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(Combinational Logic Circuits)                                     الدوائر المنطقية الترابطية 

 Introduction to combinational circuits:  

A combinational circuit is the digital logic circuit in which the output depends on the 

combination of inputs at that point of time with total disregard to the past state of the 

inputs. The digital logic gate is the building block of combinational circuits. The function 

implemented by combinational circuit is depend upon the Boolean expressions. On the 

other hand. Sequential logic circuits, consists of both logic gates and memory elements 

such as flip-flops. Figure below shows the combinational circuit having n inputs and m 

outputs. The n number of inputs shows that there are 2^n possible combinations of bits at 

the input. Therefore, the output is expressed in terms m Boolean expressions. 

 

 

Adder 

It is a combinational circuit that performs arithmetic addition according to the binary 

addition rules. There are two types of adder: half adder and full adder. 

Half- Adder 

It is a combination circuit that performs the arithmetic addition of two bits. This circuit 

needs two binary inputs and two binary outputs. The input variables consist of the two 

binary bits to be added; and the output consists of the sum of these two bits and a carry 

bit. When adding two binary numbers whose sum is greater than one bit in length, a carry 

must be generated (a one added to one results in sum of zero and a carry of one). 
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The truth table that identifies exactly the function of half adder is shown in table 

 

 
Half adder truth table 

The simplified Boolean function for the two outputs 

can be obtained from truth table. The simplification of 

the outputs of half adder are:   

 
The Carryout  : C = AB   , The half adder circuit is figure 

 

Full Adder 

A full adder is a combinational circuit that performs the arithmetic sum of three input 

bits. It consists of three inputs and two outputs. Two of the inputs variables, denoted by A 

and b, represent the two bits to be added. The third input, denoted by C, represents the 

carry from the previous lower are the position. The two outputs sum and carry. 

 
Full adder truth table 
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The implementation of full adder can be done by using the following Boolean functions. 

 

 

              
Full binary adder can combined from two half adder taking the OR of their carry with the 

sum of the second being as the output. The circuit of full adder is shown 

 

 

 

 
Full adder circuit 

 

Binary parallel adder 4-bit full adder 

A binary parallel adder is a digital circuit that generates the arithmetic sum of two binary 

numbers in parallel. It consists of full adders connected in cascade, with the output carry 

from one full adder connected to the input carry of the next full adder. Fig show the 4- bit 

binary parallel adder. 
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Subtractor 

The Subtractor is a combinational logic circuit that performs the arithmetic subtraction 

operation of  number. There are two types of Subtractor: half subtractor and full 

subtractor. 

Half Subtractor 

A half subtractor is a combinational circuit that subtracts two bits and produces their 

difference. It has two outputs. One output generates the difference and will be designated 

by the symbol D. The second designate B for borrowed. The truth table for the half 

subtractor is shown in table The Boolean functions for the two outputs of the half 

subtractor are: 

The question for differential   

 

 
 

 

 

 

 

 

 

 

 

          Half subtractor truth table                                               The logic circuit of half subtractor                     

Full Subtractor 

A full subtractor is a combinational circuit that performs a subtraction between two bits, 

taking in account that a 1 may have been borrowed by a lower significant stage. This 

circuit has three inputs and two out puts. The two outputs, D and B, represent the 

difference and borrow, respectively. The truth table for the full 

subtractor is shown in figure 
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The logic circuit of Full - subtractor                     

       Full subtractor truth table 

The two outputs of the full subtractor are: 

 

 
                                                 4 bit Full - subtractor        

Digital Comparator 

The comparator is a numerical circuit whose function is to compare two or more binary 

quantities for the purpose of finding a relationship between these two. 

The two quantities. The comparison indicates whether these two quantities or binary 

numbers are equal or different. An XNOR gate is a basic comparator, because its output 

is "1" only if its two input bits are equal. For more on the comparison process, we can 

design a circuit containing two inputs to compare two numbers that make up each one 

They have 1 bit and 3 outputs, each of which indicates whether the first bit is greater 

than, equal to or less than a bit The second is what is shown in the figure: 
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Logic circuit for comparator                                Truth table 2 bit cpmparator 

 

4- bit comparator  
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Decoder   محلل الشفرة       

 هتواسي ثنائً رقن هو التشفيز هفكك إلى الوذخل. هحذدة ثنائيت كلوت أو عذد وجود تكتشف دائزة هً التشفيز فك وحذة

الوحذد الزقن هذا وجود عذم أو وجود إلى تشيز ثنائيت إشارة عن عبارة والوخزج  

 A decoder is a combinational circuit that converts binary information from n input lines 

to a maximum of 2
n
 unique output lines. If the n-bit have less than 2

n
 outputs.. The 

decoders represented here are called n –to –m line decoders. 
 The AND gate can be used as a basic decoder circuit, since the AND gate's output will 

be a binary one only when all inputs are binary one. Proper connections of AND gate's inputs 

to the data will ensure detection of any binary number. 

 

 
 

The Basic Binary Decoder 

Suppose you need to determine when a binary 1001 occurs on the inputs of a digital 

circuit. An AND gate can be used as the basic decoding element because it produces a 

HIGH output only when all of its inputs are HIGH. Therefore, you must make sure that 

all of the inputs to the AND gate are HIGH when the binary number 1001 occurs; this 

can be done by inverting the two middle bits (the 0s), as shown in Figure 

 
The logic equation for the decoder of Figure (a) is developed as illustrated in Figure (b). 

You should verify that the output is 0 except when A0 = 1, A1 = 0, A2 = 0, and A3 = 1 are 

applied to the inputs. A0 is the LSB and A3 is the MSB. In the representation of a binary 

number or other weighted code in this book, the LSB is the right-most bit in a horizontal 

arrangement and the topmost bit in a vertical arrangement, unless specified otherwise. If 

a NAND gate is used in place of the AND gate in Figure, a LOW output will indicate the 

presence of the proper binary code, which is 1001 in this case. 

Example: 

Determine the logic required to decode the binary number 1011 by producing a HIGH 

level on the output. 

Solution 

The decoding function can be formed by complementing only the variables that appear 

as 0 in the desired binary number, as follows: 

 
This function can be implemented by connecting the true (un complemented) variables 
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A0, A1, and A3 directly to the inputs of an AND gate, and inverting the variable A2 

before applying it to the AND gate input. The decoding logic is shown in Figure 

 

 
 

 

 

 

 

 

 

 

 

 

(2-to-4 Decoder) Active High 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2 - 4 bit - decoder (Active HIGH)                                            2 - 4 bit - decoder (Active LOW) 
 

The 4-Bit Decoder 
In order to decode all possible combinations of four bits, sixteen decoding gates are 

required (24 = 16). This type of decoder is commonly called either a 4-line-to-16-line 
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decoder because there are four inputs and sixteen outputs or a 1-of-16 decoder because 

for any given code on the inputs, one of the sixteen outputs is activated. A list of the 

sixteen binary codes and their corresponding decoding functions is given in Table 

 

 
Decoding functions and truth table for a 4-line-to-16-line (1-of-16) decoder with active-LOW outputs. 

 

 

If an active-LOW output is required for each decoded number, the entire decoder can be 

implemented with NAND gates and inverters. In order to decode each of the sixteen 

binary codes, sixteen NAND gates are required (AND gates can be used to produce 

active-HIGH outputs). 

A logic symbol for a 4-line-to-16-line (1-of-16) decoder with active-LOW outputs is 

shown in Figure. The BIN/DEC label indicates that a binary input makes the 

corresponding decimal output active. The input labels 8, 4, 2, and 1 represent the binary 

weights of the input bits (2
3
2

2
2

1
2

0
) 

 

 

 

 

 
 

 

Logic symbol for a 4-line-to-16-line (1-of-16) decoder 
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Application of Full-Adder and Decoder 

 
 
In Figure each full-adder can produce the sum of up to three votes. The sum and output 

carry of each full-adder then goes to the two lower-order inputs of a parallel binary adder. 

The two higher-order inputs of the parallel adder are connected to ground (0) because 

there is never a case where the binary input exceeds 0011 (decimal 3). For this basic 6-

position system, the outputs of the parallel adder go to a BCD-to-7-segment decoder that 

drives the 7-segment display. As mentioned, additional circuits must be included when 

the system is expanded. The resistors from the inputs of each full-adder to ground assure 

that each input is LOW when the switch is in the neutral position (CMOS logic is used). 

When a switch is moved to the “yes” or to the “no” position, a HIGH level (VCC) is 

applied to the associated full�adder input 
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Encoders  المشفر  
An encoder is a combinational logic circuit that essentially performs a “reverse” decoder 

function. An encoder accepts an active level on one of its inputs representing a digit, such 

as a decimal or octal digit, and converts it to a coded output, 
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Logic symbol for a Octal -to-Binary encoder                                   Truth table for Octal -to-Binary encoder   

                                          

                           From the truth table we get : 

 

 
 

 
 

 

  

 

 

Logic circuit for Encoder  

 

 

Home Work: 

1) If the outputs is 1 ,what is the Binarty code appear in the input for each gate ? 

 

 

 


