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e Clarkson University

e Center for Advanced Surface Technology
(CAST)

* Laboratory for Advanced Surface
Planarization (LASP)

e XPS Evaluation of NiP Substrate
e CMP of NiP
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Clarkson University UNITERSITY

—-Located in Potsdam, NY (north of
Adirondack National Park)
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--Small, private University with 50+
d f i UL . B‘!mw
egree programs

--Top Tier University and third
smallest, nationally ranked university

--Approximately 3,000 Undergraduate
students; ~700 Graduate students

--Center for Advanced Materials
Processing and CMP Service Center




CMP at LASP/CAST

Why LASP/CAST?
A unique atmosphere with the synergy
of academic and industrial

environments utilized to improvise and
improve the current challenges
prevailing in semiconductor and
electronic industries.

Services Provide:

e Devoted team of CMP experts

e Complete evaluation done by
Scientists and well trained CMP
Engineers

e Excellent feedback to
improvise/improve and deliver
competitive products

* Elaborate facility and equipment
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Current Materials/Projects

All substratres from

25mm-300mm
e BEOL

* FEOL

e HDD/Glass
e LED

* Magnetic

Post-CMP Cleaning
Slurry Evaluation
and Characterization
Fundamental Slurry
Investigation
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Hard Drive Disk

_Lubricant Layer (1- ,
Carbon Overcoat (< 10 nm)
» Platter
Magnetic Layer (15 - 50 nm)
* Rigid

° Lightweight Sublayer NiP (10 - 15 um)

[
Stable . Substrate Al-Mg
* |nexpensive

NiP Layer

Ni-P alloys are deposited via an auto catalytic nickel plating process
Composition contains upwards of 9% to 15% phosphorous
CMP is primary method of achieving necessary flatness
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Proposed method of NiP CMP [l

Single Step
SiO, slurry

—
~Tunable MRR
~Excellent Surface

Quality
~Advancement
through Chemistry
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Post CMP

Allied High Tech Bench-top Polisher

--Designed carrier for 95mm HDD disk
Customer Target --Correlated results to larger machines

MRR: > 300nm/min
R,. £0.1nm (5*5 pm) 7
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NiP Surface Evaluation s

X-ray photoelectron spectroscopy (XPS)

 FElemental Identification

R
All elements except H are detectable Wlth a detection limit of 0.1 atom%
or less.

* Chemical State Identification

Binding energy, peak shape and Auger parameter measurements are used
to determine surface chemistry

* Depth Profiles

Sputter depth profiles are used to examine a sample as a function of
depth. )
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XPS full scan spectra of a disk surface
» Before sputter,

2 ___Before sputter elements on-the po!ished
= ~ After 1min sputter surface consist of Ni, P, O,
and C

2
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» Modified surface from
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Surface Evaluation

Atomic Content (%)
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Elemental depth profile

Ni
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Sputter Time (s)
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» Result analysis
suggest thin layer
containing ‘carbon’
and ‘oxygen’

» Does not highlight
exact composition on
surface

> Evaluate each

element and Angle
Resolved XPS

10



Clarkson

XPS — Ni (Zp) UNIVERSITY

defy ¢

Polished surface before sputter .
2p3/, in Ni

| (852.5 eV)

» Nickel oxide peak
found at 855.7 eV

2400 —
» Further identified as

a combination of:
>NiO (854.2 eV),
>Ni(OH), (856.4eV).
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CPS

1600
1500
1400;
1300
1200 -
1100 -
1000 -

900 -

P 2p,, in H,PO,™
(133.3 eV)

Clarkson

UNIVERSITY
defy ¢
Polished surface before sputter 200 Depth profile with 1 min sputter
200 P2py,inP P 2p,),inP
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C.Zhangetal. | 133.0eV P,O,
Z. Qi et al. 133.1 eV NiH,PO,
Z. Ma et al. 133.7 eV NiHPO,
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e 531.2eV
—— Before sputter
—— After 1 min sputter
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» XPS results demonstrate that the NiP surface has been oxidized into NiO,
13

Ni(OH), and NiH,PO, during/after polishing



Principle of Angle Resolved XPS Glarkson
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ARXPS is widely used for thin film analysis

Photoelectron
Emission f\.

A

Surface
Y=} ! COSU | =

Large ©: surface analysis
Small ©: deeper analysis
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ARXPS—Ni (2p3/2) UNIVERslTY
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ARXPS—O (15) UNTVERSITY
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NiP Oxidation Layers gt
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H,0 H,0 H,0 H,0 H,0 H,0 H,0

Ni(OH),, NiH,PO
B EEEEENENENN! HENEDR

NiO, NiH PO
EEEEEEEEEEREEEED

Ni-P

During/After Polishing:

@ The disk surface contains a thin Ni(OH), layer
followed by a thin NiO layer

& Utilize chemical to interact with NiP oxidation

layers to promote removal and corrosion
protection
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1 N 1s > Peak not present with
baseline formulation (a)
400 -
» Evidence of the
Nitrogen based film
ol forming compound (b)

| (b) > Peak at 399.7 eV
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Thickness of the
film(52.3nm)

20n_m/div

---------------------------
b g

1 mm/div
= .
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\\T:»ff:r/ Exposed to
- — D Surface
v A 50°C Additive in
solution

(C—Cn j N
Line Scan
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Polishing Performance ——

Baseline Formulation with [X] Surface
Additive
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Surface Quality (AFM) LT

Baseline Formulation Baseline with Surface Additive
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e XPS evaluation aided in understanding the oxidation
and the layer composition

 Determined that during/after polishing, the disk
surface contains a thin Ni(OH), layer followed by a thin
NiO layer

e Use of additives specifically tailored to interact with
oxide species to improve surface quality

* Achieved the desired MRR approximately 350nm/min

e Surface Quality is improved but still being evaluated as
the R, is as low as 0.27nm but not yet the desired
0.1nm
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