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Novel Butterfly Type Laser Module Packaging

Employing Nd:YAG Laser and Separated Clip of Stainless Steel
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The butterfly type laser module packaged employing separated clip of stainless steel and
Nd:YAG laser is demonstrated in this study. The postweld shift (PWS) of fiber tip in laser module
packaging is reduced by tuning the distance between separated clips. Using high-magnification
camera with image capturing system (HMCICS) can accurately measure the direction and magni-
tude of shift on fiber tip. The benefit of using the HMCICS technique to determine the fiber align-
ment shift are quantitatively measure and compensate the PWS direction and magnitude during the
laser-welded laser module packaging. This study makes it possible to probe the nonlinear behavior
of the PWS by using a novel HMCICS technique that results in a real time quantitative compensa-
tion of the PWS in butterfly-type laser module packages. When compared to the currently available
qualitatively estimated techniques to correct the PWS, the PWS is mostly reduced and lead to the
PWS compensation is negligible in the laser module packaging process. The result shows that the
coupling efficiency of laser module packaged by the separated clips, with 5 mm spacing and pre-
compensation between 19.5 um to 21 um in Y-direction, can be improved to relatively higher cou-
pling efficiency. The experiment result also shows that the coupling efficiency can be improved to
78%-99% after laser welding packaging employing separated clips. In comparison to the previous
clip on laser module packaging, separated clip can effectively minimize the PWS to avoid PWS
compensation. Therefore, the reliable butterfly-type laser modules with high yield and high perfor-

mance used in lightwave transmission systems may thus be developed and fabricated.
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1. Introduction

One of the greatest challenges in the packaging of the la-
ser modules using laser welding is to use a reliable and
accurate joining process. In general, the connected compo-
nents of the laser module package usually have different
material properties such as different coefficients of thermal
expansion (CTE), thermal conductivities, Young’s modulus,
Poisson’s ratios, and yield strengths. During an Nd:YAG
laser welding, and due to the material property differences
between the welded components, the rapid solidification of
the welded regions and the associated material shrinkage
often introduced a post-weld-shift (PWS) between the
welded components. For a typical single-mode fiber appli-
cation, if the PWS induced fiber alignment shift by the la-
ser welding joining process is even a few micrometers, up
to 50 % or greater loss in the coupled power may occur’®.
The fiber alignment shift of the PWS effect in the laser
welding process has a significant impact on the laser mod-
ule packaging yield. Therefore, a detailed understanding of
the effects of PWS on the fiber alignment shifts in laser-
welded laser module packages and then the compensation
of the fiber alignment shifts due to PWS effects are the key
research topics in laser welding techniques for optoelec-
tronic packaging applications| 1-2].

There are many types of laser module package designs.
The coaxial and boxed-type are the most common. The TO
(transistor outline)-Can laser packages based on coaxial-
type design are often selected when the fabrication cost is
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important and the performance requirement in lightwave
transmission systems is not so high. The butterfly laser
packages of the boxed-type designs, by contrast, are often
used in higher performance devices that require a higher
power output, a higher speed, a higher reliability, a thermo-
electric cooler, and multiple components. In the process of
packaging a butterfly laser package, a dual-beam laser
welding system was used to connect the pigtail fiber as-
sembly to the laser diode; whereas a three-beam laser weld-
ing system was used to connect the fiber ferrule to the TO-
Can laser diode in a TO-Can laser package’. In a three-
beam laser welding system, three laser beams were deliv-
ered symmetrically around the device’. However, in a two-
beam laser welding system to weld a laser module with the
geometrical arrangement of butterfly-type packages, it
proved difficult delivering two laser beams symmetrically
around the device. The effect of PWS on the fiber align-
ment shifts in butterfly laser package is much more sensi-
tive than in TO-Can laser packages. Therefore, the PWS
compensation is necessary in a two-beam laser welding
system to weld the butterfly-type laser modules[1-2].

The process of solidification shrinkage induced PWS is a
nonlinear behavior and it is a difficult task to analyze it.
Previously, the power losses in butterfly-type laser module
packages due to PWS could be qualitatively corrected by
applying the laser hammering technique to the direction of
the detected shift. Therefore, by applying an elastic defor-
mation to the welded components and by observing the
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corresponding power variations, the direction and magni-
tude of the PWS may be predicted. Despite numerous stud-
ies on improving the fabrication yields of laser module
packaging using the PWS correction in laser welding tech-
niques by a qualitative estimate, limited information is
available for the quantitative understanding of the PWS
induced fiber alignment shift which can be useful in de-
signing and fabricating high-performance butterfly-type
laser module packages[1-2].

In this work, we present a quantitative probing of the
PWS induced fiber alignment shift in laser-welded butter-
fly-type laser module package by employing a novel tech-
nique of a high-magnification camera with image capturing
system (HMCICS). The benefits of using the HMCICS
technique to determine the fiber alignment shift are to
quantitatively measure and compensate for the PWS direc-
tion and magnitude during the welding process of the laser-
welded laser module packages. This study makes it possi-
ble to probe the nonlinear behavior of the PWS by using a
novel HMCICS technique that results in a real time quanti-
tative compensation of the PWS in butterfly-type laser
module packages, when compared to the currently availa-
ble qualitatively estimated techniques to correct the PWS.
Thus, the reliable butterfly-type laser modules with a high
yield and a high performance used in lightwave transmis-
sion systems may be developed and fabricated[1-2].

2. Butterfly package construction and experiment
2.1 Laser Package Construction

A typical high-performance butterfly-type laser module
consisted of a 1.5 or 1.3 pm laser diode, a single-mode fi-
ber, a thermoelectric cooler (TEC), and an Invar housing,
as shown in Fig. 1. The metallic plate, saddle-shaped clip,
and fiber ferrule of the Invar housing materials with the
very low coefficient of thermal expansion (CTE) of 1.5 x
10°/°C were chosen to minimize thermal stresses and
strains. In a butterfly package construction, the fiber fer-
rule and the submount-to-metallic plate assemblies were
soldered joints, while the fiber ferrule-clip (FFC) and the
clip-metallic plate (CMP) assemblies were welded joints.
This fiber ferrule provided the fiber with a metallic housing
necessary for rigidity and for the welding purposes, while
the saddle-shaped clip provided the welding interface be-
tween the fiber ferrule and the metallic plate. In the process
of fabricating a fiber ferrule, and in order to reduce the fi-
ber alignment shift of the fiber-solder ferrule joints, an op-
timum approach for soldering the fiber ferrule was to sol-
der the fiber near the center of the ferrule to reduce the ini-
tial fiber eccentric offsets and to select the AuSn hard sol-
der for better material properties.

There were a total of ten welded spots on the laser-
welded FFC and CMP joints, as shown in Fig. 1. In general,
the laser welding of the CMP was implemented initially,
followed by the laser welding of the FFC. The laser weld-
ing of the CMP was applied sequentially at the center, front,
and rear. After the laser welding of CMP, the clip was fixed
to the plate. The laser welding of the FFC may be done by
using a different welding sequence. In this work, the front
welding spots were formed first, followed by the laser
welding of the rear welding spots, as shown in Fig. 1. The
advantage of such a laser welding sequence was that it of-
fered less welding induced alignment distortion during so-
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lidification shrinkage, and hence resulted in the stable
welding of the FFC and CMP joints[1-2].

50% Laser beam delivery

Laser beam
Gripper

Separated clip
Laser diode

Image
capturing

Magnitude
camera

Fig. 1 Schematic diagram of butterfly type laser module
packaging
2.2 Laser welding system
The laser welding system consisted of a 10W pulsed
Nd: YAG laser, a dual-beam fiber optic beam delivery sys-
tem, and an automatic control stage module (ACSM), as
shown in Fig. 1. The dual-beam angle of incidences were

accurately adjusted to 250t10, the beam separation angles
were set at 180° apart, and the beam energy was balanced

within 2% of each other. The laser pulse settings of the
Joules per pulse of 3 J, the spot size of laser beam at focus
of 500 um, and the surface to be welded held at the laser
beam focus were used to weld the laser modules. The grip-
per of the laser welding system was used to hold the fiber
ferrule in order to align the fiber with the laser diode[1-2].

2.3 High-magnification camera with image capturing
system

A novel technique employing a high-magnification cam-
era with image capturing system (HMCICS) was used to
measure and compensate for the PWS induced fiber align-
ment shifts in butterfly type laser module packages. The
HMCICS consisted of a 230x high-magnification video
camera, a high-performance image capture card, and a
computer, as shown Fig. 1. The optical signal generated by
the image displacement was converted into a digital elec-
tronic signal. After data processing, such as linearization
and averaging in software analyses, the measurement re-
sults were displayed. The HMCIAS technique used in this
study had a 50 nm resolution, and enabled a real time
measurement and compensation of the PWS direction and
magnitude during the packaging of the laser-welded laser
module[1-2].

2.4 Experimental Procedures

In general, the fiber alignment shifts due to PWS in la-
ser-welded laser modules is a three-dimensional move-
ments and may be described as translation and rotation
displacements between the laser diode and the fiber axes.
Since the center of the fiber ferrule in a butterfly-type laser
module package is the fiber axis, the approach for measur-
ing the alignment shifts due to the PWS is equivalent to
probing the displacement of the center of the fiber ferrule,
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thus to probe the position and angle changes of such fiber
ferrules. The position and angle changes of the fiber ferrule
can be described by the change of vectors of vector FG,
where F and G are the center of fiber tip and gripper, re-
spectively. Since the position of the gripper was fixed dur-
ing the welding process, the position needed to be meas-
ured was that of the fiber tip. A schematic diagram of PWS
for translation of the fiber tip F. During the laser welding
process, the position of the fiber tip may move from Fy(xq,
Yo, Z()) to F](X], Yis Z]) where F()(XO 5 Yo, Z()) and F](X] > Yis Z|)
are the coordinates of the fiber tip before and after welding,
respectively, as shown in Fig.3 (a). The coordinates of
Fo(xo, 20) and F(x;, z;) can be obtained by the HMCICS
system as the high-magnification camera is aligned along
the Y-axis. In order to measure the fiber shift in the Y-axis,
the coordinate system X’Y’Z’ is introduced by rotating the
camera 15° along the Z-axis, as shown in Fig.3 (b). New
coordinates for Fy(xg, zy’) and F;(xy, z;’) can be obtained by
using the HMCICS. Then through y; _yy, the displacement
of the fiber tip in the Y-direction after welding can be cal-
culated. Therefore, by comparing the position vector of the
fiber ferrule before and after the laser welding, the PWS
can be determined[1-2].

3. Postweld-shift measurements

3.1 The PWS Measurements

The coupling efficiency is as a function of X, Y, and Z
directions. It indicated that the coupling efficiency of the
1.55 pum laser module was least sensitive along the optical
axis of the Z direction, and most sensitive in the X and Y
directions.

In this work, the translation in Y-axis may be considered
as the most important factor for compensating for the PWS
induced fiber alignment shifts. The schematic diagram for
describing the position of the fiber ferrule is shown in
Figs.3 (a) and (b). In this case, the position vector of the
fiber tip moves from (Xo,¥o,Zo) to (X1,y1,Z1) in the XYZ co-
ordinate, where the (Xo,Y0,Z0) and (x;,y;,z;) are the center of
fiber tip before and after welding, respectively. The dis-
placement of the ferrule fiber can be represented by the
XYZ coordinates with three translations Ax, Ay, Az and
three rotations A0y, A0y, AO,, as shown in Figs.3 and 5.
Since the PWS is not sensitive on A8,, as shown in Fig.4,
the A8, was neglected. Clearly, the PWS mechanism of the
fiber tip includes two behaviors: the translations in XYZ
coordinate through the magnitudes of Ax, Ay, and Az and
the rotations along X and Y-axis through the angles of A8,
and AO,. The rotation parameters A0, and A0, are the func-
tions of the Ay and Ax, as shown in Figs.5 (a) and (b).

In this study, xo, yo, and z, were all zero for the simplifi-
cation of measurements. The parameters of the Ax, Ay, Az
and A0y, AO, and y; are thus given by using the following
formula: [1-2]

AX =X - Xo (1
Az=12;-7 2)
AO, = sin” (Ay/L) (3)
yi = xitan15° + (x;” - x;sec15%)csc15° @)
Ay=y1-Yo (5)
A®, = sin” (Ay/L) (6)

where L is the length of fiber ferrule, x; and x;’ are the co-
ordinates of fiber tip in X and X’-axis after laser welding,
respectively, and y; is the coordinate of fiber tip in Y-axis
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before and after laser welding, respectively. The parameters
of the Ay and AB, were obtained by rotating the camera 15°
along the Z-axis. Comparison with the position vector of
the fiber ferrule before and after the laser welding process,
the PWS can be determined. Therefore, the PWS induced
fiber alignment shifts were quantitatively specified by the
five geometrical parameters of the Ax, Ay, Az, A6, and
AB,[1-2].

3.2 The PWS pre-compensations

The direction and magnitude of the fiber alignment shifts
induced by the PWS in a laser-welded laser module pack-
ages were determined by five geometrical parameters: Ax,
Ay, Az, ADy, and AO,. This suggests that the PWS can be
corrected by applying compensation to the negative direc-
tion and the magnitude of the fiber alignment shifts to
compensate for the displacement. Comprehensive meas-
urements of the effects of the PWS compensation on the
parameters of the Ax, Ay and Az showed that the effect of
the PWS compensation on the Ax and Az were smaller than
on the Ay. This indicates that the Ay is the dominant factor,
which determines the fiber alignment shifts induced by the
PWS in the laser-welded 1.3 um laser module packaging.
Laser module packaged by the separated clips with 5 mm
spacing in this study is completed by the quantitative pre-
compensation based on seesaw effect in Y-axis was gov-
erned by [1-2]

Ly _Lp 7
D D
D
Dl L LDI (8)
D

The pre-Compensation shift D can be calculated by fol-
lowing the above two equations. The pre-compensation can
reduce the PWS mostly.

Spot3

Fig. 2 The schematic of pre-compensation by separated
clip
4. Results of PWS measurement and pre-compensation
Table shows the measured coupling power before welding,
coupling power after welding, and recovery rate of coupling pow-
er compensated by pre-compensation shift. It clearly shows a high
recovery rate on coupling power without post compensation.

Table 1 The measured coupling power before welding, coupling
power after welding, and recovery rate of coupling power

Recovery
Before
Module . After weld- rate of
welding . .
number ing (W) coupling
(HW) 0
power (%)
1 1140 920 81
2 1050 990 94
3 1070 1090 102
4 1120 940 78
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The result shows that the coupling efficiency of laser
module packaged by the separated clips, with 5 mm spac-
ing and pre-compensation between 19.5 pm to 21 pm in Y-
direction, can be improved to relatively higher coupling
efficiency. The experiment result also shows that the cou-
pling efficiency can be improved to 78%-99% after laser
welding packaging employing separated clips. In compari-
son to the previous clip on laser module packaging, sepa-
rated clip can effectively minimize the PWS to avoid PWS
compensation.

5. Discussion and conclusion

In summary, we have successfully demonstrated a novel
technique by employing a high magnification image cap-
turing system (HMCICS) to quantitatively measure and
compensate for the effects of the PWS on the fiber align-
ment shifts in laser-welded butterfly-type laser module
packages. The benefits of using the HMCICS technique to
determine the fiber alignment shift were a 50 nm nanoscale
resolution to overcome the submicron tolerance and quali-
tatively measure and compensate of the PWS direction and
magnitude during the laser-welded butterfly-type laser
module packages, when compared to the currently availa-
ble qualitatively estimated techniques to compensate the
PWS in butterfly-type laser module packages. When com-
pared to the currently available qualitatively estimated
techniques to correct the PWS[1-2], the PWS is mostly
reduced and lead to the PWS compensation is negligible in
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the laser module packaging process. The result shows that
the coupling efficiency of laser module packaged by the
separated clips, with 5 mm spacing and pre-compensation
between 19.5 um to 21 um in Y-direction, can be improved
to relatively higher coupling efficiency. The experiment
result also shows that the coupling efficiency can be im-
proved to 78%-99% after laser welding packaging employ-
ing separated clips. In comparison to the previous clip on
laser module packaging, separated clip can effectively min-
imize the PWS to avoid PWS compensation. Therefore, the
reliable butterfly-type laser modules with high yield and
high performance used in lightwave transmission systems
may thus be developed and fabricated. [1-2].
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