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Band Lineup Types Based on Gei-xSnJ/Gei-ySny(001)
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Abstract

We present the band lineups of Gei-xSny/Gei-ySnyGey(001) heterostructures for the new devices. The
energy gap of the bulk Gei-Sny alloy is calculated by taking into account the Vegard's law. The
change of the energy gap due to the strain is understood in terms of the deformation potential theory.
The valence band offset is obtained from the average bond energy model, where the changes of the
band offset due to alloy compositions and strain are included. It is found that Ge;-«Sny/Ge(001)
heterostructure has a staggered lineup type for 0<x=0.06 and a straddling one for 0.06<x<0.26.
Meanwhile, Ge/Ge;-,Sny(001) heterostructure has a staggered lineup type for 0<y<0.19 and a
broken-gap one for 0.19<y<026. As a result, the various type of the Gei«Snv/Gei-ySnyGey(001)
heterostructure can be applied for the useful device.
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Fig. 1. The change of E, in each layer and of
VBO, CBO in Gei-«Sny/Ge(001) as the
variation of a-Sn composition.
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Fig. 2. The change of E, in each layer and of
VBO, CBO in Ge/Gei-ySny(001) as the

variation of @-Sn composition.

773

A7 WA A 58 3]=F 3], Vol 15, No. 9, September 2002.

AllnAs/InP °1$4¥ Fol Ut

o] FZA Haet HAFL Zy] & Fd 7t
Fol A3y Wi FRH Ml WA
(spatially indirect) B4 & 7}t A 2t &9
AAAANA FEFFIE FHEA B YA
(photon energy)& 7IA& EAL A4 (radiative
recombination)©] 7} 34 #rH15).

%4, staggered lineup2 CBO T+ VBOZF =
7] whiEo] Ak oj#g Al FTA TWHH
M4 EARc o Fa¢ ¢v|g s A8
£9, InAs/AISb °lFHYPNAME 135 eV &
CBO 43 InAs 3 &9 Y& FAAFE o &
8o 712 GHz® ¥% ©d¥ viole=rl Hu¥E
uh leH16). 8 Y $E TZE o] £F HAR
I Edx2H(17], 223 F 3 A(hot-electron) E
AR ~E[18]9} #Z& 22 &84 5 QUth

Broken-gap lineupe staggered lineup®] A%
Aot} & CBO Ei¥ VBO7ZF aA 7H3aA
A7 & lineup S ¥olth 2 A 2% InAs/GaSb o]
EH¢o2M 150 meV HXE9 broken-gapel &
A&TH19). InAs/GaSbh ZAAelM e SRt A I
AEGE Foli HAAVIME RFolA o9
“uncrossing” & 4o, Uncrossing &
broken-gap lineup2 staggered lineup2 2 wli &
Aoz AN Fnge] HgH HE 7| (detector)ol] &
g = ek 88, o] FxelA I wile] EE
% (resonant interband tunneling)&  ©] &3t
NDR(negative differential resistance)& 7}A|&= 4t
=24 BHY FRel dF A3z g3 Mgsn
A tH20]. ol vlojaz el WME UXE Al
248 & U7 WEelo

A F A Ger-xSny/Ger-,Sny(001) ©]FH ol A 9
band lineupg ¥¥ EdH o8& o 8F EH
ABE Edg o|8#% VBO #goBRE <ddd.
Ge1-xSny/Ge1-ySny(001) ] FHEE x, y +Au
utat o] EH{el 713 4 Y BE band lineupd
714E Btd. £33 GeSnx EFELS JHEAH
A HH wWEE JHE B ol &L olFR
€ Had wEgx ol BAE olfIdW
Ge1-Sn/Ger-ySny(001) o1 EHEL 1A Y F4
a9 A pzle] #88 Aol

4.4 &
B =RAME Ger«Snv/GeiySny(001) ©|FH ¥



J. of KIEEME(in Korean), Vol. 15, No. 9, September 2002.

A9 band lineupE A4 MR Ger-«Snx
EGEY dyA BHE wHdYNLE xHY
Vegard's lawd o] &3l S3HYL ZA+x= 4%
ol ¥y EdHd g o]gsyr. VBOE
ABE 2dg& 2AZ 8o §3 Agse ¥y
g ndEddc 006<x<0264 L]
Ge1-xSnx/Ge(001) ©1# &2 straddling lineup &
ol RojHY, o] F2E YALE B 24YE
A st deolAe e FAR Lzl & 7w
3tch. @9, 0<y<0.19¢ " Ge/Ge: ySny(001) | &
M4 staggered lineup fr¥o] B} o] 12
E 39 HYY tole=s YALE FRE ol
# HARYN EWdALH, 28 A% Edxa
He 28 Azl &89 & v} 23n e F
Zo A 0.19<y<0.26Y¥ 9 broken-gap lineup +3
o] B} o] FxE Fipge HeM HEr¢
3 wilo] EdYE o] 83t NDRE 71X & it
=4 HdY Fxe &8 sedr. Fouog
Ger-«Sny EFEL 7HAHQ HYHo] WA & 7}
2 Bk opE & olFEE HAY wEy o
E B4 & o889 Ge-xSn/Ger-ySny(001) ©1 &4
e aAdFe FiA 9 HALAY {F8E Ao
2 7|jg

dAtel 2

£ =8& 001%dE Joistue A4 o
3o} 75 &1 oh.(INHA-22015)

dngd

[11 G. He and H. A. Atwater, "Interband
transitions in SnxGej-x alloys”, Phys. Rev.
Lett., Vol. 79, No. 10, p. 1937, 1997.

[2] O. Gurdal, P. Desjardins, J. R. A. Carlsson,
N. Taylor, H. H. Radamson, J -E.
Sundgren, and J. E. Greene, "Low-

temperature growth and critical epitaxial
thicknesses of fully strained metastable
Ger-«Sny (x £0.26) alloys on Ge(001)2 x 1",
J. Appl. Phys., Vol. 83, No. 1, p. 162, 1998.

Wl g AT, “GerySny #Holl AFAIR
Gei«Sny £ Ge o4 A4 33
3 2P wE toldE oz 73 54
A", AAAAE G =1A, 129, 10%,

(3

774

p. 835, 1999,

vl #AAE, “YY SERYE AL Geol

I 2 e R RE B EE N RO B R P

283=52, 124, 123, p. 1102, 1999.

J. Taraci, J. Tolle, J. Kouvetakis, M. R.

McCartney, D. J. Smith, J. Menendez, and

M. A. Santana, "Simple chemical routes to

diamond-cubic germanium-tin alloys”, Appl.

Phys. Lett.,, Vol. 78, No. 23, p. 3607, 2001.

oy HAas, "gstd £ WY e

T Ged GepsSnozo A A xpel A Fe) e

E FE3%S dxs FEAY, A7)AAA

58 3=8~, 139, 8%, p. 643, 2000.

vl s, "AE, “FHHHAel wHg »E

Ger-xSny/Gei/Sny (001 8] A71H B4 Q37

A7 A2 A B =FX, 139, 125, p. 989,

2000.

W. H. Kleiner and L. M. Roth, “Deformation

potential in germanium from optical ab-

sorption lines for exciton formation”, Phys.

Rev. Lett,, Vol. 2, No. 8, p. 334, 1959.

[9] H. Hasegawa, "Theory of cyclotron re-
sonance in strained silicon crystals”, Phys.
Rev., Vol. 129, No. 3, p. 1029, 1963.

[10] S. Ke, R. Wang, and M. Huang, "Valence-
band lineups at highly strained Si-InP,
Ge-InP, Ge-InAs, and Si-Ge interfaces”,
Solid State Communications, Vol. 93, No.
12, p. 1009, 1994.

[11] S. Ke, R. Wang, and M. Huang, "Average-

bond-energy model for valence-band offsets:

its physical basis, and applications to

twenty eight heterojunctions”, Z. Phys. B,

Vol. 102, p. 61, 1997.

C. G. Van de Walle and R. M. Martin,

"Theoretical study of band offsets at

semiconductor interfaces”, Phys. Rev. B

Vol. 35, No. 15, p. 8154, 1987.

(13] M. Cardona and N. E. Christensen, ”Acoustic

deformation potentials and heterostructure

band offsets in semiconductors” Phys. Rev.

B Vol. 35, No. 12, p. 6182, 1987.

W. A Harrison and J. Tersoff, "Tight-

binding theory of heterojunction band

lineups and interface dipoles”, J. Vac. Sci.

Technol. B Vol. 4, No. 4, p. 1068, 1986.

(4]

(5]

{6]

{7

(8

(12]

{14]



[15] E. J. Caine, S. Subbanna, H. Kroemer, J. L.

Merz, and A. Y. Cho, "Staggered-lineup
heterojunctions as sources of tunable below-
gap radiation: Experimental verification”,
Appl. Phys. Lett, Vol. 45, No. 10, p. 1123,
1984.

[16] E. R. Brown, J. R. Ssderstrsm, C. D. Parker,

17

(18]

(191

[20]

L. J. Mahoney, K. M. Molvar, and T. C.
McGill, "Oscillations up to 712 GHz in
InAs/AlSb resonant-tunneling diodes”, Appl.
Phys. Lett.,, Vol. 58, No. 20, p. 2291, 1991.
C. Chang, L. L. Chang, E. E. Mendez, M.
S. Christie, and L. Esaki, "Electron densities
in InAs—~AlSb quantum wells”, J. Vac. Sci.
Technol B Vol. 2, No. 2, p. 214, 1974.

A F. J. Levi and T. H. Chiu, "Room-
temperature operation of hot-electron tran-
sistors”, Appl. Phys. Lett, Vol. 51, No. 13,
p. 984, 1987.

H. Sakaki, L. L. Chang, R. Ludeke, C.
Chang, G. A. Sai-Halasz, and L. Esaki,
"Ini-xGaxAs—GaSbi-yAs, heterojunctions by
molecular beam epitaxy”, Appl. Phys. Lett.,
Vol. 31, No. 3, p. 211, 1977.

J. R. Ssderstram, D. H. Chow, and T. C.
McGill, "New negative differential resis-
tance device based on resonant interband
tunneling”, Appl. Phys. Lett., Vol. 55, No.
11, p. 1094, 1989.

775

A7} AR A 53] =8, Vol 15, No. 9, September 2002.



