


 
Figure 4: Photocurrent density of AG28S for unbiased, 

0.1V forward bias and 0.1V reverse bias 

 
Figure 5: Dark and illuminated I-V characteristics of the 

Lab Diode 

 
Figure 6: Photocurrent density of the Lab Diode for 

unbiased, 0.1V forward bias and 0.1V reverse bias 

wavelength and an illuminated I-V measurement was 

done. 
 

The results of the illuminated I-V measurement differed 

from those of the dark I-V measurements most 

significantly in the reverse bias region. When illuminated 

by light with a wavelength of 266 nm, the reverse leakage 

current increased by a factor of approximately 1000 in the 

reverse bias region between 0 V and 0.4 V. 

 

After the illuminated I-V measurement, photocurrent 

density vs wavelength scans were done under zero bias as 

well as with an applied forward bias of 0.1 V and a 

reverse bias of 0.1 V.  From the results shown in Figure 4 

it is clear that under reverse bias the photocurrent density 

increased and for forward bias it decreased. This indicates 

that the AG28S showed greater sensitivity to UV when 

reverse biased. Some main parameters obtained from the 

I-V measurement of AG28S (see Figure 3) are listed in 

Table 1. 
 

3.2 Characteristics of the Lab Diode 
 

The Lab Diode was investigated in the same way as the 

AG28S. The sample displayed good I-V characteristics 

(Figure 5). The unbiased photocurrent density vs 

wavelength scan (Figure 6) revealed a peak photocurrent 

density of 10 nA/cm
2
 at a wavelength of 271 nm (4.6 eV). 

The monochromator was set to this wavelength and an 

illuminated I-V measurement made. 

For the illuminated I-V measurement, a difference was 

again seen for the reverse bias. With a wavelength of 271 

nm the reverse leakage current increased by a factor of 

approximately 100 between 0 V and 1 V reverse bias. 

Table 1 displays some main parameters of the Lab Diode 

obtained from Figure 5. 
 

Three photocurrent density vs wavelength scans were 

performed – with the sample under reverse bias of 0.1 V, 

under forward bias of 0.1 V as well as for the unbiased 

sample. As shown in Figure 6, the photocurrent densities 

did not depend as strongly on the biasing as was the case 

with the AG28S (see Figure 4). 

 

The lower peak photocurrent density of the Lab Diode, in 

comparison to the commercial diode, was a result of the  

thick Ni/ Au Schottky contact. Using a complex index of 

refraction ñ = 1.30 + 1.69i and ñ = 1.63 + 2.09i for Au 

and Ni respectively at 4.6 eV [5], the skin depth of the Au 

and Ni were calculated [6]. The skin depth of a photon 

with 4.6 eV energy was found to be approximately 19 nm 

in Au and 16 nm in Ni. Therefore, only a small fraction 

of the incident photons will transmit through the 100 nm 

Au layer to the Ni layer and even less of these photons 

will transmit through the 100 nm Ni layer to the AlGaN 

layer. Rough calculations indicate that less than 0.01% of 

the incident light should pass through the contact. Taking 

this into account, the response of the diode is surprisingly 

good. This is ascribed to edge effects, the effect of 

defects, such as cracks and inhomogeneities in the 

thickness of the metal layers. 

Table 1: Parameters from dark and illuminated I-V 

characteristics of AG28S and Lab Diode 

  n φB [V] Id [pA] Is [fA] Rs [Ω] 

AG28S 
Dark 1.5 1.2 29 0.093 410 k 

Light 1.6 1.1 97 0.37 410 k 

Lab 

Diode 

Dark 1.3 1.1 0.064 0.30 110 

Light 1.8 1.1 6.0 190 110 

(n is the ideality factor, φB the barrier height, Id the 

leakage current at 1 V reverse bias, Is the saturation 

current and Rs the series resistance) 
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4. CONCLUSIONS 
 

In comparing the dark I-V characteristics of the 

commercial AlGaN photodiode to that of the laboratory 

(Table 1), it was seen that the laboratory photodiode had 

a better ideality factor (1.3 compared to 1.5), a lower 

barrier height (1.1 V compared to 1.2 V), a lower leakage 

current (23 pA/cm
2
 compared to 38 nA/cm

2
), almost 

equal saturation currents (110 fA/cm
2
 compared to 120 

fA/cm
2
) and a much lower series resistance (0.31 Ωcm

2
 

compared to 310 Ωcm
2
). 

 

Even though the I-V characteristics of the laboratory 

Schottky diode seemed to be better than that of the 

commercial diode, the photocurrent densities were not. 

The laboratory diode had a peak photocurrent density of 

only 10 nA/cm
2
 at 271 nm (4.6 eV), whereas the 

commercial one had a peak photocurrent density of 140 

nA/cm
2
 at 266 nm (4.7 eV). The reason for this is the 

thickness of the Schottky contact. A Schottky contact of 

200 nm consisting of Au and Ni will absorb and reflect 

almost all the incident UV radiation. 
 

In conclusion, the parameters for commercially available 

and laboratory prepared AlGaN photodiodes were 

investigated. Illumination of the photodiodes at the 

wavelengths where peak photocurrent densities were 

observed resulted in an increase in reverse leakage 

currents. We have successfully prepared a Schottky diode 

on Al0.55Ga0.45N which responded to wavelengths in the 

region of 260 nm to 280 nm. However, more research is 

required on the varying of parameters, such as 

metallization, metallization technique, metal thickness 

and annealing of the Schottky photodiodes in order to 

make them more efficient. 
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Abstract: Considerations regarding the choice of materials and the layout of microbolometer designs 
are listed.  Mathematical calculations together with SPICE simulations are used to illustrate the 
effects of these considerations and evaluate the performance of a specific microbolometer design.  
The microbolometer design utilises a titanium element supported on top of a suspended structure 
which is supported by four connecting arms.  A 2.5 µm air cavity is created beneath the structure to 
act both as a quarter wavelength resonator and thermal isolator. 
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1. INTRODUCTION 
 

Uncooled infrared (IR) imaging devices make use of 
MEMS (Micro electro-mechanical structures) to 
thermally isolate the sensing element from the rest of the 
processing circuitry [1].  This isolation is required to 
improve response time and sensitivity [1].  The initial 
design considerations of a microbolometer based infrared 
imaging device are considered where incident IR light 
increases the temperature of the sensing element. This 
change in temperature results in a change in resistance 
which can be measured by a readout circuit [2]. 
 
Different materials are used in different parts of the 
design of a microbolometer to accomplish different 
objectives.  Materials with low thermal conductivity such 
as Si3N4 (silicon nitride) and SiO2 (silicon dioxide) are 
used in the support structure which supports the 
bolometer material [3, 4]. Ti (Titanium) and VOx 
(vanadium oxide) exhibit an acceptable TCR 
(temperature coefficient of resistance) for the use as 
temperature sensitive materials of the bolometer 
structures [4].  These materials and their functions are 
discussed and mathematical calculations are done based 
on their material properties to determine the thermal 
properties of the infrared bolometer structure.  The 
thermal properties of the microbolometer are converted to 
electrical equivalent values which are used to simulate 
the thermal behaviour of the device by using SPICE 
(Simulation program with integrated circuit emphasis).  
The SPICE simulation, as previously used in [5, 6, 7], 
uses electrical components to emulate the thermal 
behaviour of the bolometer.  This thermal equivalent 
circuit is used to connect the thermal behaviour of the 
sensing element to the electrical readout circuit which 
translates the temperature increase into an electrical 
potential difference.  Self heating caused as a result of the 
biasing of the bolometer is incorporated in the thermal 
equivalent circuit by introducing local feedback which 
will be shown in the SPICE simulation. 

 
2. THERMAL PROPERTY CALCULATION 

 
A basic microbolometer design will be used as shown in 
Figures 1 and 2 to illustrate the procedure for simulating 
a microbolometer using SPICE. 
 

 
 

Figure 1. Top view of microbolometer design  
(not to scale). 

 
The different materials used in the design are listed in 
Table 1 with their thermal properties.  These material 
properties are used to calculate the overall thermal 
characteristics of the microbolometer required for the 
SPICE simulation. 
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Figure 2. Cross section of microbolometer design  

(not to scale). 
 

Table 1. Thermal properties of materials used. 
 

Material 
Thermal 
Conductivity 
(W/mK) 

Specific 
Heat 
(J/gK) 

Density 
(g/cm3) 

Silicon 
dioxide 0.76 [8] 1.0 [9] 2.22 [9] 

Silicon nitride 2.23 [8] 1.2 [9] 3.10 [9] 

Titanium 16.3 [10] 0.5 [10] 4.51 [10] 
 
2.1 Thermal conduction 
 
Thermal conductance is one of the most important factors 
to consider when designing a microbolometer.  Thermal 
conductance defines the ability of a material to conduct 
heat.  The thermal conductance of the bolometer structure 
can be calculated by considering the different means of 
conductance namely radiation conductance, gaseous 
conductance and physical conductance [11].  Radiation 
conductance is due to the radiation effect the sensing 
element has on the rest of the structure as a result of the 
incident IR light [2]. This can be expressed as: 

 
[W/K] [11]          (1) 

 
Where: 
 

=σ  Boltzmann constant of 5.67x108 W/m2K 
=ε  the effective emissivity of the element (0.88) 

=memA  the membrane area in m2 

=T  the membrane temperature in K 
 
The gas surrounding the structure contributes to the 
gaseous conductance and can therefore be reduced by 
placing the structure in a vacuum during packaging [12]. 
The gaseous conductance is expressed as:   
 

 
  [W/K] [11]            (2) 

   
 

 
Where: 
 

=gasλ  the thermal conductivity of the surrounding gas 

=d  the distance between the membrane and the 
substrate 

 
Physical conduction is caused by the support arms and 
can be reduced by reducing the width and thickness, and 
increasing the length of the support arms. This 
relationship can clearly be seen when expressed as:  
 

 
[W/K] [13]                (3) 

 
 

Where: 
 
=λ  the thermal conductivity of the arm material 
=W  the width of the arm 
=d  the thickness of the arm material 
=L  the length of the arm material 

 
The conduction caused by the support arms must be 
calculated for each support arm and then multiplied by 
the number of arms used in the design.  If different 
materials are used in the design of the support arm each 
material's conduction must be calculated separately and 
then added together. 
 
Results shown in Table 2 were calculated based on the 
design shown in Figures 1 and 2 by using the formulas 
described above. 
 

Table 2. Thermal conductance calculations. 
 

Radiation Con. 4.5 nW/K 
Gaseous Con. 8.7 µW/K 
Physical Con. 1 leg 0.95 µW/K 
Physical Con. 4 legs 3.8 µW/K 
Total Conductance 12.5 µW/K 

 
 
2.2 Heat capacity 
 
Heat capacity is a measure of how much energy a 
material can store when exposed to an increase in 
temperature.  The heat capacity increases the time 
constant of the device and therefore decreases the 
achievable frame rate of the sensor when incorporated in 
an imaging device. Heat capacity is expressed as: 

 
              [J/K] [11]                      (4) 

 
 
Where: 
 
=V  the volume of the detector membrane 

34 TA=G memrad σε

d
A=G mem

gasgas λ

i

ii
arms

i
iarm L

dW
=G ∑λ

cV=H ρ

SMEOS 2009 Proceedings (ISBN 978-0-620-45648-7)

81




