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Development of Tin—based halide semiconductor materials
for high efficiency photovoltaic device

ME - MR EEE TR — BB RS
£ & KHADKA Dhruba B.

Lead halide perovskite (Pb—HaP) based solar cells have demonstrated promising high
efficiency for low—cost photovoltaic technology. But the toxicity of Pb in Pb—HaP and poor
device stability are two issues to be resolved for its practical application. Multiple
approaches have been attempted to transfer the Pb—HaPSCs technology to Pb-free
materials but the progress in device performance is not so exciting. The primary reasons
for low device efficiency are the fundamental differences in film growth, optoelectronic
quality, and multiple structural dimensionalities. In the case of Sn—HaP, though it was

considered as one of the promising alternatives in terms of optoelectronic properties, high—

Isovalent or heterovalent cations

or anions alloying or doping

challenging due to severe Cations /anions-Alloying g g +30 499492
— Al 3 O ¢

quality film growth is

Experimental and theoretical investigation I

. . . Anions () l
oxidation and poor film , ) Halogens ) 5 o
Chalcogen, :°: I~ o2,
g
morphology Additive engineering g = 2 5
. . == fth £ “eo
In this proposal, we fabricate a Organic additives~%, 0_“°° ,
Halide, thiocyanate, ":':{"
o o

highly efficient Pb—free HaP-
based device by optimizing the

functional derivatives of
organic cations

Multifunctional additive engineering

optoelectronic quality of Sn—HaP thin film (morphology and optoelectronic properties)
adopting additive engineering and structural regulation adopting approach shown in the
schematic diagram. We will develop highly efficient devices by interface engineering for
optimal band alignment and lattice mismatch at the interface. We believe that the successful
completion of the proposed work will pave a way to solve the toxicity and device instability

issues of Pb—HaP based photovoltaic device.

[ERIENEIFESNSHFF]

Highly efficient, low—cost, and non—toxic PV technology is indispensable for the realization
of a sustainable low carbon society. The Sn—HaP-based solar cells are the best candidate
for eco—environment friendly PV technology. The Sn—HaP based PV device can be used for
indoor PV applications. It can be used as a Pb—free HaP top cell for the development of a
high—efficiency Si/Sn—HaP tandem device. It can be used as a photodiode, scintillator, and

many loT devices.
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BIEHEEENTN\AADE=OHDAE A=A EOHERF
HERAY K¥MRISRMER %2 B HH

MHEIc LS EREE (L—7 DER) DRFAMNBELIHP T, KO EBE@EZFAL-IFHMEFE
KOATIEFEDILIFAZI A OEHRZINTDFERIITAIGETHY . FLLMEREZ L DML EHT
FRETNAZADRARENTAIRTH D, TOFRTLRAEV R F BREREEZRS LM O R
W EBAFE (R B, 33l MM EOBR) ARELBELETH S, AMRTIE, RAML—T K
DTNAZADERERELTHEFSN S, FFHMEF BRICHMETREMn, Fe)ZRMU-REMES
BIREEDATORE, BHEMEREFERNOHIEENTOBEZ/ERL. T O, ¥WitH
., WEERFE . REVEKBFGERRLGEOHAREZTL, FEREHEERDOH BB FELET N(RXT
ZOREICEMLTLS, FIC. EREBAS5 VX1 —EEZL ONEELUp BB+ B
EORIR(RVHMEDELEZL DINFEFTOREMEFBEMEOBERZIFITT R THER, FHif-
BT HFA2I—IVERIH)  HILOBHEEANTORELZ DD RAEV RSO0
BEZTOREFEORIELGEDHRERE T . ZMB LIV IFMITHLOWMREZL-5L TS,
2016 & 4 ALIFE(~2020 & 12 ) UL DB EHRZ S DEFTESRERERX 63 # (Nature
Physics, Nature Electronics, Nature Communications, Advanced Materials, Physical Review Letters,
Physical Review B, Physical Review Materials, Applied Physics Letters, Applied Physics Express %
EDERRRIGE) . BLUERRE 136 4 (OLIBHFEE 40 ) THRL TS,

BN AR (2016 £F 4 A ~2019 5 3 A) ST o=WIR R EEMEIC, 2019 FELRILYH
RIVGREITOTCE =, TEMRARZTERET 5.

B pRGARMEFER (GaFeSb) ICHIVT, 400 KEBZ DB Fa)—BE .28, BKEA
PRI : PR IR K (GaFeSh) IZHULVT, 400 K ZHBZ B K —BE L. #RH
L. ZDONUFEBECHSEAMEHALMNIL, £, EH. ESREICKOT, (GaFeSb)
EBEOMK[EAMENEREAEOSEBEIEANTILSE . FlETaETHS_EZRLT=, [Phys.
Rev. B 99, pp.014431/1-7 (2019)].

B nBEEMEFEE (nFeSb) [THLVT, 385 K DELF1Y—EE T.E2RE,. ERMRICKY
HHEZHIE: nRREMEFEA0nFe)Sh [CHELTIE, Fr U7 (BF) FERMMETHLIL
ZRL,. ERVRINS VR ABEEZREL T —NEETHMEZHIET S EICmMILE. C
NFETOEBRBEREEBELTEIC, Fe M -V RREEFBEARFLOT AU IL—ILZRIE
Lizo 51T Fe BEZ 3B5%FETEOHIIEICES>T. BLIF2U—RE T (= 385 KEEHL.
CRAEEELEEHMIE AL E KR TESLEERLT-, [Appl. Phys. Express 12,
pp.103004/1-5 (2019)].

B SREE/ SR BAEATORSICBLVTHLODEXRESENNREZRR. BERMREICELS
EERITATh: FEREMEF EIR (InAs) /SR EETEF 84K ((Gags,Feoo)Sb) M5 D B D F BAN
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TREESEZEHEL FILLWEFGEERE—ARECHIERNRE —ERRA L, oI, 20
BEBRMBINUCRFICMIL, S¥—rEEIZ&>TInAs BEFOEFIKE RIS *
TSt EEDRICKIERIENREREERTHILITHRH LT, [Nature Physics 15,
pp.1134-1139 (2019)].

ML ERHR(GaMnAs ITBEVWTEMDE - EERBIEREICHY): EEMSEAMEEZLD
B —OiaHMF 8K GaMnAs BEZFELERERILITT. REVEHEMREER(REY
BERLYISOMIZEAELOH TEE, BER (KXY 2 HHELVEREE £ =34 x 10°
Acm™?) T 180° Wb mlEs (RER)Z 3 A &EITRTILT=, [Nature Communications 10,
pp.2590/1-6 (2019)]. I5(Z, SOT [CKDHAL REZDFEBAE A . field-like MILOZINFIT S
CEIZKYSHITBRWVERZE(L = 46 X 10* Acm™) Tt REEZERE I ZEITH LT,
[Nature Electronics 3, pp.751-756 (2020)]. AR RIFIEEBEEHREL T NI RADERIC
AT CERLGERTH D,

HBIZEA(ND)/ SR F B R (InFeAs)/BIZBAEND) N SLEHDa TV RAE/EE., SRl
FERPIZREV=ZEENDBIGEERER T EITHT: nBERRMEFREIR (InFe)As EIE
DLITHBIZER N 2BBLT HIBEEEEZES (TL—RIa IV RF)EERL. #itd
BARDPICEBELEZEBATSILTREV=EHDBGEERERESEHLICHIIL 18
KR CRECHISZEILIEEALHMICERGEFIUHERANIZEIA 1 K UTTERA
oLy GEEMRICES(InFe)As RDBIREBELN 1um ITBELSREVIE—LUXEERE
RHLtz, Sl R ERNHISICH U TRAMICER T ST SMREHALIZ, CDIE
[&(n,Fe)As 4L T Nb EICoatT7V BN ELTWSIEERLTEY., MiE+ERXRDE
RNIBEEERTHBILI-NOTORRTH D, AREICKY . B, FEHK, BIzEEZD
BC.HLLWBEEREVFAZ IR - TN RADEENER T HENFINS, (RAYHE
MEFRBAMEEELRINZE) [Phys. Rev. Lett. 122, pp.107001/1-6 (2019)].
BEREVNILVTBEZESE, RELHSIERELEHA: (GaMn)As EB/GaAs Fr#/L
/(GaMn)As BEBMNOHAEBRAEL/NIILTEE. BEU MnAs BAE/Si Fy¥RJL/MnAs BB
NoRABURAEU NIV ITEEEERL. B EBOHIL (F17/ RFETHIL) DEIEICTK
BREFIEIEIL (10 - 70%) ZERIL =, BB nm FBE D GaAs LU Si FrRILFEREY
RIBXv)T7HIGREETHELRLIZBD T, ##E Spin-MOSFET EHICAITTEELHR
T#H 5. [Jpn. J. Appl. Phys. 59, pp.SGGI08/1-4 (2020); Appl. Phys. Express 11 pp.033003/1-4
(2018); J. Appl. Phys. 122, pp.223904/1-7 (2017)].
BHEMEEEF)NSEEBARSHINEIEDRAE VA LR EEREL, ERTEIMET S Spin-
MOSFET #{E&. BI{EREL: Fe/bURILIERE/S| DDA RDAEV LU RIVIEEETIK
L. RAEDEELZZRMOIER -FIHTIEIZEY, BEEEBF)MSFEBRSINEHE
DAEVEAERBETIRMERILL =, £1-. Si ZRTEFFrRILPDEEEEE LR
EVEELDOBEREEEMITBHONIL ., v T OEEEHEMEBITIKST | EE S EEL
14000 B[ 1 EIDE|E TRAEVEELAFEZ B EERLT=, FEIK FET FrRILIZEITBHRE
VHELZEEMICHOHILEMEIEL ARELNHTTH S, Ff-. Si ZRITEFFrRiL
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B9 51T Spin—- MOSFET ZERIL . ZERENIEZRLT=, [Phys. Rev. B 99, pp.165301/1-9
(2019)].

B =B TEIMET S Spin-MOSFET [ZETHRAEVEZEDAER: =ETEHEI S Spin-MOSFET
[ZBWNT.Si PUaY) ZRAREFFrRILDORAEVEEELRELIRZEHEBAL, V—R-FLA
CEIDEARBRICE S TEFREVHHELSNTICER T 10um U ELETTHIE(RE
VRUTRIR) V=R RLAVEBE TOn BETRAEVEENRIDZELGEERLE,
[Phys. Rev. B 102, pp.035305/1-14 (2020)].

(ERIEI BRSNS E)

AEVEHEZRWHLOME. o, THACRICETIMESEFIL. [REVAOZI X | LI
[ENtERMICEAIZEYDDHAN, BEHREMIDORBELTHEEARILINOZIRZED LS
[CERETHIOMN?EVNSBOHTEELZRITOVTIE. AHERRESDT IL—TH 2004 FZHH
L—EDAEVMAZIR - TNARICET HARERKRTHIETERMICHRINSZLF LA
tzo AL TIE. CHETOERBFEET IL—TI2EDH DM - TNAAAEDOEEER—REL
T REDFBERTNAROERE R TIIFL/EI oI FIERM | LT HERATRE M D EE
FEDOMBETNARZRIHL., TOMBELEMEE RN THLITHY . REVEBEMBET /NMR
IZDEMBIUVEMAREEELDDH D, IS, ERTREMZ R InE B LUp R ORI
FBEOBIREMEERE (CNITEYRBEEFEERICETLZ VLAY R"ZEHHT) . Spin-
MOSFET DR LEMERI LG E XD RHFTHRZ)—FIIMRRRTH D, COMEHNILIC
EERINEREMRILGEHEEICH-Y, BEEE -SROTERMEAT . BEAATREGRE
ER&. EEL-% TERTAIEEL " OhoMVN—KY 7 "4 2YarI4Fv5T)L-avE 21—
TAVT%E  BROBHFOLEBREMCEVTEL(REVBEHELTEXEDBAIZLS) EFHMN
HIEHBEBHLERTNAROEBRBEERETES,

AL =
/ e 38 4K &F (electron) ( REMEA
-t B AEY

charge ” spin

fHHRNE, RER
\ WIE. /N FERE

(s, p electrons)

FEREERE - 2R
Combining & Integrating RN, BErS
The Best of BothrWorlds

d, f electrons

EERHRELEHEAROBFREBEZRHS > BRI EEFEZER > TE
#ME-BE-EHBEHNTN\MRZEH. EHNUERCATLERE,
ZTDEHIT. ChFETORBEFEEROBBRETNTHRRT S:
) pREBOREMFBEHREIRARER

Q) ¥ )—BRETEERIVETS. ERBMEERTHEEXERE
Q) BEEORBRICETIM—NLCEREYERTOEHEREL,
SHIT,. ) EFHLEBEET NARAZER, RERI. £8]T 5.
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FEBEOERLHICEHTIHER
HRKE MMHIET EFVERRIIL—T EKE =H Hi

F/H A X DR, IO AEFIRATSIILIMAZIRIEREV A= IR EME
NTWET, AEVFAZ YR [CEKAEFEZERITEIZ2OHYET, 12 B IETEF I
DHBLLTOMETHAIREY | BREEBICFIHTAHET,. CNETOEMTIEE
WCEEA S H LWV EEE I DBEF T /NM ADRIE A TBEL SR TT . BF T /M 1R
DFEELTIEN—FER T RIRFSATRESAYF OFER SR [ AETIMRAMA HY
FI, 1 DR R LR EN B CEFAE VDY ENEE LR REE L > TELAT
T, BAYE, HAMEBESLUVEFHEREOYEZOAHELT , EFOEYFETELREY
DEEMNRBHEINTVET,

AARFETHOIRAAEMEDERERIEIFERMEEIATIMRAMIZEELFET M
RAMTIZESH T/ A—FIL DRV IEHEEBIOBRINIATIZEEEZF AL
TNAREBLEWVET KT NARATREBEICH BN OHIZEENMT HEETIERMNE
LT DHESERDR. ZLTHEARDOHEAE AREZERMICHIETSRAEVMNLINENE
BETY, EEEMLUK, REMAOHIEARIIERFEICLIERMSTHEINTE
FL=A 2000 FEITIRILF—HENNSBREVRICEKDREVRLIFEM . ZLT
2010 FEICIFBEEHMSIRICEDIREVMLVISRNEKREINEL-, EXHMINEE
RAWbeé. BREEIVEMETHYREBRESINTLOIMRAMD R RETHAHIRE Y
RICKDRAEVMILIMBRELELTE 100 BFLULEDKAEEZEAENATRETHY. BFBHHW
[CHENESNTOET (R 1(a),

WRIFNSBERHEANBREBEDOEFH T THOWTREVNMLIR, THHOBHBD
REEZEZTEVRAN =23V T 5MBEMNEIAFIEIRELEETHSIUNE. EARMICITE
MERBYORAEHREAMEIRILF—DRESE 1000 fJ/Vm U LIZT DM EBEREN
BEERINTVET . ZCTCAHRTREXRGERHASMRDOERICAGT-MRZEES
EFORFERERMERFELL-ERET/NARAEMEE X o ERMESE-MBHE
ZRBEALELEE 10), EAMIZIZRAEROZORT NA RO EKIEETHD Fe/MgO,
ZLTFe/MgO RMEIZ Co RU Pt % 1 RFBIEALLZEBIET /A REMETHERAIC
#F-ICBAFLELT-, £LT Fe/Co/MgO REAWVWTHMZEICHESIRFIETHS d 8
EDEFIEFICERT 2EEHMK[E— AL MEE[L], Fe/Pt/MgO RZRAVT JHLENE
FHREIICERTSIEREBFHERIZRAEL. EXMANREIEEIE 5O DM H
REtiEstZAREICLELT=[3], EFEIC Felr/MgO % Tl Fe/MgO Lt 10 SN EBEH RSN
RG300 tJ/VmBARERINTWET  EEHINE~NO BT AFI A IEEEBRZFTTOREEH
SIHSBHTLLENBDTLEL, AR ETEHEELREREMICEYINEEREIE
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TREVFAZHRIZE T EMEA RFADOREEAHLEL -z KEMMTIEARIUEDH]
ELTHE XD EFILBFEINTLET,

RAETELERDOBEMEEZEBEOHLLT . EFYELFENLIFHAMBERALX
EVFOZIRARLHELTLET  FIELTRRADSHILEHED—TETH L IHI1IILKR
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