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HT8 MCU LXT (32.768kHz) Application
Guidelines

D/N: ANO489E

Introduction

The Holtek HT8 MCUs provide an external 32.768kHz low speed crystal oscillator (LXT)
as one of the choices for the microcontroller system clock. This is an oscillator which can
also provide a clock source for the Watchdog Timer and Time Base Interrupt functions,
selected through a combination of configuration options and relevant control registers.
The LXT oscillator has low power consumption, which can accommodate users’ demand
for low-power products. This document will introduce the LXT basic principles,
characteristics, functions and factors which influence accuracy, which will enable users to

have a deeper understanding of the LXT and master its usage.

Note: This document refers to the HT66F0175/0185 8-Bit Flash MCU datasheet.

Functional Description

LXT Oscillator Basic Principles

The external 32.768kHz low speed crystal oscillator has a fixed clock frequency of
32.768kHz which requires a 32.768kHz crystal, a resistor Rp as well as two capacitors C1
and C2 to be connected between pins XT1 and XT2. The external resistor and capacitor

components connected to the 32.768kHz crystal are necessary to provide oscillation.

For oscillator stability and to minimise the effects of noise and crosstalk, it is important to
ensure that the crystal and any associated resistors and capacitors along with

interconnecting lines are all located as close to the MCU as possible.

The LXT oscillation circuit and external component recommended values are shown

below:
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Note: 1. Rp, C1 and C2 are required.
2. Although not shown XT1/XT2 pins have a parasitic
capacitance of around 7pF.

External LXT Oscillator

LXT Oscillator C1 and C2 Values

Crystal Frequency

C1

C2

32.768kHz

10pF

10pF

Note: 1. C1 and C2 values are for guidance only.
2. Rp=5MQ~10MQ is recommended.

32.768kHz Oscillator Recommended Capacitor Values

Whether pins XT1/XT2 are used as the LXT oscillator external pins or general purpose

1/0 pins is determined by a configuration option. If the LXT oscillator is not used as a clock

source, these two pins can be used as general purpose I/O pins or as other pin-shared

functions. If the LXT oscillator is used as a clock source, a 32.768kHz crystal should be

connected between the XT1 and XT2 pins.

r
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SysVolt
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HIRC frequency selection
fsub clock source

ok |

[ Cancel

tfsub clock source

LXT Basic Characteristics

Operational Power Consumption

ANO489E V1.00

SLOW Mode

The LXT oscillator can be selected through relevant registers to be used as a system

clock when the microcontroller enters the SLOW mode. The microcontroller has a lower

operating current in this mode, in the order a few tens of micro-amps, while the fy clock

will be switched off.

Ta=25°C
Test Condition
Symbol P t Min. | Typ. | Max. | Unit
ymbo arameter Voo Condition in yp ax ni
I Operating Current 3V fsys=fsus=fLXT=32.765kHZ — 10 20 pA
0| _LXT 5V | no load, all peripherals off 30 50 pA
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® Standby Modes

When the system enters the IDLE/SLEEP mode, the system clock will be switched off to
reduce power consumption. However, some applications require an additional clock
source to maintain their internal timer functions, this additional clock is sourced from the
LXT or LIRC oscillator.

Ta=25°C
Test Condition

Symbol P t Min. | Typ. | Max. | Unit
ymbo arameter Vou ST in.| Typ ax ni
Standby Current 3V |No load, all peripherals — 3 5 pA
| (IDLEO Mode) 5v |off, fsug On — 5 10 WA
5T Standby Current 3V |fsus on, WDT on, - = 3 HA
(SLEEP1 Mode) 5V |no load, all peripherals off | — — 5 MA

LXT Oscillator Start Mode

The LXT oscillator can function in one of two modes, the Quick Start Mode or the

Low-power Mode. The mode selection is executed using the LXTLP bit in the TBC register.

LXTLP LXT Operating Mode
0 Quick Start
1 Low-power

After power on, the LXTLP bit will be automatically cleared to zero by default ensuring
that the LXT oscillator is in the Quick Start operating mode. However, after the LXT
oscillator has fully powered up it can be placed into the Low-power mode by setting the
LXTLP bit high. The oscillator will continue to run but with reduced current consumption.
In power sensitive applications, such as battery applications, the power consumption
must be kept to a minimum. To reduce power consumption, it is recommended that the
application program sets the LXTLP bit high after power-on and oscillation start-up are
both completed. It should be noted that, no matter what condition the LXTLP bit is set to,
the LXT oscillator will always function normally and the only difference is that it will take

more time to start up if in the Low-power mode.

The LXT oscillator start-up time is related to the external C1/C2 capacitors and the MCU
operating voltage. Lower capacitance values or a higher MCU operating voltage allow a
shorter crystal oscillation startup time. Users should choose appropriate capacitance and

operating voltages, and clear the LXTLP to zero to shorten the oscillator start-up time.

C|_ Rp VDD C1/C2 Start-up
LXTLP | (oF) | Q) | (V) | (pF) | Time (ms) Note
20 = 1450 The YIC 32768Hz crystal load capacitor
3.0 10 ~ 748 C. is 12.5pF, change the Vpp voltage and
0 12,5 10 = external capacitance and test the crystal
5.0 20 = 1210 oscillator start-up time. (Here the
10 =~ 684 HT66F0185 is taken as an example)
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Crystal Performance

Negative Resistance (-R)

Looking at the two terminals of the quartz crystal oscillation circuit, the impedance
characteristic value generated during oscillation will have the characteristics of Negative
Resistance (-R). The oscillation circuit must provide sufficient amplification gain to
compensate the mechanical energy loss of the quartz crystal resonance. The negative
impedance is not one of the product parameters, however it is an important specification

for oscillation circuit design.

Equivalent Series Resistance (ESR)

The Equivalent Series Resistance (ESR) is the mechanical energy loss of the crystal
oscillator. A higher ESR value results in higher losses in the crystal oscillator. If the ESR
value is too high, the oscillator may be unstable or even stop oscillating. Each crystal
oscillator has a maximum ESR limit value. The lower the actual ESR value is, when
compared with the recommended maximum value, the better the oscillator startup and

stability will be.
A common ESR value for the 32768Hz crystal ranges from30kQ to 100kQ.
Crystal Equivalent c
Circuit: Ry ! L,

X1 X2

Co
il
]
ESR = R1 (1+Co/CL)’; CL = (CL1xCi2) / (CL1+CL2) + Cstray

CiL1: X1 external capacitor, Cr2: X2 external capacitor, Csyray: Stray capacitance

Negative Resistance Measurement Method

The safety factor (SF) can be measured by using the negative resistance and the stability
of crystal oscillator can be determined. For the negative resistance measurement method,
an additional resistor Rq is added in series with the crystal. This additional series test
resistor Rq will increase before the oscillator starts up or a running oscillator stops. It is
recommended to reduce the resistance value before the oscillator resumes running,
through which the key value can be determined. This can be done using an SMD
potentiometer, which is suitable for RF applications, thus greatly reducing the possible
parasitic value increment. As all parameters and parasitic values generated by the
potentiometer affect the final parameters of the oscillator circuit. The final value of Romax

should be verified by a single SMD resistor.
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The measurement circuit is shown below:

Oscillation Redundancy (OA)
OA=Rgmax+ESR

Cus |:| Ciz Safety Factor (SF)
Ra — % = RQmax+ESR
L /—_E SF = ESR ESR

The safety factor (SF) is listed below:

Safety Factor (SF) Assessment
SF<2 Unsafe
2<SF<3 Applicable
3<SF<5 Safe
SF=5 High safety

* According to the above analysis, users should choose an appropriate low ESR or load

capacitor when selecting the crystal oscillator.

LXT Oscillator Characteristics (V, T)

The oscillator is composed of an internal oscillator circuit and an external crystal circuit,
providing the MCU with stable frequencies used as time references. It should be noted that
the quartz crystal frequency error will be greatly influenced by environmental temperature,
but will be less affected by the operating voltage. The influence of temperature on frequency
can be seen in the following temperature-frequency graph for a MERCURY 32.768kHz

crystal, which has a frequency error of £5PPM at a temperature of 25°C.

Temperature ( °C)

-20-10 0 +10 +22:.3.0 +40 450 +60 +70 +80
,‘]O // \
-20 \
_30 \
-40 \
-50

ol \\
-70

-80 I
af/f (ppm)

It should be noted that high frequency circuits should not be placed near the LXT circuit

0

-

during layout otherwise the oscillation characteristics will be affected. The LXT oscillation
circuit should be located as close to the XT1 and XT2 pins as possible, while the C1/C2

capacitor routing to Vss should be as short as possible.

LXT Used as WDT Clock Source

The Watchdog Timer clock source is provided by the internal clock, fsys, which is in turn
supplied by the LIRC or LXT oscillator. In this case the LXT should be selected to be the
WDT clock source through a configuration option. There are five bits, WE4~WEOQ, which
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provide an enable/disable control of the Watchdog Timer. The Watchdog Timer source

clock is then subdivided by a ratio of 2®t02"% to give longer timeouts, the actual value
being chosen using the WS2~WSO0 bits in the WDTC register.

Refer to the datasheet for more detailed information about the WDT usage and

considerations.

Low Speed
Oscillator_

WDTC \WE4~WEQ bits

fsus

> fsup

Low Speed Oscillator » frac

Configuration Option

TBCK

Low Frequency Oscillator Options

Register LT\ *Reset MCU
“HALT" Instruction / CLR
“CLR WDT” Instruction
fsua/2®
fsus ——————8-stage Divider S WDT Prescaler|
WS2~WS0 ———{ 8-to-1 MUX_| WDT Time-out
(fsus/2® ~ fsus/2"®) (2°ffsus ~ 2"*ffsus)
Watchdog Timer
WDTC Register
Bit 7 6 5 4 3 2 1 0
Name WE4 WE3 WE2 WEA1 WEO WS2 WS1 WSO
RwW RwW RwW RwW RwW R/wW R/wW R/wW RwW
POR 0 1 0 1 0 0 1 1
® WE4~WEO0: WDT function enable control
10101: Disable
01010: Enable
Other values: Reset MCU
When these bits are changed by environmental noise the
microcontroller will be reset. The reset operation will be activated after
a delay time, tsreser, and the WRF bit in the CTRL register will be set
high.
® WS2~WS0: WDT time-out period selection

000: 28/f3UB
001: 210/fSUB
010: 2"%fsus
011: 2"/fsus
100: 2"%/fsus
101: 2"%fsus
110: 2" ffsus
11: 2"%8fsus

These three bits determine the division ratio of the watchdog timer source clock, which in

turn determines the time-out period.

ANO489E V1.00
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CTRL Register

Bit 7 6 5 4 3 2 1 0
Name FSYSON — — — — LVRF LRF WRF
R/W R/W — — — — R/W R/W R/W
POR 0 — — — — X 0 0
“x”: Unknown

® FSYSON: fsys control bit in IDLE Mode
Described elsewhere.

Unimplemented, read as “0”

LVRF: LVR function reset flag
Described elsewhere.

LRF: LVR control register software reset flag
Described elsewhere.

WRF: WDT control register software reset flag

0: Not occurred
1: Occurred

This bit is set high by the WDT Control register software reset and
cleared by the application program. Note that this bit can only be cleared

to zero by the application program.

LXT Used as Time Base Clock Source

The Time Base clock source can be fsys/4 or frac, the frgc originates from either the LXT
or LIRC oscillator. Select the LXT oscillator to be a clock source by setting a configuration
option and also setting the TBCK bit in the TBC register high. After the TBC register and
relevant interrupt enable bits are properly configured, when the interrupt is enabled, the
stack is not full and the Time Base overflows, a subroutine call to their respective vector
locations will take place. When the interrupt is serviced, the respective interrupt request
flag, TBnF, will be automatically reset and the EMI bit will be cleared to disable other

interrupts.

Refer to the datasheet for more detailed information for the Time Base usage and register

configurations.
fra/2® ~ fra/2"° [] _
U ——> Time Base 0 Interrupt
frec —{ m
ulfre ¢ TBOZ—|~_TBOO
fsvs/d —-| X _
sve fre/2'2 ~ fra/2"% [, ,
u —» Time Base 1 Interrupt
TBCK 'IX'
TB11~TB10

Time Base Interrupts
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TBC Register

Bit 7

6

5

4

Name TBON

TBCK

TB11

TB10

LXTLP

TB02

TBO1

TBO0O

RW R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

POR 0

0

1

1

® TBON: Time Base function enable control

0: Disable
1: Enable

® TBCK: Time Base clock source select

0: frac

1: fsys/ 4

000: 2'%/frg
001: 2"%/frg
010: 2"/frg
011: 25

LXTLP: LXT Low Power control

0: Disable — LXT Quick Start
1: Enable — LXT Low-power

000:
001:
010:
011:
100:
101:
110:
111:

Conclusion

TB11~TB10: Time Base1 time-out period selection

TB02~TBO00: Time Base 0 time-out period selection
2%/frs
2°/frs
2"%s
2"
2"%/frg
2 frg
2" /s
2" /frg

This document has introduced the LXT oscillator of the HT8 series MCUs to help users to

have a deeper understanding of the LXT basic principles, characteristics, usage and

factors which influence accuracy. Users should choose an appropriate crystal and

determine the resistor and capacitor values accordingly to achieve optimal effects.

Refer to the HT8 series MCU datasheets for more detailed information.

Reference Files

Reference file: HT66F0175/0185 datasheet

For more information, refer to the Holtek official website http://www.holtek.com/en.

Version and Modification Information

Date Author Issue
2018.4.30 £ Initial version
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Disclaimer

All information, trademarks, logos, graphics, videos, audio clips, links and other items
appearing on this website ('Information’) are for reference only and is subject to change at
any time without prior notice and at the discretion of Holtek Semiconductor Inc. (herein
after 'Holtek', 'the company', 'us', 'we' or 'our'). Whilst Holtek endeavors to ensure the
accuracy of the Information on this website, no express or implied warranty is given by
Holtek to the accuracy of the Information. Holtek shall bear no responsibility for any
incorrectness or leakage.

Holtek shall not be liable for any damages (including but not limited to computer virus,
system problems or data loss) whatsoever arising in using or in connection with the use of
this website by any party. There may be links in this area, which allow you to visit the
websites of other companies. These websites are not controlled by Holtek. Holtek will
bear no responsibility and no guarantee to whatsoever Information displayed at such sites.

Hyperlinks to other websites are at your own risk.

Limitation of Liability

In no event shall Holtek Limited be liable to any other party for any loss or damage
whatsoever or howsoever caused directly or indirectly in connection with your access to

or use of this website, the content thereon or any goods, materials or services.

Governing Law

The Disclaimer contained in the website shall be governed by and interpreted in
accordance with the laws of the Republic of China. Users will submit to the non-exclusive

jurisdiction of the Republic of China courts.

Update of Disclaimer

Holtek reserves the right to update the Disclaimer at any time with or without prior notice,

all changes are effective immediately upon posting to the website.

ANO489E V1.00 9/9 November 13, 2018



	Introduction
	Functional Description
	LXT Oscillator Basic Principles
	LXT Basic Characteristics
	LXT Oscillator Start Mode
	Crystal Performance
	LXT Oscillator Characteristics (V, T)
	LXT Used as WDT Clock Source
	LXT Used as Time Base Clock Source

	Conclusion
	Reference Files
	Version and Modification Information
	Disclaimer
	Limitation of Liability
	Governing Law
	Update of Disclaimer



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

  >>

  /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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



