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57 ABSTRACT 
An optical package includes a two-piece fiber subassen 
bly which allows for separate axial and radial alignment 
of the fiber to the active optical device. The subassem 
bly consists of an inner ferrule encasing the fiber and an 
outer sleeve which holds the ferrule. The ferrule is 
moved axially within the sleeve to perfect the axial 
alignment of the fiber and the device. The sleeve in 
cludes a number of openings around its circumference 
to expose the ferrule. Once axial alignment is achieved, 
the outer sleeve is attached to the ferrule through these 
openings to fix the axial alignment. 

17 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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OPTICAL PACKAGE WITH IMPROVED FIBER 
ALIGNMENT FIXTURE 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical package 
with an improved fiber alignment fixture and, more 
particularly, to a two-piece fiber ferrule which provides 
simplified axial alignment of the fiber to the active opti 
cal device and allows visible inspection of the stability 
of the fiber axial alignment fixation. 
An important factor in the reliability of optical trans 

mission systems is the stability of the various com 
ponents-transmitters, repeaters, and receivers. The 
packages housing these components have been the sub 
ject of much study, especially the aspect of attaching 
and aligning the optical fiber to the active component 
(laser, LED, photodiode, etc.) contained in the pack 
age. The stability of these alignments over long periods 
of time is one of the most important components of the 
overall system reliability. 
This is especially true for laser-based transmitters 

designed for high frequency, single mode transmission 
systems, where relatively small lateral movements be 
tween the laser and the fiber can result in large coupling 
losses. For example, a lateral motion of 2 um can result 
in a 1 dB coupling loss. Since many of these single mode 
transmitters are destined for use in remote locations 
(undersea, for example), the need to maintain precise 
and accurate alignment is critical. 
An exemplary prior art optical package is disclosed in 

U.S. Pat. No. 4,119,363 issued to I. Camlibel et all on 
Oct. 10, 1978. In the Camlibel et al arrangement, the 
optical fiber is inserted in the package through an 
epoxy-filled tube. Upon solidifying, the epoxy fixes the 
position of the fiber relative to the tube. To achieve 
alignment between the fiber and the optical device, the 
tube is manipulated until maximum optical output is 
attained. The tube is then soldered into place by heating 
the entire package. An alternative package arrangement 
is disclosed in U.S. Pat. No. 4,623,220 issued to D. 
Grabbe et all on Nov. 18, 1986. Grabbe et all use a fiber 
alignment pedestal which is located inside the package 
next to the optical device. The fiber is fed through an 
epoxy-filled opening in the head of the pedestal and 
positioned axially to obtain maximum output. The 
epoxy is then cured to fix this axial alignment. The 
pedestal itself is located in an epoxy-filled well and is 
moved vertically and horizontally to maximize output. 
The epoxy is then cured in the well to maintain the 
pedestal in place. A problem with both of these arrange 
ments is that the type of epoxy, solder, or other holding 
material used to fix the alignment must be carefully 
controlled; for example, materials with different melt 
ing temperatures must be used for the two separate 
alignments of Grabbe et al, so that the fiber and optical 
device will remain aligned during any further package 
processing. Additionally, extreme ambient temperature 
fluctuations during the operation of the device may 
cause the holding material to soften and thus disrupt the 
alignment. 
As an alternative, U. K. Patent No. 2,124,402A issued 

to B. A. Eales et all on Feb. 15, 1984 uses laser welding 
in place of epoxy or solder, to fix the fiber in place. In 
particular, the optical fiber is encased in a metal tube 
and positioned on a heat sink next to the optical device. 
A metal clamp is placed over the fiber to hold it in 
position and is laser welded to both the heat sink and the 
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2 
metal cover around the fiber. Although the laser welds 
are more stable than the other forms of attachment 
previously discussed, the need to perform these laser 
welds inside the package and within close proximity of 
the active device may be troublesome. 

SUMMARY OF THE INVENTION 

The present invention relates to an optical package 
with an improved fiber alignment fixture and, more 
particularly, to a two-piece fiber ferrule which provides 
simplified axial alignment of the fiber to the active opti 
cal device and allows visible inspection of the stability 
of the fiber alignment fixation. 
The fiber ferrule of the invention consists of an inner 

cylindrical tube which houses the fiber and an outer 
cylindrical sleeve which has an inner diameter slightly 
greater than the outer diameter of the tube so as to 
allow the tube freedom of axial movement within the 
sleeve. The sleeve has at least one hole machined com 
pletely through the sidewall to expose the inner tube. 
Once alignment with the optical device is achieved, the 
tube and sleeve are joined together through the holes to 
fix the axial alignment. Laser welds, for example, may 
be used to form this attachment. This attachment can 
then be physically inspected to insure that it is satisfac 
tory. 

BRIEF DESCRIPTION OF THE DRAWING 

Referring now to the drawings, where like numerals 
represent like parts in several views: 
FIG. 1 illustrates a cross-sectional view of an exem 

plary laser package formed in accordance with the 
present invention; 
FIG. 2 illustrates an exemplary laser subassembly 

which may be used in conjunction with the package of 
FIG. 1; 
FIG. 3 illustrates an exemplary fiber subassembly 

which may be used in conjunction with the package of 
FIG. 1, illustrating in particular the fiber alignment 
fixture of the invention; and 
FIG. 4 illustrates another view of the fiber subassem 

bly of FIG. 3, taken along line 4-4 of FIG. 3. 
DETALED DESCRIPTION 

FIG. 1 shows a completed package 10 with a laser 12 
mounted on a stud 14 and an optical fiber 16 feeding 
through a ferrule 18 and aligned with laser 12. The 
package can be considered as comprising two separate 
subassemblies; a laser subassembly 20 and a fiber subas 
sembly 22. The focus of this invention is primarily re 
lated to the axial alignment of these two subassemblies, 
since the alignment of the two is often critical to the 
reliability of the final package. 
FIG. 2 illustrates in detail a portion of an exemplary 

laser subassembly 20. As shown, laser 12 is attached to 
a mount 24 which is part of stud 14. Since the output 
from a laser is a divergent beam with a divergent angle 
in the range of, for example, 10 to 50', a lens 26 is 
placed in an opening in a platform 28 using a retaining 
spring 29, where lens 26 is used to collimate the beam 
into a more desirable parallel form. Lens 26 is posi 
tioned in the z-direction (indicated in the figure) until 
the required spacing between laser 12 and lens 26 is 
achieved. In most cases, this spacing should be in the 
range of 10-20 lum. Active alignment is then performed 
to position the axis of lens 26 relative to the output from 
laser 12. In one active alignment procedure, a video 
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system is used where the optical axis of the lens is first 
aligned with a fiduciary on a video screen. Laser 12 is 
then activated, and the emission through lens 26 is 
viewed on the screen at a relatively far distance (> 50 
mm). The position of platform 28 is then adjusted until 5 
the emission aligns with the fiducial marking. Once 
alignment is achieved, platform 28 is attached to mount 
section 24 of stud 14. In order to achieve high reliability 
and insure that the relative positions of laser 12 and lens 
26 remain constant, a series of laser welds are used to 
attach platform 28 to mount 24. Three such laser welds 
are illustrated at points A, B and C in FIG. 2. A similar 
set of welds is used to attach the opposite side of plat 
form 28 to mount 24 (now shown). 

Referring back to FIG. 1, the remainder of laser 15 
subassembly 20 will be described. A first graded-index 
(GRIN) lens 32 is positioned in front of lens 26 and is 
used to focus the output from laser 12 to a small spot 
size. First GRIN lens 32 is held in a first retainer 34 
which mates with the housing surrounding laser 12 
(shown in FIG. 1). A second GRIN lens 36 is positioned 
at the rear of laser 12, and is used to focus the output 
from the rear face of laser 12, where this light output is 
used to monitor the operation of laser 12. A second 
retainer 38 is used to hold GRIN lens 36 in place. 
An exemplary fiber subassembly 22 is illustrated in 

detail in FIG. 3. Ferrule 18, holding fiber 16, is posi 
tioned in a z-direction adjustment sleeve 40. FIG. 4 
illustrates a section of subassembly 22 taken along line 
4-4 of FIG. 3. Fiber ferrule 18 may be axially moved 
within sleeve 40 (as indicated by the arrows), since the 
inner diameter (ID) of sleeve 40 is chosen to be slightly 
greater than the outer diamter (OD) of ferrule 18. It has 
been found that a gap between the two pieces of 
0.001-0.002 inches is sufficient for this purpose. Once 35 
the relative positions of ferrule 18 and sleeve 40 are 
fixed, the attachment is achieved by filling in this gap at 
a number of locations between the two members, such 
as by laser welding. During the attachment process, the 
radial (x,y) position of ferrule 18 within sleeve 40 may 40 
shift, due to the induced stresses between the pieces. 
Thus, as discussed above, it is important that the axial 
alignment be performed prior to any radial adjustment. 
The z-alignment is achieved by bringing face 42 of 

first GRIN retainer 34 into flush contact with face 44 of 45 
Z-sleeve 40, as shown in FIG. 4. Laser 12 is then acti 
vated and ferrule 18 is moved in the x,y,z direction until 
the output through fiber 16 is optimized. A series of 
laser welds, or other suitable form of attachment, is then 
used to fix the position offerule 18 in sleeve 40 by filling 
the gap between ferrule 18 and sleeve 40. This attach 
ment is advantageously performed in the present inven 
tion by virtue of the design of z-sleeve 40. As seen by 
reference to FIGS. 3 and 4, sleeve 40 includes a number 
of openings, or slots 46, which are machined completely 
through sleeve 40. Thus, portions of ferrule 18 are visi 
ble through openings 46. Laser spot welds may then be 
performed in the gap through openings 46 to join sleeve 
40 to ferrule 18. In this process, a slightly defocused 
laser beam is used to melt material from ferrule 18 and 
combine it with melted material from sleeve 40 to fill 
the gap. Since the locations of these welds are visible, 
any welds of inferior quality can be seen immediately 
and redone. This is in contract to some prior art ar 
rangements which used "blind welds' that could not be 65 
checked during the welding process. 

In one embodiment of the invention, four such open 
ings 46, spaced 90° apart, are formed around the cir 
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4. 
cumference of sleeve 40. This is the arrangement illus 
trated in FIG. 4. A series of overlapping spot welds, for 
example, six welds, may be performed in each opening 
46 to form a continuous fillet of attachment material in 
the gap between ferrule 18 and sleeve 40. The symmetry 
of welds is preferred for stability and the multiplicity is 
preferred for strength. 
At the completion of this welding operation, the 

radial, or x,y-direction alignment of sleeve 40 to retainer 
34 may proceed. Although faces 44 and 42 of retainer 34 
and sleeve 40 may be perfectly aligned in the x,y-direc 
tion at the completion of the axial alignment process, 
this is highly unlikely. Thus, some type of radial align 
ment will be required. In most cases, these two pieces 
may be formed to comprise the same or nearly the same, 
outer diameter. This situation is necessary to achieve a 
reliable radial alignment. In the prior art, a straightfor 
ward active alignment, involving the movement of the 
pieces in the x and y directions until the light output is 
optimized, was utilized. 
An improved x,y alignment process has been devel 

oped for use with this laser package, and can in general 
be used with any radial alignment of two cylindrical 
pieces having similar outer diameters. Our copending 
application Ser. No. 061,629 discloses the novel radial 
alignment procedure which may be employed with this 
package. 

It is to be understood that the above-described ar 
rangements are merely illustrative of the many possible 
specific embodiments which can be devised to represent 
application of the principles of the invention. Numerous 
and varied other arrangements can be devised in accor 
dance with these principles by those skilled in the art 
without departing from the spirit and scope of the in 
vention. In particular, although the foregoing illustra 
tive embodiment described the packaging of a junction 
laser, it is apparent, of course, that similar principles 
apply to packages for other optical sources (such as 
LEDs) as well as optical detectors (for example, ava 
lanche photodiodes). Additionally, other materials, 
such as epoxy or solder, may be used to fix the relative 
positions of the ferrule and sleeve through the openings 
in the sleeve. 
What is claimed is: 
1. An optical package comprising: 
an optical Subassembly including an active optical 

device located on a mounting structure, and focus 
ing means located between the optical device and 
the exterior of the package; and 

a fiber subassembly including an optical fiber encased 
in a ferrule, the ferrule being located within a cylin 
drical sleeve and capable of axial motion within 
said sleeve to achieve optimum axial alignment 
between the optical subassembly and the fiber sub 
assembly, said sleeve including at least one opening 
therethrough to expose said ferrule to allow attach 
ment of said ferrule to said sleeve. 

2. An optical package as defined in claim 1 wherein 
laser welds are used to attach the ferrule to the sleeve. 

3. An optical package as defined in claim 1 wherein a 
plurality of openings are formed in the sleeve to allow 
for a plurality of attachment sites of the ferrule to said 
sleeve. 

4. An optical package as defined in claim 3 wherein 
laser welds are used in each opening of the plurality of 
openings to attach the sleeve to the ferrule. 
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5. An optical package as defined in claim 4 wherein a 
plurality of laser welds are formed in each opening of 
the plurality of openings. 

6. An optical package as defined in claim 3 wherein a 
plurality of four symmetrically disposed openings are 
formed in the sleeve. 

7. An optical package as defined in claim 1 wherein 
the active optical device comprises a semiconductor 
laser which is positioned on a mount in the optical sub 
assembly. 

8. An optical fiber subassembly comprising: 
a cylindrical ferrule for encasing an optical fiber; and 
A cylindrical outer sleeve surrounding the ferrule, 

the inner diameter of said sleeve being slightly 
greater than the outer diameter of said ferrule so as 
to allow said ferrule the ability to move in an axial 
direction within said sleeve, said sleeve including at 
least one opening completely therethrough to ex 
pose said ferrule, the ferrule and sleeve being per 
manently joined through said at least one opening 
upon achievement of axial alignment of the fiber 
subassembly with an associated optical device. 

9. The optical fiber subassembly of claim 8 wherein 
laser welds are used to join the sleeve to the ferrule. 

10. The optical fiber subassembly of claim 8 wherein 
a plurality of openings are formed in the sleeve. 

11. The optical fiber subassembly of claim 10 wherein 
a plurality of four, symmetrically disposed openings are 
formed around the circumference of the sleeve. 
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6 
12. The optical fiber subassembly of claim 11 wherein 

a series of laser welds are formed in each opening of the 
sleeve. 

13. The optical fiber subassembly of claim 8 wherein 
a gap in the range of 0.001-0.002 inches exists between 
the ferrule and the sleeve. 

14. A method of achieving axial alignment between 
an optical device mounted on a subassembly and a fiber 
encased in a ferrule surrounded by an outer sleeve mem 
ber, the sleeve member including at least one opening 
through its sidewall so as to expose the ferrule, the 
method including the steps of: 

a. activating the optical device 
b. viewing the output from the optical device through 

the fiber; 
c. moving the ferrule axially within the sleeve until 
optimum light output is achieved; and 

d. attaching the ferrule to the sleeve in the optimum 
position through the at least one opening in the 
sleeve. 

15. The method of claim 14, wherein in performing 
step (d), laser welding is used to attach the sleeve to the 
ferrule. 

16. The method of claim 14, wherein the sleeve in 
cludes a plurality of symmetrically disposed openings 
such that in performing step (d), a series of attachments 
are performed in each opening. 

17. The method of claim 16 wherein in performing 
step (d), laser welding is used to form each attachment 
of the plurality of attachments. 
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