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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
12 April 2007 (12.04.2007) PCT WO 2007/040694 Al

(51) International Patent Classification: (74) Agent: HUGHES, Terri S.; GEMS Patent Porfolio Man
HOlL 29/73 (2006.01) ager, 1303 East Algonquin Road, Schaumburg, Illinois

60196 (US).
(21) International Application Number:

PCT/US2006/025668 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 30 June 2006 (30.06.2006) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

(25) Filing Language: English GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,

(26) Publication Language: English LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,

(30) Priority Data: SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,

11/234,937 26 September 2005 (26.09.2005) US UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(71) Applicant (for all designated States except US): MO¬ (84) Designated States (unless otherwise indicated, for every

TOROLA, INC. [US/US]; 1303 East Algonquin Road, kind of regional protection available): ARIPO (BW, GH,
Schaumburg, Illinois 60196 (US). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(72) Inventors; and European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(75) Inventors/Applicants (for US only): ALHAYEK, Iyad, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,

[US/US]; 101 South Salem Drive, Schaumburg, Illinois RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

60193 (US). BIANCO, Gerry, [US/US]; 1825 Hilltop GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Road, Elgin, Illinois 60120 (US). BROSZEIT, Juergen
[DE/DE]; Hallstattfeld 29, 85579 Neubiberg (DE). GAY- Published:
OWSKY, Gregory R., [CA/US]; 281 Balmoral Lane, — with international search report

Barrington, Illinois 60010 (US). SCHMADLAK, Ilko,
[DE/DE]; Hohenlinder Str. 23c, 85622 Feidkirchen (DE). For two-letter codes and other abbreviations, refer to the "G uid

SOTIROPOULOS, George, [US/US]; 901 Center Street, ance Notes on Codes and Abbreviations" appearing at the beg in

Des Plaines, Illinois 60016 (US). ning of each regular issue of the PCT Gazette.

(54) Title: INTEGRATED CIRCUIT MOUNTING FOR THERMAL STRESS RELIEF USEABLE IN A MULTI-CHIP MODULE

(57) Abstract: A mounting structure intervenes between an IC and a multi-chip module (MCM) substrate, and promotes heat dis

sipation from the IC. The mounting structure is insulative, and preferably comprises a direct bond to copper (DBC) board. A heat
spreading region to which the IC is affixed is formed on a surface of the mounting structure with bond pad areas are around the heat
spreading region. The other side of the mounting structure is mounted to the substrate, which also has bond pads. Bond pads on
the IC are connected to the bond pad areas on the mounting structure, and the bond pad areas on the mounting structure are further
coupled to the bond pads on the substrate. Each of these connections is preferably made by wirebonding. Thermal vias can be used
in the mounting structure and/or in the substrate to further promote heat dissipation.



INTEGRATED CIRCUIT MOUNTING FOR THERMAL STRESS RELIEF
USEABLE IN A MULTI-CHIP MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to techniques for mounting an

integrated circuit chip to a substrate in a multi-chip module (MCM), and more

specifically to a structure having a heat spreader with intermediate bonding pads for

connecting the chip to the MCM.

2 . Description of the Related Art

[0002] Technical evolution in the field of electronics has resulted in a

demand for faster and more compact systems. More advanced applications also

necessitate greater numbers of components, which need to communicate with each

other. For new systems to meet the requirement of quick access between different

components, the length of the paths between different components of the system must

be kept within certain limits. However, when the complexity of a system grows, the

length of the paths between components also grows. In order not to exceed the

maximum allowed distance between such components, these components have been

built smaller and have been packed more densely.

[0003] Such constraints have given rise to the MCM. An MCM, as is

known, comprises a package containing a plurality of interconnected integrated

circuits ("ICs," "dies," or "chips"). The package of the MCM supports a lead frame

having internally to the package a plurality of connector points (lead fingers) for

coupling to the ICs, and having externally to the package a plurality of pins

coupleable to a printed circuit board for example.

[0004] Internal to the MCM, the ICs are supported by a substrate.

Typically, the substrate is insulative but contains conductive electrical traces to allow

signals to be routed along the substrate between two or more of the ICs. Ultimately,

the ICs in the MCM are electrically coupled by connecting the bond pads of the ICs to



the traces, or by directly connecting the bond pads of the ICs together. In either case,

such connection usually occurs through the use of bond wires, although "flip chip"

technologies may also be used in which the ICs are overturned in the MCM package

to bring IC bond pad bumps into contact with traces on the substrate. In any event,

once the ICs are interconnected, and once connected to the lead frame of the package,

the circuitry and the various connections (e.g., bond wires) are protected by filling the

package with a potting material, and/or securing a lid to the package.

[0005] FIG. 1 illustrates a top-down view of the inside cavity of a package

of a MCM 1. As shown, multiple ICs 2(a-c) are mounted to a surface 3a of substrate

3 . Various substrates useable in MCMs are known in the art, such as low-temperature

co-fired ceramics (LTCCs) which are made of one or more layers of ceramic material

and are typically bonded to a metal material for support (not shown). As shown, each

IC 2 includes bond pads 4 that allow the ICs to be electronically connected to other

components of the MCM. The surface 3a of the substrate 3 also contains bond pads 6

which connect to traces 30 used to route the signals inside the MCM 1, only a few of

which are shown for clarity. As noted above, bond wires 5 are one way of making the

necessary connections, and such connections can either connect the IC bond pads 4 to

the bond pads 6 of the traces 30 (5a), or directly connect two IC bond pads 4 without

the need to use an intervening trace 30 (5b). Bond wires 5c can also be used to

ultimately connect either a trace bond pad 6 or an IC bond pad 4 to the lead frame 7

inside the package, which as noted emerges outside the package as a pin.

[0006] ICs 2 generate heat when they operate, and this can cause particular

problems in an MCM 1 because many ICs are packed densely together. As is known,

excessive heat can compromise the operation of an IC, and in turn can compromise

the performance of the MCM 1. One method of combating heat generation has been

to provide a heat spreader 9 between an IC 2a that generates excessive heat and the

substrate surface 3a, as shown in FIG. 2 . Heat spreader 9 is a layer of a thermally

conductive material, for example a metal such as copper. Heat spreader 9 spreads the

heat generated by IC 2a over an extended area, thus facilitating heat dissipation and



also mitigating problems which might be caused by isolated "hot-spots" on the IC 2,

which can cause the IC to malfunction.

[0007] While addressing the problem of heat accumulation, however, the

implementation of heat spreader 9 compromises the dependability of MCM 1 because

the distance 6a between IC bond pads 4 and the trace bond pads 6 is substantially

increased due to the spatial extent of the heat spreader 9. As a result, bond wires 5

connecting these two types of bond pads are also lengthened, which makes the MCM

1 prone to failure. Bond wires 5 that are appreciably long are also relatively heavy,

and are thus prone to breaking, particularly when subject to mechanical vibrations.

Also, the length and weight of the bond wires spanning over the heat spreader can

cause such bond wires to "droop," which puts them at risk for touching the conductive

heat spreader 9 and shorting thereto. Thus, simply introducing a heat spreader 9 may

not be a viable solution to the problem of heat accumulation in MCM 1, and improved

solutions are needed. Moreover, while the spatial extent of the heat spreader 9 could

be made smaller, this also reduces its heat dissipation properties, and hence does not

provide a viable solution.

[0008] Size, temperature, complexity, or cost constraints generally hamper

prior heat dissipation techniques utilized in MCMs. See, e.g., U.S. Patent 6,455,930,

U.S. Patent 6,483,705, and International Patent Publication No. WO 01/43167, which

are all incorporated herein by reference. It is therefore desirable to provide alternative

techniques for mounting ICs on substrates in MCMs in a way that effectively

dissipates the heat generated by the IC but is cost efficient, simple, easy to

manufacture, and not prone to failure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 illustrates a prior art MCM having three ICs mounted on a substrate.



FIG. 2 illustrates a prior art MCM wherein an IC is mounted on a thermally

conducting heat-spreading layer disposed on a substrate.

FIG. 3 illustrates a structure for mounting an IC to a substrate, wherein the

structure includes a thermally conducting heat-spreading layer and intermediate bond

pads.

FIG. 4 illustrates a multi-chip module having an IC mounted on a substrate

using a mounting structure as illustrated in FIG. 3.

FIG. 5 illustrates a cross-section view of an IC mounted on a substrate using a

mounting structure depicted in FIG. 3.

DETAILED DESCRIPTION

[0010] In an embodiment of the present invention, a mounting structure for

mounting an IC on a substrate, which is particularly useful in the context of a MCM,

is disclosed. The mounting structure intervenes between the IC and the MCM

substrate, and promotes heat dissipation from the IC. The mounting structure,

however, is insulative, and in one embodiment comprises a direct bond to copper

(DBC) board. On one of the conductive sides of the DBC board, a heat spreading

region is formed in the center with bond pad areas around the heat spreading region at

the periphery of the DBC. The IC is mounted to the heat spreading region to assist is

heat dissipation from the IC. The other side of the mounting structure is mounted to

the substrate, which also has bond pads. In an embodiment of the present invention,

bond pads on the IC are connected to the bond pad areas on the mounting structure,

and the bond pad areas on the mounting structure are further coupled to the bond pads

on the substrate. In an embodiment of the present invention, each of these

connections is made by wire-bonding, although flip chip techniques can also be used

to couple the IC bond pads to the mounting structure bond pads. Thermal vias can be

used in the mounting structure and/or in the substrate to further promote heat

dissipation. Through use of the disclosed technique, the ICs heat can be dissipated

while the IC can also be electrically coupled to the substrate without the use of long

bond wires.



[0011] Thus, the present invention provides a structure for mounting an IC

on a substrate in a MCM, wherein the structure facilitates heat dissipation but does

not introduce the vulnerabilities associated with the heat spreader configuration

illustrated in FIG. 2.

[0012] Referring now to FIG. 3, the structure 10 of the present invention

includes a thermally conductive heat spreading layer 11 disposed on a surface 12 of a

board 13. Heat spreading layer 11 is made from a thermally conductive material such

as a metal, for example copper. Board 13 can be any material that provides a suitable

surface for supporting heat spreading layer 11 and an IC (not shown in FIG. 3). An

example of a material for board 13 is a direct bond to copper (DBC) board. DBC is

known in the art and is typically made of a layer of ceramic such as aluminum oxide

or aluminum nitride sandwiched between two metal layers such a copper foil.

Mounting structure 10 also includes intermediate bond pads 14, which, as will be

described below, allow the use of shorter bond wires for connecting an IC mounted on

the structure 10 to other devices on the MCM substrate. When board 13 is made from

a material such as DBC, copper can be etched from one surface of the DBC to provide

heat spreading layer 11 and intermediate bond pads 14.

[0013] FIG. 4 illustrates an IC 2a as mounted on structure 10, which is in

turn mounted on surface 3a of substrate 3 of an MCM. Specifically, IC 2a is mounted

on the conductive heat spreading layer 11, and as such structure 10 as facilitated by

layer 11 acts as a heat spreader. Bond pads 4 on the IC are wirebonded via bond

wires 5x to intermediate bond pads 14, which are in turn wirebonded via bond wires

5y to bond pads 6 on substrate 3. Thus, structure 10 overcomes the drawbacks

discussed above associated with long distance bond wires when using a heat spreader

by providing an intermediate contact point (e.g., intermediate bond pad 14) on the

structure 10 to break the distance in two. Because the bond wires 5x and 5y are now

shorter in length, they are less prone to breaking and drooping, resulting in a more

reliable MCM device.

[0014] Although shown primarily as a single area, intermediate bond pads

14 can in effect be lengthened to form an intermediate trace 35 between two different



intermediate bond pads 14a, 14b which are respectively connected via bond wires 5x

and 5y to IC bond pads 4 and substrate bond pads 6, as shown by example in the

upper left corner of the structure 10 in FIG. 4. The use of intermediate traces 35

provides additional routing flexibility, as well as promoting heat spreading while

providing for shorter bond wires. Recognizing the functional similarity between a

signal intermediate bond pad 14 and two bond pads (14a, 14B; nodes) coupled by a

trace, both configurations can be generally referred to as contact points or contacts.

[0015] In some applications it may be desirable to wirebond one or more

bond pads 4a on the IC directly to heat spreading layer 11, as illustrated by bond wire

5c. For example, ground bond pad 4a can be shorted to the heat spreading layer, and

hence to the substrate of IC 2a, in this manner.

[0016] FIG. 4 illustrates an embodiment wherein bond pads 4 on IC 2a

electrically contact intermediate bond pads 14 via bond wires 5x. One of skill in the

art will appreciate that other configurations can provide the same result. For example,

IC 2a could be implemented in a flip-chip configuration such that bond pads 4 contact

intermediate bond pads 14 directly via a bond pad bump, and without the use of bond

wires 5x.

[0017] FIG. 5 illustrates a cross section of an IC 2a mounted on a MCM

substrate 3 using a structure 10 as disclosed herein. Structure 10, as noted above,

includes board 13, which may be made of one or more layers of ceramic material 15

disposed on a conducting material 16. According to one embodiment, board 13 is a

DBC board, and ceramic layer 15 ranges between approximately 0.01 to

approximately 0.03 inches thick. Examples of suitable ceramic materials include, but

is not limited to, aluminum oxide, aluminum nitride, silicon carbide, beryllium oxide,

or the like. If board 13 is DBC, then conducting material 16 is typically copper.

According to one embodiment, the conducting material 16 ranges between

approximately 0.001 inches to approximately 0.025 inches thick. Intermediate bond

pads 14 and heat spreading layer 11 are disposed on surface 12 of structure 10.

According to one embodiment of the present invention, intermediate bond pads 14

and heat spreading layer 11 range between approximately 0.001 inches to



approximately 0.025 inches thick. As described above, when board 13 is made of

DBC, heat spreading layer 11 and intermediate bond pads 14 are formed from the

same layer and can be etched from one of the copper layers of the DBC.

[0018] Still referring to FIG. 5, IC 2a is bonded to heat spreading layer 11

by any technique known in the art for bonding an IC to a conductive layer board. For

example, IC 2a can be bonded to heat spreading layer 11 with a bonding layer 17 of

solder or electrically conductive adhesive. Examples of electrically conductive

adhesive include, but is not limited to, Emerson and Gumming CE3104 electrically

conductive adhesive, available from Emerson and Cumming (Billerica, MA).

According to one embodiment, bonding layer 17 ranges between approximately 0.001

inches to approximately 0.007 inches thick. As noted earlier, bond pads 4 on IC 2a

are wirebonded to intermediate bond pads 14/intermediate traces 35 on surface 12 of

structure 10 via bond wires 5x, while intermediate bond pads 14/intermediate traces

35 are in turn wirebonded to bond pads 6 on substrate 3 via bond wires 5y.

[0019] Structure 10 is adhered to a conductive mounting region 18 on the

surface 3a of substrate 3, for example, by an adhesive 21, such as Emerson and

Cumming CE3104 electrically conductive adhesive, available from Emerson and

Cumming (Billerica, MA). Solder could also be used for attachment. The mounting

region 18 may comprise the same bond pad 6/trace 30 layer discussed earlier.

Substrate 3 can be any substrate known in the art for supporting electronic devices,

and as mentioned earlier can comprise a LTCC, which includes a layer of ceramic 19

that is disposed on a layer conducting material 20, for example a metal such as

copper. Examples of other suitable materials include silicon carbide, high

temperature co-fired ceramic (HTCC), FR4 or other organic boards, ALN, insulated

metal substrates or polyamide board. Substrate 3 can be adhered via a layer of

thermally conductive adhesive 23 to a base plate 22 that may be a metal such as

aluminum.

[0020] Still referring to FIG. 5, thermal vias 24 can optionally be included

in board 13 and/or LTCC layer 19 to further facilitate heat dissipation, e.g., from the

IC 2a to the metal base plate 22. Thermal vias 24 can be for example columns of a



thermally conducting material, for example a metal such as copper, gold or silver.

According to one embodiment, thermal vias 24 are approximately 0.004 inches in

diameter or greater. Additionally, it may be desirable for some applications that

thermal vias 24 also provide an electrically conductive path, which would then allow

a mechanism to ground the IC 2a' s substrate to the base plate 22, etc.

[0021] Still referring to FIG. 5, MCM 1 is contained in a housing 25,

which is typical and can be formed on many different types of materials. As noted,

the cavity within the housing containing the IC 2a, the structure 10, the substrate 3,

etc., can be filled with a potting compound to protect the bond wires, and/or a lid can

be secured to the top of the package. It should also be understood that the package

will contain a lead frame or connector to which various circuit nodes can be bonded,

although not shown.

[0022] It should be understood that while the present disclosure discloses a

structure for mounting an IC on a substrate in a MCM, the structure is not limited for

use in a MCM. The structure can be used in any application in which an IC must be

mounted on a substrate of any kind.

[0023] It should be understood that the inventive concepts disclosed herein

are capable of many modifications. To the extent such modifications fall within the

scope of the appended claims and their equivalents, they are intended to be covered

by this patent.



CLAIMS

We claim:

1. A system for mounting an integrated circuit, comprising:

a substrate having a surface and having a plurality of substrate contacts

disposed on the surface;

a mounting structure mounted to the substrate, the mounting structure

comprising an electrically insulating surface on which are disposed a

plurality of mounting structure contacts and a heat spreading region,

wherein at least one of the mounting structure contacts is electrically

connected to one of the substrate contacts; and

an integrated circuit mounted to the heat spreading region of mounting

structure, the integrated circuit comprising a plurality of integrated

circuit bond pads, wherein at least one of the integrated circuit bond

pads is electrically connected to one of the mounting structure

contacts.

2 . The system of claim 1, wherein at least one of the integrated circuit bond pads

is electrically connected to one of the mounting structure contacts by at least one of a

bond wire or an integrated circuit bond pad bump.

3 . The system of claim 2, wherein the integrated circuit is mounted to the

mounting structure in a flip chip arrangement.

4 . The system of claim 1, wherein at least one of the integrated circuit bond pads

is electrically connected to one of the mounting structure contacts by a bond wire, and

wherein at least one of the mounting structure contacts is electrically connected to one

of the substrate contacts by a bond wire.

5 . A multi-chip module, comprising:

a substrate having a surface and having a plurality of substrate contacts

disposed on the surface;



a first integrated circuit adhered to the substrate surface, the first integrated

circuit comprising a plurality of first integrated circuit bond pads,

wherein at least one of the first integrated circuit bond pads is

electrically connected to one of the substrate contacts;

a mounting structure mounted to the substrate, the mounting structure

comprising an electrically insulating surface on which are disposed a

plurality of mounting structure contacts and a heat spreading region,

wherein at least one of the mounting structure contacts is electrically

connected to one of the substrate contacts; and

a second integrated circuit mounted to the heat spreading region of

mounting structure, the second integrated circuit comprising a plurality

of second integrated circuit bond pads, wherein at least one of the

second integrated circuit bond pads is electrically connected to one of

the mounting structure contacts.

6. The multi-chip module of claim 5, wherein at least one of the second

integrated circuit bond pads is electrically connected to one of the mounting structure

contacts by at least one of a bond wire or an integrated circuit bond pad bump.

7 . The multi-chip module of claim 6, wherein the second integrated circuit is

mounted to the mounting structure in a flip chip arrangement.

8. The system of claim 1 of the multi-chip module of claim 5, wherein the

substrate comprises low temperature co-fired ceramic (LTCC).

9 . The system of claim 1 or the multi-chip module of claim 5, wherein the

mounting structure further comprises one or more thermal vias extending through the

mounting structure proximate to the heat spreading region.

10. The system of claim 1 or the multi-chip module of claim 5, wherein the

substrate further comprises one or more thermal vias extending through the substrate

proximate to the mounting structure.



11. The system of claim 1 or the multi-chip module of claim 5, wherein at least

one of the mounting structure contacts is electrically connected to one of the substrate

contacts by bond wires.

12. The system of claim 1 or the multi-chip module of claim 5, wherein at least

one of the second integrated circuit bond pads is electrically connected to one of the

mounting structure contacts by a bond wire, and wherein at least one of the mounting

structure contacts is electrically connected to one of the substrate contacts by a bond

wire.
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