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Abstract: We demonstrate direct access to the silicon device layer of a monolithic CMOS
electronics-photonics platform with a full-digital back-end-metal stack, in post-fabrication at
die level, allowing the integration of functional materials (e.g. into slot waveguides). © 2023
The Author(s)

Applications of silicon photonics, including high bandwidth datacom (transceivers), biosensing, and emerging quan-
tum photonic systems, call for complex electronic-photonic systems-on-chip [1–4]. This need has driven the devel-
opment of advanced complementary-metal-oxide-semiconductor (CMOS) foundry platforms [2, 5], such as Glob-
alFoundries 45RFSOI [2] and 45CLO [5] that integrate 45 nm transistors and silicon photonics in state-of-the-art
300 mm-wafer volume manufacturing, and support a full stack of backend-of-the-line (BEOL) metal levels that enable
complex digital systems. However, both limitations of CMOS and application opportunities call for the interfacing
of such platforms with materials and environments beyond silicon. The inherent inertia of, and slow path to integra-
tion of new features into, a (stable) complex CMOS manufacturing platform, stands at odds with a desire for rapid
photonics innovation incorporating new materials such as electro-optic polymers, liquid crystals, quantum matter, 2D
materials, phase-change materials, etc. For example, silicon-organic hybrid (SOH) photonics integrates EO polymers
with high nonlinearities into silicon platforms [6]. This is currently done through post-fabrication steps to open a hole
into back-end dielectrics to reach a silicon slot waveguide and fill it with EO polymer. Traversing many front-side
layers of metal introduces risks into the process, prevents certain device topologies (e.g. complicates ring modulators
with an inner contact), and allows limited access to the device layer. Recently, wafer-level localized back-side removal
modules have been demonstrated for back-side introduction of e.g. EO polymers into silicon slot waveguides [7].

Our development of CMOS monolithic electronic-photonic platforms [1, 2, 5] has relied on flip-chip attach to a
high-density PCB or organic substrate, followed by silicon substrate removal. We extend this capability to separate
electrical interconnects and optical connections, while allowing access to the devices layer via localized BOX removal
to integrate new materials into the CMOS platform. Here we developed a post-foundry die-level process enabling Si
device-layer access in chips from these 45 nm monolithic platforms, and focus on a silicon slot ring resonator to enable
future hybrid material modulators. The chip used in this work is highlighted in Fig. 1a.1, featuring an array of slot-ring
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Fig. 1: (a.1-4) Optical micrographs of the chip, the ring-array site, grating couplers, and slot-ring resonator. (a.5) 3D repre-
sentation of the slot-waveguide with BEOL. (b) Post-processing steps to locally etch the BOX (c) Close-up representation of
the layers above the slot before and after processing. (d) Transferring the local etch pattern with full-chip etch for Si thickness
verification by scanning 4 rings, d.3-4 show region scanned for profilometry, d.5 show scans (end thickness of 500 +- 5nm).
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Fig. 2: (a) Mechanical reduction of the substrate, flip chip with crystalbond. (b) Chip with substrate removed, micrographs
to show post-XeF2 residue, and cleaned chip surface. (c) Chip and slide covered with AZ3312, patterned resist and locally
etched rings after resist is cleaned off. (d) SEM images at the device surface at the BOX-Si interface, and after the slot is
opened. (e) FIB/SEM images of opened slots with 0.2 and 0.1 µm wide slots, further etch with undercut of 0.2 µm slot.

resonators at the center (Fig. 1a.2). The resonator, shown in Fig. 1a.4, has a slot-waveguide core with 160 nm thick
Si, and 50 nm partially etched rails (allowing distant metal connection, each extended to 6 µm to protect the deposited
oxide - BPSG - layer). The slot-waveguide of the resonator is opened while protecting the BEOL connections.

The main processing steps on the chip layers are summarized in Fig. 1b.1-6. The starting point is a post-factory die;
BEOL metals on the top side, followed by front-end-of-the-line (FEOL) device layers, a 2 µm thick BOX, and a 750
µm thick silicon substrate at the bottom. The silicon handle is mechanically polished down to 150 +- 30 µm, then the
die is flipped and attached to a glass slide with crystalbond (with sealed edges, Fig. 2a). The sample is dehydrated,
the remaining Si substrate is released using xenon diflouride (XeF2) vapor (slowly, to control temperature), and the
silicon fluoride polymer residue left on the BOX surface is cleaned with a buffered oxide etch (BOE) dip (Fig. 2b).
We use thin photoresist (AZ3312) to protect the majority of the chip, and locally etch the slot. The sample is primed
for resist application using: isopropyl alcohol wash, 80°C dehydration bake, oxygen plasma (1000W), HMDS vapor
application. The resist is spinned to cover the chip and glass slide (Fig. 1b.3), and is patterned directly using Heidelberg
MLA 150 (405 nm laser). The the exposed donut (5.5 µm wide) pattern is developed using AZ300 MIF. The patterned
sample is etched with BOE (Fig. 1b.4-5), and the etch up to the device layer is adjusted for the BOX thickness and
BOE temperature (at 72°F: 99 nm/min, at 73°F: 106 nm/min); the photoresist is removed with plasma etch (Fig. 1b.6).
The BOX-Si interface etch is done in 30 s cycles 2d.1-3, etch is continued to open the 160 nm thick slot 2d.4-6.

The process we present take a flip-chip with silicon, and opens up the oxide immediately above and within a slot
waveguide with a rail. The width of the BOX donut above the slot waveguide is about 9.0 µm (expanding from 5.5
µm resist pattern), and the slots opened are 0.2 and 0.1 µm. Fig. 2e.1-3 show the FIB/SEM images, showing the
etched profile of the slots, and Fig. 2e.4-5 shows a profile etched for an additional 0.6 µm undercut (further undercut
up to 1.5 µm is possible). This process was previously utilized to prepare the chips for near-field scanning optical
microscopy [8,9]; by using the exposed topographic feature in Si to verify its position, the exact thickness of BOX can
be measured through profilometer (Fig. 2d). The opened slot-ring devices in this study highlight connections with bi-
directional grating couplers and metals through the BEOL stack, and prototyping with these devices can demonstrate
new applications and motivate later industrial-level introduction of such integration features.
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