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Abastract As the size of the integrated circuit is scaled down the importance of Si cleaning has been emphasized.
One of the major concerns is about the removal of metallic impurities such as Cu and Fe on Si surface. In this
study, we intentionally contaminated Cu and Fe on the Si wafers and cleaned the wafer by cleaning splits of the
chemical mixture of H.O. and HF and the combination of HF treatment with UV/Q, treatment. The contamination
level was monitored by TXRF. Surface microroughness of the Si wafers was measured by AFM. The Si wafer sur-
face was examined by SEM. AES analysis was carried out to analyze the chemical composition of Cu impurities.
The amount of Cu impurities after intentional contamination was about the level of 10'*atoms/ci. The amount of
Cu was decreased down to the level of 10"%atom/ci by cleaning splits. The repeated treatment exhibited better Cu
removal efficency. The surface roughness caused by contamination and removal of Cu was improved by repeated
treatment of the cleaning splits. Cu were adsorbed on Si surface not in a thin film type but in a particle type and
its diameter was about 100-400A and its height was 30-100A. Cu was contaminated on Si surface by chemical
adsorption. In the case of Fe the contamination level was 10%atom/cni and showed similar results of above Cu
cleaning. Fe was contaminated on Si surface by physical adsorption and as a particle type.
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Fig. 1. TXRF data of initial wafer which was contaminated by
Cu standard solution



Table 1. TXRF measurements of Cu impurities after each

cleaning split
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Split residual amount(atoms/cn)
Bare (DL

initial 3.20x10"+212
H.0.+HF 3.38x 10"+ 2.85
X2 5.52x10°+0.63
X3 1.75x 10°£1.06
UVv/0;+ HF 496x10'"°+0.49
X2 243x 10"+ 159
X3 1.90x10"+1.14

Table 2. surface roughness measurements by AFM after

each split
Split RMS(A)
Bare 1.5+0.1
initial 2.95+£0.65
H.0,+HF 1.85+0.05
X2 1.75+£0.05
X3 1.6+0.1
UV/0s+HF 26+06
X2 23+04
X3 1.8+05

Table 3. TXRF measurements of Fe impurities after each

split

Split residual amount(atoms/cn)

Bare 25510+ 1.50

initial 3.64x10"*+0.35

H.O0,+HF 437x10"+1.10

X2 3.17x10"+057

x3 1.70x 10+ 0.28

UV/0O;+HF 3.81x10"+1.50

X2 352x10'"£0.96

x3 2.31x10"+2.30
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Fig. 2. Three dimensional images of Si surface measured by
AFM after Cu contamination(a) and after (HF+ H,O:) cleaning
(b)
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Fig. 3. SEM image of Cu particles on the initial Si substrate

A go] W 100~400 A AEQ T3 iz 2 F
Zeojole AE & 5 Uik

Cu® Si = Fzhe Cugl Si 7o) Ao wiel 9
g A Fao) 9% zZle® «4#HA ot oj#gt Cu
B8 Si 27kl shaba Fate] A% 3 =4 W
512 As}l7) 918 AES +4E& AAEIgY. Cu £5F
2 FA0E AEAHT zold wE Uik EA4E A
Az} 22t 19 49} 2] 5ol vhe} gok. 27 49 AR
e B3te] T3 Si 7o) 73 2580l Cu ¥
< #gd £ AT ¥ 58 FHA EHelA ot A
£% Cu peake] oF 180 A AZ zol7kz| A =rr}
180 A ojslallde AY FFHA ¥ & F ok =
T 180 A Hl& A-AA 2349 W ol 3hAut AsE
9] peake] F 7Kt A& & F At

ANFHA Y A BAHRE FEeS ol A7 FAa
Cu B5E9 3 9 AA 717¢ 2 AAY]E] Al
s s eI} o) 1 ppme® 3 A% CuCl, &
oja-e] pHE 2285 0oj0 E(volts) = 0480 V o]z
28 64 Jepd Cu-water SHZES #us) 29 o
g4 Well= Cuzl £31€ Cu A2 Exgc}. o) Q1
AA 2odg o) Si 7|HE F2W EEFATFA e
oJa) 234N Cu® (cathode) & ZHsdit-g-o] doju}
I Si (anode) & AHsu-go] APt o g olojidr

Cu* +2e” & Cu
Si0,+ 4H* +4e~ © Si+ 2H0

E=0337V
E=-0857V

wzbd 2 g4 ol ExslE Cu & AAE wgts}
= oubo 2 §i ¥d Hd 3ehd F3g don Azt
o olelle] A5} & 3Eukgo] AptHoR olojuEzg
F2% Cugt Sie) Al AbelellE Si07) A=A Bzt
e}
2Cu** + Si+ 2H.0 = 2Cu+ Si0. + 4H"
E=121V

$ Aol o) o= Si 7|HE H0xb UV/0.2 3
A siw A Askargo) o8 Sizt Cuzl ArsHEAl
Hi AR CuOxst SiOxE HF9| 73HT Azt Zhgol
o) AAR}. old Si wafer EHolls Cud] F&ol 9
s AAF U7t HFA 23] Azbs]ojal §i0xe] EHo]
B4 o71” F(MIP) o2 34 Ho ¥4 AV F
7ke] & o] He Aot

olzidt Si®) ®d ARl 23], 339 wiEdE AAel

-
13

100,000X Line Scen
SOA Removed
/ Phato 102

e - b v . . . T P T

.0 0.1 6.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Distance (microwetar)

Fig. 4. AES line scan result of Cu impurity

Point 1 Photo 102

3 On Particle
8]

1
)
[ 1
o1
4 ’4 ——
3| \

4 ol
2

cul

‘}_,_‘ N o
[} — — i

0 50 100 150 200 250
DEPTE, Angstroms

Fig. 5. AES depth profile of Cu impurity

dissolution

1.5} Cu?® Cu(OH),

E, volts

Cu

-1.5 L 1
0

Fig. 6. Cu - water Pourbaix diagram (25%C)



A od-A Y= Sivlgeld T FEESE] AAA Y dF 841

98 R FHojA 4§ ed L9859 FF 2 Agd) 9
st} ARl Si 7|¥ FHE HOM UV/0:E X2ig
3% SiOx7F A= o]& HFE Azt Alg)stA =4 Si
o] AR J-EFo] B} Hubs) A Aol ofapy olzyt
A& HEEFE Si XHY olAAA N} AAdEE A
o]},

ol «dFoj4] $el= HF + H, 0,9 UV/0s+HFE
o] 4%k AAur S Aakste] Cu B&E9 AA a9 2
3 9 AA 7)1FF n@sAE. 223 A F 7pA A
A 2% 55 AA AeE Jehigen vhEd Axe
3] AA E2r) oS 1S & £ AT = F
& BB FAT AA o LA Si THY w4
A7l HF +H 0.9 UV/Os+HF A& vkE-& §
st} QS & 5 AUk =3 SEM, AES 5% o4&
T B4 A Cue Siy HHo) 39 x) geA2 F3}
e 7o 2 AEen ol Sizt Cu Alo]e] Axle]

a) before Fe contamination (RMS=1.24)

b) after Fe contamination (RMS=3.24)

Fig. 7. Image of Si substrate measureed by AFM before Fe con-
camination(a) and after Fe contamination(b)
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