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Figure S1. Dependencies of hardness on the film types. SOC and ACL are spin-on-carbon and amorphous carbon

layer.
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Figure S2. Roughness of the SOC and ACL film surface by using AFM (lumxlum in scanning area).



Gravitational force Drag force

(Resistance of abrasive ( Degree of abrasives
movement-in and out) Movement-in and out)
Gravitational force Drag force
(Resistance of abrasive ( Degree of abrasives J
movement-in and out) Movement-in and out) J ) 2
P e alre o o o 538 °
4 _J a4 o

SOC-film-surface ‘ SOC-film-surface

Figure S3. Stoke’s law for the abrasive movement in the CMP slurry. The drag force (Fp) due to the

resistance of fluid and gravitational force(F) are defined by the equations (1) and (2).
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Cp, A, ps da, 1, ps, and g are the drag coefficient depending on abrasive size, shape, velocity, the
projected area of a abrasive perpendicular to direction of motion, the fluid density relative velocity of
an abrasive in a fluid, the drag diameter, the fluid viscosity, the density of an abrasive, and the
gravitational acceleration, respectively. Since A decreases with decreasing the contact angle (i.e.,
absorption degree: hydrophilicity) of the SOC-film-surface CMP slurry on the polished SOC-film-
surface, Fo decreased with increasing the ferric catalyst concentration, resulting in a less the

movement out and in of the ZrO: abrasives on the CMP pad.
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Figure S4. Adsorption degree (i.e., image of the SOC film after dipping and loading-up process and
DI and HF cleaning) of the SOC film surface CMP on SOC film surface, depending on the ferric

catalyst concentration.



Table S1. SOC film polishing rate depending on the types of iron-based catalysts.

Initial pH Fe(OH)x SOC
List Dissociated chemical species @lwt%  precipitation = Polishing rate
solution @pH 2.3 @3psi,30s
Ammonium iron(Il) citrate
o o 5.94 X 829
(NH4)5[FE(C6H407)2] 2[ o o ]3_’ Fe3+’ 5NH4+
Ammonium iron(Ill) oxalate A
trihydrate JH‘/ 5.32 X 787
(NHa)s[Fe(C204)3]-3H20 3[ o 1% Fe¥ 3NH4+, 3H0
o
Iron(Ill) sulfate hydrate _ | B
0=8—0 2.63 X 2022
Fe2(SO4)3-H20 |
3 © 1%, 2Fe¥, H20
Propylenediamine j\: nj’o
. . NHF NS
tetra-acetic acid Iron(III) \n/l H( 2.78 X 1814
C11H1sN20s 3[ ° ° 1%, 4Fe3+, H20
. oL O
Iron(Ill) nitrate enneahydrate Sy
Il 243 X 1211
Fe(NOS)3‘9HZO 3[ ]_’ Fe‘%, 9H-0O
i
N ™ c P N
Potassium ferrocyanide ey, J 2‘-\°¢
v 6.81 X 808
KsFe(CN)s 4N

O I N

*ALL SOC CMP slurries were titrated a pH of 2.3 by adding the titrant (i.e., HNOs)



