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Lab 10: Logic Gates 
 

Object: To acquaint yourself with the properties of And, Nand, Nor, and Exclusive-Or 
gates, the application of Boolean algebra to digital circuitry, and transistor-transistor 
logic (TTL). 
Concepts: This experiment is designed to reinforce the student’s exposure to the 
following:  logic states, gates, truth tables, logic functions, gating networks, DeMorgan’s 
theorem, Boolean algebra, and logical expressions, digital integrated circuits, 7400 TTL 
logic, and the Digi-Designer. 
Apparatus:  Digi-Designer, TDS2004B Digital Oscilloscope, 7400 quad 2-input Nand 
chip 
Introduction:  The function of any digital system can be understood in terms of four 
operations: the And, Or, Negation (Not), and Memory operations.  This experiment deals 
with the first three and the experiment to follow this one deals with the fourth.  Actually, 
the focus of this experiment is on the Nand rather than the And operation due to our 
choice of 7400-series transistor-transistor-logic (TTL) for this work (see the attached 
circuit diagram from Simpson) and by the fact that the Digi-Designer manifold upon 
which all experimental work will be performed is designed for TTL. 
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Part (G): Measuring the Speed of TTL Gate Response 
Method I:   A single TTL gate responds too fast to be measured directly with the 
equipment available to you.  But, if you connect eight TTL NAND gates (on two 7400 
chips) in series (seven of them as inverters), you should be able to measure the 
accumulated delay for the eight consecutive gates to switch output states.  Wire the 
circuit shown below on the Digi-Designer using one of the BNC in/out connections to 
connect the “TTL out” signal from the function generator (also ‘T’ the input to the 
oscilloscope channel 1), and the other to connect the output of your circuit to the 
oscilloscope.   

·  Before testing the circuit, analyze the circuit function and predict its behavior 1) if 
the switch is in the LOW position, and 2) if the switch is in the HIGH position. 

·  Turn on the function generator and test your prediction. 
·  Set the function generator to its highest frequency and attempt to measure the 

response time of a single TTL NAND gate. 
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Fig. 6: Circuit for measuring TTL gate response by method I. 

 
Method II:   Remove the function generator connection and one of the NAND gates.  
Connect the output of the seventh gate back to one of the inputs on the first gate as shown 
below.  Also connect the output of the seventh gate to the oscilloscope. 

·  Before testing the circuit, analyze the circuit function and predict its behavior 1) if 
the switch is in the LOW position, and 2) if the switch is in the HIGH position.  
Why is it necessary to remove one of the NAND inverters to make this 
measurement? 

·  In one of the two switch positions, you should conclude that the output oscillates 
with a period equal to the total response time of 14 TTL NAND gates.  Verify this 
prediction experimentally and use it to measure the response time of a single TTL 
NAND gate.  Compare the response time to the value obtained by Method I.  
Which measurement has a smaller uncertainty? 

 
Fig. 7: Circuit for measuring TTL gate response by method II. 
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Figure borrowed from Introductory Electronics for Scientists and Engineers, 2nd Ed., by Robert 
E. Simpson, Allyn and Bacon (1987). 


