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Effects of spot size on photoluminescence lineshape of GaAs,  Bi,
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2. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics,
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Abstract: Low excitation-power density photoluminescence ( PL) spectra suffered from poor spectral
signal-to-noise ratio ( SNR) and hence restricted the study of the band-tail states in GaAs, Bi . We
conduct laser spot-size-dependent PL. measurements on two GaAs, Bi, epitaxial films by Fourier trans-
form infrared spectrometer-based PL system with enhanced sensitivity. It is observed that (i) with con-
stant excitation power, increase of laser-spot diameter leads to a redshift of the PL-peak position and a
linewidth evolution of first decreasing and then increasing, which is attributed to the decrease of the e-
quivalent excitation power density, and (ii) with a constant excitation power density of 5.1 W/mm”,
the PL lineshape is unchanged while the SNR is significantly improved as the laser spot diameter rises.
As a result, the weak transition features are well resolved in the PL spectra taken at low excitation pow-
er density, and can be safely treated by spectral fitting analysis. The result indicates that adequate in-
crease of excitation spot-size contributes to the improvement of the SNR and sensitivity as well for PL
measurement at low excitation-power density.
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Fig.1 Schematic of the optic path of the spot size-de-
pendent experiment based on FTIR-PL system
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Fig.2 Normalized PL spectra of the GaAs, ., Bi, o;; (2) and
GaAs, o5, Bij o5 (b) with different spot diameters (50 ~ 270
pm) at 77 K and 40 mW. Dotted lines for the PL peak ener-
gies with spot diameter of 50 pm; Dashed curve in (a) shows
the PL spectrum of GaAs substrate

2 PL &S

K2 Wos Bt o RAEE 40 mW & T
GaAsy, oq Big, o33 Fl GaAsy o5, Big s B AL O G BE 1T FR
H—4k PL G, el HARASALIER ) 50 ~270 pum.
M AT R 1,2 4> GaAsBi K i Y PL 28 HIHR &
IR A XS BRI, WA PL AL S 240 i TR )
BA KT M A. B HEN S0 pm B,
GaAs o5, Biy o4 B it 1) PL U&7 F 1. 08 eV, /N F
GaAsy, o Bio. o3 FERRET 1. 17 eV, 55 Bi BUR B A%
B2 BB TR, B ANRE S PL AR R
FIHLIRS. OB EAR R 270 wm I, PR PL A,
SN 1.05 F1 1. 14 eV. HIM, TEGaAs, o Biy o3 FE



212 4h 5 2 K F W 38 %

A ) PLOGTE P 7ERERE L B0 1. 33 eV AbAa I )
— IR 55 A 06, JH A 7 D' B ) 3 I 827 W
RAEAL. ik 5 AN GaAs R Y PL OGS X H,
1.33 eVAERYRFIEIEPEN N SHTIRAC , GaAs #JiE PL
JETEANIE] 2 (a) H A HE HTZR I 7. 11T GaAs,, o5, Big ous
TALEN) SNR 76 1.3 ~ 1.4 eV BYRER 1 I N R e
AU TR 5 5, JEHUEAE 270 wm ) ROEHE
PRI ZRAE T SCTEA7AE S 2 (I 4.

. @
116} ..
> L4} 3
B 112f  "GaAsyesBisos
E 1.10} ® GaAs)967Bioo33
1.08f "-»
L)
1.06[ e .
. (b)
140t
.
135} e
% .
E 130F =GaAsge5:Bigus
§ 125}F *GaAsoseBinoss
B~
120F
-
115

50 100 150 200 250 300
Spot diameter/pum

K3 77 K H140 mW Z0F T AR PL 32
WERE SR (a) Al FWHM (b)) BfOGHER S A8 AR
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Fig.4 Normalized PL spectra at different spot diameters (50
~250 pm) for GaAs, 45;Bij 33 (2) and GaAs, o5, Biy i (b) at

the power density of 5.1 W/mm’ and 77 K
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