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Abstract-Liquid cooling of electronic devices is widely 
accepted as the next logical step for electronics thermal 
management as board level air cooling becomes insufficient to 
meet the needs of next generation components and devices. One 
promising technology is liquid jet array impingement as it can 
achieve exceptionally high area averaged heat transfer 
coefficients. In this work the use of arrays of liquid impinging 
jets in a waterblock configuration is posed as one possible 
technology for on-chip hot spot targeting. A simple test case is 
posed and an optimization strategy is employed to distribute 
jets in the hot spot and outer regions differently in order to 
reduce the maximum temperature difference and/or the root 
mean squared deviation of the temperature on the chip. It is 
concluded that with a priori knowledge of the heat flux 
distribution on-chip, this method of hot spot targeting offers an 
uncomplicated and potentially cost effective means of bulk 
cooling and temperature homogenization. 

I.  INTRODUCTION 

The increase in device density and clock speeds in 
electronic components and devices has led to escalating 
demand for dissipation of the waste heat generated by the 
active devices. In many applications the power densities far 
exceed the capabilities of conventional low-tech fan-finned 
heat sinks. This is due to several constraining issues which 
includes, but is not limited to, fin efficiency, fan acoustic 
emissions, fan power consumption and electronic 
packaging/miniaturization issues. A further issue is that 
devices operating at moderate overall power can in some 
cases generate local hot spots with power densities in the 
order of kW/cm2 [1]. For example, Figure 1 shows a thermal 
image of hot spots generated on a Pentium 4 2.8GHz in a 
desktop PC. To obtain this image a purpose built liquid 
cooler was fabricated in which the CPU is cooled by IR 
transparent oil (Fluka 69808) flowing within a 1.0 mm 
channel sandwiched between the CPU and a ZnSe IR 
transparent window and IR images were collected with a 
FLIR 840 thermal imaging camera. For this case and others, 
if adequate thermal management is not provided, premature 
device failure can be expected either by direct failure of the 
semiconductor or more likely by progressive accumulation 
of thermomechanical damage and eventual cracking of 
interconnect structures [1].  

Active liquid cooling shows very good potential for 
electronics thermal management of next generation 

electronic components. In particular, microfluidic devices 
such as microchannels and microjets can achieve exceptional 
overall heat transfer coefficients with very low energy 
consumption [2]. A very attractive benefit of liquid cooling 
is that if it is deployed in large numbers such as may be 
required for data centres, the heat energy, now stored in a 
liquid opposed to air, can easily be reused (e.g. for space or 
process heating), which reduces the overall combined energy 
consumption and carbon footprint of the scenarios.  

As noted by Robinson [2] microjet arrays can provide 
exceptional temperature uniformity whereas microchannels 
are at a disadvantage on this point due to the singular 
direction of the microchannel flow which can cause large 
axial temperature gradients. Another beneficial aspect of 
impinging jets is that the jet orifices can be arranged 
strategically to concentrate jets in areas of high local heat 
flux which makes them ideal for hot spot targeting whereas 
microchannels are a more global cooling strategy.  

 

 
Fig. 1. Top: Thermal image of hot spot generated on the CPU of a 

conventional desktop PC. Bottom: IR transparent liquid  
minichannel heat sink. 
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In this work, the Nusselt number correlation recently 
developed by Robinson and Schnitzler [3] is implemented to 
investigate the feasibility of hot spot targeting using 
submerged liquid jet arrays. The case under consideration is 
a waterblock heat sink opposed to direct liquid cooling. A 
waterblock-type of heat sink is preferable for many reasons 
since the heat sink does not need to be integrated into the 
electronics package which would increase the cost and 
complexity of the system, albeit at a disadvantage with 
regard to thermal performance since it will still require a 
thermal interface material between in and the electronic 
component. The waterblock alternative is also a pluggable 
solution making it suitable for retrofitting existing systems. 

 

II. LIQUID JET ARRAYS 

A.  Thermal Hydraulics of Impinging Liquid Jet Arrays  
There are surprisingly few correlations available for 

predicting the heat transfer and pressure drop characteristics 
of liquid impinging jet arrays although some do exist for 
both free jets [3 4, 5, 6] and submerged jets [3, 5]. The 
Robinson-Schnitzler correlation for the confined submerged 
scenario will be used in this work as it was developed for 
large numbers of confined and submerged liquid jets 
arranged in arrays, it considers variations in jet Reynolds 
number, jet-to-target spacing as well as the jet-to-jet spacing 
and also included information about the pressure drop 
characteristics. The correlation is, 
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which is valid for jet to target spacings of 2≤H/dn≤3 and 
interjet spacings of  3≤S/dn≤7. Since low hydraulic pumping 
power is crucial for energy efficient water cooled devices, 
Robinson and Schnitzler also developed a correlation for the 
friction factor as, 

dn

f
Re

9.22951.0 +=      (2) 

which agreed with a previous correlation developed in [6], 
albeit strictly for free jet arrays. With regard to the pressure 
drop and pumping power, Whelan and Robinson [7] showed 
that simple modifications to the inlet geometry can reduce the 
pressure drop without significantly affecting the heat transfer. 

  

B.  Liquid Jet Array Waterblock Concept 
One embodiment of the liquid jet array waterblock 

concept is illustrated in Fig. 2. The main performance 
indicator of this type of waterblock cooler is that it can 
achieve exceptional heat transfer with very low hydraulic 
pumping power. Compared with other commercially 
available waterblocks, which almost invariably use low 
velocity water impinging onto miniature surface extensions 
machined into copper, this concept achieves the desired 
thermal resistance by using tens to thousands of high 
velocity jets which impinge on a flat copper surface. Since 
the main body of the waterblock is easily manufactured from 
plastic by injection molding, it is envisaged that this 

waterblock will be very inexpensive compared with the 
competition which require CNC micromachining of complex 
features which adversely affects overall cost. For a target 
thermal resistance, increasing the number of jets, i.e. by 
decreasing the jet orifice diameter, causes the pumping ower 
to continually decrease. However, there are practical limits 
such as jet clogging and manufacturability which limit the 
minimum size of the jets. 

The waterblock illustrated in Fig. 2 operates as follows; 
water enters the foremost port shown in Fig. 2 and flows 
through a section of internal tubing into a lower plenum. The 
water stagnates in this plenum section and is then forced 
across the jet nozzle plate through which many miniature to 
micro-sized jet orifices are situated. The jets impinge upon 
the topside of a copper plate whose lower face is in thermal 
communication with the electronic component via a layer of 
thermal interface material (not shown). Subsequent to 
impinging on the surface the jets are forces laterally outward 
and exit at four channels at the outer edges of the 
impingement zone. The water is then forced to flow upward 
along the side channels into an upper collection chamber and 
subsequently forced out of the device to a remote heat 
exchanger through the rear exit port shown in Fig. 2. The 
waterblock housing was designed in a 3-D CAD package 
and subsequently printed using a 3D Systems InVision™ 3D 
Printer. 

 
Fig. 2. Impinging jet waterblock concept drawing. 

 

C.  Prototype Waterblock Testing  
A simple test facility has been commissioned in order to 

obtain the relevant thermal hydraulic measurements for 
testing different waterblock design concepts. To simulate an 
active electronic device a copper block with exposed surface 
area of 28.7 mm x 28.7 (commensurate with a Pentium 4 
CPU) was imbedded in a block of nylon which provided 
insulation as well as a rigid body for mounting the 
waterblocks. The copper block was fitted with two cartridge 
heaters with a total combined power of 350W as well as 
three thermocouples near the upper exposed face in order to 
monitor the surface heat flux. These thermocouples also 
facilitated the extrapolation of the surface temperature. 

The test facility also included an instrumented flow 
delivery system in which the plumbing components (pumps, 
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hosing fittings etc.) were ‘off the shelf’ from popular 
electronics cooling equipment distributors. The flow loop 
consisted of a Laing DD12V-D5 variable speed pump which 
drew deionized water from a 1.5L water reservoir 
manufactured by Danger Den. In order to monitor the flow 
rate, a rotameter, with a flow range of 2-10 LPM ± 1.5% FS, 
was installed within the system. Two 1.5 mm diameter 
sheathed T-type thermocouples, coupled with Fluke54ΙΙ 
Thermometers (±0.3°C), were used to measure and record 
the water temperatures at the inlet and outlet of the water 
block as well as the outlet of the remote heat exchanger. 
Pressure taps were installed on either side of the water block 
to measure the pressure drop with a Digitron 2083P (0-200 
kPa ± {0.1% rdg + 0.1% FS}) differential pressure meter. 
The heat absorbed by the waterblock was dissipated to the 
room air by a Thermochill PA120 remote heat exchanger 
fitted with a Yate Loon D12SH-12 fan. 

 

 
Fig. 3. Test facility for water block characterization. 

 
The waterblock was fixed to the instrumented copper 

block with a layer of thermal grease sandwiched between 
them. As it is cumbersome to continuously measure the 
thermal resistance of the TIM layer which can change from 
test-to-test, a 50 μm wire diameter bare thermocouple was 
fastened to the lower face of the waterblock so that the 
average surface heat transfer could be calculated without 
having to subtract out the thermal resistance of the TIM 

Fig. 4 shows a adequate comparison of predicted thermal 
resistance versus experimental measurements for an array of 
of 0.3 mm jets with a density of 81 jets/cm2. 
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Fig. 4. Measured and predicted heat transfer performance. 

 

III.  HOT SPOT TARGETING 

 A.  Problem Statement  
The evaluate the efficacy of hot spot targeting using an 

impinging liquid jet array waterblock a simple test case was 
selected. Here a 50mm x 50mm overall surface area is 
chosen with one hot spot which is chosen arbitrarily, as 
depicted in Fig. 5. The lower face of a copper block is 
exposed to this heat source, representing an electronic 
component. The imposed heat flux at the hot spot reaches 
200 W/cm2 while in other areas is uniform at 30 W/cm2. The 
heat is transferred by conduction through the copper slab, 
including the influence of lateral heat spreading. The 
opposite side of the copper block, depicted in the far right 
diagram in Fig. 5, is exposed to three different cooling 
scenarios: 

Case I: Cooling using some traditional method, for 
instance an efficient heat sink with forced convection, with 
constant thermal resistance of 0.1 K/W. 

Case II: Cooling by only one impingement jet array 
covering the whole copper block area. 

Case III: Tailored cooling by applying two impingement 
jets configurations: one focussed at the hot spot and the 
second cooling the rest of the heated surface.  

The performance indicators by which each method is 
evaluated are the maximum temperature and the temperature 
uniformity of the bottom surface of the copper i.e. the 
electronic component. 

 
Fig. 5. The hot spot targeting problem.  

  

B.  Modelling Framework 
The problem posed here is simply the solution to the 

steady 3D energy equation within the solid copper block, 
given as, 
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Equation 3 was solved using the finite difference technique 
with second order approximations of the spatial derivatives. 
Along the four edge boundaries adiabatic boundary 
conditions were applied. At the bottom boundary a 
distributed heat flux boundary condition was imposed, 
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where Qin is spatially distributed according to the profile 
illustrated in Fig. 5. On the opposite face a convective 
boundary condition was imposed which depended on the 
scenario under consideration. For Cases I and II the thermal 
resistance is spatially uniform so that the boundary condition 
is simply, 
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where h can be considered an effective thermal conductance 
for Case I and the surface averaged heat transfer coefficient 
for Case II and T∞=25°C which is held fixed for all scenarios 
for comparison purposes. For Case III the situation is 
somewhat more complex since there are two different jet 
configurations with different surface averaged heat transfer 
coefficients which can be expressed in the form, 
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where the jets are configured such that hi>ho in order to 
provide preferential cooling in the region of high heat flux so 
as to create a more uniform temperature distribution on the 
simulated electronic component. 

 
C.  Base Case Scenario 

To begin, base case scenarios for the Cases I, II & III have 
been posed in order to gain a general feel for their 
performance characteristics as well as providing the starting 
points for a preliminary optimization strategy for minimizing 
the temperature non-uniformities for Cases II & III.  The 
base case considered for Case I is a conventional heat sink 
with a uniform thermal resistance of 0.1 K/W. This 
corresponds with an effective thermal conductance of 
h=4000W/m2°C or a specific thermal resistance of 
R//

th=2.5x10-4 m2K/W, which can be considered a very high 
performance fan assisted heat sink. For Case II the base case 
was selected which populates the nozzle plate with 0.5 mm 
orifices with a dimensionless interjet spacing of S/dn=2.5 and 
jet-to-target spacing of H/dn=2.5. The total volumetric flow 
rate was initially selected to be 3.5 LPM which resulted in a 
net surface averaged heat transfer coefficient of h=21,296 
W/m2°C (R//

th =4.696x10-5 m2K/W). For Case III the jet size 
and layout was kept identical to that of Case II although two 
separate regions are considered. In the low heat flux the total 
flow rate was reduced so as to achieve the same surface 
averaged heat transfer coefficient as in Case II. For 
illustrative purposes the net flow rate through the inner hot 
spot region jets was increased to achieve a surface averaged 
heat transfer coefficient of h=62,490 W/m2°C (R//

th 
=1.600x10-5 m2K/W) in this region. The same net effect 
could have been achieved by populating the nozzle with 
more jets of smaller diameter though this is inconvenient 
with regard to a starting point for an optimization strategy. 

Thermal performance indicators of the three base case 
scenarios are illustrated in Fig. 6 and 7. On the far left of 
Fig. 6 as well as in Fig. 7 it is clear that the maximum 
temperature in the vicinity of the hotspot for the Case I 
cooling solution (top) approaches 170°C which far exceeds 
the typical maximum allowable temperature, which is of the 
order of 100°C. The accompanying heat flux distribution at 
the top surface shown in the left figure indicates strong 
lateral conduction within the copper block as it acts as a heat 
spreader since the heat sink in this case is not a strong one. 
For the uniform jet configuration (Case 2: middle of Fig. 6) 
the cooling performance is drastically improved with the 

maximum surface temperature dropping to about 80°C, 
which is acceptable, and almost doubling of the maximum 
heat removal rate on the back face as the impinging jets are a 
much stronger heat sink compared with the previous 
scenario. As such there is reduced lateral conduction and 
heat spreading within the copper as depicted in the middle 
right plot in Fig. 6.  Even still, Figs. 6 and 7 indicate that 
there are still notable temperature non-uniformities as the 
temperature in the outer regions is about 40°C representing a 
maximum to minimum temperature differential of 
ΔTmax=Tmax-Tmin~ 40°C.   

 
Fig. 6. Thermal performance indicators of the three scenarios for cases 

under consideration. 
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Fig. 7. Comparison of temperature profiles through the centreline of the 
hot spot zone (Base cases I, II and III). 



7-9 October 2009, Leuven, Belgium 

©EDA Publishing/THERMINIC 2009  ISBN: 978-2-35500-010-2 

For base Case III the jet cooling is now concentrated at the 
hot spot and it is evident that not only has the maximum 
temperature diminished to ~60°C due to the high heat 
removal rates in this region, but so also has the magnitude of 
the thermal gradients at the heat source as represented by 
Tmax-Tmin~ 20°C. These are both desirable outcomes with 
regard to component performance and reliability. 

 

D.  Optimization of Jet Cooling 
The next logical step is to attempt to further improve the 

performance of impingement jet array configurations by 
reducing the difference between the highest and the lowest 
temperature, ΔTmax=Tmax-Tmin, whilst maintaining the 
maximal temperature, Tmax, under the given threshold. This 
should be a simple method which could distribute 
temperatures more uniformly along the surface. As a first 
approximation an uncomplicated measure of the quality of 
the temperature distribution was chosen to be the deviation 
from the average value as given by the normalized root mean 
square deviation (NRMSD) given as,  
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and the number of points are, 
 )1)(1(int ++= yxspo NNN   (10) 

Based on the abovementioned requirements, the problem 
can be formulated as the minimization of the NRMSD for 
given maximal allowed temperature and given maximal 
allowed temperature difference while optimizing design (dn, 
s, h) and operating parameters (VH20). Thus, the 
mathematical formulation of the problem for Case II 
involves minimizing the NMRSD using the appropriate heat 
transfer correlation (Eq. 1). The design and operating 
parameters space (which were selected based on practical 
manufacturing considerations) is given by; dn Є [0.3, 1.5] 
mm, h/dn Є [2, 3], s/dn Є [2.2, 7], VH2O Є [0.1, 50] LPM and 
the constraints Tmax={60, 70, 80}°C are implemented to 
investigate the influence of the maximum target operating 
temperature.  

The results are illustrated in Fig. 8 for a cross section 
through the hot spot zone. Table 1 shows the design and 
operating parameters for each case. Since this is a global 
cooling strategy i.e. the surface averaged heat transfer 
coefficient is uniform for each scenario, the maximum 
allowable temperature is achieved though the temperature 
profiles still show significant non-uniformity in the region of 
the hot spot. Some improvement in the temperature 
uniformity is observed for decreasing Tmax as evident in 
Table 1 where both the RMSD and ΔTmax tend to decrease 

with decreasing Tmax. 
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Fig. 8. Comparison of optimal and base case temperature profiles 
through the centreline of the hot spot zone (Case II) 

TABLE I 
Optimization results for Case II 

Property Tmax=800C Tmax=700C Tmax=600C 
RMSD, 0C 8.097 6.891 5.546 
ΔTmax, 0C 37.89 32.76 26.87 
dn, mm 0.426 0.403 0.300 
h/dn 2.41 2.38 2.23 
s/dn 2.87 2.98 3.55 
VH2O, LPM 2.372 4.914 8.958 
R//

th, m2K/W 4.825E-5 3.288E-5 1.954E-5 
Qpump, W 0.0102 0.0634 0.6978 

  
In Case III the problem is formulated in a similar manner 

as in Case II except the design and operating parameters of 
the inner hot spot zone and the outer region can be varied 
independently. The results are presented in Fig. 9 and Table 
2. Comparing Figs. 8 & 9 and Tables 1 & 2 it is evident that 
this simple technique of modifying the jet configuration in 
the hot spot region improves the temperature uniformity both 
by decreasing the RMSD from ~ 7°C down to ~1.4°C as 
well as decreasing ΔTmax from ~ 30°C down to ~9.5°C. Even 
still there exists a temperature rise in the hot spot region 
since Tmax is a constraint which occurs at the peak heat flux 
of the hot spot and T is used in Eq. 8. As a result, relaxing 
the heat transfer in the outer region is not feasible within the 
constraints of the optimization strategy adopted in this 
particular scenario. However, additional simulations were 
performed whereby T=55°C and 60°C were used instead of 
T in Eq. 8. The results are presented in Fig. 10 and 11 for 
the case of Tmax=60°C. It is evident that for these two cases 
the surface averaged temperature increases as expected. 
Nevertheless, the temperature uniformity, quantified here in 
terms ΔTmax and RMSD, tends to improve, in particular for 
the 55°C case. For the 60°C case the RMSD tends to worsen 
as a result of the depression in the temperature distribution at 
the edge of the hotspot. 

The temperature depressions occur since the assumed hot 
spot is a piece-wise continuous function increasing from 
30W/cm2 in the outer region to 200W/cm2 at the peak of the 
hot spot. At the hot spot there is a step change (increase) in 
the surface averaged heat transfer coefficient on the opposite 
face of the copper block which causes local minima to occur 
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in the temperature distribution which in turn induces lateral 
heat flow within the copper slab. Since the specific thermal 
resistance in the hot spot zone is largely determined by the 
requirement that Tmax=60°C and does not vary considerably 
for each scenario in Fig. 10, decreasing the specific thermal 
resistance in the low heat flux region, i.e. increasing the 
averaged surface temperature, causes the local minima to 
become progressively more pronounced. This occurs to the 
point that the RMSD tends to be largest for the highest 
averaged surface temperature even though ΔTmax is lowest. 
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Fig. 9. Comparison of optimal and base case temperature profiles through the 
centreline of the hot spot zone (Case III). 

TABLE II 
Optimization results for Case III 

Property Tmax=800C Tmax=700C Tmax=600C 
RMSD, 0C 1.446 1.387 1.304 
ΔTmax, 0C 9.84 9.48 8.97 
Inner Jets    
dn, mm 1.176 0.422 0.306 
h/dn 3.00 2.41 2.23 
s/dn 3.23 2.84 3.482 
Qpump, W 0.1445 0.0803 0.5305 
R//

th, m2K/W 2.738E-5 2.042E-5 1.355E-5 
Outer Jets    
dn, mm 0.795 0.703 0.668 
h/dn 2.31 2.64 2.73 
s/dn 2.467 2.56 2.448 
Qpump, W 0.1445 0.0002 0.0007 
R//

th, m2K/W 1.568E-4 1.237E-4 9.095E-5 
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Fig. 10. Temperature profiles through the centreline of the hot spot zone 

(Case III). 
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IV.  CONCLUSIONS 

An uncomplicated technique of using impinging jet arrays 
of different configuration within a waterblock has been 
shown to predict improvement in the temperature uniformity 
of an electronic component with a single hot spot. Future 
work should involve the characterizing hot spots for real 
devices, perhaps using the IR thermography techniques.  

 
ACKNOWLEDGMENT 

The authors acknowledge Roger Kempers (Alcatel-
Lucent) and John Mullins (Bell Labs Ireland) for rapid 
prototyping the waterblocks.  

 
REFERENCES 

[1]  DTI Global Watch Mission Report, “Developments and trends in 
thermal management technologies - a mission to the USA,” 
December 2006. 

[2] A. J. Robinson,  “A Thermal-Hydraulic Comparison of Liquid 
Microchannel and Impinging Liquid Jet  Array Heat Sinks for High 
Power Electronics Cooling,” IEEE Transactions on Components 
and Packaging Technologies, in press. 

[3] A.J. Robinson, E. Schnitzler, "An Experimental Investigation of 
Free and Submerged Liquid Miniature Jet Array Impingement Heat 
Transfer", Experimental Thermal and Fluid Science, vol. 32, pp. 1-
13, 2007. 

[4] Y. Pan, B.W. Webb, “Heat transfer characteristics of arrays of free-
surface liquid jets,” Journal of Heat Transfer, vol. 117, pp. 878-883, 
1995. 

[5] D.J. Womac, F.P. Incropera, S. Ramadhyani, “Correlating equations 
for impingement cooling of small heat sources with multiple 
circular liquid jets,” Journal of Heat Transfer, vol. 116, pp. 482-
486, 1994. 

[6] M. Fabbri, V.K. Dhir, “Optimized heat transfer for high power 
electronics cooling using arrays of microjets,” Journal of Heat 
Transfer, vol. 127, pp. 760-769, 2005. 

[7]  B.P. Whelan, A.J. Robinson, (2009) “Nozzle Geometry Effects in 
Liquid Jet Array Impingement”, Applied Thermal Engineering, 29 
(11-12), pp. 2211-2221.  



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /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 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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /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
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


