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(57) ABSTRACT 

The invention relates to a method of producing a pressure 
sensor component With a chip carrier Which has a substan 
tially planar chip carrier surface and a semiconductor chip 
With an integrated pressure sensor on the chip carrier sur 
face. The method comprises the steps of mounting and 
contacting a semiconductor chip With a pressure sensor on a 
substantially planar chip carrier surface of a chip carrier; 
placing a chimney-shaped connection piece onto the semi 
conductor chip to project upWard from a pressure-detecting 
surface of the pressure sensor and to expose the pressure 
detecting surface to a pressure to be measured, and pressure 
tightly enclosing at least the pressure-detecting surface of 
the pressure sensor With an end of the connection piece 
bearing on the semiconductor chip; and encapsulating the 
pressure sensor component With a component encapsulation 
of an electrically insulating material, the component encap 
sulation enclosing one of the semiconductor chip and the 
chip carrier and enclosing a portion of the connection piece. 
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METHOD OF PRODUCING A PRESSURE SENSOR 
COMPONENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a division of US. application Ser. No. 
09/382,530 Which Was a continuation of copending Interna 
tional Application PCT/DE98/00409, ?led Feb. 12, 1998, 
Which designated the United States. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The invention relates to a method for producing a 
pressure sensor component having a chip carrier With a 
substantially planar chip carrier surface and a semiconductor 
chip on the chip carrier surface. The semiconductor chip has 
an integrated pressure sensor With a pressure-detecting area 
eXposed to the pressure to be measured. The device has a 
component encapsulation made of an electrically insulating 
material enclosing the semiconductor chip and/or the chip 
carrier at least in regions. 

[0003] In order to measure pressures, the medium to be 
measured must be brought up to the sensor, or the pressure 
prevailing in the medium must be transmitted to the sensor. 
On the other hand, the application of a semiconductor 
pressure sensor in the ?nal use requires that the sensor chip 
be provided With a protective encapsulation by being cov 
ered With a suitable material, normally plastic. What is 
knoWn in this case is the application of the semiconductor 
chip, usually resting on silicon as the base material, in a 
housing, for eXample DIP housing (Dual Inline Package 
housing), SMD housing (Surface Mounted Design housing), 
or else in special designs, the housing subsequently being 
mounted on a printed circuit board. 

[0004] In one prior art embodiment, the pressure coupling 
is effected by means of a diaphragm Which covers and thus 
protects the sensitive sensor, is made of metal or else plastic 
and can also be embodied as a separate additional structural 
part. Problems frequently arise in that case because pressure 
is coupled in only insu?iciently through the housing as far 
as the sensor chip With the sensor simultaneously being 
protected. What is required, in general, is a tight connection 
betWeen the medium to be measured and the sensor, Which 
connection is simple to produce, in order to avoid extraneous 
air ?oWing in Which could falsify the pressure measurement. 
On the other hand, in many cases there is, moreover, a 
requirement to separate the medium to be measured from the 
metallic constituents of the sensor and also from the semi 
conductor chip, in order to avoid the risk of corrosion or 
destructive in?uence by the medium on the sensitive con 
stituents of the sensor. Other embodiments of knoWn pres 
sure sensor components provide an open housing in Which 
the protection of the sensor chip against environmental 
in?uences is regarded only as a problem of secondary 
importance, and the sensor chip is not protected. Such 
designs are generally suitable only for non-aggressive 
media. 

[0005] European published patent application EP 0 436 
158 A2 describes a solid-state pressure sensor comprising a 
pressure space Which is open toWard tWo opposite sides and 
also comprises a distortion sensor element formed by a 
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silicon diaphragm. Each partial space of the pressure space 
thereby forms a hermetically sealed, separate space With the 
connection. The arrangement is furthermore encapsulated by 
a housing Which, With O-rings, seals the connection ?anges 
penetrating through the housing. The measurement principle 
is in this case based on the ?eXure of the silicon diaphragm 
Which is picked up by sensor elements applied on the 
diaphragm. 
[0006] European published patent application EP A 0 690 
297 A1 describes a housing for electronic components and 
the production thereof, in Which a pressure inlet opening is 
formed in the upper region of the encapsulation housing. 
The opening forms a connection piece in a chimney-shaped 
manner and is designed to be integral With the encapsulation 
housing. 

[0007] US. Pat. No. 4,680,569 describes a semiconductor 
pressure sensor With a semiconductor diaphragm chip Whose 
pressure-detecting area is connected in a pressure-tight 
manner to the housing eXterior via chimney-shaped connec 
tion penetrating through the housing. 

[0008] It is common to all the previously knoWn con?gu 
rations of semiconductor pressure sensors that their produc 
tion alWays necessitates a multistage process for covering or 
encapsulating the component, by means of Which process 
the component is brought to its desired design. 

SUMMARY OF THE INVENTION 

[0009] It is accordingly an object of the invention to 
provide a method for producing a pressure sensor compo 
nent, Which overcomes the above-mentioned disadvantages 
of the heretofore-knoWn devices and methods of this general 
type and in Which the semiconductor chip carrying the 
mechanically sensitive pressure sensor, and/or the chip 
carrier, can be encapsulated more simply in structural terms 
and thus more cost-effectively and Which, furthermore, 
assures that the connection betWeen the medium to be 
measured and the pressure sensor is comparatively simple to 
establish but is nevertheless su?iciently tight. 

[0010] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a pressure 
sensor component, comprising: 

[0011] a chip carrier formed With a substantially planar 
chip carrier surface; 

[0012] a semiconductor chip disposed on the chip carrier 
surface, the semiconductor chip having an integrated pres 
sure sensor With a pressure-detecting surface eXposed to a 

pressure to be measured; 

[0013] a component encapsulation of electrically insulat 
ing material at least partly enclosing one of the semicon 
ductor chip and the chip carrier; and 

[0014] a chimney-shaped connection piece incorporated 
into the component encapsulation for exposing the pressure 
detecting surface to the pressure to be measured, the con 
nection piece having an end bearing on the semiconductor 
chip and pressure-tightly enclosing the pressure-detecting 
surface, projecting aWay from the pressure-detecting surface 
of the pressure sensor, and penetrating through the compo 
nent encapsulation. 

[0015] In other Words, the invention provides for a chim 
ney-shaped connection piece, Which projects up relative to 
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the pressure-detecting surface area of the pressure sensor, 
penetrates through the encapsulation and is connected to the 
pressure sensor. The connection piece is to be arranged or 
incorporated in the component encapsulation, it encloses at 
least the pressure-detecting area in a pressure-tight manner 
With its end bearing on the semiconductor chip, and it is 
open toWard the outside at its opposite end. 

[0016] As Will be seen from the following description, the 
method of producing the pressure sensor component pro 
vides for a chimney-shaped connection piece to be placed 
onto the pressure sensor after the mounting and contact 
making of the semiconductor chip on the chip carrier but still 
prior to the encapsulation of the pressure sensor. 

[0017] According to an essential concept of the invention, 
provision is made, as it Were, of complete integration of an 
opening in the housing in the form of a chimney-shaped 
connection piece Which is preferably formed as an indepen 
dent structural part. Only the pressure-sensitive surface (the 
pressure-detecting surface area) of the semiconductor chip 
remains free. The remaining constituents or regions of the 
semiconductor chip are covered With encapsulation material, 
in particular molding compound. The opening in the com 
ponent lies above the pressure-sensitive area of the semi 
conductor chip, in order to make it possible to sense different 
pressures at this point. The actual encapsulation of the 
pressure sensor component, that is to say the covering of the 
chip carrier, the rest of the semiconductor chip and, if 
appropriate, bonding Wires, leads to the desired protection of 
the pressure sensor component against environmental in?u 
ences and enables the application and use of the pressure 
sensor for eXample in the conteXt of mounting on a printed 
circuit board. Consequently, an essential advantage of the 
solution according to the invention resides in targeted pres 
sure coupling using an opening in conjunction With the 
sealing of the component With molding compound. 

[0018] In accordance With an added feature of the inven 
tion, the pressure to be measured is passed via an opening 
formed in the chimney-shaped connection piece directly 
onto the pressure-detecting surface of the semiconductor 
chip. 
[0019] The pressure to be measured is passed via the 
opening in the chimney-shaped connection piece directly 
onto the pressure-detecting area of the semiconductor chip. 
In this case, there is no need for a diaphragm in the sense of 
the previously knoWn pressure sensor components, as is 
provided for measuring the pressure of aggressive media; if 
need be, the sensor surface can be passivated With a thin 
photoresist layer or similar thin protective layer and, in this 
Way, be resistant to harmful environmental in?uences. In 
this Way, the pressure sensor component according to the 
invention is suitable as a media-separated pressure sensor 
for more aggressive media as Well. The remaining chip 
surface need not necessarily be passivated, and contact can 
thus be made With it using standard parameters. 

[0020] In accordance With an additional feature of the 
invention, the chimney-shaped connection piece is formed 
by a structural part independent from and incorporated in the 
component encapsulation. In a preferred embodiment, the 
chimney-shaped connection piece is a one-piece plastic 
structure. 

[0021] In accordance With another feature of the inven 
tion, a segment of the chimney-shaped connection piece 
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completely Within the component encapsulation includes an 
anchoring member for absorbing tensile forces acting on the 
chimney-shaped connection piece. 

[0022] In accordance With a further feature of the inven 
tion, the anchoring member is a shaped part formed laterally 
on and projecting transversely With respect to a longitudinal 
direction of the connection piece. 

[0023] In accordance With again an added feature of the 
invention, the anchoring member is a ?ange With a periph 
eral abutment area on an outer circumference of the end of 
the connection piece facing the semiconductor chip, the 
abutment area being supported on the semiconductor chip. 

[0024] In this case, a section of the chimney-shaped con 
nection piece Which lies completely Within the component 
encapsulation has an anchoring member, Which takes up 
tensile forces acting on the chimney-shaped connection 
piece. The anchoring member of the chimney-shaped con 
nection piece can thereby be formed by a shaped part Which 
is arranged on the edge side and protrudes transversely With 
respect to the longitudinal direction. Furthermore, the ?ange 
shape of the anchoring member of the chimney-shaped 
connection piece is advantageously formed as a ?ange With 
the peripheral abutment area on the outer circumference of 
the end facing the semiconductor chip. The abutment area is 
supported on the semiconductor chip. The anchoring mem 
ber is primarily necessary in the case Where a pressure line 
that can be connected to the chimney-shaped connection 
piece is used. Speci?cally, When the pressure line is pulled 
off from the connection piece, tensile forces can act on the 
connection piece embedded Within the molding compound. 
Such forces can lead to the connection piece being pulled out 
from the component housing, Which results in the destruc 
tion of the pressure sensor component. This is avoided by 
virtue of the anchoring member. 

[0025] In accordance With again an additional feature of 
the invention, the connection piece has a free end With an 
opening projecting beyond a structural height of the com 
ponent, the free end of the connection piece having a support 
for a positively locking mechanical, play-free connection to 
a holder of a pressure line adapted to be placed onto the 
connection piece, such that, When the pressure line is placed 
onto the connection piece, the holder and the support engage 
With one another. 

[0026] In accordance With again another feature of the 
invention, the connection piece has an outWardly tapering 
cross-sectional form. 

[0027] These features are particularly advantageous for 
the purpose of connecting to a pressure line or a pressure 
hose in Which the medium to be measured is brought up to 
the pressure sensor. Apressure line can be connected simply 
by being pushed on. In addition, the conically tapering 
construction gives rise to a design Which is favorable 
because it enables simple release from the mold after the 
production of the connection piece by means of injection 
molding and is therefore favorable. Furthermore, it may 
advantageously be provided that the chimney-shaped con 
nection piece arranged in the component encapsulation 
projects With its opening beyond the structural height of the 
component and is equipped at its free end With a supporting 
means for a positively locking mechanical, play-free con 
nection to a holding means of a pressure line that can be 
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placed onto the connection piece, in such a Way that When 
the pressure line is placed onto the connection piece, the 
holding means and the supporting means alternately engage 
With one another. 

[0028] In accordance With again a further feature of the 
invention, the connection piece is formed With a tubular 
attachment having a circular cross section and tapering 
conically toWard a free end distal from the semiconductor 
chip, and With a baseplate at the end facing the semicon 
ductor chip, the tubular attachment merging into the base 
plate and the baseplate forming an anchoring member 
dimensioned and shaped to match the pressure-detecting 
surface of the semiconductor chip. 

[0029] In accordance With a concomitant feature of the 
invention, the chip carrier includes a plurality of surface 
mountable electrode connections electrically connected to 
the pressure sensor and to an electronic circuit of the 
semiconductor chip assigned to the pressure sensor, the 
electrode connections penetrating through the component 
encapsulation. 
[0030] With the above and other objects in vieW there is 
also provided, in accordance With the invention, a method of 
producing a pressure sensor component With a chip carrier 
having a substantially planar chip carrier surface and a 
semiconductor chip With an integrated pressure sensor on 
the chip carrier surface, Which comprises the folloWing 
steps: 

[0031] mounting and contacting a semiconductor chip 
With a pressure sensor on a substantially planar chip carrier 
surface of a chip carrier; 

[0032] placing a chimney-shaped connection piece onto 
the semiconductor chip to project upWard from a pressure 
detecting surface of the pressure sensor and to eXpose the 
pressure-detecting surface to a pressure to be measured, and 
pressure-tightly enclosing at least the pressure-detecting 
surface of the pressure sensor With an end of the connection 
piece bearing on the semiconductor chip; and 

[0033] encapsulating the pressure sensor component With 
a component encapsulation of an electrically insulating 
material, the component encapsulation enclosing one of the 
semiconductor chip and the chip carrier and enclosing a 
portion of the connection piece. 

[0034] In accordance With yet an additional mode of the 
invention, the placing step comprises permanently af?Xing 
the chimney-shaped connection piece on the semiconductor 
chip, in particular by adhesive bonding or bonding, prior to 
encapsulation. 

[0035] In accordance With yet a concomitant mode of the 
invention, the encapsulating step comprises injection mold 
ing the semiconductor pressure sensor on the chip carrier 
and With the chimney-shaped connection piece in place. 

[0036] In the simplest case, the chimney-shaped connec 
tion piece is simply placed onto the semiconductor chip 
prior to encapsulation, the subsequent injection molding 
process for completing the encapsulation by means of a 
molding compound, in particular a thermosetting plastic or 
thermoplastic molding compound, ensuring a suf?ciently 
pressure-tight connection of the connection piece on the 
semiconductor chip. As an alternative, the chimney-shaped 
connection piece can also be permanently ?xed, prior to 
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encapsulation, on the semiconductor chip, in particular by 
means of adhesive bonding or bonding, in the latter case the 
connection piece being composed of a metallic material or 
being coated With a metal layer, and, moreover, being 
produced from a plastic material Which, in particular, is 
stable at high temperature. 

[0037] For the encapsulation and thus protection of the 
contact-connected semiconductor chip, use is preferably 
made of a process of encapsulation by injection molding 
using heat-curing thermosetting plastics, as is inherently 
used for standard components. In this case, the molding 
compound performs the task not only of protecting the 
semiconductor chip but also of mechaniZing the chip carrier 
and the chimney-shaped connection piece, and provides for 
a reproducible, de?ned housing form. As is customary in the 
case of transfer molding using thermosetting plastics, the 
quantity of plastic required for a molding process is heated 
at one location and plasticiZed and from there is pressed by 
a plunger through ducts into the closed mold With the 
component to be encapsulated, Where it cures and can then 
be removed as a ?nished product. Suitable plastics for the 
encapsulation by injection molding include, in addition to 
thermosetting plastics (epoxy or silicon molding com 
pounds), in particular thermoplastics, Which have advan 
tages With regard to economical and automated production. 

[0038] Suitable housing designs for the pressure sensor 
component according to the invention are both those for 
plug-in mounting and those for surface mounting. In the case 
of plug-in mounting, as is knoWn, the connections of the 
component are plugged into the holes in a printed circuit 
board and then soldered on the opposite side. By contrast, in 
the case of surface mounting, the component connections 
are no longer plugged into holes in the printed circuit board 
but rather are placed onto pads on the printed circuit board 
and soldered there. Surface mounting makes it possible to 
save a considerable amount of space and to reduce costs; for 
this reason, this type of mounting is preferred in the case of 
the pressure sensor component according to the invention as 
Well. 

[0039] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0040] Although the invention is illustrated and described 
herein as embodied in a pressure sensor component and 
method for producing it, it is nevertheless not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made therein Without departing 
from the spirit of the invention and Within the scope and 
range of equivalents of the claims. 

[0041] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a diagrammatic sectional vieW of a 
pressure sensor component With a chimney-shaped connec 
tion piece in accordance With a preferred eXemplary embodi 
ment of the invention, cut along the section line 1-1 in FIG. 
2; and 
[0043] FIG. 2 is a partial plan vieW onto the pressure 
detecting area of the pressure sensor, cut along the line 11-11 
in FIG. 1. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] Referring noW to the ?gures of the drawing in 
detail and ?rst, particularly, to FIG. 1 thereof, there is seen 
a pressure sensor component 1 according to the invention for 
surface mounting on the component-mounting area of a 
printed circuit board. The pressure sensor component 1 has 
a chip carrier 3 made of electrically conductive material and 
having an approximately planar chip carrier surface 2. On 
the chip carrier surface 2 there is ?xed a semiconductor chip 
4 made of silicon base material With a pressure sensor of 
integrated design and an electronic circuit assigned to the 
sensor. A pressure-detecting area 5 of the pressure sensor is 
exposed to a pressure P to be measured. 

[0045] The pressure sensor component 1 is protected 
against external environmental in?uences by a component 
encapsulation 6 made of an electrically insulating material, 
for example a thermosetting plastic or thermoplastic mate 
rial. The component encapsulation encloses the semicon 
ductor chip 4 and/or the chip carrier 3 at least in regions. The 
chip carrier 3 is constructed in a conventional lead frame 
design, that is to say as a prefabricated chip carrier substrate. 
The lead frame has a multiplicity of electrode connections 8, 
9 Which penetrate through the component encapsulation 6 
and are electrically connected via bonding Wires 7 to the 
pressure sensor and to the electronic circuit of the semicon 
ductor chip Which is assigned to said sensor (only tWo 
electrode connections are illustrated in FIG. 1, the electrode 
connection 9, instead of a bonding Wire, being electrically 
coupled directly to the underside of the semiconductor chip 
4), Which electrode connections are designed in the form of 
connection legs Which are routed out to at least tWo sides of 
the chip carrier 3 and are bent and cut in a knoWn manner 
to form short Wing-shaped connection stubs. Such an 
arrangement ensures the mounting of the component 1 on 
the component-mounting surface of a printed circuit board 
using SMD technology. 

[0046] Whereas, in the exemplary embodiment illustrated, 
a Wire contact is employed for the electrical connection of 
the pressure sensor—integrated on the semiconductor chip 
4—and of the electronic circuit assigned to the sensor to the 
electrode connections 8, 9, Wherein bonding Wires 7 are 
?xed on the chip 4 and draWn to the electrode leg 8 to be 
correspondingly connected, it is also possible, moreover, to 
use for the electrical connection so-called spider contacting. 
In spider contact-making, an electrically conductive lead 
frame plate is employed instead of bonding Wires and the 
chip 4 is directly contacted on the lead frame plate. 

[0047] The pressure sensor integrated on the silicon semi 
conductor chip 4 constitutes a so-called pieZoresistive sensor 
in Which provision is made of a thin silicon diaphragm 
Which is produced in the surface of the chip 4 by microme 
chanical methods and is electrically coupled to pressure 
dependent resistors Which are likeWise constructed in the 
silicon substrate and are connected in a bridge circuit in a 
conventional layout. A circuit assigned to the sensor is 
likeWise integrated in the semiconductor chip 4. The circuit 
serves for signal conditioning (ampli?cation and correction), 
but also for sensor calibration and compensation. In contrast 
to other designs, such semiconductor pressure sensors on 
Which the invention is based are suitable principally for 
applications in Which an extremely small structural siZe is 
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important, that is to say, for example, in the case of pressure 
measurements in the automotive sector, for example in the 
context of measuring brake pressures, tire pressures, com 
bustion chamber pressures and the like. In addition to 
semiconductor pressure sensors Which operate according to 
the principle of pieZoresistive pressure measurements, it is 
also possible, moreover, to use those Which operate With 
capacitive measurement principles. According to the inven 
tion, a chimney-shaped connection stub or connection piece 
10 projects up relative to the pressure-detecting area 5 of the 
pressure sensor, penetrates through the encapsulation 6, as 
illustrated, and is connected to the pressure sensor. The 
connection piece 10 is arranged or incorporated in the 
component encapsulation 6 and encloses at least the pres 
sure-detecting area 5 in a pressure-tight manner With its end 
11 bearing on the semiconductor chip 4. The connection 
piece 10 is open toWard the outside at its opposite end 12. 
In this Way, the pressure P to be measured by means of a 
?exible pressure hose 13, Which is placed onto the free end 
12 of the connection piece, is passed via the opening 14 in 
the chimney-shaped connection piece 10 directly onto the 
pressure-detecting area 5 of the semiconductor chip 4. If 
required for a speci?c application, a thin photoresist ?lm can 
be deposited on the pressure-detecting area 5. For shipping, 
the opening 14 may be temporarily covered With an adhesive 
strip of a removable cap, in order to avoid the ingress of 
impurities and contaminants. 

[0048] The end 11 of the connection piece 10 that bears on 
the semiconductor chip is a square, ?anged anchoring mem 
ber 15. The member 15 surrounds the pressure-detecting 
area 5. The edge boundaries of the anchoring member 15 are 
designated by the reference numerals 15a and 15b in the 
plan vieW of FIG. 2. On the underside, the anchoring 
member 15 thus has an abutment area 16, Which is supported 
on the semiconductor chip 4 and on Which an adhesive or 
bonding agent may also be applied for the purpose of 
permanent ?xing to the chip 4. The upWardly projecting part 
17—penetrating through the encapsulation 6 and projecting 
above the structural height—of the chimney-shaped connec 
tion piece 10, Which, in particular, is produced integrally and 
from a plastic material, has a circular, upWardly tapering 
cross-sectional form. The chimney-shaped part 17 may also 
be described as an inverted, conical funnel. 

We claim: 
1. A method of producing a pressure sensor component 

With a chip carrier having a substantially planar chip carrier 
surface and a semiconductor chip With an integrated pres 
sure sensor on the chip carrier surface, Which comprises the 
folloWing steps: 

mounting and contacting a semiconductor chip With a 
pressure sensor on a substantially planar chip carrier 
surface of a chip carrier; 

placing a chimney-shaped connection piece onto the 
semiconductor chip to project upWard from a pressure 
detecting surface of the pressure sensor and to expose 
the pressure-detecting surface to a pressure to be mea 
sured, and pressure-tightly enclosing at least the pres 
sure-detecting surface of the pressure sensor With an 
end of the connection piece bearing on the semicon 
ductor chip; and 

encapsulating the pressure sensor component With a com 
ponent encapsulation of an electrically insulating mate 
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rial, the component encapsulation enclosing one of the 
semiconductor chip and the chip carrier and enclosing 
a portion of the connection piece. 

2. The method according to claim 1, Wherein the placing 
step comprises permanently affixing the chimney-shaped 
connection piece on the semiconductor chip, in particular by 
adhesive bonding or bonding, prior to encapsulation. 

3. The method according to claim 1, Wherein the perma 
nently af?Xing step comprises adhesively bonding the con 
nection piece on the semiconductor chip. 
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4. The method according to claim 1, Wherein the perma 
nently af?Xing step comprises bonding the connection piece 
on the semiconductor chip. 

5. The method according to claim 1, Wherein the encap 
sulating step comprises injection molding the semiconductor 
pressure sensor on the chip carrier and With the chimney 
shaped connection piece in place. 


