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23p-A602-1

PL EER U XPS I2 & 2 B#ER Sin.Sn. D/ FHEEETE
Evaluation of Band Structure of Single Crystalline Sii-Snx by PL and XPS

ClRIA B . I &2 FEk X

XE #° RE BES Mg BEE 2
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Fig. 1 PL spectra of Sii..Sn, (x=0.03 and 0.06)
and Si substrate at 10 K.

[2& 3R]
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[3] J. Tolle et al., Appl. Phys. Lett. 89, 231924
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[4] B. Bouhafs et al., Infrared Phys. Technol. 36,
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PLERUYI T UAHEIZSL S 3 RTEHDHBILSE SiGe T/ Fv FOFHED)
Evaluation of 3-Dimensional Self-Ordered Multilayered SiGe Nanodots
by Photoluminescence and Raman spectroscopy (1I)
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[Fag] &7 Ny MIENTIREZEN, MW EERNRELHT 2 L6 (EREMR CIIRBBAOH L WT
—Z R ZIBITLNMET N, ZA~OEFHMICH E LTI S TWD, 72, Si Lot A
CALRR LR ISR U 2 RS ROHMEDm 5 SiGe 1/ Ry M X A2 E RS Si 7+
=7 ZDEBPER SN TND, ZbT/ Fy MTEBWT L —RIRICBT 5FGM Loz, F
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E: {5 nm Sig6sGeo3s/50 nm Si} X20)DFt 3 #EA HE L[2]. PL XO'T ~ U HIEEFNE L7-, PL {ETiX
Diode pumped solid state (DPSS) L — (i : 532 nm, Hi77: 115 mW)ZFREF L, %9 0.9-2.2 pm (ZJEE 2 Ffo
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Fig. 1 Biaxial strain obtained by Raman shift of Si-Si  Fig. 2 PL spectra of SiGe superlattice, staggered, and
mode for the SiGe superlattice, staggered, and dot-on- dot-on-dot SiGe nanodots at 35 K.
dot SiGe nanodots.
(&3] [1] OV fh, 55 70 MG AL RS FRFAINHRE S, 16p-D511-10, 2023.
[2]Y. Yamamoto et al., Semicond. Sci. Technol. 33, 114014 (2018).
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EHSiGe REY FAZH R TFTINAL RIZE T B BEIEH D HERIT

Local strain distribution analysis in strained SiGe spintronics devices
BRKBRERET ', BRKX OTRI REY 2 JASRP
OCMNEH k' X &X' BT Hth' & Eh42 BE MM 93 BES
A+ &3 Wk AEX!, EE BF¥'2 BEH AL
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[AFFE R ] BifE, SiGe TP MM ELE L TIRAS WO TEY, MFETIEFAE Y hr=Y
AT INA ZASNDISHAPEF STV D, BATHFZEICE W T, SiGe BIZHWNGIEEAZHIINT 2
L TAL WA U KEREELZIIHI L, T3 AREICEE R A U IEERE AR ESE 5 2
CICRRIILTWA I L, T3 A& O SiGe BICEIMEN 5 EBE DO BTSN T
BHT ., AV MRERHE & EASKMA & OBIRIZIREICEA STy, AR TR, T
J B— A X BREPT (nanoXRD) HE R L OBETEFFEMMEE (TEM) BlE02 X D £ SiGe A B
VhBa =g AT N ATET D JRETRERE A & RS 2 T L. A B ARERE L OB &
BHOEMNZTDHZEHEHME LT,

[EBFE] A% CRHIT 21T > 12734 20 EEEBFIEMEE (SEM) 143 L OWrm i %
Fig. 1 IZ7”7, SPring-8 BLI3XU IZBW T, EARDIEF/FA L MEEE2RTT AL ZTH LT,
Ge, SiGe(111)xFr 5 L O Ge, SiGe(115)FFxt Frifi S 2 VT nanoXRD =k Tk~ » B
THEZRIToT-e XFRE—LY A XL 700x470nm? TH Y . BB T4 &1 SiGe F ¥ % /L
JE D 10x10 pm? Z J{IEFER E LT, @A x, y FE HIZ 0.5 um FECTHIE L=, £ ToOHE
RTHELNET =206 EABIOHEBRBEDS X (A20) %Rk, HEEBICEIT DALERFE
<~ TEAER L, RFTERGA & A ARERHEOBRZ A L=, £72. SiGe F ¥ R/ D
WAl TEM #8122 %17\, nanoXRD HIZET  (a) | (b)
Bon=EBHNMEDBBREELE LT, 3 —— Au (100 nm)

[ZBHER] nanoXRD HIEIZ L - C e
) —Fwm

BNTZREE 1 (R B AF BN . 3kt 2 i
(A EME B RAE) @ SiGe J8 DN et
JimOEHNEKGFE~ Y 7% Fig. 2
(SR WA E BICF v R DTy Y
FEECE B AERI LT S Y
Fig. 1 (a) Top surface SEM image and (b) cross-sectional
;{éi? g@ig?g f%ﬁjjl SJCC;;;;\; scgemat(lc)of apS|Ge spintronics deV|gce ®
VRO IEVFFIZ I - T THI 0.6 % \ 4 . LI
DELPDBEINTZ, T OfEIT SiGe & ‘ % 0.543
Ge DI~ F U 7S N5 E 0486
HEIZIFIF—HLTEY HEBEY OE i
HEIMC £ 0 A ARBE D B L7z i
LEZLRD, —F, B2 TR -
(Z AR REYZ N 7 1) D 5| R 7R 7 3 | ; 0.201
ML TWAZ Enbsd, Wi TEM | MIAFS s ; - p— : ’e 0.144
BETIE, AL AEEHIE - RHEOV 2 G g 2’ 4
?h@ﬁﬂﬁ”:%b\?% ?:\)V Z‘/W:%ﬁ Fig. 2 SiGe in-plane strain distribution maps of (a) Sample 1
INBLER S 4L AV UE S SRR 72kt (clear signal) and (b) Sample 2 (unclear signal) measured by
Tl OB REDIBIZE S -, Wrm asymmetric 115 reflections. Allows show channel edge
TEM #i5:4 & TG &  Ofr@E Ky  position.
M~y 7D, BEAEFITERERMGIZER L TV AREMEN R SN2, S HIX. L0 FEMemiT
T — &M TEM Bl OfE R & & b, FERTAE AEHE & OBERIZOWCaEgm T 2.
[Z%CER] 1) T. Naito ef al., Phys. Rev. Applied 18, 024005 (2022). 2) S. Mochizuki et al., J. Appl.
Phys. 122, 135705 (2017).
[BEE] AWFZE0 —E01% ISPS BHFE (JP19H05616) DBIRLZ 5% TThilz, SiGe &I AT
R OB ZHR N E E L,
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FEBAMICAYEFAUTEMARS BRTRE (2023 AR —ILIENIRE)

In;0; RIAFIMAERBEIERIEREBEZA LV
Gevay bF¥—JF FE A — FOIEHFEALERT
Broad band photodetection of Ge Schottky photodiodes
through short-wave infrared transparent conductive oxide electrodes
REX |, ELH OFHEC 2, BXE?, Az, AR, BREE |, AR 2
TUS!, AIST? °Hiroto Ishii">2, Wen-Hsin Chang?, Hiroyuki Ishii2,
Takashi Koida?, Hiroki Fujishiro!, Tatsuro Maeda'-?

E-mail: h.ishii@aist.go.jp

[TR] 2 E THRAITERMRTEWVEIELZ G T 5 In0; HEMRILIE (TCO: Transparent
Conductive Oxide)& IV T[1], REBEHTED TCO/Ge v a v ¥ —7 4 & A 4— K (SPD)%AE
B, TCO &I L7 1550 nm OYIGE % Fak L72[2], AR, Z OFRimEREE TCO/Ge
SPD (2%t L Tl & 800-1800 nm DA ST L. /3 MR EIZ DWW TIHAE L 72D THET 2,

[ZE=BoFE] BKHIR 0.1 Qem BED n 7213 p A Ge (100) AR ZPEiEtc,. R DBEOT-DD
TEOS-SiO, B &= L7=, Z Dk, ZHE(120 pm X 100 um) & 725 Ge KM% SiO, =y F 7T
BH L, TCOEAZ A A>T L —T ¢ 75T 100 nm HEF5 L7=[1], TCO f5i%, N, H 250 °C | 30
5 DBV TLAERIE L, 104 Qom A — 4 —F CTHEM A & O 72 [1], % IC EHEM & LT Ti/Au
JE % V;%ﬁ%ﬁ& LT Au ZHERE S 70, ERURFMEOFHIMIZ IR THEM L 7=, {FR L7 PD fiE%
Fig. 1 NIZRT,

[EBRER KR VEL] Fig. 112 TCO/Ge SPD O [V itk 24, n BB L Np BTy a v hF—f
BEDIR & MER LTo, TCO/Ge D a v b F —[ERER S (X p M T 0429eV, n BT 0.236eV & 725
7o Fig. 2 (2R 800-1800 nm (Z351F 2 /0 K EERetE 2 -, BBR D72 il S 41TV % Ge p-i-n
PD Do MRERE S R 97[3]. Ge p-i-n PD [T Rl 72 HIT D3 TRUE DMK < 72 D DIZHF LT,
TCO/Ge SPD LV VR ZHERF 5 Z L BRI D D, Ge p-i-n PD DA, EEE DI &R
JEp BTN S, 222 b LTz i B E TRIE LRV DREENMEL 7225, —J7, TCO/Ge SPD Tl
EPIKONE TCO Z i L, Ge REOD Y 2 v b —[REEIC Lo TR S V2222 J I8
THD, BWEENGEONTZEEZ LD, n & p bk T D &, p MO NEWEATREEEN
W ERDN5,p D SPD IEY g v b F—fEEER I A E < EZIEES n B E D IRV 20,
BWEENMEONT-EEZ BN, LEDOZ E0vD, TCO/Ge SPD i%, TCO BN FFOIT ARk

22ZCHR] [1] T. Koida et al., Phys. Status Solidi A, 215 (2018) 1700506. [2] £ H (=%, 5 83 [Alii
¥ B2 2= 8K 25 2 58 1 &=, 21p-C301-2. [3] Teledyne Judson Technologies, J16 series Ge,
www.teledynejudson.com. i ) i
(] ti% JST CREST (JPMJCR21C2), JST BH#Hdlfi A / ~— g VAIHICHIT 2 KF 7
zu—yy TRARREE (PMIFS2144)D IR Z#%F 721 DT,

107 g r r T 10" r r
i ——n-type —n— TCO/p-Ge
10 1 ——p-type| § —a— TCO/n-Ge
3 —_ - - -.Ge p-i-n PD [3]
10° 3 "; 10° 3 i E
b 3 < [ i, IR
éw“ | z f NN,
s = | o 3
= @ .-
m c e
(.=J 10° F aum 1 u‘Light 8_ 10 E .- 4 E
F Tc0100nm 1 2 F-
& [ 80,150 nm /4
10 Ge substrate
Au
1 0-7 [ P TN 1 0-2 1 . A N 1 N 1 . 1 . N
-1.0 -0.5 0.0 0.5 1.0 800 1000 1200 1400 1600 1800

© 2023%F [SRYEES

Voltage [V]

Fig. 1. I-V characteristics of TCO/Ge SPD for
n- and p- types. Inset shows the schematic
diagram of TCO/Ge SPD.

Wavelength [nm]

Fig. 2. Responsivity spectra in the wavelength
range of 800-1800 nm. The responsivity
spectrum of commercially available Ge p-i-n
PD is shown for comparison.
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Enhancements of light emission from
Ge microbridges by Al,Os; passivation
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1. IZU®IZ
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Eéﬁét\ GloIRVEADED T NL—OT TR EHGEB MR A L | RO KA
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EEEAR
2. ARHERTTIE <1E>.
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Too TD1&, TANIVTTT 4IRS — =0T R IA Ty T
‘/76&]:6 Ge. Si DTy F 7 KOH IZL5 Si OFERTF L7
\ZE~Ara 7y UREEEERLUT-, 7Yy KlE 10 ~ 100 um
LT, ~A7a7 Uy DR RIE | R HEREAEE (ALD)Z W

T AlLO3 (5 nm)&ZHEfFE=H-7-(Fig. 1), ) o
Fig. 1 Schematic image for

3. Wik HE fabricated Ge microbrid
ge
TERLIZ~ A7)0 SEM 4% Fig. 2 1R, ALOs DHE  structures with Al,O3 passivation.
FEIZE- T, TV VNS TR T MRS, ES N
a7V UL DT~ RIERE A Fig. 3 1R 7, 73wy
*—‘/9/75:170717)/‘/@ﬁ#%ﬁb\%IOEED %l?ﬁ)b[lzbo“@\é

ZEN DT, ARRIC~ AT )y ulEsy O=IE PL HIE
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D ALO; 7Ny =g E Qﬁﬁ%ﬁf%mfﬁ THETHD
TEN G ol RO —EIL, R B B4 Fig. 2 SEM image of Ge

(19H02175, 19HO5616, 20@1009)@3@%% ZiThiiz, microbridge (100 um) with Al,O3
[1] M. J. Suess et al., 2013 Nat. Photonics 7, 466 passivation.
{ «— Bulk Ge i
| \ Ge MB w/ AlLO,
I N\
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5 | w/ALO; = s L
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Fig. 3 Raman spectra of Ge microbridges (100 pm)  Fig. 4 Room temperature PL spectra of Ge
and GOS with and without A1,O; passivation. microbridges (100 um) and GOS with and without

AlLOs passivation.
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Increasing critical thickness and suppression of crack generation in strained SiGe/Ge
multiple quantum wells formed on Ge-on-Si (111)
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1. IC®IT
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Si FeM EDO@EBNRFEIT A ZADEBNRD 5T D, Ge 13 Si & [FAIERIC HEEEB RN E K
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SlGe J& DA % R D NN D, RS EE T HIHEE CIEE %LJE@ k— & )L DJEE
MWEEL72DN, A=W BEI OB LI ETZ 00> Ty, AIFFE Tk, Ge-on-Si
(111) RITE 7 SiGelGe ZHEEFIH FHELFR L, Ge A-X—H(H)BIE & O FIEE~5-

2D SLIIANY == T OMREFRIZOTHRIET D,
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— VBT LT HARIC b [RIRE R LTz, iR ORI E
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ExFldTrTay N5, X, £ SiGe HifE%
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Fig. 1 Sio.15Geo.ss/Ge MQWSs grown on Ge-on-Si (111)
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TSiGes‘Ge MQWs
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w/ patterning|2)
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Critical thickness of SiGe (nm)
I
=]

7
SiGe/Ge-on-Si(111)[3]

1 " 1 . 1 L 1
0.50 0.60 0.70 0.80

D2 DR TE D, FRIZ Ge HEA 10nm @%E\T ‘ Misfit Strain (%)

13 50% DN iR L7z, SiGe JBICEM LD E Fig. 2 Critical total thickness of strained
HEF R ~DSENZ LTy 7 T v 7 FAEDNH éﬂfc SiGe layers on Ge-in-Si (111)
LEZ TG, £ SH—m L T R D LT, & against the misfit strain.

blzr 7y 7%&%0)%%@(% ZOFRMETTIERY 7 v 7 ORAETR AR >T, HAT
ANA AU AT T SiGe JEDRESIEEDEEIN, 7 T v 7 BAOIMFEIIARTT R THY . 4l
@#%ivﬂ4xmﬁ WCHETHD E VR D, AKWFFED—ERILFEFZE 2 i B 42 (19H02175,
19H05616, 20K21009)D %% %1 CTiThbh iz,

[1] K. Yamada et al. Appl. Phys. Express 14 045504(2021) [2] Y. Wagatsuma et al. Appl. Phys.
Express 14 025502(2021) [3] Md. Mahfuz Alam et al. Appl. Phys. Express 12, 081005(2019)
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Ge epitaxial layer grown on V-groove patterned Si substrate
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1. Introduction

Epitaxial growth of Ge film on Si is used for
fabrication of near-infrared photodetectors in Si
photonics. A high-quality Ge film is required for
the high-performance devices despite a large
lattice mismatch of 4% between Ge and Si.
Recently, we reported that the threading
dislocation density (TDD) is significantly
reduced in a Ge film by patterning the Si surface
with an array of rectangular trenches on the
submicron scale [1,2]. TDD reduction is derived
from the dislocation trapping in the trench
regions. In this work, an array of V-groove
trenches with {111} facet sidewalls is examined,
indicating a similar TDD reduction.

2. Experimental method

4-inch (001) Si wafer with a 200-nm-thick
Si0; layer was used as the starting substrate.
Using photolithography and dry etching, the SiO»
layer was patterned into periodic strips running
in the [110] direction. The strip width was
changed as the parameter of 0.3 um, 0.5 pm and
1.5 pum, despite the spacing between the SiO»
strips fixed to 0.5 um. The exposed Si surface
between the SiO» strips was selectively etched in
a 2.38% tetramethylammonium hydroxide
(TMAH) solution at 60°C for 90 sec. V-shaped
grooves of 350 nm in depth were formed with
{111} facet sidewalls. After removing the SiO»
masks in a HF solution, a 1-um-thick Ge layer
was epitaxially grown by ultrahigh vacuum
chemical vapor deposition at 700°C using a
source gas of GeHs. The structures were
evaluated by cross-sectional transmission
electron microscopy (TEM).

3. Results and discussion

As shown in Fig. 1, a flat-top Ge film was
formed on a V-groove patterned Si (0.5 pm wide
strip) despite the non-flat starting Si substrate.
TEM images revealed that the dislocations in Ge
on the V-groove patterned Si were concentrated
in the groove regions. This trapping phenomenon
suppresses the penetration of the dislocations to

© 2023%F ISAYMEZ R
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the top surface, indicating a reduction in the
TDD of the Ge film. In fact, the etch-pit density
(EPD) measurement revealed that the TDD of Ge
on the patterned Si was as low as 0.6 = 0.1 x 10*
cm2, which is significantly lower than 2.2 + 0.3
x 10% cm™ of Ge on the unpatterned Si. The
effect of the pattern size as well as the pattern
shape will be discussed.

[110]

Fig. 1. A typical cross-sectional TEM image (0.5
pum wide strip).

4. Summary

A Ge film was epitaxially grown on a
V-groove patterned Si substrate with {111} facet
sidewalls. A continuous layer of Ge with a flat
surface was formed. The TEM observation
revealed a dislocation trapping in the V-groove
regions. This led to a significant reduction in the
TDD in the Ge film.

References

[1] Mohd Faiz Bin Amin et al., 2022 JSAP
Spring Meeting, 25p-D114-9.
[2] Mohd Faiz Bin Amin et al., 2023 JSAP
Spring Meeting, 16p-D511-7.
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Fabrication and evaluation of strained SiGe/Ge on patterned Si(111)
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PRE =Y A RICE BRI =V WD T T 7 5 L__

SEO IO\ AT 5, W

RBFRO LR AR R M4 (1oHo2t7s, | | OO
19H05616, 20K21009) , DX &% 51T TITiLiz,
[1] K. Hamaya et al., J. Phys. D: Appl. Phys. 51,

Fig. 1 Fabrication procedure of strained SiGe/Ge on
patterned Si(111) substrates.

100 pm

—

Fig. 2 Laser microscope surface images of
(a) middle and (b) edge areas of mesa arrays

393001 (2018). b o e
[2] Y. Wagatsuma et al., Appl. Phys. Express 14, or the 250 nm t (IiCS'Stlrfine 1Ge/Ge
025502 (2021). on a patterned Si(111).
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Fig. 1. Relationship between D; and RMS Fig. 2. Relationship between the hole
roughness. mobility, strain and Dj.

(38 AWF5213 ISPS BHIFER JP21K04900 D Bk % 32\ F TiThb L7z,
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EAHHLK SiGe J&(Ge FHAL : 0.36~30%) % 300 nm K%, ¥—HLKE 50 nm 3 X WEA Si
J& 20 nm %K E L7z, WEERE% 300 °C~600 ‘COHPHTLE 2. 1557308 o & 5 E
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Fig. 1 Sample structure
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Channel Direction Dependence of Anisotropic Biaxial Stress in
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REITEMECEL L FFICE O T v RV T AKTF
PEIZBH SN2 o TZeny, 2V E THox 1388
b 38 A 15 TR B X 72 MR G R <110>GOl
PMOSFETIZXf L, iR 7 ~ o3 B K % 5
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DT~ 7 Mo BIGVETEIE D ERH L
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BOMBETH LN EL ISHBELTE
D [5]. MEFE GOI T F v RV ITIH Ofb LT
NS TIREFNCR BT D LB b D,
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Ge channel width (nm)

Fig. 1 Channel width dependence of anisotropic
biaxial stress in extremely-thin-body GOI p-type
MOSFET along <100> longitudinal direction.
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R (100)SGOI p-MOSFET O F % A AHEEIC B8 5 BA IS O F ¥ F VIBREH:
Channel Width Dependence of Anisotropic Biaxial Stress in Extremely Thin Body (100) SGOI p-MOSFET
RTEH MEZE'. BEJII #& 2, FJII M '\ Chia-Tsong Chen 3, Kasidit Toprasertpong 3.
i RN BKR B3N A BEER W
(1. BA¥EKET, 2. BHiEK MREL, 3. KB T)
°Y. Maeda', R. Yokogawa' %, S. Sugawa!, C. -T. Chen®, K. Toprasertpong’, M. Takenaka®,

S. Takagi®, and A. Ogura':?
(1. Meiji Univ., 2. Meiji Renewable Energy Laboratory, 3. Univ. of Tokyo)

E-mail: ce231068@meiji.ac.jp

[F& - BHY] SiGe (Silicon Germanium)l Si £ 0 & ¥ v U 7HEEEHE L. SiGe & F v A4 L4
Kl & L TH W 72138 SGOI (SiGe on Insulator) p-MOSFET %, VU — 7 BRI E L 0WHF v +
VR OMFIATFETH 2 2 &b, KR CMOS g & L Tiff s T3, S5, Fv4
VRIS ICHERRE Z N3 5 & & CIEALSBIE A M L35 2 L 226, p-MOSFET @R LI B0
TEHMZIELCEHT 2 LAEREL RS, LAL, Fr A AHEBOERETT N4 2T
L0 LT 2720, EBROT AL RCE T MBS 4T E %, 2hE T, GOlp-
MOSFET (C 31 % 57571 S /5l ic B 3~ 2 i 13 5 2 23, il SGOI p-MOSFET i[Z 517 %
WEGNL R [1], L72ddo T, R TIRIR 7 < v 20tk % v TR SGOI p-MOSFET @
F v VRIS 31 2 BT R hIG)) © T v A VIREEE & B L 72,

[5=B&] #UKHZ(100)SOT FAK 12 60 nm @ Sigr5Geoos % T & X F o ¥ VR S 2726, BELIEE
FEIT XY, SiGe FE 10nm. Ge IRFEH 68% D [EAfTE SGOI HH& Z PR L 72[2]. % D&, BR{LIEFR
z. Ty ANVEROIH, KARED-D Ny v _R=v a v E{TW, v 7 LVEREEETSC
&2 X Y SGOIp-MOSFET #E# L 72[3], SiGe F ¥ A V- AHIK o B 5 —dlit 71 5 1< 13 iR 7 ~

mm, WL ¥ ZOOMEB X U A AV OJEFTRIZZNE N 1.4, 1.5 & L 7=, BIE I EE %X [110],
y:[110],2: [001]iC 5 W TR ELE 2(x, x) 28 & Uz(x, y)ZTITV, £ Z 4L LO-active 5 X U* TO-
active ® Ge-Gemode 7 ¥ ¥ A7 b V%157,

(R - F8K] iR 7 ~ v okl oz F ¢ A VIR 738 nm @ SiGe 7 ¥ A AHIKIC B 5
HldEz(x, x)Z26 L Vz(x, y)Z2THRLNZ T~V AT P A% Fig 1 GRS, 7%V AR FE
E SiGe D — 7 H7iE X b b EEBHNICBI X Nz 2 &b, F v A AFEBUCEREEAHIN X LT
WL EMER Lz, T~V 7 b AOEBLAERGECEIE) & F ¥ A NVIROBERE Fig. 2 1T
T, F AR IO F X 2R R OIC TR ETT L, 7 v A VEDH 80 pumT—iE
DF ¥ ANREHBEDOIGITIIRMEFL T B 2L 2R L7, Lz > T, F v 2RO
TIT &Y SiGe 7 v A VB OIS IPIREE X FHUL— )G 1 ICiED K 2 L Rk E sz,

= 738 nm Ge-Ge mode 1 r ——
g ? 0 —o— Oyxx
- & -l r
’a z(x,x)Z g 2k
= @
& g7
|- Bl J
g R o5t
-
E — ) R N
270 280 290 300 310 320 330 200 400 600 800 1000 1200 1400 1600
Raman shift [cm-!] Channel width [nm]
Fig. 1 Raman spectra obtained in the polarization Fig 2 Channel width dependence of the calculated
configurations of z(x,x)Z and z(x,y)z from transverse stress (d,,,,) and longitudinal stress (0.
SiGe channel region at channel width 738 nm.
[Z% 3R]

[1] C. -T. Chen et al., IEEE Trans. Electron Devices 69, 1, pp.25 (2022).
[2] C. -T. Chen et al., Proc. IEEE Symp. VLSI Technology, T3-4, (2021).
[3]1 K. -W. Jo et al., Appl. Phys. Lett. 114, 062101 (2019).
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BIEHM7ILITYXLEZFALK SiGe EROREWERE &\ FEERI
Genetic algorithm searching for stable structures and band structure analysis of SiGe alloy
MILRXRIESRRAL . MURXIERT 2
OCMNAIE &' TH 2, RE &E2
Graduate School of Engineering, Okayama Pref. Univ. !,
Faculty of Computer Science and Systems Engineering, Okayama Pref. Univ. ?,
°H. Bekku?, Y. Noda?, K. Sueoka?

E-mail: tjgwmpO@gmail.com

SiGe JRibIIME~ 7RI E TR Z KT D720, MOZELIZE 0 Sy Ry v 701 E5072
EWEDOHE I E A FEHTH I EOTE LM TH L. ZOREEZTEDL, £A Si OIBE0GR
FRAL IS E R D TF ¢ RS R AN SN TWS[1,2]. LLARA S, SiGe B DIF L ~UL
TORERMIECYIEZ B D 2N LT BERRFH R O ST RN D e WEBURICH 5.

KAFFETIE, 5 FEHHE L EEHT L2 Y XL %W T SiGery D 7 FEEOMAK (x = 0.125—
0.875, 0.125 %|#4) 2B D EERFALE 2R L, SikGeix DT R/ X —08 T EH, /v
NHSE 2 AT L7-. B REEE T, 44 Y& MO 64 JRFET A2V, ZOFES
ETIHEEHNT VT XATRAREZHEL22 S, HRlEHENOELN 2T LT —
EDF/MbAE BEY & LTSRN L ERMERR 2 EAT L. Fox OFATHIETIL, FEkOFIEE
I LT GeSn B DL ERIEIRRIZET) L TV S [3].

LIZHEMRICB T DR R X —%2/RT. x = 0500 (22T, BEEDT — X _— R (K
SN TV D ERZTERHE (Zincblende Hf%iE) L b HICZERFFEELZRALE (K2 2H).
FHRE R OFEMITY B s 5.

e DFT+GA
003l + 4+ Zincblende(OQMD)
=== DFT+GA(eye guide)
3
&
o 0.021
s
g » . -~
Foor . * .
o] ’.'f \Q\ .
(b)
0'08 00 0.25 0.50 0.75 100
The val f . . N S
Cree Fig. 2 SiGe (x=0.500) DfEHEEET L.
Fig. 1 SiGe IRt DL = /L F — (3) Zincblende A% &, (b) GA BRI DL EMEE

2% 3R

[1] M. L. Lee, E. A. Fitzgerald, M. T. Bulsara, M. T. Currie, A. Lochtefeld, J. Appl. Phys. 97, 011101 (2005).
[2] D. J. Paul, Semicond. Sci. Technol. 19, R75-R108 (2004).

[3] BFH4HEE, KMEIETE, & 83 EL AMB S EAINER S, 21a-A106-1, 2022 4£9 A.
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Al/Sin2Geos(111) EIZIRHT L 7= Si B LW Ge DIEEF0 004
Photoemission Study on Si and Ge Segregation on Al/Sio.2Geo.s(111) Structures
ARBETL Y, @l REE 2 2 TR 3 IHPY ol KAy !, K %42
IR Aoz 3, Bl el L (LA AR E] 4 B k!

Nagoya Univ. |, Fukuoka Univ.2, Aichi Inst. of Tech., IHP* °Taiki Sakai!, Akio Ohta?,
Noriyuki Taoka3, Katsunori Makihara', Yuji Yamamoto®, Seiichi Miyazaki!

E-mail: sakai.taiki.vO@s.mail.nagoya-u.ac.jp

F>ZnETlz, JEX 85nm @ SigaGeos(111D)IE EIIRBUINEAE 22783512 X D JE S 30nm D Al JfiE
R L, ERFHKATEE AT 5 2 LT, BRI S0 X 0 REHE R IZ TE 72 Al BR{LE
EALERE ORI Si B X Ge RT3 252 L2 BT L[], £/, T L72 Ge L0
b Si O LA T T LlTNAx, Al EBLIEDRER L 72 5728, 600°C OELPRIZ 3T S ImAT
L7z Ge OFRGITRED SR o 7o, AW TI, 2ULERIC X 2 e R RHTICRE T 2 B A2 R D 5 7=
DIZ, Al SiooGeos(111FEEEE & (ERk L, ALERRFR 2 2L S CEVLEL L 7= %, SRR o
LS A IR RE 2 LAl AlKa #5PE X #R(1486.6eV) % VM7= XPS 12 & v 3l L 7=,
EERAE>SSI(11D)HEMR EIC Hy AR SiHsetGeHy IRE T AZ W2 CVD IZL W /E X 85nm D
Sip2Geos(111)Z =B X X2 ¥ Ll LT, 4.5%ICAR L7 HF iR X 0 PEE L7 SigGeos(111)
Fem BT, HCPUMB\EL 28K 25 (B 22 ~4.5%100 Pa)ll & 0 JE &~30nm D Al JfE A2 HERE L7-1%. %
FRPAL T T 300°C DBILFL 21T -7,

BRE X UEED>3000C OBLERFITE THIE L 72 Al/SioaGeos(111)D Al2p, Ge3dd, F X Si2p N
POEEA AT V% Figl [T, AT MLVOEBRER LUOHAETZRLX—1X, Al2p 1§
5D Al-Al F5E B ROIE 5 THIE L7z, 30 2038 KOV 120 3R OBULERIZ L 0 | ARp 155D Al-
O FEA R R L, REFILAEITT 5, Ge3d [Z 5 Tl 30 0 EOELFRIC LV | Ge-Ge fiE
RO NEEE L7 v . BRI OB L W E I RT D, Gedd HEFOFEHHBITRE Al
HIROEX2BET 5 L, Bl Ge-Ge fEA L, BRI ITRAIT L7z Ge IZEEK T
HIE5THD, —F. Ge DA LITEAR D | Si2p (55D Si-Si fh Ay OEVILELIZ X 2 WM 221
KIFABD B, F72, Si-O GRS M S 5~103eV IEFFIZ, Al2p (555D Al-AL 5 &I H
KT DT TR EXAX—HREENESET DI EDOFEMZ2 oM ITE Ly, BULEIZ LY
Si-O FEGR T HITE A EEL L TR NWZ EAURIB XD, Fig2 12, 300°C T 10 4375 120 43
EVILVER L 7= Al/Sio2Geos(11DIEIEIZISWN T, JoA A MEWriEAEZ BB L, Al-Al #5585y T
ZRIFE LT2 Ge-Ge 38 LU Si-Si G ko DFE /7 8 A2 BVLEREF I3 L CE L DR A2 R~ T,
30 3 FE TOESIETIE Ge DHEEIIRE HERTH DD, HITERRH (120 57/ OESLE T
Ge OFREIXEFNT HHEMMARDO BN D, £72, Ge lZxHT 5 Si OFHEITE L < /IEV, Al-Ge 1B
LV ALSI OIRBEX Z B IR 5 &, 300°C TD Al 1D Ge 3 LTSI DEVREE L, FNE1~0.5at.%
E~0.1at% TH Y | Ge IZHAT Si /SN E WA —ET 5, L7223 > T, 300°C OELEE
T Si 12 Ge fTHEN S . ZHRITEOMBOHIE CIL, BVLEEELEFE L /2D 2 &0
o,

F EBH > Al/Si2Geos(111)HfE % 300 °C TELEET 5 Z & T, Si £V b Ge ODERMERITZEITT 5
ZENGIro T, R LTE Si/Ge JE OFAKHIEN IXBVLEIRENEE L 725 Z LB o T,
BEE S AR O —HIL, BHE AR & i B4 (22H01524) L 0 SR A =T 7=,

SEXE> [1]T. Sakai et al., 5 70 [BSABLY SR FINGERS 16a-D511-8

FoY ——

T ——————————————— e =
. (a) Al 2p Al-Al | (b) Ge 3d | () Si2p Plasman Loss Peak <
=1 30 nm AUSIGe/Si + 1 andlor SO 0.04 Ge-Ge
< 1000 (Al Depo at R.T.) 120 Ge-G 1 100 t -
= Anneal at300°C AlO J } ul @ - -
st } ! i z /
& ! 100 I{ a0 E 003
& |
Z 8o / )\ I £

\ M | f
= i 80 il W‘ 60 E
= for i | W, ui
Z 6000 1apmi i ] I e o 002
e aff W | 60 120 [ I 1 a0 3
= 30mi 1\ | I [ (4]
D 400 ~f ‘ 1 wmn =
I Before / | | | | | ,fv 5 001 Si-Si
I\ 40 e %] ool ES

w 4 \ | 1 Before | N 1 <
<] I | ] | ,*.b{y @

200 i 1 )
° / | Tz T I 1o 0
= 4 Lo WW.W | 0 20 40 60 80 100 120 140

[y P . = IS (P Time (min)

78 78 74 72 70 38 34 32 30 28 26 24 108 104 102 100 98 96

BINDING ENERGY (eV) BINDING ENERGY (eV) BINDING ENERGY (eV)

Fig. 2 Peak intensities
from Ge-Ge and Si-Si
signals normalized by the
Al-Al signal component.

Fig. 1 (a) Al 2p, (b) Ge 3d, and (c) Si 2p core-line spectra for the
Al/Sig2Geog(111) structure taken before and after annealing at 300 °C in
N; ambient.
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SiO; E~D Ni ¥V YA FF/ ¥ — MERIZEIT 5 H0: WRALE DR
Impact of Wet-chemical H20: Pretreatment for N1-s111c1de Nano-sheet Formation on
SiO2
VAR T, 2 3 TR MR RER oV AR 2244, 2 |, 3 R SR, VU el T IRk —
"Nagoya Univ., >Aichi Inst. of Tech.,’Fukuoka Univ.
°IK. Kimura, °N. Taoka, 3A. Ohta, 'K. Makihara, and 'S. Miyazaki
E-mail: kimura.keisuke.c4(@s.mail.nagoya-u.ac.jp

B > IFEIE % nm uT@éﬁiE%/ — FMNS)IE 3 i p el L CHER 24D TR Y [1],
UV EDM DD i”ﬁﬂ%{mxﬁxﬁf%é EMHE SN TNWD[2], 24 E THex 13 ULSI
B L OB BEE LT E EIHOTHND NI U A R 3]@%}1%1!:%&&«7%(% 72[4], TEE 5nm L
T, FRBVLELZ LD v U A NMEEISIZE W T, ROEBENHEF IR D Z &b, A,
ZOMH FIEEZBE L-, BRI, 2 E T L RBEIC SUNI/SI S 2 A1 5 Bk 2 ZULE i
H20: ITIRIE L, ORMELBLDO DT Z G~ T2,
KERF & > Si(100) A4 =12 300 nm OEAER(L Si0, A TER L. 0.1% DA R 7 v BRIAkIZ X W £
WELZAT - T-, ZTDH%, BFE—LREICL-> T, SIBXONI BEAAICHERE L. Si/Ni/Si FifE
ff%iﬁ%:fféﬁj‘z L7c, BRI, £Z412.0,0.7, 1.1 nm T&;‘é Z OB E 30% IZATIR L7z Ha00 1T
SEREL., TOk, EREFHKH 600°C T 1 DEOBMEEZFT-7-, b OsEHIR L
T, 7~%U% %/i%&vﬁ%ﬁ'ﬁjﬁ%ﬁn(AFM)%ﬁﬁu\T H,0, WL D 5B 2 FH 7=
HRBEUEESFig | [TBWHETRD T~ A7 MLVERT, BB, 22 Tlid HoO, BTALE L
7o alkh & ATALERAE L OFUEHZ DWW TR LTV 5, BVLERTOFECIE, IR — 2713 6n7%e
WA, BMLERES OB Tl Ha0; ﬁuﬂﬁwﬁﬂ IR BT, 300 3 L0370 em! (2 NiSip AHICHEL K
LTG5 [S13#8® bz, Fig. 2(a)3 L UNb) 1T, Ho0, ATALER A it < 37 ICZMLER U 7 30k} & AifdLEt
% Jiti w_%m@f&@mm AFM RG22 hsrd, £z, Fig 2(c)iZ Fig. 2(a)8 L U(b)
EP@%/%%TH? LI rEICRBITA2E ST = 77 A NERT, HOo BTALEE & Jifi S 727025 717;71:1 . RMS
FiliX, ~1.0nm & EE%&EZ:%@JILA“%P o RN D D Zxf LT, HOs BILER 21T - 7235 Jﬁ =~ RMS 71t
S 3~0. 3nm7r£r“(‘:$iﬁfﬁ%ﬁ BaALTWDZ EBnbins, méw a7y ANnbY, BER
FEFRED EWMEEET% HzOz ATALBR DG MEZ FER T E 5, Z OBMLERRITH O RE R OK
T /RET, Ho0n ATLERIC X R AL OMEST, OH FEGCKRFREG DEAN U B A RIS
SR %&E%@%ﬁv47v~ya/®mﬁ RN LTfER B Z BN H[6], 4 HIXL
EREAIRAE « BRAVERER E O T — X R LN B HaOp LER2Y Ni 3V A R NS kI
H-2 D585 H w5,
S & CHK>[1] T. Tanaka et al., IEEE Trans. Electron Dev., 66 (2019)5393. [2] E. Sennik ef al., Mater. Lett.
177(2016)104. [3] X. chen et al., Catal. Sci. Technol.,4(2014)53 [4] AAF i, %5 70 [Els A FEFE S
LTRSS, 16a-D511-10. [5] R.N. Wang et al., Nucl. Instr. and Meth. in Phys. Res. B, 222 (2004) 462.
(6] i, FimFT, 13 (1992) 324.

R (a) RMS 1 Onm 8.0 (©)
. NiSi, s 0L
NiSi,
:“ bl A \f \ Y 3nm A ..d._ . 6.0 ;i A-A Proflle
S| W 600°C (with H,0,) | Esot I
:. W v . ) = | )
.5 LN = 4.0} i ;
t ' ||II i’ 4 = = ) ! ¢ i 1]
= AW (b) RMS:0.3nm o AR
7} {600°C (without H,0,) w 3O | | (.
E N N o ',I\' J.N(W o W A
= | P 10%hjﬁ%ﬁfv@‘“” UMW
WA Lt —_— w ‘ B-B proflle
G i As -deposited
. 400 nm 05
450 400 350 300 250 200 150 DISTANCE (pm)

R
. RAMANSHIRY fem™) Fig.2: AFM images of the samples after annealing at 600°C
Fig.1: Raman spectra of the samples  (a)without and (b)with H,O, pretreatment. Line profiles

before and after annealing at 600°C  gbtained at the points of A to A’ and B to B’ indicated in (a)
w/o and w/ H>O, pretreatment. and (b) are shown in (c).
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BELWEABBEZE OV T U BREOMESEGREL
Optimization of growth conditions for germanane thin films with high hole mobility
EX#RE, ORILMET, MMXE REHE F2 T LEFDRE
Graduate School of Arts and Sciences, UTokyo, “Yumiko Katayama, Daiki Kobayashi,
Yuhsuke Yasutake, Susumu Fukatsu, and Kazunori Ueno
E-mail: c-y.katayama@g.ecc.u-tokyo.ac.jp

T T (GeH)lE, Ge N=A LT —bD | T A K TR LT IEZ R IV IR 0#RI285 2 kot
van der Waals i it T D, GeH I LEHERALITIED BERERBLE Y VT BEIE DM [, S6ITBFHE
il LD RE L TEMEE NS TR B IRIHOEE T 7 A AOHMEA LU CTHIFRS LTS (1],

A ITZINFETIT, Ge(111)HAMR | GeH A TF v 1V ELTZER _HIE NV AZ BT R
E{EAJZFEL, 120 K TOEFBEIE 6500 cm?/Vs, EALBEIE 570 cm?/ Vs 25 L72[2], — 7. 1K
T AR C OB HTOH KITID 120 K BEDHED FIRIEELZR> T e, £ TCSES )8 E
MR B RZZ T2 W GeH & R BRI O TERUZAEIL . GeH #2315 K T 6.7 X 10* cm?/ Vs
DOIEFLBBIE 2R3 2% FIHUTZ[3], AFZETIX, GeH DORIBEATH S CaGey TE X3 /L D
MRS A AT DL T, Ge(111)H:AMK E GeH B35 Tig K ~2.0x10° em?/ Vs (15 K)D @& iE
BB ENFON=OTHE TS,

GeH J#BHL, Ca /> % B 7 MIE Ge-MBE {5 T Ge(111) M _E CaGe, =B X3 /L Z i) e
% ARIRIERRIZTE(-40 ~ -17 C)YTOMNRE I T4V FUSICEVIERL 72, CaGe, =¥ v /L HIRIX
RHEED “E=# T Ge /3y 778 LT Ca & Ge IAFITIV AR LTz, FEMRIREZ 600~750 °COH[H
TELSEDL— S THRERD in-situ 750 °CT =— /L DN REHFH 72, CaGe, IO (KIRIGRELFLL |
XRD HIEIZED TR TORET ¢ LA L7 GeH BERFHNCNDZ L& fEFR L 7=, GeH /K| Pt &
Wi B TR | B R E O A T 572, GeH Wil & — MEHT Rs DIREERAFAMEIE, 250 ~300K
DFEPHTHERR 2 B 27~ L, 250 K 43T 1.5
kQ/sq DK 2 % 724 . 250 K BL T TlZA B /s 71
Ao Uiz, Hall lIENDIFEANREHF ¥ ) 7 ThD 10°¢
Z DR S LTz, Hall HEBLOREGEAFIEIE 150 K LA
TORIRTHIE L 72V | Single carrier model (2 L7223 >
Ty UTRELBBELZGEN L, FIG.] IR
JEAZAL SBT- & & D GeH D% % U 7 B#hE DR 10° £
AP Z 7”9, GeH OIEABEEIL, 7=—L72 LD 1;) e E31{3100 e
700 °CHED G ThR 72D, 15 K T 2.0%10° em?/Vs T(K)

FIG.1 Temperature dependence of the hole
(ZEEL T, AL, s RFE~D Ge Zt D % 5-01EFL mobility was investigated in the GeH films
(R DRSO WTRELLS i o obtained by growth at temperatures ranging

from 600 to 750 °C.
[1] E. Bianco, ef al., ACS Nano 7, 4414 (2013).
[2] Y. Katayama et al., Appl. Phys. Lett. 115, 122101 (2019).
[3] D. Kobayashi et al., The 83" JSAP Fall 23p-C101-11, (2022).
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