
Design Method and Test Structure to Characterize and 
Repair TSV Defect Induced Signal Degradation in 3D 

System 
 

Minki Cho, Chang Liu, Dae Hyun Kim, Sung Kyu Lim and Saibal Mukhopadhyay 
School of Electrical and Computer Engineering 

Georgia Institute of Technology, Atlanta, GA 30332, USA 
mcho8@gatech.edu, chang.liu@ece.gatech.edu, daehyun@gatech.edu, limsk@ece.gatech.edu, 

saibal@ece.gatech.edu 
  

ABSTRACT 
In this paper we present a test structure and design 

methodology for testing, characterization, and self-repair of TSVs 
in 3D ICs. The proposed structure can detect the signal degradation 
through TSVs due to resistive shorts and variations in TSV. For 
TSVs with moderate signal degradations, the proposed structure 
reconfigures itself as signal recovery circuit to improve signal 
fidelity. The paper presents the design of the test/recovery structure, 
the test methodologies, and demonstrates its effectiveness through 
stand alone simulations as well as in a full-chip physical design of a 
3D IC.   

1. INTRODUCTION 
The Through Silicon Vias (TSVs) in a 3D stack are the 

channels for transferring signals between different tiers in a 3D 
stack [1]. The functionality of a 3D IC strongly depends on the 
fidelity of signals through TSVs. As the TSV process is not a 
perfect one, defects can be created while forming the TSVs before 
bonding (assuming a via-first process [2]) or while bonding 
different dies together. A short during TSV formation creates a 
resistive defect through the oxide (Fig. 1). Since the substrate 
surrounding the TSVs is strongly connected to ground, this result is 
a low resistive path between the TSV and ground. Such shorts in the 
TSV will result in partial or complete (defect) degradation of signal 
quality. When the TSV is driven by a driver, the signal swing and/or 
slew at the receiver end can vary significantly resulting in either 
complete or partial signal degradation. Therefore, maintaining the 
signal fidelity through TSVs is a primary challenge in 3D system 
integration. 

It is imperative that the TSV faults need to be detected during 
pre-bond or post-bond test [3]. The need for post-bond TSV test is 
obvious to ensure that faulty 3D ICs are not shipped to the 
customer. On the other hand, the pre-bond test can help to screen 
the dies with defects and can help reduce potential yield loss by 
bonding a faulty die with a good one [4]. As post-bond TSVs 
behave as a wire in the full system, methods for testing wire defects 
can be adopted. But pre-bond TSV test has significant challenge [5]. 
The TSVs are too small for test probe and one cannot afford to 
include a large number of probe pads for testing. Hence, one need to 
design in-built test structures that can test the TSVs before bonding 
to ensure whether a die is defect free. If the degraded signal can be 
recovered at the receiver end of the TSV, it is possible to “repair” 
the TSVs with moderate defects while maintaining the required 
system level signal fidelity and improve the design yield. 

The above discussion points to two critical issues in 3D system 
integration: (a) pre-bond test and characterization of TSVs, and (b) 
maintaining signal fidelity through TSVs under non-catastrophic 
defects. This paper, for the first time (to the best of our knowledge), 
presents an on-line test and self-repair structure and associated 
design/test methods to address the above two needs of system level 
3D integration. The paper makes the following contribution:  

• We present a low-overhead digital test structure based on scan 
flip-flops that detects the pre-bond resistive defects in TSVs 
and categorizes them in one of the following groups: (a) bad 
TSVs with complete signal degradation, (b) repairable TSVs 
with moderate signal degradation and can be recovered with 
additional circuit, and (c) good TSVs with high signal quality. 

• The proposed test circuit reconfigures itself as a signal 
recovery circuit to repair TSVs with moderate pre-bond or 
post-bond defects and improve the fidelity of the signals 
passing through them.  

• The efficiency and overhead of the proposed test structure is 
studied considering full-chip 3D physical design of an example 
circuit.   

2. TEST and SELF-REPAIR STRUCTURE  

2.1. Effect of TSV ‘short’ on Signal Quality 
Fig. 1 shows a typical scenario where a TSV with short defects 

is driven by an inverter in one die and the signal is received by 
another inverter on the second die. The signal degradation at the 
receiver end is of primary concern for correct functionality of the 
3D ICs.  Consider variation in the resistance of the short due to 
variation in the diameter of the short. The voltage at the receiver 
end can vary significantly resulting in either complete or partial 
signal degradation. Based on the extent of the signal degradation, 
we partition the TSVs in three categories. If a low resistance short 
exists, VTSV will be very low. We refer to this as un-repairable or 
bad TSVs. The TSVs for which VTSV is very high (>90% VDD) are 
considered to good or defect free TSVs. We also define a third 
category of TSVs, referred to as repairable TSVs, which 
corresponds to shorts with moderately high resistance such that 
signal degradation is within an acceptable limit (e.g. with 50% of 
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Fig. 1: Schematic illustration of TSV shorts at the pre-bond stage.
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VDD). During signal propagation through such TSVs, the voltage at 
the receiver end will make logical transition between ‘0’ and ‘1’ but 
experience a reduced swing. A lower voltage swing leads to higher 
noise susceptibility, short-circuit power, and delay at the receiving 
gate which is illustrated in Fig. 2. As the resistance reduces, signal 
swing reduces gradually resulting in corresponding increase in 
signal delay through TSV and average power of the driver/receiver 
combination. The TSVs with such intermediate resistances of the 
short belongs to the repairable TSVs category. We refer to them as 
repairable because if the signal swing can be recovered at the 
receiver end, the TSV will be functioning. If the resistance is very 
low, the signal fails to make transition. 

2.2. Objective of the Pre-Bond Test  
After the bonding, the driver and the receiver across a TSV 

will be at two tiers. Hence, during pre-bond test, our aim is to 
design a test circuit that can mimic the voltage degradation through 
the TSVs. But test structure needs to perform this by using all 
devices in the same tier. The objective of the proposed test structure 
is to first place individual TSVs in one of three categories during 
pre-bond test: bad, repairable, or good. If a bad TSV exists 
(assuming non redundant TSVs), the die is detected as a faulty one, 
not used in bonding, and adds to yield degradation. However, for 
the repairable TSVs, the test structure reconfigures itself as a signal 
recovery circuit for post-bond normal operation. This reduces the 
overall yield degradation at the expense of marginal delay and/or 
power overhead. For the good TSVs, the test structure allows direct 
signal transfer from the driver to receiver without signal recovery. 
Note the test structure for repairable TSVs will continue to operate 
in the recovery mode even after bonding. 
2.3. The basic operating principle 

Pre-bond Test Mode: A TSV-Test-Inverter (TTI) is connected 
to each TSV (Fig. 3). During testing the input of the TTI is held 
low. This forms a resistor divider structure between the PMOS 
resistance of the TTI-inverter and the resistance of the TSV short. 
The resistances of the short (Rshort) and the TTI determines the 
voltage at the TSV-TTI junction (VTSV). Depending of the value of 
the Rshort, the VTSV will vary. VTSV is next compared against a 
reference voltage and sampled into a scan flip-flop connected to the 
comparator. The reference voltage is selected such that it represents 
an “acceptable” signal quality (e.g. >50% of VDD). The TSVs with 
low resistive shorts will have values less than the reference voltage 
while the defect free TSVs will have very high voltage. The scan 
flip-flops of the TSVs form a scan-chain. The output of the 
comparator connected to a TSV captures the extent of its short in a 
digital ‘1/0’ form. At the end of the test, the values stored in the 
scan flip-flops are scanned out to locate the faulty TSVs. If such 
TSVs exist the die is categorized as a faulty one. The above test is 

performed again but with a higher reference voltage (~90% of VDD). 
The scan FFs which indicates faults with this high reference voltage 
corresponds to repairable TSVs.  

Signal Recovery during Normal Operation: For the repairable 
TSVs, the test circuit reconfigures itself to connect the output of the 
comparator to the input of the logic gates (instead of directly using 
the TSVs) during normal operation (Fig. 3). The comparator is 
designed such that during normal operation it functions as level 
converter circuits and recovers the signal degradation. For the input 
TSVs the test circuit resides between TSV and the input logic gate.  

2.4. Design of the Test and Repair Circuit  
Fig. 4 shows the detail circuit schematic of the proposed test 

structure. Note the scan flip-flops used in the test structure do not 
function as a flip-flop during regular operation. This allows us to 
innovate in the design of the proposed structure. The heart of the 
proposed structure is a differential sense-amplifier based flip-flop. 
The flip-flop is designed only with the PMOS latch (instead of a 
CMOS based) to allow it function as a level converter during 
regular operation. We multiplex the scan input and the TSV input. 
The select signal of this MUX (SCTRL) controls whether the TSV 
input or the scan input is applied to input of the differential latch. 
Since this MUX needs to transfer the TSV voltage during TSV test, 
we design this using a transmission gate based MUX. The output of 
this MUX (IN_A) forms the one input of the differential latch. The 
second input of the differential latch (IN_B) is obtained by 
multiplexing the reference voltage and inverse of IN_A. This is 
designed as a tri-state inverter based MUX with Vref as the supply 
voltage. During scan in or regular operation, the inverse of IN_A is 
connected to IN_B. During TSV test, the signal TT is high which 
ensures IN_B is equal to Vref. During scan in or in the signal 
recovery mode, TT is low which ensures inverse of IN_A is applied 
to IN_B (Fig. 4).  
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Fig. 3: The basic test structure and characterization policy 
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Fig. 2: Effect of TSV short: (a) driver-receiver combination, (b) signal swing, (c) delay, and (d) total (driver + receiver) power. 
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While operating as a flip-flop during TSV test and scan in/out 
mode, the enable signal (SCLK) of the differential latch is the scan 
clock signal. However, for signal recovery SCLK is held high so 
that the circuit behaves as a level converter. This can be achieved 
by this multiplexing VDD and scan clock. The selection can be 
achieved using TT and SCTRL. Note the SCLK generation circuit 
is a global one shared by all test circuits.  

The output selection logic is designed to ensure that the logic 
input is equal to: (a) the output of the scan flip-flop during pre-bond 
logic test, (b) the output of the comparator for TSVs requiring 
signal recovery in the operating mode, and (c) directly connected to 
the output of the TSVs for good TSVs in the operating mode. This 
can be achieved by multiplexing the there outputs. The control logic 
for the multiplexor is shown in Fig.  4. Note that select signal that 
differentiates between scan mode and regular mode is shared by all 
the test circuits. However, during operation one needs to 
differentiate between direct TSV connections and comparator 
connection which is a local signal. We achieve this by re-using the 
NAND-LATCH connected to the sense-amplifier based flip-flop to 
store the local requirements of the TSVs. To configure the NAND 
latches to the proper state we explore two options. First, after pre-
bond testing, the requirements for each TSV is stored in a ROM and 
loaded into the scan flip-flops before starting the operation. Second, 
the TSV test can be performed while powering up the bonded 3D IC 
(as a built-in-self-test). The NAND latch is disabled in the recovery 
mode to ensure the configuration information is not destroyed (Fig. 

4). The second option allows the test circuit automatically 
reconfigures itself as signal recovery circuit during normal 
operation. In the first option, the reconfiguration is guided by a 
system level controller. 

3. SIMULATION RESULTS 
Considering the presence of the differential pair, we first verify 

the circuit functionality in commercially available IBM90nm 
CMOS technology. Fig. 5 shows the waveform of the operation of 
the proposed circuit demonstrating (a), (c) the VTSV detection and 
(b), (d) signal recovery. It can be observed that the proposed circuit 
can successfully detect the VTSV value. In the recovery mode, the 
proposed circuit can successfully recover the low voltage swing. 
We next consider statistical simulation of variation in the diameter 
of the short. We consider a log-normal variation in the short 
diameter (Fig. 6). The resistance corresponding to different short 
diameters is computed considering copper TSV. As expected, the 
variation in the short diameter results in a variation in the resistance 
of TSV shorts. The resistance variation results in a variation in the 
voltage at the TTI-TSV connection (i.e. VTSV). The proposed test 
structure successfully detects whether the shorts corresponds to a 
bad, repairable, or good TSV.  

We use FFT256_8 design [6] to demonstrate our experiment 
on 3D full-chip physical design (Fig. 7). The FFT256_8 is a design 
with 320K logic gates and 6 metal layers in 45nm technology. The 
two dies are stacked in a face-to-back fashion with Via-first TSVs. 
First a min-cut practitioner is used to partition the top level design 
into two dies. Each cut becomes a pin in each die, which 
corresponds to a TSV. Next, we place TSVs and standard cells 
sequentially. Then we place the TSV cells and standard cells 
together in the first die using the predefined pin locations as 
constraints. After placement, we change TSV standard cells back to 
TSV pins so that we can do routing and optimization. For the 
second die, we first get the TSV landing pad locations from the 
previous die. With these locations as constraints, we do placement 
and routing. The following steps are the same as in the first die. 
After all the designs are done, we perform 3D timing analysis using 
Primetime. The total number of TSV which we consider is 1444. 
The area per die is 1.08x1.08mm2. 
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We redesign the proposed test circuit in 45nm PDK technology 
[7] and verify its functionality. As like its 90nm CMOS counterpart, 
the 45nm design also performs correct detection and recovery. We 
next estimate the area, delay, and power dissipation of the proposed 
test circuit in 45nm node for inclusion into our 3D design flow. The 
physical area of the proposed design in 45nm is ~21μm2. We add 
this additional cell to each TSV in our 3D design flow to estimate 
the area overhead. The area overhead of the proposed design was 
observed to less than 4% of the total die area when TSV area is 
~20% of the die area (Fig. 8a). Next we study the impact of the 
proposed design on the timing. We first estimate the delay overhead 
of the proposed design for different short resistances considering 
presence/absence of signal recovery through SPICE simulation of 
the proposed design in predictive 45nm node (Fig. 8b). It can be 
observed that with the proposed circuit delay increases marginally 
for very good TSVs. This is primarily due to addition of the 
transmission gate at the input of the logic (for both bypass and 
recovery mode). But for the repairable TSVs we observe a delay 
reduction due to improvement of the signal slew. Fig. 8c shows the 
delay distribution of the different TSV paths for two random 
instances of the TSV diameters across the chip. As expected 
insertion of the test circuit results in marginal delay degradation for 
the TSV paths which has very good TSVs. However, for TSVs with 
moderate resistance (i.e. repairable TSVs) the path delay marginally 

reduces from the cases without the proposed recovery circuit. We 
also perform the power analysis of the proposed test circuit in 
different mode. The power of the proposed design was observed to 
less than microwatt even in the recovery mode. 

4. CONCLUSIONS 
In this paper we have presented a test structure to detect the 

effect of TSV defects on the signal quality in a 3D system. The 
proposed structure can be used at the pre-bond test to detect the 
TSV defects. Depending on the detected signal quality the proposed 
structure reconfigure itself to perform signal recovery. The full-chip 
analysis shows that the signal quality enhancement can be achieved 
with only moderate area, power, and delay overhead. The future 
extension of this work will consider the other forms of defects such 
as weak open in TSVs and TSV-to-TSV resistive bridge. 

Acknowledgement: This work is supported in part by National 
Science Foundation (CCF-0917000, CCF-0546382), the SRC 
Interconnect Focus Center (IFC), and Intel Corp. 

5. REFERENCES 
[1] J. U. Knickerbocker et. al, "Three-dimensional silicon integration”, 

IBM Journal of Research & Development. Vol.52, 2008. 
[2] J. Van Olmen, et. al, “3D Stacked IC Demonstration using a Through 

Silicon Via First Approach”,  IEEE IEDM, 2008  
[3] E. J. Marinissen et. al, “Testing 3D chips containing through-silicon 

vias”, International  Test Conference, pp1-11, 2009 
[4] X. Zhao et. al, "Pre-bond Testable Low-Power Clock Tree Design for 

3D Stacked ICs", IEEE ICCAD, 2009 
[5] H. Lee et. al, “Test Challenges for 3D Integrated Circuits”, IEEE 

Design and Test of Computers, 2009 
[6] T. Thorolfsson, et. al, “Design Automation for a 3DIC FFT Processor 

for Synthetic Aperture Radar: A Case Study”, DAC, 2009 
[7] Predictive Technology Model, http://www.eas.asu.edu/ ptm/ 
[8] D. Kim, et. al, "A Study of Through-Silicon-Via Impact on the 3D 

Stacked IC Layout", IEEE ICCAD, pp674-680, 2009  
 
 
 
 
 
 
 
 
 
 
 
 
 

0%

5%

10%

15%

20%

25%

30%

0 500 1000 1500 2000
# of TSVs

A
re

a 
ov

er
he

ad

% of area occupied by TSV
area overhead with test circuit

8K 100K 1M 20M
0.4

0.5

0.6

0.7

0.8

0.9

Resistance [Ω]

D
el

ay
 [n

s]

 

 

TSV Only
Bypass Mode
Recovery Mode

2 3 4 5 6
0

1000

2000

3000

4000

Delay [ns]

# o
f O

cc
ur

re
nc

e

 

 

Original TSV 
Proposed Design

2 3 4 5 6
0

500

1000

1500

2000

2500

Delay [ns]

# o
f O

cc
ur

en
ce

 

 

Original TSV
Proposed Design

2 3 4 5 6
0

1000

2000

3000

4000

Delay [ns]

# o
f O

cc
ur

re
nc

e

 

 

Original TSV 
Proposed Design

2 3 4 5 6
0

500

1000

1500

2000

2500

Delay [ns]

# o
f O

cc
ur

en
ce

 

 

Original TSV
Proposed Design

 
(a)      (b)      (c) 

Fig. 8: The area and delay overhead of the proposed structure from system level analysis: (a) the area overhead, (b) the delay overhead of the 
test circuit in different mode, and (c) path delay distribution for different random instances of the TSV short distributions 

 BEGIN 

Partitioning 

1st die 

TSV pin->TSV cell 

TSV&gate co-Placement 

TSV cell->TSV pin 

Route&Optimzation 

2st die 

Get TSV LP location for Die1 

Placement&Routing 
&Optimization 

END 

D ie  1

TS V clo se-up

D ie  2

D ie  1

TS V clo se-up

D ie  2  
Fig. 7: (left) The 3D Design flow and (right) full-chip layouts of 

the designed 3D stack 

697



<<
  /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


