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Lab #1: Simple Combination Logic Circuit 
 
Objective: To design, construct, and test a simple combination logic circuit  of 
the given function F. Understand the difference between the logic diagram and 
wiring diagram. 
 
F(A, B, C) = ¦(1, 3, 5, 6) (Note: A is the high order bit, C is the low order bit) 
 
Pre-Lab Preparation: 

1. Read Appendix 1, 2, and 3. 
2. Design a minimum SOP realization of F(A, B, C) using only 2-input NAND 

gates. Use K-maps to obtain the minimum realizations and show your 
work. Use the minimum number of IC chips for your design. 

3. Draw the logic diagram and the wiring diagram of your circuit.  
 
Experiment:  

1. Construct the 74163 Synchronous 4-bit Counter on the breadboard. It 
provides the "truth table" sequence of the A, B, C variables. Use function 
generator TTL output as the clock to the 74163 counter. Use Tektronix 
Mixed Signal Oscilloscope to show four outputs QA, QB, QC, and QD. Select 
three outputs as A, B, and C (A is the highest order bit and C is the lowest 
order bit). Draw the logic diagram of 74163 and clearly label A, B, and C on 
it. 

2. Construct the SOP circuit on the same board. Use the 74163 outputs as 
inputs to your SOP circuit. to Debug and test using oscilloscope. Set up the 
oscilloscope to show four traces simultaneously: the inputs A, B, C, and the 
output F. Obtain a printout of these four traces. Make sure you label each 
trace clearly. 

 
Post-lab analysis: 

1. Generate a lab report following the General Lab Report Guideline. Include 
your manual design minimizations, logic diagram, wiring diagram together 
with circuit performance printouts. 

2. Explain how you selected your inputs A, B, and C. Will different selections 
make any difference to the experiment results? 

3. Comment on the results of the circuit performance measurements and 
provide your analysis of the reasons for any deviations from anticipated 
results. 

4. Comment on any problems encountered or unexpected results. Did circuit 
have spurious outputs (Hazards)? What could be done to eliminate these? 
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Lab #2: Introduction to Quartus II CAD and Verilog HDL 
 
Objective: To familiar with Quartus II CAD software with schematic entry 
design and Verilog entry design. To introduce the students to the basic Verilog 
HDL language. Students get to know how to design, synthesize and perform 
functional and timing simulations.  
 
Pre-Lab Preparation: 

Read Chapter 1 & 2 of the textbook: Starter’s Guide to Verilog 2001 
 

Experiment:  
1. Open Quartus II 13.0 Web Edition (32-Bit) software under Altera folder (on 

desktop). Follow the tutorial Quartus II Introduction Using Schematic 
Designs (available on the course website) Section 1 to 6 to create a 
schematic design entry for the light controller circuit. Name the project as 
“Lab2_light_schematic”. Skip Section 7 Pin Assignment. Follow the same 
tutorial Section 8 to simulate the circuit designed using the built-in Altera 
University Program Simulator. Perform both functional simulation and 
timing simulation.  

2. Follow the tutorial Quartus II Introduction Using Verilog Designs 
Section 4 to 6 to create a new project with Verilog HDL design entry for the 
light controller circuit. The name of the project as “Lab2_light_verilog”, and 
name the top-level design entity as “light” which has to be the same as the 
Verilog module name in the design file. Follow Section 8 to perform the 
functional simulation and timing simulation of the circuit designed with 
Verilog entry.   
 

Post-lab analysis: 
1. No formal lab report is required for this lab. However, each student needs 

to submit the following printouts together with clear annotations and 
explanations: 

a. A printout of the schematic design entry from Experiment Step 1 
b. Printouts of functional simulation and timing simulation results from 

your schematic design entry 
c. A printout of the Verilog HDL design file from Step 2 
d. Printouts of functional simulation and timing simulation results from 

your Verilog design entry 
2. Compare and explain the difference between functional simulation and 

timing simulation 
3. Compare the schematic design with the Verilog design. What are the pros 

and cons of each design.  
4. Read Chapter 3 and 5 of the textbook: Starter’s Guide to Verilog 2001 
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Lab #3: Introduction to FPGA Development Board 
 
Objective: To familiar with Altera DE2-115 FPGA development board and its 
input and output devices. Know how to assign pins, program the FPGA, and test 
your design.   
 
Pre-Lab Preparation: 

1. Read DE2-115 User Manual Chapter 4 (4.1 – 4.5) and download the DE2-
115 pin assignments file (DE2_115.qsf) from the course website.  

2. Read the tutorial Quartus II Introduction Using Verilog Designs Section 
7 on Pin Assignment. What is the advantage of importing the DE2-115 pin 
assignments file? Find the signal names for toggle switches, LEDS, and 7-
segment displays in the DE2-115 user manual. Read Lecture 4 on signal 
names on the course website. 
 

Experiment:  
1. Open your “Lab2_light_verilog” project created in Lab 2. Follow the tutorial 

Quartus II Introduction Using Verilog Designs Section 7 to perform 
FPGA pin assignments manually. Use two toggle switches SW0 and SW1 to 
provide inputs to the circuit. Use green light-emitting diode LEDG0 for the 
output for testing purpose. Recompile your project and make sure your 
device is set up properly. (Skip importing and exporting the pin 
assignments from a file in this part.) 

2. Follow the above tutorial Section 9.1 and 10 to program and test the FPGA 
device. Demonstrate your results to the instructor. 

3. Modify your Verilog file to include additional display of the output f to 7-
segment display HEX0. Your Verilog module should have 2 inputs x1 and 
x2, the output f and the 7-bit output HEX0. HEX0 can be declared as:   
 output reg [6:0] HEX0; 
If output f is 1, HEX0 displays 1; otherwise HEX0 displays 0. For 7-
segment display, applying a low logic level (Logic 0) to a segment with light 
it up, and applying a high logic level turns it off. For example, if HEX0 is 
7’b1000000, then the 7-segment will display 0. Use cyclic behavior 
(always) to describe the required logic for the display. 
 
Import the DE2-115 pin assignments file (DE2_115.qsf) and recompile your 
project. It is important to realize that the pin assignments in the .qsf file are 
useful only if the pin names given in the file are exactly the same as the 
port names used in your Verilog module, such as HEX0. Implement your 
design onto the DE2 board. Test and verify the correct operation of the 
circuit. 
 

Post-lab analysis: 
1. No lab report is required for this lab. 
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Lab #4: Adder Circuits 
 
Objective: To design, simulate, implement, and test adder circuits with discrete 
components and FPGA. To understand operations of full adder, ripple carry 
adder, and carry look-ahead adder.  
   
Pre-Lab Preparation:   

1. Design a 1-bit full adder using only NAND and XOR gates. (Hint: Try to use 
as few components as possible.) There are three inputs: x, y, Cin (x is the 
high-order bit) and two outputs: Carry, Sum. Draw both the logic diagram 
and wiring diagram manually but neatly and label all the inputs and outputs 
in the diagram. Available ICs and pin layouts are given in Appendix 2. 

2. Create a new Quartus II project. Design a full adder with Verilog. Connect 
three inputs (x, y, Cin) to switches SW[2] to SW[0], and display the result (0, 
1, 2, or 3) on 7-segment display HEX0.  
 

Experiments:   
1. Construct the 1-bit full adder circuit on the breadboard. Use 74163 

synchronous counter with a frequency of 10KHz as the signal source to 
test your circuit. Use oscilloscope digital channals D0 to D4 to display three 
inputs: x, y, Cin, and Sum and Carry. Verify the correct operation of the 
circuit. Obtain annotated printouts of the waveforms. 

2. Using oscilloscope, display Sum only on Ch1 and measure the rise and fall 
time for the Sum. Rise and fall times are measured from 10% to 90% and 
90% to 10% of the waveform. Add input x to Ch2 and measure the time 
delay from 50% pionts of input x to 50% pionts of Sum. Obtain annotated 
printouts of these measurements.  

3. Perform both functional and timing simulations of your full adder Verilog 
design entry. Verify the correct operation of the circuit. Once simulation 
works properly, implement your design onto the DE2 board and test it with 
different values of inputs. 

4. Design a 4-bit ripple carry adder and a 4-bit carry look-ahead adder with 
Verilog entry. Use switches SW[7:4] and SW[3:0] to represent the 4-bit 
inputs A and B, respectively. Use SW[8] for the carry-in Cin of the adder. 
Connect the SW switches to their corresponding red lights LEDR. For 
example:  
 input [8:0] SW; 
 output [8:0] LEDR; 
 output[4:0] LEDG; 
 wire [3:0] A, B; 
 assign LEDR = SW; 
 assign A = SW[7:4]; 
 assign B = SW[3:0]; 
The sum output should be displayed on gree LEDG[3:0] lights and the 
carry-out should be displayed on the green LEDG[4]. 
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5. Perform the functional simulation of the 4-bit ripple carry adder circuit. 
Import 9 bit inputs SW and 5 bit outputs from the pin list. Set end time to 
800ns, and Cin (SW[8]) to 0. Group SW[7] to SW[4] into signal A with 
hexadecimal radix and group SW[3] to SW[0] into signal B as well. Set 
signal A to count values starting from 0, incrementing by 1 in Hexadecimal 
radix at every 50ns, and signal B to random values at fixed interval period 
of 50ns. Make sure you group the inputs and outputs in the right bit order. 
Once simulation works properly, implement your designs onto the DE2 
board and test it with different values of inputs. 

6. Perform the functional simulation of the 4-bit carry look-ahead adder circuit. 
Once simulation works properly, implement your designs onto the DE2 
board and test it with different values of inputs.  

 
Post-lab analysis: 

1. Generate a lab report following the General Lab Report Guideline. Include 
all the designs (schematic or Verilog), simulation results, and experiment 
results. 

2. Discuss the difference between the ripple carry adder circuit and the carry 
look-ahead adder circuit.  

3. Analyze the rise/fall/delay times of the full adder obtained from the digital 
oscilloscope. Based on your results of your circuit delay performance 
measurements from your full adder, what would be your prediction of the 
delay from the 4-bit ripple carry adder? 

4. Compare the functional simulation and timing simulation results of your full 
adder. Did you observe glitches in the simulations? If yes, explain.  

5. Use the Quartus II RTL Viewer (Tools Æ Netlist Viewers Æ RL Viewers) to 
see how Quartus II software synthesized your circuits. Are the circuits 
synthesized as you expected in comparison with circuit logic diagrams 
learned in ENEE244? 
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Lab #5: Decoders and Encoders 
 
Objective: To introduce decoders and their use in selecting one output at a 
time. To learn how to construct a binary encoder and a priority encoder and learn 
the functional differences between them. The Verilog design language will be 
used to implement a 3 to 8 decoder, an 8 to 3 encoder, and an 8 to 3 priority 
encoder. 
 
Pre-Lab Preparation: 

1. Create a schematic design entry for a 3 to 8 decoder. The circuit has 3 
inputs and 8 outputs.  

2. Design a Verilog module for a 3 to 8 decoder using behavior modeling. The 
module has an enable input (E), a 3-bit address lines input (S), and an 8-bit 
output (D). Use the conditional if statement for the enable line and the case 
statement for decoding.  

3. Design Verilog modules for an 8 to 3 encoder and an 8 to 3 priority 
encoder. Both modules have an enable input (E), an 8-bit input (Data), and 
a 3-bit output (O).  
 

Experiment:  
1. Perform the functional simulation of your 3 to 8 decoders designed in the 

prelab (Schematic design entry and Verilog design entry). Verify the correct 
operation of both designs.  

2. Augment your 3 to 8 decoder design file with Verilog entry to use the 
switches SW[3:0] as the enable input and 3-bit address lines input. 
Connect the SW switches to the red lights LEDR[3:0] and connect the 
output D to the green lights LEDG[7:0]. Compile the project. Implement 
your design onto the DE2 board and test it with different values of inputs. 

3. Augment your 8 to 3 encoder and 8 to 3 priority encoder Verilog files to use 
the switches SW[8:0] as the enable input and 8-bit data input. Connect the 
SW switches to the red lights LEDR[8:0] and connect the output O to the 
green lights LEDG[2:0]. Compile the project.  

4. Implement your 8 to 3 encoder and 8 to 3 priority encoder circuit onto the 
DE2 board, respectively. Test both circuits with different values of inputs. 
Make sure you have included multiple inputs case when you test the 
priority encode. 
 

Post-lab analysis: 
1. Generate a lab report following the General Lab Report Guideline. Include 

all the designs (schematic or Verilog), simulation results, and experiment 
results. 

2. Discuss the theory of the decoder and the encoder. Comment on any 
difficulties or any unexpected results encountered in the lab experiment.  

3. What are the new aspects of the Verilog lanuage you learned in this lab? 
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Lab #6: Binary Counters 
 
Objective: To design and build different binary counters and their 
implementations with Verilog languarge. To study the use of clocks in timed 
circuits.  
 
Pre-Lab Preparation: 

1. Design a Verilog module that defines a 4-bit synchronous counter which 
uses four T-type flip-flops as shown in Figure 1. The counter increments its 
value on each positive edge of the clock if the Enable signal is asserted. 
The counter is reset to 0 by setting the Clear signal to low. Your code 
should include a T flip-flop module that is instantiated 4 times to create the 
counter.  

2. Compile the circuit. How many logic elements (LEs) are used to implement 
your circuit? 

3. Use the Quartus II RTL Viewer to see how Quartus II software synthesized 
your circuit. What are the differences in comparison with Figure 1. 

 
Figure 1: A 4-bit Synchronous Counter 

 
Experiment:  

1. Perform functional simulation of your 4-bit synchronous counter to verify its 
correctness.  

2. Augment your Verilog file to use the pushbutton KEY[0] as the Clock input, 
switches SW[1] and SW[0] as Enable and Clear input, and 7-segment 
display HEX0 to display the hexadecimal count as your circuit operates. 
Import the pin assignments and recompile the circuit. Download your circuit 
into the FGPA chip and test its functionality. 

3. Design a new Verilog module to define a 4-bit counter algorithmically using 
behavioral modeling. This can be implemented using a 4-bit register 
variable and adding 1 to its value: 
  input Clock, Clear, Enable; 
  output reg [3:0] Count; 
  always @ (posedge Clock) 
  if (~Clear) 
   Count <= 0; 
  else if (Enable) 
   Count <= Count + 1'b1; 
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Compile the circuit and determine the number of LEs needed. Use the 
Quartus II RTL Viewer to see the structure of this implementation and 
comment on the differences with the previous design. Augment your code 
and download your circuit into the DE2 board and test its functionality. 

4. Modify the 4-bit counter designed in Part 3 as follows: 
always @ (posedge Clock or negedge Clear) 
Compile your design, download your design onto the DE2 board, and test 
its operation again. Comment on your circuit performance. What are the 
differences of Clear operation in comparison with Part 3.  

5. Design and implement a circuit that successively displays a 4-bit binary 
counting sequence on HEX0 on approximately one second interval. Use 
SW[0] as the Clear. The Clock is generated through the internal 50-MHz 
clock signal (CLOCK_50) provided on the DE2 board shown in Figure 2.  
 
 
CLOCK_50 
 
Clock 
 

Figure 2: A Clock (T is about 1 second) 
 

 The Verilog code for a frequency divider is provided as follows: 
  
 module clockgen (input clk_in, input [31:0] scale, output reg clk); 
  reg[31:0] counter = 0; 
  always@(posedge clk_in) begin 
   counter = counter +1; 
   if( counter >= scale) begin 
    clk=~clk; 
    counter = 0; // reset the counter 
   end 
  end 
 endmodule 
 
 The frequency of output clk is equal to the frequency of input clk_in divided 
 by (2*scale). For example, if clk_in frequency is 50MHz, scale should be 
 25,000,000 to generate 1Hz clk. Compile your design, download your 
 design onto the DE2 board, and test its operation. 

 
Post-lab analysis: 

1. Generate a lab report following the General Lab Report Guideline. Include 
all the designs (schematic or Verilog), simulation results, and experiment 
results. Comment on any difficulties or any unexpected results encountered 
in the lab experiment.  

2. Compare the structural modeling and behavioral modeling based on your 
binary counters. What are the differences in terms of synthesis? 
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Lab #7: Encryption Sequence Detector 
 
Objective: To design, simulate, construct, and test a Finite State Moore Machine 
with one input and one output that detects the sequence "010" from an input 
stream. 
 
Pre-Lab Preparation: 

1. Review the chapter on the design of synchronous sequential logic in your 
ENEE244 textbook and read the Appendix 4: Shift Registers. 

2. Design a Moore sequence detector circuit which recognizes the sequence 
described in the objective using JK flip-flops and other combinational gates. 
Derive all the input and output equations. Draw the logic diagram of the 
detector circuit using Quartus II schematic entry. 

 
Experiments:  

1. Construct the 74165 parallel-load shift register with a DIP switch input as a 
signal source for testing your design. Use a SPST momentary switch as 
the control input to the 74165 register. Construct the sequence detector on 
the breadboard. Use functional generator TTL output as the clock that 
drives the 74165 and use inverse of the clock to drive JK flop-flops. Debug 
the circuit using the Logic Analyzer and the manually personalized 74165 
inputs and verify the function of both the detection and non-detection 
combinations.  

2. Write Verilog code of the Moore sequence detector circuit with inputs x, 
reset, clock, and one output z.  

3. Perform the functional simulation of the sequence detector. Set end time to 
200ns, set reset to high for first 20ns and low for the rest of the time, set 
clock to count value every 5ns, set x to random value every 7ns. Verify that 
simulation works properly. 

4. Augment your Verilog file to use the pushbutton KEY[0] as the Clock input, 
switch SW[1] as the reset input, switch SW[0] as the input x. Use LEDR[0] 
to show input x status and LEDG[0] to show the output z status. To enter a 
‘1’, slide the switch SW[0] to the high position and press the clock button. 
To enter a ‘0’, slide the switch to the low position and press the clock 
button. Import the pin assignments file, compile your design, download 
your design onto the DE2 board, and test its operation. 
 

Post-lab analysis: 
1. Generate a lab report following the General Lab Report Guideline. Include 

all your designs, logic diagrams, simulation results, and your circuit 
performances. Comment on any problems encountered or unexpected 
results. 

2. Were there any glitches in the operation of the sequence detector in 
Experiment Part 1? If yes, please explain the reason for the glitch. 

3. Were there any glitches in the operation of the sequence detector in 
Experiment Part 3? If yes, please explain the reason for the glitch. 
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Lab #8: A BCD Adding Machine 
 
Objective: To design, simulate, construct, and test a simple adding machine that 
adds two BCD digits. 
 
Pre-Lab Preparation: 

1. Design a Verilog module that adds two BCD digits based on the following 
block diagram shown in Figure 1. The inputs to the circuits are BCD 
numbers A and B, plus a carry-in, Cin. The output should be a two-digit 
BCD sum S1S0. Note that the largest sum that needs to be handled by this 
circuit is S1S0 = 9 + 9 + 1 = 19. In your design, you need to instantiate a 4-
bit binary adder submodule twice.  
 

 
Figure 1: Block Diagram of a BCD Adder 

 
 
Experiments:  

1. Augment your Verilog file to use switches SW[7:4] and SW[3:0] for inputs A 
and B, respectively, and use SW[8] for the carry-in. Connect the SW 
switches to their corresponding red lights LEDR, and connect the four-bit 
sum and Output carry produced by the BCD adder to the green lights 
LEDG. Display the BCD values of A and B on the 7-segment displays 
HEX6 and HEX4, and display the results of the BCD adder on HEX1 and 
HEX0.  

2. Since your circuit handles only BCD digits, check for the cases when the 
input A or B is greater than nine. If this occurs, indicate an error by turning 
on the green light LEDG[7]. 
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3. Include the necessary pin assignments for the DE2 board, compile the 
circuit, download your design onto the DE2 board, and test its operation. 
Record your testing in a table. 
 

Post-lab analysis: 
1. Generate a lab report following the General Lab Report Guideline. Include 

all your designs, logic and wiring diagrams, simulation results, and your 
circuit performances. Comment on any problems encountered or 
unexpected results. 
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Lab #9: Multiplier Circuits 
 
Objective: To design, simulate, construct, and test circuits performing binary 
multiplications. 
 
Pre-Lab Preparation: 

1. Figure 1 shows the operation of a 4-bit by 4-bit binary multiplier. Draw the 
block diagram implementation of the multiplier. 
 

 
Figure 1: Binary Multiplier (4-bit by 4-bit) 

 
Experiments:  

1. Create a new project and in Verilog, implement the 4-bit multiplier that uses 
the addition of partial products method. Use proper programming 
methodology by modularizing the structure of your program (i.e. partition 
your program into connected modules). You need to create a 4-bit by 1-bit 
multiplier module to create each partial product, a 4-bit binary adder 
module to add two 4-bit binary numbers and outputs a 5-bit sum, and a hex 
to 7-segment display module. 

2. Perform functional simulation of your Verilog design. Verify the functionality 
of your multiplier. 

3. Augment your Verilog file to use switches SW[7:4] and SW[3:0] for inputs A 
and B, respectively. The hexadecimal values of A and B are to be 
displayed on the 7-segment displays HEX6 and HEX4, respectively. The 
result P = A x B is to be displayed on HEX1 and HEX0. For example, if A is 
0110 (6) and B is 0111 (7), the product P will be 0010 1010 (2A), so HEX1 
will display 2 and HEX0 will display A. Compile the circuit, download your 
design onto the DE2 board, and test its operation.  
 

Post-lab analysis: 
1. Generate a lab report following the General Lab Report Guideline. Include 

all your designs, logic and wiring diagrams, simulation results, and your 
circuit performances. Comment on any problems encountered or 
unexpected results. 
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Lab #10: A Digital Calculator 
 
Objective: To design, simulate, construct, and test a digital calculator that 
performs arithmetic operations: addition, subtraction, multiplication, and division. 
 
Pre-Lab Preparation: 

1. Perform manual calculations of the following arithmetic operations of two 
unsigned hexadecimal numbers: (For division, find integer quotient and 
remainder.) 
 
13 + 19 AC – 10 12 × 20 30 / 12 
2F + 45 10 – 3A 3F × 15 2D / 11 

 
Experiments:  

1. Create a new project and in Verilog, implement a digital calculator that 
performs addition, subtraction, multiplication, and division of two 8-bit 
unsigned binary numbers.  

2. Perform functional simulation of your Verilog design. Verify the functionality 
of your calculator.  

3. Augment your Verilog file to use switches SW[15:8] and SW[7:0] for inputs 
A and B, respectively. Four operations are controlled by pushbutton 
KEY[3:0]. The hexadecimal values of A and B are to be displayed on the 7-
segment displays HEX7-6 and HEX5-4, respectively. The result is to be 
displayed on HEX3-0 according to the follows: 

x Addition: result of A + B is to be displayed on HEX3-0 
x Subtraction: If A > B, HEX3 and HEX2 are blank, and HEX1-0 

display the result of A – B. If A < B, HEX3 is blank, HEX2 displays 
negative sign ‘-’, and HEX1-0 display the result of B – A. 

x Multiplication: result of A×B is to be displayed on HEX3-0 
x Division: the quotient of the A/B is to displayed on HEX3-2, and the 

remainder of the A/B is to be displayed on HEX1-0. 
4. Download your design onto the DE2 board, and test your circuit by toggling 

the switches and observing the 7-segment displays. Record all your testing 
results in a table. Include (but not limited to) all the data given in the Pre-
Lab in your testing and compare your circuit results to your manual 
calculations. 
 

Post-lab analysis: 
1. Generate a lab report following the General Lab Report Guideline. Include 

all your designs, logic and wiring diagrams, simulation results, and your 
circuit performances. Comment on any problems encountered or 
unexpected results. 

2. Comment on the structure of your Verilog implementation. Check “Design 
Units” under Project Navigator to find all the units that are used in your 
design? What is each unit and what does it do? 



 16 

Appendix 1: Build the Circuit on the Breadboard 
 
1. Introduction to the Breadboard 

 
You will use the breadboard to build all your circuits. A breadboard is good for 
making a quick, temporary form of your circuit. When you design and build a 
circuit, you want to test it and debug your circuit before you make a permanent 
version. Your breadboard kit contains two of the following pieces.  

 

Figure 1: A typical breadboard 

The bread board has many strips of metal (copper usually) which run underneath 
the board. The metal strips are laid out as shown below.  

 

Figure 2: A breadboard showing underneath metal strips 

The long top and bottom row of holes (red and blue “bus strips”) are connected on 
that entire row. They are usually used for power supply connections. On some 
breadboards the bus strips only runs halfway, you need to bridge the gap if you 
want to use the entire strip. Double check your breadboard using a DMM before 
you start. Each vertical line has 5 holes connected together underneath. Each 
column is one node of your circuit. Connections between different components 
are formed by putting their legs in a common node.   

The rest of the circuit is built by placing components and connecting them 
together with jumper wires. Then when a path is formed by wires and components 
from the positive supply node to the negative supply node, we can turn on the 
power and current flows through the path and the circuit comes alive. For chips 
with many legs (ICs), place them in the middle of the board so that half of the legs 
are on one side of the middle line and half are on the other side.  



 17 

For example, in Figure 3, R1 and R2 are connected in series; R3 and R4 are 
connected in parallel; R5 is shorted. 

 

Figure 3: Example of a simple connection of resistors 

2. General Tips 
x Try to use the breadboard to make connections, i.e. avoid the use of extra 

jumper wire. The more wire you use, the more likely you are to make an 
error by shorting two wires or incorrectly wiring the circuit.  

x When you use extra jumper wire, keep it as short as possible.  The lab kits 
provide jumper wire of various lengths.  Use them all!  A mess of long 
wires are not only electrically undesirable (They act as antennas), but also 
make it hard to debug your circuit when your circuit doesn’t work correctly 
(It happens all the time!).     

x Keep related components together.   
x Make the circuit on the breadboard look as much as possible like the 

schematic you’re implementing.  
 

R1 R2 

R3 

R4 

R5 
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Appendix 2: IC Pin Layouts 
 
 

 
7400 Quad 2-input NAND 

7402 Quad 2-input NOR 
 

7404 Hex Inverter 

 
7410 Triple 3-input NAND 7427 Triple 3-input NOR 

 
 
7486 Quad Exclusive-OR 
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74163: Synchronous 4-bit Counter 
 

74165: 8-bit Serial-in/Parallel-in Serial-out Shift Register 
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Appendix 3: Logic Diagram and Wiring Diagram 
 
The logic diagram shows the individual symbols of the logic elements with their 
interconnections. But when we build the circuit, we need to know the number IC 
chips used and the physical connections, or wiring, between components. The 
wiring diagram shows the pin connections to the logic chips and power and 
ground connections. The logic diagram is used to understand how the circuit 
functions but the wiring diagram is used to actually assemble the circuit. Before 
you actually build the circuit, draw the wiring diagram first. 
 
A sample logic diagram: 

 
The above logic diagram (schematic) shows the function of the circuit. We can 
see there are four 2-input NOR gates and one triple-input NOR gate. Based on 
the IC datasheet, we need one 7402 and one 7427. Also, note that the Ground 
and positive voltage supply are not shown in the logic diagram. They are actually 
included in the circuit. In the wiring diagram, ground and positive voltage supply 
(5V) should be clearly labeled. Here is the corresponding wiring diagram: 
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Appendix 4: Shift Registers 
 
The 74165 is a 8-bit serial shift register that shifts the data in the direction of QA 
toward QH when clocked. 
 
1. Pin Layout 

 

 
2. Timing Diagram 
 

 
 
When Shift/Load is low, the register loads all the data inputs at once in one clock 
period. Then the register shifts out the data one bit at a time either at the positive 
edge of the Shift/Load or at the negative edge of CLK INH. CLKINH (Pin 15) can 
be connected either to the ground or to the Shift/Load through an inverter. 
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3. Circuit Connection 
 

Most of the time, for testing purpose, we need a continuous input bit stream. The 
simplest way to generate that is to have the 8-bit input sequence repeated.  

 
If we connect output QH (pin 9) and serial input SER (pin 10) together, the shift 
register will generate a repeat sequence once the initial inputs are loaded and 
start to shift. 
 
 
 
 
 
 
 
 
Inputs A to H can be controlled manually through a DIP Switch (8-bit) shown 
below: 

 
 

A B C D E F G H 

output QH SER QA QB QC QD QE QF QG QH 
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The resistors above are used to limit the current. We can turn each switch on and 
off to provide either logic 0 or 1 to input A to H.  
 
Shift/Load (Pin 1) can be controlled in a similar way by the SPST (Single Press 
Single Touch) momentary switch. When the switch is pressed down, it gives logic 
0; when the switch is bounced back, it gives logic 1.  
 

 
 


