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Abstract
The main goal of this report is to leave a written trace of the work

accomplish on the helical resonator project. During my internship I’ve
participated to several projects : designing and putting in place compen-
sation coils on the experiment, premisses for the build of an ultra-stable
laser and several day to day tasks to help the strontium lattice experi-
ment in progress. The helical resonator in question is meant for the next
experiment where it’s suppose to act as a transformer and provide the
necessary voltage to supply an EOM. For the input we intend to use a
20 MHz signal to create side-bands which combine with a cavity provide
us all the tools for a PDH scheme. The reflected signal coming from the
cavity is used to get an error signal to feed a servo-lock loop in order to
stabilize our laser.
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1 Introduction
Integrating a new lab is never easy and furthermore, when you know you will

spend a short amount of time among a team of experimentalists, finding the
right project that will allow you to contribute in a meaning full matter is not an
easy decision either. One of the main reasons for that is simple to understand:
to work in a lab you have to learn ways of the lab so you kind of disturbing the
actual workers, and while they’re teaching you they’re not working anymore.
Anyway after a short period of learning my way around the lab we decided I
will try to find a way to contribute to the advancement of the next experiment
(the strontium cavity project) by helping putting in place an essential part of
the locking scheme : the EOM that generate the side-bands for the error signal.
The first step consisted in aligning a Fabry-Pérot in order to analyse the signal
at the output of the EOM. The lack of side-bands, because we were not able to
provide sufficiently high voltage in the EOM, gave rise to the idea of building
our own transformer.
I also spend some time learning about the current experiment (strontium lattice)
and we decided it would be helpful to have compensation coils to work with so
I design and build three rectangular pairs of coils by winding some copper wires
together. Finally while I was waiting for the mechanical workshop to finish
building a much needed cylinder in copper for my helical resonator, I started
checking, ordering and listing all the parts needed to build a replicate of the
Steck laser for the strontium cavity experiment.

2 The compensation coils
Building compensation coils is pretty straight forward. Indeed one only need

to thing about the number of turns needed to reach a desired magnetic field
and the more turns you use, the less current you need to get it. Considering
the fact that we wanted to put those coils in place while disturbing as little as
possible the experiment, I decided to minimize the number of turns. Since I
knew we will be using power supply capable of at least 10 A and that we will
need to obtain fields in the order of 1 Gauss, I chose accordingly after running
some quick simulations. Of course after making the first pair, we checked that
with an Helmoltz configuration we could measure the predicted magnetic field
and it was indeed the case. The most difficult part of this task was to manage
to put in place these coils and it took 2 days of work without counting the week
of re-alignment that took place after that.

Figure 1: Compensation coils picture installed around the science chamber.
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3 The Steck laser
Another project I participated in was the construction of a new ultra-stable

laser following the recommendation of this paper [1]. After studying the article
and the manual put in place to explain the assembly process, I started to list
what we needed to build our own version of this laser. I also checked that pieces
provided by the mechanical workshop were properly fabricated and fitted our
specifications. When the optics ordered at Thorlabs finally arrived I had the
time to check and characterize all of the six laser diodes we received in term of
wavelength and power so we could choose the most appropriate ones to build
our two lasers. But that’s all I could accomplish on this project in the two
month I stayed at the IFSC.

4 Why an helical resonator?
As I mention in the introduction there was a need for a transformer to supply
enough voltage to the EOM on my main project.

Figure 2: Layout for analysis of the EOM output: a part of the output of the
red laser (dashed lines represent the optics omitted to simplify the figure) at
689 nm is used, after going through an EOM supplied with enough voltage to
induce a phase shift we analyse the light with a Fabry-Pérot.

At first, I tried several ways to obtain the necessary voltage to supply the
EOM at the desired frequency of 20 MHz. Either a standard transformer circuit
(2 separated coils) or an auto-transformer (only one coil and a part of it is
actually used as a secondary coil) failed to give enough gain to observe side-
bands when plugged into the EOM.
One of the first task was to check if the EOM possessed indeed the indicated
capacitance and that it didn’t act as a resistor also. As reported in my lab book
we could verify that the capacitance of the order of ∼ 100 pF and no resistance
could be measured.
We then decided to build an helical resonator like in [2] to get a better impedance
matching and high factor quality for our transformer. Near to the end of my
internship the workshop finished the main element of my design for an helical
resonator so I was able to finish building it in time.
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4.1 The apparatus
The principle idea of an helical resonator is to place the two coils in a cylindri-

cal conductive cavity in order to reach high quality factor in a transformer. Also
this scheme allow for better impedance matching through the tunable winding
pitch of the antenna (the secondary coil).

Figure 3: Helical resonator schematic.

The previous study helped us to choose the right dimensions and component
to build the device. The relevant cotations are defined as shown in Figure 4.

Figure 4: Notations for the helical resonator dimensions.

Since we couldn’t find a copper wire of 5 mm of diameter without buying a
lot of it (too expensive), as advised in the original paper, we decided to settle
down for a wire of 4 mm of diameter. A thick wire is needed to have a sufficiently
low resistance but also to avoid mechanical variations of the winding pitch. A
diameter of roughly 4 mm seems a good compromise since it’s thick enough
but not so thick that we can still wind it by hand after it’s akneel. The only
precaution needed is to keep τ > d0 and B ≥ b+D/2.

Another critical value is the position of the main coil. When its diameter is
chosen we must build a cavity according to the specifications : first the main coil
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should be placed exactly at D/4 of each end-cap. But the cavity dimensions also
play a role in the frequency at which the device should operates. Thankfully,
the paper already characterized two different prototypes that show the right
specifications to get the 20 MHz that we want considering that we have an
EOM with a fixed capacitance and no resistance. Keeping this instructions
in mind we can build our own helical resonator. The type A resonator (see
Figure 5) they have build which has the best quality factor in the reference [2]
seemed to suit our needs.

Figure 5: Table giving the specifications for the two resonators tested in the
original paper.

Furthermore in the paper in question we can see in Figure 6 (the figure 15
of [2]), which plot the resonant frequency against the capacitance of the trap,
that 20 MHz is kind of an asymptotic value at capacitance exceeding 100 pF
so any small deviation from the dimensions of the type A resonator they have
build would still be perfect for us.

Figure 6: figure extracted from the paper in reference [2].
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4.2 Results and discussions
Here is some pictures of the different elements built according to the specifi-

cations listed before:

Figure 7: Picture of the helical resonator.

After some efforts I couldn’t manage to obtain an helical resonator as per-
formant as expected but while writing this report I think I may have find out
the source of error : I confuse the size D of the cylinder with the size of the main
coil diameter so the device is build with a distance of ∼ 13mm to the bases of
the cylinder instead of the required D/4 = 27mm.
A way to quickly check if this source of error is the critical parameter preventing
the device from working properly one can just remove the main coil in order to
squeeze it so the winding pitch loose about ∼ 2mm and then, putting it in again
so it’s well center. The point being that the main coil is indeed at a distance of
D/4 from each sides of the cylindric case.
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5 Conclusions
This internship was very rewarding. I’ve learned a lot of interesting things in

electronics and optics. I had the occasion to practice my english while presenting
my master thesis to one of your english classes. In the end, I think I was able to
contribute in an helpful manner to the experiments I worked on. It’s a shame I
couldn’t finish my work on the helical resonator and take some data in order to
put some results in my report but I heard my design actually work.
Since I left, the team tried to plug the device into the EOM and they manage
to get very nice side-bands. I guess my last tests being made in a hurry in the
very last day weren’t made properly. I’ve really enjoyed my time in Brasil at
the IFSC and even if I finally decided to do my PhD in France, I’m seriously
considering looking for a post-doc position at USP in a few years.
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