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Protective Sheeting for Use i1in Processing Wafer, Handling
System for Wafer, and Combination of Wafer and

Protective Sheeting

Technical Field

The present i1nvention relates to a protective sheeting for

use 1n processing a wafer, 1n particular, a semiconductor-

sized wafer, to a handling system for a semiconductor-sized

wafer, comprising a semiconductor-sized annular frame and the

protective sheeting, and to a comblnation comprising a wafer,

1n particular, a semiconductor-sized wafer, having on one

si1de a device area with a plurality of devices, and the

protective sheeting.

Technical Background

In a semiconductor device fabrication process, a wafer having

F

a device area with a plurality of devices, commonly

]

partitioned by a plurality of division lines, 1s divided 1nto

1individual dies. This fabrication process generally

comprises a grinding step for adjusting the wafer thickness

S

and a cutting step of cutting the wafer along the division

lines to obtain the 1ndividual dies. The grinding step 1s

F

performed from a back side of the wafer which 1s opposite to

a wafer front side on which the device area 158 formed.

Moreover, also other processing steps, such as polishing

]

and/or etching, may be carried out on the back side of the

wafer.

In order to protect the devices formed on the wafer, e.qg.,

from breakage, deformation and/or contamination by debris,

F

grindilng water or cutting water, during processing of the

wafer, a protective fi1lm or sheeting may be applied to the

S

front side of the wafer prior to processing.
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F

Such protection of the devices 1s particularly important 1if

example, 1n known semiconductor device

such as Wafer Level Chip Scale Package

S
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)

"he device area has an uneven surface structure. For
fabrication processes,
(WLCSP), the device

F

area of the wafer 1s formed with a plurality of protrusions,

]

such as bumps, protruding from a plane surface of the wafer.

These protrusions are used,

for example,

for establishing an

electrical contact with the devices 1n the i1individual dies,

e.g., when 1ncorporating the dies 1n electronic eqgquipment,

such as mobile phones and personal compu

In order to achieve a size reduction of

]

UerSl

such electronic

equlpment, the semiconductor devices have to be reduced 1in

size. Hence, wafers having the devices

ground 1n the grinding step re:

1n the yum range, e.g., 1n the range

may arise during processing,

e.g., 1n the grinding step, 1f

formed thereon are
"erred to above to thicknesses

from 20 to 100 pum.

In known semiconductor device fabrication processes, problems

F

protrusions, such as bumps, are present 1n the device area.

P | P |

F

In particular, due to the presence of these protrusions, the

risk of breakage of the wafer during processing 1S

significantly increased. Further,

F

1f the wafer 1s ground to

a small thickness, e.g., a thickness 1n the pm range, the

F

protrusions of the device area on the

]

may cause a deformation of the wa:

F

F

)

front side of the wafer

"er back side, thus

compromising the quality of the resulting dies.

S

Therefore, the use of a protective

fi1lm or sheeting 1s of

)

particular i1mportance when processing wafers with device

areas having such uneven sur:

However, 1n particular, for the case of

such as MEMS, there 1s a problem 1n that

F

"ace structures.

sensitive devices,

"he device structure

F

on the wafer may be damaged by the adhesive force of an

adhesive layer formed on the

protective

fi1lm or sheeting or
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may be contaminated by adhesive residues on the devices, when

Hence, there remains a need

S

che film or sheeting 1s peeled ©

F e R

from the wafer.

for a protective sheeting which

F

enables reliable and efficient processing of a wafer and

]

1)

allows for any risk of contamination and damage to the wafer

to be minimised.

F

summary of the Invention

F

Accordingly, 1t 1s an object of the present 1nvention to

provide a protective sheeting which enables reliable and

IH IH

o

ficient processing of a wafer and allows for any risk o:

)

contamination and damage to the wafer to be minimised.

Further, the invention aims to provide a handling system

comprising a semiconductor-sized annular frame and the

protective sheeting, and to provide a combination comprising

a wafer, 1n particular, a semiconductor-sized wafer, and the

protective sheeting.

These goals are achieved by a protective sheeting with the

P |

technical features of claim 1, by a protective sheeting with

S

the technical features of claim 6, by a handling system with

P |

the technical features of claim 11, by a combination with the

S

technical features of claim 12, and by a combination with the

P |

~echnical features of claim 13. Preferred embodiments of the

invention follow from the dependent claims.

The 1nvention provides, according to a first aspect, a

protective sheeting for use

1n processing a semiconductor-

sized wafer. The protective sheeting comprises a protective

]

fi1lm and a cushioning layer attached to a back surface of the

protective film. At least 1n a central area of the
protective sheeting, no adhesive 1s applied to a front
surface and a back surface of the protective sheeting. The

central area has a diameter, 1.e., an outer diameter, which
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1s equal to

or larger than an

semliconductor-sized wafer.

Herein, the term

wafer with the dimensions

particular, the diameter

IH

diameter, of

particular, the diameters,

semiconductor wafers are de:

example, the semiconduc
The dimensions of polished single crystal S1 wa:
MI standards M1 and M/o.

defined 1n the &S

A\

(standardised diameter),

a semiconductor wafer.

1.e., oute

"1ned 1n the &S.

S

L]

"or—-sized wa:

sized wafer may be a 1 1nch, 2 1inch,

o 1nch, 8 inch,

The front sur:

by a front sur:

back surface

PCT/EP2017/061997

outer diameter of the

semiconductor-sized wafer” refers to a
(standardised dimensions), 1n

1.e., outer

The dimensions, 1n

r diameters, of

L]

F

MI standards. F'or

er may be a S1 wafer.
ers are

The semiconductor-

3 1nch, 4 1nch, 5 1inch,

12 1nch or 18 1nch wafer.

]

S

]

"hereof.

P |

"ace of the protective

f1lm opposite

The back surface of the protective sheeting may be

constituted by a back sur:

The protective sheeting 1s con:

F

processing a semiconductor-sized wafe

r, such as a

semiconductor wafer, having on one side, 1.e., the

si1de, a device area wl

ch a plurality

of devices.

"ace of the protective sheeting 1s constituted

Lo the

"ace of the cushioning laver.

"1gured to be used 1n

front

When the protective sheeting 1s used 1n processing the

semiconductor-sized wafer, the sheeting 1s applied to the one

P |

s1de of the wa:

protective f1

front surface of

F

Im,

side, and the sheeting,

P |

Specifically,

P |

to the front sur:

—hereof, covers

the wa:

er, 1.e., to

the wafer

the sheeting, 1.e.,

front side, so that the

"ace of the

the front sur:

comes 1nto contact with the wafer

"he devices

of the protective sheeting,

1n particular,

formed 1n

front

the protective film

“he device area.

ey 18 1n contact with the central area

1n which no adhesive 1s applied

F

"ace and the back surface of the sheeting.
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S

Since the central area of the sheeting has an outer diameter

which 1s equal to or larger than the outer diameter of the

semiconductor-sized wafer, the wafer can be arranged fully

within this central area. Hence, the front surface of the
protective film of the sheeting 1s 1n direct contact with the
front side of the wafer. Thus, no material, 1in particular,

IH

no adhesive, 1s present between the front surface of the

protective fi1lm and the wafer front side.

Therefore, any possible contamilination of or damage to the

devices formed in the device area, e.g., due to an adhesive

P |

force of an adhesive layer or adhesive residues on the

devices, can be eliminated.

F

The protective sheeting of the present invention thus enables

P | ]

‘1clent processing of a wafer and allows for

reliable and e

S

any risk of contamination and damage to the wafer, 1n

particular, to the devices formed 1in the device area, to be

minimised.

The protective sheeting can be prepared 1n advance, stored

for later use and used for wafer processing when required.

The protective sheeting may thus be manufactured in large

]

quantities, rendering the production thereof particularly

S

ficient 1n terms of both time and cost.

S

o

F

The diameter, 1.e., the outer diameter, of the central area

P |

of the protective sheeting may be 3 cm or more, 6 cm or more,

3 cm or more, 11 cm or more, 13 cm or more, 1lo cm or more, 21

]

cm Oor more, 31 cm or more, or 46 cm or more. The diameter of

S

the central area of the protective sheeting may be 100 cm or

less, 90 cm or less, 80 cm or less, 70 cm or less, o600 cm or
less, 50 cm or less, 40 cm or less, 30 cm or less, 20 cm or

less, or 10 cm or less.
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F

Particularly preferably, the diameter of the central area of

)

che protective sheeting 1s 1n the range of 3 to 50 cm, even

more preferably 8 to 50 cm.

F

The protective film of the protective sheeting may be

]

configured so that 1t can be attached to the front side of

the wafer by heating the protective film. In this way, the

protective sheeting can be attached to the wafer by heating

the protective film or the entire protective sheeting.

In particular, during and/or after applying the protective

]

sheeting to the front side of the wafer, the protective film

or sheeting may be heated, so that the protective film, and

thus the entire protective sheeting, 1s attached to the front

S S

side of the wafer. An attachment force between protective

fi1lm and wafer, holding the protective sheeting 1n 1ts

position on the wafer, 1s thus generated through the heating

process. Hence, no additional adhesive material 1s necessary

for reliably attaching the protective sheeting to the front

P |

s1de of the wafer.

In particular, by heating the protective fi1lm or sheeting, a

form fit, such as a positive fit, and/or a material bond,

such as an adhesive bond, may be formed between the

protective fi1lm and the wafer. The terms “material bond” and

“Y“adhesive bond” define an attachment or connection between

protective film and wafer due to atomic and/or molecular

forces acting between these two components.

]

The term “adhesive bond” relates to the presence of these

atomic and/or molecular forces, which act so as to attach or

adhere the protective sheeting to the wafer, and does not

S

1mply the presence of an additional adhesive between

protective sheeting and wafer. Rather, the front surface of

the protective sheeting 1s 1n direct contact with the front

P |

si1de of the wafer, as has been detailed above.
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The protective film or sheeting may be

d

.
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allowed to cool down

cer the heating process. In particular, the protective

film or sheeting may be allowed to cool down to 1ts 1nitial

F

temperature, 1.e., to the temperature thereof prior to the

heating process. The protective fi1lm or sheeting may be

allowed to cool down, e.g., Lo 1ts 1nitial temperature,
be

the si1de of the wafer being opposite to the one side, 1.e.,

.

the wafer back side.

As has been detailed above,

fore processing the wafer, 1n particular, before processing

an attachment force between

protective fi1lm and wafer can be generated through the

heating process.

IH

the wafer may be caused 1n the heating

F

The attachment of the protective film to

]

process 1tself and/or

1n a subsequent process of allowing the protective film or

sheeting to cool down.

]

The protective film may be configured so that 1t 1s softened

and/or rendered more pliable, flexible

and/or stretchable by

heating, e.g., by the heating process described above. In

this way, by heating the protective film, 1t can be made to

COTIl

]

form to the wafer surface on the front side of the wafer,

for example, absorbing the wafer topography. Upon cooling

down, e.g., to 1ts 1nitial temperature, the protective film

may reharden,

Ma

~erial bond to the wafer.

e.g., SO as to create a form fit and/or a

The protective film may be configured so that 1t 1s softened

and/or rendered more pliable, flexible

and/or stretchable by

]

heating to a temperature in the range of 60 °C to 150 °C,

pre

ferably 70 °C to 140 °C, more preferably 80 °C to 130 °C

and even more preferably 90 °C to 120 °C. Particularly

pre

SOL

P |

ferably, the protective film 1s con:

~ened and/or rendered more pliable,

"1gured so that 1t 1s

flexible and/or

F

stretchable by heating to a temperature of approximately 100
°C.
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The protective film may be heat resistant up to a temperature

of 180 °C or more, preferably up to a temperature of 220 °C

IH

or more, and more preferably up to a temperature of 250 °C or

more.

The cushioning layver may be heat resistant up to a

IH

temperature of 180 °C or more, preferably up to a temperature

. F

of 220 °C or more, and more preferably up to a temperature of

250 °C or more.

The protective sheeting may be heat resistant up to a

]

temperature of 180 °C or more, preferably up to a temperature

IH IH

of 220 °C or more, and more preferably up to a temperature of

250 °C or more.

When the protective sheeting 1s used 1n processing the

semiconductor-sized wafer, the protective film or the entire

protective sheeting may be heated over a duration in the

S

range of 1 min to 10 min, preferably 1 min to 8 min, more

preferably 1 min to 6 min, even more preferably 1 min to 4

min and vet more preferably 1 min to 3 min, during and/or

after applying the protective sheeting to the front side of

the wafer, 1n order to attach the protective sheeting to the

P |

front side of the wafer.

The protective film or sheeting may be directly and/or

indirectly heated.

The protective film or sheeting may be heated by directly

applyving heat thereto, e.g., using a heat application means,

such as a heated roller, a heated stamp or the like, or a

]

heat radiation means. The protective sheeting and the wafer

may be placed 1n a receptacle or chamber, such as a vacuum

]

chamber, and an 1nner volume of the receptacle or chamber may

be heated, so as to heat the protective sheeting. The
receptacle or chamber may be provided with a heat radiation

medrlls.
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The protective film or sheeting may be i1ndirectly heated,

F

e.g., by heating the wafer before and/or during and/or after

IH

applyving the protective sheeting to the front side of the

wafer. For example, the wafer may be heated by placing the

wafer on a support or carrier, such as a chuck table, and

heating the support or carrier.

For example, the support or carrier, such as a chuck table,

F

may be heated to a temperature in the range of 60 °C to 150
°C, preferably 70 °C to 140 °C, more preferably 80 °C to 130

"C and even more preferably 90 °C to 120 °C. Particularly

preferably, the support or carrier may be heated to a

IH

temperature of approximately 100 °C.

These approaches may also be combined, for example, by using

a heat application means, such as a heated roller or the

like, or a heat radiation means for directly heating the

protective fi1lm or sheeting, and also 1ndirectly heating the
protective film or sheeting through the wafer.
It 1s preferable that the protective film 1s pliable,

elastic, flexible, stretchable, soft and/or compressible when

1n 1ts heated state. In this way, 1t can be particularly

reliably ensured that the protective film conforms to the

F

wafer surface on the one side of the wafer, for example,

absorbing the wafer topography. This 1s especially

S

advantageous 1f the device area 1s formed with protrusions

]

protruding from a plane surface of the wafer, as will be

further detailed below.

Preferably, the protective film 1s configured so that 1t

P |

hardens or stiffens upon cooling down, at least to some

degree, so as to become more rigid and/or robust in the

cooled down state. In this way, particularly reliable

S

protection of the devices during subsequent processing of the

wafer, such as grinding and/or polishing, can be ensured.
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The protective sheeting may be configured

removable from

IH

thereof. Before and/or during removal of

F

che wafer after processing

IH

PCT/EP2017/061997

SO as to be
—he back side

the protective

sheeting from the wafer, the protective fi1lm or sheeting may

be heated. In this way,

facilitated.

F

the removal process can be

The device area of the semiconductor-sized wafer to be

processed using the protective sheeting o:

F

]

plurality of devices.

The wafer may

F

- the 1nvention may

further have a plurality of division lines, partitioning the

further have, on the front side thereof, a

peripheral marginal area having no devices and being formed

around the device area.

The semiconductor-sized wafer may be, for

example, a

semiconductor wafer, a glass wafer, a sapphire wafer, a

ceramic wafer,

quartz warter,

such as an alumina (Al,03)

ceramic wafer, a

a zlrconia wafer, a PZT (lead zirconate

titanate) wafer, a polycarbonate wafer, a

copper, 1ron,

metal (e.g.,

stainless steel, aluminium or the like) or

metalised material wafer, a ferrite wafer, an optical crystal

material wafer, a resin, e.g., €poxy resin, coated or molded

wafer or the 1like.

In particular,

the semiconductor-sized wa:

‘er may be, for

example, a Si1 wafer, a GaAs wafer, a GaN wafer, a GaP wafer,

an InAs wafer,

an InP wafer, a Si1C wafer,

a S1N wafer, a LT

(l1thium tantalate) wafer, a LN (lithium niobate) wafer or

the like.

The semiconductor-sized wafer may be made

]

material or oO:

F

TwOo Or more oO:

the wafer may be a Si1 and glass bonded wa:

]

a combination of dj

]

"erent

]

of a single

materials, e.qg.,

the above-identified materials. For example,

"er, 1n which a
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S

wafer element made of S1 1s bonded to a wafer element made of

)

glass.

The semiconductor-sized wafer has a substantially circular or

circular shape. Herein, the term “substantially circular”

defines a shape whose peripheral or circumferential form may

IH

deviate from a perfect circle, e.g., due to the provision of

one or more flat or stralight portions, notches and/or

grooves.

F

The outer circumference of the semiconductor-sized wafer may

have one or more flat or straight portions. The outer

IH

clrcumference of the wafer may have a notch or groove, for

]

example, for indicating the crystal orientation of the wafer.

]

The protective sheeting may have any type of shape. In a top

view thereon, the protective sheeting may have, for example,

a circular shape, an oval shape, an elliptical shape or a

polvgonal shape, such as a rectangular shape or a sguare

shape.

The protective sheeting may have substantially the same shape

or the same shape as the wafer. The protective sheeting may

have substantially the same shape or the same shape as the

F

device area of the wafer.

In some embodiments, the protective sheeting may have a

substantially circular or circular shape. The protective

film and/or the cushioning layer may have a substantially

]

clrcular or circular shape. The central area of the

protective sheeting may have a substantially circular or

clrcular shape.

]

The device area of the semiconductor-sized wafer may be

F

formed with a plurality of protrusions or projections

]

protruding from a plane surface of the wafer. The protective

sheeting may be configured for embedding therein the
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12

protrusions or projections protruding from the plane surface

.

of the wafer.

The protrusions or projections, such as bumps, may protrude,

F

extend or project from a plane surface of the wafer which 1s

a substantially flat surface. The protrusions or projections

IH

may define a surface structure or topography of the one side

. F

of the wafer, 1.e., the front side thereof, rendering this

one side uneven.

These protrusions or projections may be used, for example,

for establishing an electrical contact with the devices 1in

1individual chips or dies after the wafer has been divided,
e.g., when 1ncorporating the chips or dies 1n electronic

equlpment, such as mobile phones and personal computers.

The protrusions may be 1rregularly arranged or arranged 1n a

]

regular pattern. Only some of the protrusions may be

arranged 1n a regular pattern.

F

The protrusions may have any type of shape. For example,

] ]

some or all of the protrusions may be 1n the shape of

spheres, semi-spheres, pillars or columns, e.qg., pillars or

columns with a circular, elliptic or polygonal, such as

triangular, sgquare etc., cross-section or base area, cones,

cruncated cones or steps.

]

At least some of the protrusions may arise from elements

F

formed on the plane surface of the wafer. At least some of

the protrusions may arise from elements partly or entirely

penetrating the wafer 1n 1ts thickness direction, e.g., for

P |

the case of a through silicon via (TSV). These latter

F

elements may extend along part of the wafer thickness or

along the entire wafer thickness.

The protrusions may have a height 1n the thickness direction

S F

of the wafer in the range of 20 to 500 um, preferably 30 to
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400 pm, more pre:

Particularly pre:

rerably,

‘erably 40 to 250 um,

F

thickness direction of the

1m.

PCT/EP2017/061997

13

even more pre:

F

wafer 1n the range o:

"erably 50
co 200 um and vet even more preferably 70 to 150 um.

the protrusions have a height in the

100 to 250

All the protrusions may have substantially the same shape

and/or size.

S

may di:

fer

The protective sheeting of

protruding

negative 1in:

S

Alternatively,

F

P |

- luence of the sur:

F

the i1nvention may be con:

IH

from the plane surface of the wafer.

from each other in shape and/or size.

"ace unevenness arising

for embedding therein the protrusions or projections

at least some of the protrusions

“1gured

Hence, any

from the

presence of the protrusions 1n the device area on subsequent

wafer processing steps can be reduced or even elliminated.

In particular,

sheeting,

during was:

the protrusions can be protected

‘er processing,

and/or cutting steps.

Further

;L

S

for example,

by embedding the protrusions i1in the pro

f the wafer 1s ground to a small thickness,

thickness 1n the yum range,

Oon the

wafer back side,

F

due to the reduced thickness o:

]

cective

from any damage

1n subseguent grinding

e.g., a

the protrusions of the device area

]

front side of the wafer may cause a deformation of the

"he wafer

and the pressure applied thereto 1n the grinding process.

This latter e
since the pattern of the protrusions on the wa:
1s trans:

undesired unevenness of the back side surface o:

]

"erred to the wa:

"eCct 18 re:

F

S

"er back side,

"erred to as “pattern trans:

er

F

]

er”,
front side

and results 1n an

the wafer,

thus compromising the gquality of the resulting chips or dies.

The pro

LeC

the wafer

“1ve sShee

on which the wafer

C1ng ac

front side and,

grinding and/or polishing,

]

"S as a cushion or bu

"er be

the wafer back side,

front side rests during processing,

thus

LWeell

for example, a support or carrier

e.g.,
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14

contributing to achieving a uniform and homogenous

.

distribution of pressure during processing. Hence, a pattern

IH

transfer or breakage of the wafer during processing the back

F

s1de thereof can be prevented.

When the protective sheeting 1s used 1n processing the

semiconductor-sized wafer, during and/or after applying the

F

protective sheeting to the front side of the wafer, pressure

F

may be applied to the back surface of the protective sheeting

]

opposite to the front surface thereof. In this way, the

F

front surface of the protective sheeting, 1.e., the front

]

surface of the protective film, 1s pressed against the front

IH IH

si1de of the wafer. Thus, 1t can be particularly e

f1cliently

ensured that the protective sheeting 1s reliably attached to

S

the wafer.

The pressure may be applied to the back surface of the

]

protective sheeting before and/or during and/or after heating

the protective film or sheeting. The pressure may be applied

]

to the back surface of the protective sheeting before

F

processing the back side of the wafer.

F

The pressure may be applied to the back surface of the

protective sheeting by a pressure application means, such as

a roller, a stamp, a membrane or the like.

Particularly preferably, a combined heat and pressure

application means, such as a heated roller or a heated stamp,

may be used. In this case, pressure can be applied to the

P |

back surface of the protective sheeting while, at the same

time, heating the protective sheeting, thereby heating the

protective fi1ilm.
The pressure may be applied to the back surface of the
protective sheeting 1n a vacuum chamber, as will be further

detailed below.
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The protective sheeting may be applied and/or attached to the

front

particular,

S

.

1de of the wa:

under a wvacuum.

In this way, it

‘er 1n a reduced pressure atmosphere, 1n

can be reliably

ensured that no voids and/or air bubbles are present between

the protective

strain on the wa:

e.g.,

process,

For example,
the protective sheeting to the

carried out 1n a vacuum chamber.

—he s

18 avoided.

]

front side of

film and the wafer. Hence, an

‘er during processing the back side thereof,

F

Vv StTress or

1)

due to such ailr bubbles expanding 1n the heating

ep or steps of applying and/or attaching

the wafer may be

In particular, the

protective sheeting may be applied and/or attached to the

a vacuum laminator,
vacuum chamber 1n a state 1n which the wa:

contact with an upper surface of the chuck table and the

wafer

for example,

P |

front side 1s oriented upward.

a heated chuck table.

P |

front side of the wa:

the wa:

The chu

‘er by using a vacuum laminator. In such
‘er 1s placed on a chuck table 1in a

"er back side 1s 1n

ck table may be,

The protective sheeting to be applied to the wafer front side

1s held at 1ts peripheral portion by an annular frame and

placed above the wafer

P |

front side 1n the vacuum chamber. An

upper part of the vacuum chamber which 1s situated above the

chuck table and the annular

1nlet por

AfTter the wa:

into the vacuum chamber,

frame 1s provided with an air

. closed by an expandable rubber membrane.

‘er and the protective sheeting have been loaded

the chamber 18 evacuated and air 1s

supplied through the air i1nlet port to the rubber membrane,

causing the rubber membrane to expand 1nto the evacuated

chamber.

In this way,

the rubber membrane 1s moved downward

1n the wvacuum chamber so as to push the protective sheeting

Agalns

e

er

“he wa:

fron

C s1de, sealing

che per

1pheral wafer

portion with the protective sheeting and pressing the

sheeting against the device area on the wafer

Hence,

front side.

the protective sheeting can be applied closely to the
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wafer front side, so that the protective fi1lm follows the
contours of the device area, e.g., the contours of

protrusions or projections present therein.

The protective film or sheeting may be heated during and/or

after application thereof to the front side of the

e.g., by heating the chuck table.

wafer,

Subsequently, the vacuum 1n the vacuum chamber 1s released

and the protective sheeting 1s held 1n 1ts position on the

S

wafer front side by the attachment force generated

through

the heating process and the positive pressure 1n the vacuum

chamber.

Alternatively, the rubber membrane can be replaced

by a soft

stamp or a soft roller, e.g., a heated soft stamp or a heated

soft roller.

F

Processing the side of the wafer being opposite to

side, 1.e., the wafer back side, may comprise or consist of

the one

grinding and/or polishing and/or etching the side of the

wafer being opposite to the one side.

]

In particular, processing the side of the wafer beiling

F

opposite to the one side may comprise or consist of grinding

P |

che si1ide of the wafer being opposite to the one side for

adjusting the wafer thickness. In this case, the protective

P |

sheeting of the invention can be emploved 1n a particularly

advantageous manner.

Specifically, 1n the grinding process, considerable pressure

]

1s applied to the back side of the wafer. This pressure may

cause damage to the wafer, such as breakage and/or

P | ]

deformation thereof, 1n particular, 1f the wafer 1s ground to

a small thickness, e.g., a thickness 1in the pm range. For

P |

example, a pattern of protrusions or projections formed on
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the wafer front side may be trans:

si1de,

The protective sheeting of
cushion or bu:

example,

F

which the wafer

back side.

S

Ol

as has been de

Hence,

F

P |

eliminating the risk of a pa

wafer during grinding.

Processing the semiconductor-sized was:

cutting the wa:

the

The

constitute the processing of

F

plurality of

wafer may be

P |

“hereof. The cu

devices.

fer between the wa:

a support or carrier,

a more uni:

17

called above.

e

cut from the

]

opposite to the one side.

The cutting may be per:

blade dicing or sawing,

plasma cutting.

cutting step,

Cut

F

cting of the wa:

LEeTT

the side of

"er

er may

LI adlls ]

F

PCT/EP2017/061997

"erred to the wafer back

the present 1nvention acts as a

F

front side and, for

such as a chuck table, on

front side rests during grinding the wafer
orm and homogenous distribution

pressure during grinding can be achieved, reducing or even

]

er Oor breakage of the

‘er may further comprise

‘er, e.g., along division lines partitioning

front side or the back side

]

form part of or

the wafer beilng

"ormed by mechanical cutting, e.g., by

and/or by laser cutting and/or by

The wafer may be cut 1n a single mechanical

c1ng step. Alternatively,

S

“he wa:

a single laser cutting step or a single plasma

‘er may be cut by a

sequence of mechanical cutting and/or laser cutting and/or

plasma cutting steps.

Laser cutting may be per:

"ormed,

for example, by ablation

laser cutting and/or by stealth laser cutting, i.e., by

a laser beam,

1in

these hole regions may be composed of

space 1n the mod:

forming modi

che wafer by

and/or by

che applica

c1on of

fi1ed areas within the wa:

]

a laser beam. Fach of

F

‘er by the application of

F

forming a plurality of hole regions

]

a modified region and a

]

fied region open to a surface of the wafer.
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The cutting o:

way,
cutting step 1s more uni:
throughout the wa:
minimising any risk of
the sidewalls of

step.

wWd

che protective

fer be cut

F

IH

In this case,

- The wa:

shee

]

the resulting chips or

18

‘er may be per:

C1ng 1s attached

‘er during cutting,

damage to the wa:

PCT/EP2017/061997

"ormed 1n a state 1n which

1t 1s particularly pre

F

from the back side thereof.

diesg,
ferred that the

c0 the wafer.

er, e.g.,

cracking of

In this
1t can be ensured that the pressure applied during the
ormly and homogenously distributed

thus reducing or even

1)

1n the cutting

The protective sheeting may have an outer diameter which 1s

]

larger than an outer diameter of the semiconductor-sized

wWd

the watfer can

peripheral portion of

TO

The protective shee

an annular

fer. In this way,

be

frame,

processing,

facilitated.

S

as wil]

In particular,

C1ng may have an outer

an outer

handling and/or transport of

diameter which

F

substantially the same as the outer diameter of th

semiconductor-sized wa:
The protective
outer diameter which 1s larger than an outer diameter o:

semliconductor-sized wa:

The protective

"11m and/or

er.

er.

c

film and/or the cushioning layver may have

F

che cushioning layer may have

the protective sheeting can be attached

be detailed below.

18

all

the

all

outer diameter which 1s substantially the same as the outer

P |

diameter of the semiconductor-sized wafer

When the protective sheeting 1s used 1n processing the

semiconductor-sized wa:

cut.

outer diameter which 1s larger than the outer diameter o:

wWd

wWd

fer or subs

fer.

L dll

clally

"he same as

“he ou

cer dilame

]

L OJ

‘er, the protective sheeting may be

The protective sheeting may be cut so that 1t has an

- the

Che
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S

The step of cutting the protective sheeting may be performed

before or after applyving the protective sheeting to the

wafer.

S

The step of cutting the protective sheeting may be performed

before or after attaching the protective sheeting to the

wafer.

The protective sheeting may be configured so that, on the

entire front surface and/or on the entire back surface of the
protective sheeting, no adhesive 1s applied. The entire
front surface and/or the entire back surface of the

IH

protective sheeting may be devoid of an adhesive.

F

In this way, a contamination of the wafer, 1n particular, the

devices formed 1n the device area, during processing by

adhesive residues can be particularly reliably avoided.

A substantially annular or annular adhesive layver may be

]

applied to an outer peripheral portion of a front surface of

1)

F

the protective film opposite to the back surface thereof.

]

The front surface of the protective film constitutes the

F

front surface of the protective sheeting, as has been

detailed above.

Herein, the term “substantially annular” defines that the

S

shape of the adhesive laver may deviate from a perfect

]

annulus, e.g., due to the presence of one or more flat or

straight portions, notches and/or grooves.

The substantially annular or annular adhesive laver may be a
continuous adhesive layer. Alternatively, the substantially

annular or annular adhesive laver may be a discontinuous

adhesive laver. In particular, 1in the substantially annular

or annular adhesive laver, the adhesive may be provided 1n a

discontinuous form, such as a dotted form, a stripe form,

e.g., with straight and/or curved stripes, or the like.
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The substantially annular or annular adhesive layer may be

hea
pre

pre

]

- resistant up to a temperature of 180 °C or more,
ferably up to a temperature of 220 °C or more, and more

ferably up to a temperature of 250 °C or more.

An 1nner diameter of the substantially annular or annular

adhesive laver may be substantially equal to or larger than

F

an 1nner diameter of a semiconductor-sized annular frame for

holding the semiconductor-sized wafer.

Herein, the term “semiconductor-sized annular frame” refers

to an annular

frame with the dimensions (standardised

dimensions), 1n particular, the 1nner diameter (standardised

P |

inner diameter), of an annular frame for holding a

semiconductor wafer.

The

dimensions, 1n particular, the inner diameters, of

F

annular frames for holding semiconductor wafers are defined

F

1n the SEMI standards. For example, the dimensions of tape

G/4

wafers are defined 1n S

frames for 300 mm wafers are defined 1n 8§

S

MI standard SEMI

L]

and the dimensions of plastic tape frames for 300 mm

]

]

MI standard S.

MI G87/. The annular

L]

frames may have frame sizes for holding semiconductor-sized

wafers with sizes of, for example, 1 i1nch, 2 1inch, 3 1inch, 4

inch, 5 inch, ©6 1nch, 8 inch, 17

The

S

inch or 18 1nch.

inner diameter of the substantially annular or annular

]

adhesive laver 1s larger than the outer diameter of the

semiconductor-sized wafer.

F

An outer diameter of the substantially annular or annular

]

adhesive laver 1s larger than the inner diameter of the

semiliconductor-sized annular

layer,

may be attached to the annular

S

frame.

By means of the substantially annular or annular adhesive

]

the outer peripheral portion of the protective film

frame so that the protective
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F

sheeting closes a central opening of the annular frame, 1.e.,

thi

she

by the annular

d Wdl

S way,

eting,

~he area 1nside

"he 1nner diame

F

er of the annular frame. In

the wafer, which 1s attached to the protective

1

"er unit,

n particular, to the central area thereof,

and the annular frame, 1s

comprising the wa:

formed,

F

er,

F

frame through the protective sheeting.

handling and/or transport of the wafer.

The

substan

1s held

Thus,

the protective sheeting

facilitating processing,

c1ally annular or annular adhesive layer may be

arranged between the protective sheeting and the annular

The step of

frame.

protective

O~

The

step of

protective

O~

The step of

protective

O~

P |

P |

P |

attaching the outer peripheral portion of

attaching the outer peripheral portion of

]

film to the annular

attaching the ou

film to the annular

film to the annular

after applying the protective sheeting to the wa:

after attaching the protective sheeting to the wa:

frame may be per:

cer perilpheral portion of

frame may be per:

frame may be per:

]

]

]

]

after processing the back side of the wafer.

the

"ormed before

er.

Che

"ormed before

er.

the

"ormed before

The device area of the wafer may be formed with a plurality

S

Ol

a plane sur:

The protective sheeting of

that the protrusions or projections protruding

oSUuXl

the protective

protrusions or projections,

]

face o:

]

]

the wafer are embedded 1n the sheeting,

cushioning laver.

she

eting,

"ace of the wafer,

the 1nvention may be con:

such as bumps,

fi1lm or 1in the protective film and the

protruding from

as has been detailed above.

"1gured so
from the plane

l1.e., 1n

By embedding the protrusions or projections 1n the protective

the protrusions or projections are particularly
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reliably protected from any damage during wafer processing,

for example, 1n subsequent grinding and/or cutting steps.

F

The protective film of the sheeting 1s configured to cover

F

the devices formed 1n the device area of the wafer, therefore

protecting the devices from damage and contamination.

Moreover, the protective film facilitates removal of the

protective sheeting from the wafer after processing. 1In

F

particular, since the front surface of the protective

]

sheeting 1s 1n direct contact with the front side of the

wafer, 1.e., no adhesive 1s present between the front surface

P |

of the protective sheeting and the wafer front side, the

protective sheeting can be removed from the wafer in an

]

"1clent manner.

especlally simple and e

] ]

The cushioning layver may be formed of any type of material

which allows for the protrusions or projections protruding

P |

from the plane surface of the wafer to be embedded therein.

F

F'or example, the cushioning layver may be formed of a resin,

]

an adhesive, a gel or the like. However, 1f the back surface

S

of the protective sheeting 1s constituted by the back surface

P |

of the cushioning laver, no additional adhesive, 1.e., no

F

adhesive 1n addition to the material of the cushioning laver,

]

1s applied to the back surface of the cushioning laver, at

F

least 1n the central area of the protective sheeting.

The cushioning layver may have a thickness i1in the range of 20

to 300 um, preferably 50 to 250 um and more preferably 80 to
200 pm.

F F

The configuration of the protective sheeting of the

invention, comprising the protective film and the cushioning

F

layer attached to the back surface thereof, 1s particularly

]

advantageous for wafers having a relatively high degree of

F

surface roughness or unevenness on the front side thereof,

]

e.g., due to the presence of protrusions or projections, such

as bumps. In this case, the protrusions or projections may
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not be fully embedded 1n the protective
“ha

surface unevenness 1s present on the back sur:

protective shee

protective f1ilm.

cushioning laver,
Thus,

projections.

protected 1n a particularly reliable manner.
distribution o:

processing thereo:
detalled below.

The front sur:

the back surface o:

C1ng,

ace o:

IH

This sur:

can be

the protective

23

leas

> O

V!

stregss or strain over the wa:

further i1mproved,

fi1lm.

film oO:

a certain degree of

PCT/EP2017/061997

- the

IH

race of the

"ace unevenness 1s absorbed by the

further embedding the protrusions or

the protrusions or projections can be
Moreover, the

‘er during

as will be

the cushioning layer 1s 1n contact with

When the protective sheeting 1s used 1n processing the

semliconductor-sized wa:

layver opposite to the

substantially parallel

opposite to the one side,

and/or cutting,

In this case,

when processing,

er,

front sur:

the back sur:

face thereo:

]

"he side o:

1.e.,

e.qJg.,
the back side o:

to Tthe wa:

the wa:

ace o:

“he wa:

grinding,

er,

the cushioning

may be made
‘er beiling

"er back side.

polishing

a sultable

F

counter pressure can be applied to the back surface of the

cushioning laver,

support or carrier,

In this case,

e.g.,

such as a chuck table.

since the plane back sur:

“ace o:

by placing this back surface on a

the cushioning

]

layver 1s substantially parallel to the back side of the

wafer, the pressure applied to the wa:

such as grinding,

e.g.,

by a grinding wheel o:

‘er durilng processing,

a grinding

apparatus, 1s evenly and homogenously distributed over the

wafer, thus minimising any risk o:

S

a Transfier o:

1n the device area
si1de, and breakage o:
parallel alignment o:

cushioning laver and the back side o:

a pattern de:

L O

S

P |

che processed,

er.

the wa:
the

flat,

even back sur:

F

the wa:

a pattern transfer, 1.e.,
"1ned by protrusions or projections

e.Jd.,
Further,

ground wafer back

the substantially

"ace of the

F

er allows for
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the processing step to be carried out with a high degree o:

precision thus, for example, achieving a par

24
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and homogenous wafer thickness after grinding.

Also,

)

clcularly uniform

N

the protective film acts as a further cushion or buffer

between the wafer front side and the cushioning layer, thus

further contributing to the uni:

.

distribution of pressure durling processing,

Hence,

processing can be par

a pattern trans:

F

P |

er Oor breakage of the wa:

"orm and homogeneous

such as grinding.

clcularly reliably prevented.

‘er during

The back surface of the cushioning lavyver may be made

substantially parallel to the back side of

applyving pressure to the back sur:

lavyer.

oSUuXl

IH

]

the wafer by

"ace of the cushioning

The pressure may be applied directly to the back

]

face of the cushioning laver, 1.e., so that no additional

element or component 1s present between a pressing means for

apprlyving

lavyer.

]

che pressure and the back surface of the cushioning

For example, the wafer and the cushioning layer may be

pressed together, with the protective film or sheet arranged

1nbetween, by applving a parallel pressing

]

force to the wafer

back side and the back surface of the cushioning layer, for

example,

1n a mounting chamber, such as a vacuum chamber.

The pressure may be applied, e.g., by means

pressing plates.

pla

tes,

]

of two parallel

The pressing plates may be heated pressing

allowing for the protective film to be heated during

the pressing process.

The cushioning laver may be curable by an external stimulus,

such as UV radiation, heat, an electric field and/or a

chemical agent. In this case, the cushioning laver hardens
at least to some degree upon application of the external
stimulus thereto. For example, the cushioning layer may be

P |

formed of a curable resin, a curable adhesive,

or the like.

a curable gel
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2.

The cushioning layer may be configured so as to exhibit a

.

degree of compressibility, elasticity and/or flexibility

IH

after curing thereof, 1.e., to be compressible, elastic

and/or flexible after curing. For example, the cushioning
laver may be such that 1t 1s brought into a rubber-1like state

by curing. Alternatively, the cushioning laver may be

configured so as to reach a rigid, hard state after curing.

S

Preferred examples of UV curable resins for use as the

]

cushioning layer 1n the protective sheeting of the i1nvention

are ResiFlat by the DISCO Corporation and TEMPLOC by DENKA.

When the protective sheeting 1s used 1n processing the

semiconductor-sized wafer, the external stimulus may be

applied to the cushioning layer so as to cure the cushioning

layver, after applying the protective sheeting to the front

S

si1de of the wafer. The external stimulus may be applied to

P |

che cushioning layer after attaching the protective sheeting

F F

to the front side of the wafer.

The external stimulus may be applied to the cushioning laver

before processing, e.9., grinding, the wafer back side. 1In

F

this way, the protection of the wafer during processing and

the processing accuracy can be further improved.

]

The protective fi1lm of the protective sheeting facilitates

F

removal of the curable or cured cushioning lavyer attached

thereto from the wafer. In particular, due to the presence

S

of the protective film 1n the sheeting, the cushioning laver

can be removed from the wafer 1n a reliable and simple
manner, avoiliding any residues, such as resin, adhesive or gel
residues, 1n the device area, thus preventing contamination

S F

of the devices, and minimising the risk of damaging the

protrusions or projections 1n the removal process.

The cured cushioning layer can be removed after curing 1in a

F

"1client manner 1f the curable

F

particularly reliable and e
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cushioning lavyer exhibits a degree of compressibility,

elasticity and/or flexibility, i1.e., 1s compressible, elastic

and/or flexible, for example, rubber-like, after curing.

— —

f the cushioning lavyer 1s con:

hard state upon curing, removal

the wa:

to the cured cushioning layer,

er may be

]

softening

"1gured so as to reach a rigid,

of the cushioning layer from

facilitated by applyving an external stimulus

or removing the

cushioning laver at least to some extent. For example, some

cushioning lavyers, e.g., formed

T

laver and allow

EMPLOC by

thereto a:

"ter curing,

]

of the UV curable resin

1n order to soften

cushioning layer from the wafer.

The protective sheeting,

the cushioning laver,

processing,

sheeting may be removed

be

individual chips or dies obtained 1n the cutting process can

such as grinding.

fore cutting or a:

may be removed

DENKA, may be treated by applyving hot water

the cured cushioning

IH

for a particularly easy removal of the

comprising the protective fi1lm and

from the wafer after

For example, the protective

from the wafer a:

"ter grinding but

‘ter grinding and cutting. In this way,

be separated and picked up 1n a simple and reliable manner.

The cushioning layer and the protective

]

film of the

protective sheeting may be removed individually, 1.e., one

d

removed

P |

el

fi1lm.

Cutting of

“he ©

]

first,

_her.

For example, the cushioning layer may be

F

followed by the removal o:

- the protective

"ormed be:

the wafer may be per:

protective sheeting from the wa:

1S sa:

process. Hence,
be par
Alternatively,

removing the protective sheeting

P |

cutting of the wa:

any damage to the wafer

clicularly reliably avoided.

"Oore removing the

"er. In this case, the wafer

‘ely protected by the protective sheeting 1in the cutting

during cutting can

‘er may be performed after

from the wafer. This
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approach allows for the individual chips or dies to be

F

separated and picked up i1mmediately after the cutting step.

In this case, 1t 1s particularly preferable to perform the

F F

cutting step from the front side of the wafer.

]

The protective film of the protective sheeting may be made of

1)

a plastic material, such as a polymer. Particularly

— f— |

preferably, the protective film 1s made of a polyolefin. For

)

F

example, the protective fi1lm may be made of polyethylene (P

L]

or polypropylene (PP).

—

Polyolefin films have material properties which are

)

particularly advantageous for use as the protective film of

]

the protective sheeting of the present invention. In

particular, such films are pliable, stretchable and soft when

1n a heated state, e.g., when heated to a temperature 1n the

S

range of 60 °C to 150 °C. Thus, it can be particularly

reliably ensured that the protective film conforms to the

F

wafer surface on the front side of the wafer, for example,

absorbing the wafer topography. This 1s particularly

S

beneficial 1f the device area 1s formed with protrusions or

]

projections protruding from a plane surface of the wafer.

— 1 —

Further, polyvolefin films harden and st3

“en upon cooling

down, SO as to become more rigid and robust in the cooled

]

down state. Hence, particularly reliable protection of the

F

devices durlng subsequent processing of the wafer, such as

grinding and/or polishing, can be ensured.

]

The protective film of the protective sheeting may have a

S

thickness 1n the range of 5 to 200 pym, preferably 8 to 100

pm, more preferably 10 to 80 pm and even more preferably 172

F

to 50 pm. Particularly preferably, the protective film of

che protective sheeting has a thickness 1n the range of 80 to

150 pym. In this way, 1t can be ensured that the protective

]

fi1lm 1s flexible and pliable enough to sufficiently conform

F

to the contours of the device area and, at the same time,
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F

exhlbits a sufficient thickness 1n order to reliably and

.

efficiently protect the devices formed 1n the device area.

F

The protective sheeting of the i1invention may further comprise

F

a base sheet attached to the back surface of the cushioning

]

laver. In this case, the back surface of the protective

IH

sheeting may be constituted by a back surface of the base

sheet.

]

A front surface of the base sheet opposite to the back

S

surface thereof may be 1n direct contact with the back

]

surface of the cushioning laver.

P |

The material of the base sheet 1s not particularly limited.

]

The base sheet may be made of a soft or pliable material,

such as, for example, a polymer material, e.g., polyvinyl

chloride (PVC) or ethvlene vinyl acetate (EVA).

]

Alternatively, the base sheet may be made of a rigid or hard

material, such as polyvethyvlene terephthalate (PET) and/or

silicon and/or glass and/or stainless steel (SUS).

P | ]

For example, 1f the base sheet 1s made of polyethylene

terephthalate (PET) or glass and the cushioning layer 1s

curable by an external stimulus, the cushioning layer may be

cured with radiation that 1s transmittable through

polvethyvlene terephthalate (PET) or glass, for instance UV

— — —

radiation. If the base sheet 1s made of silicon or stainless
steel (SUS), a cost-e

]

"1clent base sheet 1s provided.

]

Also, the base sheet may be formed of a comblnation of the

materials listed above.

The base sheet may be heat resistant up to a temperature of

]

180 °C or more, preferably up to a temperature of 220 °C or
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more L
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‘erably up to a temperature of 250 °C or

F

The base sheet may have a thickness 1n the range of 30 to

1500 um, pre:

1000 npm.

thickness 1n the range of

base sheet of 50 pym 1s especially pre:

Particularly preferably, the base
30 to 250 pm. A thickness of the

.

IH

rerably 40 to 1200 pm and more preferably 50 to

sheet has a

‘erred. For example,

the base sheet may be a polvethvlene terephthalate (PET) film

with a

"hickness of

P |

50 pum.

The protective sheeting may have a thickness, excluding the

IH

IH

IH

thickness of the base sheet 1f present, 1n the range of 30 to

300 um, pre:

and even more pre:

The 1nvention

a protec

protective

c1ve Sshee

sheeting

C1Ng

"erably 50 to /00 pm, more pre:
"erably 100 to 500 um.

further provides,

for use

cushioning layer attached to a back surface

fi1lm.

entire

protective sheeting,

The protective sheeting 1s cona:

The entire

protective shee

front sur:

front sur:

C1Ng are

]

The protective sheeting 1s configured to be

processing a wafer,

having on one side, 1.e€

]

a device area with a plurality of devices.

sheeting can be used

for processing a wafer

the same manner as detailed above.

The pro

substantially the same technical e
detalled above

posslible contamination of

LeC

“1ve sShee

]

for the

C1ng O:

first aspect.

S

che second aspec

F

‘erably 80 to 600 um

according to a second aspect,

1n processing a wafer. The

comprises a protective film and a

]

of the protective

‘1gured so that, on an

]

"ace and on an entire back surface of the

no adhesive 1s applied.

"ace and the entire back surface of the

“hus devoid of an adhesive.

used 1n

., the front side,
The protective

substantially 1n

C provides

"ects and advantages as

In particular, any

or damage to the devices formed 1n
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F

the device area, e.g., due to an adhesive force of an

adhesive laver or adhesive residues on the devices, can be

eliminated.

"1cilent

The protective sheeting thus enables reliable and e

P | ]

processing of a wafer and allows for any risk of

contamination and damage to the wafer, 1n particular, to the

devices formed 1n the device area, to be minimised.

The wafer may have the properties, characteristics and

features described i1n detail above.

IH

The si1ze and the shape of the wafer are not particularly

limited. The wafer may be a semiconductor-sized wafer or a

F

wafer with a different size and/or shape.

In a top view thereon, the wafer may have, for example, a

clrcular shape, an oval shape, an elliptical shape or a

polvgonal shape, such as a rectangular shape or a sguare

shape.

]

The protective sheeting may have any type of shape. In a top

view thereon, the protective sheeting may have, for example,

a circular shape, an oval shape, an elliptical shape or a
polvgonal shape, such as a rectangular shape or a sguare

shape.

The protective sheeting may have substantially the same shape

or the same shape as the wafer.

The protective sheeting may have substantially the same shape

]

or the same shape as the device area of the wafer. For

example, the protective sheeting may have an outer diameter

which 1s substantially the same as an outer diameter of the
device area, and the protective sheeting may have
substantially the same shape or the same shape as the device

S

area of the wafer.
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F

The wafer may have, on the front side thereof, a

marglnal area having no devices and being formed

device area.

peripheral

around the

The wafer may be, for example, a semiconductor wafer, a glass
wafer, a sapphire wafer, a ceramic wafer, such as an alumina
(Al,05) ceramic wafer, a qgquartz wafer, a zirconia wafer, a
P2ZT (lead zirconate titanate) wafer, a polycarbonate wafer, a
metal (e.g., copper, 1ron, stainless steel, aluminium or the
like) or metalised material wafer, a ferrite wafer, an
optical crystal material wafer, a resin, e.g., €poxXxy resin,
coated or molded wafer or the like.

In particular, the wafer may be, for example, a Si1 wafer, a
GaAs wafer, a GaN wafer, a GaP wafer, an InAs wafer, an InP
wafer, a Si1C wafer, a Si1N wafer, a LT (lithium tantalate)
wafer, a LN (lithium niobate) wafer or the like.

The wafer may be made of a single material or of a
comblnation of different materials, e.g., two or more of the
above-1dentified materials. For example, the wafer may be a
S1 and glass bonded wafer, 1n which a wafer element made of
S1 1s bonded to a wafer element made of glass.

The protective film may have the properties, characteristics

and features described 1n detail above.

The cushioning layer may have the properties, characteristics

and features described 1n detail above.

The protective sheeting may further comprise a base sheet,

described 1n detail above.

The protective sheeting may have an outer diameter which 1s

F

larger than an outer diameter of the wafer.

adS
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The protective sheeting may have an outer diameter which 1s

F

smaller than the outer diameter of the wafer.

The protective sheeting may have an outer diameter which 1s

F

substantially the same as the outer diameter of the wafer.

The protective sheeting may have an outer diameter which 1s

F

substantially the same as an outer diameter of the device

ared.

The protective film and/or the cushioning layver may have an

outer diameter which 1s larger than an outer diameter of the

wafer.

The protective film and/or the cushioning layer may have an

]

outer diameter which 1s smaller than the outer diameter of

the wafer.

The protective film and/or the cushioning laver may have an

outer diameter which 1s substantially the same as the outer

S

diameter of the wafer.

The protective film and/or the cushioning laver may have an

outer diameter which 1s substantially the same as an outer

S

diameter of the device area.

The invention further provides, according to a third aspect,

a handling system for a semiconductor-sized wafer, comprising

a semiconductor-sized annular frame and the protective

P |

sheeting of the first aspect. The protective sheeting 1s

attached to the annular frame through the substantially

]

annular adhesive laver so that a central opening of the

annular frame 1s closed by the protective sheeting.

The semiconductor-sized wafer, the semiconductor-sized

annular frame and the protective sheeting of the first aspect

have been described 1n detail above.
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In particular, as has been detailed above, the substantially

1nuous adhesive laver.

Alternatively, the substantially annular adhesive laver may

be a discontinuous adhesive laver.

In particular, 1n the

substantially annular adhesive lavyer, the adhesive may be

provided 1n a discontinuous

stripe form, e.qg.,

the like.

The 1nvention fur

cher provides,

]

form, such as a dotted form, a

according to a fourth aspect,

with straight and/or curved stripes, or

a combination comprising a semiconductor-sized wafer, having

]

on one side a device area with a plurality of devices, and

the protective sheeting of

IH

the

first aspect. The protective

]

sheeting 1s attached to the one side of the semiconductor-

sized wafer, so that the semiconductor-sized wafer 1s

]

arranged 1n the central area of the protective sheeting and a

F

front surface o:

P |

surface thereotf

the protective

18 1n direct

semiconductor-sized wafer.

The semiconductor-sized wa:

CcOontac

e

‘er and the protective sheeting of

film opposite to the back

wilith the one side of the

the first aspect have been described 1in detail above.

The 1nvention further provides,

—

according to a fifth aspect,

a combilination comprising a wafer, having on one side a device

area with a plurality of devices,

S

of the second aspect.

P |

the one side of

the wafer,

> O

and the protective sheeting
The protective sheeting 1s attached to
that a

]

tront surface of the

F

protective fi1lm opposite to the back surface thereof 1s 1in

direct contact with the one side of

]

the wafer.

]

The wafer and the protective sheeting of the second aspect

have been described 1n detail above.
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F

Brief Description of the Drawings

IH

Hereinafter, non-limiting examples of the 1nvention are

explained with reference to the drawings, 1n which:

F'ig. 1 1S a cross—-sectional view showling a wafer to be

IH

processed using the protective sheeting of the

present invention;

Fig. Z 18 a cross—-sectional view showlng a protective

sheeting according to a first embodiment of the

present invention;

Fig. 3 18 a cross—-sectional view 1llustrating a step of

apprlyving the protective sheeting according to the

first embodiment shown 1n Figure 2 to the wafer

shown i1n Figure 1;

S

Fig. 4 1s a perspective view 1llustrating the step of

applying the protective sheeting according to the

first embodiment to the wafer;

S

Fi1g. 5 18 a cross-sectional view 1llustrating a step of

attaching the protective sheeting according to the

first embodiment to the wafer;

Fi1g. © 18 a cross-sectional view showlng a protective

P |

sheetling according to a second embodiment of the

present i1nvention and an annular frame;

S

Fig. 7/ 18 a cross-sectional view 1llustrating a step of

attaching the protective sheeting according to the

S

second embodiment shown in Figure 6 to the wafer

shown 1n Figure 1;

F'i1g. 8 1S a cross-—-sectional view showlng a protective

S

sheeting according to a third embodiment of the
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present 1nvention 1n a state 1n which 1t 1s

attached to the wafer shown i1in Figure 1;

1s a cross—-sectional view 1llustrating a step of

f a portion of the protective sheeting

cutting o:

according to the third embodiment;

.

1s a cross—sectional view showing the outcome of

]

the step of cutting o:

f a portion of the protective

sheeting 1llustrated in Figure 9;

P |

18 a cross-sectional view showing the outcome of a

IH

step o0of grinding the wafer back side after cutting

O a portion of the protective sheeting according
to the third embodiment;

S

18 a cross-sectional view showing the outcome of a

P |

step of grinding the wafer back side before cutting

f a portion of the protective sheeting according

.
to the third embodiment;

P |

18 a cross—-sectional view 1llustrating a step of

f a portion of the protective sheeting

cutting o:

according to the third embodiment after grinding

the wafer back side;

S

1s a cross-—-sectional view showling the outcome of

P |

the step of cutting o

a portion of the protective

sheeting 1llustrated in Figure 13;

18 a cross-sectional view showlng a protective

P |

sheetling according to a fourth embodiment of the

present i1nvention 1n a state in which 1t 1s

attached to the wafer shown in Figure 1;

18 a cross—-sectional view showlng a protective

= 1 —

sheeting according to a fifth embodiment of the
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present 1nvention 1n a state 1n which 1t 1s

attached to the wafer shown i1in Figure 1; and

.

Fig. 17 1S a cross—-sectional view showing the outcome of a

] S

step of grinding the back side of the wafer to the

P |

front side of which the protective sheeting

—

according to the fifth embodiment 1s attached.

S

Detaliled Description of Preferred Embodiments

F

Preferred embodiments of the present invention will now be

described with reference to the accompanvyving drawings. The

preferred embodiments relate to protective sheetings for use

1n processing a wafer W, to handling systems for the wafer W

F

and to combinations of the wafer W and the protective

sheetings.

The wafer W can be, for example, a MEMS wafer having MEMS

F F

devices formed on the surface of a front side 1 thereof (see

F'igure 1). However, the wafer W 1s not limited to a MEMS

wafer, but may also be a CMOS wafer having CMOS devices,

preferably as solid-state 1maging devices, formed on the

F F

front side 1 thereof or a wafer with other types of devices

on the front side 1.

]

The wafer W may be made of a semiconductor, e.g., silicon.

Such a silicon wafer W can 1nclude devices, such as ICs

(I1ntegrated circuits) and LSIs (large scale i1ntegrations), on

a silicon substrate. Alternatively, the wafer may be an

optical device wafer configured by forming optical devices,

L]

such as LEDs (light emitting diodes), on an 1norganilc

P |

material substrate of, for example, ceramic, glass or

sapphire. The wafer W 1s not limited to this and can be

formed 1n any other way. Furthermore, also a combination of

the above described exemplary wafer designs 1s possible.
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range, preferably in the range of 625 to 925 um.

The wafer W preferably exhibits a circular shape.

F

"ore grinding i1n the um

However,

the shape of the wafer W 1s not particularly limited. In

other embodiments, the wafer W may have,

shape, an elliptical shape or a polygonal shape,

rectangular shape or a sguare shape.

The wafer W 1s provided with a plurality o:

lines 11 (see Figure 4), called streets,

]

side 1 thereof, thereby partitioning the wa:

IH

plurality of rectangular regions where devices 7,

those described previously,

devices 7 are formed 1n a device area 2 of

P |

F

are respectively

]

C Ccrossing division

for example, an oval

such as a

formed on the front
"er W 1nto a
such as

formed. Thege

the wafer W. In

the case of a circular wafer W, this device area 2 1s

preferably circular and arranged concentrically with the

]

outer circumference o:

an annular peripheral marginal area 3,

shown 1n Figures 1, 3 and 4.

In the present embodiment,

area 3, no devices are

“he wafer W.

the device area 2 1s surrounded by
as 1S schematically
In this peripheral marginal

formed. The peripheral marginal area

3 18 preferably arranged concentrically to the device area 2

and/or the outer circumference of the wafer W.

]

F

The radial

extension of the peripheral marginal area 3 can be 1n the mm

range and preferably ranges

The device area 2 1s

14 protruding from a plane sur:

schematically shown,

for example,

protrusions 14 may be,

electrical contact with the devices /7 of

che separated chips or dies. The height

]

fTor example, bumps

F

F

from 1 to 3 mm.

F

race of the wafer W,

formed with a plurality of protrusions
as 1S
1n Figures 1 and 3. The

for establishing an

the device area 2 1n

O

]

che pro

CTrUS10nNSs

14 1n the thickness direction of the wafer W may be 1n the

range of 20 to 500 pum.
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In the following, a protective sheeting 10 according to a

.

"1rst embodiment of the present invention will be described

with reference to Figures 1 to 5.

F

F'igure 1 shows a cross-sectional view of the wafer W to be

processed using the protective sheeting 10 according to the

IH

first embodiment of the present invention. Figure 2 shows a

.

cross—-sectional view of the protective sheeting 10 according

to the first embodiment. Figures 3 and 4 1llustrate a step

P |

of applying the protective sheeting 10 to the wafer W.

F

Figure 5 1llustrates a step of attaching the protective

sheeting 10 to the wafer W.

The protective sheeting 10 comprises a protective film 4 and

F

a cushioning laver 8 attached to a back surface 4b of the

]

protective fi1lm 4 (see Figure 2). A front surface 8a of the

cushioning lavyver 8 1s 1n direct contact with the back surface

4b of the protective film 4. The protective sheeting 10 1s

F

configured so that, on an entire front surface 4a of the

protective film 4, which constitutes the front surface of the

F

protective sheeting 10, and on an entire back surface 8b o:

1)

the cushioning layer 8, which constitutes the back surface o:

the protective sheeting 10, no adhesive 1s applied. The

P |

front surface 4a of the protective film 4 and the back

S

surface 8b of the cushioning layver 8 are thus devoid of an

adhesive.

The protective sheeting 10 substantially has the same shape

as the wafer W, 1.e., a circular shape 1n the present

embodiment, and 1s concentrically attached thereto (see

F

Figures 3 to 5). The diameter of the protective sheeting 10

]

1s approxlmately the same as that of the wafer W, as 1s

schematically shown 1n Figures 4 and 5.

F

The protective film 4 1s made of a polyolefin. For example,

]

the protective film 4 may be made of polyethylene (PE) or

polypropylene (PP). The protective fi1lm 4 may have a
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thickness 1n the range of 5 to 200 um, preferably 80 to 150

um. For example, the protective fi1lm 4 may have a thickness

IH

of 80 um.

F

The cushioning laver 8 may be formed of a resin, an adhesive,

a gel or the like. The cushioning layer 8 may have a

thickness 1n the range of 20 to 500 um.

The cushioning laver 8 may be curable by an external

stimulus, such as UV radiation, heat, an electric field

and/or a chemical agent. In this case, the cushioning laver

]

3 hardens at least to some degree upon application of the

external stimulus thereto. For example, the cushioning laver

]

3 may be formed of a curable resin, a curable adhesive, a

curable gel or the like.

S

Preferred examples of UV curable resins for use as the

cushioning layer 8 1n the present embodiment are ResiFlat by

the DISCO Corporation and TEMPLOC by DENKA.

The protective sheeting 10 1s configured to cover the devices

/ formed 1n the device area 2, 1ncluding the protrusions 14,
thus protecting the devices 7 agalnst damage or contamination
(see Figures 4 and 5). Further, the protective sheeting 10

F

acts as a cushion i1n subsequent processing of the wafer W,

e.dg., 1n a subsequent grinding step, as will be detailed

below.

The protective sheeting 10, for covering the devices 7 on the

]

wafer W, 1s applied to the front side 1 of the wafer W, as 1s

indicated by an arrow in Figure 3. Specifically, the

]

protective sheeting 10 1s applied to the front side 1 of the

F

wafer W so that the front surface 4a of the protective film 4

1s 1n direct contact with the wafer front side 1. Thus, no

material, 1n particular, no adhesive, 1s present between the

P |

front surface 4a of the protective fi1lm 4 and the front side

1 of the wafer W (see Figures 3 to D).
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After applying the protective sheeting 10 to the

.

of the wafer W,

protective film 4,

10, 18 attached

In particular,

applied thereto may be placed on a chuck table 20

F

che protective fi1lm 4 1s hea

to the wafer front side 1.

ced,

and thus the entire protective sheeting

SO that

front side 1

_he

the wafer W with the protective sheeting 10

5) and the chuck table 20 may be heated, e.dqg.
the range of 60 °C to 150 °C.
chuck table 20 1s hea
00 °C. The chuck table 20 may be heated,

temperature 1in

preferably, the
approximately 1

ced to a

]

r

CLO a

(see Fig.

Particularly

cemperature

example, over a duration 1n the range of 1 min to 10 min.

Further, pressure 1s applied to the back sur:

"ace 8b of the

protective shee

cushioning laye

ting 10, 1.e., the back sur:

]

r 8, by means of a roller 30,

]

"ace of the

as 1S shown

Figure 5. The roller 30 1s moved along the back surface

P |

of the cushioning layer 8,

as 18 1ndica

ced by an arrow 1n

F'igure 5, pressing the protective sheeting 10 against the

P |

front side 1 of

the wafer W.

The roller 30 may be a heated roller.

the protective

as an alternative thereto,

film 4 through the heated chuck table 20,
heat may be applied to the

protective fi1lm 4 by the heated roller 30 through the

cushioning laye

Alternatively o

back surface 8Db

r 8.

OL

for

in

30

In addition to heating

OXr

r additionally, pressure may be applied to the

F

of the cushioning layer 8 by using two

parallel pressing plates, as will be detailed below for the
third embodiment with reference to Figure 8.
By heating the protective film 4, using the heated chuck

cable 20 and/or
10 1s attached

—he heated roller 30,

F

to the front side 1 o:

che pro

LeC

~1ve shee

the wafer W.

C1Ng
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Specifically, an attachment force between protective film 4

and wafer W, holding the protective sheeting 10 1n 1ts

position on the wafer W, 1s generated through the heating

process. In particular, by heating the protective film 4, a

form fit and/or a material bond i1s formed between protective

film 4 and wafer W.

F

By applyving pressure to the back surface 8b of the cushioning

F

laver 8, the front surface 4a of the protective film 4 1s

]

pressed agailnst the front side 1 of the wafer W. Thus, 1t

F

can be particularly efficiently ensured that the protective

sheeting 10 1s reliably attached to the wafer W.

]

In the attached state of the protective sheeting 10, the

F

protrusions 14 protruding from the plane surface of the wafer

)

W are fully embedded 1in the protective sheeting 10, as 1s

schematically shown 1n Figure 5.

The wafer W and the protective sheeting 10 attached thereto

]

form a combination according to an embodiment of the present

invention.

— —

f the cushioning laver 8 1s curable by an external stimulus,

the external stimulus may be applied to the cushioning laver

8 sO0 as to cure the cushioning laver 8, after applving the

]

protective sheeting 10 to the front side 1 of the wafer W.

The external stimulus may be applied to the cushioning laver

8 after attaching the protective sheeting 10 to the wafer

front side 1.

The external stimulus may be applied to the cushioning laver

3 before processing, e.g., grinding, a wafer back side 6. 1In

F

this way, the protection of the wafer W during processing and

che processing accuracy can be further improved.

After attaching the protective sheeting 10 to the front side

1 of the wafer W, the back side 6 of the wafer W (see Figures
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1, 3 and 4), being opposite to the

F

processed. The back si1de 6 of the wa:

PCT/EP2017/061997

F

front side 1 thereof, 1s

"er W may be processed

by grinding and/or polishing and/or etching and/or cutting.

F

Particularly preferably, the back side 6 of the wafer W 1s

processed by grinding.

attached thereto, may be removed

In particular, the wafer W, having the protective sheeting 10
from the chuck table 20 and

turned around, so that the wafer back side o6 faces upward.

]

Subsequently, processing of the wa:

"er back side 6, e.g., by

grinding, may be performed. Such a grinding step 1s detailed

below for the third embodiment o:

]

the protective sheeting of

]

the present invention with reference to Figure 11.

During processing, such as grinding,

the back side ©6 of the

walfer W, the wafer W can be placed on a support (not shown),

such as a chuck table, so that the back surface 8b of the

cushioning layer 8 1s 1n contact

Wil

ch an upper surtface of the

support. The protective sheeting 10 reliably protects the

wafer W, 1n particular, the devices /7 and the protrusions 14,

F

from any damage during wafer processing.

After the back side 6 of the wafer W has been ground, the

wafer W may be cut along the division lines 11 so as to

obtain i1ndividual chips or dies

(not shown) .

For example, the protective sheeting 10 may be removed, e.g.,

e B

peeled off, from the wafer W after grinding the back side ©

S

thereof. This removal process may be

example, by heating the protective

during removing 1t from the wafer W.

facilitated, for

film 4 before and/or

Subsequently, the wafer W may be cut along the division lines

]

11 from the front side 1 thereof.

In

chis way, chips or dies

which are fully separated from each other are obtailned.

Cutting the wafer W may be performed by mechanical cutting,
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e.g., using a blade or a saw, and/or cutting by laser and/or

cutting by plasma.

In particular, cutting by laser may be performed, for

example, by ablation laser cutting and/or by stealth laser

cutting, 1.e., by forming modified areas within the wafer W

IH

by the application of a laser beam, and/or by forming a

F

plurality of hole regions 1n the wafer W by the application

S S

of a laser beam. Each of these hole regions may be composed

P |

of a modified region and a space 1n the modified region open

S

to a surtface of the wafer W.

After the chips or dies have been completely separated from
one another in the cutting step, they can be picked up, e.g.,
by using a pick-up device (not shown). The spacing between

the 1ndividual chips or dies can be i1ncreased prior to the

pick-up process, 1n order to facilitate the pick-up process.

In the followiling, a protective sheeting 110 according to a

]

second embodiment of the present 1nvention will be described

with reference to Figures o and 7.

The protective sheeting 110 according to the second

P B

embodiment differs from the protective sheeting 10 according

F

to the first embodiment 1n that the diameter of the

protective sheeting 110 1s larger than the outer diameter of

the wafer W and 1n that a substantially annular adhesive

]

layver 42 1s applied to an outer peripheral portion of the

S

front surface 4a of the protective fi1lm 4. In the

]

description of the second embodiment, the elements which are

substantially 1dentical to those of the first embodiment are

denoted by the same reference signs and a repeated detailed

S

description thereof 1s omitted.

The substantially annular adhesive laver 42 may be a
continuous adhesive layer. Alternatively, the substantially

annular adhesive laver 42 may be a discontinuous adhesive
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layer. In particular, 1n the substantially annular adhesive

layver 42, the adhesive may be provided 1n a discontinuous

form, such as a dotted form, a stripe form, e.g., with

straight and/or curved stripes, or the like.

Figure 6 shows the protective sheeting 110 and an annular

IH

frame 40 prior to the attachment of the protective sheeting

110 to the annular frame 40. In the present embodiment, the

wafer W 18 a semiconductor-sized wafer and the annular frame

40 1s a semiconductor-sized annular frame.

When using the protective sheeting 110 according to the

second embodiment 1n processing the wafer W, an outer

P |

peripheral portion of the protective sheeting 110 1s attached

to the annular frame 40 through the substantially annular

adhesive laver 42 (see Figure 7). The adhesive lavyer 42 1s

arranged between the protective film 4 and the annular frame

]

40. The attached state of the protective sheeting 110 and

the annular frame 40 1s i1llustrated in Figure 7.

F

In particular, the outer peripheral portion of the protective

sheeting 110 1s attached to the annular frame 40 so that the

F

protective sheeting 110 closes a central opening of the

annular frame 40. The annular frame 40 and the protective

sheeting 110 attached thereto form a handling system

]

according to an embodiment of the present invention.

The substantially annular adhesive laver 42 1s configured so

F

that an inner diameter thereof 1s substantially equal to an

P |

1nner diameter of the semiconductor-sized annular frame 40

F

(see Figure 7). In a central area of the protective sheeting

]

110, no adhesive 1s applied to the front surface of the

protective sheeting 110, 1.e., the front surface 4a of the

]

protective fi1lm 4. The central area of the protective

sheeting 110 has an outer diameter which 1s larger than an

P |

outer diameter of the semiconductor-sized wafer W, as 1s

shown 1n Figure 7. Further, no adhesive 1s applied to the



WO 2018/210426 PCT/EP2017/061997

45

S

back surface of the protective sheeting 110, 1.e., the back

.

surface 8b of the cushioning layver 8. Hence, the entire back

IH IH

surface of the protective sheeting 110 1s devoid of an

adhesive.

1)

The protective sheeting 110 1s applied to the front side 1 of

the wafer W, so that the wafer W 1s arranged 1n the central

.

area of the protective sheeting 110 and the front surface 4a

S

of the protective film 4 1s 1n direct contact with the wafer

front side 1 (see Figure 7). Thus, no material, 1n

particular, no adhesive, 1s present between the front surface

P | ]

4a of the protective film 4 and the front side 1 of the wafer
W.

F

In the present embodiment, the step of attaching the outer

P |

peripheral portion of the protective fi1lm 4 to the annular

frame 40 1s preferably performed before applying the

protective sheeting 110 to the wafer W. In this way, the

S

step of applving the protective sheeting 110 to the wafer W

can be further facilitated, e.g., using the annular frame 40

for handling and transporting the wafer W.

After applving the protective sheeting 110 to the wafer W,

heat and pressure are applied to the protective sheeting 110

1n the same manner as detailed above for the first embodiment

with reference to Figure 5, thereby attaching the protective

sheeting 110 to the wafer W (see Figure 7).

The wafer W and the protective sheeting 110 attached thereto

]

constitute a combilnation according to an embodiment of the

present invention.

As has been detailed above, the wafer W, which 1s attached to

che protective sheeting 110, 1in particular, to the central

F

area thereof, 1s held by the annular frame 40 through the

protective sheeting 110. Thus, a wafer unit, comprising the

wafer W, the protective sheeting 110 and the annular frame



WO 2018/210426

PCT/EP2017/061997

46
40, 1s formed, facilitating processing,
cransport of the wafer W (see Figure 7).

handling and/or

After attaching the protective sheeting 110 to the wafer W,

the wafer W may be processed substantially 1n the same manner

as detailed above

In the

third embodiment o:

with re

ference

following,

S

co Figures 8 to 14.

for the first embodiment.

- the present invention will

a protective sheeting 210 according to a

be described

The protective sheeting 210 according to the third embodiment

differs

from the protective sheeting 110 according to the

second embodiment 1n that the cushioning layer 8 has a

smaller diameter than the protective

base sheet 9 1s provided on the back surface 8b

cushioning lavyer 8

descrip

substantially 1dentical to those of

are denoted by the same re:

]

c10n O

“he

(see, for example, Figure 8)

"hird embodimen

F

— F

F

—he elemen

film 4 and 1n that a

]

of the
. In the

-Ss which are

the previous embodiments

detailed description thereof 1s omitted.

F'igure 8

‘erence signs and a repeated

shows the protective sheeting 210 according to the

third embodiment 1n a state 1n which 1t 1s attached to the

semiconductor-sized wafer W. As 1s 1ndicated in Figure 8§,

not fully absorbed by the protective
unevenness 1s generated on the back sur:

protective fi1lm 4.

"he wafer

P |

copography originating from the protrusions 14 1s

film 4. Thus, a surface

]

"ace 4b of the

F

Such a surface unevenness may occur for

the case of protrusions 14 with relatively large heights.

However

4

this sur:

Cace unevenness of

F

absorbed by the cushioning layer &,

14 are

cushioning lavyer 8.

The base sheet 9 1s attached to the back sur:

cushioning lavyer 8, so that a front surface of

fully embedded 1n the protective

the protective fi1lm 4 1s

sO that the

F

protrusions

film 4 and the

]

"ace 8b of the
the base sheet



WO 2018/210426

4]

9 18 1n direct contact with the

PCT/EP2017/061997

F

back surface 8b of the

cushioning lavyer 8. In the present embodiment, a back

IH

surface 9p of the base sheet 9 forms the back surface of the

protective sheeting 210.

P |

The material of the base sheet 9 1s not particularly limited.

F

The base sheet 9 may be made of

such as, for example, a polymer

a soft or pliable material,

material, e.g., polyvinvyl

chloride (PVC) or ethvlene vinyl acetate (EVA).

Alternatively, the base sheet 9

]

may be made of a rigid or

hard material, such as polyethvylene terephthalate (PET)

and/or silicon and/or glass and/or stainless steel (SUS).

P |

]

For example, 1f the base sheet 9 1s made of polyethylene

terephthalate (PET) or glass and the cushioning lavyer 8 1s

curable by an external stimulus,

be cured with radiation that 1is

polyethylene terephthalate (PET)

— ——

radiation. the base sheet 9

]

che cushioning layer 8 may

transmittable through

or glass, for 1nstance UV

F

18 made of silicon or

"1client base sheet 9 1s

stalnless steel (SUS), a cost-e

provided.

F

Also, the base sheet 9 may be formed of a combilination of the

materials listed above.

]

The base sheet 9 may have a thickness 1n the range of 30 to

1500 pum, preferably 40 to 1200 pm and more preferably 50 to

1000 pm. Particularly preferably, the base sheet 9 has a

S

thickness 1n the range of 30 to 250 um. A thickness of the

P |

base sheet 9 of 50 um 1s especially preferred. For example,

the base sheet 9 may be a polvethvlene terephthalate (PET)

]

11lm with a thickness of 50 um.

The base sheet 9 and the cushioning layer 8 each have a

F

substantially circular shape. The diameters of the base
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sheet 9 and the cushioning lavyer 8 are substantially

1den

semiconductor-sized wafer W.
9 and the cushioning layer 8 are smaller than the diameter of

the protective film 4.

c1cal

CO each o

cher and larger than

"he diame

|H

“er of the

The diameters of the base sheet

The protective sheeting 210 thus comprises the base sheet 9,

the cushioning layer 8 and the protective

S

central area of the protective sheeting 210,

applied

1.e.

substantially the same manner as detailed above

r

L O

the

“~he fron

front sur

second embodiment.

sheeting 210 has an outer diameter which 1s larger than

outer diameter of the semiconductor-sized wa:

S

shown 1n Figure 8.

back sur:

surface 99 of the base sheet 9.

surface of

F

adhesive.

The annular

thereto

S

P |

the protective sheeting 110 1s devoid of

]

C surface of the pro

F

LeC

‘ace 4a of the protective

IH

The central area ot

film 4.

no adhesive 1s

~1ve shee

In a

film 4, 1in

for the

the protective

er W,

as 18

cing 210,

all

Further, no adhesive 1s applied to the
the back

Hence,

the present i1nvention (see Figure 8).

The pro

the wa:

arecad OIL

S

particular, no adhesive,
4a of

W.

Subsequently,

the protective sheeting 210 to the

W .

P |

the protective film 4 and the front side 1 of

LeC

er W,
the protective sheeting 210 and the
of the protective

front side 1

“1ve sShee

sO Tthat the wa:

c1ing 210 1s applied

The protective

(see Figure 8).

the protective

L O

ace of the protective sheeting 110,

“he en

Che

1s present between the

front side 1 of

1.e.,

fron

Hence, no material,

]

F

e

film 4 1s 1n direct contact with the wa:

front sur:

]

“1re back

all

form a handling system according to an embodiment of

s1de 1 of

front surface

frame 40 and the protective sheeting 210 attached

F

‘er W 1s arranged 1n the central

4a

er

in

Cace

the wafer

film 4 1s heated so as to attach

ey

the wa:

film 4 may be heated substantially in the



WO 2018/210426 PCT/EP2017/061997

49
same manner as detailed above for the first embodiment, 1.e.,
by means of the heated chuck table 20 (see Figure 8).

Further, 1n the present embodiment, pressure 1s applied to

F

the back surface 9b of the base sheet 9 by using two parallel

pressing plates. In the pressure application process, one

IH

plate presses agalnst the back surface 9b of the base sheet 9

F

and the other plate presses against the back side o of the

wafer W. In this way, 1t can be ensured that the back

P |

surface 9b of the base sheet 9 1s substantially parallel to

the wafer back side 6, as 1s 1ndicated by dashed arrows 1in

Filgure 8.

The pressing plates may be heated pressing plates, allowing

for the protective fi1lm 4 to be heated during the pressing

process through the wafer W and/or through the base sheet 9

and the cushioning laver 8. This heating process may be

performed 1n addition or as an alternative to heating the

F

protective fi1lm 4 by means of the heated chuck table 20.

The wafer W and the protective sheeting 210 attached thereto

]

form a combination according to an embodiment of the present

invention.

— —

f the cushioning laver 8 1s curable by an external stimulus,

che external stimulus may be applied to the cushioning laver

3 substantially 1n the same manner as detailed above for the

first embodiment.

]

F'igure 9 1llustrates a subsequent step of cutting o

P B

S

portions of the protective film 4, the cushioning laver 8 and

the base sheet 9 which laterally extend bevond the

F

clrcumference of the wafer W, as 1s 1ndicated by dashed lines

P B

and arrows 1in Figure 9. These portions may be cut off, for

example, by mechanical cutting, e.g., using a blade or a saw,

P B

laser cutting or plasma cutting. Cutting o

these portions
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facilitates handling of the wafer unit i1in subsequent

processing steps.

F

Figure 10 shows the outcome of the cutting step i1llustrated

1n Figure 9.

IH

After this cutting step, the back side 6 of the wafer W 1s

processed, 1.e., subjected to a grinding process, as will be

detailed 1n the following.

F

The back surface 9b of the base sheet 9, which 1s a plane,

]

flat surface, 1s placed on the top surface of a chuck table

(not shown) which may be 1dentical to the chuck table 20 1in

]

F'igure 8. Subsequently, the back side 6 of the wafer W 1s

ground for adjusting the wafer thickness, e.g., to a value 1n

]

the range of approximately 20 to 100 um. The thickness can

S

be the final thickness of the chips or dies. Figure 11 shows

]

che outcome of this grinding step.

P | ]

The grinding of the back side 6 of the wafer W may be

performed using a grinding apparatus (not shown). The
grinding apparatus may comprise a spilindle housing, a spindle
rotatably accommodated 1n the spindle housing and a grinding

]

wheel mounted to the lower end of the spindle. A plurality

S F

of abrasive members may be fixed to the lower surface of the

grinding wheel, wherein each abrasive member may be formed

from a diamond abrasive member configured by fixing diamond
abrasive grains with a bond, such as a metal bond or a resin
bond. The grinding wheel having the abrasive members 1s

rotated at high speeds by driving the spindle, e.g., using a

motor.

In the grinding step, the chuck table holding the wafer unit

P |

and the grinding wheel of the grinding apparatus are rotated

and the grinding wheel 1s lowered so as to bring the abrasive

]

members of the grinding wheel 1nto contact with the back side

o of the wafer W, thereby grinding the back side 6.
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F

Since the plane back surface 9b of the base sheet 9, which 1s

placed on

apparatus,

the wafer W

che
1s substantially parallel to the back side 6 of

F F

cop surface of the chuck table of the grinding

IH

(see Figure 8), the pressure applied to the wafer

W by the grinding wheel during the grinding process 1s evenly

and homogenously distributed over the wafer W. Hence, any

IH

risk of

IH

a pattern transtfer or breakage of the wafer W can be

minimilsed.

the flat,

Further, the substantially parallel alignment of

F

F

even back surface 9 of the base sheet 9 and the

back side 6 of the wafer W allows for the grinding step to be

F

carried out with a high degree of precision, thus achieving a

particularly uni:

grinding.

"orm and homogenous wafer thickness after

S

The further processing of the wafer W, 1.e., the cutting

P |

thereot

may be per:

above for

In the

]

and the picking up of the separated chips or dies,

following,

e

ormed substantially i1n the same manner as detailed
che 13

1rs

embodiment.

]

a modification of the process 1llustrated

1n Figures 9 to 11 will be described with reference to

F'igures 12 to 14.

The method 1llustrated i1n Figures 12 to 14 differs from the

F

method 1llustrated in Figures 9 to 11 1n the order of the

P |

steps o:

Cu

cting

wafer back side o¢.

In particular,

che protective sheeting 210 and grinding the

1n the method 1llustrated i1n Figures 12 to 14,
the back side 6 of

the wafer W 1s ground first, while the

protective sheeting 210 1s still attached to the annular

frame 40.

Figure 12.

11.

P |

The outcome of this grinding step 1s shown 1n

The wa:

"er back side 6 1s ground substantially 1n

che same manner as detailed above with reference to Figure
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S

Subsequently, portions of the protective film 4, the

cushioning layer 8 and the base sheet 9 which laterally

IH

extend bevond the circumference of the wafer W are cut off,

as 1s 1ndicated by dashed lines and arrows 1n Figure 13.

This cutting step 1s carried out substantially 1in the same

manner as detailed above with reference to Figure 9. Figure
14 shows the outcome of the cutting step 1llustrated 1in
Figure 13.

The further processing of the wafer W, 1.e., the cutting

S F

thereof and the picking up of the separated chips or dies,

may be performed substantially 1n the same manner as detailled

above for the first embodiment.

In the following, a protective sheeting 310 according to a

]

fourth embodiment of the present invention will be described

with reference to Figure 15.

The protective sheeting 310 according to the fourth

P B

embodiment differs from the protective sheeting 10 according

to the first embodiment 1n that the base sheet 9 1s attached

P |

to the back surface 8b of the cushioning layver 8 (see, for

F

example, Figure o). In the description of the fourth

embodiment, the elements which are substantially i1dentical to

S

those of the previous embodiments are denoted by the same

reference signs and a repeated detailed description thereof

1s omilitted.

The base sheet 9 1s attached to the back surface 8b of the

]

cushioning layer 8 so that the front surface of the base

sheet 9 1s 1n direct contact with the back surface 8b of the
cushioning layer 8 (see Figure 15). The base sheet 9 may

have the same properties and characteristics as detaililed

above for the third embodiment.

]

The diameters of the protective film 4, the cushioning laver

3 and the base sheet 9 are substantially i1dentical to each
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other and i1dentical to the diameter o:

F'igure 1D0).

The protective

film 4,

03

sheet Y may be attached to the wafter

PCT/EP2017/061997

front side 1

substantially 1n the same manner as detailed above

third embodiment.

F

- the wafer W

(see

the cushioning layver 8 and the base

for the

The outcome of this attachment process 1s shown 1n Figure 15.

]

"ace Y9p o:

The back sur:

parallel to the back side 6 of the wa:

—he base shee

F

by dashed arrows 1n Figure 15.

Subsequently,

substantially 1n the same manner

chird embodiment.

]

P |

e

the back si1de 6 of the wa:

9 18 substan

as detailed above

clally

‘er W, as 1s 1ndicated

‘er W 1s ground

for the

The further processing of the wafer W, 1.e., the cutting

S

F

thereof and the picking up o0of the separated chips or dies,

may be performed substantially 1n the same manner as detailled

above for the

—

In the following,

P |

first embodiment.

with reference to Figures 16 and 17.

fi1fth embodiment of the present i1nvention will

a protective sheeting 410 according to a

be described

The protective sheeting 410 according to the fifth embodiment

differs from the protective sheeting 310 according to the

diameter than

3 reaches over the protective film 4
the fifth embodiment,

1dentical to

S

those of

fourth embodiment 1n that the protective

che cushioning layer 8 and

In the description of

film 4 has a smaller

che cushioning layer

F

the elements which are substantially

the previous embodiments are denoted by

the same reference signs and a repeated detailed description

S

thereof 1s omitted.
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Specifically, the protective film 4 has a diameter which 1is

F

substantially the same as the diameter of the device area Z

IH

of the wafer W (see Figures 1o and 17).

The protective sheeting 410 may be attached to the wafer

front side 1 substantially 1n the same manner as detailed

above for the third embodiment. The outcome of this

attachment process 1s shown in Figure 1lo.

As 1s 1llustrated in this figure, the cushioning layer 8

F

surrounds an outer circumference of the protective film 4 and

1s 1n direct contact with the wafer front side 1. This

arrangement provides an especially stable and robust

P |

attachment of the protective sheeting 410, 1n particular, the

protective film 4, to the wafer front side 1. The strength

P |

of this attachment may be further enhanced by curing the

cushioning lavyer 8.

F

Subsequently, the back side 6 of the wafer W 1s ground

substantially 1n the same manner as detailed above for the

F

third embodiment. The outcome of this grinding process 1s

shown 1n Figure 17.

P |

The further processing of the wafer W, 1.e., the cutting

S F

thereof and the picking up o0of the separated chips or dies,

may be performed substantially 1n the same manner as detailled

above for the first embodiment.
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Claims

1. A protective sheeting (10, 110, 210, 310, 410) for use 1n

processing a semiconductor-sized wafer (W), the protective
sheeting (10, 110, 210, 310, 410) comprising:

a protective film (4); and

a cushioning laver (8) attached to a back surface (4b) of the

protective fi1lm (4),

]

wherelin, at least 1n a central area of the protective
sheeting (10, 110, 210, 310, 410), no adhesive 1s applied to

P |

a TITront surface (4a) and a back surface (8b, 9b) of the

protective sheeting (10, 110, 210, 310, 410), the central

area having an outer diameter which 1s equal to or larger

S

than an outer diameter of the semiconductor-sized wafer (W).

2. The protective sheeting (10, 110, 210, 310, 410) according

]

to claim 1, wherein the outer diameter of the central area 1s

S

1n the range of 3 to 50 cm.

3. The protective sheeting (10, 110, 210, 310, 410) according

to claim 1 or 2, wherein, on the entire front surface (4a)

and/or the entire back surface (8b, 9b) of the protective
sheeting (10, 110, 210, 310, 410), no adhesive 1s applied.

4. The protective sheeting (110, 210) according to claim 1 or

2, wherein a substantially annular adhesive laver (42) 1s

P |

applied to an outer peripheral portion of a front surface

(4a) of the protective fi1lm (4) opposite to the back surface
(4b) thereof.

5. The protective sheeting (110, 210) according to claim 4,

whereln an 1nner diliameter of the substantially annular

adhesive laver (42) 1s substantially equal to or larger than
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F

an 1nner diameter of a semiconductor-sized annular frame ((40)

for holding the semiconductor-sized wafer (W).

6. A protective sheeting (10, 310, 410) for use 1n processing

a wafer (W) , the protective sheeting (10, 310, 4710)

comprilising:

a protective film (4); and

a cushioning lavyer (8) attached to a back surface (4b) of the

protective film (4),

wherein, on an entire front surface (4a) and an entire back

surface (8b, 9b) of the protective sheeting (10, 310, 410),

no adhesive 1s applied.

/. The protective sheeting (10, 110, 210, 310, 410) according

]

CO any one of the preceding claims, wherein the cushioning

laver (8) 1s curable by an external stimulus, such as UV

radiation, heat, an electric field and/or a chemical agent.

3. The protective sheeting (10, 110, 210, 310, 410) according

F

to any one of the preceding claims, wherein the cushioning

]

layer (8) has a thickness 1n the range of 20 to 500 um.

9. The protective sheeting (10, 110, 210, 310, 410) according

F

to any one o0of the preceding claims, wherein the protective

]

film (4) has a thickness 1n the range of 5 to 200 um.

10. The ©protective sheeting (10, 110, 210, 310, 410)

F

according to any one of the preceding claims, wherein the

]

protective fi1lm (4) 1s made of a polymer, 1n particular, a

— 1

polyolefin.

11. A handling system for a semiconductor-sized wafer (W),

comprilsing



WO 2018/210426 PCT/EP2017/061997

o/

a semlconductor-sized annular frame (40); and

the protective sheeting (110, 210) according to claim 4 or 5

.

or any one of claims 7 to 10 as dependent on claim 4 or b5,

whereln the protective sheeting (110, 210) 1s attached to the

annular frame (40) through the substantially annular adhesive

F

layver (42) so that a central opening of the annular frame

(40) 1s closed by the protective sheeting (110, 210).

12. A combination comprilising

a semiliconductor-sized wafer (W), having on one side (1) a

]

device area (2) with a plurality of devices (7); and

the protective sheeting (10, 110, 210, 310, 410) according to

F F

any one of claims 1 to 5 and any one of claims 7 to 10 as

P |

dependent on any one of claims 1 to b5,

wherein the protective sheeting (10, 110, 210, 310, 410) 1s

]

attached to the one side (1) of the semiconductor-sized wafer

(W), so that the semiconductor-sized wafer (W) 1s arranged 1n

S

the central area of the protective sheeting (10, 110, 210,

310, 410) and a front surface (4a) of the protective film (4)

F

opposite to the back surface (4b) thereof 1s 1n direct

contact with the one side (1) of the semiconductor-sized

watfer (W) .

13. A combination comprilising

a wafer (W), having on one side (1) a device area (2) with a

]

plurality of devices (/); and

che protective sheeting (10, 310, 410) according to claim ©

S

or any one of claims 7 to 10 as dependent on claim o,
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wherein the protective sheeting (10, 310, 410) 1s attached to

~he one side (1) of the wafer (W), so that a front surface

(4a) of the protective film (4) opposite to the back surface

F F

(4b) thereof 1s 1n direct contact with the one side (1) of

S

the wafer (W).




