- 1 MACH NI NG QUALI TY JUDGE NG METHOD FOR WAFER

GRI NDI NG MACHI NE AND WAFER GRI NDI NG MACHI NE 5
BACKGROUND OF THE | NVENTION 1. Technical field of the

I nvention This invention relates to a machining

qual ity judging nethod for a wafer grinding nmachine

and wafer grinding machine. 10- 2 -Description of the

Rel ated Art Wth an ever-increasing trend toward
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Further, it has become common practice to

20 polish the back surface of the water that has been ground
to remove distortion.

In the case where the wafer blank is hard and
difficult to grind, for example, a grinding defect such
as "surface burn" or "burr" may be caused, thereby making

25 the desired grinding process difficult.

In view of this, Japanese Unexamined Patent
Publication No. 2007-301665 proposes a grinding wheel
having a grinding stone formed of a resin bonding agent
mixed with abrasive diamond grains and micro metal balls.

30 The metal balls, which contact other objects
comparatively softly, function as a buffer between the
abrasive diamond grains and the wafer and has a cooling
function due to the high heat conductivity on the other
hand. These functions, coupled with the cutting functien

35 generated by the spherical metal balls dropping off which
in turn causes the drop-off of the diamond abrasive

grains, can contribute to an efficient grinding operation



35 generated by the spherical netal balls dropping off
which in turn causes the drop-off of the dianond
abrasive grains, can contribute to an efficient
grinding operation 2 for the wafer of a hard-to-grind
material wi thout surface burn and burring. Japanese
Unexam ned Patent Publication No.2 -2007-301665, does
not disclose that the back surface of 5 the wafer is
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20 In order to achieve the object described above,
according to a first aspect of the invention, there is
provided a machining quality judging method for feeding
and pressing the grinding means against the back surface
cf the wafer thereby to grind the back surface of the

25 wafer, wherein the wafer grinding process is monitored in
such a manner that the wafer thickness is acguired from
the feed amount of the grinding means on the one hand and
actually measured appropriately on the other hand, and by
comparing the wafer thickness based on the grinding means

30 feed amount and the wafer thickness based on the actual
measurement are compared with each other thereby to judge
the machining quality of the ground surface of the wafer,
so that a command to stop the grinding operation is
issued upon judgment that the machining process is a

35 failure.

Therefore, in the wafer grinding process, a wafer

machining failure can be judged in real time and a



30 feed anount and the wafer thickness based on the
actual neasurenent are conpared with each other
thereby to judge the machining quality of the ground
surface of the wafer, so that a command to stop the
grinding operation is issued upon judgnment that the
machi ning process is a 35 failue~ Therefore, in the
waf er grinding process, a wafer machining failure can
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based on the feed amoun the wafer thickness

20 corresponding to the feed amount, and a machining quality
judging unit for comparing the wafer thickness
corresponding to the feed amount with the actual
measurement of the wafer retrieved as a measurement
signal from the detection means thereby to judge the

25 machining quality of the ground surface of the wafer and
issue a command to stop the grinding operation upon
judgment of a machining failure.

The wafer thickness corresponding to the feed amount
of the grinding means can thus be acquired. The wafer

30 thickness thus acquired is compared with the wafer
thickness actually measured as required.

In the case where a machining defect such as a
surface burn occurs, the back surface area yet to be
ground is increased as compared with the feed amount of

35 the grinding means and the actual measurement of the
wafer results in a different value.

A machining failure can be easily grasp from this



25 machining quality of the ground surface of the
wafer and issue a command to stop the grinding
operation upon judgnment of a machining failure. The
waf er thickness corresponding to the feed amount of
the grinding nmeans can thus be acquired. The wafer 30
t hi ckness thus acquired is conpared with the wafer

t hi ckness actual ly neasured as required. In the case
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Fig. 2 is an enlarged sectional view of the

essential parts for explaining an example of the wafer to
20 be ground shown in Fig. 1 and a technique for measuring
the thickness thereof.

Fig. 3 is a graph showing an example of the relation
between the feed coordinate value (conversion value) of
the grinding stone and the wafer thickness (actual

25 measurement) measured by a contact-type thickness
detection means during the satisfactory grinding process.

Fig. 4 is a graph showing an example of the relation
between the feed coordinate value (conversion value) of
the grinding stone and the wafer thickness (actual

30 measurement) measured by a contact-type thickness
detection means upon occurrence of a machining failure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows an example of a semiconductor wafer
grinding machine 1. This semiconductor wafer grinding

35 machine 1 (hereinafter referred to as the grinding
machine 1) includes a holding means (described later) for

holding a wafer 2, a grinding means 3 for grinding the



20 be ground shown in Fig. 1 and a techni que for
measuring the thickness thereof. Fig. 3 is a graph
showi ng an exanple of the relation between the feed
coordi nate val ue (conversion value) of the grinding
stone and the wafer thickness (actual 25 neasurenent)
nmeasured by a contact-type thieckhess detection neans
during the satisfactory grinding process. Fig. 4is a
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turn tgpl@e’ mbobated by a notor 6. Incidentally, the
turn table formed in the shape of a disk, and on
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20 described later. Before the grinding process, for

exampie, the thickness tl of the wafer 2 is about 750 um
and the thickness of the protective film 5 is about 100
pm.
The grinding means 3 described later is pushed in by
25 the feed means 4 while being kept in contact with the
back surface 2b constituting the surface of the wdfer 2
to be ground, so that the wafer 2 is ground to a
predetermined small thickness of about 30 um.
The grinding means 3 is arranged at the forward end
30 of a substantially L-shaped ram 10 erected on the machine
body 9 and mounted on the feed means 4 reciprocable in
the direction 2.
Specifically, the grinding means 3 has a grinding
stone 13 mounted at the forward of the output shaft 12 of
35 the motor 11 moved in axial direction by the shaft

portion (described later) making up the feed means 4. 1In



15 shaft 8 of the notor 6 is nounted on the sane axis
as the center axis of the turn table 7. This turn
table 7 is rotated along the direction of arrow A by
the drive force of the notor 6. The thickness of
wafer 2 is neasured by a nmeans 20 described | ater.
Before the grinding process, for ¢ exanple, the
thickness tl of the wafer. 2 is about 750 pun and the
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20 14, etc. The ball screw 14 is driven by a motor (not
shown) through a feed control unit {(described later).
Then, the grinding stone 13 can be moved in the direction
Z with respect to the wafer 2. By feeding the grinding
stone 13 in pressure contact with the back surface 2b of

25 the wafer 2, therefore, the back surface 2b of the wafer
2 can be ground with the grinding stone 13,

The ball screw 14 is fixed on an L-shaped ram 10.

The ram 10, though of fixed type according to this
embodiment, may alternatively be of movable type.

30 The grinding machine 1 configured as described above
includes a detection means 15 as a control system such as
a power controller for detecting, in real time, the
thickness of the wafer 2 held by adsorption on the turn
table 7 during the grinding process thereby to measure

35 the thickness of the wafer 2. An example of the
detection means 15 is a contact-type thickness detection

means based on a contact-type sensor such as an in-



t he shock when the grinding stone 13 and the wafer 2
cone into contact with each other. Thus, the back
surface 2b of the wafer 2 can be nachined to high
accuracy. The 15 grinding stone 13 has the stone part
13a in opposed relation to the back surface 2b of the
wafer 2 held by adsorption on-tHRe-turn table 7. Next,
the feed neans 4 for feeding the grinding neans 3
while grbpdiagde.wafer 2 includes a ball screw 20
14, etc. The ball screw 14 is driven by a notor (not
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si gnal tibi drddssconvs ttad, uhhe Wisgt-ance between the
upper surface o% the turn tahle 7 and the back
surface 2b % SEEQF S included in the grinding machine 1

20 to make up a control system together with a data
analyzer, a stage unit having a probe or a power
controller, not shown.

The control system of the grinding machine 1 is
confiqured of a control unit 16 including a feed control

25 unit 17, an arithmetic unit 18 for retrieving a signal
associated with the operation amount of the motor from
the feed control unit 17 for controlling the motor of the
feed means 4 thereby to calculate the feed amount (the
feed coordinate value in the direction Z) of the grinding

30 means 3, an acquisition unit 19 for determining the
thickness of the wafer 2 corresponding to the feed
amount, and a machining quality judging unit 20 for
comparing the thickness of the wafer 2 corresponding to
the feed amount with the signal value of the actual

35 measurement (Pl - P2) retrieved from the detection means
15 for actually measuring the thickness of the wafer 2
thereby to judge the machining quality of the ground



(P1L - P2), i.e. the thickness of the wafer 2 is
nmeasured in real tinme. A noncontact-type sensor can
al so be enpl oyed as the 10 detection neans 15.
Specifically, a noncontact-type sensor operates in
such a manner that the time of the infrared |ight
reflection on the boundary surfade-between the wafer 2
and the protective filmb5 is neasured by taking
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predetermined range or not is monitored. Specifically, a

20 variation of the value A, if any, during the grinding
process would fail to grind the back surface 2Zb of the
wafer 2 to be machined, for example, by the grinding
stone 13 for some. reason or other, and a machining
failure such as a surface burn may be regarded to have

25 occurred.

Then, the machining gquality judging unit 20, upon
detection of a variation of the value A, can issue a
command to stop the operation of the grinding machine 1.

With regard to the grinding machine 1 having the

30 configuration described above, the grinding process and
the machine quality Jjudgment process executed during the
grinding process are explained below.

First, as shown in Fig. 2, the protective film 5
attached on the surface 2a of the wafer 2 to be machined

35 is arranged down, and the wafer 2 is held on the upper

surface of the turn table 7.



back surface grinding operation upon judgnent of a
machi ning failure. The arithnetic unit 18 determ nes
the feed anbunt as 5 1Zo - Ztl fromthe difference
bet ween the position (coordinate value Zo) of the
grinding neans 3 in the initial stage of the grinding
process and the feed position-@®oerdinate value Zt)
at an arbitrary tinme t elapsed fromthe start of the
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upon H3tECYIGACSEt a variation of the value A can
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having the 30 conf%}%]ura i on described above,
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oI ¢ qagagégh@rkﬁjretrleved from the feed control unit 17

S?fer appropriately as a signal associated with the motor
operation amount from the start of the grinding process,
sc that the feed amount |[Zo - Zt| (the feed coordinate
value in Z direction} of the grinding means 3 is
calculated by the arithmetic unit 18. |

25 Then, the thickness of the wafer 2 corresponding to
the feed amount |Zo - Zt| is extracted by the acquisition
unit 19 from the data stored in advance.

In the machining quality judging unit 20, the
difference A = |[Zo - Zt] - |Pl - P2| is determined to

30 compare the thickness of the wafer 2 corresponding to the
feed amount with the actual measurement (Pl - P2) of the

thickness of the wafer 2 retrieved from the detection
means 15, and whether this value A is within a
predetermined range or not is monitored.

35 In the case where the value A undergoes a change in

the precess, the back surface 2b of the wafer 2 to be



35 is arranged down, and the wafer 2 is held on the
upper surface of the turn table 7. - 9 Next, the
wafer 2 is rotated by the notor 6 on the one hand and
the grinding stone 13 of the grinding neans 3 nounted
on the feed neans 4 at the forward end of the ram 10
is rotated by the notor 11 on the& ot her hand. 5 Then,
the feed control unit 17 issues a control command to
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correspondln
a polis lng machlne, not shown, with the wafer 2 kept

20 fixed on the turn table 7 to remove the damaged layer,
etc. As a result, the damage such as an undue cracking
of the wafer 2 is prevented. The wafer 2 completely
polished is removed from the turn table 7 and transferred
to the next step such as the wafer processing step for

25 coating or dicing,

As described abowve, in the grinding machine 1 for
the wafer 2 accoerding to this embodiment, the wafer
thickness based on the feed amount of the grinding means
is compared with the wafer thickness actual measured in

30 real time during the machining process. Thus, the
machining failure such as a surface burn of the grinding
surface can be immediately detected, and by issuing a
machining stop command, a product defect can be
prevented.

35 Now, Figs. 3 and 4 show the relation between the
feed coordinate value (conversion value) of the grinding

stone and the wafer thickness value (actual measurement)



feed amobunt with the actual neasurenent (P1 - P2) of
the thickness of the wafer 2 retrieved fromthe -
detection neans 15, and whether this value Ais
within a predetermned range or not is nonitored. 35
In the case where the val ue A undergoes a change in
the process, the back surface 2blibf-the wafer 2 to be
- 10 rmachined by the grinding stone 13, for exanpl e,
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by a contact-type thlckness detection means, and
therefore, and the value A increases with time. This
20 state can be judged as a machining failure such as a
surface burn.
This invention is not of course limited to the
embodiments described above.
The in-process gauge used as the detection means 15,
25 for example, may be replaced with any other measuring
means which can measure the back surface position of the
wafer 2 fixed on the turn table 7.
The embodiments described above also represent a
case in which the IR sensor is used as an example of the
30 noncontact-type detection means constituting the
detection means 15. Nevertheless, any other noncontact-
type sensor, or contact-type sensor if possible, capable
of measuring the thickness tl of the wafer 2 as a unit
during the grinding process can be employed with equal
35 effect.

While the invention has been described by reference



the wafer 2 according to this enbodi nent, the wafer

t hi ckness based on the feed anpbunt of the grinding
nmeans is conpared with the wafer thickness actua
measured in 30 real time during the machining process.
Thus, the machining failure such as a surface burn of
the grinding surface can be inmmedi-ately detected, and
by issuing a machining stop conmand, a product defect

can beto ps@yettiedensSdd NAW: sFEBSsen faRdpdr iy the

rel ati on, between the feed coordi nate val ue o
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3 shows t state i.n which the grinding process
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i% norﬁ%ﬁ??‘%&ggﬁtﬁaﬁﬂgﬁanFig. 4 the state in which
the grinding process is not executed normally. 5 As
easily understood fromFigs. 3 and 4, as long as the
grinding process is executed normally, the deviation
i's mninmm between the feed coordi nate val ue
(conversion value) and the wafer thickness val ue
(actual neasurenent) neasured by a contact-type

t hi ckness detection neans, and 10 therefore, the
value Ais kept at a m ninmum Thus, assum ng that the
value Ais less than a predeterm ned value (20 pm,
for exanple, the nmachining process can be judged as
satisfactory. If a machining failure, such as a
surface burn, 15 occurs it is understood that a

devi ati on has occurred between the feed coordi nate
val ue (conversion value) and the wafer thickness

val ue (actual neasurenent) nmeasured by a contact-type
t hi ckness detection neans, and therefore, and the
value A increases with tinme. This 20 state can be
judged as a machining failure such as a surface burn.



This invention is not of course [imted to the

enbodi nents descri bed above. The in-process gauge used

as the detection nmeans 15, 25 for exanple, nmay be
replaced with any other neasuring neans which can
nmeasure the back surface position of the wafer 2

fixed on the turn table 7. The-emboedi nents descri bed
above al so represent a case in which the IR sensor is
used as an exanple of the 30 nt act -type

detection neans constituting t ecti on neans 15.
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wafer grinding machine according to claim 1,
characterized in that the wafer thickness
is detected by a contact-type wafer thickness detection
20 means based on a contact-type sensor. _
3. A wafer grinding machine characterized by
comprising:
a grinding means for holding and grinding
a wafer;
25 a feed means for feeding the grinding
means for grinding operation;
a detection means for actually measuring
the wafer thickness appropriately;
an arithmetic means for calculating the
30 feed amount of the grinding means while at the same time
appropriately monitoring the feed position of the
grinding means set by the feed means;
an acquisition means for determining,
based on the feed amount, the wafer thickness
35 corresponding to the feed amount; and
a machining quality judging means for

comparing the wafer thickness corresponding to the feed



measur enent of the wafer thickness thereby to judge
the machining quality of the ground surface of the
waf er, and wupon judgnent of a machining failure, a
command is issued 15 to stop the back surface grinding
operation. 2. The machining quality judging nethod for
the wafer grinding machi ne aceording to claim1,
characterized in that the wafer thickness is detected
by a Cgﬂ&@{}{ Jl%@let}q@fgfgnalil 959&@%s%%&:?gﬁé@mlt%oaﬂg@&ual
based on a contact-type sen
wachln@eéﬁ%ﬁ%ﬂﬁﬂérPie%hQnﬁaféénﬁ?W%QQﬂgd §r2ﬁ|é#ﬁ ﬁ@tﬁ%%ﬂ9§
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f eedi ngr&@z?d rl}dlcggof ansa eoJ[: ndl 09 LIDcFr al D &

det ect POR neans for tuaIVy neasur HE & Wafer

t hi ckn@gghﬂarplm%élaﬂé@@,y isgniagia meermaed rﬁé:aﬁgopothe grinding
cal cul aptpgetde 30 feed amount of the grinding neans
while at the sane tinme appropriately nonitoring the
feed position of the grinding neans set by the feed
means; an acquisition neans for determning, based on
the feed anmount, the wafer thickness 35 corresponding

to the feed anmount; and a machining quality judging
means for conparing the wafer thickness correspondi ng
to the feed - 14 anmount with the signal val ue
associated with the actual neasurenment of the wafer
retrieved fromthe detection nmeans thereby to judge

the machining quality of the ground surface of the

waf er, and upon judgnent of a 5 machining failure,

i ssuing a command to stop the grinding operation.



