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Executive Summary

The Report on the Open SchaslIDeliverable 7.10 of the WQANTIMONYsroject. In our Work
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This Deliverable has been drafted by Dr Beritén (CSIC), thdetwork Coordinatorof the

project, as well as organizer of the evelttreports on the organization of th&day International

t}EI*Z}% ~IY Zh "W [/vS EvV S]}v o t}EI*Z}% }v vSlu}v] « Z e & Z

took place at the Kuesml Congress Center in San Sebastian, Spain, from July 1st to 3rd, 2024.

The agendaof this workshop included 27 talks divided in 9 sessions,15 postas and 2
networking/ social events, includirgbanquet dinner

IQARUS had an attendance o6 participants 27 attendants from QUANTIMONY beneficiary
organizations, 5 from partner organizatiqri® invited speakerand 2 other attendants from
external organizations37 attendants were from consortium organizations and 9 from external
organizations.
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1. OrganizatiorandDetails of the Event

IQARUS®rganization

As per the QUANTIMONY Grant Agreement, Annex 1, the Open School was intended to take place on
the summer of 2023vith a duration of 5 daysThe event shalave a large lecture component and

be open to participation from the wider research and industrial community, building towards the

launch of a specialist conference series, either stand alone or as a parallel session of a major
semiconductor conference.

On January 2023The Consortium's Management Board and Supervisory Board agrewdanize

the Open Schoone year later, on the Summer of 2024 &hé last year of ESfecruitment,to allow

ESRs more time to have more mature results. It was also agreedgtmize the event asna
internationalworkshop, encouragg outside participatiorby inviting first-rate scientistsin the field

as Keynote Speakers.

The Open School was finally organized by CSIC asth€3/vS Ev S]}v o t}EI*Z}% v u "/Y
Interv S]}v o t}EI*Z}% }v vSJu}lv] ¢« Z e €& Z v h%e o0o]JvP_X /8 §}} %oc
the Kursaal Congress Center in San Sebastian, Spain, from July 1st to 3r4, &2fidated website
(https://igarus.org and visual identity were developed for IQARUS to incréasgsibilitybefore and

after the eventand to ensureseamless participation and organization

Formation of Steering CommitteeA Steering Committee was established to oversee the scientific
and technical content of IQARUS, ensuring Highlity discussions and presentations. The
committee included the following Principal Investigators and ESR supervisors from the QUANTIMONY
consortium:

x Dr. Benito Alén (CSIC, ES)

Dr.Jose Maria Ulloa (Universidad Politécnica de Madrid, ES)
Prof. Manus Hayne (Lancaster University, UK)

Prof Richard Beanland (Warwick University, UK)

Prof. Paul Koenraad (Technical University of Eindhoven, NL)
Prof Michael Flatté (Technical University ofdboven, NL)

Dr. Andrei Schliwa (Technical University of Berlin, DE)

Prof. Matthias Auf der Maur (University Tor Vergata, IT)

Prof. Sven Hofling (Wirzburg University, DE)

Dr Fabian Hartmann (Wirzburg University, DE)

Prof Michael Heuken (AIXTRON AS, DE)

Dr. Iwan Davies (IQE plc, UK)

Dr. Stefan Birner (nextnano GmbH, DE)

X X X X X X X X X X X X

Engagement of TIS& San Sebastian as location

San Sebastian was chosen as the host location for its ideal facilities at the Kursaal Congress Centre as
well as its weather and beautyp make it attractive for invited speakers to come. Support from the

local TISA event organization group was contrabe&SI@ ensure the smooth organization of the
workshop.


https://iqarus.org/
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Involvement of ESRis the organization of IQARUS:

Following the GA, Annex dtipulations, Earhbtage Researchers (ESRs) played a crucial role in
organizing the event, allowing them to gain hamafsexperience in event management. They were
responsible for identifying gaps in previous training activities and proposing new tapids)g
renowned speakersthus contributing to the overall planning. The Principal Investigators
collaborated with ESRs in selecting and inviting speakers, as well as managing the travel
arrangements for invited guests in coordination with TISA.

Selection of participants and call for abstracts:

Apart from thescheduledtalks, acall for abstractswas openand three students fromexternal
organizations contributé to IQARUSVith a poster presentation.

Details of the event

Theprogramof IQARUMcluded 27 talks divided in 9 sessioagmoster sessiomwith 15 posters
presentedand networking/ social even{&omplete IQARUS program is in Annex ).

Monday July ist Tuesday July 2nd Wednesday July 3rd
8:30 Registration
5 9:16 fie mi Registration
Session 1 (Alér Session 4 (Flatte Session 7 (Schineller)
8:30 x ey ! ( e lanopl mb}
rld f )
: 10:15 " _,'“ i candido (U Towa Ramos (IR Nova AB)
i 14:00
Session 2 (Ulloa Session 5 (Beanland) Session 8 (Birner)
§ 11:45 Algorsa U Madrid Hakkarine U Tampere Motyka (U Wroclaw)
: 412:45 ‘ESR 2 Schwarz (TU Madrid): ESR S Acar (U Lancaster ESR 14 el bl
: AIXTRON
: Sieitaifa 3= o = - 2 ESR 10
: 12:45 ESR 4 - Xia (U Lancaster) - ESR 9 - Leguay (TU Berlin) s
: 2 (U Wuerzburg)
i 13:45 ¥ unih catering
Session 3 (auf der Maur) Seasion B (Koenrand) Sesaion B (Llorens)
é i5:00 S8roderick (UC Cork Timm (U Lund) Kesarfa (U Cardiff)
: ESR 8"~ Zanon : ESR'E -“alvarado 2 ESR 1372 Sato
15:30 :‘TYJ Eindhoven) (U Narx (noxtnano GmbH)
: ap
i 18:00 ESR 14 - Liu (IQE ple) T” ESR 1 - Barbieri (CSIC
ESR 11 Luan : fernandez de los A s U
: 16:30 (U Tor Vergata) : (U Cad Hartmann Wuerzburg)
17:00 Poster session
§ 17:30 Poster sesatior
i 18:30

Banguet (Saldén Elcana -

Registration Sessions ESR Banguet

Figurel- IQARUS agenda

IQARUS had an attendance & participants:27 attendants fromQUANTIMONYeneficiary
organizations, 5 from partner organizations,idited speakerand2 other attendants IQARUS
received attendants from @xternal organizations
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List of invited speakers:

Dr. Teemu HakkarinefTampere University1)

Dr.Rainer Timm (Lund University, SE)

Dr.RaménAguado(Insituto de Ciencia de Materiales de MajiES)

Dr.Candido Denis R. (University of lowa, US)

Prof.Dieter Bimberg (Bimberg Chine&erman Center for Green Photonics, DE)

Dr. ChristopherBroderik (University College Cork, IR)

Dr.Fernandg Gonzalez?osadgUniversity de MontpellierFR)

Dr. DavidRamogIRnova ABSE)

Dr.DanielF. ReyegUniversidad de Cadiz, ES)

Dr.d@E]+3 v "u}sl ~tE} s A hv]A E+]3C }( "~ ] v v d Zv}o}PCU W>
Dr.Marcin Mo3C|l ~t@E} s A hv]A E«]J5C }( ] Vv v d Zv}o}PCU W>e.
Dr.Conal Murphy (Tyndall National Institute, IR)

Dr.Manoj Kesaria (Cardiff University, UK)

Carlos Algora (Universidad Politécnica de Madrid, ES)

X X X X X X X X X X X X X X

Figure 2- Talk and pubiic at the seminar room at Kursaal

2 cial activitieswere organized, the officiddanquetdinner, which took placat the Maria Cristina
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hotel onJuly 2ndandwelcomeReceptionat the San Sebastiadquariumon June 30th

Figure 3- Poster session, group photo and weicoming drinks
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2. Communicabn & Disseminatiomnaterials
Communication outputs
dZ (}oo}A]JvP }Yuupv] 3]}V }Iud%puse A E % E} (JE 2]« A vs A]S.
and logo:
X A dedicatedwebsite (https://igarus.org and visual identity were developed for IQARUS. The
website is structure similarly to those of international conferences, with sections for
registration, abstract submission, organizing committees, and dissemination of event outputs.

o
| Q A R U S (IME PROGRAM  BOOK OF ABSTRALT LOCATION (OMMITTEES [MVITED SPEAKERS REGSTRATION
— e

[QARUS

International Workshop on Quantum
Antimonides Research & Upscaling

1-3/07/2024

. Kursaal o,
Donostia/San Sebastian

Figure2 - Homepage of IQARUS website

X A podium for speakers
X W}es E+ Al3Z §Z
X Lanyards with IBbadges

o

IQARUS

BENITO ALEN

INSTITUTE OF MICRO AND
< NANOTI 0LOGY ,
IMN-CSIC' (SPAIN)



https://iqarus.org/
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Dissemination- Book of Abstracts:

The primary dissemination output of the event we
the Book of Abstractgin Annex Ilwhich compiled !‘ _
abstracts submitted by5Z A v3[+ % B} ’ )
documentisfreely accessibl the wider community
via the IQARUS website

Merchandising:
IQARUS merchandising objects such as those in F
(water canteens, tote bags, notebooks and pens) w
§Z A vi[e o0o}P} A E ]*SE]
participants:


http://www.iqarus.org/abstract-submision/
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Annex | EventProgram& Attendancelist
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Attendanceo IQARUSVorkshop

List of attendants (ivited speakers in bold)

Annex lIBook of Abstracts
This Annex shows the Book of Abstracts of the IQARUS event, publicly available for diwrgbad
and attached to this document too.
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interconnects”, IEEE J.

%LPEHUJ SDWHQWV LQ WKH (8 86 DQG &1 H J (3
%LPEHUJ SDWHQWV LQ WKH (8 86 DQG &1 H J (3

%LPEHUJ SDWHQWV WKH (8 86 DQG &1 H J (3

[1] G. Larisch, R. Rosales, and D. Bimberg, “Energy efficient VCSELs for 200+ Gb/s optical

6HOHFW 7RSLFVLQ4XDQWXP (OHFWURQLFV

and G. Larisch, S. Tian, D. Bimberg, “Optimization of VCSEL photon lifetime for minimum energy consumption at varying
bit rates”, Optics Express 28, 18331 (2020)

> @* /IDULVFK 6 7LDQ DQG"

> @0$0DULFDU 6 7LDQ DQG"
> @* /IDULVFK 6 7LDQ DQG'"






SESSION 2

o0



Invited: Status of III-V flexible solar
cells for high power density applications
at the Solar Energy Institute of UPM

&DUORYV $OJRUD 3DEOR ) 3DODFLRV 'DQLHO *yPH]

&LIXHQWHY OHUFHGHV *DEiIVDQG ,YiQ *DUFtD
, QVWLWXWR GH (QHUJtD 6RODU 8QLYHUVLGDG 3ROLWPpPFQLFD
FDUORYV DOJRUD#XSP HV

‘H DUH GHYHORSLQJ IOH[LEOH DQG OLJKWZHLJKW ,,, 9 PXOW
GHQVLW\DSSOLFDWLRQVVXFKDVVDWHOOLWHYV XQPDQQHGTE
6DWHOOLWHY +$36 DQG KLIJIK DOWLWXGH VWUDWRVSKHULF
FKHDS DQG ZLGHVSUHDG LQWHUQHW FRQQHFWLYLW\ HWF :H
R1,,, 9VRODUFHOOV FRYHULQJWKHUDQJHIURP N: NJWR N:
VRODUFHOOLWVHOIDQG QRW WKDW RIWKHPRGXOH 2XUDSE
ROQOLQYHUWHG VRODUPXOWLMXQFWLRQVRODUFHOOV :HKDY!
PHWDPRUSKLF VRODU FHOOV ZLWK D SRZHU GHQVLW\ RI N: |

,Q DGGLWLRQ ZH DUH GHYHORSLQJ ORZHU FRVW GHVLJQ
*D,Q3 *D ,Q $Vv *H - ODWWLFH PDWFKHG VRODU FHOOV ,Q WK|
PRGHOOLQJ PDQXIDFWXULQJDQG FKDUDFWHUL]DWLRQ RI WK
that solar cell thicknesses of 30 and 60 pm with 20 and 10 pm of Ag rear contact, respectively,
UHTXLUH FHOO HIILFLHQFLHV RI WR DFKLHYH VXFK SRZHU G
ZRXOG UHOD[ WKH HIILFLHQF\ WDUJHW EHORZ 2SWLPL]DW
'LVWULEXWHG %YUDJJ 5HIOHFWRU '"%5 FDQ DFKLHYH %2/ %HJ
$0 IRU WKLFNQH V MVeb\inJiithoatl a@yadditional rear passivation. We
KDYHPDQXIDFWXUHG FRP $® HMNMHCOWR IQL ¥ & H G MR@ Q WHHOCDW’ H
HSLZDIHUWRDOORZD GLUHFW FRPSDULVRQ 7KHFKDUDFWHU
WKH HIILFLHQF\ RI ERWK FHOOV LV WKH VDPH HQDEOLQJ D VI
VXUIDFH SDVVLYDWLRQLQ WKLQQHG IOH[LEOH VRODU FHOO\
N: NJKDYHEHHQ SUHOLPLQDU\DFKLHYHG






Scaling of ULTRARAM: Fabrication,
characterization and stimulation of III-V
compound-semiconductor non-volatile memory

LX[LQ ;lBHWHU ' +RGDWOXY +D\QH

OHDG SUHVHQWHU

[ [LD #ODQFDVWHU DF XN "HSDUWPHQW RI 3K\VLFV /DQFDVW
AXLQDV 7THFKQRORJ\/LPLWHG 8.

$PXOWLSOLFLW\RIVWXGLHVLQWKHODVWIHZGHFDGHV KDV
ZLWK WKH JURZLQJ GHPDQG IURP WKH PDUNHW '5%$0 DQG |1
GRPLQDWLQJLQPDLQPHPRU\DQGPDVV GDWDVWRUDJHUHVS]
E\WKHLU LQKHUHQW G U D ZspeRdFrdvory, b & Lovatle Krcd iKs built on
DVLQJOH WUDQVLVWRUDQG FDSDFLWRU DUFKLWHFWXUH DQ
PHPRU\ FRQVWUXFWHG IURP IORDWLQJ JDWH PHWDO R[LGH
)*026)(7V LV FDSDEOH RI KROGLQJLQIRUPDWLRQ ZLWKRXW
OLPLWHG E\SRRUHQGXUDQFHDQG SURJUDP HUDVHVSHHGV D
EDUULHU OD\HU WTReford S Weell eFikienU XKD LY H U V D @aPH@R U \

WKH VSHHG DQG HQGXUDQFH RI '5$30 ZLWK WKH QRQ YRODWL(
VRXJKW VROXWLRQ EXW ZDV WKRXJKW LPSUDFWLFDO GXH W
GHYLFH ZRXOG UHTXLUH

2ULJLQDWLQJIURP,,, 9 FRPSRXQ G ¥HIP\L B RRY XOWPRIP\R BV A$S O
DSDWHQWHG WULSOH EDUULHU UHVRQDQW WXQQHOOLQJ VW
RIIVHWY EHWZHHQ ,Q$V5i3Q RE¥WESH WB/RFBBYV IODVK ZLWK RUGH !
ORZHU VZLWFKLQJHQHUJLHV > @ 6LPXODWLRQV RQ WKH 7%5
WR YDULDWLRQ LQ OD\HU WKLFNQHVVHV RI JURZWK > @ ZKLF
RQ ODUJH ZDIHB$Y GH¥iFHV ZLWK JDWH GLPHQVLRQV RI —P K
VXEVWUDWHY IDEULFDWHG DQG FKDUDFWHUL]JHG GHPRQ
VHPLFRQGXFWRULQGXVWU\PDQXIDFWXULQJ> @ 6FDOLQJGI
8/75%$0s PLQLDWXUL]DWLRQ URXWH WRZDUGV FRPPHUFLDOL
DQG DQDO\VLV RIWKHVFDOERUBRHYLOHUH FHOO 8/75%

7KHILUVW DWW HF%HVBY RWRW\S$H GHYLFH IDEULFDWLRQ XVHG I
LVLQFRPSDWLEOH ZLWK VFDODELOLW\ (DUO\ DWWHPSWV DW
IURP FKDQQHO UHDGRXW LVVXHV FDXVHG E\ WKH SRRU FRQG
LQHYLWDEOH FKDQQHO RYHU HWFKLQJ 7KLV KDV EHHQ UHV
LPSURYHG GHYLFH JHRPHWU\ WKDW PDLQWDLQV DOO PHULW!
VWXGLHY E\HOHFWURQ PLFURVFRS\KDYH SURYLGHG WKH LP¢
LQWHUPL[LQJDQG VHJUHJDWLRQ DW LQWHUIDFHV RI WKH 7%¢E
ZRUN ORRNLQJ DW VLPSOH FKDQJHV LQ 7%57 OD\HU WKLFNQH
VXFK DV HQGXUDQFH DQG UHWHQWLRQ DV ZHOO DV VLPXOTL
GLVFXVVHG ,Q WKLV VWXG\ ZHSUHVHQW ILQGLQJV IRU WKH I
DPLOHVWRQHLQ WKHPLQLDWXUL]DWLRQ URXWH WRZDUGV Q

$ F N QR Z O H GThH Wdrk@ Ypported by European Union’s Horizon 2020 research and innovation programme under the

Marie Sktodowska & XULH JUDQW DJUHHPHQW Qf SURMHFW 4XDQWLPRQ\
> @ 7L]QR RPWREFELHQWLILF UHSRUWYV > @/DQH 'RPLQLF DQG +D\QH 0DQ
$SSOLHG 3K\VLFV > @QHVR®@YRQFBIEBWEBHEWURQLF ODWHULDOV

%LUQHU :HEVLWHRIQH[WQDQR *PE+ FRPSDQ\ DYDLODEOHDW KWWSV ZZZ QHI[V

10
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Invited: Quantitative in silico design of
Sb-based quantum-confined heterostructures
for optical emission and absorption

&yQDO OXUB&KA O'Reilly DQG &KULVWRSKHU $ %URGHF

7\QGDOO 1DWLRQDO ,QVWLWXWH 8QLYHUVLW\&ROOHJH &RL
6FKRRO RI 3K\VLFV 8QLYHUVLW\&ROOHJH &RUN &RUN
SUHVHQWLQJ DAXXWKRWRIKHW EURGHULFN#XFF LH

/KHEURDG VFRSHIRUDSSOLFDWLRQV RIFRPSDFW DQG HIILFL
LQIUDUHG ZDYHOHQJIJWKYV FRQWLQXHV WR GULYH VWURQJ U
KHWHURVWUXFWXUHY EDVHG RQ DQWLPRQLGH ,,, 9 VHPLFRQ!
UHFHQWO\ HI[SORUHG FODVVHV RI VXFK KHWHURVWUXFWXUH\

JLUVW ZH GHVFULEH WKH HOHFWURQLF DQG BB WQ®&HY SURSH
TXDQWXP ZHOO 4: /('"VJURZQRQ *D$V VXEQWWYBWWNDKRUSK DF
EXIITHUOD\HU 0%/ > @ ([SORLWLQJODWWLFHHQJLQHHULQJ
FRPSUHVVLYHO\ VWUDLQHG 4:V SRVVHVVLQJ WXQHDEOH W\St
EHQHILWV RI VWUDLQHG 4:V WR WKH PLG LQIUDUHG 7KHRU\
DELOLW\WRLQFUHDVHWKH UDGLDWLYHUHFRPELQDWLRQ UD)
ZKLOH DFWLYDWLRQ HQHUJ\ $UUKHQLXV ILWWLQJ LQGLFD!
FRQGXFWLRQEDQGRIIVHWDOORZV WRPLWLJDWH WKHUPDO C

BHFRQG ZH H[WHQG R XIDP¥XWD\EDRGY IRU 4:V WR WUHDW \
S8WLOLVLQJ WKH QDWXUDO SHULRGLFLW\ DVVRFLDWHG ZLW|
QXPHULFDOO\ HIILFLHQW FRPSXWDWL®BOR IPA/QH.E B BV URLQ/LSH
XWLOLVLQJD FDOFXODWLRQDO VXSHUFHOONGBYHQWHQWRE /L
HLJHQVWDWHY DV LQSXW DQG H[SOLFLWO\ DFFRXQWLQJ IR
HPLVVLRQ VSHFWUD DQG WKH UDGLDWLYH UHFRPELQDWLRQ
EURNHQ JDS 6/ VIVWHP ZH L TXDQWLI\ WKH LPSDFW RI PL
UHFRPELQDWLRQ DQG LL SHUIRUP KLJK WKURXJKSXW FD
WHPSHUDWXUH UDGLDWLYH UHFRP E L DuhWavRequth Ritgd [11.FLHQW %

7KLUG ZH DSSO\ RNUSPXFOWVWVODWDRQ IUDPHZRUN WROA6MWSH ,, ,C
JURZQ RQ *D6E VXEVWUDWHY :KHQJURZQRQ> @ *D6E ,Q%$V
6E FRPSRVLWLRQ LQDGGLW|ISFEQ W\RIWWHKI|LGSWVBYGHYSWKHQ D
VWUDLQ EDODQFHG W\SH ,, 6/ VWUXFWXUHYV > @ 7KLV HIIHF
UHJLPHVY L WKLFNOD\HUV ZLWKORZG6EFRPSRVLWLRQ RU L
‘HV\VWHPDWLFDOO\ YDU\WKH OD\HU FRP SRV LNVG R HIQEEH W WL
6/ HLIJHQVWDWHYV DV LQSXW FRPSXWH WKH RSWLFDO DEVE
photodetector applications by maximising optical absorption at wavelengths close to 5 um.

> @ ( 5HSLVR & $ WURGHULFN O GHODODWD 5 $UNDQL-43KXV$'5%SS@DBYKDOO
[2] C. Murphy, E. P. O’Reilly and C. A. Broderick, - 3K\V ' $SSO 3K\V

>@& $ %URGHULFN 6 -LQ , 3 ODUNR . +LOG 3 /XGHZLJ = /| %XVKHOO : BWR(
DQG 6 - 6ZGIFHQBHS

12









Empirical Tight-Binding simulations for
disordered semiconductor alloys

S3KDQ $3HFFKLDL $LWR6KRFFRGDWHI'GHU ODXU 0
OHDG SUHVHQWHU

anh.luan.phan@uniroma2.it, University of Rome “Tor Vergata”, Italy

,601 &15 ,WDO\

7KH DOOR\ GLVRUGHU LV RI FUXFLDO LPSRUWDQFH LQ RSW
PDWHULDOV 2Q WKH RWKHU KDQG WKH DOOR\ OLNH FRQILJX
FDVHV R KHWHUR LQWHUIDFHY GXH WR DWRPLF LQWHU GLIIX
DOOR\HG PDWHULDOV DQG DOOR\ OLNHFRQILIJIXUDWLRQV WK
LUUHJXODUDQG FRPSOLFDWHG ORUHRYHU LQ SUDFWLFH WK
DFURVV WKH ZKROH V\VWHP ZKLFK DGGV HYHQ PRUH FRPSOF
LPSDFWV RI WKHDOOR\GLVRUGHU RQ HOHFWURQLFDQG RSW
QHHG RI WKHRUHWLFDO PRGHOV WR LQFRUSRUDWH WKH DOO
HOHFWURQLFDQG RSWLFDO SURSHUWLHV RI WKH PDWHULDO!
OLNHGHQVLW\IXQFWLRQDO WKHRU\ ")7 LVSUHIHUDEOH EXW
OLPLWYV LWV DSSOLFDELOLW\ VLQFH WKH UDQGRP DOOR\ VLP
VWUXFWXUH FRQILIXUDWLRQV $VDQDOWHUQDWLYH WKHHP
DOVRDQ DWRPLVWLFPRGHO FDQ ZHOO EDODQFH EHWZHHQ W
DFFXUDF\

2l WKH YDULRXV (7% VFKHPHV HYHU SURSRVHG RQH RI WKH P!
,9DQG ,,, 9, VHPLFRQGXFWRUV LV WKDW RI -DQFX HW DO > ¢
YDULDQWY PRGLILFDWLRQV DUH OLPLWHG LQ WUHDWLQJ VWL
LPSRUWDQW FRUUHFWLRQVDFFRXQWLQJIRUWKHFKDQJHV LC
FRPSDUHG WR WKDW LQ WKH EXON FDVHV &RQVHTXHQWO\ -D
JDSV YDULDWLRQV RIVRPHLPSRUWDQW ,,, 9 DOOR\V VXFK D\
DSSURDFKHVLQWKHIUDPHZRUNRI (7% WKDW FDQ UHVROYH W
SRZHU RIODFKLQH /HDUQLQJ 0/ WR DGG WKH SURSHU FRUUHF
LRQ E\OHDUQLQJ IURP UHIHUHQFH ")7 WDUJHWYV 7KLV 0/ EDV
work very well for Jancu’s scheme without introducing extra parameters to the ETB model. On

WKH RWKHU KDQG D SK\VLFV EDVHG DSSURDFK EDFNHG E\ D LU
> @ BsGthe limitation of Jancu’s scheme by adding parameters accounting for the

FRUUHFWLRQV IURP WKH PXOWLSROH H[SDQVLRQ DQDO\VLYV F
KRSSLQJHQHUJLHYVY 7KLV QHZVFKHPHLQ IDFWFDQDOVRJLY
ZLWK WKH H[SHULPHQWDO GDWD :H ZLOO DQDO\]H WKH SUR\
GHPRQVWUDWH DQ SUDFWLFDO DSSOLFDWLRQ RI (7% LQ OD
GLVRUGHUHG VHPLFRQGXFWRUDOOR\*D$V6EDVDQH[DPSOH
DJUHHPHQW ZLWK WKH H[SHULPHQWDO REVHUYDWLRQV ZKLI
PHWKRGLQLQYHVWLIJDWLQJGLVRUGHUHGDOOR\HG VWUXFW

> @M Jancu, R. Scholz, F. Beltram, and F. Bassani, “Empirical spds* tight ELQGLQJ FDOFXODWLRQ IF
VHPLFRQGXFWRUYV * th@Qdridl garamPrdds\W iz Redd. B ,Gol. 57, pp. 6493—

[2] Y. Tan, M. Povolotskyi, T. Kubis, T. B. Boykin, and G. Klimeck, “Transferable tight ELQGLQJ PRGHO IRU
VWUDLQHG JU RXnSteraldad Geterostructures,” Phys. Rev. B, Y RO S
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Keynote: From Majorana to Andreev and

back.

5DPyQ $JXDGR
, QVWLWXWR GH &LHQFLD GHODWHULDOHV GHODGULG ,&
UDJXDGR#LFPP FVLF HV

7KHLQWHUSRDERWFRBRXQSOLQJ =HHPDQ ILHOGV DQG ORZ GHQV
GHYLFHV ,Q$V ,Q6E SUR[LPLWL]JHG E\VXSHUFRQGXFWRUYV FI
LQWR D WRSRORJLFDO VXSHUFRQGXFWLQJSKDVH ZLWK 0DMR
UHPDUNDEO\ 0=6V GR QRW IROORZ IHUPLRQ VWDWLVWLFV XC
ODMRUDQD EXW UDWKHU SRVVHVV QRQ $EHOLDQ H[FKDQJH V!
WKHLU WRSRORJLFDO SURWHFWLRQ DJDLQVW ORFDO QRLVH

WRSRORJLFDO TXDQWXP FRPSXWLQJ> @ +RZHYHU DIWHU PR
H[SHULPHQWDO HIIRUW WRZDUGV WKH XQDPELJXRXV GHWHFW
WKDW GLVWLQJIXLVKLQJWKHP IURP VXEJDS $QGUHHY ERXQG \
DUH XELTXLWRXV LQ VXFK K\EULG VHPLFRQGXFWRU VXSHUFR
PHFKDQLVPV LV H[WUHPHO\GLIILFXOW ,QWHUHVWLQJO\ WK
> @ KDV KHOSHG XVWR XQGHUVWDQG WKDW IDUIURP EHLQJELC
EHXVHG WR GHVLJQ QHZ TXELW FRQFHSWV 2QH SURPLVLQJU
DTXDVLSDUWLFOHRFEXS\LQJDQ $%6LQD T TXDQWXP GRW EDV
(PEHGGLQJVXFKVXSHUFRQGXFWLQJVSLQ TXELWLQDVXSHU
LOQWULQVLF VSLQ VXSHUFXUUHQW FRXSOLQJSURYLGLQJDQF
HOHFWURG\QDPLFV IRUFRKHUHQW FRQWURBL W HFRE B R WQIQG
%\ H[WHQGLQJ WKLV LGHD WR-RVHSKVRQ MXQFWLRQV EDVHG
RQHFRXOG GHPRQVWUDWHDPLQLPDO ODMRUDQD 7UDQVPRQ
SDULW\ > @

> @GDMRUDQD TXELWV IRUWRSRORBDIPFMSTIXDQR XM RRBPEXWHQHRRYHQ 3K\VI

> @WRP$QGUHHY WR ODMRUDQD ERXQG VWDWHYV LQ K\EU{LGWXBHLGER QG XFW
3DEOR6DQ -RVH OLFKLHO :$GHORRU $WWLOD *HUHVGL (GXDUGR -+ /HH
I1\JnUG 5DPyQ $JXDGR /HR 3 .RXZHQKRYHQ 4DWXUHOS5HYLHZ 3K\VLFV
SDIJHVSDJHV

> @LQJOHW 'RXEOHW 7UDQVLWLRQV RID4XDQWXP 'RW -RVHBKYRQ -XQFWL
% DUJHUERYV \ad2lLROkTitkd, Wshs Avila, LukasJ. 6 SOLWWKRII /XNDV *UsQKDXSW -DDS -
&KULVWLDQ . $QGHUVHQ <X /LX /HR3 .RXZHQKRYHQ 5DPyQ $JXDGR $QJ!
+HFN 35;4XDQWXP

> @SHFWURVFRS\RI6SLQ 6SOLW $QGUHHY /HYHOV LQ BUGRR QW XB HR\WE ZV W K
0 D U W D/iddl,\RdR Zitko, Lukas J. Splitthoff, Lukas Griinhaupt, Jaap J. Wesdorp, Yu Liu, Leo P.

.RXZHQKRYHQ 5DPyQ $JXDGR &KULVWLDQ .UDJOXQG $QGHUVHQ $QJHOD
/HWW

> QUHFW PDQLSXODWLRQRIDVXSHUFRQGXFWLQJVSLQTXELW VWURQJO\
Arno Bargerbos, Rok Zitko, Lukas J Splitthoff, Lukas Griinhaupt, Jaap ] Wesdorp, Yu Liu, Leo P

.RXZHQKRYHQ 5DPyQ $JXDGR %HUQDUG YDQ +HFN $QJHOD .RX &KULVWL|
3K\VLFV

SDJHV

> GWLQLPDO .LWDHY WUDQVPRQ TXELW EOMVHKG R Q IGIRX BXHE p @ B @ WIX® Hs RRXW
$IXDGR 3K\V 5HY %
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Quantum oscillations as a tool for
unraveling band structures

&DQGLGR ' 5
GHQLY FDQGLGR#XLRZD HGX 'HSDUWPHQW RI3K\VLFVDQG $
86%

6KXEQLNRY GH +DDV 6&RU RXB QWXPWMcQRYO YWURQE DV
SDUDGLJPDWLF H[SHULPHQWDO SUREHDQG WRROIRUH[WUDF
FDUULHUGHQVLW\ HIIHFWLYHPDVV =HHPDQVSOLWWLQJZLW
Rashba a and Dresselhaus Bspin RUELW 62 FRXSOLQJSDUDPHWHUV $QDO\
6G+ RVFLOODWLRQVDUHDYDLODEOHIRUVRPHVSHFLDO FDVH
IRUWKH YDVW PDMRULW\ RI SDUDPHWHU VSDFH ZLWK DOO WK
H[SHULPHQWV DQG PDQ\ WKHRUHWLFDO PRGHOV ZKLFK ZHUF
WKHDQDO\WWLVDQGLQWHUSUHWDWLRQ RIH[SHULPHQWDO GD
DQDO\WLFDOIRUPXODWLRQIRUWKHG6G+RVFLOODWLRQVRI '
SDVKED '"UHVVHOKDXV DQG =HHPDQ LQWHUDFWLRQV RYHU D
ORUH LPSRUWDQWO\ ZH GHULYH D VLPSOH FRQGLWLRQ IRU
KDUPRQLFVLQ '"(*VLQWKHSUHVHQFHRIERWKS5DVKED 'UHV)\
JRUWKHFRQGLWLRQVLQ ZKLFKDQDO\WLFDO UHVXOWVDUH QI
DQXPHULFDO PHWKRG IRUVWXG\LQJ6G+ RVFLOODWLRQV LQ\
DQG =HHPDQLQWHUDFWLRQ DQGDOVRIRUDQLQ SODQH FRP

JXUWKHUPRUH ZH GHPRQVWUDWH WKDW ZKHQ WKH QRQ
electronic system is produced by inverted bands with “Mexican hat” shape, SdH oscillations
VKRZDQDQRPDORXVY EHDWLQJ SDWWHUQ WKDW LV VROHO\ G X
> @ 7KHVH EHDWLQJY DUH GLVWLQFW IURP EHDWLQJV RULJ
SURYLGHD GLUHFW ZD\ WR H[SHULPHQWDOO\ SUREH WKH QRC
DEXONPHDVXUHPHQW )XUWKHUPRUH WKH)RXULHU WUDQVI
RIWKH)HUPLHQHUJ\DQG TXDQWXP FDSDFLWDQFHPRGHOV DC
JDSDQGJIJDSDW]JHUR PRPHQWXP > @

)LQDOO\ ZH DOVR GLVFXVV 6G+ RVFLOODWLRQV LQ '(* R
(X2 .72 DQG /D$02 6U7L2 /$2 672 7R DFFXUDWHO\ UHVRO
FRQGXFWHG WUDQVSRUW PHDVXUHPHQWY LQ KLIJK PDJQHWLI
GRZQ WR P.>@ )RU "FRQILQHG HOHFWURQV DW ERWK LQW
LQFUHDVH RI RVFLOODWLRQV IUHTXHQF\ DQG F\FORWURQ PD
WKHVHLQWULJXLQJILQGLQJV GXHWR WKHODUJHHIIHFWLYH

> @ '5&DQGLGR 6, (UOLQJVVRQ +*UDPL]DGHK -9, &RVWD 3-:HLJHOH '0 =

@ + *UDPL]DGHK '5&DQGLGR $0DQROHVFX -& (JXHV 6, (UOLQJVVRQ 35
'5&DQGLGR 6, (UOLQJVVRQ -9, &RVWD DQG-& (JXHV DU;LY

>
> @
> @ .P5XEL '5&DQGLGR HW DO DU;LY
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Invited: Telecom wavelength non-classical
light sources based on GaSb quantum dots
grown by filling droplet-etched nanoholes

7HHPX +DNNDUDLQHQ
,OQOVWLWXWHRI$SGYDQFHG 6WXG\ 8QLYHUVLW\RI7DP

WHHPX KDNNDUDLQHQ#WXQL IL
$EVWUDFW
6ROLG VWDWH VLQJOHDQG HQWDQJOHG SKRWRQ HPLWWHUYV
RSWLFDOILEHUVHQDEOHD QHZJHQHUDWLRQ RITXDQWXP ED
HSLWD[LDO VHPLFRQGXFWRU TXDQWXP GRWV 4'V SDYH WEK
IDEULFDWLQJ GHWHUPLQLVWLFQRQ FODVVLFDO OLJKW VRXU
RUHOHFWURQLF FRPSRQHQWYV LQ PLQLDWXUL]JHG IRUP +HU
V\VWHPEDVHGRQ *D6E4'VIRUPHGE\ILOOLQJGURSOHW HWFK
KDV EHHQ SUHYLRXVO\ XVHG IRUWKH VWDWH RI WKH DUW VL
*D$V EDVHG PDWHULDOV HPLWWLQJDW ZDYHOHQJWKYV VKRUYV
WKH *D6E 4'VHIKLELW KLJK KRPRJHQHLW\ DQG VPDOO ILQH V
*DS$VFRXQWHUSDUWY WKH\DOVRHQDEOHVLQJOH SKRWRQ H!
SURVSHFWVIRUH[WHQGLQJWRZDUGY —P 7KHVHSURSHUWLF
SKRWRQLFDSSOLFDWLRQV UHTXLULQJFRPSDWLELOLW\ ZLWHK

[1]J. Hilska et al. Cryst. Growth Des. 21 1917-1923, 2021

@% &KHOOXHWDO $3/0DWHULDOV SS

- /ILXHWDO 1DWXUH1DQRWHFKQRORJ\

" +XEHUHWDO 1DWXUH &RPPXQLFDWLRQV
6FKR|OO HWDO 1DQR/HWWHUV

" +XEHUHWDO 3K\V 5HY /HWW

>
>
>
>
>
> - OLFKOHWDO $GY 4XDQWXP 7HFKQRO

OISISIGIO)
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> @* ORRBBDBK\V 3KRWRQLFV
' +RGJHRMQPROXUQDO RI $SSOLHG 3K\VLFV
> @0 +HOMIARIOH SKRWRQ VRXUFH



Optimization of semiconductor devices
using evolutionary algorithms and
nextnano++

[ THJIXDIS. Maczko, $ 6FKOBZ®WHLUQHU

O OHJXD\#WX GWHWWDOWRWHIRI 6ROLG 6WDWH 3K\VLFV 78 %HUO
QH[WQDQR *PE+ OXQLFK *HUPDQ\

7KH YDVW SRWHQWLDO RI,,, 6E VHPLFRQGXFWRU PDWHULDO
RITHUV QXPHURXV DSSOLFDWLRQV LQ VRODU FHOOV ODVHU
VRXUFHV +RZHYHU WKHLPPHQVH SDUDPHWHU VSDFH LQFOX
DQG JURZWK D[LV UHPDLQV ODUJHO\XQH[SORUHG 7WRV VWX
VIVWHPDWLFDOO\LGHQWLI\RSWLPDO GHVLJQV IRU VSHFLILF
DSSURDFK 7KH GHYHORSHG IUDPHZRUN LQWHUIDFHV ZLWK
VRIWZBIQHEOLQJ FRPSUHKHQVLYH VFDQQLQJ RI WKH FRQILJ}
QDQRVWUXFWXUH GHVLJQV

,Q WKLY SUHVHQWDWLRQ ZH H[SORUH ERWK WKH RSWLPL]D\
IRFXVLQJ RQ HQKDQFLQJ LWV LQWHUQDO TXDQWXP HIILFLH
WDUJHWLQJ LPSURYHPHQWY LQ GHWHFWLRQ HIILFLHQF\ DQ
RSWLPL]LQJ VLPXODWLRQ SDUDPHWHUV IRU GLYHUVH 6E ED
DFFXUDF\ IDFLOLWDWLQJUHOLDEOH GHYLFHVLPXODWLRQV

7KLV VWXG\ KLIKOLJKWY WKH SRWHQWLDO RI HYROXWLRQDL
WHFKQRORJ\ VKRZFDVLQJWKHLUDSSOLFDWLRQLQ,,, 6EKHW
2XU UHVXOWY XQGHUVFRUH WKH QHFHVVLW\ IRU FRQWLQXHC
FRPSXWDWLRQDO WRROV WR XQORFN WKHIXOO SRWHQWLDO |

+ * %H\HUDQG + 3 6FKZHIHO 1DWXUDO &RPSXWLQJ
1 +DQVHQHW DO 6SULQJHU +DQGERRNRI&RPSXWDWLRQDO ,QWHOOLJHQFH 3DJH
6 %LUQHUHWDO ,(((7UDQV (OHFWURQ 'HYLFHV
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Cross-sectional scanning tunneling
microscopy characterization of III-V Sh-
based materials

7TUHYLVBRGIVRQBDQH *DOOHJR &BOORB - 0

+D\QHO .RHQUDDG 3 0

OHDG SUHVHQWHU

D WUHYLVDQ#WXH QO 'HSDUWPHQW RI $SSOLHG 3K\VLFV DQ
8QLYHUVLW\RI7HFKQRORJ\ (LQGKRYHQ 7KH 1HWKHUODQGYV
'HSDUWPHQW RI 3K\VLFV /DQFDVWHU 8QLYHUVLW\ /DQFDVW
7KH 6FKRRO RI (OHFWULFDODQG OHFKDQLFDO (QJLQHHULQJ
BRXWK $XVWUDOLD $XVWUDOLD
 QVWLWXWHIRU2SWRHOHFWURQLF 6\VWHPV DQG OLFURWHF
ODGULG ODGULG 6SDLQ

,,, 6oEVHPLFRQGXFWRUV KDYH EHHQ DWWUDFWLQJ LQWHUHV
GHYLFHV IRULQVWDQFHPHPRU\WHFKQRORJLHV VRODUFHO
GLRGHV /(" DQGODVHUYV 7KLVLVUHODWHG WR WKHLU GLVWI
HITHFWLYH PDVV RI WKH FDUULHUV DQG WKH SRVVLELOLW\ WR
IDU ,5 ZDYHOHQJWK 7KH SHUIRUPDQFHV RI WKHVH GHYLFHYV
JURZQ PDWHULDOV QDPHO\ VKDUS LQWHUIDFHVY DEVHQFH F
GLVORFDWLRQDQG KRPRIJIHQHRXVLQFRUSRUDWLRQRIGRSDC
LH LQWHUIDFHTXDOLW\ FRPSRVLWLRQDQG SUHVHQFH RI G
VWXGLHG DWWKHDWRPLFVFDOHE\FURVVY VHFWLRQDO VFDQ

'HVWXGLHG GLITHUHQW ,,, 96 E EDVHG PDWHULDOV DQG WKHL
; 670 ,Q SDUWLFXODU ZH VWXGLHG D 8/75%5%$0 VDPSOH D C
WHFKQRORJ\EDVHG RQ ,Q$V $0O6E KHWHURVWUXFWXUHV 6

VRODU FHOOWDS®GEFMDXWORMXP ULQJV 45V IRWQPDBSDEFDWL
(6 E [ PXOWL OD\BU VWWWHRWNXEH TXDOLW\N DQG OD\HL
probed in S1 and S2. Moreover, the GaSb QRs’ morphology (6 DQG WKH EHKDYLRXU R
LVR HOHFWURQLF6G RLQWENVNQRYIFRMUSRUDWLRQ DQG VHIJUHJD\

7KHIRUPDWLRQRIVWDFNLQJIDXOWV DQG $O6E DFFXPXODWL
6 UHVXOWLQJLQOD\HUVRIXQHYHQ WKLFNQHVVHV 'LITHUHQ
6 KDYH WKH LQWHQGHG WKLFNQHVV DQG VKDUS LQWHUIDFHV
OD\HUV RIWKH 6/V ZDV FDOFXODWHG DQG FRPSDUHG WR WKH (
FRQFHQWUDWLRQV DUH IRXQG WR EHUHVSHFWLYHO\KLJKHU

,@® WKUHH OD\HUV RI *D6E 45V DUH LPDJHG :HREVHUYHG WK
IRUP LQ RQH RI WKH *D6E OD\HUV 7KH VWXGLHG 45V VKRZ GLI
WKH\DUH FOHDYHG 7R GHWHUPLQH WKH VKDSH RI WKH 45V W
KHLIKWDQG VKDSHRIWKHULQJERG\ZHUHPHDVXUHG

, @ 6EDWRPV XSWRIRXUOD\HUVEHORZ WKHVXUIDFHDUH YL
FODVVLILHG DQG UHODWHG WR WKHLU GHSWK EHORZ WKH
VHIUHIJDWLRQ DUH VWXGLHG IRU WKH OD\HUV DW ORZHU 6E F
DSSOLHG JURZWK FRQGLWLRQ 6E LV UHDGLO\LQFRUSRUDWH
VHIJUHIJDWH 6KRUW UDQJHRUGHULQJRI6GELQWHUPV RIQHDU
DOQGZHREVHUYHG WKDW 6E GRHV QRW KDYHDQ HQKDQFHG WH

26
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Keynote: GaSb based Interband Cascade
devices for spectroscopic applications

'HLK 5 1DXVFKeW] - 6FKIIHU 1 6FKHXHUPDQQ -
OHDG SUHVHQWHU

UREHUW ZHLK#QDQRSOXV FRP QDQRSOXV $GYDQFHG 3KRWR
.LUVFKEHUJ *HUEUXQQ *HUPDQ\

,QWHUEDQG &DVFDGH /DVHUV ,&/V EDVHGRQ*D6E RU ,Q$V KD
ILUVW VFLHQWLILF PHQWLRQ LQ > @ OHDQZKLOH WKH HQW
WR PRUHWKDQ —PFDQEHFRYHUHGE\GHYLFHV WKDW RSHUD!
WHPSHUDWXUH 7KHVH SDYH WKH ZD\ IRU QXPHURXV VSHFWL
HQYLURQPHQWDO RU PHGLFDO ILHOG ,Q RUGHU WR IXOILOO
WXQHDELOLW\YDULRXV RSWLPL]DWLRQV KDYHEHHQLPSOHP]
,&/VWKHPRVW WUHPHQGRXV KDYHEHHQ WKHLQWURGXFWLRC
WKHPLWLJDWLQJRIYDOHQFHLQWHUVXEEDQG DEVRUSWLRQ :
WKH FKLS GHVLJQ RI')% ODVHUV WKDW DUH FRPPRQO\ XVHG IF
KDYHEHHQLQWURGXFHG WKDW OHG WR D VLJQLILFDQW LPSUI

J)LIXUH [,9 FXUYHVDQG WXQLQJEHKDYLRURID ")% ,&/ HPLWWLQJDURXQG —P

,Q WKH OHIW VLGH RI WKH )LJXUH /, 9 FXUYHVIRUDQHSL GRZ
URRP WHPSHUDWXUH LW HPLWYV PRUH WKDQ P: RI RXWSXW
VSHFWURVFRSLFDSSOLFDWLRQV ,QWKHULJKW JUDSK WKH Z
WHPSHUDWXUH LV VKRZQ 7KH ')% HPLWV DURXQG —P DQG
QP

Band structure engineering within the 6.1A Il 9 VHPLFRQGXFWRU IDPLO\ DOVR
UHDOL]DWLRQRI ,&/('VDQG ,&8'V WKDWDUH YDOXDEOH GHYLF
WDONZLOO FRYHUWKHODWHVW GHYHORSPHQWYVY DQG DFKLHY
, &IV ,&/I('VDQG ,&'V

>] R.Q. Yang, “Infrared Laser Based on Intersubband Transitions in Quantum Wells,” Superlattices and Microstructures 1R

>] I. Vurgaftman, W.W. Bewley, C.L. Canedy, C.S. Kim, M. Kim, C.D. Merritt, J. Abell, J.R. Lindle and J.R. Meyer, “Rebalancing R |
LQWHUQDOO\ JH QH U fwrtl GatErbatdl Cakchile) IvsdrRvdthRvkrBlow power consumption,” Nature Comm. 2:585 (2

>] H. Knétig, J. Nauschiitz, N. Opacak, S. Hofling, J. Koeth, R. Weih, and B. Schwarz, “Mitigating Valence Intersubband Absorpt LR Q L Q
Interband Cascade Lasers,” Laser Photonics Rev. 2200156 (2022).
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Keynote: Sh-based Type II superlattices
for infrared detectors at IRnova

' 5DPRN +|JOXQGHOPBYV,YDQRY.RKO %HQG/URW
Zurauskaité, ' (YDQV 5LKWQHWEHUQDGRWORKXE 6P XN
6 %HFDQR$DPTBLVWQJIKDJ BEREWDUG
OHDG SUHVHQWHU

GDYLG UDPRV#LU QRYD VH
,5QRYD $% (OHFWUXP & 6( .LVWD 6ZHGHQ

,Q WKH ODVW GHFDGH 6E EDVHG 7\SH ,, VXSHUODWWLFH 7
HPHUJLQJWHFKQRORJ\WRPRGHUQ VWDWH Rl WKH DUW LQIU
DQ HIFHOOHQW LQGXVWULDO VROXWLRQ IRUPDQXIDFWXULQ.
UDQJH H[WHQGHG VKRUWZDYH H6:,5 —P PLGZDYH 0:,5
ZDYH 9/:,5 —P 7KHVH GHWHFWRUV VXUSDVV WUDGLW!I
SHUIRUPDQFH DQG VFDODELOLW\ HQDEOLQJ WKH GHYHORS
WHPSHUDWXUHV DQG ODUJHU IRUPDWY 7KLVLQQRYDWLRQ U}
UHVXOWLQJLQORZ6L]H :HLJKW DQG 3RZHU 6:D3 LPDJLQJV
DQG KLJKO\HIILFLHQW

7KLV SDSHU GHVFULEHV WKH 7 6/ WHFKQRORJ\DQG SUHVHQW\

0:,5 DQG H6:,5 )LUVW WKH 0:,5 VHFWLRQ SUHVHQWYV WKH 1

WHFKQRORJ\LQ WKHIRUPDWYV RI [ —P SLWFK [

—P SLWFKDUUD\V 6HFRQGO\ WKHH6:,5 VHFWLRQ YDOLGDW
—PIRUPDWDQG SUHVHQWY D URXWH WRZDUGV FRQWLQXHC
—P SLWFK  7KH 0:,5 DGYDQFHPHQWY UHSUHVHQW WKH ILU

7 6/ GHWHFWRU DVVHPEO\ DQG GHPRQVWUDWH LWV +' UHDGL

WDUJHW VSDFH DSSOLFDWLRQV ZLWKLQ WKH (8 IXQGHG 67(3

FROODERUDWLRQIRUD QRQ GHSHQGHQW VXSSO\FKDLQ IRUUC
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Understanding Growth Kinetics of GaSb:
Computational Modeling for Process
Optimization

+ +XVHMQL O 'DXHOVEHUJ 0 OXNLQRYLF % O6FKL
K KXVHMQL#DL[WURQ FRP
$,;75216( '"RUQNDXOVWU +HU]RJHQUDWK *HU

+DYLQJ WKH VPDOOHVW EDQGJDSV DPRQJ 9 ,,, PDWHU
FRPSRXQGV YHU\DWWUDFWLYHIRUPLG LQIUDUHG OLJKW HPL
RSWRHOHFWURQLF GHYLFHV VXFK DV WKHUPRSKRWRYROWD!
PDWHULDOV DUH SRRUO\ XQGHUVWRRG DQG LPSRUWDQW WK
7KHZRUN SUHVHQWHG LVEDVHG RQ VLPXODWLQJJDV SKDVH V
XVLQJFRPSXWDWLRQDO IOXLG G\QDPLFV &)' 7KLV DSSURDF
KHDW WUDQVIHU DQG VSHFLHV PDVVWUDQVIHU LQFOXGLQJ.
VLPSOLILHG 'PRGHO LV HPSOR\HG ZLWK D IRFXV RQ DGDSWI
SHDPFWRUH PDLQ REMHFWLYH RI WKLV UHVHDUFK LV WR HQKE
NLQHWLFVDQG UHYHDO WKHPDLQ SDWKZD\VOHDGLQJWR WK
OHWDO RUJDQLF SUHFXUVRUV OLNH 7ULPHWK\OJDOOLXP
WULPHWK\ODQWLPRQ\ 706E DUH XVHG GXULQJ WKH LQYHV
5HODWLYHO\ORZ9 ,,, UDWLRV RI DQG DUHHPSOR\HGIRU
FKHPLVWULHV UHVSHFWLYHO\ 3DUDPHWHU YDULDWLRQV DU
RI JURZWK WHPSHUDWXUH IORZ UDWH SUHFXUVRU PRODU
WHPSHUDWXUH UDQJH LV OLPLWHG WR f& DOLJQLQJ ZL
SURSHUWLHV $ UHGXFHG UHDFWLRQ PHFKDQLVP FRQVLGH
UHDFWLRQV LQ WKHJDV SKDVHDQG DW WKH JURZWK VXUIDFH
7KHPRGLILHG 70*D 706EDQG 7(*D 706EPRGHOV DOLJQ ZL\
OLWHUDWXUH FRQILUPLQJ WKH PRGHO V UREXVWQHVV 'HS
JHRPHWU\ WKH VRXUFHVSHFLHV LQ WKH JDV SKDVH XQGHUJF
WKH 70*D 706E FKHPLVWU\ XVHG LQ WKH +RUL]JRQWDO 7XEH 5
GHPRQVWUDWHY D OLQHDU GHSHQGHQFH RQ WKH 70*D PRO
GHFRPSRVLWLRQRI70*D UHODWLYH WR 706E ZKLOH LW LV LQ:
2Q WKH RWKHU KDQG WKH 7(*D 706E JURZWK UDWH H[KLELWYV
JURXS 9 SUHFXUVRU PROH IUDFWLRQ DQG D VOLJKW OLQHDU C
f& 6SHFLILF JURZWK UHJLPHV DVVRFLDWHG ZLWK WKH 70*
ZLWK WKH PDVV WUDQVSRUW UHJLPH GRPLQDWLQJDW KLJKH L
WKLY WHPSHUDWXUH VXUIDFHNLQHWLFV JRYHUQ WKH JURZW
,Q WKH FRQWH[W RI WKH $,:% V8 OID QH\J QV L BH.IRFMMWRKP SH UL
VKLIWHG WRZDUGVYV f& IRUWKH RSHUDWLQJ JURZWK FRQGL!'
VOLJKW LQFUHDVHLQ JURZWK UDWH ZLWK WHPSHUDWXUH LV L
VXE OLQHDU GHSHQGHQFH RQ WKH PRODU IORZ UDWH RU UH
FRQWLQJHQW XSRQ WKH JURZWK WHPSHUDWXUH 7KH PDLQ U
JURZWK IRUWKH 7(*D 706E FKHPLVWU\LVLGHQWLILHG ,Q WK
RFFXUV RQO\LQ WKH NLQHWLFDOO\ OLPLWHG 7KH DOLJQPHC
JURZWK WUHQGV LQ D ZLGH UDQJH Rl JURZWK FRQGLWLRQV
LPSURYHPHQW DQG RIIHUV EHQFKPDUNV IRU *D6E JURZWK LQ |
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Interband cascade lasers with hybrid
plasmon-enhanced claddings

Borislav Petrovic *, $QGUHDV SRIVGIBKLQH 1DRPWRKROAN|DW R

6WHIDQ %REGMW JBEKDQ +DUVGRBQG |[IOLQJ
OHDG SUHVHQWHU

ERULVODY SHWURYLF#XQL ZXHU]JEXUJ GH

-XOLXV OD[LPLOLDQV 8QLYHUVLWIW :«UJEXUJ 3K\VLNDOLVFK
3K\WVLN $P +XEODQG *U]JEXUJ *HUPDQ\

QDQRSOXV $GYDQFHG 3KRWRQLFV *HUEUXQQ *PE+ 2EHUHU .1
*HUPDQ\
QH[WQDQR *PE+ .RQUDG =XVH 30DW] 0*QFKHQ *HUPDOQ

‘HSUHVHQW LQWHUEDQG FDVFDGH ODVHUV ,&/V HPLWWLQJI
FODGGLQJV DQ8g;GapPAZ b BbKe; TXDWHUQDU\FODGGLQJV 7KH
EDVHG ,&/ HPLWWLQJDW —P ZLWK K\EULG FODGGLQJV FRPS
InAsg915Sbgogs DQG LQQHU ,Q$V $O6E VXSHUODWWLFHFODGGLQJV
FRQILQHPHQW RI DFFRUGLQJWR WKHVLPXODWLRQ 7KLV
ORZHU UHIUDFWLYHLQGH[RISODVPRQ HQKDQFHG FODGGLQJ
242A/cm? LQ SXOVHG RSHUDWLRQ DW URRP WHPSHUDWXUH 7KLV
for ICLs emitting at wavelengths longer than 5 um. We also report close to record value
WKUHVKROG SR&ZHW/&H.QWKIMMWPHRDVXUHG WKHUPDO UHVLVWDQF|
KLIJKOLJKWV LPSURYHG KHDW GLVVLSDWLRQ RIWKHK\EULG V.
,QDGGLWLRQ ZH FRPSDUH ,Q$Y EDVHG DQG *D6E EDVHG ,&/V
UHJLRQ HPLWWLQJDW —PHPSOR\LQJ WKHK\EULG FODGGLC
FODGGLQJV FRQVLVWLQJRI,Q$V $0O6EVXSHUODWWLFHV EXW
, &/ HPSOR\V SODVPRQ HQKDQFHG Q W\SHGRSHG ,Q$V OD\HUV
SODVPRQ HQKDQFHG Q W\SHGRSHG ,Q$V6E FODGGLQJV ODWYV
UHIUDFWLYH,Q@EBERQQ FRPSQWBWNGQVR Q DQG KLJKHU UHIU
LQGH[RIVHSDUDWH FRQILQHPHQW OD\HUV WKH*D6E EDVHG
FRQILQHPHQWLQ WKHDFWLYHUHIJLRQ FRPSDUHG WR WKH ,Q$
EDVHG ,&/ VKRZV D ORZHU WKUHVKROG FXUUHQW GHQVLW
WHPSHUDWXUH $OVR SUHVHQWHG LVWKHLQIOXHQFHRIJHRF
IDFWRUVDQG FDOFXODWHG IUHH FDUULHU DEVRUSWLRQ ORV'
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Multiband k-p Modeling of Quantum
Transport in Interband Cascade Lasers and
Detectors

TDNXPD 66DHRD Q % IKWQRMW LD Q - LUKDRPI-K HIND QJ H
WDNXPD VDWR#QH[WQDQR FRP
QH[WQDQR *PE+ 7HEWROIPDO 8QLYHUVLW\RIOXQLFK *HUPDQ\
QH[WQDQR /DE )UDQFH

, QWHUEDQG FDVFDGHODVHUV ,&/V DQG GHWHFWRUV KDYH V¥
JDVVHQVLQJDSSOLFDWLRQV 7KHWKUHVKROG SRZHU GHQVL
LQWHUVXEEDQG FRXQWHUSDUW WKHTXDQWXPFDVFDGH ODYV
DQG EDWWHU\RSHUDWLRQ > @

KLOH HOHFWURVWDWLF PRGHOLQJ KDV SURYLGHG VHYHUDC
UHJLRQ RI ,&/V VHH SRVWHU SUHVHQWDWLRQ LQDGHTXDW
WKURXJKHOHFWURQDQG KROHLQMHFWRUV KDV WKXV IDU OL
UHJLRQ > @ 7KLV QHFHVVLWDWHYV FDUULHU WUDQVSRUW VI
WXQQHOLQIJ WKURXJK EDUULHUVDQG QRQ HTXLOLEULXP FKD

"HILQG WKHHQYHORSH IXQFWLRQV RIWKHHQHUJ\HLJHQVWD
k-p solver that includes strain effects. We developed a scheme to constructthe QRQ HTXLOLEUL X
Green’s function (NEGF) EDVLV IURP VHOHFWHG HLIJHQVWDWHV D¢
QH[WQDQR 1(*) > P@¥ssonls kgubtibh is solved self FRQVLVWHQWO\ ZLWK W
HTXDWLRQV 7KHPRGHO WKXV UHIOHFWYV VLPXOWDQHRXVO\\
LQ SODQH QRQSDUDEROLFLW\ SKDVH VFDWWHULQJ PHFKDC(
WXQQHOLQJGHYLFHYV

JLIXUH D ,Q SODQH GLVSHUVLRQ OHIW DQG ORFDO GHQVLW\ RI VWDWHV ULJK
WUDQVSRUW FRORUPDS LQ RQH SHULRG RIDQ ,&/ DFWLYH UHJLRQ XVHG LQ 5HI
GHQVLWLHV FRORUPDS VLPXODWHG DVVXPLQJFRQVWDQW TXDVL )HUPL OHYHOV
OLQHVLQGLFDWHHOHFWURQ DQG KROH GHQVLWLHY LQWHJUDWHG RYHU HQHUJ\

S5HIHUHQFHV

>@- 5 OH\HUHWDO 3KRWRQLFV
> @7 *UDQJH 3K\V 5HY %

37



Sb-soaked InGaAs/GaAs quantum dots for
enhanced hole g-tensor modulation

* %9DUELHUL - 0 /ORUHQV $ * 7TDERDGD - 0 5LSDC
J EDUELHUL#FVLF HV

, QVWLWXWR GHOLFURHOHFWU*RQLFD GHODGULG &10 &6,&
&DQWRYVY ODGULG 6SDLQ

(SLWD[LDOO\JURZQ TXDQWXP GRWV 4'V KDYH HPHUJHG DV D
TXDQWXP OLJKW VRXUFHV JHQHUDWLQJ VLQJOH SKRWRQV I
HVVHQWLDO IRU VHFXUH TXDQWXP FRPPXQLFDWLRQ SURWRF
> @ ORUHRYHU D VXLWDEOH FKRLFH RI WKH PDWHULDO V\VW
WDLORUDEOH RSWRHOHFWURQLF SURSHUWLHV DQG RQ FKLS
SRWHQWLDO SUHFLVHFRKHUHQW FRQWURORYHU WKH TXDQV
FULWLFDO IRULPSOHPHQWLQJ TXDQWXP HQWDQJOHPHQW V:
HQDEOLQJUHOLDEOHDQGVFDODEOHTXDQWXP QHWZRUNV 71
WKHFRXSOLQJEHWZHHQ WKHKROHVSLQRIDVLQJOH 4'WR DC
RUELWLQWHUDFWLRQ 62& > @ +HUH ZHLQYHVWLJDWH WKH
SURSHUWLHV RI6E VRDNHG ,Q*D$V *D$V 4'V ZKLFK DUH SURSI|
PRGXODWLRQVLQFHG6E SUHVHQWY WKH ODUJHVW J IDFWRU D

3DVW VWXGLHYV > @ KDYHVKRZQ WKDW H[SRVLQJ ,Q*D$V 4'V \
VRDNLQJ OHDGV WR ODUJHU DQG PRUH KRPRJHQHRXYV 4'V )
VXUIDFWDQW SURSHUWLHV RI6E ZLWKG6E EHLQJLQFRUSRUD)
E\PHDVXULQJ SKRWROXPLQHVFHQFH 3/ DQG WLPH UHVROY'}
WKH WHOHFRP 2 EDQG DQG DQ LQFUHDVHYV WKH UDGLDWLYH
EURDGHQHG VSHFWUD ZEVERRNHG RWQYXEWRGINO SDUDPHWHU H
WKHRXWSXWWRSUHGLFWHQVHPEOH SRODUL]DWLRQ UHVRO
DJUHHPHQW ZLWK WKH H[SHULPHQW )LQDOO\ ZH DUJXH WKL
VHIJUHIJDWHG DW WKHWLS WKHVHG6E VRDNHG ,Q*D$V *D$V 4'V
PRGXODWLRQDQG SURSRVHD GHYLFH OD\RXWEDVHGRQ > @

> @& < /IXDQG- : 3DQ 4XDQWXP 'RW6LQJOH 3KRWRQ 6RXUFHV IRUWKH 4XDQWX

>@$% 5 GD&UX]DQGO ( )ODWWp 'LVVLSDWLRQOHVV &LUFXODWLQJ &XUUHQWYV D
(PEHGGHGLQ D 7ZR 'LPHQVLRQDO (OHFWURQ *DV 3K\V 5HY /HWW

> @ 7TDERDGD $O0IRQVR* HW DO 6WUXFWXUDO DQG RSWLFDO FKDQJHV LQGXFHC
TXDQWXPBE&RM¥VDO5HYLHZ %

> @ 7DERDGD $ * HWDO (IIHFWRIBELQFRUSRUDWLRQ RIXKWHKLH BO BRAWURD®BF VW

> @ %LUQHU 6WHIDQ HW DO 1H[WQDQR,(JHRHUDODFXULRFMHR Q Y@ R KW DRQRIQWL F F

> @ ;LDQJ =L +HQJ HW DO $ WXQHDEOH WHOHFRP ZDYHOHQJWK HQWDQJOHG O
QHWZRBRPXQLFDWLRQV 3K\VLFV
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Invited: Quantum Spin Hall Effect in

Antimonide-based type-II Heterostructures

)

+DUWPDQQH\HU )IKQGWLBRKPEGROB 6 .ULVKWRSHRXBXOW
%DVWDUTHSDHG 6 +[IOLQJ

-XOLXV OD[LPLOLDQV 8QLYHUVLWIW :*UJEXUJ 3K\WLNDOLVFKHYV

RI ([FHOOHQFHFW TPDW /HKUVWXKO I+U7HFKQLVFKH 3K\VLN $P

IDERUDWRLUH &KDUOH\ &RXORPE / & 805 &156 8QLYHUVLW
ORQWSHOOLHU )UDQFH

SK\VLFV'HSDUWPHQW eFROH 1RUPDOH 6 XSpULHXUH 36/ UXH,

IDELDQ KDUWPDQQ#XQL ZXHU]JEXUJ GH

7TRSRORJLFDO ,QVXODWRUV 7,V H[KLELWLQJWKH4XDQWXP 6S
SURPLVLQJFDQGLGDWHVIRUQH[W JHQHUDWLRQ HOHFWURQLFG
SURSHUWLHV RIDQLQVXODWLQJEXONDQG KHOLFDO HGJH FKDQQC
DSSOLFDWLRQV WKH7,QHHGV WR GLVSOD\FHUWDLQ FKDUDFWH!|
DUREXVWQHVV RIWKHKHOLFDO HGJH FKDQQHOV DJDLQVW WHPS
HOHFWULFILHOG 'HVSLWHPDQ\PDWHULDO V\VWHPV ZHUH SUHG
RIWKHVHFKDUDFWHULVWLFV QRQHRIWKHP FRXOG H[KLELW DOC
"7,VEDVHG RQ ,Q%$V *D6E ELOD\HU TXDQWXP ZHOOV 7KH\SURILW
VHPLFRQGXFWRULQGXVWU\DQG PDMRUJURZWK DQG SURFHVVLQ
SRVVLEOH SKDVHWUDQVLWLRQ EHWZHHQD 7,DQG QRUPDO LQV X
WHPSHUDWXUH LQVHQVLWLYHEDQGRUGHULQJ> @ PDNH WKLV P
DSSOLFDWLRQV

%\DGGLQJDQRWKHU ,Q$V OD\HU WR WKH %4: DV\PPHWULFDO ,
TXDQWXP ZHOO 74: FDQ EH IRUPHG 'HSHQGHQW RQ WKH LQGLYLC
SKDVH GLDJUDP HPHUJHV ZLWK HLWKHU GLUHFW RULQGLUHFW LC
PHWDOOLF RUPDVVOHVV'LUDFIHUPLRQV 74:VDUHDSSHDOLQJ
HQHUJLHV XSWR PHO9IRUKLJKO\VWUDLQHG TXDQWXP ZHOOV > |
ZLWK UHGXFHG EXON FRQGXFWLYLW)\ :HZLOO GLVFXVV ,Q$V *DG6E
GLIIHUHQW ,Q$V TXDQWXP ZHOO WKLFNQHVVHV UDQJLQJIURP  \
DVFHUWDLQ WKHULFK SKDVH GLDJUDP LQ WKLV PDWHULDO V\VWF
GHSHQGHQW WUDQVSRUW PHDVXUHPHQWY UHYHDO GLVWLQFW W
IURP WKH WULYLDO LQVXODWLQJ WKHWRSRORJLFDO LQVXODWL
WUDQVSRUW WRJHWKHU ZLWK SURQRXQFHG 9DQ +RYH VLQJXODU/|
JURZQLQ WKH WRSRORJLFDO LQVXODWLQJSKDVHDQGLIFDPHOE
K\EULGL]HG YDOHQFH RUFRQGXFWLRQEDQG 7KHGLIITHUHQW VKE
VLQIJXODULWLHY GHOLYHUDOVR LQIRUPDWLRQ DERXW D WXUQLQ

HIHUHQFHYV

@0 .|QLJHWDO 6FLHQFH

@6 :XHWDO 6FLHQFH

@/ 'XHWDO 3K\V 5HY /HWW

@) 4XHWDO 3K\V 5HY /HWW

@0 OH\HUHW DO 3K\V 5HY %

@6 6 .ULVKWRSHQNRHW DO 6FL $GY
@6 6FKPLGHWDO 3K\V 5HY %
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P1: Random alloy effects in GaAsSb and
related alloys

S3KDQ $3HFFKLDL $LWR $XIGHUODXU 0
OHDG SUHVHQWHU
anh.luan.phan@uniroma2.it, University of Rome “Tor Vergata”, Italy

,601 &15 ,WDO\

ODQ\ RSWRHOHFWURQLF PDWHULDOV DQG GHYLFHV LQYRO
VHPLFRQGXFWRU DOOR\V RU DOOR\ OLNH FRQILIJXUDWLRQV
FKHPLFDO VSHFLHV DQG WKH VWUDLQ SURILOHV DUH FRPSOLF
FKHPLFDO HOHPHQWYV LQ VXFK DOOR\HG VWUXFWXUHV FDQ E
FRPSOH[LWLHVY WR WKH WDVN RI SUHGLFWLQJ WKHLU HOHFW.L
UHTXLUH WKH FDOFXODWLRQV RQ ODWRHP V XESH DKXN®G ONRRURH VP
FDUULHU ORFDOL]DWLRQ PLIKW KDSSHQ RYHU VHYHUDO QDQ|
RU VLPLODU VWUXFWXUHY DUH DOVR RI DW OHDVW QDQRPHYV
method to simulate these materials which account properly for the random alloy disorder’s

HITHFWV LV GHVLUDEOH ,Q VXFK D VLWXDWLRQ WKH HPSLUL
SURYHQWREHDJRRGEDODQFHEHWZHHQ WKHUHTXLUHG DFF

'HDSSO\D UHFHQW (7% VFKHPH SURSRVHG E\7DQ HW DO > @
VFKHPH E\-DQFXHWDO > @LQ GHDOLQJZLWK WKH FRPSOHI[L
W\SLFDO *D$V6E DOOR\DQG RWKHU UHODWHG RQHV OLNH ,Q$\
LPSDFWV RIUDQGRP DOOR\VRQ HOHFWURQLFDQG RSWLFDO D
IRUWKHEDQG JDS YDULDWLRQV RI WKHVH DOOR\V DOLJQ H[F}
GDWD DQG UHFRQILUP WKH ODUJH EDQGJDS ERZLQJDQG WKH
RI*D$V6EDQG ,Q$V6E )XUWKHUPRUH ZHLQYHVWLJDWH KRZ \
GLVWULEXWLRQ ZKLFKIDYRUV WKH IRUPDWLRQ RI FOXVWHUYV
RI WKH UHDOLVWLF VDPSOHV 7DNLQJ *D$V6E DV D VSHFLILF \
WKDW WKHQRQ XQLIRUPLW\GHFUHDVHVHYHQ IXUWKHU WKH E
SDUDPHWHU DW VPDOO 6E FRQFHQWUDWLRQ ODUJHU WKDQ W
DOOR\ 7KH ORFDOL]DWLRQRIKROHVWDWHV LQ*D$VBELV DO\
XQLIRUPLW\ ZKLOH WKDW RIHOHFWURQ VWDWHV LV QHDUO\ X
FKDUJHFDUULHUVLQWXUQLVLQWLPDWHO\UHODWHG WR WK
LQ WKH *D$V6E DOOR\VDPSOHV ZKHQ QRQ XQLIRUPLW\ LV SUHI
6E FRQFHQWUDWLRQ ,Q DGGLWLRQ WKH QRQ XQLIRUPLW\ D
VDPSOHV 7KRVHVLPXODWLRQ SUHGLFWLRQV DUHFRQVLVWH
‘HHPSKDVL]H WKDW WKH VLPXODWLRQ SURFHGXUH ZH FDUUL
DOVREHDSSOLHG WR RWKHU DOOR\V

[1] Y. Tan, M. Povolotskyi, T. Kubis, T. B. Boykin, and G. Klimeck, “Transferable tight ELQGLQJ PRGHO IRU
VWUDLQHG JU RnSterldafidl Geterostructures,” Phys. Rev. B, vol. 94, p. 045311 (2016).

> @M Jancu, R. Scholz, F. Beltram, and F. Bassani, “Empirical spds* tight ELQGLQJ FDOFXODWLRQ IF
semiconductors: General method and material parameters,” Phys. 5HY % YRO -SS

> @; *DR = :HL ) =KDR < <DQJ 5 &KH Qnvestjdatignlof Localx€d Statek\M GuBsSb Epilayers
Grown by Molecular Beam Epitaxy.” Scientific Reports 6, no. 1, p. 29112 (2016).

41



P2: Influence of interface intermixing on
carrier dynamics in type-II InAsSh/GaAsSh
W-quantum wells emitting in mid-infrared

*Smoltka, T., Rygata, M., 5\F]NR %DGHU+3UWPDG@BWURYLF
% +|IOLQJ BRW\ND 0

'"HSDUWPHQW RI ([SHULPHQWDO 3K\VLFV )DFXOW\RI)XQGDPF
8QLYHUVLW\RI 6FLHQFH3DW&claw,PEQR OR J\
-XOLXV OD[LPLOLDQV 8QLYHUVLWIW :«+U]JEXUJ 3K\VLNDOLVFEk
3K\VLN $P +XEODQG *U]JEXUJ *HUPDQ\

OHDG SUHVHQWHU
HPDWOLVWDQ VPROND#SZU HGX SO

, QWHUEDQG FDVFDGH ODVHUV ,&/V DUH D W\SH RI VHPLFRQ
LQIUDUHG UHJLRQ RI WKH HOHFWURPDJQHWLF VSHFEFWUXP 7K
WKDW PDNH WKHP FUXFLDO IRU D YDULHW\ RI DSSOLFDWLRC
PHGLFDO GLDIJQRVWLFV DQG FRPPXQLFDWLRQ ,&/V IHDWXI
PXOWLSOHTXDQWXP ZHOOV ZKLFKHQDEOHV WKHP WR DFKLH"
DOQG FRQWLQXRXV ZDYH RSHUDWLRQ DW URRP WHPSHUDW XL
RSWLPLIDWLRQ RI WKH DFWLYH UHJLRQ ,Q WKLV VWXG\ ZH Z
FRPSUHVVLYHVWUDLQ RQ WKHHOHFWURQLF VWUXFWXUH DQ{

7KH UHVHDUFK LQYROYHYVY WUDQVLHQW DEVRUSWLRQ 7% SXPF
,Q$V6E *D$V6E ,Q3V6E VWUXFWXUHV GHVLIJQHGIRUPLG LQIU
near 3.5 um. The objective is to investigate the fundamental carrier dynamics LQ WKHVH PDWHU
V\VWHPV ZKLFK LV FULWLFDO IRU WKHLU SRWHQWLDO DS
PHDVXUHPHQWY ZHUH FRQGXFWHG WR DVVHVV WKH HIITHFW RI
TXDQWXP ZHOOV RQ FDUULHU OLIHWLPHYVY SDUWLFXODUO\ FR
LQWHUIDFH UHODWHG RQHV $GGLWLRQDOO\ WKH 7% PHDV
EHWZHHQ VRDNLQJWLPHLQ WKHJURZWK SURFHVV DQG FDUUL

JXUWKHUPRUH SKRWRUHIOHFWDQFH 35 DQG SKRWROXPL
HPSOR\HGWR VWXG\WKHEDQG VWUXFWXUHDQGRSWLFDO SU
spectra displayed pronounced signals near 3.3 um, corresponding to the fundamenta O W\SH

WUDQVLWLRQ RI WKH TXDQWXP ZHOOV DORQJ ZLWK DGGLWI
SRWHQWLDO LQWHUIDFH DWRP LQWHUPL[LQJ SURFHVVHV 7
HQHUJLHV DOLJQHG ZHOO ZLWK WKHRUHWLFDO FDOFXODWLR
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P3: Txiple V-shaped quantum wells for 7.5
pum emitting Interband cascade lasers

Borislav Petrovi¢ *, 7DNXP D GDWWRD Q % REGIHW JBEKD Q
+DUWPD®YQHQ +[IOLQJ
OHDG SUHVHQWHU

ERULVODY SHWURYLF#XQL ZXHU]JEXUJ GH

-XOLXV OD[LPLOLDQV 8QLYHUVLWIW :«UJEXUJ 3K\VLNDOLVFK
3K\WVLN $P +XEODQG *U]JEXUJ *HUPDQ\

QDQRSOXV $GYDQFHG 3KRWRQLFV *HUEUXQQ *PE+ 2EHUHU .1
*HUPDQ\
QH[WQDQR *PE+ .RQUDG =XVH 30DW] 0*QFKHQ *HUPDOQ

'H SUHVHQW D GHVLJQ RI WULSOH 9 VKDSHG W\SH ,, TXDQW)
$O6E @&, ,Sb ,Q$WaEIN,Sb ,Q$V $O6E OD\HUV IHDWXULQJI DQ
RYHUODSLQWHJUDO RIHOHFWURQ DQG KROH ZDYH IXQFWLRQ
LQWHJUDO ZHUH FDOFXODWHG IRU GLITHUGQW, SRPELQDWLRQ
DQG,Q$V6E OD\HUV DV ZHOO DV GLIIHUHQW DUVHQLF FRPSRVL
ZH FDOFXODWHG RYHUODS LQWHJUDOV DQG WUDQVLWLRQ HC
VKDSHG $GaEIQHY ,Q$V $O6E 4: IRUGLIIHUHQW WKLENQHVVH
Gagelng,Sb OD\HUV $W WKH ZDYHOHQJWK RIDSSUR[LPDWHO\  —
WULSOH 9 VKDSHG 4: KDV VKRZQ DQ LQFUHDVH RI WKH RYHU(
HQKDQFHPHQW FRXOG SRWHQWLDOO\H[WHQG WKHZLQGRZRI
RILQWHUEDQG FDVFDGH ODVHUV IURP FXUUHQW OLPLW RI -
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P4: Insight into GaSb Growth: Implications
for Industrial MOCVD Reactors

+ +XVHMQL O 'DXHOVEHUJ 0 OXNLQRYLF % O6FKL
K KXVHMQL#DL[WURQ FRP
$,;75216( 'RUQNDXOVWU +HUJ]RJHQUDWK *HU

$QWLPRQLGH EDVHG FRPSRXQGV DUH KLJKO\ GHVLUDEQG
GHWHFWRUV DQGORQJZDYHOHQJWK RSWRHOHFWURQLF GHY
+RZHYHU XQGHUVWDQGLQJ WKHJURZWK NLQHWLFV RI WKHV
ODFNRIH[SHULPHQWDODV ZHOO DV LPSRUWDQW WKHUPRG\Q
FRPSXWDWLRQDO IOXLG G\QDPLFV &)'" WR VLPXODWH JDV SK
NLQHWLFV $VLPSOLILHG 'PRGHO WDLORUHGIRUWKH $,;752
LQYHVWLIDWH *D6E JURZWK XVLQJ PHWDO RUJDQLF SUHEX!
WULHWK\OJDOOLXP 7(*D DQG WULPHWK\ODQWLPRQ\ 706E
JURZWK NLQHWLFVDQGLGHQWLI\LQJNH\SDWKZD\VIRU*DG6E J
JURZWK WHPSHUDWXUH IORZUDWH SUHFXUVRUPRODU IUDF
WHPSHUDWXUH UDQJH R f& $UHGXFHG UHDFWLRQ PHFK
DOQG KHWHURJHQHRXV UHDFWLRQV LVLQFRUSRUDWHG LQWR
6LPXODWLRQ UHVXOWYV IRU +RUL]JRQWDO 7XEH 5SHDFWRU DUH
WKH PRGHO V UHOLDELOLW\ 7KH VWXG\ UHYHDOV WHPSHUL
WHPSHUDWXUH ZLWK PDVV WUDQVSRUW GRPLQDWLQJ DW KL.
706E FKHPLVWU\ 7KH PDLQ UHDFWLRQ SDWKZD\IRU *D6E JUR.
LVLGHQWLILHG ,Q WKH FDVH RIWKH $,;* 3ODQHWDU\ 5HDFW|
WUDQVLWLRQ WHPSHUDWXUH WRZDUGV f& &RQYHUVHO\ IR
LQWKHNLQHWLFDOO\OLPLWHG UHJLPH 7KHVHILQGLQJV SUR
VHUYHDV EHQFKPDUNV IRU *D6EJURZWK LQ LQGXVWULDO 02&
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P5: Electronic structure of GaSbh/Al1GaSb
quantum dots formed by f£illing droplet-
etched nanoholes

[ THIXDD &KHOOMOWMNBFKODZBEXLQD +DNNDUDLQHQ
O OHIJXD\#WX EHWDWEWHRI 6ROLG 6WDWH 3K\VLFV 78 %HUO
2SWRHOHFWURQLFV 5HVHDUFK &HQWHU 3K\VLFV XQLW 7DPS

6HPLFRQGXFWRU TXDQWXP GRWV 4'V VKRZWUHPHQGRXV
SRWHQWLDO IRU WKH JHQHUDWLRQ RI VLQJOH DQG HQWDQJ
SKRWRQV UHTXLUHG IRU TXDQWXP FRPPXQLFDWLRQ
SURWRFROV VXFK DV IUHH VSDFH DQG ILEHU EDVHG TXDQW XF
NH\ GLVWULEXWLRQ 4. LQ WKH WHOHFRP & EDQG
,QWHJUDWLQJ WHOHFRP ZDYHOHQJWK 4'V ZLWK 6L
SKRWRQLFV HQDEOHV VFDODEOH TXDQWXP SKRWROQLF
LQWHJUDWHG FLUFXLWV PLQLPL]LQJ ZDYHJIXLGH
SURSDJDWLRQ ORVVHV 6WUDLQ IUHH *D$V $0*D$V 4'V
IDEULFDWHG YLD ORFDO GURSOHW HWFKLQJ /'( GHPRQVWUD\
VWDWH RI WKH DUW SHUIRUPDQFH LQ VLQJOH SKRWRQ
LQGLVWLQJIJXLVKDELOLW\ DQG HQWDQJOHPHQW ILGHOLW\ LQ
~ QP UDQJH

7KLV VWXG\ IRFXVHV RQ VLPXODWLRQV RI KLJKO\ XQLIRUP
*D6E $O*D6E 4'V JURZQHPUDVMWLQJI LQ WKH

WHOHFRP 6 EDQG ZLWK D QDUURZ HQVHPEOH HPLVVLRQ
OLQHZLGWK :H HPSOR\ WKH WR[WQDQR VRIWZDUH
LQYHVWLIJDWH WKH HQHUJ\ VWUXFWXUH UDGLDWLYH WUDQ
HQHUJLHV FDUULHU PRYHPHQW EDUULHUV DQG RSWLFDC
WUDQVLWLRQV RI WKH 4'V XVLQJ ERWK WKH HIITHFWLYH PDVYV
PHWKRG DQG EDQG N S PRGH'LIXUH HOHFWURQ ZDYHIXQFRKWRRYV S
LOQWR EDQG VWUXFWXUHYV GLSHQVLWLHV RIWKHTXDQWXP{RWS AfhY
GLPHQVLRQV ZKLFK DUH Fu @ > @@pbec> @ VDQG
*D6E $O*D6E 4' LOQWHJUDWLRQ LQ TXDQWXP SKRWRQLF
DSSOLFDWLRQV

0 *XULROL = :DQJ $ 5DVWHOOL 7 .XURGD 6 6DQJXLQHWWL 1DWXUHODWHULDC
J. Hilska, A. Chellu, T. Hakkarainen, Cryst. Growth Des. 21 1917-1923 (2021).

$ &KHOOX - +LOVND - 3 3HQWWLQHQ 7 +DNNDUDLQHQ $3/0DWHULDOV SS

6 LUQHUHWDO ,(((7UDQV (OHFWURQ 'HY
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P7: Optimization of Optical Transitions 1in
Infrared Interband Devices with Multiband
k:p Model

ITDNXPD 6DWHRD Q % KWQMWLDQ - LUKDRPIFKHWD QJH
WDNXPD VDWR#QH[WQDQR FRP

QH[WQDQR *PE+ 7HEWROIPDO 8QLYHUVLW\RIOXQLFK *HUPDQ\
QH[WQDQR /DE )UDQFH

,QWHUEDQG FDVFDGH ODVHUV ,&/V DQG LQWHUEDQG FDVFD(
HOHFWURQ KROHUHFRPELQDWLRQDQGJHQHUDWLRQ UHVSH
EDQGJDSVY RIWHQFRQVLVWLQJRIDQWLPRQLGHFRPSRXQGV

EDRB6FKU|GLQIJHU 3RLVVRQ FRXSOHG HTXDWLRQV SURYLGH
ZHOOV > @

‘HSUHVHQW FRQFUHWH H[DPSOHV RI WKH RSWLPL]DWLRQ RI,
gain spectrum by Fermi’s golden rule. The optical transition involving valence subbands largely

GHSHQGVRQOLJKW SRODUL]DWLRQDQGUHTXLUHV LQWULFD\
PRPHQWXP $QRSWLPLIHGGRSLQJSURILOHDQG FRQFHQWUD)
TXDVL HTXLOLEULXP DVVXPSWLRQ )LIJXUH LQDJUHHPHQW Z

J)LIXUH 6HPLFODVVLFDOJDLQ VSHFWUXP RIDQ ,&/ XQGHU ELDV IRU GLIIH

SHIHUHQFHYV

[1] B. Petrovi¢, et al., Appl. 3K\V /HWW DFFHSWHG

> @. 5\FINRHWDO - $SSO 3K\V

> @+ .QIWLIJHWDO /DVHU3KRWRQLFV 5HY
> @% DGHUHWDO $SSO 3K\V /HWW

> @, 9XUIJDIWPDQHWDO 1DW &RPP
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P8: MagnetoOptoelectronic properties of
local droplet etched GaSbh/AlGaSb quantum
dots emitting in the S-band

* %DUELHUOL/ORUHQNWIXDS 6FKOBZRKHOOXLOWND

+DNND U DSL QHQ@DHU% $O0pQ
J EDUELHUL#FVLF HV
,QVWLWXWR GHOLFURHOHFWU*RQLFD GHODGULG &10 &6,&
&DQWRV ODGULG 6SDLQ
L, QVWLWXW leU IHVWN|USHUSK\VLN )DNXOWIW ,, 7THFKQLVFK
%HUOLQ *HUPDQ\
2SWRHOHFWURQLFV 5HVHDUFK &HQWHU 3K\VLFV XQLW .RI
)LQODQG
QH[WQDQR *PE+ /LFKWHQEHUJVWU *DUFKLQJE 0+QFK

1RQ FODVVLFDO OLJKW HPLVVLRQ WDLORUDEOH RSWRHOHF\
PDGH VHPLFRQGXFWRU TXDQWXP GRWV 4'V DVWURQJFDQGL
IRUTXDQWXP FRPPXQLFDWLRQDQG SKRWRQLFTXDQWXP FRP S
WKH 6WUDQVNL .UDVWDQRY PHWKRG 6. 4'VJURZQ E\ORFDC
KLIKHU FRQWURO RYHU WKH VWUXFWXUDO SURSHUWLHYV DQC
ODWWLFH PDWFKHG ZKLFK UHVXOWY LQ YDQLVKLQJ ILQH \
OLQHZLGWKY SURSHUWLHY KDYH HQDEOHG WR GHPRQVWUD
SKRWRQ LQGLVWLQJXLVKDELOLW\ DQ GQRQWSHE WOUHPAH QW QLM
5HFHQWO\ D QRYHO *D6E $O*D6E 4' VI\VWHP KDV EHHQ LQ
nanostructures emit at 1.5 um, close to the telecomC EDQG ZKHUH RSWLFDO ILEHU
DEVRUSWLRQ DQG ZDYH SDFNHW GLVSHUVLRQ DQG FDQ EH F
LQWHUIDFLDO PLVILW GLVORFDWLRQDUUD\V +RZHYHU LQ R
RI WKH TXDQWXP GRW QXPHURXV TXDQWXP JDWH RSHUDWLEF
HIWHUQDO ILHOGYV

' LWKWKLVLQPLQG ZHVHWRXW WR SHUIRUP SRODUL]DWLRQ
FRPSDUHG WKH UHV XOW\NAMMWKOBWQRWW IZH WKDQHIWQDQR > @
system’s symmetry and lack of strain, together with the relatively large QD size, result in strong

LOQWHUPL[LQJ RI WKHKROHVWDWHY VHSDUDWHG E\ MXVW D It}
VFDOHVY SUHGRPLQDQWO\ UHIOHFW WKRVH RI WKH HOHFWUR:
QHDU FRQWLQXXP RI KROH VWDWHY DQG ZKLFK LV DOVR U]
, QWHUHVWLQJO\ HYHQ D YHU\ ORZ ,Q FRQWHQW DGGHC
SUHGRPLQDQWO\++ QDWXUH WR WKHORZHVW VWDWHYV RI WK}

> @*XULROL ODVVLPR HWDO 'URSOHWHSLWD[\RIVHPLFRQGRONMVKRIWY @DRWW D RF

> @ +XEHU 'DQLHO HW DO 6WUDLQ WXQDEOH *D$V TXDQWXP GRW $ QHDUO\ GH
GHPDQK\VWLFDOUHYLHZ OHWWHUV

> @ &KHOOX $EKLURRS HW DO +LJKO\ XQLHSUPR HIFMEHXQQID)SPFARW V ZY MUK D @ GML_HJ
$3/0DWHULDOV

> @ /HIXD\ /XFLH HWDO 8QYHLOLQJWKHHOHFWURQLFVWUXFWXUHRI*D6E $0O*|
ZLQGRDWHULDOV IRU4XDQWXP 7THFKQRORJ\

[5] Michl, Johannes, et al. "Strain-Free GaSb Quantum Dots as Single-Photon Sources in the Telecom S-Band." $GYDQFHG
AXDQWXP 7THFKQRORJLHV

> @ %LUQHU 6WHIDQ HWDO 1H[WQDOQR, (JHRUHLOWODFMLFRRMWHR Q V@ IRKW DR QRIDYLFF
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P9: Computationally efficient k.p
calculations for semiconductor
superlattices: plane waves and multi-band
Hamiltonians

&yQDO OX,BGKPA O'Reilly DQG &KULVWRSKHU $ %URG

7\QGDOO 1DWLRQDO ,QVWLWXWH 8QLYHUVLW\&ROOHJH &RL
6FKRRO RI 3K\VLFV 8QLYHUVLW\&ROOHJH &RUN &RUN
FRQOQDO PXUSK\#XPDLO XFF LH

‘HGHYHORSD FDOFXODWLRQDO IUDPHZRUN WR H[SOLFLWO\F
VXSHUODWWLFHYV 6/VNSYADPDPXRQUDBDIQGFRQMXQFWLRQ ZL
HISDQVLRQ PHWKRG > @ 7KH SHULRGLFLW\RIWKH SODQH ZDY
6/ PLQLEDQG VWUXFWXUH XVLQJ D FDOFXODWLRQDO VXSHUF
DSSURDFK LV JHQHUDOO\ DSSOLFDEOH WR VHPLFRQGXFWRU
EDQG VWUXFWXUHY FDQ EH ZHOONSHNFUQWR® YD Q@ ¥ RX\VO B/UR
FRPSXWDWLRQDOLQH[SHQVLYH SODWIRUP WR SHUIRUP KLJK
SURSHUWLHV WR VXSSRUW WKH GHVLJQRI/('V ODVHUV DQG S

, Q WKLV SRVWHU ZH ZLOO GHWDLO WKHDSSOLFDWLRQ RI WKL\
LOWKHDSSOLFDWLRQULFKPLG LQIUDUHG VSHFWUDO UDQJH

)LUVWO\ ZH H[DPLQH UDGLDWLYH UHFRPELQDWLRQ LQ ,Q$V °
ZDYHOHQJWK UDQJH> @ SURWRW\SLFDOLQWHU EDQGFDVFD
DW URRP WHPSHUDWXUH > @ KDYH GHPRQVWUDWHG SURPLV
H[SOLFLWO\FRPSXWHVSRQWDQHRXVHPLVVLRQDQG WKHUDC
,Q$V *D6E 6/ ZH SURYLGH GHWDLOHG DQDO\VLV Rl WKH LPS|
UHFRPELQDWLRQ UDWH :H WKHQ SHUIRUP KLJK WKURXJKS
WHPSHUDWXUH UDGLDWLYH UHFRP E L QD R ei2tMiangdHG ZDY H C

6HFRQGO\ ZHLQYHVWLJIJDWH RSWGF\DWWIWEMREBOYDROH Q@ 60\ V: |
WKHDERYHPRGHOWRFRPSXWHRSWLFDODEVRUSWLRQ ZKLO'}
'HFRQVLGHU SVHXGRPRUSKLF6/VJURZQRQD*D6E EXIIHU OD\
RSWLPLVDWLRQRIWKHQHDU EDQG HGJHRSWLFDODEVRUSW|
VWUDLQHG ,Q$V DQG FRPSUKBKEUDYHWOVY VM YDVQYHBDRHEVFDOO\ Y
DQG ,Q88wOD\HU WKLFNQHVVHY DQG 6E FRPSRVLWLRQ [ WR LC
cutoff wavelength. We do this for wavelengths close to 5 pum with an assumed operating

WHPSHUDWXUH RI . HFDUU\ RXW GHWDLOHG DQDO\VLV RI
TXDQWLI\WKH SRWHQWLDO EHQHILW RI VWUXFWXUDO RSWLPL

[1] C. Murphy, E. P. O’Reilly and C. A. Broderick, - 3K\V ' $SSO 3K\V

> @7 ' (DOHV , 3 ODUNR % $ ,N\R $ 5 ($GDPNO6 7RSDLAQIXKI QW XP (OHFWURQ
> @< =KRX 4 /LX ; &KDL = ;X $S85OHYKDQ GHWHMH
> @ ( 'HOOL 3 ' +RGJVRQ 0 %HQWOH\ ( 5HSLVR $ 3 &UDLJ $S30 BKIXHDAWIQG
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Pii: Optical simulations using a 14-band
k.p model for infrared detectors based on
InAs/InAsShb

=DQRQ YODWWp 0 (

OHDG SUHVHQWHU

M ]IDQRQ#WXH QO 'HSDUWPHQW RI$SSOLHG 3K\ WVLFVDQGG6FL
BQLYHUVLW\RI7HFKQRORJ\ (LQGKRYHQ $= 7TKH1HWKHUO
'"HSDUWPHQW RI 3K\VLFVDQG $VWURQRP\ 8QLYHUVLW\RI , RZ

, QIUDUHG SKRWRGHWHFWRUV DUHZLGHO\UHFRJQL]J]HG IRU W|
LQDHURVSDFHDQGPHGLFLQHWHFKQRORJLHYVY 6E EDVHG SKR
ZLWK WKH SRVVLELOLW\RIFRQVWUXFWLQJ W\SH ,, VXSHUOD\
LQIUDUHG WKDW WKH SKRWRGHWHFWRUV QRZDGD\V ZRUN $V
VXSHUODWWLFH GHVLJQ LW LV GHHSO\ LPSRUWDQW WR KD
PHDVXUHPHQWY 7KHUHIRUH LQ WKLV ZRUNZH SUHVHQW D GH
&$'"WURQLFV VRIWZDUH IRU WKUHH ,Q$V ,Q$V6E VXSHUODWW
WKLFNQHVVHYVY &RPPHUFLDOL]HG E\ 4XDQW &% 'FARGHOS>WAD R Q
ZKLFK ZH XVH LQ WKLV ZRUN WR REWDLQ SKRWROXPLQHVFHQF
DW YDULRXV WHPSHUDWXUHYV 2XU FDOFXODWLRQV VKRZHG
,Q%V ,Q$V6E WKH SKRWROXPLQHVFHQFH SHDN VKLIWY WRZD
LQFUHDVH LQ WKH VXSHUODWWLFH EDQG JDS )URP WKH FKD(
GLITHUHQW SHDNV UHODWHG ZLWK WUDQVLWLRQV IURP FRQ!
UHVXOWY ZHUH FRPSDUHG ZLWK UHSRUWHG H[SHULPHQWDC
DIJUHHPHQW

JLIXUH D VKRZVWKHQRUPDOL]JHG SKRWROXPLQHVFHQFH 3/ FXUYHV IRU VXSFH
E JLYHVWKHWUDQVLWLRQV EHWZHH HKRIQQENKAHWI B @/ R @ G N P\U H R @ HKVHKIEE\ [DQQGEVO
VXEEDQGYV

> @/DX :D\QH+ - 7 20HVEHUJ DQGOLFKDHO ( )ODWWp (OHFWURQLFVWUXFWX
OD\HUHG JLQFEOHQGH VHPLFRQGXFWRUV DU;LY SUHSULQW FRQG PDW

This project has received funding from the European Union’sHorizon 2020 research and innovation programme under the
ODULHG6NORGRZVND &XULHJUDQW DJUHHPHQW 1R
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> @5 7THMPDODF 6FL 7THFKQRO

(a)

JLIXUH

E\QRUPDO /("HPLVVLRQ
Acknowledgement: This work is supported by European Union’s Horizon 2020 research and innovation programme under

&RPSDULVRQRIVLPXODWHG EODFN DQGH[SHULPHQWDO
the Marie Skfodowska & XULH JUDQW DJUHHPHQW Qf
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P14: Simulations of the triple-barrier
resonant-tunnelling heterostructure for
ULTRARAM memory

LX[LQ ;lBHWHU ' +RGDWOXY +D\QH

OHDG SUHVHQWHU

[ [LD #ODQFDVWHU DF XN /DQFDVWHU 8QLYHUVLW\ 8.
AXLQDV 7THFKQRORJ\/LPLWHG 8.

'5$0 DQG IODVK SUHYDLO LQ FRPSXWHU PHPRULHV VHUYLQJ
UHVSHFWLYHO\ ZLWK WKHLU FRPSOHPHQWDU\ FKDUDFWHUL
YRODWLOLW\DQG FRVW %XLOWIURPDWUDQVLVWRU FDSDFL
UHIUHVKLQJDQG WKXV VXIITHUV GDWD ORVV ZKHQ SRZHU LV RI|
DWKLFNR[LGHOD\HUKHQFH QR SRZHU VXSSO\LVQHHGHG IRU
ODUJHU YROWDJH DQG ORQJHU WLPH WR FKDQJH WKH ELQI
SURJUDP HUDVH SHUIRUPDQFH DQG FDWDVWURSKLF ZHDU R
program/erase cycles, i.e., it has poor endurance. Given this context,a* XQLYHUV D @aPHP R U\

GHOLYHUV WKH VSHHG HQGXUDQFH DQG RWKHUDGYDQWDJH
IODVK KDVEHHQ FRQVLGHUHG WR EH SDUDGR]

8/75%%$0 D,,, 9 FRPSRXQG VHPLFRQGXFWRU PHPRU\ WDFNOH
D WULSOH EDUULHU UHVRQDQW WXQQHOOLQJ VWUXFWXUH
FRQYHQWLRQDO IODVK VWUXFWXUH 7KHEDQG RIITVHWYV EHW.
FKDUJHV WUDSSHG LQ WKHIORDWLQJJDWH XQWLO LW EHFRP
ELDV LV DSSOLHG 7BHWURIRUH QRQO$IYRODWLOLWN DV ZHOO D
DOORZVRUGHUV RIPDIJIQLWXGHORZHUVZLWFKLQJHQHUJLHYV
WHFKQRORJLHV > @ 6LPXODWLRQV RIWKH 7%57 KDYH VKRZQ
YDULDWLRQV ZKLFK FDQ KDSSHQ GXULQJ VDPSOH JURZWK >
YROXPH SURGXFWLRQ &RPSDWLELOLW\ ZLWK VHPLFRQGXF
HISHULHQWLDO YHU&RSIOFOAWIKRMIDIVBH/I6EPHQVLRQ RI —P RQ 6

SBUHYLRXV VLPXODWLRQ ZRUN IRFXVHG RQ WKH OD\HU YDULD)
EHDP HSLWD[\ 0%( DV WKH WKLQQHVW 7%57 EDUULHU OD\H
+RZHYHU VWXGLHV XVLQJ FURVYV VHFWLRQDO LPDJLQJ E\ HC
LQWHUIDFH DOOR\LQJ LV DQ DGGLWLRQDO LVVXH 6LPXODWL
DOOR\LQJRIVHYHUDO YDULDWLRQVLQ WKH7%57 KHWHURVW
VKRZV WKDW DOOR\LQJLQ WKH ,Q$V TXDQWXP ZHOO LV PRUH
SXVKHV WKHWXQQHOOLQJ YROWDJH WR KLIJIKHU OHYHO KRZH
GDWH XQGHUPLQH WKHFRQFHSWRI7%57 RSHUDWLRQ

$F N QR Z O H GIhH wdrk@ Ypported by European Union’s Horizon 2020 research and innovation programme under the

Marie Sktodowska & XULH JUDQW DJUHHPHQW Qf SURMHFW 4XDQWLPRQ\
> @ 7L]QR RWREFELHQWLILF UHSRUWV > @/DQH 'RPLQLF DQG +D\QH 0DQ
$SSOLHG 3K\VLFV > @QHVR®@VRBRQFBIBWEBHEWURQLF ODWHULDOV

%LUQHU :HEVLWHRIQH[WQDQR *PE+ FRPSDQ\ DYDLODEOHDW KWWSV ZZZ QH[V
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