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METHOD OF PACKAGING A DEVICE HAVING A KEYPAD SWITCH POINT

Field of the Disclosure

[0001] This disclosure relates generally to packaging a device, and more specifically, to

packaging a device having a keypad switch point.

Related Art

[0002] Typically, semiconductor devices are packaged for protection during operation.

These packaged devices are placed on a printed circuit board (PCB) with other devices. The

PCB with the devices is used in products, such as computers or cellular phones, and, in many

cases, is coupled to external peripheral devices such as keypad grids to provide additional

functionality, such as keypad functionality. However, the addition of these external

peripheral devices may further increase the size of the products. Since there is a desire to

decrease the size of products, such as computers and cellular phones, there is a need to

decrease the size of the PCB and the package device without sacrificing functionality, such as

the functionality provided by the external peripherals. In addition, cost is a concern.

Therefore, a need exists for a cost-effective method for packaging semiconductor devices that

can reduce size and increase functionality.

Brief Description of the Drawings

[0003] The present invention is illustrated by way of example and is not limited by the

accompanying figures, in which like references indicate similar elements. Skilled artisans

appreciate that elements in the figures are illustrated for simplicity and clarity and have not

necessarily been drawn to scale.

[0004] FIG. 1 illustrates a cross-section of a portion of a panel including a portion of an

adhesive, a first semiconductor device, and a second semiconductor device in accordance

with an embodiment of the invention.

[0005] FIG. 2 illustrates the panel of FIG. 1 after forming an encapsulating layer over the

first and second devices in accordance with one embodiment, the encapsulating layer having

a first surface and a second surface opposite the first surface.

[0006] FIG. 3 illustrates the panel of FIG. 2 after removing the adhesive in accordance

with one embodiment.



[0007] FIG. 4 illustrates the panel of FIG. 3 after forming a first dielectric layer and via-

holes in the first dielectric layer in accordance with one embodiment.

[0008] FIG. 5 illustrates the panel of FIG. 4 after forming vias and interconnects and

forming a second dielectric layer in accordance with one embodiment.

[0010] FIG. 6 illustrates the panel of FIG. 5 after forming vias and interconnects in the

second dielectric layer in accordance with one embodiment.

[0011] FIG. 7 illustrates the panel of FIG. 6 after forming a third dielectric layer in

accordance with one embodiment.

[0012] FIG. 8 illustrates the panel of FIG. 7 after forming a fourth dielectric layer over

the encapsulating layer and forming via-holes in the fourth dielectric layer and extending past

the first and second devices in accordance with one embodiment.

[0013] FIG. 9 illustrates the panel of FIG. 8 after forming vias and keypad switch points

using the via-holes in the fourth dielectric layer in accordance with one embodiment.

[0014] FIG. 10 illustrates the panel of FIG. 9 after forming a fifth dielectric layer in

accordance with one embodiment.

[0015] FIG. 11 illustrates the panel of FIG. 10 after forming openings in the fifth

dielectric layer to expose the keypad switch points in accordance with one embodiment.

[0016] FIG. 12 illustrates the panel of FIG. 11 after forming openings in the third

dielectric layer in accordance with one embodiment.

[0017] FIG. 13 illustrates the panel of FIG. 12 after cutting along singulation lines to

singulate the panel into packaged devices in accordance with one embodiment.

[0018] FIG. 14 illustrates the singulated package of FIG. 13 after placing a keypad that is

over the singulated package in accordance with one embodiment.

[0019] FIG. 15 illustrates a top-down view and in partial schematic form a keypad grid in

accordance with one embodiment.

[0020] FIG. 16 illustrates a top-down view of a keypad switch point of the keypad grid of

FIG. 15 in accordance with one embodiment.



[0021] FIG. 17 illustrates panel 10 after placing popple switches over the switch points in

accordance with one embodiment.

[0022] FIG. 18 illustrates the panel of FIG. 17 after forming a fifth dielectric layer over

the fourth dielectric layer to secure the popple switches in accordance with one embodiment.

[0023] FIG. 19 illustrates the panel of FIG. 18 after singulation in accordance with one

embodiment.

Detailed Description of the Drawings

[0024] The ability to integrate a keypad switch point grid (also referred to as a keypad

grid) within a packaged device (where the packaged device may include one or more

semiconductor devices, one or more discrete circuit elements, or combinations thereof) can

result in smaller portable products, such as computers, cell phones, or radios. For example,

these smaller portable products may allow for the realization of wrist-watch size cellular

handsets, Personal Data Assistants (PDAs), remote controls, and other products that may

benefit from an integrated keypad grid.

[0025] FIG. 1 illustrates a cross section of a portion of a panel 10 including a portion of

an adhesive 12, a semiconductor device 14, and a semiconductor device 16 in accordance

with one embodiment. Semiconductor device 14 includes contacts (e.g., pads) 13, which are

exposed at a first side (i.e., a front side or a first major surface) of semiconductor device 14.

Semiconductor device 16 includes contacts (e.g., pads) 15, which are exposed at a first side

(i.e., a front side or a first major surface) of semiconductor device 16. Note that in the

illustrated embodiment, the first side or front side of each of semiconductor device 14 and 16

correspond to the side having the active circuitry of the device, where the contacts or pads

which contact to the active circuitry are located at the first or front side. Also, note that each

of semiconductor devices 14 and 16 can be referred to as a semiconductor die. Also, note that

the number of contacts illustrated for each semiconductor device 14 and 16 is just exemplary,

and each of semiconductor device 14 and 16 may include any number of contacts. Adhesive

12, in one embodiment, is a tape. Panel 10, in one embodiment, includes a plurality

aggregated sites of devices, where FIG. 1 illustrates an aggregate site including at least

semiconductor devices 14 and 16. Each aggregate site of panel 10 may be identical to each

other or they may not all be identical to each other. Furthermore, each aggregate site may

include one or more semiconductor devices, one or more discrete devices, or one or more of



any other type of devices, or combinations thereof. At some point later in the process, as will

be described below, panel 10 will be singulated such that each aggregated site of panel 10

will correspond to a single packaged device; thus, in the illustrated embodiment, the package

will include semiconductor devices 14 and 16. Panel 10 may be formed by placing

semiconductor devices or die that have passed testing requirements, such as electrical,

mechanical, or both, (i.e., known good die), discrete devices, the like, or combinations of the

above on adhesive 12.

[0026] FIG. 2 illustrates panel 10 after forming an encapsulating layer 18 over a second

side (i.e. a back side or a second major surface), opposite the first side, of semiconductor

device 14 and a second side (i.e. a back side or a second major surface), opposite the first

side, of semiconductor device 16 in accordance with one embodiment. In one embodiment,

encapsulating layer 18 is a dielectric layer such as, for example, a spun-on polymer or a

molding material that may be applied using any suitable process. Alternatively,

encapsulating layer 18 may be any commercially available encapsulant, such as, for example,

an epoxy-based and heat curable encapsulant. Because adhesive 12 is in contact with one

side (e.g. the front side) of semiconductor device 14 and one side (e.g. the front side) of

semiconductor device 16, encapsulating layer 18 is formed on the (five) sides of

semiconductor device 14 and semiconductor device 16 that are not in contact with adhesive

12. In the embodiment shown, the five sides of semiconductor device 14 that are in contact

with encapsulating layer 18 include all sides of semiconductor device 14 except the side that

has contacts 13 exposed, and the five sides of semiconductor device 16 that are in contact

with encapsulating layer 18 include all sides of semiconductor device 16 except the side that

has contacts 15 exposed. Hence, encapsulating 18 is formed over and adjacent the sides of

semiconductor device 14 and semiconductor device 16. Thus, encapsulating layer 18 is

formed between semiconductor device 14 and semiconductor device 16.

[0027] FIG. 3 illustrates panel 10 after removing adhesive 12 in accordance with one

embodiment. Once encapsulating layer 18 is formed, semiconductor device 14 and

semiconductor device 16 are physically coupled together through the encapsulating layer 18

and thus, adhesive 12 is no longer needed. Adhesive 12 can be removed using any process,

such as heat (e.g., UV light), a solvent, the like or combinations of the above. After adhesive

12 is removed, panel 10 is flipped over so that the pads 13 of semiconductor device 14 and

pads 15 of semiconductor device 16 are on top and exposed. After flipping over panel 10,



semiconductor device 16 in the figures is now on the opposite side of semiconductor device

14 to show the same sides of semiconductor device 16 and semiconductor device 14 that was

previously illustrated.

[0028] FIG. 4 illustrates panel 10 after forming a first dielectric layer 20 over the first

sides (or first major surfaces) of semiconductor device 14 and semiconductor device 16 in

accordance with one embodiment. The first dielectric layer 20 may be a conventional spun-

on polymer or any other suitable material formed by any suitable process, such as any

suitable deposition process. In one embodiment, first dielectric layer 20 may be

approximately 20 microns thick of a spun-on polymer. Note that first dielectric layer 20 is

formed over the top sides of semiconductor devices 16 and 14. That is, first dielectric layer

20 is formed over the side of each of semiconductor devices 16 and 14 having exposed

contacts 15 and 13, respectively. After forming first dielectric layer 20, via-holes 22 are

formed by patterning and etching first dielectric layer 20 to expose at least a portion of each

of contacts 15 and 13.

[0029] FIG. 5 illustrates panel 10 after forming vias 24, 26, 27, 28, 29, 30, and 32 to

contact pads 15 and 13, as needed, in accordance with one embodiment. Vias 24, 26, 27, 28,

29, 30, and 32 are formed by filling (or at least partially filling) via-holes 22 with any

conductive material, such as, for example, copper. Therefore, note that vias refer to

conductor- filled via-holes (or partially conductor- filled holes) and provide electrical

connections from one layer of interconnects or contacts to a different layer of interconnects or

contacts. The conductive material can be deposited using any suitable process (e.g., chemical

vapor deposition (CVD), atomic layer deposition (ALD), plating, the like, and combinations

of the above) to fill via-holes 22 and form a thick enough material over the first dielectric

layer 20. The material that lies outside vias 24, 26, 27, 28, 29, 30, and 32 and over the first

dielectric layer 20 may be patterned to form the interconnects, as needed. Interconnects may

electrically couple two vias, such as interconnect 23 which couples vias 26 and 27 and

interconnect 31 which couples vias 28 and 29. Interconnects may also be used to route

signals within a layer, as needed. For example, interconnect 25 may be an interconnect

routed from via 30 or 32. Note that interconnects may travel in a direction that is in and out

of the page and may provide any type of routing that is needed, such as, for example, to route

signals between devices 14 and 16 or provide inputs and outputs to device 14, 16, or both. A



skilled artisan recognizes that interconnects 25, 23, and 3 1 illustrated in FIG. 5 are merely

examples of the interconnects that can be formed.

[0030] FIG. 5 also illustrates the formation of a second dielectric layer 34 over first

dielectric layer 20 in accordance with one embodiment. Second dielectric layer 34 may be a

spun-on polymer or another suitable material. Second dielectric layer 34 may be the same

material or a different material than first dielectric layer 20 and may or may not be formed by

the same process as first dielectric layer 20. Second dielectric layer 34 is formed over the

interconnects 25, 23, and 31. In one embodiment, second dielectric layer 34 is approximately

20 microns thick.

[0031] FIG. 6 illustrates panel 10 after forming vias 36, 33, and 38 and interconnects 37,

35, and 39 in accordance with one embodiment, where the descriptions provided above for

forming vias and interconnects apply to these vias and interconnects as well. Note that via 36

provides an electrical contact to via 26, and thus to semiconductor device 16 and via 38

provides an electrical contact to via 32, and thus to semiconductor device 14. Via 33

provides an electrical contact to via 29 (and to via 28 via interconnect 31), and thus to

semiconductor devices 16 and 14. Also, interconnects 37, 35, and 39 are used to route the

connections to or from vias 36, 33, and 38, respectively, as needed.

[0032] FIG. 7 illustrates panel 10 after forming a third dielectric layer 40 over second

dielectric layer 34, and interconnects 37, 35, and 39, in accordance with one embodiment.

Third dielectric layer 40 may be a spun-on polymer or another suitable material. Third

dielectric layer 40 may be the same material or a different material than first dielectric layer

20 or second dielectric layer 34 and may or may not be formed by the same processes as first

dielectric layer 20 and second dielectric layer 34. In one embodiment, third dielectric layer

40 is approximately 20 microns thick.

[0033] FIG. 8 illustrates panel 10 after formation of a fourth dielectric layer 42 and via-

holes 44 and 46, in accordance with one embodiment. Panel 10 is flipped over again, to the

orientation illustrated in FIGs. 1 and 2, such that additional processing may be performed

over encapsulating layer 18. Fourth dielectric layer 42 is formed over encapsulating layer 18

and over the back sides (or second major surfaces) of semiconductor devices 14 and 16, such

that it is formed on an opposite side of encapsulating layer 18 than first dielectric layer 20.

That is, note that fourth dielectric layer 42 is located closer to the back sides (or second major



surfaces) of semiconductor devices 14 and 16 than the front sides (or first major surfaces) of

semiconductor devices 14 and 16, such that semiconductor devices 14 and 16 are located

between first dielectric layer 20 and fourth dielectric layer 42. Fourth dielectric layer 42 may

be a spun-on polymer or another suitable material. Fourth dielectric layer 42 may be the

same material or a different material than any of dielectric layers 20, 34, and 40, and may or

may not be formed by the same processes as any of dielectric layers 20, 34, and 40. In one

embodiment, fourth dielectric layer 42 is approximately 20 microns thick.

[0034] In an alternate embodiment, prior to formation of fourth dielectric layer 42,

encapsulating layer 18 may be thinned by removing portions of encapsulating layer 18 which

extend beyond the back sides of semiconductor devices 14 and 16 (or beyond the back side of

the semiconductor device which extends furthest from first dielectric layer 20). In this

embodiment, fourth dielectric layer 42 would be formed in contact with the back sides or

second major surfaces of semiconductor devices 14 and 16.

[0035] After formation of fourth dielectric layer 42, via-holes 44 and 46 are formed

extending through fourth dielectric layer 42, through encapsulating layer 18, and through at

least one dielectric layer located over the front sides of devices 14 and 16 (such as through

one or more of dielectric layers 20, 34, and 40). That is, via-holes extend at least past

semiconductor devices 14 and 16 and through at least one or more of dielectric layers 20, 34,

and 40 to be able to route signals appropriately from or to one or more dielectric layers (such

as dielectric layer 42) located over encapsulating layer 18, closest to the back sides rather

than the front sides of semiconductor devices 14 and 16 to or from one or more dielectric

layers (such as any of dielectric layers 20, 34, and 40) located over an opposite side of

encapsulating layer 18, closest to the front sides rather than the back sides of semiconductor

devices 14 and 16. In the illustrated example, via-hole 44 extends through fourth dielectric

layer 42, encapsulating layer 18, first dielectric layer 20, and second dielectric layer 34 to

expose interconnect 39, and via-hole 46 extends through fourth dielectric layer 42,

encapsulating layer 18, and first dielectric layer 20 to expose interconnect 25. In one

embodiment, via-holes 44 and 46 are also referred to as via-through-holes, and may be

formed used a laser process or an etch process. Also, in an alternate embodiment, via-holes

such as 44 and 46 may be formed through any portion of encapsulating layer 18, or may be

formed through either or both of semiconductor devices 14 and 16, or through combinations

thereof.



[0036] FIG. 9 illustrates panel 10 of FIG. 8 after filling via-holes 44 and 46 and forming

interconnects 50, 52, 54, and 56, in accordance with one embodiment. Via-holes 44 and 46

are then filled (or at least partially filled) with any conductive material, such as, for example,

copper. The conductive material can be deposited using any suitable process (e.g., chemical

vapor deposition (CVD), atomic layer deposition (ALD), plating, the like, and combinations

of the above) to fill or partially fill via-holes 44 and 46 and form a thick enough material over

fourth dielectric layer 42. The material that lies outside the filled vias and over fourth

dielectric layer 42 may be patterned to form interconnects 50, 52, 54, and 56. Note that in

one embodiment, the conductor fully fills via-holes 44 and 46; however, in an alternate

embodiment, the conductor may partially fill via-holes 44 and 46, such as by coating the

inner walls of the via-holes to form hollow tubes of conductor material. In yet another

alternate embodiment, conductive studs which may extend through multiple dielectric layers

may be present at the location of via-holes 44 and 46. In one example, via-holes 44 and 46

can be filled by placing pre-formed conductive studs in the holes. Alternatively, the

conductive studs may be placed earlier in the processing, such as after formation of first

dielectric layer 20, where subsequently formed layers are formed around these conductive

studs.

[0037] In the illustrated embodiment, interconnects 50 and 52 form a first keypad switch

point 51 while interconnects 54 and 56 form a second keypad switch point 53. That is, the

metal layer over fourth dielectric layer 42 is used to form a keypad switch point grid that can

be used with a key pad. In the illustrated embodiment, interconnects 50 and 52 correspond to

two contact points of keypad switch point 51, and interconnects 54 and 56 correspond to two

contact points of keypad switch point 53. Therefore, each of interconnects 50, 52, 54, and 56

may also be referred to as contacts. Note that any number of dielectric layers may be

subsequently formed over fourth dielectric layer 42 to provide sufficient routing of signals, as

needed, or to allow for different switch point formations. Note that the interconnects of the

keypad switch points are routed back to the opposite side of semiconductor devices 14 and 16

such that they may contact inputs or outputs of a particular semiconductor device, such as

semiconductor device 14.

[0038] FIG. 10 illustrates panel 10 after formation of a layer 58 over fourth dielectric

layer 42 and interconnects 50, 52, 54, and 56, in accordance with one embodiment. Layer 58



is an insulating layer which may be, for example, a dielectric layer or a photo-imageable

solder mask layer.

[0039] FIG. 11 illustrates panel 10 after forming openings 60 and 62 in layer 58 to expose

portions of interconnects 50, 52, 54, and 56 in order to expose keypad switch points 5 1 and

53, respectively. In this manner, as will be described in more detail below, a keypad can be

placed over layer 58 such that when a key of the keypad is depressed, the contact points of

the corresponding keypad switch point are shorted to each other. A device having keypad

logic can then sense and decode this key press to decipher which key of the keypad was

pressed. For example, in the illustrated embodiment, semiconductor device 14 includes such

keypad logic, and is coupled to both keypad switch points 51 and 53 (by way of filled via-

holes 44 and 46, and by way of other vias and interconnects that may be located in front of or

in back of the page, and thus may not be visible in the illustrated cross sections). That is,

contacts 50, 52, 54, and 56 are connected to keypad contacts of contacts 13 through dielectric

layer 42 and one or more of dielectric layers 20, 34, and 40, where the keypad contacts are

used in performing keypad logic functions. Note that semiconductor device 14 may include

other logic for performing other functions in addition to the keypad logic function. For

example, semiconductor device 14 may be a microprocessor or microcontroller which

includes many different functions, including a keypad logic function. Therefore, in one

embodiment, some of contacts 13 may be used by semiconductor device 14 in performing

keypad logic functions (and thus be referred to as keypad contacts) while others of contacts

13 may be used by semiconductor device 14 in performing other functions.

[0040] FIG. 12 illustrates panel 10 after forming openings 64 and 66 in third dielectric

layer 40, in accordance with one embodiment. That is, panel 10 is again flipped so as to

provide access to third dielectric layer 40, and third dielectric layer 40 is patterned and etched

to form openings 64 and 66 which expose portions of underlying interconnects 37 and 35,

respectively (where each of interconnects 37 and 35 may also be referred to as a contact). In

one embodiment, openings 64 and 66 are formed to provide a land grid array for

subsequently connecting the illustrated aggregate site (packaged device, once singulated) to a

PCB. Alternatively, conductive bumps or balls may be formed within openings 64 and 66

which may be used for subsequently connecting the illustrated aggregate site (packaged

device, once singulated) to a PCB.



[0041] Note that, in the illustrated embodiments, while openings 60 and 62 expose

contacts which are connected to keypad contacts of contacts 13 of semiconductor device 14

(through dielectric layer 42), openings 64 and 66, on an opposite side of panel 10, expose

contacts (such as contact 35) which are connected to other, non-keypad, contacts of contacts

13 of semiconductor device 14 (through one or more of dielectric layers 20, 34, and 40 and

through dielectric layer 42). In an alternate embodiment, a contact exposed by an opening in

dielectric layer 40, such as openings 64 and 66, may also be connected to a keypad contact of

contacts 13 of semiconductor device 14, wherein the keypad contact can then be accessed by

keypad on one side of the packaged device as well as a contact on the opposite side of the

packaged device.

[0042] FIG. 13 illustrates panel 10 after singulating, where singulation can occur by any

process, such as with a saw, laser or other means. Panel 10 is again flipped for ease of

illustration. In the illustrated embodiment, the aggregate site including semiconductor

devices 14 and 16, is singulated near semiconductor device 14 on one side and near

semiconductor device 16 on the other side, but does not expose semiconductor devices 14

and 16 (where the term "near" in this example may refer to .025-inch or within the accuracy

limits of the singulation and placement processes). Thus, encapsulating layer 18 (and

dielectric layers 20, 34, 40, and 42) are cut to form a singulated packaged device 11 including

both semiconductor devices 14 and 16 and including one or more integrated keypad switch

points.

[0043] FIG. 14 illustrates packaged device 11 after coupling a keypad 65 over layer 58

and keypad switch points 51 and 53, in accordance with one embodiment. Keypad 65 may be

formed of a polymer or other elastic material and includes keypads, such as keypads 67 and

69, corresponding to each switch point of packaged device 11. Each keypad includes a

conductive portion within the keypad, such as conductive portions 68 and 70, which can be

used to contact the corresponding keypad switch points of packaged device 11 to electrically

connect the two contact points of the corresponding keypad switch point. For example, since

keypad 65 is formed of an elastic material, when key pad 67 is pressed, conductive portion 68

comes into contact with contacts 50 and 52 of keypad switch point 5 1 so as to short both

contact points of keypad switch point 51. This can then be used by the keypad logic within

semiconductor device 14, as will be described below, to decipher which keypad switch point

was shorted and thus which key of the keypad was pressed.



[0044] FIG. 15 illustrates a top-down view of a keypad grid 72 in accordance with one

embodiment. Keypad grid 72 (also referred to as a keypad switch point grid) is a 2 by 2 grid

having a four keypad switch points 51, 53, 71, and 73, thus useable in decoding four keypad

keys. Note that FIG. 13 may correspond to a cross section taken through the second row of

keypad grid 72 which includes keypad switch points 51 and 53. According to one

embodiment, each column of keypad grid 72 is driven by semiconductor device 14 (which is

assumed to include the keypad logic to send and decode a keypad grid), and each row of

keypad grid 72 is provided as inputs to the keypad logic of semiconductor device 14. Note

that each row of keypad grid 72 includes a pull-up resistor 74 and 76, respectively, which

may be included as discrete elements in packaged device 11, or may be included in the same

device having the keypad logic, such as semiconductor device 14.

[0045] In operation, each horizontal line is pulled high by the pull-up resistors until a

keypad key is pressed, and each vertical line is driven low by the keypad logic in

semiconductor device 14. At this point, the pressed key shorts a horizontal line to a vertical

line at a corresponding switch point. For example, if the key of the keypad overlying switch

point 53 is pressed, then the vertical line going through switch point 53 is shorted to the

horizontal line going through switch point 53, thus driving that horizontal line from high to

low. Therefore, the keypad logic in semiconductor device 14 detects that the second

horizontal line (from top to bottom) has gone low (thus identifying this horizontal line as the

selected horizontal line), and proceeds to drive both vertical lines high. That is, at this point,

the keypad logic in semiconductor device 14 knows that one of switch points 5 1 or 53 has

been shorted (i.e. selected by the pressed key), and now needs to determine which one. Once

the keypad logic in semiconductor device 14 drives all vertical lines of grid 72 high, it drives

each line, one at a time, low again to determine which vertical line corresponds to the shorted

(i.e. selected) switch point. That is, when vertical line that corresponds to a non-selected

switch point is driven high, no change occurs in the selected horizontal line. However, when

the vertical line that corresponds to the selected switch point is driven high, the selected

horizontal line again goes high since it is shorted to the vertical line that is currently being

driven high. Therefore, in the current example, after both vertical lines are driven high, the

keypad logic function in semiconductor device 14 drives the first vertical line (from left to

right) low and senses that no change has occurred in the selected horizontal line (that is, it

stays low). However, when the keypad logic function in semiconductor device 14 drives the

second vertical line low, the keypad logic in semiconductor device 14 senses that the selected



horizontal line has returned to high. At this point, the keypad logic in semiconductor device

14 can identify that switch point 53 is the selected switch point, and can proceed to decode

this to determine what key of the keypad it refers to, such as, for example, through the use of

a look-up table.

[0046] In an alternate embodiment, the keypad logic in semiconductor device 14 can be

constantly polling the vertical lines to determine that a key has been pressed, rather than

waiting for the detection of a pressed key (by sensing when a horizontal line has gone low).

In yet another alternate embodiment, rather than using a 2x2 grid to decode 4 keys of a

keypad, four horizontal lines may be used in combination with a vertical grounded line,

where the intersection of each horizontal line and the vertical grounded line corresponds to

one of the four keypad switch points. In this case, each of the horizontal lines are provided to

the keypad logic within semiconductor device 14 such that when a key is pressed and shorts a

selected keypad switch point, the keypad logic can determine which switch point is selected

by determining which horizontal line went low. The keypad logic, based on this information,

can then proceed to decode this information to determine what key of the keypad it refers to.

[0047] Note that many different configurations of switch points and switch point grids

may be used, as well as many different methods of sensing and decoding pressed keys may

be implemented. That is, any type of logic may be used within keypad logic to perform the

function of sensing and decoding pressed keys. Furthermore, the integrated switch points of

packaged device 11 can be laid out in many different forms, such as in a grid form, or in a

line, etc. Furthermore, each switch point itself can have a variety of different configurations.

[0048] FIG. 16 illustrates one example of a configuration for a switch point, such as

switch point 51. Note that switch point 51 includes two contact points 78 and 80, where each

contact point includes a plurality of digits which are inter-digitated with each other. For

example, FIG. 10 may correspond to a cross-section taken through the middle of the switch

point 51, where interconnect 50 is a portion of contact 78 and interconnect 52 is a portion of

contact 80. In this manner, when a conductive materials, such as a conductive portion of a

key of a keypad is contacted against these digits, contacts 78 and 80 are shorted together.

Alternatively, other configurations for each switch point may be used. For example, contact

80 may be a circular metal portion while contact 78 may form a ring around the circular

metal portion. Note that any physical configuration of the switch points may be used in

created an integrated switch point grid for packaged device 11.



[0049] FIG. 17 illustrates a cross-section of panel 10 following the cross-section of FIG.

9, in accordance with one embodiment. In FIG. 10, note that interconnects 50, 52, 54, and 56

were formed, corresponding to switch points 5 1 and 53. In FIG. 17, popple switches 82 and

84 are placed over switch points 51 and 53, respectively. Each popple switch is a tactile

switch that may correspond to a single key of a keypad, and may also simply be referred to as

a popple. That is, when a popple is pressed, a conductive portion within the popple comes

into contact with its corresponding switch point to short out the contacts of the switch point,

in a manner similar to pressing a key of a keypad such as keypad 65. For example, the

conductive portion of the popple may be spring loaded such that applying pressure to the

popple allows the conductive portion to come into contact with the switch point.

[0050] FIG. 18 illustrates panel 10 after the formation of a dielectric layer 86 according

to one embodiment. Dielectric layer 86 is formed over fourth dielectric layer 42,

interconnects 50, 52, 54, and 56, and surrounding popples 82 and 84, so as to physically

secure the popples in place over the corresponding switch points. In one embodiment,

dielectric layer 42 is formed by pouring a thick liquid over fourth dielectric layer 52, allowing

it to form layer 86 around the popples. Any other suitable process or material can be used to

form layer 86.

[0051] FIG. 19 illustrates panel 10 after singulating, where singulation can occur by any

process, such as with a saw, laser or other means. In the illustrated embodiment, the

aggregate site including semiconductor devices 14 and 16, is singulated near semiconductor

device 14 on one side and near semiconductor device 16 on the other side, but does not

expose semiconductor devices 14 and 16 (where the term "near" in this example may refer to

.025 -inch or within the accuracy limits of the singulation and placement processes). Thus,

encapsulating layer 18 (and dielectric layers 20, 34, 40, and 42) are cut to form a singulated

packaged device 11 including both semiconductor devices 14 and 16 and including one or

more integrated keypad switch points as well as keypads. Therefore, through the use of

popples, such as popples 82 and 84, a packaged device having an integrated keypad in

addition to an integrated keypad switch point grid can be formed.

[0052] Therefore, it can now be understood how the formation of dielectric layers over

both major surfaces of one or more semiconductor devices or elements within an aggregated

site can be used to form an integrated keypad switch point grid, and, in some cases, a keypad

as well. Also, the formation of dielectric layers over both major surfaces allows for a



packaged device having an integrated keypad switch point grid (with or without integrated

keys) to be formed at one major surface while allowing for a land grid array or solder ball

connections to be formed at another major surface, opposite the major surface having the

integrated keypad switch point grid, for connection to a PCB or to other devices. In this

manner, smaller devices can be formed using these types of packaged devices having

integrated switch point grids, either with or without integrated keypads. Also, by forming

each dielectric layer over either side of semiconductor device 14 or 16, problems (such as

sizing and alignment) introduced by attaching a pre-existing layer to an underlying layer,

such as in formation of a PCB, are avoided. Also, note that in alternate embodiments, any

number of dielectric layers can be used on either side of the aggregate sites of panel 10,

depending on the routing and interconnect needs of the devices or elements within each

aggregate site. Also, in alternate embodiments, semiconductor device 14 or 16 or both may

also include contacts on the back side of the device, opposite the front sides where contacts

13 or 15, respectively, are located. The dielectric layers described herein can therefore also

be used to connect keypad switch points or other contacts with these back side contacts as

well.

[0053] By now it should be appreciated that there has been provided a low cost method

for fabricating and embedding a package having an integrated keypad switch point grid, and,

in some embodiments, a keypad as well, using a build-up technology for creating a packaged

device. The resulting package may be a redistributed chip package (RCP) because the

interconnects are routed or redistributed among one or more layers to minimize the area of

the package. No wirebonding or traditional substrate (leadframe or package substrate) is

needed to form a RCP. This increases yield and decreases cost. Furthermore, no external

keypad switch point peripheral is needed in the RCPs described herein, which may further

reduce size.

[0054] In one embodiment, a method of forming a packaged device having a first

semiconductor device having a first major surface and a second major surface includes

forming an encapsulating layer over the second major surface of the first semiconductor

device and around sides of the first semiconductor device and leaving the first major surface

of the first semiconductor device exposed, where the first semiconductor device performs a

keypad logic function, and has a first contact having a surface external to the first

semiconductor device for use by the first semiconductor device in performing the keypad



logic function. The method further includes forming a first dielectric layer over the first

major surface, forming a second dielectric layer over the second major surface, and forming a

second contact having a surface exposed external to the packaged device over the second

dielectric layer that is connected to the first contact through the second dielectric layer.

[0055] In a further embodiment, the method further includes coupling a keypad to the

packaged device by coupling a keypad to the second contact.

[0056] In another further embodiment, the step of forming an encapsulating layer is

further characterized by the first semiconductor device being able to perform a first function

and having a third contact having a surface external to the first semiconductor device for use

by the first semiconductor device for performing the first function. In yet a further

embodiment, the method further includes forming a fourth contact having a surface exposed

external to the packaged device over the first dielectric layer that is connected to the third

contact through the first dielectric layer. The step of forming an encapsulating layer may

further be characterized by the first contact being on the second major surface and the second

contact being on the first major surface. In yet an even further embodiment, the step of

forming an encapsulating layer is further characterized by the first contact and the third

contact being on the first major surface of the first semiconductor device. In yet an even

further embodiment, the step of forming the second contact is further characterized by the

second contact being connected to the first contact through the first dielectric layer. In yet an

even further embodiment, the step of forming the second contact is further characterized by

forming a first via hole in the first dielectric layer to expose the first contact; forming a first

conductive layer in the via hole and over the first dielectric layer; forming a second via hole

in the first dielectric layer, the second dielectric layer, and adjoining the first conductive

layer; and forming the second conductive layer in the second via hole.

[0057] In another further embodiment, the step of forming an encapsulating layer is

further characterized by the encapsulating layer being over a second major surface of a

second semiconductor device and around sides of the second semiconductor device and

leaving a first major surface of the second semiconductor device exposed, and the step of

forming the first dielectric layer is further characterized by being formed over the first major

surface of the second semiconductor device, the method further comprising further

comprising forming an interconnect between the first and second semiconductor devices to

connect the first and second semiconductor devices.



[0058] In another further embodiment, the method further includes forming a popple

switch on the second contact, and forming a third dielectric around the popple switch and

over the second dielectric layer.

[0059] In another embodiment, a method of forming a packaged device having a first

semiconductor device having a first major surface and a second major surface includes

forming an encapsulating layer over a second major surface of the first semiconductor device

and around sides of the first semiconductor device and leaving the first major surface of the

first semiconductor device exposed, where the first semiconductor device performs a first

function, performs a keypad logic function, has a first contact having a surface external to the

first device for use by the first semiconductor device in performing the first function, and a

second contact having a surface external to the first semiconductor device for use by the first

semiconductor device in performing the keypad logic function. The method further includes

forming a first dielectric layer over the first major surface, forming a third contact having a

surface exposed external to the packaged device over the first dielectric layer that is

connected to the first contact through the first dielectric layer, forming a second dielectric

layer over the second major surface, and forming a fourth contact having a surface exposed

external to the packaged device over the second dielectric layer that is connected to the

second contact through the second dielectric layer.

[0060] In a further embodiment of the another embodiment, the method further includes

coupling a keypad to the packaged device by coupling a keypad to the fourth contact.

[0061] In another further embodiment of the another embodiment, the step of forming an

encapsulating layer is further characterized by the first contact and the second contact being

on the first major surface of the first semiconductor device. In yet a further embodiment, the

step of forming the fourth contact is further characterized as being connected to the second

contact through the first dielectric layer.

[0062] In another further embodiment of the another embodiment, the method further

includes forming a third dielectric layer over the first dielectric layer, where the step of

forming the third contact is further characterized by the third contact being over the third

dielectric layer.

[0063] In another further embodiment of the another embodiment, the step of forming an

encapsulating layer is further characterized by the first contact being on the first major



surface and the second contact being on the second major surface of the first semiconductor

device.

[0064] In another further embodiment of the another embodiment, the step of forming an

encapsulating layer is further characterized by being over a second major surface of a second

semiconductor device and around sides of the second semiconductor device and leaving a

first major surface of the second semiconductor device exposed, the method further including

forming an interconnect between the first and second semiconductor devices to connect the

first and second semiconductor devices.

[0065] In yet another embodiment, a method of forming a packaged device having a first

semiconductor device and a second semiconductor device each having a first major surface

and a second major surface includes forming an encapsulating layer over the second major

surface of the first and second semiconductor devices and around sides of the first and second

semiconductor devices and leaving the first major surface of the first and second

semiconductor devices exposed. The first semiconductor device performs a first function,

and has a first contact having a surface external to the first semiconductor device for use by

the first semiconductor device in performing the first function. The second semiconductor

device performs a keypad logic function, has a second contact having a surface external to the

second semiconductor device for use by the second semiconductor device in performing the

keypad function. The method further includes forming a first dielectric layer over the first

major surface of the first and second semiconductor devices, forming a second dielectric

layer over the second major surface of the first and second semiconductor devices, forming a

third contact having a surface exposed external to the packaged device over the first dielectric

layer that is connected to the first contact through the first dielectric layer, forming a fourth

contact having a surface exposed external to the packaged device over the second dielectric

layer that is connected to the second contact through the second dielectric layer, and forming

an interconnect between the first and second semiconductor devices to connect the first and

second semiconductor devices.

[0066] In a further embodiment of the yet another embodiment, the method further

includes coupling a keypad to the packaged device by coupling the keypad to the fourth

contact.



[0067] In another further embodiment of the yet another embodiment, the step of forming

the encapsulating layer is further characterized by the second semiconductor device

performing a second function and having a fifth contact having a surface external to the

second semiconductor device for use by the second semiconductor device in performing the

second function, the method further including attaching a popple switch to the fourth contact,

surrounding the popple switch with a third dielectric layer formed over the second dielectric

layer, and forming a sixth contact having a surface exposed external to the packaged device

over the first dielectric layer that is connected to the fifth contact through the first dielectric

layer.

[0068] In the foregoing specification, the invention has been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the present

invention as set forth in the claims below. Accordingly, the specification and figures are to

be regarded in an illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of the present invention.

[0069] Benefits, advantages, solutions to problems, and any element(s) that may cause

any benefit, advantage, or solution to occur or become more pronounced are not to be

construed as a critical, required, or essential feature or element of any or all the claims. The

terms "a" or "an", as used herein, are defined as one or more than one even if other elements

are clearly stated as being one or more in the claims or specification. The term "plurality", as

used herein, is defined as two or more than two. The term "another", as used herein, is

defined as at least a second or more. The term "coupled", as used herein, is defined as

connected, although not necessarily directly, and not necessarily mechanically. Moreover, the

terms "front", "back", "top", "bottom", "over", "under" and the like in the description and in

the claims, if any, are used for descriptive purposes and not necessarily for describing

permanent relative positions. It is understood that the terms so used are interchangeable

under appropriate circumstances such that the embodiments of the invention described herein

are, for example, capable of operation in other orientations than those illustrated or otherwise

described herein.



CLAIMS

What is claimed is:

1. A method of forming a packaged device having a first semiconductor device having a first

major surface and a second major surface, comprising:

forming an encapsulating layer over the second major surface of the first

semiconductor device and around sides of the first semiconductor device and

leaving the first major surface of the first semiconductor device exposed,

wherein the first semiconductor device:

performs a keypad logic function; and

has a first contact having a surface external to the first semiconductor

device for use by the first semiconductor device in performing

the keypad logic function;

forming a first dielectric layer over the first major surface;

forming a second dielectric layer over the second major surface; and

forming a second contact having a surface exposed external to the packaged device

over the second dielectric layer that is connected to the first contact through

the second dielectric layer.

2 . The method of claim 1, further comprising:

coupling a keypad to the packaged device by coupling a keypad to the second contact.

3 . The method of claim 1, wherein the step of forming an encapsulating layer is further

characterized by the first semiconductor device:

being able to perform a first function; and

having a third contact having a surface external to the first semiconductor device for

use by the first semiconductor device for performing the first function.

4 . The method of claim 3, further comprising forming a fourth contact having a surface

exposed external to the packaged device over the first dielectric layer that is connected to the

third contact through the first dielectric layer.



5 . The method of claim 4, wherein the step of forming an encapsulating layer is further

characterized by the first contact and the third contact being on the first major surface of the

first semiconductor device.

6 . The method of claim 5, wherein the step of forming the second contact is further

characterized by the second contact being connected to the first contact through the first

dielectric layer.

7 . The method of claim 6, wherein the step of forming the second contact is further

characterized by:

forming a first via hole in the first dielectric layer to expose the first contact;

forming a first conductive layer in the via hole and over the first dielectric layer;

forming a second via hole in the first dielectric layer, the second dielectric layer, and

adjoining the first conductive layer; and

forming the second conductive layer in the second via hole.

8. The method of claim 4, wherein the step of forming an encapsulating layer is further

characterized by the first contact being on the second major surface and the second contact

being on the first major surface.

9 . The method of claim 1, wherein:

the step of forming an encapsulating layer is further characterized by the

encapsulating layer being over a second major surface of a second

semiconductor device and around sides of the second semiconductor device

and leaving a first major surface of the second semiconductor device exposed;

and

the step of forming the first dielectric layer is further characterized by being formed

over the first major surface of the second semiconductor device;

further comprising forming an interconnect between the first and second semiconductor

devices to connect the first and second semiconductor devices.



10. The method of claim 1 further comprising:

forming a popple switch on the second contact; and

forming a third dielectric around the popple switch and over the second dielectric

layer.

11. A method of forming a packaged device having a first semiconductor device having a

first major surface and a second major surface, comprising:

forming an encapsulating layer over a second major surface of the first semiconductor

device and around sides of the first semiconductor device and leaving the first

major surface of the first semiconductor device exposed, wherein the first

semiconductor device:

performs a first function;

performs a keypad logic function;

has a first contact having a surface external to the first device for use

by the first semiconductor device in performing the first

function; and

a second contact having a surface external to the first semiconductor

device for use by the first semiconductor device in performing

the keypad logic function;

forming a first dielectric layer over the first major surface;

forming a third contact having a surface exposed external to the packaged device over

the first dielectric layer that is connected to the first contact through the first

dielectric layer;

forming a second dielectric layer over the second major surface; and

forming a fourth contact having a surface exposed external to the packaged device

over the second dielectric layer that is connected to the second contact through

the second dielectric layer.

12. The method of claim 11, further comprising:

coupling a keypad to the packaged device by coupling a keypad to the fourth contact.



13. The method of claim 11, wherein the step of forming an encapsulating layer is further

characterized by the first contact and the second contact being on the first major surface of

the first semiconductor device.

14. The method of claim 13, wherein the step of forming the fourth contact is further

characterized as being connected to the second contact through the first dielectric layer.

15. The method of claim 11, further comprising forming a third dielectric layer over the first

dielectric layer, wherein the step of forming the third contact is further characterized by the

third contact being over the third dielectric layer.

16. The method of claim 11, wherein the step of forming an encapsulating layer is further

characterized by the first contact being on the first major surface and the second contact

being on the second major surface of the first semiconductor device.

17. The method of claim 11, wherein the step of forming an encapsulating layer is further

characterized by being over a second major surface of a second semiconductor device and

around sides of the second semiconductor device and leaving a first major surface of the

second semiconductor device exposed, further comprising forming an interconnect between

the first and second semiconductor devices to connect the first and second semiconductor

devices.

18. A method of forming a packaged device having a first semiconductor device and a

second semiconductor device each having a first major surface and a second major surface,

comprising:

forming an encapsulating layer over the second major surface of the first and second

semiconductor devices and around sides of the first and second semiconductor

devices and leaving the first major surface of the first and second

semiconductor devices exposed,

wherein the first semiconductor device:

performs a first function; and

has a first contact having a surface external to the first semiconductor

device for use by the first semiconductor device in performing

the first function;



wherein the second semiconductor device:

performs a keypad logic function; and

has a second contact having a surface external to the second

semiconductor device for use by the second semiconductor

device in performing the keypad function;

forming a first dielectric layer over the first major surface of the first and second

semiconductor devices;

forming a second dielectric layer over the second major surface of the first and second

semiconductor devices;

forming a third contact having a surface exposed external to the packaged device over

the first dielectric layer that is connected to the first contact through the first

dielectric layer;

forming a fourth contact having a surface exposed external to the packaged device

over the second dielectric layer that is connected to the second contact through

the second dielectric layer; and

forming an interconnect between the first and second semiconductor devices to

connect the first and second semiconductor devices.

19. The method of claim 18 further comprising coupling a keypad to the packaged device by

coupling the keypad to the fourth contact.

20. The method of claim 18, wherein the step of forming the encapsulating layer is further

characterized by the second semiconductor device performing a second function and having a

fifth contact having a surface external to the second semiconductor device for use by the

second semiconductor device in performing the second function, further comprising:

attaching a popple switch to the fourth contact;

surrounding the popple switch with a third dielectric layer formed over the second

dielectric layer, and

forming a sixth contact having a surface exposed external to the packaged device over

the first dielectric layer that is connected to the fifth contact through the first

dielectric layer.



















International application No

PCT/US 07/79722

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - H01 L 21/00 (2008.01 )
USPC - 438/25

According to International Patent Classification (IPC) or to both national classification and IPC

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC - 438/25

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 438/25,26,106, $
Search Terms Below

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST (USPT, PGPB, EPAB, JPAB), google com
Search Terms Used first, second, third, fourth, fifth, sixth, dielectric, encapsulating, keypad, packaging, keypad grid, semiconductor,
major surface, exposed, contact, via, popple switch

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 5,977,626 A (Wang et al ) 02 November 1999 (02 11 1999) entire document, especially 1-20
Abstract, col 3, In 7-1 7, col 3, In 45-54

US 6,392,257 B 1 (Ramdam et al ) 2 1 May 2002 (21 05 2002) entire document, especially 1-20
Abstract, col 13, In 18-22, col 13, In 59-64, col 15, In 49-57, col 17, In 3-8, col 17, In 37-46,
FIG 14, items 186, 188

US 6,307,282 B 1 (Yu et al ) 23 October 2001 (23 10 2001) entire document, especially Abstract, 10, 20
col 1, In 4-8

US 2005/0176174 A 1 (Leedy) 11 August 2005 ( 11 08 2005), entire document 1-20

D Further documents are listed in the continuation of Box C

• Special categories of cited documents "T' later document published after the international filing date or priority
"A" document defining the general state o f the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance, the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

24 January 2008 (24 0 1 2008) 2 7 MAR2
Name and mailing address of the ISA/US Authorized / officer,

Mail Stop PCT, Attn ISA/US, Commissioner for Patents Lee W
P O Box 1450, Alexand πa , Virginia 22313-1450

PCT Halpdesk 571-272-4300
Facsimile No 571-273-3201 PCT OSP 571-272-7774

Form PCT/ISA/2 10 (second sheet) (April 2007)


	front-page
	description
	claims
	drawings
	wo-search-report

