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Abstract 

Aim: The current voltage characteristics of Silicon based BIOFET and Germanium based BIOFET 

are simulated by varying their oxide thickness ranging from 1nm to 100nm. 

Materials and Methods: The electrical conductance of Silicon based BIOFET (n=320) was 

compared with Germanium based BIOFET (n=320) by varying oxide thickness ranging from 1nm to 

100nm in the NanoHub© tool simulation environment. Results: Germanium based BIOFET has 

significantly higher conductance than Silicon based BIOFET. The optimal gate oxide thickness for 

maximum conductivity was 1nm for Silicon based BIOFET and 35nm for Germanium based 

BIOFET. Conclusion: Within the limits of the study, Germanium based BIOFET with oxide 

thickness of 35nm offers the best conductivity. 
 

Key-words: BIOFET, Silicon, Germanium, Oxide Thickness, Novel BioFET, NanoHub Simulation 

Tool, Nanotechnology, Conductance. 
 

 

1. Introduction 

 

Current voltage characteristics of Si based BIOFET and Ge based BIOFET were explored 

through simulation by varying the oxide thickness of the device. Ion Sensitive Field Effect Transistor 

(ISFET) is potentially the most well known semiconductor biosensor, and has been introduced as the 

first nanosized bio-synthetic sensors (Park et al. 2019)(Makhlouf and Barhoum 2018). ISFET 

development will be beneficial in developing many bio-electronic applications (Gasparyan et al. 
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2019) (Morales and Morales, n.d.). BIOFET is a semiconductor gadget with a bio-sensitive layer that 

can explicitly distinguish bio-particles such as nucleic acids and proteins. The results from the 

simulation can be used to determine the current and voltage characteristics of BIOFET structure to 

obtain good sensitivity and it can be widely used for cancer diagnosis, DNA detection, and toxicity 

detection (Kanungo 2018) (Demelas et al. 2011).  

 Several research articles were published on BIOFET in the past 5years. 10 research articles 

were published in IEEE explore and 28 research articles were published in science direct. The 

majority of the study discusses the sensitivity of BIOFET. In this work the focus is on two significant 

materials of BIOFET namely Silicon based BIOFET and Germanium based BIOFET. Hyung Youl 

Park et.al had discussed that a Bio-FET framework comprises a semiconducting field-impact 

semiconductor that goes probably as a transducer separated by a insulator layer (for example SiO2) 

which are specific to the objective molecule called analyte (Shim et al. 2017). Nawaz Shafi et.al had 

discussed that the BIOFETs have an ability of being used as label free sensors for quick discovery of 

microorganisms, proteins with enough high affectability and little limitations of lower recognition 

(Saha and Sarkar 2021; Shafi, Sahu, and Periasamy 2020). Mudita Pant et.al had synthesized reduced 

graphene oxide by which nano-film of RGO a FET- biosensor was developed and tested for the rapid 

detection of Rota-virus (Pant et al. 2017)(Foo, Kashif, and Hashim 2010). Lusine Gasparyan et.al had 

discussed that the current affectability regarding convergence of DNA particles linearly relies upon 

the source-channel voltage (Gasparyan et al. 2019) (Nehra and Singh 2015). 

Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019;                   

S.R. Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; 

Venu, Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 

2019; Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh 

et al. 2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the 

growing trend in this area motivated us to pursue this project.  

Optimizing conductance of BIOFET is an important parameter that needs to be taken into 

consideration while simulating the BIOFET. Carrie Haslam et.al showed profoundly sensitive               

label-free detection of deoxyribonucleic acid (DNA) atoms using silicon nanowire (SiNW) FETs and 

also different uses of ISFETs (Pachauri and Ingebrandt 2016; Haslam et al. 2018) (Wroblewski et al. 

2003). Comparison of conductance of Silicon based BIOFET and Germanium based BIOFET is 

carried out to explore the current voltage characteristics of BIOFET for gate oxide thickness ranging 

from 1 nm to 100nm to optimize conductance. 
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2. Materials and Methods 

 

In the research work there are two groups. group 1 refers to Silicon based BIOFET and the 

other group refers to Germanium based BIOFET. The pre-test analysis was done using clinicalc.com 

by keeping g-power at 80%, threshold at 0.05%, confidence interval at 95% (Passeri et al. 2015) 

(Windbacher et al. 2008). For each group sample size is 320 and total sample size is 640. 

In sample preparation for group 1, Current voltage characteristics of Silicon based BIOFET 

were simulated for different gate oxide thickness from 1nm to 100nm. Open Nano-Hub simulation 

tool and select resources and choose tools. In tools select BIOFET and choose ENBIOS 2D lab and 

launch the tool. Simulator window gets open then select semiconductors and choose the material 

(Silicon) and vary the gate oxide thickness from 1nm to 100nm. Select simulate to get results. For 

sample preparation of group 2, germanium is selected instead of silicon as semiconductor in BIOFET 

and then the same process is repeated for the same gate oxide thickness. 

Nano Hub© is an open-source software tool. It is a science and engineering gateway 

comprising several resources that are useful for educational and research purposes. Nano Hub© 

consists of predefined simulation tools for nanotechnology that are used to perform simulations 

instead of doing experiments physically. The testing procedure measures the current and voltage 

characteristics of BIOFET. Keep gate voltage as constant (0.4 V) and measure drain current. 

Similarly simulate for remaining values and measure drain current by keeping gate voltage as 

constant (0.4 V) and tabulate them. Conductance of Silicon based BIOFET and Germanium based 

BIOFET is obtained by dividing the respective drain current with gate voltage (0.4 V) i.e. 

conductance = Id/Vg. The statistical software used in this research work are origin and SPSS. Origin is 

used to plot graphs for the given values and compare the variables and SPSS is used to calculate the 

mean, standard deviation and significance difference of the results obtained through simulation. In 

this research work gate oxide thickness and gate voltage are the independent variables because they 

are inputs and remain constant even after changing other parameters, whereas drain current and 

conductance are dependent variables because they depend on the inputs and vary for every change in 

the input. The analysis of the research work is done using Independent T-Test which is used to 

compare conductance and drain current of Silicon based BIOFET and Germanium based BIOFET.  
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3. Results 

 

As the oxide thickness is varied in silicon based BIOFET the corresponding change in current 

and voltage are measured (Fig1(a-p)).Corresponding current and conductance of silicon based 

BIOFET are calculated and tabulated (Table 1). As the gate oxide thickness increase from 1nm(low) 

to 100nm(high) current appears to decrease and conductance also decreases since current is inversely 

proportional to conductance. This appears to be gradually decreasing (Fig 2(a-p)), Since conductance 

is inversely proportional to current. As the oxide thickness is varied in germanium based BIOFET the 

corresponding change in current and voltage are measured (Fig 3). Similarly, current and conductance 

of germanium based BIOFET are tabulated (Table 2). As the gate oxide thickness increases from 

1nm(low) to 100nm(high) current appears to decrease and conductance also decreases since current is 

inversely proportional to conductance. This appears to be gradually decreasing and suddenly the 

conductance raises and gradually decreases (Fig 4), Since conductance is inversely proportional to 

current. Conductance of both silicon and germanium based BIOFET is compared and it appears to be 

germanium have high conductance (Fig 5), Since potential barrier in germanium material is less 

compared to silicon material. T-test comparison of conductance of silicon based BIOFET and 

germanium based BIOFET is tabulated (Table 3) which shows there is a statistically significant 

difference in conductance of silicon based BIOFET and germanium based BIOFET. Conductance of 

germanium based BIOFET has the highest mean(1.17312) over silicon based BIOFET(0.43031).The 

mean, standard deviation and significant difference of current and conductance of silicon based 

BIOFET and germanium based BIOFET is tabulated(Table 4) which shows there is significance 

difference between the two groups since p<0.05(Independent Sample T Test).Bar graph is comparing 

the mean(+/- 1SD) conductance of silicon based BIOFET and germanium based BIOFET (Fig 6) and 

there is a significance difference in current and conductance of silicon and germanium based BIOFET 

p<0.05(Independent Sample T-Test). 
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Fig. 1 - (a-p) Simulated current voltage characteristics of Silicon based BIOFET for varying gate oxide thickness with drain 

voltage of 0.4 V (a) 1 nm (b) 5 nm (c)10 nm (d) 15 nm (e) 20 nm (f) 25 nm (g) 30 nm (h) 35 nm (i) 40 nm (j) 45 nm (k) 55 

nm (l) 65 nm (m) 75 nm (n) 85 nm (0) 95 nm (p)100 nm. Current increases as the gate oxide thickness increases.  

   
(a)      (b)      (c) 

   
(d)       (e)      (f) 

  
 (g)       (h)     (i)  

  
 (j)       (k)       (l) 
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 (m)      (n)      (o) 

  

 (p) 

 

Fig. 2 - Graphical representation of conductance of silicon based BIOFET. Conductance of silicon material based BIOFET 

is inversely proportional to oxide thickness 
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Fig. 3(a-p) - Simulated IV characteristics of Germanium based BIOFET, varying gate oxide thickness with drain voltage of 

0.4v (a)1 nm (b) 5nm © 10 nm (d)15 nm (e) 20 nm (f) 25 nm (g) 30 nm (h) 35 nm (i) 40 nm (j) 45 nm (k) 55 nm (l) 65 nm 

(m) 75 nm (n) 85 nm (o) 95 nm (p)100 nm. Current decreases as the gate oxide thickness increases. 

 
 (a)      (b)      (c) 

  
 (d)     (e)      (f) 

   
 (g)      (h)      (i) 

  
 (j)      (k)      (l) 
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 (m)     (n)     (o) 

 

 (p) 

 

Fig. 4 - Graphical representation of conductance of germanium based BIOFET. Conductance and oxide thickness are found 

to be inversely proportional to each other. 
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Fig. 5 - Comparison of conductance of Si and Ge based BIOFET from 1nm to 100nm applied at constant voltage 0.4v. 

Conductance of Germanium based BIOFET is found to be significantly better than Silicon based BIOFET. 

  
 

Fig. 6 - Bar chart comparing the mean(+/- 1SD) conductance and drain current of Silicon based BIOFET and Germanium 

based BIOFET by varying oxide thickness. There is a significant difference between two groups p<0.05 (Independent 

Sample T-Test). X Axis: Silicon based BIOFET vs Germanium based BIOFET. Y Axis: Mean of Current and conductance 
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Table 1 - Drain Current and Conductance Values for Silicon based BIOFET 

 Oxide Thickness(nm) Drain Current(A) Conductance (mho) 

1 3.70464e-07 9.266e-07 

5 2.98699e-07 7.4674e-07 

10 2.1909e-07 5.4772e-07 

15 1.84096e-07 4.6024e-07 

20 1.62356e-07 4.0589e-07 

25 1.48909e-07 3.7227e-07 

30 1.40178e-07 3.50445e-07 

35 1.3511e-07 3.37775e-07 

40 1.31987e-07 3.2996e-07 

45 1.30658e-07 3.2664e-07 

55 1.30335e-07 3.2583e-07 

65 1.33123e-07 3.32807e-07 

75 1.36644e-07 3.4161e-07 

85 1.41336e-07 3.5334e-07 

95 1.46318e-07 3.65795e-07 

100 1.48674e-07 3.71685e-07 

 

Table 2 - Drain Current and Conductance of Germanium based BIOFET  

Oxide thickness(nm) Drain Current(A) Conductance(mho) 

1 5.5182e-07 13.7955e-07 

5 3.3554e-07 8.3885e-07 

10 2.28731e-07 5.7182e-07 

15 1.73876e-07 4.3469e-07 

20 1.4033e-07 3.5082e-07 

25 1.18123e-07 2.9530e-07 

30 1.02513e-07 2.5628e-07 

35 9.11288 e-07 22.7822e-07 

40 8.25583e-07 20.6395e-07 

45 7.59284e-07 18.9821e-07 

55 6.64673e-07 16.6168e-07 

65 6.03313e-07 15.0828e-07 

75 5.60309e-07 14.0077e-07 

85 5.29992e-07 13.2498e-07 

95 5.07717e-07 12.6929e-07 

100 4.98522e-07 12.4630e-07 



 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)  

Received: 10.03.2021 – Accepted: 12.04.2021 

 1076 

 

Table 3 - T-test Comparison of Silicon based BIOFET and Germanium based BIOFET by varying the gate oxide thickness 

ranging from 1nm to 100 nm. Statistically significant difference of conductance in Silicon based BIOFET and Germanium 

based BIOFET. Conductance of based BIOFET has the highest mean (1.17312) over Silicon based BIOFET (.43031). Drain 

current of Germanium based BIOFET has a mean of (.46894) which is higher and Silicon based BIOFET has the lowest 

mean (.17194).  

  Group N Mean Std. Deviation Std. Error Mean 

Gate oxide thickness silicon 320 43.81 31.212 1.745 

germanium 320 43.81 31.212 1.745 

Current silicon 320 .17194 .066597 .003723 

geanium 320 .46894 .251996 .014087 

Conductance silicon 320 .43031 .166600 .009313 

germanium 320 1.17312 .629986 .035217 

 

Table 4 - Mean, standard deviation and significance difference of conductance and drain current for Silicon based BIOFET 

and Germanium based BIOFET. There is a significant difference between the two groups since p<0.05 (Independent 

Sample T Test)  

  Levene’s test 

for Equality 

of variances 

T-test for Equality of means 

F Sig. t df Sig.(-

tailed) 

Mean 

Differe

nce 

Std.Error 

Differenc

e 

95% Confidence 

interval of the 

difference 

Lower Upper 

current Equal 

varianc

es 

assume

d 

459.0

74 

.000 -

20.383 

638 .000 -

.29700

0 

.014571 -

.325612 

-

.268388 

Equal 

varianc

es not 

assume

d 

-

20.383 

363.34

4 

.000 -

.29700

0 

.014571 -

.325653 

-

.268347 

conduct

ance 

Equal 

varianc

es 

assume

d  

459.5

54 

.000 -

20.391 

638 .000 -

.74281

2 

.036428 -

.814346 

-

.671279 

Equal 

varianc

es not 

assume

d 

-

20.391 

363.40

0 

.000 -.74812 .036428 -

814449 

-

.671176 
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4. Discussion 

 

Germanium based BIOFET have better conductance compared to silicon based BIOFET as 

gate oxide thickness ranges from 1nm to 100nm using Independent Sample T-test. Some of the past 

studies (Heitzinger et al. 2008) had simulated the BIOFET by analyzing the drain source 

characteristics. BIOFETs have the poor conductance comparing to present results. In the present 

study, the germanium based BIOFET has higher conductance. 

Current and voltage characteristics of Silicon based BIOFET and Germanium based BIOFET 

were analyzed by varying the oxide thickness of the device. Drain current vs. gate voltage 

characteristics have been simulated for different gate oxide thickness of the device ranging from 1nm 

to 100nm. After analyzing the simulation curves, it has been observed that lowering the oxide 

thickness of the device will result in an increase of drain current which ultimately increases the 

conductivity for both Silicon and Germanium based BIOFET. Germanium have higher collector 

cutoff current due to the presence of more free electrons. The energy gap for germanium is high 

compared to silicon. Potential barrier in germanium material is less compared to silicon material that 

results in higher conductance of germanium material. (Babarada et al. 2010) (Ravariu, Podaru, and 

Manea 2009).  

The factor that affects the conductance of Silicon based BIOFET and Germanium based 

BIOFET in this research work is gate oxide thickness (Deen et al. 2006). As oxide thickness of 

Silicon based BIOFET and Germanium based BIOFET increases the conductivity and drain current 

decreases. Coming to the modifications, gate oxide thickness is varied between 1nm and 100nm for 

both Silicon based BIOFET and Germanium based BIOFET (Schöning and Poghossian 

2002).Conductivity and drain current of Germanium based BIOFET appears to be higher compared to 

Silicon based BIOFET. Increasing the oxide thickness affects the drain current. In geometry the 

channel length is kept constant and cannot be changed throughout the completion of simulation. 

Temperature of ISFET is kept as constant at 290.12K,it affects the conductance when temperature is 

changed. Gate oxide thickness is varied between 1nm to 100nm. 

Our institution is passionate about high quality evidence based research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy.  

Due to the limitations such as short channel effects, narrow channel effects, sub-threshold 

conduction and channel length modulation the power passing through the devices is dissipated in the 

https://paperpile.com/c/htBGrW/OpdJ
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form of current leakage which decreases the conductance and performance of Silicon based BIOFET 

(Papakonstantinopoulos 2016). Simulation of BIOFET can be done by varying the gate oxide 

thickness within the limited range from 1nm to 100nm for both Silicon and Germanium based 

BIOFETs. Beyond 100nm the gate oxide thickness cannot be changed. In future BIOFET can be 

developed in novel biomedical applications like cancer diagnosis, DNA detection and toxicity 

detection (Vu and Chen 2019). 

 

5. Conclusion 

 

Germanium based BIOFET has better conductance and performance when compared with 

silicon based BIOFET. After analyzing the results it is clear that the conductance of both Silicon 

based BIOFET and Germanium based BIOFET decreases as oxide thickness increases. To improve 

conductivity of Silicon based BIOFET and Germanium based BIOFET the oxide thickness should be 

minimum.  
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