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MOUNTING HAVING AN APERTURE COVER 

WITH ADHESIVE LOCKING FEATURE FOR 

FLIP CHIP OPTICAL INTEGRATED CIRCUIT DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a mounting for 

electrically connecting a semiconductor integrated 

10 circuit device to a substrate using a flip chip 

attachment, in particular where the device is of a type 

which requires that light be transmitted onto a surf ace 

9f the device. 

15 BACKGROUND OF THE INVENTION 

A known method of attaching a semiconductor 

integrated circuit device to a printed circuit board or 

other substrate is to use a flip chip attachment. 

Integrated circuit devices configured for flip chip 

20 attachment typically have a first surface which has a 

plurality of conductive bonding pads at its periphery. 

Bumps of metallic solder are formed on the bonding 

pads. The device is mounted with its first surface 

facing the substrate. The solder bumps are 

25 subsequently reflowed so that conductive metal-t_o-metal 

bonds are formed with mirror-image_ conductive 

metallizations on the circuit board or other substrate. 

Additional background information on flip chip 

attachment may be found in U.S. Patent No. 5,478,007. 

30 The use of a flip chip attachment between an 

integrated circuit device and a substrate has 
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advantages, such as eliminating the need for bond wires 

and improving the electrical conduction between the 

between the integrated circuit device and the external 

metallization on the substrate. 

Conventionally, certain types of integrated 

circuit devices are not mounted on substrates using a 

flip chip attachment~ Such devices include charge 

coupled devices ("CCD"), erasable programmable read 

only memory ("EPROM") devices, and other light 

10 sensitive integrated circuit devices, such as those 

used in cameras, fingerprint recognition equipment, and 

scanners. These types of integrated circuit devices 

require a selected or continuous transmission of light 

onto a surf ace of the integrated circuit where light 

15 sensitive circuitry is located. Conventionally, this 

requirement precludes a flip chip attachment, because 

the light sensitive circuitry is typically on the same 

surf ace of the device as the bonding pads and the 

solder bumps. The light sensitive circuitry would face 

20 the substrate if a flip chip attachment were used, and 

thus light would not be directly incident on the light 

sensitive circuitry. 

A mounting for connecting CCD, EPROM, or other 

optical integrated devices using a flip chip attachment 

45 would have wide application, because of the electrical 

advantages of lower capacitance, inductance, and 

resistance typically associated with a flip chip 

attachment. 

3 0 SUMMARY OF INVENTION 
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Exemplary embodiments of a mounting for a 

semiconductor integrated circuit are described. The 

mounting accommodates integrated circuit devices, such 

as CCD, EPROM, and other devices, which require a 

5 selected or continuous application of light to a light­

sensiti ve circuit, structure, or element on a surface 

of the device. The mounting employs a flip chip style 

of attachment. 

The mounting includes an insulating substrate 

10 having an aperture between its first and second 

surfaces. As an example, the substrate may be a 

conventional printed circuit board. The aperture is 

preferably lined with an edge coating, such as an epoxy 

resin. 

15 The integrated circuit device has a light 

sensitive circuit, structure, or element {hereinafter 

called a 11 light sensitive cell 11 ) on its first surface. 

The integrated circuit device also has conductive pads 

at the periphery of its first surface. The conductive 

20 pads are electrically connected to internal circuitry 

of the integrated circuit device. Conductive metallic 

solder bumps are formed on, and are electrically 

connected to, the conductive pads. 

The integrated circuit device is mounted on the 

25 substrate so that its first surface is juxtaposed with 

and affixed to the first surface of the substrate. The 

light sensitive cell on the first surface of the 

integrated circuit device is aligned with and facing 

the aperture. The solder bumps are. reflowed, and each 

30 becomes electrically connected to a corresponding 
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conductive metallization, such as a metal trace or 

metal contact, on the first surface of the substrate. 

An adhesive underfill material, such as Hysol 4526, 

which is available from Dexter Corporation of City of 

5 Industry, California~ forms· a protective seal around 

the aperture between.the integrated circuit device and 

the substrate, and between adjacent ones of the 

reflowed solder bumps. 

The integrated circuit device may be enclosed 

10 above the first surf ace of the substrate. For example, 

the device may be encapsulated within an encapsulating 

material, such as Hysol 4450. by Dexter Corporation. 

Alternatively, the device may be enclosed in a pre­

formed plastic, metal, or ceramic housing that is 

15 attached to the first surface of the substrate. 

An aperture cover transparent to light of a 

selected frequency or selected range of frequencies is 

affixed to the second surface of the substrate. The 

aperture cover extends over the aperture and allows the 

20 transmission of light through the aperture to the light 

sensitive cell on the first surface of the integrated 

circuit device. An example aperture cover is a flat, 

square plate of borosilicate glass. 

During assembly, a first surface of the aperture 

25 cover is placed onto and press-fitted into a bead of a 

viscous adhesive material, such as epoxy resin, that is 

applied onto the second surf ace of the substrate around 

the aperture. The bead attaches the first surface of 

the aperture cover to the first surf ace of the 

30 substrate around the aperture. The bead material also 
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contacts and adheres to the peripheral side surfaces of 

the aperture cover. The bead provides a protective 

seal between the aperture cover and the second surface. 

of the substrate. 

5 In one embodiment, the peripheral side surfaces of 

the aperture cover are flat. In alternative 

embodiments, the peripheral side surfaces of the 

aperture cover have indented or outwardly protruding 

shapes. The adhesive bead material flows into the 

10 indentation, or onto the protrusion, resulting in a 

secure attachment between the adhesive bead and the 

&perture cover upon hardening of the adhesive bead. 

The embodiments described herein allow integrated 

circuits devices to be mounted on a substrate using a 

15 flip chip attachment, while at the same time allowing 

light to be transmitted onto a light sensitive cell of 

the device facing the. substrate. The flip chip 

attachment has cost advantages, such as eliminating the 

need for bond wires between the conductive pads of the 

20 integrated circuit device and metallizations on the 

substrate. There are also electrical conductivity 

advantages to a flip chip attachment, such as lower 

capacitance, inductance, and resistance, as compared to 

electrical connections using bond wires. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a cross-sectional side view of a 

mounting for a light sensitive integrated circuit 

device. 
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Figure 2 is a plan view of a light sensitive 

integrated circuit device, before it is flipped and 

attached to a substrate, showing a light sensitive cell 

and solder bumps. 

Figure 3 is a plan view of a mounting showing a 

transparent aperture cover over an aperture through a 

substrate. 

Figure 4 is a partial cross-sectional side view of 

the mounting of Figure 1 taken through the solder bumps 

10 along lines 4-4 of Figure 2. 

Figure 5 is a cross-'secti6nal side view of a 

mounting wnere the integrated circuit device is 

enclosed. 

Figure 6 is a cross-sectional side view of a 

15 aperture cover having a diagonal side surface portion 

and· showing flowed bead material. 

Figure 7 is a cross-sectional side view of a 

aperture cover wherein the side surface of the aperture 

cover includes a protrusion having a concave surface. 

_20 Figure 8 is a cross-sectional side view of a 

aperture cover wherein the side surf ace of the aperture 

cover has a diagonal orientation relative to a planar 

first surface of the aperture cover. 

Figure 9 is a cross-sectional side view of a 

25 aperture cover wherein the side surface of the aperture 

cover includes a recessed orthogonal portion. 

Figure 10 is a cross-sectional side view of a 

aperture cover wherein the side surf ace of the aperture 

cover includes an arc-shaped indentation. 

-6-



W099/13S16 PCT/US98/18003 

5 

Figure 11 is a cross-sectional side view of a 

aperture cover wherein the side surface of the aperture 

cover includes diagonal portions where the corners of 

the side surface are removed. 

Figure 12 is a cross-sectional side view of an 

aperture cover taken on the line 12-12 of Figure 13 

wherein a groove is cut into a first surf ace of the 

aperture cover and adhesive material fills the groove. 

Figure 13 is a plan view of the aperture cover of 

10 Figure 12. 

Figure 14 is a cross-sectional side view of an 

aperture cover taken on the line 14-14 of Figure 15 

wherein a peripheral portion of the first surface of 

the aperture cover has an abraded surface and adhesive 

15 material covers the abraded surface. 

Figure 15 'is a plan view of the aperture cover of 

Figure 14. 

DETAILED DESCRIPTION 

20 Figure 1 shows a cross-sectional· side view of an 

exemplary mounting 5 for a semiconductor integrated 

circuit device 10 having a light sensitive circuit, 

element, or structure on one of its surfaces. Examples 

of such devices are CCDs and EPROMs. The. term "light 

25 sensitive cell" is used broadly herein to encompass the 

variety of forms that such light sensitive circuits, 

elements; or structures can take. 

Integrated circuit device 10 has a first surface 

11, a second surface 12 opposite first surface 11, and 

30 side surfaces 13 between the perimeters·of first 
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surface 11 and second surface 12. To exemplify the 

light sensitive cell described above, integrated 

circuit device·10 has a·polyimide vision cell 14 

centrally located on first surface 11 of integrated 

5 cirbuit device 10. 

Figure 2 is a plan view of integrated circuit 

device 10 before it is flipped and attached to a 

substrate. In this view, first surface 11 of 

integrated circuit device 10 is exposed. Vision cell 

10 14 is at the approximate center of first surface 11. 

Numerous circular conductive.metal solder bumps 15 are 

located on first surface 11 of integrated circuit 

device 10, along its•perimeter. Solder bumps 15 are 

formed on conductive pads which are formed along the 

15 periphery of first surface 11 and are electrically 

connected to internal circuitry of integrated circuit 

device 10. For purposes of illustration, a row of 

. several.square conductive pads 32 is shown along one of 

the peripheral sides of first surface 11 of· integrated 

20 circuit device 10. In actual construction, a solder 

bump 15 would be formed on each conductive pad 32. 

.25 

Solder bumps 15 are conventional and may be 

formed, for example, of eutectic tin/lead solder. 

Conductive pads 32 are formed of metal, such as gold. 

The number and location of so-lder bumps 15, and their 

underlying conductive pads 32, on first surface 11 of 

integrated circuit device 10 can vary, depending on the 

application. 

Adjacent to integrated circuit device 1.0 of 

30 Figure 1 is an insulating substrate 16. Substrate 1.6 
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has a first surface 17 and an opposit~·second surface 

18. In this example, substrate 11 is flat. Substrate 

16 may be, for example, a printed circuit board formed 

of an epoxy laminate or ceramic material. and having an 

5 exemplary thickness of from about 0.20 mm to about 

1.0 mm. 

In Figure 1, substrate 16 has an aperture 19 

extending through it, from first surface 17 to second 

surface 18. In Figure 3, aperture 19 is shown as 

10 having a circular perimeter beneath transparent 

aperture cover 23, but aperture 19 can have other 

shapes, such as square, depending on tne application. 

Aperture 19 of Figure 3 may be formed, for example, by 

lasering, mechanically drilling, or punching a circular 

15 hole through substrate 16. 

The circular perimeter surface 16a of aperture 19 

is lined with an edge coating to prevent fibers or 

particles of substrate 16 from flaking off onto first 

surface 11 of integrated circuit device 10 or first 

20 surface 24 of transparent aperture cover 23. Such 

loose particles could interfere with light transmission 

to the light sensitive cell(s) of integrated circuit 

device 10. This coating is shown as edge coat 21. 

Edge coat 21 may be, for example, a conventional epoxy 

25 resin material such as Hysol 4450, Hysol 4451, or Hysol 

4323, which are available from the Dexter Corporation 

of City of Industry, California. 

In Figure 1, first surface 11 of integrated 

circuit device 10 is juxtaposed with and parallel to 

30 first surface 17 of substrate 16. The central part of 
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first surface 11 of integrated circuit device 10, 

including vision cell 14, is aligned with and facing 

aperture 19. 

During the assembly of mounting 5 of Figure 1, 

5 after aperture 19 is t"ormed and edge coat 21 is applied.· 

to perimeter surface 16a, integrated circuit device 10 

is placed onto substrate 16 so that first surf ace 11 of 

device 10 is facing first surface 17 of substrate 16 

and so that each solder bump 15 contacts a 

10 corresponding metallization 33 on first surface 17 of 

substrate 16. The conductive metallizations 33 on 

first surface 17 of substrate 16 may be, for e~ample, 

metal traces or metal contacts formed of copper. After 

such placement, solid metal-to-metal conductive bonds 

15 are formed between each solder bump 15 and its 

counterpart metallization 33. Such bonds may be formed 

by a variety of conventional soldering methods, such as 

temporarily heating the metallizations or bumps so that 

solder bumps 15 ref low.. The ref lowed solder bumps 15 

20 electrically connect integrated circuit device 10 to 

the metallizations 33 on first surface 17 of substrate 

16. 

After solder bumps 15 are soldered to their · 

respective metallizations 33 on first surface 17 of 

25 substrate 16, a bead of a conventional viscous adhesive 

underfill material is placed onto first surface 17. 

The bead of underf ill material is placed adjacent to 

solder bumps 15, on the side of solder bumps 15 

laterally away from aperture 19. The underfill 

30 material wicks laterally inward between each reflowed 
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solder bump 15.tbwards aperture 19 by capillary action. 

Subsequently, the underfill material is hardened, such 

as by a curing step, so that a solid protective seal of 

underf ill material and reflowed solder bumps surrounds 

5 aperture 19 and connects first surface 11 of integrated 

circuit device 10 to first surface 17 of substrate 16. 

As an example of such a curing step, the underfill 

material may be cured by heating it to 150°C for one 

hour. In Figure 1, the solidified underfill material 

10 is denoted as underfill 22. 

Figure 4 is a partial cross sectional si,de view of 

mounting 5 of Fig~re 1 taken through ref lowed solder 

bumps 15 along lines 4-4 of Figure 2. As shown in 

Figure 4, solder bumps 15 provide an electrically 

15 conductive connection between conductive pads 32 of 

integrated circuit.device 10 and corresponding 

metallizations 33 on first surface 17 of substrate 16. 

Figure 4 also illustrates that the material of 

underf ill 22 fills and seals the spaces between first 

20 surface 11 integrated circuit device 10, first surface 

17 of substrate 16, and each reflowed solder bump 15. 

As an example, underfill 22 may be formed of Hysol 

4526, which is available from Dexter Corporation. 

In Figure 1, second surface 12 and side surfaces 

25 13 of integrated circuit device 10 are exposed. In 

alternative embodiments, ... the exposed surfaces of 

integrated circuit device 10 above first surface 17 of 

substrate 16 may be enclosed. 

Figure 5 shows an example enclosure 34 for 

30 enclosing device 10 above first surface 17 of substrate 

-11-



W099/13516 PCT/US98/t8003 

16. Such enclosures may be used, for example, to 

provide protection for device 10. An enclosure 34 may 

be formed, for example, by applying a conventional 

adhesive encapsulating material onto and around 

5 integrated circuit device on and first surface 17 of 

substrate 16. An example encapsulating material is 

Hysol 4450, which is available from Dexter Corporation. 

Alternatively, an enclosure 34 may be formed by placing 

a pre-formed housing over device 10 and affixing such a 

10 housing to first surface 17 of substrate 16. The pre­

formed housing may be made, for example, of plastic, 

metal, or ceramic. 

Referring to Figure 1,·transparent aperture cover 

23 is mounted on substrate 16. In particular, aperture 

15 cover 23 is adjacent to and extends over aperture 19 at 

the intersection of aperture 19 and second surface 18 

of substrate 16. Both Figure 1 and Figure 3 show 

aperture cover 23 covering the entire area of aperture 

19 at the intersection of aperture 19 and second 

20 surface 18 of substrate 16. Aperture cover 23 prevents 

dust and other undesirable material from contacting 

vision cell 14 of device 10. 

Aperture cover 23 has a first surf ace 24 that is 

juxtaposed with second surface 18 of substrate 16, a 

25 second surface 25 opposite first surface 24, and a 

peripheral side surface 27 at the perimeter of aperture 

cover 23 between first surface 24 and second surface 

25. In the example of Figure 1, aperture cover 23 is 

flat in shape and is parallel to second surf ace 18 of 

30 substrate 16. 
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Aperture c6Ver 23 is formed of afuaterial that is 

transparent to the particular frequency or frequencies 

of light that must be provided to the light sensitive 

cell of integrated circuit device 10. In Figure 1, 

5 such circuitry is exemplified by vision cell 14 on 

first surface 11 of device 10. As an example, aperture 

cover 23 may be a flat square plate of clear 

borosilicate glass having a thickness of about 0.5 + 

0.05 mm. 

10 In Figure 1, a bead 26 of an adhesive material is 

between second surface 18 of substrate 16 and first 

surface 24 of aperture cover 23. Be.ad 26 affixes 

aperture cover 23 to second surface 18 of substrate 16, 

and seals out dust and other unwanted particles. Bead 

15 26 contacts the periphery of first surface 24 of 

aperture cover 23 and part of side surf ace 27 of 

aperture cover 23. In alternative embodiments, bead 26 

covers all of side surface 27 of aperture cover 23. 

Bead 26 is formed of an adhesive material that is 

20 initially viscous, but is subsequently hardened to be 

solid. An example material for bead 26 is conventional 

epoxy resin, which may be hardened, for example, by 

heating the epoxy resin. 

During one method of assembling mounti~g 5 of 

25 Figure 1, after integrated circuit device 10 is mounted 

on first surfac~ 17 of substrate 16, a viscous bead 26 

is applied onto second surface ·18 adjacent to and 

surrounding aperture 19. As a next step, transparent 

aperture cover 23 is placed symmetrically onto bead 26, 

30 centered over aperture 19, and is press-fitted into 
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bead 26. Aperture cover 23 is positioned over aperture 

19 so that light may be transmitted through aperture 

cover 23 and aperture 19 onto vision cell 14 of first 

surface 11 of integrated circuit device 10~ A next 

5 step is to harden the material of bead 26, such as by 

heating, so that a permanent press-fitted 

interconnection is made between bead 26 and first 

surface 24 and side FJUrface 27 of aperture cover 23. 

Aperture cover 23 may be placed onto bead 26 and 

10 secured by a spring clip (not shownr until bead 26 is 

hardened. 

In an alternative assembly method, befo+e bead 26 

is· applied onto second surface 18, the cavity formed by 

aperture 19 and first surface 11 of integrated circuit 

15 device 10 may be blown clean with an air jet. 

In another alternative assembly method, a gap is 

left in bead 26 around aperture 19. After aperture 

.cover 23 is placed and bead 26 is hardened, additional 

bead material is used to plug the gap in bead 26. The 

20 gap allows air to escape the cavity while bead 26 or 

other adhesive materials of mounting 5 harden. This 

step may assist in ensuring that the aperture cover is 

parallel to the substrate. 

The sizes of the components of mounting 5 of 

25 Figure 1 will vary, depending on the particular 

application. Considerations include the·. size of the 

integrated circuit device 10 that is mounted. 

With reference to the embodiment of Figure 1, the 

surf ace area of aperture cover 23 is selected so that 

30 aperture cover 23 extends over aperture 19 and also 
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over an area of f'irst surface 17 of sUbstrate 16 around 

aperture 19 that is sufficient for aperture cover 23 to 

be affixed to first surface 17 by bead 26. In 

addition, the surface area of aperture cover 23 and the 

5 width and location of bead 26 are selected so that the 

material of bead 23 contacts side surface 27 of 

aperture cover 23 around the entire perimeter of 

aperture cover 23. 

In Figure 1, aperture cover 23 is show!?- as having 

10 a flat peripheral side surface 27 at the perimeter of 

aperture cover 23 between its first surface 24 and . 

second surface 25 .. Side surface 27 has a perpendicular 

orientation relative to first surface 24 and second 

surface 25. In alternative embodiments, side surface 

15 27 may be shaped to enhanced the attachment between 

bead 26 and aperture cover 23. 

As an alternative to aperture cover 23 of 

Figure 1, Figure 6 shows a cross-sectional side view of 

an alternative aperture cover 28. Features of aperture 

20 cover 28 which are similar to features of aperture 

cover 23 of Figure 1 have the same reference numbers. 

Unlike in.Figure 1, where peripheral side surface 27 of 

aperture cover 23 is flat and has a perpendicular 

orientation relative to first surface 24, the 

2 5 peripheral side surf ace of aperture cover 2 8 of 

Figure 4 has a flat first side surf ace portion 29 and a 

diagonal second side surface portion 30. First side 

surface portion 29 extends from first surface 24 of 

aperture cover 28 to a point 31 located a distance, 

3 0 here shown as midway, between first surface 24 and 
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second surface 25 of aperture cover 28. Second side 

surface portion 30 extends from point 31 to second 

surface 25 of aperture cover 28, and bas a diagonal and 

laterally outward orientation relative to first surface 

5 24 of cover 28 and to aperture 19 (Figure 1) . The 

diagonal angle a of second side surface portion 30 of 

cover 28 may be in the range of about 30 to 60 degrees, 

and is shown as being approximately 45 degrees. 

When aperture cover 28 of Figure 4 is pressed-

10 fitted into a viscous bead 26, the material of bead 26 

contacts first side surface portion 29 and covers all 

or part of diagonal second side surface portion 30 of . 

aperture cover 28. When hardened, the portion of bead 

26 that covers diagonal second side surface portion 30 

15 aids in securely affixing aperture cover 28 to 

substrate 16. 

Figures 7-11 show alternatives to aperture cover 

23 of Figure·1. As in Figure 6, the peripheral side 

surfaces of aperture covers 40, 44, 46, SO, and 53 of 

20 Figures 7-11, respectively, include locking features 

which enhance the adhesive connection between the 

aperture cover, bead 26, and second surface 18 of 

substrate 16, and thereby enhance the reliability of 

the mounting. These aperture covers may be formed, for 

25 example, of borosilicate glass or transparent plastic. 

Aperture cover 40 of Figure 7 is like aperture 

cover 23 of Figure 1, except that aperture cover 40 has 

a differently-shaped peripheral side surface. Aperture 

cover 40 of Figure 7 has a substantially planar or 

30 planar first surface 24 and a substantially planar or 
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planar opposite second surface 25. Side surface 41 is 

at the perimeter of aperture cover 40 between first 

f?Urface 24 and second surface 25. Iri a completed 

mounting, first surface 24 of aperture cover 40 is 

5 juxtaposed with aperture 19 and second surface 18 of 

substrate 16 (not shown) . 

Side surface 41 of Figure 7 includes a concave, 

protruding first portion 42, which is adjacent to first 

surface 24 of aperture cover 40, and an orthogonal 

10 second portion 43, which is adjacent tq and between 

first portion 42 and second surface 25 of aperture 

cover 40. Side surface 41 may be formed by cutting 

aperture cover 40 from a sheet of glass or other 

aperture cover material using a rounded saw blade. 

15 As shown in Figure 7, adhesive bead material 26 

covers a peripheral portion of first surface 24 of 

aperture cover 40 around aperture 19, and also covers 

all of first portion 42 and part of second portion 43 

of side surf ace 41 around the entire perimeter of 

20 aperture cover 40. First portion 42 of side surface 4i 

protrudes into bead 26, and thereby enhances the 

connection between bead 26 and aperture cover 40. In 

alternative embodiments (not shown), bead 26 covers all 

of side surface 41. 

25 In Figure 8, aperture cover 44 includes a. 

peripheral side surf ace 45 between first surface 24 and 

second surface 25. The area of first surface 24 is 

greater than the area of second surface 25. Side 

surface 45 of aperture cover 44 of Figure 8 is entirely 

30 diagonal relative to first surface 24 of aperture cover 
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44, as opposed to the side surface of aperture cover 28 

of Figure 6, wherein only second portion 30 of the side 

surface of aperture cover 28 has a diagonal 

orientation. Beginning at first· surface 24, side 

5 surface 45 of Figure 8 slopes laterally inward relative 

to first surface 24 of aperture cover 44 and aperture 

10 

19 {Figure 1) . The slope of side surf ace 45· may vary. 

An example ran~e of slopes for angle ~ of side surf ace 

45 of aperture cover 44 is about 30 to 75 degrees, 

e.g. I 45 degrees. ·Side surf ace 45 may be formed by 

cutting aperture cover 44 from a sheet of glass or 

other aperture cover material using a wedge-shaped saw 

blade. 

Referring to Figure 8, bead material 26 on second 

15 surf ace 18 of substrate 16 {not shown) covers a portion 

of diagonal side surface 45 adjacent to first surface 

24 of aperture cover 44, although in alternative 

embodiments, all of side surface 45 may be covered by 

bead 26. 

20 In Figure 9, aperture cover 46 includes a 
peripheral side surface 47 between first surface 24 and 

second surface 25 of aperture cover 46. Side surface 

47 of aperture cover 46 includes a protruding 

rectangular lip. In particular, side surface 47 

25 includes an Orthogonal first portion 48 I Which is 

30 

" 

adjacent to first surface 24, and a recessed orthogonal 

second portion 49, which is adjacent to and between 

first portion 48 a:nd second surface 25 of aperture 

cover 46. ·Bead material 26 covers all of first portion 

48 and part of recessed second portion 49 of side 
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.:l ~ ; ... 
surface 47, althbugh in alternative embodiments, all of 

side surface 47 may be covered by bead 26. Side 

surface 47 may be formed using a step cut saw blade. 

In Figure 10, aperture cover 50 includes a 

5 peripheral side surf ace 51 between first surf ace 24 and 

second surface 25 of aperture cover 50. Side surface 

51 of aperture cover 50 includes an arc-shaped 

indentation 52. Indentation 52 is closer to first 

surface 24 of aperture cover 50 than to second surface 

10 25. The remainder of side surface 51 is orthogonal. 

Bead material 26 flows into indentation 52, locking 

bead 26 to cover 50. Bead 26 also covers part of the 

orthogonal portion of side surface 51 on both sides of 

indentation 52, although in alternative embodiments, 

15 all of side surface 51 may be covered by bead 26. 

Indentation 52 may be formed with a rounded saw blade. 

In Figure 11, aperture cover 53 includes a 

peripheral side surface 54 between first surface 24 and 

second surface 25 of aperture cover 53. Side surface 

20 54 of aperture cover 53 includes a diagonal first 

portion 55, which is adjacent to first surface 24; an 

orthogonal second portion 56, which is adjacent to and 

between first portion 55 and second surf ace 25 of 

aperture cover 53; and a diagonal third portion 57, 

25 which is adjacent to and between second portion 56 and 

second surface 25 of aperture cover 53. 

Beginning at first surface 24, fi~st portion 55 of 

side surface 54 slopes laterally outward relative to 

first surface 24 of aperture cover 53 and aperture 19 

30 (Figure 1) . Third portion 57 of side surface 54 is 
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oppositely sloped. Third portion 57 slopes laterally 

inward relative to first surface 24·of aperture cover 

53 and aperture 19 (Figure 1) . In addition, although 

not shown, first portion 55 and third portion 57 have 

5 an abraded surface. The abraded surf ace may be formed 

with a saw blaqe, and the abrasions may be saw marks. 

Bead material 26 of Figure 11 covers all of first 

portion 55 of side surface 54, and a portion of 

orthogonal second portion 56 of side surface 54, 

10 although in alternative embodiments, all of side 

surface 47 may be covered by bead 26. The diagonal and 

roughly-textured surfaces of. first portion 55 and third 

portion 57 of side surf ace 54 enhance the adhesion of 

bead material 26 to aperture cover 53, and thus enhance 

15 the connection· between aperture cover 53 and substrate 

16. 

Figures 12-15 show alternativ~ embodiments of 

aperture covers. Like aperture cover 23 of Figure 1, 

the aperture covers of Figures 12-15 have orthogonal 

20 peripheral side surfaces 27. However, changes are made 

to first surface 24 of the aperture covers in order to 

enhance the adhesive connection between the aperture 

cover and second surface 18 of substrate 16. First 

surface 24 is juxtaposed with second surface 18 and 

25 aperture 19 of substrate 16. 

Figure 13 is a plan view of a first surf ace 24 of 

an aperture cover 58. Four rectilinear, intersecting 

grooves 59 are formed in first surface 24 of aperture 

cover 58. The four grooves 59 form a contiguous 

30 rectangle around aperture 19 (not shown) . 
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Grooves 59 lre located 6lose to th~ perimeter of 

cover 58. In particular, groove 59 is located in a 

portion of first surface 24 of aperture cover 58 that 

is juxtaposed with second surface 18 of substrate 16. 

5 Figure 12 is a cross-sectional side view of 

aperture cover 58 of Figure 13 along line 12--12. The 

cross-sectional shape of groove 59 is· rectangular, and 

may be formed with a saw blade. An example depth of 

groove 59 is about 0.1 mm in a lid that is 0.5 mm 

10 thick. 

Referring to Figure 12, bead material 26 on second 

sµrface 18 of substrate 16 flows into groove 59, which 

helps to lock bead 26 to aperture cover 58, and thereby 

enhances the connection of aperture cover 58 to 

15 substrate 16. Bead 26 also contacts a portion of side 

surface 27 of aperture cover 58, although in 

alternative embodiments, bead 26.may contact all or 

none of side surface 27. 

Figure 14 is a cross-sectional side view of an 

20 aperture cover 61. Figure 15 is a plan view of a first 

surface 24 of aperture cover 61 of Figure 14. The view 

of Figure 14 was taken along line 14--14 of Figure 15. 

As shown in Figure 14, an abraded surface 62 is 

provided at the perimeter of first surf ace 24 of 

25 aperture cover 61. As shown in Figure 15, abraded 

surface 62 is formed around the entire rectangular 

perimeter of first surface 24. Such an abraded surface 

may be formed by sandblasting a peripheral portion of 

first surface 24. Accordingly, abraded surface 62 may 

30 be slightly indented on average and include scratches, 
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small indentations, ridges, and other features typical 

of a sand-blasted or otherwise abraded surface. 

As shown in Figure 14, bead material 26 covers 

abraded surface 62. The interaction of bead 26 and 

5 abraded surface 62 locks bead 26 to aperture cover 61, 

and thereby enhances the connection of cover 61 to 

substrate 16. Bead 26 also contacts a portion of side 

surface 27 of aperture cover 61, although in 

alternative embodiments, bead 26 may contact all or 

10 none of side surface 27. 

In addition to enhanced reliability, another 

benefit of the aperture cover locking features of the 

present invention (e.g., Figures 6-15) is that the 

aperture cover can be efficiently sized, so that only a 

15 small peripheral portion of the aperture cover is in 

contact with the bead 26 around aperture 19. In other 

words, because of the bead locking features of the 

aperture covers, less of the area of the aperture cover 

needs to be affixed by bead 26 to second surface 18 of 

20 substrate 16. For example, only about 1. 25 mm or less 

of the outer peripheral portion of first surface 24 of 

the aperture cover (measured inward from perimeter of 

first surface 24} needs to be in contact with bead 26 

around aperture 19. The aperture covers of the present 

25 invention may be 50% smaller in area than conventional 

aperture covers. 

The embodiments described herein are merely 

examples of the present invention. Artisans will 

appreciate that variations are possible within the 

30 scope of the claims. For example, for added strength 
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in the attachment of the aperture cover to the 

substrate, the embodiments of Figures 6-11 may be 

combined, with minor adjustments, on.an aperture cover 

with the embodiments of Figures 12-15. 
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CLAIMS 

1. A mounting for a semiconductor integrated 

circuit device comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metallization; 

a semiconductor integrated circuit 

device having a first surface, wherein the 

first surface of the integrated circuit 

device has a plur~lity of conductive pads 

thereon and a light sensitive cell; and 

a transparent aperture cover juxtaposed 

to the second surface of the substrate, said 

aperture cover over the aperture; 

wherein the first surface of the 

integrated circuit device faces and is 

affixed to the first surf ace of the 

substrate, the light sensitive cell is 

aligned with the aperture, the aperture cover 

transmits light to the light sensitive cell 

through the aperture, and the conductive pads 

of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; 

a first adhesive material affixing the 

aperture cover to the second surf ace of the 

substrate; and 
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wherein the aperture cover has a 

peripheral side surface, and the first 

adhesive material contacts at least a portion 

of the peripheral side surface. 

2. The mounting of claim 1, wherein a portion of 

the peripheral side surf ace. of the _aperture cover has a 

diagonal orientation relative to a first surface of the 

aperture cover, and the first adhe~ive material 

io contacts the portion of the side surface having the 

diagonal orientation. 

3. The mounting of claim 2, wherein a first 

portion of the peripheral side surface of the aperture 

15 cover has a diagonal orientation relative to the first 

surface of the aperture cover, and a second portion of 

the peripheral side surf ace of the aper~ure cover has a 

perpendicular· orientation relative to the first surface 

of the aperture cover. 

20 

25 

30 

4.. The mounting of claim 1, wherein the 

peripheral side surface of the aperture cover includes 

an indentation, and the first adhesive material 

contacts the indentation. 

5. The mounting of claim 1, wherein the 

peripheral side surface of the aperture cover includes 

an outward protrusion, and the first adhesive material 

contacts the protrusion. 
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6. The mounting of claim 1, wherein the 

peripheral side surface of the aperture cover includes 

a means for enhancing a connection between the aperture 

cover and the first adhesive material. 

7. The mounting of Claim 6, wherein the first 

adhesive material covers the entire peripheral side 

surface of the aperture cover. 

8 . The mounting of claim 1, wherein the first 

adhesive material covers the entire peripheral side 

surface of the aperture cover. 

9. The mounting of claim 1, wherein said 

15 aperture is lined with an epoxy resin material. 

10. The mounting of claim 1, wherein said 

aperture has a perimeter formed by a first portion of 

said substrate, and further including a means for 

20 preventing fragments of said first portion of said 

substrate from depositing on the first surface of the 

aperture cover and the first surface of the integrated 

circuit device. 
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11. A m.ounting for a semiconductor integrated 

circuit device comprising: 

an insulating substrate having a first surface, an 

5 opposite second surface, and an aperture through the . 
substrate between the first and second surfaces, said 

first surface including conductive metallization; 

a semiconductor integrated circuit device having a 

10 first ·surface, ·wherein the first surface of the 

integrated circuit device has a plurality of conductive 

pads thereon and ~ light sensitive cell; and 

a transparent aperture cover juxtaposed to the 

15 second surface of the substrate, said aperture cover 

over the aperture; 

20 

25 

30 

wherein ·the first surf ace of the integrated 

circuit devic·e faces and is affixed to the first 

surface of.the-substrate, the light sensitive cell 

is aligned with the aperture, the aperture cover 

transmits light to the light sensitiye cell 

through the aperture, and the conductive pads of 

the integrated circuit device are electrically 

connected to the conductive metallization on the 

first surface of the substrate; 

wherein the conductive pads are at a 

peripheral portion of the first surfac~ of the 
. . 

integrated circuit device, a metallic solder bump 

_.:·:·. ·, · ·:·-= :.. . ~ . : ·' . 
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is on each of the conductive pads, and each solder 

bump is electrically connected to a corresponding 

conductive metallization on the first surface of 

the substrate; 

an adhesive underfill material between the first 

surf ace of the integrated circuit device and the first 

surface of the substrate; 

a second adhesive material affixing the aperture 

cover to the second surface of the substrate; 

wherein the aperture cover has a peripheral 

side surface,· and the second adhesive material 

contacts at least a portion of the peripheral side 

surface; and 

wher-eiii a portion of the peripheral side 

surf ace of the aperture cover has a diagonal 

orientation relative to a first surface of the 

aperture cover, arid the second adhesive material 

contacts the portion of the side surface having 

the diagonal orientation. 

12. The mounting of claim 11, wherein the second 

adhesive material covers the entire peripheral side 

surface of the aperture cover. 

13. The mounting of claim 11,· wherein said 

30 aperture is lined with an epoxy resin material. 
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14. ·The mounting of claim 11, wherein said 

aperture has a perimeter formed by a first portion of 

said substrate, and further including a means for 

5 preventing fragments of said first portion of said 

substrate from depositing on.the first surface of the 

aperture cover and the first surface OE the integrated 

10 

circuit device.-

15. The mounting of claim 11, wherein a first 

portion of the peripheral side surf ace of the aperture 

cover has a diagonal orientation relat~ve to the first 

surface of the aperture cover, and a second portion of 

the peripheral side surf ace of the aperture cover has a 

15 perpendicular orientation relative to the first surface 

of the aperture cover. 

16. The mounting of claim 15, wherei1\ the second 

adhesive material covers the entire peripheral side 

20 surface of the aperture cover. 

25 

30 

17. A mounting for an integrated circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metallizatio~ . 

an integrated circuit device-having a 
. . 

first surface, wherein the first surface of 
. .. 

' . 
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the integrated circuit deviGe has a plurality 

of conductive pads thereon and· a light 

sensitive cell; and 

a transparent aperture cover, said 

aperture cover having a first surface, an 

opposite second surface, and a side surface 

between the first and second surfaces, 

wherein the first surf ace of the aperture 

cover is juxtaposed to the second surface of 

the substrate, the aperture cover is over the 

aperture, and the side surface of the 

aperture cover includes a protruding.portion 

having a concave surface portion; 

wherein the first surf ace of the 

integrated circuit device faces and is 

affixed to the first surface of the 

substrate, the light sensitive cell is 

aligned with the aperture, the aperture cover 

transmits light to the light sensitive cell 

through the aperture, and the conductive pads 

of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; and 

a first adhesive material affixing the 

first surface aperture cover to the second 

surface of the substrate around the aperture, 

wherein said first adhesive material covers 

the protruding concave portion of the side · 

surface of the aperture cover. 
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18. The mounting of claim 17, wherein the 

protruding portion of the side surf ace of the aperture 

cover is adjacent to the first surface of the aperture 

5 cover. 

10 

15 

20 

25 

30 

19. The mounting of claim 18, wherein the first 

adhesive material covers the entire side surface of the 

aperture cover. 

20. A mounting for an integrated circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

apertu~e through the substrate between the 

first and second surfaces, said first surface 

including conductive metallization; 

an integrated circuit device having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover, said 

aperture cover having a first surface, an 

opposite second surface, and a side surface 

between the first and second surfaces; 

wherein the first surf ace of the 

aperture cover is juxtaposed to the second 

surface of the substrate, the aperture cover 

is over the aperture, and the side surface of 
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the aperture cover includes first portion 

having a laterally inward diagonal 

orientation relative to the first surface of 

the aperture cover and the aperture; 

wherein the first surf ace of the 

integrated.circuit device faces and is 

affixed to. the first surf ace of the 

subst~ate, • the light sensitive cell is 

aligned with the aperture, the aperture cover 

transmits light to the light sensitive cell 

through the aperture; and the conductive pads 

of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; and 

a first adhesive material affixing the 

first surface of the aperture cover tb the 

second surf ace of the substrate around the 

aperture, said first adhesive material 

covering the first portion of the side 

surface of the aperture cover. 

21. The mounting of· claim 20, wherein the entire 

side surf ace of the aperture cover has said diagonal 

25 orientation. 

30 

22. The mounting of claim 20, wherein the first 

adhesive material covers the entire side surface of the 

aperture cover. 
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23. A mountlng for an integrated· Circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metallization; 

an integrated circuit device having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover, said 

aperture cover having a first surface, an 

opposite second surface, and a side surface 

between the first and second surfaces, 

wherein the first surface of the aperture 

cover is juxtaposed to the second surface·of 

the substrate, and the aperture cover is over 

the aperture; 

wherein the side surf ace of the aperture 

cover includes a first orthogonal portion and 

a second orthogonal portion, said second 

orthogonal portion being recessed from said 

first orthogonal portion; 

wherein the first surf ace of the 

integrated circuit device faces and is 

affixed to the first surface of the 

·substrate, the light sensitive cell is 

aligned with the aperture, the aperture cover 
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transmits light to the light sensitive cell 

through the aperture, and the conductive pads 

of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; and 

a first adhesive material affixing the 

first surf ace of the aperture cover to the 

second surf ace of the substrate around the 

aperture, said first adhesive material 

covering said first orthogonal portion of the 

side surface of the aperture cover a.nd a 

portion of said second orthogonal portion of 

the side surface of the aperture cover. 

24. The mounting of claim 23, wherein said first 

orthogonal portion of the side surf ace of the aperture 

cover is adjacent to the first surface of the aperture 

cover. 

25. The mounting of claim 23, wherein the first 

adhesive material covers the entire side surface of the 

aperture cover. 
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26. A mounting for an integrateq circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metall~zation; 

an integrated circuit device having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover, said 

aperture cover having a first surface, an 

opposite second surface, and a side surface 

between the first and second surfaces, 

wherein the first surface of the aperture 

cover is juxtaposed to the second surf ace of 

the substrate, and the aperture cover is over 

the aperture; 

wherein the side surf ace of the aperture 

cover includes a first portion adjacent to 

the first surface of the aperture cover, a 

second portion adjacent to said first 

portion, and a third portion adjacent to said 

second portion, said first portion having a 

laterally outward diagonal orientation 

relative to the first surface of the aperture 

cover and the aperture, said second portion 

having a perpendicular orie~tation relative 

-35-



W099/13Sl6 \ \llllll "''" ""' '"" \{ \Ill .... * C L M S * PCTIUS98/18003 

5 

10 

15 

20 

25 

30 

to the first surface of the aperture cover, 

and said third portion having- a laterally 

inward diagonal orientation relative to the 

first surf ace of the aperture cover and the 

aperture; 

wherein the first surf ace of the 

integrated circuit device faces and is 

affixed to the first surface of the 

substrate, the light sensitive cell is 

aligned with the aperture, the aperture cover 

transmits light to the light sensitivie cell 

through the apert.ure, and the conductive pads 

of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; and 

a first adhesive material affixing the 

first surface of the aperture cover to the 

second surf ace of the substrate around the 

aperture, said first adhesive material 

covering said first portion of the side 

surf ace of the aperture cover and part of 

said second portion the side surf ace of the 

aperture cover. 

27. The mounting of claim 26, wherein the first 

portion of the side surface of the aperture cover has 

an abraded surface. 

28. The mounting of claim 26, wherein the first 
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adhesive material covers the entire side surface of the 

aperture cover. 

29. A mounting for an integrated circuit device 

5 comprising: 

10 

15 
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30 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said £irst surface 

including conductive metallization; 

an integrated circuit device having a 

·first surface, wherein the .first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover having a 

first surface with an indentation therein; 

wherein the first surface of the 

integrated circuit device faces and is 

affixed to the first surf ace of the 

substrate, the light sensitive cell is 

aligned with the aperture, and the conductive 

pads of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surface of the 

substrate; and 

a first adhesive material affixing the 

first surface of the aperture cover to the 

second surf ace of the substrate around the 

aperture so that the aperture cover transmits 
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light to the light sensitive cell through the 

aperture, and wherein said first adhesive 

material fills the indentation in the first 

surface of the aperture cover. 

30. The mounting of claim 29, wherein the 

indentation is contiguous around the aperture. 

31. The mounting of claim 30, wherein the 

10 indentation is a .groove. 

15 
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32, A mounting for an integrated circui:t device 

comprising: 

an insulating substrate having a first 

surface, an opposite second- surface, and an 

aperture through the substrate between the 

first and second surfaces,. said first surface 

including conductive metallization; 

an integrated circuit device having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover having a 

first surface, said first surface having a 

perimeter and an abraded portion adjacent to 

said entire perimeter; 

wherein the first surf ace of the 

integrated circuit device faces and is 

affixed to the first surface of the 
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substrate, the li~ht sensitive cell is 

aligned with the aperture, and the conductive 

pads of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surface of the 

substrate; and 

a first adhesive material affixing the 

first surface of the aperture cover to the 

second surf ace of the substrate around the 

aperture so that the aperture cover transmits 

light to the light sensitive cell through the 

apertu~e, and wherein said first adhesive 

material covers the abraded portion of the 

first surface of the aperture cover. 

33. A mounting for an integrated circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 

aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metallization; 

an integrated circuit device, having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover having 

first surface; 
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wherein the first surface of the 

integrated circuit device faces and is 

~ff ixed t6 the first surface of the 

substrate, the light sensitive cell is 

aligned with the aperture, and the conductive 

pads of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surf ace of the 

substrate; and 

a first adhesive·material affixing the 

first surface of the aperture cover to the 

second surf ace of. the substrate around the 

aperture so that the aperture cover transmits 

light to the light sensitive cell through the 

aperture; and 

wherein said first surface of the 

aperture cover includes a means for enhancing 

a connection between said firs~ adhesive 

material and said aperture cover. 

34. The mounting of claim 33; wherein said 

aperture cover includes a side surface adjacent to said 

first surface~ and said side surface includes a means 

for enhancing a connection between said first adhesive 

25 material and said aperture cover. 

30 

35. A mounting for an integrated circuit device 

comprising: 

an insulating substrate having a first 

surface, an opposite second surface, and an 
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aperture through the substrate between the 

first and second surfaces, said first surface 

including conductive metallization; 

an integrated circuit device having a 

first surface, wherein the first surface of 

the integrated circuit device has a plurality 

of conductive pads thereon and a light 

sensitive cell; and 

a transparent aperture cover having 

first surface; 

wherein the first surface of the 

integrated circuit device faces and is 

affixed to the first surf ace of the 

substrate, the light sensitive cell is 

aligned with the aperture, and the conductive 

pads of the integrated circuit device are 

electrically connected to the conductive 

metallization on the first surface of the 

substrate; and 

a first adhesive material affixing the 

first surface of the aperture cover to the 

second surf ace of the substrate around the 

aperture so that the aperture cover transmits 

light to the light sensitive cell ~hrough the 

aperture; 

wherein said aperture cover includes a 

side surface adjacent to said first surface, 

and said side surface includes a means for 

enhancing a connection between said first 
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adhesive material and said aperture cover; 

and 

wherein said means and only about 0.125 

mm or less of a peripheral portion of the 

first surface of the aperture cover are in 

contact with said first adhesive material. 
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