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A 3D numerical noise model has been developed for computation of different noises in metal-insulator-semiconductor field 
effect transistor (MISFET) in the nano meter region. Two port small signal noise equivalent model has been developed to 
study the overall noise performance. Shot noise, thermal noise and diffusion noise components have also been calculated 
for the two port MISFET photodetector. Signal-to-noise ratios (SNR), BER and Noise Equivalent Power (NEP) have also 
been calculated. The operating frequency can be adjusted suitably to make the noise behavior of the MISFET independent 
of the value of the incident optical power. 
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1.  Introduction 
 
The development of integrated circuit (IC) technology 

over the past several decades has had a profound impact 
on society, paving the way to the information revolution. 
The extra ordinary advances in semiconductor technology 
in the fast few decades have resulted in the mass 
production of semiconductor  devices  having  
characteristics length  below 1µm.The driving  forces  for 
the  IC  revolution  and  technological  innovations  are 
miniaturization and manufacturing micro or nano system 
architectures. Over the last few decades, the minimum 
feature size of the IC device has scaled down by forty fold 
and the functional density of chips has increased from 
dozens of transistors to the billions of transistors. 
Technology scaling in modern day VLSI has resulted in an 
exponential growth in the transistor performance at the 
sacrifice of both dynamic as well as static power. 
However, technology scaling reaps the high benefits of 
oxide thickness scaling and length scaling. The reason for 
this is that the numerical approach is readily available to 
any 3D problems such as short channel effect or narrow 
width effect, while it is almost impossible to deal 
analytically with such problems without resorting to some 
sort of assumptions or approximations. Therefore it is 
worthwhile to realize a device using a numerical device 
model to make full use of the numerical model’s accuracy 
in simulation.  

To attain much higher performances of both FET’s 
and circuits, it is of great importance to scale down device 
sizes, especially gate length-without undesirable short 
channel effects. Among the CMOS family of FETs, Metal 
Insulator Semiconductor Field Effect Transistors 

(MISFET), is chosen due to its flat impedance over a large 
frequency range, simplifying impedance matching for 
wide band amplifiers, high current drivability, large noise 
margin, high breakdown voltage, high channel aspect 
ratio, low gate leakage and high breakdown voltage for 
higher power density and Compatible accumulation and 
depletion mode devices.  

With the advent of technology of III-V 
semiconductors it has become possible to develop 
MISFET structures based on compound semiconductors  
[1]. Quite a large number of MISFET structures based on 
III – V semiconductors have been proposed, fabricated and 
tested for various applications including photodetection 
[2,5]. In recent years, the low noise MISFET 
photodetectors have drawn considerable attention for use 
in optical receivers due to its integrated circuit 
compatibility.  

Yamaguchi and Kobayashi [2] demonstrated the 
operation of an enhancement mode MISFET as a new high 
gain photodetector. The light was focused on the semi-
transparent metal gate to increase the photosensitivity. It 
was shown that the photocurrent gain in the order of 103 
can be obtained under application of gate bias. It was 
explained that the amplification is due to the increase in 
the surface channel conductivity via the development of an 
electron quasi-Fermi level shift towards the conductive-
band edge under illumination. 

The physics based theoretical models were developed 
by Chakrabarti et al [3,4] to examine the optically 
controlled characteristics of a heterogate MISFET 
structure and reported that the device characteristics 
significantly influenced by incident radiation. These 
models were developed based on one dimensional analysis 
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considering constant and field independent mobility of the 
carriers in the surface channel. K. Ohata [5] explained that 
InP is a promising semiconductor for the fabrication of 
FET’s for microwave high-power applications because of 
its reduced trapping and thus of its lower noise over other 
materials .  

Photoresponse characteristics of a three dimensional 
numerical model of nano MISFET photodetector was 
presented for suitability in the OEIC receiver application 
[6]. The effect of various internal device parameters such 
as electric filed, mobility of the carriers in the presesnce of 
illumination, potential distribution of the carriers have also 
been studied extensively through numerical simulation. 

Asgaran and Jamaldeen [7] made simple closed form 
expressions for MOSFET’s noise parameters and were 
developed and verified. The expressions were explicit 
functions of MOSFET geometry and biasing conditions, 
hence making them useful for circuit design purposes and 
to be incorporated in simulators such as SPICE. Moreover, 
It was demonstrated that the effect of induced gate noise 
on the accuracy of noise models was negligible. Nanua 
and Blaauw[8] demonstrated the effects of the noise 
injection, noise propagation and noise failure in the 
MOSFET. In SOI, the threshold voltage variation would 
cause significant variation in the amount of propagated 
noise and injected noise. It is dealt with the calculation of 
specific body voltages during noise analysis.  

A l/f noise model based on the distributed equivalent 
circuit technique for evaluating the semi-insulating 
substrate is proposed by K.T. Yan and Forbes [9]. It was 
shown that the l/f noise is a  bulk phenomena with 
localized high frequency variations and long range low 
frequency fluctuations with the lowest frequency being 
constrained by the thickness of the material. Signal and 
noise modeling of dual-gate MESFET is presented by 
Olivera and Vera Markovie [10]. A set of equations 
describing the noise parameters of each single-gate 
MESFET as the function of   three equivalent noise wave 
temperatures is implemented within the circuit simulator 
Libra. A general CAD procedure is developed for the 
signal and noise parameters extraction of complete dual-
gate MESFET. 

The procedure for defining two noise models of 
MESFET, HEMT transistors as new elements of standard 
microwave circuit simulator Libra is described by Natasa 
et al. [11]. The first implemented model is based on 
equivalent temperatures including complete correlation 
between intrinsic transistor noise sources, while the second 
model extends the first one by involving the gate-leakage 
current influence. Chih-Hung chen and Jamaldeen [12] 
proposed a new channel noise model using the channel 
length modulation (CLM) effect to calculate the channel 
noise of deep submicron MOSFETs. The noise 
contributions from the velocity saturation region and from 
the hot electron effect seem to be negligible in the channel 
noise modeling of deep submicron MOSFETs. 

It was observed by Z.Celik [13] that Random 
Telegraph Signal is a major obstacle in modeling low-
frequency noise in advanced MOSFETs due to the lack of 
data and understanding about the different species of traps 

responsible for RTS and not being able to include quantum 
effects in the models. Jonghwan Lee et al. [14] presented a 
physical and analytical model describing the gate-leakage 
current noise in ultrathin gate oxide MOSFETs,  is suitable 
for implementation in circuit simulators. The model is 
based on the barrier height fluctuation model and the 
Lorentzian-modulated shot noise model of the gate-
leakage current. Matthias Rudolph et al presented an 
algorithm that allows for extraction of the noise 
parameters directly from NF measurements [15]. 
Gholamreza Moradi and Abdipour [16] introduced a 
simple algorithm for extracting the input and output 
equivalent noise temperatures of FET devices. The 
variation in noise parameter with respect to gate width and 
the variation of noise temperatures with bias current have 
been studied. 

In present analysis, the various noise components 
such as shot noise, diffusion noise, thermal noise and the 
correlation noise of the MISFET photodetector is 
investigated numerically. The signal-to-noise ratio and the 
bit error rate have also been computed numerically. 
 
 

2. Noise modeling 
 
The device under consideration is an optically 

controlled MISFET. It is similar to a conventional 
MISFET except for the fact that the former uses a semi-
transparent metal gate to facilitate the transmission of the 
incident radiation inside the device as shown in Fig.1. The 
light was focused on the semi transparent metal gate to 
increase the photosensitivity. Application of a large 
positive voltage on the metal gate causes a strong 
inversion to occur in the semiconductor at the interface. 
When an optical radiation of suitable wavelength is 
incident on the surface of the semi transparent metal gate, 
a part of the total incident optical power is transmitted 
through the insulation layer into the semiconductor where 
it is absorbed. Absorption of this radiation results in the 
generation of excess electron-hole pairs and the 
photocurrent is obtained in the order of 103. 

 

 

 
 

 

Fig 1. Schematic of the MISFET showing the various 
components. 

 



3D numerical noise modeling and simulation of a MISFET photodetector in the nanometer region 
 

 

605

The major noise components of MISFET 
photodetector are 1. gate and drain diffusion noise, 2. gate 
and drain shot noise and 3. thermal noise arising from 
various resistances. The first two components are strongly 
influenced by the incident radiation.  

The small signal model of the MISFET photodetector 
is shown in Fig. 2. In deriving the noise equivalent circuit, 
we have neglected R1, Rs, and Rd of the MISFET 
equivalent circuit as shown in the Fig. 1. These values are 
negligibly small for the practical MISFET photodetector. 

 
            

 
 

Fig.2. Noiseless two port network. 
 

2.1. Diffusion noise components 
 
The diffusion noise components arise from the 

random movements of the carriers (including those 
generated by the absorption of including radiation) in the 
channel due to thermal interaction between the free 
carriers and vibration ions. A noisy MISFET photodetector 
with a leaky gate can be represented by noiseless two port 
device (Fig. 2.) associated with the following noise 
sources. 

(i) Diffusion noise has two components e.g., gate 
induced diffusion noise gdopi 2 , drain diffusion 

noise ddopi 2 at the output. 

(ii) The correlated diffusion noise sources e.g., the 
gate diffusion noise current source in the illuminated 
condition and the drain diffusion noise current in the 
illuminated condition. These components result from the 
spontaneous fluctuations due to thermal interactions 
between thermally as well as optically generated excess 
carriers under vibrating ions in the channel. At high 
frequency, the diffusion noise sources can be represented  

 
by two current generators igdop, the gate diffusion noise 
current in the illuminated condition and iddop, the drain 
diffusion noise current in the illuminated condition. These 
components are the short circuited noise currents at the 
input and output respectively when both input and output 
are short circuited. igdop will have a component that is 
partially correlated with iddop. This is due to the fact that 

the distributed noise e.m.f in the channel develops noise 
voltage along the channel in addition to the noise current 
iddop  through the short circuited output. Due to capacitive 
coupling between the channel and the gate, these noise 
voltages circulate a capacitive noise current through the 
short circuit input. Hence the component igdop  and iddop  
will be partially correlated. When the MESFET works in 
the photodetector mode the diffusion current component as 
well as the correlated components is greatly influenced by 
the received optical signal through photoconductive and 
photovoltaic effects. 

Under the optically controlled condition, the diffusion 
noise component of the MISFET both at the drain end and 
at the gate end can be written as   

  
'42 fPkTgi mopddop Δ=                       (1)    

 
 '222 4 RC

g
fkTi gsop

mop

gdop ωΔ
=              (2)            

                    
'* 4 QCfkTjiig gsopddopdop ωΔ=                (3)      

  
where, k is Boltzmann’s constant, T is the absolute 
temperature, ω  is the angular frequency of the 
modulation signal, fΔ  is the bandwidth, and gmop is the 
transconductance of the MISFET in the illumination 
condition. 
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The are MISFET bias dependent parameters P’, Q’ and 

R’   are given by 
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Here  g2, g3 and f1,f2, are the function of  Vgs the gate-

to-source voltage, Vds the drain-to-source voltage, Vop the 
photovoltage developed at the Schottky gate contact under 
illuminated condition and Vp is the pinch-off voltage. The 
functions f1 and f2 have been obtained as  
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The functions g2 and g3 are given by  
 

( ) ( ) ( ) ( )opdsgsdsgsopdsgsopdsgs VVVhVopVVhVVVpVVVg ,,,,,,,, 212 −=                                               (9) 
 
 

( ) ( ) ( ) ( ) ( ) ( )opdsgsopdsgsopdsgsdsgsopdsgsopdsgs VVVhVVVhVVVpVopVVhVVVpVVVg ,,,,,,2,,,,,, 321
2

3 +−=   (10) 
 
where, 

 

( ) ( ) +
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
−

=
opdsgs

p

opgs

p

opdsgs

p

opgs

p

opdsgs

p

opgs

p

opdsgs

opdsgs VVVf

V
VV

V
VVV

V
VV

V
VVV

V
VV

V
VVV

VVVP
,,

6
1

3
1

,,
1

22
2
3

2
3

2
3

2
3

 

(11) 
 

( )
2
1

1

2
1

2
1

2
3

,,

3
2

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −

+
p

opdsgs

opdsgs

p

opgs

p

opdsgs

p

opgs

p

opgs

V
VVV

VVVf

V
VV

V
VVV

V
VV

V
VV

 

 
                       

( )
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

22
2
3

2
3

1 2
1

3
4,,

p

opgs

p

opdsgs

p

opgs

p

opdsgs

p

opgs

p

opdsgs
opdsgs V

VV
V

VVV
V

VV
V

VVV
V

VV
V

VVV
VVVh

               

 (12) 
 

                                     
( )

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
−

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

2
5

2
5

22
2
3

2
3

2 5
2

3
2,,

p

opgs

p

opdsgs

p

opgs

p

opdsgs

p

opgs

p

opdsgs
opdsgs V

VV
V

VVV
V

VV
V

VVV
V

VV
V

VVV
VVVh

                

(13) 



3D numerical noise modeling and simulation of a MISFET photodetector in the nanometer region 
 

 

607

 

( )
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
−

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −−
=

33
2
5

2
5

22

3 5
4

2
1,,

p

opgs

p

opdsgs

p

opgs

p

opdsgs

p

opgs

p

opdsgs
opdsgs V

VV
V

VVV
V

VV
V

VVV
V

VV
V

VVV
VVVh

       

                                                                                                                                                                                              (14) 
 

Further, f1, f2, g2 and g3 are basic dependent function 
of the MISFET, which also depend on the photo voltage 
developed at the Schottky barrier when the device is used 
under optically controlled condition. These functions can 
be obtained from the equations (4), (5) and (6) where Vgsop 
and Vgdop are the values of gate-to-source and gate-to-drain 
voltage in illumination condition, respectively. These are 
given in terms of gate-to-source voltage (Vgs), and photo 
voltage (Vop) as  
 

   opgsgsop VVV −−=                              (15) 
 

opdsgsgdop VVVV −−−=       (16) 
 

The photo voltage developed across the gated 
Schottky contact due to absorption of optical radiation in 
the channel region can as be obtained as  
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where, η is the ideality factor, k is Boltzmann’s constant, q 
is the electronic charge, ydgd is the gate depletion width at 
drain end, ydgs is the gate depletion width at source end 
and Jsc is the reverse saturation current density of the 
Schottky contact. 

Here, Gop is the photo generation rate (per unit volume 
per unit time)       
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where, Rm is the reflection coefficient at entrance, Rs is the 
reflection coefficient at the metal-semiconductor interface, 
popt is the incident optical power density, h is the Planck’s 
constant, and υ  is the frequency of the incident light. 

 
 
2.2. Shot noise components 
 
Shot noise is produced by the quantum nature of 

photons arriving at the detector and related detection 
statistics. The noise produced is related directly to the 
amount of light incident on the photodetector and is a 
function of average optical power. The shot noise current 
present at the output of the MISFET photodetector due to 
gate leakage current is idsop. The shot noise current present 
at the input of the MISFET photodetector due to gate 
leakage current is igdop and the correlated shot noise current 

sources arise from the gate leakage current  of the 
MISFET in the illuminated condition. When the MISFET 
is used as the photodetector, the gate leakage current is 
significantly increased by the received optical signal. This 
results in an increase in shot noise current components. 
The shot noise current source due to gate leakage current 
is represented at the device input as igdop. It shall be noted 
that since the gate leakage current flows through the 
channel under the gate it also produces shot noise current 
source in the drain circuit which is denoted by idsop. 

In the present analysis, the MISFET has been assumed 
to have a leaky gate. The shot-noise current component 
arises from the gate leakage current that flows in the gate 
current. This leakage current increases considerably in the 
presence of incident radiation. The gate leakage current 
also flows in the channel, which creates fluctuation drain 
current. This component constitutes the drain-shot-noise 
and gate-shot-noise component. Like the diffusion noise 
component, these two shot- noise components are also 
partially correlated. However, as the physical origin of the 
shot-noise and the diffusion-noise components are 
different, there is no correlation in between these 
components. 

The gate-shot-noise component present at the input of 
the MISFET due to gate leakage current is given by 

 
)2(212 fqIi Gopgsop

q π=            (19) 

 
where, IGop is the dc component of the gate leakage current 
under illuminated condition.  
 

The gate leakage current under illuminated condition 
given by  

opGsGop III +=                         (20) 
 

The drain shot-noise current is given by 
 

)2(2 fqIi Gopgsop πα=              (21) 

 
where, α is the constant varying from 0.5 to 1.5 for 
MISFET. The noises current due to correlation between 
drain and gate shot-noise components can be written as 

                    
)2(2* fqIii Gopdsopgsop πα−=            (22)  

 
As the physical origin of the diffusion-and the shot-noise 
components are different, the mean-square values of the 
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gate-noise, drain-noise, and these correlation-noise-current 
components can be written as 
                 

gsopgdopgop iii 222 +=             (23) 

 

dsopddopdop iii 222 +=            (24) 

 

dsopgsopddopgdopdopgop iiiiii *** +=    (25) 

 
2.3. Thermal noise components 
 
Thermal noise components are arising from the 

random motion of electrons in a conductor. It is often 
described by how much dB higher than the room-
temperature lower limit of-174 dBm/Hz. To reduce the 
thermal noise, a low-noise amplifier can be connected 
after the photodiode. Typical noise figures for amplifiers 
range above -174dB/Hz for narrow-band amplifiers, 6 to 8 
dB for low-noise, wider-band amplifiers and 15dB for 
high-frequency amplifiers. Therefore, there should be a 
trade off between sensitivity and bandwidth when 
choosing amplifiers. The noise increases as the bandwidth 
increases. 

The thermal noise current sources arising from 
various bias resistances are the device intrinsic resistance 
and the input resistance of the following preamplifier. 
Thermal noise at input due to pad resistance LR  and gate-

bias resistance GGR  are given by 

 

eqR
fkTthi 1)2(42 π=                        (26) 

 

  
iDDdsopeq RRrR

1111
++=                       (27) 

 
The thermal noise due to different resistive 

components at the output can be obtained as  
 

eqop

th
R

fkTi Δ
=

42
                        (28) 

 
where, fΔ  is the bandwidth, and eqopR  is the equivalent 
resistance at the output in the illumination condition, given 
by 
 

dsopiDeqop rRRR
1111

++=                  (29) 

 
 
where, RD is the drain-bias resistance, Ri is the input 
resistance of the following stage, and rdsop is the source-to-
drain resistance in illumination condition. 

 
2.4. Signal-to-noise ratio (SNR) 
 
In order to compute the signal-to-noise ratio of the 

MISFET photodetector at the output side, we develop a 
high frequency equivalent model and is shown in Fig.3. It 
may be noted that although the individual diffusion noise 
sources and shot noise sources of the drain and gate are 
correlated, the diffusion and shot noise sources are not 
correlated since their physical origin is different. 
Therefore, the total gate and drain current sources and 
their cross correlation can be written as  

 
222
gsopgdopgop iii +=          (30) 

   
222
dsopddopdop iii +=                (31) 

 
∗∗ += dsopgsopddopgdopddopgop iiiiii 2

 (32) 

 

where, 22 , dopgop ii  are the overall mean square noise 

current of the gate and the drain respectively 
∗
ddopgopii  

is the overall mean square noise current of correlated 
components. 
 

 
Fig. 3.  High frequency equivalent model. 
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In the photodetector, the excess the electron-hole pairs 

generated in the gate depletion, substrate depletion region 
and the neutral channel region result in the development of 
internal and external photo voltages and the gate-channel 
and substrate- channel barriers respectively. The 
photovoltages together with the change in conductance of 
the channel give rise to a change in the various current 
components of the device. This results in the changes in 
the various device parameters such as gate-to-source 
capacitance (Cgs), channel capacitance (Cdc), 
transconductance gmop and the drain-to-source resistance 
rdsop  etc. Therefore, when the MISFET is used as the 
photodetector, the effects of the received light on these 
parameters are to be carefully considered for noise 
modeling of the device. The diffusion noise component of 
the gate is influenced by the received optical signal 
through a change in the gate-to-source capacitance as well 
as the transconductance of the device in the illuminated 
condition. This component is also affected by the forward 
photovoltage generated by the received optical signal. The 
noise component of the gate is also affected by the excess 
electron-hole pairs generated by the received optical signal 
just below the gate.  The diffusion noise component on the 
drain side is only affected by change in the 
transconductance of the device and the photovoltage in the 
illuminated condition. The GLC has the similar effect in 
the illuminated condition as discussed before.The cross 
correlation between the gate and drain noise sources is 
influenced by gate-to-source capacitance and the 
photovoltage in the illuminated condition.  

The output signal-to-noise ratio (SNR) in the 
illuminated condition is an important parameter for 
characterization of the MISFET. In order to calculate the 
SNR at the output, the noise equivalent circuit of the 
MISFET is represented by a noiseless two-port network 
along with various noise-current sources, as shown Fig. 
2.For calculation of the transfer function of the two-port 
network, the high –frequency noise equivalent circuit of 
the MISFET is first transformed into Thevenin’s 
equivalent circuit. The voltage gain of the two-port 
network is given by 

gs

sh

gs

o
v V

ZI
V
V

==Α   (33) 

 
where, Ish is the short circuited current at the output and 
Vgs is the input voltage across gsc . It is seen that Z  is the 
parallel combination of impedances corresponding  to RD, 
Ri, rdsop, cds and cgs. 

The input admittance can be expressed as 
 

           )(211
gdopdsopdcop

eq

CCCfj
RZ

Y +++== π (34) 

 
Here Cdop is the channel capacitance, Cdsop is the drain-

to-source capacitance, and Cgdop is the gate-to-drain 
capacitance. 

The current in the direction from drain to source in a 
zero resistance wire connecting the output terminal is 
given by 

gsgdopgsmop VfCjVgI )2( π+−=             (35) 
 

( )dcopdsopgdop
eq

gdopmop
v

cccfj
R

fcjg
A

+++

+−
=

π

π

21
2       (36) 

GG
gdopvgsopi R

fCjAfCjfY 12)1(2)( +−+= ππ   (37) 

Here, RGG is the gate-bias resistance, and │Av│is the 
magnitude of the voltage gain of the two-port network.  

 
The transfer function of the two-port network is given 

by 

GG
gdopvgsop

mop

R
fCjAfCj

g
fH 12)1(2

)(
+−+

=
ππ

   (38) 

When the MISFET is operated as an optically 
controlled device, no physical ac signal is present between 
the gate and the source. The photovoltage developed at the 
Schottky gate contact in the illumination condition has 
been mapped as the signal voltage in the present analysis 
and the photovoltage in the gate circuit that drives the 
signal current in the input.  

This can be represented by the signal source given by 
 

 
gg

op
signal R

V
i =                           (39) 

 
where, Vop  is the photovoltage across the Schottky gate. 

The output signal power, S can be obtained at the 
output side as  

( ) 22 fHiS signal ∗=   (40) 
 

The output noise powering can be written as  
 

( ) ( ) eqthdopdopgopgop RiifHiifHi 2222 +++=Ν ∗     (41) 

 
Therefore the signal-to-noise ratio can be obtained as  

                 
( )

( ) ( ) eqthdopdopgopgop

signal

RiifHiifHi

fHi
RS

2222

2

+++

∗
=Ν

∗
(4

2) 
 

                                 
2.5. Bit error rate (BER) 
 
Among a group of optical receivers, a receiver is said 

to more sensitive if it achieves the same performance with 
less optical power incident it. The performance criterion 
for digital receiver is governed by BER defined as the 
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probability of incorrect identification of a bit by the 
decision circuit of a receiver. Hence BER of 2x10-6 
corresponds to an average 2 errors per million bits. A 
commonly used criterion for digital optical receiver 
required the BER to a below 1x10-9. This is calculated by 
the formula 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

2
exp

2
1 2Q

Q
BER

π
                         (43)  

 
2.6. Noise equivalent power (NEP) 
 
An important parameter which describes the noise 

performance of a photodetector is the noise equivalent 
power (NEP). The sensitivity of a photodetector is an 
important characteristic and is defined as the minimum 
optical input power needed to achieve a signal-to-noise 
ratio greater than a given value. A convenient measure of 
sensitivity is the noise equivalent power. Thus, when the 
rms signal power is equal to noise equivalent power, the 
photocurrent is equal to the noise current and the signal-to-
noise ratio is unity. The noise equivalent power is 
calculated for bandwidth B=1Hz. 

 

       ( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+++=

eq

B
DBph R

Tk
IIIq

q
hNEP

4
2

η
ν              (44) 

From the equation (44), it is clear that to increase the 
sensitivity of the photodetector,n and Req should be as 
large as possible, and the unwanted currents IB and ID 
should be as small as possible.Thus, the noise equivalent 
power is a measure of minimum detectable power. 

 
 
3. Results and discussion 
 
The 3D Poisson’s equation is solved using 

Liebmann’s iterative method to determine the surface 
potential at illuminated and dark conditions for a fixed 
value of gate voltage and assumed value of the drain 
voltage. The numerically estimated value of the surface 
potential is utilized to determine the electric field and 
mobility in all the three directions. The drain current has 
been calculated. The voltage profile and the electric field 
distribution in the channel have been estimated for 
accurate calculation of the drain to source current. The 
voltage profile in the channel is obtained by calculating 
the differential change in the voltage across the channel 
and is assumed to be very small at the source end and low 
field mobility has been used to begin the numerical 
computation from the source end.  

 
 

Fig.4.Flowchart represents the numerical noise simulation of MISFET photodetector 
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The steps for numerical solution for the computation 

of device parameters and noise components of the 
MISFET photodetector is described as a flow chart and it 
is given in Fig.4. 

Computations have been carried out for the InP 
MISFET photodetector under dark and illuminated 
conditions to check its use as a high speed photo detector. 

The parameters used for the calculations are given in 
Table 2. Calculations have been carried out for an InP/ 
Al2O3 MISFET configuration with a semi-transparent 
metal gate. The effects of illumination on the gate terminal 
of the device have also been considered.  
 

 
Table.2. Parameters and value used for numerical 

modeling. 
 

Parameter Value 
Gate Length 100 nm 
Device width 80 nm 
Oxide layer thickness 30 nm 
Absorption coefficient(α) 106/m 
Intrinsic carrier 
concentration(ni) 

1.2x1013/m3 

Acceptor concentration(Na) 1021/ m3 
Critical field(Ec) 1.65×106V/

m 
Low field mobility(μo) 0.2m2/V .s 
Capacitance 3 × 108 F/m2 
Energy gap at 300K 1.12 eV 
Temperature(T) 300 K 
Low field mobility(µ0) 0.2 m2/V.s 

 
                                             

The variation of shot noise componets with frequency 
is depicted in Fig. 5. When the MISFET is used as a 
photodetector the gate leakage current is significantly 
increased by the received optical signal. This results in an 
increase shot noise current components. The total noise 
component increases faster with frequency as compared to 
the correlation noise components. It is seen that the total 
noise power delivered at the output remains almost 
constant at lower frequency and decreases with increase in 
frequency. This may be due the fact that the magnitude of 
the transfer function of the two port network decreases 
with increase in frequency. So, the contribution of the 
input noise components to the output decreases with 
increase in frequency. The total noise power is dependent 
on the incident optical power at a particular frequency. It 
is also seen that the total noise power due to various noise 
components at the output is independent of the incident 
optical power.    

Fig. 6. shows the variation of the signal-to-noise ratio 
at the output of the MISFET photodetector with operating 
frequency for various values of feed back resistors. It is 
seen that for given optical power of signal to noise ratio 
remains constant for low values of resistance. As the value 
of resistance increases the signal to noise ratio increases. 
The increase in signal to noise ratio at higher frequency is 
attributed to the increase in the various noise components 
at higher frequencies. 
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Fig.5.  Variation of shot noise components with operative 
frequencies. 
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Fig.6. Variation of signal-noise ratio with frequency for various 
values of resistances. 

 
 

Fig. 7 shows the variation of bit error rate of the 
MISFET with frequency. It is seen that the bit error rate 
increases as the frequency increases. For any digital 
communication system application the bit error rate is an 
important parameter and it depends on the signal to noise 
ratio of the detector. It is also seen that the device has the 
bit error rate of 5.5x 10-9 at the optimum gain. This is well 
above the acceptable value of bit error rate of 10-9 for 
photo detector presently used in optical communication 
system.  However, the BER and the receiver sensitivity, 
depend on the modulation format as well as on the 
demodulation scheme used by the coherent receiver. 
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Fig.7.   Variation of BER with frequency 
 

 
 

Fig. 8 Variation of various noise components with frequency. 
 
Fig. 8 shows the variation of different noise 

components with frequency. It is seen that the mean square 
value of total gate-noise components and total drain-noise 
components are constant. It is also seen that the thermal 
noise components are constant and independent of 
frequency have relatively higher values as compared with 
the gate noise components. Some of the noise components 
occur between the gate input and the source input and 
others appear directly across the output terminals. The 
input noise components are transferred to the output for 
the computation of the total noise power delivered at the 
output. The magnitude of the transfer function is used for 
the transferring the input noise component into the output. 

Fig.9. shows the variation of noise equivalent power 
(NEP) of the MISFET with frequency for different values 
of gate leakage current (IGS). An important parameter of an 
optical detector is the noise equivalent power. It is seen 
that the noise equivalent power is almost constant up to 
few gigahertz and it increases rapidly with increase in 
frequency. This is due to the fact that an increase in the 
current causes increase in shot noise current component 
and a decrease in the gate voltage. This larger noise with 

increase in current calls for a larger signal power to match 
the noise at the receiver output. 
 

 
 

Fig. 9 Variation of noise equivalent power (NEP) with frequency. 
 
 

4. Conclusions 
 
The noise model presented here can be used for the 

theoretical characterization of optically gated three 
dimensional MISFET as a photodetector. The noise 
behavior of the MISFET has been studied theoretically. 
The noise characteristics depend on the value of incident 
optical power. The results that are obtained show that the 
photogenerated carriers enhance the gate leakage current 
and degrade the noise performance of MISFETs under 
optically controlled condition. This reveals that the 
operating frequency can be adjusted suitably to make the 
noise behavior. In conclusion, the device can be used as 
photodetector in OEIC receivers. 
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