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gooooooaod
O Title OF InventionOd
Light Coupling Structure, Semiconductor Device, Optical Interconnect Structure F
or Multi-Chip Module and Production Method For Light Coupling Structure
O Field of InventionOd
ooooooao
The present invention relates to a semiconductor utilizing optical intercon
nect and more particularly relates to a light coupling structure, a semiconducto
r device, an optical interconnect structure for multi-chip module and production
method for light coupling structure.
O Background ArtQ
goooooad
A communication speed requested to semiconductor devices becomes higher and
higher with respect to increase of information amounts to be processed by semic
onductor devices. In order to address the above requirements, a silicon photonic
s, which utilizes optical communication between silicon chips, has been increasi
ngly developed.
goooooad
In a practical implementation, the semiconductor devices are always arrange
d on a circuit board within which electrical interconnects are embedded for allo
wing electrical communication among the semiconductor chips and between other se
miconductor devices placed outside of the circuit board.
ooooooao
When the semiconductor devices are implemented as the silicon photonics chi
p, the optical couplings are often constructed by a planer waveguide and a diffr
active grating coupler (DGC) formed on a silicon-on-insulator (SOl) device and a
planer waveguide. Such waveguides may be used as multimode waveguides; however,
the waveguides may preferably be single mode waveguides because of quality of c
ommunication and attenuation of light propagating in the waveguide.
ooooooao
Many investigations are performed for coupling the light between a waveguid
e and a single mode optical fiber (SMF); however, critical accuracy should be re
quired between waveguide and SMF both of the angle and the relative position. Fo
r example, US20130182998A1 (Patent Literature 1) discloses a coupling structure
for introducing the light between the silicon device and the optical fiber throu
gh the diffractive grating coupler. US20090290873A1 (Patent Literature 2) disclo
ses the light coupling structure for interconnect between the optical fiber and
PWG. US20100322555A1 (Patent Literature 3) also discloses the light coupling str
ucture between PWG and the optical fiber. These prior arts use the couplings bet
ween the optical fiber and DGC and then the critical alignment between two devic
es may be necessary. Although prior arts show light transmission directly from S
i-Ph to SMF, it is not robust for Si-Ph chips packaging for practical use.
ooooooao
Also US20130209026A1 (Patent Literature 4) discloses the light coupling str
ucture between the waveguide grating acting as DGC and the optical fiber or wave
guide. The light coupling structure is formed on the Si substrate and the light
coupling structure aims to launch the light through the Si substrate.
goooooad
US20110188808A1 (Patent Literature 5) discloses the light coupling structur
e comprising parallel scattering elements having different lengths facing to the
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diffractive grating.
0 Prior ArtQO
0 Patent Literaturel
ooooooao
0 Patent Literature 10 US20130182998A1
Patent Literature 200 US20090290873A1
Patent Literature 30 US20100322555A1
Patent Literature 400 US20130209026A1
0 Patent Literature 50 US20110188808A1
0 Disclosure Of Invention

O OO

0 Object To Be Solved By Invention[
goooooad
As described above, various light coupling structures to the diffractive gr
ating have been disclosed. However, these prior arts concern the light propagati
on within the silicon photonics. When a plurality of the silicon photonics are i
mplemented as a multi-chip module, a novel coupling structure makes it possible
to provide light coupling at the interface of the silicon photonics and an organ
ic structure such as the circuit board.
ooooooao
The present invention has been completed by considering the above prior art
and an object of the present invention is to provide a light coupling structure
for coupling the light between the silicon photonics and the organic structure.
ooooooao
Further another object of the present invention is to provide a semiconduct
or device comprising the light coupling structure acting at the interface betwee
n the silicon photonics and the organic structure.
goooooad
Further another object of the present invention is to provide a method for
forming the semiconductor structure comprising the light coupling structure acti
ng at the interface between the silicon photonics and the organic structure.
0 Means For Addressing Objectl
goooooad
The above objects of the present invention may be addressed by a novel ligh
t coupling structure. The present light coupling structure may comprise a silico
n based waveguide comprising a diffractive grating coupler for propagating a lig
ht signal; a polymer waveguide for transmitting the light signal between the sil
icon based waveguide, the polymer waveguide having a TIR mirror therein, the TIR
mirror positioned being slanted to a propagation direction of the light signal
while extending transversely to the propagation direction; and an optical wiring
being optically coupled to the polymer waveguide for the light propagating insi
de the polymer waveguide.
goooooad
According to the second aspect of the present invention, a novel semiconduc
tor device may be provided. The semiconductor device may comprise a silicon phot
onics chip formed by a silicon-on-insulator (SOl) structure comprising a silicon
based waveguide with a diffractive grating coupler on a buried oxide (BOX) laye
r of the SOl structure for propagating a light signal; a polymer waveguide for t
ransmitting the light signal between the silicon photonics chip, the polymer wav
eguide having a total internal reflection (TIR) mirror therein, the TIR mirror p
ositioned being slanted to a propagation direction of the light signal while ext
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ending transversely to the propagation direction.
ooooooao

According to the third aspect of the present invention, a novel method for
forming the light coupling structure may be provided. The method may comprise th
e steps of:

forming a polymer waveguide on an organic substrate;

removing a part of the polymer waveguide to define polymer surfaces facing
each other for a TIR mirror with a slant angle measured to a direction of a thic
kness of the polymer waveguide;

forming a via plug filled with an electric conducting material in the polym
er waveguide;

providing a silicon photonics chip based on a silicon-on-insulator architec
ture comprising a diffractive grating coupler at the surface facing to the polym
er waveguide for transmitting a light signal between the polymer waveguide; and

soldering the silicon photonics chip to the via plug for supplying an elect
ric signals to the silicon photonics chip whille providing optical coupling of th
e light signal to the polymer surface.
goooooad

Further according to the fourth aspect of the present invention the novel o
ptical interconnect structure for multi-chip module may be provided. The present
optical interconnect structure for optically connecting optical multi-chip modu
les may comprise a CPU or ASIC (Application Specific Integrated Circuit); a sili
con photonics chip formed by a silicon-on-insulator (SOl) structure electronical
ly communicating to the CPU or ASIC comprising a silicon based waveguide with a
diffractive grating coupler on a buried oxide layer of the SOl structure for pro
pagating a light signal; a polymer waveguide for transmitting the light signal b
etween the silicon photonics chip, the polymer waveguide having a TIR mirror the
rein, the TIR mirror positioned being slanted to a propagation direction of the
light signal while extending transversely to the propagation direction; an optic
al wiring being optically coupled to the light signal propagating inside the pol
ymer waveguide and communicate the light signal to at least one optical multi-ch
ip module.
0 Brief Description Of DrawingsQO
goooooad
0 Figure 10
Fig. 1 shows the schematic structure of the present optical interconnect structu
re 100.
O Figure 20
Fig 2 shows the top view 200 of the optical interconnect structure comprising th
e Si-Ph 103, the polymer waveguide 202 and the organic structure 107.
O Figure 30
Fig. 3 shows the detailed construction of the light coupling structure.
0 Figure 40
Fig. 4 shows the practical embodiment 400 of the light propagation inside the se
miconductor structure 100.
0 Figure 50
Fig. 5 shows the enlarged construction of the light coupling structure of the pr
esent invention.
0 Figure 60
Fig. 6 shows the two dimensional positioning tolerances of the present light cou
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pling structure.

0 Figure 70

Fig. 7 shows the tolerance in the alignment with the single-mode polymer wavegui
de (in the figure referred as simply SM-PWG) and the single mode optical Fiber (
in the figure referred as simply SMF).

0 Figure 80

Fig. 8 shows the detailed construction around DGC 203 and now detailed construct
ion of the light coupling elements and the optimization thereof will be explaine
d.

O Figure 90

Fig, 9 shows the flow chart of the optimization calculation.

0 Figure 100

Fig. 10 shows the phase simulation using the optimized result.

O Figure 110

Fig. 11 shows the directionality map obtained by the optimization.

0 Figure 120

Fig. 12 shows the coupling efficiency at the optimized parameters.

0 Figure 130

Fig. 13 (@)-(F) shows the production method of the diffractive grating coupler o
Ff the present invention.

O Figure 140

Fig. 14 shows the production process of the present semiconductor device.

0 Description OF SignsO

goooooad

1000 O O optical interconnect structure

1010 0 -multi-chip module (MCM)

1020 O O CPU or ASIC

103,103r,103t0 O O Si-Ph chips

1040 O O light coupling structure

1050 O O optical wirings (optical fiber)

1060 O O C4 connections

1070 O O circuit board

1080 O O metal wirings

2010 O O optical organic layer

2020 0O O single-mode polymer waveguide (SM-PWG)
2030 O O diffractive grating coupler (DGC)
2040 O O TIR mirror

2060 O O silicon waveguides

0 Mode For Practicing InventionQO
ooooooao

The present invention will be detailed hereafter with referring to drawings
; however, the present invention is not limited to the disclosed embodiments and
examples. Fig. 1 shows the schematic structure of the present optical interconn
ect structure 100. The optical interconnect structure 100 generally comprises th
e organic substrate which is referred to the circuit board 107 in described embo
diment, and the silicon photonics (Si-Ph) chip 103 based on the silicon-on-insul
ator technology to which the optical facilities, such as for example a vertical
cavity surface emitting laser (VCSEL) or photodiode are incorporated and which i
s hereafter referred to a silicon photonics (Si-Ph) chip are integrated on the c
ircuit board 107 to construct so called optical multi-chip module (MCM) 101. The
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circuit board 107 comprises metal wirings andl or waveguide wirings in order to
interconnect electric signals andO or optical signals.
ooooooao
The circuit board 107 such as epoxy composite material mounts a plurality o
Ff Si-Ph chips 103 allowing optical communication and the CPU or ASIC 102 thereon
. The CPU or ASIC 102 for various kinds of data processing may be mounted on the
circuit board 107 by the conventional C4 connections 106. The CPU or ASIC 102 m
ay electronically communicate to the Si-Ph chips 103 through the metal wirings 1
08 embedded in the circuit board 107 such that the optical communication between
the CPU or ASIC may be attained.
goooooad
The metal wirings 108 may be connected to the Si-Ph chip 103 from the CPU o
r ASIC 102 through via plugs (nhot shown) so as to conduct the optical communicat
ion between MCMs. The Si-Ph chips are amounted to the circuit board 107 through
the light coupling structure 104 disposed between the circuit board 107 and the
Si-Ph chip 103. The light coupling structure 104 is formed in the organic substr
ate. The Si-Ph chips 103 may comprise a parallel data transfer capability such a
s 24 channels in transmission and or reception through the bundle of 24 single m
ode optical fibers, but not limited thereto, more and less communication capabil
ities may be used. For example, the Si-Ph chip 103t may be operated in the trans
mission mode and the Si-Ph chips 103r may be operated in the receiver mode.
goooooad
The light coupling structure 104 generally comprises SM-PWG and an optical
element so called to a TIR mirror and receives optical signals from the Si-Ph ch
ip 103t and launches the received light to the optical wirings 105 through an ad
equate coupling mechanism. In turn, the Si-Ph chip 103r receives light signals F
rom other Si-Ph chip 103t through the light coupling structure and the optical w
irings 105. The optical wirings 105 may be formed as the planer waveguide or may
be formed as the optical fiber and a plurality of optical wirings may be collec
ted to a single bundle as shown in Fig. 1.
goooooad
The optical wirings 105 may further be a waveguides which may allow the sin
gle mode light propagation because of its communication quality and attenuation
of the light signals when long distance communication may be requested, but not
limited thereto, the present invention may be implemented in multi-mode optical
communication.
ooooooad
Fig 2 shows the top view 200 of the optical interconnect structure 100 when
the Si-Ph chip 103 and the light coupling structure 104 are mounted on the circ
uit board 107. The top view 200 corresponds to the view of rectangular region al
ong with the arrow A in Fig. 1. In Fig. 2, the Si-Ph chip 103 placed at the top
of the structure is assumed as transparent for the sake of description. The orga
nic substrate such as the circuit board 107 mounts the optical organic layer 201
in which SM-PWGs 202 and the optical reflection elements 203, 204 are formed. T
he present light coupling structure 104 comprises SM-PWG 202, the diffractive gr
ating coupler 203 and the TIR mirror 204 as the optical reflection elements.
ooooooao
Over the light coupling structure 104, the Si-Ph chip 103 is placed through
proper electronic contacts such as solder balls (not shown) and the light coupl
ing structure 104 is formed by optical grade polymer materials such as polycarbo
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nate, poly-methyl methacrylate, poly alkylsiloxane, silsesquioxane, epoxy resin,
epoxy-silicone resin, chelate polymer and the like. The light coupling structur
e 104 comprises the optical waveguide (hereafter referred to single-mode polymer
waveguide; SM-PWG) 202 for allowing single mode light propagation in the light
coupling structure 104. These layers for forming the waveguide may be formed by
known method such as for example spin-coating or dry film lamination techniques.
goooooad
The top view of SM-PWGs 202 are shown by the hatched shapes and one end of
the SM-PWGs 202 is overlapped to the Si-Ph chip 103 and the other end is coupled
to the optical fiber 105 acting as the optical wiring, which may be a single mo
de optical fiber or a single mode waveguide. The overlapped region defines the 1
ight coupling structure 104, and the light coupling structure comprises the diff
ractive grating coupler (hereafter referred to DGC) 203 and the TIR mirror 204 s
uch that the optical signal may be interconnected between Si-Ph chip 103 and SM-
PWGs 202. Each of DGCs 203 is formed by arrayed ridges of silicon along to the d
irection of the light propagation and the length of the ridge across the light p
ropagation axis is adjusted to have straight or tapered toward the light propaga
tion directions such that the length of the center region has longer than those
of edge regions in order to improve the light coupling efficiency. The detailed
construction of the light coupling structure will be detailed elsewhere.
goooooad
Si-Ph chip 103 comprises a silicone semiconductor deposited on a buried oxi
de layer so called as a SOl structure. The Si-Ph chip 103 further comprises a pl
aner waveguide 206 with DGC 203 on its surface of BOX on the light coupling stru
cture 104 such that the Si-Ph chip 103 may launch and receive the optical signal
and propagate the optical signal through other silicon waveguides 206 acting as
the optical wiring connected to other silicon semiconductor devices. The DGC 20
3 of the planer waveguide of the Si-Ph chip 103 may be formed on the cladding la
yer thereof such that the optical signal propagating in the waveguide 206 may be
launched outside the waveguide, and in turn the optical signal propagating in t
he optical wirings 105 may be introduced into the waveguide 206.
goooooad
Now, with referring to Fig. 3, the detailed construction of the light coupl
ing structure 104 will be detailed using the cross sectional view 300 along with
the line B-B of Fig. 2. The Si-Ph chip 103 is placed on the top of the structur
e In Fig. 3 and comprises the silicon substrate 103a, the buried oxide layer 103
b, and the planar waveguide 103c which corresponds to the planar waveguide 206 1
n the top view shown In Fig. 2. On the cladding facing to the light coupling str
ucture 104, DGC 203 is formed by chemical mechanical polishing, photo-lithograph
y and known patterning process etc. In Fig. 3, the size and height of DGC 203 ma
y be enhanced for the explanation purpose.
goooooad
DGC 203 is at least covered with the passivation layer 103d such as silicon
dioxide, silicon carbide, silicon nitride etc. depending on particular applicat
ion and their refractive indices. In preferred embodiment, the passivation layer
103d may not be omitted by so as to allow straightforward contact to the Si-Ph
chip 103 without extra patterning process for the passivation layer 103d.
goooooad
Si-Ph chip 103 is disposed on the light coupling structure 104 with leaving
slight air gap 301 using the electronic conductive spacers such as solder balls



(35) JP 2016-9151 A 2016.1.18

(not shown). This air gap may be omitted when the passivation layer 103d has en
ough strength and process durability under the fabrication processes.
ooooooao

SM-PWG 202 in the light coupling structure 104 comprises the outer two laye
rs 202a, 202c of about 5 micrometer acting as claddings and the inner layer 202b
acts as the core of about 8 micrometer. The TIR mirror 204 is formed inside SM-
PWG 202 at the slant angle 6 |,z with respect to the horizontal direction of the
figure and extends transversely across at least the core of SM-PWG 202. The TIR
mirror 204 is defined inside SM-PWG 202 by substantially parallel polymer surfa
ces leaving a given space therebetween. The TIR mirror 204 may reflect the optic
al signal propagating inside the core 202b toward DGC 203 and DGC 203 introduces
the launched optical signal into the planar waveguide 103c in a receiver mode.

ooooooao

Inside of the TIR mirror 204 is filled with an appropriate inert gas materi
al such as air, nitrogen, He, Ne, Ar, or CO, etc. so as to provide perfect refle
ction performance. In turn, the optical signal propagating inside the waveguide
103c may be launched into the core 202b after the reflection by the TIR mirror 2
04 in a transmitter mode. As understood by Fig. 3, the relative alignment betwee
n Si-Ph chip 103 and the TIR mirror 204 may provide relatively large tolerance d
ue to the slant angle of the TIR mirror 204 in the two dimensional plane that ex
tends vertically to the plane of Fig. 3.
goooooad

Fig. 4 shows the practical embodiment 400 of the light coupling mechanism i
nside the optical interconnecting structure 100. As clearness of the explanation
, the direction of the light in the transmitter mode is referred by TX and the d
irection of the light in the receiver mode is referred by RX. SM-PWG 202 and the

optical fiber 105 are coupled and the optical signal launched into SM-PWG 202 i
s reflected by the TIR mirror 204 toward DGC 203 and the optical signal is launc
hed into the planer waveguide as shown by the arrow RX.
ooooooao

In Fig. 4, the Cartesian coordinates of the structure is shown as clearness
of the description and the coordinates are identical in the present description
until otherwise noted.

goooooad
Fig. 5 shows the enlarged construction of the light coupling structure 500
of the present invention. Si-Ph chip 103 is mounted over SM-PWG 202 by an approp
riate conductive element such as the solder balls 530, 531. The solder balls 530
, 531 ensure the parallel arrangement between Si-Ph chip 103 and SM-PWG 202 whil
e providing nearly constant gap 301 therebetween. The solder ball 530 acts the e
lectronic contact to the electrodes 532, 533 of the Si-Ph chip 103, for example,
in flip chip bonding technology.
goooooad
On the other hand, the solder ball 531 is positioned as the dummy so as to
ensure the parallel configuration and the solder ball 531. The gap 301 may be om
itted when the damages to the passivation layer 103d during the fabrication proc
ess may be avoided. The void space 520 is typically filled with the air for ensu
ring the perfect reflection property.
goooooad

The optical signal (light) 510 is diffracted by the DGC 203 and reflected b
y the TIR mirror 204 in both directions of TX and RX. The opposite inner surface
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s of the TIR mirror 204 are defined by the polymer material cut by a laser cutti
ng technology leaving the void space 520 between the opposite surfaces. This voi
d space 520 provides the difference in the refractive indexes from the polymer m
aterials for providing the perfect reflection condition.
goooooad

Fig. 6 shows the two dimensional positioning tolerances of the present ligh
t coupling structure. Fig. 6 (a) shows the X-Z tolerance iIn the TX direction and
Fig. 6 (b) shows the X-Z tolerance in the RX direction. Here, the definitions o
Ff the Cartesian coordinates are those described in Fig. 4. As shown in Fig. 6 th
e X-Z tolerances are significantly improved in Z direction because the TIR mirro
r is formed with the slant angle 6 |, along with the Z-direction in both of the
TX and RX directions.
ooooooao

In turn, the tolerances iIn the X-direction may be kept in the interference
order of the wavelength of the optical signal. In the described embodiment, the
wavelength of the light is 1.31 micrometers. The coupling loss in the TX directi
on is as low as 1.76dB and that in the RX direction is as low as 1.89dB. The tol
erance in the Z direction are 7.0 micrometer (TX direction) and 3.0 micrometer (
RX direction). Both in the TX and RX directions, the decrements of coupling loss
es are not so significant and then positioning in the X direction may be adjuste
d depending on requirements on particular implementation by allowing wide variat
ion of positioning between Si-Ph chips 103 and SM-PWG 202.
ooooooao

Fig. 7 shows the tolerance in the alignment with the SM-PWG and the single
mode optical fiber. The tolerance in the alignment was evaluated by the light th
roughput property in both directions for the TX and RX directions according to t
he following formula:
0 formula 10
gogooboad

Loss(dB) = —10 x Iogm(f;’:‘%) (1)
npu

wherein 1;,,,¢ IS the light intensity of the input light and I, ¢, IS the ligh
t intensity of the throughput.
ooooooad

As shown in Fig. 7, the coupling losses between SMF and SM-PWG in both dire
ctions show almost equal tolerances in the X and Y directions within the accepta
ble coupling loss less than about 0.6dB.
goooooad

Fig. 8 shows the detailed construction around DGC 203 and now detailed cons
truction of the light coupling elements and the optimization thereof will be exp
lained. It is noted that the passivation layer 103d is positioned in the upper s
ide of the planar waveguide 103c, and therefore, the entire arrangement is depic
ted in the up-down reversed relation when referred to Fig. 3 etc. The periodic s
tructure having grating period of A and height h from the bottom to top is form
ed in the predetermined range of the undermost cladding of Si-Ph chip 103 so as
to form DGC 203.
ooooooao

The shape of periodic ridge is almost rectangular shape in the described em
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bodiment, but not limited thereto, the shape of the ridge may be in different sh
ape depending on the diffraction performance thereof. The optical signal (light)
propagating in the planer waveguide is diffracted by the periodic grating along
two directions (P, and Pyo,n) a@s the nature of DGC 203.
goooooad
The useful light diffraction is P,, as shown in Fig. 8 and the improvement
of the intensity of P,, direction may be achieved by the optimization of optical
parameters. In addition, in this embodiment, the poly-silicon overlay 103e of O
.15 micrometer is deposited on the outer surface of DGC 203 so as to improve the
directionality. Such presence of the overlay 103e is illustrated by thick line
in Fig. 8. This overlay coating is compatible with standard CMOS processes and o
ther possible strategies for improving the directionality may be possible and wi
11 be described in elsewhere. The ridge 103f is comprised of the poly-silicon ov
erlay 103e and the planer waveguide 103c and the planar waveguide 103c are etche
d out at the other region than the ridge 103Ff by proper photolithography process
es to set the ridge height h depending on the diffraction efficiency of DGC 203.
goooooad
The phase matching of the diffraction according to the present invention is
defined as follows:
O formula 20
goooooad
Neopkosing = ng; ok —rnif (2)
wherein n.,, is the refractive index of the silicon dioxide used as the passivat
ion layer, kg is the vacuum wavenumber of light for the optical signal and is gi
ven as kg=2m O A . The parameter 6 is the diffraction angle outgoing and/or inc
oming light to the diffractive grating coupler. The parameter n_g¢ is the effect
ive refractive index in the region of diffractive grating. The parameter m is a
positive integer and the parameter A 1is the grating period.
goooooad
The optimization of the phase matching was conducted so as to maximize the
directionality D under the given optical parameters. The directionality D is def
ined as follows:
0 formula 30
ooooooao

P

f’.';- Ll “:- wnt

D

Ooooooao
In the optimization, the directionality was set as the object function unde
r the constraint condition of the optical parameters; the constraint parameters
are as follows:
Light wavelength: 1.31 micrometer
Si waveguide thickness: 0.22 micrometer
Si0, top layer thickness: 0.7 micrometer
Si0, BOX thickness: 2 micrometer
Poly-Si thickness: 0.15 micrometer
Polymer waveguide core thickness: 8 micrometer
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Refractive index of Si(ng;): 3.5074
Refractive index of SiO,(nSi0,): 1.4468
Refractive index of polymer core(n.,): 1.581
Refractive index of polymer cladding(ng,): 1.576
goooooad
The grating period (A ) and the height of the ridge in the grating (h) were
set as the independent parameter. Now, the process steps for the optimization w
ill be explained. Fig, 9 shows the flow chart of the optimization calculation an
d the process starts from the step S900.
ooooooad
In the step S901, the initial constraint parameters are set and then the in
itial value of A 1is determined using the optical parameters in the step S902. 1
n the step S903, the directionality D is set as the object function for maximiza
tion and the parameters h and A 1is scanned for the light wavelength A
gooobooad
In the step S904, A and h are assumed for diffractive grating coupler in t
he RX direction and in the step S905, the grating period A is further scanned s
0 as to maximize the coupling efficiency n . Further next, in the step S906, the
optimization of other parameters such as TIR angle 6 +,g and grating position e
tc. In the other embodiment, optimization of the grating pattern, for example, u
neven period of the ridges and widths may be incorporated into the grating patte
rn.
ooooooao
In the step S907, the determination is performed whether or not the couplin
g efficiency become maximized. If maximized (yes) the process goes to the step S
908 to end. If not maximized (no), the process is reverted to the step S904 to r
epeat the steps S905-907 until the determination in the step S907 returns an aff
irmative result.
gogooboad
As the result of the optimization, the grating period A was determined to b
e 0.47 micrometer and the height of the grating ridge (h) was determined to be 0O
.19 micrometer in the explained embodiment. Fig. 10 shows the phase simulation m
ap using the optimized result under the conditions described above. In this embo
diment, the diffraction angel 6 was determined to be about 6 degree and D given
in the formula 3 was 0.9.
ooooooao
Fig. 11 shows the directionality map obtained by the optimization and the a
bscissa represents the grating period in micrometer and the ordinate represents
the etch depth (ridge height h) in micrometer. The point “ X' is the selected p
osition as the optimization result and the directionality is to be about 0.9 at
N =0.47 micrometer and h=0.19 micrometer was selected as the particular implemen
tation embodiment and there may be other combinations compatible with the depict
ed embodiment.
goooooad
Fig. 12 shows the coupling efficiency at the optimized parameters and the m
aximum coupling efficiency n ., was 0.80 (0.99dB). The diffraction of the light
occurs = 5 micrometer in the asymmetric profile and this profile may be improve
d by further optimization of the grating patterns.
goooooad
Fig. 13 (&)-(F) shows the production method of the diffractive grating coup
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ler of the present invention. In Fig. 13(a), Si-Ph chip 103 is prepared and in F
ig. 13(b), the hard mask 1301 is deposited by using known deposition process and
is patterned so as to leave the hard mask 1301 acting as a polishing stopper la
yer.
goooooad
In Fig. 13 (c), the poly-silicon 1302 is deposited on the underlying structu
res by using also known process such as spin-coating process. Next in Fig. 13 (d
), the poly-silicon layer is subjected to the chemical mechanical polishing proc
ess (CMP) by using the hard mask 1301 as the polishing stopper to leave the thin
poly-silicon layer. Then in Fig. 13 (e), the poly-silicon layer 1302 is subject
ed to known photolithography process to form the DGC 203. In this process, the p
oly-silicon layer 1302 is removed entirely and further the undermost planer wave
guide 103b may be etched out to obtain the predetermined ridge height for DGC 20
3 of Si-Ph chip 103. After removing the hard mask 1301, the passivation layer is
deposited by known deposition method such as a chemical vapor deposition etc. T
hus as shown in Fig. 13(f), the passivation layer 103d such as silicon dioxide 1
s deposited by an appropriate method such as chemical vapor deposition (CvD) fol
lowed by known silicon oxide patterning process.
ooooooao
Fig. 14 shows the production process of the present semiconductor device.
In Fig. 14 (a), SM-PWG 202 is formed on the organic substrate such as an epoxy c
omposite by spin-coating or dry film lamination method of cladding and core mate
rials followed by the photolithography process. Next as shown in Fig. 14 (b), th
e TIR mirror 204 is formed in the proper position and angle by the laser cutting
process. The slant angle of the TIR mirror 204 is determined by the following c
onventional classical optical relation;
0 formula 40
goooooad

=0

Oyir e (4)

goooooad

In the present embodiment, the diffraction angle 6 is to be 6 degree, and t
hen 8 ,r is determined to be 42 degree; however this value is only one embodime
nt and the slant angle 6 |, may be changed depending on particular construction
of the semiconductor device.
ooooooao

The gap space may be filled with certain inert gas such as air, nitrogen, N
e, Ar, and the like. Then the via plug 1403 is formed by the photolithography pr
ocess and deposition process of an electric conductive material such as copper e
tc. This via plug 1403 is used as electric connections to Si-Ph chip 103.
goooooad

Further next, as shown in Fig. 14 (c), the solder balls 1401 as electronic
conducting elements and 1402 are placed on SM-PWG 202 with a proper distance. On
e solder ball 1401 is contacted to the via plug 1403 for electronic connection t
o0 Si-Ph and another solder ball 1402 is not always necessary; however, the solde
r ball 1402 may be preferably used when the counter solder ball 1402 is present
so as to ensure the parallel alignment between SM-PWG 202 and Si-Ph 103.
goooooad
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Then, as shown in Fig. 14 (d), the Si-Ph chip 103 is placed on the solder b
alls 1401, 1402 and is connected by the flip chip bonding process. After the bon
ding, the gap between Si-Ph 101 and SM-PWG 202 is sealed by a proper under fill
material 1404 to complete the semiconductor device implemented with the present
light coupling structure. In Fig. 14 (d) since the materials of SM-PWG 202 have
sufficiently higher glass transition temperature (ty) than the melting point of
the solder material, the counter solder ball may be deformed so as to keep the p
arallel configuration to SM-PWG 202; however, the counter solder ball is merely
used as the dummy for ensuring parallel gap 301 between Si-Ph chip 103 and SM-PW
G 202 and hence electronic conductivity may not be affected.
goooooad

The present invention uses the diffractive grating coupler and the TIR mirr
or which is slant to the direction of light propagation. This feature provides s
everal advantage to the conventional diffractive grating coupling mechanism; one

advantage is large tolerances in the light propagation direction and presence o
f the gap, that is according to the present description, Z-axis and X-direction;
second Is a good process durability and process applicability allowing conventi
onal flip chip bonding process; and the third is the simplified coupling structu
re allowing size reduction.

ooooooao

In other embodiments, the structure of DGC 203 may be modified with placing

reflectors on BOX 101b having optimized BOX thickness for improving the directi
onality, in turn for improvement of the coupling efficiency rather than providin
g poly-silicon overlay coating.

goooooad

Further another embodiment, the diffractive grating may be optimized to pro
vide variable grating period and other strategy so as to improve the directional
ity. Such optimization may be practiced as a part of process in the step S904 de
pending on particular requirements.
ooooooao

The present invention has so far described using practical embodiments; how
ever, the present invention shall not be limited the explained and depicted embo
diments in the drawings and a person skilled in the art shall recognize that the
re may be other embodiments, addition, alternatives and modifications to the des
cribed embodiments and such other embodiments etc. shall be included in the scop
e of the present invention so far as the advantage of the present invention is p
resent.

What we claim is:
d Claim 10

A light coupling structure comprising:

a silicon based waveguide comprising a diffractive grating coupler for prop
agating a light signal;

a polymer waveguide for transmitting the light signal between the silicon b
ased waveguide, the polymer waveguide having a TIR mirror therein, the TIR mirro
r positioned being slanted to a propagation direction of the light signal while
extending transversely to the propagation direction; and

an optical wiring being optically coupled to the polymer waveguide for the 1
ight propagating inside the polymer waveguide.
0 Claim 20

The light coupling structure of claim 1, wherein the polymer waveguide is a
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single mode waveguide.
0 Claim 30

The light coupling structure of claim 1, wherein the TIR mirror is a void s
pace at least defined by polymer surfaces inside the polymer waveguide.
0 Claim 40

The light coupling structure of claim 1, wherein the light coupling structu
re comprises a silicon photonics chip with the diffractive grating coupler based
on a silicon-on-insulator architecture.
0 Claim 50

The light coupling structure of claim 1, wherein an air gap separates the s
ilicon based waveguide and the polymer waveguide.
O Claim 60

The light coupling structure of claim 1, wherein the silicon based waveguid
e and the polymer waveguide are contacted with a Fflip chip bonding.
d Claim 70

A semiconductor device comprising:

a silicon photonics chip formed by a silicon-on-insulator (SOl) structure a
nd comprising a silicon based waveguide with a diffractive grating coupler on a
buried oxide layer of the SOl structure for propagating a light signal; and

a polymer waveguide for transmitting the light signal between the silicon p
hotonics chip, the polymer waveguide having a TIR mirror therein, the TIR mirror
positioned being slanted to a propagation direction of the light signal while e
xtending transversely to the propagation direction.
0 Claim 80

The semiconductor device of claim 7, wherein the polymer waveguide is a sin
gle mode waveguide.
0 Claim 90

The semiconductor device of claim 7, wherein the TIR mirror is a void space
at least defined by polymer surfaces inside the polymer waveguide.
O Claim 100

The semiconductor device of claim 7, wherein the semiconductor device is im
plemented with an organic substrate including at least one CPU or ASIC for data
processing.
0 Claim 110

The semiconductor device of claim 7, wherein the silicon photonics chip and
the polymer waveguide are contacted with a flip chip bonding.
0 Claim 120

A method for forming a light coupling structure, the method comprising the
steps of:

forming a polymer waveguide on an organic substrate;

removing a part of the polymer waveguide to define polymer surfaces facing
each other for a TIR mirror with a slant angle measured to a direction of a thic
kness of the polymer waveguide;

forming a via plug filled with an electric conducting material in the polym
er waveguide;

providing a silicon photonics chip based on a silicon-on-insulator architec
ture comprising a diffractive grating coupler at the surface facing to the polym
er waveguide for transmitting a light signal between the polymer waveguide; and

soldering the silicon photonics chip to the via plug for supplying an elect
ric signals to the silicon photonics chip whille providing optical coupling of th
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e light signal to the polymer surface.
0 Claim 130

The method of claim 12, wherein the step of forming the polymer waveguide F
urther comprises the step of:

layering a clad polymer, a core polymer and another clad polymer by a spin-
coating or dry film lamination sequentially.

0 Claim 140

The method of claim 12, wherein the polymer waveguide is a single mode wave
guide.

0 Claim 150

The method of claim 12, wherein the step of soldering the silicon photonics

chip to the via plug further comprises the step of:

positioning electronic conducting elements at opposite sides of the TIR mir
ror and connecting at least one electronic conducting element to the via plug.

0 Claim 160

The method of claim 12, wherein the step of removing a part of the polymer
waveguide is performed by a laser cutting technology.
0 Claim 170

An optical interconnect structure for optically connecting optical multi-ch
ip modules comprising:

a CPU or ASIC for data processing;

a silicon photonics chip formed by a silicon-on-insulator (SOl) structure e
lectronically communicating to the CPU or ASIC comprising a silicon based wavegu
ide with a diffractive grating coupler on a buried oxide layer of the SOl struct
ure for propagating a light signal;

a polymer waveguide for transmitting the light signal between the silicon p
hotonics chip, the polymer waveguide having a TIR mirror therein, the TIR mirror

positioned being slanted to a propagation direction of the light signal while e
xtending transversely to the propagation direction; and
an optical wiring being optically coupled to the light signal propagating iIn
side the polymer waveguide and communicate the light signal to at least one opti
cal multi-chip module.
O Claim 180
A semiconductor device comprising:

a silicon photonics chip formed by a silicon-on-insulator (SOl) structure c
omprising a silicon based waveguide with a diffractive grating coupler on a buri
ed oxide layer of the SOl structure for propagating a light signal; and

a polymer waveguide for transmitting the light signal between the silicon p
hotonics chip, the polymer waveguide having a TIR mirror therein, the TIR mirror

positioned being slanted to a propagation direction of the light signal while e
xtending transversely to the propagation direction;

wherein the polymer waveguide is a single mode waveguide; the TIR mirror is

a void space at least defined by polymer surfaces inside the polymer waveguide;
and the silicon photonics chip and the polymer waveguide are contacted with a
lip chip bonding.

0 AbstractO

0 Objectd To provide light coupling structure, semiconductor device and product
ion method for semiconductor structure

0 Means For Addressing Objectll A semiconductor device comprises a silicon on ins
ulator (SOl) chip 103 comprising a silicon based waveguide with a diffractive gr
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ating coupler for propagating a light signal; a polymer waveguide 202 for transm
itting the light signal between the SOl chip 103, the polymer waveguide having a
TIR mirror therein, the TIR mirror positioned being slanted to a propagation di
rection of the light signal while extending transversely to the propagation dire
ction; and an optical wiring 105 being optically coupled to the light propagatin
g inside the polymer waveguide.

O Selected Drawingd Fig. 1
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Fig. 12

10

—diffracted field

0.80 (099 dB)

M max

o =
o o
(ne) pleiy

08}
02}



JP 2016-9151 A 2016.1.18

(56)

13

Fig.

€))

EE0l— L

qeol— L

og0I— L+
PEOL— L

(®)

BEOl— L

1

qe01— L

1

og01— L
10g | —U—E___ T HHHTHHiiT——

€0¢

(P)

BE0I— L —

1

g0l L

2801 L

10gL — A

)

BEOI— L

|}

qgo— L

oc0L— L

10EL— L

20— L+

(@

BE0 I L

qe0l— L —

—

o601 LA

ogL— A

(®)

BE0l— LA

qgol— L

2801 L




JP 2016-9151 A 2016.1.18

67

Fig. 14

-

L0}
202 — // //

% vcw\/\
20 Loyl

- HW\\\\\\\\\\\\\\\\\\\\\\\\A\\\A\\\\\\\\\\\_\\\\\\\&

20z — L+ _




	biblio-graphic-data
	abstract
	claims
	description
	drawings
	overflow
	foreign-language-body

