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OPTOELECTRONIC LRL""--'AJGRID ARRAY PACKAGE WITH 

APPLICATIONS 

[0001] This Application under 35 U.s.c. § 119(e) to U.S. Provisional Patent 

Application Serial No. 621069,877, filed October 29, 20 entitled "OPTOELECTRONIC 

BALL GRID ARRAY FIBER," which is 

herein by reference its 

[0002) 

components having one or more 

[0004]==~ 

optical ,",V1HIJ'U'U\...H fabricated on a ,'u"'~vu 

can 

[0006] to an 

first surface. 

is coupled to to 

to 

BRIEF 

an IS 

integrated circuit (PIC) \.-Vl,unAl to 

to 

of 

the 

having a of the substrate a second surface opposite 

the first and first surface of the substrate, a lid, contacting the first 

smface the substrate, and a fiber holder disposed on the The apparatus further comprises 

an fiber to the PIC and in contact with the fiber 

[0007] According to an of the packaging a 

photonic integrated circuit (PIC) in a package comprising a and a lid, mounting a fiber 

holder on the lid of package such that the lid is between the PIC and the holder, 

coupling an optical 

holder. 

to PIC and mechanically coupling the optical fiber to fiber 

[0008J According to an aspect of the application, an apparatus is provided, comprising a 

substrate having a surface, a photon1c integrated circuit (PIC) coupled to the substrate and 

having a fIrst surface proximate the first sUlface of the substrate and a second smface opposite 

the first smface of the and distal first surface of the substrate and a lid, contacting the 
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first of the substrate at least partially covering the PIC, exhibitjng at one 

retaining The apparatus further comprises an optical fiber to 

contact with the retaining of the lid, 

[0009] Various aspects 

BRIEF DESCRIPTION OF DRA WINGS 

embodiments of the application will be with reference to 

following figures. It should be appreciated that the HJ;:.UH.~" are not necessarily drawn to 

scale, appearing are by same reference number in all the 

(0010) 1 illustrates a 

a number of 

(PCB) on which a 

circuits (EICs) 

present application, 

of 

[0011] is a side view of a ,...~_ .. _,~_ COl1'lprising a a holder and a coupled 

to the 

[0012J 

embodiment 

according to a 

of a 

j.U"'·"'-'"H application. 

[0013] FIG, according to a n011-

Fl~''',",lH application. 

[0014] apparatus of 

an to the ,., ___ ... ~ .. ,..,_ 

is disposed on an intelposer, 

present application, 

line 

in 2A in 

to a non-limiting em,bo!Clm 

[0016] 4A is a side view of an altemative to the package illustrated a 

fiber is coiled around a plane of fiber holder that is not parallel to the PIC, 

according to a CUJlJ.1H"HF, embodiment present application. 

[0017J , 4B is a front view the package of FIG. 4A, according to a HV.Lr.l.HH.HUlf':, 

embodiment of the present application. 

[0018] FIG. 5 is a side view of a packaged PIC in which the package is configured as a fiber 

holder to support an optical fiber, according to a non-limiting embodiment of present 

application, 

[0019) FIG. 6 illustrates the steps of a method to surface mount a packaged PIC on a PCB, 

according to a non-limiting embodiment of the present application, 
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OF INVENTION 

[0020] Applicant am)rei::la1tea that conventional techniques for 1-""","U.f',Hj,f', are not 

when it is to co-package a PIC and electrical circuitry operating in connection 

with such as application specific integrated (ASICs). This may 

true when it is to have an optical fiber to the PIC in a penn anent 

manner, opposed to with a _,,",~,~~>~ connection. ASICs and drivers be packaged in ball 

grid packages, and such 

so 

components to be in an oven. 

solder 

mounted on printed 

reflow, by placing the 

are exposed to 

to mount 

components on a 

Moreover, it may 

between co!mp'Onen1ts 

close spacing components on a 

catch on components on the PCB, and during 

""""''''t>"t of the packaged PIC or through . the 

usually picked from a waffle a high-speed 

machine. 

the ''-'HelLl,,",L 

optical 

fibers dangling 

IJ"'.,'-'., .... "'u in the oven 

by damaging any "''-''-'tH,',,-

this 

process may damage 

Thus. co-packaging a 

with a package compatible processes 

[0021 the application apparatus and methods during 

a reflow soldering process, an optical fiber coupled to a packaged PIC. By suitably the 

optical may be packaged in a type of package capable being on a PCB 

and subjected to solder retlow, such that PIC may in some be co-packaged 

with an 

package. 

drivers, or electronic circuitry. One such type package is a BGA 

be a manner allowing the package the PIC 

to be placed in close to other components on a PCB, and may also prevent the optical 

from being subjected to temperatures sufficiently high to damage the fiber. 

According to an aspect of the application a is in a package comprising a 

substrate and a lid. A fiber holder may be disposed on the package, for example on the bd. 

optical may 

coiled around the 

mechanically coupled to the fiber holder, for example by being wound or 

holder. The holder may be attached to the lid during packaging of 

the PIC, to retain the optical flber, and may be removed after completion of a solder reflow 

process invo1ved in mounting the packaged PIC to a PCB or other substrate. Thus, some 



embodiments, the fiber 

andlor circuitry in some 

[0023] According to an aspect 

lS nrr\\ll{lPfl 

the 

method may 

an optical 

4 

temporary. The PIC be co-packaged with an 

a method for mounting a PIC on a 

..... ".HH.'A a to a packaged to 

that is coupled to the package to a 

reflow process to mount the packaged PIC on a the optical fiber 

holder, and fiber holder the ~~L"~A"~ PIC. The optical fiber, temporarily 

components 

PIC in some 'Al.IUU'UUl1ul 

[0024] 

solder 

circuit 

[0025] 

terminology 

examples. 

[0026] The aspects and 

embodiments, are described 

individually, all together, or 

in this respect. 

[0027] As 

be in a manner so as to it 

The optical fiber 

uPIC 

be 

to optical 

fIber 

feature the 

some embodiments, 

coupled to the 

is in 

groove. In some 

an a driver 

block," "fiber l\J<(,UL,\Jl, support," as 

below. 

combination of 

as additional and 

embodiments be 

application not limited 

of present application to a packaged PIC which 

coupled to an optical and which may be on a chip caIner, such as a PCB, together 

with other components. I illustrates an apparatus 100 including a circuit board 

(PCB) 101 according to an of present application. PCB 101 may comprise one or 

more PICs, electronic integrated circuits (EJCs), andlor chips. example, as illustrated, a 

PIC 102, EIe 104, and laser chip 106 may be mounted on the PCB 101. PIC 102 is coupled 

to one or more optical fibers to route optical signals into or out of the In the non-limiting 

example illustrated, the PIC 102 is coupled to three optical fibers 1161, 1162 , and 1163, although 

at least some the present appiication apply to a packaged PIC with one or more 



coupled optical fibers. 

interconnected via 

components 

traces 108 

~n~+=rl on the PCB 10 1 optionally electrically 

such as copper traces. 

[0028] The 102 may modulate, detect or process 

light in any fashion. For example, PIC 102 for optical 

communications. The various desclibed are not to the particular type of 

included. 1 shows optical fibers 1 1162, and 1] as being edge coupled to the 

102. However, some the optical fiber(s) may be vertically \WV'''"IJJ.\wV 

\JA<MHI.H<" through optical Jf,HJeuu!<,c>. 

se to process 

In some pe(larlCe amplifiers 

an or 

integrated programmable 

combination 

system on a chip or a 

[0030] In some 

with packaged PIC 1 

volatile and 

digital-to-analog converters. 

'.HD'I-'V,JvV next to and electric ~'n.HuaU.U"LHL"'k' 

However, as will be 

application 

104 

to 

Iprnl"l'<Pf' on the 

providing a manner for "."", .... r\,~, 

h<:h-"tp or on an 

aspects of the present 

and 1163 during a 

solder process. 

[0031] The optical fibers of the apparatus 1 00 may coupled to components external to the 

PCB 101 or to components on the 101, or to a combination both. 

and 11 may be connected to not 101 (not 

shown). Optical fiber 1163 may be optically to chip 106. Laser chip 

106 may comprise distributed feedback lasers (DFBs), distributed Bragg reflector lasers (DBRs), 

rings lasers, vertical-cavity surface-emitting lasers (VCSELs), quantum well 

cascaded or any other suitable semiconductor laser. For example, if the PIC 102 

represents an optical transceiver, the laser chip 106 provide an input signal to the optical 

transceiver the optical 11 chip 06 may further comprise a thermo-electric 

cooler to stabilize the operating temperature. 



[0032] Components on a 

example, it may be 

6 

are typically positioned near each , to conserve space. 

for the distances dl and d2 between adjacent components on 

101 to be than 1 em, than Imm, 100 j.lm 

2rrun, or value or of values within such HLB;:.,'v,;:} 

components on the PCB can be technologically '-' .. ,",ULv, 

dangling around board. For example, 

it to position 1 close nrr'Vl1l'Yl 

the 

1 

It is also difficult 

with dangling fibers. 

with 

optical 

a 

holder is nnHnrlf""{ 

at least during mounting IJ~U""C''''''V'' as solder 

1 02 or other C01'nO()J1 

example of packaged PIC u""w-un;e, a tIber holder is 

[0034] FIG. illustrates a 

[0035] 

mounted on the 

EIC with 

co-

'UH.""H.""""J<' with the EIC 203 

traces 

electrical connections. A lid 210 covers the 

by the two chips. The package may 

assembly connected to an optical fiber 216, which may be a single 

mode optical or any type of optical fiber. While FIG. 2A shows one optical 

216 connected to assembly 212, assembly 212 may alternatively be connected to 

a plurality of optical fibers. package may further include, at least a fiber 

230 retain optical 16. The package may surface mounted on 101 

via a ball grid (BGA) 205 of solder bans, or via other suitable electrical connection. 

[0036J In some non-limiting embodiments, fiber assembly 212 is mounted in the package so as 

to enable optical access to the through optical fiber 216. coupling of optical 6 

to PIC 202 may be permanent, rather pluggable. Thus, in at least some embodiments, it 

may not be possible to remove the optical fiber 6 from the PIC 202 for the solder reflow 

process. Optical 216 be arranged in fiber assembly 212 in any suitable manner. 

example, fiber assembly 212 comprise V-shaped or U-shaped grooves. Optical 6 

may be disposed in any such grooves. While coupling optical fibers to optical waveguides 
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very low 

precision 

to misalignments (typically 0.5 urn), the use of grooves allows for high­

of fiber with respect to 

coupled to one optical 

minimizing insertion loss. While 

, more than one optical fiber may 

be coupled to 

[0037J The 230 maybe to support the optical fiber 2 6 certain 

203 on 

of 

101 ....... UiH):; placement the packaged 

solder reflow to 

on top of 

or more screws, threaded rods, or 

of solder reflow. fiber holder 

or 

holder 230 may be 

lid 210 and secured via one 

to withstand the 

maybe to lid 

[0038] functions. Firstly, 

of 

Dangling 

consequently cause 

more 

Non-limiting 

or the 

PCB 

fiber 

holder 230 

fiber 2J 6 around fiber 

fiber holder. By winding or 

the potential negative consequences 

optical fiber 2 6 V«lll""iv loosely are 

[0039] shows a view of the fiber holder 230. As shown, 

230 bottom top plate 234 and a pillar 236. 

a spool. 236 a narrower region than bottom and 

may serve as a around 216 may be wound, as illustrated. 

optical fiber may be wound by hand or in an automated manner using suitable machinery. 

While in the figure pillar exhibits a rectangular cross-section, any suitable 

shape may Optical fiber 216 may be coiled around pillar 236 through an opening 213 

provided bottom plate opening 213 may allow for the optical fiber 6 to be wound 

around the fiber holder 230 without requiring the optical fiber 216 to extend as far from its 

connection to the PIC 202 at the fiber assembly 2] 2. 

[0040] When optical fiber 216 is or coiled about the holder 230, it may be done 

with a radius smaller than the minimum bend radius that causes optical losses. This is because 
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the optical fiber 216 is ,",V'''IJJvU to the fiber 230 purposes mounting the 

packaged on the PCB 101 

6 will not in use. Subsequent to 

removed the fiber holder 

a solder the optical fiber 

optical fiber 6 

allowed to assume a confIguration which 

not to fiber 216 a bend smaller than that which causes optical losses. In 

some embodiments, 

nplcnlf'p'n approximately 

optical 

[0041] In 

coiled ",-r,nn,n 

216 is coiled 

lcm, between 

any 

fiber holder 230 with a radius 

..... _._ .• J 3mm and] Oem, between 

parallel 

"'V""'-'" with 

ranges. 

of the coiled 

optical fiber 

of 

that 

202. 

suitable coiling axes perpendicular the are 

and 

the 

the optical 

this 

be positioned L<J;:', "'''''''' pattern. back-and-forth pattem, or 

with coiling or 

holder represents a Uv..rL.HH.llH'/5 example a manner two. 

[0043] fiber holder 230 may a 21 configured to 

or accommodate a to couple the fiber to the 210. 

hole 5 may accommodate a screw. Other may additionally or alternatively 

provided to allow fiber 230 to 

a 

[0044] RefelTing again to FIG. 2A, while one end of optical fiber is coupled to PIC at 

the assembly 212, end may be secured to holder 230 through a fiber clip 270 

or any other suitable securing mechanism, thus 

coupled to fiber holder 230. Fiber 270 

216 from moving after it is 

alternatively be placed on any other suitable 

component of apparatus 200. will be described further below in connection with FIG. 6, the 

end of the optical not coupled to the PIC 202 may eventually coupled to another 

component on the or to a component external to the PCB. Thus, it should be appreciated 

that in at some embodiments the fiber holder 230 retains or supports a portion of the optical 
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fiber not including the optical a central or middle portion the 

of optical be retained by holder 230, 

[0045] A function the fiber holder 230 may to 216 at 

low during the Typical 

260°C or , which may jacket some 

embodiments, 230 is made of a high thennal mass high 

conductivity so as to slowly heat 

from fiber 216. In some embodiments, 230 is made of "",,,n,'r or 

Fiber may also a facilitate 

21 as a thermal pad 214 

contact with holder 

21 assembly cool thermal pad 

[0046] A 

and mm, or other 

[0047J 202 may be 

phosphide wafer or 

is made of 

it laterally 

as cover or overhang 

occur 

The amount 

amount 

on a silicon-an-insulator (SOl) wafer, an 

other suitable semiconductor In some embodiments, 

other embodiments is made of an organic 

mateIial. In some embodiments, lid 0 is as a sink ta dissipate generated by the 

o may be fOlmed a exhibiting a high thermal 

or copper. thermal pad or paste 218 may be disposed 

between 202 and lid between EIC 203 and lid 210 to ensure efficient heat transfer 

to the lid. lid 21 0 may fU11her comprise fins to transfer heat out of the package (not shown), 

[0048] FIG. shows a top of package including substrate 201, PIC 202, 203, 

fiber assembly optical fiber 216 and lid 0, In some embodiments lid 210 may compri se a 

top sUliace (shown as shaded) and an outer wall 2] 1 (shown as solid). The lid's outer wall 211 

be placed contact with substrate 201. While, lid's outer wall 1 may surround the 

two chips, an opening may provided to enable access to PIC 202 through fiber assembly 212 

as shown in can also seen by reference to FIG. which is taken along 



of As shown, the lid 210 contacts the substrate 1, but access to 

[0049J efficiently '-'VU"JJv optical signals between optical fiber 216 

212 may as close to PIC 202 as possible. as in FIG. 

portion of an edge 0 and a portion of an h"h·"tp 201 may be partially 

"""'L<,",U so as to accommodate fiber assembly 212. 

[0050] some non~limiting embodiments, PIC 202 mounted on substrate 

the of PIC faces lid planar photonic circuitry 

substrate alternativel y on substrate 

flipped. In one or more be optically to 

may of 

holder 230. 

[0051] In some 

202 and EIC 

be used to route 

the 

top 

between embodiment comprising 

disposed on 

Lv,","Vll between with through silicon vias 

(TSY). TSVs may exhibit v,.",,,,,,.,,-, capacitances 

metal pillars or For associated to 

3 may be less than IpF, than 100fE or IfF, as non-limiting \O/A'UH'JJ~,'. 

Similarly, electric connection I1~TWf~~n interposer 317 203 may achieved with 

any other 

'"\',,",,t"''\I'''' the 

substantiall y 

such bandwidth 

electric connection may be used. Due to low 

n<>YU"'l!1(r.n of electric path connecting 202 to EIC 203 is 

an interposer is not used. In some 

10GHZ, greater between 

20 and 30 GHz, or any value or range of within such ranges. 

[0052] The other in FIG. 3 already been described and remain same as 

previously described. 

[0053] 4A and illustrate a side view and a front view, respectively, of an 

altemative embodiment which an optical fiber 416 is coi1ed around an axis of a fiber holder 

that is substantially parallel the top surface of PIC 202, such that the optical fiber is coiled in a 

in 

plane that is not parallel the top surface of 202. shown in FIG. fiber holder 430 may 
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comprise 432 434, each pillar resting on lid 0 and cormecrea to other through 

beam 436. Optical fiber be connected to 

436. The ,~..,vuuu 

2 one of its two ends and 

optical fiber 416 may be secured to 

suitable securing mechanism, such as a 

cormeiCHcm with FIG. 2A. Fiber holder 430 may 

may fmiher 

holder 

of the 

attached to 

230. 

[0054] 

of 

coiled around 

(not 

described 

of manners described in connection with holder 

an 500 according to 

may serve as the holder. 

to retain optical 516. Namely, 

which 

lid 510 may be 

have a shape substantially like 

of 

shown 

the top 

230 of FIG. 

PIC 202. 

embodiment 

axis that is substantially perpendicular to 

in 516 is 

not perpendicular a 

to that shown in be employed. 

[0055J In some 510 

on PCB 101. For ~'L~.'H,",' to 

of pennanently mounted on 

coiled around the 510 during 

procedures, including solder but may be removed from the lid 510 

510 may a material exhibiting high thelmal mass and high thermal 

conductivity so as to slowly respond to increases in tprnnf,,'<'I1tll while absorbing heat 

optical 516. lid 510 is made of ""'''',rlpr 51 may 

with 

[0056] a method for smface mounting a packaged PIC on a PCB, 

according to an aspect of application. Method 600 may be connection 

the apparatus 200 of 2A, as an example, and therefore reference to apparatus 200 is 

made in describing method. However, the described method may also apply to the apparatus 

of Moreover, alternative methods of mounting the packaged PIC may be used. 

(0057] Method 600 begins at step 602, PIC 202 is fabricated. PIC 202 may be fabricated 

a semiconductor foundry or any suitable fabrication facility, as the various aspects of the 

present application are not limited in this respect. PIC 202 may be fabricated on SOl wafers. PIC 



12 

202 cOlnrrlUlll1c<'ttlClns, including one or more 

transceivers, PIC 202 

transceivers for 

further comprise such as converters 

and devices such as rotators. 

[0058J In step 604, 202 may be packaged. PIC with 

10. may be connected to as shown in 

a PIC co-packaged with 

604 may include the with an 

[0059] be 

[0060] In 

in FIG. 

by hand, or 

an 

[0061J In 

may 

[0062] 612, 

connect 

soldering, optical fiber 6 be 

machinery. 

101. 

andlor driver 

is not attached to fiber assembly 2 may 

in 2A. 

230 so as to not be 

components mounte,d on the PCB. In addition, 

optical 216 may 

jacket, some may reach a e>VBl,IJ"" 

101 

other 

seconds or more, such as 1 0 seconds and between 1 0 seconds one 

minute, or other the packaged to 

[0063J In fiber may uncoupled from fiber holder. For in the 

non-lirniting embodiment optical fiber 216 may be uncoiled from fiber holder 230. 

[0064] 6, holder 230 may removed from the package. 

[0065] 618, optical fiber may be spliced to an optical component disposed on or 

outside PCB 101. 



[0066] Again, it 

example, 

holder, the 

are LlV""U"V. 

be appreciated altematives to the method 600 be 

which a package lid, such as lid 51 of 5 serves as 

the solder Further alternatives 

[0067] aspects application may some of which 

have described are some examples of such 

It should be appreciated not embodiments necessarily provide all 

VvL,',,",Uh' now described. it aspects of 

[0068] Aspects 

manner, as 

the 

to those now described. 

an optical fiber ,-,v"v'", ..... 

connection. 

(Yrrlnn,npntl· being placed on 

""-'S"''';:,'''U PIC or when VU""H''''-

process 

close proximity COJITIPiOnents on PCB whiie avoiding any 

[0069] L H?IJ',.'-' 

mounting nrr\r'p,o~ 

[0070] Aspects 

The aspects 

to packaged 

PIC and may 

[0071] Having thus 

a 

manner, the packaged 

same manner as done for 

present application facilitate 

allow for 

packages or other fJ~'-n«F," 

",,-,,a>,,"'''"' together. 

be selected to 

to cause to 

of 

subjected to 

-~~'~b'uo of and drivers and/or 

permanent optical fiber COlllm~ctJlon 

f-'a~~"-Q"'Hj'5 EICs. Thus, a 

several aspects and embodiments of the technology of this 

application, it is to be appreciated that various alterations, modifications, and will 

readily occur to those of ordinary in the art. Such alterations, modifications, and 

improvements are intended to be within spirit and scope of the technology described in the 

application. It therefore, to be understood that the foregoing embodiments are presented by 

way example and that, the scope of and equivalents thereto, 

inventive embodiments may be practiced otherwise than as specifically described. In addition, 



14 

combination two or more features, C""TPllYl and/or methods described 

such systems, articles, are not 

disclosure. is included within the scope the 

[0072] Also, as described, some aspects may be V''' .. H~~ as one or more The acts 

as part of the may be ordered any suitable way. Accordingly, 

be acts are pelformed in an than 

may include some acts simultaneously, even though shown as 

sequential acts 

[0073] All 

terms. 

should be 

so conjoined. 

disjunctively 1>",0''''''''1, 

to control over 

claims, 

be 

are 

cases. 

the 

one or more elements 

anyone or more of 

one each and 

be 

one," in 

mean at least one '-'H..~~."'V' 

not necessarily 

specificaJly the 

not in This "',.,,'LLH"'U'-"H 

anows that ~~ .. un.·'H 

within the list 

to those 

[0077) 

may optionally 

"about" 

the elements specifically 

refers, whether related or 

be to mean within a 

value some embodiments, 0% a value some embodiments, within 

of a target value some embodiments, and within of a target value in some 

embodiments. terms "approximately" and "about" may target value. 

[0078] In the claims, as well as in the specification above, all transitional phrases such as 

"comprising," "including," "calTying," "having, " "involving," "holding," 

"composed " and the like are to be understood to be open-ended, i.e., to mean including but 

not limited to. The transitional "consisting of' and "consisting essentially shall 

closed or semi-closed transitional respectively. 
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Statements of invention 

An 

a having a first surface; 

a circuit (PIC) coupled substrate and having a fiTSt 

of the substrate a second surface opposite first 

2. 

around the 

4. 

5. 

disposed on 

the substrate; 

aUd, ofllie 

an optical 

to 1, 

to 

a that is 

to 

according to 

the 

and 

contact 

the is coiled 

of the optical fiber is 

parallel to the secl:mct 

rhp'l'P11n the optical 

the 

PIC. 

6. The according to claim 1, a circuit board on which the 

substrate in mounted. 

7. apparatus according to wherein the is connected to the 

circuit board through a grid an-ay. 

8. The to claim 1, wherein the fiber holder is made of copper. 

9. apparatus to 1, further comprising an interposer having a 

surface proximate the first of the substrate and a second surface opposite the first surface 

of interposer and proximate the of 



10. The 

groove on which 

according to 

optical fiber is 

1 . 

12. A 

PIC 

a 

fiber on 

15. 

the package. 

comprising: 

packaging a 

lid; 

holder. 

to 

to 

to 

16 

1, a fiber assembly containing a 

comprising a thermal pad contacting the 

integrated a 

on the lid the 

to 

to the holder. 

comprising 

13, an 

soldeling of 

16. The according to 15, further comprising removing the fiber holder from 

the subsequent to reflow soldering. 

17. method according to claim ]2, wherein mechanically coupling the optical fiber to 

fiber holder comprises coiling a portion of the optical fiber around the 

18. method according to 17, wherein portion of the optical fiber is coiled 

around the fiber with a radius is than a minimum bend radius of the optical fiber. 
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19. to claim 1 further to an 

12, wherein mounting the on of the 20. The method according to 

package the with at least one screw inserted on the lid. 

21. 

a substrate first 

opposite the 

a lid, at the 

an PIC and contact with the of the 

lid. 

The apparatus of a 

apparatus 2 , wherein the IS TrWTTI ["n 
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Claims 

1. An apparatus, comprising: 

a substrate having a first surface and a second surface opposite the first surface of 

the substrate; 

a photonic integrated circuit (PIC) coupled to the substrate and having a first 

surface, wherein the first surface of the substrate is proximate the first surface of the PIC 

and the second surface of the substrate is distal the first surface of the PIC; 

a lid, contacting the first surface of the substrate and at least partially covering the 

PIC, exhibiting at least one retaining feature; and 

an optical fiber coupled to the PIC and in contact with the retaining feature of the 

lid. 

2. The apparatus according to claim 1, wherein the retaining feature comprises a groove in 

the lid. 

3. T11e apparatus accordil1g to claim 1, wheiein the retaining feature compnses a fiber 

channel. 

4. The apparatus according to claim 1, wherein the lid is formed of a thermally conductive 

material. 

5. The apparatus according to claim 1, further comprising a thermal material in contact with 

the lid and the PIC. 

6. The apparatus according to claim 1, wherein a portion of the optical fiber is coiled around 

the retaining feature. 

7. The apparatus according to claim 1, further comprising a circuit board on which the 

substrate in mounted. 
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8. The apparatus according to claim 1, wherein the optical fiber is edge-coupled to the PIC. 

9. The apparatus according to claim 1, further comprising an electronic integrated circuit 

disposed on the first surface of the substrate. 

10. The apparatus according to claim 1, further comprising a fiber assembly containing a 

groove on which the optical fiber is disposed. 

1 1. A method comprising: 

packaging a photonic integrated circuit (PIC) in a package comprising a substrate and a 

lid, such that: 

a first surface of the substrate is proximate a first surface of the PIC and a second 

surface of the substrate is distal the first surface of the PIC, 

the lid contacts the first surface of the substrate, and 

the lid at least partially covers the PIC; 

coupling an optical fiber to the PIC; 

mechanically coupling the optical fiber to a retaining feature of the lid; and 

performing reflow soldering of the package while the optical fiber is mechanically 

coupled to the retaining feature of the lid. 

12. The method of claim 11, further comprising surface-mounting the package on a chip 

carrier. 

13. The method of claim 11, further comprising mechanically uncoupling the optical fiber 

from the retaining feature of the lid subsequent to the retlow soldering. 

14. The method of claim 11, wherein mechanically coupling the optical fiber to the retaining 

feature of the lid comprises coiling a portion of the optical fiber around the retaining feature of 

the lid. 
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15. The method of claim 11, wherein coupling the optical fiber to the PIC comprises edge-

coupling the optical fiber to the PIC. 


