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Lensfree On-Chip Microscopy and Tomography Toward Telemedicine 

Applications 

Aydogan Ozcan, Ph.D. 

Electrical Engineering Department, Bioengineering Department, California NanoSystems 

Institute 

University of California, Los Angeles, CA 

ozcan@ucla.edu; http://innovate.ee.ucla.edu/ 

 

 

Today there are more than 5 billion cell-phone users in the world, and the 

majority of these cellphones are being used in the developing parts of the world. This 

massive volume of wireless phone communication brings an enormous cost-reduction to 

cellphones despite their sophisticated hardware and software capabilities. Utilizing this 

advanced state of the art of the cell phone technology towards point-of-care diagnostics 

and/or microscopic imaging applications can offer numerous opportunities to improve 

health care especially in the developing world where medical facilities and infrastructure 

are extremely limited or even do not exist.  

 

Centered on this vision, in this talk I will introduce fundamentally new imaging 

and detection architectures that can compensate in the digital domain for the lack of 

complexity of optical components by use of novel theories and numerical algorithms to 

address the immediate needs and requirements of Telemedicine for Global Health 

Problems. Specifically, I will present an on-chip cytometry and microscopy platform that 

utilizes cost-effective and compact components to enable digital recognition and 3D 

microscopic imaging of cells with sub-cellular resolution over a large field of view without 

the need for any lenses, bulky optical components or coherent sources such as lasers. This 

incoherent holographic imaging and diagnostic modality has orders of magnitude 

improved light collection efficiency and is robust to misalignments which eliminates 

potential imaging artifacts or the need for realignment, making it highly suitable for field 

use. Applications of this lensfree on-chip microscopy platform to high-throughput imaging 

and automated counting of whole blood cells, monitoring of HIV+ patients (through CD4 

and CD8 T cell counting) and detection of waterborne parasites towards rapid screening of 

water quality will also be demonstrated. Further, I will discuss lensfree implementations of 

various other computational imaging modalities on the same platform such as pixel super-

resolution imaging, lensfree on-chip tomography, holographic opto-fluidic 

microscopy/tomography. Finally, I will demonstrate lensfree on-chip imaging of 

fluorescently labeled cells over an ultra wide field of view of >8 cm2, which could be 

especially important for rare cell analysis (e.g.,detection of circulating tumor cells), as well 

as for high-throughput screening of DNA/protein micro-arrays. 
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tƭŀȊƳƻƴƭŀǊ ƛƭŜ ƘƛōǊƛǘƭŜƴƳƛǒ ǎƤŎŀƪ ŜƭŜƪǘǊƻƴ ǘŜƳŜƭƭƛ Ŧƻǘƻƴƛƪ ŀȅƎƤǘƭŀǊ 

Dr. Ali Kemal OKYAY 

9ƭŜƪǘǊƛƪ 9ƭŜƪǘǊƻƴƛƪ aǸƘŜƴŘƛǎƭƛƐƛ .ǀƭǸƳǸ 

.ƛƭƪŜƴǘ «ƴƛǾŜǊǎƛǘŜǎƛ 

 
4ƛǇ ǸȊŜǊƛƴŘŜ ǾŜȅŀ œƛǇǘŜƴ œƛǇŜ ƛƭŜǘƛǒƛƳƛƴ ŦƻǘƻƴƭŀǊ ƛƭŜ ȅŀǇƤƭŀōƛƭƳŜǎƛ όƻǇǘƛŎŀƭ 

ƛƴǘŜǊŎƻƴƴŜŎǘǎύ ƛœƛƴ œƻƪ ƪǸœǸƪΣ ŘǸǒǸƪ ƪŀǇŀǎƛǘŀƴǎƭƤΣ ȅǸƪǎŜƪ ƘƤȊƭƤΣ ȅǸƪǎŜƪ ǾŜǊƛƳƭƛ ǾŜ ǎƛƭƛǎȅǳƳ ƛƭŜ 

ŜƴǘŜƎǊŜ ŜŘƛƭŜōƛƭƛǊ ƻǇǘƛƪ ŘŜŘŜƪǘǀǊƭŜǊŜ ƛƘǘƛȅŀœ ǾŀǊŘƤǊΦ {ƛƭƛǎȅǳƳ ȅŀƪƤƴ ƪƤȊƤƭǀǘŜǎƛ ōǀƭƎŜŘŜ 

ƎŜœƛǊƎŜƴ ƻƭƳŀƪƭŀ ōƛǊƭƛƪǘŜΣ {ŎƘƻǘǘƪȅ ǘƛǇƛ ƳŜǘŀƭπ{ƛƭƛǎȅǳƳ ŘŜŘŜƪǘǀǊƭŜǊƛƴ ŘŀƭƎŀōƻȅǳ мррл ƴƳ 

ƪŀŘŀǊ ƻƭŀƴ ŦƻǘƻƴƭŀǊƤ ŜƳŜōƛƭŜŎŜƐƛ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ !ƴŎŀƪΣ ōǳ ǘƛǇ ŘŜŘŜƪǘǀǊƭŜǊƛƴ ƪǳǾŀƴǘǳƳ 

ǾŜǊƛƳƭŜǊƛ ŘǸǒǸƪǘǸǊΦ ¸ǸȊŜȅ ǾŜȅŀ ƭƻƪŀƭƛȊŜ ǇƭŀȊƳƻƴ ǘŜǘƛƪƭŜȅŜƴ ȅŀǇƤƭŀǊ ȅǸƪǎŜƪ ƘƤȊƭƤ {ŎƘƻǘǘƪȅ ǘƛǇƛ 

ŘŜŘŜƪǘǀǊƭŜǊƛƴ ƛƴŎŜ ŀƪǘƛŦ ŜƳƛǒ ǘŀōŀƪŀƭŀǊƤƴŘŀ ŘŀƘŀ ŦŀȊƭŀ ƤǒƤƐƤƴ ƘŀǇǎŜŘƛƭƳŜǎƛƴŜ ƻƭŀƴŀƪ 

ǎŀƐƭŀȅŀōƛƭƛǊΦ hƭǳǒŀƴ ǎƤŎŀƪ ŜƭŜƪǘǊƻƴ όƘƻǘ ŜƭŜŎǘǊƻƴύ ȅƻƐǳƴƭǳƐǳ ǇƭŀȊƳƻƴ ŜǘƪƛƭŜǊƛ ƪǳƭƭŀƴƤƭŀǊŀƪ 

ȅǸƪǎŜƭǘƛƭŜōƛƭƛǊΣ ŘƻƭŀȅƤǎƤȅƭŀ {ŎƘƻǘǘƪȅ ǘƛǇƛ ƳŜǘŀƭπ{ƛ ŘŜŘŜƪǘǀǊƭŜǊƛƴ ǾŜǊƛƳƭŜǊƛ ǀƴŜƳƭƛ ǀƭœǸŘŜ 

ŀǊǘƤǊƤƭŀōƛƭƛǊΦ  

 

CƻǘƻǾƻƭǘŀƛƪ ǘŜƪƴƻƭƻƧƛΣ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴƤƴ œŜǒƛǘƭŜƴŘƛǊƛƭƳŜǎƛƴŘŜ ǸƳƛǘ ǾŀŘŜŘŜƴ ōƛǊ 

ǘŜƪƴƻƭƻƧƛ ƻƭƳŀƪƭŀ ōƛǊƭƛƪǘŜ Ŧƻǎƛƭ ȅŀƪƤǘ ǘŜƳŜƭƭƛ ŜƴŜǊƧƛ ǸǊŜǘƛƳ ǘŜƪƴƻƭƻƧƛƭŜǊƛȅƭŜ ǊŜƪŀōŜǘ ŜŘŜōƛƭƳŜǎƛ 

ƛœƛƴ ŦƻǘƻǾƻƭǘŀƛƪ ƳŀƭƛȅŜǘƛƴƛƴ ŘǸǒǸǊǸƭƳŜǎƛ ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ .ǳ ƴŜŘŜƴƭŜ ǇŀǊŀŘƛƎƳŀ ŘŜƐƛǒƛƪƭƛƐƛ 

ǎŀƐƭŀȅŀōƛƭŜŎŜƪ ƛƴƻǾŀǘƛŦ ǘŜƪƴƻƭƻƧƛƭŜǊ ǾŜ ǘŀǎŀǊƤƳƭŀǊ ȅǸƪǎŜƪ ŘŜǊŜŎŜŘŜ ƛƭƎƛ ƎǀǊƳŜƪǘŜŘƛǊΦ 

tƭŀȊƳƻƴ ŜǘƪƛƭŜǊƛƴ ŦŀǊƪƭƤ ƎǸƴŜǒ Ǉƛƭƛ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴŘŜ ǇŜǊŦƻǊƳŀƴǎƤ ŀǊǘƤǊŀōƛƭŜŎŜƐƛ ȅŀȅƎƤƴ kabul 

ƎǀǊƳŜƪǘŜŘƛǊΦ DǸƴǸƳǸȊŘŜ ǘƛŎŀǊƛ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƳƤ ȅŀȅƎƤƴ ǾŜȅŀ ŀǊŀǒǘƤǊƳŀ ƪƻƴǳǎǳ ƻƭŀƴ ǘǸƳ 

ƛƴƻǊƎŀƴƛƪ ŦƻǘƻǾƻƭǘŀƛƪ ǘŜƪƴƻƭƻƧƛƭŜǊŘŜ ό{ƛƭƛǎȅǳƳΣ ƛƴƻǊƎŀƴƛƪ ƛƴŎŜ ŦƛƭƳΣ /L{κ/LD{Σ /Ř{ŜΣ œƻƪƭǳ 

ŜƪƭŜƳ ƎǸƴŜǒ ǇƛƭƭŜǊƛ Ǝƛōƛύ ōƛǊ ȅŀǊƤƛƭŜǘƪŜƴ ƳŀƭȊŜƳŜ Ŧƻǘƻƴ ŜƳƛŎƛ ŀƪǘƛŦ ƪŀǘƳŀƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƤǊΦ 

¸ŀǊƤƛƭŜǘƪŜƴ ƪǳƭƭŀƴƤƭƳŀȅŀƴ ŦƻǘƻǾƻƭǘŀƛƪ ŀȅƎƤǘƭŀǊŘŀ ŜƴŜǊƧƛ ŘǀƴǸǒǸƳǸ ƳǸƳƪǸƴ ƻƭŀōƛƭƛǊǎŜΣ ƎǸƴŜǒ 

Ǉƛƭƛ ƳŀƭƛȅŜǘƭŜǊƛƴƛƴ ǀƴŜƳƭƛ ǀƭœǸŘŜ ŀȊŀƭƳŀǎƤ ǀƴƎǀǊǸƭŜōƛƭƛǊΦ ¸ŀǊƤƛƭŜǘƪŜƴǎƛȊ ŦƻǘƻǾƻƭǘŀƛƪ ŀȅƎƤǘƭŀǊ 

ǇŀǊŀŘƛƎƳŀ ŘŜƐƛǒƛƳƛƴŜ ƴŜŘŜƴ ƻƭŀōƛƭŜŎŜƪ ǇƻǘŀƴǎƛȅŜƭŜ ǎahip olabilirler. 

 

 

 

 

 

 

 

{ŀŘŜŎŜ bŀƴƻǘŜƭƭƛ CƻǘƻŀƭƎƤƭŀȅƤŎƤƭŀǊ 
 

IǸǎƴǸ 9ƳǊŀƘ «ƴŀƭŀƴ 

aŜǘŀƭǳǊƧƛ ǾŜ aŀƭȊŜƳŜ aǸƘŜƴŘƛǎƭƛƐƛΣ hǊǘŀ 5ƻƐǳ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛΣ !ƴƪŀǊŀ 

 
.ǳ œŀƭƤǒƳŀŘŀ ǎŀŘŜŎŜ ƴŀƴƻǘŜƭ ŀƐƭŀǊƤ ƪǳƭƭŀƴŀƴ ŦƻǘƻŀƭƎƤƭŀȅƤŎƤƭŀǊƤƴ ǸǊŜǘƛƳƛƴŘŜƴ ǾŜ 

ƪŀǊŀƪǘŜǊƛȊŀǎȅƻƴǳƴŘŀƴ ōŀƘǎŜŘƛƭŜŎŜƪǘƛǊΦ .ǳ ōŀƐƭŀƳŘŀ ƎŜǊƳŀƴȅǳƳόDŜύ ǾŜ ǎƛƭƛǎȅǳƳ ό{ƛύ 

ƴŀƴƻǘŜƭ ŀƐƭŀǊƤ ŀƪǘƛŦ ȅŀǊƤƛƭŜǘƪŜƴ ŜƭŜƳŀƴΣ ƪŀǊōƻƴ ƴŀƴƻǘǸǇ ǾŜ ƎǸƳǸǒ ƴŀƴƻǘŜƭ ŀƐƭŀǊƤ ƛǎŜ ǇŀǎƛŦ 

kontakƭŀǊ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ «ǊŜǘƛƳƭŜǊƛƴƛƴ ŀǊŘƤƴŘŀƴ ƴŀƴƻǘŜƭƭŜǊΣ ŀƐ ǒŜƪƭƛƴŘŜΣ ǎƤǾƤ ōŀȊƭƤ 

ȅǀƴǘŜƳƭŜǊ ƪǳƭƭŀƴŀǊŀƪ ǾŜ ƻŘŀ ǎƤŎŀƪƭƤƐƤƴŘŀ œŜǒƛǘƭƛ ŀƭǘƭƤƪƭŀǊ ǸȊŜǊƛƴŜ ƪŀǇƭŀƴƳŀƪǘŀŘƤǊΦ 

CƻǘƻŀƭƎƤƭŀȅƤŎƤƭŀǊƤƴ ƤǒƤƪ ŀƭǘƤƴŘŀƪƛ ŘŀǾǊŀƴƤǒƭŀǊƤ ǾŜ ƻǇǘƛƪ ƎŜœƛǊƎŜƴƭƛƪƭŜǊƛ ŦŀǊƪƭƤ ƴŀƴƻǘŜƭ 

ȅƻƐǳƴƭǳƪƭŀǊƤ ƛœƛƴ ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ «ǊŜǘƛƭŜƴ ŎƛƘŀȊƭŀǊƤƴ ǘŜǇƪƛƭŜǊƛ ȅǸƪǎŜƪΣ ǘŜǇƪƛ ǎǸǊŜƭŜǊƛ ƛǎŜ 

ƻƭŘǳƪœŀ ƪƤǎŀŘƤǊόғмл ƳƛƭƛǎŀƴƛȅŜύΦ !ȅǊƤŎŀ ǸǊŜǘƛƭŜƴ ŎƛƘŀȊƭŀǊ ŜǎƴŜƪ ǾŜ ƎǀǊǸƴǸǊ ƤǒƤƪ ǘŀȅŦƤƴŘŀ Řŀ 

ǒŜŦŦŀŦǘƤǊΦ 
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http://mems.ku.edu.tr 

 
YƤǊƳƤȊƤΣ ȅŜǒƛƭΣ ǾŜ ƳŀǾƛ Řƛȅƻǘ ƭŀȊŜǊ ǾŜ н-ŜƪǎŜƴƭƛ ōƛǊ ǘŀǊŀȅƤŎƤ ŀȅƴŀ ȅŀǊŘƤƳƤ ƛƭŜ ȅǸƪǎŜƪ 

œǀȊǸƴǸǊƭǸƪǘŜ ōƛǊ ǇǊƻƧŜƪǘǀǊ ȅŀǇƳŀƪ ŀǊǘƤƪ ƻƭŘǳƪœŀ ƪƻƭŀȅƭŀǒƳƤǒǘƤǊΦ [ŀȊŜǊ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴŘŜƪƛ 

ƎŜƭƛǒƳŜƭŜǊ ǾŜ ƎǊǳōǳƳǳȊŘŀ ƎŜƭƛǒǘƛǊƛƭŜƴ a9a{ ǘŀǊŀȅƤŎƤƭŀǊ ǎŀȅŜǎƛƴŘŜ ōǀȅƭŜ ōƛǊ ǎƛǎǘŜƳ ȅŀƪƭŀǒƤƪ 

ƪǸǇ ǒŜƪŜǊ ōƻȅǳǘǳƴŘŀ ōƛǊ ƘŀŎƳŜ ǎƤƐŘƤǊƤƭŀōƛƭƳŜƪǘŜŘƛǊ ǾŜ ŎŜǇ ǘŜƭŜŦƻƴǳƴŀ ŜƴǘŜƎǊŜ ŜŘƛƭŜōƛƭŜŎŜƪ 

ƪŀŘŀǊ ƪǸœǸƭƳǸǒǘǸǊΦ .ǳ ǎǳƴǳƳŘŀ ōŀƘǎŜŘŜŎŜƐƛƳƛȊ ƪƻƴǳƭŀǊΥ ¸Ŝƴƛ ƎŜƭƛǒǘƛǊŘƛƐƛƳƛȊ tƛŜȊƻ-elektrik 

ƭŀȊŜǊ ǘŀǊŀȅƤŎƤƭŀǊΤ ŀǊŀōŀΣ ǳœŀƪΣ ǾŜ ƎŜƭŜŎŜƐƛƴ ǎƤƴƤŦƭŀǊƤƴŘŀ ƪǳƭƭŀƴƤƭŀōƛƭŜŎŜƪ ǀȊŜƭ ŜƪǊŀƴƭŀǊΤ ƪŀǊƤǒƤƪ 

polarizasyon kullanarak 3-boyutlu projeksiyon sistemi; ve piko-ǇǊƻƧŜƪǘǀǊ ƛƭŜ ƻȅǳn konsolu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MORBIDOSTAT: Antibiyotik direncine sebep olan genetik yollar, 1TL'den ucuza 

mal olan  

[95 ƭŀƳōŀƭŀǊƭŀ ƴŀǎƤƭ ǘŜǎǇƛǘ edilebilir? 

 
Erdal Toprak 

{ŀōŀƴŎƤ «ƴƛǾŜǊǎƛǘŜǎƛ 

erdaltoprak@sabanciuniv.edu  

 
!ƴǘƛōƛȅƻǘƛƪƭŜǊŜ ƪŀǊǒƤ ōŀƪǘŜǊƛƭŜǊƛƴ ŘƛǊŜƴœ ƪŀȊŀƴƳŀƭŀǊƤ ǎŜōŜōƛȅƭŜ ōŀƪǘŜǊƛ ƪŀȅƴŀƪƭƤ 

ōǳƭŀǒƤŎƤ ƘŀǎǘŀƭƤƪƭŀǊƤƴ ǘŜŘŀǾƛǎƛƴŘŜ ƎŜœƳƛǒǘŜ Ŝǘƪƛƭƛ ƻƭŀƴ ōƛǊœƻƪ ŀƴǘƛōŀƪǘŜǊƛȅŜƭ ƛƭŀœ ŀǊǘƤƪ 

ƪǳƭƭŀƴƤƭƳŀȊ ƘŀƭŜ ƎŜƭƳƛǒǘƛǊΦ .ǳ ǎŜōŜǇǘŜƴΣ ƎǸƴǸƳǸȊŘŜ ōǳƭŀǒƤŎƤ ƘŀǎǘŀƭƤƪƭŀǊƤƴ ǘŜŘŀǾƛǎƛ 

ȊƻǊƭŀǒƳƤǒΣ ǳȊŀȅŀƴ ǘŜŘŀǾƛ ǎǸǊŜƭŜǊƛ ǎŜōŜōƛȅƭŜ ƛƴǎŀƴ Ƙŀȅŀǘ ƪŀƭƛǘŜǎƛƴŘŜ ŘǸǒƳŜƭŜǊΣ ŜƪƻƴƻƳƛƪ 

ƪŀȅƤǇƭŀǊ ǾŜ Ƙŀǘǘŀ ǀƭǸƳƭŜǊ ǎƤƪƭƤƪƭŀ ƎǀȊƭŜƴƛǊ ƻƭƳǳǒǘǳǊΦ !ƴǘƛōƛȅƻǘƛƪ ŘƛǊŜƴœƭƛ ōŀƪǘŜǊƛƭŜǊ ǎŜōŜōƛȅƭŜ 

ƳŜȅŘŀƴŀ œƤƪŀƴ ōǳ ŎƛŘŘƛ ǎƻǊǳƴƭŀǊƤƴ œǀȊǸƳǸ ƛœƛƴ yeni antibiyotiklere veya mevcut 

ŀƴǘƛōƛȅƻǘƛƪƭŜǊƛƴ ŘŀƘŀ Ŝǘƪƛƴ ƪǳƭƭŀƴƤƳƤƴƤ ƳǸƳƪǸƴ ƪƤƭŀŎŀƪ ǘŜŘŀǾƛ ǎǘǊŀǘŜƧƛƭŜǊƛƴƛƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛƴŜ 

ǒƛŘŘŜǘƭŜ ƛƘǘƛȅŀœ ǾŀǊŘƤǊΦ IŜǊ ƛƪƛ ƳǳƘǘŜƳŜƭ œǀȊǸƳ ȅƻƭǳ ƛœƛƴ ŘŜ ŀƴǘƛōƛȅƻǘƛƪ ŘƛǊŜƴŎƛƴƛ ȊŀƳŀƴ 

ƛœƛƴŘŜ ŀǊǘǘƤǊŀƴ ǎŜōŜǇƭŜǊƛƴ ƘŜƳ ōŀƪǘŜǊƛ ǇƻǇǸƭŀǎȅƻƴƭŀǊƤ ƘŜƳ ŘŜ ƳƻƭŜƪǸƭŜǊ ŘǸȊŜȅŘŜ 

ŀƴƭŀǒƤƭƳŀǎƤ ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ .ǳ ǎǳƴǳƳŘŀΣ ōǳ ƛƘǘƛȅŀŎƤ ƎƛŘŜǊƳŜȅŜ ȅŀǊŘƤƳŎƤ ƻƭŀōƛƭƳŜƪ ƛœƛƴ 

ƎŜƭƛǒǘƛǊŘƛƐƛƳƛȊ ǾŜ άaƻǊōƛŘƻǎǘŀǘέ ŀŘƤƴƤ ǾŜǊŘƛƐƛƳƛȊ ŎƛƘŀȊ ƛƭŜ ȅŀǇǘƤƐƤƳƤȊ ŘŜƴŜȅǎŜƭ œŀƭƤǒƳŀƭŀǊ 

ŀƴƭŀǘƤƭŀŎŀƪǘƤǊΦ .ŀƪǘŜǊƛƭŜǊƛƴ ōǸȅǸƳŜ ƘƤȊƭŀǊƤƴƤ фплƴƳ ŘŀƭƎŀ ōƻȅǳƴŘŀ ƤǒƤƪ ȅŀȅŀƴ ǾŜ м ¢[ΩŘŜƴ ŀȊ 

ƳŀƭƛȅŜǘƛ ƻƭŀƴ [95 ƭŀƳōŀƭŀǊŘŀƴ ŦŀȅŘŀƭŀƴŀǊŀƪ ōǸȅǸƪ ƘŀǎǎŀǎƛȅŜǘƭŜ ǀƭœŜōƛƭŜƴ ōǳ ŎƛƘŀȊ 

ǎŀȅŜǎƛƴŘŜΣ ōŀƪǘŜǊƛƭŜǊƛƴ ŘŜƐƛǒƛƪ ŀƴǘƛōƛȅƻǘƛƪƭŜǊŜ ŘƛǊŜƴœƭŜǊƛƴƛ ōƛƴƭŜǊŎŜ ƪŀǘ ŀǊǘƤǊŀƴ ƎŜƴŜǘƛƪ 

ŘŜƐƛǒƛƪƭƛƪƭŜǊ ǘŜǎǇƛǘ ŜŘƛƭƳƛǒǘƛǊΦ 5ƛǊŜƴœ ƪŀȊŀƴŀƴ ŘŜƐƛǒƛƪ ōŀƪǘŜǊƛ ƪǸƭǘǸǊƭŜǊƛƴŘŜ ǘŜǎǇƛǘ ŜǘǘƛƐƛƳƛȊ 

ƎŜƴŜǘƛƪ ŘŜƐƛǒƛƪƭƛƪƭŜǊŘŜƪƛ ōŜƴȊŜǊƭƛƪƭŜǊΣ ōǳƴŘŀƴ ǎƻƴǊŀ Ŝǘƪƛƴ ǘŜŘŀǾƛ ƳŜǘƻǘƭŀǊƤ ǾŜȅŀ ȅŜƴƛ 

ŀƴǘƛƳƛƪǊƻōƛȅŀƭ ƛƭŀœƭŀǊ ƎŜƭƛǒǘƛǊƳŜȅƛ ƘŜŘŜŦƭŜȅŜƴ ōƛƭƛƳǎŜƭ œŀƭƤǒƳŀƭŀǊŘŀ ȅƻƭ ƎǀǎǘŜǊƛŎƛ ƻƭŀŎŀƪǘƤǊΦ 

 
Kaynak: Erdal Toprak, Adrian Veres, Jean-Baptiste Michel, Remy Chait, Daniel L. Hartl, Roy 

YƛǎƘƻƴȅΣ ά9ǾƻƭǳǘƛƻƴŀǊȅ ǇŀǘƘǎ ǘƻ ǎǘǊƻƴƎ ŀƴǘƛōƛƻǘƛŎ ǊŜǎƛǎǘŀƴŎŜ ǳƴŘŜǊ ŘȅƴŀƳƛŎŀƭƭȅ ǎǳǎǘŀƛƴŜŘ 

ŘǊǳƎ ǎǘǊŜǎǎέΣ Nature Genetics, 2012, DOI: 10.1038/ng.1034. 
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University of California, Irvine 

 
.ǳ ƪƻƴǳǒƳŀŘŀ ǎƛƭƛǎȅǳƳ ŦƻǘƻƴƛƐƛ ǸȊŜǊƛƴŜ ȅŀǇƤƭŀƴ ǎƻƴ œŀƭƤǒƳŀƭŀǊ ƘŀƪƪƤƴŘŀ ǀȊŜǘ ōƛƭƎƛ 

ǎǳƴǳƭŀŎŀƪǘƤǊΦ 9ƭŜƪǘǊƻƴƛƪ ǾŜ ŦƻǘƻƴƛƐƛ ōƛǊ ŀǊŀŘŀ ōŀǊƤƴŘƤǊŀōƛƭƳŜ ǀȊŜƭƭƛƐƛ ǎƛƭƛǎȅǳƳ ŦƻǘƻƴƛƐƛƴŜ ƻƭŀƴ 

ƛƭƎƛȅƛ ƻƭŘǳƪœŀ ŀǊǘƤǊƳƤǒǘƤǊΦ mȊŜƭƭƛƪƭŜ ƳǳƘǘŜƳel opto-ŜƭŜƪǘǊƻƴƛƪ ŜƴǘŜƎǊŀǎȅƻƴǳ ȅƤƭƭŀǊŘƤǊ 

ŀǊŀǒǘƤǊƤƭŀƴ ŘǸǒǸƪ ƳŀƭƛȅŜǘƭƛ Ŧƻǘƻƴƛƪ ǎƛǎǘŜƳƭŜǊŜ ƛƳƪŀƴ ǘŀƴƤȅŀŎŀƪǘƤǊΦ TƭƎƛ Řǳȅǳƭŀƴ ŀƭŀƴƭŀǊ ƻǇǘƛƪ 

ǎƛƴȅŀƭ ǸǊŜǘƛƳƛƴŘŜƴ ōǳ ǎƛƴȅŀƭƛƴ ƛƭŜǘƛƳƛƴŜ ǾŜ ƛǒƭŜƴƳŜǎƛƴŜ ƪŀŘŀǊ ŘŜƐƛǒƳŜƪǘŜŘƛǊΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

/ŀƭƛŦƻǊƴƛŀ Ŝƪƛōƛ ƻƭŀǊŀƪ ōƛȊ œŀƭƤǒƳŀƭŀǊƤƳƤȊƤ ŘŀƘŀ œƻƪ ƻǇǘƛƪ ǎƛƴȅŀƭ ƛǒƭŜƳŜΣ ƻǇǘƛƪ ŀƴǘŜƴƭŜǊ ǾŜ ŘŜ 

mid-ƛƴŦǊŀǊŜŘ ǎƛƴȅŀƭ ŘǀƴǸǒǘǸǊǸŎǸƭŜǊƛ ǸȊŜǊƛƴŜ ȅƻƐǳƴƭŀǒǘƤǊƳŀƪǘŀȅƤȊΦ  

Mid-TƴŦǊŀǊŜŘ ŘŀƭƎŀōƻȅƭŀǊƤ ŘŀƘŀ œƻƪ ŀǎƪŜǊƛ ǳȅƎǳƭŀƳŀƭŀǊΣ ƎǸŘǸƳƭǸ ŦǸȊŜ ŘŜƴŜǘƛƳƛ 

ǾŜ ŜǘƪƛǎƛȊƭŜǒǘƛǊƳŜǎƛΣ ōƛȅƻƳŜŘƛƪŀƭ ƎǀǊǸƴǘǸƭŜƳŜ ǾŜ ƻǇǘƛƪ ǎŜƴǎǀǊƭŜǊ ŀƭŀƴƭŀǊƤƴŘŀ Ŝǘƪƛƴ ōƛǊ 

ǒŜƪƛƭŘŜ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊ ώм-рϐΦ DŜƴŜƭƭƛƪƭŜ ōǳ ǘǸǊ ǳȅƎǳƭŀƳŀƭŀǊ ŀœƤƪ ƻǊǘŀƳƭŀǊŘŀ 

ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳŜƪǘŜ ǾŜ ōǳ ǎƛǎǘŜƳƭŜǊƛƴ ŘŀƭƎŀ ƪƤƭŀǾǳȊƭŀǊƤ ƛœŜǊƛǎƛƴŜ ǘŀǒƤƴƳŀǎƤ ǾŜ ƳƛƴƛŀǘǳǊƛȊŜ 

ŜŘƛƭƳŜǎƛ ƻƭŘǳƪœŀ ƛǎǘŜƴŜƴ ōƛǊ ǀȊŜƭƭƛƪǘƛǊΦ Cŀƪŀǘ ōƛƭƛƴŜƴ ŘŀƭƎŀ ƪƤƭŀǾǳȊƭŀǊƤƴƤƴ ƎŜƴŜƭƭƛƪƭŜ ōǳ ŘŀƭƎŀ 

ōƻȅƭŀǊƤƴŘŀ ƪŀȅƤǇƭŀǊƤ ƻƭŘǳƪœŀ ȅǸƪǎŜƪǘƛǊΦ !ȅǊƤŎŀ ōǳŘ ŀƭƎŀ ōƻȅƭŀǊƤƴŘŀ ǎƛƴȅŀƭ ǸǊŜǘƛƳƛ ǾŜ ōǳ 

ǎƛƴȅŀƭƭŜǊƛƴ ŀƭƎƤƭŀƴƳŀǎƤ ƻƭŘǳƪœŀ ƳŀǎǊŀŦƭƤ œƻƐǳ ȊŀƳŀƴ ǎƤǾƤ ƴƤǘǊƻƧŜƴ ƛƭŜ ǎƻƐǳǘǳƭƳŀǎƤ 

ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ .ƛȊƛƳ œŀƭƤǒƳŀƭŀǊƤƳƤȊ ƻǇǘƛƪ ƘŀōŜǊƭŜǒƳŜ ǘŜƪƴƻƭƻƧƛǎƛ ƛƭŜ ƳƛŘ-infrared 

ǘŜƪƴƻƭƻƧƛǎƛƴƛ ōƛǊōƛǊƴŜ ǳȅǳƳƭǳ ƘŀƭŜ ƎŜǘƛǊƳŜƪ ǾŜ ŘǸǒǸƪ ŘŀƭƎŀōƻȅƭŀǊƤƴŘŀƪƛ ƎŜƭƛǒƳƛǒ ǘŜƪƴƻƭƻƧƛȅƛ 

mid-ƛƴŦǊŀǊŜŘ ƛœƛƴ ǳȅǳƳƭǳ ƘŀƭŜ ƎŜǘƛǊƳŜȅƛ ŀƳŀœƭŀƳŀƪǘŀŘƤǊΦ .ǳ ƴŜŘŜƴƭŜ ȅŀǇǘƤƐƤƳƤȊ œŀƭƤǒƳŀƭŀǊ 

п˃Ƴ ƛƭŜ мΦрр˃Ƴ ŀǊŀǎƤƴŘŀ ŦǊŜƪŀƴǎ ōŀƴŘ œŜǾǊƛƳƛƴƛ ŀƳŀœƭŀƳŀƪǘŀŘƤǊΦ .ǳ ǎǳƴǳƳŘŀ ȅŀǇƤƭŀƴ 

ŘŀƭƎŀ ƪƤƭŀǾǳȊǳ ŘƛȊŀȅƴƭŀǊƤΣ ǘŜƻǊƛƪ ǾŜ ŘŜƴŜȅǎŜƭ ǎƻƴǳœƭŀǊ ŀƴƭŀǘƤƭƤŎŀƪǘƤǊΣ  ŜƪƛƭΦ м ώсϐΦ !ȅǊƤŎŀ 

ǀȊŜƭƭƛƪƭŜ ŀƭƎƤƭŀƳŀ ǘŀǊŀŦƤƴŘŀ ōǳ ǘǸǊ ŦǊŜƪŀƴǎ œŜǾƛǊƛŎƛƭŜǊƛƴƛƴ ǎƛǎǘŜƳ ǇŜǊŦƻǊƳŀƴƤ ŀœƤǎƤƴŘŀƴ 

ƎŜǘƛǊŜŎŜƐƛ ƪŀȊŀƴœƭŀǊ ǎǳƴǳƭŀŎŀƪǘƤǊΦ  

 

 
Sekil 1. όŀύ IŀōŜǊƭŜǎƳŜ ŘŀƭƎŀ ōƻȅƭŀǊƛ ƛƭŜ пΦр˃Ƴ ŀǊŀǎƛƴŘŀ ƘŜǎŀǇƭŀƴŀƴ ŦǊŜƪŀƴǎ ōŀƴŘ ŎŜǾǊƛƳƛΦ 

(b) Degisik pump dalga.  

 

{ǳƴǳƳǳƴ ƛƪƛƴŎƛ ƪƤǎƳƤ ƻǇǘƛƪ ŀƴǘŜƴƭŜǊ ǾŜ ƻǇǘƛƪ ƤǒƤƴ ǒŜƪƛƭƭŜƴŘƛǊƳŜ ǸȊŜǊƛƴŜ ȅƻƐǳƴƭŀǒŀŎŀƪǘƤǊΦ 

hǇǘƛƪ ŀƴǘŜƴƭŜǊ ƻǇǘƛƪ ŎƛƘŀȊƭŀǊƤƴ ǾŜǊƛƳƭƛƭƛƐƛƴƛ ŀǊǘƤǊƳŀŘŀΣ ƤǒƤƴ ŘŜƪƛƭƭŜƴŘƛǊƳŜŘŜΣ ƻǇǘƛƪ 

ŀƭƎƤƭŀƳŀŘŀ ǾŜ ƎǀǊǸƴǘǸƭŜƳŜŘŜ ȅŀȅƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊ ώт-14]. Genellikle optik 

ŀƴǘŜƴƭŜǊ ȅŀ ŘƛŜƭŜƪǘǊƛƪ ƳŀƭȊŜƳŜ ƛƭŜ ȅŀŘŀ ȅŀǊƤ ƛƭŜǘƪŜƴ ƳŀƭȊŜƳŜ ƛƭŜ ǸǊŜǘƛƭƳŜƪǘŜŘƛǊΦ Tƪƛ 

ƳŀƭȊŜƳŜƴƛƴ ƪŀǊǎǘƤƐƤ ŘǳǊǳƳƭŀǊŘŀ ƛǎŜ ŀƪǘƛŦ ȅŀǊƤ ƛƭŜǘƪŜƴ ƳŀƭȊŜƳŜ ǸȊŜǊƛƴŜ ȅŜǊƭǎŜǘǊƛƭƤƳƤǒ 

ŘƛŜƭŜƪǘǊƛƪ ǒŜƪƛƭƭŜǊ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ .ƛȊ œŀƭƤǒƳŀƭŀǊƤƳƤȊŘŀ ŘŀƘŀ œƻƪ ŘƛŜƭŜƪǘǊƛƪ ƳŀƭȊŜƳŜ 

ǸȊŜǊƛƴŜ ȅŜǊƭŜǒǘƛǊƛƭƳƛǒ ǇŜǊƛȅƻŘƛƪ ȅŀǊƤ ƛƭŜǘƪŜƴ ƳŀƭȊŜƳŜƭŜǊ ǸȊŜǊƛƴŜ ȅƻƐǳƴƭŀǒƳŀƪǘŀȅƤȊΣ  Ŝƪƛƭ нΦ 

mȊŜƭƭƛƪƭŜ ōǳ ȅŀǊƤƛƭŜǘƪŜƴ ƪƤǎƳƤƴŘŀ ƻƭǳǒŀŎŀƪ ŜƭŜŎǘǊƻƴ-ƘƻƭŜ ŘŜǊƛǒƛƳƛ ƛƭŜ ōǳ ŀƴǘŜƴƭŜǊŘŜ 

ŘŜƐƛǒƪŜƴƛƪ ǾŜ ŜƭŜƪǘǊƻƴƛƪ ƪƻƴǘǊƻƭ ƛƘǘƛƳŀƭƭŜǊƛ ŀǊŀǒǘƤǊƤƭƳŀƪǘŀŘƤǊΦ .ǳ ǎǳƴǳƳŘŀ ŘƤǒŀȅƴ ƪǊƛǘŜǊƭŜǊƛΣ 

ŜƭŘŜ ŜŘƛƭŜƴ ƤǒƤƴ ǒŜƪƛƭƭŜǊƛΣ ǾŜ ŘŜ ŜƭŜƪǘǊƻƴƛƪ ƪƻƴǘǊƻƭ ǘŜƪƴƛƪƭŜǊƛ ŀƴƭŀǘƤƭŀŎŀƪǘƤǊΦ  

 

 
 Ŝƪƛƭ нΦ Tasarlanan optik antenlerin 2 boyutlu gosterimi.  
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9ƴŘǸǎǘǊƛȅŜƭ ǸǊǸƴ ƻƭŀǊŀƪ ƭŀǎŜǊ ŎƛƘŀȊƭŀǊƤƴƤƴ ǘŀǎŀǊƤƳƤΤ ǳȅƎǳƭŀƳŀƭƤ ŦƛȊƛƐƛƴΣƳŀƭȊŜƳŜ 

ōƛƭƛƳƭŜǊƛƴƛƴ ±Ŝ ōƛǊŘŜƴ œƻƪ ƳǸƘŜƴŘƛǎƭƛƪ ŀƭŀƴƤƴ Ŝƭ ŜƭŜ ǾŜǊƳŜǎƛƴƛ ƎŜǊŜƪǘƛǊƳŜƪǘŜŘƛǊΦ .ǳ 

ƴŜŘŜƴƭŜΣ ƎŜƴŜƭ ƻƭŀǊŀƪ Ŧƻǘƻƴƛƪ ƳǸƘŜƴŘƛǎƭƛƐƛΣ ǀȊŜƭ ƻƭŀǊŀƪ Řŀ ƭŀǎŜǊ ƳǸƘŜƴŘƛǎƭƛƐƛ, geleneksel 

ƳǸƘŜƴŘƛǎƭƛƪ ƪƻƭƭŀǊƤƴŘŀƴ ŦŀǊƪƤ ƻƭŀǊŀƪ ǘŜƳŜƭ ŀǊŀǒǘƤǊƳŀƭŀǊŀ œƻƪ ȅŀƪƤƴ Ƙŀǘǘŀ ƛœ ƛœŜ ōƛǊ ȅŜǊŘŜ 

ōǳƭǳƴƳŀƪǘŀŘƤǊΦ 

 «ǊǸƴ ŀƳŀœƭƤ ƻƭŀǊŀƪ ƭŀǎŜǊ ǘŀǎŀǊƭŀȅƤǇ ǸǊŜǘŜƴ ŜƪƛǇƭŜǊΣ ƳǸǒǘŜǊƛƭŜǊƛƴ ƛƘǘƛȅŀœƭŀǊƤƴƤ 

ƳǸƘŜƴŘƛǎƭƛƪ ǇŀǊŀƳŜǘǊŜƭŜǊƛƴŜ ǘŜǊŎǸƳŜŘŜƴ ŘŀƘŀ ƛƭŜǊƛ ƎƛŘŜǊŜƪ ōǳƴƭŀǊƤ ǘŜƳŜƭ ōƛƭƛƳǎŜƭ 

ƪŀǾǊŀƳƭŀǊƭŀ ŘŜƐŜǊƭŜƴŘƛǊƳŜƪ Ƙŀǘǘŀ ƎŜǊŜƪǘƛƐƛƴŘŜ ǳȅƎǳƭŀƳŀƭƤ ōƛƭƛƳǎŜƭ œŀƭƤǒƳŀƭŀǊ ȅŀǇŀǊŀƪ 

ŘƻƐŀȅŀ ŘŀƛǊ ȅŜƴƛ ƳƻŘŜƭƭŜǊ ǸǊŜǘƳŜƪ ȊƻǊǳƴŘŀŘƤǊƭŀǊΦ .ŜƴȊŜǊ ǒŜƪƛƭŘŜ ǘŜƳŜƭ œŀƭƤǒƳŀƭŀǊƤ 

ȅŀƪƤƴŘŀƴ ǘŀƪƛǇ ŜŘƛǇ ǎƻƴǳœƭŀǊƤƴƤ ƳǸƘŜƴŘƛǎƭƛƪ ƎǀȊǸȅƭŜ ŘŜƐŜǊƭŜƴŘƛǊŜōƛƭŜƴ ŜƪƛǇƭŜǊ ŘŀƘŀ ǸǎǘǸƴ 

ǸǊǸƴƭŜǊ ǘŀǎŀǊƭŀƳŀŘŀ ǾŜ ǸǊŜǘƳŜŘŜΣ ŘƛƐŜǊ ƳǸƘŜƴŘƛǎƭƛƪ ŘŀƭƭŀǊƤƴŘŀ ƻƭŘǳƐǳƴŘŀƴ œƻƪ ŘŀƘŀ ŦŀȊƭŀ 

ōƛǊ ŦŀǊƪƭŀ ǀƴŜ ƎŜœƳŜƪǘŜŘƛǊƭŜǊΦ  

{ǳƴǳƳǳƴ ŀƳŀŎƤΣ ƭŀǎŜǊƭŜǊ ƪƻƴǳǎǳƴŘŀ ǳȊƳŀƴ ƻƭƳŀȅŀƴ ŘƛƴƭŜȅƛŎƛƭŜǊ ƛœƛƴ ōǳ ŎƛƘŀȊƭŀǊƤƴ 

ǘŀǎŀǊƤƳƤƴŘŀƪƛ ǘŜƳŜƭ ōƛƭƛƳ ǾŜ ƳǸƘŜƴŘƛǎƭƛƪ ǀǊƎǸǎǸƴŜ ƤǒƤƪ ǘǳǘƳŀƪΣ ōƛǊ ŎƛƘŀȊ ƛœŜǊƛǎƛƴŘŜ Ŝǒ 

ȊŀƳŀƴƭƤ ȅŜǊ ŀƭŀƴ ŦƛȊƛƪǎŜƭ ƻƭŀȅƭŀǊ ŀǊŀǎƤ ŜǘƪƛƭŜǒƛƳŜ ǾŜ ōǳƴƭŀǊƤ ƛƴŎŜƭŜȅŜƴ ŦŀǊƪƭƤ ŘƛǎƛǇƭƛƴƭŜǊƛƴ 

ōƛǊōƛǊƛȅƭŜ ƻƭŀƴ ƛƭŜǘƛǒƛƳ ƛƘǘƛȅŀŎƤƴŀ ŘŜƐƛƴƳŜƪǘƛǊΦ «ǊǸƴ ǳȅƎǳƭŀƳŀ ƛǎǘŜǊƭŜǊƛ ƛƭŜ ǘŜƳŜƭ ǘŀǎŀǊƤƳ 

ǇǊƻōƭŜƳƭŜǊƛ ŀǊŀǎƤƴŘŀƪƛ ƛƭƛǒƪƛ ǀǊƴŜƪƭŜƴŘƛǊƛƭŜŎŜƪǘƛǊΦ CƻǘƻƴƛƐƛƴ ŦŀǊƪƭƤ ŀƭŀƴƭŀǊƤƴŘŀƴ ŘƛƴƭŜȅƛŎƛƭŜǊƛƴ 

ƪŜƴŘƛ ƪƻƴǳƭŀǊƤ ƛƭŜ ƭŀǎŜǊ ŎƛƘŀȊ ǸǊŜǘƛƳƛ ŀǊŀǎƤƴŘŀƪƛ ǀǊǘǸǒƳŜƭŜǊƛ ǘŜǎǇƛǘ ŜǘƳŜƭŜǊƛ ǳƳǳƭƳŀƪǘŀŘƤǊΦ 
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[!½9w h[¦ ¢¦wa![L t[!½a! {t9Y¢wh{YhtT{T ±9 ¦¸D¦[!a! ![!b[!wL 

 ŜǊƛŦŜ IΦ ¸ŀƭœƤƴ 

TȊƳƛǊ ̧ ǸƪǎŜƪ ¢ŜƪƴƻƭƻƧƛ 9ƴǎǘƛǘǸǎǸΣ CŜƴ CŀƪǸƭǘŜǎƛΣ YƛƳȅŀ .ǀƭǸƳǸΣ 

35430 Urla-TȊƳƛǊ-Turkey 

 
Lazer-hƭǳǒǘǳǊƳŀƭƤ tƭŀȊƳŀ {ǇŜƪǘǊƻǎƪƻǇƛǎƛΣ ό[L.{ύм-оΣ ȅǸƪǎŜƪ ǒƛŘŘŜǘǘŜ όҔм-10 

MWatt/cm
2
ύ Ǉǳƭǎ ƭŀȊŜǊ ƪŀȅƴŀƐƤƴƤƴ ŀƴŀƭƛȊ ŜŘƛƭŜŎŜƪ ȅǸȊŜȅŘŜ ƻŘŀƪƭŀƴƳŀǎƤ ǎƻƴǳŎǳƴŘŀ ȅǸƪǎŜƪ 

ǎƤŎŀƪƭƤƪƭŀǊŘŀΣ όмлΦллл-нлΦллл YύΣ ǇƭŀȊƳŀ ƻƭǳǒǘǳǊǳƭƳŀǎƤ ǘŜƳŜƭƛƴŜ Řŀȅŀƴŀƴ ōƛǊ ŀǘƻƳƛƪ 

ŜƳƛǎȅƻƴ ǎǇŜƪǘǊƻǎƪƻǇƛǎƛ ǘŜƪƴƛƐƛŘƛǊΦ hƭǳǒŀƴ ǇƭŀȊƳŀŘŀƪƛ ǳȅŀǊƤƭƳƤǒ ƛȅƻƴ ǾŜ ŀǘƻƳƭŀǊƤƴ ƻǇǘƛƪ 

emisyonlaǊƤ ōƛǊ ǎǇŜƪǘǊƻƎǊŀŦ ǾŜ ƻƴŀ ōŀƐƭƤ ȅǸƪ ŜǒƭŜǒƳŜƭƛ ό//5ύ ŘŜǘŜƪǘǀǊƭŜǊ ƛƭŜ ǘŀȅƛƴ ŜŘƛƭŜǊŜƪ 

ǀǊƴŜƐƛƴ ŜƭŜƳŜƴǘŀƭ ōƛƭŜǒƛƳƛ ƘŀƪƪƤƴŘŀ ƴƛǘŜƭ ǾŜ ƴƛŎŜƭ ōƛƭƎƛ ŜŘƛƴƛƭƛǊΦ [L.{ ƛƭŜ ŀƴŀƭƛȊ ŜŘƛƭŜŎŜƪ 

ƳŀŘŘŜƭŜǊƛƴ Ŏƛƴǎƛ ǾŜ œŜǒƛŘƛƴŘŜ ōƛǊ ǎƤƴƤǊ ȅƻƪǘǳǊΦ YŀǘƤΣ ǎƤǾƤΣ ƎŀȊΣ ŀŜǊƻǎƻƭΣ ƛƭŜǘƪŜƴΣ ȅŀǊƤ ƛƭŜǘƪŜƴΣ 

ȅŀƭƤǘƪŀƴΣ ǎŜǊŀƳƛƪ Ǝƛōƛ œŜǒƛǘƭƛ ƳŀŘŘŜƭŜǊƛƴ ŀƴŀƭƛȊƛ ōƛǊ ƪŀœ ƳƛƪǊƻƴ ȅŀǊƤœŀǇƤƴŘŀ ƻŘŀƪƭŀƴŀōƛƭŜƴ 

ƭŀȊŜǊ ƤǒƤƴƤ ƛƭŜ ƭŀȊŜǊƛƴ ƻǇǘƛƪǎŜƭ ǳƭŀǒƤƳƤƴƤƴ ǎŀƐƭŀƴŀōƛƭŘƛƐƛ ƘŜǊ ȅŜǊŘŜ ƳǸƳƪǸƴŘǸǊΦ [L.{ ƘƤȊΣ 

ƪƻƭŀȅƭƤƪΣ ǘŀǒƤƴŀōƛƭƛǊƭƛƪΣ ȅŜǊƛƴŘŜ ǾŜ ǳȊŀƪǘŀƴ œƻƪƭǳ ŜƭŜƳŜƴǘ ŀƴŀƭƛȊƛ Ǝƛōƛ ǀȊŜƭƭƛƪƭŜǊƛƴƛƴ ǎŀƐƭŀŘƤƐƤ 

ŀǾŀƴǘŀƧƭŀǊƭŀ ƪǳƭƭŀƴƤƳ ŀƭŀƴƭŀǊƤƴƤ ǎƻƴ ȅƤƭƭŀǊŘŀ ŀǊǘŀƴ ōƛǊ ǒŜƪƛƭŘŜ ƎŜƴƛǒƭŜǘƳŜƪǘŜ ǾŜ ŘŜƐƛǒƛƪ 

ǳȅƎǳƭŀƳŀƭŀǊŘŀ ŀƪǘƛŦ ōƛǊ ǒŜƪƛƭŘŜ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ 9ƴŘǸǎǘǊƛŘŜ ǎƤǾƤ œŜƭƛƐƛƴ ƪƻƴǘǊƻƭǸΣ ǘŀǊƛƘƛ ǾŜ 

sanat eserlerinin yerinde analizi, ƎŜƻƭƻƧƛƪ ǀǊƴŜƪƭŜǊƛƴ ŀƴŀƭƛȊƛΣ ŘƛǒΣ ƪŜƳƛƪΣ ƪŀƴ ǾŜ ǎŀœ Ǝƛōƛ 

ōƛȅƻƭƻƧƛƪ ǀǊƴŜƪƭŜǊƛƴ ŀƴŀƭƛȊƛ ǾŜ ƴǸƪƭŜŜǊ ŜƴŘǸǎǘǊƛŘŜ ƪǳƭƭŀƴƤƳƤ [L.{ϥƛƴ œŜǒƛǘƭƛ ǳȅƎǳƭŀƳŀƭŀǊƤƴŘŀƴ 

ōŀȊƤƭŀǊƤŘƤǊΦ 

 

{ǳƴǳƳΣ T¸¢9 [L.{ ƭŀōƻǊŀǘǳŀǊƤƴŘŀ ǘŜƪƴƛƐƛƴ ŀƴŀƭƛǘƛƪ ƪŀǇŀǎƛǘŜǎƛƴƛƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛ 

yolunda ȅŀǇƤƭŀƴ œŀƭƤǒƳŀƭŀǊŘŀƴ ōŀȊƤ ǀǊƴŜƪƭŜǊƛ ƛœŜǊƳŜƪǘŜŘƛǊΦ 
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«Ƴƛǘ Demirbas 

¦ƭǳǎƭŀǊŀǊŀǎƤ !ƴǘŀƭȅŀ «ƴƛǾŜǊǎƛǘŜǎƛΣ 9ƭŜƪǘǊƛƪ ǾŜ 9ƭŜƪǘǊƻƴƛƪ aǸƘŜƴŘƛǎƭƛƐƛ .ǀƭǸƳǸΣ !ƴǘŀƭȅŀ 

 
5ŀƭƎŀōƻȅǳ ƎŜƴƛǎ ōƛǊ ŀǊŀƭƤƪǘŀ ŀȅŀǊƭŀƴŀōƛƭŜƴ ǎǸǊŜƪƭƛ-dalga (continuous-wave, cw) ve 

mod-kilitli (mode-ƭƻŎƪŜŘύ ŦŜƳǘƻǎŀƴƛȅŜ ƭŀȊŜǊƭŜǊ ōƛǊœƻƪ ōƛƭƛƳǎŜƭ ǾŜ ǘŜƪƴƻƭƻƧƛƪ ǳȅƎǳƭŀƳŀƭŀǊ 

ƛœƛƴ ŎŀȊƛǇǘƛǊƭŜǊΦ .ǳ ƭŀȊŜǊ ƪŀȅƴŀƪƭŀǊƤ ŘƛȅƻǘƭŀǊƭŀ ŘƻƐǊǳŘŀƴ ǇƻƳǇŀƭŀƴŀōƛƭƛƴƛȅƻǊǎŀΣ œƻƐǳ zaman 

ōǳ ŘǸǎǸƪ ƳŀƭƛȅŜǘΣ ȅǸƪǎŜƪ ŜƭŜƪǘǊƛƪǘŜƴ ƻǇǘƛƐŜ ŘǀƴǸǎǸƳ ŜǘƪƛƴƭƛƐƛΣ ƪƻƳǇŀƪǘƭƤƪ όŘǸǎǸƪ ŀƐƤǊƭƤƪ ǾŜ 

ƘŀŎƛƳύΣ ŘǸǎǸƪ ƭŀȊŜǊ ƎǸǊǸƭǘǸ ŘǸȊŜȅƛ ǾŜ ŀȊŀƭŀƴ ǎƻƐǳǘƳŀ ƎŜǊŜƪǎƛƴƛƳƭŜǊƛ Ǝƛōƛ Ŝƪ ŀǾŀƴǘŀƧƭŀǊ 

ǎŀƐƭŀǊΦ .ǳ ƴŜŘŜƴƭŜΣ ƻǇǘƛƪ ǎǇŜƪǘǊǳƳǳƴ ŦŀǊƪƭƤ ōǀƭƎŜƭŜǊƛƴŘŜ ƎŜƴƛǎ ŀǊŀƭƤƪƭŀrda dalgaboyu 

ŀȅŀǊƭŀƴŀōƛƭƛǊΣ ŘƻƐǊǳŘŀƴ Řƛȅƻǘ ǇƻƳǇŀƭƤ Ŏǿ ǾŜ ŦŜƳǘƻǎŀƴƛȅŜ ƭŀȊŜǊ ƪŀȅƴŀƪƭŀǊƤƴƤ ƎŜƭƛǎǘƛǊƳŜƪ ƛœƛƴ 

ōƛƭƛƳ ŘǸƴȅŀǎƤƴŘŀ œŀƭƤǒƳŀƭŀǊ ȅƻƐǳƴ ƻƭŀǊŀƪ ŘŜǾŀƳ ŜǘƳŜƪǘŜŘƛǊΦ  

5ƛȅƻǘ ǇƻƳǇŀƭƤ ƪŀǘƤ Ƙŀƭ ƭŀȊŜǊ ƳŀƭȊŜƳŜƭŜǊƛ ŀǊŀǎƤƴŘŀ ¢ƛΥ {ŀǇǇƘƛǊŜ Ŝƴ ƎŜƴƛǎ ƪŀȊŀƴœ 

bant genislƛƐƛƴŜ ǎŀƘƛǇǘƛǊΦ .ǳ ƎŜƴƛǎ ƪŀȊŀƴœ ōŀƴŘƤ ¢ƛΥ{ŀǇǇƘƛǊŜ ƭŀȊŜǊƭŜǊƛƴƛƴ ŘŀƭƎŀōƻȅǳƴǳƴ сул-

ммул ƴƳ ŀǊŀƭƤƐƤƴŘŀ ǎŜǊōŜǎǘœŜ ǎŜœƛƭŜōƛƭƳŜǎƛƴŜ ƛȊƛƴ ǾŜǊƛǊΦ !ƴŎŀƪΣ ¢ƛΥ{ŀǇǇƘƛǊŜ ƭŀȊŜǊƛƴƛ ǾŜǊƛƳƭƛ 

ǎŜƪƛƭŘŜ ǳȅŀǊŀōƛƭŜŎŜƪ рол ƴƳ ŎƛǾŀǊƤƴŘŀ ȅǸƪǎŜƪ ƎǸœƭǸ Řƛȅƻǘ ƭŀȊŜǊƭŜǊ ƘŜƴǸȊ ƎŜƭƛǎǘƛǊƛƭŜƳŜŘƛƐƛ 

ƛœƛƴΣ ƎǸƴǸƳǸȊŘŜ ¢ƛΥ{ŀǇǇƘƛǊŜ ƭŀȊŜǊƭŜǊƛ œƻƐǳƴƭǳƪƭŀ ȅǸƪǎŜƪ ƎǸœƭǸ ŦǊŜƪŀƴǎ-ƪŀǘƭŀƳŀƭƤ ƴŜƻŘȅǳƳ 

ǾŜ ƛǘŜǊōƛȅǳƳ ƭŀȊŜǊƭŜǊƛ ƛƭŜ ǇƻƳǇŀƭŀƴƳŀƪǘŀŘƤǊΦ bŜ ȅŀȊƤƪ ƪƛΣ ōǳ ƎŜƭŜƴŜƪǎŜƭ ǇƻƳǇŀ ƪŀȅƴŀƪƭŀǊƤ 

ƻƭŘǳƪœŀ ǇŀƘŀƭƤΣ Ƙŀƴǘŀƭ ǾŜ ŜƭŜƪǘǊƛƪœŜ ǾŜǊƛƳǎƛȊŘƛǊ ǾŜ ōǳ ŘǳǊǳƳ ¢ƛΥ{ŀǇǇƘƛǊŜ lazer sistemlerinin 

ȅŀȅƎƤƴ ƪǳƭƭŀƴƤƳƤ ƻƭŘǳƪœŀ ǎƤƴƤǊƭŀƴƳŀƪǘŀ ǾŜ ōƛǊ œƻƪ ōƛƭƛƳǎŜƭ ǾŜ ǘŜƪƴƻƭƻƧƛƪ ŀƭŀƴŘŀ ƎŜƭƛǒƳŜƭŜǊƛ 

ȅŀǾŀǎƭŀǘƳŀƪǘŀŘƤǊΦ  

¢ƛΥ{ŀǇǇƘƛǊŜ ƭŀȊŜǊƭŜǊƛƴŜ Ŝƴ ǳƳǳǘ ǾŜǊƛŎƛ ŀƭǘŜǊƴŀǘƛŦ /ǊоҌ ƪŀǘƪƤƭƤ ŎƻƭǉǳƛǊƛƛǘŜ ƭŀȊŜǊ 

malzemeleridir (Cr: LiSAF, Cr: LiCAF, Cr: LiSGaF, Cr: LiSCAF ve LiChrom). Bu malzemeler 

мфулΩƭŜǊŘŜƴ ōŜǊƛ ōƛƭƛƳ ŎŀƳƛŀǎƤƴƤƴ ȅƻƐǳƴ ƛƭƎƛǎƛƴƛ œŜƪƳŜƪǘŜŘƛǊΦ .ǳ ƛƭƎƛƴƛƴ ǎŜōŜōƛ /ǊΥ/ƻƭǉǳƛǊƛƛǘŜ 

ƭŀȊŜǊ ƳŀƭȊŜƳŜƭŜǊƛƴƛƴΥ όƛύ ǳŎǳȊ ŘƛȅƻǘƭŀǊƭŀ ǇƻƳǇŀƭŀƳŀȅŀ ƛȊƛƴ ǾŜǊŜƴ сол ƴƳ ŎƛǾŀǊƤƴŘŀ ƎŜƴƛǎ ǾŜ 

ƎǸœƭǸ ǎƻƐǳǊƳŀ ōŀƴǘƭŀǊƤƴŀ ǎŀƘƛǇ ƻƭƳŀƭŀǊƤΣ όƛƛύ улл ƴƳ ŎƛǾŀǊƤƴŘŀ ƎŜƴƛǒ ŜƳƛǎȅƻƴ ōŀƴǘƭŀǊƤƴŀ 

ǎŀƘƛǇ ƻƭƳŀƭŀǊƤΣ ǾŜ όƛƛƛύ ǎǇŜƪǘǊƻǎƪƻǇƛƪ ǀȊŜƭƭƛƪƭŜǊƛƴƛƴ ƪǳŀƴǘǳƳ ǾŜǊƛƳƛƴŜ ȅŀƪƛƴ ƭŀȊŜǊƭŜǊƛƴ 

ȅŀǇƤƳƤƴŀ ƛȊƛƴ ǾŜǊƳŜǎƛŘƛǊΦ  

.ǳ ƪƻƴǳǎƳŀƳƤȊŘŀ /ǊΥ/ƻƭǉǳƛǊƛƛǘŜ ƭŀȊŜǊƭŜǊƛƴƛƴ ƎŜƭƛǎǘƛǊƛƭƳŜǎƛ ǾŜ œŜǎƛǘƭƛ ōƛƭƛƳǎŜƭ ve 

ǘŜƪƴƻƭƻƧƛƪ ŀƭŀƴƭŀǊŘŀ ƪǳƭƭŀƴƤƳƤ ǸȊŜǊƛƴŜ ǎƻƴ ȅƤƭƭŀǊŘŀ ȅŀǇǘƤƐƤƳƤȊ œŀƭƤǎƳŀƭŀǊƤ ǀȊŜǘƭŜȅŜŎŜƐƛȊΦ 
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9ƭŜƪǘǊƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƭŜǊƛ ŎŀƴƭƤƭŀǊŘŀƪƛ ōǳǊǳƴ ȅŀǇƤǎƤƴŘŀ ƻƭŘǳƐǳ Ǝƛōƛ ǇŜƪ œƻƪ 

ǎŜƴǎǀǊ ŜƭŜƳŀƴƤƴŘŀƴ ŜƭŘŜ ŜǘǘƛƐƛ ǾŜǊƛƭŜǊƛ ƪǳƭƭŀƴŀǊŀƪ ƪƻƪǳ ǘŀȅƛƴƛ ȅŀǇŀōƛƭƳŜƪǘŜŘƛǊ
[1]

. Elektronik 

ōǳǊǳƴ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭŀōƛƭƳŜƭŜǊƛ ƛœƛƴ ƘŀǎǎŀǎƛȅŜǘΣ ǎŜœƛŎƛƭƛƪΣ ǘŜƪǊŀǊ 

ƪǳƭƭŀƴƤƭŀōƛƭƛǊƭƛƪ ǾŜ œŀōǳƪ ǘŜǇƪƛ ȊŀƳŀƴƤ Ǝƛōƛ ǎŜƴǎǀǊ ǇŀǊŀƳŜǘǊŜƭŜǊƛƴƛ ŘǸǒǸƪ ōƛǊ ƳŀƭƛȅŜǘƭŜ 

ǎŀƐƭŀƳŀƭŀǊƤ ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ !ƴŎŀƪ ōǳƎǸƴ ƪǳƭƭŀƴƤƭƳŀƪǘŀ ƻƭŀƴ ŜƭŜƪǘǊƻƴƛk burun sistemleri 

ōŀȊƤ ǇŀǊŀƳŜǘǊŜƭŜǊŘŜ ōŀǒŀǊƤƭƤ ƻƭǎŀƭŀǊ Řŀ ōŀǎƛǘΣ ŘǸǒǸƪ ƳŀƭƛȅŜǘƭƛ ǾŜ ȅǳƪŀǊƤŘŀ ǎƤǊŀƭŀƴŀƴ 

ǀȊŜƭƭƛƪƭŜǊƛƴ ƘŜǇǎƛƴƛ ǎŀƐƭŀȅŀƴ ŜƭŜƪǘǊƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƭŜǊƛ ŜƭŘŜ ŜŘƛƭŜƳŜƳƛǒǘƛǊ 
[2,3]

. 

DǊǳōǳƳǳȊŘŀ ȅŀƪƤƴ ȊŀƳŀƴŘŀ ƎŜǊœŜƪƭŜǒǘƛǊŘƛƐƛƳƛȊ œŀƭƤǒƳŀƭŀǊŘŀΣ ƻǊǘŀǎƤ boǒΣ ƴŀƴƻ ȅŀǇƤƭƤ 

fotonik kristal fiber 
[4]

 ŘƛȊƛǎƛ όŦƻǘƻƴƛƪ ōǳǊǳƴύ ƪǳƭƭŀƴŀǊŀƪ ǳœǳŎǳ ƻǊƎŀƴƛƪ ōƛƭŜǒƛƪƭŜǊƛ 

ōƛǊōƛǊƭŜǊƛƴŘŜƴ ŀȅƤǊŀōƛƭŜƴ ȅŜƴƛ ōƛǊ ƻǇǘƻŜƭŜƪǘǊƻƴƛƪ ȅŀǇŀȅ ōǳǊǳƴ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ Cƻǘƻƴƛƪ ƪǊƛǎǘŀƭ 

ŦƛōŜǊ ŘƛȊƛǎƛΣ ŘŜƐƛǒƛƪ ŘŀƭƎŀ ōƻȅƭŀǊƤƴŘŀƪƛ ƪƤȊƤƭ-ǀǘŜǎƛ ƤǒƤƐƤ ƛƭŜǘŜƴ ŦƛōŜǊƭŜǊƛƴΣ œƻƪ œŜǒƛǘƭƛ 

ƪƛƳȅŀǎŀƭƭŀǊƤƴ ƪƤȊƤƭ-ǀǘŜǎƛ ǎƻƐǳǊƳŀ ōŀƴǘƭŀǊƤ ƎǀȊ ǀƴǸƴŜ ŀƭƤƴŀǊŀƪ ǎŜœƛƭƳŜǎƛȅƭŜ ƻƭǳǒǘǳǊǳƭƳǳǒǘǳǊΦ 

¦œǳŎǳ ƻǊƎŀƴƛƪ ōƛǊƭŜǒƛƪ ŦƛōŜǊ ŘƛȊƛǎƛƴŘŜƴ ƎŜœƛǊƛƭŘƛƐƛ ȊŀƳŀƴ ŜƐŜǊ ƪƛƳȅŀǎŀƭƤƴ ǎƻƐǳǊƳŀ ōŀƴǘƭŀǊƤ 

ƛƭŜ ŦƛōŜǊƛƴ ƛƭŜǘƛƳ ōŀƴŘ ƛƭŜ œŀƪƤǒƤȅƻǊǎŀΣ ŦƛōŜǊƛƴ ƛƭŜǘǘƛƐƛ ƤǒƤƐƤƴ ǒƛŘŘŜǘƛƴŘŜ ōƛǊ ŘǸǒƳŜȅŜ ǎŜōŜǇ 

ƻƭƳŀƪǘŀŘƤǊΦ CƛōŜǊ ŘƛȊƛǎƛƴŘŜƪƛ ŦƛōŜǊƭŜǊƛƴ ōŀȊƤǎƤƴŘŀ ōǳ ŘǸǒƳŜ ƻƭǳǊƪŜƴ ōŀȊƤƭŀǊƤƴŘŀ 

ƻƭƳŀƳŀƪǘŀŘƤǊΦ IŜǊ ŀƴŀƭƛǘ ƛœƛƴ ōǳ ŘǸǒƳŜ ŘŜƐŜǊƭŜǊƛƴƛƴ ƛƴŎŜƭŜƴƳŜǎƛ ƛƭŜ с ŦƛōŜǊ ƪǳƭƭŀƴƤƭŀǊŀƪ мл 

ƪƛƳȅŀǎŀƭƤƴ ōŀǒŀǊƤƭƤ ōƛǊ ǒŜƪƛƭŘŜ ŀȅƤǊǘ ŜŘƛƭŜōƛƭŘƛƐƛ ŘŜƴŜȅǎŜƭ ƻƭŀǊŀƪ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊ
[5]
Φ !ȅǊƤŎŀ 

ŘŜƴŜȅǎŜƭ ǾŜǊƛƭŜǊ ƛƴŎŜƭŜƴŜǊŜƪ ȅŀǇƤƭŀƴ ǎƛƳǸƭŀǎȅƻƴƭŀǊ ƛƭŜ нр ŦƛōŜǊ ƪǳƭƭŀƴƤƭŀǊŀƪ млл ƪƛƳȅŀǎŀƭƤƴ 

ŀȅƤǊǘ ŜŘƛƭŜōƛƭŘƛƐƛƴƛ ƎǀǎǘŜǊƳƛǒǘƛǊ 
[6]

.  

.ǳ œŀƭƤǒƳŀŘŀ ƛǎŜΣ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛ ƪǳƭƭŀƴƤƭŀǊŀƪ ƛƪƛƭƛ ǾŜ ǸœƭǸ ƪŀǊƤǒƤƳƭŀǊƤƴ 

ŀȅǊƤƭŀōƛƭŜŎŜƐƛ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ 4ŀƭƤǒƤƭŀŎŀƪ ǎƛǎǘŜƳ ƻƭŀǊŀƪ ƳŜǘŀƴƻƭ ǾŜ ŜǘŀƴƻƭǸƴ ǎǳƭǳ ƪŀǊƤǒƤƳƭŀǊƤΣ 

ōǳ ƛƪƛ ƪŀǊƤǒƤƳƤƴ ōƛǊōƛǊƛƴƛƴ ȅŜǊƛƴŜ ƪǳƭƭŀƴƤƭƳŀǎƤƴƤƴ ƛƴǎŀƴ ǎŀƐƭƤƐƤƴƤ ǘŜƘŘƛǘ ŜŘŜƴ ōƛǊ ŘǳǊǳƳ 

ƻƭƳŀǎƤƴŘŀƴ ŘƻƭŀȅƤ ǘŜǊŎƛƘ ŜŘƛƭƳƛǒǘƛǊΦ 4ŀƭƤǒƳŀŘŀΣ ǀƴŎŜƭƛƪƭŜ ƪƛƳȅŀǎŀƭ ƻƭŀǊŀƪ ōƛǊōƛǊƛƴŜ œƻƪ 

ōŜƴȊŜǊ ƛƪƛ ŀƭƪƻƭ ƻƭŀƴ Ŝǘŀƴƻƭ ǾŜ ƳŜǘŀƴƻƭǸƴ ŘŜƐƛǒƛƪ ȅǸȊŘŜƭƛ ǎǳƭǳ ƪŀǊƤǒƤƳƭŀǊƤ ƘŀȊƤǊƭŀƴƳƤǒ ǾŜ 

ǎŀŘŜŎŜ о ŦƛōŜǊŘŜƴ ƻƭǳǒŀƴ ōƛǊ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛƴƛƴ ōǳ ƪŀǊƤǒƤƳƭŀǊƤ ǊŀƘŀǘƭƤƪƭŀ ŀȅƤǊǘ 

ŜŘŜōƛƭŜŎŜƐƛ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ !ȅǊƤŎŀ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛ ǎǳƭǳ ƪŀǊƤǒƤƳƭŀǊŘŀƪƛ ŀƭƪƻƭ ȅǸȊŘŜǎƛƴƛ 

ōŜƭƛǊƭŜȅŜōƛƭƳŜƪǘŜŘƛǊΦ 5ŀƘŀ Řŀ ǀƴŜƳƭƛǎƛ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛ ōǳ ƛƪƛ ŀƭƪƻƭǸƴ ŀȅƴƤ ŀƴŘŀ 

ōǳƭǳƴŘǳƪƭŀǊƤ ǎǳƭǳ œǀȊŜƭǘƛƭŜǊƛ ŘŜ όǸœƭǸ ƪŀǊƤǒƤƳύ ǊŀƘŀǘƭƤƪƭŀ ŀȅƤǊǘ ŜŘŜōƛƭƳŜƪǘŜŘƛǊΦ .ǳ œŀƭƤǒƳŀŘŀ 

ƘŀȊƤǊƭŀƴŀƴ ŜƭŜƪǘǊƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛƴƛƴ ŘŀƘŀ ǀƴŎŜ ƘŀȊƤǊƭŀƴŀƴ œƻƐǳ ŜƭŜƪǘǊƻƴƛƪ ōǳǊǳƴ ǾŜ ƎŀȊ 

ǎŜƴǎǀǊǸ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ŀƪǎƛƴŜ ǎǳ ōǳƘŀǊƤƴŘŀƴ ŜǘƪƛƭŜƴƳŜŘƛƐƛΣ ŘƻƭŀȅƤǎƤȅƭŀ ƘŀǾŀŘŀƪƛ ƴŜƳ 

ƻǊŀƴƤƴŘŀƴ ōŀƐƤƳǎƤȊ ƻƭŀǊŀƪ œŀƭƤǒŀōƛƭŜŎŜƐƛ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ !ȅǊƤŎŀ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛƴƛƴ 

ǘŜƪǊŀǊ ƪǳƭƭŀƴƤƭŀōƛƭƛǊƭƛƐƛ ŦƛōŜǊƭŜǊƛƴ ƛœŜǊƛǎƛƴŘŜƴ ŀȊƻǘ ƎŀȊƤ ƎŜœƛǊƛƭƛǇ ǘŜƳƛȊƭŜƴƳŜǎƛ ƛƭŜ 

ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ .ǳ ǒŜƪƛƭŘŜ ȅŀǇƤƭŀƴ œƻƪ ǎŀȅƤŘŀ ǀƭœǸƳŘŜ Ŧƻǘƻƴƛƪ ōǳǊǳƴǳƴ ȅǸƪǎŜƪ ƎǸǾŜƴƛƭƛǊƭƛƐƛ 

ǾŜ ǘŜƪǊŀǊƭŀƴŀōƛƭƛǊƭƛƐƛ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊ όǀƭœǸƳƭŜǊŘŜƪƛ ǎǘŀƴŘŀǊǘ ǎŀǇƳŀ ŘŜƐŜǊƛ ҈м ŎƛǾŀǊƤƴŘŀŘƤǊύΦ 

IŀȊƤǊƭŀƴŀƴ Ŧƻǘƻƴƛƪ ōǳǊǳƴ ǎƛǎǘŜƳƛƴƛƴ ȅǸƪǎŜƪ ǎŜœƛŎƛƭƛƐƛƴƛƴ ƻƭƳŀǎƤΣ ƘƤȊƭƤ ǾŜ ǘŜƪǊŀǊƭŀƴŀōƛƭƛǊ 

ǀƭœǸƳ ȅŀǇŀōƛƭƳŜǎƛ ǾŜ ǘŀǒƤƴŀōƛƭƛǊ ƻƭƳŀǎƤ ōǳ ȅŀǇŀȅ ōǳǊǳƴ ǎƛǎǘŜƳƛƴƛ ōǳǊŀŘŀ ƎǀǎǘŜǊƛƭŜƴ 

ǳȅƎǳƭŀƳŀ ŘƤǒƤƴŘŀΣ ȅƛȅŜŎŜƪƭŜǊƛƴ ǘŀȊŜƭƛƐƛƴƛƴ ōŜƭƛǊƭŜƴƳŜǎƛƴŘŜƴΣ ƴŜŦŜǎǘŜƴ ƘŀǎǘŀƭƤƪ ǘŜǒƘƛǎƛƴŜ 

kadar peƪ œƻƪ ǳȅƎǳƭŀƳŀ ƛœƛƴ ŎŀȊƛǇ ƘŀƭŜ ƎŜǘƛǊƳŜƪǘŜŘƛǊΦ 

 

 Ŝƪƛƭ мΦ Cƻǘƻƴƛƪ ōǳǊǳƴǳƴ ƳŜǘŀƴƻƭ ǾŜ ŜǘŀƴƻƭǸƴ ǎǳƭǳ ƪŀǊƤǒƤƳƭŀǊƤƴƤƴ ōǳƘŀǊƤƴŀ ǘŜǇƪƛǎƛΦ όŀύ ҈пл 

ƭƤƪ ƳŜǘŀƴƻƭ œǀȊŜƭǘƛǎƛΣ όōύ ҈пл ƭƤƪ Ŝǘŀƴƻƭ œǀȊŜƭǘƛǎƛΦ {ƛȅŀƘ ǊŜƴƪ ŀƭƪƻƭ ƪŀǊǒƤƳƭŀǊƤ ǾŜǊƛƭƳŜŘŜƴ 

ǀƴŎŜΣ ƪƤǊƳƤȊƤ ǊŜƴƪ ŀƭƪƻƭ ƪŀǊƤǒƤƳƭŀǊƤ ǾŜǊƛƭŘƛƪǘŜƴ ǎƻƴǊŀ ŦƛōŜǊ ŘƛȊƛǎƛƴƛƴ ƎŜœƛǊƎŜƴƭƛƐƛƴƛ 

ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ  ŜƪƛƭƭŜǊŘŜƴ ŀƴŀƭƛǘƭŜǊƛƴ ǎƻƐǳǊƳŀ ōŀƴǘƭŀǊƤƴƤƴ ƻƭŘǳƐǳ ȅŜǊƭŜǊŘŜ ŦƛōŜǊ 

ƎŜœƛǊƎŜƴƭƛƪƭŜǊƛƴƛƴ ŘǸǒǘǸƐǸ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ 9ǘŀƴƻƭ ƘŜǊ Ǹœ ŦƛōŜǊƛƴ ƎŜœƛǊƎŜƴƭƛƐƛƴƛ ŎƛŘŘƛ ƻǊŀƴŘŀ 

ŘǸǒǸǊǸǊƪŜƴ ƳŜǘŀƴƻƭ ƛƪƛ ŦƛōŜǊƛƴ ƎŜœƛǊƎŜƴƭƛƐƛƴƛ ŘǸǒǸǊƳǸǒ ōƛǊƛƴƛ œƻƪ ŀȊ ŜǘƪƛƭŜƳƛǒǘƛǊΦ 

Anahtar kelimeler: 9ƭŜƪǘǊƻƴƛƪ ōǳǊǳƴΣ ƪƛƳȅŀǎŀƭ ǎŜƴǎǀǊƭŜǊΣ Ŧƻǘƻƴƛƪ ƪǊƛǎǘŀƭ ŦƛōŜǊƭŜǊΦ 
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Transfer of spin squeezing and particle entanglement between atoms and 

photons in coupled cavities via two-photon exchange
1 

!ƭƛ «Φ /Φ IŀǊŘŀƭΣ mȊƎǸǊ 9ΦaǸǎǘŜŎŀǇƭƤƻƐƭǳ 

5ŜǇŀǊǘƳŜƴǘ ƻŦ tƘȅǎƛŎǎΣ Yƻœ ¦ƴƛǾŜǊǎƛǘȅΣ {ŀǊƤȅŜǊΣ 

Istanbul, 34450, Turkey 

ahardal@ku.edu.tr 

 

We consider a system of two optical cavities coupled via two-photon exchange
2
. 

Each cavity contains a single atom interacting with cavity photons with a two-photon 

cascade transition. Characterizing both particle entanglement and spin squeezing by 

optimal spin squeezing inequalities, we examine their transfers between photonic and 

atomic subsystems for initially separable and entangled two-photon cases. It is observed 

that particle entanglement is first generated among the photons and then transferred to 

the atoms. The inter-cavity two-axis twisting spin squeezing interaction, induced by two-

photon exchange, is revealed itself as engendering physical mechanism. The effect of the 

local atom-photon interactions on the trasfer of spin squeezing and entanglement is 

pointed out by being compared with the non-local two-photon exchange. 

Keywords: spin squeezing, entanglement, cavity QED, multiphoton processes 
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ώмϐ !Φ «Φ /Φ IŀǊŘŀƭΣ mΦ 9Φ aǸǎǘŜŎŀǇƭƤƻƐƭǳΣ WΦ hǇǘΦ {ƻŎΦ !ƳΦ . нфΣ мунн-1828 (2012)   
[2] M. Alexanian, Phys. Rev. A 83, 023814 (2011) 

  

mailto:ahardal@ku.edu.tr


 Ch¢hbTY 2012 
14. Ulusal Optik, Elektro-hǇǘƛƪ ǾŜ Cƻǘƻƴƛƪ 4ŀƭƤǒǘŀȅƤ 

 

13 

CƛōŜǊ [ŀȊŜǊ {ƛǎǘŜƳƭŜǊ ƛœƛƴ YŀȅƴŀǒƤƪ CƛōŜǊ .ƛƭŜǒŜƴ «ǊŜǘƛƳƛ 

mƴŘŜǊ !ƪœŀŀƭŀƴϝ ǾŜ CΦ mƳŜǊ LƭŘŀȅ 

CƛȊƛƪ .ǀƭǸƳǸΣ .ƛƭƪŜƴǘ «ƴƛǾŜǊǎƛǘŜǎƛΣ лсулл .ƛƭƪŜƴǘΣ !ƴƪŀǊŀΣ ¢ǸǊƪƛȅŜ 

akcaalan@bilkent.edu.tr 

 
CƛōŜǊ ƭŀȊŜǊƭŜǊƛƴ ƳŀƭȊŜƳŜ ƛǒƭŜƳŜΣ ƛǒŀǊŜǘƭŜƳŜΣ ƪŜǎƳŜΣ ŘŜƭƳŜ ǾŜ ƪŀȅƴŀƪ ȅŀǇƳŀ Ǝƛōƛ 

ŀƭŀƴƭŀǊŘŀ ƪǳƭƭŀƴƤƭŀōƛƭƳŜǎƛΣ ŦƛōŜǊ ƭŀȊŜǊ ǎƛǎǘŜƳƭŜǊƛƴ ǸȊŜǊƛƴŜ ƻƭŀƴ ƛƭƎƛȅƛ ƻƭŘǳƪœŀ ŀǊǘƤǊƳƤǒǘƤǊΦ .ǳ 

lazerler ƛŘŜŀƭŜ ȅŀƪƤƴ ƪŀƭƛǘŜŘŜ ŘŜƳŜǘΣ ȅǸƪǎŜƪ ǾŜǊƛƳƭƛƭƛƪΣ ȅǸƪǎŜƪ ƎǸœΣ ƪǸœǸƪ ōƻȅǳǘ ǾŜ ŘǸǒǸƪ 

ƳŀƭƛȅŜǘ Ǝƛōƛ ōƛǊœƻƪ ǀȊŜƭƭƛƪ ǎŀȅƤƭŀōƛƭƛǊΦ {ǸǊŜƪƭƛ ŘŀƭƎŀ ƭŀȊŜǊƭŜǊƛȅƭŜ Ƴǳƭǘƛ-ƪ² ƎǸœ ŘŜƐŜǊƭŜǊƛƴŜ 

ǳƭŀǒƤƭƳƤǒǘƤǊ ώмϐΦ ¸ǸƪǎŜƪ ǘŜǇŜ ŜƴŜǊƧƛƭŜǊŜ ǎŀƘƛǇ ŀǘƤƳƭƤ ƭŀȊŜǊƭŜǊ ŘŜ ƘƤȊƭŀ ƎŜƭƛǒǘƛǊƛƭmektedir [2]. 

CƛōŜǊ ƭŀȊŜǊƭŜǊƛƴ ŀǾŀƴǘŀƧƭŀǊƤƴƤƴ ōŀǒƤƴŘŀ ŦƛōŜǊŘŜ ǘǸƳƭŜǒƛƪΣ ŘƻƭŀȅƤǎƤȅƭŀ ƻǇǘƛƪ ŀȅŀǊ 

ƎŜǊŜƪǘƛǊƳŜȅŜƴΣ œŀƭƤǒƳŀ ƪŀǊŀǊƭƤƭƤƐƤ ȅǸƪǎŜƪ ȅŀǇƤǎƤ ƎŜƭƳŜƪǘŜŘƛǊΦ 5ŀƘŀ ȅǸƪǎŜƪ ŜƴŜǊƧƛƭŜǊŜ 

ǳƭŀǒƤƭƳŀǎƤƴŘŀ Ŝƴ ƪǊƛǘƛƪ ŀŘƤƳƭŀǊŘŀƴ ōƛǊƛ ǘǸƳƭŜǒƛƪ ŦƛōŜǊ ōƛƭŜǒŜƴ ǘŜƪƴƻƭƻƧƛǎƛŘƛr: pompa 

ōƛǊƭŜǒǘƛǊƛŎƛΣ ŀȅƤǊƤŎƤΣ ŦƛōŜǊ Ŝƪ όfiber splicingύ ǘŜƪƴƛƪƭŜǊƛΣ œƤƪƤǒ ŦƛōŜǊ ŀŘŀǇǘǀǊǸΣ ǾōΦ .ƛƭŜǒŜƴƭŜǊ 

ǸǊŜǘƛƭƛǊƪŜƴ ƪǳƭƭŀƴƤƭŀƴ ōŀǒƭƤŎŀ ƳŜǘƘƻŘƭŀǊΤ ƘƛȊŀƭŀƳŀΣ ǘŀǇŜǊƛƴƎΣ ƪŜǎƛƳ ǾŜ ŦƛōŜǊ ŜƪƛŘƛǊ όsplice).  

.ǳ œŀƭƤǒƳŀŘŀΣ ƪŀȅƴŀǒƤƪ όfusedύ ƭŀȊŜǊ ōƛƭŜǒŜƴƭŜǊŘŜƴ ǇƻƳǇŀ ōƛǊƭŜǒǘƛǊƛŎƛƴƛƴ ǾŜ œƤƪƤǒ 

ŦƛōŜǊ ŀŘŀǇǘǀǊǸƴǸƴ ŘŜƴŜȅǎŜƭ ǎƻƴǳœƭŀǊƤ ƛƴŎŜƭŜƴƳƛǒǘƛǊΦ .ƛƭŘƛƐƛƳƛȊ ƪŀŘŀǊƤȅƭŀ œƤƪƤǒ ŦƛōŜǊ ŀŘŀǇǘǀǊ 

ƛƭŜ ǊŜƪƻǊ ǎŜǾƛȅŜǎƛƴŘŜ ǘŜǇŜ ƎǸŎǸ ōŀǒŀǊƤȅƭŀ ǘŀǒƤƴƳƤǒǘƤǊΦ 

 

 
 Ŝƪƛƭ мΦ όŀύ ¸ǸƪǎŜƪ ƎǸœƭǸ ƭŀȊŜǊƭŜǊƛƴ ȅǸƪǎŜƭǘŜœ ǒŜƳŀǎƤΣ όōύ ǇƻƳǇŀ ōƛǊƭŜǒǘƛǊƛŎƛ ǒŜƳŀǘƛƐƛ ώоϐΣ όŎύ 
œƛŦǘ ƪƤƭƤŦŀ ǎŀƘƛǇ ŦƛōŜǊΦ 

 
¸ǸƪǎŜƪ ƎǸœƭǸ ƭŀȊŜǊƭŜǊŘŜ ǎƛƴȅŀƭΣ ǇƻƳǇŀ ŘƛȅƻǘΣ ǇƻƳǇŀ ōƛǊƭŜǒǘƛǊƛŎƛ ǾŜ ƛƪƛ ƪƤƭƤŦŀ όdouble 

claddingΣ 5/ύ ǎŀƘƛǇ ƪŀȊŀƴœ ŦƛōŜǊƭŜǊƛ ƪǳƭƭŀƴƤƭƤǊ ό Ŝƪƛƭ м-ŀύΦ tƻƳǇŀ ōƛǊƭŜǒǘƛǊƛŎƛΣ ȅǸƪǎŜƪ ƎǸœƭǸ 

lazer sistemlerinde, birden fazƭŀ ǇƻƳǇŀȅƤ 5/ ƪŀȊŀƴœ ŦƛōŜǊƛƴƛƴ όǒŜƪƛƭ м-Ŏύ ōƛǊƛƴŎƛ ƪƤƭƤŦ 

ōǀƭǸƳǸƴǸƴ ƛœƛƴŘŜ ōƛǊƭŜǒǘƛǊƳŜȅƛ ŀƳŀœƭŀȅŀƴ ōƛƭŜǒŜƴŘƛǊ ό Ŝƪƛƭ м-ōύΦ 5ǸƴȅŀŘŀ ǎŀŘŜŎŜ ōƛǊƪŀœ 

ŦƛǊƳŀ ǘŀǊŀŦƤƴŘŀƴ ǸǊŜǘƛƭŜōƛƭŜƴ ōǳ ōƛƭŜǒŜƴΣ ōƛƭŘƛƐƛƳƛȊ ƪŀŘŀǊƤȅƭŀΣ ¢ǸǊƪƛȅŜΩŘŜ ǸǊŜǘƛƭŜƴ ƛƭƪ ǇƻƳǇŀ 

ōƛǊƭŜǒǘƛǊƛŎƛŘƛǊΦ ¸ŀǇƤƭŀƴ ŘŜƴŜȅƭŜǊŘŜ ǎƛƴȅŀƭ ǾŜ ǇƻƳǇŀ ƎŜœƛǊƎŜƴƭƛƐƛƴŘŜ ҈фл ǎŜǾƛȅŜƭŜǊƛƴŜ 

ǳƭŀǒƤƭƳƤǒǘƤǊ ό Ŝƪƛƭ нύΦ  

 

 
 Ŝƪƛƭ нΥ .ƛƭƪŜƴǘ «ƴƛǾŜǊǎƛǘŜǎƛΩƴŘŜ ǸǊŜǘƛƭŜƴ ƛƭƪ сҌм ǇƻƳǇŀ   ōƛǊƭŜǒǘƛǊƛŎƛǎƛƴƛƴ ǳœ ǘŀǊŀŦƤƴŘŀƴ 
ŀƭƤƴƳƤǒ ōƛǊ ƪŜǎƛǘ ƎǀǊǸƴǘǸǎǸΦ 

 

 
 Ŝƪƛƭ пΥ мнр ҡƳ ƎŜƴƛǒƭƛƐŜ ǎŀƘƛǇ ¸ō-ƪŀǘƪƤƭƤ 5/ ŦƛōŜǊŜ ƪŀȅƴŀǒǘƤǊƤƭƳƤǒ ƴǸǾŜǎƛȊ ŦƛōŜǊ ǀǊƴŜƪƭŜǊƛΥ 
bǸǾŜǎƛȊ ŦƛōŜǊ ǳȊǳƴƭǳƐǳΥ ŀ-мул ҡƳΣ ō-орл ҡƳΦ 

¸ǸƪǎŜƪ ǘŜǇŜ ƎǸœƭǸ ƭŀȊŜǊƭŜǊŘŜΣ ƤǒƤƪ ŦƛōŜǊ ŘƤǒƤƴŀ œƤƪŀǊƪŜƴ œƤƪǘƤƐƤ ƴƻƪǘŀŘŀ ǘŜǇŜ 

ƎǸŎǸƴŘŜƴ ŘƻƭŀȅƤ ǇƭŀȊƳŀ ƻƭǳǒƳŀƪǘŀ ǾŜ ōǳ ȅǸȊŘŜƴ ŦƛōŜǊ œƤƪƤǒƤ ƘŀǎŀǊ ƎǀǊŜōƛƭƳŜƪǘŜŘƛǊ ώпϐΦ .ǳ 

ǎƻǊǳƴǳ ƤǒƤƐƤƴ ŦƛōŜǊƛ ǘŜǊƪ ŜǘǘƛƐƛ ȅǸȊŜȅ ŀƭŀƴƤƴƤ ƎŜƴƛǒƭŜǘŜǊŜƪ ƎƛŘŜǊƳŜƪ ƳǸƳƪǸƴŘǸǊΦ .ǳ Řŀ œƤƪƤǒ 

ŦƛōŜǊ ŀŘŀǇǘǀǊǸ ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭŀƴΣ ŘŀƘŀ ƎŜƴƛǒ ȅǸȊŜȅ ŀƭŀƴƤƴŀ ǎŀƘƛǇ ƴǸǾŜǎƛȊ ŦƛōŜǊΣ œƤƪƤǒ ŦƛōŜǊƛ 

ƛƭŜ ƪŀȅƴŀǒǘƤǊƤƭŀǊŀƪ ŜƭŘŜ ŜŘƛƭŜōƛƭƛǊ ό Ŝƪƛƭ пύΦ нлл Ǉǎ ŀǘƤƳ ƎŜƴƛǒƭƛƐƛƴŜ ǾŜ млл ҡW ǘŜǇŜ ŜƴŜǊƧƛǎƛƴŜ 

ǎŀƘƛǇ ǘǸƳ ŦƛōŜǊ ŜƴǘŜƎǊŜ ƭŀȊŜǊ ǎƛǎǘŜƳƛƴŘŜ ōǳ ƳŜǘƘƻŘ ǳȅƎǳƭŀƴƳƤǒ ώнϐ ǾŜ ƴǸǾŜǎƛȊ ŦƛōŜǊ 
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œƤƪƤǒƤƴŘŀ ȅŀƪƭŀǒƤƪ нр D²κŎƳ
2
 ǘŜǇŜ ǒƛŘŘŜǘƛƴŜ ǳƭŀǒƤƭƳƤǒǘƤǊΦ .ƛƭŘƛƐƛƳƛȊ ƪŀŘŀǊƤȅƭŀΣ ōǳ ǘŜǇŜ 

ǒƛŘŘŜǘƛ ǊŜƪƻǊ ōƛǊ ŘǸȊŜȅŘŜŘƛǊΦ  

 

Anahtar kelimeler: tƻƳǇŀ ōƛǊƭŜǒǘƛǊƛŎƛΣ ŦƛōŜǊ  ƪŀȅƴŀǒǘƤǊƳŀΣ  ŦƛōŜǊ œƤƪƤǒ ŀŘŀǇǘǀǊǸΣ ǘŀǇŜǊƛƴƎΦ 

 

Kaynaklar 

ώмϐ ±Φ tΦ DŀǇƻƴǘǎŜǾΣ άtŜƴŜǘǊŀǘƛƻƴ ƻŦ ŦƛōŜǊ ƭŀǎŜǊǎ ƛƴǘƻ ƛƴŘǳǎǘǊƛŀƭ ƳŀǊƪŜǘΣέ tǊƻŎΦ {tL9 сутоΣ 
Fiber Lasers V: Technology, Systems, and Applications, ed. J. Broeng, et al., (2008). 
ώнϐ IΦ YŀƭŀȅŎƤƻƐƭǳΣ et al., άм ƳW ǇǳƭǎŜ ōǳǊǎǘǎ ŦǊƻƳ ŀ ¸ō-ŘƻǇŜŘ ŦƛōŜǊ ŀƳǇƭƛŦƛŜǊέΣ Opt. Letters, 
37, 2586 (2012). 
ώоϐ ²Φ .ŀƛǎƘƛΣ άwŜǾƛŜǿ ƻŦ ŦŀōǊƛŎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ŦǳǎŜŘ ŦƛōŜǊ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ŦƛōŜǊ 
ƭŀǎŜǊǎΣέ {tL9 tƘƻǘƻƴƛŎ ²Ŝǎǘ ΩлфΣ CƛōŜǊ [ŀǎŜǊǎ ±LΥ ¢ŜŎƘƴƻƭƻƎȅΣ {ȅǎǘŜƳǎΣ ŀƴŘ !ǇǇƭƛŎŀǘƛƻns 
(2009). 
[4]

 
±Φ !ǊƭŜŜΣ ά.ǳƭƪ ŀƴŘ ǎǳǊŦŀŎŜ ƭŀǎŜǊ ŘŀƳŀƎŜ ƻŦ ǎƛƭƛŎŀ ōȅ ǇƛŎƻǎŜŎƻƴŘ ŀƴŘ ƴŀƴƻǎŜŎƻƴŘ ǇǳƭǎŜǎ 

ŀǘ млсп ƴƳΣέ Appl. Opt. 47, 4812 (2008). 
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Spektrometreler genellikle 2 boyutlu yǸzeydeki bir ƴƻƪǘŀƴƤƴ optik 

spektrumunu ǀƭœƳeƪ ƛœƛƴ kullaƴƤǊƪen hiperspektral gǀrǸƴǘǸleme ile mekanik bir tarama 

yaǇƤǎƤƴƤ ve elektronik bir kamerayƤ de sistem ƛœƛƴŜ dahil ederek 2 boyutlu yǸzey 

taranmakta ve bu yǸzeye ait spektrumlar toplanarak gǀrǸƴǘǸ  haline getirilmektedir. Bu 

sayede hiperspektral gǀrǸƴǘǸ ƪǸǇǸ  ƻƭǳǒturulmakta  ve  iki  uzamsal  koordinat  ve  faǊƪƭƤ  

dalga  boylarƤƴŘŀƪƛ  spektral bantlar olmaƪ Ǹzere 3 boyutlu veri elde edilmektedir. 

 Hiperspektral gǀǊǸƴǘǸƭŜƳŜ ile mor ǀǘŜǎƛΣ gǀrǸnǸǊ ve ƪƤzƤƭ ǀǘŜǎƛ 

ōǀƭgelerinden yǸzden fazla  sayƤda  dar  dalga  boyu  aralƤklarƤƴŘŀ  bant  gǀrǸƴǘǸleri  elde  

edilebilmektedir  [1]. Bunun  sonucǳƴŘŀ ŦŀǊƪƭƤ ƴesnelerin  dalga   boylarƤƴdaki   yaƴǎƤma  

karakteristikleri (imzalarƤύ  deƐerlendirilerek  nesneler  araǎƤ  yǸksek  baǒaǊƤƳƭƤ  ayǊƤǒƤƳ  

saƐlamaƪǘŀŘƤr. Hiperspektral gǀrǸƴǘǸleme bu ǀzellikleriyle savunma sanayisinde mayƤƴ 

tespiti ve askeri hedeflerin  bulunmaǎƤ  [2],  atƤk  maddeler,  kaƐƤt  ve  plastiklerin   geri   

ŘǀƴǸǒǸƳ  ƛœƛƴ ayǊƤǒǘƤǊƤƭƳŀǎƤ [3] ve adli tƤǇta belgelerdeki sahteciliklerin bulunmaǎƤ [4] 

gibi pek  œok alanda kullaƴƤlmaktaŘƤǊΦ 

Bu konudaki deney ve œŀlƤǒƳŀƭaǊƤƳƤȊ  Hiperspektraƭ  DǀrǸƴǘǸleme Sistemi  

(HGS)  ile gerœekleǒǘirilmektedir.  HGS,  ƤǒƤƪƭŀƴŘƤrma,  yǸrǸyen  bant  ve  gǀǊǸƴǘǸ  alma  

donaƴƤmƤ ƻƭmak Ǹzere Ǹœ  alt sistemden ƻƭǳǒmaƪǘŀŘƤr. DǀrǸƴǘǸ alma donaƴƤmƤΣ 

spektrometre ile geƴƛǒ  ōƛǊ spektrumda  yǸƪǎŜƪ  kuantum  verimliliƐi olan 

monokromatik  bir kameradaƴ ƻƭǳǒmaƪǘŀŘƤr.  Monokromatik  kamera  1392  x  1040  

piksellik  œǀzǸƴǸǊƭǸƪǘŜ  ve  14  bit derinliƐinde gǀǊǸƴǘǸ almaƪǘŀŘƤr. Spektrometre, 400-

1000 nm araǎƤƴŘŀƪƛ gǀǊǸƴǸǊ ve yakƤƴ ƪƤzƤƭ ǀǘŜǎƛ dalga boylarƤndan 2.8 nm spektral 

œǀzǸƴǸǊƭǸƪƭŜ gǀrǸƴǘǸ elde etmektedir. HGS, 30 ҡm'lik gƛǊƛǒ yarƤƐƤ Ǹzerinden gelen ƤǒƤƐƤ 

optik sayesinde dalga boylarƤna ayrƤǒtƤǊarak monokromatik kamera algƤlayƤŎƤǎƤ Ǹzerine 

izŘǸǒǸǊƳektedir. 
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Adli vakalardaki  bulgulaǊƤƴ  analizi  bu  sistem  ile  gerœŜƪƭŜǒǘƛǊƛƭŜōƛƭŜƴ  

uygulamalardan biridir [4]. Sistem sayesinde adli belgeler Ǹzerindeki sonradan yaǇƤlan 

deƐƛǒiklikler ile senet Ǹzerindeki karalamalar kullaƴƤŎƤƴƤƴ yorumuna gerek kalmadan 

baǒarƤlƤ bir ǒekilde tespit edilmektedir. mǊƴek olarak, bir senet belgesi ƛœƛƴ RGB ve 

ǎƻƴǳœ imgesi  ekil 1'de verilmiǒǘir. Baǒǘŀ "1000" olarak yazƤlan senetteki para miktarƤΣ 

faǊƪƭƤ bir kalemle "17000" olarak,  ayƴƤ  ǒekilde  baǒǘŀ  "15.03.2011"  tarihi  de  

sonradan   "15.08.2014"  ǒeklinde deƐƛǒtirilmƛǒtir.   ekil  1'den  de  gǀrǸƭeceƐi  gibi  RGB  

gǀrǸƴǘǸŘŜ   farkedilemeyen   bu deƐƛǒiklikler hiperspektral gǀrǸƴǘǸleme ve bu gǀǊǸƴǘǸ 

Ǹzerine uyƎǳƭŀƴƳƤǒ algoritmalarla tespit edilmiǒǘir. 

 

 ekil 1. Seneǘ «zerinde YaǇƤlan DeƐƛǒikliklerin HGS ile BulunmaǎƤ 

 

Anahtar Kelimeler: Hiperspektral gǀǊǸƴǘǸƭŜƳŜ sistemi, hiperspektral ƎǀǊǸnǘǸlemenin 

uygulama alanlaǊƤΦ 
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.ǳ œŀƭƤǒƳŀŘŀ a9a{ œǳōǳƪƭŀǊƤƴ ŜǒȊŀƳŀƴƭƤ ǘƤƴƭŀƳŀ ŦǊŜƪŀƴǎƤƴŘŀ ǘŜƪ ōƛǊ ƳŀƴȅŜǘƛƪ 

ōƻōƛƴ ƛƭŜ ǳȅŀǊƭŀƴƳŀǎƤ ǾŜ ǘŜƪ ōƛǊ ŦƻǘƻŘŜŘŜƪǘǀǊƭŜ ƻƪǳƴƳŀǎƤ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ .ǳ ȅǀƴǘŜƳ ōƛǊŘŜƴ 

ŦŀȊƭŀ ƘŀǎǘŀƭƤƪ ǘŜǒƘƛǎƛ ȅŀǇŀōƛƭŜƴ ǘŀǒƤƴŀōƛƭƛǊ ŎƛƘŀȊ ǸǊŜǘƛƳƛ ƛœƛƴ ǳȅƎǳƴ ōƛǊ ȅǀƴǘŜƳŘƛǊΦ {ƛǎǘŜƳŘŜ 

œƻƪ ŜƪƻƴƻƳƛƪ ǸǊŜǘƛƭŜōƛƭŜƴ a9a{ ŀƭƎƤƭŀȅƤŎƤ ŘƛȊƛƴƛ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ 4ǳōǳƪƭŀǊ ŦŀǊƪƭƤ ǘƤƴƭŀƳŀ 

ŦǊŜƪŀƴǎƭŀǊƤƴŀ ǎŀƘƛǇ ƻƭŘǳƪƭŀǊƤƴŘŀƴ ŜǒȊŀƳŀƴƭƤ ƻƭŀǊŀƪ ǘŜƪ ōƛǊ ŜƭŜƪǘǊƻƴƛƪ ƻƪǳƳŀ ǾŜ ƳŀƴȅŜǘƛƪ 

ǳȅŀǊƭŀƳŀ ŘŜǾǊŜǎƛ ƛƭŜ œŀƭƤǒǘƤǊƤƭƳƤǒǘƤǊΦ a9a{ œǳōǳƪƭŀǊ ǘŜƪ ƳŀǎƪŜƭƛ ƪƻƭŀȅ ōƛǊ ȅǀƴǘŜƳƭŜ 

ǸǊŜǘƛƭƳƛǒ ǾŜ œǳōǳƪƭŀǊƤƴ ǳœ ƪƤǎƤƳƭŀǊƤƴŘŀ ƤȊƎŀǊŀ ǒŜƪƭƛƴŘŜ ƪƤǊƤƴƤƳ œƛȊƎƛƭŜǊƛ ȅŀǇƤƭƳƤǒǘƤǊΦ 4ƛȊƎƛ 

ǒŜƪƭƛƴŘŜ ōƛœƛƳƭŜƴŘƛǊƛƭƳƛǒ ōƛǊ ƭŀȊŜǊ ƤǒƤƴƤ ƛƭŜ ŀȅŘƤƴƭŀǘƤƭŀƴ œǳōǳƪƭŀǊƤƴ ƻƪǳƴƳŀǎƤ ōƛǊƛƴŎƛ 

ƪƤǊƤƴƤƳƭŀǊƤƴ ōƛǊƭŜǒǘƛƐƛ ƴƻƪǘŀŘŀ ƪƻƴǳƭŀƴ ǘŜƪ ōƛǊ ŦƻǘƻŘŜŘŜƪǘǀǊ ƛƭŜ ȅŀǇƤƭƳƤǒǘƤǊΦ 
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Industrial automation and automatic control systems endowed with modern 

ǘŜŎƘƴƻƭƻƎȅ ŀǊŜ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƻŘŀȅΩǎ ƛƴŘǳǎǘǊȅΦ Lǘ ƛǎ ǇǊƻƎǊŀƳƳŀōƭŜ ŘŜǾƛŎŜǎ ǿƘƛŎƘ ǇǊƻǾƛŘŜ 

flexibility to these systems. These devices are called Programmable Logic Controllers 

(PLCs). Nowadays, PLCs are used in almost all areas of industry; particularly in fabrication 

and control processes with no single touch of a human hand. Some of their areas of usage 

are such as power distribution systems, sophisticated factories automation, conveyors, 

engine-speed controllers, process controls (PID applications, controlling physical 

parameters), and collecting, reviewing and operating data. PLC based automation systems 

have many advantages compared to PC controlled relay systems. Due to these reasons, 

PLCs find considerably wide application areas for themselves. 

Keywords: PLC Control, Optical Measurement Systems, Industrial applications of PLCs, 

Automation 
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Fiber lazerler ƪǸœǸk ebat, yǸkseƪ ƤǒƤn kalitesi, yǸksek verimlilik, su ile sƻƐutma 

gerektirmemek gibi ǀnemli pratik avantajlara sahiptir ve daha iyi fiber lazerlerin 

geliǒtiri lmesi yǀnǸnde dǸnya genelinde ōǸyǸk ilgi ve yoƐun aktivite vardƤǊ [1]. Ancak bu 

lazerlerin arŀǒǘƤrma laboratuvarlarƤ dƤǒƤnda, endǸstriyel ve bilimsel uygulamalarda 

kullanƤlmŀǎƤ fiberde tǸmƭŜǒik (all-fiber), dolayƤsƤyla optomekanik ayarlama gerektirmeyen 

(misalignment free) mimari gerektirmektedir. Malzeme iǒlemede kullanƤƭan ve ticari 

olarak geliǒtiri lmƛǒ nanosaniye atƤmƭƤ fiber lazerlerin neredeyse tamamƤ Q-anahtarlamŀƭƤ 

sistemlerdir. Q- anahtarlama mekanizmasƤnda, tekrar frekansƤ, atƤm enerjisi ve atƤm 

uzunluƐu birbirine yakƤndan baƐƭƤ olup, malzeme ile iǒlemede ōǸyǸk ǀneme sahip bu 

parametreler serbŜǎǘœŜ ayarlanamamaktadƤr. AtƤm enerjisinin (yǸksek ƤǒƤn demeti kalitesi 

iœin) 0.5-1 mJ aralƤƐƤnda tutarak, tekrar frekansƤ iǒleme hƤzƤnƤ belirlediƐinden, yǸksek 

ortalama ƎǸcǸ hedeflemek en iyi sonucu vermektedir [2].  Fiberde tǸmƭŜǒik 

nanosaniye atƤmƭƤ ƭŀȊerlerde 150 WΩa kadar yǸkselen ortalama gǸœƭŜǊ rapor edilmiǒtir 

[3], ancak malzeme ile etkileǒimini belirleyen tepe gǸœ (<1 kW) ve atƤm enerjisi olup, bu 

sistemlerde yetersiz kalmaktadƤǊΦ ¸Ǹksek enerjili (1 mJ) ve yǸksek tepe gǸœlǸ (0,5 MW) 

tǸmleǒik fiber lazerler de geliǒtiri lmiǒtir [4], ancak 10-20 Hz tekrar frekansƤnda œaƭƤǒan bu 

sistemler ƛœƛn, Yb uyarƤlmƤǒ seviye ǀmrǸnǸn ~1 ms olduƐu dǸǒǸƴǸlǸrse, enerjinin ōǸȅǸk 

kƤǎmƤnƤƴ kendiliƐinden yǸkselti lmƛǒ ƤǒƤma (amplified spontaneous emission, ASE) olarak 

atƤmlar arŀǎƤnda œƤkƤyor olmŀǎƤ kuvvetle muhtemeldir. Ek olarak, bu sistemlerin ƎǸœƭŜri 

mW seviyesinde olup, malzeme iǒlemede kullanƤma uygun deƐildir. DolayƤsƤyla, hem 

ȅǸksek enerjili, hem yǸksek tekrar frekansƭƤ (yǸksek ortalama gǸœǘŜ), tamamen fiberde 

tǸmleǒik, lazer parametreleri birbirinden baƐƤmsƤȊ ayarlanabilen, demet kalitesi kƤǊƤnƤm 

limitinde (diffraction limited) lazer sistemlerine ihtiyŀœ devam etmektedir. 

Biz bǳ œalƤǒmada, 25 W ortalama gǸce, 6 kW tepe gǸce sahip, tamamƤ fiberde 

tǸmleǒik, 1 ҡm dalgaboyunda, iterbiyum (Yb) katkƤlƤ fiber lazer sistemi geliǒtirdik. Bu 

sistem, master-oscillator power- amplifier (MOPA) mimarisinde olup, elektronik olarak 

sǸrdǸƐǸƳǸz bir diyottan Ǹretilen atƤmlarƤ bir dizi fiber   yǸkseƭǘŜœ  aracƤƭƤƐƤyla   

kuvvetlendirilmesinden  oluǒmaktadƤǊΦ  MOPA  mimarisi   sayesinde   atƤm uzunluƐu, 

tekrar frekansƤ ve ƎǸœ miktarƤΣ Q-anahtarlamalƤ lazerlerden farkƭƤ olarak, birbirinden 

baƐƤmsƤȊ olarak ayarlanabilmektedir. Demet kalitesi kƤǊƤnƤm limitli olup, tipik olarak M
2
< 

1,2 ǀƭœǸlmektedir. Bu sistem bildiƐimiz kadarƤyla, MOPA mimarisinde olǳǒturulan ilk ticari 

tǸmƭŜǒik fiber lazerdir. 

 

Sistem mimari  ekil 1Ωde ǀzetlenmektedir. 1064 nm dalgaboyunda lazer 

diyottan elde edilen ~70 ns veya daha uzun atƤmlar Yb-katkƤƭƤ fiber ȅǸkselteœler ile 1 WΩa, 

ardƤndan 25 WΩŀ œƤkartƤlmaktadƤǊΦ TǸm sistem fiberde tǸmleǒik olup, 1,5 m 

uzunlǳƐundaki hedefe ǘŀǒƤma fiberini (beam delivery fiber) takip eden elden yalƤǘƤŎƤƭƤ-

koǒutlayƤŎƤdan œƤkƤǒ elde edilmektedir. SisteƳ œoƪ ŀǒaƳŀƭƤ mimarisi ve ǀzel tasarƤm 

ǀnlemleri sonucu ASE olmaksƤȊƤn (<%1Ωden daha az miktarda) œaƭƤǒmakta ve %60ΩŘan 

fazla optik verimlilik gǀstermektedir ( ekil 2). Tepe ƎǸœ deƐeri, mevcut taǒƤma fiberi 

uzunluklarƤ ƛœin, 6 kW ile Raman saœƤlmŀǎƤ etkisi nedeniyle limitlidir. Daha kƤsa taǒƤma 

fiberi kullanƤƭmasƤ ya da Stokes dalgaboylarƤna daha yǸksek oranda enerjinin 

aktarƤlmasƤnƤn engel teǒkil etmeyeceƐi uygulamalar ƛœin bu seviye daha da 

arǘǘƤǊƤƭŀbilmektedir. Yine MOPA mimarisi sayesinde lazer sistemi Q-anahtarlamŀƭƤ 

lazerlere gǀǊe daha dǸǒǸk salƤnƤmlara (atƤmdan atƤma enerji ve atƤm ǎǸresindeki 

deƐiǒiklikler) sahiptir. YǸksek kararƭƤƭƤk ve ƤǒƤn demeti kalitesi ( ekil 3), malzeme iǒlemede 

tekrarlanabilirliƐin ve tekdǸzeliƐinin ȅǸksek olmasƤnƤ saƐlamaktadƤǊΦ Sistem mimarisinde 

kullanƤƭan aktif ve pasif fiber nǸve (core) œaplarƤnƤƴ kǸœǸk tutulmasƤ ve ǀzel  optimize  

edilmiǒ  fiber  ekleriyle  (splices)  demet  kalitesinin  yǸƪsek  olmasƤ  sayesinde  ticari  

lazer sistemlerine gǀǊe daha iyi odaklanma saƐlanmaktadƤǊΦ Malzeme ile etkileǒimi 

belirleyen alana dǸǒen ƎǸœ yani ǒiddet (intensity) oldǳƐundan, daha az ƎǸœ ƛƭŜ 

malzemenin etkin olarak iǒlenmesini saƐlamaktadƤr. 
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 Ŝkil 1: Sistem mimarisini gǀsteren basitleǒtiri lmƛǒ ǒema. 

 

 
 Ŝkil 2: Optik spektrum ǀƭœǸmleri (a) sinyal kaynaƐƤ œƤkƤǒƤΣ (b) yalƤǘƤŎƤƭƤ koǒutlayƤŎƤ œƤkƤǒƤ, 

(c) atƤmƤn 

zamansal profili, (d) œƤkƤǒ ƎǸcǸƴǸn pompa gǸcǸne gǀǊe grafiƐi ve verimlilik eƐimi (slope 

efficiency).  

  
                a)           b) 

 Ŝkil 3: (ŀύ aч ǀƭœǸm sonuœƭŀrƤΣ (bύ ƤǒƤƴ profili karakterizasyonu. 
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4ƛƴƪƻ hƪǎƛǘ ¢ŀōŀƴƭƤ TƴŎŜ CƛƭƳ ¢ǊŀƴǎƛǎǘǀǊƭŜǊŘŜ !ƪǘƛŦ hƭŀǊŀƪ YƻƴǘǊƻƭ 9ŘƛƭŜōƛƭƛǊ  

DǀǊǸƴǸǊ LǒƤƪ 9ƳƛƭƛƳƛ  

[ŜǾŜƴǘ 9Φ !ȅƎǸƴ
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4ƛƴƪƻ ƻƪǎƛǘ ό½ƴhύ ƪǳƭƭŀƴŀǊŀƪ ǘǊŀƴǎǇŀǊŀƴ ƛƴŎŜ ŦƛƭƳ ǘǊŀƴǎƛǎǘǀǊ ȅŀǇƤƳƤ ŀƳƻǊŦ ǎƛƭƛǎȅǳƳ 

ƛƴŎŜ ŦƛƭƳ ǘǊŀƴǎƛǎǘǀǊƭŜǊƛƴ ȅŜǊƛƴƛ ŀƭŀōƛƭƳŜ ǇƻǘŀƴǎƛȅŜƭƛ ǎŜōŜōƛȅƭŜ ōǸȅǸƪ ƛƭƎƛ ǳȅŀƴŘƤǊƳƤǒǘƤǊ ώмΣ нϐΦ 

!ȅǊƛŎŀΣ ƎŜƴƛǒ ōŀƴǘ ŀȅǊƤƪƭƤƐƤ όϤоΦоŜ±ύ ƴŜŘŜƴƛȅƭŜ ƳƻǊ-ǀǘŜǎƛ ƤǒƤƪ ǎŜƴǎǀǊƭŜǊƛƴƛƴ ŘƛȊŀȅƴƭŀǊƤƴŘŀ 

½ƴh ƪǳƭƭŀƴƤƳƤ Řŀ ŘŜƴŜƴƳƛǒǘƛǊ ώоϐΦ [ƛǘŜǊŀǘǸǊŘŜ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪƭŀǊŘŀ ǎŀœǘƤǊƳŀ ōƛǊƛƪǘƛǊƳŜ όwC 

SputtŜǊƛƴƎύ ǘŜƪƴƛƐƛȅƭŜ ½ƴh ƪŀƴŀƭ ƪŀǘƳŀƴƭƤ ǘǊŀƴǎƛǎǘǀǊƭŜǊŜ ǀǊƴŜƪƭŜǊ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊ ώпΣрϐΦ Cŀƪŀǘ 

ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪƭŀǊŘŀƪƛ ƪŀǇƭŀƳŀ ǘŜƪƴƛƪƭŜǊƛ ŜǎƴŜƪ ǾŜ ǳŎǳȊ ŀƭǘ-ǘŀǒƭŀǊΣ ǀǊƴŜƐƛƴ ǇƻƭȅŜǘƘȅƭŜƴŜ 

ǘŜǊŜǇƘǘŀƭŀǘŜ όt9¢ύΣ ƛœƛƴ ǳȅƎǳƴ ŘŜƐƛƭŘƛǊΦ .ǳ ƴŜŘŜƴƭŜΣ ŘǸǒǸƪ ǎƤŎŀƪƭƤƪƭŀǊŘŀ œŀƭƤǒŀōƛƭŜŎŜƐƛƳƛȊ ōƛǊ 

ǘŜƪƴƛƪ ƻƭŀƴ ŀǘƻƳƛƪ ƪŀǘƳŀƴ ƪŀǇƭŀƳŀ ό![5ύ ǘŜƪƴƛƐƛƴƛ ƪǳƭƭŀƴŀǊŀƪ улϲ/ ŘŜ ½ƴh ƪŀǇƭŀƳŀǎƤƴƤ 

ƎŜǊœŜƪƭŜǒǘƛǊŘƛƪΦ .ǳ œŀƭƤǒƳŀŘŀΣ œƛƴƪƻ ƻƪǎƛǘ ƪŀƴŀƭ ƪŀǘƳŀƴƭƤ ƛƴŎŜ ŦƛƭƳ ǘǊŀƴǎƛǎǘǀǊƭŜǊƛƴ ƎǀǊǸƴǸǊ 

ƤǒƤƐŀ ǘŜǇƪƛǎƛƴƛ ǘǊŀƴǎƛǎǘǀǊǸƴ ŀœƤƪ ǾŜȅŀ ƪŀǇŀƭƤ ƻƭƳŀǎƤƴƤ ŘŜƐƛǒǘƛǊŜǊŜƪ ƪƻƴǘǊƻƭ ŜŘŜōƛƭŘƛƐƛƳƛȊƛ 

ƎǀǎǘŜǊŘƛƪΦ   

mǊƴŜƪƭŜǊƛ ōƛǊōƛǊƛƴŘŜƴ ƛȊƻƭŜ ŜǘƳŜƪ ǾŜ ƪƻƴǘŀƪ ƳŜǘŀƭ ƛƭŜ ŀƭǘ-ǘŀǒ ŀǊŀǎƛƴŘŀƪƛ ŜƭŜƪǘǊƛƪǎŜƭ 

ƪƻƴǘŀƐƤ ǀƴƭŜƳŜƪ ƛŎƛƴ Ǉ ǘƛǇƛ ǎƛƭƛǎȅǳƳ ŀƭǘ-ǘŀǒ ǸȊŜǊƛƴŜ нмл ƴƳ ƪŀƭƤƴƭƤƐƤƴŘŀ {ƛh2 t9/±5 ǘŜƪƴƛƐƛ 

ƛƭŜ ƪŀǇƭŀƴƳƤǒǘƤǊΦ .ǳ {ƛh2 ƪŀǘƳŀƴƤƴŘŀ ǘǊŀƴǎƛǎǘǀǊƭŜǊƛƴ ŀƭŀƴƤƴƤ ǾŜ Ŝƴ-ōƻȅ ƻǊŀƴƤƴƤ ōŜƭƛǊƭŜȅŜŎŜƪ 

ǒŜƪƛƭŘŜ ŘŜƭƛƪƭŜǊ ŀœƤƭƳƤǒǘƤǊΦ ¢ǊŀƴǎƛǎǘǀǊƭŜǊƛƴ ƪŀǇƤ ƛƭŜ ƪŀƴŀƭ ƪŀǘƳŀƴƛ ŀǊŀǎƛƴŘŀƪƛ ƛȊƻƭŀǎȅƻƴǳƴǳ 

ǎŀƐƭŀƳŀƪ ŀƳŀŎƤȅƭŀ ![5 ǘŜƪƴƛƐƛ ƛƭŜ нл ƴƳ ƪŀƭƤƴƭƤƐƤƴŘŀ !ƭ2O3 ƪŀǇƭŀƴƳƤǒǘƤǊΦ .ǳƴǳƴ ǳȊŜǊƛƴŜ ƛǎŜ 

14 nm ZnO kanal kaǘƳŀƴƛ ǾŜ млл ƴƳ !ƭ ŜƭŜƪǘǊƛƪǎŜƭ ǘŜƳŀǎ ƪŀǘƳŀƴƤ ƻƭŀǊŀƪ ƪŀǇƭŀƴƳƤǒ ǾŜ 

ǎƻƴǊŀǎƤƴŘŀ ǒŜƪƛƭƭŜƴŘƛǊƛƭƳƛǒǘƛǊΦ   

 

 Ŝƪƛƭ мΦ ¦ȅƎǳƭŀƴŀƴ ŘŀƭƎŀōƻȅǳƴŀ ōŀƐƭƤ ǾŜǊƛƭŜƴ ŜƭŜƪǘǊƛƪǎŜƭ ǘŜǇƪƛƳŜȅƛ ǀƭœƳŜ ŘǸȊŜƴŜƐƛ 

hǇǘƛƪ ƪŀǊŀƪǘŜǊƛȊŀǎȅƻƴΣ мрл² ·Ŝƴƻƴ ƭŀƳōŀ ƪǳƭƭŀƴƤƭŀǊŀƪ  Ŝƪƛƭ м ŘŜ ǘŀǎǾƛǊ ŜŘƛƭŜƴ 

ŘǸȊŜƴŜƪ ƛƭŜ ȅŀǇƤƭƳƤǒǘƤǊΦ  Ŝƪƛƭ н ŘŜ ǎŀǾŀƪǘŀƴ ƪŀȅƴŀƐŀ ǎŀōƛǘ ǾƻƭǘŀƧ ǳȅƎǳƭŀƴƤǊƪŜƴΣ ƪŀǇƤ 

ǾƻƭǘŀƧƤƴƤƴ ŘŜƐƛǒǘƛǊƛƭƳŜǎƛ ƛƭŜ ƤǒƤƐŀ ǾŜǊƛƭŜƴ ǘŜǇƪƛƴƛƴ ŘŀƭƎŀ ōƻȅǳƴŀ ōŀƐƭƤ ŘŜƐƛǒƛƳƛƴƛ 

ƎǀȊƭŜƳƭƛȅƻǊǳȊΦ ¢ǊŀƴǎƛǎǘǀǊ ƪŀǇŀƭƤ ƳƻŘŘŀ ƛƪŜƴ ōŀƴǘ ŀȅǊƤƪƭƤƐƤƴŘŀƴ ŘŀƘŀ ƪǸœǸƪ ŜƴŜǊƧƛƭŜǊŜ ǎŀƘƛǇ 

ŦƻǘƻƴƭŀǊƤƴ Řŀ ŀƪƤƳ ǸǊŜǘŜōƛƭŘƛƐƛƴƛ ƎǀȊƭŜƳƭŜŘƛƪΦ .ǳ ƻƭŀȅƛƴ ǎŜōŜōƛ ƛǎŜ ŀƳƻǊŦ ½ƴh ƛœŜǊƛǎƛƴŘŜ 

ōǳƭǳƴŀƴ ƪŀǇŀƴ ǎŜǾƛȅŜƭŜǊƛƴƛƴ όǘǊŀǇ ǎǘŀǘŜǎύ ōƻǒƭǳƐǳƴǳƴ ǾŜȅŀ ŘƻƭǳƭǳƐǳƴǳƴ ƪƻƴǘǊƻƭ ŜŘƛƭƳŜǎƛ. 

.ǳ ƪŀǇŀƴ ǎŜǾƛȅŜƭŜǊƛ ½ƴh ōŀƴǘ ŀȅǊƤƪƭƤƐƤƴƤƴ ƛœŜǊƛǎƛƴŘŜ ōǳƭǳƴǳǇΣ ŘǸǒǸƪ ŜƴŜǊƧƛƭƛ ŦƻǘƻƴƭŀǊƤƴ 

ǾŀƭŜƴǎ ōŀƴŘƤƴŘŀƴ ƪŜƴŘƛ ǎŜǾƛȅŜƭŜǊƛƴŜ ŜƭŜƪǘǊƻƴ ŀƪǘŀǊƳŀƭŀǊƤƴŀ ȅŀŘŀ ƪŜƴŘƛ ǎŜǾƛȅŜƭŜǊƛƴŘŜƴ 

ƛƭŜǘƛƳ ōŀƴŘƤƴŀ ŜƭŜƪǘǊƻƴ ŀƪǘŀǊƤƭƳŀǎƤƴŀ ǎŜōŜǇ ƻƭƳŀƪǘŀŘƤǊΦ .ǳ ƴŜŘŜƴƭŜΣ ōŀƴǘ ŀȅǊƤƪƭƤƐƤƴŘŀƴ 

ŘŀƘŀ ƪǸœǸƪ ŦƻǘƻƴƭŀǊƤƴ ŜƳƛƭƛƳƛƴƛ ƎǀȊƭŜƳƭŜȅŜōƛƭƳŜƪǘŜȅƛȊΦ  Ŝƪƛƭ о ŘŜ ½ƴh ƪŀǘƳŀƴƤƴƤƴ ƤǒƤƪ 

ŜƳƛƭƛƳƛ όŀōǎƻǊǇǘƛƻƴύ ǾŜ ƤǒƤƪ ȅŀȅƤƳƤ όŜƳƛǎǎƛƻƴύ ƎǀǎǘŜǊƛƭƳƛǒǘƛǊΦ .ǳǊŀŘŀ Řŀ ƎǀǊŜōƛƭŜŎŜƐƛƳƛȊ ƎƛōƛΣ 

ƪŀǇŀƴ ǎŜǾƛȅŜƭŜǊƛ ŘƤǒŀǊƤŘŀƴ ƪŀǇƤ ƪƻƴǘǊƻƭǸ ƛƭŜ ōƻǒŀƭǘƤƭŀƳŀŘƤƐƤƴŘŀ ȅŀ Řŀ ŘƻƭŘǳǊǳƭŀƳŀŘƤƐƤƴŘŀ 

ƤǒƤƪ ŜƳƛƭƛƳƛ ǎŀŘŜŎŜ ōŀƴǘ ŀȅǊƤƪƭƤƐƤƴŘŀƴ ȅǸƪǎŜƪ ŜƴŜǊƧƛƭƛ ŦƻǘƻƴƭŀǊ ƛœƛƴ ƎŜǊœŜƪƭŜǒƳŜƪǘŜŘƛǊΦ орл 

ƴƳ ŘŜƪƛ ƤǒƤƪ ƪŀȅƴŀƐƤ ƛƭŜ ŀȅŘƤƴƭŀǘǘƤƐƤƳƤȊ ½ƴh ƛœƛƴ ƛǎŜΣ ƤǒƤƪ ȅŀȅƤƭƤƳƤ ƎǊŀŦƛƐƛƴŘŜ ƪŀǇŀƴ 

ǎŜǾƛȅŜƭŜǊƛƴƛƴ ōŀƴǘ ŀȅǊƤƪƭƤƐƤ ƛœŜǊƛǎƛƴŘŜ ƴŀǎƤƭ ŘŀƐƤƭŘƤƐƤƴƤ ƎǀǊŜōƛƭƳŜƪǘŜȅƛȊΦ  
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 Ŝƪƛƭ нΦ Sabit savak-ƪŀȅƴŀƪ ǾƻƭǘŀƧƤ ŀƭǘƤƴŘŀΣ ǎŀǾŀƪǘŀƴ ƪŀȅƴŀƐŀ ŀƪŀƴ ŀƪƤƳƤƴ ƤǒƤƐŀ ǾŜ ƪŀǇƤ 

ǾƻƭǘŀƧƤƴŀ ōŀƐƭƤ ŘŜƐƛǒƛƳ ƎǊŀŦƛƐƛ 

 

 Ŝƪƛƭ оΦ ½ƴh ƪŀǘƳŀƴƤƴƤƴ ŜƳƛƭƛƳ όŀōǎƻǊǇǘƛƻƴύ ǾŜ ƤǒƤƳŀ όŜƳƛǎǎƛƻƴύ ƪŀǊŀƪǘŜǊƛ 

.ǳ œŀƭƤǒƳŀŘŀΣ ½ƴh ƛœŜǊƛǎƛƴŘŜƪƛ ƎǀǊǸƴǸǊ ŘŀƭƎŀ ōƻȅƭŀǊƤƴŘŀƪƛ ƤǒƤƪ ŜƳƛƭƛƳƛƴƛ ǾƻƭǘŀƧ 

ǳȅƎǳƭŀȅŀǊŀƪ ƪƻƴǘǊƻƭ ŜŘŜōƛƭŘƛƐƛƳƛȊƛ ƎǀǎǘŜǊŘƛƪΦ .ǳ ŎƛƘŀȊΣ ǘǊŀƴǎǇŀǊŀƴƭƤƐƤ ƪƻƴǘǊƻƭ ŜŘƛƭŜōƛƭƛǊ ŎŀƳ 

ǸǊŜǘƛƳƛƴŘŜΣ ŜǎƴŜƪ ȅǸȊŜȅƭŜǊ ǸȊŜǊƛƴŘŜ ǘǊŀƴǎǇŀǊŀƴƭƤƐƤ ƪƻƴǘǊƻƭ ŜŘƛƭŜōƛƭƛǊ ǘǊŀƴǎƛǎǘǀǊ ȅŀǇƤƳƤƴŘŀ 

ƪǳƭƭŀƴƤƭŀōƛƭƛǊΦ  

 

.ǳ œŀƭƤǒƳŀ ¢¦.L¢!Y DǊŀƴǘǎ млу9мсоΣ млф9лпп ŀƴŘ ммнaллпΣ 9¦ Ctт tLh{ нофппп  
ǘŀǊŀŦƤƴŘŀƴ  ŘŜǎǘŜƪƭŜƴƳƛǒǘƛǊΦ  

 
Anahtar kelimeler: ½ƴhΣ ƛƴŎŜ ŦƛƭƳ ǘǊŀƴǎƛǎǘǀǊƭŜǊΣ ƎǀǊǸƴǸǊ ƤǒƤƪ ŜƳƛƭƛƳƛ 
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a9a{ YL½L[m¢9{T {t9Y¢wha9¢w9 {T{¢9aT 

{ǾŜƴ IƻƭƳǎǘǊǀƳΣ bΦ tŜƭƛƴ !ȅŜǊŘŜƴΣ ¦ƐǳǊ !ȅƎǸƴΣ  

.ŀǒŀǊōŀǘǳ /ŀƴΣ Iŀƪŀƴ «ǊŜȅ
 

hǇǘƛƪ aƛƪǊƻǎƛǎǘŜƳƭŜǊ [ŀōƻǊŀǘǳǾŀǊƤΣ 9ƭŜƪǘǊƛƪ-Elektronik  
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DǸƴǸƳǸȊŘŜ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸ ƪƤȊƤƭǀǘŜǎƛ όC¢Lwύ ǎǇŜƪǘǊƻǎƪƻǇƛΣ ƳŀƭȊŜƳŜ 

ǘŀƴƤƳƭŀƳŀ ƪƻƴǳǎǳƴŘŀΣ ƭŀōƻǊŀǘǳǾŀǊƭŀǊŘŀ ǎǘŀƴŘŀǊǘ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭŀƴ ȅǀƴǘŜƳƭŜǊŘŜƴ ōƛǊƛ 

ƘŀƭƛƴŜ ƎŜƭƳƛǒǘƛǊΦ !ƴŎŀƪ ƪƭŀǎƛƪ C¢Lw ǎƛǎǘŜƳƭŜǊƛƴƛƴ ōǸȅǸƪ ǾŜ ŀƐƤǊ ƻƭƳŀǎƤΣ ōǳ ǎƛǎǘŜƳƭŜǊƛƴ ȅŀȅƎƤƴ 

ƪǳƭƭŀƴƤƳƤ ƪƻƴǳǎǳƴŘŀ ǎƤƪƤƴǘƤƭŀǊ ȅŀǊŀǘƳƤǒ ƻƭǳǇΣ ƪǸœǸƪ ōƻȅǳǘƭǳ ǎƛǎǘŜƳƭŜǊ ƪƻƴǳǎǳƴŘŀ ōƛǊ 

ŀǊŀȅƤǒŀ ƎƛŘƛƭƳŜǎƛƴŜ ƴŜŘŜƴ ƻƭƳǳǒǘǳǊΦ .ǳ œŀƭƤǒƳŀŘŀΣ a9a{ ƛƴǘŜǊŦŜǊƻƳŜǘǊŜ ƪǳƭƭŀƴƤƭŀǊŀƪΣ 

ƪƤǊƤƴƤƳ ƤȊƎŀǊŀǎƤ ƎƛǊƛǒƛƳǀƭœŜǊ ό[DLύ ǘŜƳŜƭƭƛ C¢Lw ǎƛǎǘŜƳ ǘŀǎŀǊƤƳƤ ȅŀǇƤƭƳƤǒǘƤǊΦ YƤǊƤƴƤƳ 

ƤȊƎŀǊŀǎƤƴŘŀ ōǳƭǳƴŀƴ ǎŀōƛǘ ǾŜ ƘŀǊŜƪŜǘƭƛ ǇŀǊƳŀƪƭŀǊŘŀƴ ƻƭǳǒŀƴ ŘƛƴŀƳƛƪ ƪƤǊƤƴƤƳ ŀƐƤΣ ŘŀƭƎŀ 

ŎŜǇƘŜǎƛƴŘŜ ōǀƭǸƴƳŜȅƛ ǎŀƐƭŀȅŀǊŀƪ ƛƴǘŜǊŦŜǊƻƎǊŀƳ ƛǒŀǊŜǘƛƴƛ ƻƭǳǒǘǳǊƳŀƪǘŀŘƤǊΦ {ƤŦƤǊƤƴŎƤ ŘŜǊŜŎŜ 

ƪƤǊƤƴƤƳƤƴ ǘŜƪ ōƛǊ ŦƻǘƻŘŜŘŜƪǘǀǊƭŜ ǀƭœǸƭƳŜǎƛ aƛŎƘŜƭǎƻƴ ƪƻƴŦƛƎǸǊŀǎȅƻƴǳƴŘŀƴ ŘŀƘŀ ƪǸœǸƪ ǾŜ 

ǎŀŘŜ ōƛǊ ǎƛǎǘŜƳ ŜƭŘŜ ŜŘƛƭƳŜǎƛƴƛ ǎŀƐƭŀƳŀƪǘŀŘƤǊ ώм-4].  

 

¢ŀǎŀǊƭŀƴŀƴ ǾŜ ǸǊŜǘƛƳƛ ȅŀǇƤƭŀƴ a9a{ ƎƛǊƛǒƛƳǀƭœŜǊΣ ǊŜȊƻƴŀƴǎ ŦǊŜƪŀƴǎƤ ƻƭŀƴ орл IȊ 

ŎƛǾŀǊƤƴŘŀ ǎǸǊǸƭƳǸǒ ƻƭǳǇΣ ǘŀǎŀǊƤƳŘŀ ƪǳƭƭŀƴƤƭŀƴ ǇŀƴǘƻƎǊŀŦ ǎǸǎǇŀƴǎƛȅƻƴǳƴΣ ȅǸƪǎŜƪ ǾŜǊƛƳƭƛ 

ōǳǊǳƭƳŀ ƘŀǊŜƪŜǘƛ ƪƻǊǳƴǳƳ ƳŜƪŀƴƛȊƳŀǎƤƴƤƴ Řŀ ŜǘƪƛǎƛȅƭŜΣ ǘŜǇŜŘŜƴ ǘŜǇŜȅŜ ҕрлл˃Ƴ sapma 

ƳƛƪǘŀǊƤƴŀ ƪŀŘŀǊ ƪŀǊŀǊƭƤ ōƛǊ ƘŀǊŜƪŜǘ ƎǀȊƭŜƴƳƛǒǘƛǊΦ ¢ŀǎŀǊƭŀƴŀƴ a9a{ΩƭŜǊ ŜƭŜƪǘǊƻǎǘŀǘƛƪ ƻƭŀǊŀƪ 

ƘŀǊŜƪŜǘŜ ƎŜœƛǊƛƭŜōƛƭŘƛƐƛ ƎƛōƛΣ ƘƻǇŀǊƭǀǊ ƪǳƭƭŀƴŀǊŀƪ ŀƪǳǎǘƛƪ ōŀǎƤƴœƭŀ ǾŜȅŀ ǇƛŜȊƻ ŜƭŜƪǘǊƛƪ ȅŀǇƤȅƭŀ 

Řŀ œŀƭƤǒǘƤǊƤƭŀōƛƭƳŜƪǘŜŘƛǊΦ YƤȊƤƭǀǘŜǎƛ ƪŀȅƴŀƪ .ǊǳƪŜǊ hǇǘƛŎǎ ǘŀǊŀŦƤƴŘŀƴ ŘŜŘŜƪǘǀǊ ƛǎŜ ±LDh 

{ȅǎǘŜƳǎ ǘŀǊŀŦƤƴŘŀƴ ǇǊƻƧŜ ƛœƛƴ ǀȊŜƭ ƻƭŀǊŀƪ ǸǊŜǘƛƭƳƛǒǘƛǊΦ ώрϐΦ 

 

{ƛǎǘŜƳƛƴ ƻǇǘƛƪ ǘŀǎŀǊƤƳƤƴŘŀ ƎǸœ ƘŜǎŀǇƭŀƳŀƭŀǊƤ ƛœƛƴ ½9a!·Σ ŦƛȊƛƪǎŜƭ ƻǇǘƛƪ 

ōŜƴȊŜǘƛƳƭŜǊƛ ƛœƛƴ a!¢[!. ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ C¢Lw ǎǇŜƪǘǊƻƳŜǘǊŜ ƭŀōƻǊŀǘǳǾŀǊŘŀ ŘǸȊŜƴŜƪ ƻƭŀǊŀƪ 

ƪǳǊǳƭƳǳǒ ǾŜ ҕпрл˃Ƴ ǎŀǇƳŀ ƳƛƪǘŀǊƭŀǊƤ ƛœƛƴ тллŎƳ-1 ile 3200cm-м ōǀƭƎŜǎƛ ŀǊŀǎƤƴŘŀ нрŎƳ-1 

œǀȊǸƴǸǊƭǸƪǘŜ ƪƤȊƤƭǀǘŜǎƛ ǎǇŜƪǘǊǳƳ ŜƭŘŜ ŜŘƛƭƳƛǒǘƛǊΦ  

 

Anahtar kelimeler: YƤȊƤƭǀǘŜǎƛ ǎǇŜƪǘǊƻǎƪƻǇƛǎƛΣ CƻǳǊƛŜǊ ŘǀƴǸǒǸƳǸ ǎǇŜƪǘǊƻǎƪƻǇƛǎƛ όC¢{ύΣ 

ƪƤǊƤƴƤƳ ƤȊƎŀǊŀ ƎƛǊƛǒƛƳǀƭœŜǊ ό[DLύΣ aƛƪǊƻ-opto-elektro-mekanik sistemler (MOEMS).  
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For thin film solar cell applications, having the direct energy band gap of 1.4-1.5 

eV, a large optical absorption coefficient above 10
4
 cm

-1
 and p-type conductivity, 

quaternary compound of Cu2ZnSnS4 (CZTS) is one of the most promising candidates among 

the possible photo-absorbing materials [1]. Also it is well known that CZTS is one of the 

appropriate photovoltaic materials not only being low-cost solar cell but also consisting of 

earth-abundant elements [2]. In this study, CZTS films were growth on Ti and Mo 

backcontact coated SLG substrate by dc magnetron sputtering technique. Sn/Zn/Cu layers 

were sputtered and these deposited stacks were transformed into CZTS films by 

sulfurization. The transformed CZTS films were characterized by X-ray Photoelectron 

Spectroscopy (Specs) and Confocal Raman scattering (Scientific Instruments) 

measurements. The focus of this study is being on secondary phases, CZTS surface 

composition and native oxidation for future development of solar cell. XPS survey 

spectrum of CZTS verified the existence of Cu, Zn, Sn, S, and C.  The detailed scanning Cu 

2p, Zn 2p, Sn 3d, S 2p were also obtained. The Raman analysis includes possible CZTS peaks 

at 338 cm
-1
, 287 cm

-1
 and 252 cm

-1
 [3]. In addition, it is evident that there is additional 

peak related to the presence of other compound of SnS 190 cm
1
. 

In summary, we have shown that our CZTS films prepared with dc magnetron 

sputtering technique presented majority CZTS phase and some secondary phases.  The 

optimization of film stoichiometry and sulfurization process are in progress.  

Keywords: Thin film solar cells, Cu2ZnSnS4 (CZTS) thin film, Sputtering, XPS, Raman. 
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D9[ {tTb Y!t[!a! ¸mb¢9aT T[9 .«¸«¢«[a9{T ±9 CT½TY{9[ m½9[[TY[9wT 
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CdO ince filmler sol-ƎŜƭ ǎǇƛƴ ƪŀǇƭŀƳŀ ȅǀƴǘŜƳƛ ƛƭŜ ŎŀƳ ŀƭǘǘŀǒƭŀǊ ǸȊŜǊƛƴŜ 

ōǸȅǸǘǸƭƳǸǒǘǸǊΦ CƛƭƳƭŜǊƛƴ ƻǇǘƛƪΣ ȅŀǇƤǎŀƭ ǾŜ ŜƭŜƪǘǊƻƴƛƪ ǀȊŜƭƭƛƪƭŜǊƛ ƛƴŎŜƭŜƴƳƛǒ ƻƭǳǇΣ пллC̄ ve 

500̄/ ǎƤŎŀƪƭƤƪƭŀǊŘŀ ǘŀǾƭŀƳŀ ǎƻƴǳŎǳƴŘŀ ŦƛȊƛƪǎŜƭ ǀȊŜƭƭƛƪƭŜǊƛƴƛƴ ŘŜƐƛǒƛƳƛ ŀǊŀǒǘƤǊƤƭƳƤǒǘƤǊΦ 

¢ŀǾƭŀƳŀ ƛǒƭŜƳƛ ǎƻƴǊŀǎƤ ƳƻǊǀǘŜǎƛ-ƎǀǊǸƴǸǊ ōǀƭƎŜ ƎŜœƛǊƎŜƴƭƛƪ ǎǇŜƪǘǊƻǎƪƻǇƛǎƛ ƪǳƭƭŀƴƤƭŀǊŀƪ 

ǀƭœǸƭŜƴ ƎŜœƛǊƎŜƴƭƛƪ ǎǇŜƪǘǊǳƳƭŀǊŘŀƴΣ ŦƛƭƳƭŜǊƛƴ флл ƴƳΩŘŜƪƛ ƻǇǘƛƪ ƎŜœƛǊƎŜƴƭƛƪƭŜǊƛ ǎƤǊŀǎƤȅƭŀ ҈ул 

ǾŜ ҈срΣ ƻǇǘƛƪ ŜƴŜǊƧƛƭŜǊƛ нΦпл Ŝ± ǾŜ нΦмр Ŝ± ƻƭŀǊŀƪ ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ ·-ƤǒƤƴƤ ƪƤǊƤƴƤƳƤ ƛƭŜ ŦƛƭƳƭŜǊƛƴ 

ƪǊƛǎǘŀƭƭŜǒƳŜ ŘǸȊŜȅƭŜǊƛΣ ǘŜǊŎƛƘƭƛ ȅǀƴŜƭƛƳƭŜǊƛΣ ǀǊƎǸ ǎŀōƛǘƭŜǊƛΣ ǘŀƴŜ ōǸȅǸƪƭǸƪƭŜǊƛ ǾŜ ȅŀǇƤƭŀƴƳŀ 

ƪŀǘǎŀȅƤƭŀǊƤ Ǝƛōƛ ōŀȊƤ ȅŀǇƤǎŀƭ ǇŀǊŀƳŜǘǊŜƭŜǊ ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ CƛƭƳƭŜǊƛƴ ǇƻƭƛƪǊƛǎǘŀƭ ȅŀǇƤŘŀ 

ƻƭǳǒǘǳƪƭŀǊƤ ǾŜ ƘŜǊ ƛƪƛ ǘŀǾƭŀƳŀ ǎƤŎŀƪƭƤƐƤ ƛœƛƴ ŘŜ ǘŜǊŎƛƘƭƛ ȅǀƴŜƭƛƳƭŜǊƛƴƛƴ όмммύ ƻƭŘǳƐǳ 

ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ CƛƭƳƭŜǊƛƴ ȅǸȊŜȅ ƳƻǊŦƻƭƻƧƛƭŜǊƛ ŀǘƻƳƛƪ ƪǳǾǾŜǘ ƳƛƪǊƻǎƪƻōǳ ǾŜ ǘŀǊŀƳŀƭƤ ŜƭŜƪǘǊƻƴ 

ƳƛƪǊƻǎƪƻōǳ ƛƭŜ ƛƴŎŜƭŜƴƳƛǒ ǾŜ рлл ϲ/ΩŘŜ ǘŀǾƭŀƳŀƴƤƴ ȅǸȊŜȅƛ ŘŀƘŀ ŘǸȊŜƴƭƛ ǾŜ ƘƻƳƻƧŜƴ ƘŀƭŜ 

ƎŜǘƛǊŘƛƐƛ ƎǀǊǸƭƳǸǒǘǸǊΦ CƛƭƳƭŜǊƛƴ ŜƭŜƪǘǊƛƪǎŜƭ ǀȊŜƭƭƛƪƭŜǊƛ ƻŘŀ ǎƤŎŀƪƭƤƐƤƴŘŀ ŘǀǊǘ-ǳœ ŀƪƤƳ-voltaj 

ǀƭœǸƳƭŜǊƛ ƛƭŜ ŀƴŀƭƛȊ ŜŘƛƭƳƛǒǘƛǊ ǾŜ ƛƭŜǘƪŜƴƭƛƪƭŜǊƛƴƛƴ ǘŀǾƭŀƳŀ ǎƻƴǳŎǳƴŘŀ ŀǊǘǘƤƐƤ ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ 

9ƭŘŜ ŜŘƛƭŜƴ ǾŜǊƛƭŜǊ œŜǊœŜǾŜǎƛƴŘŜ ǎǇƛƴ ƪŀǇƭŀƳŀ ƳŜǘƻŘǳ ƛƭŜ ōǸȅǸǘǸƭƳǸǒ /Řh ŦƛƭƳƭŜǊƛƴΣ 

ǎŀȅŘŀƳ ƛƭŜǘƪŜƴ ƻƪǎƛǘ ƛƴŎŜ ŦƛƭƳƭŜǊ ƻƭŀǊŀƪ ƎǸƴŜǒ ƎǀȊŜƭŜǊƛ ōŀǒǘŀ ƻƭƳŀƪ ǸȊŜǊŜ ŦƻǘƻǾƻƭǘŀƛƪ 

ŀȅƎƤǘƭŀǊŘŀ ƪǳƭƭŀƴƤƭƳŀȅŀ ǳȅƎǳƴ ƻƭŘǳƐǳΣ ǘŀǾƭŀƳŀƴƤƴ ŦƛƭƳƭŜǊƛƴ ŦƛȊƛƪǎŜƭ ǀȊŜƭƭƛƪƭŜǊƛƴƛƴ ƳƻŘǸƭŜ 

ŜŘƛƭŜōƛƭƳŜǎƛƴŘŜ Ŝǘƪƛƭƛ ƻƭŘǳƐǳ ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ   

.ǳ œŀƭƤǒƳŀ 4ŀƴŀƪƪŀƭŜ hƴǎŜƪƛȊ aŀǊǘ «ƴƛǾŜǊǎƛǘŜǎƛ .ƛƭƛƳǎŜƭ !ǊŀǒǘƤǊƳŀ tǊƻƧŜƭŜǊƛ 

ό4ha«-.!tύ ǘŀǊŀŦƤƴŘŀƴ нлммκллф ƴƻƭǳ ǇǊƻƧŜ ƪŀǇǎŀƳƤƴŘŀ ŘŜǎǘŜƪƭŜƴƳƛǒǘƛǊΦ 

 

Anahtar kelimeler: CdO ince filmler, sol-gel spin kaplama, UV-VIS, XRD, AFM, SEM.  
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.ǳ œŀƭƤǒƳŀŘŀ ƳƛƪǊƻ-œǳōǳƪƭŀǊƤƴ ȅǸƪǎŜƪ ōŀǎƤƴœ ŀƭǘƤƴŘŀΣ ǎƤǾƤΣ ƎŀȊ ǾŜ ǎǸǇŜǊƪǊƛǘƛƪ 

ƪŀǊōƻƴŘƛƻƪǎƛǘǘŜ ŦǊŜƪŀƴǎ ǘŜǇƪƛƭŜǊƛ ƛƴŎŜƭŜƴƳƛǒǘƛǊΦ CǊŜƪŀƴǎ ǘŜǇƪƛƭŜǊƛƴƛ ǀƭœƳŜƪ ŀƳŀŎƤȅƭŀ ǀȊŜƭ ōƛǊ 

ŘǸȊŜƴŜƪ ƪǳǊǳƭƳǳǒǘǳǊΦ ¦ȊǳƴƭǳƪƭŀǊƤ нлл˃Ƴ ƛƭŜ плл˃Ƴ ŀǊŀǎƤƴŘŀ нр ˃Ƴ ŀǊŀƭƤƪƭŀǊƭŀ ŘŜƐƛǒŜƴ 

mikro-œǳōǳƪƭŀǊƤƴ ŦǊŜƪŀƴǎ ǘŜǇƪƛƭŜǊƛ ǎƤǾƤΣ ƎŀȊ ǾŜ ǎǸǇŜǊƪǊƛǘƛƪ ƪŀǊōƻƴŘƛƻƪǎƛǘǘŜ ǀƭœǸƭƳǸǒǘǸǊΦ 

CŀǊƪƭƤ ōŀǎƤƴœƭŀǊŘŀ ȅŀǇƤƭŀƴ ǀƭœǸƳƭŜǊ ŘƻƐǊǳƭǘǳǎǳƴŘŀΣ ŦǊŜƪŀƴǎ ǘŜǇƪƛƭŜǊƛƴƛƴ ƻǊǘŀƳ ōŀǎƤƴŎƤƴŀ 

ƎǀǊŜ ŘŜƐƛǒƛƪƭƛƪ ƎǀǎǘŜǊŘƛƐƛ ǘŜǎǇƛǘ ŜŘƛƭƳƛǒǘƛǊΦ mȊŜƭƭƛƪƭŜΣ ƎŀȊ ƘŀƭƛƴŘŜƪƛ ƪŀǊōƻƴŘƛƻƪǎƛǘǘŜ ŦǊŜƪŀƴǎ 

ǘŜǇƪƛƭŜǊƛƴƛƴ ōŀǎƤƴœƭŀ ŘƻƐǊǳǎŀƭ ŘŜƐƛǒƛƳ ƎǀǎǘŜǊŘƛƐƛ ƎǀȊƭŜƳƭŜƴƳƛǒǘƛǊΦ 
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¢ŜǊŀƘŜǊǘȊ ŦǊŜƪŀƴǎƤ ǘŜƪƴƻƭƻƧƛǎƛƴƛƴ ōƛǊ ƎŜǘƛǊƛǎƛ ƪŀōƭƻǎǳȊ ƘŀōŜǊƭŜǒƳŜŘŜ ŘŀƘŀ ǀƴŎŜ 

ŘǸǒǸƴǸƭŜƳŜȅŜƴ ǾŜǊƛ ƪŀǇŀǎƛǘŜƭŜǊƛƴŜ ǳƭŀǒƤƭŀōƛƭŜŎŜƪ ƻƭƳŀǎƤŘƤǊΦ Yƭŀǎƛƪ ƳƛƪǊƻŘŀƭƎŀ 
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ǀƴƎŜǊƛƭƛƳ ƳƻŘǸƭŀǎȅƻƴǳ ǎŀƐƭŀƴƳƤǒ  ǾŜ ŜƭŜƪǘǊƻ-ƻǇǘƛƪ ƪǊƛǎǘŀƭ Ҍ ŦƻǘƻŘŜǘŜƪǘǀǊ ŀƭƤŎƤŘŀ 
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1) YƻŎŀŜƭƛ «ƴƛǾŜǊǎƛǘŜǎƛΣ [ŀȊŜǊ ¢ŜƪƴƻƭƻƧƛƭŜǊƛ !ǊŀǒǘƤǊƳŀ ǾŜ ¦ȅƎǳƭŀƳŀ aŜǊƪŜȊƛ 

нύ .ŀƐŘŀǘ «ƴƛǾŜǊǎƛǘŜǎƛΣ [ŀȊŜǊ 9ƴǎǘƛǘǸǎǸ 

оύ YƻŎŀŜƭƛ «ƴƛǾŜǊǎƛǘŜǎƛΣ 9ƭŜƪǘǊƻ-hǇǘƛƪ {ƛǎǘŜƳ aǸƘŜƴŘƛǎƭƛƐƛ .ǀƭǸƳǸ 

пύ YƻŎŀŜƭƛ «ƴƛǾŜǊǎƛǘŜǎƛΣ aŜǘŀƭǸǊƧƛ ǾŜ aŀƭȊŜƳŜ aǸƘŜƴŘƛǎƭƛƐƛ 

5) BEAM Ar-DŜΣ [ŀȊŜǊ ǾŜ hǇǘƛƪ ¢ŜƪƴƻƭƻƧƛƭŜǊƛΣ Yh¦ ¢ŜƪƴƻǇŀǊƪƤ 

 

            [ŀȊŜǊƭŜ ƻƭǳǒǘǳǊǳƭŀƴ ǇƭŀȊƳŀ ǎǇŜƪǘǊƻǎƪƻǇƛ ό[L.{ύ ǘŜƪƴƛƐƛ ŜƴŘǸǎǘǊƛȅŜƭΣ ŀŘƭƛ ǘƤǇΣ ŀǎƪŜǊƛΣ 

ƪǸƭǘǸǊŜƭ ƳƛǊŀǎΣ œŜǾǊŜǎŜƭ ƎǀǊǸƴǘǸƭŜƳŜ ǾŜ ōƛƻƳŜŘƛƪŀƭ ǳȅƎǳƭŀƳŀƭŀǊŘŀ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊ ώм-4].  

.ǳ œŀƭƤǒƳŀŘŀΣ ƳƛƭƛǎŀƴƛȅŜ όƳǎύ ŀǘƤƳƭƤ bŘΥ¸!D ƭŀȊŜǊ ƪǳƭƭŀƴƤƭŀǊŀƪ ŦŀǊƪƭƤ ƪŀƭƤƴƭƤƪǘŀ ƛƪƛ ōŀƪƤǊ 

ǇƭŀƪŀƴƤƴ ƪŀȅƴŀƪ ŜŘƛƭƳŜǎƛƴŘŜΣ ƭŀȊŜǊ ŜƴŜǊƧƛǎƛƴƛƴ ǎƻƐǳǊǳƳǳƴǳ ǾŜ ƪŀȅƴŀƪ ƪŀƭƛǘŜǎƛƴƛ ŀǊǘǘƤǊƳŀƪ 

ŀƳŀŎƤ ƛƭŜ ƪŀȅƴŀƪ ǎƤǊŀǎƤƴŘŀ ǎƛǎǘŜƳŜ ƪƻōŀƭǘ ŀƭŀǒƤƳƤ όǎǘŜƭƭƛǘŜ сύ ǘƻȊ ƛƭŀǾŜ ŜŘƛƭŘƛΦ  .ŀƪƤǊ 

ǇƭŀƪŀƭŀǊƤƴ ƭŀȊŜǊƭŜ ƪŀȅƴŀƪ ŜŘƛƭƳŜǎƛƴŘŜ ƻƭǳǒŀƴ ƪŀȅƴŀƪ ōǀƭƎŜǎƛƴŘŜƪƛ ƪƻōŀƭǘ ǾŜ ōŀƪƤǊ ŀƭŀǒƤƳƭŀǊƤ 

ȅǸƪǎŜƪ œǀȊǸƴǸǊƭǸƪƭǸ œƻƪ ƪŀƴŀƭƭƤ ǎǇŜƪǘǊƻƳŜǘǊŜ ǾŜ ƴŀƴƻǎŀƴƛȅŜ όƴǎύ ŀǘƤƳƭƤ bŘΥ¸!D ƭŀȊŜǊ 

ƪǳƭƭŀƴƤƭŀƴ [L.{ ǘŜƪƴƛƐƛ ƛƭŜ ŀƴŀƭƛȊ ŜŘƛƭŘƛΦ [L.{ ǎƛǎǘŜƳƛ ƛƭŜ ōŀƪƤǊ ǇƭŀƪŀƭŀǊƤƴ ƪŀȅƴŀƪ ōǀƭƎŜǎƛƴƛƴ 

ŜƭŜƳŜƴǘŀƭ ōƛƭŜǒƛƳƛ ǾŜ ǎǘŜƭƭƛǘŜ с ǘƻȊǳƴǳƴ ōǳ ōǀƭƎŜŘŜƪƛ ƴǸŦǳȊ ŜǘǘƛƐƛ ŘŜǊƛƴƭƛƪ ōŜƭƛǊƭŜƴŘƛΦ [ŀȊŜǊƭŜ 

ƪŀȅƴŀƪ ƛǒƭŜƳƛƴƛ ƻǇǘƛƳǳƳ ƘŀƭŜ ƎŜǘƛǊƳŜƪ ǾŜ ȅǸƪǎŜƪ ƪŀƭƛǘŜŘŜ ƪŀȅƴŀƪ ŜƭŘŜ ŜǘƳŜƪ ƛœƛƴ ƭŀȊŜǊ Ǉƛƪ 

ƎǸŎǸ ǾŜ Ǉŀƭǎ ǎǸǊŜǎƛ ǇŀǊŀƳŜǘǊŜƭŜǊƛ ƛƴŎŜƭŜƴŘƛΣ ǘƻȊ ōŜǎƭŜƳŜ ǸƴƛǘŜǎƛ ƪǳƭƭŀƴƤƭŀǊŀƪ ǎǘŜƭƭƛǘŜ с 

ǘƻȊǳƴǳƴ ƳƛƪǘŀǊƤ ƻǇǘƛƳƛȊŜ ŜŘƛƭŘƛΦ CŀǊƪƭƤ ƭŀȊŜǊ ǇŀǊŀƳŜǘǊŜƭŜǊƛ ƛœƛƴ œŜƪƳŜ ǘŜǎǘƛ ǾŜ ǎŜǊǘƭƛƪ 

ŘŜƐŜǊƭŜǊƛ ǀƭœǸƭŘǸΦ [L.{Σ 95· ǾŜ {9a ǎƻƴǳœƭŀǊƤ ǎǘŜƭƭƛǘŜ с ǘƻȊǳƴǳƴ ōŀƪƤǊ ǇƭŀƪŀƭŀǊŀ ƛǒƭŜŘƛƐƛƴƛ ǾŜ 

ǎŜǊǘƭƛƐƛƴƛ ŀǊǘǘƤǊŘƤƐƤƴƤ ƎǀǎǘŜǊŘƛΦ 

 

   




