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Abstract

Experiments on quantum information using atomic ions as qubits
require laser sources with many different wavelengths for state manipu-
lation, cooling and qubit readout. The frequencies of these lasers need
to be precisely controlled. In order to reach this accuracy, the laser fre-
quencies need to be tunable on the MHz range, or even more precisely.
One can achieve this goal using a double-pass acousto-optic modulator
(AOM) setup. Mounting the components of this setup individually is
time-consuming. During an internship period working in the trapped
ion quantum information (TIQI) group, a double-pass mount was de-
veloped to simplify the installation of the setup substantially. The
design procedure and the test results for this device are presented in
this report.
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1 Introduction

This report presents the work of an internship in the Trapped Ion Quantum
Information (TIQI) group at ETH Zurich. The internship is part of the
Masters studies of the author at ETH. The TIQI group is a member of
Institute of Quantum Electronics in Physics Departement at ETH.

Under the direction of Jonathan Home, the TIQI group experimentally
investigates the role of information in quantum mechanics and the transition
between quantum and classical dynamics. At the same time, the group is
developing new methods for generating and processing quantum states using
atomic trapped ions as qubits [2].

To prepare and control the states of the qubits as well as for cooling
and other issues, the group uses many lasers at different wavelengths [3].
The laser frequencies need to be extremely precise. Notably the atomic
transitions need to be hit with a very small fluctuation in frequency. To
get this precision in the laboratory, one needs to be able to shift the laser
frequencies in a range of few hundred MHz. This is achieved using a double-
pass AOM setup (see chapter 2).

Until now the different components in this setup had to be mounted by
hand one by one, which took approximately three days. The goal of the
internship was to design a metallic device upon which all the components
could be mounted at a specific point. Using this double-pass mount for the
installation of the setup was expected to save a lot of time.

2 Acousto-optic modulators (AOMs)

Acousto-optic modulators (AOMs) are useful devices which allow the fre-
quency, intensity and direction of a laser beam to be modulated. Within
AOMs, incoming light Bragg diffracts off acoustic wavefronts with propagate
through a crystal. Modulation of this input light can be achieved by pre-
cisely changing the amplitude and frequency of the acoustic waves travelling
through the crystal. Note that the AOMs used for different wavelengths do
not exactly work in the same way: The AOMs for the near infrared light are
polarization insensitive, whereas in the UV regime the diffraction efficiency
strongly depends on the polarization of the incoming beam. The interested
reader can find more information about AOMs here [1].
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Figure 1: Sketch of the AOM-setup from above: The double pass through
the AOM eliminates the dependance of the laser path on the angle Θ.

3 Design of the stable AOM double-pass setup

3.1 Assembly of the components

We use a double-, not a single-, pass setup to prevent a change of the di-
rection of the laser beam when driving frequency was changed: If a beam
is sent into an AOM, the first order diffraction leaves the AOM at a small
angle Θ and with a shift of frequency F . The angle Θ may change as a
function of the power inserted into the AOM and driving frequency. To
avoid the dependence of the beam path on Θ, the first order diffraction is
reflected and sent through the AOM again: This ensures that the first order
diffraction of the return beam does not change its beam path compared to
the incoming beam, even if the angle Θ shifts (see figure 1).

Figure 2 shows most of UV double-pass AOM setups in the TIQI group.
The laser beam is sent through an AOM with a small vertical angle. It passes
then through a focal lens and focuses onto the middle of the corner cube.
The beam is reflected by the corner cube and comes back higher than it was
before. It passes through the lens and becomes collimated again. Finally it
again passes the AOM, where for the second pass there is an angle to the
downside. The outgoing beam can therefore be picked off with a mirror,
which is placed lower than the incoming beam.

The geometry of the setup facilitates that the incoming and the outgoing
beam pass through the AOM at the same position. This should enable the
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Figure 2: The AOM-setup from the side.

diffraction efficiency of the first pass is close to that of the second pass,
and hence that both passes can simultaneously have maximal diffraction
efficiency.

One may wonder, with a simpler geometry, whether we could use differ-
ent polarization for the incoming and outgoing beam to separate them: a
mirror, a quarter-wave plate and a polarizing beamsplitter would do. Ac-
tually, this simpler setup is used for infrared lasers. However, it does not
work for the UV light because the efficiency of the first-order diffraction
through the AOM depends on the polarization of the incoming beam. Thus
the incoming and the outgoing beam need the same polarization.

Instead of using a simple mirror, a corner cube is used to reflect the beam.
This allows the incoming and outgoing beam to have different heights so that
the second-pass diffracted beam can be collected when it finally comes out
of the AOM. Note that the polarization of the beam does not change in the
whole process.

3.2 The double-pass mount

The goal of building a double-pass mount is to save time in the installation of
the double-pass AOM setup. Therefore, possible vertical movements of each
single components are restricted as much as possible but it is still allowed
to adjust the horizontal positions for the whole mount in order to reach
maximal diffraction efficiency for both passes.

The double-pass mount is shown in figure 3. It consists of two parts: A
big block, on which the AOM is mounted, and a thin bridge, on which the
lens and the corner cube are positioned. The bridge stands on conventional
posts and is easily positioned perpendicular to the AOM block, as the two
surfaces of the bridge and the block can be brought together. The lens
mount is bolted to the device. The moveable distance is 3 cm along the
bridge. The corner cube is mounted on a metal plate with a right height.
The cube mount can be tilted in two directions, which is very helpful for
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Figure 3: The metallic device with the lens and the support device for the
corner cube. The AOM is mounted on the block in the front.

optimizing the efficiency of the second pass. The upper part of the big block
holding the AOM is slightly rotatable. This allows people to tilt the AOM
in such a way for maximizing the diffraction efficiency for the first pass.

Most importantly, the device is constructed in such a way that everything
has exactly the same height: The AOM, the center of the lens and the corner
cube.

4 Test of the double-pass mount and discussion

4.1 Setup procedure

The device was tested with 397 nm light at 7.6 cm height and an incoming
power of 10 mW. Using two mirrors before the AOM, the laser beam was sent
through the AOM on the corner cube and reflected back. Approximately
30 cm after the AOM, the return beam was collected with another mirror.
In all the setups the power of the incoming beam and the two first order
diffractions were measured. In the last setup, additional measurements were
taken for the transmission of the lens.

During one week of practice in the laboratory, an efficient way of mount-
ing the whole setup was figured out:

• The bridge and the AOM are mounted and then one needs to make
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Figure 4: The metallic bridge with the lens and the cube mount viewed from
the side. The AOM is mounted on the block on the left.

sure the mirror before the AOM, the AOM itself, the lens and the
corner cube are approximately in one line.

• Using two mirrors, the incoming beam is sent horizontally through the
AOM to the center of the lens. To check if the beam is parallel to the
ground, one may change the height of the beam on the lens with the
mirror in front of the AOM: The beam should disappear on the lens
below and above the center with the same distance. It may be very
useful to put a cap on the lens which displays the center and circles
around it.

• The AOM is slightly tilted in order to maximize the first order diffrac-
tion efficiency. The efficiency is extremely sensitive to the tilting angle
of the AOM. The movements of the mirrors in the vertical directions
are then used to further improve the diffraction efficiency. One may
have to iterate these two steps. To measure the diffraction efficiency
of the first order beam, one should block the zero order, e.g. with a
razor blade. This block is installed for the further processes.

• If needed, the bridge should be moved again so that the beam passes
through the center of the lens. It would automatically reach the corner
cube, too.
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• One may have to lower the incoming beam slightly with the mirror
in front of the AOM so that the beam reaches the corner cube on the
lower side. The reflection that passes the AOM again should be clearly
lower than the incoming beam. The outgoing beam can now be picked
off using a low mirror.

• By moving the corner cube, the first order diffraction efficiency of the
second pass through the AOM can be maximized.

• Probably, the total efficiency is not acceptable yet. For further im-
provement, one has to play with the mirrors, the lens and the corner
cube.

4.2 Results and analysis

The primary testing result showed a total diffraction efficiency of the first
order beam was only 29%. Even with a big effort, it could only be improved
to 33%. The problem was that the height of the AOM and the bridge were
not well coordinated. The bridge was 3 mm lower so the center of the corner
cube and the lens would not be at the same level as the middle of the AOM.

After modifying the height, the second experiment was performed and a
total efficiency of 42.0% was achieved. Knowing that the theoretical maximal
efficiency of the first order diffraction from the AOM is about 80% one would
expect to come near 64% in total diffraction efficiency. However, as the AR
coating of the lens was not optimized for the wavelength of 397 nm, the
transmission is only about 80%. Having that in mind, 42.0% is actually
good: The diffraction efficiencies for the fist pass and the second pass were
measured to be 85% and 80%, respectively.

Not only the efficiency of the device worked well but also the saving of
time was impressive: The components were mounted and positioned to get
the 42% efficiency in 4 hours. Compared to the three-day working time
before, this is a big improvement.

Once 42% total efficiency was achieved, the sizes of the incoming and the
outgoing beam were measured at two locations (see table 1). The diameters
were measured with an average over 100 single measurements. The distance
between the near and the far measurement points for both beams were
around 1.5 m. We found that the outgoing beam was not well collimated.
But neither was the incoming beam, so we could say that the AOM setup at
least did not worsen the size of the beam. By moving the lens of the setup,
it was tried to collimate the outgoing beam, but it could not be improved
substantially.
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near verti-
cal [µm]

near horizontal
[µm]

far vertical
[µm]

far horizontal
[µm]

incoming 1195.3± 0.3 1456 ± 0.5 2292 ± 3 3175 ± 5

outgoing 620.5 ± 0.3 371.5 ± 0.3 1574.2± 0.6 1863.1 ± 0.5

Table 1: The vertical and the horizontal diameter of the incoming and the
outgoing beam, measured at two distances roughly 1.5 m apart.

4.3 Further improvements

The problem with the height of the device was due to the fact that it was
designed for 101 mm beam height but could only be tested with a different
AOM block of 74 mm height. Nevertheless, the accuracy of the height was
double checked and no mistake was found.

The only modification is the position of the post under the bridge near
the AOM. The base of the post was slightly bigger than the bridge itself,
which made it impossible to connect the bridge closely to the AOM mount.
With the next generation device, one will be able to put the bridge tightly
against the AOM mount.

5 Conclusions

I have designed and constructed a double-pass mount to accelerate the time
for setting up the AOM double-pass. This double-pass mount was success-
fully tested in the laboratory and slightly improved afterwards. It is ready
to produce more this kind of device and use in the UV AOM setups.
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