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I. INTRODUCTION 

In recent years there has been large interest for use of 

GaN based structures for various electronic and optical 

devices for telecom and solid-state lighting markets. 

However, AlGaN/GaN heterostructures have also shown 

great potential for field-effect based electronic chemical and 

biochemical sensors [1,2,3]. In these structures formed two 

dimensional electron gas (2DEG) at the interface between 

the AlGaN and GaN layers provides high density carriers 

confined near the surface, which has been widely exploited 

for RF device applications. Together with excellent chemical 

and thermal stability of these materials this makes them 

good candidates for variety of chemical sensing applications.  

To functionalize GaN structures various approaches were 

explored, typically silane [4] and alkene [5] groups were 

involved to create a linker between receptor and surface. 

However, both these approaches have limitations, requiring 

additional extensive processing or indirect bonding to 

surface via less stable oxides. On other hand, thiol based 

attachment is known to provide straight-forward bonding 

either directly to semiconductor surfaces or on thin gold 

films [6, 7] and is a possible alternative to existing methods.  

In-situ detection and analysis of saccharides is of great 

importance for a variety of domestic and medical 

applications. However, accurate, reliable and cost-effective 

electronic saccharide sensors are not readily available. 

Typically, electronic saccharide sensors are fabricated via 

the immobilisation of a specific enzyme [8]. However, such 

devices suffer from high fabrication costs and complexity as 

well as reduced stability of the finished devices [9]. 

Alternatively, boronic acid receptors have been shown to 

bind to saccharides effectively via covalent interactions in 

aqueous media [10,11,12].This lead to development of non-

electronic fluorescence sensor approaches based on 

carbohydrate sensing ―click-fluor‖ [13]. 

In this paper, we present a novel electronic saccharide 

sensor structure using boronic acid functionalised 

AlGaN/GaN heterostructure and thiol linker for proof-of-

concept demonstration of specific chemical sensors based 

upon field-effect device structures. 

II. EXPERIMENTAL DETAILS 

AlGaN/GaN heterostructures were grown on Si(111) 

substrates by metal organic chemical vapour deposition. 

Thickness of GaN layer was about 2.5 µm, covered with 20 

nm of Al0.25Ga0.75N layer. Square die of 0.5 x 0.5 cm were 

cleaved from the wafer. Standard Ti/Al/Ti/Au ohmic contact 

pads, separated by 2mm, were deposited by e-beam 

evaporation through a shadow mask and then annealed at 

850 °C for 30s under nitrogen ambient. Subsequently, a 

NiCr/Au layer was deposited in the space between contacts 

to allow receptor attachment and act as a Schottky gate. On 

each die a pair of identical devices was fabricated, to act as a 

reference and a functionalised active sensor device. Devices 

were mesa-isolated via scribing.  

Reference device was fully masked as was the most of 

active device structure, apart of rectangular functional area 

between ohmic contacts. Die was then placed in a 5 mM 

solution of prepared by chemical synthesis boronic acid thiol 

(BAT) product in ethanol for 24 hrs. Mask was then 

removed and contact angle measurements were used to 

confirm functionalisation of the prepared surfaces. 

III. RESULTS AND DISCUSSION 

Figure 1 shows a schematic diagram of a device structure, 

receptor and thiol linker (BAT) and functionalisation steps. 

In comparison to organosilane functionalisation [4], thiol 

based method benefit from much simpler chemistry and 

fewer fabrication steps, and can be used to bond receptors to 

thin gold layers or directly to the surfaces. While alkene 

based linkers are also offer a simple pathway for GaN 

fuctionalisation [5], the method relies on use of hydrogen 

terminated GaN surface, which is very unstable and have 
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very limited life time. 

 

 
Figure 2 displays measured sensor current, I, in the active 

functionalised device before and after exposure to analytes: a 

solution of 1M fructose in the buffer. Also given is a 

comparison with the reference device, which experiences 

only a negligible change in current in reaction to the analyte. 

 

 
Following confirmation of sensor activity, the device was 

exposed to buffered saccharide solutions of fructose, 

galactose and glucose with concentrations between 1M and 

0.1M. The detected response was greatest for fructose, 

followed by galactose and glucose was the weakest, which 

follows the established stability order for simple boronic 

acids [12,14]. This result confirms that observed sensor 

response is due to specific interaction between the boronic 

acid and the saccharide molecule rather than some secondary 

interactions with one of the other groups present in BAT. 

For all three analyte concentrations above 0.8M saturation 

behaviour was observed for the sensor device. In the low 

concentration region, only fructose can be reliable detected 

below 0.2M. Generally, despite non-optimised process 

parameters, sensitivity of the fabricated structures was 

compatible with non-electronic chemical method described 

in Ref. 13. During electrical measurements devices 

underwent several hundred cycles of analyte deposition and 

subsequent washing and cleaning without any significant 

loss in response, which suggest robust GaN surface 

functionalisation using thiol based linkers.  

Necessary improvements in the low concentration 

detection limit (below 0.1 M) for sugars is essential for 

future applications of sensor devices and can be achieved via 

further optimisation of fabrication process and by 

modification in the BAT receptor design. 

 

IV. CONCLUSION 

Here we demonstrated a proof-of-concept for saccharide 

electronic sensor device based on AlGaN/GaN field effect 

structure. A novel approach of receptor design and 

functionalisation based on preassembled by chemical 

synthesis boronic acid receptor and thiol-alkane linker 

(BAT) allowed to achieve specific sensitivity of fabricated 

structure to different saccharide concentrations in solutions. 

This offers a way for robust and simple functionalising of 

GaN based structures not only for saccharide detection, but 

also by replacing boronic acid with other molecular 

receptors to a wider range of detected species. 

ACKNOWLEDGMENTS 

The authors would like to thank Mike Redwood for his 

technical assistance, as well as Great Western Research and 

the EPSRC for funding. 

.  

REFERENCES 

[1] R. Neuberger, G. Müller, O. Ambacher, and M. 

Stutzmann, ―High-Electron-Mobility AlGaN/GaN 

Transistors (HEMTs) for Fluid Monitoring 

Applications‖ phys. stat. solidi (a), 185, pp. 85–89, 

2001. 

[2] S. C Hung, B. H. Chou, C. Y.  Chang, C. F.  Lo, K. H.  

Chen, Y. L.  Wang, S. J.  Pearton, Amir Dabiran, P. P.  

Chow, G. C.  Chi, F.  Ren, ―Minipressure sensor using 

AlGaN/GaN high electron mobility transistors‖, Appl. 

Phys. Lett. 94, p. 043903, 2009.  

[3] B. S. Kang, B. S, H. T. Wang, T. P.  Lele, Y.  Tseng, Y. 

F.   Ren, S. J.  Pearton, J. W.  Johnson, P.  Rajagopal, J. 

C.  Roberts, E. L. Piner,  K. J. Linthicum, ―Prostate 

specific antigen detection using AlGaN/GaN high 

electron mobility transistors‖, Appl. Phys. Lett., vol.91, 

no.11, pp.112106-112106-3, Sep 2007. 

[4] R. M. Petoral, G. R. Yazdi, A. L. Spetz, R. Yakimova  

and K. Uvdal ―Organosilane-functionalized wide band 

gap semiconductor surfaces‖, Appl. Phys. Lett. 90 (22), 

pp. 223904 - 223904-3, 2007.  

[5] H. Kim, P. E. Colavita,, K. M. Metz, B. M. Nichols, B. 

Sun, J. Uhlrich, Xiaoyu Wang, T. F. Kuech and R. J. 

Hamers ―Photochemical Functionalization of Gallium 

Nitride Thin Films with Molecular and Biomolecular 

Layers‖ Langmuir 22 (19), pp. 8121-8126, 2006. 

[6] T. Ishida, M. Hara, I. Kojima, S. Tsuneda, N. Nishida, 

H. Sasabe, and W. Knoll ―High Resolution X-ray 

Photoelectron Spectroscopy Measurements of 

Octadecanethiol Self-Assembled Monolayers on 

Au(111)‖ Langmuir 14 (8), pp. 2092-2096, 1998. 

[7] M. D. Porter, T. B. Bright, D. L. Allara, C. E. D. 

Chidsey ―Spontaneously organized molecular 

assemblies. 4. Structural characterization of n-alkyl thiol 

Fig. 8. Schematic diagram of a functionalised AlGaN/GaN sensor device. 
The BAT receptor molecule bonds to the gold layer between the Ohmic 

contacts. 

Fig. 2. Electrical response of reference and active devices exposed to 1M 

fructose solution. Time interval between 15 and 25 seconds corresponds 

to deposition of analyte (no electrical data).  



International Conference on Nanotechnologies and Biomedical Engineering, Chişinău, Republic of Moldova, 7-8th of July, 2011 

 

 

         163 

monolayers on gold by optical ellipsometry, infrared 

spectroscopy, and electrochemistry‖ J.  Amer. Chem. Soc. 

109 (12), pp. 3559-3568, 1987 

[8] K. Matsumoto, H. Kamikado, H. Matsubara and Y. 

Osajima, ―Simultaneous determination of glucose, 

fructose and sucrose in mixtures by amperometric flow 

injection analysis with immobilized enzyme reactors‖ 

Anal. Chem. 60, pp. 147–151, 1988. 

[9] S. Park, H. Boo, T. Dong Chung, ―Electrochemical non-

enzymatic glucose sensors‖ Analytica Chimica Acta, 

556, pp. 46-57, Jan 2006 

[10] T. D. James, S. Shinkai, ―Artificial receptors as 

chemosensors for carbohydrates‖ Top. Curr. Chem. 218, 

pp. 159-200, 2002. 

[11] T. D. James, M D. Phillips, S. Shinkai,  ―Boronic Acids

 in Saccharide Recognition‖ RSC Publishing: 

Cambridge, UK, 2006 

[12] D. G. Hall, ―Structure, Properties, and Preparation of 

Boronic Acid Derivatives. Overview of Their Reactions 

and Applications, in Boronic Acids: Preparation and 

Applications in Organic Synthesis and Medicine‖, ed. 

D. G. Hall, Wiley-VCH Verlag GmbH & Co. KGaA, 

Weinheim, FRG., 2006. 

[13] D. K. Scrafton,, J. E. Taylor,, M. F. Mahon,, J. S. 

Fossey and T. D. James, ―Click-fluors‖: Modular 

Fluorescent Saccharide Sensors Based on a 1,2,3-

Triazole Ring‖ The Journal of Organic Chemistry 73 (7), pp. 

2871-2874, 2008. 

[14] J. P. Lorand, J. O. Edwards, ―Polyol Complexes and 

Structure of the Benzeneboronate Ion‖ J. Org. Chem. 

24, pp. 769-774, 1959. 

 


