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Experiment A: Realize a combinational logic circuit 

Experiment B: Timing hazard 

Experiment C: 2-bit numbers multiplier 

1 Introduction 

1.1 Truth Table and Karnaugh Map 

A truth table is a form listed all possibilities of input and output. For example, the truth 

table for AND gate is as follow (Table 1.1): 

A B Y 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

Table 1.1 Truth table of a 2-input AND gate 

A Karnaugh map is similar to a truth table because it presents all of the possible values 

of input variables and the resulting output for each value. Instead of being organized 

into columns and rows like a truth table, the Karnaugh map is an array of cells in which 

each cell represents a binary value of the input variables. The cells are arranged in a 

way so that simplification of a given expression is simply a matter of properly grouping 

the cells.  

 

Fig 1.1 Karnaugh map of three variables (left) and four variables (right) 

The binary numbers to note the cells are listed in Gray code so that the numbers will 
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only change one bit each time. 

1.2 How to use special elements in Multisim 

1.2.1 Word generator 

A word generator looks like the following one (Fig 1.2). In this lab, four inputs are 

needed, so the word generator should be set to a four-bit buzzer size. Make it a up 

counter with high voltage of 5.5 V (Fig 1.3) 

 

                   

Fig 1.2 Word generator                          Fig 1.3 Set the word generator 

After setting the patterns of the word generator, the dialog box will generate the 

following sequence (Fig 1.4). Remember that the word generator has the buffer size of 

four-bit, so only the channel 0, 1, 2, 3 will generate sequence, the other will not generate 

signals.  

 

Fig 1.4 Dialog box after resetting 
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1.2.2 Logic analyzer 

When using a logic analyzer, remember that the direction of most significant bit (MSB) 

and the least significant bit (LSB) is opposite (Fig 1.5). 

 

Fig 1.5 MSB and LSB of logic analyzer          Fig 1.6 Simulation of waveform 

Click run and double click the logic analyzer will provide the waveform imagine (Fig 

1.6). By adjusting the button of Clocks/Div, the waveform can be zoomed in and out. 

1.2.3 Function generator & Four channel oscilloscope 

The function generator (Fig 1.7) can generate a square wave to test the delay of the 

wave. In this lab, set the frequency of the wave to 1MHz. The high frequency will be 

easier to observe. Remember to connect the ‘COM’ pin to the ground. 

          

Fig 1.7 Function generator          Fig 1.8 Four channel oscilloscope 

The four-channel oscilloscope doesn’t have ground probe. Connect Channel A of the 

four-channel oscilloscope to the output pin “+” of the Function Generator. 

1.2.4 Chips 
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The chips in the Multisim just like the hardware chips. The pins will be labeled in the 

Multisim. 

1.3 Timing hazard of combination logic 

In a combination logic, there might be timing hazard due to the delay of logic gates. 

Take an example of the Boolean expression: Y = A + A̅B . Complete the circuit in 

Multisim (Fig 1.9) and set a 1 MHz square wave, with 50% duty cycle, 6V as high 

voltage, and 0V as low voltage. 

 

Fig 1.9 Combination logic of Y = A + A̅B 

a 1 MHz square wave, with 50% duty cycle, 6V as high voltage, and 0V as low voltage. 

Click run and double click the four-channel oscilloscope to check the simulation (Fig 

1.10): 

       

Fig 1.10 Simulation of Y = A + A̅B               Fig 1.11 Y = A + A̅B in Karnaugh map 

It’s not hard to find that both NOT gate and the OR gate cause the delay. Express Y =

A + A̅B in the Karnaugh map, the adjacent two circles will cause a glitch. To eliminate 

the glitch, we choose to add a term, B, and it will not conflict with the whole expression 
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(Fig 1.12). 

 

Fig 1.12 Add a term to the circuit to eliminate the glitch 

Click run and double click the four-channel oscilloscope, the glitch is eliminated (Fig 

1.13). 

 

Fig 1.13 The simulation after eliminating the glitch 

2 Experiment A: Realize a combinational logic circuit 

This experiment aims at realizing and testing the combinational logic of Y = AB +

B̅CD̅ + A̅CD. 

2.1 Procedures 

1. Write the truth table for inputs and output (Table 2.1). 

A B C D AB B̅CD̅ A̅CD Y 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 
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0 0 1 0 0 1 0 1 

0 0 1 1 0 0 1 1 

0 1 0 0 0 0 0 0 

0 1 0 1 0 0 0 0 

0 1 1 0 0 0 0 0 

0 1 1 1 0 0 1 1 

1 0 0 0 0 0 0 0 

1 0 0 1 0 0 0 0 

1 0 1 0 0 1 1 1 

1 0 1 1 0 0 0 0 

1 1 0 0 1 0 1 1 

1 1 0 1 1 0 1 1 

1 1 1 0 1 0 1 1 

1 1 1 1 1 0 1 1 

Table 2.1 Truth table for Y = AB + B̅CD̅ + A̅CD 

2. In Multisim, build up the circuit with AND (2-input), OR (2-input), NOT (1-input), 

and test the result. Save this design file (Fig 2.1) and name it with ‘Gate level circuit’. 

 

Fig 2.1 Gate level circuit of Y = AB + B̅CD̅ + A̅CD 

3. Start another design in Multisim, wire the chips (74LS04 x1, 74LS08 x2, 74LS32 x1, 

NOT logic gate symbols), and conduct the simulation. Use Word Generator and Logic 

Analyzer, and record the waveform. Save this design file (Fig 2.2) and name it with 

‘Chip level circuit’.  
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Fig 2.2 Chip level circuit of Y = AB + B̅CD̅ + A̅CD 

4. Check the SIM and LOM first, then implement the circuit by hardware, including 

74HC04 x 1, 74HC08 x 2, 74HC32 x 1. Use SIM to generate all 16 inputs, and LOM 

to indicate the output. Use logic analyzer to record the output. 

5. Record the results. 

2.2 Results 

2.2.1 Simulation results of the gate level circuit 

Click run and double click the four-channel oscilloscope of the gate level circuit, the 

waveform is shown as follow: 

 

Fig 2.3 Simulation of the gate level circuit 
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2.2.2 Simulation results of the chip level circuit 

Click run and double click the four-channel oscilloscope of the chip level circuit, the 

waveform is shown as follow: 

 

Fig 2.4 Simulation of the chip level circuit 

2.2.3 Results for the LOM, SIM and logic analyzer 

Each line represents: 

Line 0: A            Line 1: B            Line 2: C            Line 3: D 

Line 4: AB           Line 5: B̅CD̅         Line 6: A̅CD          Line 7: Y 

The logic analyzer can be compared with the truth table to verify the combinational 

logic circuit. The results are shown as the following graphs (Fig 2.5 to Fig 2.20): 

 



11 
 

Fig 2.5 A=0, B=0, C=0, D=0      Fig 2.6 A=0, B=0, C=0, D=1 

 

Fig 2.7 A=0, B=0, C=1, D=0      Fig 2.8 A=0, B=0, C=1, D=1 

 

Fig 2.9 A=0, B=1, C=0, D=0      Fig 2.10 A=0, B=1, C=0, D=1 

 

Fig 2.11 A=0, B=1, C=0, D=0      Fig 2.12 A=0, B=1, C=0, D=1 

 

Fig 2.13 A=1, B=0, C=0, D=0      Fig 2.14 A=1, B=0, C=0, D=1 
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Fig 2.15 A=1, B=0, C=1, D=0      Fig 2.16 A=1, B=0, C=1, D=1 

 

Fig 2.17 A=1, B=1, C=0, D=0      Fig 2.18 A=1, B=1, C=0, D=1 

 

Fig 2.19 A=1, B=1, C=1, D=0      Fig 2.20 A=1, B=1, C=1, D=1 

Compare the graphs of the logic analyzer with the truth table, the results fit the truth 

table well, thus it can be considered that the combinational logic circuit is verified. Next, 

the LOM and SIM will be used to check the logic. Unlike the logic analyzer, the LOM 

and the SIM will only display the output of the combinational logic, says, ‘Y’. 

By switching on and off the last four channels of the SIM to produce the inputs of ‘0’ 

and ‘1’, the logic can be checked. 

In this experiment, the last channel of LOM will be used to display the output, ‘Y’. The 

results are shown as the following graphs (Fig 2.21 to Fig 2.36):  
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Fig 2.21 A=0, B=0, C=0, D=0, Y=0      Fig 2.22 A=0, B=0, C=0, D=1, Y=0 

 

Fig 2.23 A=0, B=0, C=1, D=0, Y=1      Fig 2.24 A=0, B=0, C=1, D=1, Y=1 

 

Fig 2.25 A=0, B=1, C=0, D=0, Y=0      Fig 2.26 A=0, B=1, C=0, D=1, Y=0 
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Fig 2.27 A=0, B=1, C=1, D=0, Y=0      Fig 2.28 A=0, B=1, C=1, D=1, Y=1 

 

Fig 2.29 A=1, B=0, C=0, D=0, Y=0      Fig 2.30 A=1, B=0, C=0, D=1, Y=0 

 

Fig 2.31 A=1, B=0, C=1, D=0, Y=1      Fig 2.32 A=1, B=0, C=1, D=1, Y=0 

 

Fig 2.33 A=1, B=1, C=0, D=0, Y=1      Fig 2.34 A=1, B=1, C=0, D=1, Y=1 
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Fig 2.35 A=1, B=1, C=1, D=0, Y=1      Fig 2.36 A=1, B=1, C=1, D=1, Y=1 

From the results of LOM and SIM checking, the combinational circuit works well and 

suffices to the truth table. 

3 Experiement B: Timing hazard 

Based on Experiment A, this part will eliminate the glitch of the circuit. After filling 

the outputs in the Karnaugh map, it’s obvious that there are three state-transitions which 

may have timing hazards: between 1111 (ABCD ) and 0111 (A̅BCD ), between 0011 

(A̅B̅CD) and 0010 (A̅B̅CD̅), between 1110 (ABCD̅) and 1010 (AB̅CD̅). BCD is chosen 

to add to the expression so that the timing hazard between 1111 (ABCD ) and 0111 

(A̅BCD) can be eliminated. 

Hint: If there are adjacent circles which group all ‘1’ s, there will be a timing hazard. 

3.1 Procedures 

1. Build up the Karnaugh map (Fig 3.1). 
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Fig 3.1 Karnaugh map for Y = AB + B̅CD̅ + A̅CD 

2. Based on the simulation circuit built by gate symbols (not chip-level circuit), use 

function generator in Multisim to generate a high frequency square wave (e.g. 1 MHz) 

as input to A. Set B, C, and D as high voltage. Observe and record the glitch with an 

oscilloscope in Multisim. 

3. By adding additional terms in BCD in Multisim, try to eliminate the timing hazard 

between 1111(ABCD) and 0111 (ABCD). Simulate again to observe and record if the 

glitch is eliminated. 

4. Implement the timing hazard free circuit by hardware.The chips can be used include 

74HC04 x 1, 74HC08 x 2, and 75HC32 x 1. Choose VCC = 4.5V in this experiment, 

record the waveforms on the oscilloscope. Also try VCC = 6V and observe if there is 

anaything different with the previous voltage. Record the results. 

 

Fig 3.2 Circuit on the breadboard 

3.2 Results 
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3.2.1 Simulation in Multisim 

 

Fig 3.3 Designed circuit after adding BCD 

 

Fig 3.4 The glitch in the circuit             Fig 3.5 Simulation after eliminating the glitch 

After clicking the circuit built in Multisim in the previous experiment, the waveform 

(Fig 3.4) can be recorded. From the graph, the red lines evidently exists glitches. To 

eliminate these glitches, adding BCD  to the circuit, as shown as Fig 3.3. From the 

simulation waveform (Fig 3.5), it can be observed that the glitch has been eliminated 

after adding the term BCD. 

3.2.2 Hardware impletment 
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Fig 3.6 Glitch of the circuit (overall)               Fig 3.7 Glitch of the circuit 

First choose VCC = 4.5V to test the glitch. From Fig 3.6 and Fig 3.7, the glitch can be 

seen on the oscilloscope. After adding term BCD to the circuit (Fig 3.8), the output is 

changed (Fig 3.9): 

 

Fig 3.8 Add BCD to the circuit               Fig 3.9 After eliminating the glitch 

Therefore, it can be proved that the glitch is eliminated. 

Next, choose VCC = 6V. Suprisingly, there were no glitches. After adding BCD to the 

circuit, nothing happened. The comfirmatory experiment to elimiate the glitches can be 

considered failed when VCC = 6V . The detailed reasons will be analyzed in the 

Conclusion part (5). 

3.3 Questions 

1. There are 2 other timing hazards in this circuit. What are they, and how to 

eliminate them by adding terms? 

From the Karnaugh map in Fig 3.1, the three timing hazards are: 

between 1111 (ABCD ) and 0111 (A̅BCD ), between 0011 (A̅B̅CD ) and 0010 (A̅B̅CD̅ ), 

between 1110 (ABCD̅) and 1010 (AB̅CD̅). 
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For 1111 (ABCD) and 0111 (A̅BCD), the adding term is BCD; 

For 0011 (A̅B̅CD) and 0010 (A̅B̅CD̅), the adding term is A̅B̅C; 

For 1110 (ABCD̅) and 1010 (AB̅CD̅), the adding term is ACD̅. 

2. In this experiment, we examine the timing hazard in combinational logic in the 

format 𝐘 = 𝐀 + �̅�. There is another format, i.e. 𝐘 = 𝐀�̅� , which may also have 

timing hazard. Try to explain why. 

The timing hazard will appear due to the delay of logic gates. If the operations of an 

expression don’t execute in the same order, the timing hazard will happen.  

First explain why there will be timing hazard for Y = A + A̅. The expression is written 

as a SOP format, and the gate level circuit graph is shown as following graph (Fig 3.10): 

  

Fig 3.10 Gate level circuit graph of Y = A + A̅ 

From the graph, it can be found that when entering the OR gate, A will first enter a 

NOT gate. Therefore, the signal A  and A̅  will enter the OR gate in different time 

interval, and the delay of the NOT gate will cause the timing hazard. 

 

Fig 3.11 Gate level circuit graph of Y = AA̅ 

Similarly, for Y = AA̅, the expression is written as a POS format. Due to the delay of 

the NOT gate, it can be found from the gate level circuit graph ( Fig 3.11), the signal A 

and A̅ will enter the AND gate in different time interval, leading to the timing hazard. 

Thus for Y = AA̅, timing hazard also existes. 

If summing the rules into the Karnaugh map, then it can be described as: 

if there are adjacent circles which group all ‘1’s or ‘0’s, there will be timing hazard. 

4 Experiment C: 2-bit numbers multiplier 
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In this experiment, a combinational logic circuit with four inputs and four outputs will 

be designed. Its function is to multiply two 2-bit numbers, labeled A1A0, and B1B0. 

The outputs is labeled Y3Y2Y1Y0. AND gate, OR gate and NAND gate can be used. 

4.1 Procedures 

1. Create a truth table with A1, A0, B1, B0 as inputs, and Y3, Y2, Y1, Y0 as outputs 

(Table 4.1). 

A1 A0 B1 B0 Y3 Y2 Y1 Y0 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 

0 0 1 0 0 0 0 0 

0 0 1 1 0 0 0 0 

0 1 0 0 0 0 0 0 

0 1 0 1 0 0 0 1 

0 1 1 0 0 0 1 0 

0 1 1 1 0 0 1 1 

1 0 0 0 0 0 0 0 

1 0 0 1 0 0 1 0 

1 0 1 0 0 1 0 0 

1 0 1 1 0 1 1 0 

1 1 0 0 0 0 0 0 

1 1 0 1 0 0 1 1 

1 1 1 0 0 1 1 0 

1 1 1 1 1 0 0 1 

Table 4.1 Truth table for multiplier 

2. Construct the Karnaugh map, and minimize the SOP Boolean expression. 

For Y3 and Y0, they are easy to observe that: Y3 = A1A0B1B0; Y0 = A0B0. 

Build Karnaugh map for Y2 and Y1: 
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Fig 4.1.1 Karnaugh map for Y2               Fig 4.1.2 Karnaugh map for Y1 

Then, the Boolean expression for Y2 and Y1 can be minimized into: 

Y2 = A1A0
̅̅ ̅B1 + A1B1B0

̅̅ ̅ 

Y1 = A1
̅̅ ̅A0B1 + A0B1B0

̅̅ ̅ + A1B1
̅̅ ̅B0 + A1A0

̅̅ ̅B0 

3. Draw a design graph of the multiplier. According to the requirment, no more than 4 

OR gates, 8 AND gates and 4 NAND gates can be used. Check the designed circuit (Fig 

4.2) and sign all the gates. It obviously fits the requirment. 

 

   Fig 4.2 Designed combination logic for multiplier 

4. Use Multisim to build up the circuit logic symbols (NOT by chips). Click Run to 

view the waveforms and record the results. Validate its functionality to ensure the 

design graph is correct. 

4. Use chips (74HC00 x 1, 74HC08 x 2, 74HC32 x 1), SIM and LOM to implement the 

circuit by hardware, and check the truth table. Record the results. 

4.2 Result 

4.2.1 Multisim simulation 
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Complete the circuit in the Multisim follow the design of the logic gates (Fig 4.2). Click 

run to view the simulation. After adjusting the Clocks/Div scale, the simulation in 

Multisim is shown as follow (Fig 4.3.1). From the figure, after counting the ‘0’s and 

‘1’s in the simulation, it can be found that the vertical white lines divide the signal of 

word generator to eight positions a group. Therefore, every two groups is a cycle. After 

checking the waveforms of the simulation, it can be considered that the circuit is 

designed in the right way.  

 

Fig 4.3.1 Simulation of multiplier          Fig 4.3.2 Circuit on the breadboard 

Next, complete the circuit in the breadboard (Fig 4.3.2) and check the truth table with 

LOM and SIM. 

4.2.2 Logic analyzer 

Each line on the logic analyzer screen represents: 

Line 7: B0        Line 6: B1         Line 5: A0          Line 4: A1 

Line 3: Y3        Line 2: Y2         Line 1: Y1           Line 0: Y0 

Adjusting the position of the lines so that when reading from the top to the bottom, the 

numebrs can be read as A1A0B1B0Y3Y2Y1Y0. To make it easier to record, the name of 

graphs (Fig 4.4 to Fig 19) will be written in abbreviation. For example, 0000000 

represents A1=0, A0=0, B1=0, B0=0, Y3=0, Y2=0, Y1=0, Y0=0, and so on. 
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Fig 4.4 00000000                  Fig 4.5 00010000 

 

Fig 4.6 00100000                  Fig 4.7 00110000 

 

Fig 4.8 01000000                  Fig 4.9 01010001 

 

Fig 4.10 01100010                  Fig 4.11 01110011 
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Fig 4.12 10000000                 Fig 4.13 10010010 

 

Fig 4.14 10100100                 Fig 4.15 10110110 

 

Fig 4.16 11000000                 Fig 4.17 11010011 

 

 

Fig 4.18 11100110                 Fig 4.19 11111001 
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From the logic analyzer checking, the multiplier works well and fits the truth table. 

4.2.3 SIM and LOM 

Connect the last four channels of the SIM to the inputs and the first four channels of 

the LOM to the outputs. By switching on and off the channels of the SIM, the inputs 

can provide the signals of ‘0’s and ‘1’s. If the LED lights are on, the outputs are ‘1’s, 

otherwise the outputs are ‘0’s. The results are shown as follows (Fig 4.20 to Fig 4.35): 

 

Fig 4.20 00000000                Fig 4.21 00010000 

 

Fig 4.22 00100000                Fig 4.23 00110000 
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Fig 4.24 01000000                Fig 4.25 01010001 

 

Fig 4.26 01100010                Fig 4.27 01110011 

 

Fig 4.28 10000000                Fig 4.29 10010010 
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Fig 4.30 10100100                Fig 4.31 10110110 

 

Fig 4.32 11000000                Fig 4.33 11010011 

 

Fig 4.34 11100110                Fig 4.35 11111001 

From the LOM and SIM check, comparing to the truth table, the multipiler works well. 

5 Conclusion 

In this experiment, the Karnaugh map is used to write and minimize the Boolean 
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expression. When designing a circuit, first write the truth table, next complete the 

Karnaugh map and group 1 to minimize the Boolean expression. Then impletment the 

design circuit on the breadboard. Something need to pay attention in this lab: 

1. When doing the simulation, the word generator has the buffer size of four-bit, so only 

the channel 0, 1, 2, 3 will generate sequence, the other will not generate signals. Don’t 

connect other pins to the logic analyzer, or there will be no signal at all. 

2. Don’t forget to connect the GND pin of the chips to the ground, or the signals will 

be unstable. 

3. Before starting to check or operate with SIM and LOM, first remember to check 

whether they can work well. If they cannot work well, change a channel. This will help 

to save lots of time. 

4. When observing the signals on the logic analyzer, try to adjust the position of each 

line so that the states of the lines suffice to the order of the truth table. This will be 

helpful to record so that you will not miss some possible situations. 

5. Pay attention to the simplification of the Boolean expression. For example, in the 

experiment to design the 2-bit numbers multiplier, the Boolean expression for Y1 is: 

Y1 = A1
̅̅ ̅A0B1 + A0B1B0

̅̅ ̅ + A1B1
̅̅ ̅B0 + A1A0

̅̅ ̅B0 

Observe the expression, it can be written into: 

Y1 = A0B1(A1
̅̅ ̅ + B0

̅̅ ̅) + A1B0(A0
̅̅ ̅ + B1

̅̅ ̅) = A0B1A1B0
̅̅ ̅̅ ̅̅ ̅ + A1B0A0B1

̅̅ ̅̅ ̅̅ ̅ 

Consider X = A0B1  and Y = A1B0 , then Y1  can be simplified into the following 

expression: 

Y1 = XY̅ + X̅Y = (X + Y)(XY̅̅̅̅ ) 

This step will simplify the Boolean expression and reduce the number of logic gates 

needed. 

6. When completing the circuits on the breadboard, lots of wires are needed. Therefore, 

when connecting a new wire to the circuit, it must be ensured that no other wires are 

removed or disconnected to the circuits. This is very important to make sure the circuits 

are correct. As Experiment A and Experiment B are using the same circuits, there is no 

need to reconnect the circuits. 
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7. After checking the datasheet of the ICs, the delay will be clearest to observe when 

VCC = 2V. However, the low voltage might confuse the observation with the ‘0’ signals, 

therefore, choose to use VCC = 4.5V is a way to split the difference. From Experiment 

B, when choosing VCC = 6V, glitches are failed to be observed. Thus VCC = 4.5V is 

the best choice to complete the experiment. 

6 Appendix 

6.1 Apparatus 

IC needed for this lab: 

1.74HC00 x 1  

2. 74HC04 x 1  

3. 74HC08 x 2  

4. 74HC32 x 1 

6.2 References 

EIE 2810 Lab 3 Handout:  

retrieved from https://bb.cuhk.edu.cn/bbcswebdav/pid-34335-dt-content-rid-

366534_1/courses/EIE281018202484/EIE2810%20Lab3%20Handout.pdf 


