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ABSTRACT 

High speed low cost monolithically integrated photo 

electronic circuits using metal semiconductor field effect 

transistors are highly using for variouswavelength optical 

communications. In recent years GaAs is more extensively 

used for the fabrication of ion implanted MESFET than any 

other material. This paper discusses the methods used to solve 

continuity equation and their comparison with respect to the 

voltage-current characteristics and the AC characteristics in 

dark and illuminated condition. 
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1. INTRODUCTION 
As the name suggests optoelectronics is a branch of physics 

that mainly deals with the combination of opto i.e. light and 

electronics. Devices in which such interaction can suitably 

take place, usually accompanied by an energy conversion 

process (e.g. from electrical to optical vice-versa), are called 

optoelectronic devices. 

Although semiconductors have been very useful for the 

development of microelectronics, they face some important 

drawbacks. The bandgap (i.e. the difference between top of 

valence band and bottom of conduction band) of silicon 

semiconductor is indirect (i.e. the photon is emitted only after 

the electron passes from valence band through an intermediate 

state to the conduction band). This implies that they emit light 

very poorly and their absorption coefficients are low. 

Therefore silicon cannot be considered as a universal 

semiconductor material since it cannot perform many 

important functions. Compound semiconductor materials 

composing of elements from two or more different groups of 

the periodic table provided many of the desired properties and 

could be synthesized without much difficulty. E.g III-V, II-

IV, IV-IV, IV-VI compounds. Most commonly used are GaAs 

and InP.  

The GaAs OPFET has received much attention due to its 

potential application as a high-speed optical detector. The 

optical terminal provides an extra terminal to the device 

without any decoupling structure [4]. 

OPFET may be used as a dual-gate memory device in 

computers with one gate being real (where voltage is applied) 

and the other gate is virtual (where radiation is allowed to 

fall). It can be used as a high-speed and high-power device 

and power handling capacity can be controlled by controlling 

the incident photon flux density [1]. 

 

2. THEORY 
The schematic structure of OPFET is as shown in Figure.1 

 

Fig 1: Cross-sectional view of an OPFET [2]. 

In Figure.1, The conventional way of illuminating and 

OPFET is by allowing the optical radiation to fall on the 

semi-transparent schottky gate of the device [11]. For making 

the gate semi-transparent the metal gate thickness should be 

less than 100Ȧ [5]. The drain-source current flows along the 

x-direction and the illumination is incident along the y-

direction on the semi-transparent gate of the device. Electron-

hole pairs are generated due to absorption of photons in the 

neutral channel region (II) and the schottky junction depletion 

region (I). The optically generated electrons move from 

source to drain in the channel region when a drain-source 

voltage is applied while the holes move towards the substrate. 

When these holes cross the junction, a photo-voltage is 

developed. This voltage being forward biased reduces the 

depletion width of the Schottky junction [3][6]. Under 

illumination the photo generated electrons and holes in the 

neutral and depletion regions are obtained by solving the dc 

continuity equations [9]. 

The schematic structure of the device is shown in Fig1. 

Assuming steady state condition, the spatial variation of 

photogeneration rate with space per unit volume is given by: 

 

           (1) 

where G is the generation rate per unit volume within the 

depletion region below the gate. Φ is the photon flux density 

per unit area per second, α is the photon absorption coefficient 
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per unit length and y is the direction perpendicular to the 

surface. 

The ion-implanted region of the device is defined as a 

symmetrical Gaussian distribution function and expressed as: 

        
(2) 

Where ND(y) is the substrate doping concentration per unit 

volume, Q is the implant dose per unit area, σ and Rp are the 

implant straggle and range parameters in units of lengths.[2] 

For low injection case, the flow of optically generated carriers 

is governed by the current continuity equations given by: 

  (3) 

for electrons and 

 (4) 

for holes,  

where τp is the minority carrier’s life time and is assumed 

same for both holes and electrons. 

The current equations consist of both drift and diffusion 

current and are given by: 

(5) 

for electrons and 

(6) 

for holes, where Jn (y,t) and Jp (y,t) are the current densities 

due to photogenerated carriers along the y-direction, vy is the 

drift velocity in the y-direction and is assumed constant and 

independent of the field. Dn and Dp are the diffusion 

coefficients for electrons and holes respectively. The region 

can be divided into two regions: Region I-the depletion region 

below the Schottky gate; and Region II-the channel or bulk 

region. 

2.1  Calculation of photovoltage 
The photovoltage across the Schottky junction is calculated 

using the relation: 

      (7) 

Where  is the current density of the number of holes crossing 

the surface of the device and  is the minority carrier current 

density[7]. 

2.2 Drain-source current 
The total channel charge is due to the ion implantation (Qion), 

the excess electrons in the depletion region (Qdep) and the 

excess electrons in the bulk (Qbulk) and is written as [3]: 

               (8)                           

The photocurrent is calculated using the electron continuity 

equation i.e equation (3). 

The drain-source current is calculated using gradual channel 

approximation and is obtained using the relation: 

 (9) 

Where  is the carrier mobility, L is the channel length, z is the 

channel width and Vds is the drain-source voltage[10]. 

 

3. NUMERICAL TECHNIQUE 
The continuity equation for electrons has been solved 
analytically and numerically. This number of electrons has 
been used to calculate the amount of charge which is the 
integration or summation of the number of electrons in each 
space step. Then the amount of charge is calculated for two 
different time steps. The difference between the two divided 
by the time step gives the current [8].The numerical method 
used is the Leap Frog method. 

 

4. RESULTS AND DISCUSSIONS 
 

 

Figure 2: I-V characteristics of the device under dark and 

illuminated condition obtained using analytical method.
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Figure 3: I-V characteristics of the device under dark and 

illuminated condition obtained using numerical method. 

In the above figures it is observed that the current begins to 
increase with radiation flux density in the illuminated condition. 
This is because with the increase in the radiation flux density, 
the volume generation rate of carriers increases. Hence more 
carriers are generated at given time thus increasing the current. 
Also with the increase in the radiation flux density, the 
photovoltage generated increases and due to the photovoltaic 
effect there is the increase in the channel width which in turn 
increases the current. 

From figure 2 and figure 3 it is observed that the I-V 
characteristics obtained using numerical method is gradually 
increasing to its saturation as compared to the I-V characteristics 
obtained using analytical method providing a better 
approximation.  

 

 

Figure 4: Plot of drain-source current versus drain-source 
voltage for different modulation frequencies solved using 

analytical method keeping the radiation flux density constant 
at 1023m2/s. 

 

Figure 5: Plot of drain-source current versus drain-source 
voltage for different modulation frequencies solved using 

numerical method keeping the radiation flux density 
constant at 1023m2/s. 

It is observed from figure 4 and figure 5 that the results obtained 
using analytical (experimental results) and numerical method are 
almost similar. Hence is can be stated that the solution obtained 
by numerical method is correct and verified.  

 

5. CONCLUSION 
The continuity equation for electrons has been solved using two 
different numerical method and the I-V characteristics of the 
front illuminated device for dark and illuminated condition have 
been plotted. The results obtained reveal that radiation flux 
density plays a very important role in the performance of high-
speed devices. From the behavior of the I-V characteristics it is 
clear that the numerical Method is more convenient as compared 
to analytical method, as the I-V curve saturates gradually in the 
numerical Method. Also, it provides a better approximation as 
half time step is considered. It is a second order method which 
handles both space as well as time dependent equation 
simultaneously. It is simple. It requires less storage. It has global 
stability. Also, the device may be considered as a potential 
candidate for the design of high speed optical detector. 
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