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ABSTRACT

We review the physics of deep UV LEDs with emphasis on the features that differ from those for visible LEDs. We
discuss UV designs, novel growth process of light generating structures (MEMOCVD™) that allows for reducing the
growth temperature and improving materials quality, and “phonon engineering” approach that takes advantage of high
polar optical energy in AIN/GaN/InN materials for confining electrons in the light emitting quantum wells. We then
review the characteristics of DUV LEDs grown on sapphire substrates with peak emission wavelength from 250 to 340
nm that demonstrate the lowest optical noise among all other UV light sources and, therefore, are well suited for the
detection of hazardous biological agents using fluorescence techniques. Finally, we describe high power multi-chip,

multi-wavelength deep UV light sources and review emerging applications of deep UV LED technology.
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1. INTRODUCTION

Deep UV LED technology (see Fig. 1) goes beyond replacing bulky and expensive mercury lamps (Fig. 2), which are
conventional UV light sources. Numerous advantages of deep UV LEDs (see Table 1) enable new applications that are
not even feasible using mercury lamps.

Figure 1. UVTOP™ UV LED from Sensor Electronic Fig. 2. Mercury lamp — conventional source of UV radiation
Technology, Inc.

Tablel. Mercury lamp and deep UV LED comparison

Mercury Lamps: Deep UV LEDs
e Toxic (Hg vapor) e NO Toxic elements
e Hazardous waste e NO hazardous waste
e High voltage e Low voltage (6-12 V)
e Produce ozone e NO Ozone
e  Short lifetime (8,000 h) e Lifetime ~ 100,000 h

UV LEDs have multiple wavelengths, small and adjustable form factors, low power consumption, and a very fast
response (at the nanosecond scale or even faster). UV LED life times are already sufficient for many applications and
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are improving. These devices also have a great potential for further improvements in efficiency and output power. Key
emerging applications include wafer/air purification and sterilization (see Fig. 3), surface and medical device
sterilization, bio-agent detection/identification for homeland security, biomedical applications, applications in dentistry,
food preservation and industrial processes (such as for polymer and plastic curing and for general and special lighting '
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Figure 3. SET deep UV LED lamps. (Figure a is from > ©IEEE Figure 4. SET deep UV LED water purification module. >
2006) ©IEEE 2006

In this paper, we review the physics of deep UV LEDs with emphasis on the features that differ from those for visible
LEDs. Deep UV LEDs use AIN/GaN/InN quantum well structures grown on sapphire. In such structures, spontaneous
polarization and strain (and related piezoelectric polarization effects) play an important and, in many cases, a dominant
role. Strain can be controlled using quaternary materials * and novel growth process of light generating structure
(MEMOCVD™) * that allows for reducing the growth temperature and improving materials quality. “Phonon
engineered” structures that take advantage of high polar optical energy in AIN/GaN/InN materials for confining
electrons in the light emitting quantum wells allow for dramatic improvement in light emitting efficiency.’,” These new
approaches have allowed us to develop of DUV LEDs grown on sapphire substrates with peak emission wavelength
from 237 to 340 nm that demonstrate the lowest optical noise among all other UV light sources and, therefore, are well
suited for the detection of hazardous biological agents using fluorescence techniques.

2. DEEP UV LEDS

The DUV LED structures (see Fig. 5) ” consist of very high quality n"-AlGaN clad layers, AlGaN and AllnGaN MQW
active regions, Mg-doped p-AlGaN clad, and p'-AllnGaN contact layers, which are grown over (0001) sapphire
substrates using patented Migration Enhanced Metalorganic Chemical Vapor Deposition (MEMOCVD™ process *.

Packaging of deep UV LEDs is crucial for both heat management and light extraction. Figure 6 show the flip chip
packaging design used at SET, Inc. As seen, the UV radiation is primarily extracted through the sapphire substrate and
(partially) via the edges. Our preliminary ray tracing analysis shows that further improvement of the design to optimize
the radiation extraction is expected to lead to a dramatic improvement in the wall plug efficiency.

Both ball and flat lenses are used depending on application (see Fig. 7). Multiple UV LEDs have been assembled into
powerful UV lamps (Fig. 3). UV LEDs with multiple wavelengths can be also coupled to an optical fiber (see Fig. 8).

3. MEMOCVD™

As mentioned above, lattice mismatched between the substrate, buffer layer, barrier layers, and quantum wells leads to
strain resulting in a high defect density and even cracking. MEMOCVD™ technique * allowed us to significantly
reduce the density of growth defects and deposit high quality, very thin (with quantum well thickness less than 2 nm)
heterostructures with sharp heterointerfaces and large composition variations. This technique is a more general version
of Pulsed Atomic Layer epitaxy (PALE). In contrast to PALE, the duration and waveforms of precursor pulses in
MEMOCVD™ are optimized, and, generally speaking, the pulses overlap allowing for a continuum of growth
techniques ranging from PALE to conventional MOCVD (see Fig. 9).
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