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Abstract: We demonstrate a robust packaging method for PICs using surface grating
couplers. We use this method to create diamond color center quantum memory modules
with active photon routing, strain tuning, and operation to millikelvin temperatures. © 2024 The Author(s)

Recent progress in integrated optics has seen the use of optical fibers for scalable, low-loss packaging of photonic
integrated circuits (PICs) [1,2]. Quantum systems relying on PICs for photon management have the additional re-
quirements of cryogenic temperatures, broad wavelength operation, and minimal photon loss. Optical packaging
must also incorporate electrical co-packaging for qubit control and photon routing, while often accommodating
high channel count and heterogeneous integration of diverse materials [3]. Multi-channel optically packaged PICs
have recently been demonstrated at cryogenic temperatures using fiber arrays coupled to edge couplers [5], how-
ever this relied on extremely high fabrication tolerances, strain relief structures, complex bonding procedures.

We demonstrate a straightforward approach based on grating couplers and angle polished fiber arrays, compati-
ble with operation at both visible and telecom wavelengths. Our method uses off the shelf components in a process
that is robust to temperature cycling and alignment tolerant enough for automated packaging. Selection of an ex-
tremely strong adhesive (Fig. 1a) removes the need for strain relief structures or large amounts of epoxy, placing
no requirements on the photonic platform itself. Angle polished fiber arrays are aligned to the PIC and a thin layer
of adhesive is deposited between the two. After UV curing, the packaged PIC is robust enough to remove from the
setup and tested further without the need of extra strain relief. We demonstrate operation at cryogenic and room
temperature of visible and telecom grating coupled loopbacks (Fig. 1b). We then apply our packaging approach
to foundry-process PICs optimized for low loss integration of diamond quantum memories (Fig. 1c). We achieve
successful operation of packaged PICs down to millikelvin temperatures, allowing interrogation of both optical
and spin degrees of freedom. Finally, we demonstrate a fully electrically and optically packaged active quantum
memory module with on-chip optical routing and strain tuning.
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Fig. 1: Fiber glued packaging. a) Adhesive testing results. Dymax OP29 was selected due to its high sheer strength
both before and after thermal cycling. b) Scanning electron microscope (SEM) image of packaged loopback chip.
Individual fibers as well as the adhesive layer can be seen. c) Fully packaged diamond quantum memory module.
Both optical and electrical packaging are implemented.
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Fig. 2a shows the behavior of a packaged sample at cryogenic temperatures. We observe stable operation across
the temperature scale. We also measure the optical spectra for the grating at both room temperature as well as
at 6K. We observe a blue shift in the peak wavelength, which we attribute to the shrinking dimensions of the
grating coupler, which effectively change the pitch of the grating teeth. 3D modeling is being conducted to fully
understand this relationship. We next apply our optical packaging approach to quantum memory modules con-
sisting of diamond microchiplets (QMCs) heterogeneously integrated into CMOS-process photonic chips. We
use grating-coupled optical loopback structures to quantify optical losses arising from heterogeneous integration.
QMC:s hosting silicon vacancy color centers are integrated into sockets in the center of each loopback, where a
window etch removes the oxide overcladding allowing direct contact between the QMC and SiN waveguides. We
determine a typical transmission of -.22dB at each window transition and -1.25dB at each diamond-SiN transition
for well aligned QMCs. With modest grating coupler performance (-7dB transmission at 737 nm) this yields a
fiber - PIC - QMC interface with less than 10dB total loss, with the potential for losses closer to 6dB with high
performing grating couplers. Finally, we apply our technique to an active, memory-integrated PIC with electrical
packaging for color center control and on-chip optical modulation. Figure 1c shows an image of the packaged
PIC on a copper mount, wirebonded to a PCB for electrical signal routing. Within the PIC (Fig. 2b), piezoelectric
cantilever modulators allow on-chip control of SiV fluorescence while cantilevers mechanically contacting the
diamond chiplet apply controllable strain to SiVs in the QMC for frequency tuning. Figure 2ci shows PLE spectra
from SiVs in two channels of the QMC with frequency control to overcome inhomogeneity in their transition
energies. Applying a DC voltage to the cMZI allows high contrast optical routing of SiV fluorescence between the
two output ports and can function as an on-chip beamsplitter for coincidence counting or interference (Fig. 2cii).
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Fig. 2: Packaged chip results. a) Thermal results stable coupling to cryogenic temperatures at 737nm. The pack-
aged device is stable at cryogenic temperatures. b) Zoom-in showing the PIC with QMC, cantilevers for strain
control of quantum memories, and optical modulators. Both collection channels are packaged with the same fiber
array. c¢) i.PSB florescence from SiV’s in channels 3 and 4 of the QMC. PLE measurements reveal high optical
quality, while integrated cantilevers allow frequency shifting of the ZPL transmission. ii. Integrated MZI splits
output for auto-correlation measurements. The MZI can route flourescence between the two output channels with
high extinction.
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