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Z80—The 1970s Microprocessor Still Alive
D. M. G. Preethichandra , Central Queensland University, Rockhampton, QLD, 4701, Australia

The history of Zilog Z80 has been fascinating to
me. According to reliable sources,1 in late 1974,
Federico Faggin, who was then best known as

the designer of the first commercial microprocessor
Intel 4004, and Ralph Ungermann, from the Intel 8080
team, left Intel to form their own company. Then, Masa-
toshi Shima, who was the transistor-level designer of
Intel 8080, left Intel in April 1975 to join Faggin and
Ungermann. At the beginning, Faggin intended to
develop a single-chip computer (microcontroller), but
soon realized that it is difficult to compete in themicro-
controller market with a company who has its own
semiconductor fabrication facility. In December 1975,
Faggin came up with an idea of developing a 5-V micro-
processor, which was machine core compatible with
then popular Intel 8080, and adding most of the func-
tionalities available in Motorola 6800, so that they
could pinch both markets. Faggin, Ungermann, and
Shima managed to find a venture capital from Exxon
Enterprises for the development of a newmicroproces-
sor Z80 and formed their own company Zilog.

Shima, as the designer of logic-level components,
had the experience of doing the same for the Intel 8080
project, but it was really challenging to integrate two
different microprocessors’ power and functionalities
together. He managed to realize (in hardware) all these
with 8,200 transistors in a single chip where the com-
petitor 8080 had only 4,800 transistors. With all these
challenges, Zilog managed to introduce the first work-
ing prototype of Z80 onMarch 9, 1976, created by an 11-
member team,1 exactly on the scheduled date. The
development of the microprocessor, the software
development system, and all other things were done
under $400,000, which was difficult to believe.1 The
developed Z80 microprocessor had an 8-bit data bus
and a 16-bit address bus with the capability of running
all 78 instructions of Intel 8080 and additional instruc-
tions. It had 20� 8-bit registers and 4� 16-bit registers
and could handle up to 64k bytes of memory.

Z80 was the choice of a microprocessor for then
home computers such as Radio Shack TRS-80, SORD

M23P, M5, Sinclair ZX81, ZX Spectrum, KayPro II, and
many other manufacturers.3 It was capable of running
the CP/M operating system in most Z80-based PCs. Z80
had a reasonable share in the PC market until Intel
revealed its 16-bit microprocessor in the mid-1980s. Z80
was very popular as amicroprocessor not only in PCappli-
cations, but also in industrial embedded applications, and
some of the big manufacturers have Z80 core inside their
ASIC chips still today or use enhanced versions of Z80 in
consumer electronic devices.4–7 Zilog still manufactures
ez80, an enhanced version of the original Z80, which is still
being used by Texas Instruments in its TI-84 and TI-84
Plus calculators.7 It is among the few silicon chips that
made a remarkable impact on the electronic device
industry.8 To this day, Zilog produces a range of Z80-
basedmicroprocessors and intelligent peripheral control-
lers, and they are available from reputed electronics com-
ponent suppliers.2,9,10 This microprocessor is one of the
longest livingmicroprocessors of all time.

FROMMY PERSONAL POINT OF VIEW,
Z80WAS AWONDERFUL
MICROPROCESSOR, WHICH WAS FAR
AHEAD OF THE CONTEMPORARY
MICROPROCESSORSWHEN ITWAS
LAUNCHED.

I started to program in Pascal with SORDM23P com-
puters as an undergraduate student in 1985 and learned
Z80 assembly language programming at the same time.
Then, as a young engineer, I worked in a largemainframe
computer system based on Z80. This experience made
me very familiar with the Z80 architecture and, later in
1990, I developed a software simulator to display register
contents of Z80 after executing Z80 assembly language
commands (a limited set of instructions) on IBM PC
under the DOS operating system as my project for the
British Computer Society Examination. The textbook by
Lance A. Leventhal on 80 assembly language program-
ming was very useful during that work.11 From my
personal point of view, Z80 was a wonderful micropro-
cessor, which was far ahead of the contemporarymicro-
processors when it was launched. It appeared suddenly
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from nowhere, captured the market quickly, and then
few years later disappeared from main stream personal
computers due to the success of the IBM PC and PC
clones. Nonetheless, the Z80 continued to be used in
certain markets2,9,10 all these decades. It is undoubtedly
one of the longest livingmicroprocessors of all time.

REFERENCES
1. F. Faggin, M. Shima, and R. Ungermann, “Zilog oral

history panel on the founding of the company and the

development of the Z80 microprocessor,” Apr. 2007.

Accessed: Jul. 18, 2021. [Online]. Available: http://

archive.computerhistory.org/resources/text/

Oral_History/Zilog_Z80/102658073.05.01.pdf

2. “Zilog,” Accessed: Jul. 24, 2021. [Online]. Available:

https://www.zilog.com/index.php?option¼com_

product&Itemid¼26&task¼parts&BL¼1&familyId¼
20&productId¼Z84015&puqs¼ b3B0aW9uPWNvbV9

wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0

xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJ

dGVtaWQ9NTk¼
3. “Advertisement [Chip hall of fame],” IEEE Spectr.,

vol. 54, no. 7, pp. c3–c3, Jul. 2017.

4. Y. Yamada, H. Suzuki, and H. Yoneda, “KC80, a fast Z80

compatible CPU core and its software development

tools,” Kawasaki Steel, Tech. Rep., Aug. 1994. [Online].

Available: https://www.jfe-steel.co.jp/archives/en/

ksc_giho/no.30/e30-041-043.pdf

5. M. L. Ahlstrom and W. J. Tompkins, “Digital filters

for real-time ECG signal processing using

microprocessors,” IEEE Trans. Biomed. Eng., vol. BME-

32, no. 9, pp. 708–713, Sep. 1985.

6. M. Hadi, R. T. Widodo, and A. H. Alasiry, “Implementation

of FPGA technology as human-machine interface to Z80

microprocessor learningmodule,” in Proc. Int. Electron.

Symp., Denpasar, Indonesia, 2016, pp. 180–184,

doi: 10.1109/ELECSYM.2016.7860998.

7. N. Bleier, M. H. Mubarik, F. Rasheed, J. Aghassi-

Hagmann, M. B. Tahoori, and R. Kumar, “Printed

microprocessors,” in Proc. ACM/IEEE 47th Annu. Int.

Symp. Comput. Archit., Valencia, Spain, 2020,

pp. 213–226, doi: 10.1109/ISCA45697.2020.00028.

8. B. Santo, “25 microchips that shook the world,” IEEE

Spectr., vol. 46, no. 5, pp. 34–43, May 2009.

9. “Z80 - Zilog - microprocessors (MPU) j online catalog j
Digikey electronics,” Accessed: Jul. 24, 2021. [Online].

Available: https://www.digikey.com/catalog/en/

partgroup/z80/15507?utm_adgroup¼Integrated%

20Circuits&utm_source¼google&utm_medium¼
cpc&utm_campaign¼Dynamic%20Search_

EN_Product&utm_term¼&utm_content¼Integrated%

20Circuits&gclid¼CjwKCAjwi9-HBhACEiwAPzUhHP7

qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsf

KTLYPqIgRoCa-IQAvD_BwE

10. “Microcontrollers j RS components,” Accessed: Jul. 24,

2021. [Online]. Available: https://au.rs-online.com/web/

c/semiconductors/processors-microcontrollers/

microcontrollers/?searchTerm¼Z80

11. L. A. Leventhal, Z80, Assembly Language Programming.

Berkeley, CA, USA: Osborne/McGraw-Hill, 1979.

D. M. G. PREETHICHANDRA is an

Associate Professor and the Head of

the discipline ofmechatronics engineer-

ing with Central Queensland University,

Rockhampton, QLD, Australia. His rese-

arch interests include the development

of nano-biosensor for environmental

and biomedical measurements, sensor networking, robotics,

and embedded systems design. Preethichandra received a

Ph.D. degree in sensor design from Saga University, Saga,

Japan. Contact him at d.preethichandra@cqu.edu.au.

November/December 2021 IEEE Micro 157

EXPERT OPINION

http://archive.computerhistory.org/resources/text/Oral_History/Zilog_Z80/102658073.05.01.pdf
http://archive.computerhistory.org/resources/text/Oral_History/Zilog_Z80/102658073.05.01.pdf
http://archive.computerhistory.org/resources/text/Oral_History/Zilog_Z80/102658073.05.01.pdf
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.zilog.com/index.php?option=com_product&Itemid=26&task=parts&BL=1&familyId=20&productId=Z84015&puqs= b3B0aW9uPWNvbV9wcm9kdWN0 JnRhc2s9cHJvZHVjdCZidXNpbmVzc0xpbmU9MSZpZD0xMzkmcGFyZW50X2lkPTEzOSZJdGVtaWQ9NTk=
https://www.jfe-steel.co.jp/archives/en/ksc_giho/no.30/e30-041-043.pdf
https://www.jfe-steel.co.jp/archives/en/ksc_giho/no.30/e30-041-043.pdf
http://dx.doi.org/10.1109/ELECSYM.2016.7860998
http://dx.doi.org/10.1109/ISCA45697.2020.00028
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://www.digikey.com/catalog/en/partgroup/z80/15507?utm_adgroup=Integrated%20Circuits&utm_source=google&utm_medium=cpc&utm_campaign=Dynamic%20Search_EN_Product&utm_term=&utm_content=Integrated%20Circuits&gclid=CjwKCAjwi9-HBhACEiwAPzUhHP7qs3O3pltUH9SZBaIoHiBvOctVPGb8HQTCkgoufYmsfKTLYPqIgRoCa-IQAvD_BwE
https://au.rs-online.com/web/c/semiconductors/processors-microcontrollers/microcontrollers/?searchTerm=Z80
https://au.rs-online.com/web/c/semiconductors/processors-microcontrollers/microcontrollers/?searchTerm=Z80
https://au.rs-online.com/web/c/semiconductors/processors-microcontrollers/microcontrollers/?searchTerm=Z80
https://au.rs-online.com/web/c/semiconductors/processors-microcontrollers/microcontrollers/?searchTerm=Z80


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


