wo 2013/295344 A1 || I} NN TP OO0 RO AN

(43) International Publication Date

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

=

(29) World Intellectual Property
Organization
International Bureau

27 June 2013 (27.06.2013)

WIPO | PCT

(10) International Publication Number

WO 2013/095344 Al

(51)

21

(22)

(25
(26)
(71)

(72)
(79)

International Patent Classification:
HO1L 21/50 (2006.01)

International Application Number:
PCT/US201 /065920

International Filing Date:
19 December 201 1 (19.12.201 1)

English
English

Applicant (for all designated Sates except US): INTEL
CORPORATION [US/US]; 2200 Mission College
Boulevard, MS: RNB-4-150, Santa Clara, California 95052
Us).

Inventors; and

Inventors/Applicants (for US only): SANKMAN, Robert
[US/IUS]; 13202 S. 34th Way, Phoenix, Arizona 95044
(US). ZARBOCK, Edward [USUS]; 1466 E. Sagebrush,
Gilbert, Arizona 85296 (US).

Filing Language:

Publication Language:

(74)

(81)

(84)

Agent: VICTOR, David W.; Konrad Raynes & Victor
LLP, 315 S. Beverly Dr., Suite 210, Beverly Hills, Califor-
nia 90212 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 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, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Titlee USING AN OPTICALLY TRANSPARENT SOLID MATERIAL AS A SUPPORT STRUCTURE FOR ATTACH-
MENT OF A SEMICONDUCTOR MATERIAL TO A SUBSTRATE

(57) Abstract: Electronic devices and methods for fabricating
electronic devices are described. One method includes attaching
an optically transparent solid material to abody of semiconduct-
ing material in which microelectronic devices are formed. The
method also includes attaching afirst surface of abody portion,
comprising aportion of the body, to a substrate while a portion
of the optically transparent solid material is attached to a second
surface of the body portion. The method also includes removing
the optically transparent solid material from the second surface
of the body portion after the attaching the first surface of the
body portion to the substrate.

FIG. 1

} ’
Initiate processing )

. s
: , p

Heat the body portion (die) and
support structure in reflow oven.

Thin a body (wafer). l 120
Deflux and underfill die
/104 attached to substrate.
‘ Apply adhesive to the body (wafer).
122

1ng

I Place protective mask
Position optically transparent solid materic around die.
onto adhesive.
124
108

Apply UV light to cure the adhesive to
adhere the optically transparent material
to the body (wafer).

110

Apply laser over the optically
transparent solid material
(support structure on die).

o

Remove optically transparent solid
material from body portion (die).

Flip wafer and remove backgrind
tape from body (wafer).

¥
. . 128
Mount the optically transparent solid
material to a dicing material and frame.
Peel off adhesive and
clean residue.
e

Divide the body (wafer) into body
portions (dies) with support structure.

116

Position a body portion (die) onto
substrate.




w 0 2013/095344 Al vxa xn il ST ol DG Sl Dl

SM, TR), OAPI (BF, BJ CF, CG, Cl, CM, GA, GN, GQ,  Published:

GW, ML, MR, NE, SN, TD, TG). —  -with international search report (Art. 21(3))
Declarations under Rule 4.17:
— d inventorship (Rule 4.17(iv))



10

15

20

25

30

35

WO 2013/095344 PCT/US2011/065920
USING AN OPTICALLY TRANSPARENT SOLID MATERIAL ASA SUPPORT

STRUCTURE FOR ATTACHMENT OF A SEMICONDUCTOR MATERIAL TOA
SUBSTRATE

RELATED ART

Integrated circuits may be formed on semiconductor wafers made from materials such as
silicon. The semiconductor wafers are processed to form various electronic devices. The wafers
are diced into semiconductor chips (achip is aso known as adie), which may then be attached to
apackage substrate using avariety of known methods. In one known method for attaching a
chip or dieto apackage substrate, the die may have solder bump contacts which are electrically
coupled to the integrated circuit. The solder bump contacts extend onto the contact pads of a
package substrate, and are typically attached in athermal reflow process. Electronic signals may
be provided through the solder bump contacts to and from the integrated circuit on the die.

When exposed to up to 250 Celsius during the reflow heat process, the die may
experience warpage due to coefficient of thermal expansion (CTE) mismatch of the materials of
the die and the substrate. Thermal expansion mismatch between the multiple meta layersin the
die and the bulk silicon can lead to stresses developing in the electronic assembly during
processing procedures, in particular, during heating and cooling operations such as solder reflow.
Such stresses may cause destructive warpage that prevents the successful soldering of the die and
the substrate. As electronic devices and package substrates become more thin, warpage effects
will become more pronounced and have amore severe impact on assembly process yields.

Package substrate warpage problems may be addressed using a number of approaches.
For example, athicker die and substrate may be used. The thicker die and substrate are more
rigid due to the increased thickness and thus less likely to undergo destructive warpage that may
prevent successful soldering of the die and the substrate. However, this approach conflicts with
the industry trend to produce thinner dies. Another approach isto use a heat spreader coupled to
the die and the substrate. The heat spreader also makes the assembly more rigid and less prone
to warpage. Still another approach isto use a stiffener coupled to the package substrate. The
stiffener may take the form of ametal ring coupled to the package substrate. The metal ring adds
mass to the assembly and makes it more rigid and less prone to warpage. All of these methods
add substantial mass and thickness to the package substrate assembly and do not allow for

thinner packages.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are described by way of example, with reference to the accompanying
drawings, which are not drawn to scale, wherein:

FIG. lillustrates an embodiment of aflow of operations for forming an assembly.

Figs. 2-13 illustrate processing operations for attaching a die structure to a substrate, in
accordance with certain embodiments;

Fig. 14 illustrates an electronic system arrangement in which certain embodiments may

find application.

DETAILED DESCRIPTION

Certain embodiments relate to electronic assemblies. Embodiments include both devices
and methods for forming electronic assemblies.

In current semiconductor processing systems, such aswith flip chips, the chips are
bonded to the substrate in areflow oven to melt the solder balls on the surface of the chip to
connect to the substrate. Chips having afull thickness, for example of 800 wn, generally
experience little or no destructive warpage when exposed to the heating of areflow oven, such as
a temperatures of 250 Celsius. Current chip design techniques seek to thin the chip to reduce
the size, such asto 200 pun or less.  Such chips having thinner profiles are more likely to
experience destructive warpage when exposed to the temperatures of areflow oven, such as 250
Celsius, whereas a chip that isnot thinned having athickness of 800 uin has sufficient silicon
bulk to resist destructive warpage from the reflow heating process.

For instance, it has been observed that a22x33 mm die should remain at full thickness
(800 pun) to solder successfully with minimal or no warpage, a 130 pin solder bump pitch using
the reflow heating process. A 11x22 mm die may bethinned to 300-400 win and still have an
acceptable chip attach yield with a 90 pin solder pitch. For a 9x9 mm die a thickness below 200
un, unacceptable levels of warpage may occur with current reflow oven heating processes. For
packages thinned below such levels, atherma compression bonding technique isused to
perform the chip attach. However, thermal compression bonding (TCB) is several times more
expensive than the reflow heating process because TCB can overcome die and substrate warpage
using vacuum die nozzles and substrate pedestals.

Certain embodiments relate to electronic assemblies. Embodiments include both devices
and methods for forming electronic assemblies.

FIG. lillustrates aflow of operations to attach adie to a substrate in accordance with
described embodiments. The operations of FIG. 1are described with respect to the

semiconductor devices described with respect to FIGs. 2-14. The operations described herein
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may be performed using semiconductor fabrication systems and machines known in the art

comprised of aplurality of stations to perform the processing of the semiconductor devices as
described herein.

With respect to FIG. 1, a block 100 the assembly of abody of semiconducting material
in which microelectronic devices are formed, such as awafer, isinitiated. FIG. 2 shows the
body 2 (wafer) in an inverted orientation, having aback surface 4 and atop surface 6. Integrated
circuits comprising semiconductor devices may be formed in the wafer 2. Metallic bumps 8,
such as solder balls, are formed on the front surface 6 of the body 2 (wafer) through aheating
process. The solder balls would be deposited on pads (not shown) attached to the first surface 6
of the body 2. A backgrind tape 10 may be deposited on the top surface 6 to position the body 2
(wafer) for wafer thinning, e.g., grinding and polishing, (at step 102) by awafer thinning tool 12
on the top surface 6 to thin the body 2 (wafer) to athickness of 150 pin to 300 uin.

At step 104, an adhesive 14 is applied to the back surface 4 of the inverted body 2 (wafer),
as shown in FIG. 3. The adhesive 14 may comprise a suitable spin coat ultraviolet (UV)
curable/laser release adhesive.

At step 106, afirst surface 16 of an optically transparent solid material 18 is positioned
(FIG. 4) onto the adhesive 14 layer. The optically transparent solid material 18 may comprise, in
certain embodiments, an amorphous non-crystalline solid material, such as glass. In one
embodiment, the glass may comprise a500-700 wn sacrificial glasswafer. Inthisway, the
optically transparent solid material 18 has athickness multiple times greater than the body, such
as up to ten times thicker than the body of awafer thinned to 100 pn.

At step 108, as shown in FIG. 5, an ultraviolet (UV) laser light 20 is applied to a second
surface 22, opposite the surface 16, of the optically transparent solid material 18 to cure the
adhesive 10 and bond the optically transparent solid material 18 to the bottom surface 4 of the
body 2 (wafer).

At step 110, the body 2 (wafer) is flipped, as shown in FIG. 6, to locate the top surface 6
in an upward orientation, and the backgrind tape 10 isremoved.

At step 112 and as shown in FIG. 7, the second surface 22 of the optically transparent
solid material 18 is mounted to adicing material 24 and frame 26 to maintain the position of the
body 22 (wafer) and attached optically transparent solid material 18 during the cutting process to
form body portions (such as dies) out of the body (wafer) 22.

At step 114, the body 22 (wafer) is divided into body portions or dies coupled to the
optically transparent solid material. FIG. 9 shows lasers 26a, 26b, 26¢ cutting through the body
2 (wafer) and the optically transparent solid material 18 to produce individual body parts or dies,
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each having their own Die Level Support System (DLSS) comprising the optically transparent

solid material 18 attached to the die portion of the wafer before being cut.

FIG. 10 shows an embodiment of one of the dies or body portions 30 cut from the body
22 (wafer) attached to optically transparent solid material 32, comprising aportion of the
optically transparent solid material 18 cut a step 114.

At step 116 and as shown in FIG. 9, the body portion 30 (die) ispositioned with respect
to a substrate 34, which may comprise a semiconductor packaging material. The substrate 34
may comprise bulk silicon, such asthe package, dielectric or underlying electronics, to which the
die 30 is attached, to enable the die 30 to connect to amotherboard or circuit board.

At step 118, the body portion (die) 30 positioned on the substrate 34 is sent through a
reflow oven to heat and melt the metal bumps 8, such as solder balls, to produce an electrical
connection between the body portion 30 (die) and the substrate 34 as shown in FIG. 10. The
DLSS comprised of the optically transparent solid material 32 attached to the body portion 30
(die) inhibits the die 30 from warping during the reflow heating process that reheats and melts
the metal bumps 8.

At step 120, the body portion 30 (die) mounted on the substrate 34 is defluxed and
underfilled with an electrically insulating adhesive, or underfill 36, as shown in FIG. 10, to
provide a stronger mechanical connection between the body portion (die) 30 and the substrate 34.
The underfill 36 may bethermally cured to bond the underfill 36 to the die 30 and the substrate
34. The underfill 36 isbonded to the die 30 and substrate 34 while the optically transparent solid
material (support structure) is attached to the body portion 30 (die).

At step 122, aprotective mask 38, shown in FIG. 11, isplaced around the body portion
30 (die) to protect the underlying substrate 34 while, at step 124, alaser 40, such asaYAG laser,
israstered over the optically transparent solid material 32 attached to the body portion (die) 30.
The mask 38 may have an opening through which the die 30 and optically transparent solid
material 32 are exposed to the laser 40 so asto protect the region of the substrate 34 non-
overlapping with respect to the body portion (die) 30. The application of the laser 40 breaks the
adhesive bonds attaching the optically transparent solid material 32, functioning as the support
structure (DLSS) for the heating process, from the body portion 30. Other suitable techniques
may be used to remove the optically transparent solid material 32 from the die 30.

At step 126, the optically transparent solid material 32 isremoved from the substrate 30
asshown in FIG. 12. Theremaining adhesive 42, cut from the adhesive 14 applied to the body
portion (wafer) 2, may then be removed from the body portion 30 (di€), as shown in FIG. 13,

during a clean-up process a block 128, during which any remaining residue is also removed.
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With the described embodiments, an optically transparent solid material is attached to a

wafer, and then dies cut from the wafer include the portion of the optically transparent solid
material attached to the die portion when the wafer was cut. The optically transparent solid
material provides a support structure to inhibit warping of arelatively thin die, such asfrom 150-
300 wuin thick, during the reflow heating process to melt the metal balls to electrically connect the
dieto the substrate. The process of the described embodiments for using an optically

transparent solid material die support structure in areflow heating process is substantially less
expensive than other processes to attach the die to the substrate, such asthermo compression
bonding processes (TCB).

Assemblies including a substrate and chipjoined together as described in embodiment
above may find application in avariety of electronic body portions. Fig. 14 schematically
illustrates one example of an electronic system environment in which aspects of described
embodiments may be embodied. Other embodiments need not include all of the features
specified in Fig. 14, and may include aternative features not specified in Fig. 14.

The system 201 of Fig. 14 may include at least one central processing unit (CPU) 203.
The CPU 203, also referred to as amicroprocessor, may be a chip which is attached to an
integrated circuit package substrate 205, which isthen coupled to aprinted circuit board 207,
which in this embodiment, may be amotherboard. The CPU 203 on the package substrate 205 is
an example of an electronic device assembly that may have a structure including copper, tin,
silver, indium or other suitable materials in the bump area between the package and chip, in
accordance with embodiments such as described above. A variety of other system body portions,
including, but not limited to memory and other body portions discussed below, may aso include
chip and substrate structured formed in accordance with the embodiments described above.

The system 201 further may further include memory 209 and one or more controllers
21la, 21lb ... 21In, which are also disposed on the motherboard 207. The motherboard 207
may be a single layer or multi-layered board which has aplurality of conductive lines that
provide communication between the circuits in the package 205 and other body portions
mounted to the board 207. Alternatively, one or more of the CPU 203, memory 209 and
controllers 211a, 211b ... 211In may be disposed on other cards such as daughter cards or
expansion cards. The CPU 203, memory 209 and controllers 21la, 21lb ... 21In may each be
seated in individual sockets or may be connected directly to aprinted circuit board. A display
215 may also be included.

Any suitable operating system and various applications execute on the CPU 203 and
reside in the memory 209. The content residing in memory 209 may be cached in accordance

with known caching techniques. Programs and data in memory 209 may be swapped into storage
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213 as part of memory management operations. The system 201 may comprise any suitable

computing device, including, but not limited to, amainframe, server, personal computer,
workstation, laptop, handheld computer, handheld gaming device, handheld entertainment
device (for example, MP3 (moving picture experts group layer -

3 audio) player), PDA (personal digital assistant) telephony device (wireless or wired), network
appliance, virtualization device, storage controller, network controller, router, etc.

The controllers 211a, 211b ... 211n may include one or more of a system controller,
peripheral controller, memory controller, hub controller, 1/0 (input/output) bus controller, video
controller, network controller, storage controller, communications controller, etc. For example, a
storage controller can control the reading of data from and the writing of data to the storage 213
in accordance with a storage protocol layer. The storage protocol of the layer may be any of a
number of known storage protocols. Data being written to or read from the storage 213 may be
cached in accordance with known caching techniques. A network controller can include one or
more protocol layersto send and receive network packets to and from remote devices over a
network 217. The network 217 may comprise aLoca Area Network (LAN), the Internet, a
Wide Area Network (WAN), Storage Area Network (SAN), etc. Embodiments may be
configured to transmit and receive data over awireless network or connection. In certain
embodiments, the network controller and various protocol layers may employ the Ethernet
protocol over unshielded twisted pair cable, token ring protocol, Fibre Channel protocol, etc., or
any other suitable network communication protocol.

While certain exemplary embodiments have been described above and shown in the
accompanying drawings, it isto be understood that such embodiments are merely illustrative and
not restrictive, and that embodiments are not restricted to the specific constructions and
arrangements shown and described since modifications may occur to those having ordinary skill

in the art.
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WHAT ISCLAIMED

1. A method comprising:

attaching an optically transparent solid material to abody of semiconducting material in
which microelectronic devices are formed;

attaching afirst surface of abody portion comprising a portion of the body to a substrate
while aportion of the optically transparent solid material is attached to a second surface of the
body portion; and

removing the optically transparent solid material from the second surface of the body
portion after the attaching the first surface of the body portion to the substrate.

2. The method of claim 1, wherein attaching the optically transparent solid material
to the body comprises;

applying an adhesive to the body; and

adhering the optically transparent solid material to the body with the adhesive.

3. The method of claim 2, further comprising:
applying an ultraviolet light to cure the adhesive to attach the optically transparent solid
material to the body.

4. The method of claim 1, wherein the optically transparent solid material

comprises an amorphous non-crystalline solid material.

5. The method of claim 1, wherein the optically transparent solid has athickness

greater than athickness of the body.

6. The method of claim 5, wherein the thickness of the optically transparent solid
material is lessthan or equal to ten times thicker than the thickness of the body.

7. The method of claim 1, wherein the body comprises a semiconductor wafer,
wherein the body portion comprises adie formed from the wafer, and wherein the substrate
comprises a semiconductor packaging material.

8. The method of claim 1, further comprising:
providing aplurality of metal bumps on the first surface of the body portion, wherein
attaching the first surface of the body portion to the substrate comprises heating the metal bumps.
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9. The method of claim 1, wherein afirst surface of the optically transparent solid

material is attached to the second surface of the body portion, and wherein the removing the
optically transparent solid material comprises:

providing amask that exposes the portion of the optically transparent attached to the
body portion and extends around aregion of the substrate non-overlapping with respect to the
body portion; and

applying alaser over a second surface of the optically transparent solid material to
separate the portion of the optically transparent solid material from the second surface of the
body portion.

10. A method comprising:

attaching an optically transparent solid material to abody of semiconducting material in
which microelectronic devices are formed;

dividing the optically transparent solid material and the body into aplurality of body
portions, each including a portion of the microelectronic devices formed in the body and a
portion of the optically transparent solid material;

attaching afirst surface of one of the body portions to a substrate while the optically
transparent solid material is attached to afirst surface of the body portion; and

removing the portion of the optically transparent solid material from the first surface of
the body portion after the attaching of the second surface of the body portion to the first surfaces
of the substrate.

11. The method of claim 10, further comprising:

mounting a second surface of the optically transparent solid material attached to the body
to adicing material and frame; and

cutting the body with the attached optically transparent solid material mounted on the

frame to divide into the body portions.

12. The method of claim 10, wherein attaching the optically transparent solid material
to the first surface of the body comprises:

applying an adhesive to the first surface of the body;

positioning the optically transparent solid material onto the adhesive; and

curing the adhesive to attach the optically transparent solid material to the first surface of
the body.
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13. The method of claim 12, further comprising:

removing the adhesive from the first surface of the body portion after removing the

portion of the optically transparent solid material.

14. The method of claim 10, wherein the first surface of the body portion is opposite
the second surface of the body portion, wherein attaching the second surface of the body portion
to the first surface of the substrate comprises:

positioning the second surface of the body portion onto the first surface of the substrate;
and

heating the body portion positioned on the substrate to electronically connect the

microelectronic devices in the body portion to the substrate.

15. The method of claim 10, wherein the optically transparent solid has athickness

greater than athickness of the body.

16. The method of claim 15, wherein the thickness of the optically transparent solid

material islessthan or equal to ten times thicker than the thickness of the body.

17. The method of claim 1, wherein the body comprises awafer on which dies
comprising semiconductor chips are formed, wherein the body portions comprise the dies, and

wherein the substrate comprises a semiconductor packing material.

18. A method comprising:

thinning afirst surface of awafer on which integrated circuits are formed to awidth of
100 to 300 micrometers;

attaching an optically transparent solid material to the first surface of the wafer having a
thickness greater than the wafer;

dividing the wafer and the attached optically transparent solid material into aplurality of
dies, wherein each of the diesis coupled to a support structure comprising aportion of the
optically transparent solid material attached to afirst surface of the die in the wafer;

positioning a second surface of one of the dies on a substrate;

heating the die positioned on the substrates to attach the second surface of the die to the
substrates; and

removing the support structure from the die after the heating of the die.
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19. The method of claim 19, wherein the removing the removing of the support

structure comprises:
applying alaser to the support structure comprising the optically transparent solid

material to release the support structure.

20. The method of claim 18, further comprising:

providing metal bumps bound to the second surface of the die;

sending the die coupled to the support structure through areflow oven;

melting the metal bumps while performing the heating to electronically connect the dieto
the substrate.

21. The method of claim 18, wherein the optically transparent solid has athickness
greater than athickness of the wafer.

22. The method of claim 21, wherein the thickness of the optically transparent solid

material islessthan or equal to ten times thicker than the thickness of the body.

10
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