Session The 85th JSAP Autumn Meeting 2024

[ Oral presentation | 15 Crystal Engineering : 15.5 Group IV crystals and alloys ]

& Thu. Sep 19,2024 1:00 PM - 5:15 PM JST | Thu. Sep 19, 2024 4:00 AM - 8:15 AM UTC g1 (Exhibition
Hall B)

[19p-B5-1~16] 15.5 Group IV crystals and alloys

Katsunori Makihara(Nagoya Univ.), Ryo Yokogawa(Meiji Univ.)

1:00 PM - 1:15 PM JST | 4:00 AM - 4:15 AM UTC
[19p-B5-1]
Observation of crack generation in Ge-on-Si(111) and its suppression

OvYuuka Shibahara’, Shuya Kikuoka’, Masaki Nagao', Ryota Mizoguchi, Michihiro Yamada®,

Kohei Hamaya?3, Kentarou Sawano! (1.Tokyo City Univ., 2.CSRN, Osaka Univ., 3.0TRI, Osaka
univ)

1:15 PM - 1:30 PM JST | 4:15 AM - 4:30 AM UTC

[19p-B5-2]

Suppression of crack propagation in strained SiGe /Ge on Si(111) by selective ion
implantation

ORyota Mizoguchi!, Masaki Nagao', Yuka Shibahara', Mayu Aikawa', Michihiro Yamada', Kohei
HamayaZ3, Kentarou Sawano' (1.Tokyo City Univ., 2.CSRN, Osaka Univ., 3.0TRI, Osaka Univ.)

1:30 PM - 1:45 PM JST | 4:30 AM - 4:45 AM UTC

[19p-B5-3]

Fabrication of microbridges based on Ge-on-Insulator and observation of resonant light
emission

OShu Yoshikawa', Takahiro Inoue’, Ayaka Odashima’, Riku Ishikawa', Ryoga Yokoki', Kentarou
Sawano! (1.TCU)

1:45 PM - 2:00 PM JST | 4:45 AM - 5:00 AM UTC

[19p-B5-4]

Fabrication of Ge p-i-n LEDs on Si and room-temperature EL emission characteristics
OHiroshi Imai’, Aoki Sora', Kikuoka Syuya', Sawano Kentaro! (1.TCU)

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15 AM UTC
[19p-B5-5]
Fabrication of lateral SiGe spin transport devices on Ge on insulator

OKenji Oki', Shuya Kikuoka2, Osamu Yoshikawa?, Hajime Kuwazuru3, Atsuki Morimoto3,

Keisuke Yamamoto3, Takamasa Usami'-®, Azusa Hattori4, Kentarou Sawano?, Kohei Hamaya'->
(1.CSRN, Osaka Univ., 2.Adv. Res. Lab., Tokyo City Univ., 3.IGSES, Kyushu Univ., 4. SANKEN,
Osaka Univ., 5.0TRI, Osaka Univ.)

2:15 PM - 2:30 PM JST | 5:15 AM - 5:30 AM UTC
[19p-B5-6]
Observation of room-temperature spin signals through CosFeAlj 5Sig 5/Ge-pn junctions

OKenji Oki', Shinnosuke Ueda', Shuya Kikuoka?2, Michihiro YamadaZ2, Shunpei Fujii', Takamasa

Usami'3, Kentarou Sawano?, Kohei Hamaya'-3 (1.CSRN, Osaka Univ., 2.Adv. Res. Lab., Tokyo City
Univ., 3.0TRI, Osaka Univ.)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[19p-B5-7]

© 2024 |SAP



Session The 85th JSAP Autumn Meeting 2024

Formation of methylated germanane layers by molecular beam epitaxy

OAtsuki Nakayama', Kazuho Matsumoto’, Shigehisa Shibayama’, Mitsuo Sakashita!, Osamu
Nakatsuka'2 Masashi Kurosawa' (1.Grad. Sch. of Eng., Nagoya Univ., 2.IMaSS, Nagoya Univ.)

2:45 PM - 3:00 PM JST | 5:45 AM - 6:00 AM UTC

[19p-B5-8]

Surface treatment of Ge,_,Sny epitaxial layer toward the formation of ultra-thin segregated
GeSn crystal

OTaiga Matsumoto!, Akio Ohta2, Ryo Yokogawa3#, Masashi Kurosawa', Mitsuo Sakashita’,

Osamu Nakatsuka', Shigehisa Shibayama' (1.Nagoya Univ., 2.Fukuoka Univ., 3.Meiji Univ.,
4.MREL)

3:15PM - 3:30 PM JST | 6:15 AM - 6:30 AM UTC

[19p-B5-9]

Passivation of grain-boundary-defects in Sn-doped polycrystalline Ge thin films (<50nm) by
post annealing

ORyu Hashimoto!, Taishiro Koga', Takashi Kajiwara', Taizoh Sadoh® (1.Kyushu Univ.)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[19p-B5-10]
Growth of IV-VI thin-films on insulator by molecular beam deposition

ORyo Matsumura’, Qingiang Zhang', Bowen Ma'2, Ahmed Mahmoud'?2, Naoki Fukata'-2
(1.NIMS MANA, 2.Univ. Tsukuba)

® English Presentation

3:45 PM - 4:00 PM JST | 6:45 AM - 7:00 AM UTC

[19p-B5-11]

High Pressure Annealing Towards the Solid-Phase Crystallization of Thin-Film Germanium
Sulfide

OAhmed Mahmoud'?2, Qingiang Zhang', Ryo Matsumura’, Naoki Fukata’2 (1.NIMS, 2.Univ. of
Tsukuba)

® English Presentation
4:00 PM - 4:15 PM JST | 7:00 AM - 7:15 AM UTC

[19p-B5-12]
Growth of Uniform GeS Thin Films by Aluminum Catalyst

OQingiang Zhang', Ryo Matsumura', Naoki Fukata' (1.MANA-NIMS)

4:15 PM - 4:30 PM JST | 7:15 AM - 7:30 AM UTC

[19p-B5-13]

High Power Factors in Low-Temperature Polycrystalline Ge Thin Films for Flexible
Thermoelectric Generators

O(DC)Koki Nozawa', Takashi Suemasu’, Kaoru Toko! (1.Univ. of. Tsukuba)

® Presentation by Applicant for JSAP Young Scientists Presentation Award

4:30 PM - 4:45 PM JST | 7:30 AM - 7:45 AM UTC

[19p-B5-14]

Thick polycrystalline Ge layer synthesis and first demonstration of photoresponsivity on
glass

OShintaro Maeda'2, Takamitsu Ishiyama'-2, Takashi Suemasu’, Kaoru Toko! (1.Univ. of
Tsukuba, 2.JSPS Research Fellow)

© 2024 |SAP



Session The 85th JSAP Autumn Meeting 2024

4:45 PM - 5:00 PM JST | 7:45 AM - 8:00 AM UTC

[19p-B5-15]

Application of Si thin film to the anode of rechargeable battery -Improved properties by
insertion of interlayer-

OvYo Eto', Koki Nozawa', Reno Ito!, Takashi Suemasu’, Kaoru Toko! (1.Tsukuba Univ.)

5:00 PM - 5:15 PM JST | 8:00 AM - 8:15 AM UTC

[19p-B5-16]

Epitaxial growth of SiGe with thick Ge-rich regions on Si substrates by screen-printing and
annealing

OkKohei Ito", Ryoji Katsube', Yuki Imai?, Satoru Miyamoto'2, Shota Suzuki3, Hideaki

Minamiyama3, Marwan Dhamrin34, Noritaka Usami'%° (1.Grad.Eng. Nagoya Univ., 2.IMaSS
Nagoya Univ., 3.Toyo Aluminium K.K., 4.Grad.Eng. Osaka Univ., 5.InFuS Nagoya Univ.)

© 2024 |SAP



19p-B5-1

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Ge-on-Si (111)~AD Y 5 v 9 BEQEHA & T DO HF
Observation of crack generation in Ge-on-Si(111) and its suppression
ZRYE . HREEN, REER ', BOBEX' WHEEX' EERT *° BEHEXR '
VHRFEHETHRE . 2 BRKREMET CSRN | 2 BrK OTRI

Y. Shibahara!, S. Kikuoka! , M. Nagao! , R. Mizoguchi!, M. Yamada! , K. Hamaya?? , K. Sawano!

1.

Tokyo City Univ. , 2CSRN, Osaka Univ. , 3OTRI, Osaka Univ.
E-mail: g2381241@tcu.ac.jp
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o s B 4 ) Fig. 2 Laser microscope surface images for Ge-on-Si (111)
350 CTHckf%, 1-3 um O Ge (a) without and (b) with patterning,

J&% 700 CThE L7 (Fig. 1),

R DRI 2 L — P — RIS TBLEE LT, Fig. 2 @I F —=2 7 %&fi L T 7220l
(Ge IE 3 um)ORHEBR TH D, ZOREENHEL DT T v 7 h Ge FENIZEE SN TN D
Z MG ol R 2um LR D Ge 6137 7 v 7 I8 S Ve T2, Ge D5 -
RO ESL 02 WERETHY, LLEOEREZDOEFIREE & Il 2 & 2 ikl ez 5,
—J. Fig. 20X RE —= 0 V& LIcRBIOREBRTH Y . AV AT v T OIMIUITHRA
LCWB7 Ty 7R3, A7 v 7HRHENEIRL TW W ERx3 b, 20, Ge ~D7 T v
IR NI — = JIZE o TIIHIFRE T H D 2 L 2R LT\ D, AIFZED— IR
4 8142 (24H00034, 23H05455, 23H05458, 21H04635) D 4% 4 %11 T iz,

[1] Y. Wagatsuma et al., Appl. Phys. Express 14 025502(2021).
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19p-B5-2 BESEH MBS AKELHHAES WHATFHE (2024 KM AV LEN2RIBRAY (V)

BIRMA AV EAICE B Si(111) EDFEH SiGe/Ge ~D 7 7 v 7 (=il
Suppression of crack propagation in strained SiGe /Ge on Si(111)
by selective ion implantation
RREHKL, BRAEMT CSRN? BrX OTRI3
BOBX, RE &% L ZFK 45 )l &', LH &E¥! EE R¥?, E%H FKEB!
Tokyo City Univ.!, CSRN, Osaka Univ.Z, OTRI, Osaka Univ.}
R. Mizoguchi!, M. Nagao!, Y. Shibahara!, M. Aikawa!, M. Yamada!, K. Hamaya??, K. Sawano!
E-mail: g2481280@tcu.ac.jp

1. iEL®IC

HE Ge(11)lE, BFBHENSVWIEX, 74 v 0T RA X REY FAZ I AANDIGH
MNAJEETH D Z EN L FEERINTWA[L], 7. Ge(111) EDEH SiGe (&, EAEAC L 2 HEM
ENEFEINTVLS, INFETICHKAIE, Ge-on-Si ~NBIRA F VALK 2BATRIBEEAZT 5
ZET . EHRSiGeBICELZ 7T v 7 DEIREIGITE 2 Z &£ aiRE L7[2], AR TIL. Si(111)

ERREASERNA A FAEITIZET, 67 7y 7ERINGEIEIALEL, SREREA
SiGe/Ge B EDN I RAIBETH D Z L EHRET 5,

Artion implantation

2. EBAE BR-ER
Si(111)EAMRIZ, — 600 um @Ejj‘ »
R & — 2 DHNERD A FEIRAYIC

VEANEIToT, T DL 2 Exﬁké?ﬁiﬁ
7EICK Y MBE TGe EZAE L. #clf  Fig. 1 Fabrication procedure of strained SiGe on Ge-on-
TZEH SiGe B E L 7=(Fig. 1) = Si(111) with selective ion implantation.

SiGe BRRE IS, BRIFIREZEZ 5 250
nm & L TWL 3, Fig.2 IZ SiGe BRI D
Ge BRED L —¥—BHER. LV
AFM % RS, A F Vi EAE D I R
BAILL Y RAFRNAEL TV

: —
un-implanted 100p

ERFEDAF v REAEE LS VFIE » implanted
WARE ERER Ge BATERINT Fig. 2 Laser microscope and AFM surface images for Ge

grown on selectlvely ion-implanted Si(111).

W5, Fig. 3 IZEH SiGe B RZ O XA
THd, RFUETAFVEFAZREL TULR
WS EREICRE LRI TR, 2@Eicy
TYIHDREELTWE—H, /1 FVEAE
LB TIEZ 7y o edRonTn
B, ZNIZIEF AR X EEE DO FE
TY 7wy OEBIIE I NI IDTH B
EEZ NS, UEDER LY BIRWA F
VENEDNEM SiGe FHB L I-KRET /N4

Fig. 3 Laser microscope surface images for the
ZAAICERICEETHSD Z &L TWAB,  strained SiGe layers on (a) without and (b) with

RO —ER IR E (21H04635, 23H05458,  selective ion implantation into Si(111).
23H05455, 24H0034) DX EH =T TiThh
7o

[1] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
RIREM. 2024 &FISY)
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19p-B5-3

E8SMLAMEZENFTRITHRR BRTRE (2024 KEAYEEN2RIBEFVSMY)

Ge-on-Insulator <9071 v DERM L KIRFESLOER

Fabrication of microbridges based on Ge-on-Insulator and observation of resonant light emission
REESHAE OFE, FLER PHEEEE FBIE BKRREN SHEKE
Tokyo City University

°Shu Yoshikawa, Takahiro Inoue, Ayaka Odashima, Riku Ishikawa, Ryoga Yokoki, Kentarou Sawano

E-mail: g2381279@tcu.ac.jp

XU

W Si 77y N7 — A EORNFZTISHA~MIT T Ge BEFEBEZEDH TS, Si kiZ Ge
BT EH XL v LR & B2 Ge-on-Si (GOS) Tlx, Ge (25| »HEY ELHNEA X, HEEES
RN B URNIERM ET5, IHI, vA7a7 Uy UBEEERL Si LD Ge &
FlESEHZ LT, EAxmESE, REREDFROR ERWFEINH[L], L, Ge
DO TFEDSIi 23BN v F o 7T DB (UD)EAH T L E W BRICHTE ST O0REE L,
Z 2T GOS LHEY bk a A bET Ge-on-Insulator (GONERKT DL, HF 12X 5
BOX BOEEIRT v F U VI L WV EZGITIFERRE L D, S HIT, GOl IE GOS £V KX
BRI > TND T2 (FilE S TR L 0 KREREBAREADNIFFIN D, A% TIE GOl
blzwa a7V v PEER L, FEFITRE I EN LE2ER L0 THET S,

FERITIE - R

Fig. 1 |ZRUEHERI Y 12 X 27”3, Si (100)E:4R EIZ[E AR Y — & MBE % W T, KR Ge &
(Tg = 350°C, 40nm). &if Ge J&(Ty = 700°C, 700 nm)% £ &, 7 =—/(T = 800°C) 21T\ >,
FEemtE DS E LT o 72, Z Ok & BR(L Si (M) E & 7 T = T IR . SRIE CELPE
BE0 Gbot, 7=— &7 9 2 & THEREMEG ST, ZD%, I IC TR EMO SiJE
%100 um FEE FE T L7 KOHIC X B8N~ » F U ZICTREICRE LT, EHIZCMP
WL > TKRfaE %< ETKIR Ge BAFREL, GOl 2l sE, ZOGOIIC7x+ MY VT
774(7“) //‘\T%L%/\&‘—v‘/ﬁ\b R4z F LTIk SiEF Ty F oL,
AT Lo TBOXEBERBINRTyF L 752 LTT Y v FESE,

P -

Si(100)

@ Crystal growth by MBE + @ Bonding 3 Grinding of Si @ Selective etching of (® CMP to remove
annealing(800°C for 10 min) (down to 100pum) Si with KOH LT-Ge layer

"~y e

(® Patterning by photolithograph . . ' ' 1
and etchigg )l;)f)RIE I @ Etching with BHF q
—— GOI Bridge ﬂ Ln”
!

(width = 3um)
—— GOI Bridge

Fig. 1 Fabrication procedure of GOI Bridges.

Fig. 2 \IovA 707 )y Vbbb 3 idth S
FPL AR MVERT, 7Y v UBHRICEY, & — GO1 un-prﬁccsscd \
7y VIGHETO GOl L~ ICRE sl &

BEOHAR, RERM~DOE—7 7 FRELIL §

2o ¥RZ, 77U v VlE3um TIE, S5um LR, F

F 0 RERMICHRWVIHEY — 7 B c& 5, & 7

NET Y v PHNA~DHDFRVEA LA DR FET

bHEZEZTND, LLEXY, GOl EIZER LTz

EHhGe~A 7TV yPESi 7+ b= AZE e

g&ﬁ@%ﬁ%?j4§m@m%ﬁ%ﬁfééo //://«K“ﬁ“*ﬁ
fF 98 D —EBILFHF £ (21H04635, 23H05458, = ;

23H05455, 24H0034) D34k %521 TIThiuiz, 10 mmwﬂi@fﬁmmm 2000

[1] M. J. Suess et al. Nat. Photonics 7: 466, 2013 Fig. 2 Room temperature PL spectra for GOI

microbridges and un-processed GOI.
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19p-B5-4 $ESEIGAMEL AUELMHES BETHE (2024 KRAVLEN2RIBEA VS 1Y)

Si E Ge p—i—-n LED M4 & =8 EL #4551

Fabrication of Ge p-i-n LEDs on Si and room-temperature EL emission characteristics
RR$BHKE BATRAR °SH* 5. BHK FH. BM B, FH BXH
OH. Imai, S. Aoki, S. Kikuoka, K. Sawano Adv. Res. Lab., Tokyo City Univ.
E-mail: g2381215@tcu.ac.jp

1. XTI T, Fy 7 HEEENZHIET 272 DIEERMASAER SN, SI7TT Y b7+ —
A EONIRE LT, Si RICE#HTE X X2 v VEBATRETH D Ge MER SN TWD, K2, Si ki
ESEDZETEADEAIN, BEEBHBEREN/ERT 5, FxZ2hETIT Ge-on-Si(lOO)ff%if%
AV, OB & S B A O L7 il 1 AR LED 2 ERL L, IR EL B2 BTV B[],
DU, ZOEE T, GelSi REILHEOXKWEZ X v ) THRHNDT-D, Fx U 7@%9&#?%%@
ThoT, % TARFIETIE. LV RN LZED DD, EETEMAEID Z & T, KiE%2ER
D3EAL72 VN LED %L%VE%L AN E G CIEFITTROEIR EL 3L 28 L7 THiET 5,
2. ABMERL Fig. 112, 1EHIL7- Ge-on-Si LED #ii oA X 279, Ge p-i-n K, [Eik Y — =
MBE % W\ Tl Lz, %)Jesb Z. 2 BEpERR R A I Con B Si(100) Fa b Bl mAnE RS o 8RB
Ge Jg # ik &t 7, @il Ge E(HT-Ge JE)I21X Ga & K— "> 7 L IKIZ 350°CIZ T T, Ge )& (i-Ge
JE)L P F—7 Ge J& 500 nm Z iz S Wi, (EkHt= 27 FMEROTZDIZ, PO 6 F—E 7 %4T-o
7o OB, RERITZE5 <7202, 2 BB o Si J8@UT-Si @) & A Lz, &%, Ge &7 nm)
IZTHFy vy B 7 (Gecap)aiToTce ELIEERZ 7+ NI YT T T 4 — A Ay F 7
ko> TGa R—7@E Ty T 7 LT, MEAVHIY A4 — RN, &&ZIZ, AV EHE Ga R
—7fglzar 27 FELTAUEEEL, SIS A —REMEAYZ Yy F T LT,
3. R LEE Fig 2 ICEETHALNE EL A< ML AR, EABREEZ LIF T LB
FEM 0.6 KAICM2 Z#8 2 7= 3> 72 ) TARBRIZIEEHREE D B L. 1780nm AT iV B — 7 RNEh, & 51T
EREMCHE— 7 N8, W EREE IS _C XV IREABR TRV G S, 2T
FEREMD D LED #iiE &35 2 LT, GelSi S E O K akE A X v U T RN e ook b
EZxoND, IEOFERI D, AR CTER L Ge p-i-n LED X, Si 77 v b7+ —A EORIFE (L
— =) EHROEWARELAETLIAERBETHDL LE XD,

ARFZE D —ER1L B FE 4 8D 42 (21H04635, 23H05458, 23H05455,24H00034) D 4% % 52 1T TiThh
77

[1] K. Yamada et al., APEX 14, 045504 (2021). _ ¢
IE Injected current
2 = 364mA
Growth e z .
temp erfi_t}ff e \ — Au electrode _E
[ — P 8-doping 2 X 10"cm? = = R
350°C UTSt - 0.27nm s 05 06 07 08
2 | Current density (kA/cm?) /360mA
: g
T """"""""""""" Au electrode E
700°C L
350/ Na-dopeq HT-Ge 250"
LT-Ge 40nm S I 200mA’ o
1 1 | i |
1200 1400 1600 1800 2000

n-Si(100) [1-10Qcm]

Wavelength ( nm )
Fig. 2 Room-Temperature EL spectra for Ge p-i-n
Fig. 1 Fabricated Ge p-i-n LED structure LEDs. The inset shows the EL intensity at 1777 nm
as a function of current density.
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19p-B5-5 HE5EEANEFAUS LIRS WETHE (2024 KRAVEEN2RIBELYFMY)

Ge on insulator & Z ALV -HE SiGe AEVZEFFDER

Fabrication of lateral SiGe spin transport devices on Ge on insulator

BRAEBET CSRN', MHKETI?, AKKRET S, RXEH, KX OTRIREY S
CRART |, WL FIE BME—, FERD S,
ILAREN S, FERBH 'S, REE EHEXR % REEFE Y
CSRN, Osaka Univ. !, Adv. Res. Lab., Tokyo City Univ.%, IGSES, Kyushu Univ.?,
SANKEN, Osaka Univ.*, OTRI, Osaka Univ.}
Kenji Oki', Shuya Kikuoka?, Osamu Yoshikawa’, Hajime Kuwazuru®, Atsuki Morimoto®,
Keisuke Yamamoto®, Takamasa Usami'>, Azusa N. Hattori’, Kentarou Sawano?, Kohei Hamaya'?
E-mail: u614419h@ecs.osaka-u.ac.jp

Tz 1E Ge RALBEARA L VT 34 ZADEBUTEIT T, F ¥ FAMEHIES Sio1Geoo ZEAT D
Z LT Ge ICHARTHRE TOAY HEEEDR FIZRII L TE[1]. 4%, KA T /A A%
WIS T 2729121, Ge oninsulator (GOD#iE FIZEA SiGe AL, AV T /A A& FEH
THMEENGD D, AT, GOl ffiEZ (Fid 212 T CAtalyst-Referred Etching (CARE)ZLFR %
BATHZLETGe BEFHALL, 20O L0 SiGe & K& OSEEMEME O SE O EE2 X - 7.

Fig. 1 IT/ER U 7o ORI 2 7n 4. Bkt © S ESUC/ER L 72 SioL Jg &, 7 Fii—
B4 % 2 —(MBE)Z H\ T Si(111) A2 Ge % ~540 nm & 5 il L 72 GOS JEAk % | © &b 7-4%,
GOS D Si ZHAEE E TMAH V= v =y F o 7 TRrEL. #&H L7 Ge % CARE I T
SEHHAL L 721%, MBE 15 C&EH Sig1Geoo JE~140 nm, P(U L )E% § K—7 L7z Ge JE%~10 nm, Fe
f&uii @ 2 ~0.7 nm, CooFeAlysSios (CFAS)FfLE: & 2 ~10 nm iz L7-.

Fig2lZV =y by F 7 T L7z Ge JE# M (a), CARE £ Ge JE#H(b), SiGe J& % ik
SHTRIH()D AFM #5 R4 7”3, CARE 8|25 Z & T Ge EOREHM & 235 S 41, SiGe JE
ERE LB ORI D RMS 2 1.0 nm FBREICIZ 5 2 LI2pEN LT 4. Fig. 3 121% GOI L SiGe
IAFR L 72 A 0 R D SEM B EZ/RT. S TIIA Y A ZEREICEA L THHRET 5.

AHFFEIE, ISPSEMFE(19H05616, 24H00034), SCEREMEE [A VY b v =27 R 5e 5
LEHER v b T — 7 HLS(Spin-RNT) | D KHE A2 1F TITbir-.
[1] T. Naito et al., Phys. Rev. Applied 18, 024005 (2022).

Co,FeAl; 5Sigs ~10nm

Fe ~0.7 nm
Si0_1Geo_g ~140 nm

Ge buffer ~350 nm

Si0, ~100 nm

Si(111) sub.

0 nm
Fig. 1: Schematic of the Fig. 2: AFM images of the GOl  Fig. 3: SEM image of the fabricated
CFAS/Fe/SiGe structures  structure after (a) the wet etching  lateral spin-valve device.
grown on GOI. and (b) CARE process and (c)

SiGe surface.
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19p-B5-6 HESEAMIES ARE LTS WHTFHE (2024 KMV LEN2RIBEAVTAY)

Co2FeAlosSios/Ge-pn HEE N LI-ERXAEVEESOHA
Observation of room-temperature spin signals through Co:FeAly.sSio.s/Ge-pn junctions
FRAZEBT CSRN!, MAKET?2 [RKXOTRIREY?
CAARE ', LEEZN, HEES Y WEEE EHRT
FERBR S, EHEKXER?, EERTE "
CSRN, Osaka Univ.!, Adv. Res. Lab., Tokyo City Univ.Z, OTRI, Osaka Univ.}?
Kenji Oki', Shinnosuke Ueda', Shuya Kikuoka?, Michihiro Yamada?, Shunpei Fujii',
Takamasa Usami', Kentarou Sawano?, Kohei Hamaya'?
E-mail: u614419h@ecs.osaka-u.ac.jp

Ge % V7= A E> MOSFET #3&EMHFZE STV D231, 77— b AKX v 7 fid & (RIR CfER§
LKA B 5728, MOSFET EICFE A OFEN R > TW\5. b L, &It ON/OFF il &1
JIFHI N R b 2oy (BTBT) {ZEOHIHZ 1 L7z b oL FET(TFET)ffiE &, A EA
Bdfrz@lacEiud, Ay TFET OEHbHfFSND. AR, =L TR AREOBHIFER
HLBAAE LT (LSV) T34 AEER]IC TFET ORI & 72D pn BAHEE 2 fLAGA A
T, FRAEAMAREOBHNCHRER L7,

Fig. 1 IZ/E®L L 7= CosFeAlosSios/Ge-pn #25[(a)] & & D& E A9 5D LSV H1[(b)| DK TH
%. pnHEEIE n'Ge JE(140 nm, n=1X10" cm™) & p'Ge J&(7 nm, p=1X 10" cm®)MH kD, A BV
HEAJRIZ Fe J8(0.7 nm) & 5EfEMER A AT —54TH D CoFeAlysSios JE(10 nm)D 2 EHEETH D
[2]. BREHMEL LA V@EOREDTZOIZ, EFHRE—LIV YT T 7 41— Ar £ 42
T EAFH LT LSV T /3 ARSI T L 7=, Fig. 2 121X 295 K CHIE L7= 2 MRt A &
MEFEETRT. 8 KD 295 K O#IFHIZEHE VTR RFTA B UG5 IR, p'Gega /LT
WA, n'Ge JEDHDEGE[2] & g L TR Y NG5O 3Bl iz,

ABFZEIL ISPS BHFFE:(19H05616, 24H00034), SCHEHEE [ AV b o =27 R FAiifse i L

Bir o b U — 7 L5 (Spin-RN]) ] DX EZZ T T Thhi-.

[1] K. Yamamoto et al., Mat. Sci. Semicon. Proc. 167, 107763 (2023). [2] M. Yamada et al., NPG Asia Mater. 12,

47 (2020).
(a) (b) 0 ——
CFAS(~10 nm) z 40l
- 30
p*-Ge(~7 nm) % 20
| n*-Ge(~140 nm) < 10
Si 2ML) S
LRIV HT-Ge(~500 nm) 0
-10
LT-Ge(~40 nm)
20 ] ] ] ] ]

-60 -40 20 0 20 40 -60
B, (mT)

Si(111) substrate

Fig. 1: (a) Schematic of the cross section of the grown FM/SC  Fig. 2: Local magnetoresistance
heterostructures on Si(111). (b) Schematic of the fabricated LSV  curve of the fabricated device
device and terminal configurations of four-terminal nonlocal and two-  at 295K.

terminal local magnetoresistance measurements.
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Formation of methylated germanane layers by molecular beam epitaxy

BKRBET !, ARFKEH?

Ol B, R —F 1 Sl BAL RT @B, piE B2, R AF!
OAtsuki Nakayama'!, Kazuho Matsumoto!, Shigehisa Shibayama!, Mitsuo Sakashita’,
Osamu Nakatsuka'2, and Masashi Kurosawa!

(1. Grad. Sch. of Eng., Nagoya Univ., 2. IMaSS, Nagoya Univ.)

E-mail : nakayama.atsuki.r0@s.mail.nagoya-u.ac.jp, kurosawa@nagoya-u.jp

(AREF=R] BHELZ Ge R BICAT NVIEEEMLIZ AT VLT V~TF 0 (GeCHa) I, KFE(LT LV~
F2 (GeH) IZ bRV ENEITEN D ZERNHLIEIR > TOB[1]. AT, 2317 Si R Ge ([ZHEAEW
EALBENE(1.4x10* em?/ Vs (7 — AF =7 H 2D EFF 2L TRISTRY, Wt RCEEERE L To
JIEABRHRESH TWA. BATHFZEDIZEA L IZB W T, 7L —2ROREHE T T& -, &I T
1%, 7L —21 GeCHs &2\ 77— RN T D ARZ BT = O IE LB BN (380 em®/ Vs@
) BMESILTOD[3]. Fex 1T, O AR H AL HIH S AT IR O -V iU, BE)
EORFHEORIAFL RS 2 DEEZTND. ZORNPMHVELT, AT FRoE X% —iEICIY
TER L7z CaGe, “EXF v /L@ GeCH; HEDTE I BVFHLA T O THET 5.

[REAEBIUHER] GeCH; HEOE R TIEITLL F O THD. 7 e a5 —ika A,
Ge(111)FEM 1T CaGe, IR (JEE : 20 nm, FEARIRE :560 °C) 2R L=, AT VIHERi T o A%, 7
L— 73 BHI BT 2 AT [4) 2 55 1 T o 7. BRRIICIE, |iR-ZBRFHKPITR0 T, HEE
Blaa—RAZ R (CH3l: HoO: CHsCN=3:1:6 (/L L) ) 12 4 H IR IESET-. %12, R LI Cal,

ZE RS /-6 CH3CN T L7-.
X BREHTEXRD)E V-, EIFEGCE O A5 i & 25

fliL7z. CaGe, HME DL, FEIHF A 20 = 17.36° B LT GeCH, 002 \\

35120122 4 2H-CaGe, 002 33118 004 IR BESH Y i \\

L —rEillsi (Fig. 1(a)) . I—RAZRRICER T engpgrtt | T
GeH 002 '

%, ool —213EkL, BrfA 20 = 10.09°
|2 GeCH; 002 |ZJF @ S o /- iae— 7 3 HBLL - (Fig.
1(c)) . ZAUTHRFBHI B T2 AT ZE[ 1D & —
5. £72, GeH #@IEEID 002 DEH (14.87°)
[S1EOBIRA BEERNIALE L TR, AT /VEAEMIZLE
[ EERED 47%HKIZ% )72 (GeH:0.60 nm—GeCHs:
0.88 nm). LA I, JEREEEHZ BT, I—RAX IR

Log Intensity (a.u.)

Ge 111

L I S e T

(c)GeCH,

S

a)CaGe, f\ | “I\
N

PRI BRI B

© 2024%F [SRYEES

10 20 30 40

RARIZ 8D GeCHs WEOTE Ak fgid TE 7z 26 (deg.)

(B 1AW SR D —581%, JSPS B (Nos. 22H05456, 23K 17760,
24H00850) |2 L FEisivELTz.

[$E3CHR]1[1] S. Jiang ef al., Nat. Commun. 5, 3389 (2014). [2] Y.
Jing et al., J. Phys. Chem. Lett. 6, 4252 (2015). [3] Y. Hiraoka et al.,
Jpn. J. Appl. Phys. 63, 030905 (2024). [4] Clement Livache et al.,
Appl. Phys. Lett. 115, 052106 (2019). [5] #AA—#5, & 71 [E)S
FBRF RPN, 23a-22A-2 (2024).

Figure 1 XRD 26/® scans obtained from CaGes
layers on Ge(111) substrates (a) before and (c) after
methylated treatment in the iodomethane solution.
The immersion time was 4 days. For comparison,
that for GeH layers synthesized from CaGe: layers
is also shown in (b) [5].
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{RAT GeSn WBHEFERDHERKIZR 1= Ger- SN, TE X F L ¥ LD RELE
Surface treatment of Ge1xSny epitaxial layer
toward the formation of ultra-thin segregated GeSn crystal
AXBRRL', EEXE? BAXEIL® BHAaXMREL
oA A, KH R4&? B £ RE EX, WT @B, FIE B, £l BAR'
Nagoya Univ. !, Fukuoka Univ. 2, Meiji Univ. 3, MREL*
°Taiga Matsumoto?, Akio Ohta?, Ryo Yokogawa®*,

Masashi Kurosawa?, Mitsuo Sakashita!, Osamu Nakatsuka?, and Shigehisa Shibayama!
E-mail: matsumoto.taiga.k0@s.mail.nagoya-u.ac.jp, s-shibayama@nagoya-u.jp

[(ARER] FAN T 7208 LTHEBZED TV BIVEE _RTEMEIOFTYH, Fxids i~
IRV BHICRERN RX Yy v TE2HTHEEX LD GeSn iizidifEE (GeSn-NS) D& RkAE HiF L
TW5. KAHPTHLEERY CIVIE IR ITTH BHE B3 AT RE 2 R EHRATIELAZ IS L, 24 E T,
Al/Ge ,Sn(11D)FEE 7 B O E HRATIEIC L D, GeSn-NS NA K AIRETH H Z & A EFEL =B LavL,
GeSn fREHT/EIFIEMEMHE TH Y, ZTORAMERRETH D, AllGer «Sny FHifIIZ GerxSnx DEEALI 3
ELTEY, ZHBNEITERE LAl OfEmECERHRBAGICEEZ 52 TWbH EEX LS.

ARFFE T, RHT GeSn-NS f S bz T 7= 0 & LT, Al ERTO GerxSny T B & % 3y LK
DRI EZ R L, B EEH L7V GeSn RT3 sk 2 Al REME A B H I LD THE T 5.

[ERMERFIE] Ge(110) Hab B2/ F#r— £ % % 3 — (MBE) #4512 & 0, J¥/E 20-30 nm @ GeyxSnx(111)

(Sn #173%:10%) %, FREIEE 150 °C T EX £ v Lk Lz, W T, BIrifselaE 542 1%
R 7 v BRI (DHF) X°, DHF 3 X OMERE (HCl) & OIRATRIE & VT GeSny R B L ¥R &
Mt L7, 0%, IEUNEGKETEIC TR 30 nm @ Al J& %, HERSIRES 100 °C CHERS L7-. — etk
TIE, Al JEHERERATIC 300 °C, 30 min O HEZEHNEGLERIZ K 5 F ek & 520 L7z,

[(#ER B L UEMR] Fig.1 1, DHF IZxf LT HCl Z 4k~ 72515 TIREG LT EIRICIRIE L 7% 0 GerxSny
KD, Ge BLV Sn bW OFIE &5t d 2R FH/1BMEE (AFM) B4 75~7. Ge 35 LT Sn i fk
MOEIEIE, XBAEF5 (XPS) 1D Ge3d BELUSN 3ds, HEF ALY MaHEGL, 0ffiod
E—21Cx 2 b e — 7 OmFEREICKHE T 5. HCIREFERIZ E b 720y, Ge 38 KXY Sn #Kifi
R b3 P2 Z L 30D . KR HCHIREED 20% D56 TiX, AFM %5, GerxSnFrfi D
ki ERBEDENTZZ £ D, BALWBAIICERE
TEXZ LR EIND.

Fig.2 1X, Al ZHEfE L 7230kt XPS Ge 3d 35 LT
Sn4d WFEF AT bV THS. DHF ODBDERBGE
HCIE, FimWAT GeSn iZ, Ge I LY Sn b s coeme @
’é\iﬂé@ﬁzﬂb, 20%-HClI k DHF k@{ﬁé\{g(& ° w/o DHF* HCI(lO’o)+DHF HCI(200-/0)+DHF 0

0.15

w
IS

o
o
5]
n
o

e ?

Ge-O/Ge-Ge

=4
o
@

IS
o

Area intensity ratio of
Sn-0/Sn-Sn

Area intensity ratio of
Ge-0O/Ge-Ge

RIE L 72 IS BLZE MR A 1T o 72O T, (AT T e oars waton i 0 110
WOEERIMEZIKB TE AL ENShoT-. Fig.1 Area intensity ratio of oxide peak and 0* peak of

Ge1-xSnx surface and corresponding AFM images after

U LEY, DHF & HCl DREEIRD GerxSny P immersing into DHF and HCI mixture solutions.
FHBAYFREICAED THD Z &, BELO GerSnx
DOFMERFEOSEI LY, HIT GeSn D& Ak

IV DBREBARETH D Z ENpnol.

[1] M. Kobayashi et al., JJAP 59, SGGK15 (2020). [2] K.
Matsushita et al., JJAP 61, SH1012 (2022). [3] FAAZR b,
2023 4 % 84 In] MY (FKF) |, 22p-P03-1. [4] M. — — —
Bouschet et al., Microelectronic Eng. 253, 111663 (2022). Binding Energy (eV)

" ] I Fig.2 Ge 3d and Sn 4d core-line spectra normalized by
AMFSEIT ISPS FHFE: (BEERAOMIZE (Wi3F), 23K17745),  Al-Al signals of Al2p spectra for Al/Gei—Sn«(111)

—iEF v WM, JST PRESTO (JPMJPR21B6), JST  structure subjected to the surface treatment of (a) DHF
CREST (JPMJCR21C2), JSPS &2} (5% B, 21H01809, immersion for 1 min and (b) DHF and 20%-HCI
20H01524) 4B %2 F CEM X 7. mixtures for 5 min and vacuum annealing.

Ge 3d, Sn 4d Ge-Ge Surface treatment
before Al deposition

— DHF 1 min

— HCI(20%)+DHF
5 min

Vacuum anneal
(300 °C, 30 min)

Normalized intensity by Al-Al
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RAMZ=—I)UIZ&S Sn FNL R Ge HEEES0nm)D
RIERMaDFENREIL

Passivation of grain-boundary-defects in Sn-doped polycrystalline Ge thin films (£50nm)

by post annealing

K- VAT LER B K TE RER, RBE KR, AE K
Kyushu Univ., R. Hashimoto, T. Koga, T. Kajiwara, T. Sadoh

E-mail : hashimoto.ryu.521@s.kyushu-u.ac.jp
[IXCHIZ] EPEREMNRT A AEBIOT=, Si KV EF+ ) 7BBELZ AT D Ge HEH
SNTVB[1], Fxid, IR EICBT 2 Ge MO BN E ZME L, i Sn i &
vy TBIOTHEOMINC LY Ge WIRIEE:<S0nm)DBEN L3 W L35 2 &2 50
WL T&EZR23], Ll BEERH ET2600, v U TREN EFT2HEGH S0

[/ > TWDH[3], Al WA RT =—/LizL W Fx

T EE DRI A S L 72 DO T 5,

[EEAE] A5 FM EIZ a-Si FHI(EE: 10nm) % HEFE
L. Z® EIT a-GeSn JB(Sn:fRFE 2%, E/E:50nm) & a-
Si & v v 7 (5nm) & HERE L 7= (Fig.1), T D%, N H T

EVILER(450°C, 20h) &2 4T - 7=,

[FEREER] BWLHBZEOREOBIIE L F v
U 7% Fig. 2 IZ”SPC”E L TRT, @V
ALK 300em?/Vs)Z R~ g 25, Fx U TIRED
) 1x10'8em™ & @V, v U TIREOKEZ H
L. NoHHCRA 7 =—/1(500C, 4h) & 47>
7=(Fig.2 ®"PA1”), L2>L, BEIE, ¥ U7
BEEHIIFEAEEL LD o7, RIT, F
Y T EBRELTCRA N T =— L &2F 7o 7=
(Fig.2 DPA2”), mWBEIEEZHEFF L DD, *
¥ U T IREDRK 50%bARET 5 2 L
ETpolz, RISRNT 21T - 1245 % Fig. 3 1R
To WA T =—N4%, KR T v TBEDK
36% bIATD ZEBABMNE o, ZD8
GBI, AN T =— VEFEHKHTICE TN DM
02 1T X DRI AR MDA B L4l T 5 &
Ez o5, [SCHER] [1]Miyao, JJAP 56, 05DA06
(2017), [2] Xu, APL 115, 042101 (2019), [3]
Nagano, MSSP 165, 107692 (2023), [4]
Kabuyanagi, TSF 557, 334 (2014).
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a-Si 5nm

a-GeSn(Sn:2%) 50nm

a-Si 10nm
guartz

Fig.1 Initial sample structure.

] E
- g
= s
5 200 J101 &
o - 1 =
> ] 5
= | I
8 1 ¢
o
100 { E
<
| &

0 ! 1 I 1017

SPC PA1 PA2

Fig.2 Carrier mobility and carrier
concentration.

SPC PA2
Eg (MmeV) 42 43
Qt (cm?) 5.6 x 10% 3.6x 104
N (cm®) 1.0x10% 4.3x10Y

Fig.3 Summary of energy barrier height Ep,
trapping state density O, at grain boundaries, and
carrier concentration N before and after PA2.
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SFREBERICES IVEAILIT A FEREORBIELRE
Growth of IV-VI thin-films on insulator by molecular beam deposition
WE - MEFSEEERE MANA!, SR KRF?

O R, Ik TR, E 183 '2 Ahmed Mahmoud'?, FH E# 2
NIMS-MANA", Univ. Tsukuba?
°Ryo Matsumura’, Qingiang Zhang', Bowen Ma'2, Ahmed Mahmoud'?, Naoki Fukata'2

E-mail: MATSUMURA.Ryo@nims.go.jp Heater(T,,,)
[ 1Substrate
(%8
= B
QY

ZFA RN, IR T VAL RKRGER, VT LA

F o mMOARM 2 L EIEVISABA IS TWS, ZORK K %
} Fig. 1 Schematic of

FFIEE UTKHIEL], BUSAR Yy 2V o ZERIERHE S the experiment

TWDN, AEFE 2 LS WVEZE CIFFHERIS IR T | R

A & BAF 7253 T HRHERRIE 2 W5t L 72D THE T 2,

[RERFix]

100 nm JED BRI A 43 5 Si(100)Hatk 2 Pt itk . o0 F#rife
FEAE & (N — A E:~100 Pa)lZ TEEMINEY Toww: RT-5000C)Z 1TV 72
A5 Sn & S ZHHA L. SnS HERTA 772, Sn fiHRIR S LTI
G — 2 KBz Hne—F, BHOS 5 FIERISHEICSE D
8 BIRMEE A M D728, S ZAFIRD I Ar 7T AvRAEEL
B4 577 vxr7vVEROEFig 1],

[#&] s Aasen

% OFCEED XRD HIERE R %2 Fig. 2 12737, Taw: 25 30 35 40

o 1 el o e - 3 . Fig. 2 XRD result of samples
200-300°C [ THERT L 72RUBHIF 1T SnS@O0)HBRD B =7 2% ppricated with various Tow

LA Z 41, SnS ORI RIE STz, — 75 Tsub: 350°C : [ 400°C
PUEDORETIIE — 27 28HE LTV D23, R O 00 ..
FER. 2B OFREFCIE SnS IO R FER Shvi- 2

At 2 Z(SnSy) Rt 7 v~ =17 IN(GeSy) 72 E D IV HEH L = 5 <

r 100
9 80
L [Fig 3 TAUREHORE ERICHES SnS OFK B O ;@.Sﬁf. 60%
RIS % L %2 bR s, EB0T0 Sus flsiblc €50 | | 8
SUNTIE SnS DILFRAILZHER LT 5 = LA%HB o o5 [ANIOKIOSS | 2 E
L 7-[Fig. 3], 4 B IXFRITFEZ W T GeSk il R 2 il A 72 0 , 0
ERICOVTHBET 5 TETH D, 0 200 - 400

Tsub (OC)
[1] Q. Zhang et. al., ACS Appl. Nano Mater. 6, 6920 (2023) Fig. 3 S concentration and film thickness

after deposition with various Tg.
. V== st IS ES sub
[2] FREFAMEAL, 55 71 FIGHES 23p-12L-10 (2024) Photos of samples are shown as insets.
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High Pressure Annealing Towards the Solid-Phase Crystallization of Thin-Film

Germanium Sulfide

National Institute for Materials Science - Research Center for Materials Nanoarchitechtonics
(MANA)!, The University of Tsukuba2, °Ahmed Mahmoud!2, Qinqiang Zhang!, Ryo

Matsumural, Naoki Fukatal?

E-mail: mahmoud.ahmedmohammedfuad@nims.go.jp

Introduction and Background
Germanium Sulfide (GeS) is a direct, 1.65 eV-band gap
semiconducting material with a 2D staggered layered structure
reminiscent of Black Phosphorus and huge potential in
optoelectronicsl!l. Previous GeS synthesis attempts have been
limited to randomly sized and aligned nano and microstructures
that can prove challenging for device usagel2.31.
A systemic procedure for the synthesis of controlled-size facet-
aligned GeS via high-pressure solid-phase crystallization is

Gas Gas
Inlet Exit

> >
®

Thermocouple

Substrate
_—

FE8SMLAMELEUTHMERS BRTRE (2024 KEAYEEI2RIBETVI(Y)

investigated in this work.

Copper Plate Heater
Experimental Procedure PP

Films of germanium and sulfur simultaneously deposited onto
silicon and quartz substrates via molecular beam deposition were
heated for varying lengths of time at up to 400 °C under one and
five atmospheres of flowing pressurized nitrogen gas. The reaction

setup schematic is represented in Fig 1. Tb 2l

Fig 1. lllustration of the high
pressure annealing apparatus

Results and Discussion

Fig 2 showcases the clear effect that pressure has on the
reaction; Fig 2a is the as-deposited germanium-sulfur. Annealing
at one atmosphere and 250 °C for even 30 minutes causes the
deposited material to vaporize (Fig 2b), in contrast to the five
atmospheres that resulted in the intact film of the sample presented
in Fig 2c.

Auger electron spectroscopy helps explain the progression of
the annealing process. Clean 1:3 ratio Ge:S is observed in molecular-beam deposited germanium-sulfur
(Fig 3a). On the other hand, 1:1 Ge:S regions have been observed in samples that have been heat treated for
four hours under five atmospheres (Fig 3b) even if the surface appears to be dominated by germanium-rich
layers. It is also interesting to see sulfur migration from the typically hotter film-substrate interface.
Research is ongoing to determine the crystallinity of the resultant phases.

Fig 2. On quartz; as-deposited
(a), annealed at 1 atm (b) and
5 atm (c) films

(a) 100 — Go S — S (b) 100
£ 75 £ 75
o) o
s s
- 50 c 50
i) Q
3 . -*5
g 25 "~ 8 25
S IS
o) o)
o 0 R— , Sr— O 0
0 150 300 450 600 0 150 300 450 600
Depth (nm) Depth (nm)

Fig 3. Elemental composition profiles of molecular-beam deposited (a) and 400°C, 4hr, 5atm-
annealed germanium-sulfur (b) determined via auger electron spectroscopy

References

[1] Sutter et al, ACS Nano 2019, 13, 8, 9352-9362 [2] Zhang et al, ACS Appl. Nano Mater: 2023, 6, 8,
6920-6928 [3] Vaughn et al, J. Am. Chem. Soc. 2010, 132, 43, 15170-15172
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FILS =) LMIKIC & 59 —75 GeS HIED R &
Growth of Uniform GeS Thin Films by Aluminum Catalyst
MR - HPEBRBE 57/ 73T PO AMHBRE V2 —
Oif 4, BN X, FE HHE
NIMS-MANA, °Qingiang Zhang, Ryo Matsumura, Naoki Fukata
E-mail: FUKATA.Naoki@nims.go.jp

[Background] @) Tyoekl

Two-dimensional layered semiconductors have been considered as

one of the candidates for development of next-generation functaional Siy/Si
(b) Zone 1

electronics and optoelectronics . Previously, we introduced the Svawvaw S
GeS source A3 'Substrates)
synthesis of large-area germanium monosulfide (GeS) using the 2 P

pre-deposited amorphous GeS method 2. However, it is prone to

forming bulk-like GeS clusters compared to GeS thin films. In this

Temperature (°C)

abstract, we proposed to use the aluminum (Al) catalyst for growth of

&2l
4o

uniform GeS thin films restraining the formation of bulk-like GeS
clusters simultaneously.
[Experimental methods and results]
Fig. 1(a) shows the substrates with and without the deposited Al

catalyst. Then, the substrates were loaded in a quartz tube to grow GeS

using the vapor transport method with Tc1 of 440 °C and T.2 of 420 °C
(Fig. 1(b)). The growth of GeS thin films without the Al catalyst shows

. N 0‘. é fl ‘v|
? g o B | |‘ \
- | o EsdsE (L W
a large and black area consisting of the bulk-like GeS clusters (Fig. i ~G%S- ,.;.._"..-,., e Zosezowy |
2(a)). The bulk-like GeS clusters can be significantly restrained by »Si(f),\zlLSi ';g:-i'. 100/pm. |
applying the Al catalyst layer before the growth of GeS (Fig. 2(b)). © I/S\lgz\/-f\ Ml TyPe 2initneating
o Al
However, a large number of holes are observed in GeS films. This can _.,AI? <l !
SiQJISi o
be further improved by heating the substrate at 120 °C for deposition of = £ ‘: :;\0"270 .
G‘e—s a1mans' cm™
Al catalyst (Fig. 2(c)). The achieved uniform GeS thin films is likely S'i'(QEIIS'i - :'ﬂoé ur:1

ascribed to the higher density and less grain boundaries of Al comparing Fig. 2. Observations for the grown
to that of without heating. The insets of Raman spectra indicate the GeS thin films.

crystallization of GeS thin films in good agreement of our previous studies. The growth of GeS thin films
with a target thickness of less than 30 nm is being optimized. Other results, such as the evaluation of the
thickness, surface condition, substrate effect and so forth will be presented at the conference.

[1] E. Sutter et. al, ACS Nano, 13(8), 9352-9362, (2019).
[2] Q. Zhang et. al, ACS Appl. Nano Mater., 6(8), 6920-6928, (2023).
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ILF IV REXTMERFICAIZAIT =
iR Ce BRDIERSREBHNAFDORE

High Power Factors in Low-Temperature Polycrystalline Ge Thin Films
for Flexible Thermoelectric Generators
THIRAR: HEYE - HRAE! RER! HMAEE!
IUniv. of Tsukuba: K. Nozawa?, T. Suemasu?, and K. Toko!
E-Mail: nozawa.koki.td@alumni.tsukuba.ac.jp

[IZLHIZ] ZiEdh Ge IZZ DN RE ¥ 7 ICHEIA
LC, BREEREISE LI IREH CEWEAEMREZ R T,
Nz T AKIRARS AL (< 500 °C) 23 AIBEZRT-8, 7LF T
IVENE SR 1 ~DEFL IR SV TET, L LD,
ENERHEICER e, MOWBEINE AR L KIR TOR—
NUNMEMAGIZ RSN TI oz, — T I,
MR EEOREIZED, T TAF I OMHENRE LT T
EBENE Ge fiAFEBIL TX7-[1-4], AMFFTIE, F—3
VINERIREAE LT Ge BECKL CEMREZ L,
BROFEFR, T TATF w7 OMEBIRELL T 72030, @B H)
FEm¥ X VTR EEZ TR T HLEBIT, IV EZAEE
REL TREDHDRT (PF) NMELNZO THRET 5,
[LERAR] HIAHM LT Ge LR— 30 (n BL:P p
' Ga) AR K& L, FEd'E Ge 15 (200 nm) 2L 7z,
ZIHFBHIRTL T, No ZR A5 TEVLER (450 °C, 5 h)
Zhil ., FEFHRRZFE LT, 0%, Ar RS TRA
~7=—/L (PA:500 °C, 5 h) & fiti L 7=,

[(#ER-BR] 1DIC P IRINCED n BURERIEZTT-
72 (Fig. 1), BT 1% 1018-10%° cm 3 O PHCHIEIS L
HEEHIT, B BE IR IZILECT 2 E S5 T
W5, T, PF X, ER-BRE L KR, ik KT
2940 pWm K1 235351072, fiV VT, Ge lZ LT Ga ik
MZEAT, p AUREHIE A 370 ~7= (Fig. 2), FBXRUFFME
1% Ga WSINEESHEREIRE I BN, £, Ga i
M Ge IZFBWThH, HifE f Il 2D EKFEDN T,
PF X B AT BRI EA SR L | B K C 1210 pWmt K2
DELITZ, ABFZED Ge IR mE AR EICH D
57, mlik (>1000 °C) TH LI PF IZPLH- 8
LTHY, ZLF I NVBELEMBFORREIZHFLSTDL
R TH D (Fig. 3), M HITA Ge #ilEA AW TIERLTZ
TUX VTNV TR T ORI OV TH IR E T D,

[1] K. Toko et al., Sci. Rep. 12, 14941 (2017).

[2] K. Nozawa et al., APL. 122, 201901 (2023).

[3] K. Nozawa et al., ACS AELM. 5, 1444 (2023).
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Fig. 1. (a) Electrical characteristics of Ge as a
function of P concentration (Cp). (b) Benchmark of
n-type Ge, with the dotted line indicating single-
crystal Ge (sc-Ge). (c) Thermoelectric performance
of P-doped Ge.
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Fig. 2. Ga concentration (Cca) and deposition
temperature (Ta) dependence of (a-c) electrical and
(d) thermoelectric properties.
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Fig. 3. Comparison of PF at room temperature

obtained in this study among (a) p-type and (b) n-
type polycrystalline group IV semiconductor .

15.5



19p-B5-14 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

BHEmGe BEORIRARE 5 A LS IBREDEIERE
Thick polycrystalline Ge layer synthesis and first demonstration of photoresponsivity on glass
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[IZCHIZ] A KEEmOIKaTAMEIZIL, Ge
LG LT DRI RS S A B2 22 il
A Tl A A NN e e I B BB (51 3TN

D Ge HEIEIZIRBWTIE, RIRC XM 7 72~ A= —
NI W E DG LNTHT B0, ZIVET 3
2 (X R EIEIC BT, HEREREINZA[1], Sn
TRIN[2]. T HE OFF A [3,4]. B3R AEDOHIE[SC X -
0, Zhkah Ge O BRI IR IR K b & 2

L., EX V7T BB EE RS CE, 4l Z -
NHOFEZTELT, &R HERKIE -5 X .

Ml BT e &I, 23 R D FEFE L KB 7 c
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R ) Si THE (-1 m) £a-Ge(Sonm) &7 7 g 1 Sample Stucture, 8D anabs and ol effc
PRHERIL7Z, t?‘:]‘/‘ a-Ge %61 1%5 °C TINZHERT on high-resistance p~-Si s):ﬁ)strates.
LTWAH[1], &I, Ny 5 PH A H1I2 TRV B 80— I — — I
(375 °C) L CEFAALE (SPC) ZFBHLL . Ar ZRPHA
HCRARNT =—/1 (500 °C) Z#{T->7=, IHIZTEH
X v /LRdR (MBE) 128D, —BepE TN E (&
7t 500 nm) R L7= (Type A) ., F7=, D728
(2 Si BN EETE XX Uy Lk RS B
i Ge TR (Type B) EHEFERFINELE LRV MERD
FEFHE R Ge R (Type C) & & L7z, 70 YR

N
o

Type A on SiO, sub.

- Wy
g% N

Photoresponsivity [mA W-"]

C \-
WO, I ITO B hA A L1z, 0 e -

| | | |
[ﬁ%_%g] Fig. 1 XY a-Si 0%’?@)%0)1%)\&&}: 400 600 800 1000 1200 1400 1600 '1800

o - S bl Wavelength [nm]
DXy LR 2B 1L L7508} (Type A,C) T Fig. 2 Photoresponsivity for three types of samples

WX, BRIV SR RL T 528 MRS with a bias of +0.5 V applied.

oo FrIZ Type A CIIFEE ZINBHERT 3524 T,

KBIBAL T DR HBLL T, FERRIEIIIERTE (Type C) EHHRL T—HT LA B REL R FE FEAS
RERILL 722 ED3D, BERBVFHEEZ R L 72 /G SR R 07 787 2 REEIZE> TR T p AYRE
ZRLT2[6], HfE AR5 (Type B) TliE Si FEARED T RESITE K L2 K BIZLY, EFLE E N E<
(~10'8 cm™3) | IEALBENE RN EE 2 DD, ZiEamE CITRARE E ORI, 7787 2 K ao
e mBE E LA 725971,2,4,5], L7203 > T, IDIC KR EZRE RO 268G A G L. 25|
SHRERDRDEBALLIZ Type A THROIRWIEFEELED @ IELBBIE NGO, 50 R
Z R L7285 5 Type A IZH8UVT Ge F1A ORI R A COWMUTEL K 553 HILEE AT ML D3RR
AU, SHIT Si0y HARITEBAL 723580 0 R EE D iR STz, — 5 C Type B Tl Ge/Si FIZIB N
T, Type C TITRIFUZIBWTHR YU T OGS DBE Th-o7o720 0 HEE NG LN/R o To S HEER
END, Lh b ATAHM EDLAES Ge WIFEIZIBWT, 1D T RREEFIELTZ, 24 B I3y e
DIB725[M EIZWNTTZ Ge BOEREAGIZ DWW Thikam 3 2.
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Application of Si thin film to the anode of rechargeable battery
-Improved properties by insertion of interlayer-
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[ELHIZ] v b Basso siiiy/ 77740,
R R S S T R SNBSS

tA~OIEHL RSN THD[1], Lo, ik
TEIEFEIZIITD Si IO RIGHE R L=
B BLORIBEC LB D LA iR
Th-o72[2,3], AWFFETIL, Si HEEOAMEFE
M A HFEL . SRR 5L im ~ 0 S fE i A %)
REFAE LTz, ZORER, FEHERD Si #ilEo
HIBERS PRI S D EEBIT, BHE 72 Fo B R
Da] FIZEENST-T- 035,

[LE&FE] Mo 5 LICHEE (C. Ge. Mo,
Fe. 4 10 nm &) & Si & (250 nm J&) 2 A/ #
HEREL 7= (Figs. 1(a), (b)), IR FEMARREFERE
filio>7=%, Mo { L Si %4 g Li &xbrmst,
TEMEIRIZ 1 M LiPFs in EC/DEC (1:1 v/v) Z W
7o e v ERL | RERBREIT o7,
FICRBHRBERTE D 720D . FEMEHR DL
o fiEL . SEM, EDX (2L EIO R HikERE LB

2T,

[BR-BFE] VDICKREOL —NREMEZ EL
L7 (Fig. 2), gL OFEHI B W T
60-80 VAV MZEBITHEEDP WA ED 30%
BREFTRTFLTNWS, — /4T, AmEfHAL
7o BHE 60 VA7V ETTHRIEE R L DK

b
si Si |
Mo sub, Mo sub, Sm'l

Interlayer

Fig. 1. (a) Schematic of the samples. (b) Photograph of a
sample after the thin-film deposition.

4000
T
oo
23000
g v 5C
Z2000F , ¢ gt
£ * Si/C ot
® 1000} 4 Si/Ge .
© v Sl/MO . T
S Si/Fe  Discharge

O 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
Cycle number

Fig. 2. Current-rate testing at current densities ranged from
0.1 to 10 C, every 10 cycles of the Si anode in coin-type cell.
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Fig. 3. SEM and EDX images of the sample surfaces after 20
cycles of charge and discharge at a current density of 1C.
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B LARLRABE | RifE72RLOFEHI LT, 60 YA 27V LD LR BBIE R 25D,
S A LD Si ARREEE R EOFRKRZH ST L, FREEZOFEHIXIL SEM 44 EDX
B a G LT (Fig. 3) . BUFLIZG 0 Simfd oA BT, Si BT R AFERE 3% - IE R K Lz
BAHDHERTED, 22T, RlEOREIC KO RIEIENR2DT b, RlENBRDOELFITK
A B2 DLV, £, REERLOREHIRB W T Si O RBENEE [ b= — 5T, SiE
Jii 178 A L 7= 3B CUL IO B B2 2 R 2SR ST, — DRI, SR TR O AU L% Si iR
FROBEHEMER FIZEDbOEHEZEEL T,
VU b FimfEf A LD ST ARRrEO [ EIZREI§ 2L &6, Fethm Lo JFIR DS FIBER T2 H DT
L& FEELT, Y R A HE RO TR R HOWTh i 32,
[1] X. Su et al., Advanced Energy Materials, 4, 1300882 (2014).
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Epitaxial growth of SiGe with thick Ge-rich regions on Si substrates by screen-printing and annealing
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B ALy ML DIREPAZIE R FRE TH D Z LD, HEEA KB A 2 5 = x /L X —ZH#5)
BRMFFCTX B, oL, BUTT m A TITHEME L TH T A MM EAEE Ge £ 721354 GaAs
EVEETHD, %Tﬁ"iﬁlﬁaﬁm%jﬁ&éﬁé TIHE = A NI ERE IR OfESL S M ETH 5,
ZIVET, Al-Ge ~— A FDORAZ U —HIREBERIZ LV | R Ge fHRZ AT D EHFEF SiGe
MR A Si R EICo AR U LR TEDL I LA L CE (1], Mo Y etk 2 TlE 1I-V
R gL LR BEE ATRETe Ge MR Z RBITE TR LT, IHV#%& KB B D VERLH o
AR &9 DI121E. B Ge fARAEARD S D, ABFFETIE, EET I 2L —va oS X
Al-Ge ~— A F OFHRL & BERGIEE 2452 L TR D 2 ﬂtk%i%iﬁ L. JE\ Ge-rich FEIEK % 1F
9 SiGe EIEO/ERL A AT,

[SRBITEE] Si(IID MR BT EH 60 um O Al-Ge ~—A R 227V —FIRI L7z, #, Ge & A
13 60 1 LU 80 mol% & uto Dtk 900 B L1050 °C @ Ar R THERR Z 1T 70, Ifk
2. AT F U 7 E AL EE (CMP) (2 X 0 RE D Al-Ge P A BRE L=, SiGe HiKD
Wi A 38 L OSMLER I SEM BIERIC L 0 3l L 7=, F7=. SiGe MIROREIRIT L —V —ILfE S
PEMEEE 221 L 0 58T L=,

[fE5R & 28] Fig. 1(a)lT Ge &4 & 80 mol%D Al-Ge ~<— Z k% 1050 °C THERL L 7354 DIk
SEM # % 7~3, Fig. 1(a) O FEIZXT 2% EDS f M oftF, 3B MO SiGe %H%EP Ge
FILAZ DS 80 mol% % HE 2 4 FEIN 2] 30 pm il L T\ D Z 03 -o 7=, LavL, REFRm AR
bleoTr 7 v BEE S (Fig. 2(a)). SiGe J8 L~ NIV fRFEREO~T o= E X 2 v L
WEAEZ22 LMETHS, —F. Ge &4 60 mol%d Al-Ge ~<— 2 k% 900 °C CHERK L 7=
A VB ] O SiGe FEFE AP 12 10 um O Ge #H/3% 7% 80 mol% % 8 % 2 fEI N2 X 1L (Fig. 2(a)).
WOBRIZ Y F > 7 OB 7eu SiGe WA B L7 (Fig. 2(b)), RO 7 T v 7 OFsEIL, SiGe &
Si <E ODMKH IRIRER D7, B D\ SiGe/Si RE O RESICRNT 2 L B2 b D, AT
1. BEEY I 2 L—3 g 2 HSW T SiGe/Si RO FABENRFEIREICR A L HITX—Z k
n‘ﬂﬁk&k&ﬁ%(mr%@?ﬂ L7z, o T, 77 v 7 OFERBEERNIL SiGe & Si DRI %EM%I@%T
H V., 900 °C TOMKIELELR D7 T 7%&%@&@1&{5& TN EHEHIEND, LD,
72 1I-V WI:/\%#MAS%&LAME TEMAERLZ AT, Al- Ge N2 MRS K OBERG IR %ﬁ%ﬂﬁﬂ
TAHZ LY. F Ge #7Z: SiGe/Si f}im%ﬂi@fﬁi_f PEDSR ST,

[BEE] AMFoRIE. ESZAFZEBRSE IE AT — % /L X — - FE RN G Bl F5 M (NEDO) D Bl il 5 3
(JPIN14004)F5 L TF JST COI-NEXT(No. JPMIPF2204) DX % 1T 7= b D TH 5,

[2#&#R] [1] K. Fukuda et al., Sci. Rep. 12, 13770 (2022).

(a)

SN S —

g,

'resudual Al Ge

>80 mol%GeI EFa >80 mol%Ge |

SiGe 50 um N T > In SiGe 20 ym
Si(111) sub. e NS -~ =} Si(111) sub. —

Fig. 1: (a) Cross-sectional scanning electron and ~ Fig. 2: (a) Cross-sectional scanning electron and
(b) laser scanning confocal micrographs of the  (b) laser scanning confocal micrographs of the
surface of the Al-Ge(80 mol%Ge)/Si sample after ~ surface of the Al-Ge(60 mol%Ge)/Si sample after
annealing at 1050 °C. annealing at 900 °C.
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