
DESCRIPTION 

DOUBLE-SIDE POLISHING METHOD 

TECHNICAL FIELD 

[0001] 

• The present invention relates to a 	ouble-side polishing 

method for polishing both surfaces of a wafer at the same time 

while supplying a polishing agent. 

BACKGROUND ART 

[0002] 

As the line width of semiconductor circuits is shrunk, 

stricter requirements for flatne s of semiconductor wafers used 

as substrates of the circuits rave been imposed. 	In such 

situations, large-diameter wa -rs are polished by a double-side 

polishing method, which ensu es a higher polishing precision, 

instead of a conventional 	ngle-side polishing method. 

Examples of the doub e-side polishing apparatus include a 

planetary gear type of double-side polishing apparatus, as 

depicted in FIG. 6, and . swinging type of double-side polishing 

apparatus, as depicte• in. FIG. 7. 	The planetary gear type of 

double-side polishing apparatus has a lower turn table and an upper 

turn table movable up and and downward, and is capable of pressing 

the upper turn tabl - against the lower turn table to apply load 

to wafers interpos -d between the upper and lower turn tables . 	As 

depicted in FIG. 6, the double-side polishing apparatus 101 has 

a sun gear 107 p •vided inside the lower turn table and an internal 

gear 108 provided outside the lower turn table. 

[0003] 

Furthermore, between the upper and lower turn tables, 

carriers 1'J5 for holding wafers are provided, and each of the 

carriers 	05 engages at its periphery the sun gear and the internal 



gear and thereby can rotate. 	The carrier rotates about its own 

axis and revolves with respect to the axis betwe n the upper and 

lower turn tables according to the rotational peed of the sun 

gear and the internal gear. 	Wafers being polished are inserted 

and held in the respective holding holes 10 	provided in the 

carrier are polished without flying out o 	the double-side 

polishing apparatus. 

[0004] 

On the other hand, as depicted in r IG. 7, the swinging type 

of double-side polishing apparatus 1 	has a carrier 105 for 

holding wafers provided between rot. ing upper and lower turn 

tables, and imparts a circular movemer t to the carrier 105, without 

rotating the carrier, to polish t e wafers. 

The planetary gear type of • •uble-side polishing apparatus 

can rotate and revolve the carrier at a higher rotational speed 

and at a higher revolution spred than the swinging type of 

double-side polishing apparat is, and promote rotational movement 

of the wafers during polish' ng, thereby enabling the wafers to 

be polished with flatness 	igher than the swinging type of 

double-side polishing apparatus. 	The planetary gear type 

accordingly becomes recant mainstream of the double-side 

polishing apparatus. 

[0005] 

Here, it has br en known that, for the planetary gear type 

double-side polish' g apparatus, the flatness of the polished 

wafer varies depenriing on the relationship between the thickness 

of a carrier and tr e thickness of the wafer at the end of polishing, 

that is, a finis ing thickness of the wafer (See Patent Document 

1, for exampl- 	For a finishing thickness thicker than the 

thickness of 	he carrier, 	for example, a wafer sinks into a 

polishing p. • due to a polishing load so that pressure on the outer 

circumfere ce portion of the wafer becomes higher than that on 

the centr. 	portion of the wafer. 	Asa result, the higher pressure 
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promotes polishing of the outer circumference po 	ion, creating 

an outer circumference portion thinner than the 	entral portion, 

that is, a so-called outer circumference sag, w ich tends to make 

the entire shape of the wafer convex. 

[0006] 

Conversely, for a finishing thickne s thinner than the 

thickness of the carrier, sinking a wafe 	into a polishing pad 

is mitigated (i.e., a retainer effect) 	-o that pressure on the 

outer circumference portion becomes Lowe, than that on the central 

portion. 	As a result, the outer circumference portion becomes 

thicker than the central portion, trat is, a so-called outer 

circumference rise is created, which ends to make the entire shape 

of the wafer concave. 

Accordingly, the flatness 	s conventionally adjusted by 

adjusting the finishing .thickne •s of a wafer with respect to the 

thickness of a carrier. 	In general, a polishing process includes 

a first polishing in which ro oh polishing is performed at a high 

polishing rate and a second polishing in which fine polishing is 

performed at a low polishi g rate, and the finishing thickness 

is adjusted by changing a polishing time of the first polishing. 

Polishing a wafer into .:highly flat wafer needs an optimum 

finishing thickness wi 	respect to the thickness of a carrier. 

[0007] 

The finishing Thickness of and the flatness of a polished 

wafer are measured 	ith a flatness measuring device provided 

separately from a double-side polishing apparatus after the 

polished wafer 1 	taken of the apparatus by an operator. 	After 

the measurement 	the wafer is put back into the double-side 

polishing apparatus. 	The finishing thickness in a next polishing 

batch is dete (mined to set the polishing time on the basis of the 

measurement 	esult of the flatness. 	Since such measurement, 

involving 	.king out a wafer after every polishing batch, leads 

to reduct ' on of apparatus's productivity and of operator's 

3 



productivity, the measurement is performed ever 	multiple 

polishing batches. 

CITATION LIST 

PATENT LITERATURE 

[0008] 

Patent Document 1: Japanese Unexami ed Patent Application 

Publication No. H05-177539 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0009] 

Unfortunately, a finishing t ickness that enables overall 

flatness, such as a global backsi• - ideal range (GBIR) , of a wafer 

to be high is not necessarily eq .1 to a finishing thickness that 

enables circumferential flatniss, a site front least squares 

range (SFQR) and an edge SFQ' 	(ESFQR) , of the wafer to be high. 

Even when a wafer is finishes with a finishing thickness enabling 

a good GBIR, the outer circ 	ference rise or outer circumference 

sag may occur, resulting 	n a worse circumferential flatness (a 

worse SFQR or ESFQR) . 	T - adjustment of the finishing thickness 

in the above manner is Insufficient to improve wafer flatness. 

In addition, the abovr method using the thickness of a carrier 

as a reference canno 	take into consideration variations in 

carrier thickness • e to wear over time. 

[0010] 

In recent 	ears, as requirements of circumferential 

flatness of wafe s become stricter to reduce cost of semiconductor 

devices, the ()Ater circumference rise and sag are regarded as 

important iss Jes even in a range that has not been questioned so 

far. 	It is • fficult to obtain polished wafers with good overall 

flatness a d good circumferential flatness by a conventional 

method, e g., as described above. 
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[0011] 

The present invention has been made in view of the problems 

described above and an object of the present 	nvention is to 

provide a double-side polishing method that 	an stably improve 

wafer flatness without being affected by vari 	ions in the carrier 

thickness over time. 

SOLUTION TO PROBLEM 

[0012] 

To attain the above-described ob ' ect, the present invention 

provides a double-side polishing method including interposing a 

wafer held by a carrier between upper and lower turn tables to 

which respective polishing pads a e attached, and rotating and 

revolving the carrier while suppling a polishing agent to polish 

both surfaces of the wafer at th- same time, the method comprising 

the steps of: first polishing at a high polishing rate; second 

polishing at a low polishin• rate; measuring flatness of the 

polished wafer; and determ 	ing polishing conditions of the 

second polishing in a nex T polishing batch on a basis of the 

measured flatness. 

[0013] 

Such a double-si.- polishing method can effectively improve 

the flatness on the basis of the measured flatness in the current 

polishing batch wit rout being affected by variations in the 

carrier thickness • er time because the carrier thickness is not 

used as a referen - . 	In addition, use of in-line measurement of 

the flatness al •ws reduction in productivity to be avoided. 

[0014] 

At this time, the measured flatness preferably includes 

overall flatness represented by a cross-sectional shape passing 

through a c -nter of the wafer and circumferential flatness 

represent- 	by a sag shape or a rise shape of an outer circumference 

portion • 	the wafer. 



Such a method can determine the polishing co ditions of the 

second polishing in more detail on the basis of eac of the measured 

overall flatness and circumferential flatness, improving the 

flatness more effectively. 

[0015] 

More specifically, the step of deter ining the polishing 

conditions of the second polishing may de 	rmine at least one of 

a polishing load, a rotational speed of t e carrier, a revolution 

speed of the carrier, a rotational spee• of the upper turn table, 

a rotational speed of the lower turn tat es, and a polishing time. 

The polishing conditions of tr e second polishing may 

specifically be determined in such . manner, and particularly in 

the event that the overall flatn--s and the circumferential 

flatness are measured, both of t e flatness can be effectively 

improved. 

[0016] 

Moreover, the step of d 	ermining the polishing conditions 

of the second polishing may determine the polishing conditions 

such that, if the measured circumferential flatness is the rise 

shape, then a polishing lead is decreased and a rotational speed 

of the upper and lower t rn tables and a rotational speed of and 

a revolution speed of the carrier are increased compared with those 

of a current polishing •atch, and if the measured circumferential 

flatness is the sag -.hape, then the polishing load is increased 

and the rotational .peed of the upper and lower turn tables and 

the rotational spr.-d of and the revolution speed of the carrier 

are decreased co shred with those of the current polishing batch. 

Such polishing conditions affect the polished wafer such 

that if the measured circumferential flatness is the rise shape, 

then the wafer is apt to be concave, and if the measured 

circumferential flatness is the sag shape, then the wafer is apt 

to be conve . 	The inventive method can combine such determination 

of polish ng conditions and adjustment of the overall flatness 
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by using the finishing thickness to improve bot 	the overall 

flatness and the circumferential flatness. 

[0017] 

More specifically, if the measured ci 	umferential 

flatness is the rise shape, then a polishin 	time of the first 

polishing may be determined such that a finishing thickness 

becomes thicker than that of the current p lishing batch, and if 

the circumferential flatness is the sag s ape, then the polishing 

time of the first polishing may be d 	-rmined such that the 

finishing thickness becomes thinner rnan that of the current 

polishing batch. 

Such adjustment of the polls Ang time affect the polished 

wafer as follows: if the measured circumferential flatness is the 

rise shape, then the wafer is apt to be convex, and consequently 

both the overall flatness and t e circumferential flatness can 

be improved due to combinatio 	with the above effect of a wafer 

being apt to be concave beca .e of changed polishing conditions 

of the second polishing; a • if the measured circumferential 

flatness is the sag shape, then the wafer is apt to be concave, 

and consequently both the overall flatness and the 

circumferential flatnes- can be improved due to combination with 

the above effect of a 	afer being apt to be convex because of 

changed polishing co sitions of the second polishing. 

ADVANTAGEOUS EFFEC'S OF INVENTION 

[0018] 

The inven 	ve double-side polishing method of a wafer 

involves measus ng the flatness of the polished wafer and 

determining poi ishing conditions of the second polishing in a next 

polishing batch on the basis of the measured flatness, thereby 

enabling wa er flatness to be stably improved without being 

affected b 	variations in carrier thickness over. time. 	In 

addition, overall flatness and circumferential flatness can 
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stably be improved by measuring the overall fla ness and the 

circumferential flatness to determine the polis ing conditions 

of the second polishing on the basis of these mea urement results. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] 

FIG. 1 is a flow diagram of an exa ple of a double-side 

polishing method of the present invention; 

FIG. 2 is a schematic diagram of a 	example of a double-side 

polishing apparatus usable in the dou4le-side polishing method 

of the present invention; 

FIG. 3A is a schematic top view of an example of a double-side 

polishing apparatus, usable in t - inventive double-side 

polishing method, that is provide• with a robot for transporting 

a wafer automatically; 

FIG. 3B is a side view enlarging the robot in FIG. 3A. 

FIG. 4 is an explanato, y diagram of first polishing and 

second polishing in the do .•le-side polishing method of the 

present invention; 

FIG. 5 shows the results of an example and a comparative 

example; 

FIG. 6 is a schematic diagram of a common planetary gear 

type of double-side ••lishing apparatus; and 

FIG. 7 is a sc ematic diagram of a common swinging type of 

double-side polishing apparatus. 

DESCRIPTION OF E' BODIMENTS 

[0020] 

Hereinafter, embodiments of the present invention will be 

described, b t the present invention is not limited thereto. 

As de cribed earlier, a conventional double-side polishing 

method, in olving adjustment of a finishing thickness according 

to the ca rier thickness for improvement in flatness, is unable 
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to sufficiently improve the flatness and has a prob em of a further 

improvement in the flatness, particularly at t e outer 

circumference portion of a wafer. 	In addition, the conventional 

method cannot take into consideration the variations in carrier 

thickness due to wear over time. 

[0021] 

The present inventors conducted a 	eat deal of study to 

solve these problems, and found the following. 	The flatness of 

a wafer is measured after every polis i 	g batch, and the 

measurement result is reflected in polishing conditions, such as 

a polishing load and a rotational sped of upper and lower turn 

tables, of the second polishing in a next polishing batch. 	Such 

a method enables a wafer to be sta• y polished into a wafer with 

high flatness without being affe ted by variations in carrier 

thickness over time. 	The inven ors also found that both of 

overall flatness and circumfer• tial flatness can be improved by 

using a finishing thickness 'hanged from that of a current 

polishing batch and other polishing conditions, such as a 

polishing load, a rotatio s 1 speed of an upper and lower turn 

tables, a rotational spee• of and a revolution speed of a carrier, 

and a polishing time, of t r. e second polishing, which are determined 

on the basis of the measurement result of the overall flatness 

and the circumferenti 1 flatness, thereby brought the present 

invention to comple 	on. 

[0022] 

A double-si• - polishing apparatus usable in the double-side 

polishing method •f the present invention will now be described. 

As depicted in F 	. 2, a double-side polishing apparatus 1 includes 

a cylindrical 	.per turn table 2 and a cylindrical lower turn table 

3, to which r -spective polishing pads 4 are attached such that 

a polishing 	ace of one of the polishing pads faces a polishing 

face of tho other polishing pad. 	Examples of the polishing pad 

4 include a polishing pad obtained by impregnating a nonwoven 
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fabric with urethane resin and a polishing pad for ed of urethane 

foam. 	A sun gear 7 is attached to the inside o 	the lower turn 

table 3 and an internal gear 8 is attached to t e outside of the 

lower turn table 3. 	The upper and lower turn 	ables 2 and 3, the 

sun gear 7, and the internal gear 8 have th 	same central axis 

of rotation and can independently rotate ab ut the central axis. 

[0023] 

As depicted in FIG. 3A, a pluralit 	of carriers 5, each of 

which are provided with holding holes 6 	or holding wafers W, are 

configured to be interposed between the apper and lower turn tables 

2 and 3. 	Each of the carriers 5 are th ,s provided with a plurality 

of holding holes 6 to polish a plurali y of wafers W every polishing 

batch. 	The carriers 5 engage the sm gear 7 and the internal gear 

8 and are configured to rotate abut its own axes and to revolve 

around the central axis between the upper and lower turn tables 

according to the rotational spew d of the sun gear 7 and the internal 

gear 8. 	The wafers W are inserted and held in the respective 

holding holes 6 of such carriers 5, and the upper turn table 2 

descends to interpose the wafers W and the carriers 5 and applies 

a polishing load to the 	afers. 	The double-side polishing  

apparatus is configured 	o rotate the upper turn table 2 in one 

rotational direction . d the lower turn table 3 in the other 

rotational direction fhile supplying a polishing agent supplied 

from nozzles 10 int• between the upper and lower turn tables 

through through-h 	-s 9 provided in the upper turn table 2, whereby 

the both surfaces •f the wafers W are polished at the same time. 

[0024] 

As depict d in FIG. 3A and FIG. 3B, the double-side polishing 

apparatus usa.le in the inventive double-side polishing method 

is provided w. th a robot 11 for transporting a wafer automatically 

(hereinafte , briefly referred to as a robot) 	and a thickness 

measuring i nstrument 12 for measuring a finishing thickness of 

the poli 	ed wafers. 	The thickness measuring instrument 12 has 
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two displacement sensors 13, which are spaced and f ce each other, 

and is configured to determine the thickness of a 	afer W by using 

differences in position measured by each of 	e displacement 

sensors when the wafer W is inserted into the space between the 

two displacement sensors. 	Examples of the 	isplacement sensor 

13 usable herein include a contact displa ement sensor and a 

non-contact displacement sensor, such as a capacitive 

displacement sensor and a laser displa -ment sensor. 	The 

noncontact type displacement sensor 1- preferable in 

consideration of an influence of wafer scratches. 	The 

double-side polishing apparatus thus -nables in-line measurement 

of the thickness of a wafer. 

[0025] 

As depicted in FIG. 4, the couble-side polishing method of 

the present invention uses such .double-side polishing apparatus 

to polish a wafer by two polls,  ing processes: a first polishing 

at a high polishing rate and a 	econd polishing at a low polishing 

rate. 	Here, the first polis ing is a process, for mainly removing 

mechanical distortion and .its caused in a previous process on 

wafer surfaces, performed 	ith a higher polishing load at a higher 

polishing rate to improvr• productivity. 	The second polishing is 

a process, for mainly a• usting the flatness, performed at a lower 

polishing rate under .olishing conditions appropriately 

determined on the b..is of the flatness measured in a previous 

polishing batch. 	is to be noted that the above-described 

configuration of t e double-side polishing apparatus used in the 

present inventior is merely an example and the present invention 

is not limited 	his configuration. 

[0026] 

The do •le-side polishing method of the present invention 

will be more specifically described below with referenced to FIG. 

1. 

As aepicted in FIG. 	1, wafers polished in a previous 
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polishing batch (FIG. 1 at S1) are collected from t e double-side 

polishing apparatus by the robot (FIG. 1 at S2) a 	put in a tank. 

After all the wafers are collected from the double-side polishing 

apparatus, the apparatus takes one of the waf rs to be measured 

out of the tank with the robot (FIG. 1 at S ) , remove moisture 

on the wafers with a blower if necessary 	IG. 1 at S4) , and 

measures the finishing thickness and the f 	tness (FIG. 1 at S5) . 

[0027] 

The finishing thickness may be measured by the thickness 

measuring instrument. 	At this time, 	'he number of wafers used 

for measurement may be one or more a tong the wafers polished in 

a single batch, and an average value thereof is used for 

measurement on two or more wafers. 	The finishing thickness may 

be an average for thicknesses a 	positions on a lateral line 

passing through the center of . wafer. 

The measured flatness m y include overall flatness 

represented by a cross-secti• al shape passing through a center 

of the wafer and circumfere,  tial flatness represented by a sag 

shape or a rise shape of a 	outer circumference portion of the 

wafer. 

[0028] 

The flatness ca 	be measured by a flatness measuring 

instrument. 	As descr bed below, the flatness may also be 

expressed by a numera, value calculated from measured thicknesses 

as follows: the thicknesses are measured by the thickness 

measuring instrument; and the flatness is then calculated from 

the measured thi• nesses. 	For example, the overall flatness may 

be a difference between the maximum value and the minimum value 

of the thicknesses measured at multiple positions, and the 

circumferent ' al flatness may be a difference between a thickness 

at 3 mm apa t from the wafer periphery and a thickness at 1. mm 

apart from he wafer periphery. 	It is preferable, but not limited, 

to calcu ate the flatness from the wafer thickness obtained by 
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the in-line measurement to avoid reduction in p oductivity, 

unlike a conventional method involving measuring the flatness by 

a flatness measuring instrument provided sepa ately from the 

double-side polishing apparatus. 

[0029] 

Next, the polishing conditions in th 	second polishing in 

a next polishing batch on the basis of them asured flatness (FIG. 

1 at S6 and S7). 	At this time, if the reasured flatness, 

particularly the circumferential flat -ss, is good, then the 

polishing conditions in the second po ishing may be the same as 

those in the current polishing batc . 	The finishing thickness 

in the next polishing batch is the 	determined on the basis of 

the measured flatness 	(FIG. 	1 at .8). 

Next, a total polishing a aunt needed is calculated from 

a difference between a wafer thickness before polishing and the 

determined finishing thicknes 	(FIG. 1 at S9), and a polishing 

time needed in the first polishing is calculated with reference 

to polishing rates recorde. in the past and set. 

Then, polishing of wafers is started under the polishing 

conditions determined in such a manner.  

[0030] 

Such an inventive double-side polishing method can 

effectively improve 	e flatness on the basis of the measured 

flatness in the curr nt polishing batch without being affected 

by variations in tre carrier thickness over time because the 

carrier thickness is not used as a reference. 	In addition, use 

of in-line meas dement of the flatness allows reduction in 

productivity t• be avoided. 

The mea-urement of the flatness including the overall 

flatness and 	he circumferential flatness enables determination 

of more spe 	fic polishing conditions of the second polishing on 

the basis if each of the measured overall flatness and 

circumfer-ntial flatness to improve the flatness more 
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effectively. 

[0031] 

Specific polishing conditions of the se and polishing 

determined in the above step may include at leas one of a polishing 

load, a rotational speed of the carrier, a 	evolution speed of 

the carrier, a rotational speed of the up er turn table, a 

rotational speed of the lower turn tables, and a polishing time. 

In such a manner, particularly in t - event that the overall 

flatness and the circumferential flatna s are measured, both of 

the overall flatness and the circumf• ential flatness can be 

effectively improved. 

Here, the polishing load may oe 50 to 300 g/cm2, the upper 

and lower turn tables may be 1 to 	II rpm, and the polishing time 

may be in the range of 25 minuto 	or less, for example. 	The 

rotational speed and revolutio 	speed of the carrier can be 

adjusted by the rotational speer of the upper and lower turn tables, 

of the sun gear, and of the int•rnal gear, and the rotational speed 

of the sun gear and of the i ,  ternal gear may be the same as that 

of the upper and lower t r 	tables. 

[0032] 

More specifically 	the polishing conditions is preferably 

determined as .follows: 

If the measured circumferential flatness is a rise shape, 

then the polishing lad is decreased and the rotational speed of 

the upper and lowe =turn tables and the rotational speed of and 

the revolution sped of the carrier are increased compared with 

those of the cur ent polishing batch. 	Under the decreased 

polishing load, the increased rotational speed of the upper and 

lower turn ta• es, and hence the increased revolution speed of 

the carrier, 	polishing agent readily reaches the central portion 

of the wafe . 	In addition, the central portion of the wafer is 

heated to ,, temperature higher than that of the circumferential 

portion •-cause of heat generated by polishing and less cooling 
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effect of the polishing agent. 	From these two reaso s, mechanical 

polishing and chemical polishing are promoted 	t the central 

portion of the wafer compared with at the circumf rential portion, 

and hence the polishing rate is higher at the ce tral portion than 

the circumferential portion so that the wafe 	tends to be formed 

in a concave shape. 

[0033] 

Meanwhile, if the measured circum erential flatness is a 

sag shape, then the polishing load is inc eased and the rotational 

speed of the upper and lower turn table 	and the rotational speed 

of and the revolution speed of the car ier are decreased compared 

with those of the current polishing batch. 	Under such conditions, 

the polishing agent, in contrast t. the above conditions, hardly 

reaches the center portion of the wafer, and hence the polishing 

rate is lower at the central portion than the circumferential 

portion so that the wafer ten . to be formed in a convex shape. 

The polishing conditio s are thus determined such that the 

wafer tends to be formed in a concave or convex shape, besides 

the overall flatness is adj 	ted by determining a proper finishing 

flatness so that combinat ' on of these determinations enables both 	.._ 

the overall flatness ano the circumferential flatness to be 

improved. 

[0034] 

In an exempla. 	case where the measured overall flatness 

is a convex shape .'d the measured circumferential flatness is 

a rise shape, the oolishing load is decreased and the rotational 

speed of the upp-, and lower turn tables and the rotational speed 

of and the revo 	tion speed of the carrier are increased compared 

with those of ►  e current polishing batch so that the wafer tends 

to be formed 	n a concave shape, and the finishing thickness is 

increased 	c that the wafer tends to be formed in a convex shape. 

Under the 4 etermined conditions, both the overall flatness and 

the circ , ferential flatness can be improved. 	In contrast, in 
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an exemplary case where the measured overall flatn ss is a concave 

shape and the measured circumferential flatness is a sag shape, 

the polishing load is increased and the rotati nal speed of the 

upper and lower turn tables and the rotation 	speed of and the 

revolution speed of the carrier are decreased compared with those 

of the current polishing batch so that the wa er tends to be formed 

in a convex shape, and the finishing thi 	ness is decreased so 

that the wafer tends to be formed in a co cave shape. 	Under the 

determined conditions, likewise, both 'he overall flatness and 

the circumferential flatness can be 	proved. 

[0035] 

It is to be noted that convent onal methods, if the overall 

flatness is a convex shape and the circumferential flatness is 

a rise shape, merely decrease the finishing thickness to improve 

the convex shape of the overall 	latness. 	The rise shape of the 

circumferential portion is th refore developed due to the 

retainer effect of a carrier, which mitigates sinking of a wafer 

into a polishing pad. 

[0036] 

The present invent on, as described above, determines  

polishing conditions to .hift the circumferential flatness from 

the rise and sag shape. to the concave and convex shapes, 

respectively, and, acc•rding to this determination, the finishing 

thickness to make t - overall flatness flat, thereby improving 

both the overall a d circumferential flatness. 

If the circ 	ferential flatness is neither the rise shape 

nor the sag shap 	as above, but flat, the polishing conditions 

of the second polishing may be the same as those of the current 

polishing bat 	. 	In this case, the polishing time of the first 

polishing is changed to adjust the finishing thickness so that 

the overall flatness is improved. 	Specifically, the polishing 

time of thf. first polishing may be determined in such a manner 

that if t e overall flatness is the concave shape, then the 
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finishing thickness is increased from that of t 	current 

polishing batch, and if the overall flatness is t e convex shape, 

then the finishing thickness is decreased from t 	t of the current 

polishing batch. 

[0037] 

The polishing time of the second polishing is preferably 

determined to be a time required for secur ng a polishing amount 

sufficient for the above shape adjustme 	, and may be, but not 

limited to, a time required for securi g a polishing amount of 

1.5 to 5.0 um. 

EXAMPLES 

[0038] 

Hereinafter, the present in 	ntion will be described more 

specifically with an example an• a comparative example of the 

present invention, but the pre -nt invention is not limited to 

these examples. 

[0039] 

(Example) 

Wafers were polished fith a double-side polishing apparatus 

capable of in-line measure, ent of the flatness in accordance with 

the double-side polishinii, method of the present invention as shown 

in FIG. 1, and the fla 	ess was evaluated. 	The polished wafers 

were 300-mm-diameter 	licon wafers prepared by slicing a silicon 

single crystal ingor produced by the czochralski (CZ) method, 

chamfering the edg- of the wafers, and lapping and polishing the 

wafers. 	The doub e-side polishing apparatus had urethane foam 

polishing pads o►, both sides of the upper and lower turn tables. 

The polishing agent containing colloidal silica grains with a pH 

of 10.0 to 11 0 was used. 

[0040] 

The polishing conditions in the first batch were determined 

as follows: 

In 	he first polishing, the polishing load was 250 g/cm2 , and 

17 



the rotational speeds of the upper and lower tur 	tables and of 

the sun and internal gears were determined suc 	that both the 

difference between the revolution speed of th 	carrier and the 

rotational speed of the upper turn table and the if ference between 

the rotational speed of the lower turn tabl 	and the revolution 

speed of the carrier became 20. rpm; The ro ational speed of the 

carrier was 1 rpm; 

In the second polishing, the polishing load was 180 

g/cm2, and the rotational speeds of the uf •er and lower turn tables 

and the sun and internal gears were de -rrained in the same manner 

as the first polishing; and 

The polishing time of the seco d polishing was 3.5 minutes, 

and the polishing time of the firs 	polishing was determined such 

that the finishing thickness became 777 l_tm. 

[0041] 

The wafers were polishe. under such polishing conditions, 

and the flatness of each of t e polished wafers was measured. 	As 

a result, the overall flatness was a convex shape and the 

circumferential flatness 	as a rise shape. 	Accordingly, the 

polishing conditions oft e second polishing process in the second  

batch were determined 	follows: 

The polishing lead was decreased to 130 g/cm2 , and the 

rotational speeds of the upper and lower turn tables and the 	. 

rotational speed of and the revolution speed of the carrier were 

increased such tha 	both the difference between the revolution 

speed of the carrier and the rotational speed of the upper turn 

table and the difi erence between the rotational speed of the lower 

turn table and , he revolution speed of the carrier became 25 rpm; 

The rotationa 	speed of the carrier was increased to 4 rpm; 	The 

finishing t 	ckness was increased to 780 um; and the polishing 

time of tha second polishing was 6 minutes. 

The polishing conditions of the first polishing were 

determin d to be the same as those of the first batch except that 
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the polishing time was changed such that the finis ing thickness 

became 780 µm. 	The wafers were polished under 	uch polishing 

conditions, and the flatness of the polished waf rs was measured. 

[0042] 

As a result, both of the overall fla 	ess and the 

circumferential flatness were improved to 	ood values. 	FIG. 5 

shows the result of the flatness, wherei 	the flatness in the 

later-described Comparative Example is co verted to 1. 	As shown 

in FIG. 5, the GBIR, representing the . erall flatness, in the 

Example and Comparative Example was good, but the SFQR and ESFQR, 

representing the circumferential fla 	ess, in Example was better 

than those in Comparative Example. 

Moreover, the in-line measu t-ment of the flatness allowed 

the polishing to be completed wit out increase in processing time 

and hence decrease in producti ity. 

It was thus confirmed tha the double-side polishing method 

of the present invention can stably improve the wafer flatness 

and also prevent from being . fected by variations in the carrier 

thickness over time becau-e the polishing conditions are 

deterntined without using 	he carrier thickness as a reference. 	- 

[0043] 

(Comparative Example) 

Silicon single I rysLal wafers were polished under the same 

conditions as those • 	the first polishing batch in Example. 	The 

flatness of the po ished wafer was measured with a flatness 

measuring instrum nt (Nanometro 300TT manufactured by KURODA 

Precision Indus 	les Ltd.) provided separately from the 

double-side po 	shing apparatus, and the overall flatness was a 

convex shape . d the circumferential flatness was a rise shape. 

Accordingly, the finishing thickness of the wafer in the second 

polishing b tch was determined to be thinner than the thickness 

of the ca 	ier to improve the overall flatness . 

As a result, although the overall flatness was improved, 
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the circumferential flatness became a steeper r se shape. 	As 

depicted in FIG. 5, the circumferential flatne s became 

considerably worse than that of Example. 

[0044] 

It is to be noted that the present inve 	ion is not limited 

to the foregoing embodiment. The embodime 	is just an 

exemplification, and any examples that h ve substantially the 

same feature and demonstrate the same f 	ctions and effects as 

those in the technical concept describe 	in claims of the present 

invention are included in the techni 	1 scope of the present 

invention. 
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CLAIMS 

1. 	A double-side polishing method includin 	interposing a 

wafer held by a carrier between upper and low r turn tables to 

which respective polishing pads are attache , and rotating and 

revolving the carrier while supplying a poll 	ing agent to polish 

both surfaces of the wafer at the same time, the method comprising 

the steps of: 

first polishing at a high polishing rate; 

second polishing at a low poli 	ing rate; 

measuring flatness of the porshed wafer; and 

determining polishing conditions of the second polishing 

in a next polishing batch on a ba 	s of the measured flatness. 

2. 	The double-side polishin• method according to claim 1, 

wherein 

the measured flatness 	ncludes overall flatness 

represented by a cross-sect'enal shape passing through a center 

of the wafer and circumfer ntial flatness represented by a sag 

shape or a rise shape of :n outer circumference portion of the 

wafer. 

3. 	The double-side polishing method according to claim 1 or 

2, wherein, 

the step of eetermining the polishing conditions of the 

second polishing •-tern-tines at least one of a polishing load, a 

rotational speed 'af the carrier, a revolution speed of the carrier, 

a rotational sp-ed of the upper turn table, a rotational speed 

of the lower 	rn tables, and a polishing time. 

4. 	The dbuble-side polishing method according to claim 2 or 

3, wherein, 

th- step of determining the polishing conditions of the 
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second polishing determines the polishing conditi ns such that, 

if the measured circumferential flatness is the 	se shape, then 

a polishing load is decreased and a rotational s eed of the upper 

and lower turn tables and a rotational speed o 	and a revolution 

speed of the carrier are increased compared wi 	those of a current 

polishing batch, and if the measured circum 	rential flatness is 

the sag shape, then the polishing load ' 	increased and the 

rotational speed of the upper and lower turn tables and the 

rotational speed of and the revolution -peed of the carrier are 

decreased compared with those of the 	urrent polishing batch. 

5. 	The double-side polishing me hod according to claim 4, 

wherein, 

if the measured circumferen ial flatness is the rise shape, 

then a polishing time of the fi st polishing is determined such 

that a finishing thickness beco res thicker than that of the current 

polishing batch, and if the c rcumferential flatness is the sag 

shape, then the polishing tim of the first polishing is determined 

such that the finishing t A ckness becomes thinner than that of 

the current polishing batch. 
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DOUBLE-SIDE POLISHING METHOD 

[Detailed Description of the Invention] 

[Technical 	Field] 

[0001] 

The present invention relates to a double-side 

polishing method for polishing both surfaces of a wafer 

at the same time while supplying a polishing agent. 

[Background Art] 

[0002] 

As the line width of semiconductor circuits is 

shrunk, 	stricter requirements for flatness of 

semiconductor wafers used as substrates of the circuits 

have been imposed. 	In such situations, 	large-diameter 

wafers are polished by a double-side polishing method, 

which ensures a higher polishing precision, 	instead of 

conventional single-side polishing method. 

Examples of the double-side polishing apparatus 

indlude a planetary gear type of double-side polishing 

apparatus, 	as depicted in FIG. 	6, 	and a swinging type of 

double-side polishing apparatus, 	as depicted in FIG. 	V. 

The planetary gear type of double-side polishing 

apparatus has a lower turn table and an upper turn table 

movable upward and downward, 	and is capable of pressing 

the upper turn table against the lower turn table to 

apply load to wafers interposed between the upper and 

lower turn tables. 	As depicted in FIG. 	6, 	the double- 

side polishing apparatus 101 has a sun gear 107 provided 

inside the lower turn table and an internal gear 108 

provided outside the lower turn table. 

[0003] 

Furthermore, 	between the upper and lower turn 

tables, 	carriers 	105 	for holding wafers are provided, 



and each of the carriers 105 engages at its periphery 

the sun gear and the internal gear and thereby can 

rotate. 	The carrier rotates about its own 	axis and 

revolves with respect to the axis between the upper and 

lower turn tables according to the rotational speed of 

the sun gear and the internal gear. 	Wafers being 

polished are inserted and held in the respective holding 

holes 106 provided in the carrier are polished without 

flying out of the double-side polishing apparatus. 

[0004] 

On the other hand, 	as depicted in FIG. 	7, 	the 

swinging type of double-side polishing apparatus 111 has 

a carrier 105 for holding wafers provided between.  

rotating upper and lower turn tables, 	and imparts a 

circular movement to the carrier 105, 	without rotating 

the carrier, 	to polish the wafers. 

The planetary gear type of double-side polishing 

apparatus can rotate and revolve the carrier at a higher 

rotational speed and at a higher revolution speed than 

the swinging type of double-side polishing apparatus, 

and promote rotational movement of the wafers during 

polishing, 	thereby enabling the wafers to be polished 

with flatness higher than the swinging type of double- 

side polishing apparatus. 	The planetary gear type 

accordingly becomes recent mainstream of the double-side 

polishing apparatus. 

[0005] 

Here, 	it has been known that, 	for the planetary 

gear type double-side polishing apparatus, 	the flatness 

of the polished wafer varies depending on the 

relationship between the thickness of a carrier and the 

thickness of the wafer at the end of polishing, 	that is, 

a finishing thickness of the wafer 	(See Patent Document 
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1, 	for example). 	For a finishing thickness thicker than 

the thickness of the carrier, 	for example, 	a wafer sinks 

into a polishing pad due to a polishing load so that 

pressure on the outer circumference portion of the wafer 

becomes higher than that on the central portion of the 

wafer. 	As a result, 	the higher pressure promotes 

polishing of the outer circumference portion, 	creating 

an outer circumference portion thinner than the central 

portion, 	that is, 	a so-called outer circumference sag, 

which tends to make the entire shape of the wafer convex. 

[0006] 

Conversely, 	for a finishing thickness thinner than 

the thickness of the carrier, 	sinking a wafer into a 

polishing pad is mitigated 	(i.e., 	a retainer effect) 	so 

that pressure on the outer circumference portion becomes 

lower than that on the central portion. 	As a result, 

the outer circumference portion becomes thicker than the 

central portion, 	that is, 	a so-called outer 

circumference rise is created, 	which tends to make the 

entire shape of the wafer concave. 

Accordingly, 	the flatness is conventionally 

adjusted by adjusting the finishing thickness of a wafer 

with respect to the thickntss of a carrier. 	In general, 

a polishing process includes a first polishing in which 

rough polishing is performed at a high polishing rate 

and a second polishing in which fine polishing is 

performed at a low polishing rate, 	and the finishing 

thickness is adjusted by changing a polishing time of 

the first polishing. 	Polishing a wafer into a highly 

flat wafer needs an optimum finishing thickness with 

respect to the thickness of a carrier. 

[0007] 

The finishing thickness of and the flatness of a 



polished wafer are measured with a flatness measuring 

device provided separately from a double-side polishing 

apparatus after the polished wafer is taken of the 

apparatus by an operator. 	After the measurement, 	the 

wafer is put back into the double-side polishing 

apparatus. 	The finishing thickness in a next polishing 

batch is determined to set the polishing time on the 

basis of the measurement result of the flatness. 	Since 

such measurement, 	involving taking out a wafer after 

every polishing batch, 	leads to reduction of apparatus's 

productivity and of operator's productivity, 	the 

measurement is performed every multiple polishing 

batches. 

[0008] 

[Patent Document 1] 	Japanese Unexamined Patent 

Publication 	(Kokai) 	H05-177539 

[Disclosure of the Invention] 

[Problem to be solved by the Invention] 

[0009] 

Unfortunately, 	a finishing thickness that enables 

overall flatness, 	such as a global backside ideal range 

(GBIR), 	of a wafer to be high is not necessarily equal 

to a finishing thickness that enables circumferential 

flatness, 	a site front least squares range 	(SFQR) 	and an 

edge SFQR 	(ESFQR), 	of_the wafer to be high. 	Even when a 

wafer is finished with a finishing thickness enabling a 

good GBIR, 	the outer circumference rise or outer 

circumference sag may occur, 	resulting in a worse 

circumferential flatness 	(a worse SFQR or ESFQR). 	The 

adjustment of the finishing thickness in the above 

	

manner is insufficient to improve wafer flatness. 	In 

addition, 	the above method using the thickness of a 

carrier as a reference cannot take into consideration 

4 



variations in carrier thickness due to wear over time. 

[0010] 

In recent years, 	as requirements of 

circumferential flatness of wafers become stricter to 

reduce cost of semiconductor devices, 	the outer 

circumference rise and sag are regarded as important 

issues even in a range that has not been questioned so 

far. 	It is difficult to obtain polished wafers with 

good overall flatness and good circumferential flatness 

by a conventional method, 	e.g., 	as described above. 

[0011] 

The present invention has been made in view of the 

problems described above and an object of the present 

invention is to provide a double-side polishing method 

that can stably improve wafer flatness without being 

affected by variations in the carrier thickness over 

time. 

[Means for solving Problem] 

[0012] 

• To attain the above-described object, 	the present 

invention provides a double-side polishing method 

including interposing a wafer held by a carrier between 

upper and lower turn table's to which respective 

polishing pads are attached, 	and rotating and revolving 

the carrier while supplying a polishing agent to polish 

both surfaces of the wafer at the same time, 	the method 

comprising the steps of: 	first polishing at a high 

polishing rate; 	second polishing at a low polishing 

rate; 	measuring flatness of the polished wafer; 	and 

determining polishing conditions of the second polishing 

in a next polishing batch on a basis of the measured 

flatness. 

[0013] 
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Such a double-side polishing method can 

effectively improve the flatness on the basis of the 

measured flatness in the current polishing batch without 

being affected by variations in the carrier thickness 

over time because the carrier thickness is not used as a 

reference. 	In addition, 	use of in-line measurement of 

the flatness allows reduction in productivity to be 

avoided. 

[0014] 

At this time, 	the measured flatness preferably 

includes overall flatness represented by a cross-

sectional shape passing through a center of the wafer 

and circumferential flatness represented by a sag shape 

or a rise shape of an outer circumference portion of the 

wafer. 

Such a method can determine the polishing 

conditions of the second polishing in more detail on the 

basis of each of the measured overall flatness and 

circumferential flatness, 	improving the flatness more 

effectively. 

[0015] 

More specifically, 	the step of determining the 

polishing conditions of the second polishing may 

determine at least one of a polishing load, 	a rotational 

speed of the carrier, 	a revolution speed of the carrier, 

a rotational speed of the upper turn table, 	a rotational 

speed of the lower turn tables, 	and a polishing time. 

The polishing conditions of the second polishing 

may specifically be determined in such a manner, 	and 

particularly in the event that the overall flatness and 

the circumferential flatness are measured, 	both of the 

flatness can be effectively improved. 

[0016] 

6 



Moreover, 	the step of determining the polishing 

conditions of the second polishing may determine the 

polishing conditions such that, 	if the measured 

circumferential flatness is the rise shape, 	then a 

polishing load is decreased and a rotational speed of 

the upper and lower turn tables and a rotational speed 

of and a revolution speed of the carrier are increased 

compared with those of a current polishing batch, 	and if 

the measured circumferential flatness is the sag shape, 

then the polishing load is increased and the rotational 

speed of the upper and lower turn tables and the 

rotational speed of and the revolution speed of the 

carrier are decreased compared with those of the current 

polishing batch. 

Such polishing conditions affect the polished 

wafer such that if the measured circumferential flatness 

is the rise shape, 	then the wafer is apt to be concave, 

and if the measured circumferential flatness is the sag 

shape, 	then the wafer is apt to be convex. 	The 

inventive method can combine such determination of 

polishing conditions and adjustment of the overall 

flatness by using the finishing thickness to improve 

both the overall flatness and the circumferential 

flatness. 

[0017] 

More specifically, 	if the measured circumferential 

flatness is the rise shape, 	then a polishing time of the 

first polishing may be determined such that a finishing 

thickness becomes thicker than that of the current 

polishing batch, 	and if the circumferential flatness is 

the sag shape, 	then the polishing time of the first 

polishing may be determined such that the finishing 

thickness becomes thinner than that of the current 
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polishing batch. 

Such adjustment of the polishing time affect the 

polished wafer as follows: 	if the measured 

circumferential flatness is the rise shape, 	then the 

wafer is apt to be convex, 	and consequently both the 

overall flatness and the circumferential flatness can be 

improved due to combination with the above effect of a 

wafer being apt to be concave because of changed 

polishing conditions of the second polishing; 	and if the 

measured circumferential flatness is the sag shape, 	then 

the wafer is apt to be concave, 	and consequently both 

the overall flatness and the circumferential flatness 

can be improved due to combination with the above effect 

of a wafer being apt to be convex because of changed 

polishing conditions of the second polishing. 

[Effect of the Invention] 

[0018] 

The inventive double-side polishing method of a 

wafer involves measuring the flatness of the polished 

wafer and determining polishing conditions of the second 

polishing in a next polishing batch on the basis of the 

measured flatness, 	thereby enabling wafer flatness to be 

stably improved without being affected' by variations in 

carrier thickness over time. 	In addition, 	overall 

flatness and circumferential flatness can stably be 

improved by measuring the overall flatness and the 

circumferential flatness to determine the polishing 

conditions of the second polishing on the basis of these 

measurement results. 

[BRIEF DESCRIPTION OF DRAWINGS] 

[0019] 

FIG_ 	1 is a flow diagram of an example of a 

double-side polishing method of the present invention; 
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FIG. 	2 is a schematic diagram of an example of a 

double-side polishing apparatus usable in the double-

side polishing method of the present invention; 

FIG. 	3 is a schematic diagram of an example of a 

double-side polishing apparatus, 	usable in the inventive 

double-side polishing method, 	that is provided with a 

robot for transporting a wafer automatically, 	(A) 	is a 

top view, 	(B) 	is a side view enlarging the robot; 

FIG. 	4 is an explanatory diagram of first 

polishing and second polishing in the double-side 

polishing method of the present invention; 

FIG. 	5 shows the results of an example and a 

comparative example; 

FIG. 	6 is a schematic diagram of a common 

planetary gear type of double-side polishing apparatus; 

and 

FIG. 	7 is a. schematic diagram of a common swinging 

type of double-side polishing apparatus. 

[Best Mode(s) 	for Carrying out the Invention] 

[0020] 

	

Hereinafter, 	embodiments of the present invention 

	

will be described, 	but the present invention is not 

limited thereto. 

As described earlier, 	a conventional double-side 

polishing method, 	involving adjustment of a finishing 

thickness according to the carrier thickness for 

improvement in flatness, 	is unable to sufficiently 

improve the flatness and has a problem of a further 

improvement in the flatness, 	particularly at the outer 

circumference portion of a wafer. 	In addition, 	the 

conventional method cannot take into consideration the 

variations in carrier thickness due to wear over time. 

[0021] 
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The present inventors conducted a great deal of 

study to solve these problems, 	and found the following. 

The flatness of a wafer is measured after every 

polishing batch, 	and the measurement result is reflected 

in polishing conditions, 	such as a polishing load and a 

rotational speed of upper and lower turn tables, 	of the 

second polishing in a next polishing batch. 	Such a 

method enables a wafer to be stably polished into a 

wafer with high flatness without being affected by 

variations in carrier thickness over time. 	The 

inventors also found that both of overall flatness and 

circumferential flatness can be improved by using a 

finishing thickness changed from that of a current 

polishing batch and other polishing conditions, 	such as 

a polishing load, 	a rotational speed of an upper and 

lower turn tables, 	a rotational speed of and a 

revolution speed of a carrier, 	and a polishing time, 	of 

the second polishing, 	which are determined on the basis 

of the measurement result of the overall flatness and 

the circumferential flatness, 	thereby brought the 

present invention to completion. 

[0022] 

A double-side polishing apparatus usable in the 

double-side polishing method of the present invention 

will now be described, 	As depicted in FIG. 	2, 	a double- 

side polishing apparatus 1 includes a cylindrical upper 

turn table 2 and a cylindrical lower turn table 3, 	to 

which respective polishing pads 4 are attached such that 

a polishing face of one of the polishing pads faces a 

polishing face of the other polishing pad. 	Examples of 

the polishing pad 4 include a polishing pad obtained by 

impregnating a nonwoven fabric with urethane resin and a 

polishing pad formed of urethane foam. 	A sun gear 7 is 
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attached to the inside of the lower turn table 3 and an 

internal gear 8 is attached to the outside of the lower 

turn table 3. 	The upper and lower turn tables 2 and 3, 

the sun gear 7, 	and the internal gear 8 have the same 

central axis of rotation and can independently rotate 

about the central axis. 

[0023] 

As depicted in FIG. 	3A, 	a plurality of carriers 	5, 

each of which are provided with holding holes 6 for 

holding wafers W, 	are configured to be interposed 

between the upper and lower turn tables 2 and 3. 	Each 

of the carriers 5 are thus provided with a plurality of 

holding holes 6 to polish a plurality of wafers W every 

polishing batch. 	The carriers 5 engage the sun gear 7 

and the internal gear 8 and are configured to rotate 

about its own axes and to revolve around the central 

axis between the upper and lower turn tables according 

to the rotational speed of the sun gear 7 and the 

internal gear 8. 	The wafers W are inserted and held in 

the respective holding holes 6 of such carriers 5, 	and 

the upper turn table 2 descends to interpose the wafers 

W and the carriers 5 and applies a polishing load to the 

wafers. 	The double-side polishing apparatus is 

configured to rotate the upper turn table 2 in one 

rotational direction and the lower turn table 3 in the 

other rotational direction while supplying a polishing 

agent supplied from nozzles 10 into between the upper 

and lower turn tables through through-holes 9 provided 

in the upper turn table 2, 	whereby the both surfaces of 

the wafers W are polished at the same time. 

[0024] 

As depicted in FIG. 	3A and FIG. 	3B, 	the double- 

side polishing apparatus usable in the inventive double- 
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side polishing method is provided with a robot 11 for 

transporting a wafer automatically 	(hereinafter, 	briefly 

referred to as a robot) 	and a thickness measuring 

instrument 12 for measuring a finishing thickness of the 

polished wafers. 	The thickness measuring instrument 12 

has two displacement sensors 13, 	which are spaced and 

face each other, 	and is configured to determine the 

thickness of a wafer W by using differences in position 

measured by each of the displacement sensors when the 

wafer W is inserted into the space between the two 

displacement sensors. 	Examples of the displacement 

sensor 13 usable herein include a contact displacement 

sensor and a non-contact displacement sensor, 	such as a 

capacitive displacement sensor and a laser displacement 

sensor. 	The noncontact type displacement sensor is 

preferable in consideration of an influence of wafer 

scratches. 	The double-side polishing apparatus thus 

enables in-line measurement of the thickness of a wafer. 

[0025] 

As depicted in FIG. 	4, 	the double-side polishing 

method of the present invention uses such a double-side 

polishing apparatus to polish a wafer by two polishing 

processes: 	a first polishing at a high polishing rate 

and a second polishing at a low polishing rate. 	Here, 

the first polishing is a process, 	for mainly removing 

mechanical distortion and pits caused in a previous 

process on wafer surfaces, 	performed with a higher 

polishing load at a higher polishing rate to improve 

productivity. 	The second polishing is a process, 	for 

mainly adjusting the flatness, 	performed at a lower 

polishing rate under polishing conditions appropriately 

determined on the basis of the flatness measured in a 

previous polishing batch. 	It is to be noted that the 
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above-described configuration of the double-side 

polishing apparatus used in the present invention is 

merely an example and the present invention is not 

limited this configuration. 

[0026] 

The double-side polishing method of the present 

invention will be more specifically described below with 

referenced to FIG. 	1. 

	

As depicted in FIG. 	1, 	wafers polished in a 

	

previous polishing batch 	(FIG. 	1 at S1) 	are collected 

from the double-side polishing apparatus by the robot 

(FIG. 	1 at S2) 	and put in a tank. 	After all the wafers 

are collected from the double-side polishing apparatus, 

the apparatus takes one of the wafers to be measured out 

of the tank with the robot 	(FIG. 	1 at S3), 	remove 

moisture on the wafers with a blower if necessary 	(FIG. 

1 at S4), 	and measures the finishing thickness and the 

flatness 	(FIG. 	1 	at 	S5). 

[0027] 

The finishing thickness may be measured by the 

thickness measuring instrument. 	At this time, 	the 

number of wafers used for measurement may be one or more 

among the wafers polished in a single batch, 	and an 

average value thereof is used for measurement on two or 

more wafers. 	The finishing thickness may be an average 

for thicknesses at positions on a lateral line passing 

through the center of a wafer. 

The measured flatness may include overall flatness 

represented by a cross-sectional shape passing through a 

center of the wafer and circumferential flatness 

represented by a sag shape or a rise shape of an outer 

circumference portion of the wafer. 

[0028] 
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The flatness can be measured by a flatness 

measuring instrument. 	As described below, 	the flatness 

may also be expressed by a numeral value calculated from 

measured thicknesses as follows: 	the thicknesses are 

measured by the thickness measuring instrument; 	and the 

flatness is then calculated from the measured 

thicknesses. 	For example, 	the overall flatness may be a 

difference between the maximum value and the minimum 

value of the thicknesses measured at multiple positions, 

and the circumferential flatness may be a difference 

between a thickness at 3 mm apart from the wafer 

periphery and a thickness at 1 mm apart from the wafer 

periphery. 	It is preferable, 	but not limited, 	to 

calculate the flatness from the wafer thickness obtained 

by the in-line measurement to avoid reduction in 

productivity, 	unlike a conventional method involving 

measuring the flatness by a flatness measuring 

instrument provided separately from the double-side 

polishing apparatus. 

[0029] 

Next, 	the polishing conditions in the second 

polishing in a next polishing batch on the basis of the 

measured flatness 	(FIG. 	1 at 	S6 and S7). 	At this 	time, 

if the measured flatness, 	particularly the 

circumferential flatness, 	is good, 	then the polishing 

conditions in the second polishing may be the same as 

those in the current polishing batch. 	The finishing 

thickness in the next polishing batch is then determined 

on the basis of the measured flatness 	(FIG. 	1 at 	S8). 

Next, 	a total polishing amount needed is 

calculated from a difference between a wafer thickness 

before polishing and the determined finishing thickness 

(FIG. 	1 at S9), 	and a polishing time needed in the first 
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polishing is calculated with reference to polishing 

rates recorded in the past and set. 

Then, 	polishing of wafers is started under the 

polishing conditions determined in such a manner. 

[0030] 

Such an inventive double-side polishing method can 

effectively improve the flatness on the basis of the 

measured flatness in the current polishing batch without 

being affected by variations in the carrier thickness 

over time because the carrier thickness is not used as a 

reference. 	In addition, 	use of in-line measurement of 

the flatness allows reduction in productivity to be 

avoided. 

The measurement of the flatness including the 

overall flatness and the circumferential flatness 

enables determination of more specific polishing 

conditions of the second polishing on the basis of each 

of the measured overall flatness and circumferential 

flatness to improve the flatness more effectively. 

[0031] 

Specific polishing conditions of the second 

polishing determined in the above step may include at 

least one of a polishing road, 	a rotational speed of the 

carrier, 	a revolution speed of the carrier, 	a rotational 

speed of the upper turn table, 	a rotational speed of the 

lower turn tables, 	and a polishing time. 

In such a manner, 	particularly in the event that 

the overall flatness and the circumferential flatness 

are measured, 	both of the overall flatness and the 

circumferential flatness can be effectively improved. 

Here, 	the polishing load may be 50 to 300 g/cm2, 

the upper and lower turn tables may be 1 to 50 rpm, 	and 

the polishing time may be in the range of 25 minutes or 
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less, 	for example. 	The rotational speed and revolution 

speed of the carrier can be adjusted by the rotational 

speed of the upper and lower turn tables, 	of the sun 

gear, 	and of the internal gear, 	and the rotational speed 

of the sun gear and of the internal gear may be the same 

as that of the upper and lower turn tables. 

[0032] 

More specifically, 	the polishing conditions is 

preferably determined as follows: 

If the measured circumferential flatness is a rise 

shape, 	then the polishing load is decreased and the 

rotational speed of the upper and lower turn tables and 

the rotational speed of and the revolution speed of the 

carrier are increased compared with those of the current 

polishing batch. 	Under the decreased polishing load, 

the increased rotational speed of the upper and lower 

turn tables, 	and hence the increased revolution speed of 

the carrier, 	a polishing agent readily reaches the 

central portion of the wafer. 	In addition, 	the central 

portion of the wafer is heated to a temperature higher 

than that of the circumferential portion because of heat 

generated by polishing and less cooling effect of the 

polishing agent. 	From these two reasons, 	mechanical 

polishing and chemical polishing are promoted at the 

central portion of the wafer compared with at the 

circumferential portion, 	and hence the polishing rate is 

higher at the central portion than the circumferential 

portion so that the wafer tends to be formed in a 

concave shape. 

[0033] 

Meanwhile, 	if the measured circumferential 

flatness 	is• a 	sag shape, 	then the polishing load is 

increased and the rotational speed of the upper and 
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lower turn tables and the rotational speed of and the 

revolution speed of the carrier are decreased compared 

with those of the current polishing batch. 	Under such 

conditions, 	the polishing agent, 	in contrast to the 

above conditions, 	hardly reaches the center portion of 

the wafer, 	and hence the polishing rate is lower at the 

central portion than the circumferential portion so that 

the wafer tends to be formed in a convex shape. 

The polishing conditions are thus determined such 

that the wafer tends to be formed in a concave or convex 

shape, 	besides the overall flatness is adjusted by 

determining a proper finishing flatness so that 

combination of these determinations enables both the 

overall flatness and the circumferential flatness to be 

improved. 

[0034] 

In an exemplary case where the measured overall 

flatness is a convex shape and the measured 

circumferential flatness is a rise shape, 	the polishing 

load is decreased and the rotational speed of the upper 

and lower turn tables and the rotational speed of and 

the revolution speed of the carrier are increased 

compared with those of the current polishing batch so 

that the wafer tends to be formed in a concave shape, 

and the finishing thickness is increased so that the 

wafer tends to be formed in a convex shape. 	Under the 

determined conditions, 	both the overall flatness and the 

circumferential flatness can be improved. 	In contrast, 

in an exemplary case where the measured overall flatness 

is a concave shape and the measured circumferential 

flatness is a sag shape, 	the polishing load is increased 

and the rotational speed of the upper and lower turn 

tables and the rotational speed of and the revolution 
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speed of the carrier are decreased compared with those 

of the current polishing batch so that the wafer tends 

to be formed in a convex shape, 	and the finishing 

thickness is decreased so that the wafer tends to be 

formed in a concave shape. 	Under the determined 

conditions, 	likewise, 	both the overall flatness and the 

circumferential flatness can be improved. 

[0035] 

	

It is to be noted that conventional methods, 	if 

the overall flatness is a convex shape and the 

circumferential flatness is a rise shape, 	merely 

decrease the finishing thickness to improve the convex 

shape of the overall flatness. 	The rise shape of the 

circumferential portion is therefore developed due to 

the retainer effect of a carrier, 	which mitigates 

sinking of a wafer into a polishing pad. 

[0036] 

The present invention, 	as described above, 

determines polishing conditions to shift the 

circumferential flatness from the rise and sag shapes to 

the concave and convex shapes, 	respectively, 	and, 

according to this determination, 	the finishing thickness 

to make the overall flatness flat, 	thereby improving 

both the overall and circumferential flatness. 

If the circumferential flatness is neither the 

rise shape nor the sag shape as above, 	but flat, 	the 

polishing conditions of the second polishing may be the 

same as those of the current polishing batch. 	In this 

case, 	the polishing time of the first polishing is 

changed to adjust the finishing thickness so that the 

overall 	flatness is improved. 	Specifically, 	the 

polishing time of the first polishing may be determined 

in such a manner that if the overall flatness is the 
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concave shape, 	then the finishing thickness is increased 

from that of the current polishing batch, 	and if the 

overall flatness is the convex shape, 	then the finishing 

thickness is decreased from that of the current 

polishing batch. 

[0037] 

The polishing time of the second polishing is 

preferably determined to be a time required for securing 

a polishing amount sufficient for the above shape 

adjustment, 	and may be, 	but not limited to, 	a time 

required for securing a polishing amount of 1.5 to 5.0 

lAm. 

EXAMPLE 

[0038] 

Hereinafter, 	the present invention will be 

described more specifically with an example and a 

comparative example of the present invention, 	but the 

present invention is not limited to these examples. 

[0039] 

(Example) 

Wafers were polished with a double-side polishing 

apparatus capable of in-line measurement of the flatness 

in accordance with the double-side polishing method of 

the present invention as shown in FIG. 	1, 	and the 

flatness was evaluated. 	The polished wafers were 300- 

mm-diameter silicon wafers prepared by slicing a silicon 

single crystal ingot produced by the Czochralski 	(CZ) 

method, 	chamfering the edge of the wafers, 	and lapping 

and polishing the wafers. 	The double-side polishing 

apparatus had urethane foam polishing pads on both sides 

of the upper and lower turn tables. 	The polishing agent 

containing colloidal 	silica grains with a pH of 10.0 to 

11.0 	was 	used. 
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[0040] 

The polishing conditions in the first batch were 

determined as follows: 

In the first polishing, 	the polishing load was 250 

g/cm2,and the rotational speeds of the upper and lower 

turn tables and of the sun and internal gears were 

determined such that both the difference between the 

revolution speed of the carrier and the rotational speed 

of the upper turn table and the difference between the 

rotational speed of the lower turn table and the 

revolution speed of the carrier became 20 rpm; 	The 

rotational speed of the carrier was 1 rpm; 

In the second polishing, 	the polishing load was 

180 g/cm2,and the rotational speeds of the upper and 

lower turn tables and the sun and internal gears were 

determined in the same manner as the first polishing; 

and 

The polishing time of the second polishing was 3.5 

minutes, 	and the polishing time of the first polishing 

was determined such that the finishing thickness became 

777 	'Am. 

[0041] 

The wafers werepolished under such polishing 

conditions, 	and the flatness of each of the polished 

wafers was measured. 	As a result, 	the overall flatness 

was a convex shape and the circumferential flatness was 

a rise shape. 	Accordingly, 	the polishing conditions of 

the second polishing process in the second batch were 

determined as follows: 

The polishing load was decreased to 130 g/cm2, 	and 

the rotational speeds of the upper and lower turn tables 

and the rotational speed of and the revolution speed of 

the carrier were increased such that both the difference 
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between the revolution speed of the carrier and the 

rotational speed of the upper turn table and the 

difference between the rotational speed of the lower 

turn table and the revolution speed of the carrier 

became 25 rpm; 	The rotational speed of the carrier was 

increased to 4 rpm; 	The finishing thickness was 

increased to 780 pill; 	and the polishing time of the 

second polishing was 6 minutes. 

The polishing conditions of the first polishing were 

determined to be the same as those of the first batch 

except that the polishing time was changed such that the 

finishing thickness became 780 iml. 	The wafers were 

polished under such polishing conditions, 	and the. 

flatness of the polished wafers was measured. 

[0042] 

As a result, 	both of the overall flatness and the 

circumferential flatness were improved to good values. 

FIG. 	5 shows the result of the flatness, 	wherein the 

flatness in the later-described Comparative Example is 

converted to 1. 	As 	shown in FIG. 	5, 	the GBIR, 

representing the overall flatness, 	in the Example and 

Comparative Example was good, 	but the SFQR and ESFQR, 

representing the circumferential flatness, 	in Example 

was better than those in Comparative Example. 

Moreover, 	the in-line measurement of the flatness 

allowed the polishing to be completed without increase 

in processing time_and hence decrease in productivity. 

It was thus confirmed that the double-side 

polishing method of the present invention can stably 

improve the wafer flatness and also prevent from being 

affected by variations in the carrier thickness over 

time because the polishing conditions are determined 

without using the carrier thickness as a reference. 
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[0043] 

(Comparative Example) 

Silicon single crystal wafers were polished under 

the same conditions as those of the first polishing 

batch in Example. 	The flatness of the polished wafer 

was measured with a flatness measuring instrument 

(Nanometro 300TT manufactured by KURODA Precision 

Industries Ltd.) 	provided separately from the double- 

side polishing apparatus, 	and the overall flatness was a 

convex shape and the circumferential flatness was a rise 

shape. 	Accordingly, 	the finishing thickness of the 

wafer in the second polishing batch was determined to be 

thinner than the thickness of the carrier to improve the 

overall 	flatness. 

As a result, 	although the overall flatness was 

improved, 	the circumferential flatness became a steeper 

rise shape. 	As depicted in FIG. 	5, 	the circumferential 

flatness became considerably worse than that of. Example. 

[0044] 

It is to be noted that the present invention is 

not limited to the foregoing embodiment. 	The embodiment 

is just an exemplification, 	and any examples that have 

substantially the same feature and demonstrate the same 

functions and effects as those in the technical concept 

described in claims of the present invention are 

included in the technical scope of the present invention. 

[Explanations of Numerals] 

[0045] 

1: a double-side polishing apparatus, 

2: an upper turn table, 

3: a lower turn table, 

4: a polishing pad, 

5: a 	carrier, 
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6:  a holding hole, 

7:  a sun gear, 

8:  an internal gear, 

9:  a through-hole, 

10:  a nozzle, 

11:  a robot, 

12:  a thickness measuring instrument, 

13:  a displacement sensor. 



[CLAIMS] 

[claim 	1] 

A double-side polishing method including 

interposing a wafer held by a carrier between upper and 

lower turn tables to which respective polishing pads are 

attached, 	and rotating and revolving the carrier while 

supplying a polishing agent to polish both surfaces of 

the wafer at the same time, 	the method comprising the 

steps 	of: 

first polishing at a high polishing rate; 

second polishing at a low polishing rate; 

measuring flatness of the polished wafer; 	and 

determining polishing conditions of the second 

polishing in a next polishing batch on a basis of the 

measured flatness, 

wherein the measured flatness includes overall 

flatness represented by a cross-sectional shape passing 

through a center of the wafer and circumferential 

flatness represented by a sag shape or a rise shape of 

an outer circumference portion of the wafer, 	and 

wherein the step of determining the polishing 

conditions of the second polishing determines the 

polishing conditions such that, 	if the measured 

circumferential flatness is the rise shape, 	then a 

polishing load is decreased and a rotational speed of 

the upper and lower turn tables and a rotational speed 

of and a revolution speed of the carrier are increased 

compared with those of a current polishing batch, 	and if 

the measured circumferential flatness is the sag shape, 

then the polishing load is increased and the rotational 

speed of the upper and lower turn tables and the 

rotational speed of and the revolution speed of the 

carrier are decreased compared with those of the current 
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polishing batch. 

[claim 2] 

The double-side polishing method according to 

claim 1, 	wherein, 

the step of determining the polishing conditions 

of the second polishing determines at least one of a 

polishing load, 	a rotational speed of the carrier, 	a 

revolution speed of the carrier, 	a rotational speed of 

the upper turn table, 	a rotational speed of the lower 

turn tables, 	and a polishing time. 

[claim 3] 

The double-side polishing method according to 

claim 1 or 2, 	wherein, 

if the measured circumferential flatness is the 

rise shape, 	then a polishing time of the first polishing 

is determined such that a finishing thickness becomes 

thicker than that of the current polishing batch, 	and if 

the circumferential flatness is the sag shape, 	then the 

polishing time of the first polishing is determined such 

that the finishing thickness becomes thinner than that 

of the current polishing batch. 
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