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DESCRIPTION 

Title of Invention: METHOD FOR POLISHING SILICON WA FERS AND 

POLISHING LIQUID THEREFOR 

Technical Field 

[0001] This invention relates to a method for polis hing 

silicon wafers and a polishing liquid for the metho d, and in 

particular, to a method for polishing silicon wafer s for 

polishing at least the surface serving as a surface  to be polished 

between the surface and the rear surface of the sil icon wafer 

so as to relatively rotate a silicon wafer and an a brasive cloth 

while supplying a polishing liquid, and the polishi ng liquid 

for the method. 

Background Art 

[0002] In recent years, as a method for polishing a  surface 

of a silicon wafer, CMP (chemical mechanical polish ing) which 

is carried out so as to relatively rotate the silic on wafer 

and an abrasive cloth while supplying a polishing l iquid in 

which free abrasive grains such as silica grains ar e contained 

in an alkaline aqueous solution, is common.  CMP ha s been known 

by that a mechanical polishing action by free abras ive grains 

and a chemical polishing action by an alkaline aque ous solution 

are combined, to be able to obtain high flatness wi th respect 

to the surface of a silicon wafer.  In this CMP pro cessing for 
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silicon wafer, usually, polishing is carried out th rough 

multiple steps from rough polishing to final polish ing. 

 The rough polishing at an initial step is carried out 

with the purpose of polishing a silicon wafer to be  a desired 

thickness.  The polishing is carried out under the condition 

of a relatively high polishing rate by use of a har d abrasive 

cloth of polyurethane or the like, that is, the pol ishing is 

carried out so as to reduce the variation in thickn ess of the 

silicon wafer after the polishing, to achieve flatt ening.  In 

this rough polishing process, the polishing process ing may be 

carried out so as to change the type of an abrasive  cloth and 

the size of free abrasive grains, while splitting t he amount 

of polishing the silicon wafer (elimination stock a mount) into 

multiple steps (for example, 1 to 3 steps) in some cases. 

 The final polishing in the final step is carried o ut with 

the purpose of improving the roughness on the silic on wafer 

surface, and the polishing is carried out so as to reduce the 

variation in nano-surface roughness on the silicon wafer surface 

such as nanotopography or haze by use of a soft abr asive cloth 

such as suede, and micro-sized free abrasive grains .  In the 

same way as the rough polishing process, in this fi nal polishing 

as well, the polishing processing may be split into  multiple 

steps to be carried out while changing the type of abrasive 
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cloth and the size of free abrasive grains, in some  cases. 

[0003] However, in the case where rough polishing i s carried 

out by use of a polishing liquid containing free ab rasive grains 

(a slurry), a high polishing rate and a certain lev el of flatness 

of a wafer may be obtained.  Meanwhile, new process  damage has 

been brought about to the surface of the silicon wa fer by a 

mechanical action during the polishing.  Further, d ue to 

aggregation of the free abrasive grains in the poli shing liquid, 

defects caused by a process such as micro-scratchin g have 

occurred on a polished surface of a silicon wafer.  In many 

cases, process damage occurring in the rough polish ing process 

and defects caused by a process are not eliminated even in the 

subsequent final polishing process, and in order to  completely 

eliminate those, it is necessary to considerably in crease the 

amount of polishing in the final polishing. 

[0004] Then, as a conventional technology for solvi ng this, 

for example, the invention disclosed in Patent Docu ment 1 has 

been known.  This invention is to polish the surfac e of a silicon 

wafer by use of a polishing liquid composed of an a lkaline aqueous 

solution of pH8.5 to 13, which contains a water-sol uble silicate 

component and an alkaline component, and substantiv ely does 

not contain free abrasive grains.  In this way, bec ause free 

abrasive grains are not used, process damage to the  surface 
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of the silicon wafer is reduced.  In addition, beca use the 

silicic acid molecules are coupled with silicon ato ms on the 

wafer surface coupled with a hydroxyl group to form  condensed 

silicate and accelerate elution of the silicon atom s into the 

alkaline aqueous solution, its polishing rate is th erefore 

increased. 

[0005] Patent Document 1: Japanese Published Unexam ined 

Patent Application No. H9-306881. 

Disclosure of Invention 

Problems to be Solved by the Invention 

[0006] Meanwhile, from the standpoint of the miniat urization 

of devices and the enlargement of a device formatio n region 

of a silicon wafer in recent years, high flatness i s required 

in the vicinity of the outermost circumference of a  silicon 

wafer, which has drawn increased attention to flatn ess in the 

vicinity of the outermost circumference and the amo unt of surface 

displacement of a wafer.  In accordance therewith, an index 

ROA (Roll-Off Amount) in which a drop-off amount an d a flip-up 

amount of the wafer outer circumferential portion a re 

quantitatively expressed has been known in order to  assess the 

shape of the outermost circumference of a silicon w afer. 

[0007] This is to determine a virtual reference pla ne from 

a wafer shape at a position of 124 mm to 135 mm (Re ference area) 
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from the center of the wafer where a silicon wafer with a diameter 

of, for example, 300 mm is considered as being flat , and for 

example, when a ROA is 1 mm, it is defined as a hei ght from 

the reference plane at a position of 1 mm inward fr om the wafer 

outer edge.  At this time, given that the height of  the reference 

plane is 0, from which the shape is dropped off up to the wafer 

outer edge, its amount of displacement is a minus v alue 

(roll-off), and when the shape is flipped up, its a mount of 

displacement is a plus value (roll-up).  Further, t he lower 

the absolute values of roll-off and roll-up are, th e higher 

the flatness even in the vicinity of the outermost circumference 

is assessed. 

[0008] As shown in Patent Document 1, in the case w here the 

surface of a silicon wafer is polished by use of a polishing 

liquid composed of an alkaline aqueous solution wit h no free 

abrasive grains, but containing a water-soluble sil icate 

component, the polishing liquid flows in from the o uter 

circumference to the center of the silicon wafer du ring the 

polishing processing.  Therefore, a large quantity of alkaline 

aqueous solution having a significant amount of etc hing action 

touches the outer circumferential portion more than  the central 

portion of the wafer.  Therefore, a polishing rate at 3 mm from 

the outer circumferential edge of the silicon wafer  is high, 
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and the control of roll-off in the region of 3 mm o r less from 

the wafer outer circumferential edge is imperfect i n the same 

way as a case of CMP using a polishing liquid conta ining free 

abrasive grains.  Further, depending on an alkali c oncentration 

change during polishing processing, the silicate co mponent in 

the polishing liquid is turned into a gel, and this  functions 

as a free abrasive grain in colloidal silica, which  may cause 

process damage or cause a defect caused by a proces s. 

[0009] Further, in recent years, it has been desire d to 

provide a silicon wafer in which not only the surfa ce side, 

but also the rear surface side of the silicon wafer  is 

mirror-surface polished, and double-side polishing for 

simultaneously polishing the wafer surface and rear  surface 

has been executed by use of a polishing liquid cont aining free 

abrasive grains in a rough polishing process. 

 As a double-side polishing device, in recent years , 

double-side polishing for simultaneously polishing the surface 

and the rear surface of the silicon wafer so as to insert the 

carrier plate with an upper surface plate and a low er surface 

plate on which abrasive cloths are pasted in a stat e in which 

a silicon wafer is housed in a carrier plate has be en adopted. 

 In the case where such a double-side polishing dev ice 

using a carrier plate is used, provided that the su rface and 
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the rear surface of the silicon wafer are polished until the 

thickness of a silicon wafer becomes a thickness wh ich is 

equivalent to or less than the thickness of the car rier plate, 

the polishing itself onto the wafer outer circumfer ential 

portion by the abrasive cloths is inhibited by the carrier plate, 

thereby it is possible to reduce roll-off. 

 However, because the carrier plate itself is polis hed, 

the exchange frequency of the carrier plate is incr eased, which 

brings about the concern of the problem of increasi ng production 

costs. 

[0010] Then, as a result of intensive research, the  

inventors have found that, provided that the surfac e of the 

wafer is polished while supplying a polishing liqui d in which 

a water-soluble polymer is added to an alkaline aqu eous solution 

with no free abrasive grains by use of hard abrasiv e cloth of 

polyurethane or the like in rough polishing of a su rface of 

a silicon wafer, it is possible to keep the high po lishing rate, 

and it is possible to arbitrarily control the roll- off amount 

of the outer circumferential portion of the silicon  wafer by 

adjusting the concentration of the water-soluble po lymer added, 

to be able to reduce the roll-off amount, and succe ssfully 

completed this invention. 

[0011] An object of the present invention is to pro vide 
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a method for polishing silicon wafers, which is cap able of 

polishing a surface to be polished of a silicon waf er at a high 

polishing rate, and achieving control of the flatne ss of the 

wafer outer circumferential portion including roll- off and 

roll-up, and to provide a polishing liquid for the method. 

Means for Solving the Problems 

[0012] A first aspect in accordance with the presen t 

invention provides a method for polishing silicon w afers 

including the steps of rough polishing at least the  surface 

serving as a surface to be polished between a surfa ce and a 

rear surface of the silicon wafer so as to relative ly rotate 

a silicon wafer and an abrasive cloth while supplyi ng a polishing 

liquid in which a water-soluble polymer is added to  an alkaline 

aqueous solution with no free abrasive grains to th e hard 

abrasive cloth, and applying final polishing on at least the 

rough polished surface of the silicon wafer. 

[0013] A second aspect in accordance with the prese nt 

invention provides a method for polishing silicon w afers 

including the steps of rough polishing at least the  surface 

serving as a surface to be polished between a surfa ce and a 

rear surface of the silicon wafer so as to relative ly rotate 

a silicon wafer and an abrasive cloth, and applying  final 

polishing on at least the rough polished surface of  the silicon 
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wafer after the rough polishing, the method in whic h the rough 

polishing is split into a first-step polishing whic h is carried 

out while supplying a first-step polishing liquid i n which a 

water-soluble polymer is added to an alkaline aqueo us solution 

with no free abrasive grains to the abrasive cloth,  and a 

second-step polishing which is carried out while su pplying a 

second-step polishing liquid in which a water-solub le polymer 

is added to an alkaline aqueous solution with no fr ee abrasive 

grains to the abrasive cloth after the first-step p olishing, 

and concentration of the water-soluble polymer in t he 

second-step polishing liquid is made higher than th e 

concentration of the water-soluble polymer in the f irst-step 

polishing liquid. 

[0014] A third aspect in accordance with the presen t 

invention provides the method for polishing silicon  wafers 

according to the first aspect or the second aspect,  in which 

the water-soluble polymer is one type or several ty pes from 

among non-ionic system polymers and monomers, or on e type or 

several types from among anionic system polymers an d monomers. 

[0015] A fourth aspect in accordance with the prese nt 

invention provides the method for polishing silicon  wafers 

according to the third aspect, in which the water-s oluble polymer 

is hydroxyethyl cellulose. 
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[0016] A fifth aspect in accordance with the presen t 

invention provides the method for polishing silicon  wafers 

according to the fourth aspect, in which the concen tration of 

the hydroxyethyl cellulose in the polishing liquid is 0.1 ppm 

to 1000 ppm. 

[0017] A sixth aspect in accordance with the presen t 

invention provides the method for polishing silicon  wafers 

according to the first aspect or the second aspect,  in which 

the alkaline aqueous solution is adjusted to pH8 to  pH13, and 

the alkaline aqueous solution is the alkaline aqueo us solution 

to which any of basic ammonium salt, basic potassic  salt, and 

basic sodium salt is added as an alkaline agent, or  an alkaline 

carbonate aqueous solution, or an alkaline aqueous solution 

to which an amine is added. 

[0018] A seventh aspect in accordance with the pres ent 

invention provides the method for polishing silicon  wafers 

according to the first aspect or the second aspect,  in which 

the abrasive cloth is composed of a nonwoven cloth made of 

polyester, or is made of polyurethane. 

[0019] An eighth aspect in accordance with the pres ent 

invention provides the method for polishing silicon  wafers 

according to the first aspect or the second aspect,  in which 

the rough polishing simultaneously polishes the sur face and 
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the rear surface of the silicon wafer with a double -side 

polishing device which includes a carrier plate in which a 

silicon wafer is housed, and an upper surface plate  in which 

the abrasive cloth is pasted on a lower surface and  a lower 

surface plate in which the abrasive cloth is pasted  on a top 

surface, which holds the carrier plate from above a nd below 

therebetween. 

[0020] A ninth aspect in accordance with the presen t 

invention provides the method for polishing silicon  wafers 

according to the eighth aspect, in which polishing is carried 

out such that a thickness of the silicon wafer afte r the rough 

polishing is made thicker than a thickness of the c arrier plate. 

[0021] A tenth aspect in accordance with the presen t 

invention provides a polishing liquid which is used  at the time 

of rough polishing at least the surface serving as a surface 

to be polished between a surface and a rear surface  of a silicon 

wafer, in which an alkaline aqueous solution with n o free 

abrasive grains serves as a base compound, and a wa ter-soluble 

polymer is added to the alkaline aqueous solution. 

[0022] An eleventh aspect in accordance with the pr esent 

invention provides the polishing liquid according t o the tenth 

aspect, in which the alkaline aqueous solution is a djusted to 

pH8 to pH13, the alkaline aqueous solution is the a lkaline 
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aqueous solution to which any of basic ammonium sal t, basic 

potassic salt, and basic sodium salt is added as an  alkaline 

agent, or an alkaline carbonate aqueous solution, o r an alkaline 

aqueous solution to which an amine is added, and th e 

water-soluble polymer is one type or several types from among 

non-ionic system polymers and monomers, or one type  or several 

types from among anionic system polymers and monome rs. 

[0023] A twelfth aspect in accordance with the pres ent 

invention provides the polishing liquid according t o the tenth 

aspect or the eleventh aspect, in which the water-s oluble polymer 

is hydroxyethyl cellulose. 

[0024] A thirteenth aspect in accordance with the p resent 

invention provides the polishing liquid according t o the twelfth 

aspect, in which the concentration of the hydroxyet hyl cellulose 

in the alkaline aqueous solution is adjusted to be within a 

range of concentration from 0.1 ppm to 1000 ppm. 

Advantageous Effect of the Invention 

[0025] In accordance with the method for polishing silicon 

wafers and a polishing liquid for the method of the  present 

invention, it is possible to reduce roll-off of a w afer outer 

circumferential portion while keeping a high polish ing rate, 

which results in making capable flatness (ROA) cont rol of the 

wafer outer circumferential portion including roll- off and 
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roll-up.  Further, it is possible to reduce generat ion of 

process damage and defect generation caused by a pr ocess such 

as micro-scratching caused by an aggregation of abr asive grains. 

Brief Description of the Drawings 

[0026] Fig. 1 is a perspective view of a non-sun ge ar system 

double-side polishing device, which is used for a m ethod for 

polishing silicon wafers of Example 1 according to the present 

invention. 

 Fig. 2 is a major part longitudinal sectional view  of 

the non-sun gear system double-side polishing devic e, which 

is used for the method for polishing silicon wafers  of Example 

1 according to the present invention. 

 Fig. 3 is a graph showing the shapes of outer 

circumferential portions of the silicon wafers corr esponding 

to the additive amounts of a water-soluble polymer with respect 

to silicon wafers, which are secondary-polished by the method 

for polishing silicon wafers of Example 1 according  to the 

present invention. 

 Fig. 4 is a graph showing a relationship between t he 

additive amounts of  hydroxyethyl cellulose into a polishing 

liquid and the polishing rates of the silicon wafer  in the method 

for polishing silicon wafers of Example 1 according  to the 

present invention. 
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 Fig. 5 is a graph showing the shapes of the outer 

circumferential portions of the silicon wafers corr esponding 

to the additive amounts of a water-soluble polymer with respect 

to silicon wafers, which are tertiary-polished by a  method for 

polishing silicon wafers of Example 2 according to the present 

invention. 

Description of Symbols 

[0027] 10 … Double-side polishing device, 

 11 … Silicon wafer, 

 15 … Abrasive cloth, 

 110 … Carrier plate, 

 120 … Upper surface plate, 

 130 … Lower surface plate 

Best Modes for Carrying Out the Invention 

[0028] A method for polishing silicon wafers of the  present 

invention includes the processes of rough polishing  at least 

the surface serving as a surface to be polished bet ween a surface 

and a rear surface of the silicon wafer so as to re latively 

rotate a silicon wafer and the abrasive cloth while  supplying 

a polishing liquid in which a water-soluble polymer  is added 

to an alkaline aqueous solution with no free abrasi ve grains 

to a hard abrasive cloth, and applying final polish ing on at 

least the rough polished surface of the silicon waf er. 
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[0029] Further, another method for polishing silico n 

wafers of the present invention includes the proces ses of rough 

polishing at least the surface serving as a surface  to be polished 

between a surface and a rear surface of the silicon  wafer so 

as to relatively rotate a silicon wafer and the abr asive cloth, 

and applying final polishing on at least the rough polished 

surface of the silicon wafer, the method in which t he rough 

polishing is split into a first-step polishing whic h is carried 

out while supplying a first-step polishing liquid i n which a 

water-soluble polymer is added to an alkaline aqueo us solution 

with no free  abrasive grains to the abrasive cloth , and a 

second-step polishing which is carried out while su pplying a 

second-step polishing liquid in which a water-solub le polymer 

is added to an alkaline aqueous solution with no fr ee abrasive 

grains  to the abrasive cloth after the first-step polishing, 

and concentration of the water-soluble polymer in t he 

second-step polishing liquid is made higher than th e 

concentration of the water-soluble polymer in the f irst-step 

polishing liquid. 

[0030] According to these methods for polishing sil icon 

wafers of the present invention, due to an etching action by 

the alkaline aqueous solution and an etching inhibi tive action 

onto a silicon wafer outer circumferential portion by the 
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water-soluble polymer, it is possible to reduce rol l-off of 

the wafer outer circumferential portion while keepi ng a high 

polishing rate, which results in making capable fla tness (ROA) 

control of the wafer outer circumferential portion including 

roll-off and roll-up. 

 Further, in a conventional polishing method using a 

polishing liquid containing free abrasive grains, r oll-off of 

the wafer outer circumferential portion is accelera ted 

according to the progress of polishing.  Meanwhile,  in the case 

of this invention, for example, by extending a poli shing time 

to increase the amount of polishing, it is possible  to make 

the wafer outer circumferential portion into a roll -up shape.  

Therefore, for example, roll-off of a wafer outer 

circumferential portion in final polishing may be a ssumed to 

achieve an ideal flat shape on an outer circumferen tial portion 

of a product wafer. 

[0031] In addition, as the reason for reduction in roll-off, 

it is presumed that the following phenomenon may oc cur. 

 Because the water-soluble polymer in the polishing  liquid 

is absorbed to the surface of the silicon wafer dur ing the 

polishing processing, the wafer surface comes to be  covered 

with the water-soluble polymer.  However, because t he polymer 

membrane formed on the surface to be polished (the plane to 



    17        

be polished) is eliminated by the abrasive cloth, a nd the surface 

to be polished from which the polymer membrane is e liminated 

is a reaction active hydrophilic surface, chemical etching is 

carried out by the alkaline aqueous solution.  It c an be 

considered that the polishing progresses by repeate d polymer 

absorption, elimination of the polymer membrane, an d alkaline 

etching.  Then, because the polishing liquid flows from the 

wafer outer edge toward the center, and a large qua ntity of 

polishing liquid is supplied to the wafer outer cir cumferential 

portion as compared with the wafer central portion,  the polishing 

progresses in a state in which the amount of format ion of polymer 

membrane to be formed is made larger than the amoun t of 

elimination of polymer membrane to be eliminated by  the abrasive 

cloth in the wafer outer circumferential portion.  It is thereby 

presumed that an etching reaction on the wafer oute r 

circumferential portion is inhibited, to reduce a r oll-off 

amount. 

[0032] In the method for polishing silicon wafers o f the 

present invention, an alkaline aqueous solution wit h no free 

abrasive grains is used as a polishing liquid.  Her e, the term 

the “alkaline aqueous solution with no free abrasiv e grains” 

means an alkaline aqueous in which free abrasive gr ains such 

as colloidal silica (abrasive grains), diamond abra sive grains, 
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or alumina abrasive grains are not mixed into an al kaline aqueous 

solution serving as a base compound in a polishing liquid.  With 

this, the surface to be polished of a silicon wafer  is polished 

mainly by a chemical action.  Therefore, it is poss ible to avoid 

generation of process damage by a chemical action s uch as 

conventional polishing using free abrasive grains.  In addition, 

because the polishing does not use free abrasive gr ains, it 

is possible to reduce defect generation caused by a  process 

such as micro-scratching caused by an aggregation o f abrasive 

grains. 

[0033] As an alkaline aqueous solution, one which i s 

adjusted to be within a range from pH8 to pH13 is u sed.  As 

a result, defects caused by a process such as scrat ching or 

scarring are not generated on the surface of the si licon wafer, 

it is easy to handle the polishing liquid, and it i s possible 

to obtain a high polishing (etching) rate of the si licon wafer.  

In a case where the alkaline aqueous solution is le ss than pH8, 

an etching action becomes too low, which makes it e asy to generate 

defects caused by a process such as scratching or s carring on 

the surface of the silicon wafer.  Further, in a ca se of being 

higher than pH13 such as a strongly basic aqueous s olution, 

it is difficult to handle the polishing liquid. 

 As an alkaline agent (pH adjuster) for the alkalin e aqueous 
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solution, for example, an alkaline aqueous solution  to which 

any of basic ammonium salt, basic potassic salt, an d basic sodium 

salt is added, or an alkaline carbonate aqueous sol ution, or 

an alkaline aqueous solution to which an amine is a dded.  

Otherwise, an aqueous solution of hydrazine or amin es may be 

adopted.  From the standpoint of increasing a polis hing rate, 

it is preferable that ammonia-free alkali, particul arly, an 

amine is used. 

 The content of the alkaline agent in the alkaline aqueous 

solution is 100 to 1000 ppm.  When it is less than 100 ppm, 

the etching force onto the surface of the silicon w afer by the 

alkaline agent is not sufficient, and it takes a lo ng time for 

polishing the silicon wafer to a predetermined thic kness.  When 

it is over 1000 ppm, it is difficult to handle the polishing 

liquid itself, and further, surface roughness is ea sily 

generated on the wafer surface by an excess etching  reaction. 

[0034] Further, as the other aspect of the present invention, 

the rough polishing may be split into a first-step polishing 

using a first-step polishing liquid and a second-st ep polishing 

using a second-step polishing liquid, and concentra tion of the 

water-soluble polymer in the second-step polishing liquid may 

be made higher than the concentration of the water- soluble 

polymer in the first-step polishing liquid. 
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[0035] That is, because higher productivity is requ ired 

for rough polishing, it is necessary to polish sili con wafers 

under a polishing condition in which a polishing ra te is 

increased as high as possible.  Accordingly, by low ering the 

concentration of the water-soluble polymer in the f irst-step 

polishing liquid used for first-step polishing carr ied out from 

the beginning of the start of polishing, it is poss ible to 

increase the polishing rate.  Then, after the first -step 

polishing, by executing the second-step polishing u sing the 

second-step polishing liquid in which the concentra tion of the 

water-soluble polymer is increased, it is possible to inhibit 

roll-off from being generated on the outer circumfe rential part 

of the wafer. 

 In this way, after the first-step polishing in whi ch the 

amount of polishing is increased at a high polishin g rate, the 

second-step polishing is carried out onto the polis hed surface 

of the silicon wafer on which the first-step polish ing is carried 

out by use of the second-step polishing liquid in w hich an 

additive amount of the water-soluble polymer is inc reased.  

Therefore, a polishing time of the silicon wafer on  which 

roll-off of the outer circumferential portion is re duced is 

shortened, which makes it possible to improve produ ctivity of 

mirrored silicon wafers. 
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[0036] The concentration of the water-soluble polym er in the 

polishing liquid used for the first-step polishing is preferably 

10 ppm or less, which makes it possible to polish a  silicon 

wafer while keeping a high polishing rate without i mpairing 

the etching action by the alkaline aqueous solution . 

 The polishing condition for the second-step polish ing 

may be the same as or different from the polishing condition 

for the first-step polishing except for the additiv e amount 

of the water-soluble polymer.  Further, as a type o f the 

water-soluble polymer, the same type may be used or  the type 

may be changed in the first-step polishing and the second-step 

polishing.  In the second-step polishing, a polishi ng device 

used for the first-step polishing is continuously u sed 

immediately after the first-step polishing, and the  additive 

amount of the water-soluble polymer in the polishin g liquid 

supplied to the abrasive cloth may be merely change d (increased).  

Further, another polishing device different from th e polishing 

device used for the first-step polishing may be use d. 

[0037] As a water-soluble polymer, anionic, non-ion ic, and 

ampholytic respective polymers and respective monom ers are used.  

In detail, as a water-soluble polymer, hydroxyethyl  cellulose 

or polyethylene glycols is preferably used.  In par ticular, 

highly-pure hydroxyethyl cellulose is relatively ea sily 
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available, and a polymer membrane is easily formed on a wafer 

surface.  Therefore, hydroxyethyl cellulose has the  

characteristic of a high effect of inhibiting an et ching reaction 

by alkali.  However, among respective types of wate r-soluble 

polymers, one for accelerating etching on a silicon  wafer by 

an alkaline aqueous solution is not suitable.  Only  one type 

of water-soluble polymer may be used, or a pluralit y of types 

of water-soluble polymers may be used. 

[0038] Further, in place of a water-soluble polymer , a 

surface acting agent or aliphatic alcohol may be us ed.  As a 

surface acting agent, for example, polyoxyethylene alkyl ether 

or the like may be adopted.  Further, as aliphatic alcohol, 

for example, polyvinyl alcohol or the like may be a dopted. 

[0039] The concentration of the water-soluble polym er in 

the polishing liquid may be set within a range of c oncentration 

from 0.1 ppm to 1000 ppm, and particularly, it is p referable 

to be less than or equal to 100 ppm.  In the case w here 

hydroxyethyl cellulose is adopted as a water-solubl e polymer, 

its additive amount is preferably 100 ppm or less.  Excessive 

addition considerably lowers a polishing rate of th e silicon 

wafer, which results in lower productivity. 

[0040] As a silicon wafer, for example, a monocryst alline 

silicon wafer, a polycrystalline silicon wafer, or the like 
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may be adopted.  Further, as a diameter of the sili con wafer, 

for example, 100 mm, 125 mm, 150 mm, 200 mm, 300 mm , 450 mm, 

or the like may be cited. 

[0041] As a silicon wafer to be rough polished, a s ilicon 

wafer in which no oxide film is present at least on  the surface 

serving as a surface to be polished between the sur face and 

the rear surface is used.  This is because, usually , a native 

oxide film of approximately 5 to 20 Å is present on  a surface 

of a silicon wafer before a rough polishing process , which makes 

it difficult to eliminate the native oxide film by the alkaline 

aqueous solution with no free abrasive grains. 

 For eliminating the native oxide film, a method fo r 

eliminating native oxide film by etching processing  using a 

solution such as hydrofluoric acid, a method for el iminating 

native oxide film by polishing processing using a p olishing 

liquid containing free abrasive grains, or the like  may be 

adopted before carrying out rough polishing.  In ad dition, in 

the case where the native oxide film is eliminated by polishing 

processing using a polishing liquid containing free  abrasive 

grains, not only the native oxide film, but also th e wafer surface 

may be polished so as to reduce the amount of polis hing by rough 

polishing. 

[0042] A hard material is used as an abrasive cloth .  
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Thereby, it is possible to achieve reduction in rol l-off amount 

of the outer circumferential portion of the silicon  wafer.  That 

is, because the polishing processing is carried out  in a state 

in which the silicon wafer is pressed against the a brasive cloth, 

given that a soft abrasive cloth is used, the silic on wafer 

is subducted into the abrasive cloth, and the actio n of reaction 

force by which the abrasive cloth tries to turn bac k gets stronger 

on the wafer outer circumferential portion, which m akes it easy 

to cause roll-off.  Further, with a hard abrasive c loth, it 

is possible to extrude the water-soluble polymer ab sorbed to 

the surface to be polished of the silicon wafer in the wafer 

outer circumferential direction, to efficiently eli minate it, 

which makes it possible to keep the high polishing rate and 

improve the quality of the surface roughness of the  silicon 

wafer. 

 As a hard abrasive cloth, an abrasive cloth compos ed of 

a nonwoven cloth made of polyester, an abrasive clo th made of 

polyurethane, or the like may be cited.  In particu lar, an 

abrasive cloth made of polyurethane foam, which is excellent 

in accuracy of mirror-finish onto the surface to be  polished 

of the silicon wafer, is desirable.  For example, i n the case 

where an abrasive cloth made of suede which is soft  and easy 

to track the outer circumferential shape of the sil icon wafer, 
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which may be used for final polishing, is used, etc hing on the 

wafer outer circumferential portion is accelerated,  which 

results in roll-off. 

[0043] As a specific hard abrasive cloth, it is pre ferable 

to adopt an abrasive cloth of 70 to 90 as Shore-D h ardness 

specified by JIS K 6253-1997/ISO 7619, and with com pressibility 

of 1 to 5%, in particular, 2 to 3%.  In a case of b eing lower 

than 70 as Shore-D hardness, during polishing, the polishing 

liquid is inhibited from flowing into the outer cir cumferential 

portion of the silicon wafer, to reduce the amount of the 

water-soluble polymer of the outer circumferential portion, 

thereby increasing the polishing rate of 3 mm from the outer 

circumferential edge of the silicon wafer, which ma kes it easy 

to cause roll-off of the wafer outer circumferentia l portion.  

Further, in a case of being higher than 90 as Shore -D hardness, 

it is easy to cause a polishing flaw on the wafer s urface. 

[0044] Lapping is carried out by relatively rotatin g the 

silicon wafer and the abrasive cloth.  The term “re latively 

rotating” means rotating the silicon wafer, rotatin g the 

abrasive cloth, or rotating both of the silicon waf er and the 

abrasive cloth.  The rotational directions of the s ilicon wafer 

and the abrasive cloth are arbitrary.  For example,  the 

rotational directions of the silicon wafer and the abrasive 
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cloth in the case where both are rotated may be the  same or 

different from each other. 

[0045] The polishing rate of the silicon wafer in r ough 

polishing is preferably 0.05 to 1 µm per minute.  Given that 

the polishing rate is lower than 0.05 µm per minute, the polishing 

rate is low, and it takes a long time for polishing .  Further, 

given that the polishing rate is higher than 1 µm per minute, 

it is easy to cause surface roughness of the silico n wafer surface 

by the highly-concentrated alkali. 

 The rotation speed of the silicon wafer, the rotat ion 

speed of the abrasive cloth, the polishing pressure , and the 

like may be set to be within a range of the above-d escribed 

polishing rates, and for example, the rotation spee ds of the 

silicon wafer and the abrasive cloth may be set to be within 

a range of 5 to 30 rpm, and the polishing pressure may be set 

to be within a range of 50 to 500g per cm 2. 

 In addition, the amount of polishing by rough poli shing 

may be set in consideration of a desired silicon wa fer thickness, 

and is basically set to be within a range of severa l hundreds 

of nm to 10 µm per minute.  The amount of polishing by final 

polishing carried out after rough polishing is set to be within 

a range less than or equal to 500 nm at a maximum. 

[0046] In rough polishing of the silicon wafer, a 
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single-wafer type polishing device may be used, or a batch type 

polishing device that simultaneously polishes a plu rality of 

silicon wafers may be used.  The rough polishing ma y be one-side 

polishing only onto the surface or double-side poli shing for 

simultaneously polishing the wafer surface and rear  surface. 

 In particular, for simultaneously rough polishing the 

wafer surface and rear surface, it is preferable to  polish those 

by use of a double-side polishing device which is e quipped with 

a carrier plate in which a silicon wafer is housed,  and an upper 

surface plate and a lower surface plate on which ab rasive cloths 

inserting the carrier plate from above and below ar e pasted 

on the respective opposed surfaces.  Thereby, it is  possible 

to achieve high flattening not only the wafer surfa ce, but also 

the wafer rear surface by one polishing processing,  which is 

effective for providing mirrored silicon wafers at low cost 

and of high flatness.  The abrasive cloth on the up per surface 

plate and the abrasive cloth on the lower surface p late may 

be made of the same material, or may be made of dif ferent 

materials. 

[0047] At the time of carrying out double-side poli shing 

onto the surface and the rear surface of a silicon wafer by 

use of a polishing liquid with no free abrasive gra ins, it is 

preferable to polish the silicon wafer such that th e thickness 
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of the silicon wafer after rough polishing is made thicker than 

the thickness of the carrier plate.  Thereby, polis hing of the 

carrier plate by the abrasive cloth is inhibited, w hich makes 

it possible to prevent deterioration of the carrier  plate.  

Additionally, during polishing processing, vibratio n of the 

wafer and the carrier plate is dampened, which make s it possible 

to prevent the wafer from jumping out of the carrie r plate. 

 As this double-side polishing device, a sun-gear 

(planetary gear) system device, or a non-sun gear s ystem device 

which causes the carrier plate to cause a circular motion without 

self-rotation may be adopted. 

[0048] The polishing liquid is used at the time of rough 

polishing at least the surface serving as a surface  to be polished 

between the surface and the rear surface of a silic on wafer, 

and in which an alkaline aqueous solution with no f ree abrasive 

grains serves as a base compound, and a water-solub le polymer 

is added to the alkaline aqueous solution. 

 Because the polishing liquid contains the alkaline  aqueous 

solution with no free abrasive grains serving as a base compound, 

the surface to be polished of the silicon wafer is polished 

mainly by a chemical action.  As a result, it is po ssible to 

avoid generation of process damage by a mechanical action as 

conventional polishing using free abrasive grains, and it is 
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possible to reduce defect generation caused by a pr ocess such 

as micro-scratching caused by an aggregation of abr asive grains. 

[0049] Further, in the polishing liquid, the alkali ne 

aqueous solution is adjusted to pH8 to pH13, and an y of basic 

ammonium salt, basic potassic salt, and basic sodiu m salt is 

added to the alkaline aqueous solution as an alkali ne agent, 

and the alkaline aqueous solution is an alkaline ca rbonate 

aqueous solution, or an alkaline aqueous solution t o which an 

amine is added.  The water-soluble polymer is prefe rably 

composed of one type or several types from among no n-ionic system 

polymers and monomers, or one type or several types  from among 

anionic system polymers and monomers.  With this, d efects 

caused by a process such as scratching or scarring are not 

generated on the surface of the silicon wafer, it i s easy to 

handle the polishing liquid, and it is possible to obtain a 

high polishing (etching) rate of the silicon wafer.  

[0050] The content of the alkaline component in the  alkaline 

aqueous solution is preferably set to 100 to 1000 p pm.  When 

it is less than 100 ppm, the etching force onto the  surface 

of the silicon wafer by the alkali is not sufficien t, and it 

takes a long time for polishing the silicon wafer t o a 

predetermined thickness.  When it is over 1000 ppm,  it is 

difficult to handle the polishing liquid itself, an d further, 
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surface roughness is easily generated on the wafer surface by 

an excess etching reaction. 

[0051] As a water-soluble polymer, it is particular ly 

preferable to contain hydroxyethyl cellulose.  High ly-pure 

hydroxyethyl cellulose is relatively easily availab le, and a 

polymer membrane is easily formed on a wafer surfac e.  Therefore, 

hydroxyethyl cellulose has the characteristic of a high effect 

of inhibiting an etching reaction by alkali. 

[0052] The concentration of the hydroxyethyl cellul ose in 

the polishing liquid is preferably set within a ran ge of 

concentration from 0.1 ppm to 1000 ppm.  It is extr emely 

difficult to manage daily the concentration of the water-soluble 

polymer in the polishing liquid to be within a rang e of 

concentration less than 0.1 ppm, and when the conce ntration 

is over 1000 ppm, the polishing rate of the silicon  wafer is 

considerably lowered.  Additionally, the silicon wa fer outer 

circumferential portion is excessively rolled up, w hich makes 

it necessary to considerably increase the amount of  polishing 

by final polishing carried out after rough polishin g. 

[0053] Further, from the standpoint of elimination of metal 

ions contained in the polishing liquid, it is prefe rable to 

add a chelate agent into the polishing liquid.  By addition 

of a chelate agent, metal ions are captured to be c omplexed, 
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and thereafter, this is discarded, thereby it is po ssible to 

reduce the level of metallic pollution of the silic on wafer 

after polishing.  As a chelate agent, any substance  having a 

chelating ability with respect to metal ions may be  used.  

Chelation means bond ( coordination)  to metal ions by a ligand 

having a plurality of coordination positions. 

 Moreover, final polishing is applied on at least t he 

surface of the rough polished silicon wafer.  The c ondition 

for that is not particularly limited.  A single-waf er type 

polishing device may be used, or a batch type polis hing device 

which simultaneously polishes a plurality of silico n wafers 

may be used.  The final polishing may be one-side p olishing 

only onto the surface or double-side polishing for 

simultaneously polishing the wafer surface and rear  surface. 

[0054] As a type of the chelate agent, for example,  a 

phosphonate system chelate agent, an  aminocarboxylic acid 

system chelate agent, or the like may be adopted.  However, 

in view of the solubility thereof in the alkaline a queous 

solution, an  aminocarboxylic acid system chelate agent is 

favorable.  Moreover, in view of a chelating abilit y with 

respect to heavy-metal ions, aminocarboxylate such as ethylene 

diamine tetraacetic acid (Ethylene Diamine Tetraace tic Acid) 

or diethylene triamine pentaacetic acid (Diethylene  Triamine 
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Pentaacetic Acid) is more favorable.  Otherwise, 

nitrilotriacetic acid (NTA) as well may be used.  A  chelate 

agent is preferably added within a range of concent ration from 

0.1 ppm to 1000 ppm, thereby, it is possible to cap ture metal 

ions such as Cu, Zn, Fe, Cr, Ni, or Al. 

[0055] Hereinafter, examples of this invention will  be 

described in detail.  Here, a method for manufactur ing a 

double-side polished silicon wafer whose surface an d rear 

surface are polished, and a polishing liquid for th e method 

will be described. 

Example 1 

[0056] A method for polishing silicon wafers and a polishing 

liquid therefor according to Example 1 of the prese nt invention 

will be described.  In Example 1, the rough polishi ng process 

is split into two steps to be carried out.  As a pr imary polishing 

process, the polishing was carried out by use of a polishing 

liquid containing free abrasive grains in order to eliminate 

a native oxide film present on the wafer surface, a nd as a 

secondary polishing process, the polishing was carr ied out by 

use of a polishing liquid with no free abrasive gra ins in order 

to achieve flattening of the silicon wafer. 

 The double-side polished silicon wafer whose surfa ce and 

rear surface are mirror-surface polished is manufac tured 
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through the following respective processes. 

 That is, a monocrystalline silicon ingot with a di ameter 

of 306 mm, a length of its straight body of 2500 mm , a specific 

resistance of 0.01 Ω·cm, and initial oxygen concentration of 

1.0 ×1018atoms/cm 3 is pulled up by the Czochralski method from 

a melting liquid for silicon doped with a predeterm ined amount 

of boron in a crucible. 

[0057] Next, after the one monocrystalline silicon ingot 

is cut into a plurality of crystalline blocks, grin ding of the 

outer circumferences of the respective crystalline blocks is 

carried out.  Next, a large number of silicon wafer s with a 

diameter of 300 mm and a thickness of 775 µm are sliced from 

a silicon monocrystal by three grooved roller wires which are 

triangularly-arranged. 

 Thereafter, a chamfering grinding stone in rotatio n is 

pressed against the outer circumferential portion o f the silicon 

wafer to carry out chamfering, and next, both surfa ces of the 

silicon wafer are simultaneously lapped with a doub le-side 

lapping device.  Next, the silicon wafer after the lapping is 

dipped in an acid etching solution in an etching ta nk to be 

etched, thereby eliminating damage by the chamferin g and the 

lapping.  Thereafter, primary polishing and seconda ry 

polishing are sequentially applied onto the surface  and the 
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rear surface of the silicon wafer. 

[0058] In the primary polishing process, primary po lishing 

is simultaneously carried out onto the surface and the rear 

surface of the silicon wafer by use of a primary po lishing liquid 

by using a non-sun gear system double-side polishin g device 

10.  A primary polishing liquid of pH10 containing a KOH solution 

of 0.08% by weight, which contains colloidal silica  particles 

(free abrasive grains) with an average particle dia meter of 

70nm, of 5% by weight is used.  With this, the nati ve oxide 

films formed on the surface and the rear surface of  the silicon 

wafer are eliminated mainly by a mechanical action of the free 

abrasive grains. 

[0059] Hereinafter, the non-sun gear system double- side 

polishing device 10 will be described in detail wit h reference 

to Figs. 1 and 2. 

 As shown in Figs. 1 and 2, an upper surface plate 120 

of the double-side polishing device 10 is driven to  rotate in 

a horizontal plane by an upper side rotary motor 16  via a rotary 

shaft 12a extended upward.  Further, the upper surf ace plate 

120 is lifted up and down in a vertical direction b y a lifting 

and lowering device 18 that moves it forward and ba ckward in 

a direction of axis.  The lifting and lowering devi ce 18 is 

used at the time of supplying and discharging a sil icon wafer 
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11 to and from a carrier plate 110.  In addition, p olishing 

pressure onto the surface and the rear surface of t he silicon 

wafer 11 from the upper surface plate 120 and the l ower surface 

plate 130 is 300 g/cm 2, which is applied by unillustrated 

pressurizing means of an air-bag system or the like , which are 

built in the upper surface plate 120 and the lower surface plate 

130.  The lower surface plate 130 is rotated in a h orizontal 

plane by a lower side rotary motor 17 via an output  shaft 17a 

thereof.  The carrier plate 110 has a thickness of 750 µm, and 

causes a circular motion in a plane parallel to the  surface 

of the plate 110 (horizontal plane) by a carrier ci rcular motion 

mechanism 19 such that the plate 110 itself does no t rotate. 

[0060] The carrier circular motion mechanism 19 has  a 

ring-like carrier holder 20 holding the carrier pla te 110 from 

the outside.  The carrier circular motion mechanism  19 and the 

carrier holder 20 are interlocked via an interlocki ng structure. 

 Four bearings 20b projecting outward are disposed at every 

90° at the outer circumferential portion of the carrie r holder 

20.  Leading end portions of eccentric shafts 24a p rovided to 

project at eccentric positions on the upper surface s of 

small-diameter and disc shaped eccentric arms 24 ar e rotatably 

inserted into the respective bearings 20b.  Further , rotary 

shafts 24b are installed vertically to the central portions 
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of the respective bottom surfaces of these four ecc entric arms 

24.  The respective rotary shafts 24b are rotatably  inserted 

into four bearings 25a in total disposed at every 9 0° to a 

ring-like device base body 25, so as to respectivel y project 

their leading end portions downward.  Sprockets 26 are firmly 

fixed respectively to the leading end portions proj ecting 

downward, of the respective rotary shafts 24b.  A t iming chain 

27 is, as a string in a horizontal state, bridged o ver the 

respective sprockets 26.  These four sprockets 26 a nd the timing 

chain 27 simultaneously rotate the four rotary shaf ts 24b such 

that the four eccentric arms 24 synchronously cause  a circular 

motion. 

[0061] Among the four rotary shafts 24b, one rotary  shaft 

24b is formed longer, and its leading end portion p rojects 

downward from the sprocket 26.  A gear 28 for power  transmission 

is firmly fixed to this portion.  The gear 28 is ge ared with 

a large-diameter gear 30 for driving which is firml y fixed to 

the output shaft extended upward of a circular moti on motor 

29. 

 Accordingly, when the circular motion motor 29 is started, 

its torque is transmitted to the timing chain 27 se quentially 

through the gears 30 and 28, and the sprocket 26 fi rmly fixed 

to the longer rotary shaft 24b.  Due to the timing chain 27 



    37        

cycling, the four eccentric arms 24 synchronously r otate in 

the horizontal plane centering on the rotary shafts  24b via 

the other three sprockets 26.  Thereby, the carrier  holder 20 

collectively interlocked with the respective eccent ric shafts 

24a, that is the carrier plate 110 held by the hold er 20 causes 

a circular motion without self-rotation in the hori zontal plane 

parallel to the plate 110. 

[0062] That is, the carrier plate 110 circles while  keeping 

a state of being eccentric by a distant L from a sh aft line 

e of the upper surface plate 120 and the lower surf ace plate 

130.  The abrasive cloths 15 made of urethane foam resin, of 

80 as Shore-D hardness and with compressibility of 2.5% are 

pasted on the respective opposed surfaces of both s urface plates 

120 and 130. 

 The aforementioned distance L is the same as the d istance 

between the eccentric shaft 24a and the rotary shaf t 24b.  All 

the points on the carrier plate 110 draw a small ro und trajectory 

of the same size (radius r) by the circular motion without 

self-rotation.  Thereby, the simultaneous double-si de primary 

polishing was carried out such that the silicon waf er 11 housed 

in a wafer housing portion 11a formed in the carrie r plate 110 

has the amount of polishing of 0.5 µm on one side (1 µm on both 

sides) by setting the rotational directions of both  polishing 
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surface plates 120 and 130 opposed, and adjusting t he rotational 

speed of the polishing surface plates 120 and 130, the polishing 

pressure (300g/cm 2), the polishing time, and the like.  During 

this double-side primary polishing, the primary pol ishing 

processing was carried out for three minutes while supplying 

a primary polishing liquid of pH10 in which colloid al silica 

particles with an average particle diameter of 70nm , and of 

5% by weight are added to a KOH solution of 0.08% b y weight, 

to both abrasive cloths 15 at 9 liters per minute. 

[0063] In this way, the polishing solution in which  the 

KOH solution containing free abrasive grains is add ed is adopted 

as a polishing liquid for primary polishing.  There fore, as 

a pretreatment before the secondary polishing witho ut the 

intervention of free abrasive grains, it is possibl e to eliminate 

the respective native oxide films of approximately 10 Å present 

on the surface and the rear surface of the silicon wafer 11 

for a short time mainly by a mechanical action of t he free abrasive 

grains.  Thereby, it is possible to perform mirror- surface 

polishing using a piperidine solution which will be  described 

later at a high polishing rate in secondary polishi ng. 

 That is, in primary polishing carried out after th e elapse 

of a predetermined time after etching, generally, a  native oxide 

film is present on the wafer surface.  It is diffic ult to 
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eliminate the native oxide film by only chemical se condary 

polishing with no free abrasive grains.  Therefore,  the primary 

polishing using the free abrasive grains was applie d before 

the secondary polishing, making it possible to shor ten the time 

for eliminating the native oxide film, and prevent deterioration 

in productivity of the mirror-polished silicon wafe rs 11. 

[0064] Next, secondary polishing is carried out ont o the 

surface and the rear surface of the silicon wafer 1 1 by use 

of a secondary polishing liquid with no abrasive gr ains.  In 

detail, the surface and the rear surface of the sil icon wafer 

11 are secondarily polished (mirror-polished) by us e of a 

secondary polishing liquid of pH10.5 in which hydro xyethyl 

cellulose (HEC; water-soluble polymer) of 1 ×10 -3 % by weight (10 

ppm) is added to a piperidine solution with no free  abrasive 

grains and of 0.08% by weight, by using the non-sun  gear system 

double-side polishing device 10 used for the primar y polishing.  

That is, the simultaneous double-side secondary pol ishing is 

carried out such that the silicon wafer 11 housed i n the wafer 

housing portion 11a of the carrier plate 110 has th e amount 

of polishing of 5 µm on one side (10 µm on both sides) at a 

polishing rate of 0.5 µm per minute by setting the rotational 

directions of both polishing surface plates 120 and  130 opposed, 

and adjusting the rotational speed of the polishing  surface 
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plates 120 and 130, the polishing pressure, the pol ishing time, 

and the like.  During this secondary polishing, the  secondary 

polishing liquid is supplied to both abrasive cloth s 15.  The 

other polishing conditions are the same as those in  the case 

of primary polishing.  In addition, because the thi ckness of 

the carrier plate 110 is 750 µm, and the thickness of the silicon 

wafer 10 after secondary polishing is 764 µm, the silicon wafer 

10 maintains a state in which the silicon wafer 10 is thicker 

than the carrier plate even after the rough polishi ng. 

[0065] In this way, the silicon wafer 11 from which  the 

native oxide films are eliminated and the abrasive cloths 15 

are relatively rotated while supplying the secondar y polishing 

liquid in which hydroxyethyl cellulose is added to the piperidine 

solution with no free abrasive grains to the abrasi ve cloth, 

to polish the surface and the rear surface of the s ilicon wafer 

11 by 5 µm on one side.  At this time, the abrasive cloths 1 5 

are pressed against the surface and the rear surfac e of the 

silicon wafer 11 by the action of polishing pressur e, and the 

hydroxyethyl cellulose membrane in the polishing li quid 

adhering to the surfaces of the silicon wafer 11 is  taken away 

from the surface to be polished of the silicon wafe r 11, and 

the polishing progresses in that state in which the  hydroxyethyl 

cellulose adheres to the outer circumferential port ion of the 
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silicon wafer 11.  Therefore, the surface and the r ear surface 

of the silicon wafer 11 are polished at a high poli shing rate 

of 0.5 µm per minute while keeping high flatness by an etch ing 

action of the alkaline aqueous solution and an acti on of 

eliminating hydroxyethyl cellulose by the abrasive cloths 15. 

 Further, because the surface and the rear surface of the 

silicon wafer 11 are polished mainly by a chemical action, it 

is possible to avoid generation of process damage b y a mechanical 

action such as conventional polishing using free ab rasive grains.  

In addition, because the polishing does not use fre e abrasive 

grains, it is possible to reduce defect generation caused by 

a process such as micro-scratching caused by an agg regation 

of abrasive grains. 

[0066] On the other hand, because the hard abrasive  cloths 

15 made of polyurethane foam are used for the outer  

circumferential edge of the silicon wafer 11, and h ydroxyethyl 

cellulose is added into the polishing liquid, the a brasive cloths 

15 are always inhibited from adhering to the outer 

circumferential surface (chamfering plane) of the s ilicon wafer 

11 during polishing.  Thereby, covering the wafer o uter 

circumferential surface with the hydroxyethyl cellu lose in the 

polishing liquid becomes a protective film for the wafer outer 

circumferential surface with respect to etching.  A s a result, 
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the polishing rate of 3 mm from the outer circumfer ential portion 

of the silicon wafer 11 is lowered, and it is possi ble to reduce 

roll-off of the wafer outer circumferential portion , which 

results in making capable flatness control of the w afer outer 

circumferential portion including roll-off and roll -up.  In 

addition, the reason for that a certain level of ro ll-up is 

allowed to occur on the wafer outer circumferential  portion, 

is because it is possible to suppose balancing-out with roll-off 

of the outer circumferential portion of the silicon  wafer 11 

in advance in final polishing thereafter. 

 In contrast thereto, for example, in the case wher e soft 

abrasive cloths made of suede are used, the abrasiv e cloths 

disposed above and below touch the outer circumfere ntial 

surfaces of the silicon wafer 11, thereby promoting  roll-off 

of the outer circumferential portion of the silicon  wafer 11. 

[0067] Further, because the hydroxyethyl cellulose is 

adopted as a water-soluble polymer, a polymer membr ane is formed 

on the outer circumferential portion of the silicon  wafer 11, 

which leads to an effect that it is possible to inh ibit an etching 

action by the piperidine solution.  Further, this i s extremely 

highly-pure, which makes it possible to reduce impu rity 

contamination. 

 Further, because the concentration of the hydroxye thyl 
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cellulose in the secondary polishing liquid is set to 10 ppm, 

no defect caused by a process is present on the sur face and 

the rear surface of the silicon wafer 11, and it is  possible 

to polish the silicon wafer 11 in which roll-off of  the wafer 

outer circumferential portion is reduced, for a sho rt time. 

 Because the alkaline aqueous solution which is adj usted 

to be within a range of pH10.5 is adopted, defects caused by 

a process such as scratching or scarring are not ge nerated on 

the surface of the silicon wafer 11, it is easy to handle the 

polishing liquid, and it is possible to obtain a hi gh polishing 

rate of the silicon wafer 11. 

 Further, because expanded polyurethane resin is ad opted 

as a material of both abrasive cloths 15, it is pos sible to 

reduce the roll-off amount of the outer circumferen tial portion 

of the silicon wafer 11. 

 Thereafter, final polishing is applied onto the su rface 

and the rear surface of the secondary-polished sili con wafer 

11 under predetermined conditions, and final-cleani ng is 

further carried out.  Here, SC1 cleaning using an a lkaline 

solution and an acid solution is carried out onto t he respective 

silicon wafers 11. 

Example 2 

[0068] A method for polishing silicon wafers and a polishing 
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liquid therefor according to Example 2 of the prese nt invention 

will be described.  In Example 2, the secondary pol ishing 

process carried out in the present example is furth er split 

into two steps (first-step polishing and second-ste p polishing) 

to be carried out.  The polishing was carried out s uch that, 

in the secondary polishing (first-step polishing), the 

concentration of the water-soluble polymer in the p olishing 

liquid is set to be a low concentration in order to  increase 

the polishing rate of the silicon wafer 11, and in the tertiary 

polishing (second-step polishing), the concentratio n of the 

water-soluble polymer in the polishing liquid is se t to be a 

high concentration in order to inhibit a roll-off a mount of 

the outer circumferential portion of the silicon wa fer 11. 

 In the invention of Example 2, secondary polishing  

(first-step polishing) which is the same as the sec ondary 

polishing in Example 1 is applied except for the po int that 

hydroxyethyl cellulose of 1 ×10 -5 % by weight (0.1 ppm) is added 

into the secondary polishing liquid, and the amount  of polishing 

of the surface and the rear surface of the silicon wafer 11 

is set to 4.5 µm on one surface (9 µm on both surfaces), and 

thereafter, the surface to be polished of the silic on wafer 

11 is tertiary-polished (second-step polished) by u se of the 

tertiary polishing liquid containing high concentra tion 
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hydroxyethyl cellulose as compared with the seconda ry polishing 

liquid with respect to the silicon wafer 11. 

 Specifically, the concentration of hydroxyethyl 

cellulose in the tertiary polishing liquid used for  tertiary 

polishing is set to 1 ×10 -2 % by weight (100 ppm), and the amount 

of polishing of the surface and the rear surface of  the silicon 

wafer 11 is set to 0.5 µm on one surface (1.0 µm on both surfaces). 

[0069] In this way, because the secondary polishing  of the 

amount of polishing of 4.5 µm on one surface of the wafer is 

applied to the surface and the rear surface of the silicon wafer 

11 by use of the secondary polishing liquid in whic h the 

concentration of hydroxyethyl cellulose is 1 ×10 -5 % by weight 

(0.1 ppm), it is possible to rough polish the surfa ce and the 

rear surface of the silicon wafer 11 at a high poli shing rate.  

Because the tertiary polishing of 0.5 µm on one surface of the 

wafer is thereafter applied to the surface and the rear surface 

of the silicon wafer 11 by use of the tertiary poli shing liquid 

in which the concentration of hydroxyethyl cellulos e is 

increased to 1 ×10 -2 % by weight (100 ppm), it is possible to reduce 

roll-off of the outer circumferential portion of th e silicon 

wafer 11, which results in making capable flatness control of 

the wafer outer circumferential portion including r oll-off and 

roll-up.  As a result, a polishing time of the sili con wafer 
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11 on which roll-off of the outer circumferential p ortion is 

reduced is shortened, which makes it possible to im prove 

productivity of the double-side mirror polished sil icon wafers 

11. 

 In particular, because the concentration of hydrox yethyl 

cellulose used in the tertiary polishing liquid is set to 100 

ppm, it is possible to reduce roll-off as low as po ssible at 

the outer circumferential portion of the silicon wa fer 11. 

 In addition, because the other configurations (inc luding 

the other polishing conditions for tertiary polishi ng), and 

the action and effect are the same as those in Exam ple 1, 

descriptions thereof will be omitted. 

[0070] Next, with reference to the graphs of Figs. 3 and 

4, and tables 1 and 2, the results of actual applic ation of 

primary polishing containing free abrasive grains a nd secondary 

polishing with no free abrasive grains by the polis hing liquid 

of Example 1 of the present invention and the metho ds for 

polishing silicon wafers using the polishing liquid  (Test 

Examples 1 to 5), and by a conventional method for polishing 

silicon wafers using a polishing liquid with no hyd roxyethyl 

cellulose (Comparison Example 1) are reported.  The  other test 

conditions for the Comparison Example 1 conform to those of 

Example 1 in the same way as those in the Test Exam ples 1 to 
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5. 

 In the primary polishing process, polishing was ca rried 

out for three minutes while supplying the primary p olishing 

liquid containing free abrasive grains (the alkalin e aqueous 

solution containing colloidal silica of 5% by weigh t and a KOH 

solution of 0.08% by weight) to both abrasive cloth s at 9 liters 

per minute, to eliminate the oxide films on the sur face and 

the rear surface of the silicon wafer.  Next, in th e secondary 

polishing process, the surface and the rear surface  of the 

silicon wafer were secondarily-polished while suppl ying a 

secondary polishing liquid in which hydroxyethyl ce llulose 

(hereinafter called HEC) of 1 ×10 -5  to 1 ×10 -1 % by weight is added 

to an alkaline aqueous solution with no free abrasi ve grains, 

which contains piperidine of 0.08% by weight at 9 l iters per 

cm2. 

[0071] In addition, provided that a polishing liqui d 

containing an alkaline aqueous solution with no fre e abrasive 

grains and a water-soluble polymer is used, and a w afer holding 

system by a carrier plate is adopted in the seconda ry polishing, 

the carrier plate vibrates because the silicon wafe r moves in 

the wafer holding hole during polishing, which brin gs concern 

that the silicon wafer will jump out of the wafer h olding hole 

during polishing.  Then, in the secondary polishing , the 



    48        

secondary polishing is terminated in a state in whi ch the 

thickness of the silicon wafer is thicker by approx imately 20 

µm than the thickness of the carrier plate.  Table 1  shows the 

ratio of components in the secondary polishing liqu id, and the 

graph of Fig. 3 shows the shapes of the outer circu mferential 

portions of the silicon wafers after the polishing.   For 

measuring the shapes of the outer circumferential p ortions of 

the silicon wafers, the WaferSight manufactured by KLA-Tencor 

Corporation was used. 
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[0072] [Table 1] 

TEST 
Polishing 

accelerator 
(Concentration) 

Abrasive grains 
(Concentration) 

Water-soluble polymer 
(Concentration) 

TEST-001  
Hydroxyethyl cellulose 

(10 -1 % by weight) 

TEST-002  
Hydro xyethyl cellulose 

(10 -2 % by weight) 

TEST-003  
Hydroxyethyl cellulose 

(10 -3 % by weight) 

TEST-004  
Hydroxyethyl cellulose 

(10 -4 % by weight) 

TEST-005  
Hydroxyethyl cellulose 

(10 -5 % by weight) 
TEST-006  

Piperidine (0.08% 
by weight) 

- 

- 

[0073] TEST001 to TEST005 show Test Examples 1 to 5 , and 

TEST006 shows Comparison Example 1 with no hydroxye thyl 

cellulose. 

 To express a shape of roll-off of the outer circum ference 

of the silicon wafer, a Roll-Off Amount (hereinafte r called 

ROA) is adopted.  One dimension (line) is used as a  reference 

plane for measurement, and 124 mm to 135 mm in a di ametrical 

direction of the silicon wafer is set as a referenc e range thereof.  

In addition, for the ROA notation, distances from t he reference 

plane at a position of 1 mm (ROA 1 mm) and a positi on of 2 mm 

(ROA 2 mm) from the outer edge (outermost edge) of the silicon 

wafer were measured.  Table 2 shows these measured values. 
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[0074] [Table 2] 
TEST ROA 1 mm ROA 2 mm 

TEST-001 +391.1  +384.6  
TEST-002 +187.8  +193.39  
TEST-003 +26.0  +57.2  
TEST-004 -16.5  +21.7  
TEST-005 -110.0  -29.4  
TEST-006 -240.02  -55.11  

[0075] As is clear from the graph of Fig. 3 and Tab le 2, 

by adjusting the concentration of hydroxyethyl cell ulose to 

be within a range of 1 ×10 -5  to 1 ×10 -1 % by weight (0.1 to 1000 

ppm), it is possible to control the ROA 1 mm notati on within 

a range of -110 nm to +390 nm.  In the case where n o hydroxyethyl 

cellulose is contained and the concentration thereo f is low 

(1 ×10 -5 % by weight), roll-off is generated at the outer 

circumferential portion of the silicon wafer.  Mean while, the 

higher the concentration of hydroxyethyl cellulose is, the more 

the wafer outer circumferential portion is rolled u p. 

 In addition, as is clear from the graph of Fig. 4,  when 

the concentration of hydroxyethyl cellulose is incr eased, the 

polishing rate (Elimination Rate) tends towards low ering.  This 

may indicate a protective effect for the surface of  the silicon 

wafer by hydroxyethyl cellulose, and it can be cons idered that 

a reaction (etching action) between alkali and the silicon wafer 

is interfered by hydroxyethyl cellulose. 

[0076] Next, with reference to the graphs of Fig. 5 , and 
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Tables 3 and 4, the results of actual application o f two-step 

polishing in which the concentration of hydroxyethy l cellulose 

is made to differ, to the silicon wafer by the poli shing liquid 

of Example 2 of the present invention and a method for polishing 

silicon wafers using the polishing liquid (Test Exa mple 6) are 

reported. 

 That is, in the case where a desired ROA is in a r oll-up 

(plus side) state, although depending on the concen tration of 

hydroxyethyl cellulose, the polishing rate may be l owered, which 

may greatly hinder the productivity.  Then, a metho d in which 

the concentration of hydroxyethyl cellulose is arbi trarily 

changed during polishing to satisfy both of product ivity of 

a silicon wafer and inhibition of roll-off was test ed.  The 

graph of Fig. 5 shows the results.  In the graph of  Fig. 5, 

Ref02 shows only the secondary polishing, Ref01 sho ws only the 

tertiary polishing, and 2step polishing shows Test Example 6 

in which the tertiary polishing was applied after t he secondary 

polishing. 

[0077] Further, Table 3 shows the ratios of compone nts of 

the primary polishing liquid used for the primary p olishing 

process, the secondary polishing liquid used for th e secondary 

polishing process, and the tertiary polishing liqui d used for 

the tertiary polishing process.  In addition, in Ta ble 3, the 
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term “abrasive grains” means free abrasive grains i n colloidal 

silica. 

[0078] [Table 3] 

STEP 
Polishing 

accelerator 
(Concentration) 

Abrasive grains 
(Concentration) 

Water-soluble 
polymer 

(Concentration) 
Primary 

polishing 
KOH (0.08% by 

weight) 
5.0% by weight  

Secondary 
polishing 

Piperidine 
(0.08% by weight)  

- 
Hydroxyethyl 

cellulose (10 -5 % 
by weight) 

Tertiary 
polishing 

Piperidine 
(0.08% by weight)  

- 
Hydroxyethyl 

cellulose (10 -2 % 
by weight) 

[0079] In the secondary polishing process, the surf ace and 

the rear surface of the silicon wafer were polished  by 4.5 µm 

on one side for 15 minutes while supplying the seco ndary 

polishing liquid to both abrasive cloths at 9 liter s per cm 2.  

In the tertiary polishing process, the surface and the rear 

surface of the silicon wafer were polished by 0.5 µm on one 

side for 3 minutes while supplying the tertiary pol ishing liquid 

to both abrasive cloths at 9 liters per cm 2.  The other test 

conditions are the same as those in the case of Tes t Examples 

1 to 5. 

[0080] In this test, to express the roll-off shape of the 

outer circumferential portion of the silicon wafer,  distances 

from the reference plane at a position of 1 mm (ROA  1 mm) and 

a position of 2 mm (ROA 2 mm) from the outer edge ( outermost 
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edge) of the silicon wafer were measured.  Table 4 shows these 

measured values. 

[0081] [Table 4] 
TEST ROA 1 mm ROA 2 mm 

2Step Polishing (HEC 0.1 ppm ⇒ HEC 
100 ppm) 

+178.3  +199.63  

Ref01_HEC 100ppm +187.8  +193.39  
Ref02_HEC 0.1ppm +26.0  +57.2  

[0082] As is clear from Table 4, in the second-step  polishing 

in which the concentration of hydroxyethyl cellulos e is made 

to differ in Test Example 6, the roll-off shape whi ch is 

equivalent to that in the case of the desired roll- off shape 

in which the hydroxyethyl cellulose of only 1 ×10 -2 % by weight 

(100 ppm) is added was realized.  In addition, the added amount 

of polishing of the secondary polishing and the ter tiary 

polishing in Test Example 6 was 9.6 µm.  However, in a case 

where the roll-off in Test Example 6 is realized in  one step, 

in calculation by reference to the polishing rate w hen an 

additive amount of hydroxyethyl cellulose in Exampl e 1 is 1 ×10 -2 % 

by weight, 38 minutes was required for 9.6 µm/(0.25 µm per minute) 

as a polishing time in the first-step polishing.  O n the other 

hand, 19 minutes is sufficient in the second-step p olishing 

in Test Example 6.  Therefore, the shortened time f or polishing 

possible by the second-step polishing is that 38 mi nutes–19 

minutes = 19 minutes, which shows that the producti vity was 
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improved by 50%. 

This is shown in Table 5. 

 Moreover, the amount of polishing when an additive  amount 

of hydroxyethyl cellulose by this test is 1 ×10 -2 % by weight, 

was 0.75 µm (0.25 µm per minute ×three minutes) from the results 

shown in Fig. 4 of Example 1. 

[0083] [Table 5] 

TEST 
Amount of 
polishing 

( µm) 

Polishing 
time (min) 

Removal rate 
( µm/min) 

Polishing 
time 

shortening 
effect (min)  

2Step 
polishing 

(HEC 0.1ppm 
⇒ HEC 

100ppm) 

9.6 19 0.50 19.2 

Assume 1Step  
(HEC 100 ppm)  

9.6 38 0.25  
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CLAIMS 

1. A method for polishing silicon wafers comprising  the steps 

of: 

 rough polishing at least the surface serving as a surface 

to be polished between a surface and a rear surface  of the silicon 

wafer so as to relatively rotate a silicon wafer an d an abrasive 

cloth while supplying a polishing liquid in which a  water-soluble 

polymer is added to an alkaline aqueous solution wi th no free 

abrasive grains, to the hard abrasive cloth; and 

 applying final polishing on at least the rough pol ished 

surface of the silicon wafer. 

2. A method for polishing silicon wafers comprising  the steps 

of: 

 rough polishing at least the surface serving as a surface 

to be polished between a surface and a rear surface  of the silicon 

wafer so as to relatively rotate a silicon wafer an d an abrasive 

cloth; and 

 applying final polishing on at least the rough pol ished 

surface of the silicon wafer after the rough polish ing, the 

method wherein 

 the rough polishing is split into a first-step pol ishing 

which is carried out while supplying a first-step p olishing 

liquid in which a water-soluble polymer is added to  an alkaline 
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aqueous solution with no free abrasive grains to th e abrasive 

cloth, and a second-step polishing which is carried  out while 

supplying a second-step polishing liquid in which a  

water-soluble polymer is added to an alkaline aqueo us solution 

with no free abrasive grains to the abrasive cloth after the 

first-step polishing, and 

 concentration of the water-soluble polymer in the 

second-step polishing liquid is made higher than th e 

concentration of the water-soluble polymer in the f irst-step 

polishing liquid. 

3. The method for polishing silicon wafers accordin g to claim 

1 or claim 2, wherein the water-soluble polymer is one type 

or several types from among non-ionic system polyme rs and 

monomers, or one type or several types from among a nionic system 

polymers and monomers. 

4. The method for polishing silicon wafers accordin g to claim 

3, wherein the water-soluble polymer is hydroxyethy l cellulose. 

5. The method for polishing silicon wafers accordin g to claim 

4, wherein the concentration of the hydroxyethyl ce llulose in 

the polishing liquid is 0.1 ppm to 1000 ppm. 

6. The method for polishing silicon wafers accordin g to claim 

1 or claim 2, wherein 

 the alkaline aqueous solution is adjusted to pH8 t o pH13, 
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and 

 the alkaline aqueous solution is the alkaline aque ous 

solution to which any of basic ammonium salt, basic  potassic 

salt, and basic sodium salt is added as an alkaline  agent, or 

an alkaline carbonate aqueous solution, or an alkal ine aqueous 

solution to which an amine is added. 

7. The method for polishing silicon wafers accordin g to claim 

1 or claim 2, wherein the abrasive cloth is compose d of a nonwoven 

cloth made of polyester, or is made of polyurethane . 

8. The method for polishing silicon wafers accordin g to claim 

1 or claim 2, wherein the rough polishing simultane ously polishes 

the surface and the rear surface of the silicon waf er with a 

double-side polishing device which includes a carri er plate 

in which a silicon wafer is housed, and an upper su rface plate 

in which the abrasive cloth is pasted on a lower su rface and 

a lower surface plate in which the abrasive cloth i s pasted 

on a top surface, which holds the carrier plate fro m above and 

below therebetween. 

9. The method for polishing silicon wafers accordin g to claim 

8, wherein polishing is carried out such that a thi ckness of 

the silicon wafer after the rough polishing is made  thicker 

than a thickness of the carrier plate. 

10. A polishing liquid which is used at the time of  rough 
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polishing at least the surface serving as a surface  to be polished 

between a surface and a rear surface of a silicon w afer, wherein 

 an alkaline aqueous solution with no free abrasive  grains 

serves as a base compound, and a water-soluble poly mer is added 

to the alkaline aqueous solution. 

11. The polishing liquid according to claim 10, whe rein 

 the alkaline aqueous solution is adjusted to pH8 t o pH13, 

 the alkaline aqueous solution is the alkaline aque ous 

solution to which any of basic ammonium salt, basic  potassic 

salt, and basic sodium salt is added as an alkaline  agent, or 

an alkaline carbonate aqueous solution, or an alkal ine aqueous 

solution to which an amine is added, and 

 the water-soluble polymer is one type or several t ypes 

from among non-ionic system polymers and monomers, or one type 

or several types from among anionic system polymers  and monomers. 

12. The polishing liquid according to claim 10 or c laim 11, 

wherein the water-soluble polymer is hydroxyethyl c ellulose. 

13. The polishing liquid according to claim 12, whe rein the 

concentration of the hydroxyethyl cellulose in the alkaline 

aqueous solution is adjusted to be within a range o f 

concentration from 0.1 ppm to 1000 ppm. 


