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Si Ion Implantation Study of InAs/GaSb Type II superlattice
Materials
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Abstract: Class 11 superlattice infrared detectors generally detect infrared radiation through mesa junction, while trans-
verse PN junction is realized through ion implantation. On the one hand, the material epitaxy process is simple, and at
the same time, the advantages of superlattice material that the transverse diffusion length is far higher than the longitudi-
nal can be used to improve the transport of photogenerated current carriers, and it is easy to make high-density planar ar-
rays. In this paper, the effects of Si ion implantation with different energies and annealing on the properties of InAs/
GaSb type II superlattice materials were studied by using a variety of material characterization techniques. Through Si
ion implantation, the epitaxial material changes from P type to N type, and the vertical tensile strain is generated in the
superlattice material. The lattice constant becomes larger, and the mismatch increases with the increase of implantation
energy. The mismatch before implantation is -0. 012%. When the implantation energy reaches 200 keV, the mismatch
reaches 0. 072%, and the superlattice partially relaxes, with the relaxation degree of 14%. After annealing at 300 ° C
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for 60 s, the superlattice returns to the fully strained state, and the lattice constant becomes smaller, This tensile strain

is caused by the diffusion of Ga-In caused by annealing and lattice shrinkage caused by Si substitution.

Key words: InAs/GaSb Type II superlattice, ion implantation, planar junction, annealing, HRXRD
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Fig. 1 HRXRD w - 26 scan for symmetric (004) plane of different energies Si implanted InAs, GaSb and after annealing: (a) Be-

fore and after different energy Si is injected into GaSb; (b) Before and after different energy Si is injected into InAs; (¢) After annealing of GaSh mate-

rial implanted with different energy Si; (d) The variation of strain degree in InAs, GaSh and superlattices with Si implantation energy
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Table 1 Information about rocking curves of superlat-
tice samples before and after ion implanta-
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Superlattice after 200 keV silicon implantation and annealing



11 fl 1 4 : InAs/GaSh LS A FTRHAY Si RS T TEABFSE 21

HII InAs /GaSh 11 28§ % (947 B8 0. 233 eV, 1A
200 keV Si J& 0715 B BN o AT UL Si A A
M AT T B RIS /N o PLAE 2 i SE R R S T
POBHR G PR RE R 58— Ml AR 8 20 3843 A 5 i
JEA A 5134y IR e e nk , AR Y oy £ 2
P 24 B R R TR B A TR R A O . DI 45
A LAE B, G 8 S AR PLE 2 i e b 2 T
BB BB BTG i, A 200 keV Si 5 12 5 T8
MEATTHT 0. 019eV IEANE] 0. 037 eV, X fZEH T Si
FEAGIA T 225, IAEA R 7= A 56 9 filf 18 5 B0
TRRELARE 385, DTG 3800 04 9 P 3

TURE T (SIMS) S 56 AR 545 1) T A 4%
FE R SRS MR 8 43 A A5 DG L T SRIM 2 — F ) 25
T AT SRR P B 3, BT Ak B
B AT FIFEA G 0 BAndii . Wil s (a) Bios A
FEE R 1 x 10" ions/em®  FE &K 10 keV Si (1 A%
SIMS i 2% A5 2 (4 7 ATRIE A 45 nm, SRIM 1)1
SRS E A AR R 41 nm, SIMS X 5 SRIM
15 EAT BN 25 RIEA — 2. 1M SIMS I3 25 R AE %
1f] Si Ak B i T FLR R TR IR N EA BN
i % e BE TR e A R KR, Si T R
Y MRS SRIM (25 5, 8 i Hh v A BE = 50
keV B9 Si B9 ATGEE R 136 nm. H A P EARE &
100 keV (1 Si f 1 AR 274 nm, 45 R LA
PF A AV T 205 i = B TR AR

AR H L s 2, BRI Re 1 28
v BE R RS 2R . B S A S HE JZE A By LR A
ML VEARE R N 100keV & 200keV URESHIEAZE

—— STMSE kL 51

PRRTLE —— SIMSTRAE A2 4
2 | —— SRIM{F BLE5 5
£
\i 1074
=
E 1019
—
=
8 10181
=}
(=}
< _

10“1

1015

20 40 60 80
Depth (nm)

®3 TEBEESUEANRRNEGHE RIS HEEREFHE
Table 3 Electrical properties of superlattice films be-
fore and after Si implantation and annealing

at different energies
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Fig. 5 Depth and electrical properties of Si implanted superlattice: (a) Two SIMS test results and SRIM simulation results of Si superlattice

with injected energy of 10 keV; (b) The relationship between injected energy and carrier concentration and mobility
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