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Experiment A: Realize a four-channel word generator 

Experiment B: Down counter from 9 to 0 

Experiment C: Up counter from 0 to 9 

Experiment D: Loop up counter from 0 to 9 

Experiment E: Realize a responder 

 

1 Introduction 

1.1 D flip-flop 

 

Fig 1.1 A simplified logic diagram for a kind of positive edge-triggered D flip-flop 

A simplified logic diagram for a kind of positive edge-triggered D flip-flop is shown in 

Fig 1.1. As Fig 1.2 shows, when the clock varies from 0 to 1, the pulse transition 

detector will detect and gives the D input a LOW signal (0). Thus, the NAND gate G1 

is disabled and the output of the NAND gate G2 changes to HIGH signal (1). At the 

same time, the Q output of the latch will follow with the D input and the Q̅ output 

will be opposite to the D input. 

 

Fig 1.2 Working procedure of positive edge-triggered D flip-flop 
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Therefore, the property of a D flip-flop can be described that it keeps the same as the D 

input at the positive edge of the impulse when it is enabled. 

The D flip-flop we used in this lab is 74HC74, which is a dual D-type flip-flop with set 

and reset. The truth table for a D flip-flop is shown as below (Table 1.1&Table 1.2): 

 

Input Output 

SD̅̅̅̅  RD̅̅ ̅̅  CP D Q Q̅ 

L H X X H L 

H L X X L H 

L L X X H H 

Table 1.1 Disabled D flip-flop 

Input Output 

SD̅̅̅̅  RD̅̅ ̅̅  CP D Q𝑛+1 Q𝑛+1
̅̅ ̅̅ ̅̅ ̅ 

H H ↑ L L H 

H H ↑ H H L 

Table 1.2 Enabled D flip-flop 

From the truth table, we find the following properties for a positive edge-triggered D 

flip-flop: 

⚫ The D flip-flop is enabled when SD̅̅̅̅  and  RD̅̅ ̅̅  are both set as high. 

At the rising edge of CP, the state of D will be transferred to become the next state of 

𝑄, and �̅� will also be updated to the opposite of 𝑄. 

⚫ when SD̅̅̅̅  is low and RD̅̅ ̅̅  is high, Q becomes high and Q̅ is low. 

This is the state-set. 

⚫ when SD̅̅̅̅  is high and RD̅̅ ̅̅  is low, Q becomes low and Q̅ is high. 

This is the state-reset. 

⚫ when SD̅̅̅̅  and RD̅̅ ̅̅  are both low, Q and Q̅ are both high. 

The logic symbol (Fig 1.3) and pin arrangement (Fig 1.4) of 74HC74 is shown as below: 

                           

Fig 1.3 Logic symbol of 74HC74                      Fig 1.4 pin arrangement of 74HC74 
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1.2 8-3 Line Priority Encoder 

74HC148 is an 8-3 line priority encoder, which will encode the input from 8 lines into 

a 3-bit signal. The pin arrangement (Fig 1.3) and truth table (Table 1.3) are illustrated 

as below. 

Inputs Outputs 

E1 0 1 2 3 4 5 6 7 A2 A1 A0 GS E0 

H X X X X X X X X H H H H H 

L H H H H H H H H H H H H L 

L X X X X X X X L L L L L H 

L X X X X X X L H L L H L H 

L X X X X X L H H L H L L H 

L X X X X L H H H L H H L H 

L X X X L H H H H H L L L H 

L X X L H H H H H H L H L H 

L X L H H H H H H H H L L H 

L L H H H H H H H H H H L H 

Table 1.3 Truth table for 74HC148 

From the truth table, we can summarize the following properties for the 3-8 line priority 

encoder: 

⚫ 74HC148 is disabled if the input E1 is set as HIGH. 

⚫ 74HC148 is disabled if the input 0 to 7 is HIGH.  

⚫ The output signal is 1’ complement of the binary form of the inputs. 

When using the encoder, the VCC can be set as 5 V. 

 

Fig 1.5 Pin arrangement of 74HC148 

The pin arrangement of 74HC148 is shown as above (Fig 1.5). 

1.3 4-input NOR gate 4002 
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This is a chip with two 4-input NOR gates. The pin arrangement is as below (Fig 1.4).  

 

Fig 1.6 Pin arrangement of 4002 

VSS  should be connected to the ground and VDD  should be set as 5V. During the 

experiment, the pin of NC can be ignored. 

 

1.4 BCD-7segment decoder 74HC47 

After connecting to a 7segment display, A BCD-7segment decoder can transfer the BCD 

code to signals and display the specific numbers on the 7segment display. The Truth 

table for a 74HC47 is shown as the table below (Table 1.4): 

Decimal Inputs Outputs 

 LT̅̅ ̅ RBI̅̅ ̅̅ ̅ A3 A2 A1 A0 BI̅/RBO̅̅ ̅̅ ̅̅  a̅ b̅ c̅ d̅ e̅ f ̅ g̅ 

0 H H L L L L H L L L L L L H 

1 H X L L L H H H L L H H H H 

2 H X L L H L H L L H L L H L 

3 H X L L H H H L L L L H H L 

4 H X L H L L H H L L H H L L 

5 H X L H L H H L H L L H L L 

6 H X L H H L H H H L L L L L 

7 H X L H H H H L L L H H H H 

8 H X H L L L H L L L L L L L 

9 H X H L L H H L L L H H H L 

10 H X H L H L H H H H L L L L 

11 H X H L H H H H H L L H H L 
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12 H X H H L L H H L H H H H L 

13 H X H H L H H L H H L H H L 

14 H X H H H L H H H H L L L L 

15 H X H H H H H H H H H H H H 

BI̅ X X X X X X L H H H H H H H 

RBI̅̅ ̅̅ ̅ H L L L L L L H H H H H H H 

LT̅̅ ̅ L X X X X X H L L L L L L L 

Table 1.4 Truth table for 74HC47 

From the truth table, we can summarize the following properties for the BCD-7segment 

decoder: 

⚫ 74HC47 is disabled if the input BI̅/RBO̅̅ ̅̅ ̅̅  is set as LOW. 

⚫ LT̅̅ ̅ should be set as HIGH.  

⚫ During the experiment, the input pin of RBI̅̅ ̅̅ ̅ can be ignored. 

The pin arrangement of 74HC47 is shown as below (Fig 1.7): 

 

Fig 1.7 Pin arrangement of 74HC47 

In this experiment, VCC should be set as 5V. 

2 Experiment A: Realize a four-channel word generator 

In Multisim, the word generator will generate cyclic four-bit signals from 0000 to 1111. 

(Fig 2.1).  
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Fig 2.1 Word generator in Multisim 

In this experiment, we will use the square waves generated by signal generator to build 

a realistic 4-bit word generator. 

2.1 Design 

After observing the waveform graph in Fig 2.1, we discover that it is similar to the 

frequency divider. Therefore, we can design the four-bit word generator using the 

similar circuit. 

At first, we can use the SIM to connect to the SD̅̅̅̅  and RD̅̅ ̅̅  to achieve the set-state and 

the reset-state. To test the circuit to find whether it works well, connect it to a logic 

analyzer. 

 

 

Fig 2.2 Designed circuit to test the set and reset state 

The next step we use the function generator to output a square wave with 2 Hz and 

connect the signal to the CLK pin (Fig 2.6). The square wave should be set 0V as low, 

5V as high, and 50% as duty cycle. Connect each output to the logic analyzer and verify 

if it achieves the goal of generating four-bit words. 
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Fig 2.3 Designed circuit for four-channel word generator 

2.2 Results 

In the following graph, channel 8 represents SD̅̅̅̅ , channel 10 represents RD̅̅ ̅̅ , channel 

12 represents Q and channel 14 represents Q̅. 

 

Fig 2.4 State-set                         Fig 2.5 State-reset 

 

Fig 2.6 SD̅̅̅̅  and RD̅̅ ̅̅  are both low 

From the figures we find that the results fit well with the conclusion: 

⚫ when SD̅̅̅̅  is low and RD̅̅ ̅̅  is high, Q becomes high and Q̅ is low. 

⚫ when SD̅̅̅̅  is high and RD̅̅ ̅̅  is low, Q becomes low and Q̅ is high. 

⚫ when SD̅̅̅̅  and RD̅̅ ̅̅  are both low, Q and Q̅ are both high. 



10 
 

 

Fig 2.7 Set, reset, 2 Hz square wave and the 4 states of 4 D flip-flops 

If we put the four states together, the result is shown in Fig 2.7. Channel 2 represents 

the Clock, Channel 3 represents Q0, Channel 4 represents Q1, Channel 5 represents 

Q2, Channel 7 represents Q3. The reset and set states can also be observed from the 

result (Fig 2.7). 

When testing the word generator, the waveform on the logic analyzer (Fig 2.7) is shown 

as below. Channel 15 represents the clock impulse, channel 8 represents Q0, channel 

10 represents Q1, channel 12 represents Q2 and channel 14 represents Q3. 

 

Fig 2.8 Waveform generated by the designed circuit 

From the waveforms, we find that it fits well with the waveform in the Multisim. 

Therefore, we can consider that the word generator works well. 
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3 Experiment B: Down counter from 9 to 0 

After observing the waveform of the four-bit word generator built in Experiment A, we 

find that the output Q3Q2Q1Q0 is actually a down counted binary code from 1111 to 

0000. Thus, by using the property, based on the circuit in Experiment A, we can build 

a down counter from 9 to 0. 

 

3.1 Design 

Connect the output Q3 to A3, Q2 to A2, Q1 to A1, Q0 to A0 of the input of the 

decoder respectively, and then connect seven pins of the decoder to the 7segment 

display. Notice that each pin of the input of 7segment display must be connected to a 

330 Ohm resistor first to prevent it from burning. 

 

The handwritten circuit diagram can be shown as below (Fig 3.1): 

 

Fig 3.1 Circuit designed for the down counter in Experiment B 

 

In the experiment, the input VCC  for all chips can be set as 5V, and the GND pin 

represents that it should be connect to the ground. 
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We know that the BCD codes are only for decimal numbers from 0 to 9, thus when the 

four generator generates numbers from 10 to 15, the 7segment will display other 

patterns. In this experiment, we will ignore this phenomenon. 

 

3.2 Results 

 

Fig 3.2 Results for down counter in Experiment B (from 9 back to 9) 
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From the results shown in Fig 3.2, we find that the numbers displayed on the 7segment 

display varies starts from 9 at the seventh second and end back to 9 at the fifteenth 

second. This indicates that the down counter built in this experiment works well. 

 

4 Experiment C: Up counter from 0 to 9 

We can list the decimal and the representing binary numbers to compare the difference 

between the down counters and up counters (Table 4.1): 

 

Down counting Up counting 

Decimal Binary Decimal Binary 

15 1111 0 0000 

14 1110 1 0001 

13 1101 2 0010 

12 1100 3 0011 

11 1011 4 0100 

10 1010 5 0101 

9 1001 6 0110 

8 1000 7 0111 

7 0111 8 1000 

6 0110 9 1001 

5 0101 10 1010 

4 0100 11 1011 

3 0011 12 1100 

2 0010 13 1101 

1 0001 14 1110 

0 0000 15 1111 

Table 4.1 Comparison of down counter and up counter 

 

From the table we find that the binary numbers in the up counter is actually the 1’s 

completement of the down counter. Therefore, the only difference to achieve the up 

counter in this experiment we need to change is to add NOT gates after Q3, Q2, Q1, 

Q0 before inputting into the BCD to 7segment decoder. 
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4.1 Design 

In this experiment, we can use the circuit built in Experiment B. Connecting 4 NOT 

gates between the four-channel word generator circuit and the BCD to 7segment 

decoder so that the input signal to the decoder will be 1’s completement of the original 

outputs. The handwritten circuit diagram is shown as below (Fig 4.1): 

 

 

Fig 4.1 Circuit designed for the up counter in Experiment C 

In the experiment, the input VCC  for all chips can be set as 5V, and the GND pin 

represents that it should be connect to the ground. 

 

We know that the BCD codes are only for decimal numbers from 0 to 9, thus when the 

four generator generates numbers from 10 to 15, the 7segment will display other 

patterns. In this experiment, we will also ignore this phenomenon. 

 

4.2 Results 
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Fig 4.2 Results for the up counter in Experiment C 

From the results shown above (Fig 4.2), we find that the up-counter counts from 0 at 
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t=0 and end with counting back to 0 at t=8. This indicates that the circuit built in this 

experiment works well. 

 

5 Experiment D: Loop up counter from 0 to 9 

A counter loop from 0 to 9 will display 0 to 9 and back to 0. The idea for the circuit is 

to build a logic circuit to detect the signal when the number reaching 10, says, 1010 in 

binary description and reset the logic circuit. 

5.1 Design 

In this circuit, in order to provide up counting function, we connect the Q̅ to the CLK 

of the next flip-flop. We want to detect the signal 1010, in another word, Q3Q2
̅̅̅̅ Q1Q0

̅̅̅̅ . 

Thus, connect them to NAND gate so that when reaches 1010, the product of 

Q3Q2
̅̅̅̅ Q1Q0

̅̅̅̅  will become 0 and lead to the reset state of the four flip-flops. Other circuits 

are the same with the connections in Experiment C. The handwritten circuit diagram is 

shown as below (Fig 5.1): 

 

Fig 5.1 Circuit designed for the loop up counter in Experiment D 
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In the experiment, the input VCC  for all chips can be set as 5V, and the GND pin 

represents that it should be connect to the ground. 

 

5.2 Results 

 

Fig 5.2 Results for the loop up counter in Experiment D 

From the results shown above (Fig 5.2), we find that the loop up-counter counts from 

0 at t=0 and end with counting back to 0 at t=5. This indicates that the circuit built in 

this experiment works well. 

 

5.3 Questions 

(1) How to design a circuit generating a circuit of BCD codes from 

0000=>0001=>0010=>0011=>0100=>0111=>1000=>0000=>0001=>…? 

 

Observing the question, and we find that two states need to be detected: 0101 and 0111. 
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Fig 5.3 Circuit designed for the new counter in Question 1 

 

When the circuit detects 0101, it will generate a 0 using NAND and set the number to 

0111, and when the circuit detects 1001, it will generate a 0 using NAND and set the 

number to 0000. 

 

(2) In step 3) we have provided chips which are not necessary. Can you find the 

least number of basic gates? 

 

In the handout, the chips provided are 74HC08 (AND gate), 74HC00 (NAND gate), 

74HC32 (OR gate). During the design, what we need to do is to let the output of a 

detecting logic circuit to be zero when Q3Q2Q1Q0 = 1010. Thus, we can choose at 

least one NAND gate to achieve. By testing Q3 and Q1, the problem can be solved. 

 

6 Experiment E: Realize a responder 

In a competition, four players will press each responder to get the chance to answer 
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questions. The quickest will get his/her ID shown in the screen, while disabling the 

others’ responders. A judge will clear the signal and reset for the next round. Based on 

the flip-flop, the circuit can be designed. 

 

6.1 Design 

We will use an 8-3 line priority encoder to solve this problem. First, we use four 

switches connected to CLK pin of the flip-flops so that the output can change at the 

positive edge. Then connect the judge switch and the three other Q outputs to a NOR 

gate for each flip-flop and connect the four Q̅ outputs to the corresponding pins of the 

encoder. The output of the 8-3 encoder should be inversed by three NOT gates, and 

after adding a LOW signal as A3, the circuit can be connected to the LOM or 7segment 

display. The handwritten circuit diagram is shown as below: 

 

 

Fig 6.1 Circuit designed for the responder in Experiment E 

After the fastest player switches on his/her switch, the corresponding output of the NOR 

gate will be 1, and others will remain 0. According to the truth table for 74HC1148 

(Table 1.3), the corresponding output needed to be inversed by NOT gate before turning 
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into BCD code. In this experiment, the most significant bit, says, A3, keeps zero, so we 

can connect the ground with the input of BCD to 7segment decoder. 

If turning on the switch of the judge, the four NOR gate outputs will be 1 and lead to 

the 0000 output of the encoder. In this situation, 0 will be displayed on the 7segment 

display and after turning off the judge switch, the players can play again. 

Notice that in the circuit, the SD̅̅̅̅  and RD̅̅ ̅̅  pins of all the flip-flops should be connected 

to the high voltage VCC  to ensure that the flip-flops are enabled, so do the LI̅  and 

BI/RBO̅̅ ̅̅ ̅̅ ̅̅ ̅̅  pins of the BCD to 7segment decoder. GND pin should be connected to the 

ground during the experiment, or the signals will be unstable. 

 

6.2 Results 

 

Fig 6.2 Results for the responder in Experiment E 

 

Unfortunately, in the experiment, five of the eight switches broke down, so it becomes 

impossible to use the SIM represent the four players and the judge. To complete the 

circuit, finally I decided use wires connect to VCC or GND by hand. On the pictures 

above (Fig 6.2), the red rectangles represent VCC and the black rectangles represent 
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GND. The blue rectangles show the connections of the four situations of the players. 

When connecting to high voltage, says, VCC , means that the corresponding player 

switch on. When the judge wire connects to the high voltage, the four switches are reset 

and the game restarts. From the results, we find that the responder works well.  

 

6.3 Questions 

Currently, when the judge resets the circuit, the display shows “0”. But there is no 

player with ID “0”. It is better that no segment in the display is lightened. There is 

a way that you change your circuit by changing only 1 wire. Can you find out how? 

(Hint: observe the truth tables of 74HC148 and 74HC47.) 

 

If we want the 7segment display shows nothing when turning on the judge, we can 

consider to disable the any of the 7segment display, BCD to 7segment decoder and 8-3 

line priority encoder to realize. After observing the truth table for the chips we 

mentioned above, we find that the simplest way, says, only change one wire, is to 

disable the BCD to 7segment decoder. After reviewing the truth table of the BCD to 

7segment decoder (Table 1.4) and 8-3 line priority encoder (Table 1.3), we can design 

the circuit. 

 

 

Fig 6.2 Truth table details for 74HC148 

 

From Fig 6.2 we find that the encoder will only outputs E0 = LOW when the inputs 0 

to 7 are all HIGH signals. This is also the situation that will appear after switching on 

the judge switch. 
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Fig 6.3 Truth table details for 74HC47 

 

From Fig 6.3 we can observe that the decoder will be disabled when BI/RBO̅̅ ̅̅ ̅̅ ̅̅ ̅̅  pin is 

connected to LOW signal. Combining the two details, we only need to combine E0 of 

74HC148 to BI/RBO̅̅ ̅̅ ̅̅ ̅̅ ̅̅  of 74HC47, and the problem will be solved. When switching on 

the judge switch, the BCD to 7segment decoder will be disabled, and nothing will be 

shown on the 7segment display. When switching off the judge switch, the output of E0 

is HIGH and the 74HC47 is enabled. The numbers will be displayed normally on the 

7segment display. 

 

The handwritten circuit diagram is shown as below (Fig 6.4). Notice that we only 

change the wire connected BI/RBO̅̅ ̅̅ ̅̅ ̅̅ ̅̅  from VCC to E0. 
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Fig 6.4 Responder after improvement 

 

7 Conclusions 

In this lab, we use the properties of flip-flop to design circuits with different functions. 

There are some points we need to pay attention to: 

1. The idea to build a word generator comes from the frequency divider. By dividing 

the basic frequency (Clock) into half, quarter, eighth and sixteenth, a word generator 

can be completed. Pay attention that the half-divided frequency is the least significant 

bit and the sixteenth divided frequency is the most significant bit. Also notice that the 

D flip-flop we used in this experiment is a positive edge triggered flip-flop, the property 

can be observed on the logic analyzer. 

 

2. For the down-counting counter, we only need to connect the corresponding output to 

the BCD to 7segment display decoder respectively. In Experiment B, we will ignore the 

phenomenon that sometimes there are irregular numbers on the screen of the 7segment 



24 
 

display. This is because when generating four bits ‘words’, the word generator will 

generate numbers which exceed the range of BCD codes. This may lead to the 

impossibility of the decoding of the BCD to 7segment display decoder. Therefore, in 

this situation, there will be strange patterns appear on the screen of the 7segment display.  

 

3. For the up-counting counter, there are two methods to achieve. The first one is shown 

in Experiment C: we just add four NOT gates before the signals entering the BCD to 

7segment display decoder. As the explanation in the design of Experiment C, when 

ignoring the exceeding numbers of BCD, the loop from 0000 to 1111 can be regarded 

as the 1’s complement for up counter and down counter. The second method is shown 

in Experiment D: unlike the design in the previous experiments, we connect the Q̅ 

output to the CLK input of the next flip-flop. This will lead to the inverse of changing 

bits, and as a result, the numbers will be down counting. 

 

4. When we trying to build a counter which counts in 0-9 loop, we need to build a device 

to detect the existence of the exceeding numbers. As we know, the numbers actually 

appeared in ascending order, thus if we detect 1010, says, 10 in decimal, and reset the 

all flip-flops so that make them start at 0000, the problem will be solved. 

 

5. When building to the encoder, pay attention to the truth table. Don’t make mistakes 

of the signals. The chips used in this experiment have different characteristics, some 

receive LOW inputs and generate HIGH outputs and others are not. The only common 

of the chips maybe is the same VCC. 

 

6. Pay attention to the GND pin! Without connecting to the ground, the signal will be 

unstable and lead to mistakes of the results. Also pay attention to the pins which need 

to connect to the HIGH voltage, they are used to enable the chips, otherwise, the chips 

may not work. 
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8 Appendix 

8.1 IC needed for this lab 

1. 74HC74 x 2 

2. 4002 x 2 

3. 74HC00 x 1 

4. 74HC04 x 1 

5. 74HC08 x 1 

6. 74HC47 x 1 

7. 74HC148 x 1 

8. 7-segment display x 1 

9. 20 channel Dupont cable x 1 

10. 330 Ohm resistor x 7 

8.2 References 

74LS47N BCD-7Segment Decoder:  

Retrieved from https://bb.cuhk.edu.cn/bbcswebdav/pid-36090-dt-content-rid-

410382_1/courses/EIE281018202484/74LS47N%20BCD-7Segment%20Decoder.pdf 

74HC74 Datasheet: 

Retrieved from https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-

455951_1/courses/EIE281018202484/74HC74.pdf 

74HC148 Datasheet: 

Retrieved from https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-

455952_1/courses/EIE281018202484/74HC148.pdf 

EIE2810 Lab5 Handout: 

Retrieved from https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-

455950_1/courses/EIE281018202484/EIE2810%20Lab5%20Handout.pdf 

Digital Fundamentals (Thomas L. Floyd) 

 

https://bb.cuhk.edu.cn/bbcswebdav/pid-36090-dt-content-rid-410382_1/courses/EIE281018202484/74LS47N%20BCD-7Segment%20Decoder.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-36090-dt-content-rid-410382_1/courses/EIE281018202484/74LS47N%20BCD-7Segment%20Decoder.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455951_1/courses/EIE281018202484/74HC74.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455951_1/courses/EIE281018202484/74HC74.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455952_1/courses/EIE281018202484/74HC148.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455952_1/courses/EIE281018202484/74HC148.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455950_1/courses/EIE281018202484/EIE2810%20Lab5%20Handout.pdf
https://bb.cuhk.edu.cn/bbcswebdav/pid-37945-dt-content-rid-455950_1/courses/EIE281018202484/EIE2810%20Lab5%20Handout.pdf

