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[DESCRIPTION]

[TITLE OF INVENTION]

SEMICONDUCTOR DEVICE MANUFACTURING DEVICE AND MANUFACTURING
METHOD

[Technical Field]

[0001]

The present specification discloses a semiconductor device manufacturing device and a
semiconductor device manufacturing method in which a semiconductor device is manufactured
with one or more semiconductor chips bonded on a substrate.

[Related Art]
[0002]

In the related art, a semiconductor device manufacturing device for manufacturing a
semiconductor device with one or more semiconductor chips bonded on a substrate is known.
Such a manufacturing device is usually provided with a bonding tool that sucks and holds a
semiconductor chip and bonds it to a substrate or another semiconductor chip. The bonding
tool is provided with a heating part that is heated by the heating means and an attachment which
is detachably attached to the heating part. The semiconductor chip is adsorbed and held via the
attachment, and the attachment is appropriately replaced according to a size of the
semiconductor chip to be handled or the like. When a semiconductor chip is bonded, the
bonding tool heats the semiconductor chip to be bonded while pressurizing the semiconductor
chip.

[Citation List]
[Patent Literature]
[0003]

[Patent Literature 1]

Japanese Patent Lain-Open No. 2004-29576
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[Summary of Invention]
[Technical Problem]
[0004]

Here, when a semiconductor chip is bonded, a temperature distribution of an object to
be heated (for example, a semiconductor chip or the like) needs to be a desired distribution.
For example, in a flip chip bonder, a plurality of bumps formed on a bottom surface of a
semiconductor chip is thermally melted and bonded to an electrode formed on a substrate or a
surface of another semiconductor chip. At this time, if the temperature distribution of the
semiconductor chip is non-uniform, the molten state of the bumps varies depending on a location,
which causes problems such as poor bonding and a non-uniform gap amount between the
semiconductor chip and the substrate (or another semiconductor chip). Therefore, in the flip
chip bonder, the temperature distribution of the semiconductor chip which is an object to be
heated needs to be uniform. Further, depending on the type of bonding or object to be heated,
there are cases in which a peripheral edge portion of the object to be heated is desired to have a
higher temperature than a central portion, or the central portion of the object to be heated is
desired to have a higher temperature than the peripheral edge portion.

[0005]

However, although a heat absorption rate on a side of the object to be heated (for
example, a semiconductor chip) varies depending on a location, the bonding tool of the related
art has only one heating system. On the other hand, the heat absorption rate of the object to be
heated is usually higher in the vicinity of a peripheral edge than in the central portion.
Therefore, a temperature of the object to be heated when heated by the bonding tool tends to
decrease as it approaches the peripheral edge. That is, with the technique of the related art, it is
difficult to obtain the desired temperature distribution of the object to be heated.

[0006]

In Patent Literature 1, the technique in which an anisotropic conductive film is disposed
2



10

15

20

25

on a peripheral edge portion for connection of a display panel, and the anisotropic conductive
film is pressed while being heated by a heater tool for temporary pressure bonding, and thus the
anisotropic conductive film is attached to the peripheral edge portion is disclosed. In Patent
Literature 1, to prevent temporary pressure bonding defects at both end portions of the
anisotropic conductive film, the heater tool for temporary pressure bonding is divided into a
main heater tool that presses an intermediate portion of the anisotropic conductive film and an
end portion heater tool that presses both end portions of the anisotropic conductive film, and a
temperature of the main heater tool and a temperature of the end portion heater tool are
controlled such that both end portions of the anisotropic conductive film have a higher
temperature than the intermediate portion. The technique of Patent Literature 1 is merely a
technique relating to pressure bonding of an anisotropic conductive film and cannot be applied to
bonding of a semiconductor chip.

[0007]

Therefore, the present specification discloses a semiconductor device manufacturing
device and a semiconductor device manufacturing method in which the temperature distribution
of the object to be heated at the time of bonding can be controlled.

[Solution to Problem]
[0008]

A semiconductor device manufacturing device disclosed in the present specification
includes a stage on which a substrate is loaded; a bonding head that is disposed facing the stage
and bonds a semiconductor chip to the substrate; and a controller, wherein the bonding head
includes an attachment that holds the semiconductor chip by suctioning; and a heating part that
detachably holds the attachment and heats the attachment, the heating part having a first heating
area and a second heating area that surrounds the first heating area in a horizontal direction, and
wherein the controller controls a temperature of the first heating area and a temperature of the

second heating area independently.
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[0009]

In this case, the controller may control a heat generating amount of the first heating area
and a heat generating amount of the second heating area such that an in-plane temperature
distribution of the semiconductor chip becomes uniform during bonding execution.

[0010]

Further, the bonding head may further have a temperature sensor that detects the
temperature of the first heating area and a temperature sensor that detects the temperature of the
second heating area, and the controller may store an area target temperature of the first heating
area and an area target temperature of the second heating area in advance and may control the
heat generating amount of the first heating area and the heat generating amount of the second
heating area according to a difference between the stored area target temperature and an area
detection temperature of the temperature sensor.

[0011]

Further, the bonding head may further have cooling paths which are provided to
correspond to the first heating area and the second heating area and are independent of each
other, the cooling paths cooling the first heating area and the second heating area corresponding
to flow of a refrigerant, and the controller may control the heat generating amount and a flow
rate of the refrigerant according to the difference between the stored area target temperature and
the area detection temperature of the temperature sensor.

[0012]

Further, the controller may be configured to execute a target acquisition process for
acquiring the area target temperature prior to bonding the semiconductor chip, and in the target
acquisition process, the controller may cause the bonding head to bond a sample chip, may
acquire a temperature distribution of the sample chip and the area detection temperature of the
first heating area and the area detection temperature of the second heating area at that time, and

may calculate the area target temperature of the first heating area and the area target temperature
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of the second heating area on the basis of the obtained chip temperature distribution and area
detection temperatures.
[0013]

Further, the area target temperature of the first heating area may be lower than the area
target temperature of the second heating area.
[0014]

Further, a semiconductor device manufacturing method disclosed in the present
specification includes a step of loading a substrate on a stage; and a step of driving a bonding
head capable of moving with respect to the stage and bonding a semiconductor chip to the
substrate, wherein the bonding head has an attachment that holds the semiconductor chip by
suctioning; and a heating part that detachably holds the attachment and heats the attachment, the
heating part having a first heating area and a second heating area that surrounds the first heating
area in a horizontal direction, and wherein a controller controls a temperature of the first heating
area and a temperature of the second heating area independently during execution of the
bonding.

[Advantageous Effects of Invention]
[0015]

According to the semiconductor device manufacturing device and manufacturing
method disclosed in the present specification, the heating part of the bonding head is divided
into a first heating area and a second heating area, and the controller controls the temperature of
the first heating area and the temperature of the second heating area independently, and thus the
temperature distribution of the object to be heated at the time of bonding can be controlled.
[Brief Description of Drawings]

[0016]
Fig. 1 is a schematic view showing a configuration of a manufacturing device.

Fig. 2 is a schematic view of a semiconductor chip and a substrate.
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Fig. 3 is a graph showing an example of a temperature distribution of a semiconductor
chip.

Fig. 4 is a schematic view showing a configuration of a bonding head.

Fig. 5 is a schematic plan view of a heating part of a bonding head.

Fig. 6 is a graph showing a change over time in an area detection temperature when a
semiconductor chip is bonded.

Fig. 7 is a flowchart showing a flow of a target acquisition process.

Fig. 8 is a schematic view showing a configuration of a bonding head of the related art.
[Description of Embodiments]

[0017]

Hereinafter, a configuration of a semiconductor device manufacturing device 10 will be
described with reference to the drawings. Fig. 1 is a schematic view showing a configuration
of the manufacturing device 10. The manufacturing device 10 manufactures a semiconductor
device by bonding a plurality of semiconductor chips 110 to a substrate 100.

[0018]

The manufacturing device 10 includes a pickup unit 12, a bonding head 14, a stage 16,
and a controller 18. The pickup unit 12 has a push-up pin 20 that pushes up the semiconductor
chip 110 loaded on a dicing tape 120, and a pickup head 22 that holds the pushed-up
semiconductor chip 110 on its bottom surface. The pickup head 22 is rotatable about a rotation
axis O extending in a horizontal direction. When the pickup head 22 rotates 180 degrees, the
picked-up semiconductor chip 110 can be inverted 180 degrees in a thickness direction. As a
result, the surface of the semiconductor chip 110 which is adhered to the dicing tape 120 faces
upward.

[0019]
The bonding head 14 is moved in the horizontal direction parallel to an upper surface of

the stage 16 by an XY drive mechanism (not shown) and is moved in a vertical direction
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orthogonal to the horizontal direction by a Z-axis drive mechanism (not shown). The bonding
head 14 is provided with an attachment (not shown in Fig. 1) that adsorbs and holds the
semiconductor chip 110 and a heater (not shown in Fig. 1) that heats the attachment 33.
Further, the attachment 33 is selected according to the type of the semiconductor chip 110. The
specific configuration of the bonding head 14 will be described later.

[0020]

Further, the bonding head 14 is also provided with a first camera 26. The first camera
26 is attached to the bonding head 14 in a posture in which an optical axis thereof extends
downward and captures an image of the substrate 100 or the like loaded on the stage 16. The
controller 18 calculates a relative positional relationship between the bonding head 14 and the
substrate 100 on the basis of the image captured by the first camera 28 or the like and positions
the bonding head 14 on the basis of the calculation result. The stage 16 vacuum-adsorbs and
supports the substrate 100 conveyed by a conveying mechanism (not shown). A heater (not
shown) is built in the stage 16, and the stage 16 can heat the loaded substrate 100.

[0021]

The controller 18 controls driving of each part of the manufacturing device 10 and
includes, for example, a processor that executes various operations and a memory that stores
various programs and data. The controller 18 drives the pickup unit 12 and the bonding head
14 to bond a plurality of semiconductor chips 110 onto the substrate 100. At the time of this
bonding, the controller 18 controls temperatures of the heaters provided in the bonding head 14
and the stage 16 to appropriately heat the semiconductor chip 110, which will be described later.
[0022]

Next, the semiconductor chip 110 handled by the manufacturing device 10 will be
briefly described. Fig. 2 is a schematic view of the semiconductor chip 110 and the substrate
100. A metal protrusion called a bump 116 is formed on the bottom surface of the

semiconductor chip 110. The bump 116 is made of a conductive metal and melts at a
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predetermined melting temperature. A substrate electrode 102 is formed at a position of the
substrate 100 corresponding to the bump 116. When a semiconductor device is manufactured,
the bump 116 is melted and joined to the substrate electrode 102.

[0023]

A non-conductive film (hereinafter referred to as an “NCF”) 118 is attached to the
bottom surface of the semiconductor chip 110 to cover the bump 116. The NCF 118 functions
as an adhesive for adhering the semiconductor chip 110 to the substrate 100 or another
semiconductor chip 110. The NCF 118 is made of a non-conductive thermosetting resin such
as a polyimide resin, an epoxy resin, an acrylic resin, a phenoxy resin, or a polyether sulfone
resin. A thickness of the NCF 118 is larger than an average height of the bumps 116, and the
bumps 116 are almost completely covered by the NCF 108. The NCF 118 is a solid film at
room temperature, but when it exceeds a predetermined softening start temperature, it gradually
and reversibly softens to exhibit fluidity, and when it exceeds a predetermined curing start
temperature, it begins to irreversibly cure. The softening start temperature is lower than the
curing start temperature of the NCF 118 and the melting temperature of the bump 116.

[0024]

When the semiconductor chip 110 is bonded to the substrate 100, a temporary pressure
bonding step and a main pressure bonding step are executed. In the temporary pressure
bonding step, the semiconductor chip 110 loaded on the substrate 100 is pressurized while being
heated at a temporary pressure bonding temperature. The temporary pressure bonding
temperature is higher than the softening start temperature of the NCF 118 and lower than the
melting temperature of the bump 116 and the curing start temperature of the NCF 118.  When
the semiconductor chip 110 is heated to the temporary pressure bonding temperature, the NCF
118 softens and has fluidity. As a result, the NCF 118 flows into a gap between the
semiconductor chip 110 and the substrate 100, and the gap can be reliably filled.

[0025]
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In the main pressure bonding step, the temporarily pressure-bonded semiconductor chip
110 is pressurized while being heated at a main pressure bonding temperature. The main
pressure bonding temperature is higher than the melting temperature of the bump 116 and the
curing start temperature of the NCF 118. When the semiconductor chip 110 is heated to the
main pressure bonding temperature, the bump 116 can be melted and welded to the opposite
substrate electrode 102. Further, by this heating, the NCF 118 is cured while filling the gap
between the semiconductor chip 110 and the substrate 100, and thus the semiconductor chip 110
and the substrate 100 are firmly fixed.

[0026]

In both the temporary pressure bonding step and the main pressure bonding step, it is
desirable that the semiconductor chip 110 be uniformly heated. That is, in the temporary
pressure bonding step, the semiconductor chip 110 needs to have the temporary pressure
bonding temperature at both its center and end portion. ~Similarly, in the main pressure bonding
step, the semiconductor chip 110 needs to have the main pressure bonding temperature at both
its center and end portion. However, since the bonding head 14 of the related art is provided
with only one heating system, it is difficult to make the temperature distribution of the
semiconductor chip 110 uniform.

[0027]

This will be described with reference to Fig. 8. Fig. 8 is a schematic view showing a
configuration of the bonding head 14 of the related art. The bonding head 14 is provided with a
base part 29, a heat insulating part 30, a heating part 31, and an attachment 33 side by side in
that order from an upper side. The base part 29 is attached to a moving mechanism (not
shown) and is made of, for example, stainless steel. The heating part 31 is a portion in which a
heat generating resistor 36 is built. The heating part 31 has a flat plate shape and is formed of a
ceramic such as aluminum nitride. The heat generating resistor 36 is embedded inside the

heating part 31. The heat generating resistor 36 is made of, for example, platinum or tungsten
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and is electrically connected to a driver 38 having a power supply. When an electric current is
applied to the heat generating resistor 36, the heat generating resistor 36 generates heat, and the
entire heating part 31 is heated. The heat insulating part 30 prevents the heat of the heating part
31 from being transferred to the base part 29 and is formed of, for example, a ceramic such as
Adceram (a registered trademark).

[0028]

The attachment 33 is attached to a lower side of the heating part 31. The attachment
33 has a rectangular plate-shaped base 33a and an island 33b protruding from a bottom surface
of the base 33a. The base 33a has substantially the same outer shape as the heating part 31.
The island 33b is smaller than the base 33a and has a quadrangular shape having substantially
the same size as the semiconductor chip 110. The attachment 33 is attachable and detachable
with respect to the heating part 31 and is appropriately replaced according to the type of
semiconductor chip 110 to be handled. Although not shown in Fig. 8, a suction hole that
penetrates the attachment 33 in the thickness direction and communicates with a suction pump is
formed in the attachment 33. Further, a communication passage for causing the suction hole to
communicate with the suction pump is formed in the heating part 31, the heat insulating part 30,
and the base part 29. The semiconductor chip 110 is adsorbed and held by the attachment 33
through the suction hole.

[0029]

Further, a cooling passage 42 through which a refrigerant flows is formed on an upper
side of the heating part 31. The cooling passage 42 communicates with a refrigerant supply
source 44, and a valve 46 is provided in the middle of the cooling passage 42. The controller
18 controls a flow rate of the refrigerant by controlling an opening amount of the valve 46.
When the refrigerant flows through the cooling passage 42, the heating part 31 and the
attachment 33 attached to the heating part 31 are cooled.

[0030]
10
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Here, even in the bonding head 14 of the related art, it is possible to make the
temperature distribution of the heating part 31 uniform to some extent by uniformly dispersing
the heat generating resistors 36 in the heating part 31. However, a heat absorption rate of the
semiconductor chip 110 to be heated increases as it approaches the outside of the semiconductor
chip 110. Therefore, in the related art, even if the temperature distribution of the heating part
31 is made uniform, the temperature of the semiconductor chip 110 to be heated tends to
decrease as it approaches the outside.

[0031]

Fig. 3 is a graph showing an example of temperature distribution of the semiconductor
chip 110. In Fig. 3, a horizontal axis represents a position in the semiconductor chip 110, and a
vertical axis represents a temperature of the semiconductor chip 110 (hereinafter abbreviated as
“chip temperature). Further, in Fig. 3, “Cc” indicates a center position of the semiconductor
chip 110, and “Co” indicates an end portion position of the semiconductor chip 110.

[0032]

When the semiconductor chip 110 is heated by the bonding head 14 having only one
heating system, the chip temperature becomes lower as it approaches the end portion as shown
by a solid line in Fig. 3. In other words, in the bonding head 14 of the related art, the
temperature distribution of the semiconductor chip 110 tends to vary. In a case in which the
temperature distribution of the semiconductor chip 110 is non-uniform in this way, the molten
state of the bump 116 and the softened or cured state of the NCF 118 vary depending on a
location, which causes problems such as poor bonding of the semiconductor chip 110 and a
non-uniform gap amount between the semiconductor chip 110 and the substrate 100 (or another
semiconductor chip 110).

[0033]
Therefore, in the present specification, to make the distribution of the chip temperature

uniform, the heating part 31 is divided into a plurality of heating areas in the horizontal direction,
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and the heating areas are electrically connected to different drivers. This will be described with
reference to Figs. 4 and 5.
[0034]

Fig. 4 is a schematic view showing a configuration of the bonding head 14 installed in
the manufacturing device 10. Further, Fig. 5 is a schematic plan view of the heating part 31 of
the bonding head 14. In this bonding head 14, a base part 29, a heat insulating part 30, a
heating part 31, and an attachment 33 are disposed side by side in that order from an upper side
as in the bonding head 14 of the related art. Among these, the configurations of the base part
29, the heat insulating part 30, and the attachment 33 are almost the same as those of the
bonding head 14 of the related art.

[0035]

On the other hand, the heating part 31 of the present example differs from the related art
in that it is divided into a first heating area 32a and a second heating area 32b. Specifically, the
heating part 31 of the present example is divided into a substantially rectangular first heating
area 32a and a quadrangular ring-shaped second heating area 32b that surrounds the outer
periphery of the first heating area 32a. A first heat generating resistor 36a is embedded in the
first heating area 32a, and a second heat generating resistor 36b is embedded in the second
heating area 32b. Further, a first temperature sensor 34a for detecting the temperature of the
first heating area 32a is attached to the first heating area 32a, and a second temperature sensor
34b for detecting the temperature of the second heating area 32b is attached to the second
heating area 32b.

[0036]

Here, the temperature sensor 34a or 34b corresponding to one heating area may be
provided at a position separated from a boundary with another adjacent heating area. For
example, the first temperature sensor 34a may be attached in the vicinity of a center of the first

heating area 32a, and the second temperature sensor 34b may be attached in the vicinity of an
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outer end portion of the second heating area 32b. With such a configuration, the temperature
sensor 34a or 34b is less likely to be affected by the temperature of the other adjacent heating
area.

[0037]

The first heat generating resistor 36a and the second heat generating resistor 36b are
energized by a first driver 38a and a second driver 38b, respectively. The first driver 38a has a
power supply circuit for applying a desired current to the first heat generating resistor 36a. The
temperature detected by the first temperature sensor 34a (hereinafter referred to as a “first area
detection temperature Tal”) and a first area target temperature Tal* stored in the controller 18
are input to the first driver 38a.  The first driver 38a controls a current value to be applied to the
first heat generating resistor 36a according to a difference between the first area detection
temperature Tal and the first area target temperature Tal*.

[0038]

The second driver 38b has a power supply circuit for applying a desired current to the
second heat generating resistor 36b. The temperature detected by the second temperature
sensor 34b (hereinafter referred to as a “second area detection temperature Ta2”’) and a second
area target temperature Ta2* stored in the controller 18 are input to the second driver 38b. The
second driver 38b controls a current value to be applied to the second heat generating resistor
36b according to a difference between the second area detection temperature Ta2 and the second
area target temperature Ta2*.

[0039]

In addition, in Figs. 4 and 5, a gap is shown between the two heating areas 32a and 32b
to clarify the boundary between the two heating areas 32a and 32b. However, in reality, there
may be no gap between the two heating areas 32a and 32b. Further, it is not necessary to
mechanically separate the first heating area 32a and the second heating area 32b from each other,

and the first heating area 32a in which the first heat generating resistor 36a is embedded and the
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second heating area 32b in which the second heat generating resistor 36b is embedded may be
seamlessly connected to each other. That is, the heating part 31 may be formed of a single
ceramic. By forming the heating part 31 with a single ceramic in this way, it becomes easy to
ensure flatness or the like of the heating part 31, and the semiconductor chip 110 can be
pressurized more uniformly.

[0040]

Further, in the present example, not only a plurality of heating systems but also a
plurality of cooling systems is provided. That is, a first cooling passage 42a and a second
cooling passage 42b are provided on the upper side of the heating part 31 to correspond to the
first heating area 32a and the second heating area 32b. Each of the cooling passages 42a and
42b communicates with a refrigerant supply source 44, and it is possible to change a flow rate of
a refrigerant flowing through each of the cooling passages 42a and 42b by controlling an
opening/closing amount of each of valves 46a and 46b provided in the middle of the cooling
passages 42a and 42b. The opening/closing amount of each of the valves 46a and 46b is
controlled by the controller 18. In other words, the controller 18 can control the flow of the
refrigerant in each of the two cooling passages 42a and 42b independently of each other. The
refrigerant flows through each of the cooling passages 42a and 42b, and thus the corresponding
heating areas 32a and 32b are cooled.

[0041]

Here, as is clear from the above description, in the present example, a heating
temperature of the first heating area 32a and a heating temperature of the second heating area
32b can be controlled independently. When the semiconductor chip 110 is bonded, the
controller 18 controls the temperatures of the two heating areas 32a and 32b such that the
temperature distribution of the semiconductor chip 110 becomes uniform. Specifically, the
controller 18 inputs the area target temperatures Tal* and Ta2* that can make the temperature

distribution of the semiconductor chip 110 uniform to the first and second drivers 38a and 38b.
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More specifically, the controller 18 inputs a value higher than the area target temperature Tal* of
the first heating area 32a located inside to the second driver 38b as the area target temperature
Ta2* of the second heating area 32b located outside.

[0042]

Fig. 6 is a graph showing a change over time in the area detection temperatures Tal and
Ta2 when the semiconductor chip 110 is bonded. In Fig. 6, a horizontal axis represents time
and a vertical axis represents an area detection temperature. Further, in Fig. 6, a thick line
indicates the first area detection temperature Tal, and a thin line indicates the second area
detection temperature Ta2. As shown in Fig. 6, in the present example, the drive of the two
heaters 36a and 36b is controlled such that the first area detection temperature Tal becomes the
first area target temperature Tal* and the second area detection temperature Ta2 becomes the
second area target temperature Ta2* which is higher than the first area target temperature Tal*.
[0043]

It may be difficult to perform delicate temperature control with only energization
control of the heat generating resistors 36a and 36b. In that case, the refrigerant may be
supplied to the cooling passages 42a and 42b in parallel with the energization of the heat
generating resistors 36a and 36b. For example, in a case in which a temperature rise rate of the
second area detection temperature Ta2 is higher than the target, the controller 18 may increase an
opening degree of the valve 46b provided in the second cooling passage 42b and may
temporarily increase the refrigerant flow rate flowing through the second cooling passage 42b.
By performing the energization control of the heat generating resistors 36a and 36b and the
control of the refrigerant flow rate in parallel in this way, it is possible to heat the heating areas
32a and 32b more accurately.

[0044]
In any case, since the second heating area 32b located outside has a higher temperature

than the first heating area 32a located inside, it is possible to also raise the temperature in the
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vicinity of the end portion of the semiconductor chip 110 having a high heat absorption rate as in
the vicinity of the center. As a result, according to the present example, the temperature
distribution of the semiconductor chip 110 can be made uniform.

[0045]

The controller 18 stores the first area target temperature Tal* and the second area target
temperature Ta2* in advance in the memory to uniformly heat the semiconductor chip 110.
The area target temperatures Tal* and Ta2* are prepared for each step. That is, the controller
18 stores the area target temperatures Tal* and Ta2* to be used in the temporary pressure
bonding step and the area target temperatures Tal* and Ta2* to be used in the main pressure
bonding step.

[0046]

Further, since the distribution of the heat absorption rate of the semiconductor chip 110
varies depending on the type of the semiconductor chip 110, the area target temperatures T1*
and T2* at which the semiconductor chip 110 can be uniformly heated vary depending on the
type of the semiconductor chip 110. Therefore, the area target temperatures Tal* and Ta2* are
also prepared for each type of the semiconductor chip 110 to be handled.

[0047]

To acquire such area target temperatures Tal* and Ta2*, the controller 18 may execute a
target acquisition process for acquiring the area target temperature prior to manufacturing the
semiconductor device. Fig. 7 is a flowchart showing a flow of the target acquisition process.
[0048]

In the target acquisition process, first, an inside temperature sensor and an outside
temperature sensor are attached to a sample chip (S10). Here, the sample chip is a
semiconductor chip 110 of the same type as the semiconductor chip 110 used in the manufacture
of an actual semiconductor device. The inside temperature sensor is attached in the vicinity of

a center of the sample chip, and the outside temperature sensor is attached in the vicinity of an
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end portion of the sample chip. Hereinafter, the temperature detected by the inside temperature
sensor is referred to as a “first chip detection temperature Tcl,” and the temperature detected by
the outside temperature sensor is referred to as a “second chip detection temperature Tc2.”
[0049]

The controller 18 drives the bonding head 14 to load the sample chip on the substrate
100 (S12). When the sample chip is loaded on the substrate 100, the controller 18 subsequently
heats the heat generating resistors 36a and 36b until the first area detection temperature Tal
reaches a first temporary target temperature Ttl and the second area detection temperature Ta2
reaches a predetermined second temporary target temperature Tt2 (S14). Here, the first
temporary target temperature Tt1 and the second temporary target temperature Tt2 may have the
same value or may be different from each other.

[0050]

When Tal = Ttl and Ta2 = Tt2, the controller 18 acquires the first chip detection
temperature Tcl and the second chip detection temperature Tc2 at that time (S16). The
controller 18 calculates a difference between the acquired first chip detection temperature Tcl
and a target temperature Tdef of the semiconductor chip 110 as a first difference value AT1 and a
difference between the acquired second chip detection temperature Tc2 and a target temperature
Tdef of the semiconductor chip 110 as a second difference value AT2 (S18). Here, in a case in
which the area target temperatures Tal* and Ta2* to be used in the temporary pressure bonding
step are acquired, the target temperature Tdef is the temporary pressure bonding temperature.
Further, in a case in which the area target temperatures Tal* and Ta2* to be used in the main
pressure bonding step are acquired, the target temperature Tdef is the main pressure bonding
temperature.

[0051]
Subsequently, the controller 18 compares an absolute value |AT1| of the first difference

value and an absolute value |AT2| of the second difference value with an allowable error Adef
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(S20). As a result of the comparison, in a case in which |[AT1]| is equal to or less than the
allowable error Adef and |[AT2| is equal to or less than the allowable error Adef (in a case of Yes
in S20), current temporary target temperatures Ttl and Tt2 can be determined to be appropriate.
Therefore, in this case, the controller 18 stores the current first temporary target temperature Tt1
as the first area target temperature Tal* and the second temporary target temperature Tt2 as the
second area target temperature Ta2* in the memory (S24).

[0052]

On the other hand, as a result of the comparison, in a case in which |AT1| exceeds the
allowable error Adef or |AT2| exceeds the allowable error Adef (in a case of No in S20), the
controller 18 corrects the temporary target temperatures Ttl and Tt2 (S22). A method for
correcting the temporary target temperatures Ttl and Tt2 is not particularly limited as long as it
can reduce the difference values AT1 and AT2. Therefore, for example, values obtained by
subtracting values obtained by multiplying the difference values AT1 and AT2 by predetermined
coefficients K1 and K2 from the current temporary target temperatures Ttl and Tt2 may be
calculated as the corrected temporary target temperatures Ttl and Tt2. That is, Ttl = Ttl — AT1
- K1 and Tt2 = Tt2 — AT2 - K2 may be set.

[0053]

When the temporary target temperatures Ttl and Tt2 can be calculated, the controller 18
repeats the processes of steps S14 to S22 again. Finally, when |AT1| < Adef, |AT2| < Adef, and
step S24 is executed, the area target temperature acquisition process is completed.

[0054]

The configuration described so far is an example. As long as the heating part 31 is
divided into a first heating area and a second heating area that surrounds the first heating area in
the horizontal direction and the temperature of the first heating area and the temperature of the
second heating area can be controlled independently, other constituent elements may be changed.

For example, in the above description, the heating part 31 is divided into a first heating area 32a
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and a second heating area 32b surrounding the first heating area 32a, but the heating part 31 may
be divided into a larger number of areas. For example, the heating part 31 may be divided into
a substantially rectangular first heating area, a quadrangular ring-shaped second heating area
surrounding the first heating area, and a quadrangular ring-shaped third heating area surrounding
the second heating area. Further, in the above description, the temperatures of the two heating
areas are controlled independently such that the temperature distribution of the object to be
heated becomes uniform. However, the temperature distribution of the object to be heated may
be appropriately changed depending on the type of the bonding and the type of the object to be
heated. For example, the controller may control the temperatures of the first and second
heating areas such that the peripheral edge portion of the object to be heated has a higher
temperature than the central portion.
[Reference Signs List]
[0055]

10 Manufacturing device

12 Pickup unit

14 Bonding head

16 Stage

18 Controller

20 Push-up pin

22 Pickup head

26 First camera

29 Base part

30 Heat insulating part

31 heating part

32a First heating area

32b Second heating area
19
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33 Attachment

33a Base

33b Island

34 Temperature sensor

36 Heat generating resistor
38 Driver

42 Cooling passage

44 Refrigerant supply source
46 Valve

100 Substrate

102 Substrate electrode
110 Semiconductor chip
116 Bump

120 Dicing tape

20



10

15

20

25

[CLAIMS]
[Claim 1]

A semiconductor device manufacturing device comprising:

a stage on which a substrate is loaded;

a bonding head that is disposed facing the stage and bonds a semiconductor chip to the
substrate; and

a controller,

wherein the bonding head includes

an attachment that holds the semiconductor chip by suctioning; and

a heating part that detachably holds the attachment and heats the attachment, the heating
part having a first heating area and a second heating area that surrounds the first heating area in a
horizontal direction, and

wherein the controller controls a temperature of the first heating area and a temperature
of the second heating area independently.
[Claim 2]

The semiconductor device manufacturing device according to claim 1,

wherein the controller controls a heat generating amount of the first heating area and a
heat generating amount of the second heating area such that an in-plane temperature distribution
of the semiconductor chip becomes uniform during bonding execution.
[Claim 3]

The semiconductor device manufacturing device according to claim 2,

wherein the bonding head further has a temperature sensor that detects the temperature
of the first heating area and a temperature sensor that detects the temperature of the second
heating area, and

wherein the controller stores an area target temperature of the first heating area and an

area target temperature of the second heating area in advance and controls the heat generating
21
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amount of the first heating area and the heat generating amount of the second heating area
according to a difference between the area target temperature stored and an area detection
temperature of the temperature sensor.
[Claim 4]

The semiconductor device manufacturing device according to claim 3,

wherein the bonding head further has cooling paths which are provided to correspond to
the first heating area and the second heating area and are independent of each other, the cooling
paths cooling the first heating area and the second heating area corresponding to flow of a
refrigerant, and

wherein the controller controls the heat generating amount and a flow rate of the
refrigerant according to the difference between the area target temperature stored and the area
detection temperature of the temperature sensor.
[Claim 5]

The semiconductor device manufacturing device according to claim 3 or 4,

wherein the controller is configured to execute a target acquisition process for acquiring
the area target temperature prior to bonding the semiconductor chip, and

wherein, in the target acquisition process, the controller causes the bonding head to
bond a sample chip, acquires a temperature distribution of the sample chip and the area detection
temperature of the first heating area and the area detection temperature of the second heating
area at that time, and calculates the area target temperature of the first heating area and the area
target temperature of the second heating area based on chip temperature distribution and area
detection temperatures obtained.
[Claim 6]

The semiconductor device manufacturing device according to any one of claims 2 to 4,

wherein the area target temperature of the first heating area is lower than the area target

temperature of the second heating area.
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[Claim 7]

A semiconductor device manufacturing method comprising:

a step of loading a substrate on a stage; and

a step of driving a bonding head capable of moving with respect to the stage and
bonding a semiconductor chip to the substrate,

wherein the bonding head has

an attachment that holds the semiconductor chip by suctioning; and

a heating part that detachably holds the attachment and heats the attachment, the heating
part having a first heating area and a second heating area that surrounds the first heating area in a
horizontal direction, and

wherein a controller controls a temperature of the first heating area and a temperature of

the second heating area independently during execution of the bonding.
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