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Project Introduction

Context

Magneto Optic switching in fiber optic network routing

Problem Statement

Previous work on the MO switching circuit has led to satisfactory 
switching characteristics. However, we believe there is much work left to 
be done in further optimization and tailoring to specific applications. 
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Past Work

• Over the past couple years, senior design teams and research teams have 
worked on this project

• Last semester: Project Fundamentals

• Learn context of the project

• Understand fundamentals of their circuit: purpose of each component, reasoning for 
component values, etc.

• This semester: New Design Ideas

• Identify areas of improvement

• Brainstorm and design solutions for improvement

• Test solutions

• Make recommendations for future work
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Project Requirements

Functional

• Output:
𝐵 ≥ 500 𝐺𝑎𝑢𝑠𝑠

𝑅𝑖𝑠𝑒 𝑇𝑖𝑚𝑒 < 100 𝑛𝑠

• Transmitting coil must fit 
fiber optic connection:
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 ≥ 4 𝑚𝑚

Non-Functional

• Output must be consistent

• Board must have structural 
integrity for long term use 
(soldering, components, etc.)

• 𝑃𝐶𝐵 𝑆𝑖𝑧𝑒 ≤ 3.5” × 2”
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Software and Hardware

Software

• NI Multisim 14.0

• Used to model and simulate circuit

• NI Ultiboard 14.0

• Used to design circuit layout

• MATLAB

• Used to model theory of low power 
design

• Eagle 7.7

• Used to do circuit layout for fitting 
ISU ECpE PCB cutter.

Hardware

• Tektronix AFG 3021B function 
generator

• Agilent E3631A DC power supply

• Tektronix DPO 4032 Oscilloscope

• 50 ohm coaxial cables

• Handheld multimeter

• ISU ECpE board fabrication drill
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Circuit Fundamentals
• MOSFET – controls and amplifies current flow 

through the inductor
• Inductor – used to transmit the magnetic field 

pulse 
• Capacitors – bank used to store enough energy 

to empty through the coil in order to achieve 
desired current

• Resistors –
• R1 – used as current-sense resistor and 

limits current 
• R2 – matches the output impedance of 

the pulse source
• R3 – absorbs excess energy in feedback 

loop
• Pulse Source – controls the FET gate which 

determines timing of current pulse
• DC Source – generates energy to be stored in 

capacitors and sent through the inductor
• Diode – controls current flow in feedback loop

Components
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New Design Plan

• Idea 1: new location for current-sense resistor

• Design new board to measure current through inductor in more direct way

• Goal: more accurate measurement and better results

• Idea 2: test new MOSFETs

• Theory: increase channel resistance to decrease rise time (t = L/R) 

• Research new MOSFET possibilities (higher 𝑅𝑜𝑛, lower 𝐶𝑖𝑛𝑝𝑢𝑡)
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Idea 1: Current-Sense Resistor
Overview
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Main idea
For observing and testing needs, we have to add some device 
to make it be able to observe and test the current change of 
inductor. Last group used a 0.05ohms resistor to work as the 
current-sense device. And we build our new board with two 

0.05Ω resistors on the two side of the MOSFET. And we made 
the circuit as right side shown.
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Idea 1: Current-Sense Resistor
Testing Results

Original circuit current sensor New current sensor

Rise time 292.5ns 97.0ns

Amplitude 21.2V 24.1V

Tuning Yes Not obvious

Graph Figure 1 Figure 2

Figure 1 Figure 2



Idea 2: New MOSFET Options
Overview

• A higher resistance and lower input capacitance MOSFET

• To obtain a shorter rise time based on the theory t = L/R =RC

• We created two types of testing boards: 

• Solder-Version

• For the smaller surface-mount FETs

• Wire-Version

• For the larger through-hole FETs
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Idea 2: New MOSFET Options
Testing Results

Figure 1 Figure 2 Figure 3

MOSFET Input Capacitance ON Resistance Amplitude Rise/Fall Time Connection Type Result

CSD
17507Q5A

0.41nF 20mΩ 15.7V 9.5ns Soldered Figure 1

CSD
18542KCS

3.9nF 10mΩ 9.6V 756ns Wired Figure 2

CSD
18563Q5A

1.15nF >25mΩ 16.5V 80ns Soldered Figure 3

http://www.ti.com/product/CSD17507Q5A/description
http://www.ti.com/product/CSD17507Q5A/description
http://www.ti.com/product/CSD18542KTT/datasheet
http://www.ti.com/product/CSD18542KTT/datasheet
http://www.ti.com/product/CSD18563Q5A/description
http://www.ti.com/product/CSD18563Q5A/description


Design Challenges

• Throughout the design process we came across various 
challenges:

• Inductance measurement: calculating theoretical inductance (equations) 
showed very different values than experimental inductance (testing)

• Compounding effects of circuit changes: tradeoff between rise time and 
output magnitude

• MOSFET research: Parameters are complicated. We only focused on 𝑅𝑜𝑛
and 𝐶𝑖𝑛𝑝𝑢𝑡, but other factors could be influencing our results
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Recommendations for Future Work

• Lowpass filter out high frequency noise (ringing) to get more 
accurate results

• Test other current-sensing resistor options (higher resistance and 
power rating)

• Continue testing on new MOSFETs

• Move deeper into fall time testing
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Team Breakdown

• Qibai Zheng – specialized in layout 
design and fabrication

• Ran Ma – specialized in website and 
layout design

• Pengchao Lian – specialized in 
testing and measurement

• Jack Lamar – team leader

14



Thank You
Questions?
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Backup Slides
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Future Plans – Low Power Design

• Base Equations: 𝜏 =
𝐿

𝑅
𝐵 =

𝜇𝑁𝐼

𝑙2+4𝑅2
𝐿 =

𝜇𝑁2𝐴

𝑙2+4𝑅2

• Calculations: 𝐿 =
𝜇𝑁2𝐴

𝑙2+4𝑅2


𝜇𝑁

𝑙2+4𝑅2
=

𝐿

𝑁𝐴
𝐵 =

𝐿𝐼

𝑁𝐴
 𝐿 =

𝐵𝑁𝐴

𝐼
 𝝉 =

𝑩𝑵𝑨

𝑰𝑹

• Conclusion: 1. 𝑐𝑜𝑛𝑠𝑡 𝜏 =
500(𝑁𝐴)↓

𝐼↓ 𝑅
2. 𝑐𝑜𝑛𝑠𝑡 𝜏 =

500𝑁𝐴

𝐼↓ 𝑅↑
3. 𝑐𝑜𝑛𝑠𝑡 𝜏 =

500𝑁𝐴↓

𝐼↓ 𝑅↑

Find an optimized (lower) level of current to send through the coil in order to achieve a 
500 gauss peak B-field within an acceptable rise time. This will require making 

modifications to the current circuit.

Main Idea
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PCB Testing and Measurement

Numbers of 
Turns 

Loop
Diameters

Wire
Diameters

Length of 
Coil 

Inductance
of Coil

Rise time Amplitude

5 5mm 0.92mm 6mm 139nH 252ns 2.39V

3 5mm 0.92mm 3mm 50nH 193ns 2.25V

In order to find out the suitable value for the inductance for a short rise time, we would like to test in 
different coils. And the following chart showed is two group of data we tested:
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PCB FabricationEagle PCB Design 
7.7

Gerber Files

Board Fabrication 
Machine

Parts

• 2 *Terminal Blocks
• 2 *SMA connectors
• 2 *0.1μF Capacitors in 1206 

package
• 2 *100μF Capacitors in 1206 

package
• 1 *50 Ω Resistor in 1206 

package
• 1 *2 Ω Resistor in 1206 

package
• 1 *0.05 Ω Power Film Resistor
• 1* MOSFET PSMN1R2-30YLD
• 1 * Diode in DO-214AC 

package
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Circuit Board 1 
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Circuit Board 2
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Measurement setting up

Power supply setting up Function Generator setting up
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Previous Group Circuit 
Testing Result

Compare with 
previous group output, 
our rise time is too 
long for our final goal, 
and our graph is not 
stable as their group. 
So this is one of the 
future goal by 
modifying our circuit 
board.
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Tests
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FET Calculations

Source: Jayaprakash
25



Source Resistor Issues

• Right now, the 0.05 ohm source resistor is only rated for 25 W and the circuit 
is sending it pulses of about 80 W

• It is surviving (maybe because of such short exposure to high power)
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