MAY15-30:
Fast, Compact, High Strength
Magnetic Pulse Generator




Tea Members

Adam Kaas
Leader

Brittany Duffy
Communication
Leader

Megan Sharp
Coil Designer

Greg Fontana
Simulator

. «. Alain
. Ndoutoume

Systems Leader &

| Commissioner

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator

Meiyong
Himmtann
Webmaster

Brandon Dixon
Layout Designer

Advisors
Dr. Mani Mina, Senior Lecturer
Dr. John Pritchard, Graduate Student

Client
lowa State University High Speed
Systems Engineering Lab



Presentation Outline

» Project Scope
» Design Cycle
» Coils
» Schematics
» Layouts
» Test Plan
» Electronics Test Plan
» Optics Test Plan
» Results
» Challenges

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator



Presenter
Presentation Notes
Who is the client? HSSE, Dr. Mani Mina and Dr. John Pritchard
Why does the client think it is important? Our client has a need for a small-scale, low-power high strength magnetic field driver to use with his interferometer experiment.


Project Scope —

» Deliverables

» Fast (1us)

» Compact (3.5” x2”)

» High Strength (500 G)

* Current driven through a coil

DC Source will generate a magnetic field

Current Sense

Pulse Generator _
Resistor

Oscilloscope
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Project Scope

TRARR

R2

» Functions

» Generates a magnetic field with strength > 500 - = W=k saiy s ‘
gauss E .

s vevl 9&3

» Able to generate a magnetic field using a 1us - N O osreT %%;%w

» - -

pulse width B
» Features *j—} MAaY 15-30
» Barrel jack for <15V DC source —_— ot

SMA port for pulse generator

ED1 LED2 “R3

T"'Wfi\g
LG

>
» SMA port for 0.050 Q current sense resistor
>

Wire to board connection allows for
interchangeable coils

Indicator LEDs for user friendly functions and
protective circuitry

v

» Dimensions: 3.5" x 2"
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Design Cycle

Consider Design Specs
-Define coil team

l -Define MOSFET/ circuit team
Choose Coil
-Aim for low inductance Test PCB
-Aim for high field -Determine PCB meets all criteria

4 i

Choose MOSFET . Solder Components onto PCB
-Handle design specs
-Handle current passing through coil

I Create PCB

Optimize Circuit -Protomat/ OSHPark

-Optimize circuit components around
chosen MOSFET and coil
-Rearrange components

Create Layout

' -Use EAGLE PCB

Simulate
-Aim for appropriate rise and fall
times using OrCAD
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Presenter
Presentation Notes
Inductance - rise and fall time
500 gauss - current, # of turns, wire


Colls

.Figurel ——e L—l—l—:' (=] ki l
File Edit View Inset Tools Deskiop Window Help &
Ndde | RNV EL- 2| 0E) O
Single Coil 500 Gauss Parameters
400 : . . : : 2000
Current
Inductance
=B w0 | » Lower inductance - faster rise
| time
| = T
B 5 » Lower inductance requires higher
= 2007 1090 5 current to maintain field strength
100 500 |
0 0
0 20
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Presenter
Presentation Notes
Megan’s changing this image.


Coils Continued...

W \ E%
il A {
g 4L

1 L3

» Helmholtz coils give a stronger
magnetic field for similar
parameters

» Single coils give lower inductance
for similar parameters

Coil A CoilB Coil C Coil D Coil E
Frequency Inductance (nH) Inductance (nH) Inductance (nH) Inductance (nH) Inductance (nH)
0.5 MHz 73.81 134.01 113.41 294.91 329.01
1 MHz 59.93 119.93 102.83 289.23 307.33
1.5 MHz 68.62 126.22 111.02 282.22 305.42
2 MHz 67.21 124.81 106.91 280.91 296.41
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Presenter
Presentation Notes
Megan is changing this to use coil C.
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Presenter
Presentation Notes
Make Block diagram of this?

Talk about Pulse Input, Current Sense, MOSFET, Capacitors, DC Input, Wire-To-Board

Darken letters


Layout Process Version 1

» Designed in EaglePCB
» Created on ProtoMat S62

~—.  .01UF_CAP" SMA_AC_INPUT"
. 1
=+ B "L
|
£
DC_INPUT"
SNIC DICDE MOSFETF

e [

4SENSE_RESISTOR

—

SMA_SENSE
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Presenter
Presentation Notes
This layout utilized the components we selected to achieve the simulation results we originally tested.


Layout to Protoype

ProtoMat S62

Export Layout in GERBER file

Each file indicates a particular layer
Copper top(GTL) and bottom layer(GBL)
Drill size(TXT)

Create Isolation around the line

vV v v v v VY
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Protomat S62

Video Here
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Soldering Challenges

» Size of components
» Size of board

» Weak traces
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Layout Process Version 2

» Designed in EaglePCB
» Sent to OSHPark

!

R1i1 %

verl %l
0OS0'0
MOSFET ‘3 thw

Waveform Oscilloscope

Generator Input Input

500 Resistor
Red LED

4220) Resistor

11V Zener Diode

12V Zener Diode

Current Sense

100V Diode Resistor

Coil Inputs
MOSFET

20) Resistor

100 pF Capacitor

17V Zener
Diode
1.3kQ) Resistor

100 pF Capacitor

.1 uF Capacitor
.01 pF Capacitor
¥ P 16V Zener
Diode

1.43k0
Resistor

Red LED

DC Barrel Jack Green LED
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Presenter
Presentation Notes
This layout replaced many components with more user-friendly components in terms of soldering as well as using more uniform parts.


Reflow Soldering

Solder Paste
Reflow Oven

Thermal Profile

vV v v Vv

Check Connection
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Electronics Test Plan

Evaluate Current

e Magnetic Field
strength met?

Measure Source
Voltage

e 1 ps pulse

Test Circuit

Continuity

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator
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Presentation Notes
Perform Interferometer Experiment
Using MATLAB
	Verify Results



Preliminary Results

1 pus Pulse Width Demonstration

1.4

1.2

1

0.8

0.6

0.4

Voltage (V)

0.

-1.50 1.50

-0.4
Time (us)
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15 volts DC input

1 ps pulse width
input

2 V amplitude
peak-to-peak

Measured pulse
width of 930 ns



Technical Challenges

-

» Bad Cables
» “Cold Solder”
» Duty Cycle Considerations
» DC Barrel Jack layout incorrect
» Measuring magnetic field
SCHEMATIC I:Dié
Kode| Cartar Pin
" PlO0ZFAMZMT 2.0 mem
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Presenter
Presentation Notes
 Throughout our time at Iowa State we are taught to make sure our components aren’t bad by performing tests on them. After we created our board and wanted to perform testing on it, we ran into a lot of troubles. We were constantly checking our components to see if they were bad and we couldn’t find any reason to believe they were. Finally, we removed the SMA connectors from our board and attempted to perform our testing without them. We noticed our board started working and this led us to investigating the cables we had been using. As it turns out, one of our cables was bad and this was why we were held up on testing for several weeks. We replaced the cables and were able to continue on with our testing.
When we performed our continuity checks on our board, we found no issues. One of the challenges with our board is the size of our components. Sometimes, it wasn’t possible to connect the pin to the actual component and you would just connect it to the solder to check for continuity. This is where we ran into another problem on our board with a cold solder issue. Our solution was to jump a wire from the component to the next component after removing the solder.
The DC barrel jack that we use on our new board had a somewhat confusing diagram. As you can see, there are 4 pins that need to be soldered, however 2 of them are the same. We assumed pin 2 was our ground and pin 3 was a pin used for checking if anything is plugged into the DC barrel jack. Unfortunately, we were mistaken. This provided us with another opportunity to understand how these issues can be experienced in the engineering design process. Our solution was to essentially jump a wire from pin 2 to pin 3.


Optics Test Plan

» Sagnac Interferometer

QOO
QOO0
Q0 {R Laser, 1550nm
(5 ) MO
. Moo Coupler Material
: Magnetic -
Ll__ O Power Sensor Field Driver

T QO |lge
QOC | Oscilloscope

Photo Courtesy of Dr. John W. Pritchard
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Presenter
Presentation Notes
Conventional magnetic field detectors are not able to pick up the pulse fast enough because their sample rate is lower than the required 2 MHz we would need. Our client uses a Sagnac Interferometer setup in his lab. This setup is used to detect the magnetic field pulse. The system will send out an optical signal that will split at a coupler and then interfere with itself, resulting in either constructive or destructive interference which will be measured at the output. The interference depends on the state of magnetization of the magneto-optic (MO) material. In one direction, we would measure no output, and when it is magnetized the other way we would see an output. 

“How and where does the interference occur?” John
“How does the magnetic field and the material affect the light?” John

Our initial tests were unsuccessful. The single coil with 5 turns we used isn’t generating a strong enough magnetic field to affect the MO material to produce the results necessary.

This is beyond the scope of our project.

4/26***Magnetic field isn’t strong enough- needs to change- MO material did not respond initially.


Client’s
Experiment

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator
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Presentation Notes
Two optical connectors coupled together


New Test

Tunable

Optical
Isolator

Optical

Power Sensor

Oscilloscope

Transimpedance Amplifier

Tioh, Jin-Wei, "Interferometric switches for transparent networks: development and
integration" (2012). Graduate Theses and Dissertations. Paper 12487.
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Presenter
Presentation Notes
Emphasize we scaled it down, add text


New Test Results

S S S — SR S S S § P S —— in
& 100mv / 0 170 1.25GS5/s H &  42.0mv | al amplitude
Mo 3 4

10k points

@ +Width
| @ +width

2.8 V Input 2.9 V Input 3.0 V Input




Theoretical Results vs Actual
Discrepancy Speculation

» Magneto-optic material saturated at 225 G

» Current sense resistor voltage = 750 mV
» Current through coil = 15 A
» B=112G
» Many factors could be responsible
» Magnetic permeability
» Imperfect coil
» Sensitivity of the MO material

» Human error

» Ongoing investigation

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator




Conclusion

» Achievement of requirements demonstrated to client

» Wire-to-board connector allows various coils to be used for other applications
such as

» Megawatt Q-switched laser systems
» Research in biomagnetism

» Small solenoid systems
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Presentation Notes
Although we didn’t get the theoretical calculations we were expecting, we were able to prove experimentally that our circuit performs how our client expects.


Questions?

Y]
Ly

“
yd 5
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Test Results
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Compare to theoretical results


Coil Equations

Single Coll Calculations

5 WNI (4w x 1077)(5)(48.41)
VEf4rRT V(1 x1073)2 + 4(3 x 1073)2

= 0.050005 Teslas = 500.05 gauss

_ uN?(mR*) _(4mx 1077)5% (= (3 x 107%)%)
VIZ4+ 4R \J(1x1073)% +4(3x 1073)2

= 146nH

Helmholtz Coil Calculations

Note: Here are relevant variables for this section:

: permeability of free space (4w x 1077)

N

N: number of turn of a coil (dimensionless) I.L(U.? 155)”! (4m x ID_?] (0.7155) (5)(33.3?)

R: radius of a coil (meters) B = R = Gx107) = 0.050006 Teslas = 500.06 gauss
!

L

B

|

: length of a coil (meters)
: inductance of a coil (Henries) -
: magnetic field of a coil (Teslas. 1 tesla=10,000 gauss)

- current through a coil (amperes) L = 2u(0.7155)N*xR = 2(4m x 1077)(0.7155)5%(m(3 x 107%)) = 423.7nH

May15-30: Fast, Compact, High Strength Magnetic Pulse Generator




MATLAB CODE - Single Coill

yfiles » megsharp ¥ Documents » MATLABE » EE492
ocuments\MATLAB\EE492Y Bf

B Editor - \\iastate.edu\cyfiles\megsharp) ieldCalculationSingleSho

wfiles » megsharp » Documents » MATLABE » EE492

= Editor - Y\iastate.edu'\cyfiles\megsharp\Documents\MATLAB\EE492 CurrentCalculationSingleShortCoil491.m

Equation from MFG Design paper for single coil.
Converting magnetic field units:

= CurrentCalculationSingleShortCoild481,m 2| BfieldCalculationSingleShortCoil49lm = l Lws_M_table_Singlem | +
1= clear all

2 - close all

2= clc

4

5 - N = input {"How many turns are in the coil? ') FH ->
[ 1 = input {"What i= the length of the coil (in mm)? ") 1l ->
7 - B = input {'"What i= the radius of the coil (in mm)? "} ¥ B ->»
g - I = input {'What i= the current of the coil? ') FI ->»
9

1= BT [(4*pi®*10"-T)*N*I) /sgrt((1*0.001)"2 + 4% (R*0.001)"2); %

17 = E g =B T*10"4; 3

12

13— disp(['The magnetic field generated with those parameters for a single
14

$# of turns in the coil (dimensionless)
length (meters)

radipm=s of the coil (mecers)

current (amperes)

from Tesla to gauss.

short coil 1= ', numZstr(B g), ' Gauss.']):

| CurrentCalculationSingleShortCoil49L.m 30 | BfieldCalculationSingleShortCoil491.m Eﬁll_vs_N_tabIE_Single.m Eﬁ1+]

1 - clear all

2 - close all

2= clc

4

== N = input ('How many turns are in the coil? '}

6 — 1l = input ('What is the length of the coil (in mm)? "});

7 - E = input ('"What is the radius of the coil (in mm)? "});

g - E g = input('What is the magnetic field (in Gauss) of the coil?
9

10 - BET=E g *10"-4; %
11 = I = (B T*sgrt((1%.001)"2 + 4% (R*.001)"2))/((4*pi*10"-T)*H); %
12

12 = disp(['The current reguired to generate that field for a =single
14

H -»> # of turn=s in the coil
1
R
E g -> magnetic field produced by the coil

(dimen=sionless)
-»> length (meters)

-» radius of the coil (meters)

PR R

[Gauss)

I};

Converting magnetic field units: from Gauss to Tesla.

Equation from MFG Design paper for =ingle coil.

short coil is ', numZstr(I), '

-

Amp=E."1);

r



MATLAB CODE - Single Coil Continued...

te.edutcyfiles » megsharp * Documents » MATLAE » EE492
=7 Editor - \\iastate.edu\cyfiles\megsharp\Documents\ MATLAB\EE492\] vs_M_table_Single.m
| CurrentCalculationSingleShortCoilddLm ¢ | BfieldCalculationSingleShortCoil4dlm | Lvs_N_table Singlem | + |

1 - 1 = input {'What length do you want to work with?');

2 ftnum rad = input ('How many radii do you want to enter try?'};

3 Er(num rad)=0;

4

5 Tfor k = 1:1:num rad

& — r = input ('"What radius do yvou want to graph (in mm) ?"};

7 Fend

8

o= H = [1:1:20]:

10 — I = zeras(1,20);

11 — L = zeros(1,20):

12

13 tfor j = l:inum rad

14 — for i = 1:1:20

15 = I(i)= (0.05%=gro((1l*0.001)"2 + 4*({r*0.001)"2))/ ((d*pi*10~-T)*N(i)):
16 — L{i)y= 1000% ((((4*pi*10"~-T)* (M (i))~2)*(pi*r~2))/ (sgrc((1*0.001)"2+4% (r*0[.001)"2))):
17 — end

18 Ffigure(j)

plL: fgrid on

20 — hold on

21 — [hAx, hl, h2] = plotyy (N, I,H,L);

22 Fstr = sprintf({'Turns v=. Current Single Short Coil: E = Ffmm', r©):
23 — title{'Single Colil 500 Gau=ss Parameters'");

24 — xlabel ('# of Turns'); Exlim([0,50]1);:

25 = yvlabel (hax (1), "Current (Amps)'); Fylim([0,100]):

26 — vliabel (hax (2), "Inductance (nH) ")

27 — legend ([hl,h2], "Carrent', 'Inductance "} ;

]
L]

Fend




MATLAB CODE - Helmholtz Coll

wcyfiles ¥ megsharp » Documents » MATLAB » EE492

[ L B R

e e e i e =)
L e T A

[ I T SR S R
(=S T TR R R T ]

(5]
=1

- disp(['The magnetic field generated with those parameters for a Helmholtz coil is ', numZstr(B_g), " Gauss.']):

BfieldCa
= clear all
= close all
- N = input ('How many turns are in the coil?
= E = input('What iz the radius of the coil (in mm)? "):
- I = input('What is the current of the coil in amps?
- B_T = (4%pi*107-7)*0.7155%N+I/ (R*0.001);
- Bg=EBEBT* 10™4;
% To wverify the eguation used above we did a dimensional analysis:
% u*N*T
% 3 T ——
% R
% UNITS
£ B -» Tesla(T) -> V-s/L*m -
% u ->» H/m -> Wb/A*m -> V-3/A*m H
% N -» dimensionless 1
% I ->» Amperes (A)
% R -» radius(m) 2
% V-s V-3/h*m * R V-s/m V-z
_ _ _ 3
% _________________________
% m"2 m m m"2 4
% Then we found that 1 Gauss = 0.0001 Tesla 5
L]
1
g
9
10
11

lculationHelmholzCoi

\Documel ATLABY fieldCalculationHelmh

149L.m | CurrentCalculationHelmholtzCoil491.m*

Tws_M_table_Helmholz.m 5% +

wyfiles b megsharp ¥ Documents » MATLAB » EE49Z
B Editor - \\iastate.edu\cyfiles\megsharp\Documents\MATLAB\EE492\ CurrentCalculationHelmholtzCoil491.m
BfieldCalculationHelmholtzCoil491m | CurrentCalculationHelmholtzCoilddLm | Lvs N table Helmholzm | 4

") :

2 N -> # of turns in the coil (dimensionless)
3 B -> radius| of the coil (meters)
% I -» current of the coil (amperes)

I% Equation from MFG Design paper for a Helmholtz coil.
%3 Converting magnetic field units: from Tesla to gauss.

glear zl1l
close z2l1l

N = input{'How many turns are in the coil? '}; % N -» # of turns in the coil (dimensionless)

R = ipput('What is the radius of the coil (inmm)? '); % R -» radius of the coil (meters)

=]
]

input ('What is the magnetic field (in Gauss) of the coil? '); % B g —» magnetic field produced by the coil (Gauss)

BT

B g *10"-4; % Converting magnetic field units: from Gauss to Tesla.

I= B_T*tR*U.DDl}!tt&*pi*lﬂ“—?}*ﬂ*ﬂ.?155}; % Equation from MFG Deaign paper for a Helmholtz coil.

dizp(['The current required to generate that field for a Helmholtz coil is |', numZstr(I), ' Zmps.']):



MATLAB CODE - Helmholtz Coil Cont...

cyfiles * | megsharp » Documents » MATLAE » EE492

E Editor - \\iastate. edulcyfiles\megsharp\Documents\MATLAB\EE492\]_vs_N_table_Helmholtz.m

E EfieldCalculationHelmhohzCoild91,m > | CurrentCalculationHelmholzCoil 491, m Eﬁl Lws_M_table_Helmholz.m
1 = r = input {'What radius do yvou want to graph (in mm.)?'):
2
3= N = [1:1:20]:
4 - I = zeros(l,20);
== L = zero=s(l,20):
&
7 3for j = l:inum rad
g - for i = 1:1:20
= T(i} = (0.05*%r*,001)/ (N(i)*4*pi*10"~-T*0.T155);
10 = Lii) = 1000*{ (2% (4*pi®=10"-T))* (0. T155)=(H (i) ) ~2*pi*(x*0.001)):
17 — end
12 Ffigure(j)
13— hold on
14 - [hax,hl,h2] = plotyy (N, I,H, L)
15 Fztr = sprintf('Turn=s v=. Current 5ingle Short Coil: R = Ffmm', ©);
16 — title ('Helmholtz Coil 500 Gauss Parameters'):
17 — xlabel ("# of Turns'"); %x1lim([0,50]1):
1z - vlabel (hax (1), "Current (Amps) ') FTylim([0,100]):
19 - vlabel (hax (2), "Inductance (nH)'):
20 — legend([hl,h2], "Current', "Inductance") ;
21 Fen

e



MOSFET

8. Limiting values

Table 5. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min  Max  Unit
Vg drain-source voltage 25°CsTs175°C - 30 W
Voer drain-gate voltage 25°CsT =175°C; Rgs = 20 k0 - 30 W
Ves gate-source voltage -20 20 W
Piot total power dissipation Tme = 25 °C; Fig. 1 - 48 W
Iy drain current Vg =10V, T, =25°C; Fig. 2 [11 - 100 A
Vs = 10 V; Ty = 100 °C; Eig. 2 1] - 100 A
Ioa peak drain current pulsed; t, s 10 ps; Ty = 25 °C; Fig. 3 - 1888 A
Tag storage temperature -55 150 | °C
T junction temperature -55 150 | °C
T oy peak soldering temperature - 280 | °C
VEesp electrostatic discharge voltage | HEM 2000 - W
Source-drain diode
Ig source current Tmp=25°C [ - 00 A
I peak source current pulsed; t, s 10 ps; Ty =25°C - 1888 A

» http://www.nxp.com/documents/data _sheet/PSMNOR9-30YLD.pdf




Current Sense Resistor

Power Dielect. Strength Mlax. Resistance
e Rating ViegAC Valtage Min | Max
M7 25 25 Walts ¥ 1,500 200 Q.020 10 100K

» http://www.caddock.com/Online_catalog/Mrktg_Lit/MP725.pdf




Diode

Symbeol Parameter Value Unit
Viegn | Repetitive peak reverse voltage 200 vV
ler | Repetitive peak forward current l,=5ps, F=5kHz 110 A
| . d DO-201AD / DO-15 70 A
FiRMS orward rms current :
0 ) SMC 20 Table 1. Device summary
I 3A
DO-15 Tygaq = 50 °C Ver 200
Irgavy | Average forward current, & = 0.5 DO-201AD Tjaaq =90 °C 3 A Tj(max) 175°C
SMC T.=110°C Ve (typ) 0.7V
tr (typ) 16 ns
lpsm | Surge non repetitive forward current | i, = 10 ms Sinusoidal 75 A
Tag | Storage temperature range -65 to + 175 *C
Tj Maximum operating junction temperature 175 C
Maximum lead temperature for soldering during 10 s at 4 mm from -
T, 230 c

case

> htt%:fllwww.st.com/web/en/resource/technical/document/datasheet/CD0011033
3.p
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