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SAE, Intended learning outcomes: Students...

A?

understand what differentiates scientific articles from other publications such
as web pages,

are able to recognize typical parts of scientific articles that report original
research (IMRaD) and find the conclusion of an article,

know how to formulate citation, in a given format

(we practice the format of Aalto CHEM instructions),

are able to describe how the impact of a scientific journal and of an
individual article is (attempted to be) assessed,

have practiced formulating his/her own view (/comment/opinion) on a
scientific article,

be able to use a similarity detection software,

have made peer evaluation.



SAE, Intended learning outcomes: Students...

A?

understand what differentiates scientific articles from  The whole SAE
other publications such as web pages,
are able to recognize typical parts of scientific articles that report original

research (IMRaD) and find the conclusion of an article,  video 1, your SAE

know how to formulate citation, in a given format
(we practice the format of Aalto CHEM instructions),
are able to describe how the impact of a scientific journal and of an
individual article is (attempted to be) assessed, Video 5, your SAE

have practiced formulating his/her own view (/comment/opinion) on a
scientific article,

be able to use a similarity detection software, Your SAE & MyCo activities
have made peer evaluation.

Video 3, your SAE
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Planned time allocation and points

*Total 22 h, 0.8 ECTS
* Grading pass/fail: to pass, 60 pt (of max 100 pt) needed”

Activity Hours Points
Initial contacts session and six brief videos 3

Find an article, register it and return a by-publisher-formatted pdf of it (MyCo

Items 1.x) 3 10

Read the article and make your SAE report following the provided template |8

Return the SAE report to workshop and provide your input to the collective

documents (MyCo Items 2.x, except 2.1 Part 2) 2 58
Fetch and return a Turnitin report on your SAE report (MyCo Items 2.2 and
3.1) 1 12 (4 + 8)
Make peer evaluation for three other SAE reports (MyCo ltem 3.2, in practice
done in Workshop of Item 2.1)* 4* 20*
Wrap-up contact session 1

22 100

*Obligatory item.

A?



Gantt chart view of schedule & deadlines

SAE Week 1
Week 39, starting 26.9.
M|T |W({T |F |{S|S

SAE Week 2
Week 40, starting 3.10.
MIT [WIT |[F|[S|S

SAE Week 3
41, Week starting 10.10
M T |WITI|FIS|S

SAE Week 4
Week 42, starting 17.10
M T WTIF S S

SAE Week 5
Week 43, starting 24.10]
M T WT F S |S

SAE Week 6
Week 44, starting 31.10
MT WTF S S

Kick-off lecture, Mon Sep 26

Six short videos

X

Tasks for DL 1, Mon Oct 3
Tasks for DL 2, Wed Oct 12 X
Tasks for DL 3, Tue Oct 25 X
Wrap-up lecture, Mon Oct 31 X
DL 1 DL 2 DL 3
Mon Oct 3 Wed Oct 12 Tue Oct 25
Kick-off (~Find article)  (~Analyse article) (~Peer evaluation)
(today)

Wrap-up




Feed baCk & development Please give feedback again and

help develop the module

e SAE has received lots of positive feedback

e ... but also critical feedback
o “Aalto BSc’s already know it all”
m Bachelor thesis seminar contains great contents on scientific writing!
m  While some obvious overlap exists, we go way beyond.
o MyCo not well organizer, too many items, ... Continuous response file

e Development items in 2022-2023

o Timing a bit improved (no DL on evaluation week ...)
o MyCourses items implementation improved (e.g. new numbering logics)
o Instructions further improved

Eéj SAE: Lists, templates, guidelines, links, ... [page]

Collection of materials needed in SAE.
Note: Student feedback responded to continuously in: Evolving feedback file (Google Slides)

a ’ [If you notice a missing item or ill-working link, please contact Riikka Puurunen (email works fine & quick)]
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A?

SAE: Getting started

FILE
= Scientific Article Exercise (SAE): Introduction and instructions [file]

PDF document

PAGE

@ Six short video lectures related to scientific articles, SAE module [page]

PAGE

@ SAE: Lists, templates, guidelines, links, ... [page]

Collection of materials needed in SAE.
Note: Student feedback responded to continuously in: Evolving feedback file (Google Slides)
[if you notice a missing item or ill-working link, please contact Riikka Puurunen (email works fine & quick)]



SAE: Getting started

FILE
Scientific Article Exercise (SAE): Introduction and instructions [file]

PDF document

LR

e Read the instructions
e Follow the instructions

e If the instructions are not clear,

ask the teacher (well on time,
*several days before* DL)

A?

Scientific Article Exercise (SAE):
Introduction and instructions

Riikka Puurunen (Prof.), 24.9.2022

Introduction

Planned time allocation and points

MyCourses items, instructions

First deadline (DL 1)

1.1 Find a unique article and register it for your unique code [OU wiki]

1.2 Return a by-publisher-formatted pdf of your article [Assignment]
Second deadline (DL 2)

2.1 Return your SAE report for peer evaluation [Workshop
Part 1 - Return your SAE report

2.1 Return your SAE report for peer evaluation [Workshop

Part 2 - Make peer evaluation (note: done under DL 3!)

2.2 Return your SAE report for similarity check [Turnitin]

2.3 Reference formatting: Enter your bibliographic entry into the collective summary
[URL]

2.4.1 Co-creation, article statistics: add your row in the collective summary table [URL]
2.4.2 Co-creation, figures: add your pick in the collection [URL]
2.4.3 Co-creation, tables: add your pick in the collection [URL]
Third deadline (DL 3)
3.1 Return your Turnitin report pdf [Assignment]
3.2 Peer evaluation in Item 2.1, Part 2




SAE: Getting started

Six short video lectures related to scientific articles, SAE module [page]

Typical construction of an article (IiaD)

Aosact Inroducton Mataasand Methods Concusionss
R ot mnary
“hewdeina  etnghe  *ssicentdelts balbewsrkcan  (oplona)
i scondlothe  boropodcodbyskledohens | *-sownal?
Tomayi  wok .
wddiin Gy aiverer
e it osof Resuts s an
s ot esus wregain? R b
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qacita bl ues, schomes, Soearce
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i Oscusson
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they ar mportant? Rforences

A? T -

dern scientific process: Peer review

1 er the topic of a tis in principle
suitable for the scope of the journa. (If ot — *desk rejection”)
Manuscript s sent out o other scientists from the field (<peers) or evaluation

ofen
Awayschockod. 4 auhors bock o caims wih avidonco

Editor decides: accept, major revision, minor revision, reject

If majoriminor revision, authors may make improvements and resubmit
Tho adtoispeors review ha ok agan
Thars may ba many rounds o ot roview an rovisions

5. Final decision by the editor: accept reject

A?

What s in the bibliographic entry of a journal
citation? (Following Aalto CHEM guidelines)
Langmui, 1, The adsorpton of gases on plane surfaces of glas, mica and
platinum, J Amer. Chem. Soc. 40 (1918) 1361-1402.

Cremers, V, Puurunen, R.L. and Dendooven, J., Conformalty in atonic layer
deposition: Current status overview of analysis and modeling, Appl. Phys. Rev. 6
21302,

iated journal narme, volume (year)
artcle number)

A?

R system

o “Writingis rewriing" — the order in
which you cie, will change in zotero
revisions.

Having t reorder references
manually for each revision

Eﬁ“;ﬁ‘”ms EndNote™
3¢ JabRef

Reference management software.
can help, BUT.
o .NOTE: your

can make a big diference

A?

International: Journal Impact Factor (JIF, IF)

hitps:ffen wikipedia orgwikilmpact factor, accessed 29.9.2020:

“The impact factor (IF)or journal impact factor (JIF) of an academic journal is a
scientometric index that rflects the yearly average number of citations that
artcles published in the last two years in a given journal received. It s requently
used as a proxy for the relative importance of a journal within s fiel journals with
higher impact factors are often deemed to be more important than those with
lower ones."

Citations,

) A—
¥ Publications, , + Publications, »

A?

Fabrication, falsification, plagiarism (FFP)

FFP: three types of scientiic misconduct, interationally recognized.
ed 20.9.2020:

o “Fabrication is making up results and recording or reporting them. "

o “Falsfication is manipulating research materials, equipment, or processes or
changing or omitting data of resuts such that the research is not accurately
represented in the research record.”

*Plagiarism is the appropriation of another person's ideas, processes, results,
or words without giving appropriate credit....”

A?

Screen captures from 2021-2022, contents slightly updated

D

H SAE kick-off, Puurunen 26.9.2022

Six short video lectures related to scientific articles, SAE module [page]

Note, RLP 24.9.2022: all slidesets and videos have now been updated for 2022-2023.

1 How does one construct a scientific article? The IMRaD structure

® Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=20944b63-02ad-47cc-b298-af1a00d 1b5e7
® Link to Slides in pdf

2 How does one publish a scientific article? Peer review, and more

o Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=d11ba22e-31cb-4171-bébd-af1a00d807ca
e Link to Slides in pdf

3 What's in a citation? (And what's not?)

* Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=ea25dc47-3c99-4f2b-9b82-af1a00de84b8
e Link to Slides in pdf

4 How to create reference lists effectively?

* Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=1ff529b3-c9a7-4197-a15e-af1a00e3bdf8
e Link to Slides in pdf

5 “Impact is everything” — How is impact of journals and articles evaluated?

* Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=32ced7eb-c4ad-4974-b2ea-af1a00e6f8c7
® Links to Slides in pdf

6 Quickest way to get (in)famous as a scientist? On scientific misconduct

® Video in Panopto: https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=5ed45a6d-d5dd-418b-b06e-af1a00ecaead
® Link to Slides in pdf

Last modified: Saturday, 24 September 2022, 5:35 PM


https://docs.google.com/presentation/d/1GC0SNdxMoCT8kTcgIqwKrdpBXalaot3iwnsnk2zUvlo/edit?usp=sharing
https://docs.google.com/presentation/d/1GC0SNdxMoCT8kTcgIqwKrdpBXalaot3iwnsnk2zUvlo/edit?usp=sharing
https://docs.google.com/presentation/d/1X3K5hAwvCCe7cbrO3qWZX9_pP1hCKZVKtVME7y-LUjo/edit?usp=sharing
https://docs.google.com/presentation/d/1X3K5hAwvCCe7cbrO3qWZX9_pP1hCKZVKtVME7y-LUjo/edit?usp=sharing
https://docs.google.com/presentation/d/1YLOAGF9uoWxXfLMEi5wL19BykHWRVRJIYOnaKVaVn5M/edit?usp=sharing
https://docs.google.com/presentation/d/1YLOAGF9uoWxXfLMEi5wL19BykHWRVRJIYOnaKVaVn5M/edit?usp=sharing
https://docs.google.com/presentation/d/1HWJTQMKJpUhZRJj27cdA8b2QvP_C00iiEAgRz6h43Ik/edit?usp=sharing
https://docs.google.com/presentation/d/1HWJTQMKJpUhZRJj27cdA8b2QvP_C00iiEAgRz6h43Ik/edit?usp=sharing
https://docs.google.com/presentation/d/1QIFgfXKqaJnJ6X-ziYuxwbU9d81f-TiaJpdZwCmN0_M/edit?usp=sharing
https://docs.google.com/presentation/d/1QIFgfXKqaJnJ6X-ziYuxwbU9d81f-TiaJpdZwCmN0_M/edit?usp=sharing

SAE: Getting started

PAGE

@ SAE: Lists, templates, guidelines, links, ... [page]
Collection of materials needed in SAE.

Note: Student feedback responded to continuously in: Evolving feedback file (Google Slides)

[If you notice a missing item or ill-working link, please contact Riikka Puurunen (email works fine & quick)]

A H SAE kick-off, Puurunen 26.9.2022

Dashboard / My own courses / chem-e0105 -... / Sections / scientificar.. / sae: lists, t...

SAE: Lists, templates, guidelines, links, ... [page]

Guidelines, lists, templates

e ALC-SAE-scientific-journals
e 2022-2023 SAE-report_template
e Aalto CHEM guidelines for written reports, 2012, updated 2018, here. (Version with some critical comments by RLP here.)

e peer evaluation guidelines [as in 2021-2022; small updates may still come in 2022-2023]

Co-creation file links

e 2022-2023 ALC-SAE-reference-formatting-summary
e 2022-2023 ALC-SAE-article-statistics

e 2022-2023 ALC-SAE-figure-summary

e 2022-2023 ALC-SAE-table-summary

Scientific search engines

o https://www.webofknowledge.com/

o https://www.scopus.com/

Lecture slides and video links

o Kick-off lecture: (1) slides as pdf and (2) video record in Panopto. [to come]

e Wrap-up lecture: (1) slides as pdf and (2) video record in Panopto. [to come]

Feedback collection

e 2022-2023 Evolving feedback file (Google Slides)
o Pdf with marks and points by RLP: [to come]

Last modified: Saturday, 24 September 2022, 11:13 AM




SAE Week 1
Week 39, starting 26.9.
MIT IW({T |F |S|S

SAE Week 2
Week 40, starting 3.10.
MI|T |[WIT |F|S|S

SAE Week 3
41, Week starting 10.10
M|T|WI|T |[F|S|S

SAE Week 4
Week 42, starting 17.10
MT WTIF S S

SAE Week 5
Week 43, starting 24.10
MIT |W[T|F|S|S

SAE Week 6
Week 44, starting 31.10
MTWTF S S

Kick-off lecture, Mon Sep 26
Six short videos

Tasks for DL 1, Mon Oct 3
Tasks for DL 2, Wed Oct 12
Tasks for DL 3, Tue Oct 25
Wrap-up lecture, Mon Oct 31

X

DL

1

Mon Oct 3
(~Find article)

First deadline (DL 1), Mon Oct 3

A?



MyCo items for students to complete

How do | find an article, to work on?
e Either search on a topic or author you are
interested in (use a scientific search engine)
e Or browse the list of journals provided and et sendine oL 1)
select one T

Each student will find a scientific article reporting original research (also called “primary
research”) for her/himself to work on. Review articles (and other article types that do not repcn
original research) are outside of the scope of the SAE.? The article must have been

its final form, with all article details available (volume, page numbers, etc.). Advance articles (in
press, early view, etc.) are not suitable for the SAE.

Refer to the "SAE introduction and instructions” file for guidelines related to each item

MyCourses items, instructions

It is recommended to find an article that one finds interesting, as that makes this exercise more
interesting and motivating. However, don't look for an article too long: in the end, any article
@ " ) 4 N reporting original research that is somehow at least remotely related to your field of study, is ok.
SAE: Lists, templates, guidelines, links, ... [page] Browse the content lists of scientific journals in your field of interest, or use a scientific search
engine to find an article that interests you.

Collection of materials needed in SAE. Where can you find a list of journals relevant to your field of study? All Aalto CHEM MSc majors

have suggested a few interesting journals related to their major and collected them in an

evolving list; you can access it here (it is a Google Sheets document) and via MyCourses. All

[If you notice a missing item or ill-working link, please contact Riikka Puurunen (email works fine & quick)] journals included in the list should be such that when logged in the Aalto network, you can
access the full articles (without cost) -- if not, please let the teachers of the ALC course know.
You are free to pick an article from any journal in the list, irrespective of your MSc major. Also,
you can choose an article from a scientific journal that is not in the list, as long as it is somehow
related to the topics of the MSc progt in chemical, bi ical and materials
*If you find a scientific article from a journal that is not in the list, please double-check that the

® » H journal is included in the Finnish “JUFO" list https://www.t: haku.php?lang=en

G ul d e I | neS, IIStS' tem pl ates (“title” means the journal name)* and it has a JUFO Level of 1, 2 or 3 (category 0 not accepted

for the SAE, currently).

Note: Student feedback responded to continuously in: Evolving feedback file (Google Slides)

e ALC-SAE-scientific-journals

e 2022-2023 SAE-report_template Which scientific search engines can one use? Scientific search engines that you can use to find

interesting articls for le following.
* Aalto CHEM guidelines for written reports, 2012, updated 2018, here. (Version with some critical comments by RLP here.) e e it e

in 2022-20.

e peer evaluation guidelines [as in 2021-2022 2 Review articles and other article types not reporting original research are not included, for example
because their structure differs from the typical IMRaD structure of scientific articles reporting
. - . original research.
3 Don't pick an article from e.g. a medical journal.
SC e ntlfl c searc h en g Ines “If the journal is not in the JUFO list, it may be one of the so-called “predatory journals,” which do not
fulfill the criteria for scientific publications. We wish to avoid such in this Scientific Article Exercise.

. https://www.webofknowledge.com/ Update after Iecture Students adV|sed to /:Lr}glgecrlares:isﬁo‘;:zf"nyzt'-beingindudedinmeJUFOIlslcanbematmejnumalisnewandltdidmlgeta
e https://www.scopus.com/ go to Web of Science through
https://login.libproxy.aalto.fi/menu e

?


https://login.libproxy.aalto.fi/menu

Guidelines, lists, templates
L—) e ALC-SAE-scientific-journals
e 2022-2023 SAE-report_template

e Aalto CHEM guidelines for written reports, 2012, updated 2018, here. (Version with some critical comments by RLP here.)
e peer evaluation guidelines [as in 2021-2022; small updates may still come in 2022-2023]

Some recommended scientific journals, Scientific Article Exercise (SAE) module (collection Prof. Puurunen & Aalto CHEM majors)
Master's in Chemical, Bi ical and Materials i
hitps://into aalto fiidisplay/encbme

Major Journal title Link to journal website

Biomass Refining

hitps://into. aalto.fi/di Bii ACS il Chemistry & Engineerin https://pubs.acs
BioResources hitp:/iwww.bioresourcesjournal.com/
Bioresource Technology hitps:/fwww.journals elsevier.
Cellulose hitps:/link springer. i 1057 d-issuf
Carbohydrate Polymers hitps:/Awww. I i lymers
ChemSusChem https:; I ineli wiley.com/loi/1864564x
Green Chemistry hitps:/iwww.rsc DOOK: j
Holzforschung https:/iwww.deqgruyter. iewlj ml
Industrial Crops and Products hittps:/Awww. I i i i 5-and-products
Industrial & Engineering Chemistry Resez hitps://pubs.acs.ora/loifiecred
Journal of Wood Chemistry and Technolo: hitps:/fwww. i 120, it
Biotechnology
https://into.aalto fi/di: Bit ACS i Chemistry & ineerin https://pubs.acs.
ACS Synthetic Biology hitps://pubs.acs orafjournal/asbcdb
Applied Bi istry and Bi hitps:/fwnww.springer. 12010
Bioresource Technology hitps:/iwww.journals elsevier. i
i and Bi i i hitp: wiley. 10970290
Enzyme and Microbial bhitps:/iwww.journals elsevier. d-microbial-
Green Chemistry hitps:/fwww.rsc. DOOk:
Nature Biotechnology hitps:/iwww.nature.com/nbt/
Metabolic Engineering hitps:/ivwww.journals elsevier.

Chemical and Process Engineering

hitps:/finto.aalto fiidisplay/encbme/Ct  ACS Catalysis hitps://pubs.acs orafjournal/accacs
AIChE journal https://aiche.onlit wiley. i 15475905
Catalysis Science and hitps://pubs rsc. i i
ChemCatChem hitp: istry- I wiley i 18673899
Chemical Engineering Science hitps:/iwww journals elsevier. i i i

Chemical Engineering Journal hitps: w.journals elsevier. i ing-j 1l
Lructal Qrouth and Daci i

H SAE kick-off, Puurunen 26.9.2022



How to search in Web of Science”? Example: topic

https://www.webofscience.com/wos/woscc/basic-search

DOCUMENTS

Search in: Web of Science Core Collection ¥ Editions: All ¥

RESEARCHERS

DOCUMENTS CITED REFERENCES
Example: liver disease india singh
All Fields v ("carbon dioxide" AND conversion AND hydrogen| X ’
+ Add row ] [ + Add date range Advanced Search

Update after lecture: students advised to
go to Web of Science through
https://login.libproxy.aalto.fi/menu

o D

6,389 results from Web of Science Core Collection for:

{ Q_ "carbon dioxide" AND conversion AND hydrogen (All Fields)

Quick Filters

[C] ¥ Highly Cited Papers 268
O & HotPapers 12
[ B Review Article 710
[0 O Early Access 77
[:l ) Open Access 1,469
D = Enriched Cited References 560

In extra slides, example for: author (Puurunen RL)


https://www.webofscience.com/wos/woscc/basic-search
https://login.libproxy.aalto.fi/menu

MyCo items for students to complete

Refer to the "SAE introduction and instructions” file for guidelines related to each item

Four criteria that the scientific article needs to fulfill

1. Reports original research (primary research)
o Review articles are not suitable for SAE

2. Has been published in its final form, with all article details available (volume,
page numbers or article number, etc.)
o Advance articles (in press, early view, etc.) are not suitable for SAE
3. Is related to the topics of the MSc programme in chemical, biochemical and

materials engineering
o Atrticles from medical journals are not suitable for SAE

4. The scientific journal should be included in the Finnish “JUFQ” list
and have a JUFO Level of 1,2 or 3

o Journals in category 0 not accepted for the SAE
o If you pick a journal from the provided list, this requirement is automatically fulfilled

A’ JUFO: https://www.tsv.fi/julkaisufoorumi/haku.php?lang=en


https://www.tsv.fi/julkaisufoorumi/haku.php?lang=en

MyCo items for students to complete

Refer to the "SAE introduction and instructions™ file for guidelines related to each item

First deadline (DL 1), Mon Oct 3

OU WIKI

;i!! 1.1 Find a unique article and register it for your unique code (A001, A002, ...) [OU
Wiki] DL Oct 3

Last edit: 21 September 22, 05:17

Please register your unique article on your own pre-created row, with your own unique code (A001, A002,
)

* When editing, please do not add special characters such as square brackets [] in the text, as these will

mix up the formatting.

It should not take more than 5 min to make your edits and save (likely less than 1 min). There are about

160 students in the course and everyone must be able to edit; noone should lock the page for editing for
long. (If the page remains locked for editing by someone for longer than 10 min, students can email
teachers, who can unlock the page - any edits made by the student who locked the page will likely be

lost.)

You can upload a pdf copy of your article for other students to see. Please start the filename with your

unique code: A001_.. \

View istory \

Preview

D

SAE kick-off, Puurunen 26.9.2022

*Note: All selected articles should report original research (review articles etc. not suitable for SAE). By writing "yes" student confirms that the article is appropriate.

First name
(student)

Surname
(student)

Unique code

lAuthor, year (of
our unique
larticle)

\Article reports original

(primary) research™

(Clickable hyperlink to the article

Mona

Modelstuden

IA000

lYim et al,, 2020

lyes

Ihttps://doi.org/10.1039/DOCP03358H]

|A001

1A002

|A003

1A004

IA005

{A006

IA007

|A008

IA009

|A010

(A011

|A012

lA013

|A014

|A015

|A016

1A017

IA018

2
B

|A019

|A020

1A021

1A022

|A023

IA024

|A025

|A026

1A027

1A028

|A029

|A030

|A031

1A032

|A033

|A034

<+— Example

Please edit
only your
row



MyCo items for students to complete

Refer to the "SAE introduction and instructions™ file for guidelines related to each item

First deadline (DL 1), Mon Oct 3

IMENT

a 1.2 Return a by-publisher-formatted pdf of your article [Assignment] DL Oct 3

a @ wrciry G e =

Somewhere, a
place to find
the pdf e
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Downloaded via AALTO UNIV on September 24, 2022 at 09:09:05 (UTC),

for options on how

Pubsacsorg/om

Impact of lons on Film Conformality and Crystallinity during Plasma-

As

ted Atomic Layer Deposition of TiO,

Karsten Arts, Harvey Thepass, Marcel A. Verheijen, Riikka L. Puurunen, Wilhelmus M. M. Kessels,*

and Harm C. M. Knoops*
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ABSTRACT: This work demonstrates that ions have a strong
impact on the growth per cycle (GPC) and material properties
during plasma-assisted atomic layer deposition (ALD) of TiO,
(titanium dioxide), even under mild plasma conditions with low-
energy (<20 V) ions. Using vertical trench nanostructures and
microscopic cavity structures that locally block the flux of ions, it is
observed that the impact of (low-energy) ions is an important
factor for the TiO, film conformality. Specifically, it is
demonstrated that the GPC in terms of film thickness can inerease
by 20 to >200% under the influence of ions, which is correlated
with an increase in film crystallinity and an associated strong
reduction in the wet etch rate (in 30:1 buffered HF). The
magnitude of the influence of ions is observed to depend on
‘multiple parameters such s the d
exploit this effect. For example, a relatively mod
gn)\mdzd substrate, providing a low ion-energy dose of ~1 ¢V nm
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sitontemperature,plasa epocur e, nd on snergy, which may allbe used o minimizeoc
erate influence of ions is observed at 200 °C when using short plasma steps and a

eycle™, while a high effect is obtained when using extended

lasma exposures or substrate biasing (~100 eV nm™* eycle™). This work on TiO; shows that detailed insight into the role of ions

dunng plasma ALD is esses

W INTRODUCTION

Titanium oxide is a widely studied material and as a thin film
has many applications,’ such as in photocatalysis,” pho-
tonics,* photovoltaics,” and nanoelectronics,” where in the
latter, TiO, primarily functions as high-k dielectric. Especially
in the field of nanoelectronics, the miniaturization of device
structures has strongly increased the demand for atomic-scale
processing techniques such as (plasma-assisted) atomic layer
deposition (ALD), which can typically provide atomic-level
thickness control*~'” In the case of TiO,, ALD is used, for
instance, in self aligned multiple patterning for the preparation
of nanometer-thin TiO, sidewall spacers.'"'* Furthermore,
plasma ALD of TiO; has been reported for gap-filling and
encapsulation zpphtauon)’ in the fabrication of memory
devices such as dynamic random-access memory (DRAM),
where  bigh level of TiO, flm conformality is required to
isolate adjacent memory cells."*
us work, we demonstrated that plasma ALD of
TiO, can fully penetrate into horizontally oriented trench
structuses with exremely high aspect ratio (AR) values of
~800."*"* This indicates that excellent TiO, film conformality
can be achieved, which is enabled by a low loss of reactive
radicals on the TiO, surface.""* However, it is possible that
the film conformality is stil reduced by any influence of ions,
© 2021 The Ao Dol by
e B ey

~g ACS Publications 5002

ntial for precisely controlling the film conformality, material properties, and process reproducibility.

which were not taken into account in our previous study
employing the horizontal trench structures.* Even though ions
often have a beneficial effect,'™~* the flux of ions on surfaces is
inherently anisotropic and can therefore induce nonuniform
h behavior on 3 three-dimensional (3D) surface top-

o
“The influence of ions on plasma ALD of TiO, has been
explored, for instance, by Profjt et al.”” and Faraz et al,”” by
greatly increasing the energy of the ions (e.g, to 100-200 eV)
through external substrate biasing. For example, it has been
shown that high-energy ions can be used to tune the properties
of the deposited TiO; such as the crystalline phase, film
density, residual stress, and refractive index.'”'” These are all
important for controlling szhcAunn relevant parameters, such
as the optical properties,”~* etch resistance,’ " and catalytic
activity.! Here, using Tx(NM:.), s a precursor, we
demonstrate that also ions with low energies of <20 €V, as
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