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ABSTRACT 

For the infrared detection in the 3-5 µm range, p-GaAs/AlxGa1-xAs heterojunction is an attractive material system due to 

light hole/heavy hole and spin-orbit split-off intra-valance band transitions in this wavelength range. Varying the Al 

mole fraction (x) provides the tuning for the wavelength threshold, while graded AlxGa1-xAs potential barriers create an 

asymmetry to allow a photovoltaic operation. The photovoltaic mode of operation offers the advantage of thermal noise 

limited performance. In our preliminary work, a 2 � 6 µm photovoltaic detector was studied. Implementation of an 

additional current blocking barrier improved the specific detectivity (D*) by two orders of magnitude, to 1.9×1011 Jones 

at 2.7 µm, at 77K. At zero bias, the resistance-area product (R0A) had a value of ~ 7.2×108 ȍ cm2, which is five orders 

higher in magnitude (with a corresponding reduction of the responsivity by only a factor of ~ 1.5), compared to the R0A 

value without the blocking barrier. A photoresponse was observed up to 130K.  
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1. INTRODUCTION

Infrared (IR) detectors and imaging systems are important in diverse areas including military and civilian applications. 

As the applications in medical imaging and diagnostics, industrial energy loss monitoring, scientific researches such as 

IR astronomy and global monitoring of environmental pollution and climate change, firefighting, search and rescue, 

security surveillance, driving,  navigation, and numerous other fields  increase, demands are growing for low cost, small 

size and high performance infrared imaging systems. Various types of IR detectors have been studied, including 

HgCdTe photodiodes,1 quantum dot IR photodetectors,2 quantum well IR photodetectors,3 and type-II superlattice IR 

photodetectors4. In a number of recent works, attention has been paid to the detector structures incorporating current 

blocking structures into detector designs. AlGaAs current blocking layers were utilized in quantum dot IR 

photodetectors (QDIPs) to enhance performance.4-8 Similarly, majority carrier (hole) blocking layers have been 

implemented in type II InAs/GaSb superlattice (T2SL) IR photodetectors.9 Furthermore, electron blocking and hole 

blocking unipolar barriers were implemented in complementary barrier infrared detectors (CBIRD)10 and p-type-

intrinsic-n-type (PbIbN) photodiodes11. The most important goal in these architectures is to lower the dark current with a 

relatively small compromise in the photocurrent. This leads to achieving a significant improvement in the specific 

detectivity (D*). Moreover, the mature growth and established processing technology have made p-GaAs/ AlxGa1-xAs 

materials systems increasingly attractive for heterojunction interfacial workfunction IR photodetectors (HEIWIP),12 

which operate up to room temperature.13 In addition, by replacing the constant AlxGa1-xAs barrier with a graded barrier, 

achieved by varying the Al mole fraction (x), the detector was found capable of operation in photovoltaic mode.14 This is 

particularly advantageous over photoconductive operation due to its thermal noise limited performance and reduced 

power consumption. In this article, we report a 30 period p-GaAs/ AlxGa1-xAs heterojunction IR detector with graded 

barriers, with an additional current blocking barrier (CBB). This detector shows a photoresponse in the spectral range of 

~ 2� 6 µm, under photovoltaic operation. Approximately five orders of magnitude higher resistance area product (R0A) at 

zero bias was observed, resulting in a two orders of magnitude improvement in D*. The responsivity with the CBB was 

compromised only by a factor of ~ 1.5 compared to that without the CBB. 
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2. DEVICE DESIGN AND EXPERIMENTS

A p-GaAs/ AlxGa1-xAs heterojunction IR detector was grown on a semi-insulating GaAs substrate by molecular beam 

epitaxy. A schematic of the detector is shown in Figure 1(a). The active region of the detector consists of 30 periods of a 

20 nm p-GaAs emitter and 60 nm graded AlxGa1-xAs barrier layer, sandwiched between highly doped p+-GaAs contact 

layers. All the p-GaAs emitters are doped at 1.0×1019 cm-3, whereas all AlxGa1-xAs barriers are undoped. A 60 nm graded 

AlxGa1-xAs CBB layer, followed by another p+-GaAs contact layer, were then grown on top of the active region. Thus, 

there are three p+-GaAs contact layers, namely the top, middle and bottom contacts, with the thicknesses of 0.2 µm, 0.5 

µm, and 0.7 µm respectively. Measurements between the top and bottom contacts include the CBB, but the middle and 

bottom contacts measure the same mesa without the CBB. As a result, the same mesa can be studied with the CBB, and 

without it. The mesas were processed by a combination of conventional photolithography and wet etching, and were 

Figure 1. (a) Schematic of the p-GaAs/AlxGa1-xAs heterostructure, including the current blocking barrier (CBB). The top and 

bottom contacts are used to measure with the CBB, and the middle and bottom contacts can be used to measure the same mesa 

without it.  (b) Schematic of the valence band alignment under equilibrium. The AlxGa1-xAs barriers are graded by tuning the Al 

mole fraction, x.  

followed by Ti/Pt/Au metallization on the top, middle, and bottom contact layers.  The areas of the top and middle mesa 

contacts are 400 µm × 400 µm, and 570 µm × 570 µm, respectively. Finally, top p+-GaAs contact layer was partially 

etched leaving a ~ 20 nm region, to open an optical window of an area ~ 260 µm × 260 µm, (Inset, Figure 2) for a 

normal incidence optical illumination. The valence band offset between the p-GaAs emitter and the AlxGa1-xAs barrier 

leads to an interfacial work function,12  which is controlled by x in the AlxGa1-xAs barrier. The energy difference 

between the Fermi level and the barrier is equal to the minimum energy required for internal photoemission, denoted as 

the activation energy (ǻ). A schematic of the equilibrium valence band alignment of the p-GaAs/ AlxGa1-xAs 

heterojunction is depicted in Figure 1(b). The AlxGa1-xAs barriers are graded, by tuning the x, from x1 = 0.03 at the 
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bottom to x2 = 0.50 at the top of each barrier. As a result, a potential gradient builds-up across the barrier. The valence 

band offsets at the p-GaAs/ AlxGa1-xAs interface, calculated using the temperature-dependent internal photoemission 

spectroscopy (TDIPS) method15 are ~ 17 meV, and ~ 280 meV for x = 0.03 and x = 0.50 respectively, leading to an 

average potential gradient of ~ 44 kV/ cm across each AlxGa1-xAs barrier. Similarly, the AlxGa1-xAs CBB was graded by 

varying x, from x1 = 0.53 at the bottom to x2 = 1 at the top, with the valence band offsets of ~ 290 meV and ~ 550 meV 

respectively, so that the potential gradient across it is also ~ 44 kV/ cm.   

In the degenerately p-doped GaAs, the Fermi level lies in the light hole (LH)/heavy hole (HH) band, with the spin-orbit 

split-off (SO) band separated by ~ 340 meV from the LH/HH  band near k = 0. For IR detection, light absorption leads to 

hole transitions from the LH/HH bands to the SO band and from the HH to LH bands, leading to an internal 

photoemission and escape of the holes over the barriers, which are swept out and collected at the contacts. Free carrier 

absorption is also possible, resulting in photo-excitation in the HH/LH bands. This process is weaker at shorter 

wavelengths, but increases with the wavelength16 as Ȝ2. Thus, a p-GaAs layer absorbs a broad IR spectrum. However, the 

minimum energy required for internal photoemission and escape over the AlxGa1-xAs barrier is determined by the 

interfacial work function at the heterojunction.  Therefore, the spectral range of the photodetector can be tailored by 

controlling x. Depending on their energy, the holes can escape to either the S-O band or the H-H/L-H bands in the 

barrier. A detailed account of possible escape pathways is provided elsewhere,17 but the asymmetry of the GaAs/ AlxGa1-

xAs barriers plays an important role in driving the holes, even in the absence of an applied bias. Therefore, a net 

photocurrent can be observed under photovoltaic operation.  

The current-voltage measurements were carried out at 77K, using a Keithley 2400 source meter and a Keithley 616 

digital electrometer. Positive bias across top-bottom contacts is defined as the voltage connected to the top contact, with 

the bottom contact grounded. Similarly, in the middle-bottom contacts measurements, voltage is connected to middle 

contact and the bottom contact is grounded, leaving the top contact open. The spectral responses were measured using a 

Fourier transform infrared (FTIR) spectrometer, and calibrated by measuring the background by a Si composite 

bolometer of known sensitivity.  

3. RESULTS AND DISCUSSION

The current voltage characteristics at 77K are shown in Figure 2, with bias dependence of the dark current densities 

being asymmetrical, as a result of the asymmetrical barrier structure. It was found that the CBB lowered the dark current  

Figure 2. The dark current density of the detector with CBB is five orders of magnitude smaller at low bias, than without the CBB. 

The difference becomes smaller as the bias increases. Inset: Top view optical image of the detector mesa showing the lateral 

dimensions of the top contact (400 µm × 400 µm) and middle contact (570 µm × 570 µm), with the optical window (260 µm × 

260 µm) at the center. 
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Figure 3. (a) Comparison of the responsivity of the detector showing that the responsivity with the CBB is ~ 1.5 times smaller at 

zero bias, than without the CBB and without it. (b) Specific detectivity (D*) under dark conditions, showing a two orders of 

magnitude higher detectivity with the CBB.  

density by five orders of magnitude at low biases, with the difference becoming smaller as the bias increases. The 

differential resistance-area product (R0A) at zero bias with the CBB had a value of ~ 7.2×108 ȍ cm2, compared to a value 

of 1.6×103 ȍ cm2 obtained without the CBB.  The spectral responsivity at zero bias, measured from the same mesa both 

with and without the CBB, is shown in Figure 3(a). The 340 meV separation of the SO band from the LH/HH band 

limits the photoresponse from hole transitions between the LH/HH and SO bands to ~ 3.6 µm. Beyond 3.6 µm, there is a 

photoresponse due to the hole transitions between the HH and LH band. As a result, two distinct response peaks are 

observed at 2.7 µm and 5.0 µm with responsivities of 0.67 mA/W and 0.38 mA/W respectively, in the measurements 

without the CBB. The 50% cut-off levels from these peaks encompass a ~ 2 � 6 µm spectral range. With inclusion of 

theCBB, the measured responsivity of 0.47 mA/W at 2.7 µm is reduced by only a factor of ~ 1.5 from that obtained 

without the CBB. Specific detectivity (D*) under dark condition was obtained using: 

kT

AR
RD

i
4

* 0= (1), 

where Ri (A/W) is the spectral responsivity, k is the Boltzmann constant, k is the temperature, and A (cm2) is 
the electrically active area of the detector (400 µm × 400 µm with the CBB, and 570 µm × 570 µm without the CBB). 

D* was found to be ~ 1.9×1011 Jones at 2.7 µm for the detector with the CBB, and ~ 4.1×108 Jones without the CBB. 

Thus, a two orders of magnitude higher D* is obtained with the CBB at zero bias (Figure 3(b)). 

In order to understand effect of the CBB in the spectral range of the detector, we carried out photoresponse 

measurements in selective spectral ranges, using optical filters with characteristic cut-on wavelengths (ȜCO) to block the 

portion of the incident IR light in the wavelength range shorter than the ȜCO as seen the schematic of the IR light path in 

Figure 4(a). A photoresponse up to ~ 2.4 µm was observed across the top-middle contacts (i.e. across the CBB) without 

a filter, closely agreeing with ǻ = 550 meV for the CBB. This photoresponse disappeared when an optical filter with ȜCO 

= 2.4 µm was introduced on the IR light path (Figure 4(b). However, when measured between the top-bottom contacts 

(i.e., with the CBB) with ȜCO = 2.4 µm filter being introduced on the IR light path, the photoresponse (corrected for the 

transmission of the filters) was unaltered in the spectral range longer than ȜCO, compared to that without the filter. Also, 

the photoresponse was unaltered with another optical filter with ȜCO = 4.5 µm, in the range longer that 4.5 µm (Figure 

5(a)). Similar results were observed in measurements between middle-bottom contacts (i.e., without the CBB) as seen in 

the Figure 5(b). The latter case does not include the CBB, therefore the use of the optical filters is not expected to alter  
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Figure 4. (a) A schematic of the photoresponse measurement set up showing IR light path, where an optical filter of cut-on 

wavelength ɉCO can be introduced to block the IR light in the spectral range shorter than ɉCO. (b) The photoresponse measured 

across top and middle contacts, was disabled by the optical filter with ȜCO = 2.4 µm. 

the photoresponse in the spectral range longer that the ȜCO. However, in the former case (i.e., with the CBB), disabling 

the injection of photoexcited holes from the top contact to the middle contact did not affect the photoresponse of the  

Figure 5. Optical filters of cut-on wavelengths of ȜCO = 2.4 µm and 4.5 µm did not show any effect on the photoresponse in the 

spectral range longer than ȜCO, in the measurements � (a) with the CBB, and (b) without the CBB.  

5



detector with the CBB in the longer than ȜCO range. Thus, it was found that the spectral range of the detector is not 

compromised due to the current blocking barrier.  

The photoresponse of the detector was also measured with increasing temperature. A photoresponse was observed up to 

130K as seen in Figure 6.  Further optimization such as the removal of the thick middle contact layer and instead using a 

thicker emitter layer may be expected to achieve a higher operating temperature.  

Figure 6. A photoresponse was observed up to 130K at zero bias, in the measurements with the CBB.  

4. CONCLUSION

We demonstrated a 30 period p-GaAs/ AlxGa1-xAs heterojunction IR photodetector with a current blocking barrier, 

showing a photoresponse in mid-infrared spectral range. By incorporating the current blocking barrier, the detectivity 

was improved by two orders of magnitude. Photovoltaic operation was enabled by graded AlxGa1-xAs barriers, leading to 

thermal noise limited performance at zero bias. The resistance-area product (R0A) at zero bias was enhanced by five 

orders of magnitude due to the current blocking barrier, whereas the responsivity was reduced by only a factor of 1.5. 

Implementation of current blocking barrier, together with the graded barriers, can be useful for the development of p-

GaAs/ AlxGa1-xAs heterojunction detectors.  
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