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Method and Apparatus for the Mounting of Semiconductor Chips

The invention concerns a method and an apparatus for the mounting of semiconductor chips of the type

named in the preamble of claim 1.

With the mounting of semiconductor chips, the substrate is fed by a transport arrangement in cycles to a
~ dispensing station where adhesive is applied and then to a bonding station where the next semiconductor
chip is placed. With increasing miniaturisation of the electronic structures, the semiconductor chips for
certain applications also become very small. The dimensions of the smallest semiconductor chips already
amount to less than 0.2 mm * 0.2 mm. If the adhesive layer between the substrate and the semiconductor
chip consists of an electrically conducting adhesive, the task is set of mounting the tiny semiconductor
chips so that, after hardening, the thickness of the adhesive layer between the substrate and the
semiconductor chip is uniform and only varies within tight given tolerances for example of only +5um.
Only in this way can a consistently high quality of the electrical characteristics of the mounted
semiconductor chips be achieved. Furthermore, it is demanded that substrate from different
manufacturers can be used which means that the t.hickness of the substrate to be processed is subject to

deviations of typically 60 to 70pm.

Today, a method generally known as "overtravel” is used to compensate the thickness variations of the
substrate. The automatic assembly machine, a so-called die bonder, comprises a bondhead with a pick-up
tool to pick up the semiconductor chip. The bondhead is lowered to a predetermined height above the
substrate which is set so that, in any case, the semiconductor chip impacts on the adhesive portion
regardless of the actual thickness of the substrate. In doing so, on the one hand the adhesive is
compressed and, on the other hand, the pick-up tool is deflected in relation to the bondhead. The

thickness of the resulting adhesive layer is subject to large variations.

The object of the invention is to propose a method and an apparatus for the mounting of semiconductor

chips which fulfils the above-mentioned requirements.
The named task is solved in accordance with the invention by means of the features of claim 1.

Solving of the task is achieved with a method by which the semiconductor chip is deposited on the
adhesive portion under controlled conditions. Decisive for achieving an adhesive layer with negligible
thickness variations is that the impact of the semiconductor chip on the adhesive portion is considerébly
reduced in comparison with prior art. This is achieved in.that it is not the semiconductor chip and the
entire bondhead which impact on the adhesive but only the semiconductor chip and a small part of the

bondhead, namely the pick-up tool at the tip of which the semiconductor chip is located.

With the mounting of a semiconductor chip onto a substrate having a portion of adhesive the bondhead is
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therefore lowered to a predetermined height H above a support holding the substrate where as a rule the
semiconductor chip does not yet touch the adhesive or only just touches so that the portion of adhesive is
only negligibly deformed. At the same time, the pick-up tool is fixed in an upper limit position on the
bondhead. As soon as the bondhead has reached the height H, the fixing of the pick-up tool is released so
that the pick-up tool moves downwards from the upper limit position and presses the semiconductor chip
onto the adhesive. After a predetermined time after releasing the fixing of the pick-up tool, the bondhead

is raised and moved away.

With a bondhead particularly suited for the method, the pick-up tool and the bondhead are connected by
means of a chamber to which compressed air and/or vacuum can be applied so that, to a large extent, the

movement of the pick-up tool can be controlled.

The method according to the invention and the embodiments of apparatus suitable for carrying out the

method are now explained in more detail based on the drawing.

Itisshownin: Figs. 1A, B two phases of the mefhod according to the invention,
Fig.2 a diagram,
Figs. 3,4  details of apparatus suitable for carrying out the method, and
Fig. 5 additional parts of the apparatus according to Fig. 4.

Figs. 1A and 1B show consecutive phases of the method according to the invention. The two figures
show a semiéonductor chip 1, a pick-up tool 2, a bondhead 3, a substrate 4, a portion of adhesive 5 and a
support 6 for the substrate 4. The pick-up tool 2 is part of the bondhead 3. The pick-up tool 2 is movable
in vertical direction 7 between an upper limit position and a lower lifnit position which are defined for
example by means of a cam 10 on the pick-up tool 2 combined with stop surfaces 8 and 9. The pick-up

tool 2 is freely movable, ie, movement of the pick-up tool 2 is not counteracted by a spring.

When mounting the semiconductor chip 1, in a first stage the bondhead 3 is lowered to a predetermined
height H above the support 6 during which the pick-up tool 2 is located in the upper limit position. This
condition is presented in Fig. 1A. The height H is predetermined corresponding to the greatest expected
thickness of the substrate 4 and the greatest height H, of the adhesive 5 so that as a rule the
semiconductor chip 1 which is located at the tip of the pick-up tool 2 does not yet touch the adhesive 5 or

only just touches so that the portion of adhesive is only negligibly deformed.

The bondhead 3 now remains at the height H. Now, in a second stage, the attachment of the pick-up tool
2 on the bondhead 3 is released so that the pick-up tool 2 lowers as the result of gravity. The
semiconductor chip | impacts on the adhesive 5 and sinks deeper and deeper into the adhesive 5 whereby
the thickness of the adhesive layer continually reduces. Although the adhesive 5 provides a certain

resistance to its deformation and therefore to the sinking of the semiconductor chip 1, it is not able to
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compensate the weight of the pick-up tool 2. In order to stop the semiconductor chip 1 from sinking. the
bondhead 3 must be moved away. That is why the moving away of the bondhead 3 takes place in a third

stage at a predetermined time T after releasing the pick-up tool 2.

The condition immediately before the moving away of the bondhead 3 is presented in Fig. 1B. The fall
time of the pick-up tool 2 from the point of its release from the bondhead 3 up to the first contact with the
adhesive 5 is short in comparison with the time 1. In this way, a layer thickness of the adhesive 5 is
achieved which is practically independent of the actual thickness of the substrate 4. With frictionless
guiding of the pick-up tool 2 on the bondhead 3, the impact of the semiconductor chip 1 on the adhesive
5 is proportional to the mass of semiconductor chip 1 and pick-up tool 2 and therefore considerably less
than with the "overtravel" method quoted. Furthermore, the effect of the mass being reduced to the mass

of the pick-up tool 2 causes a slower lowering of the semiconductor chip | on the adhesive 5.

In Fig. 2 a solid line shows the course of the height h of the bondhead 3 above the support 6 and a broken
line shows the course of the height h of the pick-up tool 2 above the support 6 over the course of time t.
At time t,, the bondhead arrives at height H, remains at height H for the period of time 1 and at time t,
moves away again without the semiconductor chip. Until the height H is achieved, the pick-up tool 2 is
fixed in its upper limit position on the bondhead 3, after releasing itself from the bondhead 3 it falls

somewhat faster until it meets with the adhesive 5 and then sinks somewhat slower into the adhesive 5.

Fig. 3 shows details of a first apparatus for carrying out the method in accordance with the invention.
With this apparatus, the pick-up tool 2 has a continuous longitudinal drill hole 11 to the upper end of
which vacuum can be applied to grip the semiconductor chip 1. When gripping the semiconductor chip 1,
the longitudinal drill hole 11 is sealed at the lower end. In doing so, as the result of the pressure
differential between the lower and upper ends of the longitudinal drill hole 11, a force directed upwards
is created which is sufficient to push the pick-up tool 2 to the upper limit position: In this way, the pick-

up tool 2 is fixed in the upper limit position on the bondhead 3.

After the bondhead 3 has achieved the position shown in Fig. 1A, the vacuum at the upper end of the
longitudinal drill hole 11 is switched off. The force directed upwards acting on the pick-up tool 2 reduces
continuously with continual reduction of the vacuum: The pick-up tool 2 falls downwards, the
semiconductor chip 1 impacts on the adhesive 5 and compresses the adhesive 5 more and more until,
after the period of time 1, the bondhead 3 is raised and moved away. As long as the vacuum is not
completely broken down, the semiconductor chip 1 remains attached to the pick-up tool 2. Therefore, the
placing of the semiconductor chip 1 on the adhesive 5 takes place in a controlled manner under the
guidance of the pick-up tool 2. After the time T has elapsed, the vacuum has also broken down

sufficiently so that when it is raised, the bondhead 3 leaves the semiconductor chip 1 on the adhesive 5.



Fig. 4 shows details of a second apparatus for carrying out the method in accordance with the invention.
With this apparatus, the functions "holding the component” and "dropping the pick-up tool 2" are
separated. The bondhead 3 comprises a chamber 12 to which compressed air or vacuum can be applied in
which the upper end of the pick-up tool 2 runs on air-tight bearings. When vacuum is applied to the
chamber 12, then the pick-up tool 2 is pushed into its upper limit position. When compressed air is
applied to the chamber 12, then the pick-up tool 2 is pushed into its lower limit position. In addition, the

pick-up tool 2 has a longitudinal drill hole 11 which can be connected to a vacuum source.

To grip the semiconductor chip 1, compressed air is applied to the chamber 12 whereby the pressure in
the chamber 12 is controlled at a predetermined value p;. When gripping the semiconductor chip 1, the
bondhead 3 is lowered far enough so that the force built up between the semiconductor chip 1 and the
pick-up tool 2 is sufficient to deflect the pick-up tool 2 out of its lower limit position. This force F, is
independent of the degree of deflection. It is determined by the cross-sectional area A on which the
pressure p; in chamber 12 acts on the pick-up tool 2: F; = p; * A. Now, at the latest, vacuum is applied to
the longitudinal drill hole 11 so that the semiconductor chip 1 adheres to the pick-up tool 2 and can be

picked up.

After the semiconductor chip 1 has been gripped, vacuum is applied to the chamber 12 in order to move
the pick-up tool 2 into its uppér limit position. As with the first embodiment, the bondhead 3 is now
transported to the substrate 4 (Fig. 1A) and, in a first stage, is lowered to the predetermined height H
above the support 6. The bondhead 3 now remains at the height H. The vacuum in the chamber 12 is now
removed so that the pick-up tool 2 lowers in relation to the bondhead 3. The bondhead 3 remains at
height H during time t which begins at the time when the vacuum is removed and ends with the raising
and moving away of the bondhead 3. This dwell time t of the bondhead 3 at height H determines the
extent to which the semiconductor chip 1 compresses the adhesive S, ie, which adhesive thickness is
achieved. In order that the bondhead 3 can move away without the bonded semiconductor chip 1, the

~ vacuum in the longitudinal drill hole 11 must be removed in due time before the dwell time 1 elapses.

This second embodiment has the advantage that, during the time 1, the strength of the vacuum or
negative pressure in the chamber 12 can be controlled according to a given pressure profile so that the
lowering of the semiconductor chip 1 onto the adhesive 5 takes place with controlled speed. In particular,

the lowering speed can be reduced in comparison to the case of the sudden removal of the vacuum.

Furthermore, the second embodiment is suitable for the placing of relatively large semiconductor chips
onto a substrate 4 where it is desired that the semiconductor chip 1 is pressed onto the substrate with a
predetermined bond force. During transport of the bondhead 3 to the substrate 4, a predetermined
overpressure p; is applied to the chamber 12. The overpressure p, and the height H; above the support 6

to which the bondhead 3 is lowered are selected so that the pick-up tool 2 is deflected upwards in vertical



direction 7 in relation to the bondhead 3 whereby the cam 10 strikes neither at the top on stop surface 8
nor at the bottom on stop surface 9. The semiconductor chip 1 is then pressed onto the adhesive 5 with a
defined bond force F, = p> * A whereby the bond force F» exerted by the pick-up tool 2 on the
semiconductor chip 1 is independent of the thickness of the substrate. The layer thickness of the adhesive

5 which results is dependent on the volume of the applied portion of adhesive and on pressure p,.

Fig. 5 shows a device for controlling the pressure in the chamber 12 of the bondhead 3. The device has a
compressed air source 13 and a vacuum source 14 which are connected by a proportional valve 15. The
vacuum source 14 is preferably connected to the proportional valve 15 via a vacuum reservoir 16. The
outlet of the proportional valve 15 is connected to a pressure chamber 17 the volume of which is at least
ten times larger than the volume of the chamber 12 when the pick-up tool 2 is located at the lower limit
position. A pressure sensor 18 is located in the pressure chamber 17 for measuring the pressure p
prevailing inside it. The signal delivered by the pressure sensor 18 is fed to a control device 19 which
controls the proportional valve 15 so that the pressure p in the pressure chamber 17 corresponds to a
given value. The pressure chamber 17 is connected to the chamber 12 of the bondhead 3 so that the same |
pressure is set in the chamber 12 as in the pressure chamber 17. The longitudinal drill hole 11 of the
pick-up tool 2 can be separately connected to the vacuum source 14 via a not presented switchable valve

for gripping and releasing the semiconductor chip 1.
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PATENT CLAIMS

1. Method for the mounting of a semiconductor chip (1) onto a substrate (4) having a portion of

adhesive (5), characterised by the following steps: -

a) Presenting the substrate (4) having a portion of adhesive (5) on a support (6);

b) Gripping the semiconductor chip (1) by means of a pick-up tool (2) movable on a bondhead (3) in
vertical direction between an upper limit position and a lower limit position;

c) Lowering the bondhead (3) to a predetermined height above the support (6) whereby the pick-up tool
(2) is fixed in the upper limit position on the bondhead (3),

d) Releasing the fixing of the pick-up tool (2) so that the pick-up tool (2) moves from the upper limit
position in the direction of the lower limit position and presses the semiconductor chip (1) onto the
adhesive (5); and

e) Raising and moving away of the bondhead (3) at a predetermined time after releasing the fixing of the

pick-up tool (2).

2. Method according to claim 1, characterised in that, the fixing of the pick-up tool (2) on the

bondhead (3) takes place by means of vacuum.

3. Method according to claim 1 or 2, characterised in that, the pick-up tool (2) bears on a chamber
(12) on the bondhead (3) to which vacuum can be applied and that the strength of the vacuum is
controlled in accordance with a given profile in order to control the movement of the pick-up tool (2)

from the upper limit position in the direction of the lower limit position.

4.  Apparatus for mounting of a semiconductor chip (1) onto a substrate (4) having a portion of
adhesive (5), with a bondhead (3) with a pick-up tool (2), characterised in that, the pick-up tool (2) is
freely movable in vertical direction between an upper limit position and a lower limit position and that

the pick-up tool (2) can be fixed in the upper position.

5. Apparatus according to claim 4, characterised in that, the fixing of the pick-up tool (2) takes place

by means of vacuum.

6.  Apparatus for the mounting of a semiconductor chip (1) onto a substrate (4) having a portion of
adhesive (5), with a bondhead (3) with a pick-up tool (2), characterised in that, the bondhead (3)
contains a chamber (12) to which compressed air and/or vacuum can be applied in which the upper end
of the pick-up tool (2) runs on air-tight bearings, that the pick-up tool (2) is movable in vertical direction
between an upper limit position and a lower limit position and that the tip of the pick-up tool (2) can be

connected to a vacuum source.

7. Apparatus according to claim 6, characterised in that, the pick-up tool (2).can be fixed in the

upper position.
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8.  Apparatus according to claim 6 or 7, characterised in that, the chamber (12) is connected to a

pressure chamber (17) the volume of which is at least ten times larger than the volume of the chamber

(12).



