Provide a wafer, where a silicon optoelectronic device is formed on the wafer
by etching for a waveguide, epitaxy, ion implantation, and fabricating a
thermode, and the silicon optoelectronic device includes a passive silicon
optoelectronic device and an active silicon optoelectronic device

v

Deposit a first dielectric layer on a top of the silicon optoelectronic device, and
form a first contact via, downward from a top of the first dielectric layer through
chemical mechanical polishing, for the active silicon optoelectronic device and/
or a thermo-optic device in the passive silicon optoelectronic device

v

Deposit a second dielectric layer, and form through silicon vias downward from
a top of the second dielectric layer

v

Deposit a third dielectric layer, and form an electrode corresponding to the
thermo-optic device and/or the active silicon optoelectronic device on a top of
the third dielectric layer, where each electrode corresponds to the first contact
via and the through via, a second contact via and a third contact via are formed
downward from a bottom of each electrode, the second contact via is connected

to the first contact via, and the third contact via is connected to the through

silicon via

v

Perform chemical mechanical polishing on a top of the structure that has been
formed, deposit a fourth dielectric layer, form a bonding pad opening running
through the fourth dielectric layer, and form a first under micro-bump metal or a
first micro-bump

v

Grind the wafer from a back surface, to expose the through silicon via

v

Deposit a passivation layer on the back surface of the wafer

v

Etch the passivation layer to form a passivation layer opening for the through
silicon via; and form a redistribution layer and a second under micro-bump
metal (or second micro-bump) in the passivation layer opening, or form a
second under micro-bump metal (or second micro-bump) in the passivation
layer opening

Figure 1
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Provide a silicon optical interposer manufactured by the
method according to an embodiment of the present disclosure

v

Bond the silicon optical interposer to an electronic chip or an
optoelectronic chip via the first under micro-bump metal (or
the first micro-bump)

v

v

$22-1
]

Bond the silicon optical
interposer to a silicon interposer
via the redistribution layer and
the second under micro-bump
metal (or the second micro-
bump), or via the second under
micro-bump metal (or the second
micro-bump)

Connect the silicon optical
interposer directly to a package
substrate via the redistribution

layer and the second under

micro-bump metal (or the second
micro-bump), or via the second
under micro-bump metal (or the
second micro-bump)

S22-2
-/

v

S23

Connect the silicon interposer to
a package substrate via a third
under micro-bump metal (or a

third micro-bump) arranged on a

back surface of the silicon
optical interposer, or via a lead

Figure 2
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Provide a wafer, where a silicon grating and a silicon structure are formed at a
top of the wafer through photolithography and etching, and the silicon
structure is subject to ion implantation and annealing

v

Deposit a first dielectric layer, etch the first dielectric layer above the silicon
structure to form an epitaxy opening, grow silicon or germanium through
epitaxy on a top of the silicon structure via the epitaxy opening, and perform
ion implantation and annealing on the silicon or the germanium, to form a
single-photon avalanche detector or a silicon-based germanium single-photon
avalanche detector

v

Deposit a second dielectric layer, and form a first contact via, downward from

a top of the second dielectric layer through etching and chemical mechanical

polishing, for the surface-incident silicon single-photon avalanche detector or
the silicon-based germanium single-photon avalanche detector

v

Deposit a third dielectric layer, and form through silicon vias downward from
a top of the third dielectric layer

v

Deposit a fourth dielectric layer, and form an electrode on a top of the fourth
dielectric layer, where the electrode includes a first electrode connected to the
silicon single-photon avalanche detector or the silicon-based germanium
single-photon avalanche detector and a second electrode for the surface-
electrode ion trap, each first electrode corresponds to the first contact via and
the through silicon via, each second electrode corresponds to the through
silicon via, a second contact via is formed downward from a bottom of each
first electrode, the second via is connected to the first contact via, a third
contact via is formed downward from the bottom of each first electrode and a
bottom of each second electrode, and the third contact via is connected to the
through silicon via

v

Grind the wafer from a back surface, to expose the through silicon via

v

Deposit a passivation layer on the back surface of the wafer

v

Etch the passivation layer to form a passivation layer opening for the through

silicon via; and form a redistribution layer and a first under micro-bump metal

(or a first micro-bump) in the passivation layer opening, or form a first under
micro-bump metal (or a first micro-bump) in the passivation layer opening

Figure 3
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Provide a wafer, where a silicon structure, or a silicon grating and a silicon
structure, are formed at a top of the wafer through photolithography and
etching, and the silicon structure is subject to ion implantation and annealing

S20
-/

v

Deposit a first dielectric layer and a silicon nitride layer sequentially, and
perform photolithography and etching on a top of the silicon nitride layer to
form a silicon nitride grating

S21
-/

v

Deposit a second dielectric layer, etch the first dielectric layer and the second
dielectric layer above the silicon structure to form an epitaxy opening, grow
silicon or germanium through epitaxy on a top of the silicon structure via the
epitaxy opening, and perform ion implantation and annealing on the silicon or
the germanium, to form a single-photon avalanche detector or a silicon-based
germanium single-photon avalanche detector

S22
-/

v

Deposit a third dielectric layer, and form a first contact via, downward from a
top of the third dielectric layer through etching and chemical mechanical
polishing, for the surface-incident silicon single-photon avalanche detector or
the silicon-based germanium single-photon avalanche detector

S23
-/

v

Deposit a fourth dielectric layer, and form through silicon vias downward from
a top of the fourth dielectric layer

S24
-/

v

Deposit a fifth dielectric layer, and form an electrode on a top of the fifth
dielectric layer, where the electrode includes a first electrode connected to the
silicon single-photon avalanche detector or the silicon-based germanium single-
photon avalanche detector and a second electrode for the surface-electrode ion
trap, each first electrode corresponds to the first contact via and the through
silicon via, each second electrode corresponds to the through silicon via, a
second contact via is formed downward from a bottom of each first electrode,
the second via is connected to the first contact via, a third contact via is formed
downward from the bottom of each first electrode and a bottom of each second
electrode, and the third contact via is connected to the through silicon via

S25
-/

v

Grind the wafer from a back surface to expose the through silicon via

v

Deposit a passivation layer on the back surface of the wafer

v

Etch the passivation layer to form a passivation layer opening for the through

silicon via; and form a redistribution layer and a first under micro-bump metal

(or a first micro-bump) in the passivation layer opening, or form a first under
micro-bump metal (or a first micro-bump) in the passivation layer opening

Figure 4
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Bond an integrated structure manufactured by the method
according to an embodiment of the present disclosure to a 930
silicon interposer, via the redistribution layer and the first |
under micro-bump metal or (the first micro-bump), or via
the first under micro-bump metal (or the first micro-bump)

|

v v

Bond the silicon interposer to a
package substrate via a second
under micro-bump metal (ora |/ S31-1
second micro-bump) arranged on

a back surface of the silicon
interposer, or via a lead

Connect the integrated structure
directly to a package substrate 93122
via the redistribution layer and |

the first under micro-bump metal
(or the first micro-bump)

Figure 5
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