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BACKGROUND OF THE INVENTION

Field of the [ .
The present invention relates generally to a wafer polishing
5 apparatus, and more particularly to a wafer polishing apparatus which is

used with a chemical mechanical polishing (CMP) method.

Description of Related A
A wafer polishing apparatus disclosed in Japanese Patent
Provisionai,Publication No. 8-339979 is provided with a holding head (a
10  carrier), a polishing pad (a polishing cloth), and a seal member. Liquid
supply passages are formed in the holding head, and a pressurized liquid is
supplied into a space enclosed by the holding head, a substrate (a wafer)
and the seal member, and the pressurized liquid presses the substrate
against the polishing pad. |
15 An annular guide member is attached to the holding head of the
wafer polishing apparatus. The gilide member as well as the substrate
are pressed against the polishing pad so as to prevent the substrate from
springing out of the holding head due to a centrifugal force.
The wafer polishing apparatus of Japanese Patent Provisional
20 publication No. 8-229979, however, presses the substrate against the
polishing pad only with the pressurized liquid. For this reason, the
polishing pressure applied from the polishing pad to the substrate centers

on the peripheral edge of the substrate, in other words, the polishing pad



Provi si onal Publication No. 8-339979 is provided with a hol di ng head’(a 10
carrier), a polishing pad (a polishing cloth), and a seal nmenber. Liquid
suppl y*passages are fornmed in the holding head, and a pressurized liquid is
supplied into a space encl osed by the holydi ng head, a substrate (a wafer)
and the seal nenber, and the pressurized€liquid presses the substrate

agai nst the polishing pad. 15 An annul ar gui de nenber is attached
to the holding head of the waf er polishing apparatus. The guide nmenber
as well as the substrate are pressed against the polishing pad so as
to prevent t riseswavshe perpherahedge ofstbc isnbstrajeouConsequantlypthit peripkeral due to
a centrifugal force. e waf er polishing apparatus of Japanese
Pat ent Provi @@@dﬁp@@sh%mr@éha@ﬁhmm@sp@%wg however, presses the
substrate against the polishing pad only with the pressurized |iquid.
For this reason, the pol i shing pressure applied fromthe polishing pad
to the substrate centers on the peripheral edge of the substrate, in
ot her words, the polishing SWMARXLQEI%EJNYEN%IQN

2

The present invention has been developed in view of the above-

5 described circumstances, and has as its object the provision of a wafer

polishing apparatus which makes uniform a polishing pressure, which is

applied to a wafer by a polishing cloth, so as to uniformly polish the entire

surface of the wafer.

To achieve the above-mentioned object, the present invention is

10 directed to a wafer polishing apparatus which presses a wafer against a

rotating polishing cloth to polish the surface of the wafer, the wafer

polishing apparatus comprising: a carrier for holding the wafer and

pressing the wafer against the polishing cloth; a polished surface

adjustment ring which encloses the periphery of the wafer and is pressed

15 against the polishing cloth with the wafer; pressing means for pressing the

polished surface adjustment ring against the polishing cloth; position

detecting means for detecting a collapsing position of the polished surface

adjustment ring with respect to the polishing cloth; control means for

controlling the pressure force of the pressing means to set the collapsing

20 position detected by the position detecting means such that a polishing
pressure applied to the wafer from the polishing cloth is uniform.

To achieve the above-mentioned object, the present invention is

directed to a wafer polishing apparatus which presses a wafer against a

rotating polishing cloth to polish the surface of the wafer, the wafer

25 polishing apparatus comprising: a carrier for holding the wafer; first



rises at the peripheral edge of the substrate. Consequently, the peripheral

edge is polished nore than the other parts.

SUWMMARY OF THE | NVENTI ON The present invention has been
devel oped in view of the above- 5 described circunstances, and has as its
obj ect the provision of a wafer pol Bshi ng appar atus whi ch makes

uni form a polishing pressure, which is applied to a wafer by a
polishing cloth, so as to uniformy polish the entire surface of the
waf er . To achi eve the above-nenti oned object, the present
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second pressing means for pressing the polished surface adjustment ring
against the polishing cloth; position detecting means -for detecting a
collapsing position of the polished surface adjustment ring with respect to
the polishing cloth; control means for controlling the pressure force of the
second pressing means to set the collapsing position detected by the
position detecting means such that a polishing pressure applied to the
wafer from the polishing cloth is uniform.

A wafer polishing apparatus which presses a wafer against a
rotating polishing cloth to polish the surface of the wafer, the wafer
polishing apparatus comprising: a carrier for holding the wafer; first
pressing means for pressing the carrier against the polishing cloth;
pressure air layer forming means for forming a pressure air layer between
the carrier and the wafer and transmitting the pressure force from the first
pressing means to the wafer through the pressure air layer; a retainer ring
provided outside the carrier and preventing the wafer from springing out
of the carrier; a polished surface adjustment ring provided outside the
retainer ring and comes into contact the polishing cloth with the wafer;
second pressing means for pressing the polished surface adjustment ring
against the polishing cloth; a pressing member provided outside the

retainer ring, the pressing member coming into contact with the polishing

ace of the
air layler foiminganeans fosforaingiaspregsure aipldyesbetweemol di ng



To achi eve the above-nentioned object, the present invention is
directed to a wafer polishing apparatus which presses a wafer against a
rotatifig polishing cloth to polish the surface of the wafer, the wafer 25
pol i shi ng apparatus conprising: a carrier,for holding the wafer; first
3 pressing neans for pressing the Tarrier against the polishing
cloth;~ pressure air layer formng neans for formng a pressure air
| ayer between the carrier and the wafer and transmtting the pressure
force fromthe first pressing neans to the wafer through the pressure
air layer; a chothiwkichrwag pressedrand flatterrad by dlee pblished surfaceaadjustmemnt i ng
the wafer from springing out | of the carrier; a poljished surface
adj ust nent ri riggppesitiutidetectinganeans for deteating aaelative glisplacementsof theo
contact the polishing cloth with the wafer; . secqnd .pressjng ns for
pressing the BEFFSS%HJ%W%&‘Q &5] GAITiRR And detecting a CSQBP%QE POSHIQILP ng
cloth; positiagn,.detecti ect tng cql | apsi ol Ltion of
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cloth; congrol oERfRg t8 the FaldtRle di3pldcBmeRECESHES MBARE fOf chifolling the
pressure force of the second pressing means to set the collapsing position
detected by the position detecting means such that a polishing pressure
applied to the wafer from the polishing cloth is uniform.
According to the present invention, the wafer is polished while it is
10 - pressed against the polishing cloth by the carrier. At this time, the
- pressing means pressed the polished surface adjustment ring against the
polishing cloth, and the control means controls the pressing means to set
the collapsing position of the polished surface adjustment ring with respect
to the polishing cloth so that the polishing pressure which is applied to the
15 wafer from the polishing cloth can be uniform. The wafer is polished in
this state.
According to the present invention, the pressure air layer forming
means forms the pressure air layer between the carrier and the wafer, and
the pressure force transmits from the first pressing means to the wafer
20 through the pressure air layer. Thereby, the wafer is polished while it is
pressed against the polishing cloth. Even if there are some foreign
matters such as polishing dust between the carrier and the wafer, the
pressure force can be transmitted uniformly from the first pressing means
to the entire surface of the wafer. Thus, the entire surface of the wafer
25 can be polished uniformly.
According to the present invention, there is provided the polished

surface adjustment ring which comes into contact with the polishing cloth



second pressing neans to set the collapsing position detected by the
position detecting neans such that a polishing pressure applied to the

waf er fromthe polishing cloth is uniform 15 A waf er polishing
apparatus which presses a wafer agai nst rotating polishing cloth to
polish the surface of the wafer, the wafer pol i shi ng appar at us
conprising: a carrier for holding the wafer; first pressi ng neans for
pressing the carrier against the polishing cloth; pressure air |ayer

form ng neans for formng a pressure air |ayer between 20 the carrier and

the waf er andogegies "with 1bet wafg] earlitke fwcondf provsinge nieanst adjusts phessi ng
means to the wafer through the pressure air layer; a retainer ring.

provi ded out spréssuredorce of the polished sutface adjustmentifing against the polishing out

of the carrier; a polished surface adjustpent ring provided outside the
retai ner rincglafy cthes TBeAISIEONH OIS the|sesand pressyis mgans tonsettheer: 25
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applied to the wafer from the polishing cloth can be uniform. The wafer
is polished in this state. |

According to the present invention, the pressing member which is
pressed against the polishing cloth with the wafer is provided with the
10 position detecting means, which detects the relative displacement of the
- pressing member and the carrier to thereby detect the collapsing position
of the polished surface adjustment ring with respect to the polishing cloth.
The control means controls the second pressing means to set the
collapsing position of the polished surface adjustment ring with respect to
15 the polishing cloth in such a way that the polishing pressure which is
applied to the wafer from the polishing cloth can be uniform, The wafer
is polished in this state. Since, the polishing pressure which is applied to
the wafer from the polishing cloth is uniform, the entire surface of the
wafer can be polished uniformly. Since the pressing member is presséd
20 against the polishing cloth flattened by the polished surface adjustment
ring, the pressing member is not vibrated by the unevenness of the
polishing cloth. The position detecting means attached to the pressing
member can correctly detect the collapsing position of the polished surface

adjustment ring with respect to the polishing cloth.
25 According to the present invention, the differential transformer
provided with the core and the bobbin is applied as the position detecting

means. The differential transformer makes it possible to correctly detect



cloth which was pressed and flattened by the polished surface adjustnent
ring; position detecting nmeans for detecting a relative displacenent of the
pressi hg nenber and the carrier, and detecting a collapsing position of the
pol i shed surface adjustnent ring with respect to the polishing cloth 5
according to the relative displacenment; ﬁntrol means for controlling the
pressufe force of the second pressing neans to set the collapsing position
detected by the position detecting nmeans such that a polishing pressure
applied to the wafer fromthe polishing cloth is uniform

According to the present invention, the wafer_ is polished while it is 10
pressed agai nshe colapging positipncobihe pajished surace adJusmemhmg with-resppet
pressi ng nmeans resquwg I|shed surface adjustnent ring agai nst the
pol i shing cl of®thepalis means controls the pressing nmeans to set
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10 This prevents the pressing member from expanding thermally during

polishing and being polished by the polishing cloth. Thus, the stock
removal detecting means attached to the pressing member can correctly
detect the collapsing position of the polished surface adjustment ring with
respect to the polishing cloth.

15 According to the present invention, the retainer ring is made of
sorter material than the polished surface adjustment ring. The polished
surface adjustment ring must be harder than the polishing cloth in order to
press and deforms the polishing cloth elastically. If such a hard polished
surface adjustment ring is used to prevent the wafer from springing out of

20 the carrier, the wafer may be damaged when the wafer comes into contact
with the polished surface adjustment ring. To solve this problem, the
retainer ring is made of softer material than the polished surface
adjustment ring. Thus, the present invention prevents the wafer from

being damaged when the wafer comes into contact with the retainer ring.



25 can be polished uniformy. According to the present

I nvention, there is provided the polished surface adjustnent ring

whi ch tones into contact with the polishing cloth

5 together with the wafer, and the second pressing nmeans adjusts

t he pressure force of the pollshed surface adjustment ring agai nst the
pol i shi'ng cloth. The control neans controls the second pressing neans
to set the col | apsi ng position of the polished surface adjustnment ring
with respect to 5 the pollshlng cloth in such a may that t he polishing

pressure which is ‘ ing cloth can be
uni form The wafer I's polished Int According to

the present invention, the pre55|ng menber which is pressed agai nst

t he polishing clot d h Lot |
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the accompanying drawings, in which like reference characters designate

5 the same or similar parts throughout the figures and wherein:

Fig. 1 is a view illustrating the entire structure of the wafer
polishing apparatus according to the present invention;

Fig. 2 is a longitudinal sectional view illustrating the first
embodiment of the wafer holding head applied to the wafer polishing

10 = apparatus in Fig. 1;

Fig. 3 is a block diagram illustrating the control system in the
wafer polishing apparatus in Fig. 1;

Fig. 4 is a view of assistance in explaining the polishing pressure
which is applied to the wafer from the polishing cloth when the pressure

15 force of the polished surface adjustment ring is small;

Fig. 5 is a view of assistance in explaining the polishing pressure
which is applied to the wafer from the polishing cloth when the pressure
force of the polished surface adjustment ring is great;

Fig. 6 is a view of assistance in explaining the polishing pressure

20 which is applied to the wafer from the polishing cloth when the pressure
force of the polished surface adjustment ring is set at a proper value;

Fig. 7 is a sectional view illustrating the second embodiment of the
wafer holding head; |

Fig. 8 is a longitudinal sectional view illustrating the third

25 embodiment of the wafer holding head;

Fig. 9 is a sectional view illustrating the fourth embodiment of the



of the polished surface adjustnent ring with respect to the polishing

cl ot h. The control nmeans controls the second pressing neans to set the
col I apsi ng position of the polished surface adjustnent ring with respect to
15 the polishing cloth in such a way that the polishing pressure which is
applied to the wafer fromthe polishing&loth can be uniform The wafer

Is polished in this state. Since, the polishing pressure which is applied

to the wafer fromthe polishing cloth is uniform the entire surface
of the waf er can be polished uniformy. Since the pressing nenber is
pressed 20 | .ishing cloth flattened by the polished surface
adj ust nent @g’férmgx{gﬁ%&ﬁressi ng menber is not vibrated by the unevenness
of the pol i sh¥igg X0 4§ i pldie vikesi illustratieg eibiei fithnembedihémcbEdheo t he
pressi ng menber can correctly detect the collapsing position of the
pol i shed surwafer holdingh¢adstamdnt ring with respect to the polishing cloth.
25 According to the present, invention, the differential

t r ansf or mer pFigyi dbdiswiar dongitudinale ssadondle ViR billnstratingpthe fifth t ne
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

This invention will be explained in further detail by way of
example with reference to the accompanying drawings.

Fig. 1 shows the entire structure of a wafer polishing apparatus

10  according to the present invention.

As shown in Fig. 1, the wafer polishing apparatus 10 is provided
with a turn table 12 and a wafer holding head 14. The turn table 12 is
disc-shaped, and a polishing cloth 16 is attached on the top of the turn
table 12. A spindle 18 connects to the bottom of the turn table 12 and an

15 output shaft (not shown) of a motor 20. Driving the motor 20 rotates the
turn table 12 in the direction indicated by an arrow A, and slurry is
supplied onto the polishing cloth 16 of the rotating turn table 12 through a
nozzle (not shown). A lifting apparatus (not shown) is capable of
moving the wafer holding head 14 vertically. The wafer holding head 14

20 is moved up when a wafer subject for polishing is set in the wafer holding
head 14, and the wafer holding head 14 is pressed against the polishing
cloth 16 when the wafer is polished.

Fig. 2 is a longitudinal sectional view of the wafer holding head 14.
The wafer holding head 14 is comprised mainly of a head body 22, a

25 carrier 24, a guide ring 26, a polished surface adjustment ring 28, and a



the col |l apsing position of the polished surface adjustnment ring with

respect to the polishing cloth. According to the present

i nvent’i on, the capacity sensor is used for the position detecting
means. The capacity-sensor nakes it possible to 5 correctly detect the

col  apsing position of the polished surf &e adj ust nent ring with
respect to the polishing cloth. According to the present

i nvention, the pressing nenber is nmade of material which is difficult
to expand thermally, and the contact surface of the pressing nenber is

coated wi th divbbendheet i3). mdlige dfeadebedy @2 i) disthslmpedeeadt s hokrpfnessi ng
menber from expandi ng thermally duri n% pol i shing and being polished by
t he pol i shi ngshownh comheetedttocasiotary shaft 32cratates thethead hgdye2hin dheached

to the pressing nmenber can rrectly detect the coll apsing sition of
the polished SigetRR @é}%@‘i&?ﬁ an oy (B, Air $‘@B¥&a$ég§%§apcfﬁosﬂﬁﬁng
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the wafer conpamp{APjo40avia a regulatoh [R)e38Al i sTiesl afvisupply pdbsapenBot
ring. To solve this problem the retainer ring is made of softer
mat eri al t hancommegi®to theeair pumm4 via a regalatont38ht ring. Thus, the present
| nvention prevents '}‘Eee c\:/\allar;ig; 2f4r %n shaped substantially like a column, and it is
10 coaxially arranged below the head body 22. A concave 25 is formed at
the bottom of the carrier 24, and the concave 25 contains a permeable
porous board 42. An air chamber 27 is formed over the porous board 42,
and the air chamber 27 connects with an air suction passage 44 formed in
the carrier 24. The air suction passage 44 extends to the outside of the
15 wafer holding head 14 as indicated by long and short alternate lines in Fig.
2, and it connects to a suction pump (SP) 46. Driving the suction pump
46 causes the porous board 42 to absorb the wafer 50 to the bottom thereof.
The porous board 42 has a number of vent holes therein, and it is, for
example, a sintered body of a ceramic material.
20 A number of air supply passages 48, 48 ... are formed in the
bottom of the carrier 24 (Fig. 2 shows only two air supply passages).
The air supply passages 48 extend to the outside of the wafer holding head
14 as indicated by long and short alternate lines in Fig. 2, and the air
supply passages 48 connect to the air pump 40 via a regulator 38C.
25 When the air pump 40 is driven, the compressed air is supplied from the
air pump 40 to an air chamber 51 between the porous board 42 and the

wafer 50 through the air supply passages 48. This forms a pressure air



bei ng damaged when the wafer conmes into contact with the retainer ring.
7

. BRI EF DESCRI PTI ON OF THE DRAW NGS The
nature of this invention, as well as other objects and advant ages
thereof, will be explained in the follomdag with reference to -~ t he
acconpanyi ng drawi ngs, in which |like reference characters designate 5 the
same of simlar parts throughout the figures and wherein: Fig.
lis aviewillustrating the entire structure of the wafer pol i shi ng
apparatus according to the present invention; Fig. 2is a

| ongi t udi nal séayerandhe airechanbersi, andp therefore, thstpressure force dif the tarrert he
waf er hol di ng head applied to the wafer (ﬁol I shi n% 10 apparatus in Fig. 1,
Fig. 3 is a bl @kisdirapsmitted tashe awafey 30 dhronghy the pressure pir layer. Thewaf er

pol i shing appar‘%fg? 5i0nisF1i)196sseld against the polishing cloth 16 by the pressure force
transmitted through the pressure air layer.

5 The wafer holding head 14 controls the pressure force against the
carrier 24 to move the carrier 24 vertically, and controls the polishing
pressure of the wafer 50 (the force for pressing the wafer 50 against the
polishing cloth 16). For this reason, the control of the polishing pressure '
is easier than the control of the polishing pressure of the wafer 50 by

10 directly controlling the pressure of the pressure air layer. In other words,
the wafer holding head 14 is able to control the polishing pressure of the
wafer 50 by controlling the vertical position of the carrier 24. The air,
which is jetted through the air supply passages 48, is discharged through a
vent (not shown) which is formed in the polished surface adjustment ring

15 28.

A number of air/water supply passages 52 (Fig. 2 shows only two
of them) are formed in the carrier 24, and their jetting holes are formed in
the bottom of the carrier 24. The air/water supply passages 52 extend to
the outside of the wafer holding head 14 as indicated by long and short

20 alternate lines in Fig. 2, and each passage 52 is divided into two branches
with use of a valve 54. One branch connects to the air pump 40 through
a regulator 38D, and the other branch connects to a water pump (WP) 56.
If the valve 54 opens the branch at the air pump 40 side and closes the
branch at the water pump 56 side, the compressed air is supplied from the

25  air pump 40 to the air chamber 51 through the air/water supply passages
52. If the valve 54 is switched to close the branch at the air pump 40 side

- and opens the branch at the water pump 56 side, then the water is supplied



Fig. 4 is a view of assistance in explaining the polishing pressure
which is applied to the wafer fromthe polishing cloth when the pressure 15

force of the polished surface adjustnent ring is small; Fig. 5
i s‘a view of assistance in explaining the polishing pressure which is
applied to the wafer fromthe polishing clld#th when the pressure force
of the polished surface adjustnent ring is great; Fig. 6 is a
vi ew of assistance in explaining the polishing pressure 20 which is applied
to the wafer fromthe polishing cloth when the pressure force of the

pol i shed surfa ' dg&c\;g . ' : y ai
Fig. 7is a Seg{blrggg?%‘{ll e ﬁllﬁlplr%troztthlé%rt aelﬁgée}(r:%gg{rgyrg% |rr%1r€{w%t1¢ rtS'}%ply
waf er hol di ng hashges 52. Fig. 8 is a longitudinal sectional view
illustrating the third 25 enbodi nent of the wafer hol ding head;
Fig. 9 is a sectional nibherisheets30 és amrgngéd:bétweenhthendarrienB4tandf thettead
8 waf er hol di ng head; -

body 22. The rubber sheet 30 is a disc with a uniform thickness. The

5 rubber sheet is fixed to the bottom of the head body 22 with support of an
annular stopper 58. The rubber sheet is divided into a central part 30A
and an outer peripheral part 30B with the stopper 58 being a boundary.
The central part 30A of the rubber sheet 30 functions as an air bag which
presses the carrier 24, and the outer peripheral part 30B functions as an air

10  bag which presses the polished surface adjustment ring 28.

A space 60 is formed below the head body 22, and the space 60 is
sealed by the central part 30A of the rubber sheet 30 and the stopper 58.
The air supply passage 36 communicates with the space 60. When the
compressed air is supplied into the space 60 through the air supply passage

15 36, the central part 30A of the rubber sheet 30 is elastically deformed
under the air pressure to press the top of the carrier 24. Thus, the wafer
is pressed against the polishing cloth 16. Adjusting the air pressure with
the regulator 38B controls the pressure force (polishing pressure) of the
wafer 50.

20 The cylindrical guide ring 26 is coaxially arranged below the head
body 22. The guide ring 26 is fixed to the head body 22 through the
rubber sheet 30. The polished surface adjustment ring 28 is arranged
between the guide ring 26 and the carrier 24. A retainer ring 62 is
attached to the inner periphery of the lower part of the polished surface

25 adjusting ring 28.

The retainer ring 62 is made of a softer material such as rubber and

resin than the polished surface adjustment ring 28. For this reason, the



Fig. 10 is a plan viewillustrating the fifth enbodi nrent of the waf er
hol di ng head; and Fig. 11 is a longitudinal sectional view
illustrating the fifth 5 enbodi nent of the wafer hol di ng head.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Thi s
invention will be explained in further de2ail by way of exanple with
reference to the acconpanyi ng draw ngs. Fig. 1 shows the entire
structure of a wafer polishing apparatus 10 according to the present

i nventi on. As shown in Fig. 1, the wafer polishing apparatus 10

i's provided wafer(0 is Aot damaped weher ti tafer5 o iatd ¢oligied with tHee turn

table 12 is di sc-shaped, "and a polishing cloth 16 is attached on the
top of the tuetainer ring®d.e 12. "A spindle 18 connects to the bottom of the
turn table 12 and an 15 output shaft_ (not shown) of a notor 20. Driving
the motor 20 rot at ¢snangular spacefd is formed atithe dower puies pesipberyiof dhed by

B A
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wafer is polighgflied into the space 64 tiroughithe air Patgagddu e et pefipheral ew of

t he waf er hol ding head 14.

part 30B of the rubber sheet 30 is elastically deformed under the air
pressure to press the annular top of the polished surface adjusting ring 28.
10 This presses the annular bottom (contact surface) 29 of the polished
- surface adjusting ring 28 against the polishing cloth 16. Adjﬁsting the air
pressure with the regulator 38A controls the pressure force of the polished

surface adjustment ring 28.
The wafer holding head 14 is provided with a stock removal

15 detector which detects a stock removal of the wafer 50 in polishing. The
stock removal detector consists of a sensor 70, which ié composed of a
core 66 and a bobbin 68, and non-contact sensors 72. A CPU (see Fig. 3)
74 is provided outside the wafer holding head 14, and the CPU 74
calculates a detected value which is detected by the sensors 70, 72.

20 In Fig. 2, the sensor 70 is a differential transformer, and the bobbin
68 of the differential transformer is attached to the end of an arm 76 which
extends toward a rotary shaft of the wafer holding head 14 from the inner
surface of the polished surface adjustment ring 28. The core 66 of the
sensor 70 is provided at such a position that a central axis of the core 66 is

25 coaxial with the rotary shaft of the wafer holding head 14. The sensor 70
detects a vertical movement amount of the carrier 24 with respect to the

contact surface 29 of the polished surface adjustment ring 28, and also



The wafer hol ding head 14 is conprised mainly of a head body 22, a 25
carrier 24, a guide ring 26, a polished surface adjustnent ring 28, and a
9 * rubber sheet 30. The head body 22 is disc-shaped, and a notor (not
shown) connected to a rotary shaft 32 rotates the head body 22 in the
direction indicated by an arrow B. Air sppply passages 34, 36 are

formed in the head body 22. The air supply passage 34 extends to the 5
outside of the wafer holding head 14 as indicated by | ong and short
alternate lines in Fig. 2. The air supply passage 34 connects to an air
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Egmﬁ((:ts:to:) aqgrrg ﬂﬁgtor O@.Rf‘%téggégu-gﬁtg(?” Eumycepggﬁgg&lihgnga%%er 24
i s shaped su
bel ow  he heabBolssBec o\t shrfie Y e plisinhZcloh 16°7H BobvE TERIT
carrier 24, ?gf;anCt BCa¥fer’, %ﬂtmb%ﬂ@ﬁrlﬁ@&@é&mm the peocswes7hoard 42.

An air chanber orned over the porous board and the air
chanber 27 connect sThi énsdr 70 is ablet tmm@ﬂy&b@eeﬂtb&cﬁuﬂd rémoval of the
5 wafer 50. In this embodiment, however, the detected value detected by
the sensor 70 is corrected by the detected values detected by the sensors
72 so as to obtain the correct stock removal of the wafer 50.

The sensor 72 is a non-contact sensor such as a capacity sensor, a
detecting surface 72A of the sensor 72 is flush with the bottom of the
10 porous board 42. The detecting surface 72 detects the distance from the
" detecting surface 72A to the top of the wafer 50 to thereby detect a

variable in thickness of the pressure air layer (the air chamber 51)
The CPU 74 in Fig. 3, which generalizes and controls the wafer
polishing apparatus, adds the variable in thickness of the pressure air layer
15 detected by the sensors 72 to the movement amount of the carrier 24
detected by the sensor 70. In other words, the CPU 74 calculates the
stock removal of the wafer 50 from the variable and the movement amount
with respect to a previously-stored reference value. For instance, if the
movement amount detected by the sensor 70 is T1 and the average of the
20 variables detected by the sensors 72 is T2, the stock removal of the wafer
50 is calculated in accordance with the equation T1+T2. If the
movement amount detected by the sensor 70 is T1 and the average of the
variables detected by the sensors 72 is 0, the stock removal of the wafer 50
is calculated in accordance with the equation T1-0. If the movement
25 amount detected by the sensor 70 is T1 and the average of the variables
detected by the sensors is —T2, the stock removal of the wafer 50 is

calculated in accordance with the equation T1-T2. According to this



the carrier 24. The air suction passage 44 extends to the outside of the 15
waf er hol ding head 14 as indicated by Iong and short alternate lines in
Fig. ° 2, and it connects to a suction punp (SP) 46. Driving the suction
punp 46 causes the porous board 42 to absorb the wafer 50 to the

bott om_t her eof . The porous board 42_has a nunber of vent holes
therein, and it is, for exanpl e, a dént ered body of a ceramc
material. 20 . A nunber of air supply passages 48, 48 ... are forned
in the bottom of the carrier 24 (Fig. 2 shows only two air supply
passages) . The air supply passages 48 extend to the outside of the

waf er hol di ngefiBadiment, sifceathe sidckaerbviay is ealzudatdd fromtthelaziabdé andi nes
in Fig. 2, and the air supply passages 48 connect_to the air punp 40
via a regul atthe ffR@ennt mheunt idetested ynthessensorsi70y 12, it e possipledeed air
I's supplied fromthe air punp 40 to_an air chanber, 51 between the
porous boar d deteghtha ptock remayal of the theaﬁjhceﬂectiyr BPYLIp §CE 48.

-{Bi s forms a fhickness o 1i:hre wafer subject for polishing is found previously, it is also
5 possible to detect a relation between the polished surface of the wafer 50
and a collapsing position of the polished surface adjustment ring 28 with
respect to the polishing cloth 16. Thus, the pressure force of the polished
surface adjustment ring 28 can be adjusted correctly.
Prior to an explanation of the operation of the wafer polishing
10  apparatus 10, a description will be given of a pre-setting work for setting
the pressure force of the polished surface adjustment ring 28 at a proper
value.
First, the polished surface adjustment ring 28 comes into contact
with the flat surface of the reference member, and the wafer 50 is pressed
15 against the flat surface of the reference member through the pressure air
layer. At this time, the reference position of the polished surface
adjustment ring 28 with respect to the carrier 24 is obtained in the state
wherein the position of the polished surface adjustment ring 28 with
respect to the carrier 24, which is detected by the sensor 70, is 0.
20 Next, the polishing state of the wafer 50 is confirmed when the
polished surface adjustment ring 28 is pressed against the polishing cloth
16 under a preset pressure force, thus acquiring a collapsing position of
the polished surface adjustment ring 28 with respect to the polishing cloth
16 when the wafer 50 is uniformly polished.
25 Figs. 4-6 are views of assistance in explaining a polishing pressure
which is applied from the polishing cloth 16 to the wafer 50 when the

collapsing position of the polished surface adjustment ring 28 with respect



| ayer in the air chanber 51, and, therefore, the pressure force of the

carrier 24 is transmtted to the wafer 50 through the pressure air
| ayer.© The wafer 50 is pressed against the polishing cloth 16 by the
pressure force transmtted through the pressure air layer. 5

The wafer hol ding head 14 controls the pressure force against the

carrier 24 to nove the carrier 24 vertiddfl Iy, and controls the polishing
pressure of the wafer 50 (the force for pressing the wafer 50 against the
polishing cloth 16). For this reason, the control of the polishing pressure
I's easier than the control of the polishing pressure of the wafer 50 by 10

directly con ' : %F&%P e pressure air layer. In other
wor ds, :tﬁgi]%/\/gﬁg?ﬁ%g @Pﬁgiﬁgi geps able to control the polishing
pressure of the Fig."\@fsﬁé\\:,\vﬁ_f@h@ppﬁsmh Pressnge Whenvhe collapsingpasition of t he

[ ich is jelted thrg;gh the air supply passages

carrier 24. The air, ! !
48, is di schahgemblishedsyinfare adjustment ring>28 dhsubytantinlly onstireosurgecs of t he

pol i shed surface adjustnment ring 15 utgber .of aj.r/water
I

28. A

suppl y passaghe mdishing .Cth_hsl@v@ othey WoRgs, When_oﬂletﬂ’féﬁ*i‘lfgr ¢oinemaily ¢ he
carrior 28 Thee i thoamall rapns toie abthe eiberustacs adftstink PEE8 o°
th fer hol din d LG Gat -

lines in Fi 3_ag'?ffﬂ%tﬁg‘é‘@&ﬁhﬁg%g@gﬁ&ﬁ&sﬁ%lﬁvlﬁ@ggﬁlﬁtlo%“ﬁ%s ey e L
use of a val ‘éﬂ)zgﬁocf ﬁ}::evs}ﬁ'f 50, & peribAe SOAI 6f B Wafér 5019 yolished @

regul ator 38 e ot her branc onhect's to a water punp (WP) 56.

I f the val ve ﬁﬁcﬁﬁﬁaﬁmﬁtﬁémmg he air punp 40 side and cl oses the
branch at the water punp 56 side, the conpressed air is supplied fromthe

25 air punp 40 t dFighs showsctherpiodishiBig pressurg whensthei collapsing pesitiery of
Passages 0 the polished surface adjustment ring 28 is deep into the polishing cloth 16,
in other words, when the pressure force is great. In this case, due to the
excessive pressure force of the polished surface adjustment ring 28 against
the polishing cloth 16, the polishing cloth 16 does not come into contact
with the periphery 50A of the wafer 50, and the periphery SOA of the
15 wafer 50 is not polished.
Fig. 6 shows such a collapsing position of the polished surface
adjustment ring 28 as to cause the polishing cloth 16 to come into contact
with the periphery 50A of the wafer 50 and prevent the polishing cloth 16
from rising at the periphery 50A of the wafer 50. According to this
20 collapsing position, the polishing pressure which is applied from the
polishing cloth 16 to the wafer 50 is uniform, and the entire surface of the
wafer 50 is uniformly polished. At this time, the air pressure is read from
the regulator 38A, and the air pressure is stored in RAM 75 of the CPU 74.
To polish the wafer 50, the air pressure is read from the RAM 75, and the
25 CPU 74 controls the regulator 38A so as to maintain the air pressure.

The presetting work is completed.

A description will be given of the operation of the wafer polishing
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board 42.

Next, the wafer holding head 14 is moved down and stopped at a
position where the contact surface 29 of the polished surface adjustment
ring 28 of the wafer holding head 14 contacts the polishing cloth 16.
Then, the suction pump 46 is stopped to release the absorption of the
wafer 50, and the wafer 50 is placed on the polishing cloth 16.

Then, the air pump 40 is run to supply the compressed air into the

~ air chamber 51 through the air supply passage 48, thereby forming a

15

20

25

pressure air layer in the air chamber 51.
Then, the compressed air is supplied from the air pump 40 to the
space 60 through the air supply passage 36, and the central part 30A of the

rubber sheet 30 is elastically deformed under the inner air pressure to press

the carrier 24. The wafer 50 is pressed against the polishing cloth 16

through the pressure air layer. The regulator 38B adjusts the air pressure
to thereby control the inner air pressure at desired air pressure, so that the
pressure force (polishing pressure) of the wafer 50 against the polishing
cloth 16 can be uniform.

The compressed air is supplied from the air pump 40 into the space
64 through the air supply passage 34, and the outer peripheral part 30B of
the rubber sheet 30 is elastically deformed under the inner air pressure to
press the polished surface adjustment ring 28. Thus, the bottoms of the
polished surface adjustment ring 28 and the retainer ring 62 are pressed
against the polishing cloth 16.

The regulator 38A adjusts the air pressure at an air pressure stored



The air supply passage 36 comuni cates with the space 60. Wen the
conpressed air is supplied into the space 60 through the air supply passage
15 36, the central part 30A of the rubber sheet 30 is elastically deforned
under the air pressure to press the top of the carrier 24. Thus, the wafer
I's pressed against the polishing cloth 1? Adjusting the air pressure with
the regul ator 38B controls the pressure Zrce (polishing pressure) of the

waf er 50. 20 The cylindrical guide ring 26 is coaxially arranged
bel ow t he head body 22. The guide ring 26 is fixed to the head body 22
through the rubber sheet 30. The polished surface adjustment ring 28
is arranged in theoRAMEN ofitheyGPIE 74 and e awl&apsm:g pasitiogrofthe polisbedi ner
ring 62 is attached to the inner periphery thelovver part f. the
pol i shed sur f swéaces adpsfroent Aggr 24 ds set so that the POhS ing Pressuze mehichiisg 62

is made of a soffte

pol i shed surf%Bléh%djjfnat by alql}sﬁbnﬁﬁfoég&bf% lge W(?;Eroﬁo rct%ﬁl e Wnftdrhy" (see

12 Fig. 6). The regulator 38A keeps the air pressure constant.

5 The polishing pressure is set through the external input apparatus
80 in Fig. 3. Then, the turn table 12 and the wafer holding head 14 are
rotated to start polishing the wafer 50. The external input apparatus 80
can set the polishing pressure just before polishing or in advance.

The sensors 70, 72 and the CPU 74 calculate the stock removal of

10 the wafer 50 during the polishing. When the calculated stock removal

| reaches a preset target value, the CPU 74 outputs a polishing end signal to
stop the wafer polishing apparatus, and the polishing of the first wafer 50
is completed. The above-described steps are repeated to polish the
subsequent wafers 50.

15 As stated above, in this embodiment, the wafer 50 is polished in
the state wherein the collapsing position of the polished surface
adjustment ring 28 is set so that the polishiﬂg pressure which is applied the
polishing cloth 16 to the wafer 50 can be constant. For this reason, the
entire surface of the wafer 50 can be polished uniformly.

20 An optimum collapsing position of the polished surface adjustment
ring 28 varies according to the hardness of the polishing cloth 16.
Specifically, in the case of the hard polishing cloth 16 made of
polyurethane, the collapsing position of the polished surface adjustment
ring 28 is set equal to the height of the polished surface of the wafer 50.

25 To the contrary, in the case of the soft polishing cloth 16 made of
polyurethané and sponge, the collapsing position of the polished surface

adjustment ring 28 is set closer to the turn table 12 than to the height of the



wafer 50 is not damaged when the wafer 50 cones into contact with the

retainer ring 62. An annul ar space 64 is forned at the | ower
outer periphery of the head body 22, and the space 64 is tightly

cl osed by the head body 22, the 5 outer periphery 30B of the rubber sheet
30, or _the like. The air supply pasjgage 34 connects with the space 64.
When the conpressed air is supplied into the space 64 through the air
passage 34, the outer peripheral part 30B of the rubber sheet 30 is

el astically defornmed under the air pressure to press the annular top

of the polishe urface adj usfing rdn 8. P e ar
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in pol | shi ng.poﬁgﬁin clotbtléck renoval detector consists of a sensor 70,
which is conposed of a_ =~ core 66 and a bobbin 68, and non-contact
sensors 78. A CPU Fge 7riig.a dpngitudinah sectippalyviesw Blwstatingt the weeend

hol di ng head 14, and the CPU 74 . cal cyl ates detected val ue ich is
det ected by tembedimentoithe vmf_erbgldmg%eaa 12 ‘n ﬁ?ﬁs S‘f‘,‘ﬁﬁrht@ feort
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is provided at suchy@di@iig i the Raife hoRiths Headxi4Adh Fige 7 ahe capacisy 25
coaxial with the rotary shaft of the wafer holding head 14. The sensor 70

10 sensor 82 is attached to the arm 76 of the polished surface adjustment ring

~ 28, and the capacity sensor 82 detects a relative displacement of the carrier

24 and the polished surface adjustment ring 28 to thereby detect the

collapsing position of the polished surface adjustment ring 28 with respéct

to the polishing cloth 16. If the capacity sensor 82 in Fig. 7 is used

15 instead of the sensor 70 (the differential transformer) in Fig. 2 as stated

above, it is possible to detect the collapsing position of the polished.
surface adjustment ring 28 with respect to the polishing cloth 16.

Fig. 8 is a longitudinal sectional view illustrating the third

embodiment of the wafer holding head 14B. Parts similar to those of the

20 wafer holding head 14 of the first embodiment in Fig. 2 are designated by

the same reference numerals, and they will not be explained.

The wafer holding head 14B in Fig. 8 is constructed in such a way

that a small groove 78A is formed at the outer periphery of the carrier 24

and a differential transformer 84 is arranged in the groove 78A, so that the

25 wafer holding head 14B can detect the relative displacement of the carrier

24 and the polished surface adjustment ring 28. In the diffe_rential

transformer 84, a bobbin 86 is provided at the end of a relatively-short arm



detects a vertical novenment anount of the carrier 24 with respect to the
contact surface 29 of the polished surface adjustnent ring 28, and al so

13 ) detects a collapsing position of the polished surface adjustnent
ring 28 with respect to the surface of the polishing cloth 16. A groove
78 is _ formed in the carrier 24, and the arm76 is inserted into the
groove 78. The sensor 70 is gple to roughly detect the stock
renmoval of the 5 wafer 50. In this enbodi nent, however, the detected val ue
detected by the sensor 70 is corrected by the detected val ues detected
by the sensors 72 so as to obtain the correct stock renoval of the

ﬁ_ﬁfpgéi ES' cendfé yhich Pt fhg hpr isths?TSHEEE A, RCTRA}sn3Y  Putied

th t tt . : . ie

detect s t he ARTYSmertFint o8 PEHPH o8 & froviddifat MR A Mdeit the |
wafer 50 to t&iﬁ%?éhtiéi%ﬁ%foﬂner 84 ivpidvidédat thel bitek pediphery dfhtherdistir e air

| ayer (the air chanber 5
24 as stated above, it is possible to detect the collapsing position of the

5 polished surface adjustment ring 28 with respect to the polishing cloth 16.

Fig. 9 is a longitudinal sectional view illustrating the fourth
embodiment of a wafer holding head 14C. Parts similar to those of the
wafer holding head 14 of the first embodiment in Fig. 2 are designated by
the same reference numerals, and they will not be explained.

10 . The wafer holding head 14C in Fig. 9 is constructed in such a way
that a Hall sensor (a magnet sensor) 90 is attached to the arm 76 of the
polished surface adjustment ring 28 and a magnet 92 is attached to the
surface of the carrier 24 at the opposite side of the Hall sensor 90. The
wafer holding head 14C detects the relative displacement of the carrier 24

15 and the polished surface adjustment ring 28 in accordance with a Hall
voltage output from the Hall sensor 90, thereby detecting the collapsing

~position of the polished surface adjustment ring 28 with respect to the
polishing cloth 16. If the Hall sensor 90 in Fig. 9 is used instead of the
sensor 70 (the differential transformer) in Fig. 2 as stated above, it is

20 possible to detect the collapsing position of the polished surface
adjustment ring 28 with respect to the polishing cloth 16.

In the first, second, third and fourth embodiments, the differential
transformer, the capacity sensor and the Hall sensor are used for the
position detecting means, but the present invention should not be restricted

25 to them. For instance, a non-contact sensor such as an eddy current
sensor, an ultrasonic sensor, and a laser sensor (a light wave interference

apparatus) may be used, and a linear scale composed of a scale and a



The CPU 74 in Fig. 3, which generalizes and controls the wafer _
pol i shing apparatus, adds the variable in thickness of the pressure air
| ayer 15 detected by the sensors 72 to the novenent anount of the carrier

24 detected by the sensor 70. In other words, the CPU 74 cal cul ates
t he . stock renoval of the wafer 50 f2@mthe variable and the novenent
anount Wth respect to a previously-stored reference val ue. For

i nstance, if the novenent anount detected by the sensor 70 is Tl and

the average of the 20 variables detected by the sensors 72 is T2, the

stock renova Plﬁtoidmowah@y also beSiseds dflthe/lsehRdis! ?ro%&é’ﬁ qﬁ'i‘ﬁé‘ i%ﬂedi 0 is

equation T1+ If the novenment anount detected by the s nsor

Tl and the asurfage adjustment ring \2& andiths pietesensor ishith eeadsntier scal@ i s O,
t he stock renoval . of the wafer 50 is calculated in accordance with the
equat i on T1- (royided,at ﬂiﬁ/@#ﬁmZﬁsth&@QUﬂpsmﬁtmtmnbfzthmpoheh@cbsuﬁfaces T1

oD e e Sl A B B dtecealt S0 o0 B, e sensors s T2 (e
iguat ton F1-T2. AcqRpd469s b%ibll'View illustrating the fifth embodiment of a wafer
holding head 114, and Fig. 11 is a longitudinal sectional view taken along
line 11-11 of Fig. 10.

The wafer holding head 114 in Fig. 11 is comprised mainly of a

head body 122, é carrier 124, a guide ring 126, a polished surface
10  adjustment ring 128, a retainer ring 130, a rubber sheet 132, a differential
- transformer 134 and a pressing member 136.

The head body 122 is disc-shaped, and a rotary shaft 238 connects
to the top of the head body 122. The head body 122 is rotated in the
direction of an arrow B by a motor (not shown) which connects to the

15  rotary shaft 138. Air supply passages 140, 144 are formed in the head
body 122. The air supply passage 140 extends to the outside of the wafer’
holding head 114 as indicated by long and two short alternate lines in Fig.
11. 'The air supply passage 140 connects to an air pump (AP) 148 via a
regulator (R) 146A. The air supply passage 144 also extends to the

20 outside of the holding head 114. The air supply passage 144 connects to
the air pump 148 via a regulator 146C.

The carrier 124 is shaped like a column, and it is coaxially
arranged below the head body 122. A concave 125 is formed at the
bottom of the carrier 124, and the concave 125 contains a permeable

25 porous board 150. " The porous board 150 connects with air passages 152
which are formed in the carrier 124. As indicated by long and two short

alternate lines in Fig. 11, the air passages 152 extend to the outside of the



enbodi ment, since the stock renoval is calculated fromthe variable and

t he novenent anmount detected by the sensors 70, 72, it is possible to
detect the stock renoval of the wafer 50 correctly. Mreover, since the

t hi ckness of the wafer subject for polishing is found previously, it is
also 5. possible to detect a relation bé&dMeen the polished surface of the

waf er 50 and a coll apsing position of the polished surface adjustnent
ring 28 with respect to the polishing cloth 16. Thus, the pressure
force of the polished surface adjustnent ring 28 can be adjusted

correctly. holding head 114, d ﬁl@g%nﬁé@ﬂ t%“@&ﬁ&fbﬁ&}ll}u{ﬁ?bsgﬁefﬁ. | qsgegng he

waf er polishing 1 apparatus 10, a description given 0
pre-setting whe kuttion ricip 196 causes ke Wafes 154 tbdie sbsvrbéd ¢o RRE ipd6es
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pol i shed sur ftmaed ddj0sst Feertporousy bogrd: d68shasna mumiperacf vent holest thetdia, f | at
surface of the reference nber, %nd the wafer 50 is pressed.15 agai nst
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the polished surface adjustment ring 28 with respect to the polishing cloth
Driving the air pump 148 causes the compressed air to be jetted from the

10  air pump 148 into a space 156 through the air supply passages 178. This
- forms a pressure air layer in the space 156, through which the pressure
force is transmitted from the carrier 124 to the wafer 154. The wafer 154
is polished while it is pressed against the polishing cloth by the pressure
force transmitted through the pressure air layer.

15 On the other hand, a disc-shaped rubber sheet 132 with uniform
thickness is arranged between the head body 122 and the carrier 124.
The rubber sheet 132 is fixed to the bottom of the head body 122 with
support of annular stopper 158. The rubber sheet 132 is divided into a
central part 132A and an outer peripheral part 132B with the stopper 158
20 being a boundary. The central part 132A functions as an air bag which
presses the carrier 124, and the outer peripheral part 132B functions as an

air bag which presses the polished surface adjustment ring 128.
The air supply passage 140 connects with the air bag 162 which is
specified by the central part 132A of the rubber sheet 132. When the
25 compressed air is supplied to the air bag 162 through the air supply
passage 140, the central part 132A of the rubber sheet 132 is elastically

deformed under the air pressure to press the top of the carrier 124. This



16 when the wafer 50 is uniformy polished. 25 Figs. 4-6 are
views of assistance in explaining a polishing pressure which is
applied fromthe polishing cloth 16 to the wafer 50 when the

col | apsi ng position of the polished surface adjustnment ring 28 with respect

15 to the polishing cloth 16 is changed. Fig. 4 shows
the polishing pressure when the coll apsi posi tion of t he polished
surface adjustnent ring 28 is substantiéﬁ?y on the surface of t he

polishing cloth 16, in other words, when the pressure force is small. 5

Due to the small pressure force of the polished surface adjust rrent ring 28
agai nst the polishing cloth 16, the polishing cloth 16 rises at the

peri phery preSses thie waﬁervoaiﬂeagmst thedpelishipg ralpthel16. SOAdB#St’&flgethﬁaﬁlér 50
is polished much, pore t lan t he ot her 5 shows

the pol i shi ngpressrenwish\the feg étoé’cll“l%EpﬂgggcfglFtHrﬁuB? force (the POﬁSh
pressure) of the wafer 154.

The guide ring 126 is shaped like a cylinder, and it is coaxially
5 arranged below the head body 122. The guide ring 126 is fixed to the
head body 122 via the rubber sheet 132. A polished surface adjustment
ring 128 is arranged between the guide ring 126 and the carrier 124. A
retainer ring 130 is attached to the outer periphery of the carrier 124
within the polished surface adjustment ring 128, and the retainer ring 130

10 - prevents the wafer 154 from springing out.

An annular air bag 164 is specified by the outer periphefal part
132B of the rubber sheet 132, and the stopper 158 is formed at the lower
peripheral part of the head body 122. The air bag 164 connects to.the air
supply passages 144. The supply of the compressed air to the air bag 164

15 through the air supply passage 144 elastically deforms the outer peripheral
part 132B of the rubber sheet 132 under the air pressure to thereby press
an annular top surface 128A of the polished surface adjustment ring 128.
An annular bottom surface (contact surface) 128B of the polished surface
adjustment ring 128 is pressed against the polishing cloth 116. Adjusting

20 the air pressure with the regulator 146C controls the pressure force of the
polished surface adjustment ring 128.

The pressing member 136 is arranged between the carrier 124 and
the polished surface adjustment ring 128. The pressing member 136
consists of bodies 136A, support arms 136C, and legs 136D. The three

25 support arms 136C and the three legs 136D of the pressing member 136
are formed as a unit at regular intervals as indicated by dotted lines in Fig.

10. The number of legs 136D is not restricted to three, but it may be



10 the polished surface adjustnment ring 28 is deep into the polishing
cloth 16, in other words, when the pressure force is great. In this
case, due to the” =~ “excessive pressure force of the polished surface

adj ustment ring 28, .a6a1,R5t een Replabdd® PO! i shing cloth 16, the polishing c|50th

16 does not cone i A W th e periphery 504 .
and t he peri phery a m E H waf er I's not poli Sheiﬂ'r
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A description will be given of the operation of tThe wafer polishing

polishing cloth 116, which is in contact with bottom surfaces 137 of the
legs 136D, is flattened by the contact surface 128B of the polished surface

adjustment ring 128, and this prevents the vertical vibration of the pressing
member 136 due to the unevenness of the polishing cloth 116.
10 The base material of the pressing member 136 is umber, whose
 coefficient of thermal expansion is so small as to prevent the thermal
expansion caused by the polishing heat. The bottom 137, which is
pressed against the polishing cloth 116, is coated with diamond in order to
prevent it from being polished by the polishing cloth 116. The bottom
15 137 may also be made of a material (e.g. ceramic) which is smaller in the
machining rate than the wafer 154.

On the other hand, the differential transformer 134 is provided at
the end of the support arm 136C of the pressing member 136, and the
differential transformer 134 detects the collapsing position of the polished

20 surface adjustment ring 128. The differential transformer 134 consists of
a core 170, a bobbin 172, and a contact 174. The bobbin 172 connects to
an arithmetic unit (not shown), which calculates the collapsing position in
accordance with the vertical movement amount of the bobbin 172 and the
core 170. The bobbin 172 is fixed to the end of the support arm 136C of

25 the pressing member 136, and the core 170 is arranged in the bobbin 172
in such a way as to move vertically with respect to the bobbin 172. A

rod 176 is coaxially fixed at the bottom of the core 170, and the contact



16 apparatus 10 which is constructed in the above-nenti oned manner.
First,. the wafer holdit ng head 14 i's'noved up, and then the suction

punp 46 is run to fer 50 subject for poli or ous
board 42. fhs we SRS er holdlng head -ngi Adlowayand

st opped at a ”' the contact surface “Eipl i shgd
surface adjustnent f t he er hol ding head 14 conta t he
polishing cloth 16. Then the suction punp 46 is stopped to rel ease

t he absorption of the waf er 50, and the wafer 50 is placed on the
polishing cloth 16. 10 Then, the air punp 40 is run to supply the
conpressed all74iist fixedeto the battomcemdriodr the1rad1d6gh Thieecantacts UPbliy inassage
48, thereby form ng a pressure air layer in the air chanber 51.

Then, the cofprtactadtihthe ¢asTienp24i ed fromthe air punp 40 to the space

o0 bhroudh e ! rRHARY e Bt Ceiitbrer R Rl 1 Gt ° 1°
Cloth 16 CETSheRoNARsing RulITr bf P pOURREE RErta AP MABPEATRE 128 <O, e
pr esour o, 5o L FesRct B8 R L e g o s et er
50 agai nst t kere270didthe8oblih A72. 16As s pelishinggsrateeds, the position dfhe
conpressed air is supplied fromthe air punp 40 Into the space
through the the canpiet 1 24ashanges3withanespebt touther pplishipgeclath 1316t 3013 of
collapsing position of the polished surface adjustment ring 128, in other
words, the air pressure applied to the polished surface adjustment ring 128
10  is initialized prior to polishing, and thus, the collapsing position can be
fixed even if there is a change in position of the carrier 124 with respect to
the polishing cloth 116.
In Fig. 11, the collapsing position is detected with the carrier 124
being a basis. When there is a change in position of the carrier 124 with
15 respect to the polishing cloth 116, the collapsing position cannot be
detected correctly. The position of the carrier 124 with respect to the
polishing cloth 116, however, hardly changes according to the air pressure
of the pressure air layer in the space 156. Thus, there is no problem if the
collapsing position is detected with the carrier 124 being a basis.
20 A description will be given of the operation of the wafer holding
head 114 which is constructed in the above-mentioned manner.
The wafer holding head 114 is moved up first, and the suction
pump 176 is driven to absorb the wafer 154 subject for polishing to the
porous board 150.
25 Then, the wafer holding head 114 is moved down and stopped at a
position where the contact surface of the polished surface adjustment ring

128 comes into contact with the polishing cloth 116. The suction pump



the rubber sheet 30 is elastically defornmed under the inner air pressure to
press the polished surface adjustnent ring 28. Thus, the bottoms of the 25
pol i shed surface adjustnment ring 28 and the retainer ring 62 are pressed
agai nst the polishing cloth 16. The regul ator 38A adjusts the
air pressure at an air pressure stored 25 _ o

17 in the RAM 75 of the CPU 74, and the collapsing position of the
pol i shed surface adjustnent ring 28 is set so that the polishing
pressure which is applied fromthe polishing cloth 16 to the wafer 50

Constant. 5 176 B%opped 65 ifleske th %?3@ *rgéla. Cte VA TR B el ©

fgre turn table 12 and the wafer

i nput appar atj$4 js placétPoh fhé blisiEng TI6HR

hol di ng head 14 arpe r ot gt ed t% start poI i shing the wafer 50. The
external input appdhetais @mp 148 ¢nudriveh fohsupyslyi thei REnpresssd'ad ig!Hhe bef or e
polishing or in advance. The sensors 70, 7 and the CPU 74

cal cul ate t hépacodR6rthrangh thefair passage 152 to thereby form a pressure air layer
5 inthe space 156. The control of the regulator 146D adjusts the supply of
the compressed air and sets the pressure P of the pressure air layer.
Specifically, the pressure P (P>W/A) is set to be higher than the pressure
which is found by dividing the pressure force W of the rubber sheet 132,
which presses the wafer 154 against the polishing cloth 116, by the area A
10 of the wafer 154. This prevents the pressure air layer from colliding with
~ the carrier 124, |
The compressed air is supplied from the pump 148 to the air bag
162 through the air passage 140, and the central part 132A of the rubber
sheet 132 is elastically deformed under the inner air pressure to thereby

15 press the carrier 124. The wafer 154 is pressed against the polishing
cloth 116 through the pressure air layer. The adjustment of the air
pressure with the regulator 146A controls the inner air pressure at a
desired pressure and maintains a uniform pressure force of the wafer 154
against the polishing cloth 116.

20 At the same time, the compressed air is supplied from the air pump
148 to the air bag 164 through the air supply passage 144, and the outer
peripheral part 132B of the rubber sheet 132 is elastically deformed under
the inner air pressure to thereby press the polished surface adjustment ring
128. The bottoms of the polished surface adjustment ring 128 and the

25  retainer ring 130 are pressed against the polishing cloth 116.

Then, the regulator 146C adjusts the air pressure to set the

collapsing position of the polished surface adjustment ring 128 so that the



10 the wafer 50 during the polishing. Wien the cal cul ated stock renoval
reaches a preset target value, the CPU 74 outputs a polishing end signal to
stop the wafer polishing apparatus, and the polishing of the first wafer 50
is conpl eted. The above-described steps are repeated to polish the
subsequent wafers 50. 15 As sta%gd above, in this enbodi nent, the
wafer 50 is polished in the state rein the coll apsing position of

t he polished surface adjustnment ring 28 is set so that the polishing
pressure which is applied the polishing cloth 16 to the wafer 50 can
be constant. For this reason, the entire surface of the wafer 50 can
be polished polishing pre@ure applied to the waférnifd byithepelishingalothi Lk6 odnt he
pol i shed surface adjustne %@§var|es according to the hardness
of the poli sHesnidpsan ﬂale regulat%éé&@ p$ $he aig DIeRSURRGNSANY; he har d

|'i shi loth 16 h l, | f
Phe. pol | Shed surf additpiiee fi, tufitabid 17958 g O&&E‘@Pgﬂﬂeaﬁﬁﬁ%éﬁ%h? of
th l'i sh d T a0t f
the Soft pol *ﬁ‘tngq§|53§%tﬂf’?“ﬁ{§§fhewaf&5l54 R R Bt £38° ©

col I apsi ng p%&l&ﬁlﬁfbsoﬂletdlécl@%mébﬁﬂoﬁt}{é wafer 154 dﬁﬁhgiidl‘ﬁﬂingf lafifl whHenS Set
closer to the turn table 12 than to the hei ght of

the calculated stock removal of the wafer 154 reaches the preset target

value, the differential transformer 134 outputs a polishing end signal to
stop the wafer polishing apparatus, and the polishing of the first wafer 154
is completed. The above-described steps are repeated to polish the
10  subsequent wafers 154.
| According to the wafer holding head 114 of the fifth embodiment,
the pressing member 136 is arranged outside the retainer ring 130, and this
prevents the wafer 154 from colliding with the pressing member 136
during polishing. It is therefore possible to prevent the pressing member
15 136 from vibrating due to the collision with the wafer 154. For this
reason, the stock removal of the wafer can be detected correctly.

The base material of the leg 136D of the pressing member 136, to
which the bobbin 172 of the differential transformer 134 is attached, is
umber whose coefficient of thermal expansion is so small as to prevent the

20 thermal expansion caused by polishing heat. The bottom 137, which is
pressed against the polishing cloth 116, is coated with diamond in order to
prevent the bobbin from moving from a reference position (the position of
a zero point). For this reason, the stock removal of the wafer 154 is
detected correctly.

25 Since the bottom 137 of the pressing member 136 comes into
contact with the polishing cloth 116 which is flattened by the polished

surface adjustment ring 128, the pressing member 136 is prevented from



18 pol i shed surface of the wafer 50. Specifically, the polished

surface adjustnent ring 28 is pressed into the polishing cloth 16. The
soft polishing cloth 16 rises at the edge of the wafer 50 higher than

t he hard polishing cloth 16. 5 Fig. 7 is a longitudina
sectional view illustrating the second 27 enbodi nent of the wafer holding
head 14A. Parts simlar to those of the waf er hol di ng head 14 of the
first enbodi nent are designated by the sane ref erence nuneral s, and
they will not be expl ai ned. According to the wafer hol ding head

pol i shea Sur iretie TBRTE Aie o°Re upltelriedd 4F THE prIRRAE £F6E 196” '"°

detects a re IV ' C t g ' i sped
surface adj u;II!t.llltdmghtB yﬁuhggi %8 {o t%lereé%rgﬁaég?ie@kg{rﬁ%r 134’%8§@€%%2§H§9%10§fti on
of the poliskesiwaifef 854 caslibesien@tted mote cdBredtlyh respect  to the
polishing cloth 16. If the capacity sensor 82°in Fig. 7 is used 15 instead

of the sensor 70 (Asesel foxthetreiabovensheorwefey polishimg appasates asfeche
above, it_is possible tqQ detect the collapsing position of the polished
surface adj upressmt inventiom palishes dbhp svafer dntthe giatei wheergjn cthet ¢ollapsing

Fig. 8 is a longjtudinal segtional viewi]lustrating the third
embodi ment ofPOF @W\/&ﬁfg&%d?@l% hegidaoe @djustment siing | with; sespest doothe he 20

L e . e By s

the polishing cloth to the wafer, can be uniform. Thus, it is possible to

prevent the concentration of the polishing pressure applied to the wafer

10 from the polishing cloth, and the entire surface of the wafer can be
- polished uniformly. |

It should be understood, however, that there is no intention to limit

the invention to the specific forms disclosed, but on the contrary, the

invention is to cover all modifications, alternate constructions and

15 equivalents falling within the spirit and scope of the invention as

expressed in the appended claims.



The wafer holding head 14B in Fig. 8 is constructed in such a way
that a small groove 78A is formed at the outer periphery of the carrier

and a differential transfornmer 84 is arranged in the g ﬂmﬂ"uﬁmamﬂm
the 25 wafer holding head 14B can detect the relative I he

carrier 24 and the polished surfac $?]ldj ustment rirfg 28.% 1h the*
differenti al transforner 84, a bob 86 is provided at the end of a
relatively-short arm 19

76A which projects fromthe inner surface of the polished surface
adjustment ring 28 _and a core 88 is provided at the carrier 24 side. If

t he dlffm‘im.ﬁm& 84 is provided at the outer periphery of
the carrier 24 as stated above, it is possible to detect the

col I apsing position of the 5 poI i shed surface adjustnent ring 28 with
respect to thelpoli shiwaferl polisiting apparatus whicki presSes @ avafengigaiiitnal

sectional viewillustrating the fourt enbodi nent of a wafer hol ding
head 14C. Par trotatimg [polishing i¢teth tof polish the surface of said wafer, said wafer
polishing apparatus comprising:
a carrier for holding said wafer and pressing said wafer against
said polishing cloth;
a polished surface adjustment ring which encloses the periphery of
said wafer and is pressed against said polishing cloth with said wafer;
pressing means for pressing said polished surface adjustment ring
against said polishing cloth;
position detecting means for detecting a collapsing position of said
polished surface adjustment ring with respect to said polishing cloth;
control means for controlling the pressure force of said pressing
means to set said collapsing position detected by said position detecting
means such that a polishing pressure applied to said wafer from said

polishing cloth is uniform.

2. The wafer polishing apparatus as defined in claim 1, wherein said
position detecting means is a differential transformer provided with a core
and a bobbin.

3. The wafer polishing apparatus as defined in claim 1, wherein said

position detecting means is a capacity Sensor.

4, A wafer polishing apparatus which presses a wafer against a

rotating polishing cloth to polish the surface of said wafer, said wafer



waf er hol ding head 14 of the first enbodinment in Fig. 2 are desi gnat ed-_by
the same reference nunerals, and they will not be explaine

The wafer holding head 14Cin Fig. 9 is constructed in sucHIH“WL“l““'lltl”m
a Hall sensor (a magnet sensor) 90 is attached to the arm

poli shed surface adjustment ring 28 angga magnet 92 is attached to the®
surface of the carrier 24 at the opposite side of the Hall sensor 90. The -
waf er hol di ng head 14C detects the relative displacenent of the carrier 24
15 and the polished surface adjustnment ring 28 in accordance with a Hall
vol tage output fromthe Hall sensor 90, thereby detecting the collapsing
posi tion cﬂOlﬂﬂBngcﬁHP@ﬁ%@lséiﬂmﬁﬂ‘émﬂdj ustment ring 28 with respect to the
polishing cloth 16. I-g se sor 90 in Fig. 9 is used instead of the
sensor 70 (the d"FFFE'l‘%I 310 »in Fig. 2 as stated above, it is
20 possible to ?tect .the col si t.ion _aof the. gg % urface
adj ust nent ring f?’és \BIFFFIPgsrBE@?S S%& sadd GRgTIET agginggsaid polishing I'n
the first, I%ﬁfond third and fourth errbodl ments, the differential

t ransfor rre? he capacity sensor and the Hall sensor are used for the

Pg:“: g{legetzgct![ tﬁﬁ@agofrayl ns{ganc §Ig&{r%lgln Cgf%%rgﬁgg %Y%%u?%@ﬁpz%yegn eddy
current twed1381d caftiet bhdse Gy BRRSRAd tiﬂéﬁngﬁﬂéﬁ%%cﬁé&r%%re( dedht

wave inter erence apparatus) may be us scale corrposed
of a scal efrafsl said first pressing means to said wafer through said pressure air

layer;

a retainer ring provided outside said carrier and preventing said
wafer from springing out of said carrier;

a polished surface adjustment ring provided outside said retainer
ring and comes into contact said polishing cloth with said wafer;

second pressing means for pressing said polished surface
adjustment ring against said polishing cloth;

position detecting means for detecting a collapsing position of said
polished surface adjustment ring with respect to said polishing cloth; |

control means for controlling the pressure force of said second
pressing means to set said collapsing position detected by said position
detecting means such that a polishing pressure applied to said wafer from

said polishing cloth is uniform.

5. The wafer polishing apparatus as defined in claim 4, wherein said
position detecting means is a differential transformer provided with a core
and a bobbin.

6. The wafer polishing apparatus as defined in claim 4, wherein said

position detecting means is a capacity sensor.



20 phot osensor may al so be used. If the scale is provided at. the. .__
pol i shed surface adjustnent ring 28 and t he photosensor which reads
the scale is provided -at the carrier 24, the coll aptlﬂﬂ”ﬂﬂﬂ“"lﬂﬂlﬂ“l
t he polished surface adjustnment ring 28 can be dete

Fig. 10 is a plan viewillustrating thgQfifth embodi ment of & waféet °

hol ding head 114, and Fig. 11 is a longitudinal sectional view taken al ong

line 11-11 of Fig. 10. The wafer holding head 114 in Fig. 11 is
conprised mainly of a head body 122, a carrier 124, a guide ring 126,
a polished surface 10 adjustnment ring 128, a retainer ring 130, a rubber
sheet 132, a differential transfornmer 134 and a pressing nenber 136.

{he top of 7t ho nibe Wots) AGEHISE aciRlels R, Aithdd § clfthy 4, WRSE}E said
ot ary shaftteibs Y 8, Bede (B ol mBRri ol S RGEA |l "

body 122. Qﬁ’fﬁ{ sy y passage 140 extends to the outside of the wafer
hol di ng hea as I'mMdi cated by long and two short alternate lines in Fig.
11. The air supply passage 140 connects to an air punp (AP) 148 via a
regul ator (R) 146A. The air supply passage 144 al so extends to the 20

outside of gt he hg| diyaferhpolisRie apparatus SHch YpRRSERGE wWdlfer CASMIAGE = t O
rotating polishing cloth to polish the surface of said wafer, said wafer
polishing apparatus comprising:

a carrier for holding said wafer;

first pressing means for pressing said carrier against said polishing
cloth;

pressure air layer forming means for forming a pressure air layer
between said carrier and said wafer and transmitting the pressure force
from said first pressing means to said wafer through said pressure air
layer;

a retainer ring provided outside said carrier and preventing said
wafer from springing out of said carrier; |

a polished surface adjustment ring provided outside said retainer
ring and comes into contact said polishing cloth with said wafer;

second pressing means for pressing said polished surface
adjustment ring against said polishing cloth;

a pressing member provided outside said retainer ring, said
pressing member coming into contact with said polishing cloth which was
pressed and flattened by said polished surface adjustment ring;

position detecting means for detecting a relative displacement of
said pressing member and said carrier, and detecting a collapsing position

of said polished surface adjustment ring with respect to said polishing



the air punp 148 via a regul ator 146C. The carrier-124-t+s--~——

shaped like a colum, and it is coaxially arranged bel

122. A concave 125 is formed at the bottom of the cari@ﬁlﬂﬂ@ﬁ!ﬂﬂﬂﬂfqﬂg \
concave 125 contains a perneable 25 porous board 150. The L b
connects with air passages 152 V\h#ih are formed in the carrier 124. As’
I ndi cated by |long and two short afternate lines in Fig. 11, the air

passages 152 extend to the outside of the

21 hol di ng head 114, and they connect to a suction punp (SP) 176.
Driving the suction punp 176 causes the wafer 154 to be absorbed to

t he porouscloth actorlidg 1oGaid felative displboement;50 has a nunber of vent holes
t herei n, and it s nade of, for exanple, a sintered body of ceramc
material. 5 control meansbfor controlling theypresssreydorce?6f (faid . secbndhows
two of them are formed at_the bottomof the carrier 124 at the

peri phery priessing paganssto set saishcallapsingTpesition defssted passaidepositi®next end

to the outside of the carrier 124, and connect, to the_air_ punp 148
t hrough a defgatinganeanssuch that a polishing pressure applied to said wafer from

said polishing cloth is uniform.

9. The wafer polishing apparatus as defined in claim 8, wherein said

position detecting means is a differential transformer provided with a core
and a bobbin.

10.  The wafer polishing apparatus as defined in claim 8, wherein said

position detecting means is a capacity sensor.

11. The wafer polishing apparatus as defined in claim 8, wherein said
pressing member is made of material which is difficult to expand
thermally, and a contact surface pressed against said polishing cloth is
coated with diamond or is made of ceramic in order to be prevented from

being polished by said polishing cloth.

12.  The wafer polishing apparatus as defined in claim 8, wherein said
retainer ring is made of softer material than said polished surface

adjustment ring.



Driving the air punp 148 causes the conpressed air to be jetted fromthe 10
air punp 148 into a space 156 through the air supply passages 178. This
forms a pressure air layer in the space 156, through which the pressure
force is transnmitted fromthe carrier 124 to the wafer 154. The wafer 154
is polished while it is pressed against the polishing cloth by the pressure

force transmtted through the pressure air layer. 15 On the other
hand, a di sc-shaped rubber sheet 132 with uniform t hi ckness is
arranged between the head body 122 and 3be carrier 124. The rubber
sheet 132 is fixed to the bottom of the head body 122 with support of
annul ar stopper 158. The rubber sheet 132 is divided into a central

part 132A and an outer peripheral part 132B with the stopper 158 20 being
a boundary. The central part 132A functions_as an.ail,fag which

presses the carrier 124, ABSTRAGILQL pod] PHSCAORARE 1358 functions as an
air bag which presses the polished surface adjustnent ring 128.

The ai I , ; . Coh
SpeciTied by 1he centr aN ARER PAALHS HINIE APPARATYS™ Wer® e 25
conpressed air is supplied to the air bag 162 through the air supply

passage 140, the central part 132A of the rubber sheet 132 is elastically

def ormed under the air pressuye to press the top of the carrjer, 124. This
A wafer 1s polished while it is pressed against a polishing cloth

through a pressure air layer, and a polished surface adjustment ring as well
as the wafer are pressed against the polishing cloth. The wafer is
polished in the state wherein a collapsing position of the polished surface
adjustment ring with respect to the polishing cloth is set in such a way that
the polishing pressure which is applied from the polishing cloth to the

wafer can be constant.

FIG. 2

heet Has Been Replaced

"l

THIS SHEET HAS BEEN
REPLACED




22 presses the wafer 154 against the poliéhing cloth 116. Adjusting

the air pressure with the regul ator 146A controls the pressure force
(the polishing pressure) of the wafer 154. The guide ring
126 is shaped like a cylinder, and it is coaxially 5 arranged bel ow t he
head body 122. The guide ring 126 is fixed to the head body 122 via
the rubber sheet 132. A polished surface adjustnent ring 128 is
arranged between the guide ring 126 ap g he carrier 124. A ret ai ner
ring 130 is attached to the outer peri h ry of the carrier 124 wi t hin
the polished surface adjustnent ring 128, and the retainer ring 130 10
prevents the wafer 154 from springing out. An annul ar air bag
164 is specified by the outer periqﬁeqawamﬂ' 132B of the rubber sheet
132, and the stopper 158 is formed at thé'lo : peri pheral part of the
head body 122. The air bag 164 connects to the air supply passages
144. The supply of the conpressed air to the air bag 1 15 through the
air supply passage 144 elastically deforns the outer{p’ pher al par.t
132B of the rubber sheet 132 under the air pressure to thereby press

an annul ar top-surface 128A of the polished surface adjustnent ring 128.
An annul ar bottom surface (contact surface) 128B of the polished surface
adjustnment ring 128 is pressed agai _ ool|sh|ng cloth 116. Adjusting




20" the air pressure with the regulator 146C controls the pressure force of

the . polished surface adjustment ring 128. The pressing
menber 136 is arranged between the carrier 124 and t he polished
surface adjustnent ring 128. The pressing nenber 136 consi sts of
‘bodi es- 136A, support arns 136C, and | egs 136D. The three 25 support arns
136C and the three | egs 136D of the Q{ggsing menber 136 are forned as
a unit at regular int al s as indica by dotted i ‘E}t Fig. 10.
The nunber of | not restricted to threge, A may be

23 cyli a manner to cover the 8 rounf eBefice of the

carrier 124. e body 136A of the ng menber 136 in Fig.
11 is arranged injan dpeni ng 129 which géf B i nj t he polished
surface adjustne&t ring 5328. The leg 13

I's arranged in ajhofe2 5formed in the polishé I acg\pdjustnent
ring 128. The surg: C%zt‘h'e- - O ' 1 -+ —
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polishing cloth 116, which is in contact with bottom surfaces 137 of the

| egs 136D, 'is flattened by the contact surface 128B of the polished surface
adj ustment ring 128, and this prevents the vertical vibration of the

pressi ng menber 136 due to the unevenness of the polishing cloth 116.
10 . The base material of the pressing nenber 136 is unber, whose
coefficient of thermal expansion is so snmall as to prevent the thernal
expansi on caused by the polishing heat. The bottom 137, which is

pressed against the polishing cloth 116, is coated with dianond in order to
prevent it from being polished by the polishing cloth 116. The bottom 15
137 may al so be made of a material (e.g. ceramc) which is snaller in the

70)

machining rate than the wafer 154. 3;q4 On the other hand, the
differential transforner 134 is provided at the end of the support arm
136C of the pressing nmenber 136, and the differential transforner 134
“detects the collapsing position of the polished 20 surface adjustnent ring
128. The differential transformer 134 consists of a core 170, a bobbin
172, and a contact 174. The bobbin 172 connects to an arithnetic unit
(not shown), which calculates the collapsing position in accor dance
with the vertical novenment anmounof t bobbig 172 nd the core 170.
The bobbin 172 is fixed to the ewd of t sup t apyn 136C of 25 the
pressi ng nenber 136, and the co 70 08 arranged igd the bobbin 172 in
such a way as to nove verticallly wgh|{respect tojthe b¢bbin 172. A rod
(not shown) is coaxially fixed [at the| botyomof {he coge 170, and the
cont act o o %é o
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24 : 174 is fixed to the bottomend of the rod. The contact 174 is
in . contact with the carrier 124. The user of the
differential transformer 134 nakes it possible.to detect the

col l apsi ng position of the polished surface adjustnment ring 128 5 wth
respect to the polishing cloth 116 by cal culating the positions of the
core 170 and the bobbin 172. As the polishing proceeds, the position of
the carrier 124 changes with respect to the polishing cloth 116. The

col l apsing position of the polished surface adjustnment ring 128, in other
words, the air pressure applied to thge Ilshed surface adjustnent ring
128. 10 is initialized prior to pollsﬁln and thus, the coll apsing

position can be fixed even if there is a change in position of the
carrier 124 with respect to thedgollshlng cloth 116. In
Fig. 11, the collapsing position is tdc(ﬁd Wth the carrier 124

‘being a basis. Wien there is a change in position of the carrier 124 with
15 respect to the polishing cloth 116, the collapsing position cannot be
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detected correctly. The position of the carrier 124 with respect to the
polishing cloth 116, however, hardly changes according to the air pressure
of the pressure air layer in the space 156. Thus, there is no problemif

t he col |l apsing position is detected with the carrier 124 being a

basi s.- 20 A description will be given of the operation of the
waf er hol di ng head 114 which is constructed in the above-nentioned
manner . . The wafer holding head 114 is noved up first, and the
suction punp 176 is driven to absorb the wafer 154 subject for
polishing to the porous board 150. 25 Then, the wafer

hol ding head 114 is noved down and stop%éb‘at a position where the
contact surface of the polished surface adjustnment ring 128 conmes into
contact with the polishing cloth 116. The suction punp

25 176 is stopped to rel ease the absorption of the wafer 154, and

't he wafer - 154 is pIaceF’or (e Bol ishing cloth 116. The
air punp 148 is driven to supply the conpressed air to the

28
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space 156 through the air passage 152 to thereby forma pressure air |ayer
5 .in the space 156. The control of the regul ator 146D adjusts the supply
of the conpressed air and sets the pressure P of the pressure air

| ayer. Specifically, the pressure P (P>WA) is set to be higher than
the pressure which is found by dividing the pressure force Wof the
rubber sheet 132, whi ch presses the wafer 154 against the polishing
cloth 116, by the area A 10 of the wafer 154. This prevents the pressure
air layer fromcolliding with the carrier 124. The
conpressed air is supplied fromth8/pdnp 148 to the air bag 162

t hrough the air passage 140, and the central part 132A of the rubber

sheet 132 is elastically defornmed under the inner air pressure to thereby
15 press the carrier 124, Thz:m@f€$ 184 i s pressed against the. polishing
cloth 116 through the pressure air Tayer. The adjustnent of the air
pressure with the regul ator 146A controls the inner air pressure at a
-desired pressure and maintains a uniformpressure force of the wafer 154
agai nst the polishing cloth 116. 20 At the sane tinme, the
conpressed air is supplie omthe air punp 148 to the air bag 164
through the air supply ppssage and the outer peri pheral part 132B
of the rubber sheet 132 |s el asti calllyw28formed under the inner air
pressure to thereby presp the golished surface adjustnent ring 128.
The bottons of the polished surlfface-aPRESBURBtFORCE 128 and the 25
retainer ring 130 are presked dgainsft the polishing cloth 116.

Then, the regul ator 146C agj ustls t he airéapressure to set the

col | apsi ng position of thefpolish S c%édAust msngoi ng 128 so that the
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26 polishing pressure applied to the wafer 154 by the polishing

cloth 116 can be uniform The regul ator 146C keeps the air pressure
const ant . Thereafter, the turntable 112 and the wafer hol ding
head 114 are rotated to start polishing the wafer 154. The
differential transformer 134 5 calculates the stock renoval of the wafer
154 during polishing, and when the cal cul ated stock renpval of the

reset target T7/11 value, the difTexenti al
polishing end signal {8 B¢0p the wafer
t he polishing of the fun af & /154 i s
rifbed steps are repeated I rsh the 10
Accor di ngCRo t, ¢r hol di ng head 114
CJthe pressing ngghe ¢ arranged outside
S prevents the 154 from col Iiding

—}36«—————du#+ng—peL+sh+? . S tﬁﬁrefore
Dr essi ng nenber;£§ 6 1 ' i Ng due to the
154. For thié) @ :

waf er 154 reaches the
transforner 134 out
pol i shing appaf2
conpl et ed. The~Abovéc
subsequent wafers 154,
of the fifth enbpdi menf.
the retainer ring
"W th the pressi ng<
.possi bl e to previ
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reason, the stock renoval of the wafer can be detected correctly.
The base material of the |l eg 136D of the pressing nenber 136, to whi ch
t he bobbin 172 of the differential transforner 134 is attached, is

unber whose coefficient of thernmal expansion is so small p@s-to_prevent the
20 thermal expansion caused by polishing heat. The bottoﬁpﬂ§§HEMmH133§t.
pressed against the polishing cloth i%q, is coated with _dianonBERUacppder
prevent the bobbin fromygoving from idf er ence positi/g 5

a zero point). r tifi &y r¥ason, the stock renov of
det ected correc { Ro< ' '
cenLa

Since the bhotto
136 cones into tiwth the polishi cl opA116iwhich is fl attened
by the polished --‘faceLgpjustnent ring 8, éﬁa pr ¢ssi ng nenber 136

is prevented fro @
_vibrating vertica dues/to e unevenness of the

.Thus, by the use t Trerenti a']“‘t_ra@‘f‘o'i"rm'r“lm )
. o~ v
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oth 116.
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the wafer- 154 can be detected nore correctly. As set forth
her ei nabove, the wafer polishing apparatus of the 5 present invention

polishes the wafer in the state wherein the coll apsing position of the
pol i shed surface adjustnment ring with respect to the polishing cloth
I's set~so that the polishing pressure, which is applied from t he

polishing cloth to the wafer, can be gRHfornl Thus, it is possible to
prevent the concentration_of the poli iﬂg pressure appl iz o the wafer 10
fromthe polishing clot a2 d the entire surface okot he can be

pol i shed uni formn |t shoul d be under $£0 gWeyer, that
there is no intentTon t f¥ t the invention to ecific forns

di scl osed, but on the confrary, the i nvent i 6§ £Q cover all

nodi fications, altefnate gonstlrgeti ons and 15 ibents| falling within
the spirit and scop¢ of—the- tion as ppended
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1. A wafer polishing apparatus which presses a wafer against a rotating
polishing cloth to polish the surface of said wafer, said wafer polishing
appar at us conpri si ng: a carrier for holding said wafer and pressing
sai d waf er agai nst said polishing cloth; a polished surface
adj ustment ring which encloses the periphery of said wafer and is pressed
agai nst said polishing cloth with said wafer; pressi ng neans for
pressing said polished surface adjustment ring against said polishing
cl ot h; posi tion detecting nmeans for detecting a collapsing position
of said polished surface adjustment riypgyMith respect to said polishing
cloth; ~control neans for controlling the pressure force of said
pressing neans to set said collapsing position detected by said position
detecting neans such that a poIishiFg FWG§§u13£?pplied to said wafer from
said polishing cloth is uniform 2. ‘he er polishing apparatus as
"defined in claim1, wherein said position detecting nmeans is a differential
/transformer provided with a core and a bobbin. 3. The wafer polishing
.apparatus as defined in claim1, wherein said
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position detecting neans is a capacity sensor. 4. A waf er polishing
appar at us which presses a wafer against a rotating polishing cloth to
polish the surface of said wafer, said wafer pol i shi ng appar at us
conpri si ng: a carrier for holding said wafer; first pressing
means for pressing said carrier against said polishing cloth;

pressure air |layer formng neans for formng a pressure air |ayer between
said carrier and said wafer and transt£ting the pressure force from said
first pressing neans tapsai d wafer_through said pressure air |ayer;

a retainer ring providetl outside d carrier and prey, \Ng said
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waf er from springing out of said carrier; a polished surface
adj ustnment ring a2 T 6i;6e ‘sai d retainer ring and cones into contact
sai d po]ishing d PKAGFmENzaSﬁ'm er; second pressing neans for

pressi ng said pql ijshed surface @djustnent of 4 | _S@ad LLshi

cl ot h; pdsilt ip8 NBVeld8En ans fosri‘I Sftufg e VB 19 i 0
of said polisheq qurface adj ust t ring wth respect to said polishing
cl ot h; gontTor neans for ¢ontrolling the pressure force of said
second pressing jmeans_to _set saidlcol | apsilng position detected by said
position detecting neans such that a polishing pressure applied to said
waf er from said polishing cloth is uniform 5. The wafer polishing

apparatus as defined in claim4, wherein said position detecti ng nmeans is a

differential transforner mwlyql gng gﬂﬂp The
waf er polishing apparatus as definedTn alﬁ M@de p05|t|on

detecting neans is a capacity sensor.

N —: =

Field of the I .

The present invention relates generally to a wafer polishing

S5 apparatus, and more particularly to a wafer polishing apparatus which is
used with a chemical mechanical polishing (CMP) method.

Descrintion of Related A
A wafer polishing apparatus disclosed in Japanese Patent
Provisional Publication No. 8-339979 is provided with a holding head (a
10 carrier), a polishing pad (a polishing cloth), and a seal member. Liquid
supply passages are formed in the holding head, and a pressurized liquid is
supplied into a space enclosed by the holding head, a substrate (a wafer)
and the seal member, and the pressurized liquid presses the substrate
against the polishing pad. |
15 An annular guide member is attached to the holding head of the
wafer polishing apparatus. The guide member as well as the substrate
are pressed against the polishing pad so as to prevent the substrate from
springing out of the holding head due to a centrifugal force.
The wafer polishing apparatus of Japanese Patent Provisional
20 publication No. 8-339979, however, presses the substrate against the
polishing pad only with the pressurized liquid. For this reason, the
polishing pressure applied from the polishing pad to the substrate centers

on the peripheral edge of the substrate, in other words, the polishing pad



30 7. The wafer..pgl.ishing appar

said retainer ring iBF s Py
sard et ner 1o {REPRAGEETORAeET
olighj cloth -
:Oggigﬁﬂéi rifs
i Lst

against a rotating
said wafer polishin

pressing negn
pressure

sai d waf er
said polishing cloth;
pressure air |ayer e
pressure force fromsaid first pressin

atus as defined in claim4, wherein
terial than said polished surface
hi ng apparatus which presses a wafer

polish the surface of said wafer
in ﬁubﬂmlt_eéh&ﬂuﬁ_‘“eamgﬁ%é

s f pressing said carrier against
air layer formng nmeans for formng a

r and said wafer and transmtting the

means to said wafer through said

pressure air |cyimdrical in a mannesttaicower thengirgumiarence ofiths casrisnilddcarri er

out of _sa

and preventing said wafer fr spLi.ngin i.d_cartier; .
pol i shed surface adjli$: bedy 18?%%%?@38“8@9@&?égﬁdﬂrﬁelsaﬁhéﬁ arranged |

in an opening 129 which is formed in the polished surface adjustment ring
128. The leg 136D of the pressing member 136 is arranged in a hole 28C
formed in the polished surface adjustment ring 128. The surface of the
polishing cloth 116, which is in contact with bottom surfaces 137 of the
legs 136D, is flattened by the contact surface 128B of the polished surface

adjustment ring 128, and this prevents the vertical vibration of the pressing

The base material of the pressing member 136 is umber, whose
coefficient of thermal expansion is so small as to prevent the thermal
The bottom 137, which is
pressed against the polishing cloth 116, is coated with diamond in order to
prevent it from being polished by the polishing cloth 116. The bottom

137 may also be made of a material (e.g. ceramic) which is smaller in the

On the other hand, the differential transformer 134 is provided at
the end of the support arm 136C of the pressing member 136, and the
differential transformer 134 detects the collapsing position of the polished
surface adjustment ring 128. The differential transformer 134 consists of
a core 170, a bobbin 172, and a contact 174. The bobbin 172 connects to
an arithmetic unit (not shown), which calculates the collapsing position in
accordance with the vertical movement amount of the bobbin 172 and the

core 170. The bobbin 172 is fixed to the end of the support arm 136C of

5
member 136 due to the unevenness of the polishing cloth 116.
10
expansion caused by the polishing heat.
15
machining rate than the wafer 154.
20
25

the pressing member 136, and the core 170 is arranged in the bobbin 172

in such a way as to move vertically with respect to the bobbin 172. A

rod {not shown) is coaxially fixed at the bottom of the core 170, and the contact



ring and cones into contact said polishing cloth with said wafer;

second pressing neans_for pressing said polished surface adjustnent ring

agai nst. sai d pol i/ | 9} } a pressing menmber provided outside

said retainer ring, o $FMET nber com ng into contact with said

polishing cloth |CB:¥as pr esseé nd flattened by said polished surface
|mmpn detectingg

adj ust nent ring; ftd Shedie! EINO\LABEEH bRV e

di spl acenent of ressi ng er and ) ecting a

col I apsi ng p03|t|on of sal Hslhted surgace adjustnent ring with respect
to said polishin ;

C L M 31 cloth according to said

relative displace

force of saidl Z‘éd&rﬂx?ﬁéﬁsmﬁgb%;&{dongég r gglnlt §|?@q%‘té2f?$égslgure
detected by sﬁ?%pfg)}h%t?lgrﬁq?é?ph@g means such that a polishing pressure

applied to sa pol i shing cloth is uniform
The user of the differential transformer 134 makes it possible to

detect the collapsing position of the polished surface adjustment ring 128
5 with respect to the polishing cloth 116 by calculating the positions of the
core 170 and the bobbin 172. As the polishing proceeds, the position of
the carrier 124 changes with respect to the polishing cloth 116. The
collapsing position of the polished surface adjustment ring 128, in other
words, the air pressure applied to the polished surface adjustment ring 128.-'
10 is initialized prior to polishing, and thus, the collapsing position can be
fixed even if there is a change in position of the carrier 124 with respect to

the polishing cloth 116.

In Fig. 11, the collapsing position is detected with the carrier 124

being a basis. When there is a change in position of the carrier 124 with

15 respect to the polishing cloth 116, the collapsing position cannot be
detected correctly. The position of the carrier 124 with respect to the
polishing cloth 116, however, hardly changes according to the air pressure
of the pressure air layer in the space 156. Thus, there is no problem if the
collapsing position is detected with the carrier 124 being a basis.

20 A description will be given of the operation of the wafer holding
head 114 which is constructed in the above-mentioned manner.

The wafer holding head 114 is moved up first, and the suction
pump 176 is driven to absorb the wafer 154 subject for polishing to the
porous board 150.

25 Then, the wafer holding head 114 is moved down and stopped at a
position where the contact surface of the polished surface adjustment ring

128 comes into contact with the polishing cloth 116. The suction pump



9. The wafer polishing apparatus as defined in claim8, wherein said

position detecti WWefent lal transfornmer provided with a core
Pl EM/FfSHE i shing apparatus as defined in claimS8,

and a bobbi n.

wherein said posftjon dée ' ans is a capacity sensor. 11. The
waf er polishing jappag gt Y@Vamgefi ed in claim8, wherein said pressing
menber i s made mat er i dl ch ifs difficult to expand thermally, and a
contact surface {pr j sqi d poli it its t8 Novembeh1888nond
or is mude of cgramc in order to}Jbe prevented from being polished by said
pol i shing cl ot h. L F - pdjishi ng apparatus &S~defined in claim
8, wherein said retai ing is nade of softer @teri an sai d polished

surface adj ust nept Ljfnd- g
riace st g A0
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\USTRALIAN PATENT OFFICE Application No.
EARCH REPORT | SG 9802931-7

-ox IY TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

A wafer (50) is polished while it is pressed against a polishing cloth (16) through a pressure air layer, and a-
polished surface adjustment ring (28) as well as the wafer (50) are pressed against the polishing cloth (16). The.
wafer (50) is polished in the state wherein a collapsing position of the polished surface adjustment ring (28) with
respect to the polishing cloth (16) is set in such a way that the polishing pressure which is applied from the
polishing cloth (16) to the wafer (50) can be constant.

‘orm APO/SG/210 (continuation of first sheet(2)) (March 1996) COPDEG



