2012/054335 A1 | 00 O A0 10 I OO 0

<

W

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

Co o
1 rld Intellectual Property Organization /) -sady
(9) World Inclecual Property Organizaon /552 N U AU 0
International Bureau S,/ )
3\ g 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
26 April 2012 (26.04.2012) PCT WO 2012/054335 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HOIL 25/065 (2006.01) HOIL 23/42 (2006.01) kind of national protection available): AE, AG, AL, AM,
HOI1L 25/10 (2006.01) HO11 23/498 (2006.01) AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
HO1L 23/367 (2006.01) HO11 23/36 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. . DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS. JP. KE. KG. KM. KN, KP
PCT/US2011/056352 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
14 October 2011 (14.10.2011) NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
- ) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(25) Filing Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(26) Publication Language: English IM, ZW.
(30) Priority Data: 84) Designateq States (unlgss othemise indicated, for every
12/907,522 19 October 2010 (19102010) Us kind ofregzonal protection avazlable): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant (for all designated States except US): UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
TESSERA, INC. [US/US]; 3025 Orchard Parkway, San RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
Jose, CA 95134 (US). DE, DK, FE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT,

LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,

(75) Inventors/Applicants (for US only): HABA, Belgacem é]i’ SGII,\ISngg[\’VTII\{/I)I:OI\?RPII\(IIISEF,SI]?IJ,TCDF,T%?, CL CM,
[US/US]; Tessera, Inc., 3025 Orchard Parkway, San Jose, > > > > 2T R 2 ’
CA 95134 (US). ZOHNI, Wael [US/US]; Tessera, Inc., Published:
3025 Orchard Parkway, San Jose, CA 95134 (US).
CRISP, Richard, Dewitt [US/US]; Tessera, Inc., 3025

(72) Inventors; and

—  with international search report (Art. 21(3))

Orchard Parkway, San Jose, CA 95134 (US). —  before the expiration of the time limit for amending the
. . claims and to be republished in the event of receipt of
(74) Agents: CAPATI, April, M. et al.; Lerner, David, Litten- amendments (Rule 48.2(h))

berg, Krumholz & Mentlik, LLP, 600 South Avenue
West, Westtield, NJ 07090 (US).

(54) Title: ENHANCED STACKED MICROELECTRONIC ASSEMBLIES WITH CENTRAL CONTACTS AND IMPROVED
THERMAL CHARACTERISTIC

FIG. 1

37~ 1
19 12\15\33 13\\/2() 2\3 E‘O 1[7 2[‘3 2\5 1‘9 39 2‘1 /724 2 15
/] [ / / 7

N \ — { 31
NN 7

27

151 -3

2

8 WAtnnr s s \ R N~
6 70 50

(57) Abstract: A microelectronic assembly includes a dielectric element 930B having oppositely-facing first and second surfaces
and one or more apertures 972 extending between the surfaces, the dielectric element further having conductive elements thereon;
a first microelectronic element 900A having a rear surface and a front surface facing the first surface of the dielectric element
930B, the first microelectronic element 900A having a first edge and a plurality of contacts exposed at the front surface thereof; a
second microelectronic element 900B including having a rear surtace and a front surface facing the rear surface of the first micro-
electronic element 900A, a projecting portion of the front surface of the second microelectronic element 900B extending beyond
the first edge of the first microelectronic element 900A, the projecting portion being spaced from the first surface of the dielectric
element 930B, the second microelectronic element 900B having a plurality of contacts exposed at the projecting portion of the
front surface; leads extending from contacts of the microelectronic elements through the at least one aperture to at least some of
the conductive elements; and a heat spreader 970 thermally coupled to at least one of the first microelectronic element 900A or the
second microelectronic element 900B.
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ENHANCED STACKED MICROELECTRONIC ASSEMBLIES
WITH CENTRAL CONTACTS AND IMPROVED THERMAL CHARACTERISTICS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation of U.S.
Patent Application No. 12/907,522, filed on October 19, 2010,
the disclosure of which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to stacked
microelectronic assemblies and methods of making such
assemblies, and to components useful in such assemblies.
[0003] Semiconductor chips are commonly provided as
individual, prepackaged units. A standard chip has a flat,
rectangular body with a 1large front face having contacts
connected to the internal <circuitry of the chip. Each
individual chip typically is mounted in a package which, in
turn, is mounted on a circuit panel such as a printed circuit
board and which <connects the contacts of the <chip to
conductors of the «circuit panel. 1In many conventional
designs, the chip package occdpies an area of the circuit
panel considerably larger than the area of the chip itself.
As used in this disclosure with reference to a flat chip
having a front face, the “area of the chip” should be
understood as referring to the area of the front face. In
“flip chip” designs, the front face of the chip confronts the
face of a package substrate, i.e., <chip carrier and the
contacts on the chip are bonded directly to contacts of the
chip carrier by solder balls or other connecting elements. In
turn, the chip carrier can be bonded to a circuit panel
through terminals overlying the front face of the chip. The
“flip chip” design provides a relatively compact arrangement;
each chip occupies an area of the circuit panel equal to or
slightly larger than the area of the chip's front face, such
as disclosed, for example, in certain embodiments of
commonly-assigned U.S. Pat. Nos. 5,148,265; 5,148,266; and
5,679,977, the disclosures of which are incorporated herein

by reference.
_1_
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[0004] Certain innovative mounting techniques offer
compactness approaching or equal to that of conventional
flip-chip bonding. Packages which can accommodate a single
chip in an area of the circuit panel equal to or slightly
larger than the area of the chip itself are commonly referred
to as *chip-sized packages.”

[0005] Besides minimizing the planar area of the circuit
panel occupied by microelectronic assembly, it is also
desirable to produce a chip package that presents a low,
overall height or dimension perpendicular to the plane of the
circuit panel. Such thin microelectronic packages allow for
placement o©of a circuit panel having the packages mounted
therein in close proximity to neighboring structures, thus
producing the overall size of the product incorporating the
circuit panel. Various proposals have been advanced for
providing plural chips in a single package or module. In the
conventional “multi-chip module”, the chips are mounted side-
by-side on a single package substrate, which in turn can be
mounted to the «c¢ircuit panel. This approach offers only
limited reduction in the aggregate area of the circuit panel
occupied by the chips. The aggregate area 1s still greater
than the total surface area of the individual chips in the
module.

[0006] It has also been proposed to package plural chips
in a *stack” arrangement i.e., an arrangement where plural
chips are placed one on top of another. In a stacked
arrangement, several chips can be mounted in an area of the
circuit panel that is less than the total area of the chips.
Certain stacked chip arrangements are disclosed, for example,
in certain embodiments of the aforementioned U.S. Pat. Nos.
5,679,977; 5,148,265; and U.S. Pat. No. 5,347,159, the
disclosure of which is incorporated herein by reference. U.S.
Pat. No. 4,941,033, also incorporated herein by reference,
discloses an arrangement in which chips are stacked on top of
another and interconnected with one another by conductors on

so—called “wiring films” associated with the chips.
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[0007] Despite these efforts in the art, further
improvements would be desirable in the case of multi-chip
packages for chips having contacts located substantially in
central regions of the chips. Certain semiconductor chips,
such as some memory chips, are commonly made with the
contacts in one or two rows located substantially along a
central axis of the chip.

BRIEF SUMMARY OF THE INVENTION

[0008] A microelectronic assembly includes a dielectric
element having oppositely-facing first and second surfaces
and one or more apertures extending between the surfaces, the
dielectric element further having conductive elements
thereon; a first microelectronic element having a rear
surface and a front surface facing the first surface of the
dielectric element, the first microelectronic element having
a first edge and a plurality of contacts exposed at the front
surface thereocf; a second microelectronic element including
having a rear surface and a front surface facing the rear
surface of the first microelectronic element, a projecting
portion of the front surface of the second microelectronic
element extending beyond the first edge of the first
microelectronic element, the projecting portion being spaced
from the first surface of the dielectric element, the second
microelectronic element having a plurality of contacts
exposed at the projecting portion of the front surface; leads
extending from contacts of the microelectronic elements
through the at least one aperture to at least some of the
conductive elements; and a heat spreader thermally coupled to
at least one of the first microelectronic element or the
second microelectronic element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagrammatic sectional elevation view
of a stacked microelectronic assembly according to an
embodiment of the present invention;

[0010] FIG. 2 is a bottom wview of the stacked assembly of
FIG. 1;
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[0011] FIG. 3 1is a diagrammatic sectional view of a
stacked microelectronic arrangement according to another
embodiment of the present invention;

[0012] FIG. 4 1is a diagrammatic sectional view of a
stacked microelectronic assembly according to another
embodiment of the present invention; and

[0013] FIG. b5 1is a diagrammatic sectional view of a
stacked microelectronic assembly according to yet another
embodiment of the present invention;

[0014] FIG. 6 1is a diagrammatic sectional view of a
stacked microelectronic assembly according to an embodiment
of the present invention;

[0015] FIG. 7 1is a schematic depiction of a system
according to one embodiment of the invention.

DETAILED DESCRIPTION

[0016] With reference to FIG. 1, a stacked microelectronic
assembly 10 according to an embodiment of the present
invention includes a first microelectronic element 12 and a
second microelectronic element 14. In some embodiments, the
first and second microelectronic elements 12 and 14 may be a
semiconductor chip, a wafer, or the like.

[0017] The first microelectronic element 12 has a front
surface 16, a rear surface 18 remote therefrom, and first and
second edges 27, 29, extending between the front and rear
surfaces. The front surface 16 of the first microelectronic
element 12 includes first and second end regions 15 and 17
and a central region 13 located between the first and second
end regions 15 and 17. The first end region 15 extends
between the central region 13 and first edge 27, and the
second end region 17 extends between the central region 13
and the second edge 29. Electrical contacts 20 are exposed
at the front surface 16 of the first microelectronic element
12. As used 1in this disclosure, a statement that an
electrically conductive element is "exposed at" a surface of
a structure 1indicates that the electrically conductive
element 1s available for contact with a theoretical point

—4—



WO 2012/054335 PCT/US2011/056352

moving in a direction perpendicular to the surface toward the
surface from outside the structure. Thus, a terminal or
other conductive element which is exposed at a surface of a
structure may project from such surface; may be flush with
such surface; or may be recessed relative to such surface and
exposed through a hole or depression in the structure. The
contacts 20 of the first microelectronic element 12 are
exposed at the front surface 16 within the central region 13.
For example, contacts 20 may be arranged in one or two
parallel rows adjacent the center of first surface 16.

[0018] The second microelectronic element 14 has a front
surface 22, a rear surface 24 remote therefrom, and first and
second edges 35, 37, extending between the front and rear
surfaces. The front surface 22 of the second microelectronic
element 14 includes first and second end regions 21 and 23
and a central region 19 located between the first and second
end regions 21 and 23. The first end region 21 extends
between the central region 19 and first edge 35, and the
second end region 23 extends between the central region 19
and the second edge 37. Electrical contacts 26 are exposed
at the front surface 22 of the second microelectronic element
14. The contacts 26 of the second microelectronic element 14
are exposed at the front surface 22 within the central region
19. For example, contacts 26 may be arranged in one or two
parallel rows adjacent the center of first surface 22.

[0019] As seen in Figure 1, the first and second
microelectronic elements 12 and 14 are stacked relative to
each other. In some embodiments, the front surface 22 of the
second microelectronic element 14 and the rear surface 18 of
the first microelectronic element 12 face each other. At
least a portion of the second end region 23 of the second
microelectronic element 14 overlies at least a portion of the
second end region 17 of the first microelectronic element 12.
At least a portion of the central region 19 of the second
microelectronic element 14 projects beyond the second edge 29

of the first microelectronic element 12. Accordingly, the
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contacts 26 of the second microelectronic element 14 are
positioned in a location beyond the second edge 29 of the
first microelectronic element 12.

[0020] The microelectronic assembly 10 further includes a
dielectric element 30 having oppositely-facing first and
second surfaces 32 and 34. While Figure 1 shows only one
dielectric element 30, the microelectronic assembly 10 may
include more than one dielectric element. One or more
electrically conductive elements or terminals 36 are exposed
at the first surface 32 of the dielectric element 30. At
least some terminals 36 may be movable with respect to the
first and/or second microelectronic element 12 and 14.

[0021] The dielectric element 30 may further include one
Or more apertures. In the embodiment depicted in Figure 1,
the dielectric element 30 includes a first aperture 33
substantially aligned with the central region 13 of the first
microelectronic element 12 and a second aperture 39
substantially aligned with the central region 19 of the
second microelectronic element 14, thereby providing access
to contacts 20 and 26.

[0022] As seen in Figure 1, the dielectric element 30 may
extend beyond the first edge 27 of the first microelectronic
element 12 and the second edge 35 of the second
microelectronic element 14. The second surface 34 of the
dielectric element 30 may be Jjuxtaposed with the front
surface 16 of the first microelectronic element 12. The
dielectric element 30 may be partly or entirely made of any
suitable dielectric material. For example, the dielectric
element 30 may comprise a layer of flexible material, such as
a layer of polyimide, BT resin or other dielectric material
of the commonly used for making tape automated bonding
("TAB") tapes. Alternatively, the dielectric element 30 may
comprise a relatively rigid, board like material such as a
thick layer of fiber-reinforced epoxy, such as, Fr-4 or Fr-5

board. Regardless of the material employed, the dielectric
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element 30 may include a single layer or multiple layers of
dielectric material.

[0023] The dielectric element 30 may also include
electrically conductive elements 40 exposed on the first
surface 32 and electrically conductive traces 42, The
electrically conductive traces 42 electrically couple the
electrically conductive elements 40 to the terminals 36.
[0024] A spacing or support element 31, such as an
adhesive layer, may be positioned between the first end
region 21 of the second microelectronic element 14 and a
portion of the dielectric element 30. If spacing layer 31
includes an adhesive, the adhesive can connect the second
microelectronic element 14 to the dielectric element 30.
Another spacing layer 60 may be positioned between the second
end region 23 of the second microelectronic element 14 and
the second end region 17 of the first microelectronic element
12. This spacing layer 60 may include adhesive for bonding
the first and second microelectronic elements 12 and 14
together. In such case, the spacing layer 60 may be partly
or entirely made of a die-attach adhesive and may be
comprised of a low elastic modulus material such as silicone
elastomer. However, the spacing layer 60 may be entirely or
partly made of a thin layer of high elastic modulus adhesive
or solder if the two microelectronic elements 12 and 14 are
conventional semiconductors chips formed of the same
material, because the microelectronic elements will tend to
expand and contract in unison 1in response to temperature
changes. Irrespective of the materials employed, each of
spacing layers 31 and 60 may include a single layer or
multiple layers.

[0025] As seen in FIGS. 1 and 2, electrical connections or
leads 70 electrically connect contacts 20 of the first
microelectronic element 12 to some electrically conductive
elements 40 on the dielectric element 30. Electrical
connections 70 may include multiple wire bonds 72, 74

electrically connecting a contact of microelectronic element
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12 with a conductive element 40. Wire bonds 72, 74 extend
through the first aperture 33 and are oriented substantially
parallel to each other. Each of the wire bonds 72 and 74
electrically couples a contact 20 to a corresponding
conductive element 40 of the dielectric element. A multiple
wire bond structure according to this embodiment can
substantially decrease inductance of a wire bond connection
by providing an additional path for current to flow between
the connected contacts.

[0026] Other electrical connections or leads 50
electrically couple contacts 26 of the second microelectronic
element 14 to some conductive elements 40. Electrical
connections 50 may include multiple wire bonds 52, 54
electrically connecting a contact of microelectronic element
14 with a conductive element 40. Wire bonds 52, 54 extend
through the second aperture 39 and are oriented substantially
parallel to each other. Both wire bonds 52 and 54
electrically couple a contact 26 to a corresponding element
40 of the dielectric element 30. A multiple bond wire
structure according to this embodiment can substantially
decrease inductance of a wire bond connection by providing an
additional path for current to flow between the connected
contacts.

[0027] The microelectronic assembly 10 further includes an
overmold 11 covering at least +the first microelectronic
element 12 and the second microelectronic element 14. As seen
in FIG. 1, the overmold 11 may also cover portions of the
dielectric element 30 extending beyond the first edge 27 of
the first microelectronic element 12 and the first edge 35 of

the second microelectronic element 14.

[0028] FIG. 3 depicts an arrangement 1000 including at
least two stacked and electrically interconnected
microelectronic assemblies 900. Microelectronic

assemblies 900A and 900B may be any of the assemblies
described above. At least one of the microelectronic

assemblies may have conductive Joining units attached to
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terminals thereof, such as solder balls 981 or other masses
of bond and metal, e.g., tin, indium, or a combination
thereof. The two microelectronic assemblies 900 are
electrically connected to each other through any suitable
electrically conductive connections. For example, the
assemblies can be electrically interconnected via solder
columns 990 which are Jjoined to pads (not shown) on the
dielectric elements 9304, 930B of the respective
microelectronic elements. In a particular embodiment also
shown in FIG. 3, electrically conductive posts 992 and solder
994 can be used to electrically interconnect the two
microelectronic assemblies 900A and 900B. Posts 992 may
extend either from the first assembly or from the second
assembly towards the other, or posts provided on both
assemblies may extend towards each other.

[0029] With continued reference to FIG. 3, a heat
spreader 970 can be disposed between the first and second
microelectronic assemblies 900A and 900B to help distribute
heat evenly within the arrangement of stacked microelectronic
assemblies. The heat spreader 970 may also improve heat
dissipation to the surrounding environment. The heat
spreader may be partly or entirely made of any suitable
thermally conductive material. Examples of suitable
thermally conductive material include, but are not limited
to, metal, graphite, thermally-conductive adhesives, e.g.,
thermally-conductive epoxy, a solder, or the 1like, or a
combination of such materials. In one example, the heat
spreader can be a substantially continuous sheet of metal.
In a particular embodiment, a pre-formed heat spreader 970
made of metal or other thermally conductive material may be
attached to or disposed on the front surface 932B of the
dielectric element 930B of the second microelectronic
assembly 900B such as with a thermally conductive material
such as a thermally conductive adhesive or thermally
conductive grease. The adhesive 1f ©present, can be a

compliant material which permits relative movement between

—-9—
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the heat spreader and the microelectronic element or
dielectric element to which it 1s attached, such as to
accommodate differential thermal expansion between the
compliantly attached elements. The heat spreader 970 may be
a monolithic structure and may include one or more apertures
972, 974 substantially aligned with the apertures 933B, 939B
of the dielectric element 930B, respectively. In one
embodiment, each o0f the apertures 972, 974 o0f the heat
spreader 970 may be dimensioned to receive the
encapsulant 980B or 982B covering the aperture 933B or 939B
of the dielectric element 930B. Alternatively, the heat
spreader 970 may include multiple spreader portions spaced
apart from one another. Although not shown, the heat
spreader 970 may alternatively be attached to the rear
surface 924A of the second microelectronic element 914A of
microelectronic assembly 900A to the rear surface 918A of the
first microelectronic element 912A of the first
microelectronic assembly 900A, or to the rear surfaces of
both microelectronic elements 912A, 914A. In a particular
embodiment, the heat spreader may be or include a layer of
solder Jjoined directly to at least a portion of a rear
surface of one or more of the first and second
microelectronic elements 912A, 914A.

[0030] In any of the embodiments described herein, the
microelectronic assembly may include additional heat
spreaders disposed in other locations of the microelectronic
assemblies.

[0031] FIG. 4 shows a microelectronic assembly 1200, as
described above, including a heat spreader 1280 attached at
least to the rear surface 1224 of the second microelectronic
element 1214. The heat spreader 1280 may be in thermally
conductive communication with the entire rear surface 1224 of
the second microelectronic assembly 1214 and may extend
beyond the first and second edges 1235, 1237 of the second
microelectronic element. A support element 1290 may be made

of silicon or any other suitable material and may be disposed
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between the heat spreader 1280 and the first end region 1215
of the first microelectronic element 1212. The support
element can be made of thermally conductive material, such as
metal, a metal-filled polymer material, e.g., conductive
epoxy, graphite, adhesive, solder or any material suitable to
improve heat transfer and dissipation within the assembly and
between the assembly and the environment.

[0032] Another support element 1292 may be disposed
between the first end region 1221 of the second
microelectronic element 1214 and the dielectric element 1230.
Support element 1292 may be partly or entirely made of
silicon. The heat spreader 1280 may extend beyond the first
and second edges 1227, 1229 of the first microelectronic
element. As discussed above, the heat spreader 1280 may be
entirely or partly made of metal, graphite, or any other
suitable thermally conductive material and may be attached to
or in thermal communication with other parts of the assembly
through a thermally conductive adhesive which can be
compliant or a thermally conductive (grease. In one
embodiment, particularly when the microelectronic elements
consist essentially of one type of semiconductor materials,
e.g., silicon, the support elements 1290, 1292 can consist
essentially of the same semiconductor material.

[0033] In addition to the Theat spreader 1280, the
microelectronic assembly 1200 may 1include one or more
thermally conductive balls 1282, 1284. The balls 1282, 1284
typically are made of solder, but may include a core of
thermally conductive metal such as copper balls therein or
copper posts, as illustrated at 1283. Thermally conductive
balls 1282 may be attached to the front surface 1232 of the
dielectric element 1230 1in substantial alignment with the
first edge 1227 of the first microelectronic element 1212. A
thermally conductive connector 1286 may be attached to one or
more thermally conductive balls 1282 and may extend through
the dielectric element 1230. The thermally conductive balls
1284 may be attached to the front surface 1232 of the

-11-
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dielectric element 1230 1in substantial alignment with the
first edge 1235 of the second microelectronic element 1214.
A thermally conductive connector 1288 may be attached to one
or more thermally conductive balls 1284 and may extend
through the dielectric element 1230.

[0034] FIG. 5 shows a variation of the embodiment depicted
in FIG. 4, In this variation, the microelectronic
assembly 1300 does not need to include a support element
between the first end region 1315 of the first
microelectronic 1314 and the heat spreader 1380. The heat
spreader 1380 may include a step 1398 adjacent the second
edge 1337 of the second microelectronic element 1314. The
step 1398 enables the heat spreader 1380 to contact, or at
least be in close proximity to, the rear surface 1318 of the
first microelectronic element 1312.

[0035] FIG. 6 shows a variation of the embodiment
illustrated in FIG. 3. In the wvariation depicted in FIG. 6,
the heat spreader 971 is in thermal communication with the
first microelectronic element 912B and the second
microelectronic element 914B of microelectronic assembly
9008B. The heat spreader 971 may have a first substantially
planar surface 987 facing away from rear surfaces 918B and
924B of the first and second microelectronic elements 912B,
914B, respectively. In addition, the heat spreader 971 may
have second and third substantially planar surfaces 989A and
989B facing toward the rear surfaces 918B and 924B of the
first and second microelectronic elements 9128, 914B,
respectively. The heat spreader 971 may include a first
portion 973 in thermal communication with and overlying the
rear surface 924B of the second microelectronic element 914B
and a second portion 975 in thermal communication with and
overlying the rear surface 918B of the first microelectronic
element 912B. In one specific embodiment, the first portion
973 o0f heat spreader 971 may be in thermal contact with part
or the entire rear surface 924B of the second microelectronic

element 914B such as through a solder, thermally conductive
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grease oOr thermally conductive adhesive, for example.
Similarly, the second portion 975 of heat spreader 971 may be
in thermal contact with part or the entire rear surface 918B
of the first microelectronic element 912B. The second
portion 975 of the heat spreader 971 may be thicker than the
first portion 973.

[0036] With continued reference to FIG. 6, another heat
spreader 977 may be in thermal communication with the first
microelectronic element 912A and the second microelectronic
element 914A of microelectronic assembly 900A. The heat
spreader 977 may include a first substantially planar surface
991 facing a way from the first and second microelectronic
elements 912A and 914B. Moreover, the heat spreader 977 may
include second substantially planar surfaces 993A and 993B
facing toward the rear surfaces 918A and 924A of the first
and second microelectronic elements 912A, 914A, respectively.
In addition, the heat spreader 977 may include a first
portion 979 in thermal communication with and overlaying the
rear surface 924A of the second microelectronic element 914A
and a second portion 983 in thermal communication with and
overlaying the rear surface 918A of the first microelectronic
element 912A. In one specific embodiment, the first portion
979 of the heat spreader 977 may be in thermal contact with
part or the entire rear surface 924A of the second
microelectronic element 914A, similar to the arrangement of
heat spreader 971. Similarly, the second portion 983 of the
heat spreader 977 may be in thermal contact with part or the
entire rear surface 918A of the first microelectronic element
918A. The second portion 983 of the heat spreader 977 may be
thicker than its first portion 973.

[0037] A thermally conductive material 985 may be disposed
between the heat spreader 977 and the dielectric element
930B. The thermally conductive material 985 may include one
or more layers of any suitable material and may be between 25
to 100 microns thick. Suitable thermally conductive

materials include, but are not limited to, a thermally
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conductive grease, solder, indium or any suitable thermally
conductive adhesive. The thermally conductive material 985
may be applied to surfaces of one or both of the dielectric
element 930B and the heat spreader 977 in liquid or not fully
used state. In that way the material can flow into spaces
therebetween. Accordingly, the thermally conductive materil
can conform to wvariation in height of the surfaces it
contacts. In some embodiments, the thermally conductive
material 985 may be a monolithic or integral structure
including one or more apertures 999 substantially aligned
with the contacts 920 and 926 of the first and second
microelectronic elements 912B and 914B. Alternatively, the
thermally conductive material 985 may include multiple spaced
apart and discrete portions. In a particular embodiment, the
thermally conductive material 985 can be electrically
conductive. In such embodiment, such electrically conductive
material could be used as a conductive plane and could be
electrically connected to ground. The microelectronic
assembly 900A may include a support element 931 between the
second microelectronic element 914A and the dielectric
element 930A.

[0038] As seen 1in FIG. 6, any of the microelectronic
assemblies described herein may be electronically coupled to
a circuit panel or Dboard. For example, microelectronic
assembly 500 may include a plurality of Jjoining units, such
as solder balls 581 or copper pillars. Solder balls 981
electrically connect microelectronic assembly 900A to circuit
panel 1300. While FIG. 6 only shows solder balls 981
connecting microelectronic assembly 500 to circuit panel
1300, it 1s contemplated that any electrically conductive
element may interconnect circuit panel 1300 and
microelectronic assembly 900A. One or more electrically
conductive elements or terminals 1302 are exposed at the
first surface 1304 of the circuit panel 1300. The first
surface 1304 of the circuit panel 1300 faces the solder balls
981. Solder balls 981 are attached to terminals 1302 and are
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therefore electrically interconnected to at least some of the
circuits in circuit panel 1300.

[0039] The microelectronic assemblies described above can
be utilized in construction of diverse electronic systems, as
shown in FIG. 7. For example, a system 1100 in accordance
with a further embodiment o©of the invention includes a
microelectronic assembly 1106 as described above in
conjunction with other electronic components 1108 and 1110.
In the example depicted, component 1108 is a semiconductor
chip whereas component 1110 1is a display screen, but any
other components can be used. Of course, although only two
additional components are depicted in FIG. 24 for clarity of
illustration, the system may include any number of such
components. The microelectronic assembly 1106 may be any of
the assemblies described above. In a further wvariant, any
number of such microelectronic assemblies may be used.
Microelectronic assembly 1106 and components 1108 and 1110
are mounted in a common housing 901, schematically depicted
in broken lines, and are electrically interconnected with one
another as necessary to form the desired circuit. In the
exemplary system shown, the system includes a circuit panel
1102 such as a flexible printed circuit board, and the
circuit panel 1includes numerous conductors 1104, of which
only one is depicted in FIG. 13, interconnecting the
components with one another. However, this is merely
exemplary; any suitable structure for making electrical
connections can be used. The housing 1101 is depicted as a
portable housing of the type usable, for example, in a
cellular telephone or personal digital assistant, and screen
1110 1is exposed at the surface of the housing. Where
structure 1106 includes a light-sensitive element such as an
imaging chip, a lens 1111 or other optical device also may be
provided for routing light to the structure. Again, the
simplified system shown in FIG. 7 is merely exemplary; other

systems, including systems commonly regarded as fixed
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structures, such as desktop computers, routers and the like
can be made using the structures discussed above.

[0040] It will be appreciated that the wvarious dependent
claims and the features set forth therein can be combined in
different ways than presented in the initial claims. It will
also be appreciated that the features described in connection
with individual embodiments may be shared with others of the
described embodiments.

[0041] Although the invention herein has been described
with reference to particular embodiments, it is to Dbe
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.
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CLAIMS

1. A microelectronic assembly comprising:

a dielectric element having oppositely-facing first and
second surfaces and one or more apertures extending between
the surfaces, the dielectric element further having
conductive elements thereon;

a first microelectronic element having a rear surface
and a front surface facing the first surface of the
dielectric element, the first microelectronic element having
a first edge and a plurality of contacts exposed at the front
surface thereof;

a second microelectronic element including having a rear
surface and a front surface facing the rear surface of the
first microelectronic element, a projecting portion of the
front surface of the second microelectronic element extending
beyond the first edge of the first microelectronic element,
the projecting portion being spaced from the first surface of
the dielectric element, the second microelectronic element
having a plurality of contacts exposed at the projecting
portion of the front surface;

leads extending from contacts o©f the microelectronic
elements through the at least one aperture to at least some
of the conductive elements; and

a heat spreader thermally coupled to at least one of the
first microelectronic element or the second microelectronic

element.

2. The microelectronic assembly as claimed in claim 1,

wherein the leads are wire bonds.

3. The microelectronic assembly as claimed in claim 1,
wherein the heat spreader 1is partly or entirely made of

graphite.

4. The microelectronic assembly as claimed in claim 1,

wherein the heat spreader includes a metallic sheet.
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5. The microelectronic assembly as claimed in claim 1,
wherein the heat spreader covers at least the rear surface of

the first microelectronic element.

6. The microelectronic assembly as claimed in claim 1,
wherein the heat spreader covers at least the rear surface of

the second microelectronic assembly.

7. The microelectronic assembly as claimed in claim 1,
wherein the heat spreader covers the rear surfaces of the

first and second microelectronic elements.

8. The microelectronic assembly as claimed in claim 7,
wherein the heat spreader includes a first portion positioned
over the first microelectronic element, a second portion
positioned over the second microelectronic element, and a

step between the first and second portions.

9. The microelectronic assembly as claimed in claim 1,
further comprising thermally conductive balls thermally

coupled to the dielectric element.

10. The microelectronic assembly as claimed in c¢laim 9,
wherein the thermally conductive balls are attached to second

surface of the dielectric element.

11. The microelectronic assembly as claimed in c¢laim 9,
wherein each thermally conductive ball includes a metal core

embedded therein.

12. The microelectronic assembly as claimed in claim 9,
further comprising a thermally conductive connector extending
through the dielectric element and coupling one o©of the

thermally conductive balls to the dielectric element.
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13. The microelectronic assembly as claimed in claim 1,

wherein the entire heat spreader extends along a plane.

14. The microelectronic assembly as claimed in claim
13, further comprising a support element between the heat

spreader and the first microelectronic element.

15. A microelectronic assembly, comprising:

first and second units, each unit including:

(1) a dielectric element having oppositely-facing first
and second surfaces, at least one aperture extending between
the surfaces, the dielectric element having electrically
conductive elements thereon;

(2) a first microelectronic element having a rear
surface, a front surface facing the first surface of
dielectric element, an edge and contacts on the front
surface;

(3) second microelectronic element having a rear
surface, a front surface facing the first microelectronic
element and contacts on the front surface projecting beyond
the edge of the first microelectronic element; and

(4) signal 1leads extending from the contacts of the
first and second microelectronic elements through the at
least one aperture to at least some of the conductive
elements on the dielectric element,

the second unit overlying the microelectronic elements of
the first unit, the assembly further comprising stack
interconnects electrically connecting at least some of the
conductive elements on the dielectric element of the first
unit with at least some of the conductive elements on the
dielectric element of the second unit; and

at least one heat spreader disposed between the first and

second units.

16. The microelectronic assembly as c¢laimed in c¢laim

15, wherein the heat spreader 1s & monolithic structure
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having apertures substantially aligned with the contacts of
the first and second microelectronic elements of the first

unit.

17. The microelectronic assembly as c¢laimed in c¢laim
15, wherein the heat spreader includes heat spreader portions

spaced apart from one another.

18. The microelectronic assembly as c¢laimed in c¢laim
15, wherein the heat spreader is attached to the second

surface of the dielectric element of the first unit.

19. The microelectronic assembly as c¢laimed in c¢laim

15, wherein the leads are wire bonds.

20. The microelectronic assembly as c¢laimed in c¢laim
15, wherein the heat spreader includes substantially planar
surfaces facing toward respective rear surfaces of the first

and second microelectronic elements of the first unit.

21. A system comprising an assembly according to claim 1
and one or more other electronic components electrically

connected to the assembly.

22. A system as claimed in claim 21 further comprising
a housing, the assembly and the other electronic components

being mounted to the housing.

23. A system comprising an assembly according to claim
15 and one or more other electronic components electrically

connected to the assembly.

24. A system as claimed in claim 23 further comprising
a housing, the assembly and the other electronic components

being mounted to the housing.
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