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PASSIVE ALIGNMENT WITH OPTICAL 
FIBERS USING FERRULE MEMBER 

DESCRIPTION OF EXAMPLE EMBODIMENTS 
Overview 

TECHNICAL FIELD 

[ 0001 ] Embodiments presented in this disclosure gener 
ally relate to aligning one or more optical fibers with 
photonics circuitry using a ferrule member . 

BACKGROUND 
[ 0002 ] Alignment of certain optical components with 
waveguides , such as optical fibers , with a high coupling 
efficiency continues to be a challenge in the photonics 
industry . Active alignment of optical components typically 
requires dedicated equipment using a sub - micron resolution 
multi - stage axis system with integrated cameras to align the 
components . Moreover , an active monitoring of coupled 
light is often required . Not only is this equipment expensive , 
active alignment slows the fabrication process and limits 
throughput . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10003 ] So that the manner in which the above - recited 
features of the present disclosure can be understood in detail , 
a more particular description of the disclosure , briefly sum 
marized above , may be had by reference to embodiments , 
some of which are illustrated in the appended drawings . It is 
to be noted , however , that the appended drawings illustrate 
only typical embodiments of this disclosure and are there 
fore not to be considered limiting of its scope , for the 
disclosure may admit to other equally effective embodi 
ments . 
10004 ] FIGS . 1A - 1C illustrate an exemplary ferrule mem 
ber , according to one embodiment . 
[ 0005 ] FIGS . 2A and 2B illustrate passive alignment of 
optical fibers with photonics circuitry using a ferrule mem 
ber , according to one embodiment . 
[ 0006 ] FIG . 3 illustrates passive alignment of optical 
fibers using rigid alignment features , according to one 
embodiment . 
[ 0007 ] FIG . 4 illustrates passive alignment of optical 
fibers using deformable alignment features , according to one 
embodiment . 
10008 ] FIGS . 5A and 5B illustrate a substrate having a 
channel formed therein , according to one embodiment . 
[ 0009 ] FIGS . 6A - 6D illustrate passive alignment of an 
optical fiber using an exemplary ferrule member , according 
to one embodiment . 
[ 0010 ] FIG . 7 illustrates an exemplary arrangement of a 
ferrule member in a silicon - on - insulator ( SOI ) - based pho - 
tonics platform , according to one embodiment . 
[ 0011 ] FIG . 8 is a flowchart illustrating a method of 
making an apparatus for passive alignment of an optical 
fiber , according to one embodiment . 
[ 0012 ] To facilitate understanding , identical reference 
numerals have been used , where possible , to designate 
identical elements that are common to the figures . It is 
contemplated that elements disclosed in one embodiment 
may be beneficially utilized on other embodiments without 
specific recitation . 

[ 0013 ] One embodiment presented in this disclosure is an 
apparatus for passive alignment of one or more optical 
fibers . The apparatus comprises a substrate having a channel 
formed therein , the channel configured to receive an engage 
ment portion of a ferrule member , the ferrule member 
defining one or more openings corresponding to the one or 
more optical fibers and through which the one or more 
optical fibers are received . The apparatus further comprises 
first and second deformable members extending into the 
channel and arranged at opposing ends of the channel . 
Receiving the engagement portion of the ferrule member in 
the channel causes the first and second deformable members 
to deform , thereby centering the engagement portion 
between the deformed first and second deformable members 
and thereby aligning the one or more optical fibers in a first 
dimension . 
[ 0014 ] Another embodiment is an apparatus comprising a 
substrate defining a top surface , a channel , and first and 
second alignment faces arranged at opposing ends of the 
channel relative to a first dimension . The apparatus further 
comprises a ferrule member defining at least one opening 
having an optical fiber extending therethrough , the ferrule 
member having one or more lateral surfaces that slidingly 
engage with the top surface of the substrate to align the 
optical fiber in a second dimension when an engagement 
portion of the ferrule member is inserted into the channel . 
The engagement portion defines first and second contours at 
opposing ends thereof , the first and second alignment faces 
configured to align the ferrule member in the first dimension 
by engaging with the first and second contours during 
insertion of the engagement portion , thereby aligning the 
optical fiber in the first dimension . 
[ 0015 ] . Another embodiment is a method of making an 
apparatus for passive alignment of at least one optical fiber 
extending through an opening of a ferrule member . The 
method comprises forming a channel from a top surface of 
a substrate , the channel dimensioned to receive an engage 
ment portion of the ferrule member , the top surface config 
ured to engage with one or more lateral surfaces of the 
ferrule member when the engagement portion is received 
into the channel . The method further comprises forming , at 
opposing ends of the channel relative to a first dimension , 
first and second alignment faces configured to engage with 
first and second contours at opposing ends of the engage 
ment portion to thereby limit motion of the ferrule member 
in the first dimension . The engagement of the first and 
second contours with the first and second alignment faces 
aligns the optical fiber in the first dimension , and wherein 
engaging the top surface with the one or more lateral 
surfaces aligns the optical fiber in the second dimension . 

EXAMPLE EMBODIMENTS 

[ 0016 ] Embodiments described herein include an appara 
tus for passive alignment of one or more optical fibers with 
photonic circuitry . Generally , the apparatus includes a sub 
strate that defines a channel configured to receive an engage 
ment portion of a ferrule member . The apparatus further 
includes deformable and / or non - deformable members 
within the channel that form alignment faces arranged at 
opposite ends of the channel . The alignment faces can 
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deform and / or limit the movement of the engagement por 
tion of the ferrule member in order to align the optical fibers 
along a first dimension . A top surface of the substrate may 
be configured to slidingly engage with one or more lateral 
surfaces of the ferrule member when the engagement portion 
is received into the channel , thereby aligning the optical 
fibers along a second dimension . One or more stop features 
may be included in the channel so that travel of the ferrule 
member is limited in a third dimension , which in turn aligns 
the optical fibers along the third dimension . 
[ 0017 ] FIGS . 1A - 1C illustrate an exemplary ferrule mem 
ber , according to one embodiment . Note that FIGS . 1A - 1C , 
as well as the rest of the Figures , are not drawn to scale and 
should not be interpreted as limiting of the possible imple 
mentations consistent with the disclosed features . In FIG . 
1A , the ferrule member 100 is a singular component having 
one or more openings 125 - 1 to 125 - 7 ( generically , openings 
125 ) formed therethrough , each opening configured to 
receive an optical fiber . Although seven openings 125 - 1 to 
125 - 7 are shown , other implementations may include greater 
or fewer numbers of openings 125 . The relative position of 
the openings 125 generally provides a predictable spacing of 
the inserted optical fibers , such as a desired pitch between 
fibers . 
[ 0018 ] The ferrule member 100 may be formed of any 
suitable material . In some embodiments , the ferrule member 
100 is comprised of silicon or another semiconductor mate 
rial . In some embodiments , the ferrule member 100 is 
comprised of glass . Advantageously , the choice of material 
for the ferrule member 100 allows precision etching tech 
niques to define the openings 125 and other surfaces of the 
ferrule member , which enhances the suitability of the ferrule 
member 100 for passive optical alignment . For example , the 
openings 125 and other surfaces may be defined using deep 
reactive - ion etching ( DRIE ) or other anisotropic etching 
techniques . Features produced using DRIE can have accu 
racy to about # 1 micron , which is suitable for passive optical 
alignment . 
[ 0019 ] The ferrule member 100 includes a bottom surface 
105 as well as lateral surfaces 110 connected with the bottom 
surface 105 through first and second contours 112 . Gener 
ally , the contours 112 and lateral surfaces 110 respectively 
provide “ neck ” and “ shoulder ” features that are used to align 
the ferrule member 100 when coupling with a substrate or 
other part . Each contour 112 may comprise one or more 
portions , each portion having a particular orientation . As 
shown , each contour 112 includes a first portion 115 and 
second portion 120 . The first portion 115 may be substan 
tially orthogonal to the lateral surface 110 . As shown , the 
first portion 115 provides a vertical interface ( assuming that 
lateral surface 110 is oriented horizontally along the X - di 
mension ) . The second portion 120 is disposed between the 
first portion 115 and the bottom surface 105 . The second 
portion 120 may be a chamfered edge , having an interface 
angled relative to the first portion 115 . 
[ 0020 ] In some embodiments , when coupling the ferrule 
member 100 with a corresponding substrate ( or other part ) 
to align the inserted optical fibers relative to the substrate , 
the first portion 115 couples with rigid alignment features of 
the substrate and / or the second portion 120 couples with 
deformable alignment features of the substrate . For example , 
the angle of the second portion 120 relative to the first 
portion 115 may be selected based on a desired deformation 
angle for deformable alignment features of the substrate . In 

some embodiments , the ferrule member 100 couples with 
one of rigid and deformable alignment features . In other 
embodiments , the ferrule member 100 couples with both 
rigid and deformable alignment features during coupling 
with the substrate . For example , and as will be discussed 
further below , the ferrule member 100 may be given an 
initial coarse alignment at a first stage having rigid align 
ment features , and may be given a subsequent precision 
alignment at a second stage having deformable alignment 
features . 
10021 ] FIG . 1 B provides a cross - section view of an 
assembly 155 comprising one or more optical fibers 130 
inserted into one or more openings 125 of the ferrule 
member 100 . Each optical fiber 130 ( or fiber 130 ) is part of 
a larger optical cable assembly 165 - 1 to 165 - 7 ( see FIG . 1C ; 
generically optical cable 165 ) comprising a number of 
different layers for suitable propagation of optical signals . In 
some embodiments , the optical cable 165 includes a center 
core , cladding material , buffer coating , and an insulating 
jacket . As used here , the optical fiber 130 refers to the 
combination of the center core and cladding material por 
tions . Generally , the diameter of the optical fiber 130 for a 
single mode fiber may range between about 100 microns to 
200 microns . 
[ 0022 ] The opening 125 extending through the ferrule 
member 100 includes a chamfered portion 135 at a first 
endface 132 , and a precision portion 140 at a second endface 
150 . As the fiber 130 is inserted in the positive Z - direction , 
the cross - sectional area of the chamfered portion 135 gradu 
ally narrows to that of the precision portion 140 . The 
precision portion 140 may have a consistent cross - sectional 
area . Thus , using chamfered portion 135 as a lead - in stage 
provides a gradual alignment of the fiber 130 within the 
opening 125 . While shown as extending to a certain depth in 
the Z - dimension from the first endface 132 , the chamfered 
portion 135 may have any suitable alternate depth . In one 
embodiment , the chamfered portion 135 extends substan 
tially from the first endface 132 to the second endface 150 
( i . e . , requiring no separate precision portion 140 ) . 
0023 ] After the insertion of the fiber 130 through the 
opening 125 , which in some cases is a tool - assisted process , 
the fiber 130 protrudes from the second endface 150 . The 
protrusion length 145 can be controlled so that the inserted 
fiber 130 will have a desired distance from optical elements 
when the ferrule member 100 is inserted in the substrate . For 
example , the inserted fibers 130 may be secured within the 
ferrule member 100 using an epoxy or other suitable adhe 
sive , and the inserted fibers 130 may be laser cleaved to each 
have a same protrusion length 145 . Other techniques for 
controlling protrusion length 145 are possible . For example , 
in another embodiment , the protruding fiber 130 may be 
mechanically polished flat with the endface 150 resulting in 
no protrusion length 145 . 
[ 0024 ] FIG . 1C illustrates a subassembly 170 comprising 
a bundle 160 of optical cables 165 - 1 to 165 - 7 coupled with 
the ferrule member 100 . The optical cables 165 may have 
their insulating jackets and buffer coatings stripped off to 
expose the optical fibers 130 - 1 to 130 - 7 . Each optical fiber 
130 - 1 to 130 - 7 is inserted through a corresponding opening 
of the ferrule member 100 , providing the optical fibers 130 
with desired spacing at the second endface 150 of the ferrule 
member 100 . 
[ 0025 ] FIGS . 2A and 2B depict an assembly 210 compris 
ing the subassembly 170 ' coupled with a photonics chip 200 
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( also referred to as a substrate 200 ) . A mounting platform 
205 is coupled with the photonics chip 200 and with the 
subassembly 170 . The photonics chip 200 and mounting 
platform 205 may be formed of the same material as the 
ferrule member 100 , such as silicon , and each may have 
features defined using precise etching techniques , such as 
DRIE . In this way , the photonics chip 200 can provide 
features in the X , Y , and / or Z - dimensions as mechanical 
reference planes for inserting the ferrule member 100 that 
are accurate to about + 1 micron . In another embodiment , to 
reduce cost the material of mounting platform 205 may be 
an iron - based metal ( e . g . , steel ) or a copper - based metal 
having suitable thermal expansion properties . Some non 
limiting examples include KovarTM , Alloy 42 , and copper 
molybdenum ( CuMo ) . 
[ 0026 ] The mounting platform 205 includes a top surface 
235 at a height Y2 in the Y - dimension . The photonics chip 
200 is coupled with the mounting platform at another 
surface at height Y1 < Y2 . A cavity 215 is formed in the 
mounting platform 205 relative to the top surface 235 . 
Within the cavity 215 , a plurality of ridges 220 - 1 , 220 - 2 , . 
. . ( generically , ridges 220 ) are formed with an orientation 
along a length of the optical fibers 130 ( i . e . , in the Z - di 
mension ) . Each pair of adjacent ridges 220 forms a groove 
225 - 1 ( generically , groove 225 ) within which an optical fiber 
130 - 1 may be placed . The grooves 225 provide stress relief 
for the bundle of optical cables . In some embodiments , an 
epoxy or other suitable adhesive is applied to adhere the 
optical fibers 130 within the grooves 225 . 
[ 0027 ] The photonics chip 200 includes a plurality of 
optical waveguides 240 - 1 , 240 - 2 , . . . , 240 - 7 ( generically , 
waveguide 240 ) . As shown , the waveguides 240 are located 
below a top surface 230 of the substrate 200 ( i . e . , in the 
negative Y - direction ) . Waveguides 240 and / or other optical 
elements may be disposed at any suitable location beneath , 
at , or above the top surface 230 , so long as their positioning 
relative to the optical fibers 130 can be well controlled . 
When the ferrule member 100 of the assembly 170 is 
inserted into a cavity formed in the substrate 200 , features 
disposed in the cavity control the positioning of the ferrule 
member 100 in the X , Y , and / or Z - dimensions such that the 
optical fibers 130 align with the waveguides 240 . 
[ 0028 ] FIG . 3 illustrates passive alignment of optical 
fibers using rigid alignment features , according to one 
embodiment . In FIG . 3 , a portion of substrate 200 is shown 
defining a channel 300 configured to receive an engagement 
portion 310 of the ferrule member 100 . The engagement 
portion 310 generally includes the first portion 115 and 
second portion 120 of contours 112 , as well as the bottom 
surface of the ferrule member 100 . When the engagement 
portion 310 is inserted into the channel 300 , the lateral 
surfaces 110 of the ferrule member 100 slidingly engage 
with the top surface 230 of the substrate 200 . This engage 
ment or registration of the surfaces controls a height of the 
optical fibers 130 in the Y - dimension . 
[ 0029 ] The substrate 200 includes rigid alignment features 
that are configured to limit the movement of the ferrule 
member 100 in the X - dimension by engaging with the first 
potion 115 and / or second portion 120 of contours 112 during 
insertion . For example , the portions of substrate 200 shown 
may be considered non - deformable members , meaning that 
force applied by the ferrule member 100 on the substrate 200 
during insertion causes no deflection ( or at most negligible 
deflection ) of the non - deformable members . The non - de 

formable quality is generally based on material properties 
and geometries of the ferrule member 100 and substrate 200 , 
as well as any external force applied ( such as using a tool 
assisting with the insertion of engagement portion 310 ) . 
[ 0030 ] The substrate 200 forms first and second alignment 
faces 320 configured to engage with the engagement portion 
310 . As shown , the first and second alignment faces have a 
vertical orientation ( i . e . , oriented along the Y - dimension ) , 
but other orientations are possible . The width between the 
first and second alignment faces 320 ( i . e . , Walion fane ) should 
be large enough to accommodate the width of the engage 
ment portion 310 ( i . e . , Wengagement ) under all conditions , but 
as small as possible to effectively limit the travel of the 
ferrule member 100 in the X - dimension and thereby main 
tain a suitable alignment with the optical fibers 130 . As 
shown , Wengagement extends between the first ( vertical ) por 
tions 115 of the contours 112 . 
[ 0031 ] As discussed above , manufacturing using DRIE 
processes result in typical tolerances of about 11 micron . 
Under a maximum material condition , both the ferrule 
member 100 and substrate 200 have the largest amount of 
material consistent with the process tolerances . As a result , 
at a maximum material condition with the example toler 
ances , the width of engagement portion 310 is increased to 
( Wengagement + 1 micron ) , and the width between the align 
ment faces 320 is decreased to ( Walign face - 1 micron ) . 
Further , in many cases a minimum gap ( Axmin ) is provided 
for the manufacturing process to ensure the engagement 
portion 310 can mate with substrate 200 under less - than 
optimal conditions , e . g . , in the presence of dust or debris , or 
where the engagement portion 310 has a small angular 
rotation relative to the channel 300 . Because the engagement 
portion 310 is shown as centered in the channel 300 along 
the X - dimension , the minimum gap Axmin is represented as 
Axmiu / 2 between each alignment face 320 and each first 
portion 115 . 
[ 0032 ] Aworst - case misalignment of the optical fibers 130 
can occur when both the ferrule member 100 and substrate 
200 have the smallest amount of material consistent with the 
process tolerances . Here , the worst - case misalignment may 
occur when the width of engagement portion 310 is ( Wen 
gagement - 1 micron ) and the width between the alignment 
faces 320 is ( Walien + 1 micron ) . Assuming that a minimum 
gap Axmin of 1 micron is needed at the maximum material 
condition , the worst case misalignment is approximately 3 
microns , which can correspond to a substantial reduction in 
optical power between the optical fibers 130 and other 
optical components . 
[ 0033 ] In one embodiment , when using rigid alignment 
features such as substrate 200 , the worst - case misalignment 
of the optical fibers 130 can be reduced by applying a force 
in the X - dimension during the insertion of the engagement 
portion 310 into the channel 300 . For example , by consis 
tently applying a force in the negative X - direction ( as 
shown , to the left ) , the engagement portion 310 will physi 
cally contact the first alignment face 320 and reduce the 
variability of positioning within the channel 300 . Although 
it is possible that reducing the worst - case misalignment 
would not guarantee a suitable optical alignment of the 
optical fibers 130 in all cases , reducing the worst - case 
misalignment tends to increase the probability of achieving 
a suitable optical alignment during production , generally 
increasing throughput and reducing costs . 
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[ 0034 ] FIG . 4 illustrates passive alignment of optical 
fibers using deformable alignment features , according to one 
embodiment . In FIG . 4 , a portion of the substrate 200 is 
shown defining a channel 300 configured to receive an 
engagement portion 310 of the ferrule member 100 . In this 
case , the width between the first and second alignment faces 
320 ( i . e . , Walign face ) is slightly smaller than the width of the 
engagement portion 310 ( i . e . , Wengagement ) . Generally , the 
engagement portion 310 is received in the channel by 
deforming deformable members 400 - 1 , 400 - 2 ( generically , 
deformable members 400 ) . 
[ 0035 ] In this case , substrate 200 defines deformable 
members 400 - 1 , 400 - 2 arranged at opposing ends of the 
channel 300 and extending into the channel 300 . During 
insertion of the engagement portion 310 , the deformable 
members 400 - 1 , 400 - 2 deform laterally outward deform 
able member 400 - 1 deflects in the negative X - direction and 
deformable member 400 - 2 deflects in the positive X - direc 
tion . The magnified view 410 illustrates the deflection of 
deformable member 400 - 2 . As shown , the deformable mem 
bers 400 are deformed into respective cavities 405 formed 
between each deformable member 400 and a body portion 
407 of the substrate 200 . Generally , the body portion 407 
represents a portion of the substrate 200 that is dimensioned 
to include and / or to couple with other optical components 
and circuitry . Body portion 407 may be non - deformable and 
relatively thick compared to the deformable members 400 , 
but this is not a requirement . When deformed by the 
insertion of the engagement portion 310 , the deformable 
members 400 engage with the second portion 120 . In this 
way , the angle of the second portion 120 relative to the first 
portion 115 may be selected to control the amount of 
deformation to reduce wear and / or avoid damaging the 
deformable members 400 . 
[ 0036 ] The force applied by the deformable members 400 
on the engagement portion 310 causes the engagement 
portion 310 to be aligned therebetween . For example , if the 
deformable members 400 - 1 , 400 - 2 are manufactured with 
substantially the same material properties and dimensions , 
each deformable member 400 exerts a substantially equal 
amount of force on the engagement portion 310 . With equal 
force applied , the deformable members 400 may substan 
tially center ( in X - dimension ) the engagement portion 310 
between them . As a result , the worst - case misalignment of 
the optical fibers 130 can be advantageously reduced to less 
than 1 micron . 
[ 0037 ] In some embodiments , the deformable members 
400 are formed of the same material as substrate 200 , but 
different have a different geometry allowing deformation . 
Some non - limiting examples of materials used for deform 
able members 400 include silicon and indium phosphide . An 
example , non - limiting range of suitable Young ' s modulus 
( E ) values for the material is about 130 gigapascals ( GPa ) to 
188 GPa , or an average value of about 150 GPa . A suitable 
range of thickness of deformable members 400 depends on 
an aspect ratio and thus a depth of etching into the substrate 
200 . For a relatively deep etch ( e . g . , about 450 microns ) a 
suitable thickness range may be about 100 microns to about 
400 microns . For a shallower etch ( e . g . , about 200 microns ) 
a suitable thickness range may be about 60 microns to about 
400 microns . 
[ 0038 ] As shown , a cavity 405 may be etched between 
each deformable member 400 and the body portion 407 of 
the substrate 200 , providing the deformable members 400 

with a suitable width ( X - dimension ) for deflecting . Although 
the deformable members 400 are shown as having the same 
Y - dimension height as the body portion 407 ( i . e . , to a top 
surface 230 ) , other implementations may provide the 
deformable members 400 with different height . Further , the 
deformable members 400 may have any other suitable 
dimensions such as a different profile in any dimension ( s ) . 
[ 0039 ] In alternate embodiments , the deformable mem 
bers 400 may comprise different material ( s ) than the sub 
strate 200 , e . g . , material ( s ) having a different stiffness or 
rigidity . For example , the material ( s ) may be deposited onto 
a portion of the substrate 200 and extend into the channel 
300 . In another example , the deformable members 400 may 
begin with the same material as the substrate 200 , but are 
treated or otherwise conditioned to have different physical 
properties . 
10040 ] In alternate embodiments , the deformable mem 
bers 400 may deform differently than as shown . For 
example , a first end of the deformable member 400 - 1 ( in the 
negative Y - direction ) is shown as attached with the body 
portion 407 at an interface 408 , and a second end ( in the 
positive Y - direction ) of the deformable member 400 - 1 is 
configured to deflect in the negative X - direction . In another 
embodiment , the deformable member 400 - 1 is detached 
from the body portion 407 at the interface 408 , and attached 
to the body portion 407 and / or a non - deformable member 
elsewhere , such as in the negative Z - direction ( not shown ) . 
In this case , both the first end and second end of deformable 
member 400 may deflect in the negative X - direction when 
the engagement portion 310 is inserted into channel 300 . 
[ 0041 ] In another alternate embodiment , one of the align 
ment features extending into the channel 300 is deformable , 
while the alignment feature on the opposing side of the 
channel 300 ( not shown ) is relatively stiffer or non - deform 
able . In this case , the non - deformable alignment feature 
would provide a known reference surface , and forces exerted 
by the deformable alignment feature and the non - deformable 
alignment feature on the engagement portion 310 would not 
need to be balanced in order to suitably align the fibers 130 . 
[ 0042 ] FIGS . 5A and 5B illustrate a substrate having a 
channel formed therein , according to one embodiment . More 
specifically , FIGS . 5A and 5B illustrate the use of both 
non - deformable members and deformable members for pas 
sively aligning optical fibers using a ferrule member inserted 
into the channel . 
[ 0043 ] The extent of channel 300 in the X - Z plane is 
indicated by the dashed line . Channel 300 defines a bottom 
surface 500 , which may be uniform and substantially par 
allel to the top surface 230 of substrate 200 . Stop features 
505 - 1 , 505 - 2 extend into the channel 300 from a rear surface 
530 and / or the bottom surface 500 of the substrate 200 . The 
stop features 505 - 1 , 505 - 2 are configured to engage with an 
endface or other portion of a ferrule member to limit travel 
of the ferrule member in the positive Z - direction when the 
engagement portion is received in the channel 300 . Thus , 
engaging the stop features 505 - 1 , 505 - 2 with the ferrule 
member aligns the optical fibers in the Z - dimension . Addi 
tionally , in combination with the protrusion length ( s ) of the 
optical fibers , engaging the stop features 505 - 1 , 505 - 2 
controls a distance between the optical fibers and other 
optical elements such as waveguides 240 , providing a 
desired optical coupling therebetween . 
[ 0044 ] Non - deformable members 510 - 1 , 510 - 2 ( generi 
cally , non - deformable members 510 ) are arranged at oppos 
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ing ends of the channel 300 and extend into the channel 300 
from the bottom surface 500 . The non - deformable members 
510 - 1 , 510 - 2 may be connected with a body portion 525 of 
the substrate 200 through respective bridge members 515 - 1 , 
515 - 2 ( generically , bridge members 515 ) extending into the 
channel 300 . The non - deformable members 510 and bridge 
members 515 may generally be formed of the same material 
as substrate 200 , deformable members 400 , and / or stop 
features 505 - 1 , 505 - 2 . For example , the non - deformable 
members 510 , bridge members 515 , deformable members 
400 , and stop features 505 - 1 , 505 - 2 may be formed by 
removing a portion of substrate 200 using DRIE or other 
suitably accurate techniques . 
10045 ] In one embodiment , a deformable member 400 , a 
non - deformable member 510 , and / or a bridge member 515 
may be formed as a singular , continuous feature within the 
channel 300 having varying properties along a length of the 
feature . Each portion of the feature can have different 
geometries and / or materials to provide the distinguishing 
properties . For example , the deformable member 400 - 1 and 
non - deformable member 510 - 1 are shown as having a 
similar material width within the channel 300 , but the 
non - deformable member 510 - 1 has greater lateral stability 
( in the X - direction ) than the deformable member 400 due at 
least in part to its connection with bridge member 515 - 1 . 
[ 0046 ] In some embodiments , a non - deformable member 
510 and deformable member 400 form a continuous align 
ment face 320 configured to align the ferrule member during 
insertion of the engagement portion in the channel 300 . 
When the engagement portion is inserted into the channel in 
the positive Z - direction , the non - deformable members 510 
correspond to a first stage of alignment providing an initial 
" rough ” alignment of the ferrule member 100 . The width 
across the channel 300 between first and second alignment 
faces 320 ( i . e . , Walion face ) tapers gradually with the width 
across the channel 300 between non - deformable members 
510 ( i . e . , Wondeton ) from an initial width ( i . e . , Winitier ) to a 
width between the deformable members 400 ( i . e . , W deform ) . 
As insertion continues further in the positive Z - direction , the 
deformable members 400 correspond to a second stage of 
alignment providing a subsequent “ precise ” alignment of the 
ferrule member . As discussed above , w jeform w is generally 
smaller than a width of the engagement portion of the ferrule 
member , causing the deformable members 400 to deflect 
laterally outward . The insertion continues in the positive 
Z - direction until the ferrule member contacts the stop fea 
tures 505 - 1 , 505 - 2 , at which time the optical fibers extending 
through the ferrule member may be aligned in the X , Y , and 
Z dimensions for a suitable optical connection with the 
waveguides 240 or other optical components included on or 
within the substrate 200 . 
[ 0047 ] FIGS . 6A - 6D illustrate passive alignment of an 
optical fiber using an exemplary ferrule member , according 
to one embodiment . While FIGS . 1A - 5B have generally 
depicted ferrule members configured to receive a plurality of 
optical fibers that are included in optical cables having a 
substantial length , alternate implementations of ferrule 
members may connect with shorter optical fiber stubs using 
similar principles . 
[ 0048 ] In FIGS . 6A and 6B , the ferrule member 600 is 
configured to receive an optical fiber 130 through an open 
ing 125 extending through the ferrule member 600 . The 
opening 125 may include a chamfered lead - in portion , as 
shown in greater detail in FIG . 1A above . The optical fiber 

130 may be part of a relatively short optical fiber stub 602 
configured to interface with other elements outside of the 
substrate . The connection of the ferrule member 600 with 
the optical fiber 130 forms an assembly 612 . The compo 
nents of assembly 612 may be fixed using an epoxy or 
suitable alternate adhesive . When connected within assem 
bly 612 , the optical fiber 130 protrudes some distance from 
an endface 605 of the ferrule member 600 , and the protrud 
ing portion 614 may be trimmed ( e . g . , laser cleaved ) to a 
desired length . The channel 300 may have an extended 
portion 610 extending past the rear surface 530 that is 
configured to accommodate the protruding portion 614 when 
an engagement portion of the ferrule member 600 is inserted 
into the channel . A waveguide 240 or other optical element 
may be aligned with the extended portion 610 . 
[ 0049 ] FIG . 6C illustrates the assembly 620 comprising 
the connection of assembly 612 with the substrate 200 . FIG . 
6D illustrates the assembly 620 included on a mounting 
plate 630 , where the optical fiber stub 602 is connected with 
an optical fiber connector 625 . The optical fiber connector 
625 may have any suitable type , e . g . , proprietary types or 
standardized types such as Lucent Connector ( LC ) , Sub 
scriber Connector ( SC ) , Ferrule Connector ( FC ) , and so 
forth . 
10050 ] FIG . 7 illustrates an exemplary arrangement of a 
ferrule member in a silicon - on - insulator ( SOI ) - based pho 
tonics platform , according to one embodiment . More spe 
cifically , FIG . 7 is a cross - sectional view of an arrangement 
700 . Arrangement 700 includes a silicon substrate 705 
having multiple layers formed upon a surface 707 thereof . 
The layers may include a buried oxide ( BOX ) layer 710 , a 
silicon waveguide 240 , interlayer dielectric ( ILD ) layer 715 , 
and a silicon dioxide layer 720 , though different layers and 
numbers of layers are possible . The depth or thickness of 
each of these layers in the Y - dimension may generally be 
well - controlled to within tens or hundreds of nanometers 
using known growth , deposit , and / or removal processes or 
techniques . The arrangement 700 may include a portion 730 
of the ILD layer 715 within which circuitry is included . The 
circuitry may remain exposed , e . g . , including conductive 
bonding pads to connect with other circuitry ( e . g . , integrated 
circuits or other optical components ) . 
[ 0051 ] For layers whose thicknesses are generally well 
controlled within tens or hundreds of nanometers , those 
layers may be suitable as mechanical references well within 
a target of 1 micron or less . For example , the Y - dimension 
depth of the surface 707 of the silicon substrate 705 may be 
relatively precisely controlled using various techniques such 
as DRIE , and therefore may be suitable for engaging with 
ferrule member 100 to control a height thereof . Lateral 
surfaces ( e . g . , the lateral surfaces 110 discussed above ) of 
the ferrule member 100 may engage with the surface 707 of 
the silicon substrate 705 to align the optical fiber 130 in the 
Y - dimension for an optical coupling 725 with waveguide 
240 . Additionally , in some embodiments , the height of other 
layers may be precisely controlled and therefore similarly 
suitable for engaging with the ferrule member 110 . As 
shown , the silicon dioxide layer 720 formed upon the silicon 
substrate 705 may also be used to engage the ferrule member 
100 and align the optical fiber 130 with the waveguide 240 . 
Other non - limiting examples include metallic layers depos 
ited onto the silicon substrate 705 or silicon dioxide layer 

hondeform 

720 . 
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[ 0052 ] FIG . 8 is a flowchart illustrating a method 800 of 
making an apparatus for passive alignment of an optical 
fiber , according to one embodiment . Method 800 is gener 
ally intended to be complemented using features of various 
embodiments discussed above . 
[ 0053 ] Method 800 begins at block 805 , where a channel 
is formed from a top surface of a substrate . The channel is 
dimensioned to receive an engagement portion of a ferrule 
member . The top surface of the substrate is configured to 
engage with one or more lateral surfaces of the ferrule 
member when the engagement portion is received into the 
channel . The channel may be formed using any suitably 
precise techniques , such as DRIE . 
00541 At block 815 , first and second alignment faces are 
formed at opposing ends of the channel relative to a first 
dimension . The first and second alignment faces generally 
extend into the channel . The first and second alignment faces 
are configured to engage with first and second contours at 
opposing ends of the engagement portion to thereby limit 
motion of the ferrule member in the first dimension . In some 
embodiments , the selective engagement of the first and 
second contours with the first and second alignment faces 
aligns the one or more optical fibers in the first dimension , 
and engaging the top surface with the one or more lateral 
surfaces of the ferrule member aligns the one or more optical 
fibers in a second dimension . In some embodiments , form 
ing the first and second alignment faces comprises forming 
first and second deformable members extending into the 
channel , where the first and second deformable members 
have a spacing along the first dimension that is less than a 
width of the engagement portion . 
[ 0055 ] At block 825 , one or more stop features are formed 
that are configured to engage with the ferrule member to 
limit travel of the ferrule member when the engagement 
portion is received in the channel . The one or more stop 
features generally extend into the channel . Engaging the 
ferrule member with the one or more stop features may align 
the one or more optical fibers in a third dimension . Method 
800 ends following completion of block 825 . However , 
consistent with other embodiments described herein , the 
method 800 may include formation of additional features , 
such as non - deformable members , bridge members , and so 
forth . Further , in some embodiments the formation pro 
cesses described in blocks 805 , 815 , and 825 may be 
performed using a singular etching process such as DRIE . 
For example , a substrate may have a mask material applied 
to the top surface to define the channel as well as features 
extending into the channel , such as the deformable members 
and stop features . 
[ 0056 ] In the preceding , reference is made to embodi 
ments presented in this disclosure . However , the scope of the 
present disclosure is not limited to specific described 
embodiments . Instead , any combination of the described 
features and elements , whether related to different embodi 
ments or not , is contemplated to implement and practice 
contemplated embodiments . Furthermore , although embodi 
ments disclosed herein may achieve advantages over other 
possible solutions or over the prior art , whether or not a 
particular advantage is achieved by a given embodiment is 
not limiting of the scope of the present disclosure . Thus , the 
preceding aspects , features , embodiments and advantages 
are merely illustrative and are not considered elements or 
limitations of the appended claims except where explicitly 
recited in a claim ( s ) . 

[ 0057 ] The flowchart and block diagrams in the Figures 
illustrate the architecture , functionality and operation of 
possible implementations of systems , methods and computer 
program products according to various embodiments . In this 
regard , each block in the flowchart or block diagrams may 
represent a module , segment , or portion of code , which 
comprises one or more executable instructions for imple 
menting the specified logical function ( s ) . It should also be 
noted that , in some alternative implementations , the func 
tions noted in the block may occur out of the order noted in 
the figures . For example , two blocks shown in succession 
may , in fact , be executed substantially concurrently , or the 
blocks may sometimes be executed in the reverse order , 
depending upon the functionality involved . It will also be 
noted that each block of the block diagrams and / or flowchart 
illustration , and combinations of blocks in the block dia 
grams and / or flowchart illustration , can be implemented by 
special purpose hardware - based systems that perform the 
specified functions or acts , or combinations of special pur 
pose hardware and computer instructions 
10058 ] In view of the foregoing , the scope of the present 
disclosure is determined by the claims that follow . 

1 . An apparatus for passive alignment of one or more 
optical fibers , the apparatus comprising : 

a substrate having a channel formed therein , the channel 
configured to receive an engagement portion of a 
ferrule member , the ferrule member defining one or 
more openings corresponding to the one or more opti 
cal fibers and through which the one or more optical 
fibers are received ; and 

first and second deformable members extending into the 
channel and arranged at opposing ends of the channel 
along a first dimension , 

wherein receiving the engagement portion of the ferrule 
member in the channel causes the first and second 
deformable members to deform , thereby centering the 
engagement portion between the deformed first and 
second deformable members and thereby aligning the 
one or more optical fibers in the first dimension . 

2 . The apparatus of claim 1 , wherein the channel defines 
a bottom surface , and wherein the first and second deform 
able members extend into the channel from the bottom 
surface . 

3 . The apparatus of claim 1 , wherein the substrate 
includes one or more optical waveguides formed therein , 
wherein the one or more optical fibers , when inserted into 
the aligned one or more openings , are aligned with the one 
or more optical waveguides along the first dimension . 

4 . The apparatus of claim 1 , wherein the substrate defines 
a top surface , wherein the ferrule member further defines 
one or more lateral surfaces that engage with the top surface 
of the substrate when the engagement portion of the ferrule 
member is received in the channel , thereby aligning the one 
or more openings in a second dimension . 

5 . The apparatus of claim 4 , further comprising one or 
more stop features extending into the channel , the one or 
more stop features arranged to limit travel of the ferrule 
member when the engagement portion is received in the 
channel , thereby aligning the one or more optical fibers in a 
third dimension . 

6 . The apparatus of claim 1 , further comprising first and 
second non - deformable members extending into the channel 
and arranged at the opposing ends of the channel , the first 
and second non - deformable members providing an initial 
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alignment of the ferrule member when receiving the engage 
ment portion of the ferrule member in the channel , wherein 
deforming the first and second deformable members pro 
vides a subsequent alignment of the ferrule member . 

7 . The apparatus of claim 6 , wherein a width between the 
first and second non - deformable members in the first dimen 
sion reduces from an initial width to a tapered width as the 
engagement portion of the ferrule member is received into 
the channel in a second dimension . 

8 . The apparatus of claim 7 , wherein the tapered width 
between the first and second non - deformable members is at 
least the width of the engagement portion of the ferrule 
member . 

9 . The apparatus of claim 6 , wherein the engagement 
portion of the ferrule member defines first and second 
contours , each contour having respective first and second 
portions , wherein the first portions are configured to engage 
with the first and second non - deformable members , and 
wherein the second portions are configured to engage with 
the first and second deformable members 

10 . The apparatus of claim 1 , wherein the substrate 
comprises a body portion having the channel formed therein , 
wherein each of the first and second deformable members 
deforms laterally outward along the first dimension into a 
respective cavity formed within the channel between each of 
the first and second deformable members and the body 
portion . 

11 . The apparatus of claim 1 , wherein the first and second 
deformable members are monolithically formed from the 
substrate . 

12 . An apparatus , comprising : 
a substrate defining a top surface , a channel , and first and 

second alignment faces arranged at opposing ends of 
the channel relative to a first dimension , wherein the 
first and second alignment faces include first and sec 
ond deformable members extending into the channel 
and arranged at opposing ends of the channel relative to 
the first dimension ; and 

a ferrule member defining at least one opening having an 
optical fiber extending therethrough , 

the ferrule member having one or more lateral surfaces 
that slidingly engage with the top surface of the sub 
strate to align the optical fiber in a second dimension 
when an engagement portion of the ferrule member is 
inserted into the channel , 

the engagement portion defining first and second contours 
at opposing ends thereof , the first and second alignment 
faces configured to align the ferrule member in the first 
dimension by deforming to engage the first and second 
contours during insertion of the engagement portion , 
thereby aligning the optical fiber in the first dimension . 

13 . ( canceled ) 
14 . The apparatus of claim 12 , wherein the first and 

second alignment faces further include first and second 
non - deformable members extending into the channel and 

arranged at the opposing ends of the channel relative to the 
first dimension , wherein the first and second non - deformable 
members provide an initial alignment of the ferrule member 
when the engagement portion is inserted in the channel , 
wherein deforming the first and second deformable members 
provides a subsequent alignment of the ferrule member . 

15 . The apparatus of claim 12 , wherein the substrate 
further defines one or more stop features arranged to limit 
travel of the ferrule member when the engagement portion 
is received in the channel , thereby aligning the optical fiber 
in a third dimension . 

16 . The apparatus of claim 12 , wherein the substrate 
includes at least one optical waveguide formed therein , 
wherein the optical fiber is aligned with the optical wave 
guide in the first and second dimensions . 

17 . The apparatus of claim 12 , wherein inserting the 
engagement portion into the channel comprises applying a 
force in the first dimension to cause one of the first and 
second contours to consistently engage with the correspond 
ing one of the first and second alignment faces . 

18 . A method of making an apparatus for passive align 
ment of at least one optical fiber extending through an 
opening of a ferrule member , the method comprising : 

forming a channel from a top surface of a substrate , the 
channel dimensioned to receive an engagement portion 
of the ferrule member , the top surface configured to 
engage with one or more lateral surfaces of the ferrule 
member when the engagement portion is received into 
the channel ; and 

forming , at opposing ends of the channel relative to a first 
dimension , first and second alignment faces configured 
to engage with first and second contours at opposing 
ends of the engagement portion to thereby limit motion 
of the ferrule member in the first dimension , 

wherein the engagement of the first and second contours 
with the first and second alignment faces aligns the 
optical fiber in the first dimension , and wherein engag 
ing the top surface with the one or more lateral surfaces 
aligns the optical fiber in the second dimension . 

19 . The method of claim 18 , wherein forming the first and 
second alignment faces comprises forming first and second 
deformable members extending into the channel , the first 
and second deformable members having a spacing along the 
first dimension less than a width of the engagement portion . 

20 . ( canceled ) 
21 . The apparatus of claim 1 , wherein the one or more 

optical fibers comprises a plurality of optical fibers , wherein 
the one or more openings comprise a plurality of openings 
providing a predetermined pitch between individual optical 
fibers of the plurality of optical fibers along the first dimen 
sion . 

22 . The apparatus of claim 12 , wherein the first and 
second deformable members are monolithically formed 
from the substrate . 

* * * * * 


