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

(19) World Intellectual Property Organization
International Bureau

A 0 OO0

(10) International Publication Number

WO 02/067322 A2

HO1L 23/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, T], TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA,
ZW.

(43) International Publication Date
29 August 2002 (29.08.2002)

(51) International Patent Classification’:
(21) International Application Number: PCT/US02/03557
(22) International Filing Date: 6 February 2002 (06.02.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
09/789,141

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

20 February 2001 (20.02.2001) US

(71) Applicant: ADVANCED MICRO DEVICES, INC.
[US/US]; One AMD Place, Mail Stop 68, Sunnyvale, CA
94088-3453 (US).

(72) Inventors: ANDRIC, Anthony; 5438 East FM 20, Lock-
hart, TX 78644 (US). HILL, Ruel; 12105 Shropshire Blvd,

Austin, TX 78753 (US). Published:

—  without international search report and to be republished

(74) Agent: DRAKE, Paul, S.; Advanced Micro Devices, Inc., upon receipt of that report

5204 East Ben White Boulevard, Mail Stop 562, Austin,
TX 78741 (US).

[Continued on next page]

(54) Title: SEMICONDUCTOR DEVICE HAVING SIGNAL CONTACTS AND HIGH CURRENT POWER CONTACTS

(57) Abstract: A semiconductor device (400) includes a

conductor device (100, 400). The socket (200) includes a
first plurality of contacts (250) adapted to interface with the external contacts (120) of the semiconductor device (100, 400), at least
one base contact (285) adapted to interface with the contact pad (130, 420), a base portion (220) having a first plurality of openings
(220) having a first plurality of openings (240), and a top portion (210) slidingly engaged with the base portion (220). The first
plurality of contacts (250) are coupled to the printed circuit board (300) and disposed within the first plurality of openings (240).
The top portion (210) includes a second plurality of openings (230) corresponding to the first plurality of openings (240) in the base
portion (220).
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SEMICONDUCTOR DEVICE HAVING SIGNAL CONTACTS AND HIGH
CURRENT POWER CONTACTS

TECHNICAL FIELD

This invention relates generally to the field of electrical connectors for semiconductor devices and,

more particularly, to a semiconductor device having signal contacts and high current power contacts.
BACKGROUND ART

Typically, electrical connectors having various configurations are employed for attaching integrated-
circuit (IC) modules to printed-circuit (PC) boards. Such connectors provide versatility to computer platforms
by allowing major components, such as microprocessors, to be easily removed and replaced with upgraded
units. For example, one type of connector that is used for such a purpose is a zero-insertion-force (ZIF) sockets.
A ZIF socket is useful in that very little downward force need be exerted as the device is being inserted or
latched into the connector. Because no force is required, the potential for damage to the delicate signal pins of
the component being inserted is reduced. The type of semiconductor device package that interfaces with a ZIF
socket is referred to a pin grid array (PGA). A PGA package has a plurality of signal and power pins extending
from the package, typically in a single plane.

One problem associated with a PGA package is the limited current carrying capacity of each pin.
Accordingly, many pins are needed to provide sufficient power and ground supplies for the semiconductor
device. As the complexity of current microprocessors increases, the power demands typically also increase. In
addition, the number of pins needed for signals also increases (e.g., a 64-bit microprocessor requires more pins
than a 32-bit microprocessor). Due to the current requirements of typical microprocessors, as many as 2/3 of
the total number of pins may be dedicated for supplying power. This domination of the pins count constrains
the number of pins remaining for signals. Additional pins equate to additional size and cost. The use of larger
pins for power supply contacts to boost their current carrying capacity is impractical, as it increases the
complexity of the assembly process.

The present invention is directed to overcoming, or at least reducing the effects of, one or more of the
problems set forth above.

DISCLOSURE OF INVENTION

One aspect of the present invention is seen in a semiconductor device including a casing, a
semiconductor die supported by the casing, at least one contact pad, and a plurality of external contacts. The
casing has an opening exposing at least a portion of the semiconductor die. The contact pad is disposed on the
exposed portion of the semiconductor die. The plurality of external contacts extends from the casing and is
coupled to the semiconductor die. The contact pad has a higher current-carrying capacity than each of the
external contacts.

Another aspect of the present invention is seen in a circuit assembly including a printed circuit board, a
semiconductor device, and a socket. The semiconductor device includes a casing, a semiconductor die
supported by the casing, at least one contact pad disposed on one of the casing and the semiconductor die, and a
plurality of external contacts extending from the casing and being coupled to the semiconductor die. The
contact pad has a higher current-carrying capacity than each of the external contacts. The socket is coupled to

the printed circuit board and adapted to receive the semiconductor device. The socket includes a first plurality
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of contacts adapted to interface with the external contacts of the semiconductor device, at least one base contact
adapted to interface with the contact pad, a base portion having a first plurality of openings, and a top portion
slidingly engaged with the base portion. The first plurality of contacts are coupled to the printed circuit board
and disposed within the first plurality of openings. The top portion includes a second plurality of openings
corresponding to the first plurality of openings in the base portion.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in conjunction with
the accompanying drawings, in which like reference numerals identify like elements, and in which:

Figure 1 is a bottom view of an integrated circuit package in accordance with the present invention;

Figure 2 is an isometric view of a socket adapted to receive the integrated circuit package of Figure 1;

Figure 3 is a cross-section view of the integrated circuit package of Figure 1 and the socket of Figure 2;
and

Figure 4 is a bottom view of an alternative embodiment of the integrated circuit package of Figure 1 in
accordance with the present invention;

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It
should be understood, however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended
claims.

MODE(S) FOR CARRYING OUT THE INVENTION

Illustrative embodiments of the invention are described below. In the interest of clarity, not all features
of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

Referring now to Figure 1, a simplified bottom view of an integrated circuit package 100 in accordance
with the present invention is shown. In the illustrated embodiment, the integrated circuit package 100 is a
microprocessor, although other devices may be used. The integrated circuit package 100 has a casing 110 (e.g.,
ceramic), through which a plurality of contact pins 120 extend. Typically, the contact pins 120 are adapted to
carry logic signals, addresses, data, efc. A plurality of contact pads 130 are formed on the bottom surface 140
of the ceramic casing 110. A semiconductor die 150 (shown using phantom lines) is supported by the casing
110 in the integrated circuit package 100. In the illustrated embodiment, the semiconductor die 150 is a flip
chip package, where the die 150 is soldered to an upper surface of the casing 110. The contact pins 120 are
coupled to the semiconductor die 150, as represented by lines 160 (i.e., only a few exemplary lines are shown).

The contact pads 130 have a higher current-carrying capacity than the contact pins 120, and, hence, are
useful for providing power and ground signals to the integrated circuit package 100. Supplying power and

ground signals through the contact pads 130, as opposed to the contact pins 120, frees up contact pin 120
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resources for carrying signals without requiring an increased package size. The particular number of contact
pads 130 is application dependent, and may vary depending on factors such as the layout of the semiconductor
die 150 and the power requirements of the semiconductor die 150. To enhance the corrosion resistance of the
contact pads 130, they may be coated with solder paste at the same time the contact pins 120 are attached to the
casing 110 during assembly. Alternatively, the contact pads 130 may be gold plated. Forming the contact pads
130 on the bottom of casing 110, as opposed to using separate higher current contact pins, simplifies assembly.
Only one type of external contacts (i.e., the contact pins 120) need be attached.

The integrated circuit package 100 is suited for installation on a printed circuit board (not shown). A
socket 200 for receiving the integrated circuit package 100 is shown and described in greater detail in reference
to Figure 2. As shown in Figure 2, the socket 200 includes a top plate 210 that is slidingly attached to a base
220. The top plate 210 has a plurality of openings 230, and the base 220 contains a corresponding plurality of
openings 240. The openings 240 house contacts 250 that extend from the base 220 to engage the printed circuit
board circuitry (not shown), where they are soldered in place. The socket 210 further includes a camshaft 260
located inside a raised portion 270 of the top plate 210. Rotation of a lever 280 causes the camshaft 260 to act
on the base 220, displacing the top plate 210 with respect to base 220, which is anchored to the printed circuit
board (not shown) via the contacts 250.

When the integrated circuit package 100 of Figure 1 is inserted into the open socket 200, the contact
pins 120 of the integrated circuit package 100 protrude through the openings 230, 240 of the top plate 210 and
the base 220, respectively. With the socket 200 in its open position, the openings 230 in the top plate 210 are
aligned with the corresponding openings 240 in the base 220, but the contact pins 120 are not aligned with the
contacts 250. As the lever 280 is rotated downwardly, the camshaft 260 exerts a force on the base 220, causing
the top plate 210 to translate relative to the base 220, such that the contact pins 120 of the integrated circuit
package 100 and contacts 250 align and engage. Each of the features of the socket 200 described to this point
can be found in conventional zero insertion force sockets, such as are available from AMP, Inc. as model no.
916788-1.

The socket 200 of the instant invention further includes a base contact support member 282 for
supporting a plurality of base contacts 285 (shown in Figures 3A and 3B) and a fulcrum member 290. The base
contacts 285 are mounted to the printed circuit board (not shown) for providing the power and ground signals to
the contact pads 130 of the integrated circuit package 100 of Figure 1. The base contacts extend through slots
292 (shown in Figures 3A and 3B) defined in the base contact support member 282 and corresponding slots 294
defined in the fulcrum member 290. In the illustrated embodiment, the base contacts 285 are cantilevered
spring contacts. The base contacts 285 may be constructed of a spring metal. The slots 294 defined in the
fulcrum member 290 include a sloped surface 296 (shown in Figures 3A and 3B) that engages the base contacts
285 as the lever 280 is rotated downwardly and pushes upwardly on the base contacts 285, urging the base
contacts 285 against the contact pads 130. This engagement enhances the contact between the base contacts
285 and the contact pads 130 of the integrated circuit package 100. In some embodiments, the base contact
support member 282 may be omitted and the base contacts 285 may be attached directly to the circuit board.
However, the base contact support member 282 provides an assembly advantage in that it retains the base

contacts 285 with the remainder of the socket 200 such that they may be easily aligned as the socket 200 is
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mounted to the circuit board. The fulcrum member 290 may be omitted, leaving the spring force of the base
contacts 285 alone to provide the connective force.
Many different constructs for the base contacts 285 are possible. The base contacts 285 may have a

variety of cross-section shapes, such as, but not limited to a c-shaped cross section, an s-shaped cross-section, a

rectangular shaped cross-section, efc. Moreover, other means for providing an upward force to the base

contacts 285 may be employed.

In embodiments without the fulcrum member 290, a small downward force may be required during the
insertion of the integrated circuit package 100 into the socket 200 to ensure compression of the base contacts
285 and full engagement of the contact pins 120. In embodiments employing the fulcrum member 290, the
position of the fulcrum member 290 and the slope of the sloped surface 295 may be configured such that the
fulcrum member 290 does not assert an upward force until after the contact pins 120 of the integrated circuit
package 100 and base contacts 250 have begun to engage. Accordingly, the need for a downward insertion
force may be obviated.

Tumning now to Figures 3A and 3B, cross section views of the integrated circuit package 100 and
socket 200 illustrating the engagement of the fulcrum member 290 and base contacts 285 is provided. For
clarity and ease of illustration, not all portions of the integrated circuit package 100 and socket 200 are depicted
in the views of Figures 3A and 3B. The socket 200 is shown coupled to a printed circuit board 300. When the
socket 200 is in the open position, as shown in Figure 3A, the fulcrum member 290 does not engage the base
contacts 285. As the lever 280 is rotated to the closed position the fulcrum member 290 moves toward the base
contacts 285, as seen in Figure 3B. When the sloped surfaces 296 of the fulcrum member 290 engages beam
portions 310 of the base contacts 285, an upward force is created, deflecting the beam portions 310 toward the
contact pads 130 and holding them in engagement therewith.

The combination of the integrated circuit package 100 and socket 200 has numerous advantages. First,
the contact pads 130 allow transmission of the ground and power reference signals to the semiconductor die 150
without tying up a large number of contact pins 120 on the integrated circuit package 100. Second, forming the
contact pads 130 as an integral part of the semiconductor die 150 obviates the need for two types of external
contacts on the integrated circuit package 100. Third, the base contact support member 282 and the fulcrum
member 290 are integrated into the socket 200 allowing for easy fabrication.

Referring to Figure 4, an alternative embodiment of an integrated circuit package 400 is shown. In the
embodiment of Figure 4, a window 410 is formed in the bottom surface 140 of the casing 110 exposing a
portion of the semiconductor die 150. Contact pads 420 are disposed on a bottom surface 430 of the
semiconductor die 150, as opposed to on the bottom surface 140 of the casing 110, as in the embodiment of
Figure 1. The socket 200 of Figure 2 may be employed with the integrated circuit package 100 of Figure 4 in a
similar manner. The base contacts 285 (shown in Figures 3A and 3B) interface with the contact pads 420. The
embodiments of Figures 1 and 4 are similar in that the contact pads 130, 420 are formed on a bottom surface of
the package 100, allowing them to interface with the socket 200 and providing a high current connection
thereto. '

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the

teachings herein. Furthermore, no limitations are intended to the details of construction or design herein shown,
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other than as described in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope and spirit of the

invention. Accordingly, the protection sought herein is as set forth in the claims below.
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CLAIMS

1. A semiconductor device (400), comprising:

a casing (110);

a semiconductor die (150) supported by the casing (110), the casing (110) having an opening (410)
exposing at least a portion (430) of the semiconductor die (150);

at least one contact pad (420) disposed on the exposed portion (430) of the semiconductor die (150);
and

a plurality of external contacts (120) extending from the casing (110) and being coupled to the
semiconductor die (150), the contact pad (420) having a higher current-carrying capacity than

each of the external contacts (120).

2. The semiconductor device (400) of claim 1, wherein the external contacts (120) comprise pin

contacts.

3. The semiconductor device (400) of claim 1, wherein the external contacts (120) comprise

signal contacts, and the contact pad (420) comprises at least one of a power and a ground contact.

4. A circuit assembly, comprising

a printed circuit board (300);

a semiconductor device (100, 400), comprising:

a casing (110);

a semiconductor die (150) supported by the casing;

at least one exposed contact pad (130, 420) disposed on a bottom surface of one of the casing (110)
and the semiconductor die (150); and

a plurality of external contacts (120) extending from the casing (110) and being coupled to the
semiconductor die (150), the contact pad (130, 420) having a higher current-carrying capacity
than each of the external contacts (120); and

a socket (200) coupled to the printed circuit board (300) and adapted to receive the semiconductor
device (100, 400), the socket (200) comprising:

a first plurality of contacts (250) adapted to interface with the external contacts (120)
of the semiconductor device (100, 400);

at least one base contact (285) adapted to interface with the contact pad (130, 420);

a base portion (220) having a first plurality of openings (240), wherein the first
plurality of contacts (250) are coupled to the printed circuit board (300) and
disposed within the first plurality of openings (240); and

a top portion (210) slidingly engaged with to the base portion (220), the top portion
(210) including a second plurality of openings (230) corresponding to the
first plurality of openings (240) in the base portion (220).
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5. The circuit assembly of claim 4, wherein the socket (200) further comprises a fulcrum
member (290) extending from the top portion (210), the fulcrum member (290) being adapted to engage the
base contact (285) as the socket (200) transitions from an open position to a closed position and deflect the base

contact (285) toward the contact pad (130, 420).

6. The circuit assembly of claim 5, wherein the socket (200) further comprises a base contact
support member (282) exiending from the bottom portion (220) and being adapted to support the base contact
(285), the base contact support member (282) including a first slot (292) defined in the base contact support
member (282), the base contact (285) being disposed in the first slot (292), and wherein a second slot (294) is
defined in the fulcrum member (290), the first slot (292) communicating with the second slot (294) and
including a sloped surface (296) adapted to deflect the base contact (285) toward the contact pad (130, 420).

7. The circuit assembly of claim 4, wherein the base contact (285) comprises a spring contact,

and the external contacts (120) comprise pin contacts.

8. The circuit assembly of claim 4, wherein the external contacts (120) comprise signal contacts,

and the contact pad (130, 420) comprises at least one of a power and a ground contact.

9. The circuit assembly of claim 4, wherein the contact pad (130, 420) is disposed on a bottom

surface (140) of the casing (110).

10. The circuit assembly of claim 4, wherein an opening (410) is defined in the casing (110)
exposing at least a portion (430) of the semiconductor die (150), and the contact pad (420) is disposed on the
exposed portion (430) of the semiconductor die (150).
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