
The mid-temperature inserted AlN full width at half maximum (FWHM) of (002) is 202 arcsec, while the 

FWHM of (102) peak is 418arcsec. 

The FWHM for (002) exhibits no obvious difference, while the FWHM for (102) is obviously reduced by using 

middle temperature insertion layer. 

These results prove that this growth method could effectively improve the crystalline quality of the AlN 

template. 

The mid-temperature inserted  AlN template has a crack free surface, while some crack have been observed on 

the 2-step conventional AlN template. 

(a) Buffer (b) 1050°C AlN (c) 1350° AlN (d) 1350° AlN 

  We have studied an AlN MOCVD epitaxial  growth. By inserting middle temperature insert layers 

and high temperature layers that include 30sec nitridation interval, high quality AlN/sapphire 

templates have been achieved. Compare to the conventional continuous 2-step growth, this method 

could reduce the threading dislocations effectively. 

 

 The photoconductive mode was demonstrated with a AlGaN MSM PDs having different Schottky 

contacts. The PD exhibits low dark current density and high solar-blind/ ultraviolet rejection ratio.  

 Owing to the high quality AlN template with the back-illuminated of the device, a solar-blind AlGaN 

MSM like photodetectors with 29% external quantum efficiency at zero-bias was achieved 

  In recent years AlGaN alloys have recieved attention for the applications in deep ultraviolate light emitting diodes, laser diodes, and photodetectors. However, high quality crack free AlN epilayers are very 

difficult to achieve on sapphire substrate due to the large thermal and lattice mismatches between AlN and sapphire as well as small surface migration of Al atoms resulting in rough surface and poor quality. 

Dislocation density reduction and stress control are key factors to obtain a high quality AlN template.  

 In this study, AlGaN-based back-illuminated solar blind ultraviolet metal-semiconductor-metal (MSM) like shottky photodetectors with high quantum efficiency have been fabricated on sapphire substrate. To 

improve the performance of the Photodiodes (PDs), AlGaN absorber layer was grown on high quality AlN template on the sapphire substrate by high temperature metal organic vapor phase epitaxy. To improve 

AlN template quality, high temperature above 1300°C and low V/III ratios were applied. By inserting middle temperature intermediate AlN layers with proper in-situ annealing, high quality 2.5um crack free 2-

inch AlN template has been achieved.   

 This work was supported by the Materials & Components program of MOTIE/KEIT [K10067283,AlGaN-based APDs for flame detector].  

 Fig.7 I-V characteristics of PD measured under dark 

and under 254nm light illumination 

 Fig.8 Spectral Response of MSM PD measured at 

0V bias 

 
  The material growth process was carried out in a low-pressure vertical showerhead MOCVD. Trimethylgallium 

(TMGa), Trimethyaluminum (TMAl) and NH3 were used as Ga, Al and N precursors, respectively. Prior to the 

growth, the c-plane sapphire substrates were treated in H2 ambient with 84 umol/min Al at 1300°C for 2minutes. 

 A High temperature AlN buffer layer with thickness of about 80nm was first deposited in continuous gas flow at 

1350°C. Then the temperature was down to 1050°C and V/III ratio increased from 263 to 3394 to grow a 100nm 

middle temperature AlN layer. After that, a 1um high temperature AlN was deposited at 1350°C. In the growth 

process of High temperature AlN layer, TMAl was closed for 30 seconds, while H2 and NH3 gases were always on. 

Both the 100nm middle temperature AlN and 1um high temperature AlN were repeated for three periods. The 

MOCVD chamber pressure was kept at 30 torr during all the process. 

 Fig.1 The schematic of the AlN growth process and growth structure 

 Fig.4 The high resolution XRD rocking curves of the AlN templates. 

 Fig.2 The plan-view SEM images of the AlN epi-layers grown on c-plane sapphire: (a) 3 min, (b) 10 min, (c) 

15min and (d) 30 min after pre-Al treatment, respectively. 

 Fig.5 AFM images of AlN and AlGaN grown on AlN template. 

Fig. 7 shows the room temperature I-V characteristics of the fabricated MSM  like AlGaN photodetectors measured 

with and without 254nm light illumination. 

The low dark currents can be attributed to high material quality and good Schottky contact. 

Owing to the high quality AlN template with the back-illuminated of the device, a solar-blind AlGaN MSM like 

photodetectors with 29% external quantum efficiency at zero-bias was achieved. 

The photoresponse curves show a sharp cutoff at ~285nm and peak at 270nm, which is in good agreement with the 

band edge absorption of the AlGaN active layer. 

A 170 nm unintentionally doped Al0.48Ga0.52N active layer was grown on mid-temperature inserted AlN template. 

In fabrication of the MSM like schottky PDs, Ti/Al/Ni/Au, Ni / Au were used as the contact metals. 

The finger width and gaps were 5um and square active areas were 1 x 1 mm2 with interdigitated contact electrodes. 

The growth selectively proceeds with AlN islands nucleating at specific locations on sapphire substrate by pre-Al 

treatment. 

In the initial 1050°C growth stage, the middle temperature AlN nucleation islands grow on the buffer layers. 

Then the middle temperature AlN nucleation islands on the buffer layer coalesce as temperature rose to 1350°C. 

 The threading dislocation in the vicinity of the void were bent towards the sidewalls  of void and annihilated. 

The re-crystallization process of the middle temperature AlN layer provided the driving force for the dislocation 

bending and annihilation in the following  AlN growth. 

 Fig.3 (a) Bright field cross-section TEM images with a zone axis where g=[11-20]; (b),(C) show the TEM 2-

beam condition bright field images of AlN interface with a zone axis, where g= [0002] and g=[1-100], 

respectively. 

 Fig.6 The high resolution XRD rocking curves and photoluminescence of the Al0.48Ga0.52N on AlN template. 
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The AlN AFM image shows a flat surface with uniform and parallel atomic steps. 

Figure 5 (b) shows AlGaN surface with an Al mole fraction of 0.48.  Atomic steps are apparent. 
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