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Deposited photonics represents a promising avenue for monolithic back-end integration on CMOS, yet en-
counters challenges in simultaneously enhancing waveguide loss and modulation dynamics. In this paper, a novel
amorphous/polycrystalline hybrid scheme for deposited silicon photonics on CMOS was proposed, which utilizes
mask-assisted local laser annealing to crystallize the active region of low-loss amorphous silicon (a-Si) PICs only
into high-mobility polycrystalline silicon (poly-Si). The feasibility of key techniques such as laser annealing of
o-Si thin films, laser activation of doping ions, and mask-assisted local laser annealing of photonic devices is
validated. A comparative study between excimer laser annealing and solid-state laser annealing of -Si is con-
ducted, examining the impacts of pre-dehydrogenation, doping, etching depth, laser pulse energy density, and
pulse number. During mask-assisted laser annealing the necessity of a buffer layer between the mask and the o-Si
to prevent metal contamination is highlighted. The mask-assisted local laser annealing technique effectively
mitigates the optical loss increase by ~140 dB/cm typically associated with laser crystallization in a «-Si race-
track resonator and reduces the coupling loss in grating couplers by ~8 dB/pair. Mask-assisted laser annealing
not only facilitates high-yield wafer-level active deposited photonics but also allows for leveraging the strengths
of both «-Si and poly-Si within a single photonic integrated circuit. This work provides technological insights and
valuable guidance for the development of high-performance deposited silicon photonics.

1. Introduction minimize parasitic capacitance between electronic and photonic de-

vices, achieving ultra-low power consumption, latency, and complexity.

Over the past decades, significant progress has been made in silicon
photonics, driven by silicon’s excellent optoelectronic properties and
mature semiconductor fabrication techniques [1]. Silicon-based pho-
tonic integrated circuits (PICs) have already achieved commercial suc-
cess in optical communications [2] and hold promising applications in
LiDAR [3], photonic computing [4], programmable networks [5], and
sensing [6]. An ideal optoelectronic integration system envisions the
monolithic integration of PICs with CMOS microelectronics [7] to
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A combined front-end process [8-11], which mixes electronics and
photonics process steps, has achieved high-performance monolithic in-
tegrated systems. However, due to the lack of the thick optical isolation
layer needed for waveguides in CMOS processing, as well as the much
larger size of photonic devices compared to transistors, the combined
front-end technique is not only complex but may also potentially result
in inefficient use of advanced nodes. It is more flexible to fabricate PICs
directly on the mature CMOS chips using decoupled processes, but the
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monolithic back-end integration of photonics on CMOS chips requires a
thermal budget lower than ~ 450 °C in the entire photonics integration
process.

Deposited photonics [12-14] was proposed for monolithic back-end
integration on CMOS to avoid epitaxial growth. Back-end integrated
PICs mainly rely on polycrystalline silicon (poly-Si) due to its capability
for p/n doping and its high mobility of up to 100 cm?/V-s [12], ad-
vantages that other deposited materials like amorphous silicon («-Si)
and silicon nitride (SiN) do not possess. Poly-Si was demonstrated for
integrated optical modulators [13], photodetectors [15-16], gas sensing
[17], and narrowband reflectors [18]. Meanwhile, poly-Si could also
construct poly-Si/SiOy/single-crystalline-Si MOS waveguide [19] to
enhance the extinction ratio of a low-quality-factor, high-speed plasma-
dispersion-effect ring modulators, or act as micro-heaters for CMOS
photonics [20]. Another challenge for low-temperature deposited pho-
tonics is the high-temperature (>1000 °C) annealing required for
implant activation. Excimer laser annealing (ELA) technology [21],
utilized in the thin film transistor (TFT) industry, offers a potential so-
lution. During ELA, nanosecond excimer laser pulses irradiating on the
surface of a-Si thin film were absorbed and converted to heat, and the
temperature can be high enough to crystallize the a-Si into poly-Si on
glass substrates [22-23] and activate ion dopants inside [24-25].
Meanwhile, the limited penetration depth of UV laser and short pulse
duration ensure minimal heat transfer to the underlying substrate,
making it potentially suitable for back-end integrated PIC fabrication.
Hence, similar laser annealing approaches were demonstrated in inte-
grated photonics. For instance, Franz et al. [26] used a continuous-wave
argon ion laser at 488 nm wavelength to anneal patterned a-Si wave-
guides, achieving a low propagation loss of 5.3 dB/cm. Lee et al. [13]
utilized an excimer laser to crystallize an entire o-Si film and subse-
quently fabricated poly-Si optical modulators, achieving carrier injec-
tion modulation at 3 Gbps.

Nonetheless, the research on monolithic back-end integrated pho-
tonics and the application of laser annealing therein is still in its infancy,
with key techniques in this area requiring further exploration. Due to the
presence of grain boundaries, the optical loss in poly-Si waveguides is
inevitably high, which is detrimental to the construction of large-scale
links. In contrast, its amorphous counterpart, a-Si, exhibits a low opti-
cal loss, but its low mobility prevents it from constructing active devices.
Notably, the characteristics of poly-Si and a-Si respectively correspond
to the performance requirements of PICs’ active and passive compo-
nents. A potential breakthrough lies in how to leverage the advantages
of both materials simultaneously to achieve high-performance deposited
PICs.

In this paper, we propose an a-Si/poly-Si hybrid device structure to
realize CMOS-back-end-of-line-compatible silicon-based optoelectronic
integration with the help of laser annealing technique to locally crys-
talize the a-Si into poly-Si in the active region while maintaining its
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amorphous state in passive areas. To validate the key fabrication steps,
we investigated the UV-laser crystallization of o-Si thin films with a
thickness of a typical waveguide layer by employing a solid-state laser
(4 =355 nm) and an excimer laser (A = 308 nm), respectively. The effect
of pre-dehydrogenation, doping and thickness of a-Si thin films, pulse
energy density, and pulse number of lasers were also studied. The
dopant activation was validated by the ohmic contact between the
metallic electrode pads and laser-crystallized heavily doped a-Si. We
then verified the realization of mask-assisted local ELA, and the utili-
zation of a SiO, spacer layer was emphasized. This technique can not
only realize low-loss a-Si/poly-Si hybrid photonic devices but also make
the high-yield wafer-level ELA on deposited PICs feasible.

2. a-Si/poly-Si hybrid structure for deposited photonics

Fig. 1 shows the 3D schematic diagram of the a-Si/poly-Si hybrid
structure proposed for low-temperature and low-loss CMOS-back-end-
of-line-compatible silicon-based optoelectronic integration. The a-Si
ridge waveguides form the building block of the deposited PICs. By
leveraging the local laser annealing technique, the a-Si can be laser-
crystallized into poly-Si only in the active region. The doping profile
takes the form of standard silicon photonics, and this basic structure can
be embedded in resonators and interferometers as phase shifters or at-
tenuators, further achieving optical switches, modulators, waveguide
attenuators, and networks. This architecture allows for the utilization of
the low optical loss of a-Si in passive components, while simultaneously
taking advantage of the low resistance (and high mobility) of the poly-Si
active regions.

3. Validation and discussions of key techniques
3.1. Laser-crystallization of a-Si thin films

1) Laser annealing on intrinsic a-Si.

It has been reported that laser annealing of «-Si thin films can be
achieved using continuous-wave and pulsed lasers with wavelengths
ranging from ultraviolet to near-infrared [27]. Due to the higher UV
absorption rate of a-Si and its resultant superior crystallization effects,
UV laser annealing was studied in this study, including solid-state laser
annealing (SLA) with excimer laser annealing (ELA). The principle of
laser crystallization of o-Si has been widely discussed in TFTs and
display industry. Due to the relatively small penetration depth of the UV
light in a-Si, the laser pulse with the energy density that exceeds a
certain threshold would melt the top surface of an a-Si thin film, and the
molten front would penetrate downwards [28]. After the laser pulse
energy ceases, the molten material rapidly cools, and the original
interface between the solid phase and the liquid phase moves back to the
surface [29]. During this process, due to the presence of crystal seeds in
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Fig. 1. A schematic diagram of the a-Si/poly-Si hybrid structure for deposited photonics.
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the amorphous silicon, the softened silicon arranges itself according to
the lattice structure on these crystal nuclei and forms poly-Si. With the
increase of the laser energy density, the grain sizes first increase,
reaching a maximum near the critical point of complete melting, and
then decrease due to homogeneous nucleation [22]. Therefore, we start
by optimizing the pulse energy density to achieve the crystallization of
a-Si thin films, ensuring the energy density is maintained between the
crystallization and ablation thresholds, and promoting the growth of
larger grains. Large grains can decrease propagation loss and facilitate
electronic transport by reducing grain boundaries in the waveguides and
devices.

220 nm-thick o-Si thin films were grown by plasma-enhanced
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chemical vapor deposition (PECVD) on an 8-inch Si wafer with 2 pm-
thick buried oxide (BOX) layer. Subsequently, SLA was realized by
employing a UV pulse laser (Han’s Laser Corporation, Draco Series) with
an output wavelength of 355 nm, a repetition rate of 30 kHz, and a pulse
width set to 20 ns. The Gaussian beam with a diameter of ~50 pm scans
over the sample panel, controlled by a galvanometer mirror to manip-
ulate the spot overlap, corresponding to the number of shots for each
area. Fig. 2(a) shows the changes in Raman spectra of the 220-nm thick
a-Si films after exposed to a single shot of laser pulse with various pulse
energies. The crystallization threshold is speculated to be around 655
mJ/cmz, according to the characteristic peak for crystalline Si(111) near
520 cm™! in the Raman spectra. With the further increase of pulse
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Fig. 2. Optimization of laser pulse energy density during SLA. (a) Raman spectra and (b1 ~ b5) SEM images of a-Si after single-pulse SLA with various pulse energies.

(c) Statistically measured grain sizes according to SEM images.



J. Lietal

energy density, the Raman peak intensity first increased and then
decreased, suggesting a relatively better crystallinity around the single
pulse energy density of 754 mJ/cm?. A similar trend has been reported
in ELA [30-31] and femtosecond laser annealing [32] process, and the
turning point is considered to be related to super-lateral growth nucle-
ation in the near-complete melting regime, featuring much larger grain
sizes. This was confirmed by scanning electron microscope (SEM) im-
ages of laser-crystallized a-Si thin films, as shown in Fig. 2(b1) ~ (b5).
All the samples were etched in SECCO solution to expose the grain
boundaries. Fig. 2(c) shows the statistically measured effective grain
sizes according to SEM images of laser-crystallized poly-Si films, and
larger grains (with an average effective diameter of ~ 250 nm) appear in
the poly-Si film crystallized by the laser pulse with a pulse energy
density of 754 mJ/cm?.

The pulse energy density for ELA was then optimized in the same
way. A 308 nm-wavelength excimer laser (Shenzhen Shengfang Tech-
nology Co., Ltd, PLD series) with a pulse width of 25 ns was used, the
repetition rate was set to 10 Hz, and the pulse energy density was set to
~ 270 mJ/cm?. The spot size of the laser was 35 mm by 350 pm, and the
laser beam arrived on the o-Si thin film was top-hat along the long axis
and nearly top-hat along the short axis. Fig. 3(b1) shows the surface
morphology of the excimer laser-crystallized poly-Si thin film after
SECCO etching, and it contains more larger grains and also more smaller
grains (<50 nm) compared with the SLA one shown in Fig. 3(al).
However, ELA and SLA on as-grown «-Si thin films both lead to holes
and voids. This film damage was caused by the explosive release of
hydrogen in the PECVD «-Si thin film [33]. As a result, the a-Si thin film
has to be dehydrogenated before laser annealing.

Dehydrogenation of a-Si thin film was conducted by annealing the
film in an Ny atmosphere at 450 °C for 3 h, and the following laser
crystallization achieved significantly improved morphology, as shown
in Fig. 3(a2) and (b2). Meanwhile, multi-pulse ELA after dehydrogena-
tion realized much larger grains than SLA. This could be attributed to the
reduction of defects caused by dehydrogenation, the higher tendency of
ELA to induce explosive crystallization, and the multi-pulse-prompted
crystal growth. No obvious amorphous/polycrystalline layering was
observed in the cross-section (not shown), but thinner a-Si thin films are
preferred to guarantee full crystallization. Fig. 3(c) shows the Raman
spectra of as-deposited a-Si thin films and dehydrogenated a-Si after
ELA. Laser crystallization of a-Si was verified by the disappearance of
the broad peak of -Si at ~ 480 cm™! and the formation of the charac-
teristic peak of poly-Si at ~ 520 cm™!. Additionally, the intensity of the
crystallization characteristic peak increased with the number of pulses.

SLA of as-grown -Si .
__ single pulse

ELA of as-grown a-Si

single pulse

500 nm

SLA of dehvydrogenated a-Si
single pulse

ELA of dehydrogenated a-Si
50 pulses
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2) Laser annealing on doped a-Si.

Besides intrinsic a-Si, the laser crystallization of doped Si is also
critical to deposited active photonics. The laser crystallization must be
done after doping for dopant activation and to avoid re-amorphization
[34] during the high-energy doping process. Here, -Si thin films were
heavily p-doped (p**) and n-doped (n"™™") by boron (B) and phosphorus
(P), respectively, fabricated in the IMECAS foundry. The X-ray photo-
electron spectroscopy (XPS) depth profile of the doped a-Si thin films
(see Fig. 4) shows a uniform doping concentration, and the doping
concentration was calculated to be around 1.75 x 10?2 em ™ and 5 x
102! em ™3 for p**- and n**-a-Si, respectively.

It is worth noticing that the thickness of the o-Si thin films has a
significant effect on the grain size of laser-crystallized poly-Si. Applying
SLA to a dehydrogenated n* ™" a-Si film etched to a thickness of 120 nm
resulted in a larger grain size than a film with a thickness of 220 nm, as
the surface morphology shows in Fig. 5(a) and (b). This is attributed to
more nucleation centers in thicker films, as well as the higher energy
needed for explosive crystallization of «-Si with a larger volume.
Therefore, electrode contact in the heavily doped slab region of the ridge
waveguide might be more beneficial than in the 220 nm-thick region.

However, SLA here led to partial crystallization-like Raman spectra,
as shown in Fig. 5(a) and (b), even if the pulse energy density was
increased to near the ablation threshold. Although the increase in pulse
number might improve the crystallization quality, we did not obtain
laser-crystallized poly-Si with good quality via SLA on heavily doped
a-Si thin films. The precise reasons for this still need further
investigation.

In contrast, ELA achieved better crystallinity for heavily doped a-Si,
as suggested by the Raman spectra shown in Fig. 6. Hence, ELA is
considered to be a better approach than SLA here for active photonic
devices, since amorphous clusters resulted from insufficient crystallinity
in SLA could lead to poor electronic transportation. Hence, ELA was
adopted in the following study.

3.2. Activation of doping ions for ohmic contact

Optoelectronic devices involving electro-optical and opto-electrical
conversion essentially require ohmic contact between electrodes and
doped Si slabs. For CMOS-back-end deposited photonics, this asks for
not only the aforementioned crystallization of a-Si, but also the low-
temperature activation of dopants. Resistors as shown in Fig. 7(a) for
instance were fabricated. ELA was first performed on the dehydro-
genated 220 nm-thick heavily-doped a-Si thin films, where the laser
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Fig. 3. The effect of a-Si pre-dehydrogenation and laser pulse number of SLA and ELA on the surface morphology: SEM images of (al) as-grown and (a2) dehy-
drogenated «-Si after single-pulse SLA. SEM images of (b1) as-grown a-Si after 5-pulse ELA and (b2) dehydrogenated a-Si after 250-pulses ELA. (c) Raman spectra of

dehydrogenated o-Si after multi-pulses ELA.
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pulse energy density was 270 mJ/cm? and the pulse number was 50.
Then, the pattern of the resistive strip was defined by UV lithography,
and the laser-crystallized poly-Si was fully etched by inductively
coupled plasma (ICP) etching. Finally, Al electrode pads were fabricated
by UV lithography (UVL), e-beam evaporation, and lift-off process. Ti(5
nm)/Au(100 nm) electrodes also work according to our experiments.
To evaluate the resistivity of the laser-crystallized poly-Si, I-V curves
of three devices on each chip were randomly measured. The linear
dependence of current on voltage demonstrates good ohmic contact
between the metal electrode and the heavily doped amorphous silicon

treated with ELA, as shown in Fig. 7 (b) and (c) for p** and n*™ ones,
respectively. This validated the activation of dopants during ELA crys-
tallization. The resistivity of ELA-crystallized p*-poly-Si was calculated
to be 7.49E-4 + 4.22E-5 Q-cm, and the resistivity of its n** counterpart
was calculated to be 1.39E-3 + 3.3 x E-4 Q-cm, which is larger due to
the lower doping concentration. However, it has to be noted that the
electrical properties vary to some extent among devices, especially for
films with a lower doping concentration. This may be attributed to the
nonuniformity of laser exposure due to the overlap between spots during
scanning in ELA. Therefore, an excimer laser annealing system with a
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line beam that covers the wafer in one direction is preferred for
deposited photonics.

3.3. Metallic mask-assisted ELA for low-loss a-Si/poly-Si hybrid devices

Whether it is to improve yield in large-scale integration or to ensure
uniformity in ELA, large spot or line beam scanning is necessary.
However, the loss caused by the crystallization of a-Si sheets cannot be
ignored in deposited photonics. Therefore, mask-assisted ELA, which
covers areas such as grating couplers and passive components and ex-
poses the active region only, is essential.

Al(200 nm-thick) [35] or Al(150 nm)/Cr(50 nm) [33] masks
covering on a-Si have been used in ELA study for TFTs. For instance,

utilizing the shading and thermal conductivity properties of the metallic
masks, ELA could induce lateral thermal gradients within the Si film,
thereby inducing super-lateral growth (SLG) in a 2 pm-wide exposed gap
and forming ~ 1 pm-wide oriented large grains with a single boundary
at the center of the gap [35]. Although in photonic devices the active
regions are much wider than the exposed gap of the Al mask in previ-
ously reported studies (2 pm) for TFTs thus the mask-induced SLG may
not occur, shading the passive components of PICs could still be realized
via an ELA mask.

However, directly transitioning from mask-assisted ELA in TFT
studies to photonic devices- that is, covering an Al mask on o-Si (as
shown in Fig. 8(c)) and removing it after ELA- was found to result in
ultra-high propagation loss in photonic devices. Fig. 8(d) shows an SEM
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and silica buffer layer were removed before characterization.

image and the corresponding energy dispersive spectroscopy (EDS)
mapping of a mask-covered grating coupler after removing the mask,
and the metal contamination was revealed. This contamination could be
attributed to diffusion during local high-temperature ELA or/and re-
siduals from wet etching.

Therefore, here we emphasize the utilization of a buffer layer be-
tween the Al mask and «-Si, as shown in Fig. 8(a). A layer of 50 nm-thick
PECVD silica spacer was deposited onto dehydrogenated a-Si photonic
structures before the Al mask was fabricated, and the SiO5 in the window
was removed before ELA. After ELA, the Al mask and the SiO, buffer
layer were then removed. The SEM image in Fig. 8(b) shows the
morphology of the covered and exposed area on a-Si after ELA and mask
removal, where the boundary between a-Si and laser-crystallized poly-Si
could be seen. The corresponding EDS mapping shows minimal presence
of Al. Hence, the SiO5 buffer layer needs to be at least 50 nm thick. Apart
from the Al mask, other masks made from refractory metals like Ni and
W with the same film thickness were also examined; however, the latter
ones exhibited varying degrees of burning during the ELA process (not
shown in the images).
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Fig. 9. Mask-assisted local ELA for low loss deposited photonic devices: Transmittance spectra of (a) grating couplers and (b) racetrack resonators with and without

The effectiveness of the aforementioned mask-shaded technique was
further verified by applying it to a-Si grating couplers that connected to
straight waveguides. The devices were fabricated on 220 nm-thick a-Si
thin films with an etching depth of 150 nm on a 200 mm wafer in the
IMECAS foundry. Fig. 9 (a) shows the transmittance spectra of a pair of
grating couplers (connected by a 700 pm-long straight waveguide) on 3
different dies for comparison. The one on Die 1 was as-fabricated
without any treatment, and the one on Die 2 underwent ELA crystalli-
zation without a mask (pulse number equals 50, and pulse energy den-
sity approximates 270 mJ/cm?). It could be seen that the ELA
crystallization lead to a significant decrease of coupling efficiency,
which is due to the refraction and scattering loss caused by grain
boundaries. On the contrary, the grating coupler on Die 3 was
completely masked during the ELA process (i.e. not exposed to the
laser), and the coupling efficiency is very close to the as-fabricated one.
This manifests that the ELA mask effectively prevents the passive com-
ponents from laser annealing.

Similar experiments were conducted on racetrack resonators to
assess the mask-assisted local ELA on photonic devices, and the
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transmittance spectra are shown in Fig. 9 (b). The only difference from
the previous grating coupler experiments is that, in the mask-assisted
local ELA on Die3, a 20 um-long window was opened on the wave-
guide of the resonator instead of completely covering the entire device.
Note that the window length of 20 ym was chosen as an example to
mimic a typical length of the active region of an optical switch or
modulator. The racetrack resonators had a perimeter of ~ 187 pm and a
coupling gap of 300 nm, and the as-fabricated resonator was near its
critical coupling state, exhibiting a Q factor of ~ 15,000 and an
extinction ratio (ER) of ~ 15 dB. After ELA without shading mask, the
coupling loss of the grating couplers connected to the bus waveguide
increased by ~ 20 dB, and the Q factor decreased to ~ 1,800 with an ER
of ~ 4 dB. Correspondingly, the waveguide propagation loss increased
from ~ 22 dB/cm (a-Si) to ~ 200 dB/cm (poly-Si) after ELA of a reso-
nator without a mask, which was extracted from the resonator trans-
mittance spectra using the coupled wave transfer matrix method [36]. In
contrast, the racetrack resonator which underwent mask-assisted ELA
with only a section of 20 um-long waveguide in the resonator exposed
was measured to present a Q factor of ~ 8,000 and ER of ~ 10 dB. The
propagation loss in the resonator was calculated to be around 60 dB/cm.
This propagation loss is obviously lower than in the case without an ELA
mask but is higher than expected. The excess loss is attributed to a small
quantity of Al residuals during the removal of ELA mask using tribasic
acid (as shown in Fig. 8(b)), and could be eliminated by optimization of
the metal removal recipe.

Based on the assessment of waveguide propagation loss, the change
of the coupling loss of the bare grating couplers (without the connecting
waveguide) before and after ELA could be obtained by deducting the
waveguide loss from the transmittance of the whole device shown in
Fig. 9(a). After unmasked ELA, the coupling loss of the as-fabricated a-Si
grating couplers increased from 15 dB/pair to 23 dB/pair at a wave-
length of 1525 nm. This indicates that the Al mask effectively prevented
an 8 dB/pair increase in coupling loss due to ELA-induced crystallization
in the o-Si grating couplers.

4. Fabrication flow of the a-Si/poly-Si hybrid photonic devices
Based on the experiments and validations, we propose the fabrica-

tion flow of the a-Si/poly-Si hybrid deposited photonics on CMOS as
shown in Fig. 10. It starts with a CMOS wafer with a metal
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interconnection redistribution layer (RDL). First, a 2 pm-thick SiOg
dielectric layer is deposited by PECVD, and W/Al vias were fabricated.
Next, a 220 nm-thick -Si thin film is deposited by PECVD and patterned
to form photonic structures. The active region is sequentially doped with
low, medium (if necessary), and high concentrations. Dehydrogenation
of @-Si thin film can be conducted at this time by annealing at 450 °C for
3 hin an Nj atmosphere. Following this, a SiO; buffer layer no less than
50 nm thickness is deposited by PECVD. A 400 nm-thick Al thin film is
then e-beam evaporated and liftoff after the mask pattern is defined by
UVL. Afterward, the SiO; buffer on the active region (within the mask
window) is removed via ICP etching followed by hydrofluoric acid (HF)
wet etching. Multi-pulse ELA with a pulse energy density of ~ 270 mJ/
cm? is applied to crystallize the entire active region and activate the
dopants simultaneously. Alternatively, the mask fabrication and ELA
process can be repeated multiple times to anneal the intrinsic and doped
regions separately with optimized pulse energy density lasers. Subse-
quently, the Al mask could be removed by tribasic acid (H3PO4 + HNO3
+ CH3COOH) first, and the SiO, buffer layer can be removed by HF.
Finally, the SiO2 upper cladding is deposited by PECVD.

5. Conclusion

In this paper, we proposed an a-Si/poly-Si hybrid structure for low-
temperature deposited silicon photonics on CMOS to leverage both the
low propagation loss of a-Si waveguides and the high mobility of poly-
Si. This approach relies on the mask-assisted local laser crystallization
of a-Si in the active regions. Compared to solid-state lasers, excimer
lasers achieved higher-performance laser crystallization of «-Si, as
indicated by the better crystallinity of doped a-Si and improved surface
morphology. Thinner a-Si films tend to form larger crystals than thicker
ones, suggesting that electrode contact in the heavily doped slab region
of the ridge waveguide might be more beneficial. Furthermore, the ELA
on doped «o-Si thin films can simultaneously achieve crystallization of
a-Si and the activation of doping ions, as verified by the ohmic contact
between the metallic electrode pads and heavily doped a-Si after ELA.
The resistivity of ELA-crystallized poly-Si with a boron doping concen-
tration of 1.75 x 10 [22] cm 2 was measured to be around 7.49E-4
Q-cm, and the resistivity of its n** counterpart with a phosphorus
doping concentration of 5 x 10 [21] cm 2 was 1.39E-3 Q-cm. We also
validated that the mask-assisted local ELA, which exposes the active
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Si etching
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Fig. 10. A schematic diagram of the suggested fabrication flow of the a-Si/poly-Si hybrid deposited photonic devices on CMOS.
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functional area only and covers up the passive components in PICs, not
only makes the high-yield wafer-level ELA feasible but also prevents the
increase of optical loss in waveguides by ~ 140 dB/cm and coupling loss
in grating couplers by ~ 8 dB/pair. Based on the experimental validation
of these key techniques, we proposed a fabrication flow of the a-Si/poly-
Si hybrid photonics for low-temperature deposited silicon photonics on
CMOS. Building on the experiments and device structures presented in
this paper, further optimization can be achieved, for instance, by
incorporating SiN to reduce losses and decreasing the a-Si thickness to
enable better laser crystallization. This work may provide valuable
references and new insights for back-end deposited photonics.
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