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Description

Title of Invention: ALIGNMENT DEVICE AND ALIGNMENT METHOD

Technical Field

[0001] The present invention relates to an alignment device

and an alignment method to be used for applying a protective tape

to a semiconductor wafer with satisfactory accuracy.

Background Art

[0002] A process of manufacturing a semiconductor chip

generally involves forming a circuit having irregularities on a

front surface of a semiconductor wafer (hereinafter simply referred

to as "wafer") and then, in order to satisfy the recent demand for

downsizing the semiconductor chip, grinding a back surface on an

opposite side of the front surface having the circuit formed thereon,

to thereby reduce the wafer in thickness. When the wafer is reduced

in thickness, a circuit forming portion is protected by applying

a protective tape to the front surface of the wafer.

[0003] When the protective tape is applied to the front surface

of the wafer, it is necessary to perform alignment of the wafer

and the protective tape and perform positioning of the wafer and

the protective tape. As an alignment method for the wafer, for

example, in Patent Literature 1, there is disclosed an alignment

method involving detecting an outer peripheral edge portion of the

wafer in a non-contact manner through use of infrared light that
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passes through the protective tape but does not pass through the

wafer and performing alignment of the wafer, in consideration of

the fact that, when notches formed on the wafer for alignment of

the wafer are covered with the protective tape, a related-art optical

sensor using visible light cannot detect the notches because the

light does not pass through the protective tape.

Citation List

Patent Literature

[0004] [PTL 1] JP 2006-73603 A

Summary of Invention

Technical Problem

[0005] Incidentally, a bump wafer having irregularities larger

than those in the related-art circuit has come to be often used

for improving the function of a wafer in association with the recent

increase in density of a semiconductor. Then, a protective tape

capable of satisfactorily protecting the irregularities of the bump

wafer has appeared. The protective tape has, on a surface that is

applied to the bump wafer, a protective layer having a diameter

smaller than that of the protective tape and configured to cover

the irregularities of the bump wafer, and the irregularities of

the bump wafer are protected with the protective layer.

[0006] However, under actual circumstances, a high-accuracy

alignment method for applying the protective tape to the bump wafer
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has not been proposed, and there is a problem in that the

irregularities of the bump wafer cannot be sufficiently protected

with the protective layer.

[0007] Further,intherelated-artalignmentmethodasinPatent

Literature 1, infrared light is generally used for alignment of

the wafer because there is a risk in that a wafer element may be

broken with light having high energy, such as ultraviolet rays or

blue light. However, in recent years, wafers having transparency,

such as glass, sapphire, lithium tantalate (LT), and lithium niobate

(LN) have come to be often used. When infrared light is used for

alignment of those wafers having transparency, infrared light passes

through the wafers, and hence there is a problem in that alignment

of the wafers cannot be performed with high accuracy.

[0008] The present invention has been made to solve the

above-mentioned problems and provides an alignment device and an

alignment method for aligning a protective tape having a protective

layer with high accuracy. Further, the present invention provides

an alignment device and an alignment method for aligning a protective

tape with respect to a wafer having transparency with high accuracy.

Solution to Problem

[0009] In order to solve the above-mentioned problems,

according to one embodiment of the present invention, there is

provided an alignment device to be used for applying a protective

tape to a semiconductor wafer, including: a rotary table configured
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to support and rotate the semiconductor wafer; illumination means

for illuminating the semiconductor wafer with red light from one

surface side of the semiconductor wafer; and image pickup means

for imaging the semiconductor wafer on another surface side of the

semiconductor wafer, in which the alignment device is configured

to determine a center position of the semiconductor wafer through

detection of an outer peripheral edge portion of the semiconductor

wafer based on a reception state of the red light by the image pickup

means.

[0010] According to one preferred embodiment of the present

invention, in the alignment device, the image pickup means is

configured to image the semiconductor wafer through intermediation

of an optical filter configured to transmit light in a wavelength

range of the red light in incident light.

[0011] Further, according to one preferred embodiment of the

present invention, in the alignment device, the optical filter is

configured to block light having a wavelength of 600 nm or less.

[0012] Further, according to one preferred embodiment of the

present invention, the alignment device further includes a table

moving mechanism configured to move the rotary table horizontally

in an X direction and in a Y direction orthogonal to the X direction,

in which the alignment device is configured to perform positional

adjustment of a center of the semiconductor wafer through

determination of a positional displacement amount by comparing the

center position of the semiconductor wafer to a predefined reference
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position and through control of the table moving mechanism based

on the positional displacement amount.

[0013] In order to solve the above-mentioned problems,

according to another embodiment of the present invention, there

is provided an alignment device to be used for applying a protective

tape to a semiconductor wafer, including: a tape holding body

configured to hold the protective tape laminated with a protective

layer having an outer diameter smaller than an outer diameter of

the protective tape; and one or more image pickup means for imaging

a plurality of parts of an outer peripheral edge portion of the

protective layer, in which the alignment device is configured to

determine a center position of the protective layer based on

positional information on each of the plurality of parts of the

outer peripheral edge portion of the protective layer through

determination of the positional information on the each of the

plurality of parts based on image data acquired by imaging of the

image pickup means.

[0014] According to one preferred embodiment of the present

invention, the alignment device includes one image pickup means

and further includes image pickup means moving mechanism configured

to move the image pickup means horizontally in an X direction and

in a Y direction orthogonal to the X direction.

[0015] Further, according to one preferred embodiment of the

present invention, the alignment device further includes

illumination means for illuminating the plurality of parts of the
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outer peripheral edge portion of the protective layer to be imaged

by the image pickup means, the illumination means being arranged

on a periphery of the image pickup means.

[0016] Further, according to one preferred embodiment of the

present invention, the alignment device further includes a

holding-body moving mechanism configured to move the tape holding

body horizontally in the X direction and in the Y direction orthogonal

to the X direction, in which the alignment device is configured

to perform positional adjustment of a center of the protective tape

through determination of a positional displacement amount by

comparing the center position of the protective layer to a predefined

reference position and through control of the holding-body moving

mechanism based on the positional displacement amount.

[0017] In order to solve the above-mentioned problems,

according to one embodiment of the present invention, there is

provided analignmentmethodtobe performedforapplyinga protective

tape to a semiconductor wafer, including the steps of: rotating

the semiconductor wafer; illuminating the semiconductor wafer with

red light from one surface side of the semiconductor wafer; imaging

the semiconductor wafer on another surface side of the semiconductor

wafer; and determining a center position of the semiconductor wafer

through detection of an outer peripheral edge portion of the

semiconductor wafer based on a reception state of the red light.

[0018] In order to solve the above-mentioned problems,

according to another embodiment of the present invention, there
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is provided an alignment method to be performed for applying a

protective tape to a semiconductor wafer, including the steps of:

holding the protective tape laminated with a protective layer having

an outer diameter smaller than an outer diameter of the protective

tape; imaging a plurality of parts of an outer peripheral edge portion

of the protective layer; and determining a center position of the

protective layer based on positional information on each of the

plurality of parts of the outer peripheral edge portion of the

protectivelayerthroughdeterminationofthepositionalinformation

on the each of the plurality of parts based on image data acquired

by imaging.

Advantageous Effects of Invention

[0019] According to the present invention, the outer shape of

the wafer is precisely recognized through use of red light to detect

the center of the wafer, and the center of the wafer is positioned.

Therefore, the wafer can be aligned with high accuracy irrespective

of presence or absence of transparency of the wafer. Thus, the

protective tapecanbeapplied tothewaferwithsatisfactory accuracy.

In addition, red light is used for alignment of the wafer, and

alignment can be performed without using light having high energy,

such as ultraviolet rays or blue light. Therefore, a wafer element

is not damaged.

[0020] Further, according to the present invention, the

plurality of parts of the outer peripheral edge portion of the
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protective layer formed on the protective tape are recognized to

detect the center of the protective layer, and the center of the

protective layer is positioned. Therefore, the protective layer

can be aligned with high accuracy. Thus, the protective tape can

be applied to the wafer with satisfactory accuracy without positional

displacement of the protective layer with respect to the

irregularities of the wafer, and hence the irregularities of the

wafer (in particular, a bump wafer) can be sufficiently protected

with the protective layer.

Brief Description of Drawings

[0021] FIG. 1 is a plan view for illustrating a schematic

configuration of an application apparatus.

FIG. 2 is a sectional view of a tape peeling section of FIG.

1 taken along the line I-I.

FIG. 3 is a plan view of a base material having a protective

tape temporarily applied thereto.

FIG. 4 is a sectional view of FIG. 3 taken along the line II-II.

FIG. 5 is an explanatory view for illustrating a step of peeling

the protective tape from the base material.

FIG. 6 is an explanatory view for illustrating the step of

peeling the protective tape from the base material.

FIG. 7 is an explanatory view for illustrating the step of

peeling the protective tape from the base material.

FIG. 8 is a front view for illustrating a schematic
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configuration of a first alignment device.

FIG. 9 is an explanatory view for illustrating an image pickup

operation by image pickup means of the first alignment device.

FIG. 10 is a front view for illustrating a schematic

configuration of a second alignment device.

FIG. 11 is a side view for illustrating the schematic

configuration of the second alignment device.

FIG. 12 is an explanatory view for illustrating a step of

applying the protective tape to a wafer.

FIG. 13 is an explanatory view for illustrating the step of

applying the protective tape to the wafer.

FIG. 14 is an explanatory view for illustrating the step of

applying the protective tape to the wafer.

FIG. 15 is an explanatory view for illustrating the step of

applying the protective tape to the wafer.

FIG. 16 is an explanatory view for illustrating the step of

applying the protective tape to the wafer.

FIG. 17 is an explanatory view for illustrating the step of

applying the protective tape to the wafer.

FIG. 18 is a bottom view of a pressing member.

FIGS. 19 are each an explanatory view for illustrating a

pressing position by the pressing member when the protective tape

is applied to the wafer.

FIG. 20 is a front view for illustrating schematic

configurations of a heating table and a conveyance table.
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FIGS. 21 are each a partially enlarged sectional view of a

dicing frame having the wafer mounted thereon placed on the heating

table.

FIG.22isanexplanatoryviewforillustratingastepofheating

the dicing frame having the wafer mounted thereon.

FIG. 23 is an explanatory view for illustrating the step of

heating the dicing frame having the wafer mounted thereon.

FIG. 24 is an explanatory view for illustrating a step of

accommodating the heated dicing frame.

FIG. 25 is an explanatory view for illustrating the step of

accommodating the heated dicing frame.

FIG. 26 is an explanatory view for illustrating the step of

accommodating the heated dicing frame.

FIG. 27 is an explanatory view for illustrating the step of

accommodating the heated dicing frame.

FIG. 28 is an explanatory view for illustrating the step of

accommodating the heated dicing frame.

FIG.29isanexplanatoryviewforillustratingastepofcutting

the wafer from the heated dicing frame.

FIG. 30 is an explanatory view for illustrating the step of

cutting the wafer from the heated dicing frame.

FIG. 31 is an explanatory view for illustrating the step of

cutting the wafer from the heated dicing frame.

FIG. 32 is an explanatory view for illustrating a step of

accommodating the wafer cut from the dicing frame.
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FIG. 33 is an explanatory view for illustrating the step of

accommodating the wafer cut from the dicing frame.

FIG. 34 is an explanatory view for illustrating a step of

accommodating the dicing frame having the cut wafer.

FIG. 35 is an explanatory view for illustrating the step of

accommodating the dicing frame having the cut wafer.

Description of Embodiments

[0022] An object of the present invention is to align a

protective tape having a protective layer with high accuracy, apply

the protective tape to a semiconductor wafer (hereinafter simply

referred to as "wafer") with satisfactory accuracy, and sufficiently

protect irregularities of the wafer (in particular, a bump wafer)

with the protective layer. Further, another object of the present

invention is to align various wafers irrespective of presence or

absence of transparency with high accuracy and apply the protective

tape to the wafer with satisfactory accuracy.

[0023] In order to achieve the above-mentioned objects, an

alignment device for a protective tape includes a tape holding body

configured to hold the protective tape laminated with a protective

layer having an outer diameter smaller than an outer diameter of

the protective tape, one or more image pickup means for imaging

a plurality of parts of an outer peripheral edge portion of the

protective layer, and a control device configured to determine

positional information on each of the plurality of parts of the
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outer peripheral edge portion of the protective layer based on image

data acquired by imaging of the image pickup means and determine

a center position of the protective layer based on the positional

information on each of the plurality of parts. The feature of the

alignment device for the protective tape is described mainly in

a tape alignment section B in the following embodiment of the present

invention. Further, in order to achieve the above-mentioned objects,

an alignment device for a wafer includes a rotary table configured

to support and rotate the wafer, illumination means for illuminating

the wafer with red light from one surface side of the wafer, image

pickup means for imaging the wafer on the another surface side of

the wafer, and a control device configured to determine a center

position of the wafer through detection of an outer peripheral edge

portion of the wafer based on a reception state of the red light

by the image pickup means. The feature of the alignment device for

the wafer is described mainly in a wafer alignment section D in

thefollowingembodimentofthepresentinvention. In thefollowing,

the embodiment of the present invention is described with reference

totheaccompanyingdrawings, but thepresent inventionisnotlimited

to only the embodiment described with reference to the accompanying

drawings. Note that, in each figure, each thickness of a wafer W,

a dicing frame DF, a protective tape PT, a base material BM, a

protective layer PL, and a pressure-sensitive adhesive layer AL

are drawn in an exaggerated manner for ease of understanding.

[0024] FIG. 1 is a plan view for schematically illustrating
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an entire configuration of an application apparatus 1 including

an alignment device 5 (hereinafter referred to as "first alignment

device 5") for the protective tape PT and an alignment device 8

(hereinafter referred to as "second alignment device 8") for the

wafer W according to this embodiment. The application apparatus

1includesthetapepeelingsectionAconfiguredtopeeltheprotective

tape PT temporarily applied to the base material BM from the base

material BM, a tape alignment section B configured to position the

protective tapePT,awafersupply sectionC configured toaccommodate

a plurality of wafers W, the wafer alignment section D configured

to position the wafer W, a frame supply section E configured to

accommodate a plurality of dicing frames DF, a tape application

section F configured to apply the protective tape PT to the wafer

W and mount the wafer W on the dicing frame DF through intermediation

of the protective tape PT, a heating section G configured to heat

the wafer W mounted on the dicing frame DF, and a frame accommodating

section H configured to accommodate the dicing frame DF after the

wafer W is heated.

[0025] The application apparatus 1 further includes various

devices configured to perform various operations in each section

and convey the protective tape PT, the wafer W, the dicing frame

DF, and the like between the sections, and a control device (not

shown) configured to control operations of the various devices and

process signals and data received from the various devices. The

various devices and the control device are arranged on a machine
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base100. Thecontrol devicecanbe formedof,forexample,a computer

thatincludesamicrocomputer,amemory,andanHDD,and hasprocessing

ability imparted by software.

[0026] First, as illustrated in FIG. 1 and FIG. 2, in order

topeeltheprotectivetapePTtemporarilyappliedtothebasematerial

BM from the base material BM, the tape peeing section A includes

a tape conveyance mechanism 2, a tape conveyance unit 3, and a peeling

mechanism 4.

[0027] The tape conveyance mechanism 2 is configured to convey

the protective tape PT temporarily applied to the base material

BM to a peeling position. The tape conveyance mechanism 2 includes

a supply roll 20 of the base material BM having the protective tape

PTtemporarilyappliedthereto,arecoveryroll21ofthebasematerial

BM having the protective tape PT peeled therefrom, and a plurality

of guide rollers 22 configured to guide the base material BM. The

supply roll 20 is configured to support the base material BM wound

into a roll shape. The recovery roll 21 is configured to take up

the base material BM. The base material BM is fed from the supply

roll 20 to be conveyed through rotation drive of the recovery roll

21.

[0028] The base material BM is, for example, a PET film or a

cardboard subjected to release treatment, and is fed from the supply

roll 20 to be conveyed in a band shape. As illustrated in FIG. 1,

FIG. 3, and FIG. 4, a plurality of protective tapes PT, each being

cut into a circular shape in advance, are arranged on a front surface
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of the base material BM at predetermined intervals along a conveyance

direction. In this embodiment, the protective tape PT has an outer

diameter set to be larger than that of the wafer W. Further, the

protective tape PT has a circular protective layer PL with an outer

diameter smaller than that of the wafer W (for example, a diameter

smaller by about 2 mm than that of the wafer W) formed on one surface

and hasapressure-sensitiveadhesivelayerALformedontheperiphery

of the protective layer PL. The protective layer PL is softened

by heating to follow irregularities of the wafer W, thereby being

brought into close contact therewith. Thus, the wafer W is ground

to be flat when a back surface of the wafer W is ground in a subsequent

step. Further, when the protective layer PL is peeled from the wafer

W that has undergone a processing step, for example, back surface

grinding, the protective layer PL can be peeled from the wafer W

completely without any residual paste. Further, a part of the

protective tape PT on an outer peripheral side is applied to an

outer peripheral edge portion of the wafer W on an outer side from

a circuit forming portion through intermediation of the

pressure-sensitive adhesive layer AL, and the wafer W is protected

when the circuit forming portion is covered with the protective

layer PL.

[0029] As illustrated in FIG. 1 and FIG. 2, the tape conveyance

unit 3 includes a tape holding body 30 capable of holding the

protective tape PT and a holding-body moving mechanism 31 configured

to move the tape holding body 30 onto the protective tape PT conveyed
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to the peeling position.

[0030] The tape holding body 30 is configured to hold the

protective tape PT, which is conveyed to the peeling position by

the tape conveyance mechanism 2, from a front surface side. In this

embodiment, the tape holding body 30 holds the protective tape PT

by adsorption and is formed of a fixing member 300 having a porous

adsorption member 301 fixed thereto, for example, as illustrated

in FIG. 7 and FIG. 8. A decompression pump (not shown), for example,

a vacuum pump is connected to the adsorption member 301, and the

adsorption member 301 can adsorb and hold the protective tape PT

onafrontsurfacethereof. Inthisembodiment,theadsorptionmember

301 has an outer diameter that is substantially equal to (equal

to or somewhat larger than) that of the protective tape PT and holds

an entire surface of the protective tape PT by adsorption.

[0031] As illustrated in FIG. 1 and FIG. 2, the holding-body

moving mechanism 31 includes a first up-and-down moving mechanism

310 configured to cause the tape holding body 30 to reciprocate

in a Z direction (up-and-down direction) along a vertical direction,

a reciprocation mechanism (hereinafter referred to as "first

reciprocation mechanism") 320 configured to cause the tape holding

body 30 to reciprocate in an X direction (front-and-back direction)

along a horizontal surface, and a reciprocation mechanism

(hereinafter referred to as "second reciprocation mechanism") 330

configured to cause the tape holding body 30 to reciprocate in a

Y direction (right-and-left direction) that is along the horizontal
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surface and orthogonal to the X direction.

[0032] The first up-and-down moving mechanism 310 is configured

to move the tape holding body 30 in the up-and-down direction between

the peeling position at which the tape holding body 30 holds the

protective tape PT (see FIG. 6) and a separation position above

the peeling position (see FIG. 5). There is no particular limitation

on the first up-and-down moving mechanism 310 as long as the first

up-and-down moving mechanism 310 moves the tape holding body 30

in the up-and-down direction.

[0033] As illustrated in FIG. 1 and FIG. 2, the first up-and-down

moving mechanism 310 of this embodiment includes a ball screw

configured to drive the tape holding body 30 so as to reciprocate,

and a guide mechanism configured to guide reciprocation of the tape

holding body 30. The ball screw and the guide mechanism are arranged

on a support frame 317. The ball screw includes a screw shaft 311,

a nut member 312, and a ball (not shown), and the nut member 312

is connected to the tape holding body 30 through intermediation

of a connecting member 313. The ball screw uses a motor 314 as a

drive source and converts forward and backward rotation of the motor

314 into reciprocating linear motion in a screw shaft direction

to move the tape holding body 30 in the up-and-down direction. The

guide mechanism includes a pair of right and left guide rails 315

extending in the up-and-down direction and a pair of right and left

sliders 316 slidably mounted on the corresponding guide rails 315.

The pair of guide rails 315 and the pair of sliders 316 are arranged
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so as to sandwich the ball screw therebetween. The pair of sliders

316 are arranged in a perpendicular portion of the connecting member

313, and the pair of guide rails 315 are arranged on the support

frame 317. In the guide mechanism, each of the sliders 316 slides

on the corresponding guide rail 315 to assist the tape holding body

30 to move straight in the Z direction (up-and-down direction).

[0034] As illustrated in FIG. 1 and FIG. 2, the first

reciprocation mechanism 320 is configured to cause the tape holding

body30 to reciprocatein the Xdirection. In the tapepeelingsection

A, the conveyance direction of the base material BM is directed

in the X direction, and the first reciprocation mechanism 320 causes

the tape holding body 30 to reciprocate in the conveyance direction

of the base material BM to place the tape holding body 30 at the

peeing position. There is no particular limitation on the first

reciprocation mechanism 320 as long as the first reciprocation

mechanism 320 causes the tape holding body 30 to reciprocate in

the X direction. The first reciprocation mechanism 320 of this

embodiment includes a rail 321 that is formed in a horizontal portion

of the connecting member 313 and extends in the X direction and

a slider 322 that is connected to a support member 32 and slidably

mounted on the rail 321. The tape holding body 30 can reciprocate

in the X direction along the rail 321 through intermediation of

the slider 322 with a drive source (not shown).

[0035] As illustrated in FIG. 1 and FIG. 2, the second

reciprocation mechanism 330 causes the tape holding body 30 to
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reciprocate in the Y direction orthogonal to the X direction. In

the tape peeling section A, the Y direction crosses the conveyance

direction of the base material BM, and the second reciprocation

mechanism 330 causes the tape holding body 30 to reciprocate in

the Y direction to place the tape holding body 30 at the peeling

position. Further, the second reciprocation mechanism 330 causes

the tape holding body 30 to reciprocate in the Y direction to convey

the tape holding body 30 from the tape peeling section A to the

tape alignment section B and the tape application section F in the

stated order. There is no particular limitation on the second

reciprocation mechanism 330 as long as the second reciprocation

mechanism 330 causes the tape holding body 30 to reciprocate in

the Y direction. The second reciprocation mechanism 330 of this

embodiment includes a pair of upper and lower rails 331 extending

in the Y direction and a pair of upper and lower sliders 332 slidably

mounted on the corresponding rails 331. The pair of sliders 332

are arranged on a support member 333 fixed to the support frame

317, and the pair of rails 331 are arranged on a side plate 101

arranged upright on the machine base 100. The tape holding body

30 can reciprocate in the Y direction along the rails 331 through

intermediation of the sliders 332 with a drive source (not shown).

[0036] As illustrated in FIG. 1 and FIG. 2, the peeling mechanism

4 is configured to peel the base material BM from the protective

tape PT held by the tape holding body 30 of the tape conveyance

unit 3 and includes a peeling plate 40 and a peeling plate moving
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mechanism 41 configured to cause the peeling plate 40 to reciprocate

in the conveyance direction of the base material BM. The peeling

plate 40 has a pointed edge at a distal end, and the base material

BM to which the protective tape PT is temporarily applied is rapidly

folded by the edge at the distal end of the peeling plate 40 after

passing through a region on the peeling plate 40. The peeling plate

40 is supported on a pair of right and left support plates 42. A

pair of front and back guide rollers 43 are rotatably laid between

the pair of support plates 42. The base material BM that is folded

by the edge at the distal end of the peeling plate 40 is guided

by the pair of guide rollers 43 and taken up by the recovery roll

21 via the plurality of guide rollers 22.

[0037] As illustrated in FIG. 6 and FIG. 7, the peeling plate

moving mechanism 41 is configured to peel the base material BM from

the protective tape PT held by the tape holding body 30 by moving

the peeling plate 40 at the peeling position in a direction opposite

to the conveyance direction of the base material BM. There is no

particular limitation on the peeling plate moving mechanism 41 as

long as the peeling plate moving mechanism 41 causes the peeling

plate 40 to reciprocate in the conveyance direction of the base

material BM.

[0038] As illustrated in FIG. 1 and FIG. 2, the peeling plate

moving mechanism 41 of this embodiment includes a ball screw

configured to drive the peeling plate 40 so as to reciprocate and

a guide mechanism configured to guide reciprocation of the peeling
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plate 40. The ball screw includes a screw shaft 410, a nut member

411, and a ball (not shown), and the nut member 411 is connected

to the support plate 42 configured to support the peeling plate

40 through intermediation of a connecting member 412. The ball screw

uses a motor 413 as a drive source and converts forward and backward

rotation of the motor 413 into reciprocating linear motion in a

screw shaft direction to cause the peeling plate 40 to reciprocate

in the X direction. The guide mechanism includes a pair of right

and left guide rails 414 extending in the X direction and a pair

of right and left sliders 415 slidably mounted on the corresponding

guide rails 414. The pair of guide rails 414 and the pair of sliders

415 are arranged so as to sandwich the peeling plate 40 therebetween.

The pair of sliders 415 are arranged on the corresponding support

plates 42, and the pair of guide rails 414 are arranged on a pair

of side plates 102. The pair of side plates 102 are arranged upright

on the machine base 100 so as to be opposed to each other at an

interval. In the guide mechanism, each of the sliders 415 slides

on the corresponding guide rail 414 to assist the peeling plate

40 to reciprocate straight in the X direction.

[0039] In the tape peeling section A, the entire surface of

the protective tape PT conveyed to the peeling position by the tape

conveyance mechanism 2 is held by the tape holding body 30, and

the base material BM is peeled by the peeling mechanism 4 under

a state in which the entire surface of the protective tape PT is

held by the tape holding body 30. Then, the tape holding body 30
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holding the protective tape PT is conveyed to the tape alignment

section B and the tape application section F in the stated order

by the holding-body moving mechanism 31.

[0040] Next, as illustrated in FIG. 1, the tape alignment

section B includes a first alignment device 5 in order to position

the protective tape PT conveyed from the tape peeling section A

while being held by the tape holding body 30. The first alignment

device 5 is configured to position the protective tape PT by detecting

an outer peripheral edge portion of the protective layer PL of the

protective tape PT.

[0041] As illustrated in FIG. 8, the first alignment device

5 includes image pickup means 50 for imaging the outer peripheral

edge portion of the protective layer PL, illumination means 51 for

illuminating a part of the outer peripheral edge portion of the

protective layer PL to be imaged by the image pickup means 50, and

an image pickup means moving mechanism 52 configured to cause the

image pickup means 50 to reciprocate in the X direction along the

horizontal surface and the Y direction orthogonal to the X direction.

[0042] As the image pickup means 50, for example, a CCD camera

or a C-MOS camera is used. In order to image a plurality of parts

(preferably four parts) of the outer peripheral edge portion of

the protective layer PL, a plurality of image pickup means 50 may

be respectively arranged at a plurality of parts in a concentric

shape corresponding to the outer peripheral edge portion of the

protective layer PL. However, in this embodiment, as illustrated
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in FIG. 9, a plurality of parts (four parts in FIG. 9) of the outer

peripheral edge portion of the protective layer PL are imaged with

one image pickup means 50 by moving the one image pickup means 50

with the image pickup means moving mechanism 52. When the image

pickup means 50 images the plurality of parts of the outer peripheral

edge portion of the protective layer PL, the image pickup means

50 outputs the image data thereof to a control device (not shown).

[0043] Further, as illustrated in FIG. 8, the image pickup means

50 is supported by a perpendicular rail 54 arranged upright on a

support base 53 through intermediation of a raising and lowering

member 55. The image pickup means 50 can be raised and lowered by

movingtheraising andloweringmember55in theup-and-downdirection

(Z direction) through use of a cylinder or the like.

[0044] As illustrated in FIG. 8, the illumination means 51 is

supported by a guide 56 arranged upright on the support base 53

so as to move upward and downward through use of appropriate drive

means (not shown). The illumination means 51 includes a

light-emitting portion 510, for example, a light-emitting diode

as a light source and has the light-emitting portion 510 fixed in

a light-guiding member 511. The illumination means 51 performs ring

illumination for emitting light in a ring shape and has, for example,

a plurality of light-emitting portions 510 arranged in a

circumferential shape.

[0045] As illustrated in FIG. 8, the image pickup means moving

mechanism 52 includes a reciprocation mechanism (hereinafter
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referred to as "third reciprocation mechanism") 520 configured to

cause the image pickup means 50 to reciprocate in the X direction

along the horizontal surface and a reciprocation mechanism

(hereinafter referred to as "fourth reciprocation mechanism") 530

configured to cause the image pickup means 50 to reciprocate in

the Y direction that is along the horizontal surface and orthogonal

to the X direction.

[0046] There is no particular limitation on the third

reciprocation mechanism 520 as long as the third reciprocation

mechanism 520 causes the image pickup means 50 to reciprocate in

the X direction. The third reciprocation mechanism 520 of this

embodiment includes a ball screw configured to drive the image pickup

means 50 so as to reciprocate in the X direction and a guide mechanism

configured to guide reciprocation of the image pickup means 50 in

the X direction. The ball screw includes a screw shaft 521, a nut

member 522, and a ball (not shown), and the nut member 522 is connected

to the support plate 53 configured to support the image pickup means

50 through intermediation of a connecting member 523. The ball screw

uses a motor (not shown) as a drive source and converts forward

and backward rotation of the motor into reciprocating linear motion

in a screw shaft direction to cause the image pickup means 50 to

reciprocate in the X direction. The guide mechanism includes a pair

of right and left guide rails 524 extending in the X direction and

a pair of right and left sliders 525 slidably mounted on the

corresponding guide rails 524. The pair of guide rails 524 and the
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pair of sliders 525 are arranged so as to sandwich the ball screw

therebetween. Each of the sliders 525 is arranged on the connecting

member 523, and each of the guide rails 524 is arranged on a support

plate 526 extending in the Y direction. In the guide mechanism,

each of the sliders 525 slides on the corresponding guide rail 524

to assist the image pickup means 50 to reciprocate straight in the

X direction.

[0047] There is no particular limitation on the fourth

reciprocation mechanism 530 as long as the fourth reciprocation

mechanism 530 causes the image pickup means 50 to reciprocate in

the Y direction. The fourth reciprocation mechanism 530 of this

embodiment includes a ball screw configured to drive the image pickup

means 50 so as to reciprocate in the Y direction and a guide mechanism

configured to guide reciprocation of the image pickup means 50 in

the Y direction. The ball screw includes a screw shaft 531, a nut

member 532, and a ball (not shown), and the nut member 532 is connected

to the support plate 53 configured to support the image pickup means

50 through intermediation of the support plate 526 and the connecting

member 523. The ball screw uses a motor 533 as a drive source and

converts forward and backward rotation of the motor 533 into

reciprocating linear motion in a screw shaft direction to cause

the image pickup means 50 to reciprocate in the Y direction. The

guide mechanism includes a pair of right and left guide rails 534

extending in the Y direction and a plurality of pairs of right and

left sliders 535 slidably mounted on the corresponding guide rails
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534. The pair of guide rails 534 and the pair of sliders 535 are

arranged so as to sandwich the ball screw therebetween. Each of

the sliders 535 is arranged on the support plate 526, and each of

the guide rails 534 is arranged on a support frame 536 extending

in the Y direction. In the guide mechanism, each of the sliders

535 slides on the corresponding guide rail 534 to assist the image

pickup means 50 to reciprocate straight in the Y direction.

[0048] In the tape alignment section B, the image pickup means

50 images a plurality of parts of the outer peripheral edge portion

of the protective layer PL. A control device (not shown) processes

imagedataacquiredfromtheimagepickupmeans50toobtainpositional

information on the plurality of parts of the outer peripheral edge

portion of the protective layer PL, to thereby calculate a center

position of the protective layer PL. Then, the control device (not

shown) compares the center position of the protective layer PL to

a predefined reference position of a center of the protective layer

PL and controls the holding-body moving mechanism 31 based on a

positional displacement amount between the center position and the

reference position, to thereby correct the position of the tape

holding body 30 in the X direction and the Y direction and align

the center of the protective layer PL with the reference position.

The protective tape PT subjected to positioning is conveyed to the

tape application section F by the holding-body moving mechanism

31 under a state of being held by the tape holding body 30.

[0049] Next, as illustrated in FIG. 1, the wafer supply section
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C includes an accommodating cassette 10 capable of accommodating

a plurality of wafers W in a stacked state. The accommodating

cassette 10 can be raised and lowered through use of a raising and

lowering mechanism (not shown), for example, an elevator mechanism.

In the wafer supply section C, the accommodating cassette 10 is

raised and lowered every time the wafer W is taken out by a first

wafer conveyance mechanism 7, and the plurality of wafers W are

successively supplied to the first wafer conveyance mechanism 7.

[0050] As illustrated in FIG. 1, in this embodiment, the first

waferconveyancemechanism7isarobotarmandincludesanarticulated

arm 70 and a hand 71 formed at a distal end of the arm 70. The arm

70 includes a plurality of links 72 pivotably coupled to each other,

and the link 72 at a proximal end is pivotably coupled to a shaft

73. In this embodiment, the hand 71 is an adsorption-type hand

capable of holding the wafer W by adsorption. The hand 71 holds

thewaferWbyadsorbingafrontsurfaceofthewaferWandisconfigured

to adsorb an outer peripheral portion of the front surface of the

waferWinwhichapatternisnotformed. Inthefirstwaferconveyance

mechanism 7, the wafers W are successively taken out one by one

from the wafer supply section C by the hand 71, and then the wafer

W held by the hand 71 is conveyed and supplied to the wafer alignment

section D and the tape application section F in the stated order

by expansion and contraction, and pivoting of the arm 70. As the

hand 71, a non-contact hand capable of holding the wafer W in a

non-contact manner may be used.
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[0051] Next, as illustrated in FIG. 1, the wafer alignment

section D includes a second alignment device 8 in order to position

the wafer W conveyed by the first wafer conveyance mechanism 7.

The second alignment device 8 is configured to position the wafer

W by detecting the outer peripheral edge portion of the wafer W.

[0052] As illustrated in FIG. 10 and FIG. 11, the second

alignment device 8 includes a rotary table 80 having a diameter

smaller than that of the wafer W, a rotation drive mechanism 81

configured to rotate the rotary table 80, a table moving mechanism

82 configured to cause the rotary table 80 to reciprocate in the

X direction along the horizontal surface and the Y direction

orthogonal to the X direction, illumination means 83 for illuminating

the wafer W with red light from one surface side (lower side in

the illustrated example) of the wafer W, and image pickup means

84 for imaging the wafer W on the other surface side (upper side

in the illustrated example) of the wafer W.

[0053] The rotary table 80 is configured to place and hold the

wafer W on an upper surface thereof. In this embodiment, the rotary

table 80 is configured to hold the wafer W by adsorption. The rotary

table 80 is rotatably supported by a support frame 801 through

intermediation of a rotary shaft 800.

[0054] There is no particular limitation on the rotation drive

mechanism 81 as long as the rotation drive mechanism 81 rotates

the rotary table 80. The rotation drive mechanism 81 of this

embodiment includes a motor 810 serving as a drive source, a drive
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pulley 811 connected to the motor 810, a driven pulley 812 mounted

on the rotary shaft 800, and a belt 813 stretched between the drive

pulley 811 and the driven pulley 812. Those components are arranged

on the support frame 801.

[0055] The table moving mechanism 82 includes a reciprocation

mechanism (hereinafter referred to as "fifth reciprocation

mechanism")820configuredto cause the rotarytable80 toreciprocate

in the X direction along the horizontal surface and a reciprocation

mechanism (hereinafter referred to as "sixth reciprocation

mechanism")830configuredto cause the rotarytable80 toreciprocate

in the Y direction that is along the horizontal surface and orthogonal

to the X direction.

[0056] There is no particular limitation on the fifth

reciprocation mechanism 820 as long as the fifth reciprocation

mechanism 820 causes the rotary table 80 to reciprocate in the X

direction. The fifth reciprocation mechanism 820 of this embodiment

includes a ball screw configured to drive the rotary table 80 so

as to reciprocate in the X direction and a guide mechanism configured

to guide reciprocation of the rotary table 80 in the X direction.

The ball screw includes a screw shaft 821, a nut member 822, and

a ball (not shown), and the nut member 822 is connected to the support

frame 801 configured to support the rotary table 80. The ball screw

uses a motor 823 as a drive source and converts forward and backward

rotation of the motor 823 into reciprocating linear motion in a

screw shaft direction to cause the rotary table 80 to reciprocate
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in the X direction. The guide mechanism includes a guide rail 824

extending in the X direction and a pair of sliders 825 slidably

mounted on the guide rail 824. Each of the sliders 825 is arranged

on the support frame 801, and the guide rail 824 is arranged on

a support base 802. In the guide mechanism, each of the sliders

825 slides on the corresponding guide rail 824 to assist the rotary

table 80 to reciprocate straight in the X direction.

[0057] There is no particular limitation on the sixth

reciprocation mechanism 830 as long as the sixth reciprocation

mechanism 830 causes the rotary table 80 to reciprocate in the Y

direction. The sixth reciprocation mechanism 830 of this embodiment

includes a ball screw configured to drive the rotary table 80 so

as to reciprocate in the Y direction and a guide mechanism configured

to guide reciprocation of the rotary table 80 in the Y direction.

The ball screw includes a screw shaft 831, a nut member 832, and

a ball (not shown), and the nut member 832 is connected to the support

frame 801 configured to support the rotary table 80 through

intermediation of the support base 802. The ball screw uses a motor

833 as a drive source and converts forward and backward rotation

of the motor 833 into reciprocating linear motion in a screw shaft

direction to cause the rotary table 80 to reciprocate in the Y

direction. The guide mechanism includes a guide rail 834 extending

in the Y direction and a pair of sliders 835 slidably mounted on

the guide rail 834. Each of the sliders 835 is arranged on the support

base 802, and the guide rail 834 is arranged on a support base 803.
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In the guide mechanism, each of the sliders 835 slides on the

corresponding guide rail 834 to assist the rotary table 80 to

reciprocate straight in the Y direction.

[0058] The illumination means 83 is supported by a support plate

804 at a lower position of the rotary table 80. The illumination

means 83 has an outer shape formed to be larger than that of the

wafer W and is configured to emit red light in a ring shape. It

is preferred that red light to be emitted have a wavelength region

of from about 580 nm to about 680 nm, and red light having a peak

wavelength of 630 nm be used. Through use of red light having a

wavelength region of from about 580 nm to about 680 nm, red light

is blocked by the wafer W irrespective of the material for the wafer

W. Therefore, the outer peripheral edge portion of the wafer W can

be accurately detected by confirming a reception state of red light

by the image pickup means 84. The illumination means 83 includes

a light-emitting portion (not shown), for example, a red

light-emitting diode as a light source and has, for example, a

plurality of light-emitting portions arranged in a circumferential

shape.

[0059] As the image pickup means 84, for example, a CCD camera

or a C-MOS camera is used. The image pickup means 84 is arranged

on the rotary shaft 800 of the rotary table 80 in order to image

the outer peripheral edge portion of the wafer W as a whole. The

image pickup means 84 includes an optical filter 840. The optical

filter 840 has a feature of transmitting only red light without
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transmitting light other than light having a wavelength region of

red light with which the illumination means 83 illuminates the wafer

W among visible light that enters the image pickup means 84. As

the optical filter 840, a filter that blocks light having a wavelength

of 600 nm or less can be preferably used. The image pickup means

84 is configured to image the outer peripheral edge portion of the

wafer W and output an image signal thereof to a control device (not

shown).

[0060] In the wafer alignment section D, while the rotary table

80 rotates the wafer W, and the illumination means 83 illuminates

the wafer W with red light, the image pickup means 84 images the

outer peripheral edge portion of the wafer W, and the control device

(not shown) processes image data acquired from the image pickup

means 84 to detect the outer peripheral edge portion of the wafer

W, to thereby calculate a center position of the wafer W. Then,

the control device (not shown) compares the center position of the

wafer W to a predefined reference position of a center of the wafer

W and controls the table moving mechanism 82 based on a positional

displacement amount with respect to the reference position, to

thereby correct the position of the rotary table 80 in the X direction

and the Y direction and align the center of the wafer W with the

referenceposition. ThewaferWsubjectedtopositioningisconveyed

to the tape application section F by the first wafer conveyance

mechanism 7.

[0061] Next, as illustrated in FIG. 1 and FIG. 2, the frame
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supply section E includes an accommodating cassette 11 capable of

accommodating the plurality of dicing frames DF in a stacked state.

The accommodating cassette 11 can raise and lower each of the dicing

frames DF through use of a raising and lowering mechanism (not shown),

for example, an elevator mechanism. In the frame supply section

E, the dicing frame DF is raised and lowered every time the dicing

frame DF is taken out to a first conveyance arm 9A so that the plurality

of dicing frames DF are successively supplied to the first conveyance

arm 9A. It is preferred that the dicing frame DF be positioned by

appropriate positioning means in advance.

[0062] As illustrated in FIG. 1, the first conveyance arm 9A

can reciprocate between the frame supply section E and the tape

application section F along a rail 103 extending in the Y direction

with a drive source (not shown). The rail 103 is laid on the machine

base 100. The first conveyance arm 9A can hold the dicing frame

DF by adsorption and includes a plurality of adsorption portions

90, for example, adsorption pads. The first conveyance arm 9A

successively takes out the dicing frames DF one by one from the

frame supply section E with the adsorption portions 90 and then

conveys and supplies the dicing frames DF to the tape application

section F.

[0063] Next, as illustrated in FIG. 1, the tape application

section F includes a vacuum chamber 6 in order to apply the protective

tape PT to the wafer W and mount the wafer W on the dicing frame

DF through intermediation of the protective tape PT under a
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decompressed state. As illustrated in FIG. 12 to FIG. 17, in the

vacuum chamber 6, there are arranged an application table 60

configured to support the wafer W, a frame base 61 configured to

support the dicing frame DF on which the wafer W is mounted, and

a pressing member 62 configured to press the protective tape PT

supplied to the wafer W by the tape holding body 30 from above.

[0064] The vacuum chamber 6 includes a lower chamber 6B fixed

to the machine base 100 and an upper chamber 6A arranged on the

lower chamber 6B so as to move upward and downward, and the upper

chamber 6A and the lower chamber 6B are combined to form the vacuum

chamber6. Theapplication table60andtheframebase 61 are arranged

in the lower chamber 6B, and the pressing member 62 is arranged

in the upper chamber 6A.

[0065] As illustrated in FIG. 17, the upper chamber 6A is

supported by a support plate 63 through intermediation of a plurality

of guide members 64 so as to move upward and downward. Further,

a cylinder shaft 650 of a raising and lowering cylinder 65 arranged

on the support plate 63 is connected to the upper chamber 6A, and

through drive of the raising and lowering cylinder 65, the upper

chamber 6A moves in the up-and-down direction between a coupling

position at which the upper chamber 6A is combined with the lower

chamber 6B and a separation position above the lower chamber 6B.

[0066] Further, a vacuum adaptor 66 is connected to the upper

chamber 6A, and the vacuum adaptor 66 is connected to a decompression

pump (not shown), for example, a vacuum pump. When the upper chamber
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6A is combined with the lower chamber 6B to form the vacuum chamber

6, the vacuum chamber 6 can be brought into a decompressed state

through exhaust from the vacuum adaptor 66. Further, the

decompressed state in the vacuum chamber 6 can be cancelled by

introducing air through the vacuum adaptor 66. The vacuum chamber

6 can also be brought into an inert gas atmosphere by decompressing

the vacuum chamber 6 and then introducing inert gas such as argon

or nitrogen into the vacuum chamber 6.

[0067] As illustrated in FIG. 12 to FIG. 17, the application

table 60 has a porous adsorption member 600 formed on an upper surface

thereof. The adsorption member 600 has a decompression pump, for

example, a vacuum pump connected thereto and hence can adsorb and

hold the wafer W on the upper surface thereof. The wafer W is placed

on the application table 60 by the first wafer conveyance mechanism

7.

[0068] The application table 60 can be raised and lowered in

the lower chamber 6B by a raising and lowering mechanism 67 while

supporting the wafer W. There is no particular limitation on the

raising and lowering mechanism 67 as long as the raising and lowering

mechanism 67 raises and lowers the application table 60. As

illustrated in FIG. 12 to FIG. 17, the raising and lowering mechanism

67 of this embodiment includes a guide member 670 configured to

support the application table 60 so that the application table 60

can be raised and lowered with respect to the lower chamber 6B,

a support plate 671 to which the guide member 670 is fixed, a ball
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screw including a screw shaft 672, a nut member 673, and a ball

(not shown), a motor 674 configured to drive the ball screw, a drive

pulley 675 connected to the motor 674, a driven pulley 676 mounted

on the screw shaft 672, and a belt 677 stretched between the drive

pulley 675 and the driven pulley 676. The support plate 671 is

connectedtothenutmember673,andtheraisingandloweringmechanism

67 converts forward and backward rotation of the motor 674 into

reciprocating linear motion in a screw shaft direction with the

ball screw to raise and lower the application table 60. The

application table 60 is usually positioned below the frame base

61 at a predetermined interval.

[0069] As illustrated in FIG. 12 to FIG. 17, the frame base

61 is positioned so as to surround the application table 60 on an

outer side thereof. The frame base 61 has an annular shape, and

the application table 60 can pass through an opening of the frame

base 61 at a time of being raised and lowered. The dicing frame

DF is placed on the frame base 61 by the first conveyance arm 9A

and fixed thereto by appropriate fixing means (not shown). Further,

the protective tape PT is placed on the dicing frame DF by the tape

holding body 30 to be supplied to the wafer W.

[0070] As illustrated in FIG. 12 to FIG. 19, in order to apply

the protective tape PT to the wafer W and mount the wafer W on the

dicing frame DF through intermediation of the protective tape PT,

the pressing member 62 includes a protective layer outer periphery

retainer 620 configured to press a peripheral portion of the
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protective layer PL of the protective tape PT to apply the protective

tape PT to the wafer W, a tape outer periphery retainer 621 configured

to press an outer peripheral edge portion of the protective tape

PT to apply the protective tape PT to the dicing frame DF, and elastic

members 622 configured to support the tape outer periphery retainer

621 so that the tape outer periphery retainer 621 can be displaced

in the up-and-down direction.

[0071] The protective layer outer periphery retainer 620 has

a ring shape and has an outer diameter set to be larger than that

of the protective layer PL of the protective tape PT. As the

protective layer outer periphery retainer 620, for example, a

fluoro-rubber or a rubber material having a surface subjected to

fluorinetreatmentcanbeused. The protectivelayerouterperiphery

retainer 620 is held by a first holder 624. The first holder 624

is fixed to a support disc 623, and the protective layer outer

periphery retainer 620 is fitted in an annular concave portion formed

in a ring-shaped convex portion 625 formed on an outer peripheral

edge portion.

[0072] The tape outer periphery retainer 621 has a ring shape

and has an outer diameter set to be substantially equal to that

of the protective tape PT. The tape outer periphery retainer 621

can be made of, for example, a silicone resin. The tape outer

periphery retainer 621 is held by a second holder 626. The second

holder 626 is formed of an annular plate material, and the tape

outer periphery retainer 621 is fixed to an annular groove formed
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in an outer peripheral edge portion of the second holder 626.

[0073] Further, the second holder 626 is supported by a

plurality of mounting members 627 fixed to the support disc 623

through use of the elastic members 622, for example, springs. With

this, when the tape outer periphery retainer 621 presses the outer

peripheral edge portion of the protective tape PT to apply the

protective tape PT to the dicing frame DF, pressing force of the

tape outer periphery retainer 621 can be made constant.

[0074] The pressing member 62 can be moved upward and downward

in the upper chamber 6A by a second up-and-down moving mechanism

68. There is no particular limitation on the second up-and-down

movingmechanism68aslongasthesecond up-and-downmovingmechanism

68 moves the pressing member 62 in the up-and-down direction. The

second up-and-down moving mechanism 68 of this embodiment includes

a guide member 680 configured to support the pressing member 62

so that the pressing member 62 can move upward and downward with

respect to the upper chamber 6A, a raising and lowering plate 681

to which the guide member 680 is fixed, raising and lowering cylinders

682, which are arranged on the upper chamber 6A and each have a

cylinder shaft 683 connected to the raising and lowering plate 681,

and a guide mechanism, which is configured to guide up-and-down

movement of the pressing member 62 and includes a plurality of guide

rails 684 and a plurality of sliders 685. The guide rails 684 are

arranged on the upper chamber 6A so as to extend in the up-and-down

direction,andthesliders685arearrangedontheraisingandlowering
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plate 681 and slidably mounted on the corresponding guide rails

684. The second up-and-down moving mechanism 68 is configured to

drive up-and-down movement of the pressing member 62 with the raising

and lowering cylinders 682 and guide up-and-down movement of the

pressing member 62 with the guide mechanism.

[0075] In the tape application section F, under a decompressed

state in the vacuum chamber 6, the irregularities in the circuit

forming portion of the wafer W are covered with the protective layer

PL by applying the peripheral portion of the protective layer PL

of the protective tape PT to the outer peripheral edge portion of

the wafer W through intermediation of the pressure-sensitive

adhesive layer AL through use of the protective layer outer periphery

retainer 620 of the pressing member 62. Further, the wafer W is

mounted on the dicing frame DF through intermediation of the

protective tape PT by applying the outer peripheral edge portion

oftheprotectivetapePTtothedicingframeDFthroughintermediation

of the pressure-sensitive adhesive layer AL through use of the tape

outer periphery retainer 621 of the pressing member 62 (see FIG.

21(a)). The dicing frame DF having the wafer W mounted thereon is

conveyed to the heating section G by a second conveyance arm 9B.

[0076] As illustrated in FIG. 1, the second conveyance arm 9B

can reciprocatebetween thetapeapplication sectionF andtheheating

section G along the rail 103 extending in the Y direction with a

drive source (not shown). The second conveyance arm 9B can hold

the dicing frame DF by adsorption and includes a plurality of
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adsorption portions 90, for example, adsorption pads in the same

manner as in the first conveyance arm 9A. The second conveyance

arm 9B takes out the dicing frame DF having the wafer W mounted

thereon from the tape application section F with the adsorption

portions 90 and then conveys and supplies the dicing frame DF to

the heating section G.

[0077] As illustrated in FIG. 1, the heating section G includes

a heating table 12 configured to heat the dicing frame DF, a reverse

arm 13 configured to hold the dicing frame DF and vertically reverse

the held dicing frame DF, and a conveyance table 14 configured to

convey the dicing frame DF after being heated to the frame

accommodating section H.

[0078] As illustrated in FIG. 20, the heating table 12 enables

the dicing frame DF to be placed on an upper surface thereof and

fixed thereto with appropriate fixing means (not shown). A circular

convex portion 121 is formed on a center region of the upper surface

of the heating table 12, and the dicing frame DF is placed on and

fixed to the heating table 12 so that the wafer W is positioned

on the convex portion 121 as illustrated in FIG. 21(a). The heating

table 12 contains a heater 120, and the protective tape PT is heated

by the heater 120.

[0079] The heating table 12 is supported by a table base 122

having a space therein. The table base 122 can travel on a pair

of rails 104 laid on the machine base 100 and extending in the X

direction through intermediation of a pair of sliders 123. The
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heating table 12 can reciprocate in the X direction along the rails

104 through use of, for example, a motor 124 and a ball screw 125

as a drive source.

[0080] As illustrated in FIG. 1, the reverse arm 13 can hold

the dicing frame DF by adsorption and includes a plurality of

adsorption portions 130, for example, adsorption pads. The reverse

arm 13 is supported by a support frame 131 so as to move in the

up-and-down direction through use of a drive source (not shown).

The support frame 131 can travel on a rail 105 laid on the machine

base 100 and extending in the X direction through intermediation

of a slider (not shown), and the reverse arm 13 can reciprocate

in the X direction along the rail 105 with a drive source (for example,

a motor and a ball screw) (not shown).

[0081] Further, a motor 132 is connected to the reverse arm

13, and the reverse arm 13 is rotated by drive of the motor 132.

When the reverse arm 13 is turned upside down with the adsorption

portions 130 facing upward, the reverse arm 13 can receive the dicing

frame DF conveyed by the second conveyance arm 9B from the second

conveyance arm 9B (see FIG. 22). After receiving the dicing frame

DF from the second conveyance arm 9B, the reverse arm 13 is rotated

ina normaldirectionwiththeadsorptionportions130facing downward.

With this, the reverse arm 13 can place the dicing frame DF on the

heating table 12 under a state in which the protective tape PT serves

as a lower surface (see FIG. 23).

[0082] As illustrated in FIG. 1 and FIG. 20, the conveyance
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table 14 enables the dicing frame DF to be placed on an upper surface

thereof and is configured to convey the dicing frame DF heated in

the heating section G to the frame accommodating section H. The

conveyance table 14 is supported by a plurality of support columns

141 arranged upright on a support base 140. The conveyance table

14 can travel on a pair of rails 106 laid on the machine base 100

and extending in the X direction through intermediation of a pair

of sliders 142 arranged on the support base 140, and can reciprocate

in the X direction along the rails 106 through use of, for example,

a motor 143 and a ball screw 144 as a drive source. Further, the

conveyance table 14 can pass through the inner space of the table

base 122.

[0083] In the heating section G, the protective tape PT is heated,

for example, at 100°C for about 1 minute by the heating table 12

to soften the protective layer PL as illustrated in FIG. 21(b),

and the protective layer PL is embedded in the irregularities in

the circuit forming portion of the wafer W to be brought into close

contact therewith. Then, the dicing frame DF is conveyed to the

frame accommodating section H by the conveyance table 14.

[0084] Next, as illustrated in FIG. 1, the frame accommodating

section H includes an accommodating cassette 15 capable of

accommodating the plurality of dicing frames DF in a stacked state.

The accommodating cassette 15 can be raised and lowered through

use of a raising and lowering mechanism (not shown), for example,

an elevator mechanism. In the frame accommodating section H, the
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accommodating cassette 15 is raised and lowered every time the dicing

frame DF is accommodated so that the plurality of dicing frames

DF are successively accommodated.

[0085] Further, as illustrated in FIG. 1, the frame

accommodating section H includes a pair of conveyance rails 16

connected to the accommodating cassette 15 and a frame pusher 17

that reciprocates along a rail 107 parallel to the conveyance rails

16.

[0086] The frame pusher 17 can travel on the rail 107 laid on

the machine base 100 and extending in the X direction through

intermediation of a slider 170 and can reciprocate in the X direction

along the rail 107 with a drive source (for example, a motor and

a ball screw) (not shown). Further, the frame pusher 17 is supported

so as to move in the up-and-down direction through use of the drive

source (not shown). When the frame pusher 17 pushes the dicing frame

DF on the conveyance table 14 moved to the vicinity of the conveyance

rails 16 toward the accommodating cassette 15, the dicing frame

DF is conveyed from the conveyance rails 16 to the accommodating

cassette 15 and accommodated in the accommodating cassette 15.

[0087] Next, an application method of applying the protective

tape PT to the wafer W is described.

[0088] First, prior to an application operation, the wafer W

is taken out from the wafer supply section C illustrated in FIG.

1 by the first wafer conveyance mechanism 7, and then the wafer

W is conveyed to the wafer alignment section D to be placed on the
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rotary table 80.

[0089] In the wafer alignment section D, the wafer W is aligned.

First, the wafer W is rotated while being supported on the rotary

table 80, and under a state in which the wafer W is illuminated

with red light from one surface side of the wafer W by the illumination

means 83, the wafer W is imaged from the other surface side of the

wafer Wby the image pickupmeans84. An outer peripheral edgeportion

of the wafer W is detected based on a reception state of red light

by the image pickup means 84, and a center position of the wafer

W is calculated. The wafer W is subjected to position adjustment

to position the center of the wafer W at a predetermined reference

position. Then, the positioned wafer W is conveyed from the rotary

table 80 to the tape application section F by the first wafer

conveyance mechanism 7, and the wafer W is placed on and fixed to

the application table 60 in the lower chamber 6B under a state of

being positioned on the application table 60 as illustrated in FIG.

13. In this case, the center position of the wafer W placed on the

application table 60 is matched with the center position of the

dicing frame DF to be placed on the frame base 61 described later.

[0090] Further, the dicing frame DF is taken out from the frame

supply section E illustrated in FIG. 1 by the first conveyance arm

9A and then conveyed to the tape application section F to be placed

on and fixed to the frame base 61 in the lower chamber 6B as illustrated

in FIG. 13.

[0091] Further, in the tape peeling section A illustrated in
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FIG.1,theprotectivetapePTtemporarilyappliedtothebasematerial

BM is conveyed to a peeling position by the tape conveyance mechanism

2, and the tape holding body 30 is moved onto the protective tape

PT conveyed to the peeling position as illustrated in FIG. 5 so

that the tape holding body 30 holds the protective tape PT. Then,

as illustrated in FIG. 6 and FIG. 7, the peeling plate 40 is moved

to peel the base material BM from the protective tape PT held by

the tape holding body 30. After that, the protective tape PT peeled

from the base material BM is conveyed to the tape alignment section

B while being held by the tape holding body 30.

[0092] In the tape alignment section B, the protective tape

PT is aligned. First, under a state in which the protective tape

PTisheld by thetape holdingbody30, apluralityof parts(preferably

four parts) of an outer peripheral edge portion of the protective

layer PL of the protective tape PT are imaged by the image pickup

means 50. Positional information on the plurality of parts of the

outer peripheraledgeportion ofthe protectivelayerPLis calculated

based on image data obtained by the image pickup means 50, and a

center position of the protective layer PL is calculated. The

protective tape PT is subjected to positional adjustment to position

the center of the protective layer PL at a predetermined reference

position. Then, the positioned protective tape PT is conveyed to

the tape application section F while being held by the tape holding

body 30 as illustrated in FIG. 12, and the protective tape PT is

placed on the dicing frame DF in the lower chamber 6B as illustrated
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in FIG. 13. In this case, the center position of the dicing frame

DF placed on the frame base 61 is matched with the center position

of the protective layer PL of the protective tape PT placed on the

dicing frame DF.

[0093] Next, in the tape application section F, the protective

tape PT is applied to the wafer W. First, when the protective tape

PT is supplied above the wafer W as illustrated in FIG. 13, the

upper chamber 6B is moved downward to be combined with the lower

chamber 6B to form the vacuum chamber 6 as illustrated in FIG. 14.

Then, the vacuum chamber 6 is decompressed through the vacuum adaptor

66 to bring the vacuum chamber 6 into a predetermined decompressed

state. At this time, the application table 60 is raised to bring

the wafer W into contact with the protective tape PT, and the pressing

member 62 is moved downward to press the protective tape PT from

above as illustrated in FIG. 15. In this case, when the peripheral

portion of the protective layer PL of the protective tape PT is

pressed by the protective layer outer periphery retainer 620 of

the pressing member 62, the pressure-sensitive adhesive layer AL

is applied to the outer peripheral edge portion of the wafer W.

When the outer peripheral edge portion of the protective tape PT

is pressed by the tape outer periphery retainer 621 of the pressing

member 62, the protective tape PT is applied to the dicing frame

DF through intermediation of the pressure-sensitive adhesive layer

AL. With this, the circuit (irregularities) on the front surface

of the wafer W is covered with the protective layer PL, and the
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wafer W is mounted on the dicing frame DF through intermediation

of the protective tape PT. After the vacuum chamber 6 is brought

into an atmospheric-pressure state, the upper chamber 6B is moved

upward to release the lower chamber 6B as illustrated in FIG. 16,

and the dicing frame DF having the wafer W mounted thereon is conveyed

to the heating section G by the second conveyance arm 9B as illustrated

in FIG. 17.

[0094] Next, in the heating section G, the dicing frame DF having

the wafer W mounted thereon is heated. First, as illustrated in

FIG. 22, the reverse arm 13 turned upside down receives the dicing

frame DF from the second conveyance arm 9B. After that, as

illustrated in FIG. 23, the dicing frame DF is vertically reversed

by rotating the reverse arm 13, and the dicing frame DF is placed

on the heating table 12 under a state in which the protective tape

PT serves as a lower surface. Then, the protective tape PT is heated

by the heater 120 contained in the heating table 12 to soften the

protective layer PL, and the protective layer PL is brought into

close contact with the irregularities in the circuit forming section

of the wafer W. With this, application of the protective tape PT

to the wafer W is completed, and mounting of the wafer W on the

dicing frame DF is also completed. Then, as illustrated in FIG.

24 to FIG. 26, the second conveyance arm 9B is moved above the dicing

frame DF, and the dicing frame DF is held by the second conveyance

arm 9B. After that, the dicing frame DF is lifted up from the heating

table 12, and the conveyance table 14 is moved below the second
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conveyance arm 9B so as to replace the heating table 12. Then, the

dicing frame DF is placed on the conveyance table 14. As illustrated

in FIG. 27, the dicing frame DF is conveyed to the frame accommodating

section H by the conveyance table 14.

[0095] Finally, in the frame accommodating section H, as

illustrated in FIG. 28, the dicing frame DF having the wafer W mounted

thereon is accommodated in the accommodating cassette 15 from the

conveyance table 14 via the conveyance rails 16 by the frame pusher

17.

[0096] As described above, with the first alignment device 5

and the alignment method for the protective tape PT having the

above-mentioned configuration, the plurality of parts of the outer

peripheral edge portion of the protective layer PL formed on the

protective tape PT are recognized to detect the center of the

protective layer PL, and the center of the protective layer PL is

positioned. Therefore, the protective layer PL can be aligned with

high accuracy and applied to the irregularities of the wafer W without

positional displacement with satisfactory accuracy. Thus, the

irregularities of the wafer W (in particular, a bump wafer) can

be sufficiently protected with the protective layer PL.

[0097] Further, with the second alignment device 8 and the

alignment method for the wafer W having the above-mentioned

configuration, the outer shape of the wafer W is precisely recognized

through use of red light to detect the center of the wafer W, and

the center of the wafer W is positioned. Therefore, the wafer W
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can be aligned with high accuracy irrespective of presence or absence

of transparency of the wafer W, and the protective tape PT can be

applied to the wafer W with satisfactory accuracy.

[0098] In addition, with the second alignment device 8 and the

alignment method for the wafer W having the above-mentioned

configuration, red light is used for alignment of the wafer W, and

alignment can be performed without using light having high energy,

such as ultraviolet rays or blue light. Therefore, a wafer element

may not be damaged.

[0099] As described above, according to one embodiment of the

present invention, it is possible to provide an alignment device

and an alignment method for aligning the protective tape PT having

the protective layer PL with high accuracy. Further, it is possible

to provide an alignment device and an alignment method for aligning

the wafer W having transparency with high accuracy.

[0100] The embodiment of the present invention is described

above. However, the present invention is not limited thereto, and

various modifications can be made without departing from the spirit

of the present invention.

[0101] For example, according to the above-mentioned

embodiment, in the first alignment device 5, the plurality of parts

of the outer peripheral edge portion of the protective layer PL

are imaged by moving one image pickup means 50. However, the

plurality of parts of the outer peripheral edge portion of the

protective layer PL may be imaged with two or more image pickup
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means 50, or the plurality of parts of the outer peripheral edge

portion of the protective layer PL may be imaged by arranging the

image pickupmeans 50for eachpart to beimagedofthe outerperipheral

edge portion of the protective layer PL.

[0102] Further, according to the above-mentioned embodiment,

in the first alignment device 5, four parts of the outer peripheral

edge portion of the protective layer PL are imaged. However, the

number of parts to be imaged is not necessarily required to be four

and may be two to three or five or more as long as the center of

the protective layer PL can be detected.

[0103] Further, according to the above-mentioned embodiment,

in the second alignment device 8, the image pickup means 84 is arranged

on the rotary shaft 800 of the rotary table 80 so as to image the

entire outer peripheral edge portion of the wafer W. However, the

image pickup means 84 is not necessarily required to be arranged

on the rotary shaft 800 of the rotary table 80 as long as the outer

shape of the wafer W can be recognized. The entire outer peripheral

edge portion of the wafer W may be detected, for example, by arranging

the image pickup means 84 in the vicinity of the outer peripheral

edge portion of the wafer W so as to continuously image parts of

the outer peripheral edge portion of the rotating wafer W.

[0104] The application apparatus 1 including the first

alignment device 5 and the second alignment device 8 is not limited

to the above-mentioned embodiment and may be variously modified

without departing from the spirit of the present invention.
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[0105] For example, in the above-mentioned embodiment, in the

application apparatus 1, the dicing frame DF heated in the heating

section G is conveyed to the frame accommodating section H and

accommodated in the accommodating cassette 15. However, the

following configuration may be employed. That is, the heated dicing

frame DF is conveyed to a tape cutting section I illustrated in

FIG. 1 by the conveyance table 14, and the protective tape PT applied

to the dicing frame DF is cut along the outer shape of the wafer

W through use of a cutter unit 18. After that, the wafer W having

the protective tape PT separated from the dicing frame DF is conveyed

by the second wafer conveyance mechanism 19 and accommodated in

a wafer accommodating portion (not shown) or an open portion in

the accommodating cassette 10. Now, this configuration is

specifically described with reference to FIG. 29 to FIG. 35.

[0106] First, in FIG. 25, the heated dicing frame DF is taken

out from the heating table 12 by the second conveyance arm 9B, and

the reverse arm 13 turned upside down receives the dicing frame

DF from the second conveyance arm 9B. After that, the dicing frame

DF is vertically reversed by rotating the reverse arm 13, and the

dicing frame DF is placed on the conveyance table 14 under a state

in which the wafer W serves as a lower surface (see FIG. 29). Then,

as illustrated in FIG. 30, the dicing frame DF is conveyed below

the cutter unit 18 of the tape cutting section I by the conveyance

table 14. In this embodiment, an upper surface of the conveyance

table 14 is appropriately formed into a convex shape in conformity
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with the thickness of the wafer W.

[0107] The cutter unit 18 is configured to move in the

up-and-down direction between a cutting position for cutting the

protective tape PT and a separation position above the cutting

position through use of a drive source (not shown). Further, the

cutter unit 18 includes a cutter 180, a support plate 181 configured

to support the cutter 180, and a motor 182 configured to drive the

cutter 180 to rotate.

[0108] In the tape cutting section I, as illustrated in FIG.

31, when the dicing frame DF is conveyed, the cutter unit 18 is

moved downward, and the cutter 180 is rotated to cut the protective

tape PT along the outer shape of the wafer W. Then, as illustrated

in FIG. 32, the cutter unit 18 is moved upward to be retracted to

the separation position, and the second wafer conveyance mechanism

19 is moved onto the conveyance table 14.

[0109] In this embodiment, the second wafer conveyance

mechanism 19 is configured to reciprocate in the Y direction between

the tape cutting section I and the wafer alignment section D through

use of a drive source (not shown). Further, the second wafer

conveyance mechanism 19 includes an adsorption hand 190 capable

of holding the wafer W, for example, by adsorption and a cylinder

191 configured to move the adsorption hand 190 in the up-and-down

direction.

[0110] When the protective tape PT applied to the dicing frame

DF is cut along the contour of the wafer W, the adsorption hand
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190 is moved downward to adsorb the wafer W having the protective

tape PT separated from the dicing frame DF on the conveyance table

14. Then, as illustrated in FIG. 33, after the adsorption hand 190

is moved upward, the wafer W having the protective tape PT is conveyed

to the wafer alignment section D by the adsorption hand 190 to be

placedon the rotarytable80. Then,thewaferWhaving the protective

tape PT placed on the rotary table 80 is conveyed to and accommodated

in the wafer accommodating portion (not shown) or the open portion

in the accommodating cassette 10 by the first wafer conveyance

mechanism 7.

[0111] Meanwhile, the dicing frame DF having the wafer W

separated therefrom is conveyed to the frame accommodating section

H by the conveyance table 14 as illustrated in FIG. 34, and the

dicing frame DF is accommodated in the accommodating cassette 15

from the conveyance table 14 via the conveyance rails 16 by the

frame pusher 17 as illustrated in FIG. 35.

[0112] The application apparatus 1 having the above-mentioned

configuration may be connected to a back surface grinding device

or the like so that the wafer W mounted on the dicing frame DF or

the wafer W having the protective tape PT applied thereto is directly

supplied to the back surface grinding device or the like.

Reference Signs List

[0113] 5 first alignment device (alignment device for

protective tape)
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8 second alignment device (alignment device for wafer)

30 tape holding body

31 holding-body moving mechanism

50 image pickup means

51 illumination means

52 image pickup means moving mechanism

80 rotary table

82 table moving mechanism

83 illumination means

84 image pickup means

W wafer

BM base material

PT protective tape

PL protective layer

DF dicing frame
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Claims

[Claim 1] An alignment device to be used for applying a protective

tape to a semiconductor wafer, comprising:

a rotary table configured to support and rotate the

semiconductor wafer;

illumination means for illuminating the semiconductor wafer

with red light from one surface side of the semiconductor wafer;

and

image pickup means for imaging the semiconductor wafer on

another surface side of the semiconductor wafer,

wherein the alignment device is configured to determine a

center position of the semiconductor wafer through detection of

an outer peripheral edge portion of the semiconductor wafer based

on a reception state of the red light by the image pickup means.

[Claim 2] An alignment device according to claim 1, wherein the

image pickup means is configured to image the semiconductor wafer

through intermediation of an optical filter configured to transmit

light in a wavelength range of the red light in incident light.

[Claim 3] An alignment device according to claim 2, wherein the

optical filter is configured to block light having a wavelength

of 600 nm or less.

[Claim 4] An alignment device according to any one of claims 1 to



56

3, further comprising a table moving mechanism configured to move

the rotary table horizontally in an X direction and in a Y direction

orthogonal to the X direction,

wherein the alignment device is configured to perform

positional adjustment of a center of the semiconductor wafer through

determination of a positional displacement amount by comparing the

center position of the semiconductor wafer to a predefined reference

position and through control of the table moving mechanism based

on the positional displacement amount.

[Claim 5] An alignment device to be used for applying a protective

tape to a semiconductor wafer, comprising:

a tape holding body configured to hold the protective tape

laminated with a protective layer having an outer diameter smaller

than an outer diameter of the protective tape; and

one or more image pickup means for imaging a plurality of parts

of an outer peripheral edge portion of the protective layer,

wherein the alignment device is configured to determine a

center position of the protective layer based on positional

information on each of the plurality of parts of the outer peripheral

edge portion of the protective layer through determination of the

positional information on the each of the plurality of parts based

on image data acquired by imaging of the image pickup means.

[Claim 6] An alignment device according to claim 5, comprising one
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image pickup means and further comprising image pickup means moving

mechanism configured to move the image pickup means horizontally

in an X direction and in a Y direction orthogonal to the X direction.

[Claim 7] An alignment device according to claim 5 or 6, further

comprising illumination means for illuminating the plurality of

parts of the outer peripheral edge portion of the protective layer

to be imaged by the image pickup means, the illumination means being

arranged on a periphery of the image pickup means.

[Claim 8] An alignment device according to any one of claims 5 to

7, further comprising a holding-body moving mechanism configured

to move the tape holding body horizontally in the X direction and

in the Y direction orthogonal to the X direction,

wherein the alignment device is configured to perform

positional adjustment of a center of the protective tape through

determination of a positional displacement amount by comparing the

center position of the protective layer to a predefined reference

position and through control of the holding-body moving mechanism

based on the positional displacement amount.

[Claim9]Analignmentmethodtobeperformedforapplyingaprotective

tape to a semiconductor wafer, comprising:

rotating the semiconductor wafer;

illuminating the semiconductor wafer with red light from one
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surface side of the semiconductor wafer;

imaging the semiconductor wafer on another surface side of

the semiconductor wafer; and

determining a center position of the semiconductor wafer

through detection of an outer peripheral edge portion of the

semiconductor wafer based on a reception state of the red light.

[Claim 10] An alignment method to be performed for applying a

protective tape to a semiconductor wafer, comprising the steps of:

holding the protective tape laminated with a protective layer

having an outer diameter smaller than an outer diameter of the

protective tape;

imagingaplurality of partsof an outer peripheral edge portion

of the protective layer; and

determining a center position of the protective layer based

on positional information on each of the plurality of parts of the

outer peripheral edge portion of the protective layer through

determination of the positional information on the each of the

plurality of parts based on image data acquired by imaging.


