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Abstract

Two-dimensional van der Waals materials have opened a new paradigm for fundamental physics
exploration and device applications because of their emerging physical properties. Unlike gapless
graphene, monolayer transition-metal dichalcogenides (TMDCs) are two-dimensional semiconductors
that undergo an indirect-to-direct bandgap transition(1-5), creating new optical functionalities for next-
generation ultra-compact photonics and optoelectronics. Although the enhancement of spontaneous
emission has been reported on TMDC monolayers integrated with photonic crystals(6,7) and distributed
Bragg reflector microcavities(8,9), coherent light emission from a TMDC monolayer has not been
demonstrated. Here, we report the realization of a two-dimensional excitonic laser by embedding
monolayer WS2 in a microdisk resonator. Using a whispering gallery mode with a high quality factor
and optical confinement, we observe bright excitonic lasing at visible wavelengths. This demonstration
of a two-dimensional excitonic laser marks a major step towards two-dimensional on-chip
optoelectronics for high-performance optical communication and computing applications.

Keywords
KeyWords Plus: LAYER MOS2; VALLEY POLARIZATION; ENERGY-CONVERSION; ROOM-
TEMPERATURE; PIEZOELECTRICITY; TRANSISTORS; DISULFIDE; DIODES; WSE2

Author Information
Reprint Address: Zhang, X (reprint author)

+ Univ Calif Berkeley, NSF Nanoscale Sci & Engn Ctr, Berkeley, CA 94720 USA.
Addresses:
+ [ 1] Univ Calif Berkeley, NSF Nanoscale Sci & Engn Ctr, Berkeley, CA 94720 USA
+ [ 2] Univ Calif Berkeley, Lawrence Berkeley Natl Lab, Div Mat Sci, Berkeley, CA 94720 USA

+ [3]Univ Sci & Technol China, Hefei Natl Lab Phys Sci Microscale, Hefei 230026, Anhui, Peoples
R China

+ [4]Univ Sci & Technol China, Dept Phys, Hefei 230026, Anhui, Peoples R China

+ [5]King Abdulaziz Univ, Dept Phys, Jeddah 21589, Saudi Arabia

E-mail Addresses: xiang@berkeley.edu

Funding
. Grant
Funding Agency
Number
. ) . FA9550-12-
US Air Force Office of Scientific Research
1-0197
‘Light-Material Interaction in Energy Conversion' Energy Frontier Research Center - DE-AC02-
US Department of Energy, Office of Science, Office of Basic Energy Sciences 05CH11231

Citation Network

54 Times Cited
36 Cited References
View Related Records

.‘ Create Citation Alert

(data from Web of Science Core Collection)

All Times Cited Counts

54 in All Databases

54 in Web of Science Core Collection
3 in BIOSIS Citation Index

2 in Chinese Science Citation
Database

0 in Data Citation Index
0 in Russian Science Citation Index
0 in SciELO Citation Index

Usage Count
Last 180 Days: 38
Since 2013: 210

Learn more

Most Recent Citation

Tan, Qing-Hai. Observation of
forbidden phonons, Fano resonance
and dark excitons by resonance
Raman scattering in few-layer WS2 .
2D MATERIALS, SEP 2017.

View All

This record is from:
Web of Science Core Collection
- Science Citation Index Expanded

Suggest a correction

If you would like to improve the quality
of the data in this record, please
suggest a correction.

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAgKv6Vyb5r6 XZA&page=74&...

12


https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Ye,%20Y&dais_id=1000564339&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Wong,%20ZJ&dais_id=38771721&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Lu,%20XF&dais_id=20101264&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Ni,%20XJ&dais_id=13421762&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Zhu,%20HY&dais_id=38605109&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Chen,%20XH&dais_id=3064009&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Wang,%20Y&dais_id=1000493817&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&author_name=Zhang,%20X&dais_id=92960615&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:hide_show('show_resc_blurb', 'inline');hide_show('show_resc_blurb_link', 'none');hide_show('hide_resc_blurb_link', 'inline')
javascript:;
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=LAYER+MOS2&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=VALLEY+POLARIZATION&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=ENERGY-CONVERSION&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=ROOM-TEMPERATURE&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=PIEZOELECTRICITY&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=TRANSISTORS&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=DISULFIDE&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=DIODES&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=2DegOAqKv6Vyb5r6XZA&field=TS&value=WSE2&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
javascript:hide_show('research_pref_org_exp_link_5', 'inline');hide_show('show_research_pref_org_exp_link_5', 'none');hide_show('hide_research_pref_org_exp_link_5', 'inline')
mailto:xiang@berkeley.edu
https://apps.webofknowledge.com/CitingArticles.do?product=WOS&REFID=499938594&SID=2DegOAqKv6Vyb5r6XZA&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=67&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=https%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d2%26log_event%3dyes%26product%3dWOS%26SID%3d2DegOAqKv6Vyb5r6XZA%26viewType%3dfullRecord%26doc%3d67%26page%3d7&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000364039800012&search_mode=CitedRefList&SID=2DegOAqKv6Vyb5r6XZA&parentProduct=WOS&parentQid=2&parentDoc=67&recid=WOS:000364039800012&PREC_REFCOUNT=36&fromRightPanel=true
https://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=https%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d2%26log_event%3dyes%26product%3dWOS%26SID%3d2DegOAqKv6Vyb5r6XZA%26viewType%3dfullRecord%26doc%3d67%26page%3d7&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000364039800012&parentProduct=WOS&parentQid=2&search_mode=RelatedRecords&SID=2DegOAqKv6Vyb5r6XZA&parentDoc=67
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=2DegOAqKv6Vyb5r6XZA&component=pct&forwardTo=None&qid=2&doc=67&colName=WOS&num_cited=54');
https://apps.webofknowledge.com/CitingArticles.do?REFID=499938594&SID=2DegOAqKv6Vyb5r6XZA&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=67&product=UA&betterCount=54&excludeEventConfig=ExcludeIfFromFullRecPage&fromPID=WOS&toPID=UA
https://apps.webofknowledge.com/CitingArticles.do?REFID=499938594&SID=2DegOAqKv6Vyb5r6XZA&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=67&product=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&fromPID=WOS&toPID=WOS
javascript:;
https://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=https%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d2%26log_event%3dyes%26product%3dWOS%26SID%3d2DegOAqKv6Vyb5r6XZA%26viewType%3dfullRecord%26doc%3d67%26page%3d7&srcDesc=RET2WOS&SID=2DegOAqKv6Vyb5r6XZA&qid=53&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=CitingArticles&queryNatural=no&doc=1&URL=%2Ffull_record.do%3Fsearch_mode%3DMostRecentCitingArticles%26qid%3D53%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26product%3DUA%26SID%3D2DegOAqKv6Vyb5r6XZA%26colName%3DWOS%26recordID%3DWOS%3A000406016900002%26doc%3D1
https://apps.webofknowledge.com/InterService.do?product=UA&toPID=UA&action=AllCitationService&isLinks=yes&highlighted_tab=UA&last_prod=WOS&fromPID=WOS&returnLink=https%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d2%26log_event%3dyes%26product%3dWOS%26SID%3d2DegOAqKv6Vyb5r6XZA%26viewType%3dfullRecord%26doc%3d67%26page%3d7&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&REFID=499938594&SID=2DegOAqKv6Vyb5r6XZA&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=67&excludeEventConfig=ExcludeIfFromFullRecPage&betterCount=54
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:void(0);
javascript:;
javascript: void(0)
javascript: void(0)
https://apps.webofknowledge.com/WOS_CombineSearches_input.do?product=WOS&SID=2DegOAqKv6Vyb5r6XZA&search_mode=CombineSearches
https://apps.webofknowledge.com/ViewMarkedList.do?action=Search&product=WOS&SID=2DegOAqKv6Vyb5r6XZA&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript:;
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAqKv6Vyb5r6XZA&excludeEventConfig=ExcludeIfFromFullRecPage&page=7&doc=66
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAqKv6Vyb5r6XZA&excludeEventConfig=ExcludeIfFromFullRecPage&page=7&doc=68
https://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&SID=2DegOAqKv6Vyb5r6XZA&search_mode=GeneralSearch
https://apps.webofknowledge.com/summary.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAqKv6Vyb5r6XZA&page=7

ARRRVAYAR Web of Science [v.5.25.1] - Web of Science Core Collection Full Record

View funding text

Publisher
NATURE PUBLISHING GROUP, MACMILLAN BUILDING, 4 CRINAN ST, LONDON N1 9XW,
ENGLAND

Categories / Classification
Research Areas: Optics; Physics

Web of Science Categories: Optics; Physics, Applied

Document Information

Document Type: Article

Language: English

Accession Number: WO0S:000364039800012
ISSN: 1749-4885

elSSN: 1749-4893

Journal Information

Table of Contents: Current Contents Connect
Impact Factor: Journal Citation Reports

Other Information
IDS Number: CV1TA
Cited References in Web of Science Core Collection: 36

Times Cited in Web of Science Core Collection: 54

67 of 449

© 2017 CLARIVATE ANALYTICS TERMS OF USE PRIVACY POLICY FEEDBACK

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAgKv6Vyb5r6 XZA&page=7&... 2/2


javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
https://toc.webofknowledge.com/ToC.cgi?locale=en_US;UT=000364039800012;SID=2DegOAqKv6Vyb5r6XZA;CCC_ReturnLink=https%3A%2F%2Fapps.webofknowledge.com%3A443%2F%2Ffull_record.do%3Fproduct%3DWOS%26search_mode%3DGeneralSearch%26qid%3D2%26SID%3D2DegOAqKv6Vyb5r6XZA%26page%3D7%26doc%3D67%26log_event%3Dno;Func=Links;CustomersID=CCCTOC;PointOfEntry=TOC;PublisherID=CCCTOC;ServiceName=TransferToWos;ServiceUser=Links;log_event=no;Product=WOS
javascript:;
https://apps.webofknowledge.com/CitedRefList.do?product=WOS&search_mode=CitedRefList&SID=2DegOAqKv6Vyb5r6XZA&colName=WOS&parentProduct=WOS&parentQid=2&parentDoc=67&recid=WOS:000364039800012&UT=WOS:000364039800012
https://apps.webofknowledge.com/CitingArticles.do?product=WOS&search_mode=CitingArticles&SID=2DegOAqKv6Vyb5r6XZA&parentProduct=WOS&parentQid=2&excludeEventConfig=ExcludeIfFromFullRecPage&parentDoc=67&REFID=499938594&alldbColName=WOS&colName=WOS
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAqKv6Vyb5r6XZA&excludeEventConfig=ExcludeIfFromFullRecPage&page=7&doc=66
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=2DegOAqKv6Vyb5r6XZA&excludeEventConfig=ExcludeIfFromFullRecPage&page=7&doc=68
javascript: void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)

