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Abstract: As a critical material system for infrared detectors, T2SL effectively mitigates non-radiative
recombination by spatially separating electrons and holes. However, this separation also reduces the
overlap between electron and hole wave functions, typically resulting in a diminished absorption

coefficient. In this context, thin-film interference effects become highly significant in T2SL multilayer
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structures, yet analytical studies on such optical systems remain relatively scarce. In this study, we

conduct a systematic investigation of T2SL-based multilayer stacks using reflectance measurements

obtained with a Fourier-transform infrared spectrometer. The experimental findings reveal that the

homoepitaxial buffer layer and the substrate do not form an optically abrupt interface, indicating that the

buffer layer does not exhibit substantial interference coupling with the T2SL absorber layer. This

observation not only supports the reasonable simplification of the buffer layer in optical simulations of

T2SL devices but also provides an experimental foundation for analyzing the influence of thin-film

interference on material and device performance. Furthermore, by leveraging the thin-film interference

phenomenon, we have successfully extracted the average refractive index of In,gGa,,As/In;,Ga,sSb

T2SL grown on an InAs substrate within the 5000-1 000 cm ' range, yielding an approximate value of 3.7.

Key words: T2SL;

reflectance spectroscopy

0 55

15 25 F TV 5 (0 R 45K, T2SL B R 41 4h
S HL B 1 A DR, FE OGRS G H AR
LRI 45 A5l B4 T B R R R Herh,
InAs/GaSb 4 18 3 9 86 14 T2SL H 2 Lk,
FCAG S 06 HL P RESZ 332 G T, WL AR 2
WrEmEE N

T2SL b 3 25 1] |43 85 i 1 525 ¢, AL
T R A AR, R TR I RS R SR T
RISl . ORI, RN T (925 o) B b S 80l 7
528 5 PR BT B T ARG, AT S35 1 55 T kR
Y2 % W B J1 . LA InAs/GaSb £ 5 1956 1k 1)
T2SL, H: 0 i 22 %k s I {8038 5 55 P 78 10°~10% em!
By RASC A BFSE 7 T2SL thiE# Ga ot
FULSy, AL 5 28 0 B R TS R LR T
S Bl (EL I A 2R T I A R, 0 A
SPUBCR S DL MIHLZ T, InGaAs bHRHE
O 36 B B W e 22 B0 7T 3k 100 em ' L1 TR
i (mercury cadmium telluride, MCT) #4 4 55 1
0725 A 2R 2, B A K 3 2T M B R R A
PR T T2SL AR ks 52105 (4 W e 2R B, DA
R 1) 22 J2 ML o () 22 UK 45 T W 3800 o
LEE R T 5 AON AT RE S R B R 2
DI, 2 X B8 10 R R S A B L AU,
£ T2SL 8PR35 o, b BHAS AE W8 i M RE A1, 38
AN O T X R R RO 24T R B

R, H AT T84k T2SL fRFSE 0 5
TR E K ST R RE I, M

fourier-transform spectroscopy;

thin-film interference; InGaAs/InGaSb;

T, T2SL (62 T, JUH R 22 J2 B8 a] (9 1 95 5800
MR GETFE, DL T P8 8500 78 2 S B b v
T RGBT RR . IMER RS E (A
WCRB . PR AE) ROt i B T R R Ak i S
W2 BARIEFHEIE S T 20 AN B2 Rt Y
W MBS s, (T B SS, MELLA S AT
ZIZE TR . Rk, A SCR AR SHGIE L,
&1 %} InGaAs/InGaSb T2SL 1 BHA R IF EAFIE . %
J5 2 AT R AT IS TG, (R F R S ) 2 R
WEE. @RS HMESS, RITEERERZ
Y ey Al el R VA S S i 1 R Svi 9
H2E TR, I T2SL M RDG2EAT R 58 B 2%
SRR IR L S IR A4

1 e 55

FEMRRAME T, 5 2= 1) 2 2RSS 2 Xt A4
ANTRI R R o B el 2 o 7 BP0 “Aof IS - 2% w22 - S RE
273 Z45H, W] ge R B AN A TR — A BTt
AEME L FRATR A 43 F Ak 2E (molecular beam
epitaxy, MBE) £ R AE K T “Hf IK -2 vp J2 -HP I )23
JRRESE R, DA — Rk = % . (1
MBE # R AL 3AE T (1) #8525 A K R A
UE TR SERE, B ORFR BE 55 1 2% B ARG
2FPERE 205 (2) MBE 1] BRIEM AL 1 g o] 54,
R4 0 LT R 5 2 )2 O M R ET s (3) M
LR BERG P  , A R T S50 1 2 HE S 45 R 5 -

AR HL InAs FE InGaAs/InGaSb i# fl A& 17F -
FEMFXN R . METHEGEH InAs/GaSb 1K 5, A

XXXXXX-2



FUHER, 25, LT R EHEIE MY InGaAs/InGaSb T2SL 4 4HHi I T b e e 57

SR FR AR ZR R PRI RD = oAb YA B, B1G AR R Y
MEITC R, Hom A w2 lior B iEse, A
e T G TR By iy | R i A A 5 R
EHH S [T, InGaAs/InGaSb 451438 it 17 F7 k%
7720, SEBL T 5 InAs R IR BY SRS DL IC, 4271 141
ik o AR E P . 7EMBHE K D7 T, InGaAs/InGaSh
A RALTTAE As 1 Sb U Z [H] P14, o/ A b5l
AR ZE, BERLT MBE A Kad # v % 4143 14
P 5P, AR T AR . PR, AR RN
R B S5 FR e, o E i, ATEE N
HMIE A KSR TR

Hmr, 2 78 5 AR e 21 4h % 3% ( Fourier-
transform infrared spectroscopy, FTIR) #9375 &t M Jz 5
RAFSRA R B ERe 0y 8 HTF-Br. SR, &5
RAESME RERAT - 32 30— BRI, H v =22 52 e A
Rt NHEERR IR TE, H R A
B AR AT IS B 2 R RE . SR, X SE TR
WIFE oI NBUAN I T 220 BR, AT REM IR AL it 6 T 50 4K
P, EE 28 UL g 38 58 oA A 458 0, DT 52 i A )
MEEE VR . AR ZTT, S AR A 3 5 X0 A i 18
I ] of sk 555 1 T SR B T4 o

F I Bruker V80 FTIR JGI A X FE 4T 1358
S5 B RSN, A A LA, B 1R 2K PRI I
AsZ R o FRATIE T i % e LS T X A8
RIS SR 7 ) B RGBT S A 1, Horp
ASHfR 110,

Fed
B

DA ft

R b

BT FTIR Kb A - R R HO LR B8
Fig. 1 Optical illustrating  the
reflectance module within the FTIR sample compartment

schematic transmittance-

2 ST

21 ETESFHERSALENERTHIUAKAR
ST InAs 3 | InGaAs/InGaSb #8 S 4% 1956

EPERE, S X2 5.2 pm(HPE ) 5 105 pm (K% ) PR
A EAREUE B, 20wl &5 T R & TR-MW 5 TR-
LW, HOl g s 5 48 0 510 33t 4.0 nm A1 7.5 nm,
FE g5, TRACERE 5 5 & 9 (transmission &
reflection) Y& T-B, MW FE/s i (mid-wave, MW),
LW 2/~ K )% (long-wave, LW) . #hE F 45 14 K 4%
JFIEEME R, HMERNER T —)Z 20 nm
JEE R E 2, HAE R A R T2 B[R] B, A 3R
VLI JEE B S AT RE R0 X A DG A MR RE R R e .
A g SR R BE S 2 pm, AR SR GRS Y 32 22 X,
R JE LA BURAE MR 2 R 22 1 o

®1 IEEMREREEE

Table 1 Epitaxial structure and thickness of each layer

HMIE)Z JEJE
Cap InAs 20 nm
Absorber In,;GaAs/InGa, sSb 2000 nm
Buffer InAs 100 nm
Substrate InAs 500 + 25 um

J R G PEAl TR-MW A TR-LW 5 1 624 1
A, X ILHEAT T 3% P15 5 R Ak, A5 R 2
Fim o BT A BT, B b R B R R T X R A IS
(R 25 R (18] 2 P2 ) o PR A B G I WA
FEAE 5B 35 25 5 TR-MW AR 5 7E 3 50K T 2000 em
IF 2 B0 B B OG IRU; TR-LW R i I 78 i Bk T
1000 cm ' i 5 B 6 IRI . RE il A O IR i A
SEUEEK BRI EARY G ILAh, PR SR OERE
T B B ARG RS, LA R i o
Fo BRI AERE S 0 T AR B B N S AR R
4, {H TR-MW #£ 5 7E 800~1500 cm ' fIE« T /E Nk
BN R B B 4R

FE TN 5 3] S 3 PR R 3 2548, LR AR
2% B0 A AE I BCAE AR T 5L B 0L A5 R B G T e
5 A BL-30 % (Fabry-Pérot, FP) il Z G i+
PR WA, ATV TG 7E i S () £
WS IT S R AR T35 . R SR80 T

FAF

d
COSH~v-m,(m—1,2,3-~-) @)

A, n I A AT S R, d D9 A BR
ORANI A, v R (v =1/2), m R TIWHKIIE

XXXXXX-3



DIRERTBLS A2 4

50

a0t
O\\"
5 30}
jlf_ﬁ:
¥ 20 b

10 TR-MW

— = Sub
0 1 1 1 1 1
3000 2500 2000 1500 1000 500
W B/ em™!
50} (©) -— — — - —
/! ~
~

0f
s ]
30
&= l
# 20

10 f TR-LW

0 — =— Sub

3000 2500 2000 1500 1000 500

WE/em™

/ -
40t
=
3 30
=
X 20
10F TR-MW
- — Sub
0 1 1 1 1 1
3000 2500 2000 1500 1000 500
PeB/em™!
sob @ o o
/ - hd Y

SR 1%
8 &

20
10 ¢ TR-LW
0 = = Sub
3000 2500 2000 1500 1000 500

WeE/em™

B2 TR-MW FEGLIY (a) FESFHAT (b) SLSFHMEREE A TR-LW AEAY (o) BN (d) SR A4S
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Fig. 3 (a) Schematic representation of the simulated structure in FDTD; (b) simulated reflectance spectra as a function of the refractive
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Fig. 4 Measured reflectance spectra of samples TR001, TR002,
and TR0O03
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