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Introduction
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New materials are used in devices.
Some materials are corroded in water.

It is also necessary to develop the methods of cleaning

new materials and new structures.

© 2018 KURITA WATER INDUSTRIES LTD. All Rights Reserved.

Fin

STI (shallow trench isolation)
Gate

Spacer

S/D (source/drain) EPI

ILDO (inter-layer dielectric)
RMG (replacement metal gate)
MOL (middle-of-line)

BEOL (back-end-of-line)

J

New processes and structures
are used in device.




Introduction D Kurita

The transition of line width and material

(Trend ____|iN8________|iN7 ]IS |iNs+ i3 |

PP/MP/FP 56/40/30 42/32/24 42/21/21 42/21/21 36-42/16-21/16-21

Channel n/p Si/Si Si/Si Si/Si or SiGe Si/Si or SiGe Si/Si or SiGe

Device architecture FF FF FF FF or GAA GAA or CFET

BEOL Lines Mx:Cu/TaNCo Mx:Cu/TaNCo Mx:Ru, Cu/MnRu Mx:Ru, Cu/MnRu Mx:Ru, Cu/MnRu,

(Fill/Liner/Barrier) Vx:Cu Vx:Cu, Co Vx:Co Vx:Co, Ru Ru

Via Mint:Co/TiN Mint:Co/TiN Mint:Co/TiN, Ru Mint:Co/TiN, Ru Vx:Co, Ru

Vint:Co Vint:Co Vint:Co, Ru Vint:Co, Ru Mint:Co/TiN, Ru

Ref,:imec

[l

Litho

Etch

Post etch clean Post etch clean

Co will replace W or Cu in MOL and BEOL.
L/

We have studied the new rinsing method for avoiding Co dissolution.
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Coupon test @ (pH)

Experimental
Procedure @ Kurita

<Purpose>To study the behavior of Co dissolution concerning pH.

Co wafer coupon »

Rinsing

N, gas
—_—D

\
Co wafer /D

Coupon (10mmx10mm)j

Dipping coupons in
various solution

oupon

N, purged globe box

pH
pH2:DHF

2-10

pH5:CO, water
PH8-10: NH,OH water
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Analysis of Co conc.
» in the solution

Analysis
by
ICP-MS
(Co)

<Co wafer>
Method :PVD
Co thickness: 28nm



Coupon test® (pH) Result D Kurima
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The influence of pH on the etching rate of Co

The Co etching rate significantly decreased as pH increased.
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Coupon test® (pH) @O Kurita

Condition Co dissolution mechanism

As standard H
oxidation-reduction 2 '

_ potential of Co is
In acid -0.277V, Co is

etched easily.

The concentration of
OH- is higher in higher
PH. OH &
In alkali —Co reacts with OH- ’0 ® Co(OH)
and forms a passivating

Co(OH), layer.
—The Co will not be
dissolved.
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Experimental

Coupon test®@ (Oxidizer) pocedure . @ Kuria

<Purpose>To study the behavior of Co dissolution changing oxidizer concentration

o Analysis of Co conc.

Co wafer coupon Rinsing » in the solution
™29%° | Dipping coupon in Analysis

" DIW (+NH,OH + H,0,) by
ICP-MS

\ (Co)

Co wafer/g
Coupon (10mmx10mm) oupon
N, purged globe box
<Co wafers
pH 6-10 .
The pH was adjusted by adding Meth(.)d :PVD

NH,OH Co thickness: 28nm

H,0, cong, 0.01-1000ppm (mg/L)
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Coupon test® (Oxidizer) Results  ()Kurim
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The influence of H,0, on the etching rate of Co

By adding 10 ppm H,0,, the etching rate of Co gets lower.
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Coupon test @ (Oxidizer) Results ()Kurin

¢ DIW

W 10ppm NH,OH

Co etching rate [nm/min]

10ppm NH,OH
:pH=9

0.05 r

0 I 1 | H_
0.001 001 01 1 10 100 1000

H,0,conc. [ppm]

The correlation between the concentration of H,0O, and the etching rate of Co.

About both solutions
- 0 = 10ppm : The etching rates of Co decreases
as H,0, concentration increases.
- 10ppm — :The etching rates is stable at lower level.
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Surface analysis @ Kuria

Coupon test ® = pH influences etching Co strongly.
In alkali, etching rate is significantly
lowered.

Coupon test @ = When an oxidizer exists in the solution,
etching rate is lowered furthermore.

v

To clarify the mechanism of Co dissolution, we analyzed etched
Co surface by XPS (X-ray photoelectron spectroscopy).
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Surface analysis @ Kuria

<Preparation of XPS> XPS spectrum for data analysis

The binding energy concerning Co compounds are close each other,

We obtained the binding energy of Co(OH),, CoO and Co5;0, originally.
Each sample was prepared as follow.

Co(OH),—780.5eV

Co0—780.0eV C0,0,~780.2eV [\

A A

. #
é

& . I

: . ¢
s / .

\
d,#’_m e \/NM"
s

S FEak e

Water piﬂasma | Heamting in (52 atmd%phere o ) 0, pla§ma

XPS result of Co surface

Binding energy

Compounds Deposition method (eV)
Co(OH), Water plasma 780.5
CoO Heating in O, atmosphere 780.0
Co50, O, plasma 780.2
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Experimental

Surface analysis r cedure @ Kurita

Analysis of
Co wafer coupon » Rinsing » Co sgrface

N2 gas Dipping coupon in
——>  Rinsing solution
/V A y
\ - .7"‘""””%.\? :‘*’J,’M
U Analysis by XPS

Co wafer U
/ ﬂ oupon Coupon

Coupon (10mmx10mm) N, purged globe box

Condition

No rinsing

0.05% DHF

0.05% DHF > 10ppm NH,OH
0.05% DHF - 10ppm H0,
0.05% DHF > 10ppm NH,OH+10ppm H,0, )

(U'I-bwl\)l—t
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Surface analysis Results D Kuria

Rinsing condition and Co compound ratio on the surface after rinsing

Co compound ratio [%]

Condition
1 | No rinsing N.D. 0.7 99.2
2 | 0.05% DHF 24.2 N.D. 75.8
3 | 0.05% DHF — 10ppm NH,OH 3.2 N.D. 96.8
4 | 0.05% DHF — 10ppm H,0, 1.1 2.9 96.1
5 |0.05% DHF — 10ppm NH,OH+10ppm H,0, 0.6 3.0 96.5

Based on these results, we assumed reactions by rinsing.
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Mechanism (DHF) @D Kurita

Co compound ratio [%]

1 No rinsing N.D. 0.7 99.2
2 | 0.05% DHF 24.2 N.D. 75.8

Condition

Hypothetical mechanism of Co surface rinsed with DHF

Co (OH), is formed by atmospheric

0.05% DHF water vapor by the time XPS
measurement was performed.
— .
Co(OH), + 2H* — Co?* + 2H,0 Co +2H,0 — Co(OH), + H,

Co +2H* — Co?* + H,
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Co compound ratio [%]

Condition
€00
1 | No rinsing N.D. 0.7 99.2
2 | 0.05% DHF 24.2 N.D. 75.8
3 |0.05% DHF — 10ppm NH,OH 3.2 N.D. 96.8

Hypothetical mechanism of Co surface rinsed with NH,OH water.

10ppm

0.05% DHF NH,OH

Co(OH), + 2H* — Co?* + 2H,0
Co +2H* — Co?* + H,

x O

O:Fast, x:No react
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Mechanism (H,0,) O Kurita

Co compound ratio [%]

Condition

1 No rinsing N.D. 0.7 99.2
2 | 0.05% DHF 24.2 N.D. 75.8
4 | 0.05% DHF — 10ppm H,0, 1.1 2.9 96.1

Hypothetical mechanism of Co surface rinsed with H,0O, water.

10ppm

0.05% DHF H,0, CoO
Co(OH), + 2H* — Co?%* + 2H,0 Co + H,0,—» CoO+H,0
Co +2H* — Co?* + H, Co0O+H,0 — Co(OH),

Co +2H* = Co?* + H,
Co(OH), + 2H* — Co2* + 2H,0

© 2018 KURITA WATER INDUSTRIES LTD. All Rights Reserved. O:Fast, A:Slow

>D> OO

20



Mechanism (NH,OH+H,0,)

@D Kurita

Co compound ratio [%]

Condition
1 No rinsing N.D. 0.7 99.2
2 | 0.05% DHF 24.2 N.D. 75.8
(0)
5 (:lz%Sz/o DHF — 10ppm NH,OH+10ppm 0.6 3.0 96.5

Hypothetical mechanism of Co surface rinsed with NH,OH and H,O, water.

0.05% DHF

10ppm NH,OH
+ 10ppm H,0,

Co(OH), + 2H* — Co?* + 2H,0
Co +2H* — Co?* + H,

© 2018 KURITA WATER INDUSTRIES LTD. All Rights Reserved.

Co + 2H,0 — Co(OH), + H,
Co + H,0,—~> Co0O+H,0
CoO+H,0 »> Co(OH),

Co +2H* — Co?+ +

Co(OH), + 2H* — Co?* + 2H,0

H;

XX 0O0O

O:Fast, x:No react
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300mm Wafer test

@D Kurita

)

Wafer cleaning tool

SCREEN

&t || G Kurita

Functional water unit
' (dNH4,OH, H,0, control)

lmec

Analytical tool
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Measuring the weight of wafer

L

Etching rate of Co




300mm Wafer test O Kurita

0.25
0.20
0.15

o
(Y
o

Co etching rate
[nm/min]

0.05
0.00

Co dissolution s avoided by

+10ppm H-0,
CO, water
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N

10ppm NH,OH 10ppm NH,OH DIW CO, water
+ 10ppm H,0,

Result of 300mm wafer test

water in the wafer test.

10 pS/cm g

300mm wafer test reproduced the
result of coupon test.

24
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Summary O Kurita

mpH and/or H,0, existence influence Co dissolution
strongly.

mCoO, which is formed by oxidizer, functions as the
passivation film.

m300mm wafer test reproduced the result of coupon
test.
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(D Kurita

Thank you for your attention.

Contact:
Yuichi Ogawa (Kurita)

uuichi.ogawa@kurita.co.j
+81-280-54-2697
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