
DESCRIPTION 

METHOD FOR CLEANING SEMICONDUCTOR WAFER 

TECHNICAL FIELD 

[0001] 

The present invention relates to 	mprovement of a 

method for cleaning semiconductor waf: r. 

BACKGROUND ART 

[0002] 

As the cleaning method of a semiconductor wafer 

(hereinafter also referred to a- wafer simply) 	such as a 

silicon wafer, there have freq ently been used a 

cleaning process such as an R'A cleaning using a mixed 

cleaning solution 	(hereinafter referred to SC1 	(Standard 

Cleaning 1) 	cleaning solut'. ) 	comprising aqueous 

ammonia, a hydrogen perox ipe solution and ultrapure 

water, 	and a mixed clean' 	g solution 	(SC2 	(Standard 

Cleaning 2) 	cleaning so ution) 	comprising hydrochloric 

acid, a hydrogen perox'de solution and ultrapure water. 

[0003] 

In the SC1 cleaning, particles attached to the 

surface of the waf- 	are removed by etching due to lift- 

off thereof, and 	o remove the particles sufficiently, 

it is usually required to etch the wafer 4 nm or more 

(Patent Documen ► 	1). 

[0004] 

On the .ther hand, as one of demands for 

improvement .f qualities accompanied by miniaturization 

of the des '.n rules of apparatuses, 	reduction of the 

surface r. ghness of the wafer is required. 	The surface 

roughnes- of the wafer is usually formed by the final 

polishifg, but due to the etching action to the wafer 
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(silicon) 	by the SC1 cleaning, 	the surface roughness of 

the wafer is more worsened as the etching ►emoval 
(etching amount) 	is larger. 

If the surface roughness is worsened, 	it has been 

known that electric characteristics of :n oxide film 

formed on the silicon wafer are worsen-d, or bad effects 

are exerted on detecting the particl 	by a particles 

counter using scattering of laser l'ght, 	so that the 

surface roughness of the wafer is 	►equired to be as 
little as possible. 

[0005] 

However, 	if the etching amount of the SC1 cleaning 

is decreased to improve surfac- roughness of the wafer, 

a cleaning power is lowered . d particles are left. 

Thus, the particles can be removed even when the etching 

amount due to the SCI clea ing solution is decreased to 

some extent by strengthen ng physical cleaning due to 

ultrasonic wave and imprihving particles-removing ability 

used together with the 	Cl cleaning, which is used for 

the purpose of supple -nting decrease in cleaning power 

due to decrease in t - etching amount. 	However, 	if the 

etching amount by t - SC1 is 2.0 nm or less, 	there is a 

problem that the p.rticles cannot be removed and are 

left even when thy ultrasonic wave is strengthened. 

[0006] 

That is, 	the conventional method for cleaning a 

semiconductor 	afer, 	effective removal of the particles 

and preventio 	of worsening surface roughness of the 

wafer could 	of be accomplished simultaneously. 

CITATION 	ST 

PATENT L 	ERATURE 

[0007] 
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Patent Document 1:Japanese Unexamined Paten 	publication 

(Kokai) 	H09-69509A 

SUMMARY OF INVENTION 

[0008] 

The present invention has been afcomplished in 

view of the above-mentioned problems, and an object 

thereof is to provide a method for 	eaning a 

semiconductor wafer in which worse ing of the surface 

roughness of the wafer due to cleaning can be reduced, 

and cleaning of the wafer can be carried out effectively. 

[0009] 

To solve the above-mentioned problems, the present 

invention is to provide a m: hod for cleaning a 

semiconductor wafer, which is to clean the semiconductor 

wafer, 	comprising the steps of cleaning the 

semiconductor wafer with an SC1 cleaning solution, 

cleaning the semiconduc or wafer cleaned by the SC1 

cleaning solution with hydrofluoric acid, and cleaning 

the semiconductor waf-r cleaned by the hydrofluoric acid 

with ozonated water 	aving an ozone concentration of 3 

ppm or more, where 	an etching removal of the 

semiconductor wafer with the SC1 cleaning solution is 

made 	0.1 	to 2.0 	'm. 

[0010] 

Thus, 	in the method for cleaning a semiconductor 

wafer of the .resent invention, 	cleaning with the SC1 

cleaning so 	tion is carried out by decreasing the 

etching re oval of 0.1 to 2.0 nm, 	so that worsening of 

the surface roughness of the semiconductor wafer can be 

prevente.. 	Also, 	the particles left after the SC1 

cleanin 	are removed by the subsequent cleaning with 
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hydrofluoric acid, 	and according to the clea ing with 

the ozonated water having an ozone concentr:tion of 3 

ppm or more thereafter, 	an oxide film is 	ormed on the 

surface of the wafer which makes the surface of the 

wafer from a hydrophobic surface to a h drophilic 

surface to prevent from reattachment o 	the particles, 

so that worsening of the surface roug ness of the wafer 

due to cleaning can be reduced and 	eaning of the wafer 

can be carried out effectively. 

[0011] 

As explained above, accorting to the method for 

cleaning a semiconductor wafer of the present invention, 

worsening of the surface rou.. ness of the wafer due to 

cleaning can be reduced and cleaning of the wafer can be 

carried out effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012]  
Fig. 	1 is a flow chart showing an example of the 

method for cleaning . semiconductor wafer of the present 

invention. 

Fig. 	2 is a • aph illustrating the measurement 

results of the particles of the surface of the wafer in 

Examples 1 to 5 	d Comparative Examples 1 to 9. 

Fig. 	3 is a graph illustrating the measurement 

results of the surface roughness of the wafer in 

Examples 1 t• 5 and Comparative Examples 1 to 9. 

Fig. 	4 is a graph illustrating the measurement 

results of the particles in Example 6 and Comparative 

Example lt. 

DESCRIP ION OF EMBODIMENTS 



[0013] 

In the following, 	the present inventi•n is 

explained in more detail. 

As mentioned above, a method for c eaning a 

semiconductor wafer which can reduce wo sening of the 

surface roughness of the wafer due to 	leaning and can 

carry out cleaning of the wafer effe 	ively has been 

demanded. 

[0014] 

	

Thus, the present inventor 	as earnestly 

investigated, 	and as a result, 	i 	has found that a 

method for cleaning a semicondu tor wafer which 

comprises the steps of cleani • the semiconductor wafer 

with an SCI cleaning solutio , cleaning the 

semiconductor wafer cleaned •y the SC1 cleaning solution 

with hydrofluoric acid, 	ang cleaning the semiconductor 

wafer cleaned by the hydrofluoric acid with ozonated 

water having an ozone co centration of 3 ppm or more, 

wherein an etching remo al of the semiconductor wafer 

with the SC1 cleaning 	olution is made 0.1 to 2.0 nm, 

whereby worsening of 'he surface roughness of the wafer 

due to cleaning can •e reduced and cleaning of the wafer 

can be carried out effectively. 

[0015] 

The method for cleaning a semiconductor wafer of 

the present inv-ntion is explained by referring to the 

drawings, but 	he present invention is not limited by 

these. 	Fig. 	is a flow chart showing an example of the 

method for .leaning a semiconductor wafer of the present 

invention. 

As 	- own in Fig. 	1, 	the whole cleaning steps can 

be rough ,y classified into the three steps of 	(A) 	a step 

of cleating with an SC1 cleaning solution, 	(B) 	a step of 



cleaning with hydrofluoric acid, 	and 	(C) 	a s ep of 

cleaning with ozonated water. 

pool6] 

In 	(A) 	the step of cleaning the semiconductor 

wafer with an SC1 cleaning solution, 	th 	semiconductor 

wafer is cleaned with the SC1 cleaning solution which is 

a mixed cleaning solution of aqueous ammonia, a hydrogen 

peroxide solution and ultrapure wata 	so that an etching 

removal of the semiconductor wafer •ecomes 0.1 to 2.0 nm 

(Fig. 	1(A)). 

The etching removal of the semiconductor wafer can 

be adjusted to the above-mentio ed range by changing a 

mixing ratio 	(volume ratio), 	. temperature, 	a cleaning 

time, 	and so on of the SC1 c -aning solution. 	For 

example, the conditions may •e adjusted to the range 

where the temperature is 2 	to 65°C, the mixing ratio is 

a mixing ratio of ammonia 	(NH3  concentration: 	28%), 	a 

hydrogen peroxide soluti4 	(H202 concentration: 	30%) 	and 

water being 1:1:5 to 20, 	and the time of 180 to 360 

seconds. 

The semiconductor wafer to be cleaned in the 

present invention 1- not particularly limited, and a 

silicon wafer after polishing may be usually mentioned. 

[0017] 

If the etc ing removal of the semiconductor wafer 

exceeds 2.0 nm, 	the surface roughness of the wafer is 

worsened, 	so 	at, 	for example, 	electric characteristics 

of an oxide 	ilm formed on the silicon wafer are 

worsened, a d bad effects are exerted on detecting 

particles 617 a particles counter using scattering of 

laser ligft. 	If the etching removal of the 

semicond ctor wafer is less than 0.1 nm, 	a sufficient 

effect •f removing particles cannot be obtained. 
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[0018] 

On the other hand, 	as mentioned abov0, 	in the 

conventdonal method for cleaning a semico ductor wafer, 

if the etching amount with the SC1 cleaning solution was 

made 2.0 nm or less, 	there was the pro• em that 

particles could not be removed and wece left even when 

the ultrasonic wave was strengthened 

[0019] 

According to the method for .leaning a 

semiconductor wafer of the presen 	invention, such a 

problem of remaining the particl-s which occurs when the 

etching removal with the SC1 c -aning solution became 

2.0 nm or less can be solved oty 	(B) 	a cleaning step with 

hydrofluoric acid mentioned celow. 

[0020] 

Next, 	(B) 	the step o i cleaning the semiconductor 

wafer cleaned by the SC1 	leaning solution with 

hydrofluoric acid is car ied out 	(Fig. 	1(B)). 

As stated above, 	according to the conventional 

cleaning method, when the etching removal with the SC1 

cleaning solution wa- 	2.0 nm or less, 	there was the 

problem that the pa ticles cannot be removed and were 

left even when the physical cleaning with ultrasonic 

wave was strength ned. 	These left particles were firmly 

bonded with an o ide film of the wafer surface formed in 

the SC1 cleani • step. 	Thus, 	in the method for cleaning 

a semiconductor wafer of the present invention, 	after 

(A) 	the SC1 	leaning step, 	(B) 	cleaning with 

hydrofluoric acid 	(HF cleaning) 	is additionally carried 

out to remove all the oxide film formed in 	(A) the SC1 

cleaning '.tep, 	and the particles firmly bonded with the 

oxide fi,m can be subjected to lift-off, whereby the 

remain' g particles can be removed. 	According to the 
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cleaning with hydrofluoric acid, 	the surface roughness 

of the wafer is not worsened, 	so that worsening of the 

surface 	roughness of the wafer can be res rained only by 

worsening of the surface roughness due t• the SC1 

cleaning in which the etching removal 	.s been reduced. 

The concentration of hydrofluori 	acid to be used 

is preferably 0.5 to 3.0%, 	the temperature is preferably 

at 10 to 30°C, 	and the cleaning time 	is preferably 60 to 

180 seconds. 

[0021] 

Next, 	(C) 	the step of cleating the semiconductor 

wafer which has been cleaned b 	hydrofluoric acid with 

ozonated water having an ozone concentration of 3 ppm or 

more is 	carried out 	(Fig. 	1(f)). 

After 	(B) 	the above-me tioned cleaning step by the 

hydrofluoric acid, 	the sur ace of the semiconductor 

wafer becomes a hydrophobAc surface which is the state 

where the particles are 	ikely adhered. 	Thus, after 	(B) 

the step of cleaning w' 'h the hydrofluoric acid, by 

carrying out 	(C) 	the .leaning step with ozonated water 

having an ozone concentration of 3 ppm or more, 	i.e., by 

carrying out rinsinfl  with ozonated water having an ozone 

concentration of 3 ppm or more in a rinsing tank whereby 

an oxide film is Aormed on the surface of the silicon 

wafer within a 	ort period of time to make the surface 

hydrophilic whereby reattachment of the particles can be 

suppressed. 

The t 	•erature of the ozonated water to be used 

is preferab y 10 to 30°C, 	and the cleaning time is 

preferably 60 to 180 seconds. 

[0022] 

Acfording to the method for cleaning semiconductor 

wafer • 	the present invention, worsening of the surface 
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roughness can be suppressed (for example, 	t e surface 

roughness Rms 	(Root Mean Square roughness) 	can be made 

0-1 nm or less) 	and 	 of the surf.,ce of the particles 

wafer can be effectively removed. 

[0023] 

Incidentally, before 	(A) 	the ste. of cleaning with 

the SC1 cleaning solution, the semic.nductor wafer may 

be subjected to cleaning with ozonated water. 	By 

carrying out the cleaning with the ozonated water, 

organic materials can be effectiv•ly removed and the 

cleaning effect is more heighten-d. 	In addition, 

rinsing with ultrapure water e 	. may be optionally 

carried out between the respective cleaning steps 	of 	(A), 

(B) 	and 	(C). 

Examples 

[0024] 

	

In the following, 	he present invention is 

	

explained in more deta 	by referring to Examples and 

Comparative Examples, 	• t the present invention is not 

limited by these. 

[0025] 

(Examples 1 to 5) 

In the clearing of the surface of the silicon 

wafer after mirr•r-polishing for removing the abrasives 

etc., 	cleaning 	ith an SC1 cleaning solution was firstly 

carried out, 	. 	d after rinsing with ultrapure water was 

carried out, 	cleanings with HF cleaning and ozonated 

water were '.uccessively carried out, 	and finally the 

silicon wa er which had been finished the cleanings was 

dried. 

In the SC1 cleaning, 	an etching removal with the 

SC1 	cic..ning 	solution was 	set 	to 	0.1 	to 2.0 	nm 	(0.1, 	0.6, 
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1.2, 	1.6 and 2.0 	(Examples 1 to 5, 	respectiv-ly)) 	by 

changing the temperature of the cleaning solution. 

-----Ineldentally, 	the SC1 cleaning solution u ed is a mixed 

cleaning solution of ammonia, a hydrogen peroxide 

solution and water with a mixing ratio 	if 1:1:10. 	The 

HF concentration was 1.5%, 	and the ozo, e concentration 

of the ozonated water was made 17 pp . 

[0026] 

(Comparative Examples 1 to 6 and 8 

The silicon wafer was cleaned only with the SC1 

cleaning solution, 	and then, 	dri-d. 	The cleaning was 

carried out by setting the etc 	ng removals with the SC1 

cleaning solution 	from 0.1 	to 	4.5 nm 	(0.1, 	0.6, 	1.2, 	1.6, 

2.0, 	3.0 and 4.5 	(Comparative 	Examples 1 to 6 and 8, 

respectively)). 

[0027] 

(Comparative Examples 7 a d 9) 

Cleaning and dryin) of the silicon wafer were 

carried out in the samo method as in Examples 1 to 5 

except that the etchi g amounts with the SC1 cleaning 

solution were made 3 0 and 4.5 nm. 

[0028] 

Measurement of par idles on wafer surface 

After cleaning and drying were carried out by the 

above-mentioned 	xamples and Comparative Examples, 

comparison of 	e particles 	(LPD 	(Light Point Defect)>41 

nm) 	on the wafer surface after cleaning was carried out 

by a particl s counter. 	The results are shown in Fig. 	2. 

In the cases of the cleaning only with the SC1 

cleaning solution in Comparative Examples 1 to 6 and 8, 

as the e 	hing amount by the SC1 is a little like 0.1 to 

2.0 nm, 	a number of the particles is increasing. 	On the 

other 	and, 	in the cleaning method 	(Examples 1 to 5) 	of 
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the present invention wherein after cleanin. with SC1, 

HF cleaning and ozonated water rinsing wer* carried out, 

it could be confirmed that even when the vtching amount 

was 2.0 nm or less, 	the same cleaning ef ects as those 

of the cases where the etching amounts 	if 3.0 and 4.5 nm 

(Comparative Examples 7 and 9) were ob ained. 

[0029] 

Measurement of surface roughness of 	afer surface 

After carrying out the clean' g methods in the 

above-mentioned Examples 1 to 5 and Comparative Examples 

1 to 9, 	the surface roughness Rm.. 	(Root Mean Square 

roughness) 	(nm) 	was measured. 	he results are shown in 

Fig. 	3. 

The surface roughness R's was 0.102 nm in the 

etching amount of 3.0 nm, 	a d 0.108 nm in the etching 

amount of 4.5 nm (Comparat ye Examples 6 to 9), but was 

markedly improved as 0.06 	nm in the etching amount of 

0.1 nm 	(Comparative Example 1 and Example 1). 

[0030] 

The above-mentio ed results of the measurement of 

particles on the sir on wafer surface and the above-

mentioned results or the surface roughness of the same 

are summarized in 	'able 1. 
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[Table 	1] 

Etching 
removal=0.1 to 
2.0 nm 

Etching 
removal>2.0 nm 

Cleaning 
method 

Cleaning with 

SC1-• 
hydro- fluoric 

acid- 
ozonated water 

(Examples 1 to 	) 
Particle 
measurement 
result: 	good 
Surface roug ness 
measurement 
result: 	good 

(Comparative 
Examples 7 and 9) 
Particle 
measurement 
result: 	good 
Surface roughness 
measurement 
result: 	no good 

Cleaning with SC1 

(Compara ive 
Example 	1 to 5) 
Partic 
measur ment 
resul 	: no good 
Surf ce roughness 
mea•urement 
re ult: 	good 

(Comparative 
Examples 6 and 8) 
Particle 
measurement 
result: 	good 
Surface roughness 
measurement 
result: 	no good 

From the results a 	mentioned above, according to 

the method for cleaning a semiconductor wafer of the 

present invention, 	it pan be understood that worsening 

of the surface roughn ss of the wafer due to cleaning 

can be reduced and cleaning of the wafer can be carried 

out effectively 	(E 	mples 1 to 5). 

[0031] 

(Example 6, 	Comparative Example 10) 

The silico 	wafer after mirror-polishing was 

subjected to S 1 cleaning by making the etching removal 

0.6 nm, 	subseouently cleaning with hydrofluoric acid was 

carried out. 	After cleaning with hydrofluoric acid, 

cleaning wi h ozonated water was carried out by changing 

a concentration thereof in a rinsing tank from 0 to 2.8 

ppm, 	and 	he silicon wafer was dried 	(Comparative 

Example 	0). 	Also, 	the silicon wafer after mirror- 
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polishing was subjected to SC1 cleaning by 	.king the 

etching removal 0.6 nm, 	subsequently clean 	g with 

hydrofluoric acid was carried out. 	After cleaning with 

hydrofluoric acid, 	cleaning with ozonateG water was 

carried out by changing a concentration thereof in a 

rinsing tank from 3.0 to 17 ppm, 	and t e silicon wafer 

was dried 	(Example 6). 	The particles on the wafer after 

cleaning were measured by a wafer s rface detecting 

apparatus. 	Incidentally, 	the SC1 	eaning solutions 

used in Example 6 and Comparative Example 10 were a 

mixed cleaning solution comprisi g ammonia, a hydrogen 

peroxide solution and water wit 	a mixing ratio of 

1:1:10, 	and a hydrofluoric ac • concentration of 1.5%. 

The results are shown in Fig. 	4. 

When the ozone concentiation of the ozonated water 

is 3 ppm or more 	(Example f), 	the surface of the silicon 

wafer can be oxidized witfin a short period of time, 

i.e., 	can be changed fro' 	a hydrophobic surface to a 

hydrophilic surface, 	so that it can be understood that 

the number of the particles is stable as around 20. 

[0032] 

It must be sta ed here that the present invention 

is not restricted 	o the embodiments shown by Examples. 

The embodiments s own by Examples are merely examples so 

that any embodiments composed of substantially the same 

technical conce't as disclosed in the claims of the 

present invention and expressing a similar effect are 

included in t e technical scope of the present invention. 
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CLAIM 

1_ A method for cleaning a semiconductor 	afer which 

comprises the steps of: 

cleaning the semiconductor wafer 	ith an SC1 

cleaning solution, 

cleaning the semiconductor wafe 	cleaned by the 

SC1 cleaning solution with hydrofluoric acid, 	and 

cleaning the semiconductor w. er cleaned by the 

hydrofluoric acid with ozonated w ter having an ozone 

concentration of 3 ppm or more, 

wherein an etching removal of t e semiconductor wafer 

with the SC1 cleaning solutio 	is made 0.1 to 2.0 nm. 



METHOD FOR CLEANING SEMICONDUCTOR WAFER 

[Detailed Description of the Invention] 

[Technical 	Field] 

[0001] 

The present invention relates to improvement of a 

method for cleaning semiconductor wafer. 

[Background Art] 

[0002]• 

As the cleaning method of a semiconductor wafer 

(hereinafter also referred to as wafer simply) 	such as a 

silicon wafer, 	there haVe frequently been used a 

cleaning process such as an RCA cleaning using a mixed 

cleaning solution 	(hereinafter referred to SC1 	(Standard 

Cleaning 1) 	cleaning solution) 	comprising aqueous 

ammonia, 	a hydrogen peroxide solution and ultrapure 

water, 	and a. mixed cleaning solution 	(SC2 	(Standard 

Cleaning 2) 	cleaning solution) 	comprising hydrochloric 

acid, 	a hydrogen peroxide solution and ultrapure water. 

[0003] 

In the SC1 cleaning, 	particles attached to the 

surface of the wafer are removed by etching due to lift- 

off thereof, 	and to remove the particles sufficiently, 

it is usually required to etch the wafer 4 nm or more 

(Patent 	Document 	1). 

[0004] 

On the other hand, 	as one of demands for 

improvement of qualities accompanied by miniaturization 

of the design rules of apparatuses, 	reduction of the 

surface roughness of the wafer is required. 	The surface 

roughness of the wafer is usually formed by the final 

polishing, 	but due to the etching action to. the wafer 

(silicon) 	by the SC1 cleaning, 	the surface roughness of 

0 
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the wafer is more worsened as the etching removal 

(etching amount) 	is larger. 

If the surface roughness is worsened, 	it has been 

known that electric characteristics of an oxide film 

formed on the silicon wafer are worsened, 	or bad effects 

are exerted on detecting the particles by a particles 

counter using scattering of laser light, 	so that the 

surface roughness of the wafer is required to be as 

little as possible. 

[0005] 

However, 	if the etching amount of•the SC1 cleaning 

is decreased to improve surface roughness of the wafer, 

a cleaning power is lowered and particles are left. 

Thus, 	the particles can be removed even when the etching 

amount due to the SC1 cleaning solution'is decreased to 

some extent by strengthening physical cleaning due to 

ultrasonic wave and improving particles-removing ability 

used together with the SC1 cleaning, 	which is used.for 

the purpose of supplementing decrease in cleaning power 

due to decrease in the etching amount. 	However, 	if the 

etching amount by the SC1 is 2.0 nm or less, 	there is a 

problem that the particles cannot be removed and are 

left even when the ultrasonic wave is strengthened. 

[0006] 

That is, 	in the conventional method for cleaning a 

semiconductor wafer, 	effective removal of the particles 

and prevention of worsening surface roughness of the 

wafer could not be accomplished simultaneously. 

[0007] 

[Patent Document 1] 	Japanese Unexamined Patent 

publication 	(Kokai) 	H09-69509A 

[Disclosure of the 	Invention] 

[Problem to be solved by the Invention] 

2 
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The present invention has been accomplished in 

view of the above-mentioned problems, 	and an object 

thereof is to provide a method for cleaning a 

semiconductor wafer in which worsening of the surface 

roughness of the wafer due to cleaning can be reduced, 

and cleaning of the wafer can be carried out effectively. 

[Means for solving Problem] 

[0009] 

	

To solve the above-mentioned problems, 	the present 

invention is to provide a method for cleaning a 

semiconductor wafer, 	which is to clean the semiconductor 

wafer, 	comprising the steps of cleaning the 

semiconductor wafer with an SC1 cleaning solution, 

cleaning the semiconductor wafer cleaned by the SC1 

cleaning solution with hydrofluoric acid, 	and cleaning 

the semiconductor wafer cleaned by the hydrofluoric acid 

with ozonated water having an ozone concentration of 3 

ppm or more, 	wherein an etching removal of the 

semiconductor wafer with the SC1 cleaning solution is 

made 	0.1 	to 2.0 	nm. 

[0010] 

Thus, 	in the method for cleaning a semiconductor 

wafer of the present invention, 	cleaning with the SC1 

cleaning solution is carried out by decreasing the 

etching removal of 0.1 to 2.0 nm, 	so that worsening of 

the surface roughness of the semiconductor wafer can be 

prevented. 	Also, 	the particles left after the SC1 

cleaning are removed by the subsequent cleaning with 

hydrofluoric acid, 	and according to the cleaning with 

the ozonated water having an ozone concentration of 3 

ppm or more thereafter, 	an oxide film is formed on the 

surface of the wafer which makes the surface of the 

wafer from a hydrophobic surface to a hydrophilic 
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surface to prevent from reattachment of the particles, 

so that worsening of the surface roughness of the wafer 

due to cleaning can be reduced and cleaning of the wafer 

can be carried out effectively. 

[Effect of the 	Invention] 

[0011] 

As explained above, 	according to the method for 

cleaning a semiconductor wafer of the present invention, 

.worsening of the surface roughness of the wafer due to 

cleaning can be reduced and cleaning of the wafer can be 

carried out effectively. 

[BRIEF DESCRIPTION OF DRAWINGS] 

[0012] 

	

Fig. 	1 is a flow chart showing an example of the 

method for cleaning a semiconductor wafer of the present 

	

invention. 	 - 

Fig. 	2 is a graph illustrating the measurement 

results of the particles of the surface of the wafer in 

Examples 1 to 5 and Comparative Examples 1 to 9. 

Fig. 	3 is a graph illustrating the measurement 

results of the surface roughness of the wafer in 

Examples 1 to 5 and Comparative Examples 1 to 9. 

Fig. .4 	is a graph illustrating the measurement 

results of the particles in Example 6 and Comparative 

Example 10. 

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

[0013] 

In the following, 	the present invention is 

explained in more detail. 

As mentioned above, 	a method for cleaning a 

semiconductor wafer which can reduce worsening of the 

surface roughness of the wafer due to cleaning and can 

carry out cleaning of the wafer effectively has been 
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demanded. 

[0014] 

Thus, 	the present inventor has earnestly 

investigated, 	and as a result, 	it has 	found that a 

method for cleaning a semiconductor wafer which 

comprises the steps of cleaning the semiconductor wafer 

with an SC1 cleaning solution, 	cleaning the 

semiconductor wafer cleaned by the SC1 cleaningc solution 

with hydrofluoric acid, 	and cleaning the semiconductor 

wafer cleaned by the hydrofluoric acid with ozonated 

water having an ozone concentration of 3 ppm or more, 

wherein an etching removal of the semiconductor wafer 

with the SC1 cleaning solution is made 0.1 to 2.0 nm, 

whereby worsening of the surface roughness of the wafer 

due to cleaning can be reduced and cleaning of the wafer 

can be carried out effectively. 

[0015] 

The method for cleaning a semiconductor wafer of 

the present invention is explained by referring to the 

drawings, 	but the present invention is not limited by 

these. 	Fig. 	1 is a flow chart showing an example of the 

method for cleaning a semiconductor wafer of the present 

invention. 

As shown in Fig. 	1, 	the whole cleaning steps can 

be roughly classified into the three steps of 	(A) 	a step 

of cleaning with an SC1 cleaning solution, 	(B) 	a step of 

cleaning with hydrofluoric acid, 	and 	(C) 	a step of 

cleaning with ozonated water. 

[0016] 

In 	(A) 	the step of cleaning the semiconductor 

wafer with an SC1 cleaning solution, 	the semiconductor 

wafer is cleaned with the SC1 cleaning solution which is 

a mixed cleaning solution of aqueous ammonia, 	a hydrogen 
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peroxide solution and ultrapure water so that an etching 

removal of the semiconductor wafer becomes 0.1 to 2.0 nm 

(Fig. 	1(A)). 

The etching removal of the semiconductor wafer can 

be adjusted to the above-mentioned range by changing a 

mixing ratio 	(volume ratio), 	a temperature, 	a cleaning 

time, 	and so on of the SC1 cleaning solution. 	For 

example, 	the conditions may be adjusted to the range 

where the temperature is 25 to 65°C, 	the mixing ratio is 

a mixing ratio of ammonia 	(NH3 concentration: 	28%), 	a 

hydrogen peroxide solution 	(H202 concentration: 	30%) 	and 

water being 1:1:5 to 20, 	and the time of 180 to 360 

seconds. 

The semiconductor wafer to be cleaned in the 

present invention is not particularly limited, 	and a 

silicon wafer after polishing may be usually mentioned. j. 
[0017] 

If the etching removal of the semiconductor wafer 

exceeds 2.0 nm, 	the surface roughness of the wafer is 

worsened, 	so that, 	for example, 	electric characteristics 

of an oxide film formed on the silicon wafer are 

worsened, 	and bad effects are exerted on detecting 

particles by a particles counter using scattering of 

laser light. 	If the etching removal of the 

semiconductor wafer is less than 0.1 nm, 	a sufficient 

effect of removing particles cannot be obtained. 

[0018] 

On the other hand, 	as mentioned above, 	in the 

conventional method for cleaning a semiconductor wafer, 

if the etching amount with the SC1 cleaning solution was 

made 2.0 nm or less, 	there was the problem that 

particles could not be removed and were left even when 

the ultrasonic wave was strengthened. 
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[0019] 

According to the method for cleaning a 

semiconductor wafer of the present invention, 	such a.  

problem of remaining the particles which occurs when the 

etching removal with the SC1 cleaning solution became 

20 nm or less can be solved by 	(B) 	a cleaning step with 

hydrofluoric acid mentioned below. 

[0020] 

Next, 	(B) 	the step of cleaning the semiconductor 

wafer cleaned by the SC1 cleaning solution with 

hydrofluoric acid is 	carried out 	(Fig. 	1(B)). 

As stated above, 	according to the conventional 

cleaning method, 	when the etching removal with the SC1 

cleaning solution was 2.0 nm or less, 	there was the 

problem that the particles cannot be removed and were 

left even when the physical cleaning with ultrasonic 

wave was strengthened. 	These left particles were firmly 

bonded with an oxide film of the wafer surface formed in 

the SC1 cleaning step. 	Thus, 	in the method for cleaning 

a semiconductor wafer of the present invention, 	after 

(A) 	the SC1 	cleaning step, 	(B) 	cleaning with 

hydrofluoric acid 	(HF cleaning) 	is additionally carried 

out to remove all the oxide film formed in 	(A) 	the SC1 

cleaning step, 	and the particles firmly bonded with the 

oxide film can be subjected to lift-off, 	whereby the 

remaining particles can be removed. 	According to the 

cleaning with hydrofluoric acid, 	the surface roughness 

of the wafer is not worsened, 	so that worsening 'of the 

surface roughness of the wafer can be restrained only by 

worsening of the surface roughness due to the.SC1 

cleaning in which the etching removal has been reduced. 

The concentration of hydrofluoric acid to be used 

is preferably 0.5 	to 3.0%, 	the temperature is preferably 
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at 	10 to 30°C, 	and the cleaning time is preferably 60 to 

180 	seconds. 

[0021] 

Next, 	(C) 	the step of cleaning the semiconductor 

wafer which has been cleaned by hydrofluoric acid with 

ozonated water having an ozone concentration of 3 ppm or 

more 	is 	carried out 	(Fig. 	1(C)). 

After 	(B) 	the above-mentioned cleaning step by the 

hydrofluoric acid, 	the surface of the semiconductor 

wafer becomes a hydrophobic surface which is the state 

where the particles are likely adhered. 	Thus, 	after 	(B) 

the step of cleaning with the hydrofluoric acid, 	by 

carrying out 	(C) 	the cleaning step with ozonated water 

having an ozone concentration of 3 ppm or more, 	i.e., 	by 

carrying out rinsing with ozonated water having an ozone 

concentration of 3 ppm or more in a rinsing tank whereby 

an oxide film is formed on the surface of the silicon 

wafer within a short period of time to make the surface 

hydrophilic whereby reattachment of the particles can be 

suppressed. 

The temperature of the ozonated water to be used 

is preferably '10 to 30°C, 	and the cleaning time is 

preferably 60 to 180 seconds. 

[0022] 

According to the method for cleaning semiconductor 

wafer of the present invention, 	worsening of the surface 

roughness can be suppressed 	(for example, 	the surface 

roughness Rms 	(Root Mean Square roughness)) 	can be made 

0.1 nm or less) 	and particles of the surface of the 

wafer can be effectively removed. 

[0023] 

Incidentally, 	before 	(A) 	the step of cleaning with 

	

the SC1 cleaning solution, 	the semiconductor wafer may 
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be subjected to cleaning with ozonated water. 	By 

carrying out the cleaning with the ozonated water, 

organic materials can be effectively removed and the 

cleaning effect is more heightened. 	In addition, 

rinsing with ultrapure water etc. 	may be optionally 

carried out between the respective cleaning steps 	of 	(A), 

(B) 	and 	(C). 

EXAMPLE 

[0024]  

In the following, 	the present invention is 

explained in more detail by referring to Examples and 

Comparative Examples, 	but the present invention is not 

limited by these. 

[0025] 

(Examples 	1 to 	5) 

In the cleaning of the surface of the silicon 

wafer after mirror-polishing for removing the abrasives 

etc., 	cleaning with an SC1 cleaning solution was firstly 

carried out, 	and after rinsing with ultrapure water was 

carried out, 	cleanings with HF cleaning and ozonated 

water were successively carried out, 	and finally the 

silicon wafer which had been finished the cleanings was 

dried. 

In the SC1 cleaning, 	an etching removal with the 

SC1 	cleaning 	solution was 	set 	to 	0.1 	to 	2.0 	nm 	(0.1, 	0.6, 

1.2, 	1.6 	and 	2.0 	(Examples 	1 	to 	5, 	respectively)) 	by 

changing the temperature of the cleaning solution. 

Incidentally, 	the SC1 cleaning solution used is a mixed 

cleaning solution of ammonia, 	a hydrogen peroxide 

solution and water with a mixing ratio of 1:1:10. 	The 

HF concentration was 1.5%, 	and the ozone concentration 

of the ozonated water was made 17 ppm. 
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[0026] 

(Comparative Examples 1 to 6 and 8) 

The silicon wafer was cleaned only with the SC1 

cleaning solution, 	and then, 	dried. 	The cleaning was 

carried out by setting the etching removals with the SC1 

cleaning 	solution 	from 	0.1 	to 	4.5 	nm 	(0.1, 	0.6, 	1.2, 	1.6, 

2.0, 	3.0 and 4.5 	(Comparative Examples 	1 to 	6 and 8, 

respectively)). 

[0027] 

(Comparative Examples 7 and 9) 

Cleaning and drying of the silicon wafer were 

carried out in the same method as in Examples 1 to 5 

except that the etching amounts with the SC1 cleaning 

solution were made 3.0 and 4.5 nm. 

[0028] 

Measurement of particles on wafer surface 

After cleaning and drying were carried out by the 

above-mentioned Examples and Comparative Examples, 

comparison of the particles 	(LPD 	(Light Point Defect)>41 

nm) 	on the wafer surface after cleaning was carried out 

by a particles counter. 	The results are shown in Fig. 	2. 

In the cases of the cleaning only with the SC1 

cleaning solution in Comparative Examples 1 to 6 and 8, 

as the etching amount by the SC1 is a little like 0.1 to 

2.0 nm, 	a number of the particles is increasing. 	On the 

other hand, 	in the cleaning method 	(Examples 1 to 5) 	of 

the present invention wherein after cleaning with SC1, 

HF cleaning and ozonated water rinsing were carried out, 

it could be confirmed that even when the etching amount 

was 2.0 nm or less, 	the same cleaning effects as those 

of the cases where the etching amounts of 3.0 and 4.5 nm 

(Comparative Examples 7 and 9) 	were obtained. 

[0029] 
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Measurement of surface roughness of wafer surface  

After carrying out the cleaning methods in the 

above-mentioned Examples 1 to 5 and' Comparative Examples 

1 to 9, the surface roughness Rms (Root Mean Square 

roughness) (nm) was measured. The results are shown in 

Fig. 3. 

The surface roughness Rms was 0.102 nm in the 

etching amount of 3.0 nm, and 0.108 nm in the etching 

amount of 4.5 nm (Comparative Examples 6 to 9), but was 

markedly improved as 0.062 nm in the etching amount of 

0.1 nm (Comparative Example 1 and Example 1). 

[0030] 

The above-mentioned results of the measurement of 

particles on the silicon wafer surface and the above-

mentioned results of the surface roughness of the same 

are summarized in Table 1. 

[0047] 

(Table 	1) 

Etching 
removal=0.1 to 
2.0 	nm 

Etching 
removal>2.0 nm 

Cleaning 
method 

Cleaning with 
SC1-) 
hydro fluoric 
acid-) 
ozonated water 

(Examples 	1 to 5) 
Particle 
measurement 
result: 	good 
Surface roughness 
measurement 
result: 	good 

(Comparative 
Examples 7 and 9) 
Particle 
measurement 
result: 	good 
Surface roughness 
measurement 
result: 	no good 

Cleaning with SC1 

(Comparative 
Examples 	1 	to 5) 
Particle 
measurement 
result: 	no good 
Surface roughness 
measurement 
result: 	good 

(Comparative 
Examples 	6 and 8) 
Particle 
measurement 
result: 	good 
Surface roughness 
measurement 
result: 	no good 
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From the results as mentioned above, 	according to 

the method for cleaning a semiconductor wafer of the 

present invention, 	it can be understood that worsening 

of the surface roughness of the wafer due to cleaning 

can be reduced and cleaning of the wafer can be carried 

out effectively 	(Examples 	1 to 5). 

[0031] 

(Example 6, 	Comparative Example 10) 

The silicon wafer after mirror-polishing was 

subjected to SC1 cleaning by making the etching removal 

0.6 nm, 	subsequently cleaning with hydrofluoric acid was 

carried out. 	After cleaning with hydrofluoric acid, 

cleaning with ozonated water was carried out by changing 

a concentration thereof in a rinsing tank from 0 to 2.8 

ppm, 	and the silicon wafer was dried 	(Comparative 

Example 10). 	Also, 	the silicon wafer after mirror- 

polishing was subjected to SC1 cleaning by making the 

etching removal 0.6 nm, 	subsequently cleaning with 

hydrofluoric acid was carried out. 	After cleaning with 

hydrofluoric acid, 	cleaning with ozonated water was 

carried out by changing a concentration thereof in a 

rinsing tank from 3.0 to 17 ppm, 	and the silicon wafer 

was dried 	(Example 6). 	The particles on the wafer after 

cleaning were measured by a wafer surface detecting 

apparatus. 	Incidentally, 	the SC1 cleaning solutions 

used in Example 6 and Comparative Example 10 were a 

mixed cleaning solution comprising ammonia, 	a hydrogen 

peroxide solution and water with a mixing ratio of 

1:1:10, 	and a hydrofluoric acid concentration of 	1.5%. 

The results are shown in Fig. 	4. 

When the ozone concentration of the ozonated water 

is 	3 ppm or more 	(Example 	6), 	the surface of the silicon 
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wafer can be oxidized within a short period of time, 

i.e., 	can be changed from a hydrophobic surface to a 

hydrophilic surface, 	so that it can be understood that 

the number of the particles is stable as around 20. 

[0032] 

It must be stated here that the present invention 

is not restricted to the embodiments shown by Examples. 

The embodiments shown by Examples are merely examples so 

that any embodiments composed of substantially the same 

technical concept as disclosed in the claims of the 

present invention and expressing a similar effect are 

included in the technical scope of the present invention. 
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[CLAIMS] 

[claim 1] 

A method for cleaning a silicon wafer after mirror- 
polishing which comprises the steps of: 

cleaning the silicon wafer with an SC1 cleaning solution, 

cleaning the silicon wafer cleaned by the SC1 cleaning 
solution with hydrofluoric acid, 	and 

cleaning the silicon wafer cleaned by the hydrofluoric 
acid with ozonated water having an ozone concentration of 3 
ppm or more, 

wherein an etching removal of the silicon wafer with the SC1 
cleaning solution is made 0.1 to 2.0 nm. 

[clam 2] 

The method for cleaning 	silicon wafer according to 
claim 1, wherein surface roughness Rms of the cleaned silicon 
wafer is 0.1 nm or less. 
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