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Abstract
This application note demonstrates the method for 
interfacing and controlling the 12 V brushless DC 
(BLDC) fan’s speed with Zilog’s Z8 Encore! XP®. 
The fan speed is controlled based on the objects 
temperature. When the temperature around an 
object exceeds the higher limit, the fan starts rotat-
ing and the speed is directly proportional to the rise 
in temperature. The fan stops rotating once the 
temperature is brought under a lower limit. This 
application note also demonstrates the method for 
selecting and using the Z8 Encore! XP temperature 
sensor.

Four fans are controlled by the Z8 Encore! XP and 
provides a mechanism to avoid the system inrush 
current and to detect the fan fault condition. The 
fan fault condition is indicated by visual indicators. 
Also for demonstration purpose, the fans are set to 
run at different speeds by changing the position of 
the switches. Appendix B—Schematics on page 10 
displays the schematics.

The source code associated with this
A p p l i c a t i o n  N o t e  AN0234-
SC01.zip is available for down-
load at www.zilog.com

Developing the Fan Speed 
Control Application 
The system development calls are used for inter-
facing an external temperature sensor to measure 
the temperature around an object. In this method, 
the temperature sensor is not interfaced; instead the 
temperature sensor output is simulated by provid-
ing a scaled input to the analog to digital converter 
(ADC) terminal for testing purpose. Figure 1 on 

page 2 displays the block diagram of temperature 
sensed fan speed controller.

The design of the fan speed control application 
depends on the temperature input, based on Z8 
Encore! XP microcontroller unit (MCU). Figure 1 
on page 2 highlights the different peripherals of Z8 
Encore! XP MCU used in this design. The input 
from the temperature sensor is fed to the on-chip 
analog-to-digital converter (ADC). The output of 
the ADC is used to calculate the duty cycle of the 
Pulse Width Modulator (PWM), which varies pro-
portionally to the input temperature and accord-
ingly the fan speed varies. The feedback from all 
the four fans is taken as the tachometer inputs. The 
presence of tachometer inputs are constantly moni-
tored to detect the fan fault condition. The fan fault 
condition and also the over temperature condition 
is displayed by an LED. An AND gate is used to 
control the initial switching ON of the fan and the 
inrush current.

The hardware is built and tested with the following 
components. The main component of the hardware 
is Z8 Encore! XP MCU. This does not require any 
external crystal or RC network as an internal oscil-
lator is provided. By using 3.3 V power supply the 
power consumption and heat dissipation of the Z8 
Encore! XP MCU is minimized. 

Figure 6 on page 10 displays the schematic dia-
gram of general interface to the Z8 Encore! XP 
MCU. The output of the temperature sensor is con-
nected to pin-27(PB-0). The reset circuit combina-
tion is connected to pin-21. Different port pins are 
used as displayed in the Appendix B—Schematics 
on page 10.
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Figure 1. Block Diagram of Temperature Sensed Fan Speed Controller

The description of interface is provided below: For 
the schematic diagrams, see Appendix B—Sche-
matics on page 10. 

• The circuit includes: FET-1, FET-2, FET-3, and 
FET-4. These FETs are switched on sequentially 
with some delay between them. This is done to 
avoid all the four fans getting switched on at 
once, there by reducing the system inrush cur-
rent.

• The choice of N-channel MOSFETs depends on 
the voltage and current rating of the fan. In this 
example, IRLR024N is chosen based on the 
12 V DC BLDC fan consuming maximum of 
250 mA of current at full speed. 

• Diode D7 to D10 removes any surges in the fan 
motor winding.

• M1 to M4 are 12 V DC, three wire BLDC fans, 
being switched by FETs. The source of the FETs 
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are grounded. LED1 to LED 4 indicates the fan 
fault condition. LED5 indicates the over temper-
ature condition and LED6 displays the power on 
condition.

Hardware Details
The on-chip timer of Z8 Encore! XP is configured 
to generate the PWM output. The PWM duty cycle 
varies proportionally to the temperature. A single 
PWM output controls all the four fans simulta-
neously. Based on the application requirement, the 
lower and the higher temperature limit is set 
through the software.

The PWM generation starts once the input temper-
ature exceeds the lower limit. To control the inrush 
current, the fans are turned ON sequentially by 
providing some delay between them. A software is 
used to set the fan switch on delays. 

As displayed in the Appendix B—Schematics on 
page 10, the PWM output control all the four gen-
eral-purpose output pins, that are used either to 
enable or disable the AND gate. 

Initially, the PWM output is at High state (before 
generating the PWM output) and all the PWM out-
put control pins are held Low. This ensures that the 
output of the AND gate is Low and FET’s are 
turned OFF. After the input temperature exceeds 
the lower set limit, the PWM generation starts. 
After the delay time set to switch on FAN1 (M1), 
the PWM_OC1 (PWM output control-1) is set 
High and allows the PWM output to pass through 
the gate and control the FET switching. 

Similarly, after the delay time set for FAN2 (M2), 
the PWM_OC2 (PWM-output control –2) is set 
high, to switch on FAN2. Similarly, for the FAN 3 
and FAN 4. Each of these FANs run at varying duty 
cycle proportional to the input temperature till the 
higher temperature limit is reached.

Once the higher temperature limit is crossed, the 
FAN runs at 100% duty cycle till the temperature is 

brought below the higher limit. As the temperature 
reduces, the FAN speed reduces proportionately 
and stops once the temperature falls below the 
lower set limit. LED5 provides a visual indication 
when the temperature exceeds the higher set limit.

Changing the switch2 (SW2) position, all the four 
FANs are made to run at different duty cycle from 
10 to 100%. These fans run from Low speed to 
High speed gradually and repeat the cycle till the 
switch position is changed. When this switch is in 
ON position, the voltage input at the ADC input 
port is discarded.

The 12 V, 2.3 W SUNON fans are used with this 
application note. At full speed, these fans require 
200 mA of current. Total current requirement of the 
system is 900 mA.

Software Details
The software is developed and tested on the hard-
ware ar displayed in Appendix B—Schematics on 
page 10. This section discusses the function of dif-
ferent software blocks that runs on Z8 Encore! XP 

MCUs.

The software provides the following 
functionalities:

• Selecting the system clock

• Initializing the GPIO

• Selecting the Z8 Encore! XP on-chip tempera-
ture

• Initializing the TIMER and PWM generator

• Configuring the ADC 

• Detecting and displaying the fan fault condition

Selecting the System Clock
The function init_systemclock(), defined 
in the main.c file, selects the internal clock, 
which works at 5.5 MHz.
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Z8 Encore! XP® Temperature Sensed Speed Control of 12 V BLDC Fan Reference Design
The oscillator control register must be written in 
the following sequence:

OSCCTL = 0xE7; //Unlock sequence
//for OSCTL write

OSCCTL = 0x18;
OSCCTL = 0x80;

Crystal oscillator, internal precision oscillator, and 
WDT oscillator are enabled and the internal oscil-
lator functions as the system clock.

Initializing the GPIO
The function init_led_gpio(), defined in 
main.c file, initializes the GPIO port to control 
the LEDs.

For initializing the GPIO, the following configura-
tion are made: 

• Port pin PB-0 is configured for analog input 
(ANA0).

• PC-3, PC-6, and PC-7 are configured for driving 
the LED.

• PA-1 is configured for PWM output pin.

• PC-0, PC-1, PC-2, and PC-4 are configured as 
output pins to drive the AND gates.

• PB-4 and PB-5 are configured for driving the fan 
fault condition LEDs.

• PA-2, PA-3, PA- 4, and PA-5 are configured as 
input port to read tach windings.

• PC-5 is configured as input pin to read the switch 
settings.

Selecting the Z8 Encore! XP 
On-chip Temperature
By default the simulated external temperature sen-
sor input (which is scaled for 0 to 2 V DC) is 
selected. A provision to select the Z8 Encore! XP 
on-chip temperature sensor is provided. To select 
the on-chip temperature sensor, define the 
ON_CHIP_TEMP_SENSOR in adc.h file. The 

on-chip temperature of Z8 Encore! XP is scaled for 
operating from 20 oC to 70 oC.

Configuring the ADC
The init_ADC () function initializes the ADC 
on-chip peripheral to the following configuration. 

• Single ended mode buffered with unity gain

• Continuous conversion

• Selects the internal reference of 2 V

• Configures the ADC interrupt vector

• Configures port pinB-0 to alternate function 
mode

The start_adc_conversion() function ini-
tiates the ADC conversion. The ADC output is 
compared with LOWER_TEMP_VALUE to start the 
PWM generation. The comparison is done in the 
ADC interrupt service routine 

If the ADC value is within the 
LOWER_TEMP_VALUE, the PWM generation is 
not initiated. 

The temperature limits can be set in percentage of 
full scale input voltage. This is done through the 
macro definition as LOWER_TEMP_SET_VALUE 
and HIGHER_TEMP_SET_VALUE in adc.h file

Initializing the TIMER and PWM 
Generator
Follow the steps below to initialize the timer and 
PWM generator:

1. The timer0 is initialized to function in PWM
single output mode, where the timer outputs a
PWM signal through Port A pin-1. The timer’s
i n p u t  i s  t h e  s y s t e m  c l o c k .  T h e
SYSTEM_CLOCK (in timer.h file) is a
macro, which defines the system’s clock rate.

2. The PWM frequency is at 50 Hz, defined by a 
macro: PWM_FREQUENCY in timer.h file. 
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3. When the temperature exceeds the 
LOWER_TEMP_VALUE value, the fan starts 
rotating with a minimum speed. As the temper-
ature increases, the speed of the fan increases 
proportionately and when the 
HIGHER_TEMP_VALUE value is reached, the 
fan rotates with the 100% duty cycle.

4. In order to get proper PWM outputs, the fol-
lowing PWM registers have to be programmed 
with proper values.
a)  Timer reload high registers 
b)  Timer reload low registers

These registers hold the value to generate the 
required PWM frequency, as defined in the 
program. In this application the PWM fre-
quency is set to 50 Hz. The appropriate values 
for the reload registers are calculated using the 
equation:

PWM_RELOAD_VALUE = (SYSTEM_CLOCK)
(PWM period in secs) / 
PRESCALE 

SYSTEM_CLOCK = 5.5 MHz

PWM period = 50 Hz

PRESCALE is set to 2

Then the calculated value of 
PWM_FREQ_RELOAD_VALUE is 0xD6D8

This D6 value is stored in timer reload High 
register and D8 is stored in timer reload Low 
register.

5. Set the TPOL bit in the timer control register to 
one, the PWM output signal begins as a High 
(1) and transitions to Low (0) when the timer 
value matches the PWM value. The timer out-
put signal returns to a High (1) after the timer 
reaches the reload value and is reset to 0001H.

6. The function init_timer0(), initializes 
the Timer0 for PWM mode and writes the 

appropriate values to timer reload high and low 
registers.

7. To get the required duty cycle, appropriate val-
ues are loaded to PWM high and PWM low 
register. Based on the ADC output (which is 
actually proportional to the external tempera-
ture) the appropriate values are loaded after 
every second to PWM registers to alter the 
duty cycle. The ADC values are scaled as indi-
cated below and then loaded to the PWM high 
and PWM low registers.

8. In this application the 8-bit ADC is used and 
we have 256 different values as the output of 
the ADC. This value when gets loaded to 
PWM registers needs to be scaled with respect 
to PWM_FREQ_RELOAD_VALUE. That is, the 
actual value to be loaded to PWM registers are 
calculated as follows:
PWM output high ratio = (X/ 
PWM_FREQ_RELOAD_VALUE)* 100;
Where X = (ADC value) 
(PWM_FREQ_RELOAD_VALUE) / 255
Table 1 lists the duty ratio of the PWM output 
signal for the different values of the ADC out-
put.

The above calculation is applicable till the 
higher temperature limit is reached. Beyond 
this point the fan rotates at 100% duty cycle.

9. The Timer0 generates an interrupt once the 
PWM_FREQ_RELOAD_VALUE is reached. In 
this case the interrupt is generated at every 
20 ms. A software counter is used to count up 
to one second. At every second the PWM high 

Table 1. Duty Ratio

ADC
Value

X=ADC
value(0xD6D8)
/255

Duty Ratio = (X/
PWM_FREQ_REL
OAD_VALUE)*100 

FF 0xD6D8 100%

7F 0x6B00 49.8%

33 0x2AF8 20%
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and PWM low register value is updated to 
change the PWM duty cycle. The reloading of 
PWM register is done in timer0_isr rou-
tine.

10. A global variable is used to count the number 
of interrupts, which occurs at every 20 ms. 
This is used as a base timer and all delays are 
calculated based on this delay. To have a differ-
ent PWM frequency other than 50 Hz, then all 
the required delays have to be redefined based 
on the application.

Detecting and Displaying the Fan 
Fault Condition
The tachometer feedback, input from the individ-
ual fans, detects the fan fault condition. The 
tachometer input is monitored constantly. The 
tachometer output changes from low to high state 
as long as the fan rotates. If there are no changes in 
the tachometer output for about the set time delay 
(This can be set using a macro 
FAN_FAULT_LIMIT in timer.h) then that par-
ticular fan is identified as faulty fan and the corre-
sponding fan fault LED is switched ON. Once the 
fan fault condition is detected, all fans are switched 
OFF. After clearing the fan fault condition (replac-
ing/repairing the fan) the system has to be reset by 
pressing switch SW1 for normal operation. 

Testing

Equipment Used
The following equipment are used for testing:

• Fan speed control reference design board

• Zilog Developer Studio II —Z8 Encore! XP® 

(ZDS II—IDE)

• A digital tachometer to measure the RPM of the 
fan 

Test Procedure
This section discusses the functional test proce-
dure. The reference design kit is supplied with the 

required code flashed already. Hence the Step1 and 
Step2 can be bypassed.

1. Connect 12 V DC power jack to the reference
design board. Observe that the power supply
indicator LED6 is ON.

2. Download the source code to the board using 
the Zilog’s smart cable or target interface mod-
ule (TIM). Once the download completes, 
press rest to watch the functioning of the refer-
ence design board.

3. Vary the potentiometer R3 and observe that the 
fan speed varies with the increase in the volt-
age at the ADC input pin (This is analogues to 
a condition of temperature of an object increas-
ing). Observe that the fan speed reduces when 
the potentiometer is turned in the reverse direc-
tion.

4. Observe that the over temperature LED glows 
when the ADC input voltage exceeds the over 
temperature set limit. Also observe that all four 
fans run at 100% duty cycle.

5. Simulate the fan fault condition by forcing the 
fan to stop physically. Observe that the Corre-
sponding fan fault LED glows and the remain-
ing fans are switched OFF. You can restart the 
system by pressing the reset switch.

6. Change the switch position SW2 to ON posi-
tion. Now all the fans start running from a duty 
cycle of about 10% to 100% in steps and then 
from 100% to 10%. This sequence continues 
till the switch changes to OFF position.

Results
You can observe that by changing the position of 
the potentiometer settings, the voltage at the ADC 
input pin changes and accordingly the speed of the 
fan is varies. Figures 2 and 3 displays the following 
graphs.

• Percentage duty cycle verses the RPM of the fan.

• Temperature verses the RPM of the fan.
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Figure 2. Fan Speed in RPM v/s % PWM Duty Cycle

Figure 3. Fan Speed in RPM v/s Temperature
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The testing is also performed to see if the fans are 
being switched on sequentially with a predeter-
mined delay between each fan switching. First 
FAN1 is switched on followed by FAN2, FAN3 
and FAN4 with some delay in between. This will 
ensure the reduction of system inrush currents. The 

waveform is captured using Tektronix TLA 611 
logic analyzer. It displays the sequential switching 
from FAN1 to FAN4.

Figure 4. Waveform Showing the Sequential Switching of Fans

Summary
This application note demonstrates the use of on-
chip temperature sensor of Z8 Encore! XP. Using 
the on-chip temperature sensor of the Z8 Encore! 
XP MCU for temperature ranging from 20 oC to 75 
oC, will provide good accuracy and eliminates the 
need for using the external temperature sensor. 
This reduces the total system cost and the develop-
ment time of the product.

This application note also demonstrates the method 
of configuring and using the on-chip ADC and the 
timer to generate the PWM output. The PWM 
output is generated based on the simulated input 
from the temperature sensor, which controls the 
speed of the BLDC fan and ensures that the 
temperature of an object is maintained at certain 
pre-defined levels. 
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Appendix A—Photograph
Figure 5 displays photograph of reference design kit.

Figure 5. Photograph of Reference Design Kit
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endix B—Schematics
ndix B displays the schematics of Z8 Encore XP MCU.
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Figure 7. Schematic of Power and Debug Circuit for Speed Control of BLD
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Figure 8. Schematic for Speed Control of BLDC Fans using Z8 Encore
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Appendix C—Flowcharts
This Appendix displays the flowchart of Main function, ADC ISR, and Timer0 ISR function.

Figure 9. Main Routine to Initialize the Z8 Encore! XP Peripheral
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PC0, PC1 & PC2 as output pins and PB1, 2, 3 & 4 as input pins
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voltage and set the ADC interrupt vector. Set PB0 as fan ADC input mode.
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AN023403-0708  Page 13 of 16



Z8 Encore! XP® Temperature Sensed Speed Control of 12 V BLDC Fan Reference Design
Figure 10. ADC Interrupt Service Routine
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Figure 11. Timer0 (in PWM Mode) Interrupt Service Routine

Start

Increment the timer count

Stop all fans

Reset the timer count

Yes

No

Return

Is the timer

count greater

than or equal

to 1sec?

No

Is the fan fault

flag set?

Reload the PWM

High/Low registers

Return

Yes
AN023403-0708  Page 15 of 16



AN023403-0708  Page 16 of 16
16

Z8 Encore! XP® Temperature Sensed Speed Control of 12 V BLDC Fan Reference Design

DO NOT USE IN LIFE SUPPORT

LIFE SUPPORT POLICY
ZILOG'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION. 

As used herein
Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A
critical component is any component in a life support device or system whose failure to perform can be
reasonably expected to cause the failure of the life support device or system or to affect its safety or
effectiveness.

Document Disclaimer
©2008 by Zilog, Inc. All rights reserved. Information in this publication concerning the devices,
applications, or technology described is intended to suggest possible uses and may be superseded. ZILOG,
INC. DOES NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY
OF THE INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT.
ZILOG ALSO DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY
INFRINGEMENT RELATED IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR
TECHNOLOGY DESCRIBED HEREIN OR OTHERWISE. The information contained within this
document has been verified according to the general principles of electrical and mechanical engineering. 

Z8 Encore! XP is registered trademarks of Zilog, Inc. All other product or service names are the property
of their respective owners.

Warning:


	Z8 Encore! XP® Temperature Sensed Speed Control of 12 V BLDC Fan Reference Design
	Abstract
	Developing the Fan Speed Control Application
	Hardware Details
	Software Details
	Selecting the System Clock
	Initializing the GPIO
	Selecting the Z8 Encore! XP On-chip Temperature
	Configuring the ADC
	Initializing the TIMER and PWM Generator
	Detecting and Displaying the Fan Fault Condition

	Testing
	Equipment Used
	Test Procedure
	Results

	Summary
	Appendix A-Photograph
	Appendix B-Schematics
	Appendix C-Flowcharts


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


