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Tensile strain GOI nMOSFET on GOI substrates fabricated by Ge condensation

HRABETL, K.-W. Jo, C.-M. Lim,

F—T5Y— Ry - HAOTFa v b, HoFE, OBKRE—-

Univ. Tokyo, K.-W. Jo, C.-M. Lim, Kasidit Toprasertpong, Mitsuru Takenaka, “Shinichi Takagi
E-mail: takagi@ee.t.u-tokyo.ac.jp

T,BIREEDN 2 FU LW BT 5ER 0015,

[E&] BbiEfEIc k5 GOl Efuix, &WE
MEONT A FFDZ L2, pMOSFET OPERER
LL&“jO[I 2]75§ [d] Ut CMOS % 35
THEOICIE, Mt EsbsE s 2 Ll
J‘%ﬁoa‘ﬁ%%l%ﬁ@oa‘if CEWT HZ LN
VETH D, KIF5E T i TRAERL (B RIR
DML EIT D Z 1T X0 b S K & ARk
SEEBHZERL, E',I%E D OFTHEEATLHZ L
(2% L. nMOSFET OEF B8 E 41 T
HZEERMULE, BT, Z05EY O 4
GOI #31& D LIZ K Y . nMOSFET DA 72
BB R A BN Lo THiET 53],

[E&{LEEM 7 =& 2] 10nm (100)SOI Kb -
(2 60nm @ Sig75Geoors T B8 Z AL L 72 A&
%t LT, Figl(@Dtigfg #1772, ZZT
GOl F TfiE L%, 850°C T iBMER LI
1o, ZOREE. Figlb)ZRd X 91,
PR EIRER] & RIS, TEREONT A8 FI L2 D%,
SIED OTHNEAIND Z &2/ LI, B
{EIREfE] & O T A B ORMR % Fig2 1R, f
PR RALEERIIC Ko T 0.5%FEEDF[IE Y O
HEEANTEDZ LN D, 20 GOI HaR
2, AUW/ALO; 7 — N A X v 7 & > GOI
nMOSFET Z {Ef L T, & OEXFHEL I ~7,

[FRFRMRE R & 2] Fig2(b), ()ICR R DD
T A% 1> GOl nMOSFET O 14-V, 81 & &
FTREE 2T, BMEET e EHD 5720
Z S VTEMEONT 2R O IR A K Ak Tl

TR R C DR EE DB 2 i X 572
IR D O GOl Hith a7 7 A= pfbic L%
TUHINT T TANT K0 AL L7,
Fig.3 |2 GOI /& % % 2 7= nMOSFET O 1%
BED N EFEZ2RT, 2.50m F TOHEL
TETFBIHIENKIECH L, ©—271ET 777
cm¥/Vs DERE LD, 22T, OT A&
2.5nm F THERF X du, ZHLL T ORRE TRl
#EFN9 %, Fig. 4 ([CBEIE D GOI IR &
Ry Fv— I fERERT, 5IRY 0T HOEA
[N %, GOI kI L 0 f%@fz’ﬁk% <K
LTEY, REEETO, LR D AR 2 B

@Nv~«®%@uﬁ%®tﬁk%z%ﬂéo

[F 2] BLiEfEHED 850 COBIEELIC
X0, GOI DEMOT A% 0.5%FEEDF[ED
OPTHRIIEFTE S, ZOOTHE GOI HhE

LI L0 2.5 nm OEE O nMOSFET (28T,

777 cm?/Vs DETBENE 2 FZH L1,

[3I8E] Amrzeid. BlEFse2 19K15021 &0 IST
CREST JPMICR1332 OFEIC L 0 EfE LT,

[&E3C#R] [1] WK, Kim et al, VLSI Symp., T124
(2017) [2] K.-W. Jo et al., APL 114, 062101 (2019) [3]
K.-W. Jo et al., IEDM, 673 (2019) [4] X. Yu et al., I[EDM,
20 (2015) [5] C. H. Lee et al., APL 102, 232107 (2013) [6]
W. H. Chang et al., VLSI symp., T192 (2017) [7] W.-K.
Kim et al., TED 51, 3379 (2014) [8] W. H. Chang ef al.,
TED 64, 4615 (2017)

RN LR LT D, E’zl%ﬁ@()\ﬁ“«ﬁ@%]\
O 1100 —, E
oosol § b _ Ge 100 % This work: :
[ i G Withmax Introducing =
S1000f: 0 Geee additional oxidation %‘
g 950 Aoy \ for tensile strain ¢

900 | *+++* Intermixing @N, ... e
£ os0 5— xidaton @ O E® =
ﬁ —= Slow cooling Previous \

5"7 work

0

Time (min)

(b 290

el
295 300 305 310
Wavenumber (cm™)

1
Ng (*10"2cm??)

10

s 1000

Q 8001, =777 om’/Vs SR (a) | teon

e 700} & )\ = 25nm

£ . E K
= 600} 3 *

2 teor iv Z

Z 500f25mgd P By 0% 2

g a0l % Wyeer | 8 o
2 a00[ - ""0% bt

5 10 nm @9 2 °
o 200f S 100(21nme
i 100 & . ®)

1
N, (x10'2 cm?)

10

© 20205 ISRYEES

Fig. 1(a) Ge condensation process flow and the recipe and (b)
Raman spectra of the Ge-Ge peak
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Fig. 2(a) Strain change as function of oxidation/annealing time
(b) Is-Vg and (c) effective electron mobility-Ns of GOI

n-MOSFETs with tensile strain, controlled by oxidation time

Fig. 3 Electron mobility as function Ns for ETB GOI
n-MOSFETs in the GOI thickness ranging (a) from 15 to 2.5

nm and (b) for 2.5 nm to 2.1 nm
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Fig. 4. (a) Summary of GOI thickness dependence of electron
mobility and (b) benchmark of effective hole mobility of GOI
nMOSFETs: as a function of the GOI thickness
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