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Abstract— For radiation hardened image sensors, a1

Silicon-On-Insulator (SOI) -Si/ 4H-SiC hybrid pixel device2

was developed. The hybrid pixel device consists of one3

Si photodiode and three 4H-SiC nMOSFETs. At fabrication,4

SOI substrate was directly bonded on 4H-SiC substrate via5

SiO2. After bonding, the base silicon substrate and Buried6

Oxide (BOX) were removed by TMAH wet-etching. By using7

this SOI-Si/ 4H-SiC substrate, the SOI-Si photodiodes and8

4H-SiC nMOSFETs were integrated in the same substrate.9

As a result, a response of the SOI-Si/ 4H-SiC hybrid pixel10

device to light illumination was successfully demonstrated.11

Index Terms— 4H-SiC, MOSFETs, image sensor, wafer12

bonding, photodiode.13

I. INTRODUCTION14

HARSH environment electronics have been required for15

developing new frontiers like space, deep underground,16

high energy physics, and nuclear science. In addition, radiation17

resistant electronics have been required for the decommission-18

ing of nuclear power stations, e.g., for the Fukushima Daiichi19

nuclear power station accident. So far, for such decommission-20

ing operations robots have been utilized, however the available21

time for operation is limited by the electronics particular image22

sensors. The typical radiation hardness of Si electronics is23

0.2 kGy owing to the total ionization effects on Si MOSFETs24

[1]. For developing radiation hardened electronics, we need to25

introduce radiation hardened transistors.26
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4H-SiC (Silicon Carbide) is a wide bandgap semiconductor 27

and has excellent properties for harsh environment applica- 28

tions. Thus, 4H-SiC has a wide bandgap of 3.26 eV with a 29

very low intrinsic carrier density. This can be applied to high 30

temperature applications. In addition, 4H-SiC has high atomic 31

displacement threshold energy [2], and high radiation ioniza- 32

tion energy for electron-hole pair creation [3]. These properties 33

mean SiC crystal has a hardness to radiation and has potential 34

for electronic devices with low soft errors. Operation of 35

4H-SiC bipolar junction transistors (BJTs), junction field effect 36

transistors (JFETs), and metal-oxide-semiconductor transistors 37

(MOSFETs) have been demonstrated in high temperature envi- 38

ronments [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14]. 39

In terms of the image sensor, 4H-SiC has already demonstrated 40

operation as a UV imaging system with 256 pixels at 400◦C 41

[15]. However, 4H-SiC does not have sufficient absorbance 42

at visible light [16]. For a pixel device in a conventional 43

Si CMOS image sensor, Si MOSFETs used as the reset 44

(RST), source follower (SF), and row selector (RS) are more 45

sensitive and vulnerable to radiation than Si photodiodes (PD). 46

Therefore a combination of SiC MOSFET and Si PD would be 47

a candidate for a pixel device using radiation-hardened CMOS 48

image sensors. 49

We have already demonstrated total ionizing dose effect 50

(TID) resistance of 4H-SiC MOSFETs and some reports also 51

showed that the MOSFETs work even after high irradiation 52

doses exceeding 100 Mrad [12, [13], [14]. The thick embedded 53

oxide film makes SOI devices relatively vulnerable to TID, 54

however, we suggest that TID effects can be reduced by 55

thinning the BOX layer to the same thickness as the gate oxide 56

film. Takeuchi et al. reported that in the case of discrete Si-PD, 57

dark current was within the acceptable range even after gamma 58

irradiation with a dose of 1000 kGy [17]. 59

In this work, SOI-Si PD and 4H-SiC MOSFETs were 60

integrated by applying direct bonding of SOI and 4H-SiC 61

substrates, and the fabrication and optical response of the 62

SOI-Si/ 4H-SiC hybrid pixel device for radiation hardened 63

image sensors were demonstrated. 64

II. EXPERIMENT 65

The pixel device of the CMOS image sensor consists of 66

one photodiode and three MOSFETs. For the hybrid pixel 67

devices, 4H-SiC n-type MOSFETs were applied as the RST, 68
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Fig. 1. 1-pixel device: (a) circuit of the pixel device, which consist of
1 photodiode and 3 MOSFETs; (b) cross sectional schematics of the
SOI-Si/ 4H-SiC hybrid pixel device.

SF, RS and BIAS transistors. The pixel device was designed69

based on the characteristics of the 4H-SiC nMOSFETs [12].70

The pixel device circuits with the nMOSFETs are shown in71

Fig. 1 (a).72

By light irradiation on this device, electrons as the negative73

carriers from the Si photodiode are stored in the SF’s gate74

electrode as the capacitor, and by applying voltage on the gate75

of the RS transistor, the signal corresponding to the stored76

charges is observed as the output voltage. After sensing the77

output voltage, by applying gate voltage on the RST transistor,78

we could reset the charges in PD and SF’s gate electrode.79

In Fig. 1 (b), a cross-sectional schematic of the SOI-Si/80

4H-SiC hybrid pixel device is shown. On the 4H-SiC substrate,81

the Si photodiode is integrated in the same substrate. The82

ideal Si photodiode is made from Si single crystal, then83

SOI substrate is bonded directly to the 4H-SiC substrate.84

By removing the base Si substrate and BOX layer of the SOI85

wafer, a SOI-Si active layer remained on the 4H-SiC substrate.86

By using the bonded SOI-Si/ 4H-SiC substrate, the hybrid87

pixel devices were fabricated.88

The fabrication process of the SOI-Si/ 4H-SiC hybrid pixel89

device is as follows. The 4H-SiC nMOSFETs were fabricated90

on 4H-SiC (0001) 4◦ p-type epitaxial substrate. First, Arsenic91

(As) and Aluminum (Al) ions were implanted in the substrate,92

and the substrate was annealed at a temperature of 1700◦C for93

impurity activation. After impurity activation, thermal oxide94

was formed at a temperature of 1150◦C for the wafer bonding95

process.96

Silicon PDs were fabricated with SOI substrate with a97

500 nm Si (100) active layer. The 4H-SiC wafer with a 20 nm98

SiO2 bonding layer and the SOI wafer were cleaned in RCA99

SC-1 (NH3:H2O2:H2O) solution, and the wafers were bonded.100

The thick Si handle substrate of the SOI was removed using101

a wet-etching process.102

Subsequently, at the outside of the Si PD regions, BOX103

layer, Si active layer, and bonding interfacial thermal oxide104

layer were removed using a wet-etching process. The size of105

the SOI-Si PDs was 300 μm × 300 μm. A 20 nm gate oxide106

layer was formed on the 4H-SiC surface with dry oxidation107

at 1150◦C. Subsequently, BOX layer on the SOI-Si PDs was108

removed. As a result, an SOI-Si (100) layer of 500 nm109

thickness was formed on the 4H-SiC epitaxial substrate with110

S/D regions and the gate oxide layer. On the SOI-Si, n+ and111

p+ regions were form by ion-implantation.112

In the thermal oxide on the 4H-SiC, contact-vias to S/D113

regions were formed, and Nb/Ni thin films were deposited114

Fig. 2. Microphotograph of the fabricated 1-pixel device.

by sputtering. The sample was annealed at a temperature of 115

930◦C in N2 ambient for 5 minutes. After silicidation, contact- 116

vias to SOI-Si PDs were formed. Subsequently, an Al metal 117

layer was formed by sputtering and was patterned with a 118

lithography process and Al etching process. After forming the 119

Al metal layer, SiO2 interlayer dielectric film was formed with 120

atmospheric pressure chemical vapor deposition (APCVD). 121

III. RESULTS AND DISCUSSION 122

A. Device Structure 123

Figure 2 shows the micrograph of the hybrid pixel 124

devices with the integration of SOI-Si PDs and 4H-SiC 125

nMOSFETs. The typical feature size of SOI-Si PDs 126

was 300 μm × 300 μm and the feature size of 4H-SiC 127

nMOSFETs was channel length/width = 10 μm /10 μm. 128

The SOI-Si active layer had a resistivity of 8 �·cm to 129

12 �·cm, and in the photosensitive area we didn’t apply 130

additional doping. The SOI-Si thickness was limited to 500 nm 131

in this study because of the step coverage of the Al intercon- 132

nects and the etching process of the SOI-Si layer. A lateral 133

junction structure was used for the photodiode in the pixel 134

to achieve sufficient quantum efficiency values with a thin Si 135

film. Inside the photodiode, n+ regions with a width of 5 μm 136

were patterned in stripes. As a result, 28 line PN junctions 137

were formed. The total PN junctions width is 5.8 mm. 138

A square Al metal line was formed around the SOI-Si 139

photodiode. This metal line was connected to the GND metal 140

pad electrode through a p+-SiC body contact. The Al metal 141

line in the center of the SOI-Si photodiode was connected to 142

the n+-Si region of the SOI-Si photodiode. This metal line 143

was extended to the 4H-SiC SF transistor and was directly 144

connected to the gate electrode of the SF transistor. 145

These metal lines and gate electrodes were formed in the 146

lower Al first layer. The gate electrodes of the RS MOSFET, 147

RST MOSFET and BIAS MOSFET were also formed in the 148

same Al layer. 149

B. SOI-Si photodiodes and 4H-SiC nMOSFETs 150

The current-voltage characteristics of the photodiode in 151

the dark condition are shown in Fig. 3. The ideality factor 152

indicating the quality of the PN junction is 1.5 at a cathode 153

voltage of −0.55 V, suggesting that the Si layer contains defect 154

levels that contribute to the diffusion current. During device 155

fabrication, several thermal processes after wafer bonding may 156

cause serious defect formation in the bulk. The ideality factor 157

value suggests that some defects are formed in the photodiode, 158

both at the interface and in the bulk, but under sufficient light 159
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Fig. 3. Typical current-voltage characteristics of SOI-Si PD on 4H-SiC
substrate.

Fig. 4. Photocurrent of the SOI-Si PD (λ = 550 nm).

intensity, the photodiodes in this study are expected to work160

as photosensitive devices.161

Figure 4 shows the visible-light illumination response char-162

acteristics of SOI-Si PDs. The size of the measured PD is163

300 μm × 300 μm, which is the same size as the one in164

the pixel device. This graph shows the photocurrent of the PD165

against the light intensity at the visible wavelength of 550 nm,166

and shows a linear characteristic in the range of light intensity167

from 200 to 1000 lux. The PD showed quantum efficiencies168

of 62%, 24%, and 19% for blue light (450 nm), green light169

(550 nm), and red light (600 nm), respectively.170

This PD took its peak efficiency at 450 nm. At the wave-171

length, the incident light’s penetration depth becomes of the172

same order as the SOI-Si PD’s thickness.173

The threshold voltage of the 4H-SiC nMOSFET in the same174

chip as the pixel devices was 4.8 V, and field effect mobility175

was 3.1 cm2/Vs. The high threshold voltage of MOSFETs176

is due to the manufacturing process for high temperature177

tolerance above 200◦C.178

C. Pixel Devices179

Figure 5 shows pixel output characteristics. In the RST180

MOSFET, a rectangular voltage of VHi = 10 V and VLow =181

0 V was applied to the gate electrode for resetting the Si182

photodiode carriers and the gate electrode of the SF transistor.183

Frequency of the RST signal was set to 60 Hz. The output184

voltage swing increased with the illuminance, and saturated at185

800 lux.186

The output electrode of the pixel was connected to a187

oscilloscope via a probe needle and coaxial cable, and buffer188

amplifier was not used. Therefore, by the measurement setup,189

Fig. 5. Output characteristics of the fabricated 1-pixel device at the
condition of RST voltage frequency 60 Hz.

the parasitic capacitance and impedance of the pixel’s load 190

were approximately 300 pF and 1 M�, respectively. The para- 191

sitic capacitance induced transient effect at the reset operation. 192

The maximum swing of the output voltage was limited by 193

the voltage drop (0.5 V) at the PD node immediately after the 194

reset operation. This voltage drop (reset feedthrough) is due to 195

the ratio of the gate-to-source overlap capacitance of the RST 196

MOSFET to the PD node capacitance, which is estimated to 197

be about 5% assuming an SF gain value 1 [18]. The value is 198

one order of magnitude higher than the designed value. As for 199

the PD capacitance, the cause of the capacitance mismatch 200

was considered to be the presence of a low concentration 201

carrier layer in the Si film at the bonding oxide film interface, 202

or an unexpected drop in capacitance due to the growth of the 203

bonding oxide layer. ∗- 204

The saturation of the output voltage swing is determined 205

by the threshold voltage of the SF MOSFETs as well as the 206

PD node capacitance. The MOSFETs in this study has its 207

threshold voltage at approximately half of VDD, so this effect 208

is expected to be significant. 209

IV. CONCLUSION 210

We developed a SOI-Si/ 4H-SiC hybrid pixel device, 211

in which a Si photodiode and a 4H-SiC MOSFET are inte- 212

grated on a single chip by direct heterojunction of SOI 213

and 4H-SiC substrates. In the pixel part, the relationship 214

between the irradiance and the output voltage swing at 550 nm 215

visible light wavelength is shown. In SOI-Si PDs, the linear 216

characteristics, its irradiance range, and quantum efficiency at 217

550 nm visible light wavelength are shown. The operation of 218

the pixel was examined at an operating frequency of 60 Hz. 219

The reset period should be kept small enough compared to 220

the integration period. This 60 Hz operating speed remains a 221

challenge. However, we have successfully demonstrated the 222

reset and integration operation of the pixel and shown its 223

feasibility. By employing a preamplifier in the output stage 224

of the pixel or pixel array, a higher operating frequency is 225

expected to be achieved. 226

REFERENCES 227

[1] K. K. Lee, T. Ohshima, and H. Itoh, “Performance of gamma irradiated 228

p-channel 6H-SiC MOSFETs: High total dose,” IEEE Trans. Nucl. Sci., 229

vol. 50, no. 1, pp. 194–200, Feb. 2003, doi: 10.1109/TNS.2002.807853. 230

http://dx.doi.org/10.1109/TNS.2002.807853


1716 IEEE ELECTRON DEVICE LETTERS, VOL. 43, NO. 10, OCTOBER 2022

[2] A. L. Barry, B. Lehmann, D. Fritsch, and D. Braunig, “Energy depen-231

dence of electron damage and displacement threshold energy in 6H232

silicon carbide,” IEEE Trans. Nucl. Sci., vol. 38, no. 6, pp. 1111–1115,233

Dec. 1991, doi: 10.1109/23.124082.234

[3] C. A. Klein, “Bandgap dependence and related features of radiation235

ionization energies in semiconductors,” J. Appl. Phys., vol. 39, no. 4,236

pp. 2029–2038, Mar. 1968, doi: 10.1063/1.1656484.237

[4] L. Lanni, B. G. Malm, M. Östling, and C.-M. Zetterling,238

“500 ◦C bipolar integrated OR/NOR gate in 4H-SiC,” IEEE Elec-239

tron Device Lett., vol. 34, no. 9, pp. 1091–1093, Sep. 2013, doi:240

10.1109/LED.2013.2272649.241

[5] C.-M. Zetterling, “Integrated circuits in silicon carbide for high-242

temperature applications,” MRS Bull., vol. 40, no. 5, pp. 431–438,243

May 2015, doi: 10.1557/mrs.2015.90.244

[6] Z. M. Shakir, S. Hou, B. G. Malm, M. Östling, and C.-M. Zetterling,245

“A 600 ◦C TTL-based 11-stage ring oscillator in bipolar silicon carbide246

technology,” IEEE Electron Device Lett., vol. 39, no. 10, pp. 1540–1543,247

Oct. 2018, doi: 10.1109/LED.2018.2864338.248

[7] P. G. Neudeck, D. J. Spry, L. Chen, N. F. Prokop, and M. J. Krasowski,249

“Demonstration of 4H-SiC digital integrated circuits above 800 ◦C,”250

IEEE Electron Device Lett., vol. 38, no. 8, pp. 1082–1085, Aug. 2017,251

doi: 10.1109/LED.2017.2719280.252

[8] P. G. Neudeck, L. Chen, R. D. Meredith, D. Lukco, D. J. Spry,253

L. M. Nakley, and G. W. Hunter, “Operational testing of 4H-SiC JFET254

ICs for 60 days directly exposed to Venus surface atmospheric condi-255

tions,” IEEE J. Electron Devices Soc., vol. 7, pp. 100–110, Dec. 2019,256

doi: 10.1109/JEDS.2018.2882693.257

[9] T. Kurose, S. Kuroki, S. Ishikawa, T. Maeda, H. Sezaki, T. Makino,258

T. Ohshima, M. Östling, and C.-M. Zetterling, “Low-parasitic-259

capacitance self-aligned 4H-SiC nMOSFETs for harsh environment260

electronics,” Mater. Sci. Forum, vol. 924, pp. 971–974, Jun. 2018, doi:261

10.4028/www.scientific.net/MSF.924.971.262

[10] V. V. Cuong, S. Ishikawa, T. Maeda, H. Sezaki, T. Meguro, and263

S.-I. Kuroki, “High-temperature reliability of integrated circuit based264

on 4H-SiC MOSFET with Ni/Nb ohmic contacts for harsh environment265

applications,” Jpn. J. Appl. Phys., vol. 59, pp. 126504-1–126504-6,266

Nov. 2020, doi: 10.35848/1347-4065/abc924.267

[11] S. S. Suvanam, S.-I. Kuroki, L. Lanni, R. Hadayati, T. Ohshima, 268

T. Makino, A. Hallen, and C.-M. Zetterling, “High gamma ray tolerance 269

for 4H-SiC bipolar circuits,” IEEE Trans. Nucl. Sci., vol. 64, no. 2, 270

pp. 852–858, Feb. 2017, doi: 10.1109/TNS.2016.2642899. 271

[12] S. Kuroki, H. Nagatsuma, M. de Silva, S. Ishikawa, T. Maeda, H. Sezaki, 272

T. Kikkawa, T. Makino, T. Ohshima, M. Östling, and C. M. Zetterling, 273

“Characterization of 4H-SiC nMOSFETs in harsh environments, high- 274

temperature and high gamma-ray radiation,” Mater. Sci. Forum, 275

vol. 858, pp. 864–867, May 2016, doi: 10.4028/www.scientific.net/MSF. 276

858.864. 277

[13] V. Van Cuong, T. Meguro, S. Ishikawa, T. Maeda, H. Sezaki, 278

and S.-I. Kuroki, “Amplifier based on 4H-SiC MOSFET opera- 279

tion at 500 ◦C for harsh environment applications,” IEEE Trans. 280

Electron Devices, vol. 69, no. 8, pp. 4194–4199, Aug. 2022, doi: 281

10.1109/TED.2022.3184663. 282

[14] K. Muraoka, H. Sezaki, S. Ishikawa, T. Maeda, T. Makino, A. Takeyama, 283

T. Ohshima, and S. Kuroki, “Gamma-ray irradiation-induced mobility 284

enhancement of 4H-SiC NMOSFETs with a Ba-silicate interface layer,” 285

Jpn. J. Appl. Phys., vol. 58, pp. 081007-1–081007-7, Jul. 2019, doi: 286

10.7567/1347-4065/ab2dab. 287

[15] S. Hou, M. Shakir, P.-E. Hellstrom, B. G. Malm, C.-M. Zetterling, and 288

M. Ostling, “A silicon carbide 256 pixel UV image sensor array oper- 289

ating at 400 ◦C,” IEEE J. Electron Devices Soc., vol. 8, pp. 116–121, 290

2020, doi: 10.1109/JEDS.2020.2966680. 291

[16] S. G. Sridhara, R. P. Devaty, and W. J. Choyke, “Absorption coefficient 292

of 4H silicon carbide from 3900 to 3250 Å,” J. Appl. Phys., vol. 84, 293

no. 5, pp. 2963–2964, Sep. 1998, doi: 10.1063/1.368403. 294

[17] T. Takeuchi, S. Hiroshi, H. Hroki, U. Toshiaki, U. Shunji, T. Kunihiko, 295

K. Hajime, S. Taro, and K. Hirohisa, “Degradation behavior of opti- 296

cal components by gamma irradiation,” JAEA Technol., Tokai, Japan, 297

Tech. Rep. 2017-026, Feb. 2018, doi: 10.11484/jaea-technology-2017- 298

026. 299

[18] T. Reiner, B. Mishori, T. Leitner, A. Horovitz, Y. Vainbaum, M. Hakim, 300

A. Lahav, S. Shapira, and A. Fenigstein, “CMOS image sensor 301

3T Nwell photodiode pixel SPICE model,” in Proc. 23rd IEEE 302

Conv. Electr. Electron. Eng. Isr., Nov. 2004, pp. 161–164, doi: 303

10.1109/EEEI.2004.1361114. 304

http://dx.doi.org/10.1109/23.124082
http://dx.doi.org/10.1063/1.1656484
http://dx.doi.org/10.1109/LED.2013.2272649
http://dx.doi.org/10.1557/mrs.2015.90
http://dx.doi.org/10.1109/LED.2018.2864338
http://dx.doi.org/10.1109/LED.2017.2719280
http://dx.doi.org/10.1109/JEDS.2018.2882693
http://dx.doi.org/10.4028/www.scientific.net/MSF.924.971
http://dx.doi.org/10.35848/1347-4065/abc924
http://dx.doi.org/10.1109/TNS.2016.2642899
http://dx.doi.org/10.1109/TED.2022.3184663
http://dx.doi.org/10.7567/1347-4065/ab2dab
http://dx.doi.org/10.1109/JEDS.2020.2966680
http://dx.doi.org/10.1063/1.368403
http://dx.doi.org/10.11484/jaea-technology-2017-026
http://dx.doi.org/10.11484/jaea-technology-2017-026
http://dx.doi.org/10.1109/EEEI.2004.1361114
http://dx.doi.org/10.4028/www.scientific.net/MSF.858.864
http://dx.doi.org/10.4028/www.scientific.net/MSF.858.864


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


