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Abstract:

Soldering -is a well-established process
that has been used and optimized for decades.
Nevertheless, there is a boom in application of
conductive adhesive in SMT packaging. It has
been caused by the specific advantages of the
conductive adhesive technologies such as low
process temperature and high temperature sta-
bility of the joints as well as by the upcoming
restrictions on the use of lead based solders.

The objective of this work is to evaluate
the potential of conductive adhesive for SMT
packaging and to assess the risks of the transi-
tion from solder to adhesive technologies. After
updating the design guidelines for adhesive at-
tach, a test board has been developed that al-
lows mounting SMT devices by solder and ad-
hesive technologies applying very similar proc-
esses and using the same equipment. This way,
we could directly compare the electrical and the
mechanical contact properties after joining as
well as after environmental tests using almost
identical samples. The bottom line of the study
is: Joining with conductive adhesive is an at-
tractive, low risk solution for many lead-free
SMT applications.

1. Introduction

The reliability of packaging technolo-
gies has always been a major concem in elec-

tronic industry. Currently, new challenges arise
from the expanded use of flexible boards and
smart cards. Joining techniques are needed now
that require only low temperature but still pro-
vide high adhesion strength to flexible sub-
strates of PET and PVC. Another group of new
challenges arises from applications that work in
harsh environments such as high temperature
and high humidity. For example, new sensors
for advanced device control will be placed
within car engines or machine tools. Finally, the
upcoming regulations restricting the use of lead
based solders also drive the search for new
packaging technologies.

Today, soldering is the dominant tech-
nique of mounting SMT devices to printed cir-
cuit boards. However, as the most commonly
used tin-lead alloy has to be replaced because of
the new requirements and the upcoming restric-
tions, conducting adhesive has also been pro-
posed as possible alternative [1].

Besides adequate contact properties, any
alternative material must provide high process
stability and a low risk of change especially
when used in a high volume industrial manu-
facturing. It should also be possible to use ex-
isting equipment with the new materials to
lower the cost of transition.

In this study, we assess prospects and
risks of changing the packaging technology for
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Figure 1: Test board layout (device side)

SMT devices from reflow soldering into adhe-
sive attach. We have compared both techniques
using the same devices, working on the same
test board, applying similar process steps, and
exposing all samples to the same test conditions
as reported in the following sections.

2. Devices

A representative selection of SMT de-
vices most commonly used today has been cho-
sen in this study. It includes a QFP80 and four
nuBGAs as active devices plus a total number of
30 passive components per test board — 10 of
each device size (0805, 0603, and 0402). Usu-
ally, the SMT devices have pre-tinned termi-
nals, i.e., they are coated with eutectic SnPb.
However, lead-free devices are also available.
They have a silver-palladium (AgPd) coating.
Therefore, three basic groups of samples have
been prepared for the tests: Pre-tinned compo-
nents soldered to the substrate (A), pre-tinned
components attached by adhesive (B), and
AgPd components attached by adhesive (C).

3. Test Board

A test board (Fig 1) has been developed
based on the following considerations:

e The substrate technology is FR-4.

FR-4 .is the most common base material
used for printed circuit boards supplied by a
multitude of vendors.

e The PCB design is continuously moving
towards fine-pitch layouts. Thus, a mini-
mum line width of 200 pm, a via diameter
of 1.2 mm with 0.5 mm holes and a mini-
mum pitch of 400 pm has been chosen. This
represents a typical fine-pitch PCB layout.

e A separate test field is included that allows
assessing the resolution of printing and
joining processes. It features a minimum
distance of 100 pm between neighboring
pads.

o The pad design for the components has to ﬁt
both joining technologies. Unlike solder, the
flow of conductive adhesive does not stop at

' the solder mask. Quite the reverse effect oc-
curs. The solder mask reduces the space un-
der the passive component. During joining,
the conductive adhesive can easily fill this
narrow gap completely. That means, regular
pads and regular solder mask openings
(Fig2) can not prevent the occurrence of
short circuits under the components. This
defect is the more likely the smaller the

Solder Mask

Component (Jumper) ~ Printed Dot

Figure 2: Regular structure - rectangular pads,
rectangular printed dots and small
solder mask openings

The K structure - K shaped dots and
large solder mask opening under the
entire passive SMT component

Figure 3:



components are. Therefore, an update of the
substrate design guidelines is proposed. The
openings in the solder mask should be in-
creased. Leaving the entire area underneath
the component without solder mask (Fig 3),
additional space is provided for accommo-
dating that adhesive, which is squeezed in
this direction during joining. Short circuits
can be prevented this way.

e The test setup is based on plug-in boards.
Direct connectors on three edges of the
board assure high-speed and error-free data
gathering based on four-point probing.

Using the test board for all three groups of
samples (A, B, and C) allows the direct com-
parison of the different fine pitch techniques as
well as the contact behaviors of solder joints
and adhesive bonds.

4. Process

Despite the different joining techniques,
the processes are very similar. As seen in fig-
ure 4, the steps stencil printing, device assem-
bly, and. heat treatment are identical in both
techniques. Moreover, the equipment can be the
same as well. Screen printers for solder pastes
have also been found suitable for printing con-
ductive adhesives. The choice of pick-and-place
equipment is not affected by the joining tech-
nique anyway. This is true for manual place-
ment systems in research labs as well as for
industrial assembly automates. Finally, even the
heat treatment equipment may be the same de-
spite the different temperature profiles (Fig 5).
Usually, soldering needs higher temperature
while curing the adhesive takes longer. Some of
the commonly used reflow ovens allow pro-
gramming both profiles. Otherwise an inexpen-
sive stationary oven can be used for curing the

Stencil Printer Assembly System
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Figure 4: Process flow for soldering and adhe-
sive attach
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Figure 5: Temperature-time profile for reflow
soldering and curing the adhesive
adhesive. \

Printing K shaped dots (Fig 3) instead of
the common rectangular dots (Fig2) reduces
the risk of shorts under passive components.
Although not needed, K dots can also be used
for soldering at no extra manufacturing cost.
Thus, identical stencil masks may be used with
both joining techniques. The combination of K
dots and increased solder mask openings con-
stitute the K structure, which is proposed here.

In order to check the validity of the results
obtained in the research lab using manual
equipment, all experiments have been repeated
in a packaging fab. Table 1 lists all series of
samples included in this study. The basic
groups A, B, and C are subdivided according to
manual or industrial processing and with re-
spect of the shape of the printed dots.

After joining, all samples were exposed to
the same test conditions: thermal cycles (-40 °C
/ +125 °C, 10 min per half cycle) and humidity
storage (85 % r.h. / 85 °C).

5. Process Results

Figure 6 shows the cross section a
300 pm wide adhesive bump well positioned on
the FR-4 pad. The structure of the bump is per-
fect. The Ag flakes are distributed homogene-
ously. There are no voids. Neither we see any
bleeding effect at the edges.

Figure 7 shows a test board after com-
pleting the joining process. Figures 8 and 9 give
examples of mounted pBGA devices. Shape
and structure of the joints are of high quality.
The placement has been excellent as well inde-



RET nCApm

w0 <03 En

L




