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1. Introduction 

A lattice-matched GaInNAs/GaAs MQW, by substituting 
a few percent N in GaInAs to reduce the strain in the layer, 
which allows growing a thicker photon absorption layer 
and providing higher quantum efficiency [1]. Either 
GaInNAs/GaAs epitaxy or single quantum well fabricated 
on solar cell, laser, and photodiodes has been demonstrated 
[2,3]. Owing to the low-strained GaInNAs inherently in-
corporate few dislocations in the epitaxial layer; the thick-
ness of the layer reduces down to 7 nm to prevent the gen-
eration of misfit dislocation [4]. However, the accumulative 
strain will be released as layer growing to the critical num-
ber. Although many advantages have occurred in these de-
vices with GaInNAs/GaAs epitaxy, relatively few studies 
provide a satisfactory description for GaInNAs/GaAs 
MQW p-i-n photodetector. 

In this study, GaInNAs/GaAs p-i-n photodetector with 
an optically active region of 3 and 15 periods MQWs were 
embedded as i-layer, respectively, grown successfully by 
MOVPE. Effects of MQWs on the responsivity, electrical 
characteristics of junction breakdown behavior, and con-
duction mechanism are investigated.  
 
2. Experimental Procedure 

Lattice-matched GaInNAs/GaAs p-i-n photodetector 
with MQWs as i-layer were grown on (100) GaAs sub-
strates using a metal-organic vapor-phase epitaxy 
(MOVPE). The carrier gas was H2 and source materials 
were TMGa, TMIn and AsH3. Epitaxial layers of the device 
were illustrated as follow: a 500 nm-thick GaAs buffer, a 
150 nm-thick slightly n-doped Al0.3Ga0.7As cladding layer, 
then 3 or 15 periods Ga0.65In0.35NxAs1-x/GaAs MQWs that 
well and barrier layer thickness were 7 and 10 nm, respec-
tively. Followed 150 nm-thick p-Al0.3Ga0.7As and 40 
nm-thick p-GaAs were grown as cladding layer. Diameter 
of the photodetector was 400 µm.  

Thicknesses and compositions of indium and nitrogen 
were determined by high-resolution X-ray diffraction rock-
ing curve (HRXRD, Bede D1 X-ray diffractometer) and 
theoretical dynamic simulations. A Keithley-4200 semi-
conductor parameter analyzer was used to measure the cur-
rent-voltage characteristics of these devices in dark and 
under illumination. A 200 W halogens lamp was used as the 
light source for spectral responsivity measurement, and a 
standard synchronous detection scheme was employed to 
measure the front-side illuminated detector signal. 

3. Results and Discussion 
Figure 1 reveals the HRXRD of Ga0.65In0.35NxAs1-x/GaAs 

MQWs with x = 0.00237, along with the simulated curve 
for sample with 3 periods MQWs. For MQWs structure, the 
satelite peaks originate from the constructive interference 
of the diffracted beams, whcih revealing at the angle 
around -3500 to -7500 arcsec. It is found that the sample 
with 3 periods MQWs shows very sharp asymmetric satel-
lite peaks, and is in excellent agreement with the simulated 
curves. For 15 periods MQWs devices, it is however sig-
nificantly broader and this is indicative of some relaxation 
of the strain having taken place. The loss of fringes be-
tween the satellites, due to interference from the MQWs 
region, also indicates disruption of interfaces by misfit dis-
locations.  

Bender et al. have observed empirically that the quality 
of the strained MQW degrades as the barrier thickness de-
creases and as the number of wells increases [5]. The lattice 
mismatch between the GaInNAs and GaAs are around 
2.46 %, the critical thickness of was calculated to be about 
10 nm. According to Fig. 1, the thickness of the GaInNAs 
layers is lowered to 7 nm to reduce the strain and the gen-
eration of misfit dislocations. However, the cumulative 
dislocation become effective as the MQWs increased to 15 
periods, thus exhibiting partial relaxation phenomenon. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  HRXRD of Ga0.65In0.35NxAs1-x/GaAs MQWs epitaxy 
layers with x = 0.00237. 
 

Figure 2 shows the spectral responsivity of GaIn-
NAs/GaAs MQWs p-i-n photodetectors at reserve biased 
voltage of -2 V. The cutoff wavelength for these devices is 
around 1150 nm and the peak responsivity values equal to 
1.0 and 3.7 mA/W for the device with 3 and 15 periods 
MQWs, respectively. It is also found that the rejection ratio 
value of the device with 3 periods MQWs has two orders of 
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magnitude. However, it shows a very low rejection ratio 
value of the device with 15 periods MQWs. 

The responsivity results are related to the carrier recom-
bination mechanism and the photo/dark current contrast 
ratio which is measured with filter (not shown here). Dark 
current of the device with 3 periods MQWs reveals a lower 
value (1.45×10-8 mA) than that of 15 periods (1.23×10-5 
mA) at -2 V. Dislocation is regarded as a line of recombina-
tion center, then the most relevant characteristics that de-
termines the leakage dark current will be the length of the 
dislocation per unit area. Photo/dark current contrast ratio 
of the device with 3 periods MQWs reveals a higher value 
of 309.0 than that of 2.9 for 15 periods MQWs at -2 V.  
 
 
 
 
 
 
 
 
Fig. 2  Spectral responsivity of Ga0.65In0.35NxAs1-x/GaAs MQW 
p-i-n photodetectors with x = 0.00237. 
 

Figure 3 (a) reveals the current-voltage characteristics of 
GaInNAs/ GaAs MQWs p-i-n photodetectors. When a cer-
tain reverse voltage value is exceeded, the dark current will 
dramatically upswing in a p-n or p-i-n diode, thus junction 
breakdown occurs. We define the breakdown voltage, Vb, 
when a dark current of 10 pA is reached. Junction break-
down voltages are at about -18.4 and -11.5 V for the device 
with 3 and 15 periods MQWs, respectively.  

Misfit dislocation plays as the trapping site as well as the 
recombination center of the carrier. When the electric field 
in epitaxy layer is increased to above a certain value, the 
carriers obtain a critical kinetic energy to generate electron- 
hole pairs by an avalanche process. Consequently, the de-
vice with 3 periods MQWs brings the lower density of mis-
fit dislocation will provide the higher breakdown voltage 
than that of 15 periods MQWs. 

According to Fig. 3 (a), Fig. 3 (b) reveals the forward 
I-V characteristics of GaInNAs/GaAs MQWs p-i-n 
photodetectors. Ideality factor, n, of the devices are 1.40 
and 1.76 of the 3 and 15 periods MQWs, respectively.  

Ideality factor, n, the conduction mechanism of the 
photodetector, is determined from the forward bias, V, as 
expressed by equation (1) [6] 
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where If is the forward current, Io is the reverse saturation 
current, q is the electron charge, k is the Boltzmann con-
stant, and T is the absolute temperature. The device with 3 
periods MQWs shows an n value closed to 1, illustrating 
that the conduction mechanism of the minority carriers 
across the junction depletion region is the diffusion process. 

On the other hand, the n value is closed to 2 for the device 
with 15 periods MQWs, behaving the genera-
tion-recombination current on the misfit dislocation. 
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Fig. 3  (a) Current-voltage and (b) forward bias characteristics of 
Ga0.65In0.35NxAs1-x/GaAs MQW p-i-n photodetectors with x = 
0.00237. 
 
4. Conclusions 
   GaInNAs/GaAs p-i-n photodetector with 3 and 15 pe-
riods MQWs as i-layer, respectively, are grown success-
fully by MOVPE. Cutoff wavelength of the spectral re-
sponsivity occurs at around 1150 nm. Owing to the excel-
lent crystal quality that the devices with 3 periods MQWs 
having, it reveals a two orders of magnitude rejection ratio 
value of the spectral responsivity and a higher junction 
breakdown voltage. The ideality factor indicating that the 
conduction mechanism is dominated by the diffusion proc-
ess and the defect of scattering is slightly. On the other 
hand, the device with 15 periods MQWs induces a higher 
value of misfit dislocation and shows a partial relaxation 
phenomenon. Thus, it demonstrates a poor performance 
relatively. 
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