10

15

20

DESCRIPTION
TITLE OF INVENTION

MOUNTING HEAD

Technical Field

[0001] The present specification discloses a mounting head for bonding a chip to a substrate.
Related Art

[0002] Conventionally, methods for bonding a chip and a substrate or a chip and another chip
are generaly performed by bonding them using a bonding member such as a solder materia or
an Au bump. In these bonding methods, a bonding member made of conductive meta is
formed on the bottom surface of a chip, and while the bonding member is attached to an
electrode of a substrate or another chip which is the bonding target, the bonding member is
melted and solidified to connect a wiring part. In order to perform such bonding, a mounting
head pressurizes the bonding target while heating the held chip to melt the bonding member.
[0003] Therefore, the mounting head is provided with a heater having a desired performancein
consideration of the size, etc. of the chip.  Since the chip needs to be heated and cooled quickly,
a heater having a small heat capacity and high thermal responsiveness, such as a ceramic heater,
isgenerally used.

Citation List

Patent Literature

[0004] [Patent Literature 1] Japanese Laid-Open No. 2012-199358

SUMMARY OF INVENTION

Technica Problem
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[0005] In generd, the chip is required to be heated as uniformly as possible. However, it is
difficult to make the surface temperature of the heater such as a ceramic heater mounted on the
mounting head completely uniform, and the temperature varies depending on the regions. Asa
result, there is a problem that the chip cannot be heated uniformly.

[0006] Further, depending on the types of the chips, it may be desired to change the heating
temperature according to the regions in the chip. For example, for a chip having a protected
portion that has alow heat resistant temperature, it is desired to keep the heating temperature low
only for the protected portion and keep the heating temperature high for the other portions.
However, in the case of a configuration in which one chip is heated by one heater, it is not
possible to keep the heating temperature low only for adesired portion.

[0007] Therefore, it is conceivable to dispose a plurality of heaters. With such a
configuration, the surface temperature of the chip can be partialy controlled to obtain a desired
temperature distribution. However, when a plurality of heaters are disposed, there is another
problem. That is, the installation space increases as the lead wires or the like increase. In
addition, as the number of heater circuits increases, the safety mechanism for preventing
overheating also becomes complicated.

[0008] Here, Patent Literature 1 discloses a heating head that has a heater and a collet for
holding a chip, and the heating head roughly and densely distributes the contact density between
the collet and the chip. According to such a technique, a distribution is generated in the heat
capacity transferred from the heating head to the chip. Therefore, by adjusting the distribution
of the contact density, the distribution of the surface temperature of the chip can be adjusted.
[0009] However, in Patent Literature 1, the mechanical configuration of the collet is changed
in order to obtain the desired temperature distribution. Therefore, it is necessary to

mechanically change the collet every time the required temperature distribution changes, which
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isnot so versétile.

[0010] Therefore, the present specification discloses a mounting head that can more easily heat
achip with a desired temperature distribution.

Solution to Problem

[0011] A mounting head disclosed in the present specification is configured to bond achip to a
bonding target. The mounting head includes. a mounting tool having a bottom surface which
functions as a suction surface for sucking and holding the chip; a heater arranged on a surface of
the mounting tool opposite to the suction surface and heating the mounting tool; a cooling
mechanism having a plurality of cooling channels, which are independent of one another and
guide arefrigerant respectively to a plurality of cooling areas set in the heater, and being capable
of cooling the plurality of cooling areas independently of one another; and a controller
controlling driving of the heater and the cooling mechanism. The controller independently
controls a flow rate of the refrigerant flowing through the plurality of cooling channels so as to
obtain a desired temperature distribution during heating of the heater.

[0012] In this case, the controller may store in advance condition data, which records a
relationship among a temperature distribution, a driving condition of the heater, and the flow rate
of the refrigerant flowing through the plurality of cooling channels, and control driving of the
heater and the cooling mechanism based on the condition data.

[0013] Further, achannel cross-sectional area of the cooling channel may gradually increase as
the cooling channel approaches the heater.

[0014] Further, the controller may cause the refrigerant to flow through the plurality of cooling
channels in both a heating process of the chip and a cooling process of the chip performed after
the heating process.

Effects of Invention
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[0015] The mounting head disclosed in the present specification can adjust the temperature
distribution of the heater with the refrigerant and therefore can more easily heat a chip with a

desired temperature distribution.

BRIEF DESCRIPTION OF DRAWINGS
[0016]
FIG. 1isablock diagram showing a configuration of the mounting head.
FIG. 2 isabottom view of the holding block incorporated in the mounting head.
FIG. 3A isacross-sectiona view taken along the line A-A of FIG. 2.
FIG. 3B isacross-sectional view taken along the line B-B of FIG. 2.
FIG. 4 is adiagram showing the states of temperature adjustment when it is desired to make the
temperature distribution of the heater even.

FIG. 5isanimage diagram of the condition data.

DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, a configuration of a mounting head 10 will be described with reference to
the drawings. FIG. 1 is ablock diagram showing the configuration of the mounting head 10.
Further, FIG. 2 is a bottom view of a holding block 16 incorporated in the mounting head 10.
Further, FIG. 3A is a cross-sectional view taken along the line A-A of FIG. 2, and FIG. 3B isa
cross-sectional view taken along the line B-B of FIG. 2. In the following, an axial direction of
the mounting head 10 is referred to as “Z direction”, a direction orthogonal to the Z direction is
referred to as “X direction”, and a direction orthogona to both the Z direction and the X
direction isreferred toas"Y direction”.

[0018] The mounting head 10 is used in a bonding process for bonding a chip (not shown) to a
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bonding target which is a substrate or another chip (not shown). A bump made of conductive
metal is formed and projected on the bottom surface of the chip. The bump is a bonding
member to be bonded to an electrode which is the bonding target. When bonding the chip to
the bonding target, this bump is welded to the electrode to be bonded.

[0019] Specificaly, the mounting head 10 moves relative to the bonding target in the
horizontal direction and the vertical direction while sucking and holding the chip, and conveys
the chip. The mounting head presses the bump of the chip against the electrode to be bonded
and heats the chip to melt the bump. Then, after the bump is melted, the chip is cooled and the
bump is solidified, so that the welding of the chip to the bonding target is completed.

[0020] As shown in FIG. 1, such a mounting head 10 is configured by stacking a mounting
tool 12, a heater 14, the holding block 16, and a main body 18 in the axia direction. The
bottom surface of the mounting tool 12 functions as a suction surface 12a for sucking and
holding the chip. A suction recess 23 for sucking and holding the chip is formed on the suction
surface 12a of the mounting tool 12. The suction recess 23 is connected to a vacuum source 24
via a suction hole 22. Then, the vacuum source 24 generates a suction force in the suction
recess 23 as required.

[0021] The heater 14 is arranged on a surface of the mounting tool 12 opposite to the suction
surface 12a, that is, on the upper surface of the mounting tool 12. The heater 14 heats the
mounting tool 12, and thus the chip. The configuration of the heater 14 is not particularly
limited. However, since the heater 14 quickly heats and cools the chip, it is desirable that the
heater 14 has a small heat capacity and high thermal responsiveness. In this example, as the
heater 14, a ceramic heater in which a heat generating resistor made of platinum, tungsten or the
like is embedded inside ceramics such as auminum nitride is adopted. The heater 14 is a

sguare plate-shaped member. A driver 26 applies a current to the heater 14 as required to heat



10

15

20

the heater 14.

[0022] The holding block 16 for holding the heater 14 is further provided on the upper surface
of the heater 14. The holding block 16 is a block-shaped member interposed between the main
body 18 of the mounting head 10 and the heater 14. The holding block 16 is made of a heat
insulating material such as ceramics, and also functions as a heat insulating layer that inhibits
heat transfer from the heater 14 to the main body 18.

[0023] The mounting head 10 is further provided with a cooling mechanism 35 for cooling the
heater 14. The cooling mechanism 35 can cool a plurality of cooling areas E1 and E2 set in the
heater 14 independently of one another. That is, in this example, the heater 14 is divided into
two cooling aress, that is, afirst cooling area E1 and a second cooling area E2, with the center
line in the X direction as a boundary, and the two cooling areas E1 and E2 are cooled
independently of each other. In the following, when the first cooling area E1 and the second
cooling area E2 are not distinguished from each other, they are simply referred to as “cooling
area E” with the suffixesaand b omitted. The same applies to other members.

[0024] In order to enable such cooling, the cooling mechanism 35 has two cooling channels
28aand 28b. The two cooling channels 28a and 28b are independent of each other, and the two
cooling channels 28a and 28b do not communicate with each other. Each cooling channel 28
includes the holding block 16 and one or more cooling holes 29 formed in the main body 18. In
this example, as shown in FIG. 2, FIG. 3A, and FIG. 3B, four cooling holes 29a to 29d are
provided in one holding block 16. The four cooling holes 29ato 29d are arranged in two rows
and two columns, two in the X direction and two inthe Y direction. The two cooling holes 29a
and 29b provided at positions facing the first cooling area E1 merge outside the holding block 16
and communicate with one electric regulator 38a. Both of the two cooling holes 29a and 29b

function as the first cooling channel 28a for guiding a refrigerant to the first cooling area E1 of
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the heater 14. Further, the two cooling holes 29¢c and 29d provided at positions facing the
second cooling area E2 also merge outside the holding block 16 and communicate with one
electric regulator 38b. The two cooling holes 29¢ and 29d function as the second cooling
channel 28b for guiding the refrigerant to the second cooling area E2 of the heater 14. The type
of the refrigerant is not limited as long as the refrigerant can cool the heater 14. Therefore, for
example, gas such as air may be used as the refrigerant. Furthermore, the refrigerant is not
limited to gas, and liquids such as water and oil, and chlorofluorocarbon gas may be used as the
refrigerant.

[0025] The four cooling holes 29 have the same configuration as one another. That is, the
cooling hole 29 includes a main part 30, an end part 32 forming a planar channel in contact with
the upper surface of the heater 14, and a middle part 34 interposed between the main part 30 and
the end part 32. The main part 30 extends downward from the upper surface of the holding
block 16. The middle part 34 is located near the lower end of the holding block 16. A
channel cross-sectional area (that is, the horizontal cross-sectional area) of the middle part 34 is
sufficiently larger than a channel cross-sectional area of the main part 30. In this example, the
middle part 34 has a substantially U shape that opens outward in the Y direction in the bottom
view.

[0026] The end part 32 is a recess formed in the bottom surface of the holding block 16 and
functions as a planar channel extending along the upper surface of the heater 14. The
Y -direction end portion of the end part 32 communicates with an external space so that the
refrigerant can be discharged to the outside. The shape of the end part 32 is not particularly
limited, but in this example, as shown in FIG. 2, the end part 32 has a substantialy rectangular
shape that completely covers the middle part 34 in the bottom view.

[0027] Asisclear from FIG. 2, achannel cross-sectional area of the end part 32 is larger than
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the channel cross-sectional area of the middle part 34. In other words, in this example, the
channel cross-sectional area of each cooling channel 28 gradually increases as the cooling
channel 28 approaches the heater 14. With such a configuration, the refrigerant gradually
spreads in the plane direction in the process of advancing from the main part 30 to the end part
32 viathe middle part 34. As aresult, the refrigerant is evenly dispersed in the vicinity of the
upper surface of the heater 14, so that the heater 14 can be cooled more evenly.

[0028] The cooling mechanism 35 further includes the electric regulators 38 and a flowmeter
36. Similar to the cooling channels 28, a plurality of electric regulators 38 are provided, and
the plurality of electric regulators 38 are driven independently of one another. In addition, each
electric regulator 38 adjusts the flow rates Fa and Fb of the refrigerant flowing through the
corresponding cooling channels 28. Therefore, the flow rate F of the refrigerant flowing
through each cooling channel 28 can be controlled independently of one another. The
flowmeter 36 is provided between the electric regulator 38 and the cooling channel 28, and
measures the flow rate F of the refrigerant flowing through each cooling channel 28.

[0029] The controller 20 controls the driving of the vacuum source 24, the driver 26, and the
electric regulator 38 described above. The controller 20 is physically a computer including a
processor 42 and a memory 44.

[0030] At the timing when the chip is desired to be sucked and held, the controller 20 drives
the vacuum source 24 to apply a suction force to the suction recess 23.  Further, the controller
20 drives the driver 26 to raise the temperature of the heater 14 when the chip is heated, that is,
a the timing when the bump of the chip is melted. Further, after the bump is melted, the
controller 20 turns off the heater 14 at the timing when the bump is desired to be solidified, and
drives the cooling mechanism 35 to send the refrigerant to the cooling channel 28 to air-cool the

heater 14.
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[0031] The surface temperature of the heater 14 usually varies dlightly due to variation in the
distribution of the built-in heat generating resistor. The variation is more likely to occur as the
size of the chip to be handled increases. On the other hand, many chips are required to be
heated evenly at the time of bonding. The accuracy requirement for uniform heat becomes
stricter as the accuracy of the chip increases. Therefore, when the chips are heated by a single
heater, it may be difficult to satisfy the required accuracy of uniform heat.

[0032] For some chips, it may be desired to actively bias the temperature distribution during
heating. For example, some chips have a protected portion that partialy has low heat resistance.
It is desirable that such chips are heated with a temperature distribution that keeps the protected
portion at alow temperature and keeps the other portions at a high temperature.

[0033] Therefore, in order to heat the chip with a desired temperature distribution, it is
conceivable to dispose a plurality of heaters 14. In this case, by driving the plurality of heaters
14 that heat different areas of the chip independently of one another, the temperature distribution
of the chip can be brought closer to the desired temperature distribution.

[0034] However, when the pluraity of heaters 14 are disposed, the number of lead wires
drawn from the heat generating resistors and temperature sensors (for example, thermoelectric
pair) increases accordingly, which leads to an increase in the installation space. Further, when
the plurality of heaters 14 are disposed, it is necessary to provide a plurality of safety circuits for
preventing overheating, etc., which complicates the overall configuration.

[0035] Therefore, in this example, in order to obtain the desired temperature distribution
without increasing the number of heaters 14, the plurality of cooling channels 28 independent of
one another are provided, and the flow rate F of the refrigerant flowing through the plurality of
cooling channels 28 is controlled independently of one another, thereby adjusting the

temperature distribution of the heater 14. Thiswill be described below.



10

15

20

[0036] FIG. 4 is adiagram showing the states of temperature adjustment when it is desired to
make the temperature distribution of the heater 14 even. In FIG. 4, the cross-hatching shows
the temperature distribution of the heater 14, and the finer the cross-hatching is, the higher the
temperature is. Further, the arrows indicate the flow rate Fa of the refrigerant in the first
cooling channel 28a and the flow rate Fb of the refrigerant in the second cooling channel 28b.
[0037] Asshownin (a) of FIG. 4, it is assumed that the temperature of the second cooling area
E2 tends to be higher than the temperature of the first cooling area E1 due to the characteristics
of the heater 14 itself. In this case, in this example, in order to make the temperature of the
heater 14 uniform, the cooling mechanism 35 is driven in parallel with the driving of the heater
14, and the refrigerant for cooling is supplied to the cooling channels 28aand 28b. At thistime,
the flow rates Fa and Fb of the two cooling channels 28a and 28b are independently controlled so
that the flow rate Fb of the refrigerant flowing through the high-temperature second cooling area
E2 is larger than the flow rate Fa of the refrigerant flowing through the first cooling area E1.
As a result, the heat of the second cooling area E2 is more actively dissipated than the first
cooling area E1, and the temperature of the second cooling area E2 is lowered. As aresult, the
temperature of the second cooling area E2 is brought close to the temperature of the first cooling
area E1, and the temperature distribution of the heater 14 can be more even.

[0038] Similarly, as shown in (b) of FIG. 4, when the temperature of the first cooling area E1
tends to be higher than the temperature of the second cooling area E2, the flow rates Fa and Fb of
the two cooling channels 28a and 28b are independently controlled so that the flow rate Fa of the
refrigerant flowing through the high-temperature first cooling area E1 is larger than the flow rate
Fb of the refrigerant flowing through the second cooling area E2.  In this case, the flow rate Fb
of the refrigerant may be zero. As a result, the temperature of the first cooling area E1 is

brought close to the temperature of the second cooling area E2, and the temperature distribution
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of the heater 14 can be more even.

[0039] Further, as shown in (c) of FIG. 4, when the temperature of the first cooling area E1 is
the same as the temperature of the second cooling area E2, the flow rates Fa and Fb of the
refrigerant flowing through the two cooling channels 28a and 28b are set to be the same.  In this
case, the flow rates Fa and Fb may both be zero.

[0040] As described above, in this example, the temperature distribution of the heater 14 is
adjusted by adjusting the flow rates Fa and Fb of the refrigerant flowing through the two cooling
channels 28a and 28b. With such a configuration, a desired temperature distribution can be
obtained without disposing a plurality of heaters 14. When the flow rates of the plurality of
cooling channels 28 are controlled independently of one another, athough an increase in the
number of the lead wires and safety circuits drawn from the heat generating resistor can be
suppressed, the number of parts such as the electric regulators 38 increases. Nevertheless, the
increase in cost and space due to the increase in the number of parts related to cooling is smaller
than the increase in cost and space due to the increase in the number of heaters 14. Therefore,
according to this example, the chip can be heated with a desired temperature distribution while
the increase in cost and space is suppressed.

[0041] Furthermore, the cooling channel 28 of this example is used not only for adjusting the
temperature distribution of the heater 14, but also for cooling the chip after the bump is melted.
In other words, according to this example, it is not necessary to separately provide a cooling
channel for chip cooling so an increase in space can be further suppressed.

[0042] Here, the temperature distribution of the heater 14 is determined by a combination of
driving conditions (for example, the value of a current | applied) of the heater 14 and the flow
rates Fa and Fb of the refrigerant flowing through the two cooling channels 28a and 28b. The

controller 20 acquires condition data 46, which records a relationship among the temperature
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distribution of the heater 14, the driving conditions of the heater 14, and the flow rates Faand Fb
of the refrigerant flowing through the two cooling channels 28a and 28b, prior to the bonding
process. FIG. 5 is an image diagram of the condition data 46. At the time of the bonding
process, the controller 20 determines the applied current | and the flow rates Fa and Fb when the
chip is heated based on the condition data 46.

[0043] The condition data 46 is acquired by an experiment. In the experiment, first, the
current | is applied to the heater 14 until the temperature of each of the cooling areas Ea and Eb
becomes equal to or higher than a target temperature. The temperatures of the respective
cooling areas Ea and Eb at this time are acquired by a temperature sensor 40 (the sensor in FIG.
1). The form of the temperature sensor 40 is not limited as long as the temperature sensor 40
can acquire the temperatures of a plurality of measurement points on the surface of the heater 14.
Therefore, the temperature sensor 40 may be a radiation thermometer that measures the
temperatures in a non-contact manner using infrared rays. In this case, the temperatures of the
plurality of measurement points are acquired by scanning infrared rays. Further, the
temperature sensor 40 may be a contact-type temperature sensor such as a thermistor that
contacts the surface of the heater 14 to measure the temperature. In this case, a plurality of
temperature sensors 40 may be disposed on the surface of the heater 14. Furthermore, if there
iS one or more measurement points for measuring the temperatures for each of the cooling areas
E1 and E2, the number and position thereof are not limited.

[0044] The controller 20 compares the obtained temperatures of the plurality of measurement
points with the target temperature at that measurement point. Then, when the temperature of
the measurement point is higher than the target temperature, the flow rate F of the refrigerant in
the cooling channel 28 for cooling the cooling area to which the measurement point belongs is

gradualy increased. Finally, the refrigerant flow rate F when the temperature of the
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measurement point reaches the target temperature, and the current | applied to the heater 14 are
recorded in the condition data 46.

[0045] During the bonding process, the controller 20 refers to the condition data 46 and drives
the heater 14 and the cooling mechanism 35 with the current | and the flow rates Fa and Fb
corresponding to the target temperature distribution. By acquiring the condition data 46 in
advance in thisway, it is not necessary to measure the temperature of the target surface again at
the time of bonding, and the time required for the bonding process can be shortened.

[0046] The configuration described so far is an example, and other configurations may be
modified as long as they have a plurality of cooling channels 28 independent of one another, and
the controller 20 controls the flow rates F of the refrigerant flowing through the plurality of
cooling channels 28 independently of one another so as to obtain a desired temperature
distribution during heating of the heater 14. For example, in the above description, the
refrigerant flow rates Fa and Fb are controlled so that the temperature distribution of the heater
14 is even, but depending on the types of the chips or substrates, the refrigerant flow rates Fa and
Fb may be controlled to actively generate a temperature bias.

[0047] Further, in the above example, two cooling channels 28 are provided, but more than
two cooling channels 28 may be provided. For example, in the above example, the two cooling
holes 29 form one cooling channel 28, but one cooling hole 29 may form one cooling channel 28.
That is, one electric regulator 38 may be provided for one cooling hole 29, and four cooling
channels 28 independent of one another may be provided as awhole. In addition, the division
of the cooling areas can be changed as appropriate. For example, in the above example, the
heater 14 is divided into the two cooling areas E1 and E2, but the heater 14 may be divided into a
matrix such as 2 x 2 or 3 x 3. Furthermore, the heater 14 may be divided into a substantially

rectangular cooling area located at the center thereof and a substantially square cooling area
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surrounding the periphery of the cooling area at the center.

Reference Signs List

[0048]

10 mounting head; 12 mounting tool; 12a suction surface; 14 heater; 16 holding block; 18 main
body; 20 controller; 22 suction hole; 23 suction recess; 24 vacuum source; 26 driver; 28a, 28b
cooling channel; 29a to 29d cooling hole; 30 main part; 32 end part; 34 middle part; 35 cooling
mechanism; 36a, 36b flowmeter; 38a, 38b electric regulator; 40 temperature sensor; 42

processor; 44 memory; 46 condition data.
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WHAT ISCLAIMED IS:

1. A mounting head for bonding a chip to a bonding target, the mounting head comprising:

a mounting tool having a bottom surface which functions as a suction surface for sucking
and holding the chip;

a heater arranged on a surface of the mounting tool opposite to the suction surface and
heating the mounting tool;

a cooling mechanism having a plurality of cooling channels, which are independent of one
another and guide a refrigerant respectively to a plurality of cooling areas set in the heater, and
being capable of cooling the plurality of cooling areas independently of one another; and

acontroller controlling driving of the heater and the cooling mechanism,

wherein the controller independently controls a flow rate of the refrigerant flowing through
the plurality of cooling channels so as to obtain a desired temperature distribution during heating
of the heater.

2. The mounting head according to clam 1, wherein

the controller stores in advance condition data, which records a relationship among a
temperature distribution, a driving condition of the heater, and the flow rate of the refrigerant
flowing through the plurality of cooling channels, and controls driving of the heater and the
cooling mechanism based on the condition data.

3. The mounting head according to claim 1 or 2, wherein

a channel cross-sectional area of the cooling channel gradually increases as the cooling
channel approaches the heater.

4. The mounting head according to any one of claims 1 to 3, wherein

the controller causes the refrigerant to flow through the plurality of cooling channelsin both

a heating process of the chip and a cooling process of the chip performed after the heating
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