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Development of Particle Deposition System for Cleaning Process Evaluation
in Semiconductor Fabrication

Kyung Tag Nam*, Young Gil Kim*, Ho Joong Kim and Tae Sung Kim'

*Graduate School of Sungkyunkwan University,
School of Mechanical Engineering & SKKU Advanced Institute of
Nanotechnology(SAINT) in Sungkyunkwan University

ABSTRACT

As the minimum feature size decrease, control of contamination by nanoparticles is getting more attention in
semiconductor process. Cleaning technology which removes nanoparticles is essential to increase yield. A reference wafer
on which particles with known size and number are deposited is needed to evaluate the cleaning process. We simulated
particle trajectories in the chamber by using FLUENT. Charged monodisperse particles are generated using SMPS
(Scanning Mobility Particle Sizer) and deposited on the wafer by electrostatic force. The Experimental results agreed with
the simulation results well. We calculate the particles loss in pipe flow theoretically and compare with the experimental

results.

Key Words : Contamination, Nanoparticle, Cleaning, Deposition
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Table 1. DRAM half pitch and critical particle size(ITRS,
2006 Update).

2006 | 2007 [ 2008 [ 2009] 2010 [ 2011

DRAM 12 pitch | | 65 | 57 | 50 | 45 | 40
(nm)

Critical particle | 5 | 555|585 | 25 |2255| 20
size (nm)
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Fig. 1. Schematic of Particle Deposition System.

VA Lo 2 E o) gnE3)%] A6l A43, 2007

o)A A3t 3L, DMAS] 1200 V&) AL 91713}
100 nm PSL ¢4 AFsF ol T FEAI AT A
o fel=l= ddol2E9] 32 03 IpmS FAIBIAR L,
el = 3000 V| AYS 185<¢ U718t 8 inch
o) ol SkEAIF T 3, DMASE A 7k FH
ZolE 30cm F7HIA AAZEe] el sloiA
9] &48 dolrgitt 43 A= FLUENTE o] &
3lo] 23 do|2E §F AlEo| AT s Bogch

AW Y5 AdE 58 4] s AR-E
P I\ R R = A= g 1=

(p¥) = 0 @
2EY g4
V(pid) = —Vp+V-(1)+Fp 3)
SIERRIZ S
V- (UPE+p)) = V(kVT) @)

9} AolA Fp= YAl Fgehs AR/Holx, K,
EHE Y AEES Yehin, 1 & 4ges e
3 ol & 4 it

% = u[VG - %VGI:I 5)

71 K= @9 §4E veRd.

99} 22 vl dFA W BF A HE 3] Hs
FVM (Finite Volume Method)& AH&313 tH5). T3t
olabgtE B3l z} el il WA g ALter] 9
3] SIMPLE ¢ 8]&3 357 Rdg AMg6lion, B

Fig. 2. Deposition result by surface scanner.
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Fig. 3. Particle trajectories.

£ 2% vASRGE A 47 ABL 7mm,
U7ek oI5 Aole) AL 25 mmelz, AEAB L
2A]pol], 4% el Y2 2D )4 S 53}

1=
3. 48R 3

Surface scanner (Tencor Surfscan-SP1)3 ©]-£-3}¢]
Aoldl FHL gAs o 1 AFE Fig 29 e}
WAATE 90~130 nm Z7]9] PSL YA} A7 <]
3 ol¥ FAel AU, = W) =7}
Fig. 39] ]34 At} fAleiiTt.

Fig. 4= 100 nm PSL 4=l 3l f3(0.3 Ipm) 2+

140

120 +

100 +

80

60 [

Deposition circle diameter {mm)

4}

20

s L s
o 1000 2000 3000 4000

applied voltage (V)

Fig. 4. Deposition result — varying applied voltage.

800

700 F
600 |
2
5 so0}
8
2
£ a0}
©
a
300 |
. --@— case 1
200 b o O case 2
100 . . . : .
05 10 15 2.0 2.5 3.0 35

deposition time (min)

Fig. 5. Deposition result — varying deposition time.

H FAAIZHI minyg FA3HL, AW A7PEGS

3 kVE F7HIHTH Heto] Sk wet Yt
Hshe a1 718 0] AR7] Aol dAke] k2t My
o] Hz} ZeiA= A & 4 AUtk

Fig. 5 100 nm PSL YAkl 3l &% (0.3 Ipm)3
A AZEAY (1 kVyE FAISHL, ek A1 1, 2, 3
min® 2 F7HFTE 2HEF WA o] W3} glo] ¢kt ¢
o] FEERE GG HIEE SIS B 5 ok

Fig. 59] case 2914 = case 12 7|22 DMAS}
A Atole] FH ZolE 30cm Z7MAA T YRk ¢F
2 WAL Wbl YRR AFE QA FEEE
°F 30 % ZA3IATh
dol2&e] AFEolM ] BHEL vk} 2

P=1-550"+377u ()
714 e FAle) A2 gen e g ey, o

234 ol & % vk,

- DL
0

9 AelA D= YRbe] S, L& FHe Ao,
O FEUWS A AdGolt). 2o 93P YAte] B
el gl &a8 79 gt AdM e £4e DMA
o} Auje] A FHoA AR ZEe §Fol B T
A -ggo] EA57] witol] A3 Aew Bl

]

NS

d

u D

4.4 £

2 ATINE A3t OF AZFoA ] ARk AT
SEEEE EEEERLEEE TR LR
2 40 glopH BA71de JBE Aol Agahe
R Was] THA, ABdeld Adst 44
43 A HARAT T, R Bl F
PRl Wt AR QRbel st Sk, Al
QU7bgre) F7H1) Wik YA Bogrle H47)
ol Za4A datel B BHo] Gopt AL 1
Skeh. E@, A 2E9] 5 A7 F7Kg0) Bt o
Ao o] WA ol2 @ £AE Fol7] AN
£ #% ARE A2, ofelz el S8 Yo
0TS AA5k] DMANA £7E 978 =
QHAZ = Gojok B,

QA QA A 2do BE oot AReted A
S FAFOEM AF TH BEE Yol2
2, A9 FH BILE B Ao MY 208 2
o

T Ut

Journal of KSDET Vol. 6, No. 4, 2007



52 w7

% - 297 -

AxF - A4

HAle| =
¥ EES AAANR F7AR IR0
A48 A7
Ho=s

L oA, olF4], Bae, s, «r7] doluide]
2 AREE 24, 37T =72, A7
A, A3%, pp. 521-527, 1995.

2. §73F, 2WE, W=, “AAEH} e 71E v
goljH 2] YRR A5 A, Hr|A g3 =
24, #2149, A 10%, pp. 1284-1293, 1997.

3.8, w2, dlold G YRR A3
2] AlEHelA,” a7 A =24, A174, A9
3%, pp. 2315-2328, 1993.

NEAgO S o] e8] A6d A43F, 2007

4. 7%, AE, o] B, AFS, 7FEE, “300 mm 9
ol 9] ooi2E v YAbe| S gH| e A
Eia I K RS Rulet b |1 = et B B el T
A, A48, M13, pp. 49-53, 2005.

5. Patankar, S. V., Theoretical Hydro-dynamics 5% Ed,
Hemisphere, New York, 1990.

6. Woo K. S. and Benjamin Y. H. Liu, “A Particle Dep-
osition System for the Preparation of Standard Cali-
bration Wafers,” Institute of Environmental Science,
Annual Technical Meeting, Vol. 43, No. 2, pp. 84-92,
1997.

7. Hinds William C., Aerosol Technology: Properties,
Behavior, and Measurement of Airborne Particles 2™
Ed, John Wiley & sons, Inc., New York, 1999.



