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Abstract – For the first time, physical insights into the missing SCR action in planar equivalent Fin SCR devices 
with the help of TCAD are presented, which has leveraged exploring challenges and fundamental roadblock in 
designing Fin SCRs. Key role of contact silicidation in Fin technology is discovered. The new understanding 
has allowed engineering conventional designs to resume SCR action. Finally, a novel Fin SCR design is 
disclosed, which offers an area efficient current conduction beside device scalability. 

I. Introduction 
Silicon Controlled Rectifier (SCR) based concepts 
have consistently offered efficient ESD protection 
solutions for several generations of planar Si 
technology, which is attributed to its lower parasitic 
capacitance and relatively smaller design footprint, 
lower holding voltage and faster turn-on when 
compared to other ESD device options [1] – [4]. 
Unlike planar, FinFET technology is still far away 
from getting the benefit offered by SCR-based ESD 
concepts due to unavailability of robust or planar 
equivalent Fin-based SCR devices [5]. ESD device 
design challenges and unavailability of ESD robust 
devices in FinFET technology makes FinFET and 
beyond FinFET technologies further susceptible to 
ESD events when compared to their planar 
counterparts [6] – [9]. In this work, for the first time, 
the challenges and fundamental roadblock in 
designing Fin SCRs are revealed. Using the new 
physical insights developed with the help of TCAD, 

this work demonstrates engineering approaches for 
conventional Fin SCR as well as discloses a novel 
Dual Fin SCR (DFSCR) device for efficient ESD 
behavior. The DFSCR device is structurally designed 
to offer an area efficient current conduction.  

II. Overview of FinFET SCRs 
SCR as an ESD protection element offers an excellent 
ON resistance with high failure current (It2) and low 
holding voltage (VHold). However, transfer of planar 
SCR design to FinFET technology, with a 
conventional approach has altered the indigenous 
ESD relevant metrics of the SCR, such as snapback, 
desirable It2, low VHold and ON resistance.  Fig. 1(a) 
shows a planar equivalent Conventional Fin SCR 
(CFSCR) were the N+ or P+ Fins are by default fully 
silicided at the fin surface (and are termed like this 
throughout the paper). These Fins are used to contact 
N/P-Wells (base/collector taps) or form junctions with 
the same (emitter). In all investigations, number of 
fins used in N/P-tap region is 0.6N, where N 

 
Figure 1: (a) Planar equivalent of Conventional Fin SCR (CFSCR). Here N is number of Anode/Cathode Fins. (b) TLP I-V 
characteristics of CFSCR, Engineered Fin SCR (EFSCR) and proposed DFSCR, extracted using 3D TCAD simulations. (c) 
Lattice temperature vs. TLP stress current of CFSCR, EFSCR and proposed DFSCR, extracted using 3D TCAD 
simulations. Inset of Figure (c) depicts significantly improved ESD robustness (It2) of the proposed DFSCR and EFSCR, 
which are ~13× and 5× higher than CFSCR, respectively.    
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Figure 3: (a) Total, (b) Hole and (c) Electron current 
density across a fully silicided conventional Fin SCR 
extracted at 50% of It2. 

Figure 4: (a) Fin schematic depicting schemes for increasing spacing between fully silicided Fin region and base emitter 
junction. Conventional Fin has HC=JD=0nm (see Figure 1a). (b) Cathode Hole current vs. HC, JD. (c) Hole current density 
and (d) Hole density gradient (dp/dx) as a function of spacing between contact and base-emitter junction. 
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represents the number of anode/cathode fins. Its TLP 
characteristics, as depicted in Fig. 1(b), reveals 
absence of SCR action, which is evident from missing 
snapback action, lower It2 and very high holding 
voltage. Note that the stress current is normalized with 
the unit layout area, in order to bring the fair 
comparison between 2D (Planar) and 3D nature of the 
various SCR designs. Physical insights into the 
missing SCR action are given in the next section, 
which allowed engineering conventional design to 
enable SCR action and leverage 28nm planar 
equivalent It2, as depicted in Fig. 1(b). Fig. 1(b) – (c) 
further depict TLP characteristics of proposed 
DFSCR, which offers ~13× improvement in ESD 
robustness when compared to CFSCR and ~3× 
improvement than Engineered Fin SCR. For 3D 
TCAD simulations, thermal boundary conditions were 
adopted from [4]. To encapsulate the heat dissipation 
mechanism inside and around the FinFET SCR, 
thermal resistance is added in order to mimic metal 
interconnect and interlayer dielectric thermal 
boundaries. TLP I-V characteristics were extracted 
using a TLP like setup with 100ns wide pulses. Pulse 
rise time was 10ns in all the cases. Devices were 
considered to fail at 1200K in accordance with an 
earlier failure analysis work on FinFETs [6] and 
considering a conservative estimate. For all 
investigations, HFIN, HSTI and WFIN was considered to 
be 42nm, 70nm, and 8nm respectively.  The design 
challenges, proposed engineering approaches, physics 

of operation, design methodology and relative 
comparisons of the CFSCR, Engineered Fin SCR 
(EFSCR) and proposed DFSCR are presented in the 
subsequent sections. 

III. Fin SCR Design Challenges & 
Engineering 

In order to design efficient ESD SCR devices in 
FinFET technology it becomes imperative to address 
the root cause of the missing SCR action in 
conventional Fin SCR (CFSCR), as depicted in Fig. 
1(b), which is further elaborated in Fig. 2 as a 
function of number of Anode/Cathode Fins (N). Fig. 2 
shows that increasing N lowers It2 per unit area and 
doesn’t affect the SCR action. An obvious reason for 
the missing SCR action is weak parasitic bipolar, 
which can possibly be attributed to an increased 
emitter resistance due to Fin shape or increased carrier 
recombination in the base region due to relatively 
higher doping in FinFET N/P-Wells. However, we 
found that none of these were responsible for a 
weaker bipolar action, which is discussed in Fig. 3-5. 
Fig. 3(a) shows majority of current to flow between 
Anode and Cathode terminals, which is in line with 

Figure 2: (a) TLP I-V characteristics and (b) Lattice 
temperature vs. TLP stress current characteristics of fully 
silicided Conventional Fin SCR (CFSCR) as a function of 
number of Anode/Cathode Fins (N). 
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Figure 5: (a) Cross sectional view of the planar equivalent 
Fin SCR depicting parasitic NPN device. (b) Current gain 
(β) as a function of injected collector current. (c) Emitter to 
Base Hole current ratio as a function of pulsed collector 
current. 
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conventional understanding of current transport across 
SCR device [2]. However, unlike minority carrier 
conduction in planar SCRs, in fully silicided Fin SCR 
we found significant amount of minority carrier 

conduction through respective Cathode/Anode i.e. 
emitter contacts of Fin SCR (Fig. 3b & c). This 
minority hole (electron) conduction through the 
parasitic NPN (PNP) emitter contact, is expected to 
dominate through P (N)-Tap to trigger the SCR. This  
explains weaker bipolar action due to a significant 
loss of minority carriers through the emitter contacts. 
We found that high minority carrier conduction 
through emitter contacts is due to fully silicided 
nature of Fins, which is elaborated in Fig. 4. Fig. 4(a) 
shows single Fin schematic depicting parameters HC 
or JD to study impact of spacing between silicided 
portion of the Fin and base-emitter junction. In case of 
conventional (fully silicided) Fin SCR, HC=0 & 
JD=0, Fig. 4(b) shows gradual reduction in minority 
carrier conduction through the emitter contact as HC 
was increased from 0 to 10nm (JD=0). Same trends 
where found when JD was increased from 0 to 10nm 
for HC=0. This is attributed to minority carrier 
diffusion current (Fig. 4c) which strongly depends on 
minority carrier gradient between junction and the 
contact (Jp = q.Dp.dp/dx). Theoretically, for 
HC=JD=0, dx  0 and hence dp/dx  ∞. 
Extrapolating this to situation when contact was 
placed next to the vertical junction in case of fully 
silicided Fin, it resulted in significantly higher carrier 
gradient (Fig. 4d) and minority carrier conduction 
through emitter (Anode/Cathode) contacts. When the 
same was relaxed by pushing silicided region away 
from the junction, either by increasing HC or 
increasing JD, parasitic bipolar action within Fin SCR 
was improved, as depicted in Fig. 5. Similar 
improvement in bipolar efficiency for planar nMOS 
devices was earlier experimentally validated with thin 
S/D salicides [10]. The efficiency of the parasitic 
bipolar in this study was studied using the scheme 
shown in Fig. 5(a). As the spacing between silicided 
portion of the Fin and base-emitter junction was 
increased, bipolar gain (β) was found to increase (Fig. 
5b), which is attributed to reduced emitter to base hole 
current ratio (Fig. 5c). This has resulted in an efficient 

Figure 7: Failure current (It2), holding voltage (VHold), turn-
on time (TON) and voltage overshoot (VOvershoot) as a 
function of spacing between contact silicidation and base-
emitter junction (HC) for JD=0nm. The trends were 
extracted at injected stress current equivalent to 90% of the 
respective It2.  
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Figure 6: TLP I-V characteristics of planar equivalent Fin 
SCR with varying (a) HC (JD=0) and (b) JD (HC=0). Here 
N=20. 
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Figure 8: Failure current (It2), holding voltage (VHold), turn-
on time (TON) and voltage overshoot (VOvershoot) as a
function of diffusion depth below active Fin (JD) for 
HC=0nm. The trends were extracted at injected stress 
current equivalent to 90% of the respective It2. 
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SCR action with deeper snapback, as depicted in Fig. 
6. An SCR action is clearly visible for HC > 2nm or 
JD > 2nm. Fig. 7 and 8 further depict impact of 
contact spacing, by increasing HC and JD 
respectively, on the ESD figure of merit parameters of 
SCR device. As HC or JD was increased, SCR’s 
failure current and turn-on time was found to improve 
by an order of magnitude. Similarly holding voltage 
and voltage overshoot was found to scale by a factor 
of 3 and 2 respectively (VHold drops from 7 to 3V and 
VOvershoot drops from 11 to 6.5V in Figure 8). 
HC=10nm (for JD=0nm) and JD=10nm (for 
HC=0nm) were found to offer optimum performance 
for EFSCR, which are used in subsequent 
investigations.  

IV. Novel Dual Fin SCR (DFSCR)  
Fig. 9 depicts the proposed Dual Fin SCR (DFSCR) 
design. Here Anode and Cathode diffusions are 
intentionally placed diagonal to each other. This has 

allowed uniform current spreading and therefore 
lower current density for a given absolute Anode-to-
Cathode current, which eventually relaxes the heat 
dissipation across the device and improves failure 
current per unit area (Fig. 1). The proposed DFSCR 
device can easily be used in cell based geometry to 
minimize its overall footprint.  
The proposed design consists of two groups of Fins 
separately placed in N-well and P-well. Here each 

group may have one or more number of Fins (N). 
N/P-Taps are placed on both the sides of 
Anode/Cathode.  Fig. 10 shows that increasing 
number of Fins in given group improves the area 
efficiency of the device without sacrificing the turn-on 
or holding voltage characteristics. Compared to 
optimum EFSCR (Fig. 7 & 8), the proposed device 
offers 3× higher It2 per unit area. Similar to EFSCR, 
Fig. 11 – 13 depicts the 3D TCAD analysis of the 
proposed DFSCR, which clearly shows improved 
SCR action when HC and JD were increased above 
2nm. This validates the design challenges and 
proposed solutions in the previous section. 

Figure 10: Failure current (It2), holding voltage (VHold),
turn-on time (TON) and voltage overshoot (VOvershoot) as a
function of number of Fins (N) over N/P-Well in DFSCR. 
The trends were extracted using 3D TCAD simulation 
setup, at injected stress current equivalent to 90% of the 
respective It2. 
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Figure 11: TLP I-V characteristics of DFSCR with varying 
(a) HC (JD=0) and (b) JD (HC=0). Here N=1. 
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Figure 13: Failure current (It2), holding voltage (VHold), 
turn-on time (TON) and voltage overshoot (VOvershoot) as a 
function of JD in DFSCR. 
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Figure 9: 3D view of proposed Dual Fin SCR design. The 
active portions of the Fin consist of Anode/Cathode and 
N/P-Taps, which forms a junction or contact with N/P-
Wells. It’s worth highlighting that Anode and Cathode 
diffusions are intentionally placed diagonal to each other. 
This has resulted in uniform current spreading which leads 
to lower current density for a given absolute current and 
therefore relaxes heat dissipation across the device.   
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Figure 12: Failure current (It2), holding voltage (VHold),
turn-on time (TON) and voltage overshoot (VOvershoot) as a
function of HC in DFSCR. 
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Interestingly, unlike EFSCR, DFSCR with optimum 
JD exhibits higher failure threshold than the same 
with optimum HC, which validates presence of 
efficient current spreading in the proposed device 
compared to planar equivalent design. Scalability of 
the proposed DFSCR is present in Fig. 14. Fig. 14(a) 
shows 20% improvement in failure current per unit 
area when Anode/Cathode diffusion length (LE) was 
increased by 4×. This can be achieved without 
sacrificing transient performance as depicted in Fig. 
14(c). By scaling Anode to Cathode spacing (LAC) by 
~4×, It2 per unit area was found to improve by 3× 
with 25% reduction in holding voltage, 25% reduction 
in voltage overshoot and 2× faster turn-on. This was 
found to achieve without sacrificing OFF state 
leakage. Similar level of design scalability was 
missing in the conventional designs. Finally, Fig. 15b 
compares transient performance of EFSCR and 
DFSCR as a function of pulse rise time. Here, the 
turn-on time (TON) is extracted as the time when the 
voltage achieves a minimum holding state (Fig. 15a).  
Attributed to smaller design foot print (lower 
capacitance) and improved current spreading 
characteristics, DFSCR offers lower voltage 
overshoot at shorter rise times (tr < 2ns, emulating the 
vf-TLP conditions), without compromising with turn-
on time, when compared to EFSCR. Similar trends 
were observed for optimum HC design too. This 
concludes an area efficient ESD robustness of DFSCR 
when compared to EFSCR.  

V. Summary and Conclusion 
We revealed missing SCR action in planar equivalent 
conventional Fin SCR devices. Minority carrier 
conduction through the Anode/cathode contacts was 
found to be the root cause of weak parasitic bipolar 
and missing SCR action in conventional Fin SCR 
device. This was found to be due to fully silicided 

nature of the Fins, which give rise to minority carrier 
diffusion current through parasitic bipolar’s emitter-
base junction. This was avoided (i) by pushing the 
silicided region away from the junction by introducing 
partial silicidation or (ii) by pushing the junction away 
from the silicided portion by introducing an SCR 
implant. This has resumed the SCR action with 
significantly improved performance. Finally, the 
novel Dual Fin SCR (DFSCR) design is proposed, 
which allows uniform current spreading, scalability 
and relaxed heat dissipation across the device. 
Attributed to this proposed design offers 3× higher 
failure current per unit area, 35% lower voltage 
overshoot without compromising with turn-on time, 
when compared to engineered Fin SCR device. 
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Figure 14: Design scalability of proposed DFSCR. Failure current (It2), holding voltage (VHold), turn-on time (TON) and 
voltage overshoot (VOvershoot) as a function of Anode-to-Cathode spacing (LAC) and Anode/Cathode diffusion length (LE). 
The trends were extracted using 3D TCAD simulation setup, at injected stress current equivalent to 90% of the respective 
It2. 

0 50 100 150 200
0.5

1.0

1.5

2.0

2.5

3.0 Solid Line  : Optimum JD (HC = 0nm)
Dotted Line:Optimum HC (JD = 0nm)

Tu
rn

 O
n 

Ti
m

e:
 T

O
N
 (n

s)

Anode-to-Cathode Spacing: LAC (nm)

VHold

VOvershoot

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

V H
ol

d,V
O

ve
rs

ho
ot
 (V

)

50 100 150 200
0.5

1.0

1.5

2.0

2.5

3.0

Solid Line  : Optimum JD (HC = 0nm)
Dotted Line:Optimum HC (JD = 0nm)

Tu
rn

 O
n 

Ti
m

e:
 T

O
N
 (n

s)

Cathode Diffusion Length: LE (nm)

VOvershoot

VHold

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5
V H

ol
d,V

O
ve

rs
ho

ot
 (V

)

(a) (b) (c)
0 50 100 150 200

10

15

20

25

30

35

40

45

Fa
ilu

re
 C

ur
re

nt
: I

t2
 (m

A/
m

2 )

Anode-to-Cathode Spacing: LAC (nm)

Solid Line  : Optimum JD (HC = 0nm)
Dotted Line: Optimum HC (JD = 0nm)

 It2 vs. LAC (LE = 200nm)

50 100 150 200

 It2 vs. LE (LAC = 100nm)

Cathode Diffusion Length: LE (nm)

Figure 15: (a) Typical transient characteristics of DFSCR,
depicting the extraction of TON, (b) Transient figure of
merit comparison of engineered Fin SCR and DFSCR as a 
function of pulse rise time, extracted for optimum JD. The 
characteristics remain the same for optimum HC too. The 
trends were extracted using 3D TCAD simulation setup, at 
injected stress current equivalent to 90% of the respective 
It2. 

0 20 40 60 80 100
0

1

2

3

4

5

6

7

V AN
O

D
E (V

)

Time (ns) 

TON, VHold

TOvershooot, VOvershoot

0 2 4 6 8 10
0.0

0.5

1.0

1.5

2.0
Open Symbols: Conventional Fin SCR
Closed Symbols: Proposed DFSCR

Tu
rn

 O
n 

Ti
m

e:
 T

O
N
 (n

s)

Rise Time: tr (ns)
5

6

7

8

O
ve

rs
ho

ot
 V

ol
ta

ge
: V

O
ve

rs
ho

ot
 (V

)

(a) (b)



 

[2] Kai Esmark, H. Gossner, S. Bychikhin, D. Pogany, 
C. Russ, G. Langguth and E. Gornik , "Transient 
behavior of SCRS during ESD pulses," IEEE 
International Reliability Physics Symposium, 
2008. 

[3] J. D. Sarro, K. Chatty, R. Gauthier and E. 
Rosenbaum, "Study of Design Factors Affecting 
Turn-on Time of Silicon Controlled Rectifiers 
(SCRS) in 90 and 65nm Bulk CMOS 
Technologies," IEEE International Reliability 
Physics Symposium Proceedings, 2006. 

[4] M. Shrivastava, J. Schneider, R. Jain, M. S. 
Baghini, H. Gossner and V. R. Rao, "IGBT 
plugged in SCR device for ESD protection in 
advanced CMOS technology," EOS/ESD 
Symposium, 2009. 

[5] L. W. Chu, Y. F. Chang, Y. T. Su, K. J. Chen, M. 
H. Song and J. W. Lee, "FinFET SCR structure 
optimization for high-speed serial links ESD 
protection," IEEE International Reliability 
Physics Symposium (IRPS), 2016. 

[6] H. Gossner, C. Russ, F.Siegelin, J. Schneider, K. 
Schruefer, T. Schulz, C. Duvvury, C. R. Cleavelin 
and W. Xiong, "Unique ESD Failure Mechanism 
in a MuGFET Technology," International 
Electron Devices Meeting, 2006. 

[7] D. Linten, G. Hellings, S. H. Chen and G. 
Groeseneken, "ESD in FinFET technologies: Past 
learning and emerging challenges," IEEE 
International Reliability Physics Symposium 
(IRPS), 2013. 

[8] S. H. Chen, G. Hellings, S. Thijs, D. Linten, M. 
Scholz and G. Groeseneken, "Exploring ESD 
challenges in sub-20-nm bulk FinFET CMOS 
technology nodes," EOSESD Symposium 2013. 

[9] A. Griffoni, S. Thijs, C. Russ, D. Tremouilles, D. 
Linten, M. Scholz, N. Collaert, L. Witters, G. 
Meneghesso and G. Groeseneken, "Next 
generation bulk FinFET devices and their benefits 
for ESD robustness," EOS/ESD Symposium 
2009. 

[10] A. Amerasekera, V. McNeil and M. Rodder, 
"Correlating drain junction scaling, salicide 
thickness, and lateral NPN behavior, with the 
ESD/EOS performance of a 0.25 μm CMOS 
process," International Electron Devices Meeting, 
1996. 

 
 
 
 

 
 



<<
  /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 false
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageDownsampleType /Bicubic
  /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 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

  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


