
1 

WAFER PROCESSING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer pr ocessing 

method of processing a wafer to form a 5S molded pa ckage. 

Description of the Related Art 

        As a structure for realizing miniaturizatio n and 

higher density of various devices such as large-sca le 

integrated circuits (LSIs) and NAND type flash memo ries, 

for example, a chip size package (CSP) in which dev ice 

chips are packaged in chip size has been put to pra ctical 

use and widely used for mobile phones, smart phones , and 

the like.  Furthermore, in recent years, of the CSP , a CSP 

in which not only a front surface but also all side  

surfaces of a chip are sealed with a sealing materi al, 

that is, a so-called 5S molded package has been dev eloped 

and put to practical use. 

        The conventional 5S molded package is manuf actured 

by the following steps. 

(1) Forming devices (circuits) and external connect ion 

terminals called bumps on a front surface of a 

semiconductor wafer (hereinafter sometimes referred  to 

simply as a wafer). 

(2) Cutting the wafer along division lines from a f ront 
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surface side of the wafer to form cut grooves each having 

a depth corresponding to a finished thickness of ea ch of 

the device chips. 

(3) Sealing the front surface of the wafer with a c arbon 

black-containing sealing material. 

(4) Grinding a back surface side of the wafer to th e 

finished thickness of each of the device chips to e xpose 

the sealing material in the cut grooves. 

(5) Performing alignment in which, since the front 

surface of the wafer is sealed with the carbon blac k-

containing sealing material, the sealing material a t a 

peripheral portion of the front surface of the wafe r is 

removed to expose alignment marks such as target pa tterns, 

and the division line to be cut is detected based o n the 

alignment marks. 

(6) Cutting the wafer along the division lines from  the 

front surface side of the wafer based on the alignm ent, 

and dividing the wafer into 5S molded packages each  of 

which has its front surface and all side surfaces s ealed 

with the sealing material. 

        Since the front surface of the wafer is sea led with 

the carbon black-containing sealing material as des cribed 

above, the devices and the like formed in the front  

surface of the wafer are not at all visible to the naked 

eye.  To enable alignment by solving this problem, the 
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present inventor has developed a technique in which , as 

described in the above paragraph (5), the sealing 

material at the peripheral portion of the front sur face 

of the wafer is removed to expose the alignment mar ks 

such as the target patterns, and based on these ali gnment 

marks, the division line to be cut is detected, so that 

alignment is performed (see Japanese Patent Laid-op en No. 

2013-074021 and Japanese Patent Laid-open No. 2016-

015438). 

 

SUMMARY OF THE INVENTION 

        However, according to the alignment method 

described in the above-mentioned patent documents, a step 

of removing the sealing material at the peripheral 

portion of the wafer with a large-width cutting bla de for 

edge trimming mounted to a spindle in place of a cu tting 

blade for dicing is needed, and it is laborious to 

replace the cutting blade and to remove the sealing  

material at the peripheral portion by edge trimming , 

thereby causing poor productivity. 

        It is therefore an object of the present in vention 

to provide a wafer processing method in which an 

alignment step can be performed through a carbon bl ack-

containing sealing material applied to coat a front  

surface of a wafer. 
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        In accordance with an aspect of the present  

invention, there is provided a wafer processing met hod of 

processing a wafer in which each of devices having a 

plurality of bumps is formed in each of regions of a 

front surface partitioned by a plurality of divisio n 

lines formed in an intersecting manner.  The wafer 

processing method includes: a cut groove forming st ep of 

forming cut grooves each having a depth correspondi ng to 

a finished thickness of each of device chips by a c utting 

blade along the division lines from a front surface  side 

of the wafer; a sealing step of sealing the front s urface 

of the wafer including the cut grooves with a seali ng 

material, after the cut groove forming step is perf ormed; 

an alignment step of detecting an alignment mark th rough 

the sealing material by visible light imaging means  from 

the front surface side of the wafer, and detecting the 

division line to be laser processed based on the 

alignment mark, after the sealing step is performed ; a 

modified layer forming step of emitting a laser bea m of 

such a wavelength as to pass through the sealing ma terial 

along the division lines from the front surface sid e of 

the wafer, with a focal point of the laser beam bei ng 

positioned inside the sealing material in the cut g rooves, 

to form modified layers inside the sealing material  in 

the cut grooves, after the alignment step is perfor med; a 



5 

grinding step of grinding the wafer from a back sur face 

side of the wafer to the finished thickness of each  of 

the device chips to expose the sealing material in the 

cut grooves, after the modified layer forming step is 

performed; and a dividing step of applying an exter nal 

force to the sealing material in the cut grooves, a nd 

dividing the wafer, with the modified layers servin g as 

starting points of division, into individual device  chips 

each of which has its front surface and four side 

surfaces surrounded by the sealing material, after the 

grinding step is performed.  The alignment step is 

performed while obliquely irradiating a region to b e 

captured by the visible light imaging means with li ght by 

oblique light means. 

        According to the wafer processing method of  the 

present invention, while obliquely irradiating the wafer 

with light by the oblique light means, the alignmen t mark 

formed in the wafer is detected through the sealing  

material by the visible light imaging means, and th e 

alignment can be performed based on the alignment m ark.  

Therefore, the alignment step can be easily perform ed 

without removing the sealing material at a peripher al 

portion of the front surface of the wafer as in the  

related art. 

        Accordingly, by emitting the laser beam of such a 



6 

wavelength as to pass through the sealing material from 

the front surface side of the wafer, with the focal  point 

of the laser beam being positioned inside the seali ng 

material in the cut grooves, it is possible to form  the 

modified layers inside the sealing material, and th en, by 

grinding the wafer from a back surface side of the wafer 

to the finished thickness of each of the device chi ps to 

expose the sealing material in the cut grooves, and  by 

applying an external force to the sealing material,  it is 

possible to divide the wafer, with the modified lay ers 

serving as starting points of division, into indivi dual 

device chips each of which has its front surface an d four 

side surfaces surrounded by the sealing material. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a semicondu ctor 

wafer; 

        FIG. 2 is a perspective view depicting a cu t groove 
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forming step; 

        FIG. 3 is a perspective view depicting a se aling 

step; 

        FIG. 4 is a sectional view depicting an ali gnment 

step; 

        FIG. 5A is a sectional view depicting a mod ified 

layer forming step; 

        FIG. 5B is a partial enlarged sectional vie w of a 

wafer after the modified layer forming step is perf ormed; 

        FIG. 6 is a sectional view depicting a grin ding 

step; 

        FIG. 7 is a perspective view of a dividing 

apparatus; 

        FIG. 8A is a sectional view depicting a div iding 

step; 

        FIG. 8B is a sectional view depicting the d ividing 

step; and 

        FIG. 9 is a partial enlarged sectional view  of the 

wafer after the dividing step is performed. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment of the present invention will  be 

described in detail below with reference to the dra wings.  

Referring to FIG. 1, there is depicted a perspectiv e view 

of a front surface side of a semiconductor wafer 
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(hereinafter sometimes referred to simply as a wafe r) 11 

suitable for being processed by a processing method  of 

the present invention.  In a front surface 11a of t he 

semiconductor wafer 11, a plurality of division lin es 

(streets) 13 are formed in a grid pattern, and a de vice 

15 such as an integrated circuit (IC) or an LSI is formed 

in each of regions partitioned by the division line s 13 

intersecting orthogonally. 

        Each device 15 has a plurality of electrode  bumps 

(hereinafter sometimes referred to simply as bumps)  17 on 

its front surface, and the wafer 11 includes, on th e 

front surface thereof, a device region 19 in which a 

plurality of devices 15 each having the plurality o f 

bumps 17 are formed and a peripheral marginal regio n 21 

surrounding the device region 19. 

        In a wafer processing method according to a n 

embodiment of the present invention, first, a cut g roove 

forming step of forming cut grooves each having a d epth 

corresponding to a finished thickness of each of de vice 

chips by a cutting blade along the division lines 1 3 from 

the front surface side of the wafer 11 is performed  as a 

first step.  The cut groove forming step will be de scribed 

with reference to FIG. 2. 

        A cutting unit 10 includes a cutting blade 14 

detachably mounted to a tip portion of a spindle 12 , and 
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an alignment unit 16 having visible light imaging m eans 

(visible light imaging unit) 18.  The visible light  

imaging unit 18 has a microscope and a camera which  

capture in visible light. 

        Before performing the cut groove forming st ep, 

alignment is performed in which the front surface o f the 

wafer 11 is first captured in visible light by the 

visible light imaging unit 18, alignment marks such  as 

target patterns formed in each device 15 are detect ed, 

and the division line 13 to be cut is detected base d on 

the alignment marks. 

        After the alignment is performed, the cut g roove 

forming step is performed in which the cutting blad e 14 

rotated at high speed in a direction of an arrow R1  is 

made to cut into the wafer 11 to a depth correspond ing to 

a finished thickness of each of device chips along the 

division line 13 from the front surface 11a side of  the 

wafer 11, and a chuck table (not depicted) with the  wafer 

11 sucked and held thereon is fed for processing in  a 

direction of an arrow X1, whereby a cut groove 23 i s 

formed along the division line 13. 

        The cut groove forming step is performed 

sequentially along the division lines 13 extending in a 

first direction, while the cutting unit 10 is put i nto 

indexing feeding in a direction orthogonal to the 
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direction X1 of feeding for processing by the pitch  of 

the division lines 13.  Next, the chuck table (not 

depicted) is rotated by 90°, and then, the same cut  

groove forming step as above is performed sequentia lly 

along the division lines 13 extending in a second 

direction orthogonal to the first direction. 

        After the cut groove forming step is perfor med, a 

sealing step is performed in which, as depicted in FIG. 3, 

a sealing material 20 is applied to the front surfa ce 11a 

of the wafer 11 to seal the front surface 11a of th e 

wafer 11 including the cut grooves 23 with the seal ing 

material.  Since the sealing material 20 has fluidi ty, 

when the sealing step is performed, the cut grooves  23 

are filled with the sealing material 20. 

        As the sealing material 20, a composition 

containing 10.3% of epoxy resin or epoxy resin plus  

phenolic resin, 85.3% of silica filler, 0.1% to 0.2 % of 

carbon black, and 4.2% to 4.3% of the other constit uents 

in mass % is adopted.  Examples of the other consti tuents 

include metal hydroxides, antimony trioxide, silico n 

dioxide, and the like. 

        When the front surface 11a of the wafer 11 is 

covered with the sealing material 20 having such a 

composition and sealed, the carbon black contained in an 

extremely small amount in the sealing material 20 m akes 
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the sealing material 20 black, and accordingly, it is 

normally difficult to see the front surface 11a of the 

wafer 11 through the sealing material 20. 

        Here, the carbon black is mixed in the seal ing 

material 20 mainly for preventing electrostatic bre akdown 

of the device 15, and at present, no sealing materi al 

that does not contain carbon black is commercialize d.  The 

method of applying the sealing material 20 is not 

particularly limited; however, it is desirable to a pply 

the sealing material 20 to a height of each of the bumps 

17, and then, the sealing material 20 is subjected to 

etching to expose head portions of the bumps 17. 

        After the sealing step is performed, an ali gnment 

step is performed in which the front surface 11a of  the 

wafer 11 is captured through the sealing material 2 0 by 

visible light imaging means from the front surface 11a 

side of the wafer 11, at least two alignment marks such 

as target patterns formed in the front surface 11a of the 

wafer 11 are detected, and the division line 13 to be 

laser processed is detected based on these alignmen t 

marks. 

        The alignment step will be described in det ail with 

reference to FIG. 4.  Before performing the alignme nt step, 

the back surface 11b side of the wafer 11 is adhere d to a 

dicing tape T whose outer peripheral portion is att ached 
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to an annular frame F.  In the alignment step, as d epicted 

in FIG. 4, the wafer 11 is sucked and held by a chu ck 

table 40 of a laser processing apparatus through th e 

dicing tape T, and the sealing material 20 sealing the 

front surface 11a of the wafer 11 is exposed upward .  Then, 

the annular frame F is fixed by clamping it with cl amps 

42. 

        In the alignment step, the front surface 11 a of the 

wafer 11 is captured by an imaging element such as a 

charge coupled device (CCD) of a visible light imag ing 

unit 18A of a laser processing apparatus similar to  the 

visible light imaging unit 18 of the cutting appara tus.  

However, since such constituents as silica filler a nd 

carbon black are contained in the sealing material 20 and 

further, a front surface of the sealing material 20  is 

uneven, even if the front surface 11a of the wafer 11 is 

captured through the sealing material 20 by vertica l 

illumination of the visible light imaging unit 18A,  the 

captured image becomes out of focus, making it diff icult 

to detect the alignment marks such as target patter ns. 

        In view of this, in the alignment step of t he 

present embodiment, by obliquely irradiating a regi on to 

be captured with light from oblique light means 31 in 

addition to the vertical illumination of the visibl e 

light imaging unit 18A, the out-of-focus problem of  the 
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captured image can be improved, thereby enabling 

detection of the alignment marks. 

        The light irradiated from the oblique light  means 

31 is preferably white light, and an incident angle  to 

the front surface 11a of the wafer 11 is preferably  in a 

range of 30° to 60°.  Preferably, the visible light  

imaging unit 18A includes an exposure controller by  which 

exposure time or the like can be adjusted.  Next, t he 

chuck table 40 is rotated by θ such that a straight line 

connecting these alignment marks will be parallel t o the 

direction X1 of feeding for processing, and further , the 

cutting unit 10 depicted in FIG. 2 is moved in the 

direction orthogonal to the direction X1 of feeding  for 

processing by a distance between the alignment mark  and 

the center of the division line 13, whereby the div ision 

line 13 to be laser processed is detected. 

        After the alignment step is performed, a mo dified 

layer forming step is performed in which, as depict ed in 

FIG. 5A, a laser beam LB of such a wavelength (for 

example, 1,064 nm) as to pass through the sealing 

material 20 is irradiated from a laser head (light 

collector) 46 of the laser processing apparatus alo ng the 

division line 13 from the front surface 11a side of  the 

wafer 11, with a focal point of the laser beam LB b eing 

positioned inside the sealing material 20 in the cu t 
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groove 23, and the chuck table 40 is fed for proces sing 

in the direction of the arrow X1 to form a modified  layer 

25 depicted in FIG. 5B inside the sealing material 20 in 

the cut groove 23. 

        This modified layer forming step is perform ed 

sequentially along the division lines 13 extending in a 

first direction, after which the chuck table 40 is 

rotated by 90°, and the modified layer forming step  is 

then performed sequentially along the division line s 13 

extending in the second direction orthogonal to the  first 

direction. 

        After the modified layer forming step is pe rformed, 

a grinding step is performed in which the wafer 11 is 

ground from the back surface 11b side of the wafer 11 to 

a finished thickness of each of the device chips to  

expose the sealing material 20 in the cut grooves 2 3. 

        This grinding step will be described with r eference 

to FIG. 6.  A surface protective tape 22 is adhered  to the 

front surface 11a of the wafer 11, and the wafer 11  is 

sucked and held by a chuck table 24 of a grinding 

apparatus through the surface protective tape 22. 

        A grinding unit 26 includes a spindle 30 ro tatably 

accommodated in a spindle housing 28 and rotational ly 

driven by a motor which is not depicted, a wheel mo unt 32 

fixed to a tip of the spindle 30, and a grinding wh eel 34 
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detachably mounted to the wheel mount 32.  The grin ding 

wheel 34 is composed of an annular wheel base 36, a nd a 

plurality of grindstones 38 secured to an outer per iphery 

of a lower end of the wheel base 36. 

        In the grinding step, while the chuck table  24 is 

rotated in a direction of an arrow a at, for exampl e, 300 

rpm, the grinding wheel 34 is rotated in a directio n of 

an arrow b at, for example, 6,000 rpm, and a grindi ng 

unit feeding mechanism (not depicted) is driven to bring 

the grindstones 38 of the grinding wheel 34 into co ntact 

with the back surface 11b of the wafer 11. 

        Then, the back surface 11b of the wafer 11 is 

ground while the grinding wheel 34 is put into grin ding 

feeding by a predetermined amount downward at a 

predetermined grinding feeding speed.  While a thic kness 

of the wafer 11 is measured by a thickness measurin g 

gauge of a contact type or non-contact type, the wa fer 11 

is ground to a predetermined thickness, for example , 100 

µm, thereby exposing the sealing material 20 filled in 

the cut grooves 23. 

        After the grinding step is performed, a div iding 

step is performed in which an external force is app lied 

to the wafer 11 by use of a dividing apparatus 50 

depicted in FIG. 7 to divide the wafer 11 into indi vidual 

device chips 27.  The dividing apparatus 50 depicte d in 
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FIG. 7 includes frame holding means 52 holding the 

annular frame F, and tape expanding means 54 expand ing 

the dicing tape T attached to the annular frame F h eld by 

the frame holding means 52. 

        The frame holding means 52 includes an annu lar 

frame holding member 56, and a plurality of clamps 58 as 

fixing means disposed at an outer periphery of the frame 

holding member 56.  An upper surface of the frame h olding 

member 56 forms a mount surface 56a on which to mou nt the 

annular frame F, and the annular frame F is mounted  on 

the mount surface 56a. 

        Then, the annular frame F mounted on the mo unt 

surface 56a is fixed to the frame holding member 56  by 

the clamps 58.  The frame holding means 52 configur ed in 

this way is supported to be movable in a vertical 

direction by the tape expanding means 54. 

        The tape expanding means 54 has an expandin g drum 

60 disposed inside the annular frame holding member  56.  

An upper end of the expanding drum 60 is closed wit h a 

lid 62.  The expanding drum 60 has an inner diamete r which 

is smaller than an inner diameter of the annular fr ame F 

and is larger than an outer diameter of the wafer 1 1 

adhered to the dicing tape T attached to the annula r 

frame F. 

        The expanding drum 60 has a support flange 64 
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integrally formed at a lower end thereof.  The tape  

expanding means 54 further has driving means 66 mov ing 

the annular frame holding member 56 in the vertical  

direction.  The driving means 66 is composed of a 

plurality of air cylinders 68 disposed on the suppo rt 

flange 64, and piston rods 70 thereof are connected  to a 

lower surface of the frame holding member 56. 

        The driving means 66 composed of the plural ity of 

air cylinders 68 moves the annular frame holding me mber 

56 in the vertical direction between a reference po sition 

in which the mount surface 56a is at substantially the 

same height as a front surface of the lid 62 servin g as 

the upper end of the expanding drum 60 and an expan ding 

position which is by a predetermined amount lower t han 

the upper end of the expanding drum 60. 

        The dividing step for the wafer 11 performe d by use 

of the dividing apparatus 50 configured as above wi ll be 

described with reference to FIGS. 8A and 8B.  As de picted 

in FIG. 8A, the annular frame F supporting the wafe r 11 

through the dicing tape T is mounted on the mount s urface 

56a of the frame holding member 56, and is fixed to  the 

frame holding member 56 by the clamps 58.  In this 

instance, the frame holding member 56 is positioned  in 

the reference position where the mount surface 56a 

thereof is at substantially the same height as the upper 
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end of the expanding drum 60. 

        Next, the air cylinders 68 are driven to lo wer the 

frame holding member 56 to the expanding position 

depicted in FIG. 8B.  Accordingly, the annular fram e F 

fixed on the mount surface 56a of the frame holding  

member 56 is lowered, and as a result, the dicing t ape T 

attached to the annular frame F abuts on an upper e nd 

edge of the expanding drum 60 and is expanded mainl y in a 

radial direction. 

        As a result, pulling forces are radially ap plied to 

the wafer 11 adhered to the dicing tape T.  When th e 

pulling forces are thus radially applied to the waf er 11, 

the wafer 11 is divided along the modified layers 2 5 

formed in the sealing material 20 in the cut groove  23 

along the division lines 13, with the modified laye rs 25 

serving as starting points of division, as depicted  in 

the enlarged view of FIG. 9, whereby the wafer 11 i s 

divided into individual device chips 27 each of whi ch has 

its front surface and four side surfaces surrounded  by 

the sealing material 20. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 
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by the invention.
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WHAT IS CLAIMED IS: 

        1.  A wafer processing method of processing  a wafer 

in which each of devices having a plurality of bump s is 

formed in each of regions of a front surface partit ioned 

by a plurality of division lines formed in an 

intersecting manner, the wafer processing method 

comprising: 

        a cut groove forming step of forming cut gr ooves 

each having a depth corresponding to a finished thi ckness 

of each of device chips by a cutting blade along th e 

division lines from a front surface side of the waf er; 

        a sealing step of sealing the front surface  of the 

wafer including the cut grooves with a sealing mate rial, 

after the cut groove forming step is performed; 

        an alignment step of detecting an alignment  mark 

through the sealing material by visible light imagi ng 

means from the front surface side of the wafer, and  

detecting the division line to be laser processed b ased 

on the alignment mark, after the sealing step is 

performed; 

        a modified layer forming step of emitting a  laser 

beam of such a wavelength as to pass through the se aling 

material along the division lines from the front su rface 

side of the wafer, with a focal point of the laser beam 

being positioned inside the sealing material in the  cut 
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grooves, to form modified layers inside the sealing  

material in the cut grooves, after the alignment st ep is 

performed; 

        a grinding step of grinding the wafer from a back 

surface side of the wafer to the finished thickness  of 

each of the device chips to expose the sealing mate rial 

in the cut grooves, after the modified layer formin g step 

is performed; and 

        a dividing step of applying an external for ce to 

the sealing material in the cut grooves, and dividi ng the 

wafer, with the modified layers serving as starting  

points of division, into individual device chips ea ch of 

which has its front surface and four side surfaces 

surrounded by the sealing material, after the grind ing 

step is performed, 

        wherein the alignment step is performed whi le 

obliquely irradiating a region to be captured by th e 

visible light imaging means with light by oblique l ight 

means. 


