אLow،אאאאא
א)Disabled(אאאאאא)Enabled(

Qאא،אאאאא
אK 

Clock 
Input 

0Q 
HIGH 

CK 

0
Q 

FF0 

0Q 

1Q 
FF1 

CK 

1
Q 

1
Q 

2
Q

FF2 

CK 

2
Q

2Q

3Q 
FF3 

CK 

3
Q

3QK K K K 

UP/DOWN control 

J J J J 
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٤ J٣ J٤אאאאאאאSynchronous Binary Counters  
אF٤ J٢٣EאאJ-KאANDא

אאא)3-bit(  أو)MOD-16(אא
אאFEאאאאאאא

)Triggered(אאאKאאאאאא
א،אאאאK 

 

 
אF٤ J٢٣EאאאK 

 
אאאאאJ,KאאFF0

אHigh،א)Toggle(א
אאאאאא،אאאLow

High HighLowאK 
אJ,KאאFF1אאא2אא

FF0KאאQ0אLow،אQ1אאFF1
)No change(אQ0אHigh،אQ1

)Toggle(K    

אJ,KאאFF2אאAND(A)
Q0,Q1KאQ0 = Q1 = HighאAND(A)High ،

אא)Enable(אאFF2אאK 

0
Q 1Q 

2
Q 3Q

FF0 FF1 FF2 FF3 

CK CK CK 

Clock 
Input 

0Q 1Q 2Q
3Q

       K                                      K                                      K                                     K 

HIGH 
A B 

J J J J 

CK 
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אJ,KאאFF3אאAND(B)אא
Q2,Q1,Q0KאQ2,Q1,Q0אHighאAND(B)

HighאאאאFF3אK 
 

• אאאאאאSynchronous Counters Advantages  
אאאאאאאאא)Ripple counters(

،אאאאאאאאאF
٤ J٢١FEEאאאאאאאF٤ J٢٣KE 

אאאאאאאאאK،
אא،אאאא

א،אאאא )Propagation-delay 

time (אאאאאאא
אאאK 

אאאא
،אאאאאאFאאE

Kאאאאאאאאאא
אאא،אאא

אאא،א
،אאאאאאK 

אאאאאא
אאאאKאאאאא

Wאאאאא 
  
 tp = Single (flip-flop) tp + Single (AND-gate) tp 
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٤ J٤אא)אEMultiplexers (Data Selectors) 
 אאאא

א א א  K  א       א א 
אאאאאא

אאאK 
אF٤ J٢٤EאאאK 

 
 
 
 
 
 
 
 
 
 

אאאאF٤ J٢٤EאSאא
אא،אאאא0(S1 = 0, S0 = 0)

אאD0אאא،א1(S1=0,S0=1)
אD1א،א א 2(S1=1, S0=0)א

אD2،א،אאא (S1=1, S0=0) 3א
אD3א،אF٤ J١٠KE 

  א אאאF٤ J٢٤Eא
אאאW 

• אD0S1 = 0, S0 = 0 

So 
S1 

Do 
D1 
D2 
D3 

 
 

0 
1 

0
1
2
3

א
 

Y 



Mux

אF٤J٢٤E١× ٤ 
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W010 SSDY = 
• אD1S1 = 0, S0 = 1 

W011 SSDY = 
• אD2S1 = 1, S0 = 0 

W011 SSDY = 
• אD3S1 = 1, S0 = 1 

W011 SSDY = 
אאאאW 

                                        013012011010 SSDSSDSSDSSDY +++= 
אאאאANDאאא

אORאאS1, S0F٤ J٢٥E
אאאK 

 
אF٤ J٢٥Eאאא 

 
٤ J٦אאאאאאF٤ J٢٦E

אאF٤ J٢٥KEאאאK 
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א 
אF٤ J٢٦EאאאK 

 

 
אF٤ J٢٦Eאאא 

  
٤ J٥אאDemultiplexers   
 אאאאאא

אאאא (Data subscriber)K 
אF٤ J٢٧Eאאא

אאANDKאאאאא
אאאאאאא

אK 

 
אF٤ J٢٧Eאא  
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٤ J٧WאF٤ J٢٨Eאאאא(Data in)א
א(S1, S0)KאאאD3, D2, D1, D0א

F٤ J٢٨KE 
א 

אאאאאD3, 

D2, D1, D0F٤ J٢٨E 
 

 
אF٤ J٢٨Eאא א 
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אאא 
 

F٤ J١Eאאא(Q)אאS-Rאאאא
אא(negative edge trigger)אאא

KאאאQ=0אאK  
  
  
  
  
  
  
  
  
  
  
  
  
F٤ J٢Eאאא(Q)אאאDאאא

אאא(positive edge trigger)אאא
KאאאQ=0אאK  

 
  
  
  
  
  
  
  
  
F٤ J٣Eאאא(Q)אאJKאאאא

אא(negative edge trigger)אאא
KאאאQ=0אאK  

CK 

S 

R 

CK 

D 
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F٤ J٤Eאאא(Q)אאאTאאא

אאא(negative edge trigger)אאא
KאאאQ=0אאK  

  
  
  
  
  
  
  
K 

 
F٤ J٦EאF٤ J٢٥EאS1=0, S0=1, D3=0, D2=1, D1=0, D0=1

אK 
 

CK 

J 

K 

CK 

T 



  

  

 

אא 

אאאאאאאאאא 


א










٥
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אאWא 
 

אאWאאאאאK 

אאWאאאאW 
١K אאאאאK 

٢K אאא 
 

אאאWאאא٨٠K٪ 

אאאאW٣ 
אאW 

 J א 
 J אאPower pointאאאאK 

אאWאאאאאאK 
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٥ J١אאא 
٥ J١ J١אא 

אאאאאא
אאאאאאאאאאאא

אאאאא
אאאאאא

אאאאאאאא
אאאאאאאK 

 
٥ J١ J٢אא 
٥ J١ J٢ J١א 

 ١٩٧١،אאאאאא
،אא،אאאאאK

١٩٨١IBMאאאIntel 

8088אאאאאאא
אאK 

 
٥ J١ J٢ J٢אא 

 אאאאא(CPU)
אאאאאאא

אאאאKאאאאK 
 

٥ J١ J٣אא 
אאW 

• אאא
אK 
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• אאאאא
אאK 

אאאא
אF٥ J١Eא،

אאאאאK 
אאאאא،

،א،אאאאאF٥ J٢E
א. 

 
 
 
 
 
 

 

אא 
א 

א
 אא

אא 

אא 

 

 

 
א 

 אא 

                    אF٥J١Eאאא 

אW 
א

אW 
א 

אF٥ J٢WE 

אW 
א 

אW 
אא



א ١٢٣ אא 
א אאאאא א 

 
  

-١١٨-  

אאאF٥ J٣Eאאאאא
אL،אאאאFMultiplexersEאFLogic 

GatesEFClockEFPower SupplyKE  

 
٥ J١ J٣ J١אא 

אא،אW 
• אאאFROM : Read Only MemoryE،אא،

אאאאאKא
אK 

• אאאאFRAM : Random Access MemoryEאא،
אא،אK 

• FInput unitWEאא
אאאK 

• אFOutput unitWEאאא
אאK 

• אאFCPU: Central Processing UnitEאFCU: 

Control UnitEF٥ J٤Eא
אK 

אF٥J٣Eאא(motherboard)  
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אאאאF٥ J٥WE 
 

 

א 

אא א 

٥(א J٤(Wאאא. 

             אא 

 
א







א
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         א      א 

٥(א J٥(Wאאא 
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אFBusWEאאא0v5vF
0 1KE 

אFData BusWEאאאאא
אKאאא،אאאF ( 64/32/16/8א

FBitEE،אD7 D6 D5 D4 D3 D2 D1 D0אא   8
K 

אאFAddress BusWEא،אאKאא
אאאFאאאאE

אאאאא. 
אA15 A14 A13……….A2 A1 A0א16א

אאאאאאאK 
WאF٥ J٦EאאאאK 

 
 

אF٥ J٦WEאאאא 

0
1 
1 
0 
1 
0 
1 
1 

1111 0101 0000 1100                    

11010110      

א 
D7 – D0

אא א 
1111 0101 0000 1100




א
 


א

א
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אFControl BusWEאאאא
אאאאאאאאאאא

אK 
אאאאאא

،אאאאאFRDEאFWREאא،
אK 

 
אאאאאW 

 
الاستعمال  الرمز 

MEMRאאאאFRAMROME 
MEMWאאאFRAM 

IORאאא 
IOW אאא 

 
٥ J٢אאא 

אאאFEFWordEא
/32/16/864)BitE،אאK8א

א?F?ByteEאאאא،W 
• אאאFBinary Coded DecimalKE 
• אאאא 

אאאאKאאאא
אאאאאאאאK 
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אא 
 

F٥ J١EאאאאאאאאW 
0111H – A01FH – ABCDH – 9812H – 7FE3H – 54H – 69H – A3H – EFH            

 
F٥ J٢EאאאW 

0124H-ABCDH-123H-011GH-119H-1FH-0000F-BBEEH-0ABCF-45EFH-ABFH-1235H        
F٥ J٣EאאאאאאK 

 
F٥ J٤EXאאW 

RAM/ROM            אאאK 
RAM/ROM            K 

 
F٥ J٥Eאאאאאאאאאא

אאאאאK 
 

F٥ J٦EאאאאFאEאאFאאEאW 
؟؟אא 

 
F٥ J٧EאאאאK 

 
F٥ J٨EאאאאאאאאאאW 

،אאא،א،אא،אא،א، 
אK 

 Jא Jא 
 Jא Jאאא 
 Jא Jא 
 Jא J 
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F٥ J٩EאאאאאאW 

 
Kאאאא 
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 MEMW 
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אאWאאא 
אאWאאאאK 

אאWאאאאW 
١K אאLאאK 
٢K אK 
٣K אאK 
٤K אאאK 
٥K אאK 
٦K אאK 
٧K אאאא 
٨K אאאאא 

 
אאאWאאא٨٠K٪ 

אאאאW٤ 

אאW 
 J א 
 J אאPower pointאאאאK 

אאWאאאאאא
אאאK 
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אאLאא 
אאאאא 

 
٦ J١אא(Iinput interface) 

אאאאFEאאFE
،אאאאFאEאאא

אאK 
 

٦ J١ J١אאאParallel Transmission 
אאאאאאW 

 

 
 

אאFEאF D7 ---- D0 EאFE
אאK 


א 

                    אF٦ J١WEאאא 







L
א 







 

אאא
FEא 

Do 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
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٦ J١ J٢אאSeries Transmission 
אאאאאאFאE،אא

אאאF D7 ---- D0 EאאאאF٦ J٢EW 
 
 

 
 

 
 

 
  

   
   
   
   
   
   
   
    
   
   
 

٦ J٢אא(Output interface) 
אאW 

٦ J٢ J١אאLW،،אKKKKKKKKKKKKKKKKK 
٦ J٢ J٢אאW،،،،אKKKKKKKKKKK 
٦ J٢ J٣אאW،،،،KKKKKK 
٦ J٢ J٤אW،،א،אKKKKKKKKKKKKKKKKKKK 
٦ J٢ J٥אK 


א 

אאאא 
 

אF٦J٢WEאאא 







L
א


 







 

D0 D1 ---- D7  
 

                                
                                  

D7  D6 -- --D0       

אאא 
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٦ J٣אא 
٦ J٣ J١אא 

אא0א1،
אFWordE אא

אF٦ J٣KE 
אאאאאאאKFWE 

 
1K = 210 = 1024 



 
 

אאאאאאFאEK 
nKאאא2n אאא 

 
F01E 

אא 

אאא
FאאE 

א)٦ J٣(Wאא 
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W

 
 
٦ J٤אאא 
٦ J٤ J١אאאא 

אא،אאאאאאא
אאאFאLאEאאא،

אאKאאאאא
אFChip SelectKE 

 
٦ J٤ J٢אא 

אאא،אא
אאKKאא2000Hאאא17Hאאא

16HK 
אאאאא2000H אW 

• אאא10000111אH = 17H 
• אאא10000110 אH = 16H  

אאאD0אFאE01F 0 5E
 אאאFאאE

אF٦ J٤KE 
 
 

אא16                12                10                8 
 

אא28210212216 
 

אאK22K26K 
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٦ J٤ J٣א 
אאאאאאאאאK

אאאאA15،אאא0
אאא1אאאאאF٦ J
٥KE 

  
  
  

16H  

 
 
  
 

17H  

 ىالذاآرة الأول

 אאא

א 

A0 – A15 

D0 – D7 

0000 
 

2000 
2001 

0000 
 

2000 
2001 

01א
אאD7W 

 Wאא

אF٦J٤WEאאא 
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אW 

• אאאא2000א 
• אאאאאA000 

אאאאK 
 

٦ J٥אא 
٦ J٥ J١אא 

אאאאאאFא
אLאKE 

אאא
אK 
אאא168،א

אאאROMא8KאאאאRAMא2K
אW 

CS1 CS2 

אא 
א 

אאא
 


א

1 


א
2 

א 

אF٦ J٥WEאאא 

A15 
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• אאאאROMW 
אא=8K=23K=8x1024=8192 

אאאאאא0000אאאאW 
אאFאא–1EאאאאאאK 

F8192–1E=8191 J J J<1FFF 
 
• אאאאאRAMW 

אאאא0000אFא
אאEאאW 

אאFאא–1Eאאאאאא
F1 – 2KE=2047 J J J<07FF 

אאאW 
• אROM00001FFF 
• אRAM2000F07FF + 2000E=27FFFאאאא

ROME. 
אאאאאRAMFא

אROMKE 
אאאאאF٦ J٦KE 
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٦ J٦אאBinary Decoder 
אאא،אאאא

אאאאאאאא
אאאאאK 

 
WFא=FאאE2Eאא

F٦ J٧E 
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1FFF 
2000 
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א
א

Lא 

אROM 
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אF٦ J٦WEאא 
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אאF12EאאFA15A14EאאF1،2،34E
אאאF٦ J٨KE 

 
 

 
 

12 3 4 1 2
0     0    0     0      0     1 
0     1    0     0      1     0
1     0    0     1      0     0 
1     1    1     0      0     0 
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CS        
CS        
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אF٦ J٨WEאאאא 
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٦ J٧אאאא 
FאאLאEאאW 

• אFRD : ReadE 
• FWR : WriteE 
• א(CS: Chip select)K 

אאאאאW 
١K אאאאאא،אא

אאK 
٢K אאFאאEאא

אK 
٣K אאאK 

 
٦ J٨אאאאא 
٦ J٨ J١אאאאLאא 

אאאאFHandshakingE
אאאLאאאא،א

אאKאאאאאאאא
אKאאFEW 
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אא 

אF٦ J٩Eאא 
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אאאFDAV : Data AvailableE אאFDACK : Data 

AcknowledgeEאא،אאאW 
• אאאאLאאK 
• אאאאא

KאאאאK 
 

٦ J٨ J٢אא 
א،אאא

אאאאFאKE 
אאאאK 

אאאאאאאאאW 
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WאאFאIntel 8085AE 
אIntel 8085A،אאW 

 

 
 

٦ J٨ J٣אאא 
אאאאאאאא

אKאא
אFMemory Access ControllersKEאאאא

אאK 
 

TRAP      
 

RST 7.5   
 

RST 6.5   
 

RST 5.5   
 

INTR      

אא

אאא 
אאא

 
003CRST 7.5 
0034RST 6.5 
002CRST 5.5 
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אF٦ J١١Eאאאא 
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אא 
 

F٦ J١Eאאאאאאא 
 

F٦ J٢EאLא 
 
F٦ J٣E١٢؟אא،אאא 

 
F٦ J٤E؟אאאאא 

 
F٦ J٥Eא7FFFH-0000HאROMא،8FFFH-8800H 

אRAMW 
 JאאאאאK 

 JאאROM 
 JאאRAM 

 
F٦ J٦EאROMא2KאRAMא1KK 
 JאאאאאROMאאא0000HK 

 JאאאאאRAMאאאאא
אאROMK 

 JאאאאאאK 
 

F٦ J٧EאאאW 
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אאאאאW 

 
 

 Jאא 
 Jאאאאא 

 
F٦ J٨EאאאFא٧אEאא

אROMאאW 
 JאאאCFFFH-C000H אF000H-FFFFH K 

 JאאאDFFFH-D000Hאאא
א  EFFFH-E000HK 

A15 

CS 
O0 
O1 
O2 

I3             O3 
I2             O4 
I1                    O5 

O6 
O7 

A14 
A13 
A12 

 CS       

 CS       

 CS       

 CS       
A11-A0 


 

١
٢ 

٣

٤

אאאא 
I3  I2  I1     O0     O1     O2     O3     O4     O5     O6     O7 

0  0   0      1       0       0       0       0        0       0       0 
0  0   1      0       1       0       0       0        0       0       0 
0  1   0      0       0       1       0       0        0       0       0 
0  1   1      0       0       0       1       0        0       0       0 
1  0   0      0       0       0       0       1        0       0       0 
1  0   1      0       0       0       0       0        1       0       0 
1  1   0      0       0       0       0       0        0       1       0 
1  1   1      0       0       0       0       0        0       0       1 
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 JאאאEFFFH-E000Hאאא
אDFFFH-D000HK 

אאאFEFWE 
- אI2אK 
- אאI1I2K 
- א٢א٣K 
 

F٦ J٩EאאאF٧EאאאאFאאE
אאאאאW 

 J١אW03FFH-0000H 
 J٢אW07FFH-0400H 
 J٣אW0BFFH-0800H  
 J٤אW0FFFH-0C00H  
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אאWאאאא 
 

אאWאאאאK 

אאWאאאאW 
١K אאאK 
٢K אאאאK 
٣K אאאא(Static-memory)אאא(Dynamic- 

memory)  
٤K אאאK 
٥K אאאK 
٦K אאאאאאאאK 
 

אאאWאאא٨٠K٪ 

אאאאW٥ 

אאW 
 J א 
 J אאPower pointאאאאK 

אאWאאאאאא
אאאK



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤١-  

 
אאאאאאאאאאא

אאאאאא
אאK 
אאאאא

אאאאאאאאא
אאאKאאאא

אאאF(ROMאאאאF(RAMK 
אאאאא(Semiconductor Memories)א

אאאאW 
١K אאאK 
٢K אאאאK 
٣K אאאאא(Static-memory)אא

א(Dynamic- memory)  
٤K אאאK 
٥K אאאאK 
٦K אאאאאאא

אK 
٧ J١אאBasics of semiconductor memory 

 אאאאאא
אאאא

F(Latches 
 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤٢-  

٧ J١ J١אאאUnits of binary data 
אאאאאFBitsE،

אאאאאאאW 
١K אFBitEאK 
٢K אFByteEK 
٣K אFNibbleEאK 
٤K אFWordEאאאK 

 
٧ J١ J٢אאאאBasic array of semiconductor memory 

אאאא(1)(0)א
(cell)אאאאF٧ J١E

٦٤ 
 

 1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8
FE٨×٨ 

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

1
2
3
4
5
6
7
8

61
62
63
64

1 2 3 4 1
FE١٦×٤ 

FE٦٤×١ 

אF٧ J١Eא٦٤ 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤٣-  

(Block)אאאא
אא٦٤אאאא

W 
١K אF٧ J١E٨×٨אא٦٤א

K 
٢K אF٧ J١E١٦×٤אא١٦K 
٣K אF٧ J١E٦٤×١א٦٤K 

אאאאאאא
16K١٦٣٨٤٨אא

٢אאא16KK 
٧ J١ J٣אאMemory Address and Capacity 

אאאאאאאא
אאF٧ J٢Eאאא

F٧ J٢Eאאאאא
אאאאאא،א

אK 
אאאאאאאא

F٧ J٢E٦٤אF٧ J٢Eא٨٦٤K 
 

 
 
 
 
 
 
 

1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8

1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8
אF٧J٢Eא



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤٤-  

٧ J١ J٤אאאBasic memory operations 
 אאאאאאא

אאאאW 
• אFRead operationEWאאאאK 
• אאFWrite operationEWאאאאK 

אאאאאא
אאאאאאאFData busKE

אF٧ J٣E،אאאאא
אאאא

אאאאאאאאא
אאאFAddress busE

אאאאאאאKאאאאאK 
א15-Bit32,678אאאF215E،

א16-Bit65,536 אאאF216E،
אאא32א-bit 4,294,967,296אאא

אF232E4GK 
 

אא  אאא




אא 

אא א 

אF٧ J٣Eאאאאא
אאאאאאאK 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤٥-  

٧ J١ J٤ J١אWrite operation    
אF٧ J٤Eאאאא

אאאאאאאאא
אאאאאאא،אאא

אאא،אאאא
אאאאאאאK 

 
 
 
 
 
 
 
 
 
 
 
    
 
  

 
אאF٧ J٤EW 

١K אא101אאאאא
אא5K 

٢K אאK 
٣K אאאא5אאK 





אא 

א אא 

11000001 101 

אא 

א 

1
2
3
4
5
6

0

7

1 1 1
1 1 11

א

1 1 1
1
1
1

1

1
1

1

1

1 1
1
1

1
1

1

1

0
0

0 0
0 0 0

0 0

0

0

0

00
0 0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0 0 0 0

אF٧ J٤E

א 

 1 

 3

 2 



א ١٢٣ אא 
א אאאאא אאאא 
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٧ J١ J٤ J٢אאRead operation    
 אF٧ J٥Eאאאאא

אאאאאאא
אאאאאאאאאאא

אאאאאא
אאאאאאא

אK 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אאאF٧ J٥EW 
١K אא011אאאאא

אא3K 
٢K אאK 
٣K אא3אאאאא

אא3K 




אא 

א אא 

11000001 011 

אא א 

1
2
3
4
5
6

0

7

1 1 1
1 1 11

אא

1 1 1
1
1
1

1

1
1

1

1

1 1
1
1

1
1

1

1

0
0

0 0
0 0 0

0 0

0

0

0

00
0 0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0 0 0 0

אF٧ J٥Eאא

א 

 1 

 2 

 3 



א ١٢٣ אא 
א אאאאא אאאא 
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٧ J٢אאאאאFRandom-Access Memories (RAMs 
 אאאאאאאאאא

א،אאאאאא
אא(RAM)א،אאאאא

אאאאאאאאאא
،אאאאאאא

،אאאאא
אאאאK 

 
٧ J٢ J١אאאאThe RAM Family 

 אאאאאW 
١K אאאאאאא(The static RAMs)W

אאאאאאאא
K 

٢K אאאאאא(The dynamic RAMs)Wאאא
אאאאאא

אאrefreshing)EK 
 

אאאאאאאW 
 אאאאאאא

אאאא(volatile memories)אאW 
١K אאאאאאאאאאא

אאאאK 
٢K אאאאאאאאא

אאאאאאאאאא
אאאאא

אאאK 



א ١٢٣ אא 
א אאאאא אאאא 
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אF٧ J٦EאאאאאF٧ J٧Eאאא
אאאאF٧ J٨EאאאאאאK 

 
 

 
 
 
 
 

  
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

אאאא 
(RAM) 

אאאאא 
Static RAM 

(SRAM) 

אאאאא 
Dynamic RAM 

(DRAM) 

אF٧ J٦Eאא

אאאאא 
Static RAM 

(SRAM) 

אאאא
אאא 

(ASRAM) 

אאאא
אאאא 

SB-SRAM)E

אF٧ J٧Eאאאאאא 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٤٩-  

 
 
 
 
 
 
 
 
 
 
 

 
٧ J٣אאאאRead Only Memories 

 אאאאאא
אאKא

אאאא،אאא
א،אאאאKאאאא

אאאK 

אאאאא 
Dynamic RAM 

(DRAM) 

אא
א  

(EDO-DRAM) 

אא
אא  

(BEDO-DRAM) 

אאאא 
DRAM  

(SDRAM) 

אF٧ J٨Eאאאאאא 



א ١٢٣ אא 
א אאאאא אאאא 
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٧ J٣ J١אאאThe ROM Family 
 אF٧ J٩Eאאאא 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

٧ J٤אאMemory Expansion 
 אאאאFאאE

אFאאEא
אאאאK 

 
٧ J٤ J١אWord Length Expansion 

 אאאא٨
אאא٤

F٧ J١٠KE 
 

אאא 
Read only memory 

(ROM) 

אא
א 
 

(Mask ROM) 

אא
 

 
(PROM) 

אא
א

א
(UVEPROM) 

אא
א

א 
(EEPROM) 

אF٧ J٩Eאאא 



א ١٢٣ אא 
א אאאאא אאאא 
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אF٧ J١٠Eא א]٣[ 

  
 

F٧ J١Eאאא65,536×4אF٧ J١١Eאא64K×8 
 

 
אF٧ J١١E]٣[ 

 
א 

א64K×4F٧ J١٢Eאאאאא
אK 

 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٥٢-  

 
אF٧ J١٢Eאאא]٣[K 

 
F٧ J٢EאאאאF٧ J٢Eאא64K×16K 

 
א 
 

 אא65,536 16 bit wordsאאא
א64K×4אאאF٧ J١٣KE 

 

 
אF٧ J١٣(]٣[K 

  
  



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٥٣-  

  
  אאאאאאאא

אאאאאאאא
אאאאא

אאKאF٧ J١٤Eא
אאאאK 

 
 

 
 

K ]٣[لوصول العشوائيةيوضح زيادة طول الكلمة بذاآرة ا) ١٤-٧(الشكل 
 
 

F٧ J٣Eאאאאא1M×4 אא
1אM×8K  

א 
 

א1M×4אF٧ J١٥E 
 



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٥٤-  

 
אF٧ J١٥E]٣[K 

 
٧ J٤ J٢אWord Capacity Expansion 

 אאאאאאא
אאאF٧ J١٦E 

 

 
אF٧ J١٦Eא]٣[  

  



א ١٢٣ אא 
א אאאאא אאאא 

 
  

-١٥٥-  

  
F٧ J٤Eאאא512אK×4א1M×4K 

א 
 

 אאאא0EאאA19
אF٧ J١٧Eא1EKאא

A19אא(Low)אא١אאאא(A0-A18)
אא١אA19אאא٢אאא

אאאאא (A0-A18)אא٢אK 
 

 
אF٧ J١٧E]٣[ 



  

  

  

אא 

אאאאאאאאאא 




א







٨



א ١٢٣ אא 
א אאאאא א 
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אאWא 
אאWאאאאא 

אאWאאאאW 
١K אאאIntel 8085Kא 
٢K אK 
٣K א 
٤K אא 
٥K א 
٦K א 
٧K אא 
٨K אא 
٩K אאא 

١٠K אא 
 

אאאWאאא٨٠K٪ 

אאאאW٥ 

אאW 
 J א 
 J אאPower pointאאאאK 

אאWאאאאאא
אאאK



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٥٧ -  

 
אאאאW 

• אאאIntel 8085Kא   
• אK 
• א 
• אא 
• א 
• א 
• אא 
• אא 
• אאא 
• אא 

 
٨ J١אאא 

אF٨ J١EאאאIntel 8085Kאא
אFאאEאאאא

אW 
١K אאאאאK 
٢K אאאאאאK 
٣K אאאאאאK 

אאK 
 

٨ J٢א 
 אאאאאאא

K 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٥٨ -  

 
 
٨ J٢ J١א 

א،אאFאE
אאאאאאאאFא0000HEא،

אאאאאאאאW 
 

 
א 

אא 

 




א



 


א

א



א

א


 




א
א


 

א 

 
א 
א 


א 








א




 

א 

אWא







א





 

 

א)٨ J١(אא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٥٩ -  

١K אW 
• אאFאאEאאא

אאאאאאאאאK 
• אאאאאאK 

٢K א،אאאאאאאאא
אאאאK 

٣K אאF8אByteEא
אאאאא 

٤K אא،אFmicro-instructionsE،
אאא،אאא

אאאאאאאאK 
 

 
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

א 

א 

א 

א אא 
אאא

א 


א 

א)٨ J٣Eא–א–אא



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٠ -  

٨ J٣אא 
א،אאFHEFLEאא

אIntel 8085 K 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
  

אאאאאאא،FWEFZE
אאאFH), (LEא١٦Fאא

אאאאאאKE  
 
 W0012H אאאFאאKE 

• אאWאאאאאאW 
 JאאByteאאאאFZE 

 JאאByteאאאאFWE 

 
00         12      
W          Z      

אא 

אF٨ J٤Eאאא 

אאF١٦
16 bits E 

FStack PointerE 
F١٦E 

W(8)     Z(8) B(8)        C(8) 
 

D(8)        E(8) 
 

H(8)        L(8) 

אא 
F١٦E

א 

 

 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦١ -  


• אאWאאאאא 

 
• אאWאאאאאא

אאאK 

   
      

٨ J٤אIntel 8085AWאא 
 ٨ J٤ J١א 

אאאאW 
• אא١٦ 
• F،אאא

אKאאא
??אאK 
• 6WBC  ،DE  ،HLK 
• WWZ 
• A8אאWאאאK   

 

אא 00         12     

00    13    אא 

00    12    אא 
אא 

אא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٢ -  

٨ J٤ J٢אאא 
אIntel 8085AW 

١K אאאאאF1 ByteE 
٢K אאאאF2 BytesE 
٣K אאאאאF3 BytesE 

אאאאFOperation CodeEאא
F٨ J٥KE 
  
 
 
 
 
 
 
 

           
  
 
 
 
   
     
     
     
     

Wא אFאE 
אאאW 

JMP addr                                                              
 

          
אאאאאF(JMP:  JUMP 

א022אA   

 
 
 
 
א 

אByteא 
אByteא 
  

 
 
 
 
 

א 
 

 
 
 
 
 
א 

אF٨ J٥WEאIntel 8085A 

אאאאאא



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٣ -  

אאJMP 022Aאאאאא،
אKK 

אא،אאאאא
אאC3א،אאW 

  

 
 

٨ J٥אאא 
٨ J٥ J١אאא 

אאאאW 
١K אאא 
٢K אByteאאאאאאFZE 
٣K אByteאאאאאאFWE 

 

אאא 

11000011 
 

00101010 
 

00000010 

אא JMP   
 

אByte אאא 
אByte אאא 

א)٨ J٦EאJMP 022A 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٤ -  

٨ J٥ J٢אא 
אאאאW 

١K אאא 
٢K אאאאFZE 

 
٨ J٥ J٣אא 

אאאאKאFE
אאאK 

 
٨ J٦א 

אאאKאאא
אאאאאאK 

אאאאאW 
١K אאאאLאאK 
٢K אאאאK 
٣K אאאK 

 
٨ J٦ J١אאאאLאא 
٨ J٦ J١ J١אאLאאא 

אאאאאאאא
אאW 

 

(A) (Port) 

אאLאאאאאA 

אאא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٥ -  

אאאW 
אLאאא (Port)אאאFאEAK 

 
אאאW            IN  Port 

א)Input( 
אאWאאאאאאא 

 
WאאאIntel 8085AK 
WIN 82 

אאאאאאW 

 
 
 

 
 
 
 

11011010   
10000010 

DBאIN 
82 אא 

אאא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٦ -  

٨ J٦ J١ J٢אאLא 
 אאאאאW  

  

 
אאאאW 

אאאאFPortE 
 אאאאW            OUT  Port 

אאFOutputE 
אאאWאאאאאאאK 

 
W  OUT 80          

 אאאאאאW 
  

 

D3אOUT  
80אא  

 
 
 
 

11010011   
  10000000   

 

אאא 

(A) (Port) 

 Aאאא اجخرالإ/عنوان جهاز الإدخال

אאא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٧ -  

٨ J٦ J٢אאאא 
Wאא 

אאאאאאאא
אאאאאאK 

 WFE، 
WאFאE 

WאFאE 
• אאא 

אאאאאW 

  
WMOV B,M       

  

(r )                (H,L)                                           MOV  r,M            
 

אאאא 
אאא              א(H,L)

   
אאא    אא(r)K 

אאאא 
 

 
 0022    

 

 
אFHLE 

אא        א 
אאאאB

א 

אB 0022 א 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٨ -  

• אאאאK 
 אאאאאW 

 
                 (H,L)            (r)                              MOV M,r                     

                                                
אאאFrEFאE،אא

אFHLEאאK 
 

WMOV M,C  
    
    
   

                                                                                                               
                                                                                               

  
 
 
 

                                                                                                
  
 
 
 
 
 
 
 
 
 
  
  
  
  

אא 
אC 

 
 
 
 
 4012 

א 

 
 
 
 
 
 

          א  

אאCאא 
אאFHLE 

4012

אאאא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٦٩ -  

WאאK 
 אאאאאK 
• אאאאK 

אאאW 
 

(H,L)                 (data)                                 MVI M,data                           
 

אאFdataEאאאאFH,LE
                                                                           

WMVI M,02   
                                          

         
  
 
 
 
 
 
 
   
   
     
    
    
    

                    2000                                                                   
                                       

                  
   

    
    
   

א 
                               

HL  
  
  

ت

2000 

 
 
 
 
 
 

א  

         02             
  
 

            
  

02              

אאא 

א   



א ١٢٣ אא 
א אאאאא א 
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• א 
אאאאאאW 

               
(r)          (data)                       MVI r,data                       

 
אאdataF8אEאאr 

 
WMVI D,54 

54אאאDK 
                                                            

אא16،
אאאאאW 

 
(rp)                data 16                              LXI rp,data 16                        

 
אF16אEאאrpאאאrpK 

 
WLXI BC,0142 

0142אאאBCK 
42אאCא01אBK 

 
٨ J٦ J٣אאאא 

 אאFEKאא
אאאWMOVאא،W 

 
(r1)          (r2)                           MOV r1,r2                                                              

 
אFr2EאאFr1E 

 
W MOV B,AאFAEאאFBE 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٧١ -  

  
                                            (B)             (A)                          MOV B,A                       

  
     
     
     
     
    

                                                                      
 
 
 
 
 
٨ J٧אא 

 אאא،א
אאא،אאא

WאאFאאKאא 
 
 
  
  

                              
  
  

                                                                                                                           
                                                                                                                         

  

  
אאא01Fא1א،35,KE 

  

אא 764      20 

א   S(Sign)  Z(Zero)  AC(Auxiliary Carry) P(Parity)CY(Carry)   
אא א  א      אא 

א 
                 אA 

 
 

     
  
 

            אB 

א 
אA 

  
 
 
 
 

               אB 

      0F   0F 

   0F 
MOV B,A 

S   Z   A    P    C   Y   C 

7       6      5    4     3      2      1     0   



א ١٢٣ אא 
א אאאאא א 
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٨ J٧ J١א 
• אWאאאא1אאAK 

Wאא04אB 05אFA-BE،
א-01KF JEאא7FאEא

1אK 
 

• אWאא1אאא
0 

  
• אWא1אאאא

אאאאאאאאאאK 
Wא0EאB02אFA+BE 

א00001110      
אB00000010    H 
א00010000Z 

 
אאאאFD4EאאFD3KE 

 
• אWא1אאאאאF

EK 
 

• אWא1אאאA 
אאFFFE 

WאFFאB10אא(A) + 
(B)                                                                                      

אאא01Fא1א،35,KE 
א11111111 

אB10000000H 



א ١٢٣ אא 
א אאאאא א 
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א01111111Z 
אאאאאאאא

1אK 
 

٨ J٨אאFlowchart  
 אאאאאאא

אא،אאא
אאאאK 

אאאאW 
 

 

WאאFProgram FlowE 
אאאאK 

 
WאFProcessE 
אאאאאא 

 
WאאFPredefined ProcessE 
אאאא 

 
WאאFDecisionE 
אאאאאא 
א 

 
WאFTerminalE 

אאאאא 



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٧٤ -  

W 
אאWאאW 

 
 
 
 
 
 
 
 

٨ J٩אאאאBranch Instructions 
 אאאאאאFאאE

אאאאאאW 

 
    

 
  
  
  

 
 
 
 
 
 
 

א
אאא 

א
אא

אאא 

אא 

א 

١ ٢ 

 

אא 

 ١א 

٢א 

 



א ١٢٣ אא 
א אאאאא א 
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אאאWאאאאW 
١K אFJUMP InstructionsE 
٢. אאFCALL InstructionsE     

    
٨ J٩ J١אFJMP: JUMPE 
٨ J٩ J١ J١א 

 ١אאאWJMP addr 
אJMP אאאאאFאE،addrאאאK 

W 
JMP F021 

 
  
 

אאאF021K 
  
٨ J٩ J١ J٢א 

 אאאאW 

אא 

F021 

 
 

 
 
 

א 
21                 

F0 
 
 

א

0022 
0023 
0024 

 



א ١٢٣ אא 
א אאאאא א 
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addr>J< 
Jאאאא،אאא

אאאFaddrEאאK 
  

WאאאJump if Zero: JZ     
אWאאאFאאEא

אאאאאאK 
JZ 0023  

א0023א אאאאK 
WאאאאK 
 

 
٨ J٩ J٢אא 

אאאW 
 

CALL addr                                             

אא 

אאFEא
א12א 

من جهاز الدخل E(دخل المعلومة أ
13العنوانذي

Z0 
 


Z0 
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אaddrאאאא
FsubroutineEאא

אאאאא،אאFRETURNEאא
אאאאאK 

אאאא(subroutine)W 



א 


אאא

אא 

אאא 
RETURN 
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אא 
 

F٨ J١Eאאאאא 
؟א 

 
F٨ J٢EאאK 

 
F٨ J٣EאאHLT؟ 

 
F٨ J٤Eאאאאאאאאא 

؟ 
 

F٨ J٥EאאאROM؟ 
 
F٨ J٦EאאFmicro-instructionsKE 

 
F٨ J٧E אא0125אHא،אאא

אאאאZ W W 

 
 
F٨ J٨EאW،א،Byteא،אByteא 

אאאאאאW 
 Jאאאא 

 Jאא 
 Jאאא 

25     01 01     25 

W      Z                               W      Z          
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F٨ J٩EאאאאW 
 J(A)          (Port)    ;    (A)         (Port)      

 J                                           MOV  r,M     

 JMOV r1,r2  

אאW١ J   ٢ Jאאא 
٣ Jאאא٤ Jאא 
אLאא 

 
F٨ J١٠Eאאאא 

 
F٨ J١١EאאאאאאאW 

MVI M,45  ;  LXI DE,FH01  ;  MOV A,C  ;  MOV M,E  ;  MVI D,FC  ;  MOV C,M 
 
F٨ J١٢E JאMOV A,B אKKKKKKKKKKאKKKKKKKKKK 

  JאMOV B,MKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
  JאMVI C,1A אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
  Jאאא1DאאKKKKKKKKKKKKK 
 

F٨ J١٣EאאאK 
 
  
  

                               
  
  

 
F٨ J١٤EאFA-BE אאא 

 6אאאFF٨ J١٣EE؟K 
 

  
A       Z        A      P       C       Y     C 

7         6        5       4         3        2        1         0   



א ١٢٣ אא 
א אאאאא א 

 
  

- ١٨١ -  

F٨ J١٥EאאK 
 

F٨ J١٦EאאאאW 
אאא12אHאB

א،אאא13אHK 
 

F٨ J١٧EאFJMPEאא،؟ 
 

F٨ J١٨Eאא01FE אאJMP 01FE؟ 
 

F٨ J١٩Eאא؟א 
 

F٨ J٢٠EאאאW 
JMP ABCDH  ;  JMP 012FH  ;  JMP 12H  ;  JMP 158GH  ;  JZ 00FFH   ;  JP 012FH  

 JM AFF0H  ;  JMP 013HK 
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