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Abstract—This paper presents an enhanced ESD (Electrostatic 
Discharge) protection solution for output drivers without 
additional protection devices. The output drivers in low and 
high voltage CMOS technologies are often susceptible against 
the ESD stresses with and without the ESD protection devices. 
The proposed structure shows significantly improved ESD 
immunity using a consolidated NPBL (N Plus Buried Layer) 
mask underneath an ESD protection SCR (Silicon Controlled 
Rectifier) for the VCC to the ground and the output drivers, 
which are effectively triggered when ESD events occur. This 
consolidated NPBL plays an important role of a booster for 
faster triggering than other parasitic devices.

I. INTRODUCTION

One of the ESD protection devices utilized for high 
voltage CMOS technologies is the SCR, but its triggering 
voltage is generally quite high and can vary between 40 and 
100V depending on the process and design [1, 2]. When 
positive ESD events occur in output respect to Ground 
utilizing a conventional ESD protection scheme, the ESD 
current’s path is expected to travel to ground via a forward 
diode of the MPPWR (Medium voltage P-type Power device) 
and an SCR as shown Fig 1. However, the MNPWR (Medium 
voltage N-type Power device) typically turns on earlier than 
the SCR because its breakdown voltage is lower than that of 
the SCR. The MNPWR is very susceptible to ESD stresses 
because of its very low dose junction between the drain and 
source thereby creating hot spots due to excessive heating. 
Another possible discharge path for an ESD event on an 
output pin is via the parasitic PNP (Q3 on Fig 2), but this also 
proves ineffective and does not turn on due to the higher 
trigger voltage between the NPBL (Base) and the Substrate 
(Collector) as compared to the that of the MNPWR device. 
This is the primary reason that the output pin tends to have 
compromised ESD performance when utilizing the 
conventional ESD protection scheme for an output driver. One 
way to approach this is for the trigger voltage of the parasitic 

PNP to be lowered by laying out the MPPWR, MNPWR 
(Medium voltage N-type Power device) and the SCR on the 
same NPBL. The parasitic PNP on the consolidated NPBL is 
subsequently turned on at a lower voltage and triggers the 
SCR simultaneously. As a result, the triggered SCR will have 
an improved   capability for clamping ESD. This paper 
provides details of a novel concept and methodology to 
improve the ESD performance of an ESD sensitive output pin.
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Fig.1 An ideal ESD current path in a conventional output driver 
[Individual NPBL (Yellow box) formed at the output driver]. 

II. SCHEMATIC AND DEVICE BEHAVIOR

This section presents a conventional ESD scheme (A) as 
well as a new concept (B). A triggering voltage for the 
conventional ESD scheme is depending on breakdown voltage 
of each device in the conventional output driver that caused 
low ESD threshold because undesired current paths are 
established and should not handle such a high current in the 
output driver during ESD events. A consolidated NPBL in the 
proposed scheme, however, helps turning on ESD protection 
device effectively and improves ESD immunity. 
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A. Individual NPBL Output Driver 
Fig 2 shows a cross section view of an ideal ESD current 

path in a conventional output driver, as initially depicted in 
Fig 1.  The cross section view illustrates major parasitic 
devices and the current path for the output driver as well as an 
SCR. The ESD current paths are established through the Q5 
when ESD events occur with output respect to ground. In this 
specific scheme, the SCR ESD protection device is not 
triggered. It means that the MNPWR output device needs to 
endure and absorb ESD current fully by itself when positive 
ESD events occur between the output and the ground. The 
ESD protection SCR device from the VCC to the ground 
occupies area without any meaning and it needs additional 
ESD protection for the VCC pin. Most of the ESD current will 
flow into the Q5 because the breakdown voltage of the Q5 is 
lower than the Q3. This in turn results in lowered ESD 
immunity because the MNPWR has current crowding when a 
high and fast edge rate ESD current is applied to the output. 
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Fig.2 Cross section view of a conventional output driver. 

TLP (Transmission Line Pulse) testing, as demonstrated in 
Fig 3, illustrates how the MNPWR works during an ESD 
event for a conventional output driver. The MNPWR can not 
endure 1.4A (which is the theoretical equivalent current of a 
device HBM (Human Body Model) threshold of 2KV) even 
though the total width of the MNPWR is over 2000um 
because excessive electric field in the Drain region can affect 
its junction due to current crowding. In order to endure ESD 
current by the MNPWR itself without ESD protection devices, 
it has to be reduced the electric field especially, in the Drain. 
One of the methods to reduce the field is characterization of 
DCGS (Drain Contact to Gate Space) of MNPWR. However, 
there is a tradeoff between device’s performance such as on- 
resistance, capacitance, etc. and ESD immunity. When the 
MNPWR is damaged, the leakage current in the device is 
significantly increased and shows very stiff on- resistance 
because the Drain and the Source junctions have been 
damaged during the ESD events, as depicted in Fig 5. 

FIG 7
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0 10 20 30 40 50

I(AMPS)
I(leakage)

MNPWR damaged

MNPWR turned on

Voltage [V]

C
ur

re
nt

 [A
]

Le
ak

ag
e 

[A
]

FIG 7
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0 10 20 30 40 50

I(AMPS)
I(leakage)

MNPWR damaged

MNPWR turned on

Voltage [V]

C
ur

re
nt

 [A
]

Le
ak

ag
e 

[A
]

I [A]

Leakage [A]

MNPWR damaged

MNPWR turned on

 Fig.3 TLP characteristics on a conventional output driver.

Fig 4 indicates a hot spot after applying a 2KV HBM zap 
to a bare die and then tested at wafer level. An H.E.A (Hot 
Electron Analyzer) was used in order to see any abnormal 
current path created by the ESD induced event. The HEA 
results reflected similar findings achieved through TLP which 
indicate current crowding along the stripes of the MNPWR. 

MPPWR

MNPWR

Hot Spot

SCR

Fig.4 HEA(Hot Electron Analyzer) shows hot spot after positive 2KV 
HBM zapped.

FA (Failure Analysis) was then performed on the 2KV 
HBM zapped device to isolate and identify the location and 
extent of damage. Top layers were removed so that the 
junction damage between the Drain and the Source of the 
MNPWR could be observed. Consequently, the output driver 
with individual NPBL islands among MPPWR, MNPWR, and 
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SCR utilized in this technology was demonstrated to not 
guarantee sufficient ESD immunity. In order to prevent the 
MNPWR damage, a new ESD protection scheme in the output 
driver needed to be developed. 

Drain

Gate

Junction damaged between Drain and Source

Source

Fig.5 Damaged site on MNPWR after positive 2KV HBM 
zapped. 

B. Consolidated NPBL Output Driver 
A new concept of the output driver was then developed 

which merges a single NPBL with an MPPWR, MNPWR and 
SCR as shown in Fig 6.  This creates the self-triggered SCR. If 
the NPBL is merged with the output driver, then a parasitic 
PNP (Q4) supplies base current to Q2 and becomes a 
triggering source of the designed SCR which is composed of 
the Q4 and the Q2 like an MLSCR [3]. This approach results 
in an effective loop to turn on the SCR at the appropriate time 
while not allowing the flow of ESD current to the MNPWR. 
This then protects the MNPWR during ESD events, such as 
positive HBM zaps applied to the output versus ground as 
demonstrated by the TLP characteristics depicted in Fig 7. 
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Fig.6 Cross section of consolidated NPBL output driver

The TLP characteristics in Fig 7 also depict the SCR and a 
series forward diode of the MPPWR during turn on. If the 
SCR is triggered by the Q4 as shown in Fig 6 then the It2 will 
exhibit more than 2.5amps, which is roughly equivalent to an 
HBM of 3.5KV. The formula used for calculating the overall 
HBM sensitivity is VHBM = It2 x RHBM x M. where, M is the 
correlation factor. 
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Fig.7 TLP characteristics of Fig.6

As shown in Table 1, the triggering voltage was the same 
for MNPWR as well as the MPPWR, but the SCR has a much 
higher triggering voltage than just the output power devices 
and the MNPWR alone which endured just 500V HBM. By 
contrast, a merged single NPBL output driver survived up to 
3.5KV HBM because the ESD current path was effectively 
rerouted and the SCR device could then absorb significant 
ESD current, especially when exposed to positive ESD events 
that may have occurred. If negative ESD events occur with an 
output respect to ground scenario, then a forward diode of the 
MNPWR turns on, also insuring adequate protection. By 
contrast to HBM which is traditionally an area where ESD 
protection is difficult to achieve in such a scenario, the CDM 
(Charged Device Model) threshold was found to be 2KV in an 
8 lead SOP (Small Outline Package) for both the conventional 
output driver as well as the proposed one. No change was 
noted in CDM between the conventional and proposed 
solutions, which are theorized to be due in part to the overall 
package capacitance rather than the protection structures 
utilized by the output drivers. 

TABLE 1 THRESHOLDS FOR DISCRETE DEVICES OF AN OUTPUT DRIVER AS 
WELL AS PROTECTION  DEVICES   TESTED AT  WAFER LEVEL.

Individual NPBL output driver 

Trigger Voltage HBM threshold 

SCR 56V 8000V 
MNPWR 39V 500V 
MPPWR 39V 1500V 
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TABLE 2 STANDARD ESD TEST RESULTS ON THE PACKAGE .

Individual NPBL 
output driver 

Consolidated NPBL 
output driver 

JESD22-
A114 

JESD22-
C101 

JESD22-
A114 

JESD22-
C101 

8 LD SOP 500V 2000V 3500V 2000V 

III. CONCLUSION

In order to protect a medium voltage output driver exposed 
to ESD events, a merged NPBL layer has to be formed in the 
output driver along with an ESD protection device. Fig 8 
shows an equivalent circuit for an individual NPBL layer and 
Fig 9 shows a merged NPBL layer. The goal is to route the 
ESD current path through a forward diode of the MPPWR in 
series with the SCR to protect the MNPWR of the output 
driver. By doing so, the MNPWR current path is ignored when 
the output is exposed to a described ESD current path in an 
equivalent schematic, as depicted in Fig 9.  

Fig 8 shows an individual NPBL output driver with no 
triggering path for the SCR ESD protection device. In this 
specific case, the triggering voltage of a parasitic PNP (Q3) in 
the MPPWR is much lower than the SCR. It will essentially 
never turn on when subjected to ESD events. However, Fig 9 
illustrates a merged NPBL for the output driver as well as the 
SCR that can be triggered by a parasitic PNP (Q4) and 
provides an ESD current path, effectively eliminating the 
chance of ESD damage on the output driver. With this 
scenario, the Q4 triggers the NPN (Q2) of the designed SCR 
(1) and subsequently reroutes the current path through the Q1 
of the SCR (2) providing effective ESD protection for any 
medium voltage output driver exposed to ESD events up to 
2KV HBM. 
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Fig. 8 Schematic view of a conventional ESD protection output 
driver 
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Fig. 9 Schematic view of the consolidated NPBL that allows self-
triggered SCR 

ACKNOWLEDGMENT

The author would like to thank his colleagues in the 
Fairchild ESD team for their kind support and helpful 
discussions. 

REFERENCES

[1] A. Chatterjee, T. Polgreen, ‘A low-Voltage Triggering SCR for On-
Chip Protection at Output ans Input Pads’, Elec. Dev. Lett., EDL-12, p. 
21-22, 1991. 

[2] G. Rieck, R. Manely, ‘Novel ESD Protection for Advanced CMOS 
Output Drivers’, in Proc. 11th EOS/ESD Symposium, p. 182-189, 1989. 

[3] R. N Rountree, C. Duvvry, T. Maki, H, Stiegler, ‘A process Tolerant 
Input Protection Circuit for Advanced CMOS Processes’, in Proc 10th

EOS/ESD Symposium, p. 201-205, 1988. 
[4] S.M. Sze, Physics of semiconductor devices, Wiley, p.198-209. 
[5] Amerasekera and C. Duvvery, ESD in Silicon Integrated Circuits, 

Wiley, p.88-90, p.133-143. 
[6] Steven H. Voldman, ESD Circuit and Devices, Wiley, p.371-373.. 

204



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Aharoni-Bold
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Arnprior
    /Batang
    /BatangChe
    /Baveuse
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Berylium
    /Berylium-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /Biondi
    /Biondi-Light
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarbonBlock
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EarwigFactory
    /EccentricStd
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /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
    /FrenchScriptMT
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HeavyHeap
    /HoboStd
    /HurryUp
    /Huxtable
    /Impact
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kartika
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Kredit
    /KristenITC-Regular
    /Latha
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Marlett
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /Neuropol
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PlanetBenson2
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pupcat
    /Raavi
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /StencilStd
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRoman
    /TimesNewRoman-Bold
    /TimesNewRoman-BoldItalic
    /TimesNewRoman-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


