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Objectives: 

●​ Create a working clock with the seconds, minutes, and hours 

Materials List: 

​Multisim 

​Ultiboard 

​Autodesk Inventor 

​Makerbot 

​Variac 130VAC  

​Breakout box  

​ 10:1 Transformer 

​ 1kΩ Resistor (4) 

​ 1N749 Zener Diode (2) 

​ 7414 Schmitt Inverter (2) 

​ 1N4001 Diode (2) 

​ 7448 BCD to 7-Segment Decoder (12) 

​M74 7-Segment Display (12) 

​ 7408 AND Gate (6) 

​ 7490 MOD-10 Counter (14) 

​ 7476 JK Flip-Flop (2) 

​ 1000uF Capacitor (3) 

​ 0.01uF Disc Capacitor (4) 

​ 1kΩ Resistor (4) 

​ 220Ω Resistor (22) 

​Red LED (8) 

​Green LED (4) 

​LM7805 Voltage Regulator 

​MDA970-1 Bridge Rectifier 



 

Procedure: 

1.​ To create a power supply we first had to create a circuit in multisim that could produce 

5V DC output using a rectifier and regulator, the finalized version of which is shown 

below. 

 

Figure 13-1: Finalized 5V Power Supply 

 

2.​  We then needed to create another circuit in multisim that could produce a 60 pps 

(pulse-per-second) output which can be shown in figure 13-2. 

 

Figure 13-2: Finalized 60 pps circuit 

3.​ Once we had the 60 pps, we could use a divide by 10 counter to make the signal become 

6 pps and this can be shown in figure 13-3.  



 

 

Figure 13-3: Finalized 6 pps circuit 

4.​ Now that we were able to create a 6 pps signal, all we needed was a divide by 6 counter 

to make the signal become 1 pps which can be shown in figure 13-4.  

 

Figure 13-4: Finalized 1 pps circuit 

 

5.​ Once we had both the 1 pps signal circuit and the 5V power supply circuit we were able 

to combine the two to create the 1 pps 5V power supply circuit which can be shown in 

figure 10-5. 

 



 

 

Figure 13-5: Finalized 1pps 5V power supply circuit 

6.​ We then created the circuit on a breadboard to make sure it works before we started our 

Ultiboard. 

7.​ We then created an Ultiboard for this circuit to be able to print and use and this can be 

shown in figure 13-6. 



 

 

Figure 13-6: Finalized Ultiboard  

Ultiboard File Link 

8.​ To create a digital clock that would show minutes and seconds we first created a circuit in 

multisim that could take in the output from the 1PPS DC Power Supply we made and 

display that output onto a 7-Segment display for both digits of seconds. This finalized 

circuit is shown below. 

https://drive.google.com/file/d/1FbMK2F0mspnGkZGE8HEefoD-GCFcOHjm/view?usp=sharing


 

 

Figure 13-7: Seconds Counter 

9.​ Once we had the completed circuit for the seconds, we recreated the same circuit to 

represent our minutes, connecting the output D of our last seconds counter to the CP0 of 

our minutes counter.  

 

Figure 13-8: Seconds & Minutes Counter 

10.​Once both circuits are constructed and connected, the final circuit will display a clock 

that can count up until 59:59, as shown below. 



 

 

Figure 13-9: Complete Seconds & Minutes Clock 

11.​Using our seconds and minutes clock, we added the hours by using a Mod-10 and a 

Mod-3. Input A of the MOD-10 was connected to the AND gate of the tens digit in 

minutes and the Input A of the MOD-3 was connected to Output D of the MOD-10. Both 

of these were tied to a reset circuit, which took an AND gate that had its inputs tied to 

Output A (1) and Output B (2), with that output connected to the input of another AND 

gate, with the other input going to Output A of the Mod-3. This allows the circuit to reset 

only when it hits 13. 

 

 

Figure 13-10: Hours Counter 

12.​We then created an indicator to show whether our clock was showing AM or PM, so we 

used a JK flip flop to accomplish this. This JK flip flop will give us a Q and a Q Not, 

which we connected to LEDs, so only one will be on at a time. The clock pulse was tied 

to the output of the reset circuit so the lights that are on will change when the clock is 

reset when it hits 13.  



 

 

 

Figure 13-1: AM/PM Indicator 

13.​The complete circuit can be shown below, which includes the clock displaying seconds, 

hours, and minutes, along with an AM/PM indication. 

 

 

Figure 13-12: Seconds, Minutes, and Hours counter with AM/PM indicator 

14.​Using this circuit, we then transferred all of the decoders, displays, and AND gates to one 

board, and all of the counters to another board, and created test points on all of the 

connections between the two separated circuits. We then transferred these files both to 

ultiboard. 

15.​Using the autoplace tool and autoroute tool, we were able to create the ultiboard files for 
both of these and printed them onto circuit boards. The ultiboard files can be found 
below. 



 

 
Figure 13-13: Finished Ultiboard for Counter (left) & Displays (right) 

Ultiboard Files 

16.​Using Autodesk Inventor, we constructed a box and a lid that would hold our clock, with 
holes for the displays, set buttons, AM/PM indicator, the fuse, power cord, and an 
ON/OFF button. The files can be found below in Figure 13-14. 

 
Figure 13-14: Finished CAD File for clock enclosure 

Clock Enclosure Files 
Discussion:  

We had no difficulties to note while completing this week of the project. 

Conclusion: 

To turn the power supply into 1pps, you would need to use divide-bys. Starting with 60 pps, 

we used a divide-by 10 to get 6pps, then a divide-by 6 to get 1pps. To go from 60 pps to 

https://drive.google.com/drive/folders/1E30Yj12HGTy0KHTyTSTM2qzMAgCDmE2d?usp=sharing
https://drive.google.com/drive/folders/1MklNfOGb8kjb3pi5DWb9NwwMI-Eagt_4?usp=sharing


 

6pps, we put the wave output into the clock input of the divide-by-10, and then put the Q3 

output received into the clock input of the divide-by-6, and the output of that gave us 

1pps. 

To continue this display of counting for more than the first second digit, you feed in the final 

output, D, into the CP0 of the next counter so that it will start counting once the first 

counter reaches 9. Once this second counter reaches 6, it is reset to 0 using an AND gate 

on outputs B & C (0110). This output is connected to the reset of the counter, along with 

the clock input of the next counter for the first digit in minutes. This is repeated for the 

minutes.  

These counters are used as divide-by 10s and divide-by 6s, to further reduce the PPS. The 

first counter (1st second digit) is used as a divide-by 10 counter which will give our 

second digit of seconds a 0.1 PPS. After this, for the first digit in minutes, a divide-by 6 is 

used in order to get a 1 pulse-per-minute for the first digit of minutes. Lastly, another 

divide-by 10 counter is used to get 1 pulse per 10 minutes, 0.1PPM, for the second digit 

of seconds. After this, we have a divide-by 6 counter which will give us 1 pulse-per-hour 

for the hours. 

To create the hours of our digital clock, we used a MOD-10 and a MOD-3, which would let 

us get up to 12 hours. These chips were connected as the other ones were. The reset only 

triggered one three conditions. The first two conditions were that Output 1 and Output 2 ​  

must be high on the Mod-10, which would be a 3, then the last condition was that Output 

1 must also be high on the Mod-3, which would have a 1 in the tens place. This creates a 

13 which is impossible in a 12-hour AM/PM clock, so the circuit would reset. 

Along with this reset, we added an indicator to show the difference in AM/PM. This was 

done by using a JK flip flop as it had two opposite outputs and only displayed a 0 or a 1. 

The clock input was connected to an AND gate that turns on when 12 is hit on the hours. 

The 74192 used for the ones-digit on hours has a load function, which we set to 1. This will 

start the circuit with 1 in the hours, and everytime it reaches 13, it will load back to one. 

After completing the circuitry for the clock we designed a circuit board for the counters 

and a circuit board for the decoders and displays using multisim and ultiboard. After 

agreeing on the circuit board dimensions, we designed a 3D printed case in Autodesk to 

house the circuit boards and display the clock values and set buttons. 



 

Datasheets: 

​ 7490 Counter Datasheets 

​  

 

​M74 7-Segment Display 

 

​ 7448 BCD to 7-Segment Decoder 

 

 

 

 



 

​ 7408 AND Gate 

 

 

 

​ 7476 J-K Flip-Flop 

 

​ 7414 Datasheet Inventor 

 

 



 

​LM7805 Voltage Regulator 

 

​MDA970-1 Bridge Rectifier 
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