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          Adders and Subtractors

Aim – The purpose of this lab is to expose the student to half and full adders and subtractors.
Components – Digital Logic Designer, Integrated circuits (7400, 7404, 7486), Patch wire.

Procedure – First a full adder was designed using NAND and XOR gates (Fig 1).  The full adder was then converted into a full subtractor by complementing one of the inputs and adding a NOT gate (using a NAND gate) to the difference output (Fig 2).   Next a selectable two-bit adder/subtractor was designed.  This is created using a half adder/subtractor for the lower bit and then applying the carry/borrow output from the half adder/subtractor to the carry/borrow input of the full adder/subtractor used for the higher bit (Fig 3).  A Fifth “select” input determined if the circuit was running in add or subtract mode.  The select input was connected using XOR gates to the two inputs that needed to be complemented for the circuit to subtract correctly.  The XOR gates acted as programmable inverters in this case.

Observations – From the truth table it can be seen that for the full adder the logic basically counts from 0 to 3 in binary the number of inputs it is receiving from its three inputs (Table 1).  The sum output (1’s position) will be one activated when an odd number of inputs is activated (0 is considered even).  The carry output (2’s position) is activated when two or more inputs are activated (10 or 11 in binary and the carry bit being the higher bit).


As predicted the difference output from the full subtractor will be the same as the carry output of the full adder (Table 2).  The borrow output is determined by the need of another bit to properly complete the math.


The 2-bit Adder/Subtractor table shows the output for each case that the circuit can handle.  The truth table could have also been derived using the truth tables of the half and full subtractors and adders.

Results – It was seen from the truth tables the proper functioning of an adder and subtractor and a combined adder/subtractor circuit.  All three circuits functioned as predicted by the truth tables with no problems.

Conclusions and comments – It was observed how a functional adder and subtractor can be made from a minimal number of gates and how they may be combined with a minimal addition of gates to create a adder/subtractor.  This in turn would save money in the number of gates (and possibly ICs) needed to create the circuit than would be needed to build a separate adder and subtractor circuit.

Fig.1 : Full Adder
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Fig. 2: Full Subtractor
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Fig. 3: 2-bit Selectable Adder/Subtractor
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Table 1:  Full Adder Truth Table

	Inputs
	Output

	A
	B
	Ci
	C0
	S

	0
	0
	0
	0
	0

	0
	0
	1
	0
	1

	0
	1
	0
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	1
	0

	1
	1
	1
	1
	1


Table 2: Full Subtractor Truth Table

	Inputs
	Output

	E
	F
	Bi
	B0
	D

	0
	0
	0
	0
	0

	0
	0
	1
	1
	1

	0
	1
	0
	1
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	0
	1
	0
	0

	1
	1
	0
	0
	0

	1
	1
	1
	1
	1


Table 3: 2-Bit Adder/Subtractor Example Values

	Sel
	A1 A0
	B1 B0
	C0
	S1
	S0

	0
	00
	10
	0
	0
	1

	0
	10
	10
	1
	0
	0

	0
	10
	11
	1
	0
	1

	1
	00
	11
	1
	0
	1

	1
	01
	11
	1
	1
	0

	1
	11
	10
	0
	0
	1


Full Adder Implementing 3x8 Decoder and OR Gates
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Full Subtractor Using two Half Subtractors
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