
WO 02/078077 PCT/NL02/00192  Method for encapsulating a chip having a
sensitive surface. The invention relates to a method for encapsulating a
chip having a sensitive sur- face exposed in a sealed highly clean cavity
package, comprising the following steps: 5 a) mounting the chip onto a lead
frame (instead of a lead frame also a substrate or tape  or other material
on which a conductive interconnection pattern is applied can be used),  b)
bonding the chip contact pads to the lead frame contact pads c) positioning
the chip and lead frame into the one part of a two part mould d) taking
measures to keep the space above the sensitive surface of the chip free
during  10 the encapsulation process, e) closing the mould by placing the
second part thereof on top of the above-mentioned  one part, f) introducing
the package material into the mould and providing the circumstances to  let
the package cure in the desired manner. 15 Such a method is known from the
older patent publication NL1003315 in the  name of applicant. In this prior
art publication the measures mentioned in step d) above  comprise: -
applying an amount of deformable heat resistant material on an inward
projecting  section which during the encapsulation process is in contact
with the sensitive chip sur- 20 face such that during the introduction of
the package material in the closed mould said sensitive surface can not be
reached by the package material. After demoulding the  deformable heat
resistant material is removed and the resulting package is completed  by
applying the glass window and fastening said window using a suitable
adhesive. As  an alternative the deformable material can be applied to the
surface of the semicon- 25 ductor circuit. A disadvantage of the above
mentioned method is that the sealing of the sensitive chip  surface takes
place only just after completing a number of assembly steps. One of these
steps is the encapsulation process. The chance the chip surface becomes
contaminated  is, although small, not inconceivable. Besides this physical
contact with the chip sur- 



30 face takes place during the encapsulation process. A disadvantage of the
above mentioned alternative method is the fact that the  actual
encapsulation process results into a semiproduct being a package with an
open  cavity filled with said deformable heat resistant material. In
general the deformable WO 02/078077 PCT/NL02/00192  2 heat resistant
material will be removed from the cavity at a location different from the
location where the encapsulation process took place. After removing of said
material  the window has to be installed and adhered which may take place
at a third different  location. The chance that the cavity becomes
contaminated is, although small, not in- 5 conceivable. The object of the
invention is now to provide a method whereby the whole  process including
encapsulation and including the installation of the lid will take place  in
one logical series of steps which can be carried out in a continuous manner
in a  highly clean environment. 10 In agreement with said object the
invention now provides a method for encapsu- lating a chip having a
sensitive surface exposed in a sealed highly clean cavity package,
comprising the following steps: a) mounting the chip onto a lead frame, b)
bonding the chip contact pads to the lead frame contact pads 15 c)
positioning the chip and lead frame into the one part of a two part mould
d) taking measures to keep the space above the sensitive surface of the
chip free during  the encapsulation process, e) closing the mould by
placing the second part thereof on top of the above-mentioned  one part, 20
f) introducing the package material into the mould and providing the
circumstances to  let the package cure in the desired manner, characterised
in that the above mentioned measures in step d) comprise: dl) applying a
closed dam of heat resistant material around the sensitive chip area, 



d2) placing a lid on said dam such that the space above the sensitive area
enclosed by  25 said dam and said lid is sealed. The lid material can be
glass, plastic etc. which can be  transparent, semi-transparent (applying
an IR filter for example) or even non-trans- parent if desired (functioning
as a membrane for pressure applications for example).  The result of this
method is a sealed cavity package which is manufactured in a clean  room
condition in one continuous series of steps whereby the lid is present
already at 30 the earliest stage during assembly in other words, the
sensitive chip surface is sealed off  by an enclosed dam and lid done under
very clean circumstances whereby in fact clean  class 1 is possible. WO
02/078077 PCT/NL02/00192  3 A preferred embodiment of the method according
to the invention has the char- acteristic that in the ready situation the
top surface of said lid is positioned underneath  the level of the upper
surface of the package, for which during the encapsulation  process
measures are taken to maintain the upper lid surface free from the upper
sur 5 face of the mould. The advantage of this preferred embodiment is that
the package  material may enclose the complete edge of the lid so that in
fact the lid is not only kept  in place by the adherence of the dam
material but is also kept in place by the enclosing  package material.
According to a preferred method the level difference between the upper
surface  10 of the mould and the upper surface of the lid is obtained in
that the mould has an in- ward projecting section which during the
encapsulation process is in contact with the  upper surface of the lid. It
is specially preferred thereby that a layer or element of  resilient
material is applied in between the glass lid and the inwards projecting
section. In any case it is preferred that the dimensions of the dam are
selected such that  15 the bonding wires will be encapsulated either by the
package material or by the dam  material. Depending of the dam material
properties it is possible to achieve a package  of which the sealed cavity
is nearly moisture insensitive. This might be of importance  for the
functionality of the system. 



The invention will now be explained in more detail with reference to the
attached  20 drawings, whereby: Figures 1 a, 1 b, and 1 c illustrate
various steps in the encapsulating process result- ing into a packaged chip
of which the lid is positioned in a recess. Figure 2 illustrates another
example of a package according to the invention  whereby the upper surface
of the lid is flat with the upper service of the package. 25 Figure 1 a
illustrates the first step in the method according to the invention. The
actual chip 10 is positioned on and attached to a lead frame 12 which in
the illustrated  embodiment consists of separate sections 12a, 12b en 12c.
By means of suitable appa- ratuses the bonding wires between the contact
pads on the lead frame 12 and the con- tact pads on the chip 10 are brought
into place. Two of the bonding wires are refer- 30 enced by 14a and 14b in
figure la. The next step is illustrated in figure 1 b. On top of the chip
10 a dam is formed  from a heat resistant somewhat deformable material.
This dam 16 has an angular, rec- tangular or other shape, that is in any
way closed. By means of a suitable apparatus a WO 02/078077 PCT/NL02/00192
4 lid 18 is installed on the upper part of the dam 16, such that the space
bounded by the  lid 18, the dam 16 and the chip 10 is sealed off in a clean
room environment. The lid 18  adheres to the dam 16. Dependent on the
material properties of the dam 16 the lid 18 is  fixed in place just by the
adherent property of the material of the dam 16. If the stiff 5 ness of the
dam 16 is sufficient to maintain the lid 18 in place then no further
measures  are necessary. However, if the stiffness of the dam 16 is not
sufficient then it is pre- ferred that measures are taken to cure the dam
16 while the lid 18 is maintained in place  using for instance heat,
ultraviolet light, or other suitable influences. It is remarked that the
bonding wires may be completely or partly embedded in  10 the dam material,
such as bonding wire 14a, or may left free such as wire 14b. Now the
obtained semi product is ready for encapsulation. This encapsulation can
be made of a thermoharder or thermoplast material. For that purpose the
product is  



located in the lower half of a suitable mould which is thereafter closed by
the other half  of said mould. After closing the mould the inner cavity is
filled up with the fluid 15 packaging material whereby the enclosed cavity
between lid 18, dam 16 and the chip  10 is maintained free of packaging
material. It is supposed that measures have been taken to keep the upper
surface of the lid  18 free of packaging material 20. To obtain this
desired result the upper half of the  mould could have an inward extending
section, whereby it is preferred that a layer or 20 element of resilient
material is applied, which during the actual encapsulation process is  in
contact with the upper surface of the lid 18. Examples of moulds having an
inwards  extending section suitable for this purposes are described in
NL-1003315. Another solution for obtaining a free upper surface of the lid
18 is the use of a  drop of thick fluid heat resistant material such as a
drop of silicon gel or another suit- 25 able material which is brought on
to the upper surface of the lid 18 and after closing of the mould takes
care that no encapsulation material can reach the upper surface of the
lid. A similar procedure for maintaining the upper surface of a light
sensitive semi con- ductor free of encapsulation material is described in
the European Patent EP-0682374. Figure 2 illustrates another example of a
package which may result from the  30 method according to the invention. In
this example the upper surface of the lid 18 is flat  with the upper
surface of the package. It will be clear that in this case the dimensions
of  the dam 16 as well as the dimensions of the lid 18 are selected such
that after closing  the mould, which has no inserting section, the upper
surface of the glass lid is pressed WO 02/078077 PCT/NL02/00192  5 against
the upper inner surface of the mould. This inner surface can be provided
with a  layer or element of resilient material. Therewith introduction of
packaging material 20  onto the top service of the lid is prevented. Figure
3 illustrates another example of a package which may result from the  5
method according to the invention. In this example a substrate or tape or
other material,  on which a conductive interconnection pattern is applied,
is used instead of a lead  



frame. More in detail figure 3 shows the substrate 23 onto which the chip
24 is  mounted. Furthermore one of the bonding wires is indicated by 26.
The dam 28 carries  the lid 30 and the whole combination is encapsulated by
the packaging material 3, such  10 that the upper surface of the lid 30 is
maintained free. Figure 4 shows another example of a package which may
result from the method  according to the invention. Contact with the outer
world other than light as for example  pressure or flow applications is
possible because the lid 34 is provided with an opening  36. Advantage of
this method is that any contact of the sensitive chip area during 15
assembly is avoided and wires are encapsulated. Because the only difference
between  figure 4a and figure 1c is the opening 36 in the lid 34 all other
components of this em- bodiment are not indicated by separate reference
numbers. Figure 4b shows a package attached with a lid 38 provided with a
connection tube  40. All other details of this embodiment are again equal
to the corresponding details in  20 figure 1 c and are therefore not
referenced by separate numbers. WO 02/078077 PCT/NL02/00192  6  CLAIMS 1.
Method for encapsulating a chip having a sensitive surface exposed in a
sealed  highly clean cavity package, comprising the following steps: 5 a)
mounting the chip onto a lead frame, b) bonding the chip contact pads to
the lead frame contact pads c) positioning the chip and lead frame into the
one part of a two part mould d) taking measures to keep the space above the
sensitive surface of the chip free during  the encapsulation process, 10 e)
closing the mould by placing the second part thereof on top of the
above-mentioned  one part, f) introducing the package material into the
mould and providing the circumstances to  let the package cure in the
desired manner, characterised in that the the above mentioned measures in
step d) comprise: 



15 dl) applying a closed dam of heat resistant material around the
sensitive chip area, d2) placing a lid on said dam such that space above
the sensitive area enclosed by said  dam and said lid is sealed. 2. Method
according to claim 1, characterised in that in the ready situation the top
20 surface of said lid is positioned underneath the level of the upper
surface of the pack- age, for which during the encapsulation process
measures are taken to maintain the  upper lid surface free from the upper
surface of the mould. 3. Method according to claim 2, characterised in that
25 the mould has an inward projecting section which during the
encapsulation process is in  contact with the upper surface of the lid. 4.
Method according to claim 3, characterised in that a layer or element of
resilient  material is applied in between the lid and the inwards
projecting section. 30 5. Method according to claim 2, characterised in
that between the upper mould sur- face and the upper lid surface a
resilient material is applied. WO 02/078077 PCT/NL02/00192  7 6. Method
according to claim 1, characterised in that instead of a lead frame also a
substrate, tape or other material on which a conductive interconnection
pattern is  applied can be used. 5 7. Method according to claim 1,
characterised in that the encapsulation material can  be a thermoharder as
well as a thermoplast material. 8. Method according to any one of the
aforementioned claims, characterised in that  the dimensions of the dam are
selected such that the bonding wires will be encapsulated  10 either by the
package material or by the dam material. 9. Method according to any of the
afore-mentioned claims, characterized in that the  lid has an opening
providing direct access to the inner cavity surrounded by the chip,  the
dam, and the inner lid surface. 


