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Abstract 

In this paper, .an accurate analytical model has been developed to optimize the performance of 

Interdigitated Graphene Electrode/p-silicon carbide (IGE/p-4H-SiC) Metal semiconductor 

Metal (MSM) photodetector operating in a wide range of temperatures. The proposed model 

considers different carrier loss mechanisms and can reproduce the experimental results well. 

An overall assessment of the electrodes geometrical parameters’ influence on the device 

sensitivity and speed performances was executed. Our results confirm the excellent ability of 

the suggested Graphene electrodes system for decreasing the unwanted shadowing effect. A 

responsivity of 238 µA/W was obtained under 325-nm illumination compared to the 16.7 µA/W 

for the conventional Cr-Pd/p-SiC PD. A photocurrent to- dark-current ratio (PDCR) of 5.75 × 

105 at 300K and 270 at 500K was distinguished. The response time was found to be around 14 

μs at 300K and 54.5 μs at 500K. Furthermore, the developed model serves as a fitness function 

for the multi objective optimization (MOGA) approach. The optimized IGE/p-4H-SiC MSM-

PD design not only exhibits higher performance in terms of PDCR (7.2×105), responsivity 

(430A/cm2) and detectivity (1.3×1014
 Jones) but also balances the compromise between 

ultrasensitive and high-speed figures of merit with a response time of 4.7 μs. Therefore, the 

proposed methodology permits to realize ultra-sensitive, high-speed SiC optoelectronic devices 

for extremely high temperature applications. 

Keywords: UV photodetector, Analytical Model, Graphene, 4H-SiC, interdigitated electrodes, 

MOGA approach.  
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1. Introduction 

The incredible properties of Graphene based 2D material have been flooding scientific news 

for many years. Due to its outstanding performances such as high electrical conductivity, 

excellent optical transparency and mechanical flexibility, this material is well placed to pave 

the way to high-performance devices [1]. The amazing versatility of Graphene gave rise to 

multiple applications [2]. Recently, Graphene has been considered as a potential nominee for 

optoelectronic and photovoltaic applications. Usually, the photo-generated carriers collection 

mechanism in optoelectronic and photovoltaic devices is established using classical transparent 

conductors as Ni/Au, Ti, Cr/Pd and ITO [3–4]. Nevertheless, these materials show a reduced 

optical transmittance (< 80%) due to the elevated reflection at the surface which produces a 

dilemma for their utilization in optical fiber communication systems and optical speed 

interconnections [5]. In contrast to the aforementioned materials, zero band gap Graphene with 

a high transmittance exceeding 80% in the UV ultraviolet regime, is a potential alternative for 

transparent conductive electrode for future ultraviolet photodetectors (UV PDs) and solar cells 

[6-8]. Analogous to the aforesaid materials, a Schottky barrier can also be formed at the 

interface monolayer Graphene/SiC substrate [7]. The work function of Single layer Graphene 

is around øG= 4.5 eV on 4H-SiC with an electron affinity of χSiC = 3.24 eV [9-11]. Newly, 

chemical vapor deposition (CVD) technique has been used to realize a monolayer Graphene 

transparent electrode for GaN Metal semiconductor Metal photodetector (MSM) UV PD [9]. 

Unlike GaN material the realization of such an electrode could be done readily on a SiC 

substrate using just vacuum annealing process at high temperature and therefore avoiding any 

deposition and/or transfer technique [10–11]. MSM UV PD made of silicon carbide, a wide 

band gap semiconductor (Eg = 3.24 eV at room temperature) that shows outstanding optical 

and physical properties in terms of high thermal conductivity, mechanical strength, and 

radiation hardness, has achieved a reputation for operating under harsh environments [12]. Low 
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cost and simple production process are the main features of a p-type silicon carbide in view of 

its use in optoelectronic applications. However, a high recombination of the photo-generated 

carriers affects the devices performances. Therefore, analytical or numerical models that 

quantify this degradation in photodetector based p-type SiC are of interest. Even at high 

temperatures the SiC based photodetector exhibited high responsivity and decreased leakage 

current [13]. Nevertheless, the SiC MSM-PD displayed an important drawback in terms of 

responsivity under the UV regime. In particular, the response time of tens of seconds is 

considered too long, and hinders the use of SiC MSM PD in ultrahigh response application. 

Therefore, numerous works have proposed the interdigitated electrode engineering as efficient 

strategy to minimize the PD time response throw downscaling the electrodes finger gap [14–

16]. Otherwise the shadowing effects with reduced active area would cause a considerable 

degradation problem [15–17]. This scope of blurred vision, resulting from lack of information 

regarding both responsivity and response time trade-off, imposes a dilemma in optimizing the 

device capability. However, solving this dilemma with an efficient experimental investigation; 

would be costly and time consuming. Consequently, the development of an accurate analytical 

model is indispensable. 

Herein, a monolayer Graphene’s transmittance was obtained via the calculation of optical 

conductivity. Using the thermionic emission charge transport equation and considering the 

current loss mechanisms, i.e.; Auger, Shockley–Read–Hall, surface and radiative 

recombinations, an analytical optoelectronic model was developed to boost up the Interdigitated 

Graphene Electrode/p-silicon carbide (IGE/4H-SiC) MSM UV-PD. Furthermore, an extensive 

comparison of the proposed device was carried out by comparing it with the conventional 

Cr/Pd/4H-SiC MSM PD, where the proposed device outperforms the conventional device for a 

wide range of design parameters and temperatures. The proposed model serves as a fitness 

function to recognize the IGE formalism pattern which permits the enhancement of the 
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performance of the proposed Gr/4H-SiC IE MSM PD using MOGA-based technique. The 

achieved results indicate that the suggested design methodology not only permits to realize a 

superior compromise amid responsivity and response time, but also shed light on the proposed 

device’s ruggedness under high temperature conditions. This opens the way to realize ultra-

sensitive, high-speed SiC optoelectronic devices for extremely high temperature applications. 

2. UV photodetector structure  

The proposed PD assessed in this work is depicted in Figure 1. From top to bottom, it consists 

of two adjacent Graphene electrode deposited on the p type 4H-SiC material. An 

isolation/passivation SiO2 layer is inserted on the outside of Graphene finger electrodes. 

(a)       (b) 

Figure 1. a) Energy band diagram of Graphene/p-SiC/Graphene structure, b) Cross-sectional 

view of the suggested IGE/4H-SiC MSM UV-PD with interdigitated electrodes. 

In Fig.1-b, the parameters S and D refer to the gap between the fingers, and the width of the 

fingers of the IGE/4H-SiC/IGE MSM-PD interdigitated contact system, respectively. The 

parameter L denotes the receiving aperture and d refers to the p type 4H-SiC thickness. Low 

doped p type 4H-SiC permits the extension of the depletion region leading to a high electric 
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field at the IGE/p-SiC interfaces. This latter can enhance electron/hole pair’s separation 

mechanisms and thus circumvents the recombination losses. 

3. An analytical model 

Herein, we propose a new analytical model that takes into consideration the carrier 

recombination effect. Besides, the incorporated improved Graphene transmission model that 

mimics the experimental results, the developed model provides a useful description of the effect 

of several geometric and electrical parameters on the proposed IGE/4H-SiC MSM UV-PD 

photodetector under high temperature condition.  

3.1. Modeling of the photocurrent 

The thermionic emission theory describes the current-voltage characteristic (I-V) by means of 

the following expression [18, 19]:   

L

B

S I
TnK

IRVq
II 











 1

)(
exp

0
 (1) 

where V represents the bias voltage, q represents the electron charge, n is the ideality factor, RS 

is the series resistance, KB is the Boltzmann constant, T is the temperature, and I0  refers to the 

saturation current density, given by [20]: 

 






 


KT

φq
STAI SBHexp* 2

0  (2) 

where S denotes the contact Graphene area, A* is the effective Richardson constant, φSBH denotes 

the Schottky barrier height linked to the Graphene/SiC contact [21]. 

The light-generated current density IL accounting for different recombination loss mechanisms 

is given as follows: 

 radsurfAugSRHphL
IIIIII   (5) 

where Iph represents the photo-generated carriers current density given by [18]:  
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DW
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0

0
)exp(1)(  (6) 

where WD refers to the depletion region width and φ0 is the incident photon flux (in units of cm-

2s-1) Ge (x) (in units of cm-3 s-1), denotes the generation rate defined by: 

   )exp(
0
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e

    (7) 

where α is the absorption coefficient, which can be approximated using the following 

expression [22, 23]: 

 






















1)/exp(

))((

)/exp(1

))((
)(

22

KTE

ETEhv

KTE

ETEhv
AT

ph

phg

ph

phg
  (8) 

where A and Eph denote, respectively, the absorption strength and phonon energy. Using the 

Passler formula, the band gap temperature dependence Eg (T) can be expressed as follows [24]: 

   1)/2(12/)0()(  p p

ppggP
TETE   (9) 

here ε = 3×10−4 eVK−1, ζp = 450K and p = 2.9  

This expression is experimentally confirmed for all SiC polytypes for a wide range of 

temperature (77 - 500 K). In equation (6) φ0 refers to the number of the incoming photons per 

unit area given by the following: 
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where A represent the device area in eq.8 and RG denotes the graphene reflectivity, expressed 

as [25,26]  
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where ε1 and εSiC represent, respectively, the dielectric constant of air and 4H-SiC, σ(ω) refers 

to the graphene optical conductivity expressed as follows: [27, 28]. 
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where the first term in equation (12) refers to the electron– photon intraband scattering 

mechanism, where τ, ħ and μ denote the electron-disorder scattering processes, the reduced 

Plank constant and the chemical potential, respectively. The second term is linked to the direct 

inter band electron transitions. G refers to the Fermi levels difference calculated from G(E)= 

f0(-E)- f0(E), and it can be approximated as follows for numerical computations: 

 
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The photocurrent considering the interdigitated contact system can be expressed as follows [17]  

  )(exp1
0 Dph

Wα
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
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where S and D represent, respectively the fingers gap and the finger’s width of the investigated 

IGE/4H-SiC MSM UV-PD. 

ISRH represents the current owing to Shockley–Read–Hall recombination phenomenon linked to 

the presence of defects within the 4H-SiC active area, these defects act as the main carrier-

lifetime killer in 4H–SiC and given by [29]  

 KT
qV

itthc
D

SRH enNvS
qW

VI 2

2
)(   (15) 

where ni is the intrinsic carrier density, Sc and vth denote, respectively, the capture cross section 

and the thermal velocity, Nt refers to the density of traps.  

IAug represents the current due to Auger recombination occurrence, expressed as follows [30] 
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 
vol

AugAug
dvRqI  (16) 

where RAug refers to the Auger recombination rate estimated from the following expression [18]: 

  2)(
ipnAuger

npnpCnCR   (17) 

where Cn(p) represents the electrons (holes) Auger coefficient presented in table 1. 

Isurf  represents the current due to the surface recombination phenomenon, caused by traps 

located at the interface Graphene/semiconductor interface given by [31]: 
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where Sn(p) denotes the electrons (holes) surface recombination velocity. 

Irad represents the radiative recombination current. The net recombination rate can be estimated 

using the following expression [18]:  

  2

irad
npnBR   (19) 

where B refers to the radiative recombination coefficient expressed as follows [32] 
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where c and nr denote the light speed and the 4H-SiC refractive index, with this latter listed in 

Table 1.  

Table.1.  4H-SiC physical parameters 

Parameters of 4H-SiC Value References 

Affinity 3.33 eV [34] 

Thermal Conductivity, λ (W/cmK) 4.5 [35] 

Refractive index, nr 2.4 [35] 

Auger coefficient, cm6 s−1 7±1×10−31  [36] 

Surface recombination velocity (cm s−1) 104 [37] 

Carrier saturation velocity, vsat  (cm/s) 2 × 107 [38] 
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To finish, the Caughey–Thomas temperature-dependent carrier mobility model confirmed for 

SiC material is considered [33]. 

3.2. Modeling of the response time 

The main response time of the proposed IGE/4H-SiC MSM UV-PD can be calculated by 

combining the contribution of both the transit and RC times as follows [16,17]: 

 2

1

22 )( RCdr    (21) 

The transit time for the fully depleted active region is given by [17]: 

 
V

D
dr

2
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   (22)  
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where χ and V denote ,the corrective coefficient of the carrier drift distance and carrier drift 

mean velocity, respectively. Ve and Vh denote the saturation velocities of both electrons and 

holes. 

The second term of eq (21) refers to the RC-time of the interdigitated design defined by [39]: 

 RC
RC

2.2  (23) 

By using a conformal mapping based approach the capacitance of the engineered 

interdigitated structure can be calculated as follows [40]: 

 

)
2

(cos

)
2
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)1(226.0

0 
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



K

K
NLC

s
  (24) 

where ε0 and εs represent the vacuum permittivity and the semiconductor relative permittivity, 

respectively. N denotes the finger pairs number calculated from N=L/2(S+D), η is the finger 

period ratio expressed as η=D/(S+D). In equation (24) the coefficient K can be calculated by 

[16]: 
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The effect of interdigitated electrodes formalism on the investigated Gr/SiC/Gr performances 

PDCR and responsivity can be examined via the following expression [18, 26]: 

D

Dph

I

II
PDCR


  (26) 

 
 WP

AI
R

inc

ph
  (27) 

where PDCR and R denote the photocurrent to dark current ratio and the responsivity, 

respectively, Pinc represents the incident power. 

4. Results and discussions 

4.1.Model validation 

For the purpose of testing the accuracy of the developed model, the I-V characteristics of the 

conventional Cr-Pd/4H-SiC MSM PD is compared with experimental data [41]. From figure 2 

a close agreement was noticed which validates the accuracy of the assumed model. The slight 

difference observed was mainly due to the 4H-SiC series resistance and the accumulated 

charges at the interface related to the Schottky barrier lowering. The obtained outputs of both 

analytical model and experimental structures are summarized in table 2. 
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Figure 2. I–V curves of the conventional 4H–SiC MSM PDs measured and analytical model 

under illumination at room temperature (Pi = 0.4 mW/cm2, λ=325nm, S=8µm, D=8µm, 

L=150µm, d=100 nm, Na= 2×1015cm-3). 

Table 2. Electrical output comparison between the experimental results and the analytical 

model at room temperature at 5V 

Parameters Responsivity (mA/W) PDCR Idark (A) 

Experimental results [41] 16.7 1.3 × 105 6 × 10−11 

Analytical model 16.58 1.15×105 6.4 × 10−11 

 

It is of interest to investigate the influence of the established IGE system on the device 

sensitivity and speed figures of merit. Figure 3 shows the variation of both dark and 

photocurrent densities of the proposed and conventional devices as a function of biasing 

voltage. The simulations were performed under UV light with 325 nm and an incident optical 

power of 0.4 mW/cm2. 
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Figure 3 I–V curves of the proposed IGE/4H-SiC MSM UV-PD and the conventional device 

(Pi = 0.4 mW/cm2, λ=325nm, S=8µm, D=8µm, L=150µm, d=100nm, Na= 2×1015cm-3,V= 5 

V). 

As illustrated in figure 3, the suggested IGE/4H-SiC structure reveals a better derived current 

with respect to the conventional Cr-Pd/4H-SiC MSM PD. This fact is due principally to the 

high transparency of Graphene electrodes, which decreases the unwanted shadowing effect and 

thus boosts surprisingly the optical absorption in the device active area. Besides, the high carrier 

mobility ensured by Graphene sheet permits efficient photo-generated carriers collection 

mechanism which enhances the efficacy of carrier transport. A further finding that adds an 

outstanding feature to the proposed IGE/4H-SiC MSM UV-PD is the lower dark current, which 

can enhance efficiently the PDCR in contrast to the conventional device. This feature is due to 

the improved Schottky barrier height using Graphene electrodes. This means, that an increased 

Schottky barrier, causes an improved interfacial electric field and thus the built-in voltage 

conducts to strong rectification and an increased dissociation rate of bound electron–hole pairs 

and photo-generated current. Since, the electrodes had a direct influence on the PD 

performances, it seems beneficial to investigate systematically the interdigitated system’s 

geometrical parameters impact on the devices optical and electrical performances. Within this 
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framework, Fig. 4 (a) depicts the responsivity and the ION/IOFF ratio versus the fingers gap. It is 

interesting to note that a downscale of the finger gap causes a high shadowing effect in the 

sensing active area, which leads to decreased device performances. 

 

(a) 

(b) 
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Figure 4. The responsivity and ION/IOFF ratio versus (a) electrodes gap (b) electrode width for 

both proposed IGE/4H-SiC MSM UV-PD and conventional Cr-Pd/SiC/Cr-Pd 

(Pi = 0.4 mW/cm2, λ=325nm, L=150µm, d=100nm, Na= 2×1015cm-3,V= 5 V). 

From figure 4 the proposed IGE/4H-SiC MSM UV-PD reveals a high responsivity 

(238.5mA/W) under the unwanted shadowing effect than conventional design with Cr/Pd 

electrodes (4.8 mA/W). Besides, the proposed PD shows a high dependency on the fingers gap 

variation, where the more the gap increase the more the responsivity and the ION/IOFF ratio are 

improved. This fact is due to the reduced IGE/4H-SiC MSM UV-PD structure reflection and the 

superior transparency offered by the Graphene sheet. The proposed PD displays a 90% 

enhancement in terms of both responsivity and ION/IOFF ratio for a fingers gap of 1µm and a 

50% and 20% for 10µm. Consequently, the suggested IGE/4H-SiC MSM UV-PD design gives 

promising opportunities for further improving the device optical capabilities. 

In order to optimize the optical and electrical performances of the proposed PD, targeting the 

suppression of the degradation linked to the shadowing effect is required. In what follows, 

further investigations on the system design parameters are displayed. Figure 4 (b) shows the 

responsivity and the ION/IOFF ratio variations versus electrodes width. It is obvious from this 

figure that the proposed PD design surpasses the conventional one, where a high responsivity 

(238.5mA/W) and superior ION/IOFF ratio (505) are reached through the use of Graphene 

interdigitated electrodes which reveals a 53% improvement compared to the conventional PD 

using Cr/Pd electrodes for the same electrode width (D=8µm). In addition, a decrease in the 

device’s capabilities is observed when increasing the electrodes width. This fact is mainly due 

to the expansion of the shaded area. The promising results can be attributed to the superior 

optical features of Graphene material (high transparency and less reflection of the incident light) 

which permit the reduction of the shaded area by controlling the electrodes width. As a result, 

several potential features are attained using the proposed Graphene electrodes system. The high 

transparency and low reflectivity provided by the Graphene material choice, assures a better 
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absorption in the device sensing active area. In addition, the high mobility and the enhanced 

Schottky contact barrier provided by the Graphene electrodes serves in improving the device’s 

charge transport ability. By combining the obtained results from figure (a) and (b), we can 

deduce that the proposed PD offers a way to further optimize the PD performances through 

controlling the geometry design unlike the conventional device, which remains not affected by 

the electrodes parameters variations. This can be  linked to the high degradation caused by the 

electrode material shadowing effect. 

It is a common knowledge that PDCR offers a straight insight about dark current and 

responsivity. As an objective assessment sensing capability, the photocurrent-to-dark-current 

ratio (PDCR), is given by [21]: 

PDCR= (Iph-Id) / Id (28) 

where Iph and Id represent the photocurrent and dark current, respectively, for an incident power 

Pi=0.4mW. 

 

Figure 5. Variation of PDCR as a function of temperature (Pi = 0.4 mW/cm2, λ=325nm, 

S=8µm, D=8µm, L=150µm, d=100nm, Na= 2×1015cm-3,V= 5 V). 
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Figure 5 depicts the PDCR variation as function of temperature. It is observed that the 

photocurrent-to-dark-current ratio (PDCR) decreases as the temperature increase. This is 

mainly caused by the thermal carrier generation which elevates the dark current. Besides, the 

proposed IGE/4H-SiC MSM UV-PD shows a lower degradation when compared to the 

conventional device. This due to the resulting low dark current when using Graphene 

electrodes. It is worthy to notice that the proposed device’s UV light sensing was considerable 

under high temperature with PDCR higher than the silicon counterpart PD [21]. This is related 

to the 4H–SiC film’s high thermal stability and low dark currents. As stated in the introduction, 

our aim is to investigate effect of the the interdigitated electrodes parameters design on the 

device speed and sensing capability. Figure 6 depicts the transit time variation versus the 

finger’s gap with sweeping the electrodes length (50, 75,100,125,150 µm). 

 

Figure 6. Time response versus finger gap for different electrodes length 

(L=50,75,700,125,150µm). 

From figure 6 we can observe a decrease in the response time when reducing the finger’s gap 

till value around 5.5 µm, then the time rises again. This complex behavior makes improving 

device speed more difficult when accounting for responsivity. Besides, by downscaling the 
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finger’s length the response time is decreased. In order to emphasize the proposed PD 

ruggedness at high temperature, the time response and the photocurrent as function of 

temperature are illustrated in figure.7. 

 

Figure 7. Time response and derived current as function of temperature (Pi = 0.4 mW/cm2, 

λ=325nm, S=8µm, D=8µm, L=150µm, d=100nm, NA= 2×1015cm-3,V= 5 V). 

As exposed in this figure the proposed device shows response time of (13.45µs) at room 

temperature, However, the more the temperature rises the more the degradation increase and a 

value of (54.5µs) is recorded for 500K, this is caused essentially by the proportional relationship 

related the  transit-time-limited bandwidth and the saturation velocity for unchanging finger’s 

gap [42]. 

 )/(
2

441.0 svsf
tr 








  (31) 

where ftr represent the transit-time-limited 3-dB bandwidth, S and vs denote ,respectively, the 

finger’s gap and the saturation velocity. As the temperature increases the 4H–SiC hole/electron 

saturation velocity is minimized [43]. This reduces the bandwidth, and consequently, decreases 
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the PD speed under a high temperature condition. In addition, we observe from figure 7 that Iph 

augments faintly with rising temperature (300-350). This due to the increase of the generated 

hole-electron pairs. However, at elevated temperature (350-500), Iph diminishes. This is due to 

the increase in radiative recombination. Figure 7 confirms the ruggedness of the proposed 

IGE/4H-SiC MSM UV-PD under the harsh effect of temperature. The suggested UV sensor 

demonstrates a considerable current generation capability at elevated temperature level which 

is a handicap for the Si counterpart. This property makes our device appropriate for nanoscale 

applications under high temperature condition that need a fast time response and self-sufficient 

functionality. 

4.2. Optimized IGE/4H-SiC UV PD design using MOGA optimization approach 

The analysis established in the previous section on the influence of inherent physical and 

geometrical parameters on the performance of the considered IGE/4H-SiC MSM UV-PD reveals 

the interweaving effects of these parameters. Hence, an optimal solution that takes into account 

these facts must be found in order to get higher performances. The set of design parameters will 

constitute new criteria that permit to establish a multiobjective optimization. The denomination 

‘multiobjective’ is linked to the fact that several objective functions have to be optimized 

simultaneously. Recently, A MOGA based method inspired by Darwin’s evolution and natural 

selection theory has gained a great interest in the scientific community. They encompassed 

many areas and especially used for nonlinear optimization [44-48]. The background of the 

MOGA based optimization technique consists in establishing many arguments, such as 

objective functions, design constraints and parameters. Figure 8 depicts the flowchart of the 

suggested method used to optimize the speed and optical performances of the proposed 4H-SiC 

MSM UV-PD. By bio mimicry considerations, each combination of design parameters X (S, D, 

L, d, N, ΦG , NA) is binary coded and called a chromosome. The constraints define the excursion 

of the variables allowed by the designer with respect to physical considerations. The crossover 
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and mutation of several chromosomes from a set of population yield to a new chromosome. 

Then, the step of comparison is performed with selection operator and it favors the best that 

remain for the next evolution. For our optimization investigation based on MOGA, selection 

tournament and crossover operators are used in our GA to create a random vector.  

 

Figure 8. Schematic flowchart for a multi-objective genetic algorithm 

The proposed methodology combines both Graphene electrodes formalism and evolutionary 

algorithm to offer multitude solutions to the designers, ie; High responsivity for environmental 

applications, high response time for optical communication systems, or a compromise for other 

applications.  
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In the case of IGE/4H-SiC MSM UV-PD, three objective functions are needed; and their concern 

Responsivity, PDCR and time response. The optimization of the considered device is 

established according to the following goals: 

– Maximization of the Responsivity, Responsivity (X), 

– Maximization of the photocurrent to dark current ratio, PDCR (X), 

– Minimization of the Time response (X), τ(X). 

Where X={S, D, L, d, N,ΦG , NA} represents the design variables vector. The constraints define 

the excursion of the variables allowed by the designer with respect to physical considerations. 

For the present investigation, they are expressed by: 

– )(1 xg  where Xx  is defined according to its own excursion, i.e., 
maxmin xxx  . 

– g2 (x) : S D. 

For our optimization investigation based on MOGA, scattered crossover techniques and 

tournament selection are used in our MOGA to produce a random vector. In order to incorporate 

the three objective functions in a single function we use the weighted sum approach. In this 

case, the resulting objective function is expressed as: 

F(X)=w1 (1/Responsivity)+ w2 (1/PDCR)+ w3 (τ) (30) 

It is worthy noticed that the optimal solution varies according to the weighting factors values 

of the overall objective function. For our study w (i = 1-3) can be assigned equal values as 1/3. 
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Figure 9. Pareto-optimal solutions of the proposed IGE/ SiC/IGE MSM UV PD. 

A distinctive feature of the MOGA based optimization techniques is the flexibility in finding a 

set of solutions (Pareto front). Figure 9 depicts the Pareto front with the considered objective 

functions. Each of solution (Responsivity (x), PDCR (x) and τ(x)) corresponds to the specific 

design variables. It can be clearly seen, that Pareto front offers the designer a multitude of 

choices according to his applications. In this case, three combinations are considered to assess 

the efficiency of the suggested optimization (see table 3).  

Table 3  Optimized IGE/4H-SiC MSM UV-PD design parameters. 

Design parameters Case 1  Case 2 Case 3 

Fingers design parameters    

electrodes gap s(μm) 10 5 10 

electrodes width D (μm) 1.5 4 2.5 

Finger’s length L(μm) 115 50 125 

Number of finger pairs N 5 3 5 

MSM-PD design parameters:    

P–SiC doping concentration, NA(cm-3) 2×1015 1×1016 5×1015 

P–SiC Film thickness, d (nm) 120 100 150 

Objective functions    

Responsivity (mA/W) 420 100 410 

Response time (μs) 7.52 1.65 8.1 

PDCR (photo to dark current ratio) 5.9×105 8.3×104 6.75×105 

https://doi.org/10.1016/j.sna.2020.112007


https://doi.org/10.1016/j.sna.2020.112007 

22 
 

It is very beneficial to boost up the UV MSM PD namely speed and optical figure of merits, 

using the proposed methodology that combines Graphene interdigitated electrode formalism 

with MOGA metaheuristic approach. Within this framework, Table .4 compares the 

photodetector figure of merits of the optimized IGE/4H-SiC MSM UV-PD and the conventional 

structures.   

Table 4. Comparison between optimized IGE/4H-SiC UV-PD and conventional structures. 

Design parameters 

Au/TiO2 

MSM UV PD 

exp. results 

[49] 

Pt/TiO2 

MSM UV 

PD [17] 

Conventional 

Cr-Pd/SiC 

MSM UV PD 

exp. results 

[41] 

Optimized 

IGE/4H-SiC 

MSM UV-PD 

Fingers design parameters     

electrodes gap s(μm) 25 10 8 9.7 

electrodes Width D (μm) 35 10 8 1 

Finger’s length L(μm) 600 680 150 110 

Number of finger pairs Nf 6 17 15 5 

Metal work function (eV) 5.1 (Au) 6.1 (Pt) 4.5/5.6 (Cr/Pd) 4.5 

MSM-PD design parameters:     

Wave length, λ(nm) 365 365 325 325 

SiC doping concentration, NA(cm-3) / / P type 2×1015 P type 2×1015 

P–SiC Film thickness, d (nm) / / 100 150 

TiO2 doping concentration (cm-3) N type 2×1018 / / / 

 TiO2 thickness (nm) 200 200 / / 

Objective functions     

Responsivity (mA/W) 69.7 86.2 16.7 430 

Detectivity (Jones) / 8.5×1010 3×1012 1.3×1014 

Response time (μs) 1850 720 594 4. 7 

PDCR (photo to dark current ratio) 0.74×102 2×103 1.3×105 7.2×105 

LDR (linear dynamic range) / 84.5 222.5 308.7 

From table 4, it is clearly proved that the optimized Gr/SiC/Gr structure with Graphene 

electrode formalism display a better performances, where a high responsivity of (430 mA/W) is 

achieved when comparing to the conventional PD (16.7 mA/W) [41]. The optimized Gr/p-

SiC/Gr MSM-UV-PD shows high sensitivity, and derived current ability than the conventional 

device. Moreover, the optimized Gr/SiC/Gr UV PD not only reveals an excellent ability for 

attaining a high PDCR value (7.2×105) than the conventional Cr-Pd based MSM-UV-PD 

(1.3×105), but also shows an improved specific detectivity value (1.3×1014 Jones) and large 

linear dynamic range (LDR) (308.7 dB). This finding proves the capability of our proposed 

method in overcoming the trade of low transit time (4.7 μs) and a high responsivity (430 
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mA/W). This lies in the decreased reflection losses and the suppression of the unwanted 

shadowing effects attained using the combined Graphene electrodes formalism and MOGA 

global optimization approach. The proposed design methodology serves efficiently to surmount 

the trade-off between responsivity and speed response. In brief, the suggested design 

methodology provides an easy way to recognize the suitable p-4H-SiC-MSM-UV-PD for a 

specific application. 

Conclusion 

In this work, an optimized IGE/p-4H-SiC MSM UV PD operating in a wide range of temperature 

has been analytically investigated, where an optoelectronic analytical model that considers 

different carrier loss mechanisms has been developed. In order to identify the appropriate 

parameters design we spotlighted the interweaving effects of different interdigitated system 

parameters on the device figure of merits. The results confirm the interdigitated Graphene 

formalism ability in improving the device performance, which allows the enhancement of the 

IGE/p-4H-SiC MSM UV PD reliability against the unwanted shadowing effect. In order to boost 

the device performance, a MOGA-based optimization approach has been successfully 

implemented in the context of our investigation, where the optimized design outperforms 

considerably the conventional designs. 
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