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Challenges for W Post-CMP Cleaners

Slurry particles and organic residue removal from W and dielectric
(PETEQS, Silicon Nitride, Polysilicon);

Metal residue in any form (lons, Salts, Metal Oxide)

Barrier/liner (TiN, Co) Cleaning Requirements: 0
o WER<1A/min

o TINER<1A/min

o DielectricsER <1 A/min

o Dielectrics: Si;N,, TEOS, SiC, etc.

o Defectcounts DDC = 0.065 mm
lower than commodities: 0
dAmmonia, SC-1

Post-CMP
cleaner

B N 0

o Mtatoms < 101° Mt/cm? o

o Low W/TIN galvanic corrosion

surfaces

No increased roughness

Market increasingly challenged
by W recess

High pH commodities (SC1, dil NH,)

Traditional low pH cleaners

Low W etch rates (<2 A/min)
cannot be achieved with
commodity cleaners

No organic Residue
Nitride cleaning is particularly
problematic

No silica particles or clusters

Green chemistry (TMAH free)

o
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Post-CMP W Cleaning Mechanisms vs. pH Er%’gris

W CMP residue: silica, Mt oxide, organics

Low pH High pH

Particle

— No Silica brush imprints
— Poor Mt removal
(4-6 X109 atoms/cm?)

— Silica brush imprints
- Good Mt removal
( ~1019 atoms/cm?)

PETEOS

D2 D2 D2_

— D2 B D2
Organi Mt™/CA Organi D2_ - A"
Partic| partic| _ . B . .
02 " CA = Mt complexing agent A, \Vit/CALICA2 D2 VR o)
- : ! 4
MECA p D2 2f - ) D1 = SiO, dispersant S’

@O rgani D1 >

ey D2 : D2 - OrganiC reSidue Mt™/CAL/CA2 Organic o
D2 Dt _ dlspersant Partlcle D2 s
B Mt /CA Q Mt"/CAL1/CA2

Removed by DIW Rinse :
. . . steric electrostatic . . . REGRUEE gy (I RITSE
Vs " B - el — repulsion repulsion - - - - E—
PETEOS PETEOS
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B -ﬂ a,
Higher Tungsten Etch Rates Observed “Entegri

Increasing pH due to dissolution as Polyoxotungstate Keggin ions

"~ WO, negative
The Effect of pH on W Etch Rate with No W Inhibitor % .30 . at all PHS of interest
Dil NH, (1:2850) K
2 £ _a0-
"E" S ﬂo-l \.\
....... = n
' R 3
*5 1.5 o ' N _50-
‘Eﬂ. ------------T*--_‘—"_ ------------- ' .
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e 1 . R2=0.9951 H
£ = p
i
= 05 . 5
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pH

SC1: 1:50 > 6 A/min

Decatungstate ([wwoazr

1 - Liu, et al. J. Mater. Chem A, Issue 6, 2014.
2 - "Hetero and lacunary polyoxovanadate chemistry: Synthesis, reactivity and structural aspects". Coord. Chem. Rev. 255: 2270-2280. 2011.



Surface Residue PCMP Cleaning with W Slurries’ Eﬁﬁ?gris

W CMP slurry — 15-32 ppm Fe

-  Fe?*/CA (complexing agent) on the silica
surface and in the CMP slurry at pH = 2.5;

- End of polishing, soluble Fe?* complexes on the
wafer surface,

- Dl water rinse and high pH post-CMP
W cleaners precipitate Fe3* as insoluble
Fe(OH); on the PETEOS/SIN surface

Nanodispersion before polishing Dispersion during/after polishing 1
- W(0) is oxidized to W(VI)O; (pp) and W(VI)O, (s);

- WO,? (s) is adsorbed on the surface of the Fe**/CPE coated, -
crsitiyely charged Bl pariisies: FeOx Very difficult to remove

- WO,* precipitates @ pH < 3 as (N*R,),(H,W,0,)"/silica
aggregates that act as additional abrasive during polishing.
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Improving Organic Residue Removal
from Si;N, Contact Angle and FTIR

Electrostatic Repulsion during CMP W Post-CMP Cleaner & &

o 5, Si,N, surface typically highly % és'; 3 % g;;’;’;
Ll - contaminated by cationic dishing ;P 7 f
+ + + + M T i < %

NH OH; NH OH;"* j g %
LA O S % Cleaning additive removes % E ;: *

3: N si N sn M- su ~N- leEP= 5-7 -Sis
— cationic contamination from
dielectric surface and disperses

PH < pHiep C=+ 30 mv pH > pHIEP §=‘15 mV

and erosion control agents r

Contact Angle FTIR

dirty
N
SigN,
Control

clean, hydrophilic

—
-

oy
=

- o oo

Formamide Contact Angle, degrees

o
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O

Defectivity Correlated to Charge Repulsion Entegris
Between Silica Particles and Various Surfaces (W, SiO,, SizN,)

Zeta Potential

(Large-particle approximation for spheres)

The Effect of Coulombic Repulsion on Defectivity

n ka, a4 i Coulomb’s
|
Law

] F= 3
' r (]

C ~ 4nn(v/E)/e

S '
: T Dielectric constant
Electrophoretic

mobility { «)

M. Hubbe

Viscosity

* Si02-W o :
Additive increases negative

* 5i02-5102 charge on silica surface
» Si02-Si3N4

L]
]
L=
U
[t
U
(=]
E -

sSuntaoe crange (negative)

200 400 600 800 1000 1200 SR 33
&Si0,*EW or £5i0,2 or £5i0,*ESi;N, (mV?) !

Surface potenkial

Share potential

1 - White, M. L. et al, Mater. Res. Soc. Symp. Proc. 991, 0991-C07-02 (2007)
2 - Hedge, S. and Babu, H. V. 2Eelectrochem. Soc. St. Lett. V7, pp. 316-318 (2008) =
3 - White, M. L. et al. Mat. Sc. For. 1249 E04-07 (2010). T
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PlanarClean® AG-WXXX Exhibits ESyris

No bulk corrosion and no OCP gap between W and TiN

W Control A
! =40, Bt : o

0.001 W
0.0001
= 0.00001 /
/ \.-f I i _‘ . V_ 0.000001 TIN
r v \;] / / P
7£’F "l 1 |\}|I [ |-VI 0.0000007 —

1.00um

0.00000001

-1.00 -0.75 -0.50 -0.25 000 0.25 050 075 1.00

-
Corrosion
Cathode Anode

Corrosion
Potential (V)

Corrosion 1.76 x 10 235 x 107 1.130: 10

-0.622 -0.626 -0.625

Current (A) 06
Corrosion Rate
(A/min.) 0.167 0.013 0.642
Galvanic
/ y Corrosion 0.013
295-1177_5 5.0kV 2.2mm x25. OkLAO(U) VU 000 (A/min.)
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Low pH PCMP W Cleaners Eﬁﬁ?gris

Further reduce metal defects after CMP

Conc. (1e10 at/cm?2)

250.0 TXRF - SiO,, blankets o Complexing reagents: to keep in
solution soluble Fe?* species

o Cleaning additives: able to
eliminate silica brush marks at
pH =2
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Force of Adhesion —- AFM Measurements

-------------------
_______________
- -

I : ,
approaching "}, Tip sio, (fretracting
1 _

A\ Clean?_r":r..-".‘.-;

1 Si02 [

dF IF
dF = kodZ, +—2Tap = [k, — =) gz,
D D

= force of adhesion
k = spring constant of the cantilever
Z = cantilever deflection
F..ir = distance-dependent surface force
D = separation distance
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Hysteresis

zero force line
!SD
contact part I B

adhesion & e Y, -
4 =

A
Types of hysteresis?

lbsp = detector current signal

Z, = height position of the piezoelectric translator

O
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Example of Cles
via AFM force of adhesion measurements

. Diwater mm F_ .0 =70 NN Main adhesion forces:

o Van der Waals

UE! Adhesion o) EIectro.statlc dogble layer
area o Hydration repulsion
P o Hydrophobic attraction

"4
k.

Fad thEr"’/ 2
e FormulationB mmp F_,;
Formulation A mmp F_q A 0 Fogg<<<Foga
Z 0 Best cleaning performance
Adhesion area §
z + additive X -
'
2 Formulations A & B, pH = 2 s _
/Adhe3|on area
qu A ! %7 Separation distance, mm

Separation diimnce, mm | Fad B
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SEM Images of PETEOS Coupons

Polished with W CMP slurry and cleaned with
Formulations A and B

FormulationB

DI Water rinse _

No small particles left on the surface

t AFM Force of Adhesion, nN, vs. # Defects (SP3)
o Tabletop polishing 80
o Colloidal silica Ludox, PS = 20-30 nm 70
y=1.1963x - 10.374
(0] pH = 23 Z 60 . Rz 09194
E % Formulation A
T 40
<
E 30
E 20

Ty B
0 10 20 30 40 50 60 70

# Defects>= 65 nm Entegris
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Correlation SEM vs. Calculated Adhesion

Based on contact angle measurements

Correlation: W_,,, mJ/m? (Predicted) and Post-
CMP Cleaning SEM Particles Area (Validation)
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Particle area, um, SEM data
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PlanarClean AG-W formulations

exhibit lower defects and organic residues
over traditional cleans

SiO, — EDR Review - Defect Pareto
# defects pareto (= 65 nm defects)

250 slurry ball
Si;N, — EDR Review - Defect Pareto 20 | " slurry cluster
# defects pareto (= 65 nm defects)  Slurry ball cluster 150 | oxide
150 ¢ M organic-silica
B Slurry ball 100 k m organic
130 t 9618 defects u silica
110 } o 50 |
rganic
9 | 0 - —
70 b AG-WH#L  SC-1  AG-W#H2 AG-WH#3 AG-W#4
50 | :
— W - EDR Review - Defect Pareto
30 1 — 40 7 defects pareto (= 100 nm defects)
10 |
AG W#1 sc-1 AGWH2  AGWH3  AGW#4 2 I Slurry ball
20 F Slurry cluster
PC AG-W Series show improved 15 | = Oxide
performance over SC-1 on all substrates 10 | = Organic
H O

AG-W#1 AG-W#2 AG-W#3 AG-W#4 Entegris



Summary ESeyris

Organic contamination reduction studied by FTIR and
contact angle

Work of adhesion and AFM force of adhesion show
that less energy is needed to remove silica slurry
particles in the presence of the cleaner

Entegris AG-W Formulations show significantly lower
defects on SiI3N4, TEOS and W wafers compared to
commodity cleans
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Thank you! e

Entegris®, the Entegris Rings Design®, and other pra i i marks. Al product names, logos, names are trademarks
or registered trademarks of their respective owners 1 Sf he trademark owner. ©2018 Entegris, Il rights reserved.
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http://www.entegris.com/trademarks

Appendix
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