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MoS, FET H'5 10 £F : @bk U TEDKEBRRDD ?
10 years from MoS2 FET: What has been resolved and what is unresolved?
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2011 & (C EPFL @ Kis 5(C &3 HfO, bw 74— KEifE MoS, FET DIRENS I TICHI 10 &F
MRBUTZ. FEOEUIRY>IUIR RO CNT - IS5 T 12T 9 BIEBMOEH EIF(CK
DIRTED 2D T/ A ADEBNAZR SN, 2020 F£(CREK LU imecDO—RIVIFICHBNT1Inm T
O ZEADBEIED BRI [CIRFTESNDICE D> TVDRIFFEINRETTHS.

K1, [BE] »5 [EBEE] FTRERTL—IRIL—TREBANICRU TV @R aimE Uiz
BDOTHD. KREICEALTIE, 100%DH/\Lw (CHIFDRAR(<L um)RUFERMEICETZEREN X
BBDD MOCVYD ([CLD 4 1 >TF A XDKEEMLISEZECHLORERDERTHD. TN, 2D
MRUFED D IT)\— T — )L TOEERMOMET (FEBEMIEEDO—DTHD. BE— SRS
(CHITDEBXRFTMZERIEBES, —BORNLRYIER-E RN RELI THDIRTHD. &Rl
[CIROBRETRUBEEZDERE R—E>2J(CEATERENMBESNTET TODIEDDRAE UTH
REEPETHD. DI, I TICRLRRIAAYFIOFEETNASEBRIFERRT WS, T2 MoS, D
N B FET i Z8ERESIN TSI —AT, PRICEAUTIHEVFEICEBE D TOWIDONIRIRTHD. &
BEICBEAL T, 2020 £E(C 54,640 fEd FET (CXD inverter, NAND, SRAM, U AS L —5%D
O>woREHNRESNED, NEFETDFT4 L v a>E—-—REIVI/I\DAAS ME—RIZEKD
Rk UTe1 > )\—=5ZFBLTED, P/N ZEEDDITERBIESNIEED(FERESNTLVRL. SED
BRBEBHMICIE, R—EIRUEE/2D O3V bM—FREGIEIICEKS P & FET OBINREE

HRECTHD.

ABETIE, 2D T/ A RXICBIFDHLZDIMOBHZBNTULDD, FHRELEZERLIZL.

R1. [HE] n5 [EHE(L] CBIFBTL—UTF DB EEHR.

Achieved Challenges
2012 2015 2015 2021
CVD growth Epitaxial CVD MOCVD growth 1L Epitaxial Growth * Wafer scale 1L growth * Low temperature growth
Growth on Si0, growth on Al,0; on Si0,/quartz & Device on Al,0, - Gran boundary connection
Adv. Mater. 2012, 24, 2320.  ACS Nano 2015, 9, 4, 4611.  Nature 2015, 520, 656.  Nature nano. 2021, 16, 1201. | by epitaxial growth Transfer process
1980s 2020 2021 * Substitutional doping - Crystallinity
. Substitutional doping Substitutional doping Post doping by during/after growth
Doping during CVT during MOCVD dopant beam i icabili "
. pnd'erstandm‘g of no applicability - Find best dopant
Nano lett. 2020, 20,4095, ACS Nano 2021, 15, 19225 | ©f ion implantation to 2D
2011 2019 2019 - EOT=1 X
HfO,-MosS, FET Full energy spectra EOT = 1nm (HfO,/organic sLnm + further EOT reduction
Gate stack of D, at Al,0,/MoS, monolayer) on MoS, * Dy < 102 cm2eV-t - Reliability
Nature nano. 2011, 6, 147. Adv. Func. Mater. 2019, Nature electronics 2019, 2, 563.
29, 1904465.
201 201 201 201
.0 3 013 018 019 * Reduction of R, * Further reduction of R,
Contact Indicating FLP at Edge contact to FLP free metal/2D vdW metal contact (In) (< 1 kQum)
metal/MosS, graphene contact * p-type contact
Nano lett. 2013, 13, 100.  Science 2013, 342, 614. Nature 2018, 557, 696. Nature 2019, 568, 70.
2016 2020 2021 + Demonstration of * 2D nanosheet structure
Other aspects Ly, =3.9 nm FET FINFET structure ztl?u’\i?SroeSheet immunity against SCE with high-k oxide
Science 2016, 354, 6308. gee ™ 2020 b 2%k
2012 2017 2020 - 2D CMOS using P&N FETs
; Integrated circuits: 12 FETs Microprocessor: 115 FETs Integrated circuits: 54640 FETs
Integration | (i, crier NAND, SRAM etc) (inverter, NAND, SRAM etc)
Nano lett. 2012, 12, 4674. ’1“2;11"89 commun. 2017, 8, Nature electronics 2020, 3, 711.
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