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     Medium Scale Integration ICs

Aim – The purpose of this lab is to expose the student to some single-chip sequential circuits and to teach the student to use data sheets.
Components – Digital Logic Designer, Integrated circuits (7493, 7495, 74181), Patch wire.

Procedure – A design for an eight-bit counter, which was given in the lab book, was implemented using two 7493 four-bit counters and the output was verified.  Next an eight-bit left/right shift counter was designed and implemented using two 7495 parallel-access shift registers.  The output was then verified for shifting both left and right.  Finally the functionality of a 74181 arithmetic logic unit/function generator (ALU) was discovered through using the data sheet to properly set up the ALU and then verifying the output.

Observations – The truth tables verified the output of the eight-bit binary counter.  Each of the four-bit counter IC packages functions in the same manner as the small-scale implementation of the four-bit counter from Lab 6.  It was then seen how the left/right shift register also functions similarly to the small-scale implementation of the register from Lab 6.  It was also seen how the shift register is set to only shift one direction internally, but can be modified simply by adding a few external wires to shift both left and right.  The truth tables generated from the ALU verified a set of both arithmetic and logic functions.  It was also seen that the ALU displays its output instantly without the need of a clock, which may be important to note if implemented into larger circuits.

Results – The counter functions similarly to the counter built in Lab 6.  This counter seems to only function as an up-counter whereas the counter build in Lab 6 could function as a up/down counter.  Similar to the small-scale implementation, the output from each flip-flop is input into the clock of the next flip-flop creating the desired sequence of outputs. 


The shift register was converted to a left/right shift register by simply externally routing the output of each register to the next register.  This allows the mode switches to be used to change between left and right shifting.  The two four-bit registers are easily connected together by connecting the D input of the higher register to the Qa output of the lower register and the Qd output of the higher register to the serial input of the lower register.  More than two registers could also be connected together to create a register larger than eight bits.  All of the clocks are connected together since both registers are shifted at the same time. 


The ALU has the ability to complete a large number of arithmetic and logic functions.  The data sheet given in lab describes all of the processes the ALU can complete.  It was seen how the select switches are used to select the function to be used, then how the correct output from the output lines is in this case displayed through the LEDs on the DLD.  One thing to note is the arithmetic functions are broken into two sections, one with a carry (Cn=high), and one with no carry (Cn=low).  This carry could be used to connect more than one ALU together to create an ALU larger than 4 bits.

Conclusions and comments – Overall this lab was one of the easiest labs to implement due to the fact that most of the logic is internal to the ICs.  From this it is seen how these ICs would be easier to implement in most manufacturing processes than the small-scale ICs.  The data sheets were simple to understand and implement in the connection of the ICs used.  So far this lab is one of the most enjoyable labs in this class.

Eight-Bit Counter

	ALU Test Functions

	A PLUS B

	Inputs
	Output

	A
	B
	F

	0010
	0101
	0111

	0001
	0100
	0101

	0010
	0011
	0101

	0011
	0001
	0100

	0111
	0010
	1001

	ALU Test Functions

	A * B

	Inputs
	Output

	A
	B
	F

	0010
	0111
	0010

	0111
	0010
	0010

	0001
	0110
	0000

	0011
	0111
	0011

	0110
	0110
	0110
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Left/Right Shift Register
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Question 1:  4-bit up-counter using 7496 shift register.
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Question 2:  A state table and K-Maps are used to find the input of each of the flip-flops.  The unused state 011 will cause the next state to be 100 and the unused state 111 causes the next state to be 000 by inspection.

	Present State
	Next State
	Flip-Flop inputs

	Qa Qb Qc
	Qa Qb Qc
	Ja   Ka
	Jb   Kb
	Jc   Kc

	000
	001
	0   X
	0  X
	1  X

	001
	010
	0  X
	1  X
	X  1

	010
	100
	1  X
	X  1
	0  X

	011
	XXX
	X  X
	X  X
	X  X

	100
	101
	X  0
	0  X
	1  X

	101
	110
	X  0
	1  X
	X  1

	110
	000
	X  1
	X  1
	0  X

	111
	XXX
	X  X
	X  X
	X  X
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