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The optical properties of InP/GaP short-period superlattice (SPS) structures grown at various 
temperatures from 400oC to 490oC have been investigated by using temperature-dependent 
photoluminescence (PL) and emission wavelength-dependent time-resolved PL measurements. 
The PL peak energy for SPS samples decreases as the growth temperature increases. The 
decreased PL energy of ∼10 meV for the sample grown at 425oC compared to that for 
400oC-grown sample is due to the CuPt-B type ordering, while the SPS samples grown at 
460oC and 490oC exhibit the significant reduction of the PL peak energies due to the combined 
effects of the formation of lateral composition modulation (LCM) and CuPt-B type ordering. 
The SPS samples with LCM structure show the enhanced carrier lifetime due to the spatial 
separation of carriers. This study represents that the bandgap energy of InP/GaP SPS structures 
can be controlled by varying growth temperature, leading to LCM formation and CuPt-B 
type ordering.
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I. Introduction

Low-dimensional III-V semiconductor-based nano-

structures such as quantum dots (QDs) have been 

widely used for the development of light emitting 

diodes, laser diodes, optical amplifiers, and solar 

cells [1-5]. Self-assembled nanostructures grown by 

a Stranski-Krastranov (S-K) growth mode demonstrate 

high-quality and defect-free nanostructures compared 

to artificially grown nanostructures using e-beam 

lithography and reactive-ion etching. However, the 

S-K growth mode used for self-assembled nano-

structures has difficulties for controlling the nano-

structure’s position, uniformity of shape and/or size 

and so on [6-9]. One of methods for complementing 

these drawbacks is the short-period superlattice 

(SPS) growth method, which can be made through the 

alternate depositions of ultra-thin binary materials 

[10]. In addition, SPS structures can be formed 

naturally either by phase separation or atomic 

ordering during the growth of ternary III-V alloy 

layers [11-14]. Furthermore, naturally formed SPS- 
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Figure 1. Schematic structure for InP/GaP SPS.

induced nanostructures exhibited lateral composition 

modulation (LCM) containing different material 

compositions perpendicular to the growth direction 

[10,15]. Jun et al. [12] investigated the InAlAs layers 

grown by a metal-organic vapor phase epitaxy 

method as a function of growth temperatures in the 

range of 565∼615oC, and showed that the formation 

of LCM was dependent on the growth temperature. 

Also Cheng et al. [16] exhibited the major driving 

force for LCM formation is the strain induced from 

the deviation of superlattice periodicity in both 

(GaAs)n/(InAs)n and (GaP)n/(InP)n SPS layer grown on 

InP and GaAs substrates, respectively, by a molecular 

beam epitaxy (MBE). These LCM structures reduce the 

bandgap energy of materials [12,17]. In this study, we 

investigated the effect of growth temperature on the 

optical properties of the InP/GaP SPS grown by MBE. 

The luminescence properties of InP/GaP SPS structures 

grown at different temperatures have been conducted 

by using photoluminescence (PL) and time-resolved 

PL (TRPL) and the LCM formation in SPS structures has 

also been studied as a function of growth temperature.

II. Experimental Details

InP/GaP SPS structures were grown on semi- 

insulating GaAs substrates by using a MBE with 

compound (GaAs and GaP) decomposition sources for 

arsenic and phosphorus sources, respectively. A 

detailed description of the growth conditions can be 

found in the Ref. [18]. For the growth of SPS 

structures, GaP layer was deposited first and then 

InP layer followed. The SPS layers were composed of 

659 pairs of 2.9-Å-thick GaP and 3.1-Å-thick InP. 

Therefore, the thickness of InP/GaP SPS layers is 

about 400 nm, and the SPS layers were grown at 

temperatures in the range of 400oC to 490oC. InP/GaP 

SPS samples denoted GT400, GT425, GT460, and 

GT490 were grown at the growth temperature of 

400oC, 425oC, 460oC, and 490oC, respectively. The 

schematic sample structure is illustrated in Fig. 1. 

InP/GaP SPS samples for PL and TRPL measurements 

were excited by using a He-Cd laser (λ=325 nm) and 

a frequency-doubled laser pulse (λ=370 nm, pulse 

width=200 fs) from a Ti:sapphire laser, respectively. 

The luminescence signal was collected by a CCD 

detector (ANDOR DV420A-BU2) and the PL decay 

curves were obtained by using a time-correlated 

single photon counting system with a time resolution 

better than 20 ps. Temperature-dependent PL and 

TRPL measurements were performed using a 

closed-cycle helium cryostat in the range of 10 to 260 K.

III. Results and Discussion

Fig. 2(a) shows the PL spectra for InP/GaP SPS 

samples measured at 10 K. The PL peak is shifted to 

the low-energy side and the PL intensity is decreased 

as the growth temperature increases from 425oC to 

490oC. The PL spectrum for GT400 is not shown in 

Fig. 2(a) due to very weak PL intensity at 10 K. As 

shown in Fig. 2(a), the SPS samples grown at 

relatively high temperatures of 460oC and 490oC show 

a very broad PL line width compared to that for 

GT425 sample grown at 420oC. In addition, a shoulder 

peak is appeared on the PL spectrum for GT460 and 
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Figure 2. (a) PL spectra and (b) PL peak energies taken
at 10 K for InP/GaP SPS samples grown at dif-
ferent temperatures from 400oC to 490oC.

Figure 3. Temperature-dependent integrated PL in-
tensities (a) for the main PL peaks of InP/GaP
SPS samples and (b) for three PL emission 
peaks of GT460 sample. The inset in (b) 
shows the Gaussian fitted PL peaks of GT460
sample at 10 K.GT490 samples. The full width at half maximum 

(FWHM) values for GT425, GT460, and GT490 samples 

are 13.2, 33.2, and 29.2 meV, respectively. A very 

broad PL spectrum for GT460 and GT490 as compared 

with that for GT425 is ascribed to the inhomogeneous 

line width caused by the LCM formation at higher 

growth temperatures.

The PL peak energies for the SPS samples 

measured at 10 K are shown in Fig. 2(b) as a function 

of growth temperature from 400oC to 490oC. The SPS 

samples show a reduction in bandgap from 1.95 to 

1.79 eV as the growth temperature increases from 

400oC to 490oC, respectively. CuPt-B type ordering 

depends on the growth temperature of the SPS 

structure. Song et al. [18] reported the bandgap 

reduction caused by the CuPt-B type ordering formed 

at the growth temperature of 425oC and above. As 

shown in Fig. 2(b), a sudden reduction (120 meV) of 

the PL peak energy is observed as the growth 

temperature increases from 425oC to 460oC. However, 

when the growth temperature increases from 460oC to 

490oC, the bandgap reduction is only 30 meV. These 

results indicate that the bandgap reduction due to the 

LCM formation is more significant than the decrease 

of bandgap resulted from the CuPt-B type ordering 

[19-24]. Note that the PL peak energy shows a 

dramatic decrease after the LCM formation, but 

before the LCM formation the peak energy is slightly 

reduced with increasing temperature from 400oC to 

425oC caused by CuPt-type ordering. 

Fig. 3(a) shows the integrated PL intensities of the 

main PL peak for all samples as a function of 

temperature from 10 to 260 K. The integrated PL 

intensities for InP/GaP SPS samples decrease rapidly 

with increasing temperature, except GT460 sample. 

For GT460 sample, the integrated PL intensity 

decreases from 10 to ∼90 K, and then it is almost 

constant up to ∼260 K. Fig. 3(b) shows the 

temperature-dependent integrated PL intensities of 

three PL peaks for GT460. The inset in Fig. 3(b) 

shows the PL spectrum for GT460 measured at 10 K 

and the Gaussian fitted PL peaks are also shown for 

GT460. The intensities of three PL peak decrease 

with increasing temperature from 10 to 90 K, but at 

higher temperatures above 90 K the PL intensity of 

the lowest PL peak rapidly decreases while the PL 

intensities of the higher energy peaks decrease slowly 

or almost constant.

The PL decay times and PL spectra for InP/GaP 

SPS samples are shown in Fig. 4 as a function of 
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Figure 4. PL decay times (τ1: open circle) and PL 
spectra (solid lines) for SPS samples as a 
function of emission wavelength taken at 20
K. The inset shows the PL decay profiles for 
InP/GaP SPS samples measured at the PL 
peak at 20 K.

Table 1. Calculated PL decay times and amplitudes for InP/GaP SPS samples measured at the PL peak energy 
at 20 K.

PL peak (nm) Decay time τ1 (ns) Amplitude A1 (%) Decay time τ2 (ns) Amplitude A2 (%)

GT425 636 0.25 67.5 0.72 32.5

GT460 680 0.50 72.3 1.84 27.8

GT490 692 0.48 52.0 3.64 47.9

emission wavelength measured at 20 K. The PL decay 

curves taken at the PL peak wavelength of each 

sample measured at 20 K are also shown in the set of 

Fig. 4. The PL decay times are obtained by fitting the 

PL decay curves with a double exponential function; 

I(t)=A1exp(-t/τ1)+A2exp(-t/τ2), where A1 and A2 are 

the pre-exponential constants, and τ1 and τ2 are 

the fast and slow decay times, respectively. As shown 

in the inset of Fig. 4 and Table 1, the fast decay time 

τ1 is dominant for all samples at the PL peak, and 

thus is related to the recombination of excitons/carriers 

in the SPS layers. The slow decay time τ2 may be 

impurity-related transition. The PL decay time τ1 

for GT425, GT460, and GT490 at the PL peak is 0.25, 

0.50, and 0.48 ns, respectively. The PL decay times 

highly depend on emission wavelength as shown in 

Fig. 4. The PL decay time for GT425 at 20 K increases 

from 0.16 to 0.26 ns as the emission wavelength 

increases from 628 to 643 nm, respectively, and the 

decay times for GT460 and GT490 also increase 

dramatically with increasing emission wavelength. 

The decay times for GT460 and GT490 are twice 

longer than that for GT425 due to the spatial 

separation of electron and hole wave functions caused 

by the LCM formation. Park et al. [25] presented a 

significant increase of the carrier lifetime for the 

LCM GaInP structure due to the spatial separation of 

electrons and holes by In-rich and Ga-rich regions of 

LCM GaInP, respectively.

IV. Conclusion

The luminescence properties and carrier dynamics 

of InP/GaP SPS grown at different temperatures have 

been studied by using PL and TRPL spectroscopy as 

functions of temperature and emission wavelength. 

As the growth temperature increases from 400oC to 

490oC, the PL peak energy for the SPS samples 

continuously decreases from 1.95 to 1.79 eV, 

respectively. The decreases of the PL peak energy for 

GT425 is due to the CuPt-B type ordering while the 

large reduction of the peak energy for GT460 and 

GT490 is attributed to the CuPt-B type ordering and 

the LCM formation, indicating the bandgap reduction 

due to the LCM formation is more dominant than that 

due to the CuPt-type ordering. We also observed a 

very broad PL spectrum for GT460 and GT490 due to 

the inhomogeneous line width caused by the LCM. 

The PL decay time for GT460 and GT490 is longer 
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than that for GT425. The increased decay time for the 

LCM samples can be interpreted to the separation of 

carriers spatially due to type-II band alignment caused 

by the LCM formation. These results represent that the 

bandgap energy of InP/GaP SPS can be controlled by 

adjusting the growth temperature, leading to the 

formation of LCM and the CuPt-type ordering.
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