
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

5 January 2012 (05.01.2012) WO 2012/003280 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H01L 23/48 (2006.01) H05K 3/46 (2006.01) kind of national protection available): AE, AG, AL, AM,
H01L 23/482 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/US201 1/042534 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
30 June 201 1 (30.06.201 1) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Langi English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

12/827,323 30 June 2010 (30.06.2010) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US): INTEL ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
CORPORATION [US/US]; 2200 Mission College TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Boulevard, Santa Clara, California 95052 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(72) Inventor; and
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,(75) Inventor/Applicant (for US only): MALATKAR,
GW, ML, MR, NE, SN, TD, TG).

Pramod [IN/US]; 700 N Coronado St., Apt. # 1137,
Chandler, Arizona 85224 (US). Published:

(74) Agents: WINKLE, Robert G. et al; Winkle, PLLC, c/o — without international search report and to be republished
CPA Global, P.O. Box 52050, Minneapolis, Minnesota upon receipt of that report (Rule 48.2(g))
55402 (US).

(54) Title: BUMPLESS BUILD-UP LAYER PACKAGE DESIGN WITH AN INTERPOSER

< ι
©
00 0/0 0 0 0 0 0 Ο ΰ ΰ

o© FIG. 1

(57) Abstract: The present disclosure relates to the field of integrated circuit package design and, more particularly, to packages
o using a bumpless build-up layer (BBUL) designs. Embodiments of the present description relate to the field of fabricating micro

electronic packages, wherein an interposer, such as a through-silicon via interposer, may be used in a bumpless build-up layer
package to facilitate stacked microelectronic components.



BUMPLESS BUILD-UP LAYER PACKAGE DESIGN WITH AN INTERPOSER

BACKGROUND

Embodiments of the present description generally relate to the field of

microelectronic device package designs and, more particularly, to packages using a

bumpless build-up layer (BBUL) designs. With shrinking microelectronic electronic

device sizes, microelectronic device packages need to occupy less space, which may be

achieved by stacking microelectronic components.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and

distinctly claimed in the concluding portion of the specification. The foregoing and other

features of the present disclosure will become more fully apparent from the following

description and appended claims, taken in conjunction with the accompanying drawings.

It is understood that the accompanying drawings depict only several embodiments in

accordance with the present disclosure and are, therefore, not to be considered limiting of

its scope. The disclosure will be described with additional specificity and detail through

use of the accompanying drawings, such that the advantages of the present disclosure can

be more readily ascertained, in which:

FIGs. 1 and 2 illustrate side cross-sectional views of an embodiment of a

microelectronic package having an interposer in a bumpless build-up layer design.

FIGs. 3 and 4 illustrate top plan views along line A-A of FIG. 1 showing

embodiments of the interposer.

FIG. 5 illustrates a side cross-sectional view of another embodiment of a

microelectronic package having an interposer in a bumpless build-up layer design.

FIG. 6 illustrates a top plan views along line B-B of FIG. 5 showing an

embodiment of the interposer.

FIGs. 7 and 8 illustrate side cross-sectional views of an embodiment of a

microelectronic package having an interposer integrated with a microelectronic die in a

bumpless build-up layer design.

FIGs. 9 and 10 illustrate top plan views along line C-C of FIG. 7 showing

embodiments of the interposer incorporated into the microelectronic die.

FIG. 11 illustrates a side cross-sectional view of another embodiment of a

microelectronic package having an interposer integrated with a microelectronic die in a

bumpless build-up layer design.



FIG. 12 illustrates a top plan views along line D-D of FIG. 11 showing an

embodiment of the interposer integrated with the microelectronic die.

FIG. 13 is a flow diagram of one embodiment of a process of incorporating an

interposer into a microelectronic package.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying

drawings that show, by way of illustration, specific embodiments in which the claimed

subject matter may be practiced. These embodiments are described in sufficient detail to

enable those skilled in the art to practice the subject matter. It is to be understood that the

various embodiments, although different, are not necessarily mutually exclusive. For

example, a particular feature, structure, or characteristic described herein, in connection

with one embodiment, may be implemented within other embodiments without departing

from the spirit and scope of the claimed subject matter. In addition, it is to be understood

that the location or arrangement of individual elements within each disclosed embodiment

may be modified without departing from the spirit and scope of the claimed subject matter.

The following detailed description is, therefore, not to be taken in a limiting sense, and the

scope of the subject matter is defined only by the appended claims, appropriately

interpreted, along with the full range of equivalents to which the appended claims are

entitled. In the drawings, like numerals refer to the same or similar elements or

functionality throughout the several views, and that elements depicted therein are not

necessarily to scale with one another, rather individual elements may be enlarged or

reduced in order to more easily comprehend the elements in the context of the present

description.

Embodiments of the present description relate to the field of fabricating

microelectronic packages, wherein an interposer, such as a through-silicon via interposer,

may be used in a bumpless build-up layer package to facilitate stacked microelectronic

components.

FIGs. 1 and 2 illustrate cross-sectional views of a bumpless build-up layer -

coreless substrate technology (BBUL-C) microelectronic package having an interposer, in

accordance with one embodiment of the present description. As shown, a microelectronic

package 100 may include at least one microelectronic die 102, where the microelectronic

die 102 includes an active surface 104, a back surface 106 that is substantially parallel to

the microelectronic die active surface 104, and at least two opposing sides 108 extending



from the microelectronic die active surface 104 to the microelectronic die back surface

106.

Referring to FIG. 2, the microelectronic die 102 may further include at least

one contact land 112 on the microelectronic die active surface 104, wherein each

microelectronic die contact land 112 may be connected to integrated circuits (not shown)

within the microelectronic die 102. The microelectronic die 102 may be any appropriate

integrated circuit device including but not limited to a processor or microprocessor (single

or multi-core), a memory device, a chipset, a graphics device, an application specific

integrated circuit, or the like. The microelectronic die contact lands 112 may be any

appropriate conductive material, including but not limited to copper, aluminum, silver,

gold, or alloys thereof.

The microelectronic package 100 may further include an interposer 120

positioned proximate at least one microelectronic die side 108, where the interposer 120

includes a front surface 124, an opposing back surface 126 that is substantially parallel to

the interposer front surface 124, and at least one side 128 extending from the interposer

front surface 124 to the interposer back surface 126, as shown in FIG. 2 . The interposer

120 may have at least one conductive via 132 extending therethrough from the interposer

front surface 124 to the interposer back surface 126. Each interposer conductive via 132

may have a contact land 134 on the interposer front surface 124 and a contact land 136 on

the interposer back surface 126. The interposer conductive vias 132, the interposer front

surface contact lands 134, the interposer back surface contact lands 136 may be fabricated

by any technique know in the art, and may be made of any appropriate conductive

material, including but not limited to copper, aluminum, silver, gold, or alloys thereof.

In one embodiment, the interposer 120 may be a silicon-containing material,

such as amorphous silicon or silicon-germanium, or a ceramic material. In another

embodiment, the interposer 120 may be the same silicon material as the predominate

material in the microelectronic die 102 to minimize thermal expansion mismatch, as will

be understood to those skilled in the art.

The interposer 120 may be designed such that the interposer back surface 126

is substantially planar to the microelectronic die back surface 106, and may be designed

such that the interposer front surface 124 is substantially planar to the microelectronic die

active surface 104. An encapsulation material 142 may be disposed adjacent the

microelectronic die sides 108 and the interposer sides 128, thereby forming a



substrate 148. A back surface 144 of the encapsulation material 142 may be formed to be

substantially planar with the interposer back surface 126 and substantially planar with the

microelectronic die back surface 106. The encapsulation material 142 may be any

appropriate dielectric material, including, but not limited to silica-filled epoxies, such as

are available from Ajinomoto Fine-Techno Co., Inc., 1-2 Suzuki-cho, Kawasaki-ku,

Kawasaki-shi, 210-0801, Japan (Ajinomoto GX13, Ajinomoto GX92, and the like).

A build-up layer 150 may be formed on the encapsulation material front

surface 146. The build-up layer 150 may comprise a plurality of dielectric layers with

conductive traces formed on each dielectric layer with conductive vias extending through

each dielectric layer to connect the conductive traces and/or other microelectronic

components on different layers. Referring to FIG. 2, the build-up layer 150 may comprise

at least one first layer conductive trace 152 connected to at least one microelectronic die

contact land 112 and/or at least one interposer front surface contact land 134 through a

trace-to-microelectronic die conductive via 153 and a trace-to-interposer conductive via

155, respectively, formed through the encapsulation material 142. A dielectric layer 154

may be formed adjacent at least one first layer conductive trace 152 and encapsulation

material front surface 146. At least one conductive via 156 may extend through the

dielectric layer 154 to connect at least one first layer conductive trace 152 to at least one

second layer conductive trace 158. The build-up layer 150 may be used to connect the

microelectronic die 102 to the interposer 120 or to connect the microelectronic die 102 to

external interconnects 162 (shown in FIG. 1). These connections are shown as dashed

lines 164 in FIG. 1. The external interconnects 162 may be solder balls (as shown in FIG.

1) or pins (not shown) and may be used to connect the microelectronic package 100 to

external devices (not shown).

It is understood that although only one dielectric layer and two conductive

trace layers are shown, the build-up layer 150 may be any appropriate number of dielectric

layers and conductive trace layers. The dielectric layer(s), such as the dielectric layer 154,

may formed by any technique known in the art and may be formed from any appropriate

dielectric material. The conductive trace layers, such as first layer conductive trace 152

and the second layer conductive trace 158, and the conductive vias 156, may be fabricated

by any technique known in the art, and may be made of any appropriate conductive

material, including but not limited to copper, aluminum, silver, gold, or alloys thereof.



As shown in FIG. 1, a stacked microelectronic die 170 may be attached to the

interposer 120 through a plurality of interconnects 172 (shown as solder balls). The

stacked microelectronic die 170 may extend over the microelectronic die back surface 106

and be attached to the interposer 120 on an opposing side of the microelectronic die 102.

The stacked microelectronic die 170 may be any appropriate integrated circuit device

including but not limited to a processor or microprocessor (single or multi-core), a

memory device, a chipset, a graphics device, an application specific integrated circuit, or

the like. In one embodiment, the microelectronic die 102 is a microprocessor and the

stacked microelectronic die 170 is a memory device.

As shown in FIG. 3, the interposer 120 may surround the microelectronic die

102, and may have the interconnects 172 dispersed on all sides of the interposer 120. As

shown in FIG. 4, the interposer 120 may be two separate sections (shown as elements 120i

and 1202) on opposing sides of the microelectronic die 102.

It is understood that the stacked microelectronic die 170 need not span the

microelectronic die 102, as shown in FIG. 1. FIGs. 5 and 6 illustrate an embodiment of

the present description wherein an interposer 180 may be positioned on one side 108 of the

microelectronic die 102 in the manner described with regard to the embodiments of FIGs.

1-4. Referring to FIG. 5, the stacked microelectronic die 170 may be attached to the

interposer 180 through the plurality of interconnects 172 (shown as solder balls).

FIGs. 7 and 8 illustrate cross-sectional views of a bumpless build-up layer -

coreless substrate technology (BBUL-C) microelectronic package having an interposer

integrated with the microelectronic die, in accordance with another embodiment of the

present description. As shown in FIG. 7, a microelectronic package 200 may include at

least one microelectronic die 202, where the microelectronic die 202 includes an active

surface 204, a back surface 206 that is substantially parallel to the microelectronic die

active surface 204, and at least two opposing sides 208 extending from the microelectronic

die active surface 204 to the microelectronic die back surface 206. The microelectronic

die 202 may have an active area 210 in a central portion of the microelectronic die 202,

where integrated circuits are formed, as will be understood to those skilled in the art. The

microelectronic die 202 may further include an interposer area 230 between the

microelectronic die active area 210 and at least one microelectronic die side 208, and may

be an area where no integrated circuitry (not shown) is formed. The interposer area 230



may be the street area of a microelectronic wafer, as will be understood to those skilled in

the art, or may be accommodated by enlarging the size of the microelectronic die 202.

Referring to FIG. 8, the microelectronic die 202 may further include at least

one contact land 212 on the microelectronic die active surface 204 within the

microelectronic die active area 210, wherein the microelectronic die contact lands 212

may be connected to integrated circuits (not shown) within the microelectronic die 202.

The microelectronic die 202 may be any appropriate integrated circuit device including

but not limited to a processor or microprocessor (single or multi-core), a chipset, a

graphics device, an application specific integrated circuit, or the like. The microelectronic

die contact lands 212 may be any appropriate conductive material, including but not

limited to copper, aluminum, silver, gold, or alloys thereof.

An interposer 220 may be formed within the interposer area 230. The

interposer 220 may have at least one conductive via 232 extending from the

microelectronic die active surface 204 to the microelectronic die back surface 206. Each

interposer conductive via 232 may have a contact land 234 on the microelectronic die

active surface 204 and a contact land 236 on the microelectronic die back surface 206.

The interposer conductive vias 232, the interposer front surface contact land 234, and the

interposer back surface contact land 236 may be fabricated by any technique know in the

art, and may be made of any appropriate conductive material, including but not limited to

copper, aluminum, silver, gold, or alloys thereof.

An encapsulation material 242 may be disposed adjacent the sides 208 of the

microelectronic die 202, thereby forming a substrate 248. A back surface 244 of the

encapsulation material 242 may be formed to be substantially planar with the

microelectronic die back surface 206. As previously described with regard to the

encapsulation material 142 of FIGs. 1-6, the encapsulation material 242 may be any

appropriate dielectric material, including, but not limited to silica-filled epoxies, such as

are available from Ajinomoto Fine-Techno Co., Inc., 1-2 Suzuki-cho, Kawasaki-ku,

Kawasaki-shi, 210-0801, Japan (Ajinomoto GX13, Ajinomoto GX92, and the like).

The build-up layer 150 may be formed on the encapsulation material front

surface 246 in the same manner as described for FIGs. 1 and 2 . Referring to FIG. 6, the

build-up layer 150 may be used to connect the microelectronic die contact lands 212 to the

interposer front surface contact lands 234 or to connect the microelectronic die 202 to

external interconnects 162 (see FIG. 5). These connections are shown as dashed lines 164



in FIG. 7 . The external interconnects 162 may be solder balls (as shown in FIG. 5) or pins

(not shown) and may be used to connect the microelectronic package 200 to external

devices (not shown).

As shown in FIG. 7, a stacked microelectronic die 270 may be attached to the

interposer 220 through a plurality of interconnects 272 (shown as solder balls). The

stacked microelectronic die 270 may extend over the microelectronic die back surface 206

and be attached to the interposer 220 on an opposing side of the microelectronic die 202.

In one embodiment, the microelectronic die 202 is a microprocessor and the stacked

microelectronic die 270 is a memory device.

As shown in FIG. 9, the interposer 220 may surround the microelectronic die

202, and may have the plurality of interconnects 272 dispersed on all sides of the

interposer 220. As shown in FIG. 10, the interposer 220 may be two separate sections

(shown as elements 220 1 and 2202) on opposing sides of the microelectronic die 202.

It is understood that the stacked microelectronic die 270 need not span the

microelectronic die 102. FIGs. 11 and 12 illustrate an embodiment of the present

description wherein an interposer 280 may be formed on one side 208 of the

microelectronic die 202 in the manner described with regard to the embodiments of FIGs.

7-10. Referring to FIG. 11, the stacked microelectronic die 270 may be attached to the

interposer 280 through the plurality of interconnects 272 (shown as solder balls).

It is understood that the interposer of the present description may result in a

high-interconnection density (e.g. greater than about 30 per square millimeter) between the

microelectronic dice 102 and 202 and the stacked microelectronic dice 170 and 270, while

minimizing the impact to silicon layer design rules and processes. Furthermore, although

the stacked microelectronic dice 170 and 270 are shown as a single die, they may be pre-

stacked dice, as will be understood to those skilled in the art.

An embodiment of a process 300 of the present description is illustrated in

FIG. 13. As defined in block 310, a microelectronic die may be provided. An interposer

may be provided proximate at least one side of the microelectronic die, as defined in block

320. An encapsulation material may be disposed adjacent at least one side of the

microelectronic die, as defined in block 330. As defined in block 340, a stacked

microelectronic die may be attached to the interposer.

It is also understood that the subject matter of the present description is not

necessarily limited to specific applications illustrated in FIGs. 1-13. The subject matter



may be applied to other stacked die applications. Furthermore, the subject matter may

also be used in any appropriate application outside of the microelectronic device

fabrication field.

The detailed description has described various embodiments of the devices

and/or processes through the use of illustrations, block diagrams, flowcharts, and/or

examples. Insofar as such illustrations, block diagrams, flowcharts, and/or examples

contain one or more functions and/or operations, it will be understood by those skilled in

the art that each function and/or operation within each illustration, block diagram,

flowchart, and/or example can be implemented, individually and/or collectively, by a wide

range of hardware, software, firmware, or virtually any combination thereof.

The described subject matter sometimes illustrates different components

contained within, or connected with, different other components. It is understood that

such illustrations are merely exemplary, and that many alternate structures can be

implemented to achieve the same functionality. In a conceptual sense, any arrangement of

components to achieve the same functionality is effectively "associated" such that the

desired functionality is achieved. Thus, any two components herein combined to achieve

a particular functionality can be seen as "associated with" each other such that the desired

functionality is achieved, irrespective of structures or intermediate components. Likewise,

any two components so associated can also be viewed as being "operably connected", or

"operably coupled", to each other to achieve the desired functionality, and any two

components capable of being so associated can also be viewed as being "operably

couplable", to each other to achieve the desired functionality. Specific examples of

operably couplable include but are not limited to physically mateable and/or physically

interacting components and/or wirelessly interactable and/or wirelessly interacting

components and/or logically interacting and/or logically interactable components.

It will be understood by those skilled in the art that terms used herein, and

especially in the appended claims are generally intended as "open" terms. In general, the

terms "including" or "includes" should be interpreted as "including but not limited to" or

"includes but is not limited to", respectively. Additionally, the term "having" should be

interpreted as "having at least".

The use of plural and/or singular terms within the detailed description can be

translated from the plural to the singular and/or from the singular to the plural as is

appropriate to the context and/or the application.



It will be further understood by those skilled in the art that if an indication of

the number of elements is used in a claim, the intent for the claim to be so limited will be

explicitly recited in the claim, and in the absence of such recitation no such intent is

present. Additionally, if a specific number of an introduced claim recitation is explicitly

recited, those skilled in the art will recognize that such recitation should typically be

interpreted to mean "at least" the recited number.

The use of the terms "an embodiment," "one embodiment," "some

embodiments," "another embodiment," or "other embodiments" in the specification may

mean that a particular feature, structure, or characteristic described in connection with one

or more embodiments may be included in at least some embodiments, but not necessarily

in all embodiments. The various uses of the terms "an embodiment," "one embodiment,"

"another embodiment," or "other embodiments" in the detailed description are not

necessarily all referring to the same embodiments.

While certain exemplary techniques have been described and shown herein

using various methods and systems, it should be understood by those skilled in the art that

various other modifications may be made, and equivalents may be substituted, without

departing from claimed subject matter or spirit thereof. Additionally, many modifications

may be made to adapt a particular situation to the teachings of claimed subject matter

without departing from the central concept described herein. Therefore, it is intended that

claimed subject matter not be limited to the particular examples disclosed, but that such

claimed subject matter also may include all implementations falling within the scope of

the appended claims, and equivalents thereof.



CLAIMS

What is claimed is:

I . A microelectronic package comprising:

a microelectronic die having an active surface, an opposing back surface, and at

least two opposing sides extending between the microelectronic die active surface and the

microelectronic die back surface;

an interposer proximate the at least one microelectronic die side;

an encapsulation material adjacent the at least one microelectronic die side; and

a stacked microelectronic die attached to the interposer.

2 . The microelectronic package of claim 1, wherein the interposer is proximate the at

least two opposing microelectronic die sides;

3 . The microelectronic package of claim 2, wherein the stacked microelectronic die

substantially spans the microelectronic die.

4 . The microelectronic package of claim 2, wherein the interposer substantially

surrounds the microelectronic die.

5 . The microelectronic package of claim 1, wherein the interposer is integral with the

microelectronic die.

6 . The microelectronic package of claim 5, wherein the interposer substantially

surrounds an active area of the microelectronic die.

7 . The microelectronic package of claim 1, further including a build-up layer formed

proximate the microelectronic die active surface.

8. The microelectronic package of claim 1, wherein the encapsulation material

includes a back surface that is substantially planar to the microelectronic die back surface.

9 . The microelectronic package of claim 8, wherein the interposer includes a front

surface and a back surface and wherein the encapsulation material back surface is

substantially planar to the interposer back surface.

10. The microelectronic die of claim 1, wherein the microelectronic die comprises a

microprocessor, and wherein the stacked microelectronic die comprises a memory device.

I I . A method of forming a microelectronic package, comprising:

providing a microelectronic die having an active surface, an opposing back surface,

and at least two opposing sides extending between the microelectronic die active surface

and the microelectronic die back surface;

providing an interposer proximate at least one microelectronic die side;



disposing an encapsulation material adjacent the at least one side of the

microelectronic die; and

attaching a stacked microelectronic die to the interposer.

12. The method of claim 11, wherein providing the interposer comprises providing an

interposer proximate the at least two opposing microelectronic die sides.

13. The microelectronic package of claim 12, wherein attaching the stacked

microelectronic die comprises attaching a stacked microelectronic die to the interposer to

span the microelectronic die.

14. The method of claim 12, wherein providing the interposer comprises providing an

interposer which substantially surrounds the microelectronic die.

15. The method of claim 11, wherein the providing the interposer comprises providing

an interposer that is integral with the microelectronic die.

16. The method of claim 15, wherein the providing the interposer that is integral with

the microelectronic die comprises providing an interposer that substantially surrounds an

active area of the microelectronic die.

17. The method of claim 11, further comprising forming a build-up layer proximate the

microelectronic die front surface.

18. The method of claim 11, wherein disposing the encapsulation material includes

disposing an encapsulation material to form a back surface that is substantially planar to

the microelectronic die back surface.

19. The method of claim 18, wherein providing the interposer comprises providing an

interposer including a front surface and a back surface, and wherein disposing the

encapsulation material comprises disposing the encapsulation material to form a back

surface that is substantially planar to the interposer back surface.

20. The method of claim 11, wherein the microelectronic die comprises a

microprocessor and the stacked microelectronic die comprises a memory device.
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