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In order to realize GeSn devises, we need to control shallow- and deep-level
defects density in a GeSn layer since the shallow- and deep-level defects act as carrier and
recombination centers, respectively. These defects cause degradation of device properties. In this
study, in order to control these defects density, we investigated electrical active defects in a
GeSn layer grown by molecular beam epitaxy and chemical vapor deposition methods. We observed
shallow-level defect at near valence band and deep-level defects at near midgap in the GeSn layer.
We suggested that these defects are Sn-related comﬁlex defects by comparison experiment of the Sn
ion implantation into the Ge substrate. We found that hydrogen introduction during a GeSn growth
causes a reduction of deep-level defects in the GeSn layer. Addition, the deep-level defects can be
annihilated by thermal annealing.
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Reported values and origin of defects

Sn ion implanted sample in Ge
Ec-0.09 eV

B0 Unknowna Sband I related®

V:Vacancy

El Ec:0.18 eV oV
Ec-0.21 eVe .

Sb-V(-/0)°  Sn-related = ES[10r<25|7at:€d
Hg Ev+0.31ev Evi0.34 eV Ey+0.30-0.31 eVor c e
E2 Ec:0.38 eV _Sb-V _V-V
H2 sn-v¢ Sb-V(2-/-)* Singley  E¢0-29 -»0.32 eV

9

H1 Evt019eV g iR ey Evt0.26 eV E,+0.19 eVd
HO Sbﬂo}" V-ve Single & multi V. pisjocation

Ev+0.09 eV “Ey+20 meVeh  Ey+25 meVh

8.Sn X Ge A A 1EAD DLTS R L ED
WO FE L, 28 [a] F.D. Auret et al., Nucl. Instr.
and Meth. in phys. Res. B 257, 169 (2007). [b] F.D.
Awuret et al., Appl. Phys. Lett. 88, 242110 (2006).[c]M.
Christian et al, Phys. Rev. B, 82, 075203 (2010). [d]V.
P. Markevich et al., J. Appl. Phys. 109, 083705 (2011).
[e]V. P. Markevich et al., Appl. Phys. Lett., 81, 1821
(2002). [f] J. Fage-Pedersen at al., Phys. Rev. B, 62,
10116 (2000). V. P. Markevich et al., J. Appl. Phys., 95,
4078 (2004). [g] J. Vanhellemont et al., Physica B, 404,
4529 (2009). [h] O. Madelung, Semiconductors: Data
Handbook, Springer, Berlin, (2004). [i] M. C. Petersen
et al., Phys. Rev. B, 82 075203 (2010). [j] E. Simoen et
al., Solid State Communications, 54, 1025 (1985).

L CTW5, Ec2 B LN Ec2 i GerxSnyk i
THM L7, K7I12X6. X822, 3Dk
RLBEORELF LD, EC2REC2 T
NEOLEE) S Sn IZB#E L7 KB TH DA
MR H 5,

5. TR

CdesEam ) (G 9 1)
D Y. Inuzuka, S. Ike, T. Asano, W. Takeuchi, O.
Nakatsuka, S. Zaima, Characterization of
crystallinity of GeixSnx epitaxial layers grown
using metal-organic chemical vapor deposition,
Thin Solid Films, 7 &t fi, Vol.602, 2016,
pp.7-12.

@ W. Takeuchi, T. Asano, Y. Inuzuka, M.
Sakashita, O. Nakatsuka and S. Zaima,
Characterization of Shallow-and Deep-Level
Defects in Undoped Ge1xSny Epitaxial Layers by
Electrical Measurements, ECS Journal of Solid
State Science and Technology, #:#if, Vol.5,
No.4, 2016, pp. 3082-3086.

@ S. Zaima, O. Nakatsuka, T. Yamaha, T. Asano,
S. lke, A. Suzuki, M. Kurosawa, W. Takeuchi,
and M. Sakashita, (Invited) Challenges of Energy
Band Engineering with New Sn-Related Group
IV Semiconductor Materials for Future Integrated
Circuits, ECS Trans. 2015, # #t A, Vol.69,
No.10, 2015, pp.89-98.

@ S. Zaima, O. Nakatsuka, N. Taoka, M.
Kurosawa, W. Takeuchi and M. Sakashita,
Growth and applications of GeSn-related

group-1V semiconductor materials, Science and
Technology of Advanced Materials, 7 it A,
\Vol.16, No.4, 2015, 43502.

® W. Takeuchi, N. Taoka, M. Kurosawa, M.
Sakashita, O. Nakatsuka, and S. Zaima, High

hole  mobility  tin-doped  polycrystalline
germanium layers formed on insulating
substrates by low-temperature  solid-phase

crystallization, Appl. Phys. Lett, # it A ,
\Vol.107, 2015, 22103.

® Y. Inuzuka, S. Ike, T. Asano, W. Takeuchi, N.
Taoka, O. Nakatsuka and S. Zaima, Epitaxial
Ge1xSny Layers Grown by Metal-Organic
Chemical Vapor Deposition Using
Tertiary-butyl-germane and Tri-butyl-vinyl-tin,
ECS Solid State Letters, #qcf, Vol.4, No.8,
2015, pp.59-61.

DI, SRILREA, TNFIEREE, BT
J, T, WdEY], GenSn - E ¥ F ¥
JVIEH DR~ KIETBILIR DR, 1574
¥ IEICE Technical Report, 7% &t Vol.115,
No.108, 2015, pp.63-68.

T. Asano, N. Taoka, K. Hozaki, W. Takeuchi,
M. Sakashita, O. Nakatsuka and S. Zaima,
Impact of hydrogen surfactant on crystallinity of
Ge1Sny epitaxial layers, Jpn. J. Appl. Phys., %
@t A, Vol.54, 2015, 04DH15.

© MrFnEREE, HfdZ, TS, SR,
FmgEe, n B Ge HifS& 21T 5 Sn & 22
LB R s & O BAEH, 5% £ 1EICE
Technical Report, 7 #¢ /. Vol.114, No.56, 2014,
pp.113-118.

(K] Gt 271F)

(D W. Takeuchi, Y. Inuzuka, N. Taoka, M.
Sakashita, O. Nakatsuka, and S. Zaima,
Characterization of Deep-Level Defects in
Ge1xSny Epitaxial Layers using Deep Level
Transient Spectroscopy, The 7th International
Symposium on  Advanced Science and
Technology of Silicon Materials (7th JSPS
Silicon Symposium), Hawaii, USA, Nov. 21-25,
2016.

@ W. Takeuchi, Y. Inuzuka, T. Asano, M.
Sakashita, O. Nakatsuka, and S. Zaima,
Characterization of electrically active defects in
epitaxial GeSn/n-Ge junctions, International
Symposium on EcoTopia Science 2015 (ISETS
'15), 28-3-7(1058), Nagoya, Japan, Nov. 27-29,
2015.

(3 W. Takeuchi, T. Asano, Y. Inuzuka, M.
Sakashita, O. Nakatsuka and S. Zaima, (Invited)
Characterization of Deep-level Defects in




Epitaxial Ge1xSn,/Ge structure, JSPS
International Core-to-Core Program Workshop
Atomically Controlled Processing for Ultra-large
Scale Integration, Marseille, France Jul. 9-10,
2015.

@ W. Takeuchi, T. Asano, M. Sakashita, O.
Nakatsuka, S. Zaima, Electrically-Active Defects
in Ge1,Sny Epitaxtial Layer, 7th International
Symposium on Advanced Plasma Science and Its
Applications for Nitrides Nanomaterials / 8th
International  Conference on  Plasma-Nano
Technology and Science (ISPlasma 2015 /
IC-PLANTS 2015), B3-0-07, Nagoya, Japan
Mar. 26-31, 2015.

©® PrNFnERAs, EEPFEE, ST, IR,
AEERT, GerxSny T B X X U v L HDOER
HOTEPE 7R R Ba o268, 5 62 RIS TS
FEEM#ERS, FILFERRY, BA,
11a-D7-8, Mar. 11-14, 2015.

® W. Takeuchi, N. Taoka, M. Sakashita, O.
Nakatsuka and S. Zaima, (Invited) Behaviors of
tin related defects in Sb doped n-type germanium,
8th International WorkShop on New Group IV
Semiconductor  Nanoelectronics and  JSPS
Core-to-Core Program Joint Seminar
"Atomically Controlled Processing for Ultralarge
Scale Integration”, Sendai, Japan Jan. 29-30,
2015.

@ T FnakA, B, KT, FERE,
WHSERA, Sb N — 7" n % Ge 1> Sn B K i
DzEH), 55 14 [0l H AR TR RS ESGH 7
IS 4 =, Dec. 20, 2014.

W. Takeuchi, N. Taoka, M. Sakashita, O.
Nakatsuka, and S. Zaima, Transformation of
Defects Structure in Germanium by Sn lon
Implantation, International Union of Materials
Research Societies - International Conference in
Asia 2014 (IUMRS-ICA 2014), Fukuoka, Japan,
F1-028-001, Aug. 24-30, 2014.

flh 19 44

(£ D)
R X—
http://alice. xtal. nagoya—u. ac. jp/zaimal
ab/

6. WFFER

(1) #FFefEH
PrN FnakZs (TAKEUCHI, Wakana)
ZE R« RSB TR - Bh#
F9e 8 %5 : 90569386

(2) W13
B 22 (ASANO, Takanori)

#h #E— (IKE, Shiniti)
R M (INUZUKA, Yuki)
B 4 (WASHIZU, Tomoya)



