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OUTLINE

Post-etch residues formation on OSG 2.55: Angle-resolved XPS 

characterization

Introduction and objectives

Types of residues formed during/after dielectric patterning

Effect of post-etch treatment and wet clean on residue removal

Effect of wet clean on ECD cobalt

Etch quantification

Co oxides formation after cleaning

Impact of dissolved oxygen in dilute HF on cobalt etch

Etch quantification

Thickness of surface Co oxides

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



INTRODUCTION TO BEOL POST-ETCH RESIDUE FORMATION AND 

ITS REMOVAL
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 Post-etch residues need to be removed before 

metallization, including barrier deposition + metal 

fill and CMP

 Challenges

 Remove (or preserve) TiN HM

 Compatibility requirements:

 Dielectrics, including advanced porous low-k

 preserve properties

 Cu, Co, W, liner and barrier  minimum etching, no 

corrosion induced

Typical Dual Damascene Structure

OBJECTIVES

 Types of etch residues formed after plasma etch

 Removal of residues by wet clean

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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Residues observed on DD TiN/OSG 

structure (22.5 nm half pitch)

FORMATION OF POST-ETCH RESIDUES ON PATTERNED OSG

A dry post-etch treatment is commonly performed, 

followed by a wet clean step to remove these residues

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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General scans from two measurements: parallel and perpendicular to lines

 Intensity is slightly different but same elements detected

XPS CHARACTERIZATION 

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



XPS CHARACTERIZATION: TYPICAL F1s AND Ti2p
Analyzer  lines
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 Presence of both CFx (“polymer” component) and TiFx (metal-containing) residues

 Ti detected at surface mainly from TiO2 and TiFx
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 P. J. Matsuo et al., J. Vac. 

Sci. Technol. B 17, 1435 

(1999).

 Q. T. Le et al., ECS J. Solid-

State Sci. Technol. 5, N5 

(2016).
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XPS CHARACTERIZATION OF BLANKET AND PATTERNED SURFACE
RELATIONSHIP BETWEEN ELECTRON TAKE-OFF ANGLE AND PROBING DEPTH & AREAS

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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XPS CHARACTERIZATION: CORE LEVEL SPECTRA 
AFTER ETCH

 CFx polymer: main species at surface

 TiFx only clearly detected at TOA’s lower than 78 deg. (F 1s spectra)

 Ti detected at surface mainly from TiO2

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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XPS CHARACTERIZATION: Ti 2p
WITH SUBSEQUENT DRY ETCH TREATMENT OR WET CLEAN

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



MAIN LEARNING 
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Wet removal of residues:

 dHF clean showed limitation: efficient for TiFx removal but not for CFx

removal; high risk of SiO2 HM and low-k attack for extended cleaning time

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018

 Dry etch treatment 

performed after 

patterning: removed CFx

residues and exposed the 

top hard mask surface

 Subsequent formation 

and growth of TiFx

species

 Aging time affects the 

amount and density of

Ti-containing residues 

(TiFx, TiOxFy, ...)



EFFECT OF WET CLEAN ON ECD COBALT



EXPERIMENTAL
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 ECD Co; nominal thickness ~220-230 nm

 Thickness quantification: 4-pt probe

 CoO thickness and surface characterization: 

Spectroscopic Ellipsometry, XPS

Chem 1

Chem 1 

Dilution Chem 2 pH

0.05% HF 1:1000 ~3

SC1 1:4:50 10.8

SC1 1:4:100 11

- -

Formulated

chem. 7-10

0.05% HF 1:1000

Formulated

chem.

 Beaker set-up

 0.05% HF at RT (saturated dissolved 

oxygen concentration)

 APM at RT

 Formulated mixture at 50 C

Objective: quantification of wet etching for 

blanket ECD Co and growth of Co oxides

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



BLANKET Co: ETCH QUANTIFICATION
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Co etch rate

0.05% HF > Form. chem. with HF pre-treat > 

SC1 1:4:100 ~ SC1 1:4:50 ~ Form. chem.

In acidic medium

Co etch rate appears to increase 

significantly if the existing Co oxides layer 

was removed (by 0.05% HF pre-treatment) 

prior to Form. chem. clean

 Co etch amount (etch rate) depends on 

the surface Co oxides properties

Co + H2O  Co(H2O)ads  Co (OH)+ + H+

Co2+ + H2O 

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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BLANKET Co: THICKNESS OF SURFACE Co OXIDES
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CoO thickness at surface of ECD Co ~2.3 nm

Surface CoO-equivalent thickness

Form. Chem. > 0.05% HF > SC1

In SC1: high pH, formation of Co(OH)2

that passivates the surface  limited 

surface layer thickness

Samples treated with Form. Chem.

Low etch rate for Co (previous slide)

Thickness of Co oxides measured most 

likely reflexes the presence of a Co-

corrosion inhibitor complex layer

M. Zhong et al., JES 

161, C138 (2014) 

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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BLANKET ECD Co: XPS RESULTS
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literature

 Higher intensity of metallic Co 

component detected = thinner CoO

layer at surface

Thickness of surface CoO layer: 0.05% HF > No treatment > Form. Chem.

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



SUMMARY
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Blanket ECD Co etch: 0.05% HF > SC1 1:4:100 ~ SC1 1:4:50 ~ Form. Chem. 

SC1 at RT has low etch rate for Co

Could be used for pre-metallization clean

However, post-etch residue removal aspect needs to be considered as well

Formulated mixture represents another option to control Co etch rate, surface 

properties, and post-etch residue removal

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



IMPACT OF DISSOLVED OXYGEN IN DILUTE HF 

ON COBALT ETCH



EFFECT OF DISSOLVED OXYGEN (DO) IN dHF SOLUTION ON Co ETCH
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 SU-3200 platform, SCREEN Single wafer 

cleaning tool

 Material: ECD Co (300 nm nominal thickness)

 Cleaning solution: 0.05% HF

 DO: 70-3000 ppb range

 Co loss substantially increased with increasing 

DO concentration in dHF

 Low DO vs. high DO

 Co loss <<1 nm

 Good uniformity between center and edge

 If HF is used for pre-metallization clean, DO 

concentration must be controlled to have a good 

control of the Co loss

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018

2Co + O2 +4H+ +  2Co2+ + 2H2O



EFFECT OF FLUID DYNAMICS AND PARTIAL OXYGEN PRESSURE
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 Controlled atmosphere

 Co loss <1 nm for 20 s clean

 Good uniformity between center and edge

 Improved fluid dynamics: drastic reduction of Co loss

 Fluid dynamics can improve metal compatibility even for non-controlled 

atmosphere case 
Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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EFFECT OF FLUID DYNAMICS AND PARTIAL OXYGEN PRESSURE

CoO THICKNESS

 Controlled vs. non-controlled atmosphere

 Thinner layer of CoO measured at 

the surface

 Similar CoO thickness measured 

regardless of cleaning time and fluid 

dynamics

 Oxygen in atmosphere has a significant 

impact on the formation and growth of 

the Co oxides

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018



SUMMARY
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 Co loss substantially increased with increasing DO concentration in dHF (*)

 If HF is used for pre-metallization clean, DO concentration must be controlled to 

have a good control of the Co loss

 Fluid dynamics represents a relevant parameter for improving metal compatibility

 The atmosphere oxygen has a significant impact on the formation and growth of 

the Co oxides

(*) Similar behavior also observed for Cu:

E. Kesters et al., SPCC presentation, 2017

Q. T. Le et al., SPCC 2018, Boston, April 9-11th, 2018
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