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ABSTRACT Easy inter-connection is a crucial advantage of the single-chip power ICs, which makes
power devices with multiple ports easy to improve carrier controllability without increasing process
difficulty. Electrical characteristics of the power devices get further improved thanks to the advanced
carrier controllability. In this paper, a silicon-on-isolator lateral IGBT (SOI-LIGBT) featured four hybrid
gates is proposed to obtain outstanding carrier controllability in turn-on, turn-off and short-circuit conditions
for the first time. Four hybrid gates include three planar gates (G1, G2 and G3) and a trench gate (G4), of
which G3 and G4 are grounded gate to lower saturation current and suppress latch up. Low turn-off time
(tOFF), di/dt and improved short-circuit withstanding capability are obtained through providing different
input signals to these gates. In the turn-on, G2 is pre-charged to a stable voltage equal to gate voltage
(VG1) to suppress the high di/dt before VG1 starts to rise. In the turn-off, a P-type inversion is induced by
the negative voltage of G2 (VG2), which provides a low-resistance hole current path to extract the stored
holes. In the short-circuit condition, G3 and G4 are both shorted to the ground to lower the saturation
current and suppress the activation of parasitic NPN transistor, resulting in an improved short-circuit
withstanding time (tSC). Compared with the conventional SOI-LIGBT, tOFF and di/dt are reduced by
43.6% and 53.08%, and tSC is prolonged from 3.04µs to 8.89µs at DC bus voltage of 400V.

INDEX TERMS Hybrid gates, carrier controllability, turn-on, di/dt, turn-off time, short-circuit, short-circuit
withstanding time, SOI, lateral IGBT, LIGBT, SOI-LIGBT.

I. INTRODUCTION
Single-chip power IC is popular for its significant advantage
of easy inter-connection [1], [2], [3]. Many power devices
featured multiple ports or integrating MOS and diodes
can be manufactured to obtain better carrier controllabil-
ity. Advanced carrier controllability, such as adjusting local
carrier concentration, changing current path and enhanc-
ing or suppressing the effect of moving carriers, is the
root of improving electric characteristics in power stage
devices.

Recent years, many novel IGBTs with multiple ports or
integrated devices have been reported to improve the carrier
controllability in different transients. In the turn-on tran-
sient, better dv/dt or di/dt controllability can be achieved
by controlling the hole concentration beside gate polysilicon
[4], [5] or suppressing the effect of displacement current
on gate voltage [6], [7]. In the turn-off transient, fast elec-
tron/hole extraction or decreasing stored carriers is crucial
to achieve low turn-off loss (EOFF). Short anode technol-
ogy [8], [9] is a common method to accelerate the electron
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FIGURE 1. (a) Cross-section view of the proposed SOI-LIGBT with four
hybrid gates and (b) the conventional SOI-LIGBT.

extraction by adopting a N+ region in the collector side,
however, resulting in a snapback. Then, a small-scale cir-
cuit composed of MOSFETs or diodes is added to further
control the extraction of carriers without snapback in [9],
[10], [11]. SOI-LIGBTs with inserted dual or triple deep
oxide trenches in the N-drift are reported in [12], [13], [14]
to achieve a better trade-off between on-state voltage (VON)

and EOFF by enhancing the conductivity modulation in the
on-state and assisting in voltage sustaining in the off-state.
In the short-circuit condition, the most failures of devices are
attributed to the activation of parasitic transistor, and adjust-
ing hole current path is an efficiency way to suppress the
latch up. The most effective approach to prevent the latch
up is lowering the saturation current (Isat) through employ-
ing series diodes or MOSs to extract holes in drift region
[15], [16], [17].
In this paper, a novel four gates SOI-LIGBT with out-

standing carrier controllability is proposed and investigated.
In Section II, the structure and main key design parameters
of the proposed SOI-LIGBT are illustrated. The mechanism
of carrier controllability in the turn-on, turn-off and the short-
circuit conditions are discussed through TCAD simulations.
In Section III, the improvement of electrical characteris-
tics in the proposed SOI-LIGBT is verified through the
double-pulse switching and short-circuit measurements.

II. STRUCTURE AND MECHANISM
The cross-section view and the key design parameters of the
proposed SOI-LIGBT are shown in Fig. 1 (a). Four hybrid
gates, three planar gates (G1, G2, G3) and a trench gate
(G4), are adopted in the proposed SOI-LIGBT. Three planar
gates are formed by one-step etching after the deposition

FIGURE 2. (a) The equivalent circuit and (b) input signals of hybrid gates
for double pulse clamped inductive switching measurement and
simulation.

of polysilicon. G1 is responsible for the formation of the
inversion channel. G2 - G4 play a role of improving carrier
controllability, and G4 also acts as an isolation trench. The
length of G1, G2, and G3 is L1, L2 and L3, respectively.
G4 is filled by the polysilicon that is surrounded by 80nm-
thick sidewall oxide, and the polysilicon is connected to the
emitter by interconnection metal. The distance from right
side of G4 to the left-side bird’s beak is TO. The thickness
and the length of the N-drift region are 18µm and 45µm,
respectively, and the thickness of the BOX is 3.5µm. As
shown in Fig. 1 (b), a conventional SOI-LIGBT with only
one planar gate is fabricated for comparation.
Fig. 2 (a) shows the schematic circuit for double pulse

clamped inductive switching measurement and simulation.
The input signals are transmitted to G1 and G2 through
series resistors R1 and R2 (R1>>R2), respectively. In this
work, R1 is set as 200?, and the R2 is set as 1/100 of R1.
G3 and G4 are shorted to the emitter directly. Inductive load
of 5mH is used and a fast recovery diode is anti-parallel to
the inductance as freewheeling diode. As shown in Fig. 2
(b), two different input signals (VG1 and VG2) of double
pulse are applied to G1 and G2. VG1 and VG2 have the same
positive voltage of 15V, and the low-level voltages of VG1
and VG2 are 0V and ∼ −5V, respectively. Moreover, VG1 is
delayed by ∼1µs than VG2.
In the turn-on transient, for conventional SOI-LIGBT,

holes injecting from collector will elevate the electric poten-
tial in the accumulation region (shown in Fig. 1 (a)), and
the displacement current composed of these holes can over-
charge gate, resulting in high di/dt and gate overshoot (in
Fig. 3 (a)) [7]. As shown in Fig. 3 (b), the hole density in
the accumulation region in the turn-on transient decreases
significantly when G2 is pre-charged. Pre-charged G2 has
constant electric potential of 15V in advance, which can
repel hole. In addition, G2 is the part most seriously affected
by holes in the accumulation region. Owing to the non-
connection between G1 and G2 (shown in Fig. 1 (a)), G1
is protected from the impact of G2. Therefore, the impact
of hole displacement current on G1 is further weakened. To
further verify the repulsion of G2 to hole, G2 is shorted to
G1 for comparation in TCAD simulation. Compared with
SOI-LIGBT with pre-charged G2, repulsion of G2 to hole is
weakened severely when G1 and G2 are shorted (red line).
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FIGURE 3. (a) Schematic turn-on curves of the conventional SOI-LIGBT at
ICE = 0.5A (b) Hole current distribution along line A1-A2 of the proposed
and the conventional SOI-LIGBTs in the turn-on transient at VG = 16.5V,
VDC = 150V (at t0 time instant shown in Fig. 3 (a)).

FIGURE 4. (a) Hole current paths in the turn-off at VG = 15V and VDC =
280V. (b) Equivalent resistance distribution model and hole density
distribution at the emitter side of the proposed SOI-LIGBT in the turn-off
transient.

Moreover, whether G3 and G4 are grounded (green line) or
connected to G1 (blue line) has no effect on the repulsion
of G2 to hole of G2.

In the turn-off transient, VG2 falls firstly to negative volt-
age of −5V, and then G1 starts to turn off as shown in
Fig. 2 (b). Stored holes and electrons in the drift region are

FIGURE 5. (a) The equivalent circuit and (b) input signals of hybrid gates
for short-circuit measurement and simulation.

FIGURE 6. The hole density distribution along line B1-B2 of the proposed
and the conventional SOI-LIGBT in the short-circuit condition at
JCE=450A/cm2, VDC = 400V and VG=15V.

FIGURE 7. Photos of the fabricated (a) proposed and (b) conventional
SOI-LIGBTs. (c) The SEM photo of four gates in the proposed SOI-LIGBT.

extracted to the emitter and the collector electrodes, respec-
tively. As shown in Fig. 4 (a), most of holes are extracted
from along path1. Fig. 4 (b) illustrates the equivalent resis-
tance distribution model and hole density distribution in
the turn-off transient. The equivalent resistance of path1
composes of channel resistance (Rch), accumulation region
resistance (Racc), drift resistance (Rdrift) and buffer resistance
(Rbuffer). Negative VG2 induces a hole accumulation layer in
the accumulation region, which reduces Racc significantly.
The hole accumulation layer provides a low-resistance hole
current path (path1), resulting in a reduced tOFF .
As shown in Fig. 5 (a) and Fig. 5 (b), G3 and G4 are

shorted to the ground in the short-circuit measurement and
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FIGURE 8. The printed circuit board for double pulse clamped inductive
switching measurements and short-circuit measurements.

FIGURE 9. (a) Impact ionization distributions of the conventional and the
proposed SOI-LIGBTs. Measured (b) off-sate and (c) on-state I-V curves of
the fabricated devices with different gate connections at room
temperature.

simulation. The injection effect in the accumulation region
is weakened considerably due to the grounded G3. The
Isat of the proposed SOI-LIGBT is lower than that of the

FIGURE 10. Measured C-V curves of the proposed and the conventional
SOI-LIGBTs.

conventional SOI-LIGBT when G3 is grounded. In addi-
tion, holes from P+ collector are attracted to the grounded
G4 in the short-circuit condition as shown in Fig. 6. More
holes flow along G4 at same current rating, which can sup-
press the activation of parasitic NPN transistor. However,
the attraction of G4 to holes is greatly weakened when G4
is connected to G1 or floating (conventional SOI-LIGBT).
Compared with the conventional SOI-LIGBT, the proposed
SOI-LIGBT with grounded G3 and G4 obtains a significantly
improved short-circuit withstanding capability.

III. MEASUREMENT RESULTS
In order to verify the improved carrier controllability of
the proposed SOI-LIGBT with hybrid gates, devices are
fabricated at TO = 13µm, L1 = 3µm, L2 = 1.1µm, and L3
= 0.9µm on the 550V SOI Bipolar-CMOS-DMOS-IGBT
platform, in which SOI-LIGBT and driver circuits can be
integrated in a single chip. Photos of fabricated proposed
and conventional SOI-LIGBTs are shown in Fig. 7 (a) and
Fig. 7 (b). The SEM photo of four gates in the proposed
SOI-LIGBT is shown in Fig. 7(c). Three planar gates are
connected to pads through interconnection metal, respec-
tively. G4 is connected to emitter directly. The total device
width of fabricated samples is 3600µm.

In Fig. 8, a special printed circuit board is designed for
double pulse clamped inductive switching measurement and
short-circuit measurement. Two input signals provided by a
signal generator (Tektronix AFG3102C) are applied to G1
and G2. In addition, the driver chip to drive G2 supports
negative voltage, and the negative voltage is provided by
a Keithley source meter. A commercial fast recovery diode
is used as freewheeling diode in the double pulse clamped
inductive switching measurement, while shorted in the short-
circuit tests. After each measurement, a fresh sample is used
in the next measurement. It should be pointed out that driver
circuits used in the printed circuit board and SOI-LIGBT can
be integrated in a single chip, and thus the gate input signals
can be provided easily.
As shown in Fig. 9 (a), the starting positions of avalanche

of the conventional and proposed SOI-LIGBTs both locate
at the bottom of the collector side, and the breakdown point
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FIGURE 11. (a) Definition of turn-off time (tOFF ), maximum reverse
recovery current (Irrm) and di/dt. Curves of the conventional and the
proposed SOI-LIGBTs in the (b) turn-on and (c) turn-off transients.

is indeed far from hybrid gates in the proposed SOI-LIGBT.
Thus, the conventional and proposed SOI-LIGBTs have the
similar impact ionization rate distributions and breakdown
voltage (BV). Fig. 9 (b) shows the measured and simulated
off-state I-V curves of fabricated devices at the room temper-
ature. Adopting separated gates in the proposed SOI-LIGBT
has no effect on the BV. The proposed and the conventional
devices obtain the same BV of 557V. Fig. 9 (c) shows the
measured and simulated on-state I-V curves. The electron
accumulation effect is weakened at VG3 = 0V, which results
in a low Isat and an increased VON .
Input capacitance (Ciss) and reverse transfer capacitance

(Crss) of the conventional and the proposed SOI-LIGBTs
are measured at frequency of 1MHz. As shown in Fig. 10,
the proposed SOI-LIGBT obtains reduced Ciss and Crss at
VCE = 280V thanks to the split gates. Fig. 11 (a) shows the

FIGURE 12. Short-circuit curves of the conventional and the proposed
SOI-LIGBTs at VDC = 400V.

definition of turn-off time (tOFF), maximum reverse recovery
current (Irrm) and di/dt. The proposed and the conventional
devices begin to turn off at VDC = 280V and ICE0 = 0.5A.
tOFF is defined as the phase from the 10% of VDC (28 V) to
the 10% of ICE0 (0.05 A). Irrm is defined as the difference
between ICE peak and ICE0. di/dt is defined as the current
change per unit time. Curves of the conventional and the
proposed SOI-LIGBTs in the turn-on transient are shown in
Fig. 11 (b). Thanks to the separated gates and pre-charged
G2, the effect of the displacement current composed of the
holes in the accumulation region is significantly weakened
in the proposed SOI-LIGBT. The proposed device exhibits
a decreased di/dt and Irrm. Compared with the conventional
device, the proposed device obtains 53.08% reductions in
di/dt and 23.8% reduction in Irrm. Fig. 11 (c) shows the
turn-off curves of the proposed and the conventional devices.
The proposed device obtains a faster turn-off speed than
the conventional device thanks to the low-resistance hole
extraction path. As a result, the proposed device achieves
43.6% decrease in tOFF and 41.8% reduction in EOFF in
comparison with the conventional device.
The fabricated devices are packaged to compare short-

circuit withstanding capability. As shown in Fig. 5 (a), the
packaged devices are measured with no load, thus the DC
bus voltage (400V) is applied to the collector directly. The
connections of hybrid gates are shown in Fig. 5 (b). Fig. 12
shows the short-circuit curves of the conventional and the
proposed devices. The proposed devices are measured at
the conditions of G2 is pre-charged (w/ pre-charged G2)
and shorted to G1 (w/o pre-charged G2). Short-circuit with-
standing times (tSC) of the proposed device measured with
and without pre-charged G2 are improved to 8.46µs and
8.89µs, respectively. In summary, integrated platform can
further improve the electric characteristics of a single power
device by integrating circuits or other devices easily.

IV. CONCLUSION
Integration makes multi-port devices easy to control and
improve carrier controllability. A novel structure with hybrid
gates is proposed in this paper. Carrier controllability is
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obviously improved in turn-on, turn-off and short-circuit
conditions thanks to the separated gates and different gate
input signals. Compared with the conventional SOI-LIGBT,
the proposed SOI-LIGBT obtains 53.08% reduction in di/dt,
43.6% reduction in tOFF and 225% improvement in tSC. In
addition, adjusting the length of G1, G2 and G3 or the gate
input signals may further improve the transient electric char-
acteristics in different conditions, and it will be investigated
in our future work.

REFERENCES
[1] K. Hara et al., “600V single chip inverter IC with new

SOI technology,” in Proc. 26th ISPSD, Jun. 2014, pp. 418–421,
doi: 10.1109/ISPSD.2014.6856065.

[2] W. Sun et al., “A novel silicon-on-insulator lateral insulated-gate
bipolar transistor with dual trenches for three-phase single chip
inverter ICs,” IEEE Electron Device Lett., vol. 36, no. 7, pp. 693–695,
Jul. 2015.

[3] A. Nakagawa, H. Funaki, Y. Yamaguchi, and F. Suzuki,
“Improvement in lateral IGBT design for 500 V 3 A one chip
inverter ICs,” in Proc. 11th ISPSD, May 1999, pp. 321–324,
doi: 10.1109/ISPSD.1999.764125.

[4] W. Saito and S.-I. Nishizawa, “Alternated trench-gate IGBT
for low loss and suppressing negative gate capacitance,” IEEE
Trans. Electron Device, vol. 67, no. 8, pp. 3285–3290, Jun. 2020,
doi: 10.1109/TED.2020.3002510.

[5] Y. Ikura, Y. Onozawa, and A. Nakagawa, “IGBT structure with
electrically separated floating-p region improving turn-on dVak/dt
controllability,” in Proc. 30th ISPSD, May 2018, pp. 168–171,
doi: 10.1109/ISPSD.2018.8393629.

[6] K. Ohi et al., “Ultra low Miller capacitance trench-gate IGBT with
the split gate structure,” in Proc. 27th ISPSD, May 2015, pp. 25–28,
doi: 10.1109/ISPSD.2015.7123380.

[7] J. Ma et al., “Simulation study of novel trench gate U-shaped channel
SOI lateral IGBTs with suppressed gate voltage overshoot and reduced
di/dt,” IEEE Trans. Electron Devices, vol. 68, no. 8, pp. 3930–3935,
Aug. 2021, doi: 10.1109/TED.2021.3084578.

[8] W. Chen, B. Zhang, and Z. Li, “Area-efficient fast-speed
lateral IGBT with a 3-D n-region-controlled anode,” IEEE
Electron Device Lett., vol. 31, no. 5, pp. 467–469, May 2010,
doi: 10.1109/LED.2010.2043638.

[9] L. Sun, B. Duan, and Y. Yang, “Novel snapback-free SOI
LIGBT with shorted anode and trench barriers,” IEEE Trans.
Electron Devices, vol. 68, no. 5, pp. 2408–2413, May 2021,
doi: 10.1109/TED.2021.3064790.

[10] H. Hu, M. Kong, J. Wu, B. Yi, and X. B. Chen, “A novel low
turn-off loss and snapback-free reverse-conducting SOI-LIGBT with
integrated polysilicon diodes,” IEEE Trans. Electron Devices, vol. 66,
no. 10, pp. 4296–4301, Oct. 2019, doi: 10.1109/TED.2019.2936515.

[11] J. Wu, H. Huang, B. Yi, H. Hu, H. Hu, and X. B. Chen, “A
snapback-free and low turn-off loss reverse-conducting SOI-LIGBT
with embedded diode and MOSFET,” IEEE J. Electron Devices Soc.,
vol. 7, pp. 1013–1017, 2019, doi: 10.1109/JEDS.2019.2939223.

[12] L. Zhang et al., “Low-loss SOI-LIGBT with dual deep-oxide trenches,”
IEEE Trans. Electron Devices, vol. 64, no. 8, pp. 3282–3286,
Aug. 2017, doi: 10.1109/TED.2017.2712568.

[13] L. Zhang, J. Zhu, M. Zhao, S. Liu, W. Sun, and L. Shi,
“Low-loss SOI-LIGBT with triple deep-oxide trenches,” IEEE
Trans. Electron Devices, vol. 64, no. 9, pp. 3756–3761, Sep. 2017,
doi: 10.1109/TED.2017.2731518.

[14] L. Zhang et al., “U-shaped channel SOI-LIGBT with dual
trenches to improve the trade-off between saturation voltage and
turn-off loss,” in Proc. 29th ISPSD, May 2017, pp. 291–294,
doi: 10.23919/ISPSD.2017.7988961.

[15] H. Hu, M. Kong, B. Yi, and X. Chen, “A novel double-RESURE
SOI-LIGBT with improved VON-EOFF tradeoff and low saturation
current,” IEEE Trans. Electron Devices, vol. 67, no. 3, pp. 1059–1065,
Mar. 2020, doi: 10.1109/TED.2020.2964944.

[16] B. Zhang, M. Kong, B. Yi, and X. Chen, “A novel no Miller
plateau SOI-LIGBT with low saturation current and improved switch-
ing performance,” IEEE Trans. Electron Devices, vol. 67, no. 5,
pp. 2066–2070, May 2020, doi: 10.1109/TED.2020.2982656.

[17] B. Yi, J. Lin, B. Zhang, J. Cheng, and Y. Xiang, “Simulation study of
a novel snapback free reverse-conducting SOI-LIGBT with embedded
p-type Schottky barrier diode,” IEEE Trans. Electron Devices, vol. 67,
no. 5, pp. 2058–2065, May 2020, doi: 10.1109/TED.2020.2982615.

VOLUME 11, 2023 293

http://dx.doi.org/10.1109/ISPSD.2014.6856065
http://dx.doi.org/10.1109/ISPSD.1999.764125
http://dx.doi.org/10.1109/TED.2020.3002510
http://dx.doi.org/10.1109/ISPSD.2018.8393629
http://dx.doi.org/10.1109/ISPSD.2015.7123380
http://dx.doi.org/10.1109/TED.2021.3084578
http://dx.doi.org/10.1109/LED.2010.2043638
http://dx.doi.org/10.1109/TED.2021.3064790
http://dx.doi.org/10.1109/TED.2019.2936515
http://dx.doi.org/10.1109/JEDS.2019.2939223
http://dx.doi.org/10.1109/TED.2017.2712568
http://dx.doi.org/10.1109/TED.2017.2731518
http://dx.doi.org/10.23919/ISPSD.2017.7988961
http://dx.doi.org/10.1109/TED.2020.2964944
http://dx.doi.org/10.1109/TED.2020.2982656
http://dx.doi.org/10.1109/TED.2020.2982615


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /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
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


