






Skip to main content


Accessibility help




We use cookies to distinguish you from other users and to provide you with a better experience on our websites. Close this message to accept cookies or find out how to manage your cookie settings.







[image: Close cookie message]











Login Alert













Cancel


Log in




×























×



















[image: alt]









	
	
[image: Cambridge Core Home]
Home



	Log in
	Register
	Browse subjects
	Publications
	Open research
	Services
	About Cambridge Core
	

Cart





	

Cart


	
	


	
Institution login

	
	Register
	Log in
	
	

Cart













 





[image: Cambridge Core Home]
Home













 




















	
	
[image: Cambridge Core Home]
Home



	Log in
	Register
	Browse subjects
	Publications
	Open research
	Services
	About Cambridge Core
	

Cart





	

Cart


	
	


	
Institution login

	
	Register
	Log in
	
	

Cart













 



 

















Hostname: page-component-6b989bf9dc-wj8jn
Total loading time: 0
Render date: 2024-04-10T08:39:34.726Z
Has data issue: false
hasContentIssue false

  	Home 
	>Journals 
	>Journal of Materials Research 
	>Volume 32 Issue 5: Focus Issue: Aberration Correct... 
	>An effect of crystal tilt on the determination of ions...



 	English
	
Français






   [image: alt] Journal of Materials Research
  

  Article contents
 	Abstract
	Footnotes
	References




  An effect of crystal tilt on the determination of ions displacements in perovskite oxides under BF/HAADF-STEM imaging mode
      
Published online by Cambridge University Press: 
10 October 2016

    Y. Liu   ,
Y.L. Zhu   ,
Y.L. Tang    and
X.L. Ma   
 
 
 [image: alt] 
 



Show author details
 

 
 
	Y. Liu
	Affiliation: Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, 110016 Shenyang, China




	Y.L. Zhu
	Affiliation: Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, 110016 Shenyang, China




	Y.L. Tang
	Affiliation: Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, 110016 Shenyang, China




	X.L. Ma*
	Affiliation: Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, 110016 Shenyang, China




 	
*

	

a)
Address all correspondence to this author. e-mail: xlma@imr.ac.cn







 


    	Article

	Metrics




 Article contents    	Abstract
	Footnotes
	References


 Get access  [image: alt] Share  

 [image: alt] 

 [image: alt] Cite  
 

 
    Abstract
 

[image: ]




 
Effects of crystal tilt on the determination of the relative positions of different ion columns in compounds such as ferroelectric PbTiO3 are of critical importance, because the displacements of Ti and O relative to Pb correlate directly to the spontaneous polarization and ferroelectric properties. Here a study about the effects of small-angle crystal tilt on the relative image spots positions of different ions in PbTiO3 was carried out under high angle angular dark-field (HAADF) and bright-field imaging for aberration corrected Scanning Transmission Electron Microscope. The results indicate that crystal tilt affects the relative positions of Pb, Ti, and O greatly, and the effects are proved to depend highly on crystal tilt angle and PTO thickness. HAADF image simulations on PbTiO3, SrTiO3, and SrRuO3 indicate that the difference in atomic number is a main contributor to the relative image spot position change of different ion columns when crystal tilts.



 

 
  Keywords
 ferroelectricscanning transmission electron microscopysimulation
 

  
	
Type

	Articles


 	
Information

	Journal of Materials Research
  
,
Volume 32
  
,
Issue 5: Focus Issue: Aberration Corrected Transmission Electron Microscopy
  , 14 March 2017  , pp. 947 - 956 
 DOI: https://doi.org/10.1557/jmr.2016.365
 [Opens in a new window]
 [image: Check for updates]
  


   	
Copyright

	
Copyright © Materials Research Society 2016 




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


  
 Footnotes
 
 
Contributing Editor: Rafal E. Dunin-Borkowski





 
 
 References
 
REFERENCES

 
 

 


 
 
1

 Farokhipoor, S., Magen, C., Venkatesan, S., Iniguez, J., Daumont, C.J.M., Rubi, D., Snoeck, E., Mostovoy, M., de Graaf, C., Muller, A., Doblinger, M., Scheu, C., and Noheda, B.: Artificial chemical and magnetic structure at the domain walls of an epitaxial oxide. Nature
515, 379 (2014).CrossRefGoogle Scholar


 
 
2

 Lubk, A., Rossell, M.D., Seidel, J., Chu, Y.H., Ramesh, R., Hytch, M.J., and Snoeck, E.: Electromechanical coupling among edge dislocations, domain walls, and nanodomains in BiFeO3 revealed by unit-cell-wise strain and polarization maps. Nano Lett.
13, 1410 (2013).Google Scholar


 
 
3

 Ohtomo, A., Muller, D.A., Grazul, J.L., and Hwang, H.Y.: Artificial charge-modulation in atomic-scale perovskite titanate superlattices. Nature
419, 378 (2002).CrossRefGoogle Scholar


 
 
4

 Lee, H.N., Christen, H.M., Chisholm, M.F., Rouleau, C.M., and Lowndes, D.H.: Strong polarization enhancement in asymmetric three-component ferroelectric superlattices. Nature
433, 395 (2005).Google Scholar


 
 
5

 Hartel, P., Rose, H., and Dinges, C.: Conditions and reasons for incoherent imaging in STEM. Ultramicroscopy
63, 93 (1996).CrossRefGoogle Scholar


 
 
6

 Nellist, P.D., Chisholm, M.F., Dellby, N., Krivanek, O.L., Murfitt, M.F., Szilagyi, Z.S., Lupini, A.R., Borisevich, A., Sides, W.H., and Pennycook, S.J.: Direct sub-angstrom imaging of a crystal lattice. Science
305, 1741 (2004).Google Scholar


 
 
7

 Tang, Y.L., Zhu, Y.L., Ma, X.L., Borisevich, A.Y., Morozovska, A.N., Eliseev, E.A., Wang, W.Y., Wang, Y.J., Xu, Y.B., Zhang, Z.D., and Pennycook, S.J.: Observation of a periodic array of flux-closure quadrants in strained ferroelectric PbTiO3 films. Science
348, 547 (2015).Google Scholar


 
 
8

 Chisholm, M.F., Luo, W., Oxley, M.P., Pantelides, S.T., and Lee, H.N.: Atomic-scale compensation phenomena at polar interfaces. Phys. Rev. Lett.
105, 197602 (2010).Google Scholar


 
 
9

 Ishikawa, R., Okunishi, E., Sawada, H., Kondo, Y., Hosokawa, F., and Abe, E.: Direct imaging of hydrogen-atom columns in a crystal by annular bright-field electron microscopy. Nat. Mater.
10, 278 (2011).Google Scholar


 
 
10

 Maccagnano-Zacher, S.E., Mkhoyan, K.A., Kirkland, E.J., and Silcox, J.: Effects of tilt on high-resolution ADF-STEM imaging. Ultramicroscopy
108, 718 (2008).Google Scholar


 
 
11

 Wang, P., Bleloch, A.L., Falke, U., and Goodhew, P.J.: Geometric aspects of lattice contrast visibility in nanocrystalline materials using HAADF STEM. Ultramicroscopy
106, 277 (2006).Google Scholar


 
 
12

 Fitting, L., Thiel, S., Schmehl, A., Mannhart, J., and Muller, D.A.: Subtleties in ADF imaging and spatially resolved EELS: A case study of low-angle twist boundaries in SrTiO3
. Ultramicroscopy
106, 1053 (2006).Google Scholar


 
 
13

 Wu, X., Robertson, M.D., Kawasaki, M., and Baribeau, J.M.: Effects of small specimen tilt and probe convergence angle on ADF-STEM image contrast of Si0.8Ge0.2 epitaxial strained layers on (100) Si. Ultramicroscopy
114, 46 (2012).Google Scholar


 
 
14

 So, Y.G. and Kimoto, K.J.: Effect of specimen misalignment on local structure analysis using annular dark-field imaging. J. Electron Microsc.
61, 207 (2012).Google Scholar


 
 
15

 Zhou, D., Caspary, K.M., Sigle, W., Krause, F.F., Rosenauer, A., and Aken, P.A.: Sample tilt effects on atom column position determination in ABF-STEM imaging. Ultramicroscopy
160, 110 (2016).CrossRefGoogle ScholarPubMed


 
 
16

 Yamazaki, T., Kawasaki, M., Watanabe, K., Hashimoto, I., and Shiojiri, M.: Effect of small crystal tilt on atomic-resolution high-angle annular dark field STEM imaging. Ultramicroscopy
92, 181 (2002).CrossRefGoogle ScholarPubMed


 
 
17

 Dawber, M., Rabe, K.M., and Scott, J.F.: Physics of thin-film ferroelectric oxides. Rev. Mod. Phys.
77, 1083 (2005).CrossRefGoogle Scholar


 
 
18

 Scott, J.F.: Applications of modern ferroelectrics. Science
315, 954 (2007).Google Scholar


 
 
19

 Jia, C.L., Urban, K.W., Alexe, M., Hesse, D., and Vrejoiu, I.: Direct observation of continuous electric dipole rotation in flux-closure domains in ferroelectric Pb(Zr,Ti)O3
. Science
331, 1420 (2011).Google Scholar


 
 
20

 Chen, Z.B., Wang, X.L., Ringer, S.P., and Liao, X.Z.: Manipulation of nanoscale domain switching using an electron beam with omnidirectional electric field distribution. Phys. Rev. Lett.
117, 027601 (2016).Google Scholar


 
 
21

 Haider, M., Uhlemann, S., Schwan, E., Rose, H., Kabius, B., and Urban, K.: Electron microscopy image enhanced. Nature
392, 768 (1998).CrossRefGoogle Scholar


 
 
22

 Batson, P.E., Dellby, N., and Krivanek, O.L.: Sub-angstrom resolution using aberration corrected electron optics. Nature
418, 617 (2002).CrossRefGoogle ScholarPubMed


 
 
23

 Jia, C.L., Mi, S.B., Urban, K., Vrejoiu, I., Alexe, M., and Hesse, D.: Atomic-scale study of electric dipoles near charged and uncharged domain walls in ferroelectric films. Nat. Mater.
7, 57 (2008).CrossRefGoogle ScholarPubMed


 
 
24

 Nelson, C.T., Winchester, B., Zhang, Y., Kim, S.J., Melville, A., Adamo, C., Folkman, C.M., Baek, S.H., Eom, C.B., Schlom, D.G., Chen, L.Q., and Pan, X.: Spontaneous vortex nanodomain arrays at ferroelectric heterointerfaces. Nano Lett.
11, 828 (2011).CrossRefGoogle ScholarPubMed


 
 
25

 Koch, C.: Determination of core structure periodicity and point defect density along dislocations. Ph.D Thesis, Arizona State University, 2002.Google Scholar


 
 
26

 Anthony, S.M. and Granick, S.: Image analysis with rapid and accurate two-dimensional Gaussian fitting. Langmuir
25, 8152 (2009).Google Scholar


 
 
27

 Meyer, B. and Vanderbilt, D.: Ab initio study of ferroelectric domain walls in PbTiO3
. Phys. Rev. B: Condens. Matter Mater. Phys.
65, 104111 (2002).Google Scholar


 
 
28

 Tang, Y.L., Zhu, Y.L., and Ma, X.L.: On the benefit of aberration-corrected HAADF-STEM for strain determination and its application to tailoring ferroelectric domain patterns. Ultramicroscopy
160, 57 (2016).CrossRefGoogle ScholarPubMed




 

           



 
  	12
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
12




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Liu, Ying
Zhu, Yin-Lian
Tang, Yun-Long
Wang, Yu-Jia
Li, Shuang
Zhang, Si-Rui
Han, Meng-Jiao
Ma, Jin-Yuan
Suriyaprakash, Jagadeesh
and
Ma, Xiu-Liang
2017.
Controlled Growth and Atomic-Scale Mapping of Charged Heterointerfaces in PbTiO3/BiFeO3 Bilayers.
ACS Applied Materials & Interfaces,
Vol. 9,
Issue. 30,
p.
25578.


	CrossRef
	Google Scholar






Gauquelin, N.
van den Bos, K.H.W.
Béché, A.
Krause, F.F.
Lobato, I.
Lazar, S.
Rosenauer, A.
Van Aert, S.
and
Verbeeck, J.
2017.
Determining oxygen relaxations at an interface: A comparative study between transmission electron microscopy techniques.
Ultramicroscopy,
Vol. 181,
Issue. ,
p.
178.


	CrossRef
	Google Scholar






Liu, Ying
Wang, Yu-Jia
Zhu, Yin-Lian
Lei, Chi-Hou
Tang, Yun-Long
Li, Shuang
Zhang, Si-Rui
Li, Jiangyu
and
Ma, Xiu-Liang
2017.
Large Scale Two-Dimensional Flux-Closure Domain Arrays in Oxide Multilayers and Their Controlled Growth.
Nano Letters,
Vol. 17,
Issue. 12,
p.
7258.


	CrossRef
	Google Scholar






Tang, Y.L.
Zhu, Y.L.
Wang, Y.J.
and
Ma, X.L.
2018.
Multiple strains and polar states in PbZr0.52Ti0.48O3/PbTiO3 superlattices revealed by aberration-corrected HAADF-STEM imaging.
Ultramicroscopy,
Vol. 193,
Issue. ,
p.
84.


	CrossRef
	Google Scholar






Gao, Peng
Kumamoto, Akihito
Ishikawa, Ryo
Lugg, Nathan
Shibata, Naoya
and
Ikuhara, Yuichi
2018.
Picometer-scale atom position analysis in annular bright-field STEM imaging.
Ultramicroscopy,
Vol. 184,
Issue. ,
p.
177.


	CrossRef
	Google Scholar






Ma, Tao
Fan, Zhongming
Xu, Bin
Kim, Tae-Hoon
Lu, Ping
Bellaiche, Laurent
Kramer, Matthew J.
Tan, Xiaoli
and
Zhou, Lin
2019.
Uncompensated Polarization in Incommensurate Modulations of Perovskite Antiferroelectrics.
Physical Review Letters,
Vol. 123,
Issue. 21,


	CrossRef
	Google Scholar






Sato, Yukio
Aoki, Mai
Teranishi, Ryo
Kaneko, Kenji
Takesada, Masaki
Moriwake, Hiroki
Takashima, Hiroshi
and
Hakuta, Yukiya
2019.
Atomic-Scale Observation of Titanium-Ion Shifts in Barium Titanate Nanoparticles: Implications for Ferroelectric Applications.
ACS Applied Nano Materials,
Vol. 2,
Issue. 9,
p.
5761.


	CrossRef
	Google Scholar






Nelson, Christopher T.
Vasudevan, Rama K.
Zhang, Xiaohang
Ziatdinov, Maxim
Eliseev, Eugene A.
Takeuchi, Ichiro
Morozovska, Anna N.
and
Kalinin, Sergei V.
2020.
Exploring physics of ferroelectric domain walls via Bayesian analysis of atomically resolved STEM data.
Nature Communications,
Vol. 11,
Issue. 1,


	CrossRef
	Google Scholar






Nelson, Christopher T.
Ghosh, Ayana
Oxley, Mark
Zhang, Xiaohang
Ziatdinov, Maxim
Takeuchi, Ichiro
and
Kalinin, Sergei V.
2021.
Deep learning ferroelectric polarization distributions from STEM data via with and without atom finding.
npj Computational Materials,
Vol. 7,
Issue. 1,


	CrossRef
	Google Scholar






Fukao, Kaita
Sato, Yukio
Teranishi, Ryo
and
Kaneko, Kenji
2021.
Scanning Transmission Electron Microscopy Simulation for Multi-Domain Barium Titanate.
Journal of the Physical Society of Japan,
Vol. 90,
Issue. 3,
p.
034803.


	CrossRef
	Google Scholar






Yang, Pucheng
Li, Zheng
Yang, Yi
Li, Rui
Qin, Lufei
Zou, Yunhao
and
Cretu, Ovidiu
2022.
Effects of Electron Microscope Parameters and Sample Thickness on High Angle Annular Dark Field Imaging.
Scanning,
Vol. 2022,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Song, Jian
Gong, Mingyu
Tsai, Meng‐fu
Ma, Youcao
Ma, Houyu
Liu, Yue
Chu, Ying‐hao
Huang, Rong
Ouyang, Jun
Wang, Jian
and
Fan, Tongxiang
2023.
Pseudo‐Ferroelectric Domain‐Wall in Perovskite Ferroelectric Thin Films.
Advanced Functional Materials,
Vol. 33,
Issue. 42,


	CrossRef
	Google Scholar


















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








An effect of crystal tilt on the determination of ions displacements in perovskite oxides under BF/HAADF-STEM imaging mode








	Volume 32, Issue 5
	
Y. Liu (a1), Y.L. Zhu (a1), Y.L. Tang (a1) and X.L. Ma (a1)

	DOI: https://doi.org/10.1557/jmr.2016.365





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





An effect of crystal tilt on the determination of ions displacements in perovskite oxides under BF/HAADF-STEM imaging mode








	Volume 32, Issue 5
	
Y. Liu (a1), Y.L. Zhu (a1), Y.L. Tang (a1) and X.L. Ma (a1)

	DOI: https://doi.org/10.1557/jmr.2016.365





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





An effect of crystal tilt on the determination of ions displacements in perovskite oxides under BF/HAADF-STEM imaging mode








	Volume 32, Issue 5
	
Y. Liu (a1), Y.L. Zhu (a1), Y.L. Tang (a1) and X.L. Ma (a1)

	DOI: https://doi.org/10.1557/jmr.2016.365





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















