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Adap�ve op�cs ultrafast laser system 

Figure S1 a A diagram of the ultrafast laser system for SPIM-WG fabrica�on. SLM: spa�al light modulator. b A 
sketch to illustrate the 3D coordinates rela�ve to the chip. The red arrow marks the laser propaga�on direc�on. 

Microscopic imaging of the photonic chip 

Supplementary Fig. S2 includes a system diagram for microscopic images and loss measurements. A 
lab-built LED-illuminated widefield transmission microscope (microscope 1) was used to check light 
channel cross sec�ons a�er polishing. To image the laser guiding mode profiles, single mode fibres 
were used to guide laser light into the input facet of a given channel. The fibre output was mounted 
on and adjusted with a six-axis stage (three linear and three angular degrees of freedom). Another 
lab-built microscope (microscope 2) was used to monitor and measure the distance between the fibre 
�p and the chip input facet. During the measurement of the coupling losses, we brought the fibre �p 
very close (< 1 μm) to the photonic chip to avoid input beam expansion. The output facet of a channel 
was imaged by microscope 1 in order to capture the guided laser mode profile. 

Figure S2 The system to image the photonic chip facets, obtain broadband microscopic images, laser mode 
profiles, and measure the photonic device losses. There were two lab-built microscopes: microscope 1 was used 
to obtain device facet images and mode profiles; microscope 2 was used for live monitoring and measurement 
of the distance between input fibre �p and chip facet. 

Refrac�ve index profile measurement 

Refrac�ve index profiles were measured with a lab-built 3D tomographic microscope1. The imaging 
system recorded many intensity images of the region of interest at different illumina�on angles 
ranging between about -45 and 45. The light source was a collimated blue LED (460 nm). A two-
dimensional refrac�ve index cross-sec�on of the waveguide was then reconstructed from the image 
stack using an error reduc�on algorithm based on gradient descent and simulated beam propaga�on. 

Bending loss simula�ons 

In Fig. S3 we plot the simulated bending losses as a func�on of the waveguide bending radius, 
calculated using an analy�cal model for step-index waveguides as described in Ref. 2 and 3. We used 
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our measured parameters of a refrac�ve index contrast of 0.015 (refrac�ve indices of the core and 
the cladding of 1.525 and 1.51, respec�vely), a core diameter of 1.8 μm, and a wavelength of 532 nm. 
Our design yielded curvatures between 31.2 mm and 217.8 mm for the eight waveguides. As can be 
seen in Fig. S3, the bending losses at such curvatures are negligible. At large bend radii, e.g. above 2 
mm, as in our design, we expect that the losses are dominated by phenomena other than the bending 
loss. This agrees with our measurements, which did not show any measurable differences in losses 
between straight and curved SPIM-WG channels. 
 

 
 
Figure S3 Simula�on of the bending loss as a func�on of the bending radius. 
 
Mode progression in the SPIM-WG chip 
 

 
 
Figure S4 A 3D diagram of a single adiaba�c mode converter channel in the photonic chip. The adiaba�c mode 
conversion was implemented at the straight input region, while the channel cross-sec�on at the bending region 
was kept constant un�l the channel output. 
 
Preliminary results from 32-channel chips 
 
We fabricated 32-channel chips using the same laser-wri�en techniques and specifica�ons as for the 
8-channel chips presented in the main text of the paper ( 8 μm channel spacing and 2 μm MFD at 
the output). Microscopic images of such a chip are shown in Fig. S5.  

The overall length of the 32-channel chip was double the length of the 8-channel chip, and the 
curved region was 17 mm. We measured propaga�on losses in the range 0.4−0.8 dBcm-1 and no 
no�ceable extra bending losses in the channels closer to the edge. Classical measurements of the chip 
performance indicated a cross-talk well below 10−3, similar to the 8-channel chip presented in the main 
text. 
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Figure S5 Top view microscopic images of a 32-channel photonic chip. The 32-channel chip was measured to 
have similar performance in terms of cross-coupling and losses to the 8-channel chip described in main text. a 
Image at the chip input, where the channel are spaced by 127 μm to match the VGA. b Image at the middle part 
of the chip where the channel spacing is reduced. c Image at the chip output, where the channel spacing is 
reduced to 8 μm. 

Barium level structure 

The chips we manufactured are op�mised to work with barium ions: we can use 532 nm light to drive 
the qubit transi�on for both ground S1/2 level and metastable D5/2 level qubit encodings as shown in 
Fig. S6a. An overview of the barium level structure is shown in Fig. S6b. The 493 nm cycling transi�on 
is used to cool the ions and readout their state. The 650 nm laser is used to pump popula�on out of 
the D3/2 level. We use a 1762 nm laser to map between the ground and the metastable level qubits. 
We also use one of the available 1762 nm transi�ons to measure the light shi�, and hence the 
intensity, from the beams generated by our individual addressing setup (see the main text). The 614 
nm laser is used to deshelve popula�on from the metastable D5/2 level at the end of an experiment 
sequence. 

Figure S6 a Level structure of 137Ba+ showing the ground S1/2 and metastable D5/2 level qubit encodings. Both 
types of qubits can be driven with a two-photon Raman process using 532 nm light. The life�me of the 
metastable level is 30.14 s4, much longer than the typical �mescale of the opera�ons, making it a suitable place 
to encode qubits in addi�on to the ground level. b A high-level overview of the barium level structure. The ions 
are cooled and detected by repeatedly exci�ng the transi�on between the S1/2 and the P1/2 levels and collec�ng 
the sca�ered 493 nm light. The 650 nm laser is used to repump popula�on from the D3/2 level. The 1762 nm 
laser is used to map popula�on to and from the metastable D5/2 level and convert between the two qubit types. 
The 614 nm laser deshelves popula�on from the D5/2 level at the end of the experiment. 
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Coupling between the VGA and the photonic chip 
 

 
 
Figure S7 Coupling between the VGA and the photonic chip. a Setup used to couple light from the VGA into the 
photonic chip. The VGA was placed on a 6-axis posi�oning stage (right) while the photonic chip was held 
sta�onary (centre). The objec�ve on the le� was used to image the photonic chip output on a camera to evaluate 
the quality of the coupling. b A photo of the VGA glued to the photonic chip a�er the coupling was op�mised. c 
A photo of the VGA and photonic chip assembly glued on a stainless steel plate prior to integra�on with the rest 
of the op�cal system in the ion trap setup. 
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