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High gain and low dark current AlInAsSb avalanche
photodiodes grown by quaternary digital alloys
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Abstract: avalanche photodiodes (APD) have been fabricated using high quality GaSb-based AllnAsSb quaternary digi-
tal alloy grown by molecular beam epitaxy (MBE). To overcome the tendency towards phase segregation of random al-
loy, a digital alloy technique with migration-enhanced epitaxy growth method was employed, using a shutter sequence
of AISb, AlAs, AISb, Sb, In, InAs, In, Sb. The HRXRD curve shows sharp satellite peaks and almost perfect lattice
matching. The smooth surface morphology can also be observed on the AFM image. Using optimized digital alloy, All-
nAsSb separate absorption, grading, charge, and multiplication (SAGCM) APD was grown and fabricated. At room
temperature, the device showed high performance with low dark current density of 0. 95 mA/cm’ at 95% breakdown and
maximum stable gain before breakdown as high as 100, showing the potential for further applications of optoelectronics.
Key words: avalanche photodiodes (APD), molecular beam epitaxy (MBE), AllnAsSb, quaternary digital alloys
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Fig. 1
loy lattice-matched to GaSb for MEE growth method.

Shutter sequences in a period of AllnAsSb digital al-
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Table 1 Thickness of each layer in a period of Al_
In, AsSb,  digital alloy

AlSb/ AlAs/ AlSb/
X InSb/ML  InAs/ML  InShb/ML
ML ML ML
0.4 1.87 0.26 1.87 0.35 5.30 0.35
0.5 2.29 0.43 2.28 0.35 4.30 0.35
0.6 2.70 0.61 2.69 0.35 3.30 0.35

0.7 3.09 0. 82 3.09 0.35 2.30 0.35
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Table 2 Epitaxial structure of AllnAsSb DA SAGCM
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Fig. 3 (a) HRXRD of Al,,In,;AsSb DA layer, (b) AFM of
Al,,In;,AsSb DA layer
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Fig. 4 (a) HRXRD of Al In,;AsSb DA layer, (b) AFM of
Al In, AsSb DA layer
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Fig. 4 (a) Epitaxial structure of Al In, AsSb DA grading lay-
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Al In,_AsSb DA grading layer
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Fig. 6
versus reverse bias of a 200 pm-diameter AllnAsSb DA

(a) Dark current, photocurrent, multiplication factor

SAGCM APD at room temperature, (b) measured capacitance
versus bias of a typical 200 um-diameter AllnAsSb DA
SAGCM APD at room temperature
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