APM

SPM

Fig. 1.

: Ammonium peroxide mixture
HPM :

Hydrochloric peroxide mixture

: Sulfuric acid peroxide mixture
BOE :

Buffered Oxide Etchant

. Figure 1.
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1. RCA

1) RCA
1970 Kern  Puotinen RCA
SC-1
SC-2 RCA
SC-1(Standard Clean-1, APM) ,
1:1:5 75~90 10—~-20 cleaning
H.0, H>0+0-
, H202 NH4OH
Au, Ag, Cu, Ni, Cd,
Zn, Co, Cr . Figure 2.
SC-1 H20-
NH4OH etching
SC-1 Si
SC-1
Redox potential . SC-1
SC-2

H.0,= HQ + H

Si+ 200, = 20H + Si0,

Si), + OH = HSi 0,

S+ BOH = 50,7 +3H,0 + 3e

SC-2(Standard Clean-2, HPM)

(1) dissociation of peroxide
(2) oxidation reaction of Si by HO>"
(3) etching of SiO, by OH™

(4) etching of Si by OH™

1:1:5 75~85 (heavy
metals, alkali ions metal hydroxides)

15

75~85



Oxidizing agent (H,0, )

Oxddation Dissolution

I
Surface slightly etching Elecirical repulsion
Fig. 2. SC-1
2) Piranha
Piranha (H2SO4 : H20, = 4:1, 90~130 ) 10~15
heavy
wetting . )
piranha . (S)
Table 1.
.02 — CH.+3H,0,—4H.0+ C0,
H,50, — CH, A+ 3H,50.—3H.50,+ O, + H,0
i, — CH,+ 30,30, + CO, + H,0
5.0 — CH,+ 35,05 + 2 H,0—-6HS0, + C0,




3) DHF cleaning (Dilute HF cleaning)

HF

HF H20 1:10~100

DHF(Dilute HF cleaning) HF
BHF(or BOE, Buffered oxide etchant)

last cleaning 72°
H-termination . HF
, Cu, Au noble metal
, SC-2 HE
. HF
noble metal
roughness

. Figure 3. HF/H20:

. HF

NH,F  1:7
HF
. HF

roughness

S10, etching rate by HF == 51 oxidabion rate by HyOy ( rate determining step)

Attracts el ectrons from 31 to facilitate 3i cridation

Irreglar Etcling p  Suface isroughened

1
__& .

Excess oxidation area

51 wafer

In HF - H,0, Scolution

Fig. 3. HF/H202 roughness



4) Ozone cleaning

(1) DI water/Os3

piranha

PR strip

PR

DI/Os

— CH,+ 30,

SPM

“300, + CO,+ H.0

DI/Os

Dl water

, DI water
. SPM PR

undercut
PR



H,S0, + H,0—H,50, + H.0

— CH,+ 3H,80,—3H,50,+ COy+ H.0

ozonated water

Firure 4. 2 PR stripping
(—=9.5 )
oxidation
i w ) ™
!
M Varhd o
DIO,

Fig. 4. DI/Os SPM PR stripping

(2) Acidic Solution/Os
Piranha
(H>SO0s)

bare silicon




s SOM(H2504203)

(S205")
4
HF etching
HF O3 HF/H20,, HCI/H202, H2S04/H20-
Cu
single bath

spin spray
single wafer ,
2. IMEC, Ohmi cleaning system
cluster chamber
IMEC . single wafer

cleaning cluster chamber



RCA Clean

SPM | QDR | Rinse HF | Rinse | Me+SC1| Rinse | SC2 | Rinse MR'_’mﬁ; Dry
S s
Dilute Chemistry
. . Dilute . Dilute Me fin.
SPM QDR Rinse HF Rinse Me+5C1 Rinse HCl Rinse Dry
]
Reduced Clean
Rinse +oxide Rinse +
+
SPR QDR | HF+HC1 2 h e b
—l—l
Reduced Clean
FE S
0,4DIW | HF+HCp | Tonse toxide L
re-grow th Marangoni dry
o]
Single Tank Mulhfde chemisiries or
Claning gngle chemistry dean
simgle Wafer
Claning
Fig. 5. IMEC Cleaning Process
T. Ohmi
Ohmi
HF
megasonic . Ohmi
HF
chemical effect
megasonic




MNew Wet Cleaning Conventional RCA Cleaning

[ Ozonized DI Water (Sppm) - Organic Hy30,/H0, (41 & 130-150°C) -Organic
|
I
HF/H 0 /H,0/Bufactant + Megasonic ™ DHF(0.5% HF) - Chemical Oxide
(HF:0.5%, H,0,:0.1-1%) e |
Chemica Oxide, Particles, Metallics P WMH,OH/H,0y H O (00515 at30-20°)
[ - Particles
5 LS
[ Ozotized DI Water Mlegasonic |
Shower Cleaning - Organic Het DI Water (at 20-90°C ) J
| ) |
l DHF - Chemical Qxide J [ HCL/HO MO (1106 at S0-90°C) - Metal |
I |
[ DI Water+Parallel Diowrn Flow+h e gasonic ] [ DHFE(0.5% HF) - Chemical Oxide |
Fig. 6. Ohmi
SC-1 megasonic
Dl water
Hollow Fiber
Menbhrane
Ozone
Generator
Fig. 7. Sony Hattori HF/O3 single wafer/single tank



3. Post CMP cleaning

Metal CMP CMP
. CMP megasonics
PVA brush scrubber
CMP CMP
megasonic scrubbing

1) Brush scrubbing

brush
, brush
brush ,
1970 brush
scratch PVA(Polyviniyl Alcohol) bursh
. PVA
. PVA brush scrubbing 1
0.12
. PVA 2-12 pH NH,OH PVA brush

HF
. Figure 8. Ipec DSS(Double Sided Scrubber)
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Fig. 8. Ipec DSS

2) Megasonics System
megasonic
. Megasonic
cavitation acoustic streaming radiation force
, . Figure 9. megasonic mechanism

acoustic streaming

. Megasonic cleaning acoustic noundary
layer hydrodynamic boundary layer
megasonic cleaning boundary
CMP SC-1, NH4OH bath
megasonic energy(700~15500kHz) . Figure 10.
Verteq megasonic cleaner cleaning mechanism
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cleaning fluid
ce

acoustic

fluid substrate

bein
clearqed

—— removed
particles

paticles
on substrate

acoustic
(not to scale)

wave !

_—— cavitation

Fig. 9. Megasonic mechanism

Independent Top Spray

- forms liguid coupling
for meg energy

[Chern A, B, or Rinse]
Topside dams against
lens to form meniscus
Megasonic
Transducer
Wafer Rotation B Sonic Brergy Path
— = P
; -
- - -
‘,.-“_,."'__._.--"" Bottow spray also

Independent Bottorm Spray
[Chem A B, or Rinse]

Fig. 10. Verteq Megasonic cleaner & cleaning mechanism
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