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STACK PACKAGES USING RECONSTITUTED WAFERS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United

States Provisional Application No. 60/963,209 filed August

3 , 2007, the disclosure of which is incorporated herein by-

reference.

BACKGROUND ART

[0002] The subject matter of the present application relates

to microelectronic packages, or assemblies, comprised of

stacked microelectronic elements and to methods of

fabricating them, for example, by processing applied

simultaneously to a plurality of microelectronic elements

arranged in an array .

[0003] Microelectronic elements, such as semiconductor

chips, are flat bodies with contacts disposed on the front

surface that are connected to the internal electrical

circuitry of the element itself. Microelectronic elements

are typically packaged with substrates to form

microelectronic packages, or assemblies, having terminals

that are electrically connected to the element's contacts.

The package or assembly may then be connected to test

equipment to determine whether the packaged device conforms

to a desired performance standard. Once tested, the package

may be connected to a larger circuit, e.g., a circuit in an

electronic product such as a computer or a cell phone.

[0004] Microelectronic packages or assemblies also include

wafer level packages, which can be formed by wafer level

processing applied simultaneously to a plurality of

microelectronic elements, e.g., semiconductor die while the

die are still attached together in form of a wafer or

portion of a wafer. After subjecting the wafer to a number

of process steps to form package structure thereon, the

wafer and the package structure are then diced to free the



individual die. Wafer level processing may provide a cost

savings advantage. Furthermore, the package footprint can

be identical to the die size, resulting in very efficient

utilization of area on a printed circuit board (PCB) to

which the die will eventually be attached. As a result of

these features, die packaged in this manner are commonly

referred to as wafer- level chip scale packages (WLCSP).

[0005] In order to save space certain conventional designs

have stacked multiple microelectronic chips or elements

within a package or assembly. This allows the package to

occupy a surface area on a substrate that is less than the

total surface area of all the chips in the stack added

together. Development efforts in this technology focus on

producing wafer-level assemblies that are reliable, or thin,

or testable, or which are economical to manufacture, or have

a combination of such characteristics.

SUMMARY OF THE INVENTION

[0006] In accordance with an aspect of the invention, a

method is provided for fabricating a stacked microelectronic

assembly. In accordance with such method, a first

subassembly is formed which includes a plurality of spaced

apart first microelectronic elements having front faces and

contacts exposed at the front faces and rear faces remote

from the front faces and edges extending between the front

and rear faces. The first microelectronic elements can be

joined to a carrier layer. A plurality of traces can extend

from the contacts to beyond edges of the first

microelectronic elements. A plurality of spaced apart

second microelectronic elements can then be attached to the

first subassembly, the second microelectronic elements

having front faces and contacts exposed at the front faces,

rear faces remote from the front faces, and edges extending

between the front and rear faces . The rear faces of the

second microelectronic elements can overlie and be adjacent



to the front faces of respective ones of the first

microelectronic elements . A plurality of traces can then be

formed which extend from the contacts of the second

microelectronic elements to beyond the edges of the second

microelectronic elements. Leads may be formed in at least

one opening extending between confronting edges of adjacent

ones of the first microelectronic elements and between

confronting edges of adjacent ones of the second

microelectronic elements . The leads can be connected to the

traces of the first and second microelectronic elements.

[0007] In accordance with an aspect of the invention, each

of the first and second microelectronic elements can have a

thickness of less than about 50 microns between the front

face and the rear face. In one embodiment, at least one of

the microelectronic elements includes a flash memory.

[0008] In accordance with an aspect of the invention, the

stacked microelectronic assembly can be severed between

edges of adjacent ones of the first and second

microelectronic elements into a plurality of stacked

microelectronic units, each unit including at least one

first microelectronic element and at least one second

microelectronic element.

[0009] In accordance with one aspect of the invention, the

at least one opening can include channels which extend

between the confronting edges of adjacent ones of the first

and second microelectronic elements.

[0010] In accordance with one aspect of the invention,

the at least one opening can include a plurality of spaced

apart openings aligned with edges of the first and second

microelectronic elements. The leads may extend within

respective individual ones of the spaced apart openings,

each lead being conductively connected with a single one of

the traces .



[0011] In accordance with an aspect of the invention, a

method is provided for fabricating a stacked microelectronic

assembly. In accordance with such method, first and second

subassemblies can be provided, each subassembly having a

front surface and a rear surface remote from the front

surface. Each subassembly can include a plurality of spaced

apart microelectronic elements having front faces and

contacts adjacent to the front surface, rear faces adjacent

to the rear surface, and edges extending between the front

and rear faces . A plurality of traces can be formed at the

front surface of the first subassembly, the traces extending

from the contacts of the first subassembly to beyond the

edges of the microelectronic elements of the first

subassembly. The first and second subassemblies can be

joined such that the rear surface of the second subassembly

confronts the front surface of the first subassembly. A

plurality of traces can be formed at the front surface of

the second subassembly. The traces may extend from the

contacts of the second subassembly to beyond the edges of

the microelectronic elements of the second subassembly.

Leads can be formed in at least one opening extending

between edges of adjacent microelectronic elements of the

first and second subassemblies. The leads can be connected

to the traces of the microelectronic elements of the first

and second subassemblies .

[0012] In accordance with an aspect of the invention,

each of the microelectronic elements of the first and second

subassemblies has a thickness of less than about 50 microns

between the front face and the rear face .

[0013] In accordance with an aspect of the invention, at

least one of the microelectronic elements includes flash

memory .

[0014] In accordance with an aspect of the invention, the

stacked microelectronic assembly can be severed between



edges of adjacent microelectronic elements into a plurality

of stacked microelectronic units, each unit including

microelectronic elements from each of the first and second

subassemblies and leads connected to traces of the

microelectronic elements .

[0015] In accordance with an aspect of the invention, the

at least one opening can include channels extending between

confronting edges of adjacent microelectronic elements.

[0016] In accordance with an aspect of the invention, the

at least one opening includes a plurality of spaced apart

openings aligned with edges of the microelectronic element .

Leads of each stacked microelectronic unit may extend within

respective individual ones of the spaced apart openings,

each lead being conductively connected with a single one of

the traces .

[0017] In accordance with an aspect of the invention, the

front face of a given microelectronic element of the second

subassembly can have at least one dimension different from a

corresponding dimension of the front face of a

microelectronic element of the first subassembly that the

front face of the given microelectronic element overlies.

[0018] In accordance with an aspect of the invention, a

front face of a given microelectronic element of the first

subassembly can have at least one dimension different from a

corresponding dimension of a front face of another

microelectronic element of the first subassembly.

[0019] In accordance with an aspect of the invention, a

front face of a given microelectronic element within the

stacked assembly can have at least substantially the same

dimensions as a front face of another microelectronic

element that the given microelectronic element overlies

within the stacked assembly.

[0020] In accordance with an aspect of the invention,

each subassembly can further include alignment features



adjacent to the front surface. The alignment features and

the traces can be elements of the same metal layer exposed

at the front surface .

[0021] In accordance with an aspect of the invention, the

second subassembly can be joined to the first subassembly

such that edges of microelectronic elements of the second

subassembly are displaced in a lateral direction relative to

edges of microelectronic elements of the first subassembly

in vertical alignment therewith. The at least one opening

can have a sloped wall exposing the traces adjacent to the

laterally displaced edges of the vertically stacked

microelectronic elements .

[0022] In accordance with such aspect of the invention,

the lateral direction can be a first lateral direction and

the edges of each microelectronic element can include first

edges and second edges transverse to the first edges. In

accordance with such aspect, the second subassembly can be

joined to the first subassembly such that second edges of

microelectronic elements of the second subassembly are

further displaced in a second lateral direction relative to

second edges of microelectronic elements of the first

subassembly in vertical alignment therewith. The second

lateral direction can be transverse to the first lateral

direction. A second opening having a sloped wall can be

formed which exposes second traces adjacent to the second

edges. Leads can be formed which are connected to the

second traces .

[0023] In accordance with an aspect of the invention, a

stacked microelectronic unit can be provided which has a top

surface and a bottom surface remote from the top surface and

a plurality of vertically stacked microelectronic elements

therein. At least one microelectronic element may have a

front face adjacent to the top surface and a rear face

oriented towards the bottom surface . Each of the



microelectronic elements can have traces extending from

contacts at the front face beyond edges of the

microelectronic element. A dielectric layer may contact

edges of the microelectronic elements and may underlie the

rear face of the at least one microelectronic element.

Leads can be connected to the traces extending along the

dielectric layer. Unit contacts, exposed at the top

surface, can be connected to the leads.

[0024] In accordance with such aspect of the invention,

at least some bottom unit contacts can be exposed at the

bottom surface, the bottom unit contacts being connected to

the contacts of at least one of the microelectronic

elements .

[0025] In accordance with an aspect of the invention, a

stacked microelectronic unit can be provided which includes

a first microelectronic element having a front face bounded

by a first edge and a second edge remote from the first

edge. A second microelectronic element can have a front

face bounded by a first edge and a second edge remote from

the first edge, and the first edge of the second

microelectronic element can overlie the front face of the

first microelectronic element, such that the first edge of

the first microelectronic element extends beyond the first

edge of the second microelectronic element. A dielectric

layer may overlie the first edges of the first and second

microelectronic elements. The dielectric layer may define

an edge of the stacked unit. Leads can be connected to

traces at the front faces of the first and second

microelectronic elements. The leads can extend along the

edge of the stacked unit.

[0026] In accordance with an aspect of the invention, the

first and second microelectronic elements can include third

edges oriented in a direction transverse to the first edges.

The third edge of the second microelectronic element can



overlie the front face of the first microelectronic element

and the third edge of the first microelectronic element can

extend beyond the third edge of the second microelectronic

element. The dielectric layer may define a second edge of

the stacked unit overlying the third edges of the

microelectronic elements. The stacked unit may further

include second leads extending along the second edge of the

stacked unit.

[0027] In accordance with an aspect of the invention, a

stacked microelectronic unit can be provided which includes

a first microelectronic element having a front face bounded

by a first edge and a second edge remote from the first

edge . A second microelectronic element may have a front

face bounded by a first edge and a second edge remote from

the first edge. The front face of the second

microelectronic element can overlie the front face of the

first microelectronic element. The front faces of the first

and second microelectronic elements may differ in at least

one of length along the front faces in a longitudinal

direction or in width along the front faces in a lateral

direction transverse to the longitudinal direction. A

dielectric layer can overlie the first edges of the first

and second microelectronic elements . The dielectric layer

may define an edge of the stacked unit. Leads can be

connected to traces at front faces of the microelectronic

elements and the leads may extend along the edge of the

stacked unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. IA is a plan view illustrating a wafer or

portion of a wafer including a plurality of microelectronic

elements attached together at edges .

[0029] FIG. IB is a corresponding sectional view through

line IB- IB of FIG. IA.



[0030] FIG. 2A is a sectional view of a wafer or portion

of a wafer in a preliminary stage in a fabrication method in

accordance with an embodiment of the invention.

[0031] FIG. 2B is a sectional view of a wafer or portion

of a wafer in a stage subsequent to the stage illustrated in

FIG. 2A in a fabrication method according to an embodiment

of the invention.

[0032] FIG. 2C is a sectional view illustrating a stage

in a fabrication method according to an embodiment of the

invention subsequent to the stage illustrated in FIG. 2B.

[0033] FIG. 3 is a sectional view illustrating a stage in

a fabrication method according to an embodiment of the

invention subsequent to the stage illustrated in FIG. 2C.

[0034] FIG. 4A is a fragmentary plan view illustrating a

stage in a fabrication method according to an embodiment of

the invention subsequent to the stage illustrated in FIG. 3 .

[0035] FIG. 4B is a corresponding sectional view through

line 4B-4B of FIG. 4A.

[0036] FIG. 4C is a corresponding sectional view through

line 4C-4C of FIG. 4A.

[0037] FIG. 5 is a sectional view illustrating a stage in

a fabrication method according to an embodiment of the

invention subsequent to the stage illustrated in FIGS. 4A-C.

[0038] FIG. 6A is a sectional view illustrating a stage

in a fabrication method according to an embodiment of the

invention subsequent to the stage illustrated in FIG. 5 .

[0039] FIG. 6B is a fragmentary plan view of a wafer or

portion of wafer corresponding to FIG. 6A.

[0040] FIG. 7 is a sectional view illustrating stacked

microelectronic units in accordance with an embodiment of

the invention.

[0041] FIG. 8 is a sectional view illustrating a stacked

microelectronic unit in accordance with a variation of the

embodiment of the invention illustrated in FIG. 7 .



[0042] FIG. 9A is a sectional view a illustrating a stage

in a fabrication method according to a variation of the

embodiment of the invention illustrated in FIG. 7 .

[0043] FIG. 9B is a fragmentary partial plan view

corresponding to the sectional view of FIG. 9A.

[0044] FIG. 10 is a sectional view illustrating a stacked

microelectronic unit in accordance with a variation of the

embodiment of the invention illustrated in FIG. 7 .

[0045] FIG. 11 is a sectional view illustrating a stacked

microelectronic unit as attached to external elements in

accordance with an embodiment of the invention.

[0046] FIG. 12 is fragmentary partial plan view

illustrating a stacked microelectronic unit in accordance

with a variation of the embodiment of the invention

illustrated in FIG. 7 .

[0047] FIG. 13 is a sectional view illustrating a stage

in a fabrication method in accordance with a variation of

the embodiment of the invention illustrated in FIGS. 2A- 7 .

[0048] FIG. 14 is a sectional view illustrating a stage

in a fabrication method in accordance with an embodiment of

the invention subsequent to the stage illustrated in FIG.

13.

[0049] FIG. 15 is a plan view illustrating a

microelectronic element in a fabrication method in

accordance with a variation of the embodiment of the

invention illustrated in FIGS. 13-14.

[0050] FIG. 16 is a plan view illustrating

microelectronic elements in a fabrication method in

accordance with an embodiment of the invention.

[0051] FIGS. 17 through 26 are sectional views

illustrating successive stages in a fabrication method in

accordance with an embodiment of the invention.

DETAILED DESCRIPTION



[0052] FIGS. IA-B illustrate an array, or a portion of an

array of microelectronic elements, such as may be provided

on a semiconductor wafer. FIG. IA is a top plan view of a

wafer 10 or portion of a wafer and includes a plurality of

microelectronic elements 12, 12' (twelve prime), and 12"

(twelve double prime) , each microelectronic element being

shown as a rectangle. As seen in FIG. IA, each

microelectronic element is positioned side by side and

adjacent to one another. The wafer can be in the shape of a

circular wafer. Hereinafter, for ease of reference, the

wafer 10 or wafer portion is referred to as "wafer" . The

wafer 10 may include numerous rows of microelectronic

elements 12 aligned along an X-axis and a Y-axis. The wafer

10 may include any number of microelectronic elements,

including as little as tow or as many as is desirable. The

microelectronic elements are formed integral with one

another using semiconductor fabrication techniques. Each of

the microelectronic elements of the wafer is typically of

the same type. The microelectronic elements can have memory

function, logic or processor function or a combination of

logic and processor functions, among other possible types.

In a particular example, each of the microelectronic

elements includes a flash memory. For example, each

microelectronic element can be a dedicated flash memory

chip.

[0053] Wafer 10 in FIG. IA has a top edge 15, a right

edge 13, a left edge 11 and a bottom edge 17. FIG. IB is

sectional view of wafer 10 taken along line IB (FIG. IA) ,

showing left edge 11 and right edge 13 of wafer 10. FIG. 1C

also shows that each microelectronic element of wafer 10

also has a front face 14 and an oppositely- facing rear face

16. Note that in FIG. 1C, the front face 14 of wafer 10 has

been turned over such that it faces downward in the figure.



[0054] In FIG. IA, three microelectronic elements 12,

12 '', and 12 ' are individually called out in the middle row

of the wafer 10. With reference to microelectronic element

12 of FIG. IA, each microelectronic element has a first edge

18, a second edge 20, a third edge 19 and a fourth edge 21.

When microelectronic element 12 is still part of the array

of wafer 10, a first edge 18 of one microelectronic element

12 abuts (or is attached to) second edge 20 of a second and

adjacent microelectronic element 12. Similarly, a third

edge 19 (FIG. IA) of one microelectronic element 12 is

attached to a fourth edge 21 of an adjacent microelectronic

element. Thus, a microelectronic element 12'' positioned in

a middle row of the wafer portion 10 is bordered by an

adjacent microelectronic element at all four edges, as shown

in FIG. IA. Each of first edge 18, second edge 20, third

edge 19 and fourth edge 21 extends from the front face 14 to

the rear face 16 of the microelectronic element 12, as

illustrated in FIG. IB.

[0055] Portions of wafer 10 where adjacent

microelectronic elements contact one another form saw lanes

or strips 23 and 25 where the wafer can be cut without

damaging the individual microelectronic elements . For

instance, as shown in FIG. IB, second edge 20' of

microelectronic element 12' abuts first edge 18' of

microelectronic element 12 '' and forms a saw lane 23 .

Similarly, throughout the wafer 10, saw lanes 23 are located

at positions where microelectronic elements 12 abut one

another .

[0056] With reference to microelectronic element 12 '■ of

FIG. IB, each microelectronic element includes a plurality

of contacts 22, 22' or 22" exposed at the respective front

face 14 of the microelectronic element 12 . The contacts 22

can be, for example, bond pads or lands of the

microelectronic elements as originally formed in a wafer



fabrication facility. Each microelectronic element of the

uncut wafer 10 has a device region 26 (area within dashed

lines 27 (FIG. IA) and within solid lines 27 (FIG. IB) ) in

which active semiconductor devices and typically also

passive devices are disposed. Each microelectronic element

also includes a non-device region disposed beyond edges of

the device region 26 where no active semiconductor devices

or passive devices are disposed. Note that the bounded area

of device region 26 is shown as the area between solid lines

27 in FIG. IB.

[0057] In one stacked assembly fabrication embodiment, an

assembly including a plurality of stacked microelectronic

elements is fabricated by simultaneously processing a

plurality of microelectronic elements en masse. Moreover,

processing can be carried out simultaneously as to

microelectronic elements which are arranged in form of an

array, similar to the processing of an original wafer

containing such microelectronic elements.

[0058] FIGS. 2A- 7 illustrate stages in a method of

forming a package or assembly of stacked microelectronic

elements in accordance with a first fabrication embodiment.

FIG. 2A is a sectional view illustrating a wafer 10 or

portion of a wafer, such wafer including a plurality of

microelectronic elements 12 attached together at saw lanes,

of which saw lanes 23 are shown in FIG. 2A. Typically, the

wafer 10 or wafer portion includes an m x n array of chips

(m, n each greater than one) as described above with respect

to FIGS. IA-B. The thickness 37 of the wafer 10 between the

wafer's front face 14 and the rear face 16 remote therefrom

(FIG. 2B) is reduced from an original thickness 35 (FIG.

2A) , such as by a polishing, lapping or grinding process

applied to the rear face 16.

[0059] Referring to FIGS. 2B-C, after reducing the wafer

thickness, the wafer then is separated into individual



microelectronic elements 12 by severing, e.g., sawing or

scribing wafer 10 along the dicing lanes 23 and 25 (FIG.

IA) .

[0060] From the individual microelectronic elements

obtained during this stage (FIG. 2B) , selected ones 12 of

the microelectronic elements, i.e., known good die, are

attached at their front faces to an adhesive carrier 160

(FIG. 3 ) or other carrier having an adhesive interface (not

shown) . FIG. 2C represents determination of a known good

die 12a and a rejected die 12b, the rejected die being

removed from further processing.

[0061] Selected ones of the individual microelectronic

elements then are attached in form of an array to a carrier

layer 160 (FIG. 3 ) for further processing. The array of

selected microelectronic elements form a "reconstituted

wafer" which then is available for processing according to

wafer- level processing techniques. A pick-and-place tool

can be used, for example, to place each microelectronic

element 12 at the proper position on the carrier 160 to form

a layer of microelectronic elements which make up a first

reconstituted wafer 130 as shown in sectional view in

FIG. 3 . As seen therein, the reconstituted wafer 110

includes individual microelectronic elements 12 that were

selected from the microelectronic elements 12 obtained

during the dicing (sawing) stage of FIG. 2B. Individual

microelectronic elements 12 are referred to as the known

good die, and are attached to the carrier 160, with the rear

face of each die facing the carrier 160.

[0062] An advantage of processing a reconstituted wafer

rather than the original wafer 10 is that the

microelectronic elements that make up each reconstituted

wafer can be individually selected. When some of the

microelectronic elements of the original wafer are of known

or suspected marginal or failing quality, they need not be



processed into reconstituted wafers. Rather, those

microelectronic elements can be left out of the

reconstituted wafer such that the reconstituted wafer

contains better quality microelectronic elements . Selection

of the microelectronic elements to go into the reconstituted

wafer can be based on various criteria of quality or

expected quality. Microelectronic elements can be selected

based of visual, mechanical or electrical inspection, for

example. Alternatively, or in addition thereto, individual

microelectronic elements can be selected based on the

location of the microelectronic element within the original

wafer 10, such as when the location of the microelectronic

element on the wafer correlates to the quality of the

microelectronic element. In a particular embodiment,

microelectronic elements may in fact be tested electrically

before placing each one into position on the reconstituted

wafer. Whether the microelectronic elements are selected

based on visual, mechanical or electrical criteria or other

criteria, the microelectronic elements which are selected

for inclusion in the reconstituted wafer can be referred to

as "known good" microelectronic elements or "known good

die" .

[0063] The microelectronic elements are attached to a

carrier 160 as illustrated in FIG. 3 such that confronting

edges 118 of adjacent microelectronic elements 12 are spaced

apart by a spacing 110. The spacing between adjacent

microelectronic elements can be selected in accordance with

the requirements of the fabrication process. Therefore,

spacings of several microns, tens of microns, or even one

hundred microns or more may be utilized, depending upon the

particular type of die and package to be made .

[0064] After attaching the microelectronic elements 12 to

the carrier 160, a fill layer 116 (FIG. 4A) is formed which

fills spaces 114 of the reconstituted wafer 130 between



adjacent microelectronic elements 12. The fill layer may

also overlie the front faces 14 or portions of the front

faces of the microelectronic elements 12, as seen in FIGS.

4B-C. The fill layer can include a variety of materials.

The fill layer may include a dielectric material for

providing isolation between the microelectronic elements and

conductors which may be connected thereto, such as described

in the following. For example, the fill layer may include

one or more inorganic dielectric materials such as an oxide

or a nitride, such as, for example, include silicon dioxide,

silicon nitride or other dielectric compound of silicon such

as SiCOH, among others. Alternatively, the fill layer may

include an organic dielectric, among which are various

polymers such as epoxies, polyimide, thermoplastics,

thermoset plastics, among others, or the fill layer may

include a combination of inorganic and organic dielectric

materials. The fill layer 116 may be applied by a spin-on,

roller coat, screening or stenciling process, among others.

When the fill layer 116 overlies the front faces 14 of the

microelectronic elements 12, its thickness can be reduced or

unevenness (unplanarity) in the fill layer 116 can be

reduced by a planarization process, if desired. A chemical

or abrasive process or a process combining chemical and

abrasive action such as chemical mechanical polishing can be

used for this purpose.

[0065] Thereafter, traces 24 (FIGS. 4A-C) are formed

which extend outwardly from each of the contacts 22 beyond

at least some of the confronting edges 118 of the

microelectronic elements and which may also extend beyond

confronting edges 119 of individual microelectronic elements

12. If the fill layer 116 overlies the front faces 14, at

least top faces of the contacts 22 on the microelectronic

elements should be exposed prior to forming the traces 24 .

Traces 24 of adjacent microelectronic elements 12 may meet



at a location between the edges 118, 119 of the adjacent

microelectronic elements. Such traces 24 may actually form a

single trace extending between adjacent contacts 22 of

adjacent microelectronic elements 12. However, it is not

required that the traces actually contact one another.

[0066] Subsequently, as illustrated in FIG. 5 , additional

microelectronic elements 12A are attached to the initial

microelectronic elements 12 with an adhesive layer 162

between them. In like manner as described above, the

additional microelectronic elements 12A can be reduced in

thickness and can be selected for quality before attaching

them to the first reconstituted wafer 130. The adhesive

layer 162 can include a die attach adhesive. Optionally,

the adhesive layer can be selected for properties of

compliancy, thermally conductivity, impermeability to

moisture or other contaminant, or a combination of such

properties. The adhesive layer 162 may be a flowable

adhesive or tacky (partially cured) adhesive applied to

overlie the front surfaces 14 of microelectronic elements,

after which microelectronic elements 12A are attached to the

adhesive layer, such as using a pick-and-place tool.

Alternatively, the adhesive layer 162 may be deposited as a

liquid onto a peelable backing or attached as a partially

cured adhesive layer 162 to a peelable backing, after which

microelectronic elements 12A then are attached to the

adhesive layer. After removing the peelable backing, the

adhesive layer 162 can then be aligned and joined with the

microelectronic elements 12 and fill layer 116 of the

reconstituted wafer 130. As illustrated in FIG. 5 , the

microelectronic elements 12A of the second level can have

the same width 26A as the width 26 of the microelectronic

elements 12 of the first level. Subsequently, as

illustrated in FIG. 6A, a fill layer 116A is applied to fill

spaces between confronting edges of adjacent microelectronic



elements 12A to form a second reconstituted wafer 130A. The

fill layer 116A may overlie portions of the front faces 14A

of the microelectronic elements 12A, with the contacts 22A

thereof exposed. Extension traces 24A are now formed which

contact the contacts 22A exposed at the front surfaces 14A

of the second layer of microelectronic elements 12A.

Subsequently, a dielectric packaging layer 71 can be formed

to overlie the traces 24A, thus forming a dielectric

insulative layer overlying traces 24A of a stacked assembly

30 including reconstituted wafers 130, 130A.

[0067] Subsequently, a plurality of channels 46 are cut

into the stacked assembly. The channels 46 can be formed

using a mechanical cutting instrument not shown in the

figures. Examples of such a mechanical cutting instrument

can be found in U.S. Patent Nos . 6,646,289 and 6,972,480,

the disclosures of which are hereby incorporated by

reference herein. Alternatively, a laser cutting technique

can be used to form the channels .

[0068] As seen in FIG. 6B, the channels 46, 46' can be

formed by mechanically cutting or laser- forming gaps aligned

with the dicing lanes 32, 32' of the stacked assembly 30.

Channels 46 extend between adjacent microelectronic elements

12A in an up-down layout direction (which can be referred to

as north- south directions, although there is no requirement

or expectation that such directions match the compass

directions of true north and south) . Channels 46 extend in

a direction of north-south dicing lanes 32 of the stacked

assembly. In addition, channels 46' extend between adjacent

microelectronic elements 12A in a left-right layout

direction (which can be referred to as west-east directions,

although there is no requirement nor intention that such

directions match the compass directions of true west and

east). Channels 46' extend in a direction of west-east

dicing lanes 32' of the stacked assembly.



[0069] As seen in FIG. 6B, each channel 46, 46' need not

extend continuously along the respective dicing lanes 32,

32' of the stacked assembly. Rather, the channels can be

interrupted by gaps 47 in directions aligned with the dicing

lanes. The gaps are areas in which the channels are not cut

into the stacked assembly. Within the gaps, the fill layer

fills the space between the confronting edges of adjacent

microelectronic elements. In the example shown in FIG. 6B,

the gaps can occur near corners 49 of the microelectronic

elements . Forming the channels with gaps along the length of

the dicing lanes in this manner can provide for increased

mechanical strength of the stacked assembly 30 during

subsequent processing because the fill layer remains intact

within the gaps .

[0070] Alternatively, in a variation of that shown in

FIG. 6B, the gaps can be omitted such that the channels 46,

46' extend continuously along the lengths of the dicing

lanes 32, 32' . IN such case, a single cut may be used to

form a channel extending downwardly between adjacent

microelectronic elements 12A and 12 of multiple levels of

the stacked assembly. The channels 46 can be formed in

alignment with dicing lanes 32 (FIG. 4A) which run between

the confronting edges 118 of microelectronic elements and

extend in a direction parallel to the edges 118. Similarly,

channels 46' can be formed in alignment with dicing lanes

32' which run between the confronting edges 119 of

microelectronic elements and extend in a direction parallel

to the edges 119. The channels 46, 46' are formed with

sufficient width such that traces 24A and 24 are exposed at

walls 48, 50 (FIG. 6A) of the channels.

[0071] As further illustrated in FIG. 6 , the channels may

be formed such that they do not extend entirely through the

stacked assembly 30. For example, as shown in FIG. 6A, the

microelectronic elements 12 of the initial level remain



attached to each other as the channels 46 do not extend

through the carrier layer 160 to which they are attached.

However, the channels 46 do extend far enough so as to

expose the traces 24 of the microelectronic elements 12 of

the initial level. Similarly, the channels 46 extend

through adhesive layer 162 connecting the initial level of

microelectronic elements 12 with the second level 12A.

Optionally, the channels may extend through a lower adhesive

layer 161 which connects microelectronic elements 12 to the

carrier layer 160. Although the channels 46 are illustrated

having inclined walls 48, 50, optionally, the walls may be

straight, that is, parallel to each other and oriented in a

normal direction to the plane defined by the front faces 14

of the microelectronic elements 12 .

[0072] Once the various channels 46, 46' have been

created in the stacked assembly 30, leads 66 (FIG. 7 ) may be

formed on the walls of the channels 46 or walls of both the

channels 46 and 46'. The leads 66 may be formed by any

suitable metal deposition technique, for example, a process

that includes sputtering or electroless plating,

photolithography and electroplating. A three-dimensional

photolithography process may be employed to define locations

of the leads, such as is disclosed in commonly owned United

States Patent No. 5,716,759, the disclosure of which is

hereby incorporated by reference herein. The leads 66

extend along walls of the channels 46, and electrically

contact the traces 24, 24A of the microelectronic elements

12, 12A, respectively, at each level of the assembly 30.

[0073] In the embodiment illustrated in FIG. 7 , the leads

66 extend beyond the walls 48, 50 of channels 46 such that

the leads extend along a top surface 34 of the stacked

assembly adjacent to a front face 14A of microelectronic

element 12A. A rear face 16A of that microelectronic element

12A is oriented towards a rear surface 36 of the stacked



assembly. The leads 66 may include ends 75 or pads remote

from channels 46 on which solder bumps 74 may be disposed.

Each lead 66 can electrically connect with both a trace 24

of a microelectronic element 12 and a trace 24A of

microelectronic element 12A, as a result of those traces 24,

24A being exposed and aligned along one line extending up

and down a given wall, e.g. wall 48 of the channel 46.

Alternatively, each lead 66 can electrically connect with

only one of the traces 24, 24A exposed at a wall 48 of the

channel, e.g., wall 48. Such result may be obtained by

positioning the traces 24, 24A in different planes which

occur at different positions into and out of the sheet

relative to the particular section which is illustrated in

FIG. 7 . For example, the plane in which trace 24 is found as

illustrated in FIG. 7 may be offset from the plane in which

trace 24A is found such that trace 24 is closer to the

viewer of FIG. 7 when viewed in three dimensions. Lead 66,

which is aligned and connected with trace 24, is also offset

from trace 24A and not in contact with trace 24A. So

although in a two-dimensional view, the traces 24, 24A may

appear to be attached to lead 66 in FIG. 7 , only one may be

actually attached to the lead.

[0074] As shown in FIG. 7 , after the channels 46 and

various conductive elements including leads 66 are formed in

the stacked assembly 30, individual packages 80 may be

severed from the stacked assembly by separating the carrier

layer 160 from the stacked assembly and cutting or breaking

any material remaining between adjacent microelectronic

elements, such as in gaps 47 (FIG. 6B) of the stacked

assembly. In this way, a plurality of stacked individual

packages or units 80 result, with each stacked individual

unit 80 containing a plurality of microelectronic elements

stacked one upon another. As shown in FIG. 7 , each unit 80

has two vertically stacked microelectronic elements 12, 12A



therein, the microelectronic elements being joined together

through adhesive layer 162. Greater or fewer numbers of

vertically stacked microelectronic elements can be included

in the package. The package is capable of being externally

interconnected to other elements by ends 75 of leads

overlying the top surface 34 of the unit.

[0075] In a variation of the above -described embodiment,

the adhesive layer 162A between microelectronic elements 12,

12A of adjacent reconstituted wafers need not be continuous.

Instead, openings can be provided in such adhesive layer

before attaching the microelectronic elements 12A thereto.

Since the traces 24 of the microelectronic elements 12 of

the first reconstituted wafer extend beyond edges 118, 119

of the microelectronic elements 12, traces 24 can be

accessible from above through the openings in the adhesive

layer 162. In one embodiment, the adhesive layer can

include a partially cured, tacky adhesive having openings in

axial alignment with the spaces between confronting edges

118 of the microelectronic elements 12A. The openings may be

pre-punched prior to attaching the microelectronic elements

12A thereto. Alternatively, the openings may be formed

after the adhesive layer 162 is attached to microelectronic

elements 12 or after the adhesive layer 162 is attached to

microelectronic elements 12A but before the adhesive layer

with the microelectronic elements 12A thereon are attached

to the initial layer of microelectronic elements 12 .

[0076] In one variation of the above -described

embodiment, a stacked assembly 180 (FIG. 8 ) includes a

bottom packaging layer 132, the bottom packaging layer of

which may include a portion of the carrier layer 160 (FIG.

6A) . Thus, the bottom packaging layer 132 can be severed

from the carrier layer 160 during the cutting operation used

to form the channels 46, 46' (FIGS. 6A-6B) . An adhesive

layer 161 such as described above may join the



microelectronic element 12 with the bottom packaging layer

132. In addition, the unit shown in FIG. 8 is capable of

being externally interconnected by bottom unit contacts 176

exposed at the bottom surface 134 of the unit. Bottom unit

contacts 176, 176' can be formed integrally with leads 166,

166', respectively, which connect with leads 66 at edges 48,

50 of the unit. Leads 166, 166' can be formed by processes

similar to those described with reference to FIG. 7 above

for the formation of leads 66. For example, leads 166 can

be formed through use of one or more photolithography steps

performed either before performing one or more

photolithography steps needed to form leads 166, 166' or

subsequent thereto. Alternatively, the carrier layer 160

(FIG. 6A) can include leads 166, 166' pre- formed thereon,

such that when the leads 66 shown in FIG. 8 are formed,

conductive connections are made between the leads 66 and

leads 166, 166 '.

[0077] As in the above-described embodiment, each bottom

unit contact 176, 176 ' may be connected to only one trace

24, 24', respectively of one microelectronic element.

Alternatively, each bottom unit contact 176 may be connected

to two traces 24, 24A which are aligned together within the

plane in the section illustrated in FIG. 8 . Similarly, each

bottom unit contact 176 ' may be connected to two traces 24 ',

24A 1 which are aligned together. The units illustrated in

FIGS. 7 and 8 show microelectronic elements stacked only two

high in the vertical direction (the direction extending

normal to the front surfaces of the microelectronic

elements) . However, each unit can include a greater number

of vertically stacked microelectronic elements such that the

microelectronic elements can be vertically stacked three

high, four high or a greater number.

[0078] In a variation (FIG. 9A) of the above -described

process of forming stacked packages, microelectronic



elements of differing sizes are joined together within a

stacked assembly 230. FIG. 9A illustrates a stage of

fabrication prior to that in which channels 46 (FIGS. 6A-B)

are formed. FIG. 9B is a fragmentary plan view

corresponding thereto, looking towards front faces of

microelectronic elements 212A, 212A 1 . As illustrated in

FIGS. 9A-B, some of the microelectronic elements 212A which

make up a second level 232A of the stacked assembly 230 may

have greater or smaller dimensions than microelectronic

elements 212, 212' of a lower level or initial level 232

therein. In one example, microelectronic element 212' of

the initial level 232 can have smaller dimensions than a

microelectronic element 212A 1 of the second level. In

another example, microelectronic element 212 of the initial

level 232 can have larger dimensions than microelectronic

element 212A.

[0079] Thus, as seen in plan in FIG. 9B, both the length

234A and width 236A of the front face of the upper

microelectronic element 212A are smaller than the length 234

and width 236 of the front face of the lower microelectronic

element 212 to which the upper microelectronic element 212A

is vertically aligned. In another example illustrated in

FIG. 9A, the width 236A 1 of the microelectronic element

212A 1 is greater than the width 236' of microelectronic

element 212 ' of the lower level. The versatility of the

techniques described herein is exemplified by the structure

shown in FIGS. 9A-B. Specifically, traces 224 and 224A of

each level can be of different lengths, since the process of

forming fill layers 220, 220A between edges of

microelectronic elements leaves a surface on which traces of

different lengths can be formed by subsequent processing, as

described above with reference to FIG. 4 . Many variations

can be made whereby, for example, microelectronic elements

of an upper layer have larger size than those of the lower



layer. In yet another example, smaller dimensioned

microelectronic elements can be vertically sandwiched

between larger dimensioned chips, or larger dimensioned

chips can be vertically sandwiched between smaller

dimensioned chips. FIG. 10 illustrates a stacked

microelectronic unit 280, formed by further processing the

stacked assembly in a manner as described above with respect

to FIGS. 6A-B and 7 .

[0080] An individual stacked microelectronic unit 80 or

package (FIG. 11) can be electrically connected via solder

bumps 74 at the front face 89 of the package 80 to an

interconnection element 90, e.g., a dielectric element,

substrate, circuit panel or other element having terminals

84, 86 and conductive wiring therein. One or more

additional microelectronic elements 70 can be attached to a

rear face 88 of the package 80 and electrically

interconnected by bond wires 82 to the terminals 84 of the

interconnection element. Such microelectronic element 70

can include one or more additional microelectronic elements

that supplement the function of the stacked package 80,

e.g., such as a microcontroller, or can include one or more

redundancy elements for substitution with one or more

microelectronic elements 12, 12A, 12B, etc. of the assembly

in case of a problem with such microelectronic element. In

a particular embodiment, the individual stacked assembly or

unit 80 may be incorporated into microprocessors, and RF

units among other assemblies. One or more stacked units 80

may incorporate particular types of microelectronic elements

such as flash memory or dynamic random access memory (DRAM)

units and be incorporated in various units including memory

modules, memory cards, and the like. Other exemplary

arrangements for mounting and interconnecting the stacked

unit 80 to an interconnection element are shown and

described in commonly owned U.S. Patent Application No.



11/787,209 filed April 13, 2007, the disclosure of which is

hereby incorporated herein by reference. For example, the

stacked unit 80 can be mounted with the front face facing

either downwardly towards the interconnection element or

upwardly away therefrom. In addition, the one or more

additional microelectronic elements can be mounted either

face-up as shown in FIG. 11 or face-down, such that the

contact-bearing face is flip-chip mounted to the stacked

unit 80. Various combinations and configurations and

possible, such as illustrated in incorporated U.S. Patent

Application No. 11/787,209.

[0081] FIG. 12 is a fragmentary partial plan view showing

a variation of the above embodiment, wherein, after forming

the stacked assembly 30 (FIG. 5), the step of forming

channels which expose all of the traces 24, 24A of the

stacked microelectronic elements 12, 12A is omitted.

Instead, a series of individual openings 228 are formed

between the edges of respective microelectronic elements in

alignment with the streets 218, 220. Unlike the channels

46, 46' (FIGS. 6A-B) formed according to the above-described

embodiment, each of the openings 228 exposes no more than a

single trace 224 of each respective microelectronic element.

As shown in FIG. 12, traces 224 connected to contacts of two

adjacent microelectronic elements 212 are exposed within one

of the openings 228 between two adjacent microelectronic

elements. In the stacked assembly 30 as shown in FIG. 12, a

plurality of traces 224 connected to microelectronic

elements of the same subassembly can be exposed within a

single opening 228. Alternatively or in addition thereto, a

plurality of traces 224 can be connected to the

microelectronic elements of respective reconstituted wafers

130, 130A (FIG. 7 ) at first and second levels of the stacked

assembly. However, openings 228 can be formed such that no



more than one trace of each individual microelectronic

element is exposed within each opening 228.

[0082] To form leads and external unit contacts

connected to individual ones of the traces 224 all openings

228 in the stacked assembly can be simultaneously filled

with a conductive material to form conductive vias connected

to single traces of each microelectronic element. For

example, the openings can be filled with a metal to form

conductive vias by depositing a primary metal, e.g., by

sputtering or electroless deposition, and then

electroplating the resulting structure. Some of the metal

deposited by the electroplating step may form a layer

overlying the packaging layer 71 (FIG. 6A) above the front

faces 14A of the microelectronic elements 12A. Such metal

layer can be removed from overlying the front faces of the

microelectronic elements, leaving surfaces of individual

conductive vias exposed within each opening 228.

Alternatively, the metal layer overlying the front faces of

the microelectronic elements 212A can be patterned by

photolithography into individual leads extending from the

vias onto locations overlying the front faces of

microelectronic elements 212A, similar to the leads 66

overlying the packaging layer 34 above the front faces 34 of

microelectronic elements 12A in FIG. 7 . Conductive bumps,

e.g., solder bumps are balls, may then be formed at ends of

the leads, as shown and described above with reference to

FIG. 7 .

[0083] In a particular embodiment, the process of forming

the leads can be additive; the leads can be formed by

printing the metal composite through a screen or stencil

onto the stacked assembly. For example, a metal composite

can be deposited through a stencil or by screen-printing to

fill the openings 228 in the stacked assembly and form the

leads 66. Subsequently, the stacked assembly can be heated



to cure the metal composite. The openings can be filled at

the same time by the same deposition process as that which

forms the leads or the openings can be filled at a different

time or different process than that which forms the leads.

The metal composite can include, for example, a metal -filled

paste such as an epoxy-solder composition, silver-filled

paste, or other flowable composition having a dielectric,

e.g., polymeric component loaded with metal particles.

[0084] In a variation of the embodiment described above

(FIGS. 2-7), FIGS. 13 and 14 illustrate a method of forming

stacked microelectronic units. Referring to FIG. 13, an

array of microelectronic elements 312 at a first level are

bonded to a carrier layer 360 and processed to form a fill

layer 316 and traces 324 so as to form a reconstituted wafer

310 at a first level, and such that an edge 340 of a

microelectronic element therein occurs at a lateral position

350. Subsequently, an array of microelectronic elements

312A are bonded to the reconstituted wafer 310 and processed

to form a corresponding fill layer and traces 32A so as to

form a second reconstituted wafer 310A at a second level.

An edge 340A of a corresponding overlying microelectronic

element of the second reconstituted wafer 310A occurs at a

different position 350A which is offset in a lateral

direction 320 from the edge 340 of the first wafer 310.

Thus, for the microelectronic element 312A of the second

reconstituted wafer having an area overlapping an area of

the microelectronic element 312 to which it is bonded, the

edge 340A of the microelectronic element 312A is displaced

in the lateral direction 310 from the edge 340 of the

underlying microelectronic element 312. An exemplary

distance of the lateral offset between edges of vertically

adjacent overlapping microelectronic elements can range from

a few microns to tens of microns or more. These steps are

repeated to attach microelectronic elements 312B to form a



third reconstituted wafer 310B having edges offset from the

edges of underlying microelectronic elements 312A and to

form a fourth reconstituted wafer 310C containing

microelectronic elements 312C to form the stacked assembly

330 shown in FIG. 13.

[0085] An advantage of forming the stacked assembly in

this manner is that process tolerances can improve for

forming leads 366 (FIG. 14) adjacent to exposed edges 34 0 ,

340A, 340B and 340C. The lateral displacement of each

succeeding overlapping microelectronic element in the

stacked assembly allows for slope in the walls 370, 372 of

the channel 346 formed therein. Lateral displacement of the

edge (e.g., edge 340A) of each microelectronic element with

respect to the edge (e.g., edge 340) of each microelectronic

element immediately below it allows the walls 370, 372 of

the channel 346 to be more heavily sloped, i.e., at a

greater angle from the vertical. Here, "vertical" is

defined as a normal angle to the plane defined by the

contact-bearing surface 314 of a microelectronic element,

e.g., element 312. With the slope in wall 370, the process

of forming channels, e.g., by cutting or laser drilling

(FIGS. 6A-B) exposes traces 324 at edges 34 0 , even when the

length of such traces 324 is limited.

[0086] It is apparent that edges 342, 342A, 342B, 342C of

microelectronic elements which are adjacent to wall 372 of

the channel 346 are also laterally offset. Again, these

edges are displaced in direction 320 from each adjacent

microelectronic element immediately below it. However, in

this case, edges 342 are displaced in a direction which is

opposite from the direction in which the wall 372 is sloped.

Accordingly, there are no traces connected to leads at such

edges 342.

[0087] FIG. 16 is a plan view illustrating a

microelectronic element 312 of one reconstituted wafer 310



of a stacked assembly in a variation of the above -described

embodiment (FIG. 15) . When the microelectronic elements 312

are provided with contact pads adjacent to edges 340 and 342

as illustrated in FIG. 15, a redistribution layer including

additional traces 326 can be provided which extends between

the pads at edge 342 and outwardly beyond a third edge 344

of the microelectronic element 312. When forming the stacked

assembly 330 (FIG. 13) , overlapping microelectronic elements

of each successively stacked wafer 310 can be offset as well

in a direction 362. In this way, leads can be formed in

channels which expose traces 328 along the third edges 344

of the overlapping microelectronic elements, and process

tolerance can also be improved for forming such leads.

[0088] In a particular variation of the above-described

embodiments, alignment features 560, 562 (FIG. 16) can be

formed on the front face 517 of each microelectronic element

512 at a stage of fabrication when the outwardly extending

traces 524 are formed. The alignment features can be formed

of metal simultaneously with the traces 524 by the same

processing which forms the traces, such processing

illustrated and described above with respect to FIGS. 4A-C.

Alternatively, the alignment features can be formed by

different processing from that which forms the traces.

Stated another way, the alignment features can be formed

using all the same processing steps as used to form the

traces or by performing at least one processing step

different from the processing steps used to form the

redistribution traces .

[0089] When the alignment features are formed by

different processing, they may include a material which is

not included in the traces 524. Likewise, traces 524 may

include a material, e.g., a metal which is not included in

the alignment features. Optionally, the alignment features

may be formed to include a material which is particularly



reflective of a wavelength of a source, e.g., an infrared

source used to illuminate the alignment features.

[0090] The alignment features may include two or more

types of features, e.g., closed features 560 and open

features 562 to permit edges of each microelectronic element

512 to be distinguished and to facilitate alignment of each

microelectronic subassembly within two dimensions . The

alignment features 560, 562 may be aligned with the area of

each underlying microelectronic element 512 such that the

alignment features do not extend beyond the edges of each

microelectronic element 512. Alternatively, some or all

alignment features, e.g., feature 560' may be only partially

aligned with the area of the microelectronic element 512,

such that the alignment feature extends beyond an edge of

the microelectronic element 512. In another variation, as

shown with respect to microelectronic element 512',

alignment features 560' ' and 562' ' are disposed at locations

which lie beyond the edges 518', 519' of the microelectronic

element 512'. Such alignment features 56O 1 1 , 562 • ' may be

aligned entirely or partially with the area that the later

formed channels 46 (FIGS. 6A-B) will occupy. In this way,

alignment features can be provided while at the same time

permitting a compact layout to be achieved in the

microelectronic elements.

[0091] The alignment features 560, 562 at the front face

517 of an initial level 130 (FIG. 5 ) of a stacked assembly

may be illuminated and detected by instruments disposed

above that level 130 and assembling elements thereto to form

the next level of microelectronic elements 130A (FIG. 5 )

such as described above with reference to FIG. 7 .

Alternatively or in addition thereto, the alignment features

560, 562 at the front face 517 of the first microelectronic

subassembly 130 and of the second microelectronic assembly

130A may be illuminated and detected by instruments disposed



below the carrier layer 160 (FIG. 5 ) . In such case, the

carrier layer 160 should have optical transmission

characteristics that permit sufficient illumination by light

passing through the thickness of the carrier layer 160.

[0092] FIGS. 17 through 20 are partial sectional views

illustrating stages in a process of forming a reconstituted

wafer 630 (FIG. 20) , which can be defined as a subassembly

including a single layer of semiconductor die or

microelectronic elements arranged in an array. Such

reconstituted wafer 630 , representing a subassembly, can be

utilized to make a stacked assembly including a plurality of

subassemblies . The reconstituted wafer 630 has structure

similar to that of a level 130 of the stacked assembly as

shown and described above with respect to FIGS. 4-5. The

reconstituted wafer 630 can be stacked and joined together

with additional reconstituted wafers 630 to form a stacked

assembly 30 (FIG. 6A) and further processed into a stacked

microelectronic unit 80 as shown in FIG. 7 .

[0093] FIG. 17 illustrates a stage of fabrication in

which a microelectronic element 612, e.g., a "known good

die" is joined with its front face 614 oriented in a

downward direction to a temporary carrier layer 660 with a

dielectric layer 662 filling a space between the front face

614 and the carrier layer 660. As in the above-described

embodiment, a plurality of microelectronic elements arranged

in an array are placed and joined in this manner to the

carrier layer 660. The dielectric layer can include or

consist essentially of an adhesive or other dielectric

joining material such as described above with reference to

FIGS. 3 through 5 , e.g, a passivation fill, which can have

an organic component, inorganic component, or both. In one

example, the dielectric layer includes a passivation layer

662 adjacent to the front face of the die, the passivation



layer being removably attached to the carrier layer via a

temporary adhesive.

[0094] Subsequently, as illustrated in FIG. 18, a

dielectric fill material 664 is deposited to fill gaps

between the die 612 and other die, which are not shown but

are attached to the carrier layer 660 and arranged with the

die 612 in form of an array. The dielectric fill 664 can

include the same dielectric material or other material as

that of the layer 662. The dielectric fill 664 may coat the

rear surfaces 616 of the dies or may only abut or partially

cover the rear surfaces. The dielectric fill may be applied

as a flowable self -planarizing material such as a spin-on

dielectric composition or may be roller-coated or screened

or stenciled into place using an appropriate applicator,

among many possible examples. The dielectric material may

then be cured by baking or other appropriate post-deposition

treatment .

[0095] Subsequently, as illustrated in FIG. 19, the die

of the resulting reconstituted wafer 630 can be can be

subjected to polishing, grinding or lapping from the rear

surface 616 until the thickness 625 reaches a desired value.

The thickness of the die typically is measured as the

distance between front and rear surfaces 614, 616. The

carrier layer 660 provides mechanical support and rigidity

to protect the die of the reconstituted wafer from shear

stresses which could lead to warping, twisting, cracking or

breaking. The dielectric fill layer 664 also helps preserve

the structural integrity of the die during the grinding

process. A final die thickness which can be very small,

such as a few microns, e.g., 5 microns, can be achieved in

this way. Of course, the thickness of the die can be reduced

to greater values, as required for a particular type of die

or package. Thus, the die thickness can be reduced to a



value of 15 microns or below, or alternatively, may be

reduced to a few tens of microns .

[0096] Referring to FIG. 20, after reducing the

thickness, the reconstituted wafer 630 including the

dielectric fill layer 664, the die 612 and the passivation

layer 662 thereon can be detached from the carrier layer 660

to free the reconstituted wafer 630 from the carrier layer.

In contrast to that shown in FIG. 19, in the view shown in

FIG. 20, the die 612 of the reconstituted wafer 630 has the

front face 614 oriented in an upward direction.

Subsequently, openings 615 are made in the passivation layer

662 in alignment conductive pads 622, e.g., bond pads of the

die, thus exposing conductive surfaces of the bond pads.

Conductive traces 624 can then be formed in contact with the

exposed bond pads 622, each trace 624 extending over the

dielectric layer 662 outwardly beyond an edge 640 of each

die 612. Thus, traces 624 extend along a surface of a

dielectric layer 662 at a front surface 654 of a

reconstituted wafer 630. A rear face 616 of a

microelectronic element 612 can be exposed at a rear surface

656 of the reconstituted wafer.

[0097] In the stage of processing illustrated in FIG. 21,

a second reconstituted wafer 630A, fabricated in accordance

with the method illustrated in FIGS. 17-19, is shown with

the rear face 616A of a die 612A therein facing down and

away from the carrier layer 660A. As illustrated in FIG.

21, the front face 614A of the die 612A remains attached to

a carrier layer 660A used in fabricating the second

reconstituted wafer 630A. Another reconstituted wafer 630

can then be attached to the second reconstituted wafer 630A

such that the traces 624 of the reconstituted wafer 630 are

adjacent to rear faces 616A of the microelectronic elements

612A in the second reconstituted wafer 630A. . As shown in

FIG. 21, edges 640, 640A of the microelectronic elements



612, 612A of the respective reconstituted wafers 630, 630A

can be aligned along a vertical line 634 normal to the front

face 616A. Subsequently, the carrier layer 660A is detached

from the second reconstituted wafer 630A, and second layer

traces 624A connected to pads 622A of die 612A are formed by

the above-described process (FIG. 20) , resulting in the

stacked assembly 600 illustrated in FIG. 22.

[0098] A third reconstituted wafer 630B, fabricated in

accordance with the above-described process (FIGS. 17-19),

is illustrated in FIG. 23, having carrier layer 660B

attached. The third reconstituted wafer 630B can be aligned

and joined to the second reconstituted wafer of the stacked

assembly 600 in similar manner to that described above (FIG.

21) . FIG. 24 illustrates the resulting stacked assembly

600', after the carrier layer 660B is removed and traces

624B are formed by the above-described process (FIG. 20) .

[0099] Additional layers of reconstituted wafers can be

aligned and joined with the stacked assembly 600' by the

above-described processing to form a stacked assembly having

a greater number of layers. For example, FIG. 25

illustrates a stacked assembly 60O 1 1 which includes four

levels of reconstituted wafers 630, 630A, 630B and 630C

therein. A cutting tool 670, e.g., a mechanical instrument

or laser, is shown above a line 632 where a channel is to be

formed in the stacked assembly 600' '. Channels having

inclined or straight vertical walls typically are formed

between confronting edges of adjacent microelectronic

elements of each reconstituted wafer, as shown and described

above with respect to FIGS. 6A-B. Channels can also be

formed at edges of the stacked assembly where edges of

microelectronic elements are adjacent only to one wall of

the channel.

[0100] FIG. 26 illustrates the stacked assembly 600 1 '

after formation of a notch 646. Traces 624C and leads 666



connected to other traces 624, 624A, 624B of the stack can

be formed either by separate processing or by a combined

process, similar to that described above with reference to

FIG. 7 .

[0101] In variations of the embodiments illustrated in

FIGS. 17 through 26, edges of the semiconductor die or

microelectronic elements in the stacked assembly can be

deliberately displaced from each other, as shown and

described above with reference to FIGS. 9A-B, 10 or FIGS.

13-15. In a particular variation, traces of each

semiconductor die or microelectronic element can be

connected in a manner as described above with reference to

FIG. 12. Alignment features can be fabricated on each die

as illustrated and described above with respect to FIG. 16.

[0102] Features of the various embodiments described

herein can be combined to form microelectronic units having

some or all of the features of one described embodiment and

one or more features of another described embodiment.

Applicants intend by this disclosure to permit all such

combination of features, even though such combinations may

not be expressly described.

[0103] Although the invention herein has been described

with reference to particular embodiments, it is to be

understood that these embodiments are merely illustrative of

the principles and applications of the present invention.

It is therefore to be understood that numerous modifications

may be made to the illustrative embodiments and that other

arrangements may be devised without departing from the

spirit and scope of the present invention as defined by the

appended claims.



CLAIMS :

1 . A method of fabricating a stacked microelectronic

assembly, comprising:

a ) forming a first subassembly including a

plurality of spaced apart first microelectronic elements

having front faces and contacts exposed at the front faces,

rear faces remote from the front faces and joined to a

carrier layer, edges extending between the front and rear

faces, and a plurality of traces extending from the contacts

to beyond edges of the first microelectronic elements;

b ) attaching a plurality of spaced apart second

microelectronic elements to the first subassembly, the

second microelectronic elements having front faces and

contacts exposed at the front faces, rear faces remote from

the front faces, and edges extending between the front and

rear faces, such that the rear faces of the second

microelectronic elements overlie and are adjacent to the

front faces of respective ones of the first microelectronic

elements;

c ) forming a plurality of traces extending from

the contacts of the second microelectronic elements to

beyond the edges of the second microelectronic elements; and

d ) forming leads in at least one opening extending

between confronting edges of adjacent ones of the first

microelectronic elements and between confronting edges of

adjacent ones of the second microelectronic elements, the

leads being connected to the traces of the first and second

microelectronic elements.

2 . A method as claimed in claim 1 , wherein each of the

first and second microelectronic elements has a thickness of

less than about 50 microns between the front face and the

rear face .

3 . A method as claimed in claim 1 , wherein at least

one of the microelectronic elements includes flash memory.



4 . A method of making a stacked microelectronic unit

including the method as claimed in claim 1 , further

comprising, after step (d) , severing the stacked

microelectronic assembly between edges of adjacent ones of

the first and second microelectronic elements into a

plurality of stacked microelectronic units, each unit

including at least one first microelectronic element and at

least one second microelectronic element.

5 . A method as claimed in claim 1 , wherein the at least

one opening includes channels extending between the

confronting edges of adjacent ones of the first and second

microelectronic elements .

6 . A method as claimed in claim 1 , wherein the openings

include a plurality of spaced apart openings aligned with

edges of the first and second microelectronic elements and

the leads extend within respective individual ones of the

spaced apart openings, each lead being conductively

connected with a single one of the traces .

7. A method of fabricating a stacked microelectronic

assembly, comprising:

a ) providing first and second subassemblies, each

subassembly having a front surface and a rear surface remote

from the front surface, each subassembly including a

plurality of spaced apart microelectronic elements having

front faces and contacts adjacent to the front surface, rear

faces adjacent to the rear surface, and edges extending

between the front and rear faces;

b ) forming a plurality of traces at the front

surface of the first subassembly, the traces extending from

the contacts of the first subassembly to beyond the edges of

the microelectronic elements of the first subassembly;

c ) joining the first and second subassemblies such

that the rear surface of the second subassembly confronts

the front surface of the first subassembly;



d ) forming a plurality of traces at the front

surface of the second subassembly, the traces extending from

the contacts of the second subassembly to beyond the edges

of the microelectronic elements of the second subassembly;

and

e ) forming leads in at least one opening extending

between edges of adjacent microelectronic elements of the

first and second subassemblies, the leads being connected to

the traces of the microelectronic elements of the first and

second subassemblies.

8 . A method as claimed in claim 7 , wherein each of the

microelectronic elements of the first and second

subassemblies has a thickness of less than about 50 microns

between the front face and the rear face.

9 . A method as claimed in claim 7 , wherein at least

one of the microelectronic elements includes flash memory.

10. A method of making a stacked microelectronic unit

including the method as claimed in claim 7 , further

comprising, after step (e) , severing the stacked

microelectronic assembly between edges of adjacent

microelectronic elements into a plurality of stacked

microelectronic units, each unit including microelectronic

elements from each of the first and second subassemblies and

leads connected to traces of the microelectronic elements .

11. A method as claimed in claim 7 , wherein the at

least one opening includes channels extending between

confronting edges of adjacent microelectronic elements.

12. A method as claimed in claim 10, wherein the at

least one opening includes a plurality of spaced apart

openings aligned with edges of the microelectronic elements

and leads of each stacked microelectronic unit extend within

respective individual ones of the spaced apart openings,

each lead being conductively connected with a single one of

the traces.



13. A method as claimed in claim 7 , wherein the front

face of a given microelectronic element of the second

subassembly has at least one dimension different from a

corresponding dimension of the front face of a

microelectronic element of the first subassembly that the

front face of the given microelectronic element overlies.

14. A method as claimed in claim 7 , wherein a front

face of a given microelectronic element of the first

subassembly has at least one dimension different from a

corresponding dimension of a front face of another

microelectronic element of the first subassembly.

15. A method as claimed in claim 14, wherein a front

face of a given microelectronic element within the stacked

assembly has at least substantially the same dimensions as a

front face of another microelectronic element that the given

microelectronic element overlies within the stacked

assembly.

16. A method as claimed in claim 7 , wherein each

subassembly further includes alignment features adjacent to

the front surface, the alignment features and the traces

being elements of a metal layer exposed at the front

surface .

17. A method as claimed in claim 7 , wherein step (c)

includes joining the second subassembly to the first

subassembly such that edges of microelectronic elements of

the second subassembly are displaced in a lateral direction

relative to edges of microelectronic elements of the first

subassembly in vertical alignment therewith, and the opening

formed in step (e) has a sloped wall exposing the traces

adjacent to the laterally displaced edges of the vertically

stacked microelectronic elements.

18. A method as claimed in claim 17, wherein the

lateral direction is a first lateral direction, the edges of

each microelectronic element include first edges and second



edges transverse to the first edges, and step (c) includes

joining the second subassembly to the first subassembly such

that second edges of microelectronic elements of the second

subassembly are further displaced in a second lateral

direction relative to second edges of microelectronic

elements of the first subassembly in vertical alignment

therewith, the second lateral direction being transverse to

the first lateral direction, the method further comprising

forming a second opening having a sloped wall exposing

second traces adjacent to the second edges, and forming

leads connected to the second traces .

19. A stacked microelectronic unit, the stacked unit

having a top surface and a bottom surface remote from the

top surface, the stacked unit comprising:

a plurality of vertically stacked microelectronic

elements including at least one microelectronic element

having a front face adjacent to the top surface and having a

rear face oriented towards the bottom surface, each of the

microelectronic elements having traces extending from

contacts at the front face beyond edges of the

microelectronic element;

a dielectric layer contacting the edges of the

microelectronic elements and underlying the rear face of the

at least one microelectronic element;

leads connected to the traces extending along the

dielectric layer,- and

unit contacts connected to the leads, the unit contacts

being exposed at the top surface.

20. A microelectronic stacked unit as claimed in claim

19, further comprising at least some bottom unit contacts

exposed at the bottom surface, the bottom unit contacts

being connected to the contacts of at least one of the

microelectronic elements.

21. A stacked microelectronic unit, comprising:



a first microelectronic element having a front

face bounded by a first edge and a second edge remote from

the first edge;

a second microelectronic element having a front

face bounded by a first edge and a second edge remote from

the first edge, wherein the first edge of the second

microelectronic element overlies the front face of the first

microelectronic element and the first edge of the first

microelectronic element extends beyond the first edge of the

second microelectronic element;

a dielectric layer overlying the first edges of

the first and second microelectronic elements, the

dielectric layer defining an edge of the stacked unit; and

leads connected to traces at the front faces of

the first and second microelectronic elements, the leads

extending along the edge of the stacked unit .

22 . A stacked microelectronic unit as claimed in claim

21, wherein the first and second microelectronic elements

include third edges oriented in a direction transverse to

the first edges, wherein the third edge of the second

microelectronic element overlies the front face of the first

microelectronic element and the third edge of the first

microelectronic element extends beyond the third edge of the

second microelectronic element, the dielectric layer defines

a second edge of the stacked unit overlying the third edges

of the microelectronic elements, and the stacked unit

further includes second leads extending along the second

edge of the stacked unit.

23. A stacked microelectronic unit, comprising:

a first microelectronic element having a front

face bounded by a first edge and a second edge remote from

the first edge,-

a second microelectronic element having a front

face bounded by a first edge and a second edge remote from



the first edge, wherein the front face of the second

microelectronic element overlies the front face of the first

microelectronic element and the front faces of the first and

second microelectronic elements differ in at least one of

length along the front faces in a longitudinal direction or

in width along the front faces in a lateral direction

transverse to the longitudinal direction;

a dielectric layer overlying the first edges of

the first and second microelectronic elements, the

dielectric layer defining an edge of the stacked unit; and

leads connected to traces at front faces of the

microelectronic elements, the leads extending along the edge

of the stacked unit.
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