wo 2014/043545 A1 [N A0 O

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

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 March 2014 (20.03.2014)

=
WIPO | PCT

\

(10) International Publication Number

WO 2014/043545 Al

(51) International Patent Classification:
HO1L 21/60 (2006.01)
HOS5K 3/32 (2006.01)

HOIL 23/12 (2006.01)

(74

Agents: FRANZ, Warren, L. ¢t al.; Texas Instruments In-
corporated, Deputy General Patent Counsel, P.O. Box
655474, Mail Station 3999, Dallas, TX 75265-5474 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, 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, 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, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of 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, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(21) International Application Number: (81)
PCT/US2013/059773
(22) International Filing Date:
13 September 2013 (13.09.2013)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

61/700,477 13 September 2012 (13.09.2012) US
14/024,803 12 September 2013 (12.09.2013) US

(71) Applicant: TEXAS INSTRUMENTS INCORPOR-
ATED [US/US]; P.O. Box 655474, Mail Station 3999, (84)
Dallas, TX 75265-5474 (US).

(71) Applicant (for JP only): TEXAS INSTRUMENTS JA-
PAN LIMITED [JP/JP]; 24-1, Nishi-shinjuku 6-chome,
Shinjuku-ku Tokyo, 160-8366 (JP).

(72) Imventor: MASUMOTQO, Mutsumi; 17-9 Spa Land
Toyomi, Beppu Oita-ken, 8740012 (JP).

(54) Title: SEMICONDUCTOR CHIP MOUNTING

MAKE VACUUM
HOLES IN

ASSIST FILMS
761

|

CHIP VACUUM

|

ALIGNMENT

BONDING
704

l

TAPE PEELING

|

TARE
TRANSPORT
786

i 7

(57) Abstract: A semiconductor chip having conductive bumps on its main surface is held by its back via an elastic film using a suc-
tion tool having a plurality of suction holes, the semiconductor chip is positioned against a substrate provided with connection wires
corresponding to the conductive bumps, and the semiconductor chip is mounted onto the substrate in such a manner that the con -
ductive bumps connect to the connection wires, and uniform pressure is applied from the oversized bonding tool suction to the semi -
conductor chip via the film while the semiconductor chip is being pressed against the substrate by oversized bonding tool to keep
constant pressure in order to bond the conductive bumps with the connection wires. The film assisted bonding tool has a film cool -
ing system to assist in making vacuum holes and a through-hole tool movable relative to the bonding head to create a plurality of

holes in the assist tilm with a plurality of needles.
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SEMICONDUCTOR CHIP MOUNTING
16661 Embodiments of the invention are directed, in general, to semiconductor chip
packaging and, more specifically, mounting a thin semiconductor chip onto a substrate.
BACKGROUND
188621 A method for mounting a semiconductor chip onto a substrate referred to as
flip-chip mounting has been widely adopted. In the case of tlip-chip mounting, a body
provided with several conductive bumps, that is, bumps usually made of gold, serving as
connecting ternunals is placed face down onto the surface {referred to as main surface,
hereinaftery where circuits are formed on a semiconductor chip, that is, with the main surface
facing the substrate, in order to bond the conductive bumps directly to the wires on the
substrate,
RUEIRY A semiconductor chip is held by suction using a vacuum suction tool and
placed over the area where the buraps are to be mounted onto the wires formed on the
substrate. When bonding the gold bumps onto the wires, a fixed amount of pressure is
applied to the sermiconductor chip using a suction tool, and the substrate is heated at the same
time.
[004] In order to apply pressure via the suction tool to the semiconductor chip, it is
tmportant to bring the suction tool and the seraiconductor chip into close contact by means of
vacuun suction. However, a minute gap may be created between the suction surface of the
suction tool and the back of the semiconductor chip placed against the suction surface,
resulting in a drop in suction power. This drop in suction power not only reduces the pressure
applied to the bumps but alse creates another problem.
18805} That is, when the suction power of the suction tool drops, the semiconductor
chip can no longer follow the pressure applied to the tool, resulting in the problom that tip of
the suction tool ends up abrading the surface of the semiconductor chip due to friction. Some
of the scraped-off fine silicon particles stick to the back of the semiconductor chip, land on

the substrate, and roay even be ncorporated into a device eventually.
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[ 306861 The particles stuck to the semiconductor chip have potential for causing
serious problems depending on the ultimate use of the sermiconductor chip. For example, a
preamplifier bare chip to be mounted on an actuator in a hard disk device may be mentioned.
The scraped-off particles (they are 0.1-5 pm or so in size) stuck to the semiconductor chip
come loose mside the device due to vibrations caused by revolution of the magnetic disk and
ultimately fall onto the disk. Becausce the magnetic head floats at a distance of 50 um or less
from the disk surface, the scraped-off particles on the disk seriously affect the function of the
hard disk drive.

180671 As a result, with ctther elastic film, vot only was the same bonding strength as
that of the conventional example secured, but also the creation of particles duce to abrading of
the semiconductor chip was avoided entirely.

8688} However, elastic film is effective to prevent mechanical damage on silicon
chip by ultrasonic vibration but heat transfer 15 low when bonding tool s heated up to
accelerate bump bonding.

186049 Additional background is described in US 6,265,999

BRIEF DESCRIPTION OF THE DRAWINGS

{6016 FiG3. 1 is an oblique view showing an example of prior art bonding tool.
10011} FIG. 2 shows a possible thermocouple position problem with prior art between

the die edge and die center.
80613} FI1G. 3 1s two graphs showing a temperature GAP cause by the prior art

bonding tool.

18613} FIG. 4 shows lack of constant pressure when the semiconductor is thin.
18014} FIG. 5 is a diagram showing an oversized bonding tool overlapping

semiconductor chip.

16015] FIG. 6 1s a profile view of new tool and comparison with prior art tool,
{6616} FIG. 7 is a flowchart tlhustrative of the steps in the process of thin

seratconductor chip mounting 1o accordance with an erabodiraent of the foveuntion,
188174 FIG. 8 shows a film cooling system to make vacuum hole by air spray in

accordance with an ermmbodiment of the invention,

6018} FIGK. 9A-9C shows teusion control during vacuunm and bonding.
[8019] FIGS. 10A and 10B show a prior art single vacuum hole.
18626} FIGS. 11A and 11B show bonding tool vacuurn hole desigus.

~
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188214 Fi1G. 12 shows the alignment between the semiconductor chip and the
substrate,

16022} FiG. 13 shows bonding stage design in accordance with embodiment of the
mvention to reduce temperature GAP.

13623} Fi(s. 14 shows heat tool attachment and heat shield in accordance with
erabodiment of the fnvention to reduce temperature.

16024} FIG. 15 shows tape pecling 1o accordance with embodiment of the invention.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

18825} FIG. 1 shows a prior art suction tool. The suction tool is one of the
constituents of a device, such as a flip-chip tape assisted bonding device 10, used to mount a
seniconductor chip onto a substrate. The bonding tool 11 has a suction nozzie 12 whose tip
constitutes a suction surface for the semiconductor chip. The seraiconductor chip is held onto
the suction surface by means of vacuum suction achicved by the suction power obtained
through a single suction hole at the tip of the suction vozzle. In the prior art, an ultrasonic
horn for supplying ultrasonic vibrations is connected halfway up the suction nozzic 12. The
nitrasonic horn supplies lateral vibrations of a specific frequency to the suction nozzie 12 for
a prescribed period of time. The tip of the suction nozzle 12 and ultimately the
seratconductor chip held there by means of vacuurn suction are vibrated microscopically w
the lateral direction by the vibrations. The semiconductor chip is bonded to the substrate by
the vibrations, pressure, and heat.

16026} Elastic film 30 is configured as a long tape-like shape and is takenupon a
winding recl from a feeding rech. The clastic film is positioned between the suction surface of
the suction nozzie 12 and the semiconductor chip when the pltrasonic vibrations are applied
to the semiconductor chip via the bonding tool 11. The mtervention by the elastic film
prevents the semiconductor chip from coming 1uto divect contact with the suction nozzle, so
that the back of the semiconductor chip will not be abraded by the suction surface. The
suction nozzle 12 18 vooved to the position where a through-hole tool is provided while the
film 30 is carried along in front of the suction nozzle. The through-hole tool contains a

needle pin with a sharp tip whereby a hole 1s ereated in the film 30 at the position

suction by the suction nozzie 12 18 carried onto a substrate 33 fixed onto a mount 34,

(9%
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188271 In the clastic film feeder device, the tape-like film is mounted onto the device
in such a manner that it 1s posttioned w front of the suction surface 11a of the suction nozzle,
Every time the step of mounting a semiconductor chip onto the substrate begins, the feeder
device drives the reel in such a manner that a new surtace of the film is supplied to the front
of the suction surface. Although the present invention is not restricted by any specific
configuration of the feeder device, it 1s preferred that the feeder be fixed to the suction tool.
16028} The elastic film which must be capable of efficiently apply pressure to the thin
semiconductor chip. The strength to stand up to pressure and thermal tolerance are needed.
The thickoess of the clastic film, which the tuventor has confirmed through experiments to
mect these reguirements, falls into a range of 10-30 um. Furthermore, the distance the
suction nozzle travels 0.5-1.5 pm or so. In addition, fluororesin (elasticity: approximately 1.7
MPa} and straight chain type polyimide resin {elasticity: approximately 6370 MPa) were
found to be suitable as the material of the film.
{33284 A problem with the prior art bouding tool is a temperature gap. FIG. 2 shows
a possible thermocouple position problem between the die edge 210 and die center 220, FIG.
3 are two graphs showing a teraperature gap cause by the prior art bonding tool. The
temperature profile comparison between the two graphs confirms that there is temperature
gap between dic center and die corner by using a larger attachment o bondimg tool corapared
with the prior art attachment. 10mm attachment is used for the comparison.
{8636} Another problera with the prior art bonding tool is uneven pressure applied to
the semiconductor chip. This causes a breakage problem for thin sericonductor chips. FIG.
4 shows lack of constant pressure when the semiconductor 18 thin, Bonding tool 11 applics
pressure 410, During flipichip bonding, peripheral bamp contact pressure is lost due to thin
die. Prior art bonding tool 11 18 too small. Chip edge to bump edge is around 200um in the
exarapic. Loss of pressure due to thin chip is show at points 420, Many bump count 18 high
pressure by reaction force, cspecially after non-conductive paste NCP hardening 430, Low
density boud finger is not much reaction force compare with high density bond finger 440,
Table 1 shows size difference between a typical chip and prior art chip vacoum attachment
size.
6031

TABLE 1
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X Cmm) ¥ (mm)
Chip 0.8z 0.05
Chip Yacuum Attachment 5466 4601
Difference 0454 0445
166321 FIG. S 1s a diagram showing an oversized bouding tool 528 overlapping

sermconductor chip. Prior art bonding tool is not cnough size to do flat bonding. 10mm x
1O bonding tool used as example compared with current bonding tool. In the prior art,
the bonding tool 11 was sized for the semiconductor chip 32. Embodiments of the invention
use a bonding tool sized larger than the sermiconductor chip 32. The oversized bonding tool
keeps constant pressure, reduces the temperature gap and provides for a universal bonding
tool, which will not need to be changed for different chip sizes.

18833 FIG. 6 is a profile view of new bonding tool 610 and comparison with prior
art tool. The bonding tool 610 1s oversized. The bonding tool 610 may be constructed as
part of a new machine or as an attachment to preexisting machine.

08034} FIG. 7 1s a flowchart illustrative of steps in the thin semiconductor chip
wounting method 700 i accordance with an embodiment of the invention. In Step 701, a
pharality of vacuum holes are made into the assist film 810, Assist film is of similar
properties as clastic film of the prior art. Not only elastic filvn, but metal fibm could also be
used to improve heat transfer from bonding tool 610 to silicon dic. Metal film 1s for example,
aluminum, copper or stecl. Thickness of the metal foil should have enough peel strength for
rewind wmotion. Elastic film including metal particles is another option fo have both features
of clasticity and good thermal conductivity,

FUERRY In the next step 702, a vacuum is provide to handle chip. The bonding tool
610 18 moved to the position to which a semiconductor chip 632 is supplied. The suction is
activated in order to hold the semiconductor chip 632 by means of vacuum suction.
Although the assist film 810 is positioned between the bonding tool 610 couple to suction
and the semiconductor chip 632, the suction power of the bonding tool 610 couple to suction
is transmitted to the semiconductor chip 332 through the holes created in the assist film K10
in the previous step. As a result, not can only the sermconductor chip 632 be held by suction,
but also the suction surface can be prevented from coming into direct contact with the
semiconductor chip 632, A single hole was used in the prior art tool, however, the single

hole 1s not possibie with thin semiconductor chips due to breakage problem. Therefore, new

W
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hole patterns are provided to provide increase vacuum power in @ more distributed fashion,
details i FIGS. 11a and 10b.

6036} in the preferred embodiment, a film cooling system on a through-hole tool
820 raakes the vacuum holes as is shown in FIG. § by air spray 823, The air spray 823 1s for
the cooling of the assist film. Bounding tool 618 movable coupled to a suction nozzle such as
12 or the through-holc tool 820 18 moved relative to the other 1n order to create a plurality of
holes 1u the assist film 810 with one or more needle(sy 825, 1o such a case, it 1s deswrable to
bring the assist film 810 into contact with the suction surface in order to prevent the position
of the film from shifting relative to the suction surface after the holes are created, and to
apply a fixed level of tension to the assist film 810, Bonding tool 610 may coupled to a
single suction nozzle such as that of prior art 12 or suction source may be channeled through
a manifold to several holes in bonding tool 610 matched to through-hole tool 820, The final
part of a bonding tool that holds the sericonductor chip via suction through the suction holes
may be referred to as a bonding head.

188371 An imaging unit 830 is used in alignment as is disclosed below and to
recognize/identity semicondactor chip and substrate. An oxample imagiog voit s a charged-
coupled device CCD camera.

18035] Axu alternative embodiment comprises: 1) rolling out/sending the film to the
bonding too! 610, 23 moving the through hole tool 820 under the bonding tool 610, 3)
downing the bonding tool 610 toward the through hole tool 820 with the air spray 823, 4)
moving the bonding tool 610 to the original position, and 5} moving the through hole tool
810 to the original position.

180391 In the next step 702, the bonding tool 610 with suction is moved to the
position to which a semiconductor chip 632 is supplied. The suction tool is activated n order
to hold the sexaconductor chip 632 by mecans of vacuum suction. Although the assist filv
810 1s positioned between the bonding tool 610 and the semiconductor chip 632, the suction
power of the suction tool is transmiited to the sericonductor chip 632 through the holes
created in the film 810, As a result, not can ounly the semiconductor chip 632 be held by
suction, but also the suction surface can be prevented from coming into direct contact with
the semiconductor chip 632,

[6046] In order to mercase vacuum power and distribute the vacuum power to avoid

stress pownts of thin semiconductor chip and miss alignment, a novel vacuum bole design is

6
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provided. A single hole was used in the prior art tool, however, the single hole 1S not possible
with thin semiconductor chips due to breakage problem. FIGS. 9A-9C shows tension control
during vacuum and bonding.

0041 FIGS. 10A and 10B show the prior art single hole for vacuum suction. This
single hole design does not provide enough suction and results 1o a stress point which may
break a thin semiconductor chip.

16042} FIGS. 11A and 118 show the new bonding tool vacuum hole designs. The
novel designs result in more suction and distributed suction power to control suction at
different positions on the chip. The bonding tool 610 mclude multiple holes and wanifold to
distribute suction power. The distribution of the suction may alse be in places in machine
apart from the bonding toel 610 with multiple nozzles coupled to multiple holes in bonding
tool 610. FIG. 11a shows an X pattern design in assist film 810, FIG. 11b shows an
assortment of vacuum hole patierns as examples. Other patterns are deem to be in the spirit
and scope of the erabodiments of the invention.

180431 Alignment is provided in step 703. Bonding 1s provided in step 704, FIG. 9
shows tension control of filw for maiss alignment. Torgue control system is shown for assist
film 810 shrinkage tension during temperature GAP between alignment time for miss
alignment and contact teraperature,

180441 The semiconductor chip 632 held by suction by the suction nozzle is carried
onto a substrate 633, where it 1s to be mounted and positioned there. That s, gold bumps
6322 on the semiconductor chip 632 are aligned with wires 633a on the subsirate 633, The
bonding tool 610 with seraiconductor chip 632 held by suction is lowered to bring them into
countact. At this time, the bonding tool 618 applics a prescribed amount of pressure in order
to press the semiconductor chip 632 against the substrate 633, The substrate 633 is heated to
a preseribed teroperature. The substrate 633 way also be sealed into the package together
with the semiconductor chip. Torque control system 18 used on assist film 810 to control
tension and shunkage during temperature GAP between alignment ime for miss alignment,
1 8045] FIG. 12 shows the alignment between the semiconductor chip 632 and the
substrate 633, The alignment is assisted by use of the imaging unit 830, The fraaging unit is
positioned between the chip 632 and the substrate 633,

[8046] New material in addition to the design may reduce temperature GAP fusced

) ™ R ey . . . . . .
as a mount. Photoveel ™ ceramic material is a high performance machinable ceramic with

7
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high strength and low thermal expansion. This material and the like materials may be used to
create a heat shield. Alumina is used in the prior art and has a thermal conductivity of 30
W/mK. The thermal conductivity of Photoveel ™ material is 1.7 W/nk.

[047] FIG. 13 shows bonding stage design 1n accordance with embodiment of the
vention to reduce temperature GAP,

16048} FI1G. 14 shows heat tool 1410 and attachracnt 1420 used in the prior art. The
teraperature wn prior art moay reach 116 degrees €. A heat shield 1430 in accordance with
embodiment of the invention may be used to reduce temperature cause by radiation heating.
in the example, the temperature with heat shicld 1430 way be only 86 degrees C.

[ 8048 Tape pecling 18 provided in step 705, FIG. 15 shows tape peeling in
accordance with embodiment of the invention. Assist film remover 1510 peels assist film
from the semiconductor chip.

1H058] Tape transport 18 provided in step 706, Assist film 810 in FIG § 18 taken up
by a reel as a feeder device is driven, and a new filim surface is supplied to the front of the
bonding too! 610 coupled to suction.

16051 Those skilled 1n the art to which the wvention relates will appreciated that
modifications may be made to the described embodiments, and also that many other

cmbodiments are possible, within the scope of the claimed wvention.



WO 2014/043545 PCT/US2013/059773

CLAIMS

What 18 claimed is:

1. A method for meounting s serniconductor chip, the method comprising:

providing a bonding tool sized larger than the semiconductor chip, the bonding tool
coupled to a vacuum source;

providing an unused arca clastic assist filvo from a spool of assist {ilvy

creating a plurality of suction heoles in a section of the elastic assist film;

holding the sewiconductor chip by a sccond surface via suction through the plurality
of suction holes in the elastic assist filmy;

posttioning the sermiconductor chip against a substrate provided with connection
wires corresponding to the conductive bumps;

applying pressure from the oversized bonding tool to the sermiconductor chip via the
clastic assist film while the semiconductor chip is being pressed against the substrate in order

to bond the conductive bumps with the connection wires.

2. The method according to claim 1, wherein the filim is shaped like a long tape, and an
unused arca of the film is fed indo the space between the bonding tool and the back of the

semiconductor chip every time a new semiconductor chip is mounted.

3. The method according to claim 1, wherein the phirality of suction holes on the filin

are shaped by the oversized suction bonding tool.

4. The method according to claim 1, wherein the plurality of suction holes on the film

are shaped by 4 plurality of shaped needles in the oversized suction bonding tool.

5. The rocthod according to clain 1, wherewn the plorality of suction holes form a
patiern.
8. The method according to claim 5, wherein the pattern is a square pattern,

'_-]

The method according to claira 5, wherewn the pattern 18 a star pattern.

g
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K. The method according to claim 5, wherein the pattern is a cross pattern.
Q. The macthod according to claim 5, wherein the pattern s an X pattern.
10, A method for peeling g semiconductor chip from a film from a filrn assisted bonding

tool, the method comprising moving a plurality of ift up sliders from a first plurality of

areas and towards a second area of the semiconductor chip.

1. The method according to claim 10, wherein the second area 18 a conter of the

semmconductor chip.

12, The method according to clairg 10, wherein the first plurality of areas arce the corners

of the seraiconductor chip.

13, The method according to claim 1, wherein the filim 1s shaped like a loug tape, and an
unused arca of the film is fod into the space between the bonding tool and the back of the

seraiconductor chip every time a new semicounductor chip s mouonted,

14, A film assisted bonding tool mechanism for bonding a serniconductor chip to a
substrate, comprising:

a bonding head sized larger than the semiconductor chip, the bonding tool coupled to
a VACUUTY SOUTce;

a film cooling system to assist in making vacuum holes in a section of assist film by a
spray; and

a through-hole tool movable relative to the bonding head to create a phurality of holes

in the assist film with a plurality of needles.

13, A film assisted bonding tool mechanism of claim 14 further comprising a part to

provide tension.

10
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16, A film assisted bonding tool mechanism of claim 14 further comprising a part to peel

the film fromw the semicondacior chip.

7. A film assisted bonding tool mechanism of claira 16, wherein the part to peel the filn

from the seraiconductor chip comprising a plurality of sliders.

i
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