SEMICONDUCTOR WAFER TRANSPORT METHOD AND

SEMICONDUCTOR WAFER TRANSPORT APPARATUS

BACKGROUND OF THE INVENTION

[0001] (1) Field of the Invention

[0002] This invention relates to a semiconductor wafer transport method and
semiconductor wafer transport apparatus for transporting a semiconductor wafer. More
particularly, this invention is directed to a technique of transporting a heated
semiconductor wafer.

[0003] (2) Description of the Related Art

[0004] In recent years, a semiconductor wafer (hereinafter, appropriately referred
to as a "wafer") tends to be ground to have a thickness of several tens micrometers with a
need for a high-density package. Accordingly, a circuit and a bump formed on a surface
of the wafer may be damaged from a back grinding process until a dicing process, which
leads to reduced manufacturing efficiency.

[0005] A dicing process is performed to the wafer having a circuit already formed
thereon prior to a back grinding process, whereby only non-defective bear chips are
sorted. The bear chips are fixedly arranged in a two-dimensional array on an adhesion
sheet joined to a carrier substrate. Here, an electrode surface of the bear chip is directed
downward. Then, the bear chips are covered with a resin for renewal of the wafer in a
wafer shape (hereinafter, referred to as a "renewed wafer"), and the substrate is separated
from the renewed wafer. Thereafter, back grinding is performed to the wafer on an

opposite side of the electrode surface. The thinned renewed wafer is adhesively held on



a ring frame via a support adhesive tape, and transported to a dicing process where the
bear chips are diced from the resin.  See Japanese Patent Publication No. 2001-308116.

[0006] Reinforcement of the wafer includes another aspect as under. That is, for
providing rigidity to the wafer thinned through back grinding, a support member for
reinforcement having a larger diameter than the wafer is joined to the wafer via a
double-faced adhesive tape. An adhesive is adopted in the double-faced adhesive tape
having a heat separation property that reduces or eliminates adhesion due to foaming and
expansion from heating. See Japanese Patent Publication No. 2005-116679.

[0007] As above, the wafer from which the substrate or the support member is
separated is cooled on a holding table where the wafer is to be transported.

[0008] In addition to the above aspect of the wafer, the renewed wafer and the
substrate are joined together via a double-faced adhesive tape having a heat separation
property. In this case, when the renewed wafer is separated from the substrate, resin
expands due to heating. In other words, the resin has expansion coefficient higher than
the bear chip. Moreover, since the resin has higher expansion coefficient than the bear
chip, the resin naturally has higher shrinkage due to cooling than the bear chip.

[0009] Consequently, the renewed wafer placed on the holding table under a
cooling state is cooled rapidly in a short time, and the renewed wafer may be warped due
to difference of shrinkage between the bear chip and the resin associated with
temperature changes. Alternatively, cracks may occur in the resin, which leads to
reduced rigidity. As a result, there arises a problem that damages of the bear chip and
handling errors for the renewed wafer may occur.

[0010] When the support member is separated with heating from the wafer

subject to a back grinding process and the double-faced adhesive tape remains on the



walfer, rapid cooling of the wafer in a short time may lead to largely warping of the wafer
due to difference in shrinkage between the double-faced adhesive tape and the wafer
associated with temperature changes. Accordingly, such warp may cause the wafer to
be damaged.

[0011] Moreover, a temperature of the wafer gradually decreases to a given
temperature with one holding table, processing is suspended prior to a cooling step,
which results such disadvantage as reduced treatment efficiency. ~Alternatively, two or
more holding tables may be provided. However, this may leads to an upsized apparatus

configuration.

SUMMARY OF THE INVENTION

[0012] This invention has been made regarding the state of the art noted above,
and its primary object is to provide a method and apparatus for transporting a
semiconductor wafer that allows efficient cooling with no damage thereon.

[0013] This invention discloses a semiconductor wafer transport method for
transporting a semiconductor wafer covered with a resin or an adhesive tape. The
method includes preliminarily cooling of the semiconductor wafer under a heating state
during transportation to a cooling stage.

[0014] According to this method, the semiconductor wafer under a heating state is
preliminarily cooled during transportation on a transportation path. Consequently, the
semiconductor wafer is gradually cooled until reaching to the cooling stage. This may
avoid shrinkage of the resin or the adhesive tape having a higher thermal expansion
coefficient than the semiconductor on the holding table due to rapid cooling in a short

time. As a result, warp of the semiconductor wafer may be prevented that occurs due to



difference in shrinkage between the resin or the adhesive tape and the semiconductor
wafer. Moreover, damages in the semiconductor wafer due to the warp may also be
prevented.

[0015] Moreover, time for lowering a temperature to a given value in the cooling
stage is shortened through preliminarily cooling the semiconductor wafer.  Accordingly,
a processing time may be shortened that is necessary for transporting the semiconductor
wafer subjected to desired processing out of each processing step.

[0016] Moreover, preliminary cooling may be conducted through blowing air
from a nozzle provided above the semiconductor wafer that passes on the transportation
path. Alternatively, preliminary cooling may be conducted through blowing air from the
transportation path toward a rear face of the semiconductor wafer. ~Alternatively,
preliminary cooling may be conducted through blowing air simultaneously from upper
and lower sides of the semiconductor wafer.

[0017] Moreover, preliminary cooling is preferably controlled as under. That is,
when the semiconductor wafer under a heating state at a given temperature is cooled to a
target temperature, a correlation between a cooling temperature and shrinkage of the resin
or the adhesive tape is determined in advance such that a warp amount of the
semiconductor wafer falls within a given range. A detector detects a temperature and a
transportation speed of the semiconductor wafer in the transport process, and at least any
of a temperature and a flow rate of air supplied towards the semiconductor wafer and a
transportation speed of the semiconductor wafer is controlled in accordance with
detection results.

[0018] Preliminary cooling is controlled in such a manner, whereby the resin or

the adhesive tape may gradually be shrunk for a given time such that the semiconductor



wafer is warped within a given range. Accordingly, even when the semiconductor wafer
differs from the resin or the adhesive tape in shrinkage, a warping amount of the
semiconductor may be suppressed. That is because deviation in shrinkage per unit time
decreases. Consequently, there may be suppressed damages and handling errors of the
semiconductor wafer.

[0019] This invention also discloses semiconductor wafer transport apparatus for
transporting a semiconductor wafer covered with a resin or an adhesive tape. The
apparatus includes a wafer transport section, a preliminary cooling nozzle, a holding
stage, and a cooler. The wafer transport section transports the semiconductor wafer uner
a heating state. The preliminary cooling nozzle blows air towards the semiconductor
wafer transported with the wafer transport section.  The holding stage mounts and holds
the semiconductor wafer preliminarily cooled. The cooler cools the semiconductor
wafer on the holding stage.

[0020] According to this configuration, the semiconductor wafer under a heating
state is gradually cooled on the wafer transportation path with air until reaching the
holding stage. Accordingly, the foregoing method may suitably be implemented.

[0021] Moreover, the wafer transport section in the foregoing configuration may
includes a first blow-off section and a second blow-off section on a transport surface
thereof, the first blow-off section at a center portion of the wafer transport section blows
air vertically against a rear face of the semiconductor wafer along a transport direction of
the semiconductor wafer, the second blow-off section blows air obliquely against the rear
face of the semiconductor wafer in a semiconductor wafer width direction, in which the
wafer transport section has a give clearance in the semiconductor wafer width direction

for transporting while floating the semiconductor wafer on the transport surface larger



than the semiconductor wafer, and controls travel of the semiconductor wafer through
adjusting a flow rate of air supplied from the preliminary cooling nozzle, the first
blow-off section, and the second blow-off section. Such configuration may be adopted.

[0022] According to this configuration, the semiconductor wafer may be
preliminary cooled from upper and lower sides while being transported in a non-contact
manner with the wafer transport section. Consequently, this configuration may
eliminate difference in temperature between the surface and the rear face of the
semiconductor wafer, which may suppress warp of the semiconductor wafer with
reliability.

[0023] The foregoing configuration preferably includes two or more temperature
sensors, a speed detector, a memory, and a controller. The two or more temperature
sensors detect a temperature of the semiconductor wafer transported on the wafer
transport section and a temperature of the semiconductor wafer on the holding table.
The speed detector detects a transportation speed of the semiconductor wafer being
transported with the wafer transport section. The memory memorizes a correlation
between a cooling temperature and shrinkage of the resin or the adhesive tape such that a
warp amount of the semiconductor wafer falls within a given range when the
semiconductor wafer under a heating state at a given temperature is cooled to reach a
target temperature. The controller controls a temperature of the semiconductor wafer
through detecting the temperature and the transport speed of the semiconductor wafer
transported with the wafer transport section by the temperature sensors and the speed
detector, and selecting a condition for changing setting of at least any of a temperature
and a flow rate of air supplied toward the semiconductor wafer and a transport speed of

the semiconductor wafer in accordance with detection results.



[0024] This method may realize reduced shrinkage of the semiconductor wafer
relative to the resin or the adhesive tape associated with variation in cooling temperatures
as well as suppression of a warp amount of the semiconductor wafer with reliability.

[0025] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended to provide

further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention, and together with the description
serve to explain the principles of the invention.

[0027] Figure 1 is a plan view showing a whole configuration of apparatus
according to one embodiment.

[0028] Figure 2 is a side view of a workpiece having a carrier joined to a
semiconductor wafer.

[0029] Figure 3 is a sectional view of the semiconductor wafer,

[0030] Figure 4 is a plan view of wafer transport apparatus.

[0031] Figure 5 is a side view of the wafer transport apparatus.

[0032] Figure 6 is an explanatory operation view of a holding table.

[0033] Figure 7 is a sectional view of a wafer transportation path.

[0034] Figure 8 is a plan view of a holding table.

[0035] Figure 9 is a plan view showing the surrounding of the holding table.

[0036] Figure 10 is a front view showing the surrounding of the holding table.



[0037] Figure 11 is a side view showing a carrier removal mechanism.

[0038] Figure 12 is a perspective view of a separation roller,

[0039] Figures 13 and 14 are explanatory views each showing operation of
removing the carrier.

[0040] Figures 15 to 17 are explanatory views each showing operation of
separating a double-faced adhesive tape.

[0041] Figures 18 to 20 are explanatory views each showing operation of the
wafer transport apparatus.

[0042] Figure 21 is a front view of an air nozzle for preliminary cooling

according to one modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0043] One embodiment of this invention is now to be described below with
reference to the drawings.

[0044] Semiconductor wafer transport apparatus of this invention is provided in a
carrier removal device. As shown in Figure 2, the carrier removal device removes a
semiconductor wafer 1 (hereinafter, appropriately referred to as a "wafer") prior to back
grinding from a carrier 2 formed of a stainless steel, a glass substrate, or a silicon
substrate. The semiconductor wafer 1 is joined coaxially to the carrier 2 via a
double-faced adhesive tape 3. Here, the carrier 2 has a shape approximately similar to
the wafer 1, and has a diameter equal or larger than the wafer 1.

[0045] Here, the wafer 1 is formed as follows. That is, bear chips 1a to which a
dicing process is performed are inspected after circuit formation on a wafer surface for

sorting out only non-defective bear chips 1a. The non-defective bear chips 1a are



fixedly arranged in a two-dimensional array on the double-faced adhesive tape 3 joined to
the carrier 2, as shown in Figurc 3, with clectrode surfaces thereof being directed
downward. Moreover, the bear chips 1a are covered with a resin 1b, which are renewed
into a wafer shape.

[0046] Now, referring again to Figure 2. The double-faced adhesive tape 3
includes a tape base material 3a having an adhesive layer 3b and an adhesive layer 3¢ on
opposite surfaces thereof. The adhesive layer 3b with a heat separation property loses
its adhesion due to foaming and expansion from heating. The adhesive layer 3¢ is
ultraviolet curable type that reduces its adhesion due to curing by irradiation with
ultraviolet rays, or a non-ultraviolet curable type and pressure-sensitive. That is, the
carrier 2 is joined to the adhesive layer 3b of the double-faced adhesive tape 3, and the
wafer 1 is joined to the adhesive layer 3c.

[0047] Figure 1 is a plan view of carrier removal apparatus according to this
invention. Figure 4 is a plan view of wafer transport apparatus, and Figure 5 is a front
view thereof.

[0048] The carrier removal apparatus includes a wafer supply/collecting section 4,
a first wafer transport mechanism 6, an alignment stage (aligner) 7, a second wafer
transport mechanism 9, wafer transport apparatus 10, a carrier removal mechanism 11, a
tape separation mechanism 12, a tape collecting section 13, a marking section 14, a wafer
deliver section 15, and a third wafer transport mechanism 17. The wafer
supply/collecting section 4 has cassettes C1 and cassettes C2 mounted thereon, the
cassettes C1 housing workpieces W each formed of the wafer 1 and the substrate 2, the
cassettes C2 housing the wafers 1 and the carriers 2, respectively. The first wafer

transport mechanism 6 has a first robot arm 5. The second wafer transport mechanism 9



has a second robot arm 8.  The carrier removal mechanism 11 removes the carrier 2
from the wafer 1. The tape separation mechanism 12 separates and removes the
double-faced adhesive tape 3 from the wafer 1 from which the carrier 2 is removed.

The tape collecting section 13 collects the separated and removed double-faced adhesive
tapes 3. The marking section 14 marks the wafer 1. The third wafer transport
mechanism 17 has a third robot arm 16. Next, each mechanism will be described in
detail.

[0049] The wafer supply/collecting section 4 has two cassettes C1 on a supply
side and two cassettes C2 on a collection side that are arranged in parallel. The cassette
C1 houses horizontally in a stack manner the workpieces W with the wafer 1 and the
carrier 2 joined together where the carrier 2 is directed downward. One cassette C2
houses wafers 1 horizontally in a stack manner from which the carrier 2 is each removed
and each have a circuit surface of the bear chips 1a directed upward. The other cassette
C2 houses removed carriers 2 horizontally in a stack manner.

[0050] The first robot arm 5 of the first wafer transport mechanism 6 is reversible,
and movable horizontally. Further, the first robot arm 5 is turnable and movable
vertically as a whole. The first robot arm 5 has a tip end provided with a U-shaped
workpiece holder 5a of a vacuum suction type.

[0051] The alignment stage 4 performs alignment on the workpiece W that is
transported and placed thereon by the first wafer transport mechanism 6, based on a notch
or an orientation flat formed at an outer periphery of the workpiece W.

[0052] The second robot arm 8 of the wafer transport mechanism 9 is movable

horizontally. Further, the robot arm 8 is turnable and movable vertically as a whole.
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The second robot arm 8 has a tip end provided with a U-shaped wafer holder 8a of a
vacuum suction type.

[0053] As shown in Figures 4 and 5, the wafer transport apparatus 10 includes a
holding table 18, a wafer transport section 19, a cooling stage 20, and a transportation
stage 21 that are positioned on a swinging movable table 22. Here, the cooling stage 20
corresponds to a first holding stage in this invention. The transportation stage 21
corresponds to a second holding stage in this invention.

[0054] The holding table 18 is a metal chuck table. The holding table 18 is in
communication with an external vacuum device via a channel. That is, the holding table
18 suction-holds the placed workpiece W. The holding table 18 is provided with a
suction pad 23 and two or more support pins 24. The holding table 18 is moved upward
and downward via a cylinder 85. Here, the holding table 18 is not limited to metal, but
may be formed of a ceramic porous material.

[0055] The suction pad 23 is placed at a center portion of the holding table 18,
and its top surface movable upward and downward is formed as a vacuum suction surface

[0056] The support pins 24 are spaced at regular intervals on a given
circumference of the holding table 18. Specifically, the support pins 24 are movable
upward and downward from a holding surface of the holding table 18 via a cylinders 25.
Moreover, the tip of the support pin 24 is formed of an insulator, or is covered with an
insulator.

[0057] A nozzle 26 is arranged behind the holding table 18. As shown in Figure
18, the nozzle 26 has a tip end directed obliquely downward as to blow air between the
holding table 18 and the wafer 1 or the carrier 2 pushed up from the holding table 18 and

held with the support pins 24.
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[0058] Now referring again to Figure 4. The wafer transport section 19 isin a
plate shape having a width larger than the wafer 1 and the carrier 2 to be transported.
The wafer transport section 19 is connected to the holding table 18 and the transportation
stage 21 as to sandwich the cooling stage 20. The transport path 2 has a transport
surface including a first blow-off section 27 and second blow-off sections 28. The first
blow-off section 27 is shown in Figure 4 by alternate long and short dash lines at a center
portion of the transport path 2 along a transportation direction. The second blow-off
sections 11 are shown in Figure 4 by alternate long and short dash lines on opposite sides
of the transport path 2 as to sandwich the first blow-off section 10.

[0059] As shown in Figure 7, the first blow-off section 27 includes two or more
holes 29 formed vertically through the wafer transport section 19. The holes 29 are
brought together by a channel 31 formed in a rear face of the wafer transport section 19,
where the holes 29 are communicated. The channel 31 where the holes 29 are brought
into one includes a first electromagnetic valve 32 on one end. The other end of the
electromagnetic valve 32 is communicated with a pump 35.

[0060] The second blow-off section 28 has two or more holes 30 formed through
the wafer transport section 19 obliquely toward a center thereof relative to a traveling
direction of the wafer 1. The holes 30 are brought together by channels 33
communicated therewith for every second blow-off section 28 on a rear face side of both
ends thereof. Each channel 33 where the holes 30 are brought into one includes a
second electromagnetic valve 34 on one end. The other end of the electromagnetic
valve 34 is communicated with the pump 35.

[0061] Now referring again to Figures 4 and 5. Two detectors each consisting of

a light projector 36 and a light receiver 37 are positioned on opposite ends of the wafer
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transport section 19 in a width direction. The light projector 36 is on a transport start
position side of the water transport section 19, the light receiver 37 on a transport
termination position side. That is, each defector is spaced away by a given clearance
from an outer periphery end of the wafer 1 or the carrier 2 that is transported along the
center of the wafer transport section 19.

[0062] Morcovcr, guide walls 38 are each provided on opposite ends of the wafer
transport section 19 for preventing the wafer 1 and the carrier 2 from dropping. The
surface of the guide wall 38 is covered with an elastic body.

[0063] A strut 39 is erected on each side of the wafer transport section 19 and the
cooling stage 20. The strut 39 includes a frame 40 that allows upward and downward
movement. Two or more air nozzles 41 are arranged at a given clearance along a
transportation direction of the wafer 1 across the frames 40 on both ends. Here, the air
nozzle 41 corresponds to the preliminary cooling nozzle in this invention. The strut 39,
the frame 40, and the air nozzle 41 constitutes the preliminary cooling device.

[0064] As shown in Figure 7, the air nozzle 41 has openings in a width direction
for blowing air against the wafer 1.  Air is supplied from the pump 35 to the air nozzle
41 via the third electromagnetic valve 48. Moreover, a controller 80 controls
opening/closing and a degree of opening of the third electromagnetic valve 48 for
adjusting a flow rate of air.

[0065] Each nozzle 41 includes at a center portion thereof a temperature sensor
42 for detecting a temperature of the wafer 1 passing thereunder. A detection signal of
the temperature sensor 42 is sent to the controller 80.

[0066] As shown in Figure 8, the cooling stage 20 includes a temperature sensor

43. Moreover, the cooling stage 20 includes inside thereof a Peltier device 44 for
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cooling the wafer 1 thereon. Here, the cooling stage 20 corresponds to the first cooling
stage in this invention.

[0067] As shown in Figures 4 and 5, a nozzle 45 is provided on one strut 39 of the
cooling stage 20. Here, a detection signal of the temperature sensor 43 is also sent to
the controller 80.

[0068] As shown in Figure 5, the nozzle 45 has a front end directed obliquely
downward to blow air toward a back end of the wafer 1 or the carrier 2 on the cooling
stage 20.

[0069] The transportation stage 21 is a metal chuck table, and is communicated
with an external vacuum device via a channel. That is, the transportation stage 21
suction-holds the wafer 1 or the carrier 2 transported onto the holding table. Moreover,
the transportation stage 21 is provided with support pins 46, similarly to the holding table
18. The transportation stage 21 is not limited to metal, but may be formed of a ceramic
porous material. Here, the transportation stage 21 corresponds to the second cooling
stage in this invention.

[0070] The support pins 46 are spaced away at given intervals on a given
circumference of the transportation stage 21.  The support pins 46 are movable
upward/downward from the holding surface of the transportation stage 21 via cylinders
47. Moreover, a tip end of the support pin 46 is formed of an insulator, or is covered
with an insulator.

[0071] The swinging movable table 22 is swingingly supported via a support
shaft 51 in a strut 50 provided on a lower side of the holding table 18. Moreover, the
swinging movable table 22 is supported via a lifting cam 52 on a lower side of the

transportation stage 21.  Specifically, the lifting cam 52 is driven backward and forward
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by a motor 53 connected thereto. Accordingly, the swinging movable table 22 is
slightly inclined downward in the traveling direction of the wafer W or the carrier 2 while
pivoting about the support shaft 51.

[0072] As shown in Figure 11, the carrier removal mechanism 11 has a movable
table 57, a movable frame 58, and a suction plate 60. The movable table 57 moves
upward and downward along a rail 56 arranged vertically at a backside of a wall 55.

The movable frame 58 is supported on the movable table 57 so as to control a level
thereof. The suction plate 60 is provided at a tip end of an arm 59 that extends forward
from the movable frame 58.

[0073] The movable table 57 moves upward and downward in a screw feed
manner by backward and forward rotation of a screw shaft 61 by a motor 62. The
suction plate 60 has an undersurface formed as a vacuum suction surface, and a heater 63
embedded therein.

[0074] As shown in Figures 9 to 11, the tape separation mechanism 12 is
provided with a separation roller 68 via support frames 67 projecting downward from a
movable table 66 that allows sliding movement in a backward/forward direction along a
rail 65.

[0075] The movable table 66 independently moves in a screw feed manner
through a screw shaft 70 that rotates backward/forward with a motor 69.

[0076] As shown in Figures 9 and 10, the separation roller 68 rotates via an
endless belt 79.  The endless belt 79 is suspended between a pulley 73 attached to a
hollow rotation shaft 72 and a driving pulley 78 attached to a driving shaft of a motor 74.

Moreover, as shown in Figure 12, the separation roller 68 is provided with suction holes
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71 on a surface thereof that are communicated with an external suction device. Here,
the separation roller 68 is covered with an elastic body.

[0077] The suction holes 71 are formed at positions corresponding to a separation
starting end and a separation termination end of the double-faced adhesive tape 3. Two
or more holes are formed as suction holes 71 on the separation starting end along an arc
of the outer periphery of the tape 3.  One long hole is formed as a suction hole 71 on the
separation termination end. The shape and number of suction holes 71 may vary
depending on the size and shape of the double-faced adhesive tape 3.

[0078] As shown in Figure 1 and 10, the tape collecting section 13 is provided
below the separation roller 68 as a collection box.

[0079] The marking section 14 includes a chuck table 75, and a laser device 76.
The chuck table 75 suction-holds the wafer 1. The laser device 76 performs marking,
such as a two-dimension code and a three-dimensional solid code, to the wafer 1
suction-held on the chuck table 75.

[0080] The wafer delivery section 15 includes a suction pad 77 for
suction-holding a rear face of the wafer 1 and the carrier 2. The suction pad 77 slidingly
moves from a marking section 14 side toward a delivery position to the third robot arm
16, and moves upward and downward.

[0081] The third robot arm 16 of the third wafer transporting mechanism 17 is
movable horizontally. ~ Further, the third robot arm 16 is turnable and movable vertically
as a whole. The third robot arm 16 has a tip end provided with a U-shaped workpiece
holder 16a of a vacuum suction type.

[0082] Next, description will be given of a series of operation of the carrier

removal device with the wafer transport apparatus with reference to Figures 13 to 20.
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[0083] First, an operation section, not shown, operates for various settings. For
instance, setting is made as for a heating temperature of the heater 63 in the carrier
removal mechanism 11, and a preliminary cooling temperature and time until the wafer 1
reaches the cooling stage 20 from the holding table 18.

[0084] The heating temperature is set in accordance with the double-faced
adhesive tape 3 having the adhesion layer 3b with a heat separation property. That is,
the temperature is set where the double-faced adhesive tape 3 foams and expands due to
heating and loses its adhesion.

[0085] For instance, the preliminary cooling temperature is set to a glass
transition temperature of resin. Moreover, a cooling time is determined as follows.

The shrinkage of the resin 1b and the bear chip 1a is determined in advance that varies in
accordance with variations in temperature until the resin 1b heated with the carrier
removal mechanism 11 reaches at a glass transition temperature. Here, the shrinkage is
determined such that deviation in shrinkage rate of the resin 1b and the bear chip 1a is
small and a warp amount of the wafer 1 cooled falls within a given range. In other
words, a correlation between the preliminary cooling temperature and the shrinkage of
the resin 1b is determined in advance. Then, the correlation is to be set.

[0086] When a cooling time is determined, the controller 80 determines a
transportation speed of the wafer 1. That is, a distance from the holding table 18 to the
cooling stage 20 is determined in advance considering a layout of the apparatus.
Accordingly, the transportation speed is determined from the distance and a weight of the
wafer 1. Consequently, an inclination angle of the wafer transport apparatus 10 may be
determined depending on the transportation speed. The various setting conditions are

memorized in a memory 81 provided in the controller 80.
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[0087] Upon completion of various settings, and the apparatus operates.  Firstly,
the first robot arm 5 in the first wafer transport mechanism 6 moves toward the cassette
Cl. The workpiece holder Sa at the tip end of the first robot arm 5 is inserted between
the workpieces W housed in the cassette C1. The workpiece holder 5a suction-holds the
rear face of the wafer W and transports the wafer W.  Then, the workpiece holder 5a
reverses the workpiece W upside down. That is, the workpiece W is reversed with a
wafer 1 side directed downward, and is moved and placed on the alignment stage 7.

[0088] The alignment stage 7 performs alignment on the workpiece W placed
thereon based on a notch or an orientation flat formed at an outer periphery thereof. The
carrier 2 on the aligned workpiece W is suction-held with the workpiece holder 8a at the
tip end of the second robot arm 8, and is transported onto the holding table 18 under this
state.

[0089] The workpiece W on the holding table 18 is once received on the suction
pad 23 projecting from the holding table 18 on the wafer 1 side. Thereafter, the
workpiece W is placed on the upper surface of the holding table 18 in a given attitude and
position as the suction pad 23 moves downward. Moreover, the outer periphery of the
workpiece W is held for alignment by an alignment mechanism provided on an outer
periphery of the holding table 18, and then suction-held with the holding table 18. Here,
the holding table 18 is heated with the heater 63, and in a standby position slightly below
a separation position.

[0090] Subsequently, as shown in Figure 13, the suction plate 60 of the workpiece
carrier removal mechanism 11 moves downward as to contact the upper surface of the
workpiece W to heat the workpiece W with the heater 63 embedded therein. Heating

with the suction plate 60 and the heating of the holding table 18 leads to foaming and
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expansion of the adhesive layer 3b in the double-faced adhesive tape 3 with a heat
separation property, whereby the adhesive layer 3b loses its adhesion.

[0091] Upon completion of heating for a given time, the suction plate 60 moves
upward while the carrier 2 is suction-held, as shown in Figure 14. Here, the adhesive
layer 3b having no adhesion is separated from the lower surface of the carrier 2.
Accordingly, only the carrier is moved upward.

[0092] The wafer 1 is held on the holding table 18 from which the carrier is
removed. Here, on the wafer 1, the double-faced adhesive tape 3 remains that expands
to lose its adhesion and has the exposed adhesive layer 3b with the uneven surface. As
shown in Figure 15, the tape separation mechanism 12 operates under this state to move
the separation roller 68 from the standby position to the separation starting position.

[0093] Here, the separation roller 68 stops at the separation starting end.
Moreover, the separation roller 68 rotates to control the position of the suction holes 71
as to be directed downward for sucking the separation starting end of the double-faced
adhesive tape 3.

[0094] Upon completion of control in position of the separation roller 68 in the
separation starting position, as shown in Figure 16, the cylinder operates to move the
holding table 18 upward to appropriately press the double-faced adhesive tape 3 against
the separation roller 68. Simultaneously, as shown in Figure 17, the separation roller 68
moves toward the separation termination end while sucking the double-faced adhesive
tape 3, thereby winding up and separates the double-faced adhesive tape 3.

[0095] When the separation roller 68 moves across the separation termination end
to the standby position, the suction device is switched to positive pressure. Accordingly,

air blows out from the suction holes 71 for separating the double-faced adhesive tape 3
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from the separation roller 68 and collecting it into the collection box in the tape collecting
section 13.

[0096] Then, the support pins 24 move upward and project from the holding table
18 to push the wafer W upward from the holding table 18, as shown in Figure 6.
Accordingly, the wafer 1 is spaced away from the holding table 18.  As shown in Figure
18, the controller 80 rotates the motor forward to swing the swinging movable table 22
downward at a given swing angle. Moreover, the support pins 24 move downward
while the nozzle 26 blows air from a rear side of the wafer 1. Consequently, the wafer 1
floats above the holding table 18, and moves toward the wafer transport path 19 through
forward force.

[0097] As shown in Figure 19, a uniform flow rate of air is blown from the holes
29 and 30 of the first and second blow-off sections 27 and 28, respectively, provided on
the surface of the wafer transport path 19.  The wafer 1 is transported while floating
above the wafer transport path toward the cooling stage 20.

[0098] The air nozzle 41 blows air from above to preliminarily cool the resin 1b
forming the wafer 1 to a glass transition temperature. Here, each temperature sensor 42
provided in the air nozzle 41 detects a surface temperature of the wafer 1. The
controller 80 compares an actual detected temperature with a given target temperature.
Where no temperature deviation falls within a given range, the temperature is controlled
through adjusting at least any of a transportation speed of the wafer 1 and a flow rate and
a temperature of air from the air nozzle 41.

[0099] As shown in Figure 20, the swinging movable table 22 returns to its
horizontal attitude through backward rotation of the cam 52 before the wafer 1 reaches on

the cooling stage 20. Then, the wafer 1 is placed on the cooling stage 20.
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[0100]  The temperature sensor 43 monitors while cooling the wafer 1 on the
cooling stage 20 for a given time until the temperature of the wafer 1 reaches a target
temperature (e.g., a room temperature.) As shown in Figure 19, upon reaching a given
temperature of the wafer 1, the cam 52 again rotates forward to swing the swinging
movable table 22 downward, and the nozzle 45 blows air from rearward against the wafer
1. Here, the wafer 1 floats due to negative pressure between the holding surface of the
cooling stage 20 and the rear face of the wafer 1. Moreover, the wafer 1 with forward
force is applied thereto is transported to the transport stage 21 floating above the wafer
transport section 19.

[0101] The swinging movable table 22 returns to its horizontal attitude through
backward rotation of the cam 52 before the wafer 1 reaches on the transport stage 21.
Then, the wafer 1 is placed on the transport stage 21. Here, timing of returning the
swinging movable board 22 horizontally is determined, for example, in accordance with
the result that a sensor, not shown, detects passing of the wafer 1 through a given position
or for a given time of period. Herein, the sensor corresponds to the speed detector in
this invention.

[0102] The wafer 1 on the transport stage 21 is pushed upward and supported
via the support pins 46. The second robot arm 8 moves along the wafer transport
section 19 to an position appropriately opposite to the transport stage 21. The
workpiece holder 8a at the tip of the transport robot arm 8 suction-holds the rear face of
the wafer 1, and transports it out of the transport stage 21.

[0103] The transported wafer 1 is placed on the chuck table 75 in the marking
section 14 for alignment based on a notch, etc. Thereafter, the outer periphery portion

out of a circuit formation face of the wafer 1 is marked with laser.
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[0104]  Upon completion of the marking, the wafer 1 is again suction-held with
the second robot arm 8, and placed onto the wafer delivery section 15. The wafer 1 is
moved to a delivery position of the third robot arm 16 while the suction pad 77
suction-holds the rear face of the wafer 1.

[0105]  Then, the third robot arm 16 suction-holds the rear face of the wafer 1,
and houses it into the cassette C2 with an exposed surface of the bear chip 1a directed
upward.

[0106]  On the other hand, the carrier 2 removed with the carrier removal
mechanism 11 is housed into the cassette C2 where the carrier 2 is collected, following
transportation of the wafer 1. Here, the carrier 2 need not to be marked. Accordingly,
the second robot arm 8 places the carrier 2 from the transport stage 21 onto the wafer
delivery section 15.

[0107] Thus, a round of operation is completed as mentioned above. The
similar operation is to be repeated hereinafter.

[0108]  According to the foregoing exemplary apparatus, the resin 1b forming
the wafer 1 is preliminarily cooled to a glass transition temperature during a
transportation process where the wafer 1 from which the carrier 2 is removed through
heating is transported from the holding table 18 onto the cooling stage 20. In addition, a
preliminary cooling time is set as to minimize deviation in shrinkage of the bear chip 1a
and the resin 1b. Consequently, a warp amount of the wafer 1 due to deviation in
shrinkage of the bear chip 1a and the resin 1b may be suppressed to a target range set in
advance. As a result, there may be avoided reduction in rigidity associated with cracks
in the resin 1b or handling errors due to warp of the semiconductor wafer 1.

[0109] This invention may be embodied as the following aspects.
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[0110] (1) In the foregoing exemplary apparatus, the wafer transport section 19
may be a conveyor formed of an endless belt or a roller. In such configuration, it is also
preferable that simultaneous cooling may be conducted from the rear face of the wafer 1.

[0111]  For instance, where a belt conveyor is adopted, the belt conveyor is
composed of a material with air permeability, and gas such as air is blown from a nozzle
provided on a rear side of the belt.

[0112]  Moreover, where a roller conveyor is adopted, gas such as air is blown
from the nozzle toward a clearance between the rollers arranged at given pitches.
Alternatively, the surface of the roller is covered with a permeable elastic body, and the
rear face of the wafer 1 is cooled by suction and drawing of outside air from a rotation
shaft of the roller. Moreover, the rear face of the wafer 1 is cooled while a coolant is
circulated inside of the roller having a controlled temperature. Such configuration may
be adopted.

[0113]  (2) In the foregoing exemplary apparatus, for controlling a preliminary
cooling temperature, a flow rate of air may be adjusted individually, or a level of the air
nozzle 41 may be controlled. Moreover, an inclination angle of the air nozzle 41 may
be adjusted.

[0114] Moreover, for adjusting the level of the air nozzle 41, a linear actuator
90, such as a cylinder, is connected to the frame 40 for moving the frame 40 upward and
downward along guide holes 91 provided on the struts 39 in a longitudinal direction, as
shown in Figure 21.  Alternatively, the linear actuator 90 may be directly connected to
each air nozzle 41.

[0115]  (3) In the foregoing exemplary embodiment, the temperature sensor

may detect a temperature on the rear face of the wafer 1 for controlling a preliminary

23



cooling temperature. That is, deviation in shrinkage rate may be made small by
controlling individually a temperature on the exposed surface of the bear chip 1a and that
on the surface of the resin surface. ~Accordingly, warp of the wafer 1 may be suppressed
certainly.

[0116]  (4) In the foregoing exemplary embodiment, a lower portion of the
swinging movable table 22 is pivotally supported on a transportation stage 21 side, and
an actuator such as a cylinder moves a lower portion of the swinging movable table 22 on
a holding table 18 side upward, thereby swinging the swinging movable table 22
downward in the transportation direction. ~Such configuration may be adopted.

[0117]  (5) In the foregoing exemplary apparatus, the carrier removal
mechanism 11 leaves the double-faced adhesive tape 3 on a wafer 1 side. ~ Alternatively,
the double-faced adhesive tape 3 may remain on a carrier 2 side. Herein, an adhesive
layer with a heating separation property may be joined on the wafer 1 side.

[0118]  (6) In the foregoing exemplary apparatus, the wafer 1 is adopted that is
diced prior to back grinding and renewed with sorted non-defective bear chips 1a and the
resin 1b.  Alternatively, the wafer 1 subjected to a back grinding process may be
adopted.

[0119] That is, the wafer 1 having a back ground rear face is housed into the
cassette C1 for supplying the apparatus while the carrier 2 and the wafer 1 are joined
together via the double-faced adhesive tape 3 with the adhesive layer 3b of a heating
separation property.

[0120]  (7) In the foregoing exemplary apparatus, the air nozzle 41 may be
provided between the cooling stage 20 and the transportation stage 21.  Alternatively,

Peltier devices may be provided on the transportation stage 21 for cooling.
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[0121]  (8) In the forcgoing cxcmplary apparatus, the double-faced adhesive
tape 3 1s sucked with the separation roller 68 for separation.  Alternatively, the
separation tape 3 may be joined for separation.

[0122] It will be apparent to those skilled in the art that various modifications
and variations can be made in the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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CLAIMS

1. A method of transporting a semiconductor wafer covered with a resin, comprising

the steps of:

preliminarily cooling the semiconductor wafer under a heating state during transportation
to a first cooling stage and a second cooling stage;

cooling the semiconductor wafer on the first cooling stage until the resin has a glass
transition temperature;

cooling the semiconductor wafer with the resin having the glass transition temperature
during transportation to the second cooling stage as a transportation position; and

cooling the semiconductor wafer on the second cooling stage to a room temperature.

2. The method of transporting the semiconductor wafer according to claim 1,

wherein
the preliminarily cooling step is conducted through blowing air from a nozzle provided

above the semiconductor wafer that passes on a transportation path.

3. The method of transporting the semiconductor wafer according to claim 1,

wherein
the preliminarily cooling step is conducted through blowing air from a transportation

path toward a rear face of the semiconductor wafer

4. The method of transporting the semiconductor wafer according to claim 1,

wherein

the preliminarily cooling step is conducted through blowing air simultaneously from a
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nozzle provided above the semiconductor wafer that passes on a transportation path and from the

transportation path toward the rear face the semiconductor wafer.

5. The method of transporting the semiconductor wafer according to any one of
claims 3 to 5, wherein

when the semiconductor wafer under a heating state at a given temperature is cooled to a
target temperature, a correlation between a cooling temperature and shrinkage of the resin or the
adhesive tape is determined in advance such that a warp amount of the semiconductor wafer falls
within a given range; and

a detector detects a temperature and a transportation speed of the semiconductor wafer in
the transport process, and at least any of a temperature and a flow rate of air supplied towards the
semiconductor wafer and a transportation speed of the semiconductor wafer is controlled in

accordance with detection results.

6. Semiconductor wafer transport apparatus for transporting a semiconductor wafer
covered with a resin or an adhesive tape, comprising:

a wafer transport section for transporting the semiconductor wafer under a heating state;

a preliminary cooling nozzle for blowing air towards the semiconductor wafer
transported with the wafer transport section;

a first holding stage and a second holding stage for mounting and holding the
semiconductor wafer preliminarily cooled; and

a cooler for cooling the semiconductor wafer on both of the holding stages,
the holding stage including the first holding stage provided with the cooler for cooling the resin

to a glass transition temperature, and the second holding stage provided with the cooler for
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cooling the semiconductor wafer to a room temperature; and
the wafer transport sections being arranged on an upper stream of the first holding stage

and between the first and the second holding stage.

7. The apparatus for transporting the semiconductor wafer according to claim 6,
wherein

the wafer transport section includes a first blow-off section and a second blow-off section
on a transport surface thereof, the first blow-off section at a center portion of the wafer transport
section blows air vertically against a rear face of the semiconductor wafer along a transport
direction of the semiconductor wafer, the second blow-off section blows air obliquely against the
rear face of the semiconductor wafer in a semiconductor wafer width direction, in which the
wafer transport section has a given clearance in the semiconductor wafer width direction for
transporting while floating the semiconductor wafer on the transport surface larger than the
semiconductor wafer, and

controls travel and cooling of the semiconductor wafer through adjusting a flow rate of
air supplied from the preliminary cooling nozzle, the first blow-off section, and the second

blow-off section.

8. The apparatus for transporting the semiconductor wafer according to claim 6,
further comprising:

two or more temperature sensors for detecting a temperature of the semiconductor wafer
transported on the wafer transport section and a temperature of the semiconductor wafer on the
holding table;

a speed detector for detecting a transportation speed of the semiconductor wafer being
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transported with the wafer transport section;

a memory for memorizing a correlation between a cooling temperature and shrinkage of
the resin or the adhesive tape such that a warp amount of the semiconductor wafer falls within a
given range when the semiconductor wafer under a heating state at a given temperature is cooled
to reach a target temperature; and

a controller for controlling a temperature of the semiconductor wafer through detecting
the temperature and the transport speed of the semiconductor wafer transported with the wafer
transport section by the temperature sensors and the speed detector, and selecting a condition for
changing setting of at least any of a temperature and a flow rate of air supplied toward the

semiconductor wafer and a transport speed of the semiconductor wafer in accordance with

detection results.
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