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The effects of main process parameters and electrode materials on joint quality (charging voltage and
operating force) were investigated using detailed metallurgical examination and the helium leak test. The
electrode materials used for resistance projection welding were brass and Cr-Cu alloy. The TO-Can
components (cap and header) were nickel-coated SPCC steel. The results indicated that when the operating
pressure increased, the electrode displacement increased, causing expulsion and distortion of the welds. The
nugget area increased with the increase of charging voltage; however, it decreased with the increase of
operating pressure. Results from the optical microscopy analysis showed that a larger acceptable welding
range was achieved by using Cr-Cu electrodes. TO-Can in the acceptable and expulsion range successfully
passed the helium leak rate of less than 53 1028 mbar L/s. For commercial purposes, where dimensions
have to be exact and without deformation, the TO-Can components produced in the expulsion zone cannot
be used.
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1. Introduction

Owing to an increased investment worldwide in the research
and development of core technologies, the optoelectronics
market has also experienced a huge growth in recent decades.
Optical communication devices are now being used in almost
areas of life. Without these devices, the information age would
not even exist (Ref 1, 2). Today, the use of optical commu-
nication devices, inevitably followed by new technology, is
ever increasing. The laser diode, one of the key devices for
realizing high-performance optical networks, has been widely
used for high-speed data writing/reading in communications or
in players of optical discs (Ref 3).

Laser diode packaging technology includes three basic
package types, namely metal can, dual-in-line (DIL), and
butterfly (Ref 4). The most common packaging for laser diodes
used in communication devices are metal cans style, com-
monly known as a transistor outline package or the TO-Can
(Ref 5). TO packages include a cylindrical metal cap and metal
header; a laser device is configured on the header to emit a
single mode coherent light beam. Efficiency and reliability of
the laser diode assembly depends on the alignment accuracy
(Ref 6, 7). There is no doubt that the joining technology

determines the TO-Can package quality. Sealed TO-Can
packages are necessary for performance requirements and
operational stability. In such packages, metal bonding
techniques such as brazing or fusion welding are often used
to provide a hermetic seal between the cap and the header,
but they are costly and time consuming to manufacture (Ref
8). Therefore, resistance projection welding is used suitably
for the fabrication of TO-Can assemblies, in which the heat
necessary to produce a joint is generated by the Joule effect
based on electrical resistance at the contact interface between
the cap and the header. This process is also used extensively
for joining most metals; either similar or dissimilar metal
components. A typical resistance weld is broken down into
three distinct periods. Each stage takes up a proportion of the
total welding time (Ref 9, 10), as shown in Fig. 1. First, the
squeeze time is when the coming together of the electrodes
against the metal builds up to a specified pressure before the
current is turned on. Next, weld time is when the current is
turned on momentarily, which actually passes through the
components because then the metals are hot enough to melt
and fuse together to form a weld nugget. This is followed by
the third, or hold time in which the current is turned off, but
the pressure is still applied. The weld nugget cools, and the
metals are forged under the pressure of the electrodes.
Continued electrode pressure is applied till the weld solid-
ifies, cools, and the weld nugget reaches its maximum
strength.

The obtainment of the optimal hermetic metal package in
resistance projection welding requires a thorough understand-
ing of the process parameters. The effects of electrode materials
and process parameters (including charging voltage and
electrode force) on joint quality and nugget area were
investigated. The experiment was focused on metallographic
examination to estimate the acceptable welding range and run
the helium leak test. Finally, information from resistance
projection welding with high production rates and easy
automation was obtained.
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2. Experimental Procedure

A capacitor discharge-stored energy welding machine was
used to seal a TO-Can component, as shown in Fig. 2. It
controlled the voltage of the welding capacitors, and allowed
extremely fast energy release with a large electric current in
very short periods of time. The monitor signals were recorded
together with the feedback from the peak current. The
displacement signals were measured using a linear variable
differential transformer (LVDT) sensor to directly reflect the
position of the upper electrode in a welding cycle. The machine
was equipped with a pneumatic pressure system. Welding,
squeezing, and welding times were adjusted with the accesso-
ries on the machine. Before starting the resistance projection
welding process, it is important to make sure that the setting
on the welding machine is correct and that the cooling
system�s power is turned on. The charging voltage that was
used varied from 150 to 350 kA with the welding time
remaining constant at 4.4 ms. The operating pressure during the
resistance projection welding process was set between 0.10 and

0.35 MPa at intervals of 0.05 MPa. The electrodes used in
this study were brass (70 wt.%Cu-30 wt.%Zn) and Cr-Cu
(15 wt.%W-85 wt.%Cu) alloy. The experimental material
(TO-Can) was cold-rolled steel (SPCC) with an electrodepos-
ited nickel coating of 10 lm formed by blanking and stamping.
The specimen geometry and dimensions of the cap and header
are shown in Fig. 3. The metallographic study was carried out
using light optical microscopy on the transverse cross-sections
of the weld joints passing through the weld nugget. All the
specimens were prepared by cutting, grinding, and polishing to
a finished grade of 0.3 lm; etching was done with nital.

Figure 4 is a schematic diagram of the helium leak detector.
It consists of a test chamber, vacuum system, helium detector,
and a display panel. In this system, a dry scroll pump was used
to evacuate the test chamber through the vacuum valve, and
then the chamber was connected to the detector through the
sensing valve. The function of the adjusting valve was simply
to test for leaks before starting the vacuum pump by closing all
the valves except for the vacuum valve. In order to determine
the leak rate of a TO-Can package, the specimen was placed in
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a pressurized chamber filled with helium for a period of time. In
the event of a test specimen leak, i.e., TO-Can is unsealed; the
pressurized helium would be forced through the opening into it.
The chamber pressure is then released and the helium escaping
from the TO-Can is transferred to the leak detector through the
sensing valve. All of the helium that escapes from the TO-Can
during the test is captured and measured. The leak detector
background noise was 1.69 10�9 mbar L/s. Vacuum chamber

pressure was 5.09 10�3 mbar and the specified time (bomb
time) was 4 h. Response time, i.e., removal from the helium
pressure chamber to detection, was 15 min.

3. Results and Discussion

3.1 Effect of Welding Parameters on Electrode
Displacement

Electrode position can have a great affect on the finished
weld quality. Electrode displacement information also indicates
inadequate parameters (Ref 11), which results in an unaccept-
able TO-Can package. Too much pressure and voltage causes
the electrode position to exceed the projection height, which
may produce weld expulsion and unwanted part deformation.
On the other hand, in the case of too little pressure and voltage,
weld nugget will be small and weak. Figure 5 shows the
influence of operating pressure and charging voltage on the
electrode displacement. Electrode displacement increases with
increase in operating pressure using either brass or Cr-Cu
electrodes. This may be because of plastic deformation in the
weld region. For the same operating pressure, an increase in
charging voltage leads to an increase in electrode displacement.
This is not surprising considering that higher charging voltage
causes greater heat input, leading to molten metal flowing more
easily and thus generating more displacement. In addition, the
greatest electrode displacement should not exceed the projec-
tion height, i.e., 150 lm, and, therefore, it is used as a key
quality criterion in packaging.

In this article, charging voltage and operating pressure are
recognized as extremely important parameters to be taken into
consideration to avoid expulsion. Figure 6(a) shows that the
maximum charging voltage under the same operating pressure
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Fig. 6 (a) Effect of operating pressure on the maximum charging
voltage not causing expulsion. (b) Relationship between electrode
displacement and operating pressure under the maximum charging
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Acceptable Range

Incomplete Weld

Weld Expulsion

Nugget Growing

Operating Pressure

C
ha

rg
in

g 
V

ol
ta

ge

Fig. 7 Definition of acceptable and unacceptable welds in resis-
tance projection welding

246—Volume 20(2) March 2011 Journal of Materials Engineering and Performance



prevented weld expulsion. The charging voltage had to be
increased as the operating pressure increased to avoid weld
expulsion. It was because contact resistance decreased as the
operating pressure increased. Low contact resistance results in
low current density reducing heat generation and the size of the
weld nugget (Ref 12, 13). Thus, a higher operating pressure
requires a higher charging voltage to produce the best weld
quality. Figure 6(b) shows the electrode displacement under the
maximum charging voltage without weld expulsion. It was also
found that the electrode displacement increased with the
increase in operating pressure. This means that operating
pressure and charging voltage constituted the prime electrode
displacement parameters.

3.2 Estimation of Acceptable Welding Range

Successful resistance projection welding depends on the
correct use of parameters. The charging voltage and operating
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pressure must be of sufficient magnitude to form a joint
before projection collapse. In order to have a thorough
understanding of the nugget formation process and the effects
of different welding parameters, metallurgical examination of
weld cross sections was used to evaluate weld quality.
Definitions for incomplete, acceptable, and expulsion welds
are given in Fig. 7. In order to determine the acceptable
welding range, different weld parameters (operating pressure
of 0.10-0.35 MPa and charging voltage of 250-350 V) were
chosen to do a series of projection welding experiments, as
shown in Fig. 8. In the acceptable welding range, the upper
boundary represents weld expulsion, and the bottom bound-
ary incomplete welding. Excessive heating tends to cause
weld expulsion, metallurgical damage, and thermal deforma-
tion because of the charging voltage or operating pressure
being too high. Incomplete weld joint occurred because of an
incorrect setting of welding parameters i.e., voltage did not
have enough heat input to completely fuse the projection.
Besides, the acceptable welding range of the Cr-Cu electrode
was bigger than that of the brass electrode. A wide
acceptable welding zone indicated that obvious variations
of parameters (such as operating pressure and charging
voltage) in resistance projection welding could also be
obtained while maintaining minimum weld joint quality. In
contrast, a narrow acceptable welding range indicated minor
variations in process parameters, thereby resulting in unac-
ceptable welds.

3.3 Effect of Welding Parameters on Nugget Area

Figure 9 shows optical micrographs of the cross sections of
projection welds made by the two types of electrode, brass and
Cr-Cu. Under the same operating pressure, nugget area
increased with the increase of the charging voltage. For the
same charging voltage, projection collapse with the brass
electrode was slower than the Cr-Cu electrode, and the Cr-Cu
electrode needed a lower operating pressure. Therefore, the
optimal nugget formation was obtained with a lower voltage
and less force by using a Cr-Cu electrode.

The nugget area is an extremely important parameter, since
it directly affects the quality of the projection weld. The
relationship between nugget area and charging voltage at
different operating pressures is shown in Fig. 10. The nugget
area increased with the increasing charging voltage under
different operating pressures. Besides, it also showed that
operating pressure was an influential factor in projection
welding. While charging voltage was fixed, increasing operat-
ing pressures seemed to decrease the nugget area. This
phenomenon was due to operating pressure changing the
contact area and thereby the contact resistance with a
subsequent low current density which reduced heat generation
and the area of the weld nugget (Ref 14-16).

3.4 Helium Leak Data Analysis

A suitable TO-Can sealing should prevent the ingress of
external impurities, water vapor, and oxygen. Hermetic sealing
of components, not only needs the optimal process parameters
for resistance projection welding, but it also needs to pass the
helium leak test.

According to the hermetic seal requirements of the military
standard MIL-STD-883E method, the package must be capable
of being sealed to achieve a leakage rate below 59 10�8 mbar
L/s (Ref 17). At the bottom boundary of the acceptable welding
range, all of the samples failed to create a hermetic seal, as
shown in Fig. 11. Besides, samples passed the helium leak test
successfully above or in the acceptable welding range. Below a
leakage rate of 59 10�8 mbar L/s, the leakage rate decreased
when the charging voltage increased, and a helium leakage rate
as low as 1.59 10�8 mbar L/s was obtained at 350 V. In
general, more charging voltage means more heat through the
projection producing a tight weld. Charging voltage and
operating pressure must be carefully controlled to produce
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commercial-grade TO-Can in terms of weld expulsion and
distortion.

4. Summary

This research has shown that process parameters influence
the joining quality of TO-Can package during resistance
projection welding. The conclusions are summarised below:

1. An increase in operating pressure: However, this resulted
in an increase in electrode displacement with the possibil-
ity of weld expulsion and distortion while exceeding
projection height.

2. Acceptable welding ranges delineated the parameter
boundary that produced welds with stable joints and
leak-free sealing.

3. Nugget area increased with the increase of charging volt-
age. The decrease in contact resistance and current den-
sity resulted in a small nugget area, which usually occurs
with an increase in operating pressure.

4. Although TO-Can in the expulsion zone successfully
passed the helium leak, it cannot be used for commercial
purposes because there is a dimension distortion.

5. The Cr-Cu electrode was found to have a wider accept-
able welding range than the brass electrode. A narrow
acceptable welding range meant that the brass electrode
was more susceptible to process parameter variation and
had more chance of failure.
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