
Thermal Test Vehicle for Transient Thermal Characterization of 
Large Body Size Chips 

 
Chen Wang1, Yanbo Tang1, Yin Hang2, Cheng Yang3, Pascale El Kallassi2, Ravi Agarwal2,  

Dongkai Shangguan4, Boping Wu1 

 
1JCET Group Co., Ltd., Shanghai, China  

2Meta Platform, Menlo Park, California, USA 
3STATS ChipPAC Pte. Ltd., Singapore 

4Thermal Engineering Associates, Inc., Santa Clara, California, USA 
 

Abstract 
Thermal management is becoming an ever more critical 

challenge for high performance computing (HPC) chips as the 
power density and chip size increase. For heterogeneous 
integration with multiple chiplets and very large body size in 
the package, the characterization of the thermal behavior 
becomes even more challenging. This paper describes a design 
practice using Thermal Test Chips (TTC) and Thermal Test 
Vehicles (TTV) which can accurately emulate the heating 
power distribution of a real functional chip, providing the 
capability for configurable power distribution and in situ 
temperature measurement on the chip. The TTC on the TTV 
features a design incorporating an array of heating zones, each 
equipped with in situ temperature-sensing diodes. With the 
array design of the TTV, we can configure the heating zones 
to our preference, thereby simulating either uniform heating or 
“hot spots”. Various test items can be measured based on a 
flip chip ball grid array (fcBGA) TTV integrated with a liquid 
cooled cold plate in accordance with the TTV design. By 
utilizing the temperature sensing diodes situated at various 
points throughout the TTC, we can ascertain the 
comprehensive temperature distribution (transient and steady 
state) across the TTC. Furthermore, the transient thermal 
characterization can be performed by selecting specific 
sensing diodes to obtain the thermal impedance (Zth) curve 
and structure function. The thermal resistance from junction to 
case (θJC) and from junction to ambient (θJA) can also be 
characterized under different conditions of thermal interface 
materials (TIMs) and coolant flow rates. Based on various 
experimental results, we have demonstrated that the TTV 
design is suitable for the thermal characterization of large-
body-sized chips.  It will be useful for a comprehensive and 
in-depth understanding of the on-die and package level heat 
dissipation behavior, which can be used for characterization 
and optimization of real-chip thermal performance. 
 
Nomenclature 
HPC high performance computing 
TTC thermal test chip 
TTV thermal test vehicle 
TIM thermal interface material 
θJA thermal resistance between junction to 

ambient,  ℃/kW 
θJC thermal resistance between junction to case, °C/kW 
fcBGA flip-chip ball grid array 
Tj junction temperature,  ℃ 

Tamb ambient temperature,  ℃ 
BLT bond line thickness,  um 
Zth thermal impedance, °C/kW 
 

1. Introduction 
High performance computing (HPC) is finding increasing 

use in the areas of artificial intelligence (AI), machine 
learning, IOT (Internet of Things), and so on. As the 
manufacturing process nodes of chips become more advanced 
and the transistor density increases, the power density of chips 
also becomes significantly higher. The heterogeneous 
integration with multiple chips of various functionalities, 
sizes, and power distributions all in the same package is 
widely used.  Consequently, HPC systems generate a 
substantial amount of heat, which, if not dissipated effectively, 
can result in thermal stress and damage to the semiconductor 
device. At the same time, the characterization of the thermal 
behavior, which is necessary for developing effective thermal 
management solutions, becomes even more challenging. 
Effective tools and capabilities are needed to develop thermal 
management solutions to safeguard the performance of the 
semiconductor device.  

Thermal Test Chips (TTC) and Thermal Test Vehicles 
(TTV) are great tools for thermal characterization, and such 
tools can provide the early stage thermal design directions 
while the chip is under development. To accommodate a wide 
variety of applications, the Unit Cell concept is used which is 
the basic building block for the TTCs. Each Unit Cell consists 
of a heating resistor and an embedded diode temperature 
sensor. By using multiple Unit Cells in a square or rectangular 
array configuration, it is possible to approximate almost any 
size application chip. [1]  

Flip chip ball grid array (fcBGA) packages are 
predominantly utilized for HPC application chips, particularly 
for heterogeneous integration of multiple chiplets. For thermal 
characterization, both the overall heat dissipation performance 
and the characterization of “hot spots” are essential, owing to 
the non-uniform heat generation from the various chip cores 
or chiplets. As the power density of chips increases, air is 
becoming a less viable medium for heat removal. Instead, the 
industry is now looking towards circulating a liquid coolant, 
with a heat capacity superior to air, to more effectively 
remove heat from those high power chips. [2] 

Thermal interface materials (TIMs) are thermally 
conductive materials extensively employed in semiconductor 
packaging to reduce the thermal contact resistance caused by 
air gaps between the cooling solution and the chip dies. The 
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TIM is situated between the TTC die surface and the liquid 
cooling plate. A precise pressure from the cooling plate is 
essential for optimal contact with the TIM. 

To demonstrate the TTV design as an effective tool for 
thermal characterization of HPC chips, we performed testing 
using a selection of standard test items. In this paper, we 
assess the θJC and θJA of the TTC by applying a uniform 
heating power over the TTC die. The structure functions were 
assessed using the designated sensing diode on the TTC, in 
accordance with the transient temperature curve. The θJC 
measurement methodology adheres to the dual-interface 
technique outlined in JEDEC JESD51-14. [3] θJA in this paper 
represents the thermal resistance between the junction and the 
coolant, with the coolant temperature set to 25 ℃ for our 
measurement. Non-uniform heating measurement will be the 
subject of further study. 

 

2. Thermal test vehicle and package design 
2.1 Thermal test chip (TTC) Unit Cell 
The TTCs must be able to closely approximate the power 

input and power density distribution of the application chip, 
and simultaneously accurately sense the temperature 
distribution (using integrated sensors) over the entire die (with 
resolution down to 1mm x 1mm), in real-time. [4] 

We used the thermal test chip which is based on a 
1mmX1mm silicon Unit Cell and is designed to provide 
maximum flexibility for thermal characterization of 
semiconductor packages. Unit Cells can be used in a square or 
rectangular array. An integrated center diode temperature 
sensor in each Unit Cell enables temperature measurements to 
be made in multiple locations in any array configuration. [5]  

Each Unit Cell is equipped with a resistor of nominal 
value 10.5 ohms and a temperature sensing diode. Both the 
heating resistor and the sensing diode are individually 
accessible, allowing both heating and temperature 
measurement as shown in Fig.1. The resistor covers >69% of 
die area and can be accessed with wire bonding or bump pads. 
[6] 

 

 
Fig.1. Unit Cell electrical representation and layout 

 
2.2 TTC configuration 
Thermal test chips have become extensively utilized in 

the qualification of package designs. In our study, we 
designed a bare die TTC with dimensions of 32mm x 27mm x 
0.7mm (L x W x H). The TTC comprises an array of 5 x 5 
heating zones, with each zone featuring an array of 5 x 6 Unit 
Cells as shown in Fig. 2. The TTC has Cu pillars with lead-
free solder cap, with 0.2mm pitch. 

 
Fig. 2. One TTC (a) contains 5 x 5 heating zones (b), and one 

heating zone contains 5 x 6 Unit Cells (c) 
 
In order to configure the power zones for the desired 

power distribution for the chip, in each heating zone, six Unit 
Cells are initially arranged in series, after which five identical 
configurations are connected in parallel to create a 5x6 matrix. 
The 25 heating zones are not interconnected, allowing each to 
be accessed and controlled directly and individually. This 
design affords the flexibility to connect them in series or in 
parallel, depending on the desired connection topology. 

Up to 750 diode sensors can be available in each TTC. In 
this design, only two sensing diodes are routed out, making 
them accessible in each heating zone. The routed-out sensor 
locations are indicated by the red dots shown in Fig. 2 (a). 
With a total of 25 heating zones, there are 50 sensing diodes 
evenly distributed across the TTC. 

 
2.3 Thermal test vehicle design 

A flip chip thermal test vehicle was developed to evaluate 
the thermal performance of the package. For this particular 
TTV, we included eight additional TTC dies (not shown) 
encircling the central main TTC on the TTV to replicate the 
heterogeneous package configuration for various functional 
dies, as is typical of GPUs in the market. In this paper, we 
concentrate exclusively on the measurement of the central 
main TTC marked in Fig. 3 (and described in Section 2.2). 
Further investigation and discussion regarding the surrounding 
dies will be undertaken in future studies.  

  

  
Fig. 3. The view of the TTV 
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For TTV assembly, the TTC is attached to an organic 
substrate using flip chip and is then underfilled. It is then 
assembled onto the PCB (printed circuit board) using ball grid 
array (BGA). Each heating zone and sensing diode is routed 
out through the TTV substrate to the individual connectors on 
the PCB. 

The cross-sectional view of the fcBGA package together 
with TIM and the cooling plate is shown in Fig. 4. From the 
top to the bottom is the cooling plate, the TIM layer, the 
silicon TTC, a layer of underfill around solder bumps, an 
organic substrate, an array of solder balls, and finally the TTV 
test board (PCB). The aim of this design is to more precisely 
replicate the actual application of an HPC chip, with the bare 
die affixed to the substrate using bumps and UF (underfill) 
epoxy, and the substrate is then mounted onto an application 
board (PCB) using solder balls. The pressure applied by the 
cooling plate can be finely adjusted through the use of spring-
loaded screws designed for fixation. 

 

 
Fig. 4. The cross-section view of the TTV system 

 
2.4 Liquid cooling  
The direct-to-chip liquid cooling system hinges on 

circulating a fluid through a cooling plate heat exchanger 
located directly on the chip. The liquid cooling plate is affixed 
and makes contact with the top surface of the TTC using a 
TIM to transfer heat from the TTC to the circulating coolant. 
The cooling plate’s surface is composed of copper, and the 
heat dissipated from the chip is absorbed into the coolant loop. 
The heated fluid is then circulated through a large liquid tank 
which is temperature controlled. 

The cooling plate is secured to a rectangular metal frame 
by four spring-loaded screws at the corners of the frame, as 
depicted in Fig. 4. The spring-loaded screw is a fastener 
equipped with a spring, which maintains a consistent pressure 
by compressing the spring when the screw is tightened into 
position. With a torque wrench, we can attain the target torque 
on the spring-loaded screws, thereby ensuring that a consistent 
pressure is applied to the TTC. The applied pressure can be 
adjusted by altering the torque setting of the torque wrench. 

The coolant employed in our experiment consists of a 
blend of 75% DI (deionized) water and 25% propylene glycol 
to simulate a common commercially used coolant on the 
market. The temperature of the coolant is regulated by a heater 
and a refrigeration unit within the tank. A temperature sensor 
positioned at the inlet of the cooling plate continuously 
monitors the coolant's temperature to ensure precise control. A 
valve and a flow rate meter are also incorporated into the 
coolant loop to regulate and oversee the coolant’s flow rate. 

 
2.5 Thermal interface material (TIM) 

An efficient TIM is essential for optimal heat dissipation 
performance throughout the TTC to the cooling plate. For our 
TTV design, a layer of TIM is attached between the TTC top 
surface and the liquid cooling plate.  

 

 
Fig. 5. Thermal interface material between interfacing 

surfaces 
 

Given the surface roughness of both the silicon die and the 
cooling plate as shown in Fig. 5, there may be microscopic 
gaps that could trap air. Direct contact between the cooling 
plate and the TTC might not achieve optimal thermal 
dissipation; thus, employing a TIM is better for heat 
dissipation performance. An appropriate pressure can enhance 
the contact between the TIM and the TTC and facilitate 
superior heat dissipation. This pressure is exerted by the 
spring-loaded screws attached to the cooling plate.    

In our study, both configurations (with TIM and without 
TIM) were evaluated to extract the θJC value by the dual 
interface method specified by JESD51-14 .  

 

3. Experimental setup 
3.1 Heating and sensing 

 

 
Fig. 6. Connection of heating zones 

 
Given that the resistance of each heating zone is nearly 

identical, we can connect 25 heating zones all in parallel as 
shown in Fig. 6. By utilizing a constant power provided by an 
external power supply, we can achieve uniform heat 
distribution within the TTC.  

In the TTC design, a total of 50 sensing diodes offer 
remarkable flexibility and spatial resolution. We can measure 
the transient temperature curve and structure function based 
on the selected sensing diodes. As a small current traverses the 
diode, the voltage drop across its terminals exhibits a linear 
dependency on temperature. Consequently, before heating the 
TTC, the diode was calibrated in an oven (or oil bath) to 
determine its voltage response as a function of temperature. 

 
3.2 Measurement configuration 

The coolant is maintained at a constant temperature of 
25°C throughout, from before the heating phase until its 
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conclusion. As it interacts with the TTC through the cooling 
plate, the initial temperature of the TTC is also closely aligned 
with this temperature. 

The θJA can be assessed through the thermal steady-state 
condition based on the TTC design. It is determined using the 
junction temperature (Tj) during the thermal equilibrium, the 
ambient temperature (Tamb), and the applied heating power 
(PH), with the formula below. Tamb is the coolant inlet 
temperature, which is set to 25 ℃ in our experiment.  We can 
effortlessly measure the voltage on each sensing diode during 
the thermal equilibrium, thereby ascertaining the temperature 
distribution map across the entire TTC. The θJA of the package 
is calculated using the maximum Tj across the TTC. Given 
uniform heating, the temperature in the central area is 
typically elevated compared to the sides and corners of the 
chip, due to the heat spreading effect. Hence, the Tj of the 
central sensor is used for θJA calculation. 

 
 
For θJC measurement, we applied the transient thermal 

measurement approach with a commercially available test 
system to analyze the structure function of the devices and the 
Zth curve for the selected sensing diodes.  The overall test 
setup is shown in Fig. 7. 

 

 
Fig. 7. θJC test setup 

 
The θJC is a measure of the ability of a semiconductor 

device to dissipate heat from the TTC die junction to the 
surface. [7] Two measurements were obtained for each chosen 
diode: one without TIM and the other with TIM. Each 
measurement was converted to structure function and Zth 
curve using the Network Identification by Deconvolution 
(NID) method, and the corresponding measurements were 
compared to each other. With this method, we can get the θJC 
using a similar approach to the JEDEC JESD51-14 dual 
interface method. [7] 

The measurement employs the transient method in 
accordance with the JESD51-14 standard to get the structure 
function, which entails recording the temperature transient 

curve during the cooling period. Prior to capturing the curve, 
the temperature of the TTC junction must be elevated to a 
reasonably higher temperature at thermal equilibrium. With 
the structure function, we can have more comprehensive data 
for subsequent simulation and design. 

 

4. Results and discussions 
4.1 TTC heating  
The design of the TTV provides significant flexibility in 

connecting TTC heating zones either in series or in parallel to 
simulate varied heat distributions across the TTC.  

Firstly, the TTC was powered with a small power of 20W 
to assess the temperature distribution across its surface 
without a TIM and a cooling plate, while utilizing a FLIR 
(Forward Looking Infrared) camera to monitor the surface 
temperature of the TTC, as depicted in Fig. 8. Nine reference 
markers were established to measure the temperature at the 
edges, the corners, and the center. The temperatures recorded 
by FLIR from Markers No.1 to 9 are 41.4, 42.2, 39.9, 42.1, 
43.9, 41.9, 41.2, 43.4, and 42.4 ℃, respectively. There is 
approximately a 4°C variation among the different locations. 
The primary reason lies in the varying heat dissipation 
conditions across different areas of the TTC. The corners 
exhibit the most favorable heat dissipation conditions due to 
lateral heat spreading. 

 

 
Fig. 8 TTC surface temperature heated by 20W power without 

TIM and a cooling plate 
 

By connecting the heating power across various zones, we 
can also effectively simulate “hot zones” as shown in Fig. 9. 
Connecting only a single heating zone — whether central, 
corner, or side — and heating it with minimal power, without 
employing TIM or a cooling plate, we can see the temperature 
distribution with FLIR.. 

 
Fig.9. a) heating zone at central, b) heating zone at corner,  

c) heating zone at side. 
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In this paper, we focus on uniform heating for thermal 
resistance characterization. 
 

4.2 Sensor temperature and θJA measurement 
The temperature distribution across the TTC is crucial for 

assessing the overall thermal performance. The temperature 
value of each sensing diode can be ascertained by simply 
measuring the voltage across the sensing diode at the thermal 
steady-state. Fig. 10 illustrates an example of sensor 
temperature measurements at both the central and corner 
positions, with a uniform heating power of 300W applied with 
TIM. The coolant flow rate is maintained at 2.0 L/min. The Tj 
recorded by the central diode is 40.4°C, while the corner 
sensor registers 35.8°C. The temperature distribution of the 
entire TTC under varying conditions will be the subject of 
future investigation. Here in this paper, we concentrate on the 
TTV design concept, which has been demonstrated to be 
advantageous for our continued research. Based on the 
formula delineated in Section 3.2, we can readily determine 
the θJA value of the package from the measured Tj of the 
central sensor.  

 

 
Fig. 10. Sensing diodes at central and corner for temperature 

measurement. 
 

4.3 θJC measurement 
To prove the TTV design concept as the first step, the 

diode situated in the central area (as shown in Fig. 10) was 
chosen for the transient thermal characterization of the θJC. 
This choice is predicated on its ability to minimize heat flow 
in the horizontal orientation while exhibiting the optimal 
correlation with one-dimensional heat dissipation path 
according to the JESD51-14 standard. 

By applying a uniform heating power outlined in Section 
3, we can capture the transient temperature response curve. 
The parameters for the measurement are listed in Table 1. 

 
Table 1. Test parameters  

TIM material No TIM With TIM (PCM) 
Heating Power (W) 80 300 
Heating time (s) 300 
Measurement time (s) 600 
Sensing current (mA) 1.0 
Coolant temperature (℃) 25 
Coolant flow rate (L/min) 2.0 

 
The TIM used in our experiment is a phase change 

material (PCM). The PCM utilizes a non-Silicone based 
material, filled with thermally conductive fillers. Through 

spring loading and pre-heating processes, it can achieve a very 
low bond line thickness (BLT) of 20 to 30 um.  The PCM 
requires a pre-baking step which is 60  for 30 min. 
according to the Technical Data Sheet (TDS) from the 
supplier. The pre-baking is performed after the assembly of 
the cooling plate, with temperature regulation maintained by 
the coolant. 

The measurement technique employed is the transient 
method in accordance with JEDEC51-14, which entails 
recording the temperature cooling curve immediately 
following the heating process. By measuring the transient 
temperature curve under the conditions (with and without 
TIM), two Zth curves were obtained. Different heating power 
values were employed to allow the optimal temperature 
increase for both scenarios, ensuring that it is neither 
excessively high nor too low. According to the JESD51-14 
standard, the θJC can be evaluated at the separation point of the 
two Zth curves. Fig. 11 shows an example for extracting the 
θJC value from the two Zth curves for the central sensor. The 
θJC measured is 4.4 ℃/kW, and the θJA with TIM is 
49.4 ℃/kW. The low θJA and θJC values signify that the 
designed TTV and TIM are highly efficient in heat dissipation, 
which is particularly critical for high-power HPC chips. 

 

 
Fig. 11. θJC value by two Zth curves measured at the central 

sensor (with and without TIM) using the test setup in Table 1 
(heating power with TIM: 300W, without TIM: 80W). 

 
Furthermore, the structure function can be obtained from 

the transient temperature curve, which allows for a qualitative 
structural interpretation of the thermal impedance path for the 
system if assuming that the thermal path consists of a 1-D 
network as shown in Fig. 12. The structure function features 
the X-axis representing thermal resistance (Rth) and the Y-axis 
denoting thermal capacity (Cth). Through the analysis of this 
structure function, we gain a profound insight into the thermal 
performance across various material layers. The structure 
function indicates that the TIM and the cooling plate may 
account for the majority of the θJA of the package. 
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Figure 12: The structure function (at the central sensor) 

provides information about the structural behavior of the 
thermal impedance and delineates the different material layers 

of the package from its curve progression.  
 

4.4 TIM and coolant flow rate characterization 
By measuring the Tj and θJA with various TIMs applied 

across the entire thermal test chip (TTC) area, we can also 
characterize the thermal performance of the TIM for the 
application, which will be published later 

The impact of the coolant flow rate is another parameter 
to study regarding the total θJA of the package system. An 
optimal flow rate not only improves effective heat dissipation 
but also saves energy for the application. 

We used the central sensing diode to measure the θJA of 
the package under different flow rate conditions with one type 
of TIM applied. The results are shown in Fig. 13. The trend 
indicates that the flow rate has a non-negligible influence on 
the θJA value.  

 

 
Fig. 13. θJA under different coolant flow rates using the test 

setup in Table 1 (at the central sensor).  
 

5. Summary 
This study demonstrated the characterization of thermal 

performance through a TTV design, which is intended to 

support the advancement of AI/HPC technology with 
increased complexity and larger die sizes within the chip 
package. An array of 5 x 5 heating zones is integrated into one 
TTC, with each TTC containing multiple sensing diodes for 
in-situ temperature measurement. The TTV, as a crucial tool, 
offers the flexibility to assess various locations throughout the 
entire TTC area with uniform or non-uniform power 
distribution. By connecting all the heating zones in parallel, 
the TTC can be heated up uniformly through a constant 
current. Assessing the θJA and θJC by analyzing the steady-
state or transient temperature profiles provides a thorough 
understanding of the overall thermal dissipation performance. 

Based on the study, we can obtain the following results: 
� By applying uniform heating on the primary main 

TTC, the central sensing diode was chosen to carry 
out transient characterization in order to determine 
the structure function. 

� The θJA and θJC were assessed using the TTV. 
Structure function can also be derived from the 
measurements. It is also possible to characterize the 
effects of various coolant flow rates. 

� The TTV design is very suitable for its intended 
purpose for thermal characterization, specifically in 
assessing the Tj and Rth distribution of different 
areas for large body size chips. 

These findings highlight the feasibility of the transient 
thermal characterization by using the TTV design for AI/HPC 
chip package application. The exceptional utility of the TTV 
tool will facilitate the progress of package thermal design and 
characterization, ultimately for developing effective thermal 
management solutions. Non-uniform heating and 
characterization of different TIMs will be the subject of 
further study. 

 

Acknowledgements 
The authors wish to acknowledge Mr. Bernie Siegal of 

Thermal Engineering Associates, Inc. for his contribution to 
the project. 

 
References 
1.   Thermal Engineering Associates, Inc. Thermal Test Chip, 

https://www.thermengr.net/html/ttc.html 
2. HDR Foundation, https://www.hdrinc.com/insights/direct-

chip-liquid-cooling 
3.   E. Ouyang, B. Ahn, R. Bornoff, W. He, N. Islam, G. Kim, 

K. Kim, and A. Vass-Varnai, “Transient thermal 
characterization of a fcBGA-H device,” 29th IEEE 
Semiconductor Thermal Measurement and Management 
Symposium, San Jose, CA, USA, 17-21 March 2013, 2013. 
DOI: 10.1109/SEMI-THERM.2013.6526809. 

4. Digital and Physical: Thermal Twins for Developing 
Thermal Management Solutions, 
https://www.3dincites.com/2023/04/digital-and-physical-
thermal-twins-for-developing-thermal-management-
solutions/ 

5.   B. Siegal and J. Galloway, “Thermal Test Chip Design and 
Performance Considerations,” 2008 Twenty-fourth Annual 

2024 IEEE 26th Electronics Packaging Technology Conference (EPTC) 1219Authorized licensed use limited to: Dongkai Shangguan. Downloaded on April 23,2025 at 07:32:30 UTC from IEEE Xplore.  Restrictions apply. 



IEEE Semiconductor Thermal Measurement and 
Management Symposium, San Jose, CA, USA, 16-20 
March 2008, 2008. DOI: 
10.1109/STHERM.2008.4509367. 

6. Thermal Engineering Associates, Inc. Tech Briefs, 
https://www.thermengr.net/html/tech_briefs.html 

7.  JEDEC Standard for the Transient Dual Interface Test 
Method for the Measurement of the Thermal Resistance 
Junction-to-Case of Semiconductor Devices with Heat 
Flow Through a Single Path, Standards JESD51-14, 
JEDEC Solid State Technology Association, 2010. 

1220 2024 IEEE 26th Electronics Packaging Technology Conference (EPTC)Authorized licensed use limited to: Dongkai Shangguan. Downloaded on April 23,2025 at 07:32:30 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /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 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


