DESCRI PTI ON

TI TLE OF | NVENTI ON: METHOD FOR PRODUCI NG LED MOUNTI NG
SUBSTRATE, CLEANI NG SOLUTI ON, AND CLEANI NG METHOD

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nethod for
produci ng an LED nounting substrate, a cleaning

solution, and a cl eani ng nethod.

BACKGROUND ART
[ 0002]

In recent years, optical devices made fromnitride
sem conductors have conme to be used as backlights for
liquid crystal displays, and displays for signage.

[ 0003]

The optical devices, for exanple, are mass-produced
usi ng sem conduct or processes on sapphire substrates.
When producing a 4-inch display substrate using LEDs
known as micro-LEDs, which are 100 pm square or smaller,
several mllion mcro-LEDs are required. The mcro-
LEDs, being tiny devices having a size of several tens
of um, are isolated from the sapphire substrate, which
is a substrate for epitaxial growth, and are utilized.

[ 0004]

| n producing steps of mcro-LED di splays, |aser
lift-off (LLO is performed to separate m cro-LED chips
fromthe sapphire substrate. The LLO step, for exanple,
is a step of irradiating a GaN | ayer of the LED chip
with an excinmer |aser to deconpose the GaN | ayer into
gaseous N> and netal Ga, thereby separating the LED chips

fromthe sapphire substrate. This enables obtaining a



receptor substrate having a | arge nunmber of optical
devi ces arranged on a surface thereof.
[ 0005]

The method like this is not l[imted to the nethod
related to the optical device and can also be applied to
produce a receptor substrate on which a plurality of to-
be-transferred objects, such as tiny sem conductor
devi ces, are arranged on a surface.

[ 0006]

For exanmpl e, Patent Docunment 1 proposes a nethod
for accurately transferring to-be-transferred objects
fromthe top of a donor substrate to a receptor

substrate using | aser irradiation.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0007]

Pat ent Docunment 1: JP 2020-4478 A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0008]

When perform ng an LLO step, opaque netal Ga
uni ntentionally precipitates on surfaces of separated
m cro-LED chips. Wen this nmetal Ga precipitated on the
LED chip is renoved using an acidic cleaning solution
and the cl eaned LED chips are nounted on a substrate,
connection failure is generated. As a result of
i nvestigations into various possibilities by the present
i nventors about the cause of this connection failure,
the present inventors realized that a shape of a bunp
before a connection has changed conpared to an ori gi nal

shape. In addition, the present inventors have

2



determ ned that this change is due to dissolution,
alteration, or the like of the bunp caused by the acidic
cl eaning solution during the cleaning step.

[ 0009]

Here, when the LED chips are subjected to LLO from
a sapphire substrate to a receptor substrate, a surface
where the bunp is provided is adhered to the receptor
substrate and protected fromthe cleaning solution, but
the dissolution or alteration is generated during the
cleaning step. That is, it is considered that a gap is
present between the LED chips and the receptor substrate
due to the bunp or other differences in |evel, causing
the cleaning solution to enter through this gap, and
di ssol ve and alter the bunp.

[ 0010]

As shown in FIG 5, netals used for the bunp (such
as In or SnAgCu-based alloy (SAC)) and Ga (gallium are
often proximate in a periodic table, and it is
consi dered that selective renmoval of galliumis
difficult in a state where the bunp and galliumare in
contact with the cleaning solution. Accordingly, the
present inventors first studied to protect the bump from
t he cl eaning solution by enbeddi ng the bunp deeply into
an adhesive |ayer of the receptor substrate. However,
it is found that while this nmethod can protect the bum
fromthe cleaning solution, separation of the adhesive
| ayer fromthe bunp becones difficult in the follow ng
st ep.

[0011]

Here, being proximate to galliumin the periodic
tabl e nmeans a position proximate to a position of
galliumin the periodic table, which is period 4, group

13. For exanple, the position may be in a range of
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periods 3 to 6 and groups 11 to 15 or the position nmay
be in a range of periods 3 to 5 and groups 11 to 14.
[0012]

In this way, it is found that a cleaning method is
required in which netal Ga is selectively renoved from
conponents such as the LED chips, which have netal Ga
and the netal other than the netal Ga on a surface
t hereof, without affecting the metal other than the
nmetal Ga. It is also found that a cleaning solution
usable for this nmethod is required.

[ 0013]

The present invention has been nade to sol ve the
above-descri bed problem An object of the present
invention is to provide a nmethod for producing an LED
nounti ng substrate capable of producing the LED nounting
substrate by selectively renmoving nmetal Ga (hereinafter
may al so be sinply referred to as “@G” or “galliun)
adhered to LED chi ps that have been transferred fromthe
top of a sapphire substrate onto a receptor substrate by
| aser lift-off, without dissolving or altering another
metal ; a cleaning solution usable for this method; a
cl eaning method for selectively renmoving gallium adhered
to the LED chips without dissolving or altering the
ot her metal; and a cleaning nmethod for selectively
renmoving galliumfroma conponent having galliumand a
metal other than the galliumon a surface w thout
di ssolving or altering the nmetal other than the gallium

SOLUTI ON TO PROBLEM
[ 0014]

The present invention has been nade to achieve the
above-descri bed object. The present invention provides

a nethod for produci ng an LED nounti ng substrate, the
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met hod conprising a step of cleaning an LED chip, being
transferred fromon top of a sapphire substrate onto a
receptor substrate by laser lift-off, with an al kaline
cl eani ng sol ution.

[ 0015]

According to such a nmethod for producing an LED
mounti ng substrate, a high-quality LED nounting
substrate can be produced by renoving unnecessary
gall ium w thout dissolving or altering a netal such as a
bump on the LED chi p.

[ 0016]

In this case, it is possible that galliumis
present on a surface opposite to the receptor substrate
of the LED chip that is transferred onto the receptor
substr at e,

and the galliumis renmoved in the step of cleaning.
[0017]

The cleaning step of the inventive method for
produci ng an LED nounting substrate is effective,
particul arly when renoving the galliumfrom such an LED
chi p.

[ 0018]

In this case, an al kaline concentration of the
al kaline cleaning solution can be 0.5 mass% or nore but
no greater than a saturated concentration or less. In
addition, a tenperature of the al kaline cl eaning
solution can be 5°C or nore and 80°C or |ess. Moreover,
time for cleaning using the al kaline cleaning solution
can be 10 seconds or nore and 1 hour or |ess.

[ 0019]

Under such conditions, galliumcan be renoved
selectively with greater stability and reliability.
[ 0020]



In this case, a surface of the LED chip on a side
to be adhered to the receptor substrate can have a bunp.
[ 0021]

The inventive nethod for producing an LED nounti ng
substrate is effective, in particular, when producing
t he LED nmounting substrate having the bunp from such an
LED chi p.

[ 0022]

In this case, the bunp can have been fornmed using
| ead-free solder. Moreover, the bunp can contain, as a
mai n conponent, at |east one selected from SnAgCu- based
al l oy, SnzZnBi -based all oy, SnCu-based all oy, SnAgl nBi -
based al | oy, SnZnAl - based all oy, and indium
[ 0023]

The inventive nmethod for producing an LED nounti ng
substrate is effective, in particular, when subjected to
the LED chi p having such a bunp.

[ 0024]

In this case, the LED chip transferred onto the
receptor substrate can be cleaned by i mersing the LED
chip along with the receptor substrate in the al kaline
cl eani ng sol ution.

[ 0025]

Thi s enabl es producing the LED nounting substrate
nore easily.
[ 0026]

The present invention provides a cleaning solution
for cleaning an LED chip after transferring thereof onto
a receptor substrate by laser |ift-off froma sapphire
substrate where the LED chip is provided thereon,
wher ei n

t he cleaning solution is alkaline.

[ 0027]



According to such a cleaning solution, unnecessary
gallium can be selectively renoved w thout dissolving or
altering a netal such as a bunp on the LED chip
[ 0028]

In this case, the cleaning solution can have a pH
ranging from9.5 to 14.0. Moreover, the cleaning
solution can be an aqueous sol ution containing at |east
one selected fromthe group consisting of sodi um
hydr oxi de, potassi um hydroxi de, anmoni um hydr oxi de,
magnesi um hydr oxi de, tetramethyl anmoni um hydr oxi de,

t et rabut yl ammoni um hydr oxi de, sodi um carbonate, sodi um
hydr ogencar bonate, and potassi um acet at e.
[ 0029]

Thi s enabl es perform ng nore easy and stable
cl eani ng.
[ 0030]

The present invention also provides a cleaning
met hod for cleaning an LED chip isolated froma sapphire
substrate by laser lift-off, wherein

an al kaline cleaning solution is used for cleaning.
[ 0031]

According to such a cleaning nmethod for cleaning an
LED chi p, unnecessary gallium can be selectively renoved
wi t hout dissolving or altering a metal such as a bunp on
t he LED chi p.

[ 0032]

In this case, the LED chip can have been
transferred onto a receptor substrate.
[ 0033]

The inventive cleaning nmethod is effective, in
particul ar, when cl eaning such an LED chi p.

[ 0034]

The present invention also provides a cleaning
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met hod for selectively renmoving galliumfroma conponent
having galliumand a nmetal other than the galliumon a
surface, wherein

t he conmponent is cleaned using an al kaline cl eaning
sol uti on.

[ 0035]

According to such a cleaning nmethod for selectively
renmoving gallium the galliumcan be sel ectively renoved
wi t hout dissolving or altering a netal other than the
gal l ium by an easy net hod.

[ 0036]

In this case, the al kaline cleaning solution can
conme in contact with the galliumand the netal other
than the gallium during cleaning.

[ 0037]

This enabl es selective renoval of the gallium
wi t hout dissolving or altering the metal other than the
gal l ium by an easier nethod.

[ 0038]

In this case, the conponent can have a substrate-
shape, and can be fixed to a different substrate during
cl eani ng,

the galliumcan be present on a surface opposite to
the different substrate side of the conponent, and

the netal other than the galliumcan be present on
the different substrate side of the conponent.

[ 0039]

The inventive cleaning nmethod is effective, in
particul ar, when cl eaning such a conponent.
[ 0040]

In this case, the netal other than the gallium can
contain at | east one selected fromthe group consisting

of alum num copper, zinc, silver, indium tin, and



bi smuth. In addition, the nmetal other than the gallium
can contain at |east one selected fromthe group
consi sting of copper, silver, indium and tin.
Moreover, the metal other than the galliumcan contain
copper, silver, and tin.
[ 0041]
Such a nmetal other than the gallium prevents
di ssolution or alteration nore stably.

ADVANTAGEOQUS EFFECTS OF | NVENTI ON
[ 0042]

As descri bed above, according to the inventive
met hod for produci ng an LED nounting substrate, a high-
qual ity LED nounting substrate can be produced by
selectively renoving the unnecessary gallium wi thout
di ssolving or altering the nmetal such as a bunp on each
LED chip. This enables decreasing connection failure of
t he LED chi ps.

[ 0043]

Mor eover, according to the inventive cleaning
solution, the unnecessary gallium can be selectively
removed wi t hout dissolving or altering the metal such as
a bunp on each LED chip. This enables decreasing the
connection failure of the LED chips.

[ 0044]

Furthernore, according to the inventive cleaning
met hod for cleaning the LED chips isolated fromthe
sapphire substrate by the laser lift-off, the
unnecessary gallium can be selectively renmoved w t hout
di ssolving or altering the metal such as a bunp on each
LED chi p. This enabl es decreasing the connection
failure of the LED chi ps.

[ 0045]



Mor eover, according to the inventive cleaning
met hod for selectively renoving the gallium unnecessary
gallium can be selectively renoved fromthe conponent,
whi ch has the gallium and the nmetal other than the
gallium on the surface, w thout dissolving or altering
the netal other than the gallium by the easy nethod.

[ 0046]

Note that, in the present invention, it is
preferred that the metal, such as the bunp or any neta
other than the gallium is not dissolved or otherw se
affected at all. However, when a renoval amount of the
galliumis larger than a renmoval amount of the netal
such as a bunp or any netal other than the gallium and
when the gallium can be selectively renoved, the netal
such as the bunp and any netal other than the gallium
may be dissolved or otherw se affected to an extent that
remai ns suitable for practical use.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0047]

FIG 1 is a view describing an exanple of the
cl eaning step according to the present invention.

FIG 2 shows conditions and eval uation results of
Exanples 1 to 3, and Conparative Exanples 1 and 2.

FIG 3 shows evaluation results of Exanple 4.

FIG 4 shows evaluation results of Conparative
Exanpl e 3.

FIG 5 is a view (Periodic Table) describing an
exanpl e of metal elenments subject to and not subject to
renmoval by cl eani ng.

FIG 6 is a schematic view describing a gap | aser
lift-off (Gap-LLO).

FIG 7 is a schematic view describing a contact
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| aser lift-off (Contact-LLO).

DESCRI PTI ON OF EMBODI MENTS
[ 0048]

Herei nafter, the present invention will be
described in detail. However, the present invention is
not limted thereto.

[ 0049]

As descri bed above, the following are required: a
met hod for produci ng an LED nounti ng substrate capable
of producing the LED nounting substrate by selectively
renmovi ng netal Ga adhered to an LED chip, which has been
transferred fromthe top of a sapphire substrate onto a
receptor substrate by laser lift-off, w thout dissolving
or altering another netal; a cleaning solution usable
for this nmethod; a cleaning nethod for selectively
renmovi ng gallium adhered to the LED chip w thout
di ssolving or altering the other metal; and a cl eaning
met hod for selectively renmoving galliumfroma conponent
having galliumand a nmetal other than the galliumon a
surface w thout dissolving or altering the netal other
than the gallium
[ 0050]

To solve the above problem the present inventors
have earnestly studied and found out that: by using a
met hod for producing an LED nmounting substrate, the
met hod i ncluding a step of cleaning the LED chip, being
transferred fromon top of a sapphire substrate onto a
receptor substrate by laser lift-off, with an al kaline
cl eaning solution; a high-quality LED nounting substrate
can be produced by selectively renoving unnecessary
gallium w thout dissolving or altering a netal such as a

bunmp on the LED chip; and connection failure can be

11



decreased. Based on this finding, the present invention
has been conpl et ed.
[ 0051]

The present inventors also found out that by a
cl eaning solution for cleaning an LED chip after
transferring thereof onto a receptor substrate by | aser
lift-off froma sapphire substrate where the LED chip is
provi ded thereon, in which the cleaning solution is
al kali ne, the unnecessary gallium can be selectively
renoved wit hout dissolving or altering the nmetal such as
a burmp on the LED chip and the connection failure of the
LED chi p can be decreased. Based on this finding, the
present invention has been conpl et ed.
[ 0052]

The present inventors also found out that by a
cl eaning method for cleaning the LED chip isolated from
t he sapphire substrate by the laser lift-off, in which
an al kaline cleaning solution is used for cleaning, the
unnecessary galliumcan be selectively renmoved w t hout
di ssolving or altering the metal such as a bunp on the
LED chip. Based on this finding, the present invention
has been conpl et ed.
[ 0053]

The present inventors also found out that by a
cl eaning met hod for selectively renoving galliumfroma
conponent having galliumand a netal other than the
galliumon a surface, in which the component is cleaned
usi ng an al kaline cl eani ng solution, unnecessary gallium
can be selectively renoved wi thout dissolving or
altering the netal other than the gallium by an easy
met hod. Based on this finding, the present invention
has been conpl et ed.
[ 0054]
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Herei nafter, the description will be given
referring to the draw ngs.
[ 0055]

As descri bed above, as a result of earnest studies
of the present inventors to solve the above probl em
surprisingly, it is found out that the gallium can be
selectively renoved w thout affecting the netal other
than the gallium even when the bunp is not physically
protected by using the al kaline aqueous solution as the
cl eaning solution. The fact that the gallium can be
selectively renoved by such a sinple nethod, where the
al kal i ne aqueous solution is used as the cleaning
solution, can lead to sinplification of the production
process and inproved yield. This is a significant step
toward cost reduction of mcro-LED displays, which are
said to cost tens of mllions of yen per unit.
Hereinafter, the present invention is described in nore
detail .

[ 0056]
[ Cl eani ng Sol uti on]

A cl eaning solution according to the present
i nvention is an al kaline cleaning solution for cleaning
LED chi ps after transferring thereof onto a receptor
substrate by laser lift-off froma sapphire substrate
where the LED chi ps are provided thereon. Wen the
cl eaning solution according to the present invention is
used, unnecessary gallium can be selectively renoved
wi t hout dissolving or altering a metal such as a bunp on
each LED chip, and connection failure of the LED chips
can be reduced.

[ 0057]
Such a cleaning solution is not limted as |ong as

bei ng al kali ne but preferably has a pH ranging from9.5

13



to 14.0. The Ga can be renopved selectively with
stability and reliability w thout dissolving or altering
the nmetal such as a bunp on each LED chi p.

[ 0058]

Mor eover, the cleaning solution according to the
present invention can be an aqueous sol ution containing
at | east one selected fromthe group consisting of
sodi um hydr oxi de, potassi um hydroxi de, ammoni um
hydr oxi de, magnesi um hydroxi de, tetramethyl anmoni um
hydr oxi de, tetrabutyl anmoni um hydr oxi de, sodi um
carbonat e, sodi um hydrogencarbonate, and potassi um
acetate. Such an aqueous solution is relatively easy to
obtain and handle and is | ow cost.

[ 0059]

Preferable conditions and the |ike when cl eaning
usi ng such a cleaning solution according to the present
I nvention wll be described |ater
[ 0060]

[ Met hod for Produci ng LED Mounting Substrate]

A met hod for producing an LED nounting according to
the present invention includes a step of cleaning LED
chi ps, being transferred fromon top of a sapphire
substrate onto a receptor substrate by laser lift-off,
with an al kaline cleaning solution. The laser lift-off
method is not limted to any nethod but a gap | aser
lift-off (Gap-LLO) or a contact laser lift-off (Contact-
LLO) or the like can be applied. Hereinafter, these
met hods will be schematically described referring to
FIGs. 6 and 7.

[ 0061]

I n Gap-LLO, first, as shown in FIG 6(a), for

exanpl e, a sapphire substrate 1 provided with LED chips

5 and the like that are to-be-transferred objects, and a
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receptor substrate 2 such as a quartz substrate provided
with an adhesive |layer 3 such as silicone on a surface
are positioned facing each other with a space between
the LED chips 5 and the adhesive layer 3, i.e., a gap.
In this state, laser 20 is irradiated froma | aser
oscillator 110 through a surface of a sapphire substrate
1 opposite to the LED chips 5 onto an interface 11
between a plurality of LED chips 5 and the sapphire
substrate 1. 1In general, the laser 20 is sequentially
irradiated onto each of the entire surfaces of interface
11 between each LED chip 5 and the sapphire substrate 1,
one by one.
[ 0062]

For exanmple, in the case of the sapphire substrate
1 provided with a plurality of LED chips 5 each
including a galliumnitride-based sem conductor | ayer
such as a GaN | ayer at the interface 11, the GaN | ayer
is deconposed by irradiating with the |aser 20
(abl ation). When a bonding strength (such as adhesive
strength or joining force) between the LED chips 5 and
t he sapphire substrate 1 is weakened by abl ation, the
LED chips 5 are separated fromthe sapphire substrate 1.
Additionally, gas (e.g., nitrogen gas) is generated due
to the deconposition of the GaN | ayer. The separated
LED chips 5 are propelled by this gas pressure toward
the receptor substrate 2, travel the space between the
sapphire substrate 1 and the receptor substrate 2, and
reach the adhesive layer 3 on the receptor substrate 2.
In this way, the LED chips 5 are transferred onto the
receptor substrate 2. Subsequently, as shown in FIG
6(b), the sapphire substrate 1 is renmoved. This
conpletes the transfer of the LED chips 5 fromthe

sapphire substrate 1 to the receptor substrate 2.
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[ 0063]

The Contact-LLO is the sane as the Gap-LLO except
that, when irradiating with the |aser 20, as shown in
FIG 7(a), the sapphire substrate 1 provided with the
LED chips 5 that are objects to be transferred, and the
receptor substrate 2 provided with the adhesive |ayer 3
on the surface are positioned facing each other such
that the LED chips 5 are brought into direct contact
with the adhesive layer 3. After irradiating the |aser
20, as shown in FIG 7(b), the transfer of the LED chips
5 fromthe sapphire substrate 1 to the receptor
substrate 2 is conpleted by renmoving the sapphire
substrate 1.

[ 0064]

In such a LLO step, the nmetal Ga remmins on the
conponents such as the LED chips 5 due to the
deconposition of the galliumnitride-based sem conduct or
| ayer such as the GaN layer. To remove this netal Ga,
in the present invention, the LED chips 5 are cl eaned
usi ng the al kaline cleaning solution. Consequently,
unnecessary gallium can be selectively renoved w t hout
di ssolving or altering a nmetal such as a bunp on each
LED chip. As a result, connection failure of the LED
chi ps can be reduced.

[ 0065]

The al kaline cl eaning solution described above can
be applied as an al kaline cleaning solution used here.
[ 0066]

An al kal i ne concentration of the al kaline cleaning
solution is preferably 0.5 mass% or nore but no greater
than a saturated concentration or less. |In addition,
the tenperature of the alkaline cleaning solution is

preferably 5°C or nore and 80°C or |ess. The
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tenperature of the cleaning solution is preferably 5°C
or nore to an extent where freezing is prevented.
Moreover, even when the tenperature is too high, the
galliumrenoval effect is not changed, thus a
tenperature of 80°C or less is sufficient. Furthernore,
the time for cleaning using the al kaline cleaning
solution is preferably 10 seconds or nmore and 1 hour or
| ess. The Ga can be rempved selectively with greater
stability and reliability by setting the tinme of
cleaning to 10 seconds or nore. Even when the tinme for
cleaning is too long, the galliumrenoval effect is not
changed, thus 1 hour or less is sufficient. Moreover,
by appropriately conbi ni ng the above al kal i ne
concentration, the tenperature of the al kaline cleaning
solution, and the tine for cleaning, the galliumcan be
renoved selectively with further stability and
reliability.

[ 0067]

As descri bed above, the LED chips that have been
transferred on the receptor substrate have galliumon a
surface opposite to the receptor substrate.

Addi tionally, each LED chip has the bunp on the side to
adhere to the receptor substrate. The galliumon the
surface opposite to the receptor substrate can be easily
renoved by cl eaning using the al kaline cleaning

sol uti on.

[ 0068]

I n the method for producing an LED nounting
substrate according to the present invention, the bunp
has been preferably forned using | ead-free solder. It
is nore preferable that the bunp contains, as a main
conponent, at |east one selected from SnAgCu ( SAC) -
based al | oy, SnZnBi-based all oy, SnCu-based all oy,
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SnAgl nBi - based al | oy, SnZnAl -based all oy, and i ndi um
In particular, when such a bunp is used, dissolution or
alteration (damage) to the bunp can be stably and
reliably prevented even when cl eaned using the al kaline
cl eani ng sol ution.
[ 0069]

FIG 1 shows an exanple of the step of cleaning the
LED chi p using the al kaline cleaning solution. As shown
in FIG 1, in the step of cleaning the LED chips using
t he al kaline cleaning solution of the nethod for
produci ng an LED nounting substrate according to the
present invention, the LED chips 5 transferred onto the
receptor substrate 2 are preferably cleaned by i mersing
the LED chip along with the receptor substrate 2 in an
al kaline cleaning solution 6. This enables the
selective renoval of gallium4, nore easily, reliably,
and stably. More specifically, as showmn in FIG 1, the
receptor substrate 2, on which the LED chips 5 have been
transferred, can be imersed in a cleaning vessel filled
with the al kaline cleaning solution 6, then rinsed with
pure water or the |ike for an appropriate nunber of
times, and dried (air-dried).
[ 0070]
[ Cl eani ng Met hod for Cleaning LED]

The present invention also provides a cleaning
met hod for cleaning an LED chip isolated froma sapphire
substrate by laser lift-off in which an al kaline
cleaning solution is used for cleaning. According to
such a cleaning nmethod, only gallium can be selectively
renoved with ease without dissolving or altering a netal
other than gallium as a result, the connection failure
of the LEDs can be decreased. Moreover, in the cleaning

met hod according to the present invention, the LED chips
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have been preferably transferred on a receptor
substrate. The specific exanple of the cleaning nethod
for cleaning an LED chip is the sane as the description
usi ng the above FIG 1.
[ 0071]
[ Cl eani ng Method for Sel ectively Renoving Gallium from
Conponent |

The present inventors found out that by cleaning an
LED chip isolated froma sapphire substrate by |aser
lift-off with an al kaline cleaning solution, only
gallium can be selectively renoved w thout dissolving or
altering a nmetal other than gallium as described above.
In addition, as a result of further studies, the present
i nventors found out that even when the galliumis
selectively renoved fromnot only the LED chips but al so
conponents having both the gallium and the netal other
than the galliumon a surface thereon, the gallium can
be selectively renoved w thout dissolving or altering
the netal other than the galliumby a very easy nethod
of cleaning the conponents using an al kali ne cl eani ng
sol uti on.
[0072]

I n such a cleaning nmethod, in particular, the
al kaline cleaning solution preferably cones in contact
with the galliumand the metal other than the gallium
during cleaning. The galliumcan be selectively renoved
wi t hout dissolving or altering the metal other than the
gal l ium by an easier nethod.
[ 0073]

Moreover, it is preferred that the conmponent to be
cl eaned has a substrate-shape and is fixed onto a
different substrate during cleaning; the galliumis

preferably present on a surface opposite to the
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di fferent substrate side of the conponent; and the netal
other than the galliumis preferably present on the
different substrate side of the conponent.

[ 0074]

The netal other than the gallium preferably
contains at | east one selected fromthe group consisting
of alum num copper, zinc, silver, indium tin, and
bi smuth. The netal other than the gallium nore
preferably contains at | east one selected fromthe group
consi sting of copper, silver, indium and tin. The
metal other than the galliumfurther preferably contains
copper, silver, and tin. This is because, when such
metals are used for the netal other than the gallium
t he dissolution or alteration during the cleaning is
nore stably suppressed.

[ 0075]

Note that, in the present invention, the gallium
bei ng an object to be renoved, may be present in a state
of 100% purity, or may be present in a state of oxide or
nitride. Moreover, these states may exi st together.
When the proportion of the galliumin the object to be
renmoved accounts for 50 volunme% or nore, preferably 70
vol ume% or nore, and nore preferably 90 vol ume% or nore,
that renoval is effective.

[ 0076]

Moreover, in the present invention, it is nore
effective when a selectivity, which is the ratio of the
di ssolving rate of the galliumto the dissolving rate of
the other netal, is higher. This selectivity my be 1
or nore, 5 or nore, or 10 or nore. Regarding a working
envi ronnent and workability, the upper Iimt of this
selectivity nmay be approximately 100, approximately 50,

or approxi mately 20.
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[0077]

Here, the dissolving rate (um/minutes) can be
nmeasured by a nmethod shown in the followng (A to (G,
for exanpl e.

(A) An al kaline cleaning solution for cleaning, for
example, 1 liter of a 5 nmass% aqueous sol ution of KOH
(pot assi um hydroxi de), is provided.

(B) A substrate made of the galliumand a substrate
made of a metal other than the gallium each in a plate
shape with dinmensions of 1 cmin length, 1 cmin wdth,
and 1 mmin thickness are provided, and respective
masses WO thereof are neasured. When a native oxide
filmand the like is present on a surface of the
substrates, the filmthereof is renoved in advance.

(C) The al kali ne aqueous solution is divided into
two containers, 500 mlliliters each, and intended
cl eaning conditions are applied. For exanple, the
substrate nade of the gallium and the substrate nade of
the netal other than the galliumare i mersed in each
cont ai ner having the al kaline aqueous sol ution adjusted
to 25°C for 3 mnutes. Positioning of each substrate in
each container during imersion is adjusted to ensure
t hat dissolving amounts are not affected by extrene
di fferences between the substrates. Moreover, in the
case where the substrate is conpletely dissolved, the
t hi cknesses of the substrates provided in the above (B)
are increased.

(D) Each substrate is taken out fromthe al kaline
aqueous solution and cl eaned at room tenperature.

(E) Masses WL of each substrate after cleaning are
measur ed.

(F) The dissolving rate (um/minutes) is calculated

based on di fference between the above nass W) and t he
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above mass WL, along with specific gravity of each
substrate. In this case, it is calculated assum ng that
t he di ssolving occurs only in a thickness direction of
the substrate.

(G The selectivity is calculated according to a
follow ng formula using obtained dissolving rate val ues.

Selectivity = Dissolving Rate of Gallium
(um/minutes) / Dissolving Rate of Metal other than
Gallium (um/minutes)

[ 0078]

I n addition, when a contact area between the netal
ot her than the galliumand the cleaning solution is
sufficiently smaller than a contact area between the
gallium and the cleaning solution, the selectivity nmay
be I ess than 1.

[ 0079]

Al t hough the cl eaning nethod for the object, in
whi ch the galliumand the netal other than the gallium
are present, is described above, this can be applied to
t he cl eaning nmethod for an object, in which a
conbination of different netals is present by enploying
the technical concept of the present invention. For
exanple, this includes the cleaning nmethod for an object
in which a combination of a specific metal and a netal
proximate to the specific nmetal in the periodic table
(e.g., metals within a range of periods within £2 and
groups within =2 relative to the specific netal) is

present.

EXAMPLE
[ 0080]
Herei nafter, the present invention will be

specifically described with reference to Exanpl es.
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However, the present invention is not |imted thereto.
[ 0081]

LED chi ps having a bunp formed on one surface and
transferred to a receptor substrate by laser |ift-off
were provided and perfornmed a cleaning step. The LED
chi ps were provided using an In (indium bunp and a SAC
bunp, respectively.

[ 0082]
(Eval uation before Cl eaning)

First, when the LED chips were observed using an
optical mcroscope before cleaning, it was confirmed
that gallium adhered on a surface opposite to the bunp-
formed surface of the LED chips. Note that the presence
or absence of adherence of the gallium after cleaning,
or the presence or absence of dissolution of the bunp by
cl eaning can be distinguished by difference in color.
FIG 2, “Photographs before Cl eaning”, shows the results
of the observation.

[ 0083]
(Exanple 1)

Cl eaning was performed using a 5 mass% aqueous
sol ution of KOH (potassium hydroxi de) which was an
al kaline cleaning solution as a cleaning solution. LED
chips, along with a receptor substrate on which the LED
chips were transferred, were inmmersed in the cleaning
solution and cleaned for a cleaning tinme of 3 m nutes at
a cleaning tenperature of 25°C (roomtenperature). The
LED chi ps were observed using an optical mcroscope as
in an eval uation before cleaning, the presence or
absence of adherence of the gallium and the presence or
absence of generation of dissolution of the bunp were
eval uat ed.

[ 0084]
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(Exanpl e 2)

Cl eani ng and eval uation were performed as in
Exanpl e 1 except that a 2.34 mass% aqueous sol ution of
TMAH (tetranmet hyl ammoni um hydr oxi de), which was an
al kal i ne cl eaning solution, was used as a cl eaning
sol uti on.

[ 0085]
(Exanpl e 3)

Cl eani ng and eval uation were performed as in
Exanpl e 1 except that a 10 nmass% aqueous sol uti on of
Na>CO: (sodi um carbonate), which was an al kaline cl eani ng
solution, was used as a cl eaning sol ution.

[ 0086]
(Conpar ati ve Exanple 1)

Cl eani ng and eval uation were perfornmed as in
Exanpl e 1 except that a 12.3 mass% aqueous sol uti on of
HCl (hydrochloric acid), which was an acidic cleaning
solution, was used as a cl eaning sol ution.

[ 0087]
(Conpar ati ve Exanpl e 2)

Cl eani ng and eval uation were performed as in
Exanpl e 1 except that a 6 mass% aqueous sol ution of HSO
(sul furic acid), which was an acidic cleaning solution,
was used as a cl eaning sol ution.

[ 0088]

FIG 2 shows evaluation results. It was confirned
that metal Ga adhered on LED chi ps was renoved
regardl ess of type of the cleaning solutions, in
Exanples 1 to 3. On the other hand, neither an In bunp
nor a SAC bunp did not generate dissolution due to
cleaning. It was found that cleaning with an al kaline
cl eaning solution allowed a selective dissolution or

renmoval of only nmetal Ga. 1In contrast, it was confirned
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that in Conparative Exanples 1 and 2 where cl eani ng was
perfornmed using the acidic cleaning solution, the In
bunp was di ssol ved. However, the dissolution of the SAC
bump was not confirnmed.
[ 0089]
(Exanpl e 4)

A SAC bunmp was imersion-treated in an al kaline
cl eaning solution (5 mass% an aqueous sol ution of KOH
(potassi um hydroxi de)) as in Exanple 1, then applied
with an I PA solution of abietic acid, a conponent of
flux, and dried at 40°C. Subsequently, the SAC bunp was
heated to 250°C on a hot plate. FIG 3 shows eval uation
results by using an optical mcroscope. As shown in
FIG 3, color of the bunmp was changed after heating to
250°C, indicating that the SAC bunp was dissolved. The
flux is used for the purpose of inproving fusibility or
wettability of a solder by reducing an oxide filmon the
bunp surface, thereby ensuring electrical connection.
Consequently, the fusion of the SAC bunp by the
treatment as in Exanple 4 indicates that the cleaning
treatment in Exanple 4 did not cause the alteration of
the SAC bunp. Note that the conposition of the SAC bunp
used was Sn=96.5 mass% Ag=3.0 mass% Cu=0.5 mass%
[ 0090]
(Conpar ati ve Exanpl e 3)

A SAC bunmp was immersion-treated in an acidic
cl eaning solution (12.3 mass% aqueous sol ution of HC
(hydrochloric acid)) as in Conparative Exanple 1, then
applied with an I PA solution of abietic acid, a
conponent of flux, and dried at 40°C. Subsequently, the
SAC bunp was heated to 250°C on a hot plate. FIG 4
shows eval uation results by using an optical m croscope.

As shown in FIG 4, color of the bunp was not changed
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before and after heating to 250°C, indicating that the
SAC bunp was not dissolved. This is considered to be
due to a change in alloy conposition of Sn, Ag, and Cu
and an increase in a nelting point by cleaning with the
acidic cleaning solution, altering froma state of the
bump normally used. That is, it was found that the SAC
bunp t hereof was not dissolved by the acidic cleaning
solution, but the conposition and the |ike thereof were
altered, resulting in the change in electrical
characteristics of the LED chip. This suggested a
generation of connection failure.

[ 0091]

As descri bed above, according to Exanples of the
present invention, it was found that only gallium can be
renmoved without dissolving or altering a netal other
t han the gallium by cl eani ng.

[ 0092]

The present description includes the follow ng
enmbodi nent s.

[1]: A method for producing an LED nounting
substrate, the nethod conprising a step of cleaning an
LED chip, being transferred fromon top of a sapphire
substrate onto a receptor substrate by laser lift-off,
with an al kaline cleaning solution.

[2] : The met hod for producing an LED nounting
substrate according to the above [1], wherein

galliumis present on a surface opposite to the
receptor substrate of the LED chip that is transferred
onto the receptor substrate, and

the galliumis renmoved in the step of cleaning.

[3]: The method for producing an LED nounting
substrate according to the above [1] or [2], wherein

an al kaline concentration of the al kaline cleaning
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solution is 0.5 mass% or nore but no greater than a
saturated concentration or |ess.

[4]: The method for producing an LED nounting
substrate according to the above[1], [2], or [3],
wher ei n

a tenperature of the alkaline cleaning solution is
5°C or nore and 80°C or |ess.

[5]: The method for producing an LED nounting
substrate according to the above[1], [2], [3], or [4],
wher ei n

time for cleaning using the al kaline cleaning
solution is 10 seconds or nore and 1 hour or |ess.

[6]: The method for producing an LED nounting
substrate according to the above[1], [2], [3], [4], or
[5], wherein

a surface of the LED chip on a side to be adhered
to the receptor substrate has a bunp.

[ 7]: The method for producing an LED nounting
substrate according to the above [6], wherein

t he bunmp has been fornmed using | ead-free sol der.

[8]: The method for producing an LED nounting
substrate according to the above [6] or [7], wherein

t he bunp contains, as a main conponent, at | east
one sel ected from SnAgCu-based al |l oy, SnZnBi -based
al l oy, SnCu-based all oy, SnAglnBi-based alloy, SnzZnAl -
based al |l oy, and indium

[9]: The method for producing an LED nounting
substrate according to the above [1], [2], [3], [4],
[5], [6], [7], or [8], wherein

the LED chip transferred onto the receptor
substrate is cleaned by imersing the LED chip al ong
with the receptor substrate in the al kaline cleaning

sol uti on.
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[10]: A cleaning solution for cleaning an LED chip
after transferring thereof onto a receptor substrate by
| aser lift-off froma sapphire substrate where the LED
chip is provided thereon, wherein

t he cleaning solution is alkaline.

[11]: The cl eaning solution according to the above
[10], wherein

t he cl eaning solution has a pHranging from9.5 to
14. 0.

[12]: The cl eaning solution according to the above
[10], or [11], wherein

the cleaning solution is an aqueous sol ution
containing at |east one selected fromthe group
consi sting of sodi um hydroxi de, potassium hydroxi de,
anmmoni um hydr oxi de, magnesi um hydr oxi de,
tetranmet hyl ammoni um hydr oxi de, tetrabutyl amoni um
hydr oxi de, sodi um carbonate, sodi um hydrogencarbonat e,
and potassium acet at e.

[13]: A cleaning nethod for cleaning an LED chip
i solated froma sapphire substrate by laser lift-off,
wher ei n

an al kaline cleaning solution is used for cleaning.

[ 14] : The cl eaning net hod according to the above
[13], wherein

the LED chip has been transferred onto a receptor
substrat e.

[ 15]: A cleaning nethod for selectively renoving
gallium from a conponent having galliumand a neta
ot her than the galliumon a surface, wherein

t he conmponent is cleaned using an al kaline cl eaning
sol uti on.

[ 16]: The cl eaning net hod according to the above
[ 15], wherein

28



t he al kaline cleaning solution conmes in contact
with the galliumand the metal other than the gallium
duri ng cl eani ng.

[17] : The cl eaning nmet hod according to the above
[15], or [16], wherein

t he conmponent has a substrate-shape, and is fixed
to a different substrate during cleaning,

the galliumis present on a surface opposite to the
di fferent substrate side of the conponent, and

the netal other than the galliumis present on the
di fferent substrate side of the conponent.

[ 18] : The cl eaning net hod according to the above
[15], [16], or [17], wherein

the netal other than the gallium contains at |east
one selected fromthe group consisting of alum num
copper, zinc, silver, indium tin, and bisnuth.

[19]: The cl eaning net hod according to the above
[15], [16], [17], or [18] wherein

the netal other than the gallium contains at |east
one selected fromthe group consisting of copper,
silver, indium and tin.

[ 20] : The cl eaning net hod according to the above
[15], [16], [17], [18], or [19], wherein

the netal other than the gallium contains copper,
silver, and tin.

[ 0093]

It should be noted that the present invention is
not limted to the above-described enmbodi ments. The
enbodi nents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present
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i nventi on.
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CLAI Ms

1. A met hod for producing an LED nounting substrate,
t he nethod conprising a step of cleaning an LED chi p,
being transferred fromon top of a sapphire substrate
onto a receptor substrate by laser lift-off, with an

al kal i ne cl eani ng sol uti on.

2. The nethod for produci ng an LED nounti ng substrate
according to claim 11, wherein

galliumis present on a surface opposite to the
receptor substrate of the LED chip that is transferred
onto the receptor substrate, and

the galliumis renmoved in the step of cleaning.

3. The method for producing an LED nounting substrate
according to claim11, wherein

an al kaline concentration of the al kaline cleaning
solution is 0.5 mass% or nore but no greater than a

saturated concentration or | ess.

4. The nmethod for produci ng an LED nounti ng substrate
according to claim1l, wherein
a tenperature of the alkaline cleaning solution is

5°C or more and 80°C or | ess.

5. The method for producing an LED nounting substrate
according to claim 11, wherein
time for cleaning using the al kaline cleaning

solution is 10 seconds or more and 1 hour or | ess.

6. The method for producing an LED nounting substrate

according to claim 11, wherein
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a surface of the LED chip on a side to be adhered

to the receptor substrate has a bunp.

7. The nethod for produci ng an LED nounti ng substrate
according to claim6, wherein

t he bunmp has been fornmed using | ead-free sol der.

8. The method for producing an LED nounting substrate
according to claim6, wherein

t he bunp contains, as a mmin conponent, at | east
one sel ected from SnAgCu-based al |l oy, SnZnBi -based
al l oy, SnCu-based all oy, SnAglnBi-based all oy, SnZnAl -
based al |l oy, and indium

9. The nethod for produci ng an LED nounti ng substrate
according to any one of clains 1 to 8, wherein

the LED chip transferred onto the receptor
substrate is cleaned by imersing the LED chip al ong
with the receptor substrate in the al kaline cleaning

sol uti on.

10. A cl eaning solution for cleaning an LED chip after
transferring thereof onto a receptor substrate by | aser

lift-off froma sapphire substrate where the LED chip is
provi ded thereon, wherein

t he cleaning solution is alkaline.

11. The cl eani ng sol ution according to claim 10,
wher ei n

t he cleaning solution has a pHranging from9.5 to
14. 0.

12. The cl eani ng sol ution according to claim 10 or 11,
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wher ei n

the cleaning solution is an aqueous sol ution
containing at |east one selected fromthe group
consi sting of sodi um hydroxi de, potassium hydroxi de,
anmmoni um hydr oxi de, magnesi um hydr oxi de,
t et ramet hyl ammoni um hydr oxi de, tetrabutyl ammoni um
hydr oxi de, sodi um carbonate, sodi um hydrogencarbonat e,
and potassium acet at e.

13. A cl eaning nethod for cleaning an LED chip isolated
froma sapphire substrate by laser lift-off, wherein

an al kaline cleaning solution is used for cleaning.

14. The cl eani ng met hod according to claim 13, wherein
the LED chip has been transferred onto a receptor
substrat e.

15. A cl eaning nethod for selectively renoving gallium
from a conponent having galliumand a netal other than
the galliumon a surface, wherein

t he conmponent is cleaned using an al kaline cl eaning

sol uti on.

16. The cl eani ng nmet hod according to claim15, wherein
t he al kaline cleaning solution conmes in contact
with the galliumand the metal other than the gallium

duri ng cl eani ng.

17. The cl eani ng nmet hod according to claim15, wherein
t he conmponent has a substrate-shape, and is fixed
to a different substrate during cleaning,
the galliumis present on a surface opposite to the

di fferent substrate side of the conmponent, and
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the netal other than the galliumis present on the

different substrate side of the conponent.

18. The cl eani ng met hod according to claim 15, wherein
the netal other than the gallium contains at |east
one selected fromthe group consisting of alum num

copper, zinc, silver, indium tin, and bisnuth.

19. The cl eani ng nmet hod according to claim 15, wherein
the netal other than the gallium contains at |east
one selected fromthe group consisting of copper,

silver, indium and tin.

20. The cl eani ng met hod according to any one of clains
15 to 19, wherein
the metal other than the gallium contains copper,

silver, and tin.
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