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A METHOD OF TESTING AND FITTING ELECTRONIC
SURFACE-MOUNTED COMPONENTS

The present invention relates to a method of testing and fitting
electronic components that are to be surface mounted on a circuit

board.

Examples of such components are ball grid array components (BGA)
or flip-chip components, and other components that include on one
side thereof solder balls or the like that are to be connected
electrically to pads on a test poard so as to enable the function
of the surface component to be tested subsequent to mounting said
components. The method can also be applied to chip scale packages
(CSP) .

Although the present invention is not limited to any particular
surface-mounted component, it will be described hereinafter with

reference to BGA components.

BGA component packaging of chips in the form of integrated
circuits or multichip modules is a rapidly growing technology. It
is anticipated that BGA components will have a significant share

of the market in the very near future.

one problem encountered with BGA components is that the perfor-
mance of said components in operation cannot be tested prior to
mounting the components on a printed circuit board, PCB. It is
particular difficult to test BGA components at high analog signal
frequencies and at high digital signal speeds. The difficulty is
actually encountered in achieving good electric contact and other
effective electrical condigions between the BGA component and a
test board to which the BGA component shall be connected during

a test.
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A few techniques have been proposed in this respect. One tech-
nique uses an interposer, which is a layer applied between the
BGA component and the test board and electrically conductive in
directions perpendicular to the plane of the interposer. This may
refer to electrically conductive needles that extend perpendicu-
lar to the plane of the interposer between the BGA component and
the test board, or anisotropically conductive films. A few
mounting bases have also recently been developed for connection

to the BGA component and to the test board respectively.

One drawback with all of these known techniques is that a heavy
mechanical pressure must be applied to the BGA component in order
to achieve sufficiently effective physical, and therewith
electrical, contact with the test board.

However, other problems often remain in the form of high electri-
cal contact resistance, the occurrence of parasitic inductance
and capacitance. Furthermore, the aforesaid interposer,
anisotropically conductive film and said mounting bases are

expensive, both in construction and in production.
These problems are solved by the present invention.

The present invention provides an inexpensive method which
requires only a low contact pressure between the BGA component
and the test board, which also gives low contact resistances and
low parasitic inductances and capacitances. '

Accordingly, the present invention relates to a method of testing
and, in certain cases, mounting electronic surface-mounted
components which include on one side a plurality of contact pads
intended for electrical connection with contact pads on one side
of a test board, particularly BGA components and corresponding
components, and is characterized by applying to the component
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contact pads or points a metal that is liquid at room temperature
or at an elevated room temperature, in a first method step; by
1ifting the component from the surface of the liquid metal in a
second method step, such that part of the liquid metal remains on
the contact points; and by bringing the contact pads provided
with said liquid metal into abutment with corresponding contact

pads on the test board, in a third method step.

The invention will now be described in more detail with reference
to exemplifying empodiments thereof and with reference to the

accompanying drawings, in which

- Figure 1-3 illustrate different steps of the inventive
method; and

- Figure 4 illustrates an embodiment of the invention.

Figures 1-3 illustrate the inventive method of testing the
performance of electronic components that are to be surface-
mounted on a printed circuit board. The electronic component
exemplified in the Figures is a BGA component 1. One side of the
BGA component 1 includes a plurality of contact pads 2, which
normally consist of about 60% tin and 40% lead. These contact
pads 2 are intended for electrical connection with corresponding

contact pads 3 on one side of a test board (PCB) 4; see Figure 3.

According to the present invention, thé contact pads 2 on the
component 1 are coated in a first method step with a metal 5 that
is liguid at room temperature or at elevated room temperatures.
This step is illustrated in Figure 2. The contact pads 2 are
preferably dipped into the liquid metal. Alternatively, the metal
can be applied to the contact pads by a process corresponding to
a pressure process, in which a cylindrical surface containing the
liquid metal is rolled over the component surface on which the

contact pads are found.
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According to one preferred embodiment, the 1liquid metal is
contained on a flat surface, such as on a glass plate 6 or a
silicon plate. The depth of the metal on the plate will prefera-
bly be less than the height of the contact pads 2 on the compo-
nent 1, so as to ensure that only the pads 2 will come into

contact with the liquid metal 5. The contact pads 2 are wetted
with the metal in this way.

In a second step of the inventive method, the component is lifted
from the surface of the liquid metal, as illustrated in Figure 2,

wherewith a part 7 of said metal will remain on the contact pads.

In a third step of the invention, the contact pads 2 provided
with said liquid metal 7 are brought into abutment with corre-
sponding contact pads 3 on the test board 4, as illustrated in
Figure 3, therewith establishing effective electric contact
between the contact pads 2 on the component and the corresponding
contact pads 3 on the test board.

The electronic component 1 is then tested.

In an optional fourth step of the method, the component 1 is
lifted and the liquid metal 7 removed from its contact pads 2. It
has been found that the metal 7 can be readily removed with water
and a conventional detergent. The fourth step is optional for the
reason made evident hereinafter, although it is not always
carried out. According to one highly preferred embodiment, the
liquid metal is gallium (Ga) or a gallium alloy.

According to another embodiment of the invention, the liquid
metal is mercury (Hg) or a mercury compound, although this metal

is not equally as well preferred, because of its detriment to the
environment.
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Gallium and gallium alloys exist in a liquid phase at room
temperature or temperatures slightly above room temperature. They
also have low resistivity, namely a resistively of about 14
microohm x cm. By way of comparison, it can be mentioned that
copper has a resistivity of 1.56 microOhm x cm. Furthermore,
gallium and its alloys are easy to use, and consequently are not
hazardous to the health or to the environment hazard, due to
their low vapour pressure among other things. Liquid gallium has
an extremely low vapour pressure, namely only 107'° torr

at 400°C. Mercury has a much higher vapour pressure, normally 10"’
torr at 400°C.

The following Table show examples of alloys that can be used in

the present context:

Table 1

Melting Temperature Powder Additive
Ga 30°C Ag
Ga/sn 16°C Cu
Ga/In 15°C Sn
Ga/In/Sn 5°C Ni

As evident from Table 1, a number of gallium alloys with tin, or
indium, or both tin and indium, have melting points beneath room
temperature. The substances in the Table are alloys that have an

eutectic composition.

These alloys can also be tailor-made with respect to viscosity,
by admixing metal powder with the liquid alloy. Many different

metals can be used to this end. Table 1 discloses examples of
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preferred metals in the right-hand column. It is preferred to
admix at most 20% by weight metal powder. Admixture with metal
powder can produce a liquid-gallium based paste into which the
contact pads are dipped in the aforesaid manner. The thickness of
the paste on the plate 6 and the viscosity of the paste deter-
mines the amount of paste that will adhere to the contact pads
when said pads are dipped into the paste.

Table 2 below shows the wetting properties of gallium and
gallium-based alloys.

Table 2

Material Metal Glass Silicon Ceramic Epoxy
Wetting

properties Good Good Good Poor Poor

As evident from Table 2, gallium and a gallium-based alloy have
good or very good metal wetting properties, but poor ceramic and
epoxy wetting properties. This is an important property that
makes gallium-based alloys ideal for the present purpose, since
the contact pads 2, 3 on the component 1 and test board 4
respectively are comprised of metal while surrounding material is

either a ceramic or an epoxy material.

Another important property of gallium and gallium-based alloys is
that they will break down any oxide present on the contact pads
2, 3, due to the fact that gallium forms alloys with the material
from which the contact pads are comprised. This means that an
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extremely good electric contact is obtained, where the contact

resistance is normally below 1 mohm.

The afore-mentioned parasitic inductance and parasitic
capacitance will be very low, due to the small amount of material
at the point of contact between respective contact pads 2, 3.

What has been said above with respect to gallium and gallium-
pased alloys also applies to mercury. Although the function of
the invention will not be impaired if mercury or mercury alloys
is/are used instead of gallium and gallium alloys, the use of
gallium or gallium alloys is preferred from an environmental and
handling aspect. If mercury is used, measures must be taken with
regard to the high vapour pressure of mercury and because of the
toxicity of mercury compounds. For instance, the use of mercury
would require the method to be carried out in a closed room in
which the mercury compounds are recovered in a manner that is

acceptable from a* health aspect and an environmental aspect.

According to one preferred embodiment of the invention, the
component 1 is mounted in a frame 8 that carries the test board
4, so as to bring the component 1 into a predetermined position
of alignment with the test board 4, see Figure 4. The frame 8 may
include a bottom part 9 and a top part 10. The bottom part 9 will
preferably have internal measurements that correspond to the
external measurements of the component 1. The upper part 10 is
preferably provided with an overlying arm 11 adapted to abut the
upper side of the component. The illustrated frame includes pull
springs 12, 13 that are adapted to draw the top part 10 down
towards the bottom part 9 with a suitable force such as to press
the component 1 against the test board with a force that will
ensure that all contact pads 2 are in good abutment with the pads
3 on the test board.
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It has been mentioned above that in a fourth step of the inven-
tive method the component is lifted from the test board upon
completion of the test and the contact pads then cleaned.

In one alternative embodiment of the invention, the test board 4
is the circuit board on which the component 1 shall be finally

surface-mounted in a predetermined position.

In this alternative embodiment, the first, second and third
method steps are carried out and the component is tested after
having been placed in said predetermined position. When the test
shows that the component performs in the manner intended, the
component 1 is retained on the circuit board 4 with a flux
applied to the contact pads 2 and 3, and the circuit board is
then heated with the component in said position to a temperature
at which the contact pads 2 of the component fuse to correspond-
ing contact pads 3 on the circuit board 4. This temperature may
be about 200°C. In the fusion process, gallium and gallium alloys
will fuse together with the material in the contact pads 2 and
the contact pads 3.

In a third alternative embodiment of the invention in which the
test board is also comprised of a circuit board 4 on which the
component 1 shall finally be mounted in a predetermined position,
the component is also tested after having been placed in this
predetermined position.

In this embodiment, the component is fixed mechanically in its
intended position relative to the circuit board. Fixation of the
component may be achieved with the aid of a frame, as shown in
Figure 1, or in some other suitable manner. When the test shows
that the component 1 performs in the manner intended, the
component 1 is kept in said position when using the circuit
board.
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It will be noted that in the case of this latter embodiment, the
liquid metal remains in a liquid state during the use of the
component and that the contact pads 2, 3 are thus not fused
together. One of the advantages of this embodiment is that the
component can be readily changed and that the liquid metal on the
contact pads relieves the component and the circuit board of

mechariical stresses due to temperature changes.

The drawbacks mentioned in the introduction are eliminated by the
present invention. The inventive method can be applied cheaply.
The method is highly effective with regard to high frequency
testing and high testing speeds, owing to the fact that the
contact resistance, the parasitic inductance and the parasitic
capacitance are low. Furthermore, the method is easy to apply,
since the contact pressure between the contact pads can be kept

very low.

Although the invention has pbeen described above with reference to
a number of exemplifying embodiments, it will be understood that
alloys other than those mentioned may also be used. For instance,
non-eutectic compounds can be used at room temperature or at an

elevated room temperature.

The present invention is therefore not restricted to the
aforedescribed embodiments, since variations and modifications

can be made within the scope of the following Claims.
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CLAIMS

1. A method of testing and in certain instances mounting
electronic components that are to be surface-mounted on a printed
circuit board and that include on one side a plurality of contact
pads that shall be connected electrically to contact pads on one
side of a test board, particularly BGA components and correspond-
ing components, characterized by applying to the component
contact pads (2) a metal (5) which is liquid at room temperature
or at elevated room temperatures, in a first method step; lifting
the component (1) away from the surface of the metal (5) in a
second method step, wherewith part (7) of the 1liquid metal
remains on the component contact pads (2); and bringing the
component contact pads (2) with said liquid metal applied thereon
into abutment with corresponding contact pads (3) on the test
board (4), in a third method step.

2. A method according to Claim 1, characterized by placing the
liquid metal (5) on a flat surface, such as a glass plate (6) or
silicon plate, in an amount such that the depth of the 1liquid
metal will be below the height of the component contact pads (2).

3. A method according to Claim 1 or 2, characterized in that
the liquid metal (5) is gallium (Ga) or a gallium alloy.

4. A method according to Claim 3, characterized by including an
electrically conductive metal powder, such as silver (Ag), tin
(Sn), copper (Cu) or nickel (Ni) in the liquid metal (5).

5. A method according to Claim 1 or 2, characterized in that
the liquid metal (5) is mercury (Hg) or a mercury alloy.
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6. A method according to Claim 5, characterized by including an
electrically conductive metal powder, such as silver (Ag), tin

(Sn), copper (Cu) or nickel (Ni) in the liquid metal.

7. A method according to any one of the preceding Claims,
characterized by placing the component (1) in a frame (8) carried
by the. test board (4), such as to bring the component (1) to a

predetermined position of alignment in relation to the test board

(4).

8. A method according to any one of the preceding Claims,
characterized by a fourth method step in which the component (1)
is lifted up and the liquid metal (5) thereafter removed from the

component contact pads (2).

9. A method according to any one of Claims 1-7, characterized
in that the test board is a printed circuit board (4) on which
the component (1) shall finally be surface-mounted in a predeter-
mined position; in that the component (1) is tested subsequent to
being positioned in said predetermined position; and in that when
the test shows that the component (1) has the intended perfor-
mance, the circuit board (4) with the component in said position
is heated to a temperature at which the component contact pads
(2) will fuse together with corresponding contact points (3) on

the circuit board.

10. A method according to any one of Claims 1-7, characterized
in that the test board is a printed circuit board (3) on which
the component (1) shall be finally mounted in a predetermined
position; in that the component (1) is tested subsequent to
having been placed in said predetermined position; in that the
component (1) is fixed mechanically relative to the circuit board

(3) in said position; and in that the component is retained in
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said position when using the circuit board (3) when the test
shows that the component (1) has the intended performance.
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