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Abstract—Photo detector is considered to be one of the essential elements of optical receiver that converts optical signal (light) into electrical 

signal (current/voltage) using photoelectric effect. The ideal photo detector should posses good sensitivity (Responsivity) at the desired 

wavelength, response time, bandwidth, low noise and insensitive to temperature variations. Many researchers proposed distinctive strategies to 

accomplish these qualities one of which is utilization of 2D materials at interfacial gating or as channel waveguide. Graphene due to its 

extraordinary optical properties along with electronic, mechanics and thermodynamics properties is considered to be one of the most promising 

2D material for optoelectronic application. This paper investigates interface engineering of graphene with Silicon Oxide (G-SiO2) on silicon 

substrate using Silvaco-Virtual Fabrication Tool.   
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I.  INTRODUCTION 

The transformation of  hooked light energy  into some other 
custom of energy, such as electrical or thermal energy is carried 
out by photo detector. There are numerous applications like 
Video imaging, optical communications, biomedical imaging, 
security, night-vision, gas sensing. Photo detector  widely used 
in optical communication because of its high operating speed 
that enhance the data rate .A variety of material are used for 
photo detector to expand the wavelength range of operation and 
performance in term of speed, noise and sensitivity. Graphene 
is an enabling  material for photonics and optoelectronics. [4] 

As Graphene is gapless which allows charge carrier 
generation by light absorption over a very wide energy 
spectrum which includes ultraviolet, visible, Short Wave  
Infrared (SWIR), Near-Infrared (NIR), Mid-Infrared (MIR) and 
TeraHertz (THz) spectral system. In addition, graphene shows 
ultrafast carrier dynamics, wavelength-independent absorption, 
tunable optical properties via electrostatic doping ,low 
dissipation rates and high mobility.[1,2] Because of high 
mobility of carrier(~200,000 cm2 V-1s-1) at room temperature) 
, fast conversion of photons into electric currents or voltages 
take place and for normal incidence illumination, it has 
broadband absorption of πα=~2.3% per layer. Also, Graphene 
can co-work with some traditional semiconductors like Silicon 
and silicon oxide and form Schottky junction. A significant 
effort has been devoted to developing photo detectors, on the 
number basis of distinct characteristics of Graphene a variety of 
optoelectronics devices have been demonstrated such as photo 
detectors. 

II.  PHYSICAL MECHANISMS ENABLING PHOTODETECTION 

A. Photoelectric effect 

The working principle of photo detector is photoelectric 
effect, first defined by Heinrich Hertz in 1887. He proposed 
that when light shines on a material surface and electrons emit 
from material’s surface. When photons irradiating onto a piece 
of substance acquires a certain minimum cutoff frequency in 
order to knock out electrons from its surface and the energy 
required for this phenomenon is called work function (ϕ).The 

cutoff frequency is therefore a measure of the work function of 
the metal.  

For a specific colour of light (i.e. a certain frequency or 
wavelength), the energy of the photons is given by   𝐸 = ℎ𝑓 =
ℎ𝑐/𝜆 . 

As energy is conserved so if the photon has a higher energy 
than work function (ϕ) then excess energy goes into the kinetic 
energy 𝐸𝑘  of the electron that was emitted from the substance. 
Most of the electrons below the surface required additional 
energy to eject the electron from the material which cannot 
contribute to the kinetic energy of the electron. This is 
explained by photoelectric equation, 

 
ℎ𝑓 = 𝜙 + 𝛦𝑘                                                                           (1)                                                                             

 
Kinetic energy defined by 
            

𝜙 − ℎ𝑓 = 𝛦𝑘                                                                                     (2) 
ℎ= the Plank constant 6.63 x 10-34 J s 
𝑓 = the frequency of the incident light in hertz (Hz) 
𝜙 = the work function in joules (J) 
    𝐸𝑘= the maximum kinetic energy of the emitted electrons                     

in joules (J) 
As working principle of photo detector explain effect of 

light on material, therefore different material shows different 
behavior when exposed to light. Ideal requirements of photo 
detector are excellent linearity of output current with incident 
light, quick response, wide spectral response, small change in 
output current with temperature. 

B. Photovoltaic effect  

 Photovoltaic (PV) effect closely related to photoelectric 
effect  used excited electron within the material .The 
photocurrent generation is based on the separation of photo 
generated electron–hole (e–h) pairs by built-in electric fields at 
junctions between positively (p-type) and negatively (n-type) 
doped regions of Graphene or between differently doped 
regions. By applying a source–drain bias voltage (Vbias) same 
effect can be achieved that produced an external electric field. 
But this is generally not acceptable in case of Graphene, as it is 
a semimetal and therefore it generates a large dark current. The 
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built-in field can be introduced either by local chemical doping, 
electrostatically by the use of (split) gates, or by taking 
advantage of the work-function difference between Graphene 
and a contacting metal. In the case of split gates, the doping can 
be adapted to be p or n, that depends on the applied gate 
voltages, whereas in the case of Graphene–metal junctions the 
doping in the contacted area is fixed. The doping is typically p-
type for metals with a work function higher than that of 
intrinsic Graphene (4.45 eV), whereas the Graphene channel 
can be p or n. The photocurrent direction depends only on the 
direction of the electric field, not on the overall doping level. 
Thus, it alters sign when going from p–n to n–p, or from p–p+ 
to p+–p, where p+ means stronger p-type doping compared 
with p 

 

 
Fig1:Electron–hole (solid and open circle) separation by an 
internal electric field.[13] 
 

C. Photo thermo-electric effect(PTE) 
The photo-thermoelectric photocurrent is generated by 

thermoelectric effect, where a temperature gradient ∇T is 
directly converted into a voltage VTE. In this effect Vte 
generated by the diffusion of charge carriers from the hot to the 
cold region. This process is directed by the Seebeck coefficient 
that is defined as S = VTE/∇T. In graphene, the Seebeck 
coefficient is typically much larger than that of, for instance, 
gold [6].Because of the photo excitation, temperature 
difference is created. Absorbed photons in graphene lead to 
ultra[7,8] and efficient heating[9-12]. Diffusion occurs between 
photo excited hot region and region without photo excitation. 
Shown in Figure  2. 

 
Fig2: Photo-induced electron heating in graphene leads to a 
broader Fermi–Dirac distribution (red), in comparison with the 
distribution without photo excitation (blue).[5] 

The photo generated  hot electrons can produce a photo 

Voltage, (VPTE) by the Photo-Thermo-Electric (PTE) effect 
(Seebeck effect) (Figure 3): VPTE = (S1 – S2)ΔTe, where S1,2 
(in V K–1) is the thermoelectric power also called Seebeck 
coefficient in the two Graphene regions with different dopings 
and ΔTe=(Tel,hot-Tel,0) is the electron temperature difference 
between the regions.[12,13] Most of the time, VPTE can be 

calculated by VPTE = ∫S ∙ ∇Te dx. The thermoelectric power S 

(also called thermo power) is related to the electrical 
conductivity σ by the Mott formula:  

𝑆 = −
𝜋2𝑘𝐵

2𝑇𝑒

3𝑞
 

1

𝜎

𝜕𝜎

𝜕𝜀
                                                           (3) 

where q is the electron charge, and the derivative of the 
electrical conductivity σ with respect to energy ε must be 
evaluated at the Fermi energy, that is, at 𝜀 =  𝜀𝐹 =  ħ𝑣𝐹𝑘𝐹 , 
with ħ the reduced Planck constant, 𝑣𝐹 the Fermi velocity 
(which in Graphene is ~106 m s

–1
) and kF the Fermi 

wavevector. This equation  is valid only for kBT << εF.[12] 

 
Fig 3: The carrier diffusion between photoexcited and non-
photoexcited governed by the Seebeck coefficient S. If hot 
electrons are created at an interface of two regions with 
different Seebeck coefficients S1 and S2, a net photo-
thermoelectric voltage VPTE is created due to net electron 
movement[14] 

 

 

III. TERMINOLOGY AND KEY FIGURES OF MERIT IN 

PHOTODETECTORS 

   When Light strike on a device, with a photon energy Eph 

and power Pin and have an incoming photon flux  

𝜙𝑖𝑛 =  𝑃𝑖𝑛/𝐸𝑝ℎ,                                                            (4) 

Absorbed photon 𝑓𝑙𝑢𝑥   
𝜙𝑎𝑏𝑠 =  𝜙𝑖𝑛𝐴_𝑎𝑏𝑠                                                         (5) 

𝐴_abs the absorbed fraction.  

The external quantum efficiency, EQE, is equal to the ratio of 

number of electron–hole (e–h) pairs per second collected to 

produce the photocurrent Iph, and the number of incident 

photons per second,:  

𝐸𝑄𝐸 =  (𝐼𝑝ℎ/𝑞)/𝜙𝑖𝑛                                                      (6) 

where q is the electron charge.  

The internal quantum efficiency (IQE) is calculated in a 

similar way but  in this case the absorbed photon flux is 

considered: 𝐼𝑄𝐸 =  (𝐼𝑝ℎ/𝑞)/𝜙𝑎𝑏𝑠.                                (7) 

The responsivity of a photo detector  is calculated by the 

photocurrent Iph divided by the incident power: 𝑅𝑝ℎ =
 𝐼𝑝ℎ/𝑃𝑖𝑛                                                                            (8) 

 or if the photo induced voltage, Vph, is measured, then 

𝑅𝑣 =  𝑉𝑝ℎ/𝑃𝑖𝑛.                                                                (9) 

 The noise equivalent power (NEP) is the signal power where 

the signal-to-noise ratio is unity, usually expressed in units of 

W Hz–0.5. Another typical Figure of merit used to 
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characterize the performance of a detector is the specific 

detectivity D*, which is given by 𝐷 ∗ =  (𝐴 ∙ 𝐵𝑊)0.5/𝑁𝐸𝑃.                   

(10) 

D* is measured in cm Hz
1/2

 W
−1

. Here, A is the area of the 

photosensitive region, and BW is the frequency bandwidth of 

the detector. 

The external quantum efficiency  for sensitized 

photoconductor is defined as 𝑄𝐸 =  𝜂𝑡𝑟𝑎𝑛𝑠 𝜂𝑎𝑏𝑠,          (11) 

where ηtrans is the charge transfer efficiency and ηabs is the 

light absorption efficiency. 

 A second important parameter is the lifetime 𝜏𝑡𝑟 , how long 

charge residing in the particles, when light is incident change 

in carrier density Δn  induced that scales linearly with 𝜏𝑡𝑟 : 

𝛥𝑛 =  𝜏𝑡𝑟  ×  𝑄𝐸 ×  𝜙𝑖𝑛.                                                  (12)                          

Photo detectors are often characterized by their 

photoconductive gain, 𝐺𝑝ℎ =  (𝐼𝑝ℎ/𝑞)/(𝜙𝑖𝑛𝑄𝐸)            (13) 

 

IV.PROPOSED STRUCTURE 

 
   The schematic diagram of proposed Photo detector is shown 
in Figure 4.The photo detector was fabricated with thickness  of 
300 nm of Silicon Oxide(SiO2) followed by about 3.5µm 
thickness of n type Silicon substrate with 3x10

15
/cm3 doping 

concentration .The contacts have made by using a thickness of 
200 nm of Gold (Au) as electrode. Because of optical 
transparency(only 2.3% of incident light absorbed) and high 
carrier mobility property a 0.3nm thick graphene layer  that can 
absorb a wavelength of range 0.1 µm to 1.2 µm is used 
between the electrodes. 
 

 

Fig.4 Schematic of Proposed Photodetector. 
 

 
Figure 5 and 6 shows the simulated structure using ATLAS 
under dark condition and illumination of light of wave length 
range from 0.1 μm to 1.2 µm. 

 
Fig.5 Proposed Structure under dark condition. 

 
 

 

Fig.6 Structure of photo detector under illumination of light of 
wavelength range from 0.1 μm to 1.2 µm. 

 

 

IV. RESULT AND DISCUSSION 

 For proposed photo detector, the dark current is measured 
as 7.56×10

-13
A with the photo current has been found out 

9.0341x10
-13

 A at 10V DC bias. The dark and photo current-
voltage characteristics are a significant factor for a photo 
detector that are simulated and shown in Figure 7  with 
different bias voltages. 

 
Fig. 7 Dark and Photo I-V Characteristics at different bias voltages. 

SiO2 Layer 

 

Silicon Substrate 

Graphene layer 

Metal(Au) Metal(Au) 
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It has been noticed that as we vary the cathode voltage anode 
current vary. Figure 8 shows variation of anode current at 
different cathode bias. 

 
Fig. 8 Variation of anode current at different cathode bias 
  

Figure 9 and 10 illustrates the Dark and photocurrent-voltage 
characteristics respectively for the projected photodetector at 
different spacing between the electrodes.  

 

Fig. 9 Variation of Dark current at different spacing 

 
Fig. 10 Variation of  Photo current at different spacing 

 
 

 
 
 
 

 

Table 1 illustrate  values of  photo and dark current at 
different graphene length. 

Graphene length Photo current(A) Dark current(A) 

1µm 1.732×10
-12

 1.697×10
-12

 

0.5µm 2.304×10
-12

 2.264×10
-12

 

0.25µm 6.904×10
-12

 6.886×10
-12

 

Table 1 
 
The photo absorption rate under illumination of light is 

shown in Figure 11 

 
Fig. 11Photo absorption rate  
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