Full subtractor truth table

Other than subtraction various circuits can be made with these gates to perform arithmetic
operations. Likewise subtraction there are adder circuits to perform addition known as Half
Adder and Full Adder. The Binary Numbers consist of only two digits that are 0 and 1. If the
higher number 1 should be subtracted from 0 that is the smaller number it requires Borrow
digit. It is similar, to the kind of subtraction that is performed over any type of Decimal number.
However, the Adder circuits that are designed by using the NOT gate which is known for
complementing the input can be used as subtractors. By using Very Large Scale Integrated
circuits, the operations at the processor can speed up by performing the arithmetical operations
using logic gates. Technically the subtractor is considered to be the most critical circuit among
all the other digital circuits. So, the design of the full subtractor must consist of the properties
of compact size and to be power-efficient. Full Subtractor is a type of combinational circuit. This
type of circuit can be built using various logic gates. The main purpose of this circuit is to
perform subtraction operations on the binary numbers. Earlier the same operation can be
performed by using the Half Subtractors. But in the Half Subtractor, there are two inputs applied
one is minuend and the other is subtrahend. There is no option of taking the Borrow as the
input from the previous stage to perform subtraction. This has been the drawback that can be
overcome in the Full Subtractor circuitry. Hence the inputs for the Full Subtractor includes
minuend, subtrahend and the Borrow in. The outputs will be Difference and Borrow Out. Finally,
the circuit of this subtractor consists of three inputs that produce two outputs. By the use of
two Half Subtractors, called a cascading technique these Full subtractors can be constructed.
The half subtractors designed can be used in the construction of full subtractors. When the two
half subtractors are cascaded together such that the Difference output generated at the first
stage is connected to the second subtractor as the input. Initially, the inputs A and B are
applied to the left-most circuit. Based on the functionality it generates Difference and Borrows
as output. At the right circuit that is the second stage of Half subtractor Difference and the
Borrow in, a bit is applied as the input. After processing, the output bit named as Difference is
generated. But the borrow bit is produced in both the stages is applied to the OR gate to obtain
the final Borrow out. Similarly, the same circuit can be analyzed by using the logic gates. The
subtractor designed by logic gates is described below. The inputs A, B and C are applied
through the gates. Without any complement, at both, the stages Difference output is generated.
In the situation where minuend is less than the subtrahend, borrow is the necessary bit to
perform subtraction. This borrows in from the first and second stages is produced by
complementing the B input to the AND gates. The generated values are further provided to the
OR gates. This results in the final Borrow out. The output generation is based on the applied
bits at the input. For this analysis, the design of the truth table is an important step. It can be
noticed from the Truth Table that the output of a Difference column is similar to that of sum
column output in the Full Adder circuit. It is because the complementing is used for Borrow
outs. To design and to decide the type of gates and interconnections among them the plotting
of K-maps is important. The output expression of difference and the sum of the adder circuit will
be the same. The equation obtained for the Borrow analyzed from the k-map is:. In the Digital
platform of electronics, there are multiple uses of these subtractors. Some of them are listed as
follows:. Based on the provided information it is known that full subtractor can be designed by
using Universal Gates. The Design criteria remain the same for the other circuits of Binary
Adders and Subtractors. The only difference will be the operation chosen. Can you describe is
there any difference between the cascaded half subtractors and the parallel subtractor? Full
Subtractor Circuit. Full Subtractor Truth Table. Generally, the full subtractor is one of the most
used and essential combinational logic circuits. It is a basic electronic device, used to perform
subtraction of two binary numbers. Likewise, the full-subtractor uses binary digits like 0,1 for
the subtraction. This article gives a full-subtractor theory idea which comprises the premises
like what is a subtractor, design with logic gates, truth table, etc. This article is useful for
engineering students who can go through these topics in the HDL Practical lab. The binary
digits subtraction can be done with the help of the subtractor circuit. This is one kind of
combinational logic circuit, used to perform the subtraction of two binary digits like 0s and 1s.
Subtraction of binary digits from 0 to 0 or 0 to 1 does not alter the result, subtraction of 1 to 1
will result as 0 but the subtraction of 1 to 0 needs borrow. This circuit can be built with adders
along with inverters which are located among every data input as well as borrow Bin input of
the earlier phase of FA. Subtractors are classified into two types like half subtractor and full
subtractor. Here we are discussing the full subtractor. It is an electronic device or logic circuit
which performs subtraction of two binary digits. It is a combinational logic circuit used in digital
electronics. Many combinational circuits are available in integrated circuit technology namely
adders, encoders, decoders, and multiplexers. In this article, we are going to discuss its
construction using half subtractor and also the terms like truth table. The designing of this can

be done by two half subtractors, which involves three inputs such as minuend, subtrahend, and
borrow, borrow bit among the inputs is obtained from the subtraction of two binary digits and is
subtracted from the next higher-order pair of bits, outputs as difference and borrow. The full
subtractor block diagram is shown below. The foremost disadvantage of the half subtractor is,
we cannot make a Borrow bit in this subtractor. The complete subtractor circuit can obtain by
using two half subtractors with an extra OR gate. The circuit diagram of the full subtractor using
basic gate s is shown in the following block diagram. This circuit can be done with two
half-Subtractor circuits. In the initial half-Subtractor circuit, the binary inputs are A and B. Diff
output is further provided to the input of the right half Subtractor circuit. Once more it will give
Diff out as well as Borrow out the bit. The final output of this subtractor is Diff-output. On the
other hand, the Borrow out of both the half Subtractor circuits is connected to OR logic gate.
Later than giving out OR logic for two output bits of the subtractor, we acquire the final Borrow
out of the subtractor. The last Borrow out to signify the MSB a most significant bit. This
subtractor circuit executes a subtraction between two bits, which has 3- inputs A, B, and Bin
and two outputs D and Bout. The following image shows the truth table of the full-subtractor.
The simplification of the full subtractor K-map for the above difference and borrow is shown
below. Previously, we have discussed an overview of this like construction, circuit diagram with
logic gates. But if we want to subtract two otherwise more 1-bit numbers, this subtractor circuit
is very helpful to cascade single bit numbers and also subtracts more than two binary numbers.
In such cases, a full adder cascaded circuit is used with the help of NOT logic gate. Generally,
invert the subtrahend inputs for the full adder using NOT gate otherwise an inverter. Actually,
we can design the circuit so that output can be observed. For the coding part, first, we need to
check the structural way of modeling of the logic circuit diagram. As in structural modeling, we
explain various modules for every basic elemental arrangement. In the following code, different
modules can be defined for every gate. Lastly, we will unite these gate precise modules into an
only module. For that, here we utilize instantiation of module. Now this instantiation can be
used once we want to replicate an exact module or function for diverse input sets. First, we
design a half subtractor then this module is used to implement a full subtractor. The verilog
code for the full subtractor is shown below. The design of this using 4X1 multiplexer is shown
in the following logic diagram. This design can be done using the following steps. The truth
table of full subtractor circuit using 4X1 multiplexer includes the following. The designing of a
full subtractor using decoders can be done using active low outputs. The decoder includes
three inputs in decoders. For the different functions in the truth table, the minterms can be
written as 1,2,4,7, and similarly, for the borrow, the minterms can be written as 1,2,3,7. The
decoders include three inputs as well as 8 outputs lik0 to 7 numbers. These outputs can be
connected to other NAND logic gates where the output changes to the borrow. For example, if
the input is , then the output will be 1 that means it is active. So the output is active low and the
output can be obtained from NAND gate called difference function like high and borrow function
also changes out to be high. Therefore we get the preferred output. So finally, the decoder
works like a full subtractor. Some of the applications of full-subtractor include the following.
From the above information, by evaluating the adder, full subtractor using two half subtractor
circuits, and its tabular forms, one can notice that Dout in the full-subtractor is accurately
similar to the Sout of the full-adder. The only variation is that A input variable is complemented
in the full-subtractor. Here is a question for you, what is the difference between half subtractor
and full subtractor? Share This Post: Facebook. Construction and Working Principle. One
Comment Build and test full subtractor circuit. The Half Subtractor is used to subtract only two
numbers. To overcome this problem, a full subtractor was designed. The full subtractor is used
to subtract three 1-bit numbers A, B, and C, which are minuend, subtrahend, and borrow,
respectively. The full subtractor has three input states and two output states i. The above block
diagram describes the construction of the Full subtractor circuit. In the above circuit, there are
two half adder circuits that are combined using the OR gate. The first half subtractor has two
single-bit binary inputs A and B. As we know that, the half subtractor produces two outputs, i.
The 'Diff' output of the first subtractor will be the first input of the second half subtractor, and
the 'Borrow' output of the first subtractor will be the second input of the second half subtractor.
The second half subtractor will again provide 'Diff' and 'Borrow'. The final outcome of the Full
subtractor circuit is the 'Diff' bit. In order to find the final output of the 'Borrow', we provide the
'Borrow' of the first and the second subtractor into the OR gate. The outcome of the OR gate will
be the final carry 'Borrow' of full subtractor circuit. The actual logic circuit of the full subtractor
is shown in the above diagram. The full subtractor circuit construction can also be represented
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These variables represent the two significant bits that are going to be subtracted. The 'Diff' and
'Borrow' are the output variables that define the output values. The eight rows under the input
variable designate all possible combinations of 0 and 1 that can occur in these variables. Note:
We can simplify each of the Boolean output functions with the help of the unique map method.
The MSB is represented by the final 'Borrow' bit. Perform the XOR operation of the outcome
with 'Borrow'. Perform the 'OR' operations of both the outputs that come from the previous two
steps. So the 'Borrow' can be represented as: A'. Half subtractor and full subtractor are the
combinational logic circuits used in digital computer systems. Digital computers perform
number of computations in their lifetime. In which, subtraction is one of the common and
essential operation. To perform such operations, half subtractor and full subtractor are used.
The half-subtractor subtracts two bits and produces an output as difference and borrow. It
needs two binary inputs subtrahend bit and minuend bit , two binary outputs difference and
borrow and combination of logic circuit. It performs subtraction operation of two bits. Four
possible operations are possible with the two inputs and produces four outputs, as shown
below. As you can see above, if the minuend bit is higher than the subtrahend bit, difference
output is produced with no borrow. If the subtrahend bit is higher than the minuend bit,
difference output is produced with borrow. The boolean expression for the outputs of
half-subtractor can be determined by constructing a truth table. The truth table for half adder is
shown below. Since it has only two input variables, 4-cells k-map is used to simplify. The
obtained boolean expression for difference output is an Ex-OR gate output. The Logic circuit
diagram for a half subtractor circuit is draw from the boolean expression. Half subtractor is
limited to subtraction of two bits without borrow. But when performing multi digit operations,
the subtraction is to be performed with the borrow from the previous digit subtraction. This
computation is not possible with half subtractor. Hence full subtractor is used for such
operations. A full subtractor has three binary inputs subtrahend, minuend and one borrow bit
from the previous subtraction operation. It produces two binary outputs difference and borrow
using a combination of logic gates. The borrow given to the previous subtraction operation is
denoted as B in. In full subtractor, eight possible operations are possible with three inputs and
produces eight, two digit outputs. The operation is shown in the truth table below. For
difference and borrow outputs, boolean expression has to be derived using Karnaugh map.
Since it has three input variables, 8-cells k-map is used to simplify the expression. Now we have
two boolean expressions for difference and borrow output. With those expressions, the
combinational circuit for full subtractor is implemented. The full subtractor can be implemented
with two half subtractors by cascading them. The difference output of full subtractor is Ex-OR of
B in and output of first half subtractor. Similarly, the borrow output of first half subtractor is
ORed with the borrow output of second half subtractor to get the borrow output of full
subtractor. The boolean expression for borrow output is further simplified as below. Refer
Postulates and Theorems of Boolean Algebra for the below simplification. Using the simplified
boolean expressions for difference and borrow output, the full subtractor can be realized. The
truth table for the below full subtractor circuit is the same as the one discussed above. Save my
name, email, and website in this browser for the next time I comment. Submit Comment. Page
Contents. Truth table for half subtractor. Logic circuit for half subtractor. Truth table for full
subtractor. Logic circuit for Full subtractor. Realization of full subtractor with two half
subtractors. Submit a Comment Cancel reply Your email address will not be published.
Comment Name Email Website Save my name, email, and website in this browser for the next
time I comment. Pin It on Pinterest. A full subtractor is a combinational circuit that performs
subtraction of two bits, one is minuend and other is subtrahend, taking into account borrow of
the previous adjacent lower minuend bit. This circuit has three inputs and two outputs. The
three inputs A, B and Bin, denote the minuend, subtrahend, and previous borrow, respectively.
The two outputs, D and Bout represent the difference and output borrow, respectively. Logic
Circuit for Full Subtractor â€”. Reference â€” Full Subtractor â€” Wikipedia. This article is
contributed by Harshita Pandey. If you like GeeksforGeeks and would like to contribute, you can
also write an article using contribute. See your article appearing on the GeeksforGeeks main
page and help other Geeks. Please write comments if you find anything incorrect, or you want
to share more information about the topic discussed above. Attention reader! Writing code in
comment? Please use ide. Skip to content. Related Articles. Recommended Articles. Article
Contributed By :. Current difficulty : Easy. Easy Normal Medium Hard Expert. Article Tags :.
Load Comments. We use cookies to ensure you have the best browsing experience on our
website. To implement a logic, we use logic circuits. Combinational logic circuits are
time-independent circuits that deploy boolean logic to achieve output. This output depends on

the current input and nothing else. Arithmetic logic is necessary for any digital system, as we
have seen earlier. In this post, we will take a look at the different variants of an adder and a
subtractor. The half adder circuit adds two single bits and ignores any carry if generated. Hence
the circuit is known as a half-adder. So we can say that. The only difference between a full adder
and a half adder is that in a full adder, we also consider the carry input. So we have three inputs
instead of two. Compare the equations for half adder and full adder. Quite similar to the half
adder, a half subtractor subtracts two 1-bit binary numbers to give two outputs, difference and
borrow. Since it neglects any borrow inpu
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ts and essentially performs half the function of a subtractor, it is known as the half subtractor.
A full subtractor accounts for the borrow that a half subtractor neglects. Hence it has three
inputs and two outputs. We will write the truth table for the full subtractor based on this
information. Note: We will use all of the equations above when we code these combinational
circuits in our VHDL and Verilog course. A free course on Microprocessors. Start from the basic
concepts related to the working of general microprocessors and work upto coding the and A
free and complete VHDL course for students. Learn everything from scratch including syntax,
different modeling styles with examples of basic circuits. Why not? It totally does. An EXOR
gate will give a high output when all the three inputs are one. That satisfies the truth table
condition of the full subtractor. This site uses Akismet to reduce spam. Learn how your
comment data is processed. Umair Hussaini. Leave a Reply Cancel reply.

