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Abstract : We used Cu as a representative of metals to be directly adsorbed on the
bare Si surface and studied its removal DHF, DHF-H»O: and BHF solution, It has been
found that Cu ion in DHF adheres on every Si wafer surface that we used in our study
(n, p. n+, pt+) especially on the n+-Si surface. The DHF-H,O: solution is found to be
effective in removing metals featuring high electronegativity such as Cu from the p-Si
and n-Si wafers. Even when the DHF-HO: solution has Cu ions at the concentration of
1ppm, the solution is found effective in cleaning the wafer. In the case of the n+-Si
and p+-Si wafers, however, their surfaces get contaminated with Cu When Cu ion of
10ppb remains in the DHF-H20; solution. When BHF is used, Cu in BHF is more likely
to contaminate the n+-Si wafer, It is also revealed that the surfactant added to BHF
improve wettability onto p-Si, n-Si and p+-Si wafer surface, This effect of the
surfactant, however, is not observed on the n+-Si wafer and is increased when it is
immersed in the DHF-H20; solution for 10min, The rate of the metallic contamination
on the n+-Si wafer is found to be much higher than that on the other Si wafers. In
order to suppress the metallic contamination on every type of Si surface below
1010atoms/cm2, the metallic concentration in ultra pure water and high-purity DHF
which is employed at the final stage of the cleaning process must be lowered below the
part per trillion level. The DHF-H:O; solution, however, degrades surface roughness on
the substrate with the n+ and p+ surfaces. In order to remove metallic impurities on
these surfaces, there is no choice at present but to use the NH;OH-H:0:;-H;O and
HCI-H202-H20 cleaning.
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Fig. 1. Metallic impurities on silicon wafer
surface after actual dry processing.
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Table 1. Actual Procedure for Si Wafer Cle-

aning
N Cleaning  Time Cleaning Time
% Procedure  (min) Procedure (min)
HSO&-HO NH,0H-H:0:-H:0
ST B 00515 o0deg
2 UPWRinse 5 |14 UPW Rinse 5
H.S0;-H.0 . . Hot UPW Dip.
S B e 10
4 UPW Rinse 5 |16 UPW Rinse 10
5 HSOCHO o e nomo 1
4:1
6 UPWRinse 10 |13 UPW Rinse 10
. HF-H:0,-H:-0 HCI-H:0,-H:0
T oemarn PP e s P
8 UPWRme 10 |20 "oUPWDRo
90deg
g HSOFHO 2 UPW Rinse 10
(4:1)
10 UPW Rinse 10 |22  HF-H:0.-H:0 1
11 HF-H:O-H:0 1 | 23 UPW Rinse 10
12 UPW Rinse 10 | 24 Drying
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Table 2. Procedure of Sample Wafer Prepar-
ation :

N(100), P(100)
!

RCA cleaning — N. P
)

Wet oxidation(100C. 30min)
1)

Resist Coat (Back Surface)
|

Si0O: etching(BHF)
}

Resist strip(SPM)
!

PSG. BSG deposit
(CVD:PHs. B:He¢)
!

Thermal diffusion
(N annealing 1000°C. 30 min)
!

RCA cleaning—N*/N. N*/P. P*/P, P*/N

Table 3. Experimental Procedure

Sample Wafer
(N, P, N*/N, N*/P, P*/P, P*/N)
RCA cleaning
i)

Dipping in testing solution(Cu added)
i

UPW rinse (10 min)
l

Drying(N:z blow)
i
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Fig. 2. Cu segregation at the six different Si
surfaces as a function dependent of
HF concentration under the illumina-

ted ambient.
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Fig. 3. Removal efficiency of Cu contam-
ination on the Si[n-Si(100)] wafer
surface by HF(05%)-H:0:(2%) and
HF(0.5%)-H20:(10%) solution depen-
dent on the dipping time.
® : before cleaning HF(0.5%)-H.0; (2%).
o : after cleaning HF(0.5%)-H»0:(2%).

v : before cleaning HF(0.5%)-H:0, (10 %).
v @ after cleaning HF(0.5%)-H:0,(10 %)
Dipping(Cu 1ppm) time : 10min
Initial concentration of Cu : No added
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Fig. 4. Removal efficiency of Cu contamina-
tion on the Si[n and p-Si(100)] wafer
surface by HF(05%)-H0: (10%)
solution with Cu dependent on the
dipping time.
® : n-type before cleaning,

0 :n-type after cleaning HF(0.5%)-
H20:(10%).

v : p-type before cleaning.

v :p-type after cleaning HF(05%)-
H20,(10%)

Dipping(Cu lppm) time : 10min

Initial concentration of Cu @ lppm
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Fig. 5. Cu segregation at the six different Si
surfaces by HF(0.5%)-H20:(10%) sol-
ution.

Dipping time : 10min
Initial concentration of Cu @ lppm
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Fig. 6. Cu segregation at the six different Si
surfaces by HF(05%)-H:0:(1%) and
HF(5%)-H,0:(10%) solution,

: HF(0.5%)-H:0:(1%),
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surfaces in BHF63 as a function hy-
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Table 4. Etchirig Rate of Various Chemicals
for the Six Different Si Surfaces at
Room Temperature

Evaluated + + * *

Comp. N N/N N/P P P/P P/N
HF/H0 -

BHF63 <1 18 35 < N.D.ND
BHF®63

with <1 46 42 < N.D ND
surfactant®

DHF N. N.

(05%) D. N. D. N, D. D. N.D. N. D.

# Hydrocarbon surfactant : 200ppm

Table 5. The Surface Microroughness of the
Six Different Si Surface After Dipp-
ing into HF(0.5%)~-H,»0.(10%) Solu-
tion for 10 min

After RCA Ra P-V | After HF/HO Ra P-V
cleaning (nm) (nm)| (05%/10%) (am) (nm)
CZ-n(100) 022 307 | CZ-n(100) 021 301
CZ-p(100) 016 216 | CZ-p(100) 018 231
CZ-n"/n(100) 057 717
CZ-n"/p(100) 053 7.4
CZ-p*/p(100) 020 222
CZ-p"/n(100) 048 732
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