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Abstract— An optically controlled silicon MESFET 
(OPFET) was fabricated by diffusion process to en-
hance the quantum efficiency, which is the most im-
portant optoelectronic device performance usually 
affected by ion implantation process due to large 
number of process induced defects. The desired im-
purity distribution profile and the junction depth 
were obtained solely with diffusion, and etching proc-
esses monitored by atomic force microscope, spread-
ing resistance profiling and C-V measurements. With 
this approach fabrication induced defects are re-
duced, leading to significantly improved perform-
ance. The fabricated OPFET devices showed proper 
I-V characteristics with desired pinch-off voltage and 
threshold voltage for normally-on devices. The peak 
photoresponsivity was obtained at 620 nm wavelength 
and the extracted external quantum efficiency from 
the photoresponse plot was found to be approxi-
mately 87.9%. This result is evidence of enhancement 
of device quantum efficiency fabricated by the diffu-
sion process. It also supports the fact that the diffu-
sion process is an extremely suitable process for fab-
rication of high performance optoelectronic devices. 
The maximum gain of OPFET at optical modulated 
signal was obtained at the frequency of 1 MHz with 
rise time and fall time approximately of 480 nS.  The 
extracted transconductance shows the possible poten-
tial of device speed performance improvements for 
shorter gate length. The results support the use of a 
diffusion process for fabrication of high performance 
optoelectronic devices. 
 

Index Terms— OPFET, MESFET, etching, metalliza-
tion, diffusion process, quantum efficiency, spectral 
responsivity, gain-bandwidth, device fabrication, 
characterization 

I. INTRODUCTION 

Optically controlled MESFETs (OPFETs) have drawn 
considerable attention in recent years due to their poten-
tial application as optically controlled microwave de-
vices [1] and optical modulator/demodulators [2]. A 
number of theoretical and experimental works have been 
reported on optically controlled MESFETs [3-6]. The 
potential of MESFETs as high-speed photodetectors was 
first demonstrated by Baack et al [7]. Various control 
functions such as amplifier gain, phase shifting, oscilla-
tor tuning and injection locking can be achieved by using 
OPFET devices. Experimental findings show that the 
microwave characteristics of a GaAs MESFET can be 
controlled by incident light radiation having photon en-
ergy greater than or equal to the bandgap energy of GaAs 
in the same manner as varying the gate bias [8-12]. In 
comparison with avalanche photo diodes (APDs), 
OPFET devices show superior performance for disper-
sion measurement on optical fibers with low dispersion 
and very high speed [13]. For frequencies higher than a 
few GHz, the best photodetector devices are p-i-n or 
Schottky diodes or ITO photodiodes combined with 
MESFET devices used as a preamplifier in built-in 
monolithic optoelectronics integrated circuit (OEIC). The 
gain and noise performance of single-gate GaAs 
MESFET’s have been extensively characterized and the 
MESFET potential in low noise amplifiers has been 
clearly demonstrated [14]. The advantage of MESFET 
using a preamplifier is low noise performance and ex-
tremely low gate-to-source capacitance. This low capaci-
tance allows for high sensitivity. In recent years, there 
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has been considerable attention given to the development 
of silicon based OEICs [15, 16], which is the integration 
of a photodetector (p-i-n or APD or MSM) with a transis-
tor (MESFET or HBT). The fabricated OPFET device 
shows similar function of OEICs for photo detection and 
amplification with reduced signal delay, noise and en-
hancement of QE and responsivity, etc. Successful im-
plementation of OPFET in MMIC applications, however, 
largely depends on the noise performance of the device 
in the illuminated condition. The semi-insulated substrate 
of GaAs MESFET technology greatly reduces parasitic 
capacitances and thus, is an excellent choice for low 
noise and high speed applications [17]. For a given gate 
length technology, increasing gate width of MESFET 
device has been found effective at improving the noise 
figure [18]. 

To date, desired impurity distribution profiles have 
been achieved with ion implantation followed by anneal-
ing to minimize defects. Experiments measuring the bulk 
generation lifetime of MOS capacitors have shown re-
sidual ion implantation defects in the substrates remain 
in spite of annealing [19]. Phosphorus ion implantation 
not only results in the transition of the crystalline fullere-
nes to an amorphous material phase, but also produces a 
significant defect level, which is evident from solar cell 
efficiency ranges of only 10-20% [20]. 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 effi-
ciency and sensitivity [21]. A dc analytical model of an 

ion implanted GaAs based OPFET has been proposed by 
many researchers [22-24]. Unfortunately, none of these 
models incorporate a number of important parameters 
required to account for physical fabrication problems 
such as out-diffusion of carriers during annealing and ion 
implanted process induced defects. These additional pa-
rameters are necessary to properly estimate quantum 
efficiency performance in practical devices. Process in-
duced defects due to diffusion process are obviously far 
less compared to ion implantation, as has been verified 
by our previous articles [25, 26]. This work focuses on 
investigating of the impact of diffusion process induced 
defects verifying their minimal effect on quantum effi-
ciency. Various parameters were optimized for our fabri-
cated device to maximize speed and reduce power con-
sumption. The gate length of the MESFET was shortened 
and parasitics reduced to increase fT, and the load resis-
tance was selected to minimize the output-circuit time 
constant without reducing the logic swing. This research 
paper presents the characterization results of our fabri-
cated OPFET in our microelectronics laboratory. 

 

II. THEORY 

A schematic diagram of OPFET with MESFET struc-
ture is shown in Fig. 1. The transparent gate is made of 
indium tin oxide (ITO) forming a Schottky rectifying 
contact with proper antireflection properties. OPFET 
device structure was optimized by analytical modeling 

 
Fig. 1. Device structure of OPFET. 
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and TCAD simulations for gate lengths varying from 1 
µm to 13 µm. Fig. 1 shows a cross-sectional schematic 
diagram for 13 µm gate length. The theory for OPFET 
considering non-uniform doping has been described with 
the physics based analytical modeling [21]. When the 
device is illuminated by photons with energy Eph = hν (h 
= Planck’s constant and ν = frequency of the light) 
greater than the energy bandgap of silicon (1.12 eV) but 
smaller than the energy bandgap of indium tin oxide 
(~3.5 eV), electron and hole pairs are generated. 

Depending on device structure and the wavelength of 
the incident light, several different photo-induced proc-
esses may occur. The primary photo effect along the 
Schottky junction (low injection case of incident photon 
flux) is photovoltaic. In this case, the photo-generated 
electron-hole pairs are separated by the Schottky junction 
built-in electric field and move in different directions due 
to the space charge effect [27]. The electrons move to-
wards the channel and holes toward the surface. The 
holes recombine with traps or recombination centers, 
giving rise to a gate leakage current [13, 24]. Thus a 
photovoltage is developed across the junction, effectively 
reducing the depletion width in the channel. This reduc-
tion of the gate depletion region causes an increase in 
drain current for a given source-drain bias. Thus a photo-
voltage is developed across the junction, effectively re-
ducing the depletion width in the channel. This reduction 
of the gate depletion causes an increase in drain current. 
Thus variation of depletion width directly affects the 
drain current. This optical modulation of drain current 
gives higher optical responsivity in a FET compared to a 
simple Schottky diode, which normally achieves an opti-
cal responsivity of less than unity. Additional lesser 
photo-induced effects may be present as well. For large 
gate resistances a noticeable photovoltage is generated, 
supplementing the dark gate-source bias voltage. A simi-
lar photovoltaic effect can also occur at the channel sub-
strate junction which can act as a photodiode but this 
effect can usually be ignored by assuming low injection 
conditions. 

Moreover, the photo-generated carriers in the deple-
tion layer from the gate to the drain are swept out by the 
electric field and contribute to the primary photocurrent 
between the drain and gate. This gate current causes a 
change in the gate voltage due to the potential drop on 
the gate resistance, which in turn causes a change in the 

drain current via the transconductance of MESFET [28]. 
Optical radiation is absorbed by the gate depletion re-

gion through the transparent ITO gate. As a result, elec-
tron-hole pairs (EHPs) are generated and carrier transport 
occurs due to drift and surface recombination. Due to 
gate-biasing, the generated electrons move towards the 
n-channel, whereas the holes move towards the surface 
to recombine the surface traps. Carrier transport is con-
sidered to be due to diffusion, and both bulk and surface 
recombination, therefore reasonable channel thickness is 
optimized to absorb maximum optical radiation as well 
as to prevent the loss of photo-generated carriers. Space 
charge in the gate and substrate depletion region changes 
due to the excess generated carriers, which in turn con-
trols the channel opening leading to incremental changes 
in current. Changes in the space charge region modulate 
the barrier potential in the junction and as a result, 
photovoltage will be generated affecting the electrical 
parameters in the dark to illumination transitions. 

 

III. DEVICE FABRICATION 

The active area was formed by diffusion process, 
which is preferred over ion implantation due to diffusion 
having little or no process induced defects [21]. Ion im-
plantation induced defects in silicon substrates have been 
characterized to study the dependence of substrate 
dopant species (phosphorous and boron) on defect for-
mations [29]. I-V characteristics of ion implanted solar 
cell devices at optical illumination have shown efficien-
cies as low as 0.01%. Phosphorous ion implantation not 
only results in the transition of the crystalline fullerenes 
to amorphous material phase, but also produces a signifi-
cant defect level [30]. An effective loss of photo-
generated carriers due to ion implantation process in-
duced defects in the active channel region of OPFET is a 
major issue of degradation of quantum efficiency, sensi-
tivity, etc. 

OPFET fabrication was performed using silicon wa-
fers with <100> orientation with a 10-12 µm thick p-
epitaxy with a resistivity of 10 Ohm-cm and p+ substrate 
with thickness of about 490 to 500 µm and resistivity of 
0.02 Ohm-cm boron doped. The wafer was cleaned by 
SC-1 and SC-2 processes followed by phosphorus impu-
rity doping by diffusion process using Saint Gobain 
(Carborundum) planar diffusion sources (PDS) PH 900 
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to form the active channel. The resultant diffusion proc-
ess shows an impurity distribution with the surface impu-
rity concentration of approximately 3x1018 cm-3 and junc-
tion depth of approximately 0.375 µm measured by 
Solecon Laboratories shown in Fig. 2. 

The high surface impurity concentration and large 
junction depth resulting from this type of doping process 
are not reasonable for optoelectronic device for high QE 
and speed performance. Hence, the doped silicon wafers 
were further etched by 45% KOH at 50 oC for 3.5 min-
utes at N2 ambient based on the optimization of etching 
time and temperature calculated using the KOH etching 
model [31], thus a shallower junction with lower surface 
doping concentration was achieved compared to the con-
ventional diffusion process using PH900. 

KOH etching process was preferred for anisotropic 
etching and uniform bright surface [32]. One of the cru-
cial issues during etching process is its effect on the sur-
face roughness of the resulting silicon film surface. The 
roughness of silicon <100> surfaces caused by etching 
can affect their nanotribological (friction and wear) be-
havior [33, 34] as well as mechanical properties of the 

microscale structures [35-37]. Experimental studies on 
the measurement of the roughness of the etched surfaces 
[38, 39] have shown that the roughness of the etched 
surface depends upon the temperature and concentration 
of KOH etchant [40-42]. Higher micro-roughness will 
result in voids that can not be cured during annealing 
processes [43] and cause higher stress in the bonding 
interface [44]. Once the surface micro-roughness exceeds 
a critical value, the wafer will no longer be bondable. 
However, anisotropic etchant solutions such as KOH or 
NaOH generally form random distributed pyramids as a 
micro-roughness, which can improve light trapping 
properties [45, 46]. These pyramidal textures have ge-
ometries, which allow as much light as possible to be 
absorbed and converted to electrical current in the solar 
cell or optoelectronic devices. Fig. 3 shows KOH etching 
analysis of a doped sample inspected by Atomic Force 
Microscopic (AFM). Considering above effects, some 
test wafers were etched and finally the etch process was 
optimized to an etching solution of 45% KOH at 50 oC 
for 3.5 minutes at N2 ambient. This technique has been 
applied to OPFET forming a channel with appropriate 
impurity distribution and junction depth. The etched and 
non-etched areas can be clearly seen in Fig. 3. Fig. 4 
shows the impurity distribution of KOH etched sample 
extracted from C-V measurement, where the KOH etch-
ing brings the surface concentration down from about 
2x1019 cm-3 to the range of 6x1016 - 7x1016 cm-3 and the 
junction depth in the range of about 0.1 µm. 

The source and drain doping was formed by diffusion 
process using PH900 and the drain/source doping con-

Fig. 2. Doped Phosphorous Impurity distribution measured by 
Solecon Laboratories. 

Fig. 3. AFM image of silicon wafer sample etched by KOH at 
50 oC for 3.5 min in N2 ambient. 



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.10, NO.3, SEPTEMBER, 2010 217 

centration and junction depth were kept in the range of 
5x1019 - 8x1019 cm-3 and 0.5 to 0.75 µm. Aluminum film 
deposition for source/drain was performed by a sputter-
ing system with power set to 100 Watt and 10SCCM 
argon flow resulting in the chamber pressure of approxi-
mately 4.3x10-3 Torr for 30 minutes. The deposited alu-
minum film thickness measured by Veeco A-Scope was 
found to be 3000 Å with a thickness tolerance of 5%. 

The indium tin oxide (ITO) Schottky gate was formed 
by using a bi-layer photoresist metal lift-off process. ITO 
deposition was performed by sputtering with initial vac-
uum in the range of 5x10-8 to 7x10-8 Torr. The ITO film 
was deposited at power setting of 100 Watt for 4 minutes 
in argon and oxygen flowing at 12 SCCM and 0.2 SCCM 
respectively, resulting in a chamber pressure of approxi-
mately 8.5x10-3 Torr. An ITO film thickness of 600 - 700 
Å was typically used for defining the gate during OPFET 
fabrication. The entire process cycle was optimized for 
process integration and resulted in approximately 90% 
yield for nine various OPFET devices with gate lengths 
ranging from 1 µm to 13 µm. 

 

IV. RESULTS AND DISCUSSION 

The electrical and optical characteristics of the fabri-
cated OPFET were extracted from different experiments 

to evaluate the device performance, which is described 
below. The I-V characteristics of the 13 µm OPFET de-
vice were obtained by probing the source, drain and gate 
contact pads with floating ground as measured by a Tek-
tronix 370B curve tracer as shown in Fig. 5(a) and 5(b). 
As indicated, curves were captured at gate-source volt-
ages (VGS) of 2 V to 12 V in 2 V steps. The obtained 
plots are shown under dark and illuminated conditions. 
The OPFETs with 13 µm gate length and gate width of 
200 µm had maximum saturation currents of 39 mA and 
27 mA for gate-to-source voltages VGS = 12 V and 2 V 
respectively. Comparison of Fig. 5(a) and 5(b) shows the 
experimental drain current (y-axis) versus drain-source 
voltage (x-axis) under dark and illumination conditions, 
indicating the devices have typical FET characteristics. 
Due to scaling, where the photo-generated current is very 
small relative to the bias current, the photocurrent meas-
urement was performed using the two diodes configura-
tion (Schottky/n/p) between the gate and substrate shown 
in Fig. 6(a) and 6(b). The measured I-V characteristics 
between the gate and substrate under forward and reverse 
bias in dark and illumination conditions exhibit the typi-
cal photo current similar to that of an ideal photodiode in 
transition from dark to illumination. The measured re-
verse saturation current under illumination was approxi-
mately 80 - 90 µA due to the photo generated carriers 
resulting from white light. 

 
Fig. 4. Impurity distributions from C-V measurement after KOH etching. 
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The pinch-off voltage is found to be approximately 
6.06 V extracted from the I-V characteristics. The result-
ing pinch-off voltage justifies the channel depth as opti-
mized by process simulation and the diffusion process. 
The active channel depth is an important parameter, 
which is key in determining the pinch-off voltage of the 
physical device. The active channel depth and the junc-
tion depth of the doped layers are co-related to estimate 
the pinch-off voltage. Therefore, the pinch-off voltage is 
not only one of the electrical parameters of the OPFET, 
but also is key to assist in the optimizing of the fabrica-
tion parameters such as the channel depth and junction 
depth. Diffusion process parameters such as the diffusion 
time of 20 minutes, diffusion coefficient of approxi-
mately 5x10-15 cm2/sec for 840 oC [47] and measured 

impurity flux of 5.5x1013 cm-2 from the spreading resis-
tance profiling (SRP) for impurity distribution profile 
were taken into consideration to calculate the pinch-off 
voltage from our previous paper [21]. 

Fig. 7 shows the plot of OPFET device’s responsivity, 
factoring out the Air-ITO boundary reflectance and ITO 
absorption (approximately only 14% combined loss at 
620 nm due to ITO thickness of only 60 to 70 nm and 
index of refraction of 1.95), where the peak responsivity 
was found at 620 nm and the spectral response was ob-
served in the range of 500 – 910 nm. The spectral re-
sponse was measured under reverse bias of 10 V with 
optical flux from 350 nm to 1100 nm. The resulting spec-
tral responsivity profile is somewhat typical for silicon 
material, given the small effect of ITO spectral absorp-

 
Fig. 5(a) and 5(b). 13 μm OPFET - IV curves taken from first complete OPFET wafer. From Left to right: 13 μm gate OPFET IV 
curves without illumination, and IV curves with illumination. X axis: Drain to Source Voltage (VDS) and Y axis: Drain Current (ID). 

 

 
Fig. 6(a) and 6(b). Schottky Photo Diode effect - Schottky diode IV curve is shown using the 13 μm OPFET gate and the sub-
strate. As can be clearly seen, the reverse bias current changes significantly between darkened condition (left) and illuminated 
(right). X axis: Gate to Substrate Voltage and Y axis: Gate Current.
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tion and effect of the doping on absorption profile. The 
optical transmissivity of doped silicon is a function of the 
sheet resistance and incident wavelengths [48]. Hence, 
the peak responsivity of the OPFET device can be con-
trolled by adjustment of doping in the absorption layer. 

Using this data, quantum efficiency at peak responsivity 
can be calculated using following equation: 

 

)/1240( AnmW
R

e
hcR

QE ⋅×≈×=
λλ
λλ

λ  

 

where, 
nm

AWR
620

/439.0=
λ
λ  which yields a quantum effi-

ciency of about 0.879 or 87.9%. 
The spectral responsivity results show that the OPFET 

has an external quantum efficiency (excluding the Air-
ITO boundary reflectance and ITO absorption) of ap-
proximately 87.9%, which is much higher than other 
optoelectronic devices. Factoring in the losses at the Air-

ITO boundary and ITO absorption, total external quan-
tum efficiency is calculated as being about 75.6%. This 
result indicates an improvement due to fewer process 
induced defects in the active channel region of OPFET 
compared to optoelectronic devices fabricated by other 
more complex and expensive doping process technolo-
gies, such as ion implantation.  

Fig. 8 shows the experimental set-up to measure the 
modulated output voltage of the device with 13 µm gate 
versus frequency. Fig. 9(a) shows the OPFET device was 
packaged in a TO-5 header with Fig. 9(b) showing a 
close-up of the 13 µm device. Connections were made by 
gold wire bonding using cold welding process at OSI Ins., 
USA. EPO-TEK-H20E silver epoxy was used to bond to 
the gate pad, due to the inability of gold wire to adhere to 
the ITO coated gate pads. The transistor was mounted in 
a TO-5 to SMA test fixture specially designed for high 
frequency compatibility and high precision cables were 
used to minimize any high frequency effects due to inter-
connects. 

The drain/source and gate terminals of the OPFET de-
vice were biased through DC power supplies. The modu-
lated laser signal impinged on the gate and resulted in 
common source output signal modulation. Fig. 10 shows 
the output voltage with the drain-to-load resistor of 1.5 
kΩ as measured by a 500 MHz (5 GS/s) bandwidth oscil-
loscope, with a modulated light signal swept from 100 
kHz to 2.5 MHz, produced by the direct modulation of a 
650 nm, 5 mW laser diode illuminating the ITO transpar-
ent gate. 

The OPFET device was biased with VDS = 24 V and 
VGS= -1.35 V. The measured voltage gain was AV = 2.2 
as obtained in the dark condition. The laser was biased at 
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Fig. 7. OPFET optical response (measured by the reverse bi-
ased current/watt) versus optical wavelength. 

Fig. 8. Experimental setup for optical characterization of the OPFET. 
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2.21 V with a bias current of 20 mA.  The amplitude of 
the signal generator output was 300 mV for the various 
frequencies modulating the laser illumination. The volt-
age gain of the device under illumination is found to be 
1.33 at approximately 1.0 MHz and starts falling above 
1.1 MHz. The voltage gain and current gain variations in 
the dark and illumination conditions shows a practical 
evidence of the OPFET as an optical modulator.  The 3 
dB bandwidth of the OPFET device was determined to 
be approximately 1.5 MHz, which is limited by the cut-
off frequency of the 13 μm Si MESFET, which should be 
in the GHz range for similar sub-micron devices. 

Fig. 11 shows a plot of drain-source current versus 
gate-source voltage for 1 µm and 13 µm gate length 
OPFET devices estimated from the I-V characteristics 
measured from the Tektronix 370B curve tracer. The in-
tersecting point of the plot at VGS axis with IDS = 0 in Fig. 
11 indicates the threshold voltages of -4.0 volts for 13 
µm and -2.0 volts for 1 µm gate length under gate illu-
mination condition. The maximum drain current for 13 
µm gate OPFET device becomes almost twice as small 

i.e. approximately 32 mA compared to that of 1 µm gate 
OPFET i.e. approximately 54 mA due to the gate length 
reduction. As a result, the transconductance is higher and 
the gate capacitance should be lower, compared to those 
of the 13 µm gate OPFET. Therefore, higher gate length 
and gate-source capacitance will limit the device re-
sponse to a range in the lower MHz scale because of the 
influence of gate capacitance and long transit time on the 
frequency response. 

 

V. CONCLUSIONS 

In contrast to optoelectronic devices fabrication by ion 
implantation and their inherent device performance is-
sues, OPFET fabrication was pursued using diffusion 
process.  Due to low process induced defects and low 
gate-to-source (Schottky gate) capacitance, high quan-
tum efficiency has been achieved by obtaining high 
photocurrent with excellent responsivity at wavelengths 
ranging from 550 nm to 850 nm.  The enhancement of 
quantum efficiency (87.9%) allows for the sensitive con-
trol of the channel opening by significant photovoltaic 
effect in the gate. The peak responsivity and maximum 
output voltage of the 13 µm gate OPFET were found to 
be at 620 nm and 1.0 MHz respectively. Modeling and 
simulation shows that the responsivity and output voltage 
can be further enhanced by optimizing the gate length 

 
Fig. 9(a) and 9(b). OPFET die in TO-5 package, and close up 
of 13 μm device. 
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and channel doping concentration. Comparative study of 
transconductance of OPFET devices with 1 μm and 13 
μm gate lengths shows that the transconductance of 1 μm 
gate length is much higher compared to that of the 13 μm 
gate length. Moreover, the gate-source capacitance for 
the 1 μm gate length is much smaller than that of the 13 
μm gate.  It can be anticipated that the combination 
effect of transconductance and gate-source capacitance 
of the 1 μm gate OPFET would show significantly im-
proved frequency performance useful for high speed 
switching applications. The scope of research for meas-
uring the responsivity and frequency response character-
istics of OPFETs with 1 μm gate length (or smaller) 
would be extremely valuable to completely understand 
the full potential of silicon OPFET devices in optical 
switching, optical routing, optical modulation and high 
sensitivity photo-detection applications. 

 

ACKNOWLEDGMENTS 

This research is primarily supported by Army Re-
search Office, US Department of Defense, under award 
No. W911NF-05-1-0025. The authors wish to thank Dr. 
M. Gerhold, for his continuous assistance and encour-
agement. The authors wish to also thank Mr. M. Man-
souri, President, OSI Inc. of Hawthorne, CA, USA for 
his great help in providing device packaging and charac-
terization assistance. 

 

REFERENCES 

[1] R. N. Simons and K.B. Bhasin, “Analysis Optically 
Controlled Microwave /Millimeter-Wave Device 
Structures,” IEEE Trans. on Microwave Theory and 
Techniques, Vol. MTT-34, p. 1349, 1986. 

[2] J.M. Osterwalder and B.J. Rickett, “GaAs 
MESFET demodulates gigabit rates from GaAlAs 
injection laser,” Proceeding of the IEEE, Vol. 67, p. 
966, 1979. 

[3] P. Chakrabarti, et al, “Switching Characteristics of 
an Optically Controlled GaAs-MESFET,” IEEE 
Trans. on Microwave Theory & Tech., Vol. MTT-42, 
pp. 365-375, 1994.  

[4] V.K. Singh, S.N. Chattopadhyay and B.B. Pal, 

“Optically Controlled Characteristics in an Ion-
Implanted Silicon MESFET,” Solid State Electron-
ics, Vol. 29, pp. 707-711, 1986. 

[5] S. Mishra, V.K. Singh and B.B. Pal, “Effect of Ra-
diation and Surface Recombination on the Charac-
teristics of an Ion-Implanted –GaAs MESFET,” 
IEEE Trans. Electron Devices, Vol. 37, pp.2-10, 
1990. 

[6] S.R. Saxena, R.B. Lohani, R.U. Khan and B.B. Pal, 
“Generalized dc model of GaAs optical field effect 
transistor considering ion implanted profile,” Opti-
cal Engineering, Vol. 37, No. 4, p.1343, 1998. 

[7] C. Baack et al., “GaAs M.E.S.F.E.T.: A High-Speed 
Optical Detector,” Electronics Letters, Vol. 13, 
p.193, 1977. 

[8] S. Bose, et al., “Cutoff frequency and optimum 
noise figure of GaAs optically controlled FET,” 
Microwave and Optical Technology Letters, Vol. 26, 
No. 5, p.279, 2000. 

[9] R. Zulegg, “Radiation effects in GaAs FET de-
vices,” Proceedings of the IEEE 77 (1989), p.389. 

[10] H. Mizuno, “Microwave characteristics of an opti-
cally controlled GaAs MESFET,” IEEE Trans. on 
Microwave Theory & Tech., Vol. MTT 31, p. 596, 
1983. 

[11] J. Graffeuil, et al, “Light induced effects in GaAs 
FETs,” Electronics Letters. Vol. 15, p. 439, 1979. 

[12] A.A.A. DeSalles, “Optical control of GaAs 
MESFET’s,” IEEE Trans. Microwave Theory & 
Tech., Vol. MTT-31, p. 812, 1983. 

[13] B.B. Pal and S.N. Chattopadhyay, “Time dependent 
analysis of an ion implanted GaAs OPFET,” IEEE 
Trans. Electron Devices, Vol. 42, p. 491, 1994. 

[14] C. A. Liechti, “Performance of Dual-gate GaAs 
MESFET’s as Gain-Controlled Low Noise Ampli-
fiers and High Speed Modulators,” IEEE Trans. on 
Microwave Theory and Techniques, Vol. MTT-23, 
No. 6, pp. 461-469, 1975.  

[15] G. Breglio, et al, “Two silicon optical modulators 
realizable with a fully compatible bipolar process,” 
IEEE Journal of Selected Topics in Quantum Elec-
tronics, Vol. 4, p. 1003, 1998. 

[16] C.L. Schow, et al., “A 1-Gb/s monolithically inte-
grated silicon nMOS Optical Receiver,” IEEE 
Journal of Selected Topics in Quantum Electronics, 
Vol. 4, p.1035, 1998. 

[17] L. Forbes, et al, “A Model for the Channel Noise of 



222 S.N. CHATTOPADHYAY et al : OPTICALLY CONTROLLED SILICON MESFET FABRICATION AND… 

MESFETs Including Hot Electron Effects,” Mi-
croelectronics Reliability, Vol. 39, pp. 1773-1786, 
1999. 

[18] R.A. Minasian, “Optimum Design of a 4-Gbit/s 
GaAs MESFET Optical Preamplifier,” Journal of 
Lightwave Tech., Vol. LT-5, No.3, pp.373-379, 1987. 

[19] K. Kanemoto, et al., “Dependence of ion implanta-
tion: Induced defects in substrate doping,” J. Appl. 
Phys., Vol. 89, pp.3156-3161, 2001. 

[20] K.L. Narayanan and M. Yamaguchi, “Phosphorous 
ion implantation in C60 for the photovoltaic appli-
cations,” J. Appl. Phys., Vol. 89, pp. 8331-8335, 
2001. 

[21] S. N. Chattopadhyay, et al, “Optically controlled 
Silicon MESFET Modeling Considering Diffusion 
Process,” Journal of Semiconductor Technology 
and Science, Vol. 7, No. 3, pp. 196-208, 2007.  

[22] S. Bose, et al, “Optical Radiation and Temperature 
Dependent Microwave Performance of Optically 
Biased GaAs Metal-Semiconductor Field Effect 
Transistors,” Optical. Engineering. (SPIE), Vol. 41, 
No. 1, pp. 190-199, 2002 

[23] P. Chakrabarti, et al, “An Analytical model of 
GaAs OPFET,” Solid State Electronics, vol. 39, no. 
10, pp. 1481-1490, 1996. 

[24] P. Chakrabarti, et al, “An Improved Model of Ion-
Implanted GaAs OPFET,” IEEE Trans. on Electron 
Devices, Vol. 39, No. 9, pp.2050-2059, 1992. 

[25] S.N. Chattopadhyay and B.B. Pal. “The effect of 
annealing on the Switching characteristics of an 
ion-implanted silicon MESFET,” IEEE Trans. on 
Electron Devices, Vol. ED-36, pp.920-929, 1989. 

[26] S.N. Chattopadhyay and B.B. Pal, “Analytical 
modeling an Ion-implanted Silicon MESFET in 
Post-Anneal condition,” IEEE Trans. on Electron 
Devices, Vol. ED-36, pp.81-87, 1989. 

[27] A.H. Khalid and A.A. Rezazadeh, “Fabrication and 
Characterization of Transparent-Gate Field Effect 
Transistors Using Indium Tin Oxide,” IEEE Pro-
ceedings – Optoelectronics, Vol. 143, No. 1, pp. 7-
11, 1996. 

[28] T. Sugeta and Y. Mizushima, “High Speed Photore-
sponse Mechanism of a GaAs MESFET,” Japanese 
Journal of Appl. Physics, Vol. 19, No. 1, pp. L27-
29, 1980. 

[29] K. Kanemoto, et.al, “Dependence of ion implanta-
tion: Induced defects on substrate doping,” J. Appl. 

Phys. Vol.89, pp.3156-3161, 2001. 
[30] K.L. Narayanan and M. Yamaguchi, “Phosphorous 

ion implantation in C60 for the photovoltaic appli-
cations,” J. Appl. Phys., Vol. 89, pp. 8331-8335, 
2001. 

[31] H. Seidel, et al. “Anisotropic Etching of Crystalline 
in Alkaline Solutions,” J. Electrochemical Society, 
Vol. 137, No. 11, pp. 3626-3632, 1990. 

[32] M.J. Madou, “Fundamentals of Microfabrication, 
2nd Ed.,” CRC Press, New York, 2002, p.212. 

[33] R. Maboudian, R.T. Howe, “Critical Review: Ad-
hesion in Surface Micromechanical Structures,” J. 
Vac. Sci. Technol. B, vol. 15 (1), p. 1,  1997. 

[34] S. Sundararajan, B. Bhushan, “Static Friction and 
Surface roughness studies of Surface Micro-
machined Electrostatic Micromotors using an 
Atomic Force/Friction Force Microscope,” J. Vac. 
Sci. Technol. A, Vol. 19, pp.1777-1785, 2001. 

[35] F. Ericson, J. A. Schweitz, “Micromechanical Frac-
ture Strength of Silicon,” J. Appl. Phys., Vol. 68, 
p.5840, 1990. 

[36] T. Yi, C.J. Kim, “Measurement of Mechanical 
properties for MEMS materials,” Meas. Sci. Tech-
nol., Vol. 10, pp. 706-716, 1999. 

[37] S. Sundararajan, B. Bhushan, et.al, “Mechanical 
Property Measurements of Nanoscale Structures 
using an atomic Force Microscope,” Ultramicro-
scopy, Vol. 91, pp. 111-118, 2002. 

[38] F. J. Williams, C.M. Aldao, et al, “Why Si (100) 
Steps are Rougher After Etching,” Phy. Rev., B, 
Condens. Matter, Vol. 55, pp. 13829-13834, 1997. 

[39] T. Baum and D.J. Schiffrin, “AFM Study of Sur-
face Finish Improvement by Ultrasound in the Ani-
sotropic Etching of Si (100) in KOH for Micro-
maching Applications,” J. Micromechanics Micro-
engineering, Vol. 7, pp. 338-342, 1997. 

[40] I. Zubel, et al, “Silicon Anisotropic etching in alka-
line solutions II On the Influence of anisotropy on 
the smoothness of etched surfaces,” Journal “Sen-
sors and Actuators  A:  Physical, Vol. 70, pp. 260-
268, 1998. 

[41] M. Shikida, K. Sato, et al, “Differences in anisot-
ropic etching properties of KOH and TMAH solu-
tions,” Journal “Sensors and Actuators A: Physi-
cal,” Vol. 80, pp.179-188, 2000. 

[42] R. Holly and K. Hingerl, “Fabrication of silicon 
vertical taper structures using KOH anisotropic 



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.10, NO.3, SEPTEMBER, 2010 223 

etching,” Microelectronics Engineering, 83, 1430-
1433, 2006. 

[43] A. Tabe, A. Uchiyama, et.al in Proceedings of the 
1st International Symposium on Semiconductors 
wafer bonding: Science and Technology, and Ap-
plications, U. Gosels, T, Abe, J. Haisma and M.A. 
Schmidt, Editors, PV 92-7, p 200, The Electro-
chemical Society Proceedings Series, NJ (1992). 

[44] W.P. Maszara, B-L. Jiang et.al, “Role of Surface 
Morphology in Wafer Bonding,” J. Appl. Phys. Vol. 
69, p.257, 1991. 

[45] H. Angermann and Carola Klimn, “Wet-chemical 
treatment and electronic interface properties of sili-
con solar cell,” Central European Journal of Phys-
ics, Vol. 7, 2, pp.363-370, 2009. 

[46] J.D. Hylton, A.R. Burgers and W.C. Sinke, “Alka-
line etching of Reflectance reduction in multicryst-
taline silicon solar cells,” Journal of the Electro-
chemical Society, Vol. 151, Issue 6, pp.G408-G427, 
2004. 

[47] S.K. Ghandhi, “VLSI Fabrication Principles – Sili-
con and Gallium Arsenide, 2nd Ed.,” 1994, John 
Willey & Sons, Inc. 

[48] D.K. Schroder, et al, “Free Carrier Absorption in 
Silicon,” IEEE Trans. On Electron Devices, Vol. 
ED-25, No. 2, pp. 254-261, 1978. 

 
 

S.N. Chattopadhyay is currently 
engaged in teaching as a faculty 
member in the Department Electrical 
and Computer Engineering, Califor-
nia State University Northridge. He 
was a faculty of Electrical and Com-

puter Engineering, California State University Fresno 
from 2002-2004. In 2005, he was awarded a research 
grant from the US Department of Defense and at present 
is actively engaged in pursuing an advance research on 
optoelectronic devices. Recently he guided his team in 
the successful fabrication of an optically controlled 
MESFET. He has been awarded the Alexander von Hum-
boldt fellowship in 1993 and pursued research work on 
indium phosphide epitaxial growth by molecular beam 
expitaxy and transport characterization in the Technical 
University of Darmstadt, Germany from 1993-1995. 
From 1995-1998, he worked as a general manager (head) 

of the wafer fab of USHA India Limited in collaboration 
with Samsung. Since 1998-2000, he worked as a team 
leader of the fabrication group in the Center of Advanced 
Study in Radio-Physics and Electronics, University of 
Calcutta, India and successfully developed a SDR 
IMPATT diode. Currently, he is also actively engaged 
with research on silicon carbide MESFETs for high 
power RF amplifier applications.  

 
 

C. B. Overton was born in San 
Diego, CA, USA in 1970. He worked 
as a technician at various equipment 
manufacturers in Santa Barbara, CA, 
USA from 1989 to 2005. He received 
his B.S. in Electrical Engineering at 

California State University, Northridge, USA in 2008. He 
is currently pursuing his MS degree in Electrical Engi-
neering at California State University, Northridge and is 
involved with ongoing research on optically controlled 
MESFET devices and optical Schottky diodes as well as 
currently working in Burbank, CA as an electronics de-
sign engineer in the movie industry. 
 
 
 
S. Vetter [not available] 
 
 
 

M. Azadeh earned his Bachelor’s 
degree from Tehran University, his 
master’s degree from Portland State 
University, and his PhD degree from 
University of Washington, all in the 
field of electrical engineering with 

emphasis in optoelectronics.  He has been working as a 
Senior Design Engineer at Source Photonics Inc. since 
2001 specializing in fiber optic transceivers and relevant 
analog electronics design.  He is a senior member of 
IEEE. He has published several papers in the areas of 
electronics, sensors, and optoelectronics, and has au-
thored a book about fiber optics (Fiber Optics Engineer-
ing, Springer, 2009). 
 
 
 



224 S.N. CHATTOPADHYAY et al : OPTICALLY CONTROLLED SILICON MESFET FABRICATION AND… 

B. H. Olson received Bachelor of 
Science and Ph.D. degrees in electri-
cal engineering from the University 
of California at San Diego in 1989 
and 1996, respectively. In 1996 she 
joined the Jet Propulsion Laboratory 

(JPL) as member of technical staff where she worked on 
the development of CMOS image sensors. Subsequently 
she worked for W. L. Gore & Associates and Micron 
where she designed parallel channel Fiber Optic Trans-
ceivers and commercial CMOS image sensors.  In 2003 
she became a member of California State Polytechnic 
University, Pomona’s Electrical Engineering faculty. 
 

N. El Naga received his Ph.D. de-
gree from the University of Waterloo 
in 1978. In 1979, he joined the De-
partment of Electrical and Computer 
Engineering (ECE), California State 
University Northridge (CSUN) as 

Assistant Professor and became Professor in 1986. In 
2002, he became the Chairman of the Department. Dr. El 
Naga has received many honors and awards which in-
clude the Distinguished Teaching Award, Engineering 
Council Merit Award, Tau Beta Pi Professor of the year 
award, College of Engineering and Computer Science 
Outstanding Faculty award, the university Meritorious 
Performance and Professionals Promise award, etc. His 
research interest is focused on Computer Architectures 
and Digital System design and their applications.  He 
served as a consultant to several companies. He has been 
awarded several grants and now he is the Principal Inves-
tigator of STTR project awarded by the Department of 
Defense. Dr. El Naga has authored over 37 publications 
including Technical Reports and papers published and/or 
presented in internationally reputed scientific and engi-
neering journals and the proceeding of international 
symposia. He supervised more than 77 graduate theses 
and projects. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /!BM-dolhdip1
    /!BM-gaulr
    /!BM-joyakr
    /AGA-Arabesque
    /AGA-ArabesqueDesktop
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AkhbarMT
    /AkhbarMT-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmericanGaramondBT-Roman
    /AmiR-HM
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArborWin
    /ArialBackslanted
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Astro2KT
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvQest
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirdB
    /BirdL
    /BirdM
    /BlackadderITC-Regular
    /BlackChancery
    /BM-dolchulip1
    /BM-gaulr
    /BM-joyakr
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ChungB
    /ChungCB
    /ChungL
    /ChungM
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CliperSKana
    /CMjoB
    /CMjoL
    /CMjoM
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolekana
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Crayon
    /CrounB
    /CrounM
    /CseriB
    /CstreB
    /CstreL
    /CstreM
    /CstreUL
    /CurlzMT
    /DanzinRegular
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DFKMincho-Bd-WIN-KSC-H
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /DTnaskh0
    /DTnaskh1
    /DTnaskh2
    /DTnaskh3
    /DTthuluth0
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GasiIIB
    /GasiIIL
    /GasiIIM
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GothicRoundB-HM
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansR-HM
    /GTB
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bulL
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2hsrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2mkrB
    /H2pirL
    /H2porL
    /H2porM
    /H2sa1B
    /H2sa1M
    /H2sa2L
    /H2snrB
    /H2ta1L
    /H2ta2M
    /H2wulE
    /H2wulL
    /H2yerM
    /H2ysrM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadlineSansR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HSalB
    /HSalL
    /HSalM
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisB
    /IrisL
    /IrisM
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KirillicaWincyr
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Love
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /MMchonL
    /MMchonM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeKoufi-Bold
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Symbol
    /MudirMT
    /Munhem
    /MVBoli
    /MWORLD
    /MyungjoL-HM
    /MyungjoXB-HM
    /NamuB-HM
    /NamuR-HM
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /PinoB
    /PinoL
    /PinoM
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodTransparent
    /SaenaegiR-HM
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwB
    /SanSwL
    /SanSwM
    /SapphIIB
    /SapphIIL
    /SapphIIM
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SeUtum
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimplifiedArabicBackslantedBoldItalic
    /SimSun
    /SimSun-PUA
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SolB
    /SolL
    /SolM
    /SomaB
    /SomaL
    /SomaM
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /SwiriB-KSCpc-EUC-H
    /SwiriL-KSCpc-EUC-H
    /SwiriM-KSCpc-EUC-H
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /TMjoB
    /TMjoL
    /TMjoM
    /ToodamB
    /ToodamL
    /ToodamM
    /TraditionalArabicBackslantedBoldItalic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-BoldExt
    /UniversCondensedLight
    /UniversCondensedOblique
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-Medium
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WingsB
    /WingsL
    /WingsM
    /WoorinR-HM
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /WriSin
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIBlueB
    /YDIBlueEB
    /YDIBlueL
    /YDIBlueM
    /YDIChungM
    /YDICMjoL
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGirlB
    /YDIGirlL
    /YDIGirlM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIMokB
    /YDIMokL
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDIPu
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDISprIIB
    /YDISprIIL
    /YDISprIIM
    /YDISumB
    /YDISumL
    /YDISumM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWriSin
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYSin
    /YetR-HM
    /YGO11
    /YGO115
    /YGO12
    /YGO125
    /YGO13
    /YGO135
    /YGO14
    /YGO145
    /YGO15
    /YGO155
    /YGO16
    /YGO165
    /YGO22-KSCpc-EUC-H
    /YGO23-KSCpc-EUC-H
    /YGO24-KSCpc-EUC-H
    /YGO25-KSCpc-EUC-H
    /YGO31
    /YGO32
    /YGO33
    /YGO34
    /YGO35
    /YGO36
    /YGO520
    /YGO530
    /YGO540
    /YGO550
    /YheadB
    /YheadL
    /YheadM
    /YheadUL
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YMjO11
    /YMjO115
    /YMjO12
    /YMjO125
    /YMjO13
    /YMjO135
    /YMjO14
    /YMjO145
    /YMjO15
    /YMjO155
    /YMjO16
    /YMjO165
    /YMjO22
    /YMjO23
    /YMjO24
    /YMjO31
    /YMjO32
    /YMjO33
    /YMjO34
    /YMjO35
    /YMjO36
    /YMjO42
    /YMjO44
    /YMjO45
    /YMjO520
    /YMjO530
    /YMjO540
    /YMjO550
    /YonseiB
    /YonseiL
    /YoolB-KSCpc-EUC-H
    /YoolL-KSCpc-EUC-H
    /YoolM-KSCpc-EUC-H
    /YSin
    /YtalB-KSCpc-EUC-H
    /YtalL-KSCpc-EUC-H
    /YtalM-KSCpc-EUC-H
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1800
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1800
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


