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Abstract 

GaN metal-insulator-semiconductor (MIS) ultravio-
let (UV) photodetectors (PDs) with the use of magne-
sium fluoride (MgF2) as an insulating layer were fabri-
cated and investigated. It was found that we can achieve 
a small dark current and a large photocurrent to dark 
current contrast ratio using the proposed device with 
the MgF2 insulator. These results should be attributed to 
the use of the MgF2 insulating layer, which is formed 
large barrier between the metal and the semiconductor. 
Furthermore, the noise equivalent power was substan-
tially reduced, and detectivity was increased using the 
MgF2 insulators. 
 
1. Introduction 

Recently, GaN-based semiconductor materials have 
attracted considerable attention and have been used in var-
ious optoelectronic devices in short-wavelength regions 
because of the benefits of their high saturation voltage, high 
thermal stability, and high direct band-gap energy [1, 2]. 
GaN-based UV photodetectors are potentially useful in 
many commercial applications in engine control, solar UV 
monitoring, UV astronomy, flame detection, secure 
space-to-space communication, biology, and chemistry [3]. 
In previous studies, various GaN UV PDs have been suc-
cessfully proven their advantages, such as met-
al-semiconductor-metal (MSM) [4], Schottky barrier [5] 
and p-i-n photodetectors [6]. Among them, MSM PDs have 
attracted much attention owing to their fabrication simplic-
ity, low intrinsic capacitance, high operation speed, and low 
noise. However, leakage current in the GaN-based MSM 
PDs is large in general due to the large differences in lattice 
constant and thermal expansion coefficient between GaN 
and sapphire substrate. To reduce the leakage current of 
GaN MSM PDs, it is possible to fabricate GaN met-
al-insulator-semiconductor (MIS) PDs by inserting an in-
sulator between metal and GaN. Thus, we can achieve a 
large potential barrier height at the metal/semiconductor 
(MS) interface by using the MIS structure. Several types of 
insulator consisting of metal oxides and high-dielectric 
constant (k) oxides were previously used to substantially 
reduce leakage current in GaN MIS PDs [7].  

Magnesium fluoride (MgF2) with a high band-gap 
energy of 12.8 eV and a low refractive index is a promising 
material and has attracted considerable attention in the 
deep/vacuum ultraviolet (DUV/VUV) optical coating ap-

plications with the high optical transparency, good adhesion, 
and high mechanical strength [8-10]. In the literature, 
however, there are few studies that focused on the applica-
tion of a MgF2 insulating layer in GaN MIS UV PDs. In 
this paper, we report the fabrication of GaN MIS UV PDs 
with a MgF2 insulator. The electro-optical properties of the 
fabricated PDs are also discussed. 
 
2. Experimental and Result Discussions 

The GaN-based MIS UV PDs in this experiment were 
all epitaxial grown on c-face (0001) sapphire substrates by 
metalorganic chemical vapor deposition (MOCVD) system. 
Before epitaxial growth, the sapphire substrates were an-
nealed at 1150℃ in H2 ambient to remove surface conta-
mination. A low temperature GaN nucleation layer was 
deposited as 550 ℃. After the nucleation layer was grown, 
the temperature was raised to 1060℃ to grow a 2-μm-thick 
unintentionally doped GaN epitaxial layer with a growth 
rate of 2μm/h. The MgF2 insulating layers with various 
thicknesses (that is, 1 nm for PD_1, 30 nm for PD_2, and 
40 nm for PD_3) were deposited by using the thermal eva-
poration system. Ni/Au (5/5 nm) contact electrodes were 
subsequently deposited onto the samples and annealed at 
500℃for 3 min. Fig. 1 shows the schematic structure of 
GaN MIS UV PDs with the MgF2 Insulator. The contacts of 
the device form two inter-digitated contact electrodes. The 
fingers of the contact electrodes were 65 μm wide and 1150 
μm long with a spacing of 85 μm.  

Figure 2 shows current-voltage (I-V) characteristics 
measured from the fabricated PDs at dark and under illu-
mination. It was found that the dark currents were 5.9×10-11, 
4.58×10-12, and 6.87×10-12 A for the fabricated PD_1, PD_2, 
and PD_3 with 5V bias, respectively. The low dark current 
measured from the PD_2 sensor is due to the effective in-
sertion of the MgF2 insulating layer between GaN and the 
metal electrode. It will lead to the large Schottky barrier 
height between GaN and the metal electrode, and thus re-
duce the metal to the semiconductor thermionic emission. 
Fig. 2 also shows the I-V characteristics of the fabricated 
GaN MIS PDs under illumination with the illumination 
wavelength of 360nm. It was found that photocurrent 
measured from PD_1, PD_2, and PD_3 with 5V bias were 
8.76×10-7, 2.96×10-7, and 1.62×10-7 A, respectively. In ad-
dition, with a 5V bias, the photo-to-dark current contrast 
ratios were 1.48×104, 6.46×104, and 2.36×104 for PD_1, 
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PD_2, and PD_3, respectively. We achieved the highest 
photo-to-dark current contrast ratio for sensors with a 
30-nm-thick MgF2 insulating layer (that is, PD_2). This 
case indicates that the insertion of the MgF2 insulating layer 
considerably enhances the performance of GaN MIS UV 
PDs. 

Fig. 3 shows spectral responses measured from the fa-
bricated sensors. With incident light of 350 nm and 5 V 
applied bias, it was found that measured responsivities were 
1.08×10-1, 7.89×10-2, and 4.73×10-2 A/W for PD_1, PD_2, 
and PD_3, respectively. Here, we defined UV-to-visible 
rejection ratio as the responsivity measured at 350 nm di-
vided by that measured at 450 nm. With this definition, it 
was found that UV-to-visible rejection ratios were 13.84, 
461.84, and 335.14 for PD_1, PD_2, and PD_3, respective-
ly, when biased at 5 V. These values also indicate that we 
can effectively enhance UV-to-visible rejection ratio by 
inserting a 30nm-thick MgF2 insulator (that is, PD_2). 

3. Conclusions 

GaN MIS UV PDs with MgF2 insulating layers were 
successfully fabricated and characterized. We achieved a 
small dark current and large photocurrent to dark current 
contrast ratio from the proposed devices with the use of 
MgF2 insulating layers. We also achieved large UV to visi-
ble rejection ratios from the sensors with MgF2 insulating 
layers. 

Acknowledgements 

   This work was partially supported by the National 
Science Council (NSC), Taiwan, under grant no. 
NSC-101-2221-E-230-007. 

References 

[1] Kazutoshi Kato, IEEE Transactions Microwave Theory and 
Techniqes. 47 (1999) 1265-1281. 

[2] Feng Xie, Hai Lu, Dunjun Chen, Fangfang Ren, Rong 
Zhang, and Youdou Zheng, IEEE Photon. Technol. Lett. 24 
(2012) 1265-1281. 

[3] MANIJEH RAZEGHI, Proceedings of the IEEE. 90 (2002) 
1006. 

[4] W. Y. Weng, S. J. Chang, W. C. Lai, T. J. Hsueh, S. C. Shei, 
X. F. Zeng, S. L. Wu, and S. C. Hung, IEEE Photon. Tech-
nol. Lett. 21 (2009) 504-506. 

[5] C. H. Chen, Opt. Rev. 18 (2011) 107-110. 

[6] J. C. Lin, Y. K. Su, S. J. Chang, W. H. Lan, W. R. Chen, K. 
C. Huang, Y. C. Cheng, and W. J. Lin, IEEE Photon. Tech-
nol. Lett. 20 (2008) 1255-1257. 

[7] M. L. Lee, T. S. Mue, F.W. Huang, J. H. Yang, and J. K. 
Sheu, OPTICS EXPRESS. 19 (2011) 12658-12663. 

[8] Antonella Lorusso, Francisco Gontad, and Alessio Perrone, 
Jpn. J. Appl. Phys. 50 (2011) 08JD07. 

[9] J. Chen, J. Yang, Z. Chen, Y. J. Fang, and P. Zhan, AIP AD-
VANCES. 2 (2012) 012145. 

[10] H. Kim, S. N. Lee, Y. Park, K. K. Kim, and J. S. Kwak, J. 
Appl. Phys. 104 (2008) 053111. 

 

 

 
 
Fig. 1 The structure of GaN MIS PDs with MgF2 insulators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 I-V characteristics measured from the GaN MIS PDs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Spectral responses measured from the GaN MIS PDs. 
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