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1 Introduction 

1.1 PROJECT STATEMENT & PURPOSE 

The objective of this project is to generate a small scale, high speed magnetic pulse. We 

have studied previous works and we will first fully understand the mechanism of basic 

magnetic pulse generators and improve it. The applications of this project can be used as 

magneto-optic switches for optic fiber based technologies. [1]
 

1.2 GOALS 

For this project, our goals is to provide an approach design with a proof of concept 

prototype that can generate magnetic pulses in at least 1 microsecond and a magnetic field 

strength greater than or equal to 500 Gauss pulses. 

2 Deliverables 

Semester 1 : 

1. Detailed design approach 

2. Proof of concept prototype that can achieve at least 100 microseconds and 500 

Gauss pulses 

 

Semester 2 : 

1. Detailed design approach including PCB schematic and layout 

2. Professionally fabricated and functioning PCB in a safety enclosure 

3. Precise project documentation 

4. Working final device for demonstration that meets specifications 
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3 Design 

Our base circuit will be adopted from the design suggested in the paper entitled 

“Magnetic Field Generator Design for Magneto-Optic Switching Applications” [10]. 

From the base design, we will be making changes aimed at increasing the magnetic field 

strength and decreasing the time constant. Among others, we will be adding capacitors in 

parallel with the DC voltage source to boost the current when switch is close, either 

MOSFETs or Darlingtons to act as the switch, and a secondary switch that will direct 

current from the coil to ground when primary switch is turned off. 

For simulation purposes, we will be using a simple inductor in place of the coil and we 

will be observing the current and voltage of the inductor to determine the performance of 

the design. Since this is a relatively new concept to us, we are hoping to understand the 

circuit better through this painstakingly slow process. Only after we have perfected our 

understanding of how each variable affect the output can we finalize the most ideal 

design that meets the project requirements or even better. 

To further challenge ourselves, we will be split into two separate groups. Group 1 will be 

using MOSFET as the switch while Group 2 will be using the Darlington. Both teams 

will design and set up circuits that they respectively think is the best and simulation 

results will be compared later. The purpose of this step is to stimulate each member to 

contribute ideas based on their respective forte to diversify our design options. The 

groups are expected to have good reasoning’s behind each design choices. We can also 

come together as a team again and conclude on which variables will help contribute to 

the best performances after which we can finalize on our design. Due to time constraint 

and lack of manpower, we decided to push designing of the two transistor circuit to next 

semester. 
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3.1 SYSTEM SPECIFICATIONS 

3.1.1 Non-functional 

1. Final product dimension should be no larger than 3.5” by 2” 

2. Final product will be fabricated on industrial grade PCB 

3. Final product will be fitted in a safety enclosure 

4. Final product has to be able to deliver consistent results 

 

3.1.2 Functional 

1. At minimum, final product should be able to generate magnetic fields of amplitude 

500 Gauss in 1 microsecond 

2. DC supply voltage of 15 V or less 

3. Final product will need to be fitted with optic fiber ports 
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3.2 PROPOSED DESIGN/METHOD 

First Design: Using MOSFET as Switch 

 

Figure 1: MOSFET Circuit 

Figure 1 shows Group 1’s basic schematic circuit in PSpice. The Group decided to use 

PSMN0R9-30YLD (U1) as the switch. This is an n-channel MOSFET made by NXP 

Semiconductor with a rated Drain to Source Voltage (Vdss) of 30V and Continuous Drain 

Current (Id) of 100A at 25degC. Since magnetic field strength is directly proportional to 

the current flowing through the coil [10], this circuit is specifically designed to achieve an 

inductor current of 60A. MATLAB calculations were done before hand to calculate the 

best inductance value to use. 

For this design, the team decided to use three capacitors connected in parallel. One 

capacitor will have a much higher capacitance than the other two. The Group understands 

that the capacitors are crucial in boosting the current input to the inductor. However, the 

Group would like to do some simple experiments on how the capacitance values affect this 

increase in current. 
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Second Design: Using Darlington as a Switch 

 

Figure 2: Darlington Circuit 

Figure 2 shows Group 2’s basic schematic circuit in PSpice. The Group decided to use 

MJD44E3T4 (U3) as the switch. This is a NPN Darlington made by ON Semiconductor 

with a rated Collector Emitter Breakdown Voltage of 80V and Collector Current (Ic) of 

10A. Usually, when MOSFET’s performance is compared to a BJT, the BJT will display 

more favorable results partly due to its small signal parameters of lacking an additional rΠ. 

Taking that into consideration as well as the fact that BJT usually has low collector current, 

Group 2 decided to go with a Darlington instead. The Darlington is capable of taking in 

more current (depending on model but can be as high as 100 times more than a simple BJT) 

but it has a higher power consumption (due to its really high base/emitter voltage). While 

Darlington is made up of a pair of transistor arranged in such a way that the current 

amplified by the first transistor is further amplified by the seconds transistor [13], it is more 

commonly made up of NPN BJTs. Using a sole BJT for the purpose of this circuit is 

practically impossible due to the high current we are seeking will easily burn the BJT. 

Hence, we will be using a Darlington instead to represent the BJT. 
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For this design, the team decided to stick closely to the adopted circuit and use values 

provided in (HSSE website paper). [3] Unlike Group 1, Group 2 does not have a member 

majoring in power systems so the Group will have to take a slower approach to simulations. 

 

For analysis, we will be looking into several variables. They are: 

● Types of transistor used 

● Values of inductance 

● Values of capacitance and number of capacitors used 

● Presence of diode and resistor in parallel with inductor  

 

Furthermore, the loop consisting the diode and resistor in series and inductor in parallel 

might hold the key position where we can place a p-channel transistor to ground the excess 

charge in the inductor to further decrease the fall time. 
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3.3 DESIGN ANALYSIS 

Thus far, the team managed to get several analysis done in the short period of time provided 

before this design document is due. The team used an inductor in place of the coil and the 

current flowing through the inductor will be measured. Since magnetic field amplitude is 

directly proportional to current, the use of an inductor will set all other variables as fixed 

leaving the current through the inductor as our observation point. We are looking for a 

current that rise and fall quickly with high amplitude. 

In order to make better comparisons, we decided to fix several variables. Hence, each 

circuit will have the same pulse input with magnitude 0-5V, pulse width of 1us, and pulse 

period of 1ms. This gives us a duty cycle of 0.1% to ensure that this circuit will not 

overheat. We will measure current in series to the inductor while ignoring any voltages. 

 

Types of transistor used 

Values of inductance 

We will simultaneously run three similar circuit save for the inductance value. The result 

shown will be labeled as such: 

● Green - Inductance = 146pH 

● Red - Inductance = 146nH 

● Blue - Inductance = 146uH 

 

Using the base circuit as shown in Figure 1 and 2 above, we can get the result as shown 

in Figure 3 and 4 respectively. Figure 5 is similar to Figure 4 but in similar scale to 

Figure 3 for comparison purposes. 
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Figure 3: 3 Inductance Value Plot on MOSFET Circuit 

 

Figure 4: 3 Inductance Value Plot on Darlington Circuit 
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Figure 5: 3 Inductance Value Plot on Darlington Circuit (Scaled) 

Let’s first focus on the red plots of both Figures 3 and 4 which represent inductor current 

when inductance is 146nH. As clearly shown in both graph, the output is far ideal. Since 

the inductor current’s pulse width should be linearly affected by the input pulse width, the 

current curves above failed to maintain at the peak for 1um (pulse width). The Group’s 

hypothesis is that the inductor is not charging and discharging fast enough. Based on 

Circuit theory [14] we can say that, initially when the input pulse is HIGH (MOSFET switch 

is turned on), the inductor starts charging. However, before the inductor is fully charged 

(hence the lack of a clear pulse width), the input pulse started a downwards descend to 

LOW. The inductor current starts decreasing as well. At a point when the charge in the 

inductor is higher, the inductor slowly discharge hence the apparent horizontal line. This 

does not last long and the inductor current slowly falls as it discharges the remaining 

charges creating the negative slope. As the graphs also show, this slow charging and 

discharging dragged the period of the pulse significantly. This is not good for our intended 

purpose of the circuit. So, we need to tweak the circuit further. For instance, we can try 

decreasing the inductance to quicken the charging and discharging period of the inductor. 
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While this will result in lower current output, the estimated result should still be high 

enough and we still have several degrees of freedom to boost the magnetic field strength.  

Which can be seen from the green plots of both Figures. The value of the inductor used is 

smaller at 146pH. From the plot, it looks like the pulse width for the MOSFET is 

significantly smaller than earlier while the current peaks slightly lower. For the Darlington, 

we can also see a slight decrease in pulse width but a higher drop for peak. 

Out of curiosity, we also tried using higher value of inductance (Blue plot). Both MOSFET 

and Darlington plot are very close to zero. 

 

Two outtakes we obtained from this simulation is as follow: 

● MOSFET will work better for our circuit. The MOSFET’s affinity to current makes 

it the ideal transistor choice than the Darlington as proven by its significantly higher 

peak and shorter pulse width. The MOSFET has a higher tolerant to heat as well 

which is an added bonus. 

● The inductance value can gravely affect the peak magnitude and pulse width of the 

inductor current. Increasing the inductance will result in higher peak but at the 

tradeoff of unstable peak and longer pulse width. Hence, we should do some 

extensive calculations and opt for a smaller inductance value for our final design’s 

coil. 
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Values of capacitance and number of capacitors used 

On the other hand, we compiled several plots with different capacitance values and even 

removed the capacitance altogether for both circuits. Interestingly, the results are all 

similar. All plots show insignificant changes regardless of the presence or absence of the 

capacitors and their respective values. We came to the conclusion that either the capacitors 

are not doing anything to the circuit or the current produced might be high enough that a 

current boost is not needed. The team is kind of baffled with this situation considering how 

much emphasis our adviser placed on the importance of the capacitors. We will need to do 

further research to solve this mystery.  

 

Presence of diode and resistor in parallel with inductor  

Since we have concluded that the MOSFET better fits our project requirement and 

inductance value of 146pH is the most suitable for our circuit, we will use a circuit similar 

to Figure 1 as base. This time, we will be comparing four plots in one graph. They are: 

● Green - Both diode and resistor are present 

● Red - Diode is removed 

● Blue - Resistor is removed 

● Yellow - Both diode and resistor are removed 
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We obtained a graph as shown in Figure 6 below: 

 

Figure 6: Inductor Current (L = 146pH) 
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The plots clearly shows no difference as well which is interesting. The diode and resistor 

form an important loop that will allow the excess charge in the inductor to slowly dissipate 

when the transistor is turned off hence cutting off access to ground. Out of curiosity, we 

tried measuring the voltage at the Drain pin of the MOSFET with the following result: 

 

Figure 7: Drain Voltage (L = 146pH) 

This Figure 7 again shows all plots are the same. Isn’t that intriguing?  
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Well, here comes the best part yet. For the fun of it, we decided to run simulation with the 

inductance increased to 146uH, the previously high value that resulted in a non-ideal plot. 

 

Figure 8: Inductor Current (L = 146nH) 
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What about the voltage across the inductor? Observe Figure 9. 

 

Figure 9: Inductor Voltage (L = 146nH) 
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These are very interesting plots. However, due to a lack of time, we did not managed to 

find out the reason behind this situation but we have a high suspicion the reason is as 

follow: 

Due to the higher inductance value, the inductor did not managed to fully 

discharge before the next input-caused charge recharged the inductor. As a 

result, the charge stored in the inductor kept increasing with no means of 

escaping. This applies to the original circuit design (Green). However, when we 

removed either the diode or resistor, the discharging of the inductor got further 

disrupted. This explains why the two plots (Red and Blue respectively) are still 

close to the original plot (Green). But, once both diode and resistor are removed, 

the inductor lost its mean of discharging sending it straight into a mad 

increasing, oscillation kind of plot (Yellow). 

By no means the statement above is 100% true but is the best guess we can come up with 

in the short period we had. We will look into it further later. 

 

Two Transistor Circuit 

While we were not able to fully build the circuit and simulate it, we do have an idea in 

mind to design this circuit. In this circuit, the second transistor will act as a reset switch 

that will turn on once the first transistor is turned off.  This shows that the second 

transistor should be a p-channel transistor which will go HIGH when input is LOW and 

vice versa. When turned on, the second transistor will open a path for excess charges in 

inductor to go to ground hence significantly decrease pulse width. As mentioned earlier, 

this transistor can be located in parallel with the diode and resistor series loop with 

inductor. Or it can replace the diode and resistor altogether since the two technically have 

similar functions. Further simulation and testing will be required. While adding a second 

transistor will potentially increase the pulse width due to the introduction of additional 

delay, we believe this delay may be insignificant compared to the shorten pulse width. 
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4 Testing/Development 

4.1 INTERFACE SPECIFICATIONS 

For the time being, we are not given any interface specification. However, we were told 

that we will be using a simple Arduino-MATLAB interface to control the input of this 

circuit. The interface is supposed to control the input pulse hence a substantial knowledge 

in coding using MATLAB will potentially be useful. We will look further into this 

interface once more information is revealed to the team by our adviser. 

 

 4.2 HARDWARE/SOFTWARE 

For simulation purposes, we will be using PSpice / OrCAD Capture CIS due to its 

simplicity and ease of use. Furthermore, we managed to understand the procedure to 

import new SPICE simulation files into PSpice making it possible for us to simulate 

using components of our choice (view Appendix). PSpice also allows us to export the 

output data into csv files that we can then use in MATLAB for further calculations or 

create graphs. We also considered using ModelSim but we had trouble importing SPICE 

files to ModelSim. However, we will still look more into getting this stumbling stone 

fixed for the sake of curiosity and make it possible to use Ultiboard for layout purpose 

since the two programs are linked. 

 

Eagle PCB or Ultiboard will be our layout software of choice. Ideally, we would like to 

use Ultiboard if and only if we manage to import SPICE files into MultiSim. However, 

we have discovered a method to overcome this barrier. That is, we can simply substitute 

the intended part with similar footprint type or package size components that are built 

into the MultiSim system. While foreign to us, Eagle PCB is also said to be very easy to 

use so we would like to keep this option open for the time being. 
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MATLAB is also another integral software for our project. With the correct codes, 

MATLAb made it possible to calculate multiple equations at one go and even plot it all 

into a single graph for comparison purposes. Plus, we will be using MATLAB coupled 

with an Arduino device interface for input while testing our soldered PCBs. 

 

As mentioned above, Arduino is the other half of the interface that we will be using for 

input of the PCBs. most of the team members are somewhat familiar with Arduino which 

will help better understanding of how the interface will work. Arduino also has a huge 

online community which is a good resource for answering questions. 

 

After printing out and soldering the designed PCB, we will also be using the Digital 

Multimeter, Power Source, Function Generator, and Oscilloscope to further test our 

physical circuit. Since simulated circuits are usually in ideal condition, the physical PCBs 

will surely show different results. We will need to ensure the printed PCBs fulfills the 

project specification before the demonstration day itself. After all, if successful, it is the 

PCBs that will be used by the industry and not a non-existing simulation file. 

 

Finally, we will also need to look into the coil and MO materials used for our final 

design. While easy on paper, we need to make precise calculations to ensure the coil we 

make fulfils the exact parameters on paper and resembles the simulation results. This is 

also new to our team so we will need help from our adviser as well as other resources to 

get it right. 
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4.3 PROCESS 

While we are still currently early in the designing phase, we can generally summarize our 

project to three processes. We are currently still at the first two processes which are the 

Designing Process and Simulating Process. These two processes involved lots of 

calculations and rely strongly on the assumption components will work in ideal 

condition. However, once we have completed these two processes, we will move on to 

the Testing Process. We will need to fabricate our design to a PCB, solder in components, 

and run multiple test to ensure the circuit works in real life as well. We will have to come 

up with specific testing methods since this circuit involved really quick signals that will 

be hard to observe in real life. A helpful and detailed diagram of these processes is as 

follow in Figure 10. 

 

Figure 10: Processes 
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5 Results 

 

Variable Analysis Result Conclusion 

Transistor MOSFET shows better magnitude 

and shorter pulse width (57A and 

1.05us) than Darlington (7A and 

1.4us) with low inductance 

MOSFET works better for 

our project 

Inductance Low inductance will result in 

current with higher magnitude and 

shorter pulse width especially in the 

MOSFET circuit 

Smaller inductance value is 

more favored 

Capacitance Presence and absence of capacitors 

seems to have insignificant effect 

on inductor current 

Capacitance seems to not 

affect the circuit. This 

remains unresolved. 

Diode & Resistor 

Loop 

Plot start losing its shape when 

missing either diode or resistor and 

goes into a weird shape once both 

are removed. 

Both diode and resistor 

needs to be present 

especially when the 

inductance value is high 

 

6 Conclusions 

In a nutshell, we are now sure that a MOSFET and low inductance is the way forward for 

our project. We will need further analysis to make a conclusion on the other two 

variables. All things considered, we are progressing nicely to complete this project by the 

end of next semester when we will present a working demo magnetic pulse generator that 

is capable of achieving at least 500 Gauss in 1us. We will also need to increase our work 

rate as well if we wished to pursue on all the interesting situation that tends to appear at 

every turn. More importantly, we are having fun and learning at the same time although it 

is at the expense of our time and energy. 
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8 Appendices 

 

Abbreviations  

MO  - Magneto Optic  

MOSFET - Metal Oxide Semiconductor Field Effect Transistor 

BJT  - Bipolar Junction Transistor 

DC  - Direct current 

PCB  - Printed Circuit Board 

PSpice  - OrCAD Capture CIS 

 

Importing External SPICE files into PSPICE (Wei Shen’s) 

1. Download SPICE model either through manufacturer’s website or Digikey. 

            

                Figure 11: SPICE Model Download Link in Digikey 

2. Rename file extension (.spi or .txt) to .lib. 

3. Move file to folder of choice. Default library location of PSpice is at 

C:\Cadence\SPB_16.6\tools\capture\library\ 

4. Double click file which will open PSpice Model Editor. Select Capture as Default 

Design Entry Tool. 

5. File > Export to Capture Part Library which will create .olb file in library folder 



PAGE 24 

6. Open PSpice. 

7. Under Place Part > Libraries > Add Libraries, go to library destination and 

open .olb file. Connect component as desired. Pins of component can be 

determine by using Notepad++ to open the .lib file. 

             

                Figure 12: Add Library 

8. In PSpice, go to .opj tab. Under Design Resources > Library, right click > Add 

File. Add .lib file (may require choosing All Files (*.*) under Files of Types). 

             

               Figure 13: All Files 
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9. In Select File Type,  choose Schematic Library. 

             

                Figure 14: Select File Type 

10. Component .lib file will appear under Library. Copy .lib file and paste it under 

PSpice Resources > Model Libraries. 

            

              Figure 15: .opj Tab Should Look Like This 

11. Circuit is now ready for simulation. 


