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Introduction : Requirement for Ultrapure water quality

ITRS2013 Yield Enhancement Table YE3

Critical particle size[nm] 20 17.9 15.9 14.2 12.6 11.3 10

Number of particles[#/L] 1000 1000 1000 1000 1000 1000 1000

According to the ITRS, the number of particles
should be reduced less than 1000 #/L for the size of
at 10 nm particles by the year of 2019.

Kurita



Introduction : Particle monitoring 1990s to 2019

DRAM %2 Pitch
500 nm particle size

On-line monitor

1990s
@ >(100nm

80 Nnm 50 nm
2000s ® > (50nm
UDI-50
17.0 nm ° >020nNm
20 nm
2019 h/ UDI-20

‘It has been reaching the size detection limit of LPC
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Introduction : Requirement for wafer cleanliness by the ITRS

ITRS2013 Front End Process Table FEP11

Critical particle size[lnm] 142 120 11.3 10 8.9 8.0

Number of

: 12.6 34.2 34.2 34.2 34.2 34.2
particles[#/wafer]

According to the ITRS, the number of particles on
the wafer should be controlled very severely.
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Introduction : Purpose of this study

<Needs for particle in UPW>
U How should we detect the smaller particle ?

U How should we reduce the particle in UPW?

(. AV
U What level should we remove particle in UPW to?

\U What impurity increases particle adhesion on wafer

‘ Focus of this study
\

Purpose of this study

To clarify how the particle in UPW adsorb
\onto wafer surface
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Experimental Method : Experimental condition and flow

<Experimental condition>
Wafer : 150 mm SiO.,/Si(100)
Injected patrticle : SIO,
Injected particle size : around 100 nm
Particle concentration in UPW : 20,000 #/mL
Pre-cleaning : O, (30ppm) water rinse in 180 sec

N2>---; Resistivityncm
‘1' Dissolved Oxygen : <10 ppb

D |Z|Micro Filtration

SiO, particle solution Gd20nm

@ UPw » TOPCON WM-1500
X/ Detect particle size: >0.1¢ m



Experimental Method

< Rinsing recipe >

. Rinsing recipe

Operation No. 4 5
Rotation % 4 ¥ 5
speed [ ] (1000) (1000)
Time [ sec ] b L2
(20) (40)
\ J\ /
\ |

Rinsing process Drying process
(without N2 gas)

The test conditions(¥ an
order to clarify the behavior of particle
adsorption on wafer surface.
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Result : Effect by the rinsing time on particle adsorption

Operation No. 1 2 3 4 5 6
Rotation
o] | ] 500 | 300 | 200 | 1000 | 1000 | 200
Time [ sec ] 2 5 5 t1 40 5
— 1400
(b
§ 1200 Particle in UPW : 20,000 #/mL
# 1000
o 800 -
©
= 600 -
c
© 400 -
@
L 200 -
g o -
20 60 120
Time [ sec |

($) Rinsing time does not affect the number of particle on wafer.
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Result : Effect by the rotation speed in rinsing process

on particle adsorption

Operation No. 1 2 3 4 5 6
Rotation 500 | 300 | 200 | ¥. | 1000| 200
speed [ ]
Time [sec] 2 5 5 20 40 5
E 1400 Particle in UPW : 20,000 #/mL
©
E 1200
* 1000 -
S 800 -
@
= 600 -
(-
© 400 -
Q
2 200 -
g 0 -

300 500 1000
Rotation speed in rinse process [ rpm |

Rotation speed In rinsing process does not affect the
@ number of particle on wafer.
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Result : Effect by the drying time on particle adsorption

Operation No. 1 2 3 4 5 6
Rotation 500 | 300 | 200 | 1000 | 1000 | 200
speed | ]
Time [ sec ] 2 5 5 20 to 5
— 1400
&
g 1200 -  Pparticle in UPW : 20,000 #/mL
#1000
& 800 -
S
= 600 -
c
© 400 -
Q
S 200 -
& 0 - |
40 120
Time [ sec ]

(%) Drying time does not affect the number of particles on wafer.
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Result : Effect by the rotation speed in drying process

on particle adsorption

Operation No. 1 2 3 4 5 6
Rotation
speed [ ] 500 | 300 | 200 | 1000| ¥, | 200
Time [ sec ] 2 5 5 20 40 5
— 1400
% 1200 Particle in UPW : 20,000 #/mL
=
s 1000 -
— 800 -
Q
© 600 -
=
c 400 -
o
L) 200 -
(&)
= 0o -
6_5 500 1000 1500 2000 3000

Rotation speed in drying process [ rpm |

Particle on wafer decreases as rotation speed in drying
process increases.
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Discussion : The model of particle adsorption onto

wafer surface

We divided two process of particle adsorption onto wafer surface.
One is rinsing process and another is drying process.
We evaluated each of effect.

= 1400

f\g 1200 B

#1000

L 800 = Ngy( ¥

= 600

c _

; 400

S 200 N,inse(1,000rpm)
&? O I I I I

500 1000 1500 2000 3000

Rotation speed in drying process [ rpm ]

) N = Nrinse( Y) T Ndry( X)
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Discussion : The model of particle adsorption onto

wafer surface
1.In the rinsing process

o o © o © © Water
O 0) O 0) O O
O [®) O ®) O O o
e} ®) O O

Particle

O O

| o) O o o 0o o | Wafer surface

U Particle adsorption to wafer surface by equilibrium reaction

2.In the drying process

5 o O o 0 o Water | © |
0) 0) (@) 0) O O O\
O o O o ©

(@) @)

The area which does not move FEUEIE ‘

O [®) O 0) (@) @) ©

Wafer surface |

U Particles in the boundary layer accumulate on the wafer
) surface by water evaporation.
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Discussion : How to calculate water property

The water thickness and the average o | ‘: -
velocity of water are shown as the (F+1) Va
equation (1) and (2). TR
‘ V., =JM (2)
Je,

The boundary thickness (3) can be ral
calculated by the results of equation (1) E:%pvm.: +ﬁ.gg:%ﬁ; + pge+ [ dE
and (2). . - r

‘ ; . { 3y
_ dE=(C,—F, Il =| p(r +1)o* - ’m'm L’E
The number of particles adsorbed on J
the wafer is calculated. v[zjz_ha:- (2—2m) (3
Z A 2h '
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Discussion

: Model calculation of

spin cleaning

O
(S
|

Water thickness [ mm |

¢ 300rpm  ®500rpm

w

A4 1000rpm > 1500rpm

I
&

x2000rpm @ 3000rpm

Water velocity [ m/s ]
=
(o o1 N

=
ol

0.01 |
15

| | O
30 45 60 75

Wafer diameter [ mm ]

¢ 300rpm  ®m500rpm

A4 1000rpm x1500rpm

x2000rpm @ 3000rpm

O 15 30 45 60
Wafer diameter [ mm |

75

Water thickness and water velocity were calculated
@) as functions of distance from the center of wafer.
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Discussion : Boundary layer calculation

— 6 — 4

= =

- +300rpm = 500rpm o 3.5

— 5 —

% »1000rpm < 1500rpm § 3

% 4 . 2000rpm e 3000rpm _g 2.5

= £

a :

E [ 1.5

> >

= g 1

© ©

= S 05

@) @]

an 0 at) 0 .

0 15 30 45 60 75 o 2000
Wafer diameter [ mm ] Rotation speed [ rpm ]

Boundary layer was calculated as a function of distance from
($) the center of wafer.
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Discussion : Comparison between the model and

experimental result
N = Nrinse( Y) T |\Idry( ’!)

1200 model B

—_

mexperiment ——

I\Idry( 'g)

600
400 —
zog L4 } N, inse(1,000rpm)

500 1000 1500 2000 3000 About 380 #/wafer

Rotation speed in drying process [ rpm ]
The calculation result well fitted with experimental result.

The impact of rinsing process is roughly the same degree as that
of drying process and cannot be ignored.
K_ To avoid adhering particles to wafer on UPW cleaning process,
the number of particle in UPW should be decreased.

Particle on wafer [#/wafer ]
00
o
o
|
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Experimental Method : Experimental condition and flow

<Experimental condition>
Wafer : 300 mm SiO./Si and SiGe(Ge:50%)/Si
Injected particle : SIO,
Injected patrticle size : 50 nm (for SiO,/Si), 150 nm (for SiGe/Si)

Kurita tool

Chemical Cabinet Liquid particle counters (LPCs)
. H UPW
‘ Dispense Module > |
Switch to Particl
= 4 article
Selsect UPW = Impurities ~7mL/min
upply ~ 3.5 or 7mL/min
A A / l
10nm MF
/ NFN Cleanroom i
/ Sub-fab | ! ;
Dispense controll ~ 3.6L/min
i 10nm MF 10nm MF
Targeted concentration
Kurita UPW H202 500ppb Kuri taos water
}-l*JoFl’JVSVe Skid Urea 100ppb control unit

TOC 40ppb

@ c02 0.26mS/m (pH=5.1)
02 900ppb
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Experimental Method :Kuri tados wat er

House
UPW In

Dual Pass

Particle Filter — 0.45um lonExchanee Resin
Post BAC Filter &
Dual Pass

Dual Pass
|-> Degasifier Membrane
Exchanger

|
]
1
|
|
1
]
1
|
]
1
|
|
1
]
|
|
1
1
|
|}
: Booster Pump and Heat
|}
|
1
|}
|
|
1
1
|}
|
]
1
|
|
1
1
|}
|
|}
|}

Gas injection

)

Exchanger May be Required

=g lonExchange Resin SE S
Membrane

| Final Filter #1 Final Filter #2 )Kugtjtpuufw
10nm 10nm
Contaminant Nanoparticle
Solution and Solution and

NI e Injection Pump Injection Pump



Result

Particle on wafer 35-65nm [#/wafer]
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wafer and SiO, particle

Targeted concentration

H202

500ppb

Urea

100ppb

TOG

40ppb
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02

900ppb

CO, has the influence on particle adhesion

to SIO, su
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Result Discussion Effect of chemicals on SiGe/Si

wafer and SiO, particle
1200

Targeted concentration

1000 H202 500ppb

Urea 100ppb

TOC 40ppb

COo2 0.26mS/m (pH=5.1)
02 900ppb

800

600

400

200

Particle on wafer 55-200nm [#/wafer]

N
e

@ CO, has the influence on particle adhesion
et to SiGe surface.



Result  Discussion Effect of CO, water on SiO, /SiI wafer

250

B No SiO, particle injection

N
o
o

=Y
Ln
o

=Y
o
u

un
o

o
|

Particle on wafer [#/wafer] 35-65nm

CO, has a strong influence on the number of particle on

@ wafer.
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Result Discussion : Relationship between zeta
potential and pH

PSL
Sio, PVC

N
o
!

N
o
I

Surface zeta potential [mV]
o

1

(@))

o
!

-80

In CO, water, the zeta potential 8? SiO, approaches zero ,
resulting in the drop of the repulsive force between the wafer
and particles.

K We would like to discuss the effect of the surface charge
O by changing particle species in the next study.
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Conclusion

We studied about the particle adhesion to wafer and the
Impact of impurity.

.t

(1) The rotation speed of drying process is one of the most
effective parameters in the particle adsorption.

(2) The number of particles adsorbed at the rinsing process
IS large and almost constant.

(3) CO, has the influence on particle adhesion to SiGe and
SiO, surface to wafer.

et

Next, we would like to investigate the effect of the surface
charge and the particle size in detall.
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