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Abstract: Simulation of the DC characteristics of depletion mode AlGaAs/GaAs Modulation Doped Field Effect
Transistor (MODFET) under backside optical illumination is presented. A device structure with fiber inserted
mnto the substrate up to the GaAs layer 13 considered for direct i1llumination mto the GaAs layer. The AlGaAs
layer 1s considered transparent to illumimnation. The photoconductive effect which increases the two dimentional
electron gas (2DEG) channel electron concentration alone is considered. These electrons generated in the GaAs
layer is collected in 2DEG, which increases the source to drain current. The photo generated holes in GaAs layer
drifts towards the semi-insulating substrate and 1s capacitively coupled into the grounded sowce. The I-V
characteristics of MODFET under dark and illuminated conditions have been simulated and discussed.
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INTRODUCTION

A Special interest has been created in the study of
optical effect in high speed devices due to their
potentiality 1n fiber optical commumecation and optical
mtegration. Although some investigators (Subha and
Khan 1998, Mitra et al, 1998, Young et al, 1993,
Romero et al., 1996) have carried out both experimental
and analytical studies on the effect of illumination in
GaAs MESFET and AlGaAs/GaAs MODFET which
shows that there is significant effect of incident light on
the electrical parameters of the devices, there 1s a lack of
theoretical and experimental work describing the effect of
back side illumination of MODFET. It 1s a very important
micro wave device, since it presents extremely low noise
performance at frequency up to several tens of GHZ. Also
structures  using  II1-V
semiconductors, 1t 1s very convemient for use in
Microwave Monolithic Tntegrated Circuits (MMICS) or
Optoelectronic Integrated Circuits (OEICS).

A detailed analysis considering all effects resulting
from optical illumination of MODFET 1s a very complex
task. However by making some assumption, a simplified
analysis considering the relevant photo effects can be
made (AdeSalles and Romero, 1991). In this study, a
simplified analysis to account for the photoconductive
effect is described and from this the change in the DC
performance with back side illumination is estimated. The

because 1t employ hetero

current voltage characteristics of the device (MODFET)
with illummation (photocurrent) and without illumination
(dark current) are simulated.

THEORY

Figure 1 shows the MODFET structure used for
illumination, where source and drain electrodes are chmic
contacts and the gate electrode 1s a schottky-barrier
junction. The band diagram of a typical depletion mode
AlGaAs/GaAs MODFET under illumination with photon
energy B, = he/A as given m (AdeSalles and Romero,
1991} 18 considered. The major photeeffects arising in the
llumination of AlGaAs/GaAs MODFET are band to band
photon absorption in the GaAs and in the AlGaAs layer,
generating hole-electron pairs in these regions.

When photons are absorbed only 1 the GaAs layer
an 1increase in the electron concentration of the
2-DEG chamnel occurs (photoconductive effect). The
relevant dimensions and material properties of the
MODFET considered are presented m Table 1. The
photoconductive effect 13 dominant when the incident
photon energy E,, = he/A is equal to or greater than the
GaAs band gap but smaller than the AlGaAs band gap
(E, <E;<Bg2). Then the AlGaAs is transparent to the
llumination and the dommant photo effect in the
generation of hole electron pairs in the GaAs layer. Photo
electrons generated in this layer will experience a vertical
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Fig. 1: AlGaAs/GaAs MODFET under backside optical
Tumination

field associated with the band bending of the
heterojunction and a horizontal field associated with the
applied drain to source voltage. The electrons traveling in
the vertical direction will be collected by 2 DEG layer. And
all the photo electrons generated in the GaAs layer will
contribute to increase in source to drain current.

The photo generated holes drifting towards the semi
msulating substrate will be capacitively coupled m the
grounded source. An estimation of the increase in the
electron concentration n_, in the 2DEG channel due to
illumination in GaAs layer alone can be made as follows.

The photo electron density generated in the GaAs
layer when o,d;<<1 and assuming that the quantum
efficiency is unity is expressed as Sze (1981) and Simons
(1987).

’EnPDpt A (1_6—3_1511)
dlEph

An= 1

Where, P, 1s the incident optical power density, E,, is the
mcident photon energy, o, the GaAs optical absorption
coefficient and d, is the thickness of the GaAs layer. T, 1s
the electron life time.

Then the electron concentration n, in the 2-DEG due
to illumination alone can be estimated from (1) as

TP
n, =And, =" . (1e™h)

d.E,, @

CURRENT VOLTAGE CHARACTERISTICS

The current voltage relation of MODFET under
backside illummation and without illumination for
simulation in the linear and saturation regions are
presented as follows. Assuming the saturated drift
velocity of the photo electrons as v,. The drain to source

504

photo current I, in the linear region can be estimated
from

(Vou-VDE /1 L))

Ligh = Zqn v, (1—¢ 3
And the drain to source photo current I, in the
saturation region can be estimated from
Lign =Zqn, v, “
And the overall drain to source current under back
side dlumination considering only GadAs 1s
Lig = Tgs + Ly o)
where, I, 1s the drain to source cumrent without
illumination. The drain to source current T, without
illumination is also divided in to current in the linear
region and current in the saturation region It 1s calculated
as follows.
Let us consider the charge in the 2-DEG from
Kwangmeanpark and Kwaclk (1986) as:

81 _ _
QS_E(Vg Vorr = VX)) ©

where, V(x) 1s the channel voltage under the gate. For
linear region simulation, the current density equation,
average einstien relation and mobility degradation effect
are considered. We get:

dv
WiE, (Vg — Vo — V(X))(&]
d 1+LCLV
E, dx

Using the boundary condition Vix = 0) = R and
Vix = L) = Vu-R.I = V-RI and when R, = Rs, the
integration of Eq. (7) gives the I-V characteristics in the
linear region as

I=

@

2
SAR, [BVD - VDJ
TN ORI fo 2
AR, E.L ®
where:
VD
C=—D 1 2ABR, - ARV, +1 ©
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Wie
A=——"+
dL (10)
kT
B_[VE—VOFF-‘F?J (11)

The saturation current characteristics 1s sumulated by
solving the poisson equation

oV (1)1
axt s v,
Solving Eq. (12) by considering the boundary

condition V(x = 0) = VR [, =V-RJ, and V(x=1)=
Vp-Rply = ViRl when R = Rs we get the equation

(12)

I75‘(1314)2 —E AL

Vo= Voo +
2Wd g, v,

D3 (1 3)
using the relation(T/Tpg ) = (I/L-AL), the I-V characteristics
in the saturation region is obtained as

_ BB 4A 1A -ELL,)

I
£ 24" (14
where
LZ
B 2Wd, g, v, (15
B'=V, -V, I .A-E,L (16)

The total drain to source current under illumination is
simulated by using the Eq. 3, 4, 8 and 14.

RESULTS AND DISCUSSION

An analytical simulation have been carried out for an
AlGaAs/GaAs MODFET considering the optical effect.
The dimensions and other basic parameters used for
calculation are given in Table 1.

Table 1: Parameter Values used for calculation

Symbol Name Value

Z Gate width 100 pm, 145 pm

L Gate length 1 pm

Np Donar concentration 1.0x10%/m’

N Acceptor concentration 3.0x10%%m’

vs Saturated velocity 2x107cm/s

g Permittivity of GaAs 13.2 gsF/em

g Permittivity of AlGaAs 12.1 g F/em

£ Permittivity of vaccum 8.854x107 “F/m
n Low field mobility 6800 cm?fvs

h Plancks constant 6.6x107 J-5

q Electron charge 1.6x1074C

d, Spacer thickness 60 A°

da Active layer thickness 525 A®

d! Width of the well 80 A°
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Fig. 2. I-V Characteristics of MODFET due
photoexitation of camriers m GaAs layer with
Ve =0V, Z =145 um, R, =25 Q)
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Fig. 3: I-V Characteristics of MODFET due
photoexitation of carriers in GaAs layer with
Vo =-04V, Z2=145 um, R; =25Q
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Fig. 4 I-V Characteristics of MODFET due
photoexitation of carriers m GaAs layer with
different gate voltages
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Fig. 6; Compansion of the I-V characteristics under dark
condition at V,, = -0.668V

Figure 2 shows the simulated I-V characteristics of
n-AlGaAs/GaAs MODFET both under backside optical
llumination and without 1llumination for a gate voltage of
Vs =0V. Figure 3 shows the simulated I-V characteristics
of n-AlGaAs/GaAs MODFET both under backside optical
illumination and without illumination for a gate voltage of
Vg -04V. Figure 4 shows the smulated I-V
characteristics of n-AlGaAs/GaAs MODFET under
backside optical illumination for different gate voltages.
We have significant increase in the current with a higher
pinch off as radiation optical power density increases.
This shows the sensitivity of the device to radiation and
also the amplifying and switching capability of the device
with respect to incident optical power density. It can be
concluded from the the plots, the effect of backside
illumination leads to improved absorption and increases
the drain current considerably. Figure 5 represents the
transfer characteristics of MODFET under both optical
llumination and dark condition. Figure 6 shows the
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comparision of I-V characteristics of our result with the
published data under dark condition. A good agreement
15 observed between our calculated results with those
given in Young et al. (1994).

CONCLUSIONS

The effect of illumination on the backside of
AlGaAs/GaAs MODFET has been simulated. The offset
voltage has been calculated with the effect of illumination.
The I-V characteristics under dark condition and under
different illumination power density have been simulated
and discussed. The effect of backside illumination
leads to improved absorption and increases the drain
current considerably. The transfer characteristics of
the device is also simulated. The I-V characteristics have
been compared with the available experimental data
(Young et al., 1994), showing a good agreement.
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