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ABSTRACT 

In this study, we report the growth studies of InGaAs/InAlAs superlattices (SLs) with thin layer thicknesses which 
will be used for quantum cascade laser (QCL) structures, grown by Metal Organic Chemical Vapor Deposition 

(MOCVD) technique.  We utilize high resolution X-ray diffraction (HRXRD) to determine the single layer thickness 

and period thicknesses of SLs. Measurement results show that by establishing very low growth rates (~0,1 nm/s), the 
single thin layers and SLs can be grown well by MOCVD in a  controllable and repeatable way with high crystalline 

and interface quality. 
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1. INTRODUCTION 

 

 

InGaAs and InAlAs semiconductor ternary compounds 

are crucial materials for electronic and optoelectronic 

devices such as Quantum Cascade Lasers (QCLs) [1-7], 

Quantum Well Infrared Photodetectors (QWIPs) [8-9], 

Field Effect Transistors (FETs) [10-11] and High 

Electron Mobility Transistors (HEMTs) [12-13] etc. 

InGaAs/InAlAs superlattices (SLs) are very attractive and 

suitable for QCL applications due to the availability of 

lattice matching and large conduction band offset. When 

InxGa1-xAs and InyAl1-yAs compounds are lattice 

matched to InP substrate (x=0.53, y=0.52), the relative 

conduction band offset between them is ~520 meV [14]. 

At cryogenic temperatures, this allows emission at 

λ>4µm [15]. Precise thickness control, alloy composition 

control and repeatability of the SLs are the most 

important issues to be dealt with in growth studies to 

obtain the desired complicated device structures. The 

thinnest layer thickness is a few monolayers and the 

device performance is quite sensitive to interface 

roughness [16,17]. Molecular beam epitaxy (MBE) is 

generally preferred growth technique since it is more 

suitable for structures with very thin layers. However, the 

MOCVD could compete with MBE thanks to special 

growth conditions and continuously advancing mass flow 

controllers (MFCs) which control the gas quantity 

through the metalorganic sources and hydride sources. 

Additionally, MOCVD has a lot of extra parameters 

besides the source MFCs to precisely control the gas flow 

quantity of metalorganic sources such as bubbler 

pressure, bubbler temperature, dilution and injection 

tools.  

Transmission Electron Microscope (TEM), Scanning 

Tunneling Electron Microscope (STEM) and similar 
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techniques are widely used to determine the exact 

thickness of epitaxially grown SLs. However, these 

techniques are destructive, relatively expensive, time 

consuming and also require special tools and expertise for 

the sample preparations as well as the sample 

measurement. On the other hand, x-ray diffraction is a 

non-destructive, economic, quick and robust technique 

than electron microscopes and depending on the scan 

type, it is quite sensitive to thickness change, alloy 

composition and interface quality as well.  

As it is well known, structure that includes alternating 

thin layers is difficult to grow. We have lately upgraded 

the MOCVD system to have a second AsH3 line with 

fine tuning capabilities (i.e, injection and dilute controls). 

Also, it is reported that inserting a delay time between the 

switching of different layers during the growth process do 

enhance the crystal quality [18].  

In this work, we have grown three different high quality 

InGaAs/InAlAs SLs by MOCVD with 5s interruption 

time between each InGaAs and InAlAs layers. After 

growths, we have used high resolution X-ray diffraction 

(HRXRD) technique to precisely measure SLs thickness 

as well as individual layer thicknesses and characterize 

the structural quality of samples. 

2. EXPERIMENTAL 

InGaAs, InAlAs single epilayers and SLs were grown on 

2 inch, (100) oriented, semi-insulating, double side 

polished (dsp) indium phosphide (SI-InP) substrates by 

using a horizontal flow reactor (AIXTRON 1 x 2” or 1 x 

3” 200/4 RF-S) MOCVD system. The real time 

information such as growth rate, reflection intensity 

(surface quality) and substrate/surface temperatures 

obtained by Luxtron 880 nm reflectometer and an optical 

fiber thermometry-light-pipe assemble. The MOCVD 

system is upgraded to have a second AsH3 line enabling 

us to fast switch during the growth of different layers that 

require different V/III ratios. Opto-grade 

Trimethylgallium (TMGa, Ga(CH3)3), Trimethylindium 

(TMIn, In(CH3)3) and Trimethylaluminum (TMAl, 

Al(CH3)3) were used as Ga, In and Al precursors (group-

III), respectively. High purity (99.999%) Arsine (AsH3) 

and Phosphine (PH3) were used as As and P precursors 

(group-V) and ultra-high purified hydrogen (H2) and 

nitrogen (N2) were used as the carrier gases. For 

optimizing the growth temperature, reactor pressure, 

V/III ratio, source flows and other growth parameters to 

reach the desired material quality, several single layer 

growth studies were done. To grow high quality single 

InGaAs layer requires higher growth temperatures and 

overpressure of AsH3. However, too much AsH3 

overpressure in InAlAs growth causes degradation of the 

uniformity of alloy composition [19]. As a consequence, 

unlike InGaAs requiring as high V/III ratio as possible, 

there exists a range of V/III ratio to obtain high-quality 

InAlAs epilayers.  

To get a better surface before epilayer growths, we begin 

the growth process with the buffer layer as follows: An 

InP wafer is loaded into the reactor, in high purity inert 

N2 gas ambient via glove box, then the substrate is 

thermally deoxidized at 640 0C in PH3 environment for 5 

minutes and an unintentionally doped ~500nm InP buffer 

layer is grown. The optimal growth parameters such as 

growth temperature, reactor pressure during growth, total 

carrier gas flow and substrate rotation speed were 

determined as 640 oC, 50 mbar, 6000 sccm and 60 rpm 

respectively. The best V/III ratios for InP buffer layer, 

InGaAs and InAlAs layers are ~120, 600 and 60, 

respectively. Precursor flows for TMIn, TMGa, TMAl, 

AsH3_1 (for InGaAs) and AsH3_2 (for InAlAs) are 3.1, 

5.5, 2, 5.4 and 3 µmole/min, respectively. Obtained 

growth rates for these parameters were 7.5 ±0.14 nm/min 

and 8.34 ±0.14 nm/min respectively for InGaAs and 

InAlAs and 36 ±0.14 nm/min for InP. Single bubbler was 

used for In, Ga and Al sources but for AsH3 two separate 

lines were used to adjust the different V/III ratios 

between InGaAs and InAlAs layers, both for 

uninterrupted growth during switching and to reduce the 

total growth time. The structural properties of epitaxial 

layers were investigated by using high resolution X-ray 

diffraction (HRXRD). The HRXRD measurements were 

performed around InP (100) symmetry axis with 0,0004o 

precision by using Rigaku SmartLab diffractometer, 

equipped with a rotating Cu anode which provides 9kW 

X-ray power (45kV tube voltage and 200 mA tube 

current) and four bounced Ge (220) monochromator.  

We have grown three different SL structures with 

optimized parameters obtained from single InGaAs and 

InAlAs layer growths (growth duration for layers also 

estimated from single layers studies, for example for a 5 

nm of InGaAs, we need a growth time of 49.18 sec). 

Schematic picture of the grown structure is shown in Fig. 

1. 5s interruption time (t) was applied between each 

InGaAs and InAlAs layer and vice versa. During the 

interruption, we kept the gas flows of arsine with AsH3_1 

(or AsH3_2) and carrier gas (H2) to prevent desorption of 

As atoms from the grown InGaAs (or InAlAs) surface. 

 

Fig.1 Schematic representation of InGaAs/InAlAs 

superlattice structure and growth sequence, t denotes for 

interruption time between each InGaAs and InAlAs 

layers. 
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We have three samples each with 50 periods of 

InGaAs/InAlAs, the only difference among them are their 

bilayer thickness (thus the growth time) selected in a 

clever way (same InGaAs thickness for different InAlAs 

thicknesses and the other way around) to compare the 

results. Table 1 shows the growth details of all samples. 

 

Table 1: InGaAs and InAlAs growth times in a period of 

superlattice for sample A, B and C. 

 InGaAs 

growth time (s) 

InAlAs 

growth time (s) 

Sample A 49.18 21.28 

Sample B 49.18 35.46 

Sample C 35.71 21.28 

 

3. RESULTS AND DISCUSSION 

We use in-situ reflectance measurements to observe the 

situation of surface, growth rate at real time and to 

measure the growth temperature of sample during 

growth. By using in-situ reflectance measurement it is 

very easy to determine the growth rate of samples with 

thick layers. However, for complicated device structures, 

such as the active region of a QCL structure, thickness 

determination of layers by in-situ reflectance is nearly 

impossible. For this reason, we use a detailed HRXRD 

analysis to determine the exact thicknesses and growth 

rates of alternately repeating thin layers. To insure that 

we get the correct values, we measured three superlattice 

structures (Sample A, B and C growth details given in 

experimental part) with similar parameters to compare 

and check the results. Fig.2 shows the 880 nm in-situ 

optical reflectance and temperature measurement during 

the growth of Sample A. In Fig.2, red curve shows the 

reactor temperature and the blue one represents the in-situ 

optical reflectance intensity. In situ optical reflectance 

and temperature measurements are divided into five parts 

as follows: (1) the increasing of the temperature up to 640 
0C which is thermal deoxidization temperature and 

waiting at this temperature for 5 minutes in PH3 ambient, 

(2) the growth of InP buffer layer, (3) preparation of 

precursor flows, (4) growth of InGaAs/InAlAs SLs and 

(5) cooling to room temperature in AsH3 ambient. For 

each layer the starting point and the direction of 

reflectance curve can be different as seen in Inset of Fig. 

2 which shows the InGaAs and InAlAs growth stages 

which give different optical reflectance behavior and 

direction due to the refractive index changing at each 

interface. The overall oscillation amplitude of the 

reflectance demonstrates that a high quality of growth 

takes places (no sudden or fast drops observed). The only 

drop in reflectance is a slow and uniform one caused by 

increasing absorption effects due to increasing of the film 

thickness.  

 

 

Fig.2 In-situ optical reflectance measurement (blue 

curve) and temperature (red curve) during growth of 

sample A. Inset shows the InGaAs and InAlAs growth 

stages. 

XRD is reliable, convenient, powerful and non-

destructive technique to characterize the structural 

properties of single layers and SLs. HRXRD 

measurements were performed on each sample to obtain 

the effect of the variation in single layer thickness to the 

superlattice period. ω-2θ HRXRD measurement and 

simulation of sample A is shown in Fig.3. The highest 

and the narrowest peak in this measurement belongs to 

InP (400) peak of the substrate. There are five other 

peaks which belong to one period of SLs and we denoted 

as Δθ which gives an angle difference between 

superlattice peaks. Also inset of Fig.3 shows another type 

of fringes that are more frequent and denoted with δθ 

(<Δθ) which belongs to total thickness of SLs. For 

superlattice periodicity and total thickness calculation we 

used the equation shown below; 

 

 

 

where   is the SL period or if δθ is used instead of Δθ 

then  gives total thickness of the film,  = 0.15405 

nm is the wavelength of incident X-ray, ( ) is the 

Bragg angle of  nth(n+1th) order peak in ω-2θ. A careful 

analysis of the periodicity measurements from the ω/2θ 

scans gives the total thickness value of one period and 

even the total thickness of epitaxial structure (if the 

structure has high crystalline and interface quality) but 

not the individual layer thicknesses. Therefore, we have 

grown two samples (B and C) that are very similar in 

design to Sample A. The only one difference among these 

samples is the growth time (hence the thickness) of only 

one layer of the superlattice layers (InGaAs or 

InAlAs). From the equation, given above, we obtain 8.27 

nm period thickness and 409 nm total thickness for 

sample A.  Fig. 4 shows ω-2θ HRXRD measurement of 

sample B, its SLs peaks are spaced closer than sample 

A’s because of the thicker period value. We have used 

same calculations for this sample to obtain 9.97 nm 
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period thickness and 459 nm total thickness. Fig. 5 shows 

ω-2θ HRXRD measurement of sample C, the angle 

differences between the nearest order SL peaks is the 

largest in sample C which means that it has the thinnest 

period thickness. For Sample C we obtained 6.67 nm 

period thickness and 348 nm total thickness. All the 

calculation results are briefly shown in Table 2.  

 

Table 2 Period thickness and total thickness of samples 

obtained from HRXRD measurements and calculations 

 Period 

Thickness (nm) 

Total Thickness 

(nm) 

Sample A 8.27 409 

Sample B 9.97 480 

Sample C 6.67 348 

 

The only difference between sample A and sample B is 

InAlAs growth time for each period. InAlAs growth time 

for sample A is 21.28 s while for the sample B it is 35.46 

s. The time difference is 14.18 s and it gives a thickness 

difference of 1.70 nm for one period. It means that 

InAlAs layer has a growth rate of 0.119 nm/s-7.14 ±0.06 

nm/min (1.70 nm/14.18 s). With the same approach for 

sample A InGaAs growth time is 49.18 s while for 

sample C it is 35.71 s for each period. The time 

difference is 13.47 s and it gives a thickness difference of 

1.60 nm for one period. It means that InGaAs layer has a 

growth rate of 0,118 nm/s 7.08 ± 0.06 nm/min (1.6 

nm/13.47 s).  

There is a small difference between bulk and superlattices 

in terms of growth rate. Superlattice growth rates less 

than the bulk ones. We believe that the reason of this 

difference comes from the growth environment one is 

being like homoepitaxy the other (SL) is like 

heteroepitaxy. 

 

Fig.3 HRXRD ω/2θ measurement (red) and simulation 

(blue) of sample A, inset shows fringes of total thickness 

of sample A 

. 

Fig.4 HRXRD ω/2θ measurement of sample B, inset 

shows fringes of total thickness of sample.  

 

 

Fig.5 HRXRD ω/2θ measurement of sample C, inset 

shows fringes of total thickness of sample.  

 

4. CONCLUSIONS 

Due to inability of using high precision in-situ 

measurement techniques in MOCVD growths, finding 

growth rates and individual layer thicknesses of SL 

structures with very thin layers is a major problem. In this 

study, it is shown that this difficulty can be handled by 

growing a series of samples with all growth parameters 

fixed except the growth time for a specific layer. Using 

these parametrically varied grown layers and using 

HRXRD measurements, it is possible to obtain the 

growth rates and the individual thin layer thicknesses 

precisely. 
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