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Reliable Pigtailing of Photonic Devices Employing Laser Microwelding
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Abstract: Investigations and analysis of various parameters that contribute for increasing the efficiency of laser
diede to single mode fiber coupling using lens coupling scheme are presented m this study. The low power
laser weldability of Invar, Kovar and stainless steel 304 alloys make them suitable as the base materials and
welding teols for different types of photonic devices packaging. The fiber attachment process and microwelds
for fixing of various coupling components have been performed i what 1s so called active alignment process,

where the system continues measuring the coupled power during the process of coupling and welding of (lens
helder, fiber ferrule and welding clips). Nd: YAG Laser Welding system (LW4000S from Newport) has been used
for the alignment and welding of the coupling components inside a butterfly module. The effect of laser weld
beam parameters on the weld dimensions 1s optimized to get good and the desired weld width to penetration
depth with small Heat Affected Zone (HAZ) for achieving good welds without damaging the sensitive optical

components inside the module.
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INTRODUCTION

Understanding the optimal coupling method and
determimng the effective coupling scheme along with the
packaging facilities 1s very important in the technology of
photonic devices manufacturing because these processes
account for (60-80%) of its overall cost. Photonic
transmitters are usually required to operate for long time
n field with potentially humid, corrosive and mechamecally
turbulent environments, that requires strong fixing of the
aligned components and hermetic sealing inside metal
hybrid housings. Laser welding proved to be the most
effective tool for the automation of laser diode coupling
and packaging process which yield a very reliable
strong  attachments of
components, it also enables producing more and hence
reducing the devices cost effectively. Post Weld Shift
(PWS) generally affect package yield, it represents an
issue in the field of photonic devices packaging and
manufacturing. In single mode fiber applications, if the

packaging  and various

PWS induced by the joimng process 1s m the order of few
microns, the loss in the coupled power may reach up to
50% resulting in module performance degradation. PWS
i laser packaging can be mimmized by properly
controlling the laser beam-to- beam energy balance in dual
beam laser welding system (Cheng et al., 1996; Hsu et al.,
2005) and using laser pulses of power density = (1.5x10%)

w cm, since higher power densities of laser pulses could

result in more PWS. Tt can also be greatly minimized by
the selection of materials and design of welding tools
(Tan et al, 2005). Laser Weld (LW40003) which 1s
configured with a laser hammering option to compensate
for the PWS by making some additional weld spots in
different positions is employed in this research. Another
possible defect that can be detected after laser
welding 1s the cracking, which arises from many different
possibilities in the laser welding, large air gaps,
solidifications, incompatible materials, impurities such as
high levels of carbon, sulfur, phosphorus and a
combination of two or more (Kuang et al., 1999, Soon,
2000; Lee et al., 2006). Post weld cracking is occurring
mainly due to using alloys with different melting points as
the welding materials and also the large air gap between
the welded parts, which cause the centerline crack
propagations (Kuang et al., 1999). The third serious
defect encountered in laser welding process is the
porosity which refers to the formation of holes or bubbles
in the mterior structure of the welded-joints. There are
numerous sources which can produce porosity such as
air intake, moisture into the weld pool and surface
contamination with oil, grease, moisture and paint on or
about the joint interface. All these can be eliminated by
careful cleaning procedures. It has been reported that the
major cause of hole formation in the laser welding process
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for laser packaging is due to the excess of laser energy
atid the gas bubbles trapped withinthe welded sections
dhring soli dification(Fuang of &, 1999, Laser weldingis
normally a Hepidphase (Fusion) welding process Le., it
joins metals by melting their intetfaces and causing the
mixing of molten metal which sclidifies o the rem oval of
the heat source. The desired materials for this application
ate taterials of low thermal condoctidty or Idgher
electrical resistivity (Dawes, 1992, Clayrssolouris, 19910
Therefore the lower the thermal conductivity of & material,
the more likely it is to absorh laser ener gy, C onsecuently,
the normal weldable grades of steel and stainless steel are
ideal for laser welding. The low cartbon steels Austerdtic
stainless steel (300 series steel) which has carbon lewvels
of less than (0.1%) produce good gquality welds and
reliable weld perform atce. Also Zine-coated steels hawe
beenn reported to be used for many applications
(Kuangefal, 1999 Here we used kovar ™ which contains
(29% Mi, 17% Co, 0.2% M and 53% F e), stainless steel
30d widch is composed of (1 3% 0, 18.1%0C, B.1%H1,
0.39%31, 0.04%C, 0031% P, 0.002% 3, 0.06% H and
balance Fe) and Irva™ which containg (46% F e, 30%H1)
fior laser welding of photonic devices packaging,

MATERIALS AND METHOD 5

Lager welding with two simultane ous beams of very
sthall spot sizes catd be employed for laser diode butterfly
module packaging to weld the fernded fiber tip #a a
specid weld clip and to fix lenges inside their holders to
the main substrate of the packaged module. Al the
coupling componetits, such as fiker fernale and letizes are
weldedto the substrate with certain tyrpes of welding dips
ot holders from two opposite directions using dual Nd
WAG lager beatn s as shownin Fig. 1.

Precise aligrment of the fiber to the laser diode iz
obtained usitg active digunent process in which the
lager diodeis powered byrthe system from its housing and
emmite light and in what iz so-called a blind sesch
aligment, Fig 2, the system looks for the optimum
position a which the coupling efficiency iz m it by
cottitmously  meamwing  the outpd power by oa
photodetector conmnected to an optical power tmeter. Laser
spot welding has important advantages for these
applications because it is a contactless toal, it can deliver
avety precize an ourt of weld energyin a wety shott time
to a wetry amall location and can be acourately located on
the weld joint through the use of delivery fibers and
foeusing optics.

Theoretical aspects and modeling: The
differential equation of heat diffusion iz given as:
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Fig Z:Blind search in active ali gunent process
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Where, o is thermal diffusivity, gitf) is the rate of
internal heat generationfabsorption at a point in the
materia expressed in units of (T m™&), o is given by

pisthe material densityr, iz the speecific heat and k
is the thermal conductivity. Equation 1 can he solved to
give the tem perabire distributioninside the workpiece as

2 (oty? -2 Il z
T—TD=T[1IJVE k[1 erf[zl:mj%]} (4

Equation 2 is walid under the condition that (efie=r
(radivg of spot size onthe workpiece).

To detertrite the penetration depth of the laser spot
welds as a fonction of pdse dwation and incident
average powet per pulse power density, assumingthat the
etiet @y balatice at the lager spot can be expressed as
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gl (aT
f1-R)I, = pL_ﬁ— k[EL (3

R is the reflectivity, L is latent heat of the materid
and [ is the pulse energy density (1, = pe®). Where p the
pulse power and t iz the laser spot radius The
temperatire di stribution ins de the solid is given by

T-L _ xR —I—(EJZ ()
T, -T, o ot
T, and T, are the melting and the ambient

temperabares The temperaure gradient o the welding
front can be determined as:

Gl

Subs. into (3 and solving for and by inte gyati on we
caty get the penetration depth

4': —R:Ipt ()

1= w*p[L, +c(T, -T,])

The penetration depth is proportional to laser gualse
power atd durati on.

RESULT S AND DISCU S50

The 1550 rom laser diode is coupledto a single mode
fiher wia double ball lenses of 1 mm dameter and
packaged in a dterfly moodule as shown in Fig 3. This
coupling system has wide misaligrment tolerances.

The process of loading the fernaled fiber tip is shown
in Fig. 4 where a prewm dic gripper is used to hold the
ferruled fiber during the aligment and welding process.
The effect of displacemernt of the fernded fiber tip in x and
v direction from the optimwn coupling position on the
coupled power is shown it Fig 5. The experimerta
vatiation of the coupling efficienc with the wotking
distance (coupling system to fiber seperation) is shown
inFig &,

Lager pulse caration, energy, average power and
focusing position have been optimized to get the desired
weld yields. The aspect ratio (weld width to penetration
depthy) recuired to be less than ity for best weld results
meaning that a good penetration is achieved for strong
weld and at the same tim e the width is as small as that the
Heat Affected Zone (HAZ) is minimized and hence
prevent the damage to sensitive optical compoent inside
the module during the welding process.

The experimental meamwem etts of laser weld width
with the incident palse energy are shown in Fig 7 for
stainless steel 304L, Eovar andIrrrar alloys.

Tacermrald aunts

Fig 3: A pigtailed lager diode coupled wa double ball
letises using laser welding

Fig 4 The process of loading the fernaled fiber tip in
active aligtanent method
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Fig 5 Coupled power versus displacement in x and ¥
directions during the alisrement process
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Fig. 7. Laser weld width with the ncident pulse energy
for three different alloys

It has been found experimentally that the focusing
point of the laser beam on the target has a significant
effect on both laser weld width, Fig. 8 and depth;
therefore it has to be optimized to malke the target in the
depth of focus (the distance at which the spot radius is
mcreased by 5% form the mimmum spot radius at the
focus point).

The result of modeling the penetration depth as a
function of laser pulse average power and duration found
to be m a very good agreement with the experimentally
measured results. For pulse of 1 ms duration, three
samples have been subjected to the same average
incident power and all show a good interaction as suitable
base materials for photomic devices packaging
application, Fig. 9. In Invar alloy the effect 1s more
because of its higher thermal conductivity comparing with
other two samples.

The effect of changing pulse duration on the
penetration depth 18 shown m Fig. 10 for SS304L for
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Fig. 8 Effect of focusing position on the laser spot weld
diameter
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Fig. 9: The change of penetration depth with the incident
average power
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Fig. 10: Effect of laser pulse duration on the penetration
depth for different incident powers
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Fig 11: 3EM of a part of the prepared sample
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Fig. 12: The metallographic measurement on 33304L
sarmple

different incident power. Same effect is found also with
the other two alloys but of course with different range of
penetration depths.

In welding the coupling lenses in their holders to the
substrate via welding clips, three different allovs have
been used, i, e. Kovar, Invar and 33304 ag shown in
Fig 3 and illustrated by using SEM Fig 11, which shows
the position and the size of three spot welds on the
interfaces of each two materials and since the height level
of Kovar material is higher than that of 33304L, the
interaction is clear on the top surface of 33304L alloy.

In Fig, 12 themetallographic measurement shows that
the Heat Affected Zone (HAZ) of the laser pulse on
333041 sample is significantly small.

CONCLUSION

The 15350 nm laser diode module is coupled via
double ball lenses into a single mode fiber with ferruled
tip. All the coupling components have been fixed by
using dual laser beam microwelding technique. The active
alignment posgibility and the fimmed fixing of all coupling

components leads to a coupling efficiency of about 75%
with relaxed misalignment tolerances. Laser pulse
parameters found to have a very significant effect on the
gpot weld dimensions and the heat affected zone
therefore, an optimization of all thoge parameters is
necessary to achieve good weld vields with less than
unity ratio of spot weld width to depth. The modeling
results have been found to be in a very good agreement
with those obtained by experiments previously. SEM
measurements shows that spot weld with small
dimensions are joining the three different alloys firmly.
The HAZ accompanied with lagser spot welds is
significantly small which is an advantageous in welding
very sengitive optical comp onents,
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