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Laser microwelding of

DR. GEOFF SHANNON AND PAUL SEVERLOH

he connection of conductive
parts for the purpose of elec-
trical contact is one of the
oldest, most common

joining applications and is required in
almost every industry including automo-
tive, electrical and electronic devices,
and medical devices. The technologies
used to make these connections are
driven by cost, joint performance, and
volume requirements. As part sizes
decrease and performance require-
ments increase, crimping, soldering,
and brazing techniques are becoming
obsolete. In contrast, welding, which
provides excellent joint integrity, lon-
gevity, and conduction performance,

is quickly becoming the required
standard.

The material of choice is copper
due to its ability to efficiently conduct
energy and transmit signals. But the
very material properties that make cop-
per such a good choice for a conduc-
tor unfortunately make it difficult to weld,

laser.

FIGURE 1. Typical spot welds on bare copper
using a 1064nm and 532nm pulsed Nd:YAG

T ThLOF N
g

aser Solutlcns

MANUFACTURI,

WWW.INDUSTRIQL-LASE!“

.CIQM

copper

USING A 532NM GREEN LASER ELIMINATES
REFLECTIVITY ISSUES AND OFFERS A VIABLE
METHOD FOR HIGH-VOLUME MICROWELDING OF

COPPER AND OTHER CONDUCTIVE MATERIALS

further magnified with reducing part size, and specif-
ically at a point where we describe the joints as
becoming microwelds.

Microwelding of copper presents the signifi-
cant challenge of controlling the heat bal-
ance in these small and highly conductive
parts to enable welding but ensuring that
over or under heating does not occur. Can
amanufacturer satisfy both requirements?
Yes—using a 532nm wavelength (green)

laser welder.

Before considering the various welding
options available, let’s define microweld-
ing; the joining of two materials where at
least one is less than 0.02 in. thickness.
The welding options available are ultra-
sonic bonding, resistance welding, and
laser welding.

Ultrasonic bonding is an effective
technique for joining flat copper and
other conductive parts; however, as this
is amechanical process, it is limited by the

part’s resistance to mechanical force, joint
access, joint geometry, and different part
shape combinations.

1064nm

532nm
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application

Resistance welding is a viable option,
but it is subject to access limitations and
requires both the purchase and mainte-
nance of small conductive electrodes.

Because ultrasonic bonding and resis-
tance welding both require physical contact
with the part to create the joint, the total
welding time equals the actuation cycle
plus the welding time. For volume manufac-
turing this adds a significant time delay.

Laser welding, conversely, is a non-con-
tact process, requiring only single-sided
access. It is able to access extremely small
joint areas and weld different shaped parts.
It appears to be a good solution for copper
welding—but there is a problem. The reflec-
tivity of copper at the 1064nm wavelength is over 90%. Therefore,
to overcome this high initial reflectivity a large amount of power
density is required. Once the laser is coupled and the material
becomes molten the reflectivity drops significantly. The large
power density required for initial material coupling now
far exceeds what is required to form the weld.

As aresult, the material vaporizes leaving

FIGURE 2. 0.015-in.-
thick gold-coated copper
flat wire welded to

metallized pads.

report

The 532nm wavelength enables consistent
laser beam coupling into the copper and
stabilizes welding, as highlighted in FIGURE
1, which shows the comparison of 1064nm
and 532nm wavelength welding of uncoated
copper. At 532nm the laser beam couples
into copper as 1064nm couples into steel.
To microweld copper successfully, a
532nm (green) laser beam is required. This
wavelength can be achieved in two ways.
Most common is to use a Q-switched
laser; however, such a laser does not have
sufficient pulse energy to weld. A more
novel approach is to use a regular pulsed
Nd:YAG laser, which offers 532nm light
at 1.5kW peak power with up to a 5ms
pulse width. This provides enough weld energy to penetrate
around 350-microns-thick copper, which is sufficient for most
microwelding applications. Another additional benefit of using a
pulsed Nd:YAG laser beam delivered through a fiber is that the
beam has low brightness. This promotes even absorp-
tion across the focus spot preventing hot spots
at the center of the weld that may cause

a large porosity or a hole. A comparisonjofireflectivity for 1064 instability.
A number of techniques have and 532nm laser wavelengths
been utilized to overcome this reflec- ATERIA 064 Applications
tivity, including pulse shaping, oxy- Copper 90% 45% Electrical connections come in many
gen assist, and the use of less reflec- Gold 98% 42% different sizes, shapes, and materials.

tive platings.

Pulse shaping is not reliable as the reflec-
tivity of copper and other conductive parts varies,
and so the precise moment at which the laser power should be
reduced also varies. There have been some attempts to better
anticipate this precise moment by implementing feedback tech-
niques, however none have proven viable. The use of oxygen
dramatically increases penetration in seam welding copper by
building an oxide layer on the part to be welded, but this has not
been effective for spot welding applications because the posi-
tive effect of oxygen is seen only after several pulses in succes-
sion and thus does not offer a reliable technique for single spot
welding or short seams. Using less-reflective coatings such as
nickel or tin does help to reduce initial reflection, but does not fully
alleviate the problem as large energies are still required to con-
tinue the coupling into the copper; thus
the process window for microwelding
becomes quite small.

In order to achieve a good, strong
laser microweld on copper, one must
address the root cause that prevents
a good weld: material reflectivity. By
reducing the wavelength from 1064nm
to 532nm, the reflectivity of copper and
other conductive materials is signifi-
cantly reduced, as shown in the Table.
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Therefore, a few examples are given
to highlight the capability and benefits of
using the 532nm welding laser.

Semiconductor interconnects—The connections shown in FIG-
URE 2 are 0.0015in.-thick gold-coated copper flat wire bonded to
metallized pads. As the wire was wide but very thin, a relatively
large spot size was required to make the weld. A long pulse width
with low peak power enabled good flow within the bond, and
the low brightness of the beam enables uniform heating across
the width of the flat wire.

Flat to round terminal connection—The
flexibility of the laser is extremely
valuable in welding different

FIGURE 3.
Small seam weld
hetween 0.016
x 0.09 in. gold-
plated copper
lead and 0.016
in. diameter
silver-plated
copper wire.
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FIGURE 4.

A 0.004-in.-thick
gold wire welded
to gold-plated
metallized pad.

joint geometries and terminal shapes. FIGURE 3 shows a weld

between a gold-plated copper connector of rectangular cross

section to a silver-plated copper wire. The weld is made in a

butt configuration with the position of the wire in relation to the

terminal showing some varia-
tion. The controlled coupling
of the laser beam with the
round surface of the wire and
flat terminal enable the weld
to be made reliably. Once
again the low brightness of the
beam benefits the process as
itaccommodates tolerance in
the part fit-up.

'1 "’ : 1] i =
FIGURE 5. A 0.008-in.-thick copper
flat wire welded to 0.008-in.-thick
copper lead frame coated.

Wire to flat—Joining solid and
stranded wires is another ter-
minal configuration. When the
wire is being welded to a thin
metallized pad the consistent
absorption of both the wire and the pad is critical to maintain-
ing the weld (see FIGURE 4). Likewise, when welding a stranded
wire, the spread of the wires needs to be controlled to ensure
the beam absorption across all is consistent.

Lead frame connections—For high-volume production, welding

multiple joints on lead frames is all about quality and speed.
Being a non-contact process, laser welding lends itself to vol-
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ume manufacturing, able to
execute many welds per sec-
ond according to the motion
integration (see FIGURE 5).

Dissimilar materials—When
welding materials with dif-

ferent levels of absorption,
there is a tendency to over-
heat the more absorptive

materials causing excessive

spatter and porosity. This is

usually overcome by favor-  pigyRre 6. Seam weld between aluminum and

ing one material, however for
small parts this may not be
sufficient as even the tiniest
absorption imbalance can
create an overheated weld. At 532nm wavelength the reflec-
tion of both parts becomes closer, therefore the weld energy
balance is more consistent, significantly improving weldabil-
ity (see FIGURE 6).

favoring.

Summary

Welding copper is a difficult proposition; microwelding copper
presents an even greater challenge. Laser welding offers a useful
method for joining, offering a non-contact process well geared
for automation. However the reflectivity of copper at the 1064nm
wavelength has always been the barrier to implementing laser
welding. By using a 532nm green Nd:YAG laser welder this bar-
rier has been removed, offering a viable method for microwelding
copper and other conductive materials in high volume. %

Dr. Geoff Shannon and Paul Severloh are with Miyachi Unitek Corpora-
tion (www.muc.miyachi.com) in Monrovia, CA.
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