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Effects of spot size on photoluminescence lineshape of GaAs,  Bi,
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(1. Department of Physics, Shanghai Normal University, Shanghai 200234, China;
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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.

Key words: spot size, signal-to-noise ratio (SNR) , photoluminescence (PL), GaAsBi

PACS: 78.55.Cr, 78.20.-e, 78.55. Nr

PR RN EE T EZ—, E 2 TR
R RM e R T PL OGS T AL AT
JEBUR L (photoluminescence, PL) JETEME N2 UK SR B B, i T LASRAS HA 10 L 1 RES

L
i3

s F#7:2018- 09- 03, {&[E H #7:2018- 12- 08 Received date: 2018- 09- 03 , revised date; 2018- 12- 08

BEE&WH : FKHE AP R R (2014CB643901 ) , F 5K B S8 Bl H 4x (61675224, 61334004 1 UL531109) , |- ¥ 7 S Aill BfF 5 28 40 550 H
(16ZR1441400, 16JC1402400 F1 17142200100 ) , o EE B} 2% B L Vg4 AR Wy BEAF 92 BT A8 0 H (CX-195, CX-151)

Foundation items; Supported by MOST 973 Program (2014CB643901), NSFC (61675224, 61334004 and U1531109), STCSM ( 16ZR1441400,
16JC1402400 and 17142200100) , SITP KIP (CX-195, CX-151) of China

& B A (Biography) : =] vk(1993-) , 2, Wpg % FHA  WHWF A, FZRFG AU Ry 2 SR 2. E-mail: 274173686@ qq. com

* {@ifl4£ & ( Corresponding author) ; E-mail ; fliu@ shnu. edu. cn;jshao@ mail. sitp. ac. en



2 1t Bl oK % OGBERSEXE GaAs,, Bi, JeE&R G R S m

211

o A B ROk SRR B T REZS,
AT LU AR AL T A SR R T o T RS
A/ BCIR BE I B BRI, IR D 358 B OGN
EATE U BOLCIE Y Dl 5% B2 KM 52w 4 2
VTR AR AEAR T R T, 30 7 9 1 b
THRARREL.

HISCHSCERAE M, GaAsBi {24 iR 1%
BT PLOGIE ORI BIEEE ) Varshni 3, MifE
BT3B T PL RE 2 [ I B2 00 722 W) e % A
KB 7R 5 R RL AT 8 Bk o 285 U0 AH DG 1Y B0 7 Ry Bk
L. FRSRAR I K T 385 B PL 3 ] A A5CR AR AT 2 ik
Fazs e, 55 /9 PL 1% {5 M2 [, ( signal-to-noise ratio,
SNR) A3 2 PR DG 3E TR E 12 4005 53 B 1) 32 2 1)
PRI, BETE DRI A D) 38 8 B2 I A4 F 4 = PL
JEIE Y SNR, 5iA 7 BE M PL 3% rp 52 O £ 5 19 1
FERITFFAE , DT SR HCF: A4 T A 13 48 14 1 e L
3. GaAsBi P RAT .35 1 Bi Boas B lic 4 =
[ BEBILTE 43 4 S T 5 AR ) S AR L0 4
AF AT L A S R AT W BB
TSR, BT Bi RO ALK L R L % BB
S fe By T R A A ( molecular beam epitaxy,
MBE) k(K GaAsBi il % 40 & B A AT 56
Tt B REGR Y PL 3% AT 553 BT %) GaAsBi [5G HL,
TR ERAR o 0625 1B TP B AE T 3R R
% =5 1Y SNR.

WIS GaAs,  Bi, SMEREFE 5 7E 77 K T HY
ACBET AR PL OGS S5, FeAl Tk AR T3
40 mW I, BN RE S PL 32 06 il 25 50 BE 3G R B
LIRS SR, SRS DA AR I, PLOGIE E &
= 56 (full-width at half-maximum, FWHM ) fif ' BE
BERARFFAAZ T SNR DU B S 14 . 3x B, 7R UK
TSR T 228 WOGEEE R ST PL O3 1Y
SNR A i1 1 H.

1 EHSH

FIHI MBE J5i%L) 354 C IR KIRBEE B4 GaAs
FIE L0 ) A= R PN JEE O 200 nm f GaAs,, Bi,
(x=0.033,0.048) S FE A 5. Bi 5 Jt3d i FR2
Bi i i1 GaAs fY FE R4, HAE th X S5 ATt
(XRD) i & >R H] 5 T B 722 #6214 ( Fourier
transform infrared, FTIR) Y&i%{Y A9 PL Y%&i5 5056 2 50
JFRSEREmR . e PL R 2 b, B BT 77
KRR PR AT FC , O i A5 . SR Ot
o4 532 nm, M HERBEELE 12 em ™ ASRBESIE

A ZOLERINIE 1 7538, ORI E 14 19 3R
BB O EAER, TR 1 pm.

Focusing lenses

Collection mirror

Bl 1 T FTIR-PL ORI i 2 52 19 2 BB 50 6
/J\‘f%"f

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
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Fig.3 Evolutions of PL energy (a) and FWHM
(b) with spot diameters for the two samples at 77
K and 40 mW
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Fig.4 Normalized PL spectra at different spot diameters (50
~250 wm) for GaAs, g5 Biy 33 (2) and GaAs, 45, Biy s (b) at

the power density of 5.1 W/mm’ and 77 K
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Fig.5 PL spectra, fitted PL spectra and spectral
second-order derivative of GaAs s, Bij o5 With
spot diameters of 50 and 250 pwm at power density
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