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DA IL Y LA B S UPER VIS OR Introduction Materials and Methods Test Results
i i Flexible printed circuit boards were designed, CREATE A PCB DESIGN 3 g ol :;%:;z:;gzz;z:(s
Benjam N Pou nd simulated, and tested for potential use in Electron Beam # Determine magnetic properties of design using & of a 12V power
Therapy (EBT) treatments. . . FEMM. . . supply (1), a buck
3 ;J::dljzt:)rggsto simulate electrons passing through multiple converter (2), steel
D EPA R TM EN T EBT is a cancer treatment currently administered to < Create Gerbér files to send to the PCB factory for fabrication. wire tas a:;/ar\agle
patients around the world. It is highly effective and valued ;ﬁi:;n?gt(er)tsn a
for its ability to treat tumors without causing excessive SIMULATE IN COMSOL MULTIPHYSICS measure current (4).
H H H damage to surrounding healthy tissue. This makes EBT < Joule heating of PCBs was simulated and The quadrupole
EIeCtr'Cal and CompUter Englneerlng ideal for surface tumors, but treatment can improve with current density limits extracted. being tested is at (5).

greater precision and control of electron beam placement. The limiting current density was used in magnetostatic
simulations to find the magnetic characteristics of these devices.

A B S TRA C T < Particle tracing simulations were then performed to investigate

efficiency of guiding electrons at different curvatures of the

Electron beam therapy (EBT) utilizes electrons to kill cancer cells - TESTING OUR DESIGNS

Figure 7: (Left) A
picture of the
quadrupole under
test, with alligator
clips to provide
current. (Right): A
picture of the same

« Design smaller, cheaper, and easier to manufacture

. e . . . + PCB: bought and tested with vari
with up to 60% less radiation affecting surrounding healthy tissue quadrupoles using Printéd Circuit Board (PCB) amounts o curent o0 i vereus quadrupole bt
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cm-scale beams; this project focuses on using Panofsky quadru- applications using simulations. picture.
) . ) ) < Check if the quadrupoles still work even if they are Heating of Different Quadrupole Designs At Various Currents
poles to guide sub-millimeter beams in a flexible and changeable tra- bent. _ p— e
X “ Measure thermal response with manufactured PCB g \ Figure 3: A cross sn /
jectory so that beam placement, and therefore treatment outcomes, designs. : sectional magnetic ? . J—
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copper traces that generate a quadrupOIar magnetic field. The flex- is demonstrated in this research project using flexible v / \ Y actual quadrupole. q ¥ e W
i . . . printed circuit board (Flex-PCB) technology to induce . Simulation vs Reality For Quadrupole Designs 10 2 e
ible material of the PCB allows for manipulation of electron beams magnetic fields via electric current. Flex-PCBs used as N il
. f . . f Panofsky quadrupoles guide electrons, focusing them in - ' s g mmmw = 2 =
n hal’d-tO-I‘eaCh areas 1or deeper tissue treatment. JOUle heatlng Y one axial direction. : . X Figure 8: A plot of the temperature of the quadrupoles versus the
the PCBs was simulated in COMSOL Multiphysics, and the limit- A confguration of magnets as shown in Fig. 1 create a — ; Inreasen quadralicaly wih rospectto o curon 2 prodcied by

i P Joule’s Law of Heating. Due to outgassing, only a temperature

- increase of 10 degrees is allowed. The data shows that pulsed
power is necessary for our PCB quadrupoles to reach the required
= - . ! field strength, otherwise overheating would occur with DC currents.
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Figure 4: Our heating simulation results (shown by the colored lines) " " "
versus experimental results (shown by the data points). The Conclusions and Applications

simulation tracks the experimental results closely.

ing current density extracted. The limiting current density was used magnetic field focusing beams of charged particles.
in magnetostatic simulations to find the magnetic characteristics of '
these devices. Particle tracing simulations were then performed to
investigate efficiency of guiding electrons at different curvatures of
the flex-PCB. Flex PCBs were fabricated for testing and the thermal
response of the PCBs was experimentally measured using a FLIR

Flexible Printed Circuit Boards are viable for use in
Panofsky quadrupole electron guiding, but they require
pulsed power. Research can further explore the limitations
of different designs and their use for Electron Beam
Therapy application.

———— The next step with this research would be to conduct real

OnePrO thermal camera. Figure 1: A quadrupole created ~ Figure 2: Magnetic force diagram life tests with electron beams to determine how well the
by four permanent magnets with  of quadrupole configuration. quadrupole directs beams. We could also determine how

magnetic field direction. Forces focus in vertical direction, the quadrupole performs when bent at various angles. A

and push away from the center in

suitable power supply for driving the quadrupole would also
the horizontal direction. I P pply g q p

need to be designed in order to provide the pulsed power.

Quadrupoles can be created using either permanent or

Figure 5: Particle tracing with electrons traveling at 10 MeV. (Left) In the future, better designs using thicker copper or using
electromagnets. Electromagnets are generally preferred View from the side. The electrons are following the bent quadrupole superconductors could be created to mitigate heating
as they are more easily controlled, allowing adjustment of (with a 1 meter radius of curvature), and the electrons are focusing issues and allow for continuous operation without

. . . at around the 0.03 meter mark. (Right) View from the top. The : ; : :
the amount of current going through to achieve a desired simulation clearly shows that the electrons are defocusing, as overheating. A separate cooling system using heat pipes to

magnetic field strength. predicted. dissipate heat could also be used.
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SURP is an umbrella program that administers and scaffolds summer undergraduate research opportunities @ seasoasa.ucla.edu/undergraduate-research-program/
within UCLA Samueli Engineering. SURP participating sub-programs include National Science Foundation : : :
(NSF) Research Experience for Undergraduates (REU) Sites, Samueli Research Scholars (SRS) Program, Facul- {F Samueli Engineering Undergraduate Research and Internship Program
ty-funded grants, and Electrical and Computer Engineering Fast Track Program. @ UCLA Samueli Undergraduate Internship Program
William Herrera, the director of SURP is also director of UCLA Samueli Engineering's Undergraduate Research o
and Internship Program (URP/UIP) during the academic year. URP/UIP is committed to helping you find I]Im UCLA Engineering Internship and Research Program
research/internship opportunities. Our Peer Advisors are trained to help you with any questions and concerns samueliurpuip

you may have, and appointments are available on our website.

For any questions about these resources, please reach out to us at urp@seas.ucla.edu and uip@seas.ucla.edu,
or scan the QR code on the next page to get to our website.

We also encourage you to follow us on social media to stay updated on future professional development event

and opportunities.
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