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3.AIST)
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Improvement of carrier mobility of Sn-doped polycrystalline Ge thin films(<20nm)

by post annealing and thinning
ARV ATAER !, FUR-FRHET 2
T RER, KB BV R K2, A = EE RE!
Kyushu Univ'?, T. Koga!, T. Nagano!, K. Moto?, K. Yamamoto?, T. Sadoh!

E-mail : koga.taishiro.027@s.kyushu-u.ac.jp

[IZL®HIZ]

EVEREZRENE T S AAD FEB A HEEL . Si J0b @Y
TEBEZAT 5 Ge DNEHIILVTWD[1], Fox i, ik
W EIZ381F % Ge IO EFA R A METL . Ge ~0 Sn vl
BLWa-Si FHIE O AIZLD Ge HBE(IFE:<50nm) D v
VT BE% A L5280 MNICLZ[2], SHIZ, B
RARICRANT ==L (PA) 1TV =y F 7 Tt 352
LT BXXITRBEELA T D Ge M (IR :~30nm) 2345
bHZeZ WHLZ[3], Al ZOFEDOKEFZHED | Ge
FEIEE (IR ~20nm) O =S BB (b2 EBLL 72O THE T 5,
[EE&AX]

BB By TR EE VT a-Si 8 (BEE: Snm) O F
HiEZHERE L, £ _EIZ Sn RN a-Ge JE(Sn: JRIE 2%, &
J&: 20-50nm)ZHEFE L 7= (Fig. 1), C D%, Ny F2BH & H CTEVIL
P (450°C, 20h) L CEFHBR ZF%E L2 . PA (500°C) % i
L7z,

[(BREER]

BULIRE OFE (Ge HEFEIRE: S0nm BE Y 20nm) DFE
T-#% 7Sl (EBSD) 4% Fig. 2(a) B L O 2(b)l o=~ d, FEE D
B RIRDZF LD L TNDI D, — T, HE
FEIEE 50nm DAL Ty F 71280 20nm £ THALLT-
B ORERA Fig. 20T 03, W L% KRR Z R
TWAZENHDINET ST, PA HIOFE (HEFEIRIE: 30, 40,
50nm) , PA Riif4? Ge & (HEFREEE: 50nm) 2 L L7-3K
BF(IEJE: 20, 30, 40nm) DF ¥ VT BEE A Fig.3 (277, Ge
T (HEFEISE.: S50nm) % PA L. (L3 22LT, FxUTH
SRR B, ST B EE (~200em?/Vs) Z2F
T2 Ge B (IEE: 20nm) 23 EHL LT,

Carrier mobility (cm2/Vs)

a-GeSn 20-50nm
a-Si | 5nm
quartz

Fig.1 Initial sample structure.

Fig

300

200

100 -

.2 EBSD images of Sn-doped
Ge films [thickness: 50(a)
and 20nm(b and c)].
after PA‘ o u
% [ |
O o7
» O —
L 4
I A . before PA
20 30 40 50 60

GeSn thickness (nm)

Fig.3 Carrier mobility of samples.

bule and red symbols show the
data of samples without and with
PA, respectively, and closed and
open symbols show those without
and with thinning, respectively.

[BHEE] AUFFEO 5L, HALRKENHEE 7 0y =7 MIFSEO X %5 1 TiThiiz,
[1] M. Miyao, et al., JJAP 56, 05DA06 (2017), [2] C. Xu, et al., APL 115, 042101 (2019), [3] & (F7>,

ISR ZE RS . 21a-A106-3 (2022).
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Effect of Sn-doping on Solid-Phase Crystallization of Si Thin-Films on Insulator
AKX - SRTLIEH
OftE thi MA Rk E£E RE
Kyushu Univ. ©Y. Hanafusa, K. Okamoto, T. Sadoh
E-mail: hanafusa.yuki.830@s.kyushu-u.ac.jp
XU ®Iz] LRI OmMERIIZIE, TERMEST) L0 bEF - OB B L (SiGer
wSny) Z AV BT AN, ZARLNT A A ET LT e —FNERTH D, Foxld, Hukxik
Lo Ge HIRIZ Sn RIS 5 Z & T BERERERIC
B D KRKERILS L OEBBEL N ERT S 2 30nm, 1% S
650°C, 2h | | 550°C, 20h

LA L CERIL], 72, Si EKEIZ Sn(1%) % e e
W22 & TCRREBRENFEIT D2 L&A
HLTWa 2], LrL, ZOEMIIARMIHTH
%, Alal, MeEENR FI231T 5 Sn BN Si o A Wl |
RERME IO SEEEZRFT L0 TG4 Fig.1 Normarski optical micrographs of

%, samples annealed at 650°C (a) and 550°C (b)
[REBRFIE] AT Bloy 85 %2 VT Sn iR
JNFEEHE S1 M (Sn R 1%, PR 20~40nm) % - InSIide of d(l)main Isi_si I

HERE L. SRR TALIE (500~650°1C) L WWWWW
= i Inside of domain ~ Si-Si ]
[#68 & E2] 650°C (2h) 35 L O 550°C (20h) T MMWMWWW

Outside of domain ]

SLERE% O (R :30nm) O/ < /L A F— W20

WMEEBE Fig. 1@ B LY 1) iIczhFhrt, g
BULPIREE 650°C Tld, BER2BIB TR E D/ . . . . 1
K72 R AA 2, 550°C TSR AS A B G i 200 300 400 500 600 700
DRER FAL LV BEAES NG, FAL LHIHT Raman shift (cm-%)

BRI L7mT~2 A7 MV % Fig. 2121, FX
A TIE ¢-SiSn @ Si-Si #EAICKKE T 5 v —
7 NEIS N, FERELTWD Z 5, R
(20~40nm) DFREHI I T D R A A > O R 3 E
DT V=g A7 1y M Fig 3I1RT, BEEOWRH
DT, REEEME T 52 & ilREHED
TEPEL = L X — L@ IR BEIK (= 620°C) & KR MH
W (=600°C) TRARDZENRHLMNE 2o T2,
T, AEREE IS 2 D R RIRE & R R
DN Tk Do

[1] M. Miyao et al., JJAP 56, 05DA06 (2017).

(2] TEHEED, IS, 16a-D511-1 (2023).
[3] L. Csepregi, JAP 49, 3906 (1978).

Intensity (cps)

Fig.2 Raman spectra of samples annealed at
650°C and 550°C.
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Fig.3 Arrhenius plot of growth velocity.
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Hydrogen passivation effects on polycrystalline Ge thin films

'HEKBREEWE  FRAE ', BILEL, BOHEL, K

R, MBAR!

1Univ. of Tsukuba: K. Nozawa!, T. Ishiyama!, T. Mizoguchi', T. Suemasu’, and K. Toko!
E-Mail: noza.ez@gmail.com

[IZLHIZ] Ge 1FKHARDFENNT L AX M BLO A L7
i CTHD, Foxld, EAKEORIBRIKE2DIEME Ge HBIE
ZHIEIL . Ge WO KRR, L OVEBEML A ER L TEz
[1,2](Fig. 1), L/ L. A5 8L Ge i XS B E R T 7|87
ZRMEHAMFAEL THD (EFLEE p> 107 em3) 7 /3A R H
W Te> LT m/VIMENL Ol E B/ D — > Th -
72[3]e AWFFETIL, Frx OFZRKLIZE S0'E Ge JBIZXLTKFE
TR MR A Ji 92 & T IR LS FE DSBS s 2k
I RLTC,

[EERAZE] T2 LT Ge ZMNBHEREL GEE Ty= 50,
125°C) . FEA'E Ge 5 (100 nm) Z L 72, ZALHD BN}
LT, Ny FEPHE P CEMLEE (450 °C, 5 h) AL, B R 256
L7z, EFHRC R DR Ge BIZXIL , AKFET T~ ALER
(77X~ H7] Wp = 150, 300, 450 W) 24T\, AKFEZRML
Too D% ELZ2HRTESLEE (200 °C) & fiti L, KFEDYLEL 1%
MeAb AR LT,

[#58-EE] EBSD HIiEN D, Ty= 125 °C XEHT Ty =50 °C
REHI L TR MR E O R E/fE b hi a2 R T2 203 5
(Fig. 1), BRFHEDKFE T TA IR ¢, IRAFHEE A
L7 3, Wi 7 BN T p 13D L3, Ty = 50 °C C
X p=5.0X10"cm > TEFIT2—J7, T4=125°C Tldp=1.2
X 10V em 2RI L7 (Fig. 2a) . 72, We DIREIWVNEE p 1338
DI DAEMDB RO, EFALBBIE u 13, 6 OV R Ty
=50 °C TIEEF O F BB, Ty = 125 °C TIL
D UT IR 72 (Fig. 2b) . #5712 300 W, 20 min D77
R AL ID RV p (23X 105 em 3) 2R B 72235 Ll
A (155 em? V' s ZffERF L7, SIMS Z04Ti2dh, Zinb
D Ge JEHFIZBWTRS A& K FE DAL RS T,

e o
111x. &w: {
1um |
001101;“ u

Fig. 1. EBSD images of poly-Ge after SPC
with T4 = (a) 50 and (b) 125 °C.

1019 E T T

: (a) " mOw,=150w3
i ®0 W/, = 300 W]
10 m % AAW, =450 W]
E10vf Te=s0c ]
G E
Q~1016;- 3
1of Tg=125 °C
F T T T
F mo 0
L) eon’- %govv:/l
5 AAW, =450 W]
< 100 T,=125°C
> 3 3
NE -
&
x
10 1 1 1 1 1

0 5 10 15 20
t, [min]
Fig. 2. t, dependence of (a) p and (b) x of Ge,
where 74 = 50 and 125 °C.
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° m®
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Fig. 3. Comparison of x and p of undoped

poly-Ge(Sn) thin films (thickness < 150 nm)

formed on insulators at low temperatures.

UL EDOFRERIZ, KBORDIENDL A Ge D VB IZKEUKAFETDIEZRLTND,
KFET TR ILERL D Ge JBIZOU T, IBMOKIE (200 °C) BVLERZ 127K 3B DO YEHK - IE b & Fit
L7t S, BUBLBRE R O NS B2 p DIRTREID p O BB ESA7Z, FFIZ, 240 min O

LA L 7-3E T p = 43X10" em 3, u =340 cm? V! s

TUZEELT, ZAUE, KBS Ge B

DT 7872 RMaBL ORI DM TR LTy _R—=2a B RN A AR L TS, Zifkdh Ge

LT 10" cm™ LA D p 2ME6HN7=0

(Fig. 3), HAE, BEIFHLICBEHMETbED TRY, 4 Bid, KFRRF DL ENE

[1] K. Toko et al., Sci. Rep., 7, 16981 (2017).
[3] K. Toko et al., Sci. Rep., 12, 14941 (2022).
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Crystallization of n-type Sio.1Geo.9 thin films by high-speed CW laser annealing
MBS | JURK 2, ERE
OSSN bNT«HT 02, WF =, BTH RS, RE BEH 2

NIMS', Univ. of Tsukuba?, AIST3

°Rahmat Hadi Saputro'2, Ryo Matsumura', Tatsuro Maeda®, Naoki Fukata'*

E-mail: SAPUTRO.RahmatHadi@nims.go.jp

[ Introduction] In the recent years, Ge-based
semiconducting materials has gained attentions due
to its superior properties than the conventional Si-
based materials. Moreover, the realization of tensile
strain and n-type doping of Ge is a significant
approach toward achieving optoelectronic devices
based on group IV materials. [1] Our group have
developed a high-speed continuous-wave laser
annealing (CWLA) for non-equilibrium growth of
GeSn [2], SiGe [3], and n-type Ge thin films on
insulator. This technique was found to enable quasi-
direct bandgap transition on Ge by combining
tensile-strain and n-doping. [4] Here, we reported
the crystallization of Sb-doped n-type Sig.1Geo.o thin
films by our high-speed continuous wave laser
annealing process and its potential applications.

[ Experimental Procedure] In the experiment,
MBE were utilized to deposited 100 nm of Sb-
doped SiGe on quartz substrates, with SiNy

interface layer and SiO> cap deposited by sputtering.

The deposition rate was controlled at the ratio of
Si:Ge=1:9. Then, CWLA were done at various scan
speeds (Vscan) and laser energies (Eiaser), while
shifted horizontally to scan the samples (Fig. 1(a)).

[Results & Discussion] The formation of n-type
Ge films with 10% of Si was confirmed by AES
depth profiling. Here, polycrystalline n-Sip.1Geoo
films were successfully obtained, as shown in the
crystal mapping by EBSD. Improvement of the
crystallinity with large (>1um) grain size were
observed at samples with FEse>2400 mW
(Fig.1(b)(c)). This improvement resulted in the
significant enhancement of PL intensity, as shown
in Fig.1(d). We consider that the crystallization also
induce n-type dopant activation, which increase the
carrier concentration for radiative recombination.
The obtained PL intensity also higher than the
previously reported CWLA n-type Ge with similar
crystal quality [4], which shows the advantage of Si
addition to the n-Ge films.

a E,
(a) N, ambient :aser shift

Sio,
SiN, RV,

n-type Si; ;G€, o |

SiN

X

Quartz sub.

700 -
(d) PL with A:647nm @RT
600 CWLA n-Sij 1Geg o
——2800 mW
—~500 | =——2400 mW
g as-depo
;400 ——CWLA n-Ge [4]
=
2300
i)
200
100

1200 1400 1600 1800 2000 2200
Wavelength (nm)

Fig. 1. (a) Schematic diagram of CWLA process.
EBSD crystal mapping of sample with (b) 2400
mW and (c) 2800 mW of Ejaser. (d) PL spectra of
the CWLA samples compared to the as-depo.
[ References]
[1]7J. Liu et al., Semicond. Sci. Technol. 27, 094006 (2012).
[2] R. Matsumura et al., ECS J. Solid State Sci. Technol. 9,
063002 (2020).
[3] R. Matsumura et al., Mater. Sci. Semicond. Process. 134,
106024 (2021).
[4] R. H. Saputro et al., Mater. Sci. Semicond. Process, 162,
107516 (2023).
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Evaluation of Mg-induced lateral crystallization of amorphous Ge by two-step annealing

BAEE BHEIEIC®, THHM FAHS, FEE—0 A
NIT(KOSEN), Kumamoto College, Ayato Takazaiku°®, Towa Hirai, Atsuki Morimoto,

Kenichiro Takakura and Isao Tsunoda

E-mail: isao_tsunoda@kumamoto-nct.ac.jp

B THE, SR A 7T BRI R R AN A <
BFZE STV D2 FEEO TR A28\ C, FEiE
Ge WD Mg FFEM TR EIZOWTHEZITR > 7.
AL, Mg FBERET A ARE IS BT 2 BRI o> 52 788
EREL-OTHETS.

[EERAZE] Si0, HMR FICHBICH W TIEME Ge IR

(100 nm /&) & A3y Z jfifliitz, Mg 7~ % — > (200 nm J=)
EGA LTZ. £ 0%, ZHRIRIAKCTREmIBVLEE 4 i L,
BAMRE AR L. REEIIIAM T ~ v 5o,
TRF =B X #oHT (EDX) %5 % VR L 7.

[(BRRUEBR]BEMT ~ o~ v 7 HEIC L YA
AR BB A R L, 2 OpCR FRRE A BVABR L 350CIc ks
F 5 EVLERIRER ORISR L LT 1 ICHEEBE L 72, 350°C, 8 IKF
M OESLERZ fi L TH 2 um FEEE DR FERE L 2v& 5 v 7e
Mo 12728, BEIEREIL, 150°C THIBEULERT., 350°C
THERALBVMLER &2 A T & 2 A, iR RS KR 2 e
HTZENghhole. T, 2 BREEVLEL A e L 7o 3 UEHT
L, 7w~y B ZRIEIC LY EEMICRHME L & 2
%, Mg 738 — AT 1R BRI 88\ T, MgaGe
fidh & Ge flimNRIE (K2 fkAfEK) LTnWbZ e, &
7=, BT RR SIS O ARSI 1E Ge A D A O (X
2 EREAREIN) NHEIELTWD Z LV L=, 3.2, IR
TEREIR O FREE & Ge i d fEUEk 0 SR D BUAL PRI ) (A7 2
AT EORER, 8 RFHAVLERR, IRIEFEIRO HREHTIZIE
fUFN L, Ge AEALFEIRO A REILR L TN D Z & A3HB
L7z, ZHURIRIEERZ > — R & LRk R 238 & i
IEINTNDZEERBLTND.

[1] W. Knaepen et al., J. Appl. Phys., 105, 083532 (2009).

[2] T. Nishijima et al., AIP Advances, 10, 055306 (2020).
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Fig.1 Annealing time dependence of the Mg
induced lateral crystallization length for
samples after one-step annealing and two-
step annealing.

Mg Lateral a-Ge
Crystallization

Fig.2 Raman mapping image for the sample
after two-step annealing (1%t annealing at 150
°C for 1lhour, 2" annealing at 350 °C for
8hour).
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Fig.3 Annealing time dependence of lateral
crystallization length for [Mg,Ge and Ge]
and Ge after two-step annealing (1%t
annealing at 150 °C for 1hour, 2" annealing

at 350 °C).
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Electroluminescence Characterization of PIN Diodes Made of GeSn Wires
Fabricated by Local Liquid-phase Crystallization
BRABEL !, BRI 2COMNEAR ER ', i 242 MK HE !, &F 2!, ER Fq!
Osaka Univ.!, Kwansei Gakuin Univ.? °S. Iwamoto', T. Hosoi?, T. Kobayashi',

T. Shimura!, H. Watanabe!

E-mail: iwamoto@ade.prec.eng.osaka-u.ac.jp

Si it BIZEAFT A AL NFRF2MET 2HFEL, BEESE ORI BWTHE
HThD, BUEIL, FOLHFEFMELE L THLV BEREEDB WS TWD 23, Si-CMOS £l & At
PED & HIVIEM B O IR SN TV D, Ge IZHBERIINELR TH S53, Sn OEINRCTR
ﬁﬁwmm_;ofﬁ@%%m¢ét VIVBSEIEMELE L TRET STV D, FxITZNET

. SRR SR IT K o THIEIER FIC RE 2R HfES GeSn MR CTE D 2 & 2R L TE
71[1] AENE, 2@ GeSn flifR A W CTIER L7z PIN XA 4 — ROFH AT MLV OBLEGIRHE
FEMTIZ DWW THE T 5,

AT TR 200 nm OIEFE GeSn @AM L, U Y 77 7 ¢ THIREIR (I : 2-3 um)
WL U7z, R 1 um O SiOs F v v T2 Rl L7z, Ml 2 508§ 2 2 & CTHAE A
GeSn R L7o[1], A A EAICLY p KO n SHIKZ AL, Al iz /% —=227 LT PIN
A A — REVERL L7z (Fig. 1a), =R TO EL, PL A7 k
JV% Fig. 1b 127”7, GeSn MR D PL FILI R 3 EZE 7 Ge D
EEEERR R ED 1550 nm 7205 1800nm (V> K 7 b L
TWBHZENnD, Sn ML BIREHRFMOZ R TT Mo/ Lt e -
REx v TN LT D T ERDLND, 0.5%D5EEARE
BET 2 & Sn MRS 1% & HHH S 7z ARV E AR Tl EL
DIEFWFNL PL & —EF 2208, IEABEIROHEAMAE EL %
JEEREERHEI L, FHW RPN EES Ge OISR L 0 K
FED1450nm £TT7L—3 7 FLTNWD I ENERTE 5,

ZOBBIZHOWNWTELET L7290, kp BENEIZL Y GeSn D 484 kA /cm
Ny MEEFEEIT o 12[2], BAICK DR ERT v v L /é Eﬂz s

@ﬁ%ﬁIﬁ& L"CH‘XDAM\ {ﬁfﬂ%%ﬁ{&a:i@ Sn @%ﬂﬂ@,;j] 121200 1400 1600 1800 2000 2200

(a)

(b)

576 kA/cm?

PL(x10)

480 kA/cm

Intensity (a. u.)

(c)Wavelength (nm)
BAYBALE, HELLTIZAE 28D spd IRELE & &
M7= (8-bandkp &7 /L), FHHE T 54172 GeSn(Sn #LAK 1%. S os |
FIIRE 0.5%)D T KITHIZR T 58 RigiE % Fig. 1c ITR :>‘n (1800 nemy nssev
o 1450 nm DFOEPRIL LH 7 & HH H0ET 25T 28 4|
DAY RE Y v YT 5, 16> T, miEANER TIRIREE
BN RE W HH i CORMD LI R -~To LB B 06 . . .
%o BHIF, AEAERBEICT D LH #, HH 0O E L% D)
FEREFFIFIZOW T3 2.
[1] H. Oka et al., IEDM Tech. Dig., 393 (2017). Fig.1 (a) GeSn PIN diode. (b) PL and
[2] D. Rainko et al., Sci. Rep. 8, 15557 (2018). EL spectra of GeSn PIN diodes. (c)
[R4HE] ABFZE O —#0 1% ISPS BHIFE:(20H02620, 22H01528)D8)  Band diagram of GeSn (Sn : 1%, tensile
& ST T Tz, strain : 0.5%) calculated by 8-band k-p
method.
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RIS B UG ERIZED InP B ED Geg. 550, TER X v LR E

Epitaxial growth of Geo.7sSno.2s layers on InP substrates using sputtering method

BRI, ARRERR:?
CBEA AANT, L BA' BXK A, KT #R', /[RE EF, hE E?
Grad. Sch. Eng., Nagoya Univ. !, IMaSS, Nagoya Univ.
°Taichi Kabeya!, Shigehisa Shibayama!,
Komei Takagi!, Mitsuo Sakashita', Masashi Kurosawa!, and Osamu Nakatsuka'*

E-mail: kabeya.taichi.j2@s.mail.nagoya-u.ac.jp, s-shibayama@nagoya-u.jp

[AEEZ] IV FEHERES TH D GerSn(x>0.25)1%, TRsMEZ#E#E T, SiULSI F7 v b7 %
— A E~OEBOARERZ T L LTI SN DB ETh . FxldZhvE Tlg,
DR X% — (MBE) J£ICL Y, Sn #A% 25.4%D GeiSn, EH&FHEET 5 InP A L~
GeiSn(x>0.25)~7 1 T B X & o v LR &2 928 L 7=, if_ﬂziﬁf , InP MR O EmIHEAL SRR
GerSn(x>0.25)BDREIRE (T) 23, Gei.SnJBDFEHIEIC 5 2 258 Z I 5z L7212,
— 7 CH~ 1T, Ge17xSnx(x~0.O3)GZ%b"C X, T 720 T, HERGEE OB KR, Gelfonx(x~0.03))%®
e ECCEICB A EER T 7 I X — T;M) EEHELTWARL “nakE 2T, AR
Gel Sn(x>0.25)8 D B 72 B i AL S TT HERGH P DB RS, InP F5 B~ Ge, - v'sm(x>o 25)
BOANTOTEA XU vy LEERBIORBMEICG 2 22 BOMAR2 AR E Lz, HREEE O KOZ
b, ABFFETIE, MBE 15 & g U THI 4 (50 @sEHERE S e /e AN o 2 U U 7 ikE VT,
[3EE& %] InP(001) A T L2V 3 L OV @ B 28 BVIVER |2 1 2 RIFTHF L 21T o 72, 1EE bR
Fox OFATIZEPNCEE S &, EfEfm i E 72 GerSn, ETZ D HIFF C & DRI LT, 2Dk, AR
v B YLD, BEE 100 nm O GerSn(x~0.25)8 %, Ty 100-200 °C THEFE L 7=. ﬁjz%ﬁé@
Ge1Sn(x~0.25) 8 D& mEMEE 2, KA EEE A4 (RHEED) 3 X ONFBMEIIC LV Bl L, &
P A X BREHT R TR F2E ]~ v ' 7 (XRD-2DRSM) B X OBEM T ~ > 461k 2 W TEE
fliL7=. F72, GerwSn(x~025)ED X+ UV T EEZ, KR—/VRAEZ F T L7,

(MRS IUER] X 11%, Hix7e T, THRE L2 GeinSn(x~0.25)8 D 7 ~ > i HE DR TH
5. T=100°C TlX, Ge-Ge IRENZHIKT 2 B — 7 DGR TE 202, FEME D GerSny(x~0.25)E 73
RELEEEZEZLBND. KRIZ, T=150 °C LA TiE Ge-Ge FEE O B — 27 38 T &, T,=170 °C TlI,
XRD-2DRSM T4 Ge; XSnx(x~0 25) 241ZHET DT A MR TE T2 (K2). GerSny(x~0. 03)03% &
RS, HEREE ORI R & § m\ Gei-Sny(x~0.25)fF D= &' 4 & /wvmzﬁmf“rbxm/mﬂ: L 7= ATREME S
& DB =5, Te=200 °C OFEHI I T DB T ~ 3 HOFER TIX, MBE lEDHAIZH A o720,
Sn #HA% 10%HH4 O Ge1Sn, JEICH KT 2 B — 27 R TE 5 2 &b, R if&%%aﬁf@ MBE
DOEE EFBETH Y, & TbT, SnHTHBECTEEILND.

BT, GelSn(x~025)E D F ¥ U 7B E & R — )L RIS L 0 5l L7 /55 (K 3), —#patkt
ABRWTIEIURETHDH &, Fi2, ANy Z U o FIETEEER L 73 B Tl%, MBE ETER L
Eﬁﬂk T, BRMEEAEBRTE D Z N ghoT-. HREHE ORI LG T b23, &b

BRI FE 72 GerSn(x~0.25)EHUCB W TEHETHH Z L2 R TR EE X1 DND.

[1] M. Nakamura et al., Thin Solid Films 520, 3201 (2012). [2] K. Takagi ef al., 13th International Workshop on New Group
IV Semiconductor Nanoelectronics, P-02 (2023). [3] N. Taoka ef al., Mater. Sci. Semicond. Proc. 57, 48 (2017).
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Ge1—Sny(x~0.25) at Tg: 100-200 °C Ge1-Snx(x~0.25) at Tg: 170 °C grown by MBE and sputtering methods.
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Ge B FEEA R SixGerxySny = TTIBM & F DIERE

Ge-lattice-matched SixGe1xySny ternary alloys and their layer transfer
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e & BEY)] 354, IV & SixGeraySny & o 72 BRI LR B0 Z O~T v A 2 W ET A
Xﬁnﬁ)@%ﬁ)% wai\ Tz 1L, Ge ITHTFEEA L7z SixGerxySny — TTiREMEHZER LT 5, (b
P8R ClIE, GaAs FEHUTAR FHEA L2 AkGaixAs BOANT oG IZ L A2 R =T U 70,
HEMT 0L —H =72 EOT A 2% EB L TW5, AR, Ge AR TH, Si DIRME Z 4l
&4 2 Sn MELHIEI T, Ge BLfEbEM i ﬁ%#fﬁ’f’f@fkaaﬁkﬁﬁ FREIC72 D & IV ED SixGerx
ySny ZIniRMANT v S AR Lok 2 727 A ZBBAHIEETE 5, wwfm‘i 5., ZNETO
SixGelxySny —JCiRARIX. T OREMBMAE L TEEGOREEI NG Si MRS D LEB L TEH
T, R EBEEEER LS ST RO EME 7 SixGelxySny — TniRiEOHIIV 72 < . ZOWF LS
HIRFESC /N Ry o 7 EOFERER D T O DI > TV, S EFHR 4 1T Ge I A L
72 Si AR 30%FRE D SixGelxySny b duk R 25, T OWEFEHM & 7 /31 2 iz miT 785851 >
WTHST L7 THET 5,

[fk%& Z%52] SixGelx- ySny = ILIRAE DORE R IE MBE £ H ., SifHEGE 30%FREIZ, Sn kAR %
RS- /:.\‘3“5 XD CHIE U CRliEA = L7z, B 1I1E, Ge(001)Fat £ D SixGerxySny = B4 F
wV%H;*E BT 5 Ge 224@49%“517%&0)@%%7@?? BT ThD, PR T U o UEE RS v
TR Ge R E— 7 LERIT—E L2 RIN B S 41, SixGelxySny JE DS Ge Hi B IZHEZE T a5
LTELTWAZ & ’i’ﬂtuﬁ LTW5, XRD BL O Raman A7 kT A6 AT Sio278Geo.642Sn0.08
ETlEnT, £70, MRAREZOREIIMO THHET, BEEESN + YAREZR LNV TH T2, K
1. Sio278Geo.642Sno. 08 J&Z Dt O ORI L T A ZERLD 72 D12 Sio278Geo.642Sno.0s JE % Si02/Si
R A~ERE LT, ?‘(ﬁ Ge R —FEMRFREEIZIZ Ge DEHET v F 7 L SiGeSn J& & D EEIRT v F
Y7 EFAALTVWS, & Si MK SixGerxySny BRE 21T, H02 AR TEIZ Si02 & Efksr & 7 @M
RS, =y F L 7oMEIRET 5, SikGelxySny JBD Ge & DT T FEIRMEIL, D T < Ge D
R o F Ry IR ARETH 5, BEEF% TO Raman A7 N T L0356 Sio27sGeo.ss2Sno.os B 03 H{L
T 5 Z L7 < Ge FARD D Si0x/Si FEMUTHRE I N TV D Z &R0 B (X 2), 15 5 U7z Sio278Geo.642Sn0.08
J& % VT MSM RIS A2 ERE L | CRREERRME 251 L 72, X 3 12 1550 nm O YRR FIE TO -V Kk

DEALE~T, SEVER L7 Ge B TEEA RS Si kD Si0278G6064ZSl’1008E I, mKTO. 03 mA/W D
BEZATDH I ENHLMNIRoT-, Ge I TFIA% SikGerxySny — LI ZFIH L7 HET /A AD

BHFE Y, SmifrEn S,
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Fig. 1. X-ray diffraction-2- Fig. 2. Raman spectra of Ge- Fig. 3. I-V characteristics of
dimensional reciprocal space lattice-matched  SiGeSn  layer SiGeSnOI MSM photodetector
mapping (XRD-2DRSM) grown on Ge substrate (a) and in the dark and under

around the Ge 224 reciprocal
lattice point of the lattice-
matched SiGeSn epitaxial layer
on the Ge (001) substrate.
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transferred on Si substrate (b).

13-215

illumination at a wavelength of
1550 nm. The incident power is
34.6 uW.
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Electron concentration dependence of large thermoelectric power in Sii-Sny films
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[ELHIZ] BEEBIIFERZBER T RN — ICEEA M ATRER N CTH 5. Fll CIHKIRFEK TO
FIHBER S TEY, @VVEREZ R T HT LW EVEM BB R AN E E T D, BB WAL R4 D 5 I
WICPEREFRERIT ZT=S26T/ (S: B — o755k, o: BRURE R, THaxHEE, o BYRER) TRIND.
IV ERMSIZEWT, BbIRWEMEESR (1S, RbEWEVELIZR) 2 H 7L TESNTNDHON
Si1Sny THA[1]. F A IXTAETIZ, Sn OB EEFR (0.1%) 2% 8 35 Sii-.Sn, DERAE[2-5],
p H[6]725NT n BU[7IR—Y 7 HFEHBIL, 74/ RIv T RIKESE 2 HDE RKEVEREVMEKIE CELI

SNDZEBIEHASMIC LT, ARl SisSLr Bifh b & o Hleh 58 2 B T I R AAPE I OW TERR L2\,

[REEAESIURR] ZmiHd b U m P Si(001) AR 12, RF A3 20752 T, Si—Sn,
HEIBE (Sn AHAK 3%, IR 155 nm) 22X v LR ULIC. Va2 A A A% Ol EF:10 kV, F—
A 7.5%10M F7213 1.0x101 em2), ZEFRIRPH T THULEE (600 F£721% 700 °C, 1 min) ZHiL, #dh
BIE 22Tz, Z D%, § BL 0 Hall 20 R E GAEREE : Tw=5-300 K) 21772,

Fig. 1(a)iZ Sij—Sn, L Si /L7 HfERL D § ORERTFIEZ RS, Si 2L 7 BfE I ICB 95 %
OHENCLDE, BWVETREZRFOFE(n >2.2x10'8 cm™) TIX 74/ RI7v 7RO S OHAIE
B, —J5, St Sn, I TIE, n OEEINESIZ 25K LD S OV —2 13 TR THHL00, 2
TOFEHZIBNT 1000 WK B2 HE K7 S BELIEI, ZOHEEIL 300 K IZE TR S, AElD3E
BROFEPANTIZ, n=6.9x10" cm > OFEHIIBWNT, 25 K THRKD $=1.3X10° pVK'!, NU—T 774
$26=1.1x10% p¢Wem 'K 2 2355007~ (Fig. 1(b)) .

[81EE] AWFZED —i%, JSPS BHFE: (19K21971, 20H05188, 21H01366, 22H05456) , JST S&3F (JPMJPRISR2),
CREST (JPMICR19Q5), WEERIEEATIFFTB m A, A R0 &M [ 6 L OUR TR PR AR A FEb 7 v 7
TR e T 3 R R AR FE B A L S v E L7z,

[5%&3#k] [1] S. N. Khatami and Z. Aksamija, Phys. Rev. Appl. 6, 014015 (2016). [2] M. Kurosawa et al., Appl. Phys. Lett.
106, 171908 (2015). [3] M. Kurosawa et al., Appl. Phys. Lett. 111, 192106 (2017). [4] R. Yokogawa et al., ECS Trans. 98, 291
(2020). [5] K. Fujimoto et al., Appl. Phys. Express 16, 045501 (2023). [6] M. Kurosawa et al., Jpn. J. Appl. Phys. 58, SAAD02
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Fig. 1 Tin dependences of (a) S, and (b) PF (=5%0) of n-type Sio.o7Sno.0s layers with different n. The S for n-type Si single-
crystalline bulk with n=2.7x10'" cm™ [9] was also shown for comparison in (a).
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