57010993 A1 | IV Y0 O R0 0 A

(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

3 February 2005 (03.02.2005) PCT WO 2005/010993 A1l
(51) International Patent Classification’: HO1L 29/06, Chandler, AZ 85248 (US). SKOGLUND, Lars [US/US];
23/00 5530 West Mercury Way, Chandler, AZ 85226 (US). DIAS,
Rajen [US/US]; 4134 East Windsong Drive, Phoenix, AZ
(21) International Application Number: 85048 (US).
PCT/US2004/022355
(74) Agents: VINCENT, Lester, J. et al.; Blakely, Sokoloff,
(22) International Filing Date: 14 July 2004 (14.07.2004) Taylor & Zafman, 7th Floor, 12400 Wilshire Boulevard,
Los Angeles, CA 90025 (US).
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
L. . kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English 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,
(30) Priority Data: GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
10/625,109 22 July 2003 (22.07.2003) US

(71) Applicant (for all designated States except US): INTEL
CORPORATION [US/US]; 2200 Mission College Boule-
vard, Santa Clara, CA 95052 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WANG, Zhiyong
[US/CN]; 2129 West Wildhorse Drive, Chandler, AZ 85248
(US). SHI, Song-Hua [US/US]; 233 West Pelican Drive,

(84)

KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: ELECTRONIC ASSEMBLY HAVING A DIE WITH ROUNDED CORNER EDGE PORTIONS AND A METHOD OF

FABRICATING THE SAME

24

\

& (57) Abstract: The invention provides an electronic assembly comprising a carrier substrate (36), a die (20), and a solidified underfill
& material (38). The carrier substrate (36) has an upper plane. The die (20) has a die substrate and an integrated circuit (20) formed on
one side of the die substrate. The die (20) has a lower major surface over the upper plane, an upper major surface, and a plurality of
side edge surfaces (26) from the upper major surface to the lower major surface. A corner edge portion where extensions of two of
the side edge surfaces meet has been removed. The solidified underfill material (38) is located between and contacts both the upper
plane of the carrier substrate (36) and the lower surface of the die (20).



WO 2005/010993 A1 I} N0 080000 000 0O 00

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, —  before the expiration of the time limit for amending the
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, claims and to be republished in the event of receipt of
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, amendments

GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



10

15

20

WO 2005/010993 PCT/US2004/022355

ELECTRONIC ASSEMBLY HAVING A DIE WITH ROUNDED
CORNER EDGE PORTIONS AND A METHOD OF FABRICATING
THE SAME

BACKGROUND OF THE INVENTION

1). Field of the Invention

[0001] This invention relates generally to an electronic assembly of the kind
having a die with an integrated circuit formed thereon, and more specifically to
prevention of cracking of the electronic assembly due to differences in coefficients
of thermal expansioﬁ of the die, an underfill material below the die, and a package

substrate.

2). Discussion of Related Art

[0002] Integrated circuits are formed in rows and columns on semiconductor
wafers, which are subsequently “singulated” or “diced” by directing a blade of a
saw through scribe streets in x- and y-directions between the integrated circuits.
Resulting dies have conductive interconnection members that can be placed on
contact terminals of a package substrate, and be soldered to the contact terminals.
[0003] A package substrate typically has a coefficient of thermal expansion
(CTE) which is higher than that of the die, which creates stresses on the
interconnection members when the electronic assembly heats up and cools down.
An epoxy underfill material is often applied to the package substrate, flows into a

space between the package substrate and the die under capillary action, and is
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subsequently cured at a high temperature. The stresses on the interconnection
members are redistributed to the solidified underfill material.

[0004] The underfill material typically has a CTE which is even higher than that
of the substrate, which creates stresses on certain areas of the die when the
assembly cools down after the underfill material is cured. These stresses are
particularly high at corner edge portions of the die where side edge surfaces
thereof meet, and may cause cracking in the die, the underfill material, or in the
package substrate at or near the corner edge portions of the die.

[0005]

[0006] BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is described by way of example with reference to the
accompanying drawings, wherein:

[0008] Figure1is a plan view of a semiconductor wafer having a plurality of
integrated circuits formed thereon;

[0009] Figure 2 is a cross-sectional side view of a portion of the semiconductor
wafer which is mounted on a support layer;

[0010] Figure 3 is a plan view of the wafer after the wafer has been singulated
into individuél dies;

[0011] Figure 4 is a view similar to Figure 2, illustrating a blade of a saw as it
travels through the wafer;

[0012] Figure 5 is a view similar to Figure 4, further illustrating a laser that is

used to remove portions of the dies;
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[0013] Figure 6 is an enlarged plan view illustrating a region of one of the dies
where a corner edge portion thereof is removed;

[0014] Figure 7 is a top plan view of an electronic assembly that includes one of
the dies;

[0015] Figure 8 is a cross-sectional side view of the electronic assembly on 8-8 in
Figure 7; and

[0016] Figure 9 is a cross-sectional view on 9-9 in Figure 7.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Figures 1 and 2 of the accompanying drawings illustrate a semiconductor
wafer 10 which has been attached to a supporting layer 12, typically made of
Mylar®, for purposes of sawing the wafer 10. The wafer 10, as will be commonly
understood, has a plurality of identical circuits 14 that are replicated in rows and
columns across a circular area of the wafer. Scribe streets 16 are defined in x- and
y-directions between the circuits 14. A respective rectangular guard ring (not
shown) surrounds each respective circuit 14.

[0018] Asillustrated in Figures 3 and 4, a blade 18 of a saw is directed through
the wafer (10 in Figure 1) so that the wafer is singulated into individual dies 20.
The blade 18 is not intended to cut through the supporting layer 12, but may cut it
partially. The dies 20 are attached to the supporting layer 12, and the supporting
layer 12 maintains the dies 20 in their original position of Figure 1. The blade 18 is

directed through the scribe streets (16 in Figure 1) and between the guard rings so
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that the circuits 14 are protected by the guard rings. Each die 20 includes a
respective one of the circuits 14.

[0019] Figure 5 illustrates further processing of the dies 20, wherein a laser 22 is
used to remove portions of the dies 20. The laser 22 is preferably an Excimer
laser, because an Excimer laser beam does not transfer heat to an object that is
being ablated. The laser 22 is positioned above the dies 20, and a laser beam 23 is
directed by the laser 22 onto one of the dies 20. Laser is preferred over grinding
and milling because of the possibility to produce higher volumes. Laser is also
preferred over etching because of tighter control over dimensional tolerances.
[0020] Figure 6 illustrates a portion of one of the dies 20 after a corner edge
portion 24 thereof has been removed with the laser 22 in Figure 5. Before removal
of the corner edge portion 24, the die 20 has two side edge surfaces 26 that meet at
right angles to one another at a corner edge 28. After removal of the corner edge
portion 28, the die 20 has a rounded surface 30 that joins remaining portions of the
side edge surfaces 26. The corner edge portion 24 is thus bound by the rounded
surface 30 and extensions 32 of the side edge surfaces 26.

[0021] The rounded surface 30 may have a radius (R) of between 50 pm and 1000
um. The corner edge portion 24 accordingly has an area of between 537 pm? and
860000 pm2. The purpose for providing these ranges is merely to establish that
the intent is to differentiate over the tiny radii found on sharp, even knifelike
edges.

[0022] Referring to Figure 3, the process of removing a corner edge portion from

one of the dies 20 is repeated on all four corners of each one of the rectangular
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dies 20. It can thus be seen that removal of the corner edge portions is automated
by removing the corner edge portions directly after the dies 20 are singulated, but
before the dies 20 are removed from the supporting layer 12.

[0023] Figures 7 and 8 illustrate an electronic assembly 34 that includes a
package substrate 36, one of the dies 20, and an underfill material 38. The
package substrate 36 includes a carrier substrate 40 and a plurality of contact
terminals 42 formed at an upper surface of the carrier substrate 40. The die 20
also has a plurality of contact pads 44 and a plurality of conductive solder ball
interconnection members 46, each attached to a respective one of the contact pads
44.

[0024] The die 20 is placed on the package substrate 36 so that each one of the
interconnection members 46 is on a respective one of the contact terminals 42.

The contact terminals 42 are in rows and columns forming an array, and the
interconnection members 46 have a pattern that matches the pattern of the contact
terminals 42. The entire assembly, excluding the underfill material 38, is then
heated in a reflow oven so that the interconnection members 46 melt, and is
subsequently allowed to cool. The interconnection members 46 are so soldered
and secured to the contact terminals 42.

[0025] The underfill material 38 is an epoxy that is applied in liquid form on the
package substrate 36 around the die 20. Capillary forces draw the liquid underfill
material 38 into a space between an upper surface of the carrier substrate 40 and a
lower surface of the die 20 between the interconnection members 46. The entire

volume between the die 20 and the carrier substrate 40 is substantially filled with

5
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the liquid underfill material 38, and some of the underfill material 38 also forms
on side edge surfaces 26 of the die 20.

[0026] As illustrated in Figure 9, the rounded surface 30 has formed through an
entire thickness 50 of the die 20. The die 20 typically has a thickness of about

750 pm, and the rounded surface 30 thus also has a thickness of 750 um. The
underfill material 38 is also formed on a lower portion of the rounded surface 30.
[0027] The entire assembly illustrated in Figurés 7,8, and 9 is then located in an
oven and heated to a temperature sufficient to allow the underfill material 38 to
cure. Curing solidifies the underfill material 38. The assembly 34 is then allowed
to cool. The underfill material 38 has a CTE of between 16 and 50 ppm/°C, the
die 20 has a CTE of approximately 4 ppm/°C, and the package substrate 36 has a
CTE of approximately 20 ppm/°C. The different coefficients of thermal
expansion creates stresses on the die 20 when the electronic assembly 34 is
allowed to cool after curing of the underfill material 38. These stresses are
particularly high at sharp edges. By removing the corner edge portion 24, these
stresses are reduced. Rounded corners, as opposed to, for example, faceted
corners, are particularly effective for reducing stresses. Dome-shaped corners
may be even more effective to reduce stresses than cylindrically rounded corners,
but may be more difficult to manufacture. By reducing the stresses, cracking of
any part of the electronic assembly is avoided in a region where side edge
surfaces thereof meet.

[0028] While certain exemplary embodiments have been described and shown in

the accompanying drawings, it is to be understood that such embodiments are

6
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merely illustrative and not restrictive of the current invention, and that this
invention is not restricted to the specific constructions and arrangements shown

and described since modifications may occur to those ordinarily skilled in the art.
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CLAIMS

What is claimed:

1.  An electronic assembly, comprising:

a carrier substrate having an upper plane;

a die having a die substrate and an integrated circuit formed on one side of
the die substrate, the die having a lower major surface over the upper plane, an
upper major surface, and a plurality of side edge surfaces from the upper major
surface to the lower major surface, a corner edge portion where extensions of two
of the side edge surfaces meet, having been removed; and

a solidified underfill material between and contacting both the upper plane

of the carrier substrate and the lower surface of the die.

2. The electronic assembly of claim 1, wherein the corner edge portion has an

area of between 537 pm? and 860000 pm?2.

3. The electronic assembly of claim 1, wherein the die is rounded at the corner

edge portion.

4.  The electronic assembly of claim 3, wherein the die has a radius of between

50 pm and 1000 pm at the corner edge portion.

5. The electronic assembly of claim 3, wherein an entire thickness of the die

from the upper to the lower major surface is rounded.
8
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6. The electronic assembly of claim 1, wherein the underfill material has a

different CTE than the substrate.

7.  The electronic assembly of claim 1, further comprising:
a plurality of conductive interconnection members between and electrically
connecting the carrier substrate to the die, the underfill material being disposed

between the conductive interconnection members.

8.  An electronic component, comprising:

a die having a die substrate and an integrated circuit formed on the die
substrate, the die having upper and lower major surfaces and a plurality of side
edge surfaces from the upper to the lower major surface, a corner edge portion

where extensions of two of the side edge surfaces meet, having been removed.

9. The electronic component of claim 8, wherein the corner edge portion has an

area of between 537 pm? and 860000 pm?.

10. The electronic component of claim 8, wherein the die is rounded at the

corner edge portion.

11. The electronic component of claim 10, wherein the die has a radius of

between 50 um and 1000 pm at the corner edge portion.
9
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12. The electronic component of claim 10, wherein an entire thickness of the die

from the upper to the lower major surface is rounded.

13. The electronic component of claim 8, further comprising:
a plurality of conductive interconnection members on a side of the die of the

integrated circuit.

14. The electronic component of claim 13, wherein the conductive

interconnection members are solder balls.

15. A method of making microelectronic dies, comprising:

singulating a wafer substrate on which a plurality of integrated circuits are
formed into a plurality of dies, each die including a respective one of the
integrated circuits, and each die having opposing major surfaces and a plurality of
side edge surfaces connecting the major surfaces; and

removing a corner edge portion of each die where two side edge surfaces of

the respective die meet.

16. The method of claim 15, wherein the portions are removed after the dies are

singulated.

17. The method of claim 15, wherein the portions are removed with an Excimer

10
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laser beam.

18. A method of constructing an electronic assembly, comprising:

mounting a die having a die substrate and an integrated circuit formed on
the die substrate over a carrier substrate with an underfill material between and
contacting both one major surface of the die and a plane of the carrier substrate;

heating the underfill material to cure the underfill material; and

allowing the underfill material to cool, the die having side edge surfaces
from the one major surface to an opposing major surface thereof, a corner portion
where two of the side edge surfaces meet, having been removed to reduce stresses
that may crack the die due to differential coefficients of thermal expansion of the

die and the underfill material.

19. The method of claim 18, further comprising:

singulating a wafer substrate on which a plurality of integrated circuits are
formed into a plurality of dies, each including a respective one of the integrated
circuits, and each die having opposing major surfaces and a plurality of side edge
surfaces connecting the major surfaces; and

removing a corner edge portion of each die where two side edge surfaces of

the respective die meet, one of the dies being the die that is mounted.

20. The method of claim 19, wherein the portions are removed with an Excimer

laser beam.

11
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