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Optically Controlled Silicon MESFET Modeling
Considering Diffusion Process
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Abstract— An analytical model is proposed for an
optically controlled Metal Semiconductor Field
Effect Transistor (MESFET), known as Optical Field
Effect Transistor (OPFET) considering the diffusion
fabrication process. The electrical parameters such as
threshold
capacitances and switching response have been

voltage, drain-source current, gate
determined for the dark and various illuminated
conditions. The Photovoltaic effect due to photo-
generated carriers under illumination is shown to
modulate the channel cross-section, which in turn
significantly changes the threshold voltage, drain-
source current, the gate capacitances and the device
switching speed. The threshold voltage Vr is reduced
under optical illumination condition, which leads the
device to change the device property from
enhancement mode to depletion mode depending on
photon impurity flux density. The resulting I-V
characteristics show that the drain-source current
IDS for different gate-source voltage V, is significantly
increased with optical illumination for photon flux
densities of ® = 10"° and 10" /cm’s compared to the
dark condition. Further more, the drain-source current
as a function of drain-source voltage Vg is evaluated
to find the I-V characteristics for various pinch-off
voltages Vp for optimization of impurity flux density
The resulting I-V

characteristics also show that the diffusion process

Qpir by diffusion process.

introduces less process-induced damage compared to
ion implantation, which suffers from current reduction
due to a large number of defects introduced by the
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ion implantation process. Further the results show
significant increase in gate-source capacitance Cog
and gate-drain capacitance C,q for optical illuminations,
where the photo-induced voltage has a significant
role on gate capacitances. The switching time 1 of the
OPFET device is computed for dark and illumination
conditions. The switching time 7 is greatly reduced by
optical illumination and is also a function of device
active layer thickness and corresponding impurity
flux density Qp;. Thus it is shown that the diffusion
process shows great potential for improvement of
optoelectronic devices in quantum efficiency and other
performance areas.

Index Terms—OPFET, MESFET, diffusion, analytical
model

NOTATIONS

=~

Boltzmann constant,

T Absolute temperature at 300K.

N¢  Effective density of states in the conduction band
at 300K

Ny Effective density of states in the valence band at
300K

€  Permittivity of semiconductor

q Electronic charge

VA Device width

L Channel length

4,  Electron mobility

4,  Hole mobility

7;  Minority carrier lifetime in the illuminated condition

N(y,t)Impurity doping concentration of diffused active
layer

Na  Substrate doping concentration
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Nbave  Average channel doping concentration

Yde Distance from surface to edge of gate depletion
region in the channel

Vs Distance from surface to edge of substrate

depletion region in the channel

Y depletion layer width of Schottky contact at the
source-end of the gate and

Yoo depletion layer width of Schottky contact at the
drain-end of the gate.

a active layer thickness

Qpir  Impurity flux density during diffusion process

Q.n  lon Implantation dose

D, Diffusion constant for diffusion process

D, Diffusion constant for post-implanted annealing
process

t Diffusion time

t Annealing time

R» Implant range parameter

o Straggle parameters

Dy, Indium tin oxide Schottky barrier height

A Depth of Fermi level below the conduction band

Vi Built-in voltage

Vs Substrate-to-source voltage

Vs Gate-source voltage

Vi Threshold voltage

Vp Pinch off voltage

Vs Drain-source voltage

Vop Photo induced voltage

a Optical absorption coefficient
(0] Photon flux density

Ty Lifetime of electrons

G Optical carrier generation rate

Vs Saturation velocity

R Surface recombination rate
n Ideality factor

Jg Current density

I. INTRODUCTION

In the last few years, optically controlled MESFETs
also referred to as OPFETs have received considerable
attention due to inherent advantages in high-speed
optical switching and high frequency optical modulation/
demodulation applications [1-4]. The radiation of an
optical signal from GaAlAs injection laser on GaAs
MESFET has demonstrated capabilities of gigabit signal
rate modulation [5]. In comparison with other photo

detectors such as Avalanche Photo Diodes (APDs), the
OPFET device promises to be superior for dispersion
measurement on optical fibers with low dispersion and
very high speed [6]. Theoretical and experimental
observations have shown that the variations of the DC
and dynamic properties in MESFETs when a light beam
strikes the transistor gate can be accounted for by an
appropriate change in the gate junction equivalent to the
built-in voltage [7]. In order to establish the OPFET
device characteristics, a number of theoretical and
experimental observations have been continuously reported
[8-14] exploring the illumination effect on the static and
dynamic characteristics of MESFET devices for various
biases, optical responses of the MESFET both at DC and
microwave frequencies and large-signal characteristics
of the MESFET under He-Ne illumination source.

In recent years, there has been considerable work
done on the development of silicon based optoelectronic
integrated circuits (OEIC’s) [15-16]. Mature silicon processing
technology, including micromachining techniques, can be
used to fabricate complex optical structures such as micro-
optical devices and hybrid optoelectronics. The silicon
based OPFET promises excellent compatibility with
current silicon IC technology requiring the same or
similar low-cost and reliable manufacturing techniques
of monolithic silicon-based OEIC’s.

The ion implantation induced defects in a silicon
substrate have been characterized by measuring the bulk
generation lifetime of MOS capacitor and experiments
have been conducted to study the dependence of substrate
dopant species (phosphorous and boron) on defect
formations [17]. I-V characteristics of ion implanted solar
cell devices at optical illumination have shown the
efficiency in the range of 0.01%. Phosphorous ion
implantation not only results in the transition of the
crystalline fullerenes to amorphous material phase, but also
produces a significant defect level [18]. An effective loss
of photo-generated carriers due to the ion implantation
process induced defects in the active channel region of
OPFET is a major issue of degradation of quantum
efficiency, sensitivity, etc. The channel current obtained
from the diffusion and ion implanted OPFET devices are
studied and both currents under dark and optical
illumination conditions are compared to realize the
process-induced defects as major problem for optoelectronics
device. This model has adopted the silicon based OPFET
device to show the significant impact of process induced
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defects (diffusion and ion implantation processes) on
device performance. The purpose of this research article
is to distill the practical parameters for fabrication by
diffusion process. as well as to establish if the diffusion
process in substitution of the ion implantation fabrication
process can be expected to improve the OPFET device
performance, or not. We are in the process of fabricating a
practical OPFET device using Synopsys TCAD modeling
software to develop optical demodulator in the range of
5-10 gigabit signal rates from a laser source.

I1I. THEORY ON THE MODEL

A schematic structure of OPFET device is shown in
Fig. 1. The transparent gate is made of indium tin oxide
(ITO) material to form a Schottky rectifying contact with
proper antireflection coating and all optical and electrical
parameters of this model are assumed to be the ideal
case.

Under optically illuminated condition a one-dimensional

Poisson’s equation can be expressed in the following
form [19]:

dw(y) ¢
72—;[]\/()}’1‘)_(;7"] (1)

The photogenerated carrier at the steady state derived
by the following equation [20]:

Gt =agm exp(— ay) 2)

The impurity distribution in the channel is expressed
as [21]:
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Fig. 1. Cross-sectional view of an OPFET.
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The electrical field is determined by integrating equation
(1) using the appropriate boundary condition for the
electric field at the edge of the depletion width [19].

dy(y) _ qQoir Yag | y
dy e {el’f[ 2\/%] erf{2\/ Dt j}
q97
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Using the 2™ boundary condition [6], the channel

potential at any point between source and drain is obtained
by the second integration of the equation (4) as follows:

()= qu;ﬁ' s {erf [ 2% 1) B erf(%/%)}

ol (] oo ()]

+ % {exp(— ay) - eXp(_ Y 4 )}
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The above channel potential can be substituted using
the 3™ boundary condition for surface potential [6], as
follows.

V(X)_ (V(;.\' - ¢,‘,, + Vnp) = 2qQ:i;—jE%1 - EXp|:_[ ydg } :|}

2+ Dith
2
gNay,,~  q¢r 997,V 4,
+A—-—=—+ T —expl- + —%expl- 6
2 e p( aydg) - p( aydg) (6)

The indium tin oxide (ITO) Schottky barrier height
(Dp,) is found to be 0.6 V [22].

When the channel is pinched-off at the drain under
certain drain-source biasing conditions, the channel potential
relation (6) at the drain under pinch-off condition [19]
may be expressed as:

V<V¢V>2qgfm{l"“z¢% ”}

qom

qom

+ g{exp(— ay,) -1+ exp(-ay, )y, + A (7)

Using (6) and (7), the following equation is developed
for evaluating the channel current in section 2.2.3.
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1. Threshold Voltage

Using equations (6) or (7) with proper boundary
conditions, the threshold voltage is obtained in a similar

manner as in [24] and is given by:

4 2g0viy/Dit (e Y
i { "{ (zﬁj ﬂ
q¢ {exp( D'py )_ ]}_ %exp(— Y py )yPM -A 9

Applying the standard formulae for transformation of
function [19] and
substituting the error function term given in (32) of

exponential function to error

Appendix I into (9), the threshold voltage may be
derived as:

2qQpigN Dit1 N, |2
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The threshold voltage for dark and illumination
condition is obtained using above equation and valid for
enhancement and depletion FET. The average channel
concentration Npa,, obtained from impurity flux density
Qpir and substrate concentration N, are important
fabrication parameters to select the threshold voltage for
enhancement and depletion OPFET devices. The
average impurity concentration Np,y, has been computed
by iterative method and incorporated in this model.

The photo-induced voltage developed at the Schottky
contact due to the photo-generated carriers can be determined
by considering the recombination and process induced

defects effect on minority carriers’ lifetime [23] as:

kTu,t
. e M7y “Rq
Vop=T 4| V4
q

n (11)

2. I-V Characteristics

Three 1-V characteristics under dark and illumination
conditions have been computed in this model to study (i)
the drain source current (Ipg) versus Vpg at different Vg
to establish the I-V Characteristics of OPFET, (ii) Ipg
versus Vpg for the diffusion and ion implanted OPFET
devices at constant Vgg to study the effects of ion
implantation and diffusion process induced defects/
damages and (iii) Ipg versus Vpg for different Vp and
Qpirr to optimize the active channel depth and doping
impurity concentration. The drain-source current is
determined by integrating the channel charge between the
source and drain [24] as:

VDS
Ios =% [0,07ar (12)
0

Where On(r) is the total mobile charge carrier in

channel.

The channel charge carrier density may be expressed
by considering total charge carrier density under optical
illumination [13]:

ool s} oAt

+ ¢Tnll —exp(—ay,, )J (13)

2.1 I-V characteristics for gate-source biasing using ion
implantation process

The error function terms given in (29) and (33) of
Appendix I are substituted into (13) and integrating (12),
the drain-source current for various gate biasing is
obtained as follows:

Ins = qunZQviy Vs — 2 2N:e {[Vm + Vi — VB\] [Vb: Vssr}
L 3Qbix

{[VDS +@5—Vos-A— Vop]2 - [¢B —Vos—A— Vop] }}

N
N qunZQbig

7 ¢Tn[1 —exp(-ay,, )]x Vs (14)
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The above equation expresses the ideal I-V characteristics
of an OPFET device under dark and illuminated condition
for different gate biasing and supports both enhancement
and depletion mode devices.

2.2 I-V characteristics for gate-source biasing using ion
implantation process

A derivation of I-V characteristics for ion implanted
OPFET devices considering the annealing effects and
other related process parameters [25] is determined by
again integrating (12) using charge carrier density and
the drain-source current of an ion implanted OPFET
device is obtained as:

N .
2gN; 2¢ 2gN; 2¢
) 2582y ar) |20 2 g )
,,,,,,,,,, A

1 = Bt ‘Q;"( 206, R i 21, )] (15)

Where
o2 +2D,1,)> R, =R, +KAY,> a:’Lp\/E, _&N2z,
’ 2012 99,0

(R,
C = erf[mﬁ} sand ¢, =V -V, +4,—-A- v, AY; = Change

in the junction depth due to post-implantation annealing
and K= 0.5 [26].

2.3 I-V characteristics for various pinch-off voltage using
diffusion process

The drain-source current for different pinch-off
voltages are computed under dark condition by substituting
the error function terms given in (29) and (33) in
Appendix I into (13) as:

Z A 3 3
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L 3\ ¢gN,
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Where:
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bi

The above equation reflects the various diffusion
process parameters to optimize OPFET pinch off voltage,
which is evident from the following equation [27]

7)

3. Internal Gate Capacitance before Pinch-Off Region

The space charge distribution in the gate depletion
region in an OPFET is calculated based on charge
distribution shown in Fig. 2. In order to show the optical
illumination effects on gate capacitance, the space
charge in the gate depletion of the OPFET is divided by
three defined sections I, II and III carrying the charges
Q1, Q, and Qj; respectively. The simulation process of
gate capacitance based on three charges for different
gate regions before pinch-off condition agrees well with
two-dimensional analyses for short channel MESFETSs
[28]. The gate charge Q; confined in region I of the gate
can be expressed by the following equation [29]:

Yoo YoG
Qi=qZL [ING) -G,y - I I[N -Gz, )y~ Yso)dy
0 - S(_r
(18)
The charge Q, in section II is expressed by:
T
0, =EgZ(Vhi_V(?+V¢) (19)
The charge Q3 in section III can be evaluated as:
V4
0, =28V =V +V,) (20)

The total gate-source capacitance expressed by the
following equation is obtained by substituting (2) and
(3) into (18) and adding the side-wall capacitance from
(19) and (20):

Fig. 2. Internal space charge distribution before pinch off region.



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.7, NO.3, SEPTEMBER, 2007 201

v
2 b
qZLQn// Af \/7 \/7 n qZLQn//S Dt AVI

S B V) T e )
_ {Ei%r + €7E «
o e )
_4ZL 7,4 L L
z ) z

@2y

Similarly, we can also derive the following equation
for total gate-drain capacitance:
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4. Switching Characteristics

The switching time of an OPFET depends on the
active channel thickness and corresponding impurity
flux density of the diffusion process. The switching time
t is computed for different active layer thickness
expressed by the following equation [30]:

¢Bn Vor Vos)/
A
V {( (]ND,”L,G J (¢Bn - VOP - VGS )%‘| (23)

T=

2e

Finally, the switching time T as a function of impurity

flux density Op,;; can be expressed by following equation:

( Bn <1p - VGS )Vz

Onigd r A
S [ 28\/7 J (¢Bn or (nS) (24)

Reflected in the above equations is the key to
understanding the switching response of the OPFET
device in relation to various active channel thicknesses
formed via selective impurity flux density by diffusion
process.

IT1. NUMERICAL CALCULATIONS, RESULTS
AND DISCUSSIONS

The results based on numerical calculations are
presented here to evaluate the characteristics of
threshold voltage, drain-source currents, gate-capacitances
and switching response of a diffusion process based
OPFET device under dark and illumination conditions in
order to study the optical demodulation characteristics. I-V
characteristics of diffusion and ion implanted OPFET
devices are intensively studied to justify better fabrication
processes to enhance the optoelectronic device performance.

Equation (10) is derived to compute the threshold
voltage Vr under dark and illuminated conditions illustrated
in Fig. 3. The plot shows the threshold voltage as a
function of impurity flux density Qps for substrate
concentrations N,= 10'%cm? under dark and optical
illumination with photon flux densities of ® = 10" and
10"/cm’s. The graph shows that the threshold voltage is
linearly decreasing with respect to an increase in
impurity flux density (0.5x10" — 2x10'%/cm®). As a
result, the OPFET device can behave as an enhancement
FET for certain low impurity flux densities and depletion
FET for certain high impurity flux densities in the dark
condition. The threshold voltage of the OPFET can be
selectively adjusted by simply changing the impurity
flux density during diffusion process. The threshold
voltage Vr at dark condition shifts more negative due to
the effect of optical illumination with photon flux
densities of ® = 10" and 10'/cm®. The photo-
generated carriers under optical illumination cause a
significant threshold shift to larger negative values to
make the device behave as a depletion FET device
irrespective to doping concentration. The calculated value
of photo-induced voltage Vp is found to be approximately
in the range of 0.29 V to 0.39 V for impurity flux
densities of 10" and 10" /cm? respectively. In the present
device modeling, the threshold voltage is chosen to be
about -1.2V for impurity flux density Qp;g= 10"%/cm? at
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dark condition, where the threshold voltages are shifted to
about -1.49V and -1.51V at the optical illumination
condition with photon flux densities of ® = 10" and
10"/em®s respectively. The gate depletion width is
changed significantly by the optical signal due the photo-
induced voltage, which in turn changes the threshold voltage
of OPFET efficiently working as optical demodulator.
Equation (14) is derived to show the ideal I-V
characteristics of the OPFET for different gate-source
voltage under dark and illumination conditions and is
illustrated in Fig. 4. The three drain-source currents for
Vgs = -0.3, -0.4 and -0.5 V are found to follow the I-V
characteristics of the OPFET under dark condition with
the saturation current limits in the approximate range of

1.6, 1.3 and 0.9 mA, respectively. The drain-source
currents under optical illumination with photon flux
densities of ® = 1x10'7 and 1x10"/cm?s significantly
increase and saturate at approximately 4.2, 3.4 and 2.8
mA and 3.8, 3.1 and 2.6 mA respectively for the same
set of gate-source voltages. It is evident from the plot
that the drain-source current under optical illumination
condition is increased by more than 150% compared to
the drain-source current under dark condition. The optical
radiation on the gate reduces the gate depletion region
evident from the threshold voltage reduction, which in
turn significantly increases the pinch off voltage to
enhance the channel cross section area. As a result, the
drain-source current of the OPFET will increase and this
property of the OPFET will behave as an effective optical
demodulator.

Ion implantation damage models explicitly show the
damage production, damage de-channeling, defect diffusion
and reactions and crystal amorphization [31]. The post-
implant annealing process is critical and produces the
well known effect of extended defect formations, which
affect the photo-generated carriers as an additional charge
in the active region trapped by the defect centers resulting
in quantum efficiency loss and stability degradation for
optoelectronic devices. A realistic value of ion implantation
process induced defect density obtained elsewhere is
considered in the calculation of photo-induced voltage in
equation (15). Using the equations (14) and (15), Fig. 5
shows a plot of drain-source current Ipg versus drain-
source voltage Vpg for different gate-source voltages
Vs of both diffusion and ion implanted OPFET devices.
The saturated drain-source current Ipg of diffusion and
ion implanted OPFET devices under dark condition are
intentionally kept nearly the same in order to better
contrast to [-V characteristics under illumination condition.
Both devices saturate at about 1.6mA by considering the
same physical device dimensions, substrate concentration,
channel concentration of ion implanted device Npayg(ion)
= 1.9x10"%/cm’ for ion dose Qi = 1.37><10'%/cm?* and
channel concentration of diffusion processed device Npayemitn
=1.7 X 10"%cm’ for impurity flux density Qpy=1 <
10'%/cm’. At the illuminated condition with photon flux
density of ® = 1X 10"/cm?s, the drain-source current Ipg
of the diffusion and ion implanted OPFETs saturate at
about 3.7mA and 2.3mA respectively. As a result, the
current of a diffusion process based device is enhanced
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Fig. 5. Drain-source current Ipg versus drain-source voltage
Vps for diffusion and ion implantation process at constant gate-
source voltage under dark and illumination conditions.

by more than 50% compared to an ion implanted OPFET
device, which is evident of the loss of photo-generated
carriers by the ion implantation process induced defects
centers in the active channel region.

Fig. 6 depicts the I-V characteristics of an OPFET for
various pinch-off voltages Vp and corresponding impurity
flux densities (Qpj) under dark condition calculated
from (16). The drain-source current saturates at about
0.25mA for the pinch-off voltage of about 0.35V. Estimation
of the physical active layer thickness can be obtained
from the average impurity concentration Npg, of the
channel region using the corresponding impurity flux
density Qpiz=9.06 X 10'"/cm?. Similarly, other drain-
source currents are found to be saturating at approximately
1.5 and 5.4mA for pinch-off voltages Vp = 0.8 and 1.5V
respectively and the corresponding active channel
thicknesses can be selectively formed by depositing
impurity flux densities of Qpy= 2.07><10" and 3.9
10"%/em? respectively by diffusion process. With respect
to the relationships between pinch-off voltage, active layer
thickness and optical signal penetration depth, the plot
gives valuable information to be used for: (i) optimization
of physical active layer thickness, (ii) estimation of

impurity diffusion flux density and (iii) optimization of

diffusion times and temperatures of the diffusion process.

The calculated result for gate-source capacitance
obtained from (21) is illustrated in Fig. 7, which shows
the characteristics of gate-source capacitance Cgs as a
function of various gate-source voltages Vs for dark condition
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Fig. 7. Gate-to-source capacitance versus gate-to-source voltage

for dark and optical illumination conditions.

and for optical illuminations with photon flux densities
of ® = 110" and 1x10'"/cm’s at constant drain-source
voltage Vpg = 1V. The variation of the gate-source
capacitance Cgg with respect to gate-source biasing Vgs
in dark and illuminated conditions reveals that the gate-
source capacitance increases with respect to a positive
increase in negatively biased gate-source voltage Vgs.
Under optical illumination conditions, the gate-source
capacitance Cgg is initially increasing with low slope for
Vgs = -1.5 to -0.2V and rises very sharply up to
approximately 2.8<10"°F as Vg approaches 0V, where
as the gate-source capacitance Cgs under dark condition

also increases very slowly up to approximately 0.8<10
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1 F between the gate-source voltage Vs =-1.5 to OV. It
is evident from the plot that the gate-source capacitance
Cgs under optical illuminated condition at 0V is
suddenly increased due to the additional charges from
the optically generated carriers.

Fig. 8 is the computed result of gate-drain capacitance
Cgp versus drain-source voltages Vpg for constant gate-
source voltages Vgs = -0.5V under dark and illuminated
conditions obtained from (22). The plot shows that the
gate-drain capacitances Cgp under both dark and illumination
conditions decreases with respect to an increase in drain-
source voltage Vpg.

At drain-source voltage Vps = 0V, the gate-drain
capacitances Cgp is approximately 4.9><10™* and 4.7
10" F under photon flux density of ® = 110" and 1X
10" /em*s respectively, which is relatively large compared
to values at dark condition. As the drain-source voltage
approaches Vps= 1.5V, both the gate-drain capacitances
Cgp under the illuminated condition drop to approximately
2.97x10™ —2.95X10™F respectively, whereas the gate-
drain capacitances Cgp for dark condition drops up to
approximately 2.8 < 10 F. However, the difference
between the gate-drain capacitances Cgp for illumination
and dark conditions at high drain-source biasing is

effectively smaller compared to low drain-source voltage.

The large difference in gate-drain capacitances Cgp
between optical illumination and dark conditions at low
Vps occurs due to the additional charge developed by the
photo-induced voltage Vop, which is a major contributor

Npavg = 1.7 X 10" fem®

Phi=1e17 Z=60um
i Phi=1e16 L=1pm 1
Qg =1 x 10" Iem?
Ves =-0.5v

Na=1x10"icm®
Phi = Impurity Flux Density ¢
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0

Fig. 8. Gate-to-drain capacitance versus drain-to-source voltage
for dark and optical illumination conditions.

to total charge carriers at low drain-source voltage.

Equation (23) is used to compute the switching time t as
a function of the device active layer thickness a for dark
and optical illumination conditions. The computed result
illustrated in Fig. 9 shows that the switching time of 0.87
107" sec under dark condition abruptly decreases with
respect to increasing device active layer thickness from
about 0.25 to 0.4<10" cm. The switching time is also
reduced under optical illumination condition, especially at
device active layer thicknesses below 0.4X<10*cm. The
switching time t for a device active layer thickness of
0.24>10*cm abruptly decreases from 0.88<10"s under
dark condition to 0.10 <10 and 0.16 < 10"’ for
optical illumination with photon flux densities of ® =
10" and 10""/cm’s respectively, an increase in switching
speed of over 600%. Therefore it is observed that the
transition from dark to illuminated condition of the
OPFET significantly changes the switching time for
certain device active layer thicknesses. However, the
results results represented by the plot match well with
other author’s computed results on switching time
versus device active layer thickness [11].

The characteristics of switching time as a function of
impurity flux density have been determined by using the
equation (24) and the plot is illustrated in Figure 10. The
switching time is shown to be abruptly decreasing for
impurity flux densities less than and approaching about 1
%10"/cm?, and still decreasing but less dramatically with
respect to continued increase in impurity flux density.
The plot indicates that the switching characteristics change

.
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Vs=1x10" cm/sec

Dp,=0.6V

ND sve=1.7x10'¢ /cm®
Dark condiion Vgs=0V

Switchig time, tau , (sec)
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Phi=1e17

2 3 4 5 6 7 8 9 10 1
Desice tickness, A, (cm) x10°

Fig. 9. Calculated switching time 7 versus Active layer

thickness for dark and optical illumination condition.
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density Qdiff.

with low, moderate and high impurity deposition on the
silicon during diffusion process. Most of the optically
generated carriers should originate within the Schottky
depletion region (gate depletion) for both high quantum
efficiency and high switching speed, and in addition, the
depletion region must not be so wide that the transit time
of the carriers limits the frequency response. Therefore, it
is essential to study the gate depletion and channel doping
concentration through the active channel thickness,
pinch-off voltage and impurity flux density associated
with diffusion process fabrication. The plots on switching
characteristics shown in Fig. 9 and 10 are very important
when considering the fabrication process, estimation of
physical active layer thickness, and optical signal penetration
depth for improvement of optoelectronic device switching
response.

IV. CONCLUSIONS

The analytical model of the OPFET presented here
includes the effect of optical illumination on the threshold
voltage, drain-source current, gate capacitance and switching
time. The transition between dark and illuminated condition
contributes to a major threshold voltage shift resulting in
significant changes to device properties. The selective
impurity flux density is very attractive process feature to
fabricate enhancement and depletion OPFET devices.
The drain-source current under optical illumination condition

is significantly increased compared to the dark condition.

The drain-source currents obtained from the diffusion

and ion implanted OPFET device shows the influence of
ion implanted process-induced defects on the photo-
generated carriers causing channel current degradation.
I-V characteristics of an OPFET device for different
pinch-off voltages were found to be very useful to
estimate the active channel layer thickness and to optimize
the diffusion fabrication process parameters. The gate-
source and gate-drain capacitances under illuminated
condition increase significantly at low gate-source voltage
due to the influence of photo-induced voltage. The
switching time of the OPFET device with lower active
channel thickness under dark condition is found to be
improved compared to the optically illuminated
condition. Low impurity flux densities in the diffusion
process enhance the switching time of the OPFET device.
An intensive study on different electrical parameters and
resultant device performance shows that the OPFET
device has a strong potential to demodulate gigabit
signal rates from a laser source. The present analytical
model offers an avenue of accurate optimum device and
fabrication process design as well as establishment of the
diffusion process as most suitable for optoelectronic

devices fabrication.

APPENDIX I

Considering the fact that the electric field £=0 at
both sides of the junction formed by n-channel and p-
substrate, which is equivalent to

[ NGy =0 (25)

Substitution (3) into (45) yields

yw yds NA
erf( )—erf( = W =Ys) (26
2/Dy; 2/Dt,” Oy ) (29

The condition  >>2./ps will be assumed to hold

and so the error function approximation is derived as

Yo o
erf[z Dlt‘]zl 27

From the abrupt junction relationship, we can write
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the following equation as:

oy = \/ 28y (x) + Vii— Vi) (28)
gN

A

Substitution of (47) and (48) into (46) yields

Yas N_1_ Ni | 2¢ 174 Vii — Vs
e}’f(Tm)_l QDW \/qNA( xX)+ Vs Bs)  (29)

Using pinch-off condition also yields:

Vp Ni | 2¢ ) 1
— L _N=1—-— | —— Vo +Vsi—Vas) = a 0
erf(z D]Z‘l) Q qNA( ! ’ ) i (3 )

Where a, = Y4 |2 v, 41, -1,
oir VAN 4

Using threshold condition (13b)

yPM NA 2‘9
erf =1- ¥V, = Vi) 32
[2 D]z,J Opiy \/ gn, "o (32)

Neglecting the *optical term and bulk term in

equation (9), erf[ Yag ) term can be estimated as:

2+ Dt

el \/VDS+¢B—VGS—A—I/01) (33)

el’f ydg —
2 Dy, 2qQDiff D,
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