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                      Flip-Flops

Aim – The purpose of this lab is to expose the student to flip-flops and the master-slave flip-flop circuit.
Components – Digital Logic Designer, Integrated circuits (7400, 7410, 7474, 7475, 7576), Patch wire.

Procedure – A JK flip-flop was assembled using NOR and AND gates (Fig. 1) and its truth table verified.  A master-slave flip-flop, which basically consists of two SR flip-flops in this case, was then assembled (Fig. 2).  A set of commands was then input into the master-slave flip-flop and its output verified.  Next sets of commercially available flip-flop packages were examined and their truth tables verified.  Finally timing diagrams for two of the commercial flip-flops were experimentally obtained.

Observations – From the truth tables it can be observed how the JK flip-flop functions.  Since the flip-flop built is level-triggered the changes from the input to output happen instantly when the clock is set to 1.   This also causes the output to constantly switch from Q to Q’ giving the appearance that both lights are dimly lit.  When the clock is set to 0 the output then is randomly set to either Q or Q’ depending on the time the clock is set to 0.


The function of the master-slave flip-flop can be viewed by giving it a set of instructions and experimentally obtaining the output of both the master and slave flip-flops.  A JK master-slave flip-flop output was verified.  It was seen how the master flip-flop first takes the input given to it on a positive clock and then passes the output to the slave flip-flop on the negative clock.  This allows the flip-flop to be edge-triggered and time-independent.


Commercial flip-flop packages make designing circuits requiring flip-flops much simpler and smaller.  It was seen how the JK commercial flip-flop functions similarly to the JK master-slave flip-flop built in lab.  A state table for each commercial flip-flop was recorded.  It was seen in the timing diagrams the difference between how the edge-triggered and level-triggered flip-flops function (Fig 3-4).  

Results – The JK flip-flop functioned as desired, but its disadvantage is that it is level-triggered.  A level-triggered flip-flop would be extremely hard to implement in any large circuit since it would require time-critical clocking of all circuits to match the speed of the flip-flop.  A fix to this is introduced with the master-slave flip-flop circuit.  This allows the flip-flop to be edge-triggered, or change only when the clock goes from high to low or low to high.  With this implementation timing is made much easier since the pulse of the timing line determines the next clock cycle.  Finally it was observed that different types of flip-flops are available in IC packages that simplify circuit design.

Conclusions and comments – Overall the material in this laboratory was easy to understand but more difficult to implement.  Debugging the master-slave flip-flop circuit proved to be extremely difficult and time-consuming, but in the end the desired output was obtained.  Verifying the commercial flip-flop truth tables was simple, and it is was interesting to note that flip-flops are available commercially as level-triggered, which wasn’t expected.

Fig. 1: JK Level-Triggered Flip-Flop
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Fig. 2: JK Master-Slave Flip-Flop
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JK Flip-Flop Truth Table

	J
	K
	Q

	0
	0
	Q

	0
	1
	0

	1
	0
	1

	1
	1
	Q’


	JK Master-Slave Flip-Flop Steps/Results

	Step
	WX
	YZ

	1
	11
	- -

	2
	10
	- -

	3
	10
	- -

	4
	10
	10

	5
	10
	10

	6
	10
	10

	7
	10
	10

	8
	10
	10

	9
	10
	10

	10
	01
	10

	11
	01
	01

	12
	01
	01

	13
	10
	01

	14
	10
	10

	12
	01
	01

	7474 State Table

	Inputs
	Output

	PR
	CL
	C
	D
	Q
	Q’

	L
	H
	X
	X
	1
	0

	H
	L
	X
	X
	0
	1

	L
	L
	X
	X
	1
	1

	H
	H
	UP
	H
	1
	0

	H
	H
	UP
	L
	0
	1

	H
	H
	L
	X
	Q
	Q’


	7475 State Table

	Inputs
	Outputs

	C
	D
	Q
	Q’

	H
	L
	0
	1

	H
	H
	1
	0

	L
	X
	Q
	Q’

	7476 State Table

	Inputs
	Outputs

	PR
	CL
	C
	J
	K
	Q
	Q’

	L
	H
	X
	X
	X
	1
	0

	H
	L
	X
	X
	X
	0
	1

	L
	L
	X
	X
	X
	1
	1

	H
	H
	DOWN
	L
	L
	1
	0

	H
	H
	DOWN
	H
	L
	1
	0

	H
	H
	DOWN
	L
	H
	0
	1

	H
	H
	DOWN
	H
	H
	Q’
	Q


Fig. 3:  Timing Diagrams of the 7474 and 7475
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Fig. 4:  Timing Diagrams of the 7474 and the 7475
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The preset switch allows the flip-flop to be preset to a certain value before it is run normally.  The clear switch allows the flip-flop to be cleared (output Q=0) at any time.  They are active-low, meaning that an input of 0 (instead of 1) must be applied for the switches to be activated.

Master-Slave D Flip-Flop
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JK to D flip-flop
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JK to T flip-flop
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D to T flip-flop
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T to D flip-flop
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