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NEUTRON TRANSMITTANCE OF STEEL,
PARAFFIN, POLYETHYLENE, IRON AND
EPOXY MATERIALS

Selcen UZUN DURAN?

1. INTRODUCTION

As the use of radiation expands across various fields,
efforts to reduce its harmful effects are becoming increasingly
important. The most fundamental principle for protection
against external radiation is to minimize the radiation dose
received. The dose level depends on several factors, including
the type of radiation, the distance from the source, the length of
exposure, and the shielding surrounding the source.
Understanding how radiation interacts with matter is essential
for developing radiation protection strategies. When radiation
passes through a material, it loses some or all of its energy.
This loss of energy is known as the material’s radiation
shielding capability. The effectiveness of shielding varies
depending on the material and the type of radiation involved.
Consequently, different materials are chosen to shield against
different kinds of radiation (Abdulrahman et al., 2020;
Unscear, 2000). The interaction mechanism varies depending
on the type and energy of the particle, as well as the number of
protons and the density of the atoms in its environment.
Therefore, interactions between charged particles (alpha and
beta particles) and uncharged particles (photons, gamma rays
and neutrons) with matter must be considered separately.
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Although different protection methods exist for different types
of radiation, protection against neutron radiation is of
particular importance as it is the most dangerous type of
radiation. When radiation interacts with matter, various events
can occur, such as scattering (elastic and inelastic), the
photoelectric effect and pair production (Kagal et al., 2019).
The probability of radiation interacting with matter is defined
as the cross section. Events that can occur when neutrons
interact with matter include reactions such as elastic and
inelastic scattering, neutron capture and the emission of
charged particles. Neutrons are uncharged particles with
masses close to that of a proton. Unlike charged particles, they
do not encounter a Coulomb barrier when approaching the
nucleus, but instead interact with the nucleus via nuclear
forces. Neutrons cannot directly ionise matter. However, their
interaction with the neutrons of the materials they encounter
leads to the formation of secondary radiation in the form of
alpha and beta particles, as well as gamma and X-rays. Since
neutrons are uncharged, they can penetrate deep into matter
without being affected by the Coulomb force during interaction
(Shin, et al., 2014).

These properties of neutrons are exploited when
changes to a material nucleus are desired. When a nucleus is
bombarded with neutrons, it can absorb them and increase its
mass. The atom with the increased mass becomes unstable,
reaching a stable state by emitting radiation. Therefore, neutron
radiation shielding requires protection against various types of
radiation, especially gamma rays. Since the paths taken by
alpha and beta particles resulting from nuclear reactions within
the material are short, they are generally neglected in
calculations. Neutrons penetrate matter more effectively than
other charged particles (alpha and beta), so shielding them is
equally challenging (Kagal et al., 2019- Wang et al., 2015).
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The shielding of neutron radiation occurs in three stages,
depending on the energy of the neutrons. High-energy neutrons
(E >10 MeV) and fast neutrons (10 keV-10 MeV) are sensitive
to hydrogen. In the first stage, therefore, neutrons pass through
hydrogen-rich materials such as water, polyethylene and
paraffin to reduce their energy, resulting in the production of
epithermal neutrons (0.3 eV-10 keV) and thermal neutrons
(0.01-0.3 eV). The second stage involves passing the neutrons
through materials such as cadmium, boron, and lithium, which
have a high absorption cross-section for slow (thermal)
neutrons, in order to absorb them. In the third stage, gamma rays
emitted by materials with a high cross-section for neutron
absorption in the second stage are captured using gamma-
absorbing materials, such as lead. Since light nuclei such as
hydrogen are more effective in materials used for neutron
shielding, materials such as water, concrete, and polymers are
more appropriate (Kipcak et al., 2013- More et al., 2021).

Polyethylene is highly effective in neutron moderation
due to its high hydrogen content. It is widely used in radiation
protection applications due to its low cost and workability. In
PE-based composites, the harmful effects of radiation are
reduced by lowering the energy of neutrons (Zhang, et al.,
2017). Furthermore, adding neutron-absorbing elements such as
boron or cadmium to PE enhances both neutron moderation and
absorption performance (Shultis & Faw, 2000).

Although epoxy resins have a lower hydrogen content
compared to polyethylene in neutron shielding, they are used as
binders in composite materials due to their superior mechanical
properties and chemical resistance. In epoxy matrix composites,
the distribution of boron and other neutron-capturing
nanoparticles optimises both structural strength and radiation
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protection (Jiao, et al., 2021). These composites are preferred in
lightweight shielding applications and space technologies.

Polyethylene is more effective in rapidly reducing
neutron energy, particularly due to its high pure hydrogen
content. Epoxy, on the other hand, is used more as a matrix in
composite materials to increase mechanical strength. Therefore,
it is common practice to reinforce polyethylene-based structures
with epoxy-based composites in materials intended for neutron
shielding (Sukegawa et al., 2011). Paraffin, as an organic
compound rich in hydrogen, is one of the materials frequently
preferred in neutron shielding applications. Its richness in
hydrogen atoms, which are used to effectively reduce (slow
down) the energy of neutrons, makes paraffin ideal as a neutron
moderator (Toyen, and Saenboonruang, 2017). In recent years,
there has been an increase in research on the use of boron,
barium, and tungsten, which are neutron and gamma ray
absorbing elements, in paraffin-based composites. These
composites have been developed as multi-layered shielding
systems for both neutron moderation and high-energy radiation
shielding (Zhang et al., 2019). Steel is widely used in nuclear
reactor vessels and radiation shielding for both mechanical
strength and neutron and gamma shielding. Furthermore, its
resistance to high temperatures and wear conditions provides
long-lasting shielding solutions (Aygiin, 2020). Iron alloys are
also being investigated to develop optimised shielding materials
against neutrons at different energy levels (Levet, 2020). In
neutron shielding, iron or steel is typically used as part of multi-
layer shielding systems to capture moderated neutrons and
absorb gamma radiation. For example, hydrogen-rich materials
(such as polyethylene and paraffin) are used to reduce the
energy of neutrons, while iron and steel layers are placed to
absorb the secondary gamma rays caused by these slowed-down
neutrons (IAEA, 2000).
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This study investigates the neutron absorption properties
of iron, steel, paraffin, epoxy, and high-density polyethylene,
which are frequently used in radiation environments.

2. MATERIAL METHOD

This study investigated the interaction behaviour of
materials with different physical and chemical properties with
neutrons. Five samples, each with a diameter of 7 cm and a
thickness of 1 cm, were prepared for this purpose. The samples
that were investigated were iron, steel, paraffin, high-density
polyethylene and epoxy resin. The primary objective in selecting
these materials was to compare the neutron interaction
behaviour of samples with different structural properties and
densities, which are frequently used in radiation fields.

Iron and steel samples were obtained directly from
industrial production and cut to standard dimensions, with no
additional processing to prepare them for testing. The paraffin
and epoxy resin samples were obtained by sourcing the raw
materials separately. First, the paraffin was melted or liquefied,
then poured into silicone moulds of the same dimensions and
left to solidify. The epoxy resin was mixed with a hardener at a
ratio of 1:4 and left to harden in the same moulds. This ensured
that the samples were dimensionally compatible with each other.
The high-density polyethylene sample was prepared using
granular raw material. First, the granules were shaped using an
extruder; then, the final product was obtained in the desired
dimensions using the injection moulding method.

Each sample was produced with the same diameter and
thickness to ensure comparable results in the experimental
studies. These samples were tested to reveal the amount of
attenuation neutrons undergo when passing through materials of
different densities and atomic compositions. Figure 1
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collectively shows the final state of the five different samples
used in the experiments, whose neutron absorption properties

were investigated.

Figure 1. a) Steel, b) Paraffin c) High-density polyethylene
d) Iron e) Epoxy

To determine the macroscopic neutron cross sections of
the samples under investigation, a %**Pu—Be neutron source with
an activity of 5 Ci was used. This source had dimensions of 2.59
cm x 11.2 cm, was characterised by isotropic emission
properties and was positioned within a neutron howitzer
designed to guide neutrons through predefined horizontal and
vertical channels. The source was enclosed by a 0.3 cm thick
aluminium casing and a 2.6 cm thick Plexiglas moderator rod,
which could be adjusted remotely from the upper section. The
entire system was embedded inside a sealed cylindrical structure
with a radius of 28.5 cm, fabricated from hydrogen-enriched
paraffin (15.7 wt% H and 84.3 wt% C). The outermost layer of
this configuration was a 0.3 cm thick aluminium drum. For
investigations into shielding performance, channel 4 (the
horizontal channel) was employed, providing a neutron flux of
approximately 10° neutrons/cm?/s with an energy distribution
extending up to 10.5 MeV, and an average kinetic energy of
4.24 MeV (Topuz and Reyhancan, 2019).

The neutron densities were measured using a Polimaster
PM1401K (PM1401K-3P Multipurpose Hand, 1401) neutron
detector with an energy sensitivity range of 0.025 eV-14 MeV.
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After the detector was fixed in place, the reference densities (Io)
were recorded (PM1401K-3P, POLIMASTER). Then, the disk-
shaped samples produced were placed in turn in the beam output
and the transmitted densities (1) were determined for each one
(Wang et al., 2015).

For each sample, the total neutron removal cross-section
was determined using the following relationship Eq. (1):

T=1/lp = e ' (1)

Where Xy IS the macroscopic removal cross-section
(representing the neutron shielding ability for a specific energy
range), lo is the incident neutron intensity, | is the transmitted
neutron intensity, x is the sample thickness and T is the
transmission fraction defined as I/lo (Wang et al., 2015).

HVL is conceptualized as the thickness of the shielding
material required to reduce the initial radiation intensity to 50%
after penetrating through the shield (Alver et al., 2023). The
formula is given as follows Eq. (2):

HVL=In(2)/Zt (2)

In this study, the neutron transmittance, macroscopic
cross sections and half-value thicknesses of the samples were
determined.

3. RESULTS AND DISCUSSION

In this study, samples with a thickness of 1 cm and a
diameter of 7 cm were prepared to investigate the attenuation
and absorption properties of different materials against neutrons.
Iron, steel, paraffin, epoxy resin and high-density polyethylene
samples were used in the experimental measurements. The main
purpose of selecting these materials was to comparatively
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evaluate the neutron interaction behaviour of samples with
different structural properties and densities, which are frequently
used in radiation fields.

The attenuation amount of neutrons during their passage
through the material was determined for each sample, thereby
quantitatively establishing the neutron absorption rates of the
samples. The neutron transmittance values obtained from the
measurements, i.e. the I/lo ratios (where I represents the neutron
intensity detected after passing through the material and lo
represents the neutron intensity before entering the material),
were calculated separately for different materials.

In order to interpret the results obtained in a more
comprehensible manner, a graph showing the neutron
permeability ratios of the samples was prepared and presented in
the study as Figure 2. This graph visually illustrates the
differences in neutron permeability between the materials and
clearly shows which material has a higher absorption property
against neutrons.
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Figure 2. Neutron transmittance of steel, paraffin, polyethylene,
iron and epoxy materials
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The macroscopic  cross-sections and half-value
thicknesses of the samples are presented in Table 1.

Table 1. Neutron macroscopic cross section, half-value thickness
of steel, paraffin, polyethylene, iron, epoxy material.

Macroscopic cross-sections Half Value Layer
Samples
Paraffin 0.60+0.05 1.16
Polyethylene 0.71£0.07 0.98
Epoxy 0.53+0.07 1.31
Iron 0.66+0.09 1.05
Steel 0.69+0.13 1.00

Based on the data obtained, it was determined that the
material exhibiting the highest performance in terms of neutron
transmission ratio was high-density polyethylene, followed by
iron, steel, paraffin, and epoxy resin. This result demonstrates
that polyethylene, which is particularly rich in hydrogen, plays
an effective role in neutron scattering, while metal-based
materials provide significant contribution due to their density
advantages, and epoxy resin has a lower but still noteworthy
protection capacity compared to the others.

Furthermore, when examining half-value thicknesses, it
was concluded that the material with the lowest half-value
thickness absorbed neutrons most effectively. In this context, the
material with the lowest half-value thickness was determined to
be high-density polyethylene. This superiority of polyethylene
stems from its structure containing a large amount of hydrogen
atoms, which causes it to undergo strong elastic scattering
interactions with neutrons. On the other hand, the epoxy-based
material with the highest half-value thickness value exhibited
the lowest effectiveness in terms of neutron attenuation.
Therefore, when the half-value thickness parameter is examined,
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the neutron absorption capacities of the materials can be directly
compared, and it is evident that polyethylene is the most
effective protective material.

4. CONCLUSION

This study investigated the neutron attenuation
performance of various materials using a 239Pu-Be neutron
source, based on macroscopic cross sections and half-value
thicknesses. The obtained data show that high-density
polyethylene is the most effective at reducing neutron
transmission, followed by iron, steel, paraffin and epoxy resin,
respectively. Half-value thickness analyses also supported this
result, determining that polyethylene, which has the lowest half-
value thickness, offers the best performance in terms of neutron
absorption. In contrast, epoxy resin, which has the highest half-
value thickness, shows relatively lower effectiveness.

The superior performance of polyethylene can be
explained by the strong elastic scattering interactions that the
high concentration of hydrogen atoms in its structure can form
with neutrons. While epoxy-based resin provides more limited
protection on its own, it has significant potential as an
alternative due to its structural stability, lightness and
workability when enriched with different additives.

Consequently, although polyethylene is the most
effective material for neutron attenuation, advanced epoxy-
based composite materials are considered to be promising new-
generation protective materials for nuclear technology and
medical radiation applications.

10
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OPTISYENLIKTE GUNCEL GELiSMELER
VE YAPAY ZEKA

Ozge ERDEM*
Siimeyra CAN?

1. GIRIS

Optisyenlik, temelleri fizik biliminin 6zellikle optik dali
tizerine kurulmus, fizik bilgisiyle sekillenen bir miihendislik
pratigi ve gorme sagligini destekleyen teknik ve uygulamali bir
sektordiir. Isigin kirilmasi, yansimasi, mercekler yardimiyla
yonlendirilmesi gibi fiziksel ilkeler; optisyenlik alaninda
gbzIlik cami tasarimi, lens iretimi ve gorsel diizeltme
yontemlerinde kullanilir.  Son yillarda optisyenlik-fizik
eksenine yapay zeka da eklenmistir. Karmasik veri analizi,
Oriinti tamima ve otomatik karar destek sistemleri gibi
becerilere sahip olan yapay zeka, optik sistemlerin hem
iretiminde hem de uygulanmasinda giderek daha fazla yer
almaktadir.

Geleneksel optik 6l¢lim yontemlerinde insan goziine
dayali tahmin ve manuel hesaplamalar yapilmakta iken, yapay
zekd destekli sistemler optik verileri fiziksel parametrelerle
analiz ederek cok daha hassas sonuglara ulasir. Ozellikle 151810
davranigin1 anlamaya ve modellemeye yonelik fizik tabanl
simiilasyonlarin yapay zeka ile birlesmesi (wavefront

! Dog. Dr., Bayburt Universitesi, Saghik Hizmetleri MYO, Tibbi Hizmetler ve
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teknolojisi gibi), bireysellestirilmis optik ¢ozlimler iiretilmesini
miimkiin kilar.

Bu béliimde, teknolojik gelismelerin optisyenlik alanina
etkileri ile yapay zeka teknolojilerinin optisyenligin bilimsel
temellerine  entegrasyonu fiziksel prensipler ve pratik
uygulamalar ¢ergevesinde ele alinmaktadir.

2. OPTISYENLIK ALANINDAKI GELISMELER

Dijitallesme ve ileri malzeme miihendisligi alanlarinda
yasanan teknolojik gelismelerin, optisyenlik sektoriine olan
etkileri ve bu gelismelerin sektorel uygulamalara yansimalari bu
baslik altinda incelenmektedir.

2.1. Hafif ve Dayanikh Cerceve Malzemeleri

Gozlik c¢ergevesi tlretiminde esneklik, 1s1 ve darbe
dayanimi, hafiflik ve kullanicinin estetik tercihleri gibi faktorler
g0z Ontine alinir. Tiim bu 6zellikleri biinyesinde barindiran bir
gozlik cergevesi tasarimi i¢in kolay sekil verilebilen, hafif ve
dayanikli malzemelere ihtiya¢ vardir. Cerceve lretiminde
kullanilan titanyum, aliiminyum, karbon fiber gibi malzemelere
2000’li yillarin basinda TR90 (Grilamid) ve ULTEM
(Polyetherimide—PEI) de katilmistir.

TR90, Isvigre merkezli bir firmanmn gelistirdigi naylon
bazli bir termoplastiktir[ll. Alerjik reaksiyon riski disiik,
kimyasallara (ter, sa¢ spreyi vb.) kars1 dayanikli, esnek, cok
hafif (yogunlugu ~1.14 g/cm?), uzun siireli kullanimda sekil
bozulmasina ve kirilmaya kars1 direnclidir. Ozellikle sporcu ve
cocuk gozliiklerinde darbe dayanimi ve esneklik o6zellikleri
nedeniyle tercih edilir.

ULTEM  amorf termoplastik  polieterimid  bir
malzemedir ve yiiksek sicakliga dayamklidir®. TR90’dan daha
hafiftir, termal ve termooksidatif dayanimi yiiksektir,

15
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kimyasallara ve UV’ye kars1 direngli ve biyouyumludur.
Baslangicta elektronik ve havacilik gibi yiiksek 1s1 ve basincin
oldugu alanlarda ve endiistriyel koruyucu gozliiklerde
kullanilan teknik c¢ercevelerdir. 2005 sonrasinda oOzellikle
Japonya ve Giliney Kore menseli markalar ile ULTEM
gerceveler one ¢ikmuistir.

2.2. Yeni Nesil Optik Lens Malzemeleri

Gozlik camlarinda (optik  lenslerde)  kullanilan
malzemeler, hem optik performans hem de fiziksel 6zellikler
acisindan cesitlilik gostermektedir. Bu malzemelerin sadece
kirma kusurlarini diizeltmesi degil; ayn1 zamanda incelik, darbe
dayanim, hafiflik, UV korumasi ve diisiik maliyet ytliksek optik
kalite gibi 6zelliklere sahip olmasi ve kullanici ihtiyaglarini
karsilamas1 dnemlidir.

Giliniimiizde en kaliteli gozlik camlar1 denince akla
polikarbonat ve trivex lensler gelir. Polikarbonat malzeme,
termoplastik polimerden iiretilir ve ~1.20 g/cm?® yogunluga
sahiptir. Polikarbonat lensler 1958°de ticari olarak kullanilmaya
baslanmigtir. 1970’lerde uzay ve vizdr uygulamalart i¢in etkili
bir materyal olarak degerlendirilmis ve 1980’lerde darbe
dayanikliliklar1 nedeniyle askeri gozlikklerde ve giivenlik
gozliklerinde  kullanim yayglnlasmlstlr[?’].
popiilerligini koruyan bu lens tiirii sporcu gozliikleri ile ¢ocuk
gozliiklerinde de kullanilmaktadir.

Glinimizde

Trivex hammaddeli lensler, polikarbonat lenslere gore
daha hafiftir ve optik netligi daha iyidir. Polikarbonat ve trivex
lensler mineral ve organik lenslere gore kirilma ve catlamalara
karst daha dayamklidir. Ozellikle trivex lensler cergevesiz
(faset) gozliiklerde kullanim i¢in idealdir. Yiiksek kiricilik
indeksli plastik lensler ise, diger iki malzemeye kiyasla biraz
daha agirdir ve darbe dayanmimi ¢ok daha diistiktir. Fakat
kiricilik indeksi daha yiiksek oldugundan yiiksek dereceli goz
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bozukluklar1 olan kullanicilar i¢in daha ince ve estetik lens
yapimina imkan tanir.

Ginimiizde, malzeme bilimi ve mikroelektronik
teknolojilerindeki ilerleme sayesinde optik lens tasariminda yeni
bir ¢cag baglatan akilli lens malzemeleri gelistirilmektedir. Yeni
nesil akilli lens malzemeleri odak wuzakligini otomatik
ayarlayabilen elektrokromik veya sivi kristal yap1 igerir.
Elektromik lenslerde, uygulanan diisiik voltajli elektrik
sinyalleri 151k gecirgenligini veya optik 6zellikleri degistirir. Sivi
kristallerde ise, molekiiler yonelim sayesinde 15181n kirilma agisi
kontrol edilir. Ar-Ge asamasinda olan bu elektronik lensler,
malzeme miihendisliginde devrim niteligindedir ve giyilebilir
optoelektronik sistemler alaninda biiyiik bir potansiyele sahiptir.

2.3. Ince Film Teknolojisindeki Gelismeler

Gelisen ince  film  teknolojisiyle  giiniimiizde
nanopartikiiller ile ¢ok fonksiyonlu AR kaplamalar ve aerojel
bazli sol-jel AR kaplamalar yapilmakta ve yeni iriinler elde
edilmektedir. Yapilan bir ¢alismada, silisyumdioksit (SiOy) ve
titanyumdioksit (TiO;) nanopartikiilleri kullanilarak sol-gel
yontemiyle iiretilen ¢ok katmanli filmler, normal cam iizerinde
151k gecisini %92°den tek taraf kaplamada %95’e, cift taraf
kaplamada ise %97 iizeri seviyelere ¢ikarmistir [4]. Buna ek
olarak, UV emilimi, su ve yag iticilik, ¢izilmeye kars1 direng
gibi ek avantajlar da saglamaktadir. Bagka bir calismada ise,
polikarbonat ince film, bir tarafi dayamikli aliiminyum oksit
(Al,O3, aliimina) ile diger tarafi ise 15181 optimize eden silika
(Si0y) ile kaplanarak gift tarafli antirefle kaplama yapilmistir.
Boylece, hem mekanik dayaniklilik hem de esneklik 6zellikleri
arttlrllmlstlr[s] :

Dijital ekran kullaniminin artmasi ile yiiksek enerjili
goriilebilir 151k (6zellikle mavi 1s51k) maruziyetinin = goz
yorgunlugu, gbéz sulanmasi, retinada oksidatif stres, makula
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dejenerasyonu ve uyku bozukluklart gibi biyolojik etkileri
artmistir. Bu nedenle, 2000’li yillarin baslarinda géz koruma
teknolojileri iizerine calismalar yayginlasmistir. Ilk mavi 151k
filtreli lensler, 2010°1u yillarin basinda dijital g6z yorgunlugunu
azaltma amaciyla piyasaya siiriilmiistiir ve 2015 sonrasinda,
Ozellikle pandemi doneminde uzaktan egitim ve g¢alisma
nedeniyle popiiler hale gelmistir. Son yillarda gergeklestirilen
bir patent ¢aligmasinda, mimari ve otomotiv uygulamalar1 i¢in
gelistirilen ultraviyole (UV) ve mavi 1sik engelleyici filmler
tammlanmistir’®. Bu filmler, 100-380 nm araligindaki UV
isinlarin1 ve 380—400 nm araligindaki kisa dalga boylu mavi
15181 %100 oraninda engelleme kapasitesine sahiptir. Yapisal
olarak, seffaf bir taban katmani iizerine RF/DC sputtering
yontemiyle kaplanmis UV  engelleyici bir tabakadan
olugsmaktadir. Bu ¢ok katmanli yap1, goriiniir 151k gecirgenligini
korurken zararli kisa dalga boylu ismnlarin etkin bicimde

filtrelenmesini saglar[s].

Onceleri lens iizerine mavi 151k yansimasini engelleyen
kaplamalar yapilirken, gilinlimiizde filtre daha c¢ok lens
materyaline entegre sekilde iiretilmektedir. Boylece, dijital
ekranlardan gelen titresim (flicker) etkileri ve renk sapmalari
azaltilarak goriintii kalitesi arttirilir.

Ic mekanda seffaf (veya seffafa yakin) olan ve giines
15181ina maruz kalindiginda otomatik olarak kararan 1518a duyarli
ve degisken renkli gozliik camlar1 fotokromik lensler olarak
adlandirilir. Fotokromik lenslerin kararmasina neden olan
molekiiller, glinesin ultraviyole 1sinlariyla aktif hale gelir. Bu
lensler, hem UV hem de mavi 15181 filtreleme 6zelligi gosterir.
Fotokromik lensler yiiksek indisli camlar, bifokal camlar ve
progresif camlar gibi neredeyse tiim cam malzemelerin
tasariminda kullanilabilir.
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Teknolojinin ilerlemesi ile fotokromik lenslere yansitic
olmayan kaplamalar eklenerek performanst arttirilmistir.
Yansitict olmayan kaplama, gece siiriisii gibi diisiik 151k
kosullarinda daha keskin goriis i¢in daha fazla 1s181n fotokromik
lenslerden ge¢cmesine izin verir ve parlak kosullarda ise giines
151g1n1n rahatsiz edici yansimalarini ortadan kaldirir!™. Piyasada
yer alan fotokromik giines gozliiklerinden olan Transitions,
Hoya Sensity, Corning SunSensor gibi markalar fotokromik
alanda renk, degisim hizi ve polikromatik 6zellikler agisindan
farkli modeller sunar. Son yillarda gelistirilen Zeiss PhotoFusion
X lensler, hizli tepki siiresine sahiptir. Bu lenslerin tam aktif
(koyu) durumdan %80 seffafliga doniis hizi, ISO 8980-3

standartlar1 ¢er¢evesinde iyilestirilmistir[g].

2.4. 3D Yazic1 Teknolojisindeki Gelismeler

3D yazict teknolojisi, son yillarda optisyenlik alaninda
bireysellestirilmis optik triinlerin iiretimi agisindan 6nemli bir
dontisiim siirecine girmistir. Bu teknoloji sayesinde, yliz yapisi,
kulak konumu, burun kopriisii yliksekligi gibi bireyin yiiz
anatomisine dayali olarak kisiye 0Ozgli gozlik cerceveleri
tasarlanmakta ve iiretilebilmektedir. Uretimde genellikle
poliamid tiirevleri (PA11, PA12) gibi esnek ve yiiksek darbe
dayanimina sahip malzemeler tercih edilmekte; ayrica secici
lazer eritme (SLM) yoOntemiyle titanyum tozu kullanilarak
hipoalerjenik ve yiiksek mukavemetli lilkks ¢erceveler
uretilebilmektedir. Cevresel siirdiiriilebilirlik acisindan ise,
biyobazli  asetatlar  (bio-acetate) giderek daha fazla
kullanilmaktadir. Sekil 1, kisiye o6zel ve tek parca gozlik
tasarimi yapan Alvaro Planchart Eyewear firmasi tarafindan
tasarlanan ve iiretilen Fuse 1+30W yazicida 3 boyutlu yazdirilan
gozliik gerceveleri ve saplarini gostermektedir.
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Sekil 1. Alvaro Planchart tarafindan tasarlanan ve iiretilen
Fuse 1+30W yazicida 3 boyutlu yazdirilan gozliik cerceveleri
ve saplar®

Gozlik cam liretiminde ise, O0zellikle torik, prizmatik ve
progresif gibi kompleks ylizey geometrilerine sahip lensler i¢in
3D yazicilar kalip iiretimi amaciyla kullanilmaktadir. Bu sayede
serbest bigimli (freeform) lens iiretimi daha hassas ve bireysel
ihtiyaclara uygun bigimde gerceklestirilebilmektedir. Bu
alandaki oncii girisimlerden biri olan Luxexcel, 6zel regine bazli
malzemeler kullanarak dogrudan 3D baski yontemiyle receteli
gozlik cami {retimini basariyla gergeklestiren ilk firma
olmustur. Giinlimiizde bu teknolojinin artirilmis gerceklik (AR)
gozliikleri icin receteli cama uyarlanmasi hedeflenmektedir.

3. OPTISYENLIK VE YAPAY ZEKA

Yapay zeka, optisyenlik alanina giderek daha fazla
entegre edilen bir teknoloji olup, hem gorsel saglik hizmetlerinin
kalitesini hem de optik iirlinlerin kisisellestirilmesini 6nemli
Ol¢iide gelistirmektedir. Optisyenlik uygulamalarinda yapay
zeka; gorme analizi, dijital 6l¢iim sistemleri, kisiye 6zel lens
tasarimi, gerceve se¢imi ve sanal deneme uygulamalar ile satig
ve danmigsmanlik siiregleri gibi birgok alanda etkin bir sekilde
kullanilmaktadir.

Bu baslik altinda, yapay zekanin optisyenlik alanina
getirdigi yeniliklerden bahsedilmektedir.
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3.1. Otomatik Ol¢iim Cihazlar ve Yapay Zeka

Otomatik Ol¢lim cihazlarinda yasanan teknolojik
gelismeler hem klinik hem de endiistriyel optik uygulamalar
acisindan dikkate deger bir ivme kazanmustir. Bu alandaki en
carpici ilerlemelerden ikisi, otomatik refraktometrelerde yapay
zeka ile daha isabetli Olglimler yapilmast ve wavefront
analizorlerde goriintii isleme algoritmalarina dayali daha islevsel
sistemlerdir.

Otomatik refraktometreler, refraktif kusurlarin objektif
olarak 6l¢iilmesinde kullanilan temel araglar olup, gozliikk cami
recetelerinin belirlenmesinde kritik rol oynarlar. Gelistirilen yeni
nesil refraktometreler, otomatik gz algilama ve hizalama (auto-
alignment) sistemleriyle donatilmistir. Bu sistemler, goz
merkezini otomatik olarak tespit ederek Olgiim siiresini onemli
Olciide kisaltmakta ve kullanici kaynakli hatalari en aza
indirmektedir.

Bazi  gelismis refraktometre modelleri  yalnizca
refraksiyon Ol¢limiiyle smnirli  kalmayip; kornea egriligi
(keratometri), pupil mesafesi, goz i¢i lens parametreleri gibi
biyometrik ol¢timleri gerceklestirebilmektedir. Ayrica retina
diizeyinde retrospektif refleksiyon analizleri ve non-kontakt
tonometri (gdz i¢i basing Olclimii) gibi ileri diizey tanisal
islemleri de entegre olarak sunabilmektedir (6rnegin Visionix
VX 120+). Bununla birlikte, temassiz baglatma, otomatik
mesafe ayar1 ve UV sterilizasyon modiilii gibi hijyen ve
kullanict giivenligi odakli yenilikler de cihazlara entegre
edilmistir. Baz1 cihazlar dogrudan hasta raporu olusturma ve
klinikk yazilimlarla veri paylasimi gibi  dijital saglik
entegrasyonlaria da imkan saglamaktadir.

Bahsedilen = gelismeler ile  modern  otomatik
refraktometreler yalnizca kirma kusurlarini  degerlendiren
cihazlar olmaktan ¢ikarak; coklu biyometrik Olgiim, entegre
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goriintlileme, temassiz kullanim, 3D okiiler tarama ve gelismis
retina analizleri gibi islevleri bir arada sunan ¢ok amacl tan
platformlarina dontigmiistiir. Ayrica Retinomax K-Plus 5 gibi
tagimabilir, el tipi modeller; mobil tarama hizmetleri, kirsal
saglik uygulamalar1 ve saha bazli gérme taramalar i¢in ideal
¢Oziimler sunmaktadir.

Wavefront teknolojisi ise, gozlin optik sisteminde
yalmizca  diigiik dereceli refraktif kusurlart  (miyopi,
hipermetropi, astigmatizma) degil, aym1 zamanda yiiksek
dereceli aberasyonlari da (koma, kiiresel aberasyonlar gibi
kompleks optik bozukluklar) hassas bigcimde tespit etmeye
yonelik ileri diizey bir goriintiileme ve 6l¢lim yontemidir. Bu
sistemde siklikla kullanilan Hartmann-Shack sensorii, gézden
yanstyan 151k dalgalarimin ideal diizlemden sapmalarini analiz
ederek bireyin goz optigine 6zgli bir dalga cephesi haritas
(wavefront map) olusturur. Sekil 2, gérme kusuruna sahip
gbzden 151k dalgas1 gegmesi ile olusan yaygin sapma sekillerini
(Zernike polinomlarini) gosterir. Bu sekiller astigmatizm, koma,
alan egriligi, defokus aberasyonu gibi farkli gérme kusurlarini
temsil eder. Boylece bireydeki gorme kusurunu tanimlamaya
yarar. Elde edilen veriler lazer sisteme islenerek kisiye o6zel
diizeltmeye imkan tanir.

Sekil 2. Kusurlu goriise sahip gozlerden 151k dalgasinin ge¢cmesiyle
olusan yaygin sapma seKkilleri (Zernike polinomlarl)[m]
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Wavefront teknolojisi, 6zellikle kisisellestirilmis refraktif
cerrahi uygulamalarinda (6rnegin wavefront-guided LASIK)
optik diizeltme hassasiyetini artirmak amaciyla yaygin olarak
kullanilmaktadir. Son bes yil igerisinde bu teknoloji alaninda
onemli gelismeler yasanmistir. Bunlardan ilki, adaptif optik
sistemlerle entegrasyonun saglanmasidir. Bu entegrasyon
sayesinde wavefront verilerine dayanarak gergek zamanli optik
diizeltmeler miimkiin hale gelmistir. Ayrica, wavefront-guided
refraktif cerrahi sistemleri her bireyin aberasyon haritasina gore
Ozellestirilmis tedavi planlari olusturarak, gorsel sonuglarda
daha yiiksek kalite ve hasta memnuniyeti saglamaktadir. Ayrica,
bazi modern otomatik refraktometre modellerine wavefront
analiz yetenekleri entegre edilmistir. Bu cihazlar, klasik
refraksiyon dOl¢limlerinin Otesine gecerek yliksek dereceli
aberasyonlarin da analizini gerceklestirebilmektedir. Bununla
birlikte, yapay zeka destekli algoritmalarin wavefront haritalama
stireglerine entegrasyonu ile patolojik aberasyon Oriintiilerinin
(6rnegin  keratokonus,  korneal = skar  dokulari, lens
dislokasyonlar1 vb.) daha erken ve giivenilir bir sekilde
tanilanmas1 miimkiin hale gelmistir.

3.2. Miisteri Analizinde Yapay Zeka ve
Yiiz Tanima Sistemleri

Yiiz tanima sistemlerinde yapay zeka, kullanicinin yiiz
yapisi, gorsel ihtiyaglari, stil tercihleri ve aligveris davraniglar
gibi cesitli verileri analiz ederek en uygun c¢erceve ve lens
se¢iminin yapilmasina olanak tanir. Bu sistemlerde genellikle
3D yiiz tarama teknolojisi, derin Ogrenme algoritmalari,
goriintli isleme teknikleri ve gercek zamanli hizalama
sistemleri birlikte ¢alisir. Ozellikle yiiz tanima teknolojisiyle
entegre calisan yapay zeka sistemleri, ¢er¢geve uyumlulugu
analizinde 6nemli bir rol oynar.
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Gelismis 3D yiiz tarayicilar, derin 6grenme algoritmalari
sayesinde kullanicinin yiiz hatlarin1 ayrintili bi¢gimde analiz
ederek yiiz sekli (oval, yuvarlak, kare vb.), gbz hizasi, kulak
konumu ve burun kopriisii yiiksekligi gibi anatomik 6zelliklere
gore cerceve Onerileri sunar. Bu alandaki ileri teknolojilere
ornek olarak Zeiss Visufit 1000 ve Essilor Visioffice 3 gibi
yapay zekd ve 3D tarayict entegrasyonuna sahip sistemler
gosterilebilir. Ayrica, FittingBox, QG Optique ve GlassesUSA
Al gibi platformlar da, yapay zeka tabanli analizle kullanici
ihtiyaclarina en uygun cerceve alternatiflerini Onerir. YOU
MAWO gibi markalar da, kullanicidan elde edilen yiiz tarama
verilerine dayanarak 3D yazici ile kisiye 6zel cergeve iiretimi
gerceklestirir.

Yapay zeka yalnizca gerceve uyumlulugunda degil, ayni
zamanda cam ve lens tasarimi konusunda da kisisellestirilmis
¢coziimler sunar. Kullanicinin bakis yonii, gérme bozuklugu tiirii
(miyopi, hipermetropi, astigmatizm, presbiyopi vb.) ve yasam
tarz1 (ekran kullanim siiresi, ara¢ siirme aligkanligi vb.) gibi
faktorleri birlikte analiz eden sistemler, bireye en uygun cam
tiiri ve tasarimini belirlemektedir. Bu alanda one c¢ikan bir
ornek, Essilor Varilux XR Serisi’dir. Bu sistem, bir milyondan
fazla kullanic1 verisini isleyerek, yapay zekd destekli progresif
cam Onerileri sunmakta ve kullaniciya o6zel ¢ozlimler
gelistirmektedir. Ote yandan, Luxexcel firmasi, receteli gozliik
camlarii dogrudan 3D yazic ile liretme hedefiyle yapay zeka
tabanli lens tasarimi entegrasyonu iizerinde calismaktadir. Bu
teknoloji Ozellikle artinlmis gerceklik (AR) gozliiklerinde
receteli cam  kullanmmmim1i  miimkiin  kilacak  sekilde
gelistirilmektedir.

3.3. Sanal Deneme Kabinleri

Sanal deneme kabinleri (Virtual Try-On Systems),
kullanicinin gergek zamanli yiiz goriintiisiinii analiz eden ve
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buna uygun farkli gozlik cergevelerinin dijital ortamda
denenmesine olanak taniyan sistemlerdir. Bu uygulamalarda,
kullanicinin yiizii bir kamera aracilifiyla taranir; ardindan goz,
burun, kulak gibi referans noktalar1 yapay zeka ve bilgisayarli
gorli (computer vision) teknikleri ile algilanir. Segilen g¢ergeve,
3D modelleme araciligiyla sanal olarak yiize yerlestirilir. Sekil
3, ¢evrimigi sanal gozliikk denemesini gostermektedir.

Sanal deneme kabinleri 6zellikle hijyen, zaman tasarrufu
ve kullaniciya en uygun alternatifleri hizli bir sekilde sunabilme
avantajlar1 sayesinde hem fiziksel magazalarda hem de online
platformlarda yaygin olarak tercih edilir.

Sanal deneme kabinleri alaninda 6ne ¢ikan sistemlerden
biri olan Zeiss Visufit 1000, yiiksek ¢oziiniirlikli 3D yiiz
modelleme ile kullaniciya sanal cerceve deneyimi sunar.
Ayrica, Lenskart 3D Try-On, mobil uygulama iizerinden yiiz
tanima ve artirilmis gergeklik (AR) destegiyle kullanicilarin
sanal gozlik denemesi yapabilmesini saglayan yenilik¢i
¢ozlimler arasinda yer alir.

—lEBF FORE Y QUSRS —

[11]

Sekil 3. Cevrimigi sanal olarak gozliik deneme
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3.4. Giyilebilir Yapay Zeka Destekli Gozliikler

Giyilebilir yapay zeka gozlikleri (smart glasses),
disaridan bakildiginda siradan bir gozlik gibi goriinse de,
icerisinde mikrofon, kamera, hareket algilayicilar, sensorler,
ekran ve yapay zeka yazilimi barindiran gelismis cihazlardir.
Sesli komutlara yanit verirler, canli g¢eviri yapabilir, goriilen
nesneleri tanyabilir, fotograf ve video ¢ekebilirler. Ayrica yiiz
tanima ve metin okuma gibi 6zellikleri vardir. Bu teknolojinin
onciilerinden biri, Google tarafindan 2013 yilinda tanitilan
“Google Glass” olmustur. Sekil 4, receteli lens igin siyah
cergeveli bir Google Glass gostermektedir. Gizlilik endiseleri,
kisa pil omrii, yliksek fiyat1 ve alisilmadik tasarimi nedeniyle
Google Glass beklenen ilgiyi gérmemis ve proje 2023 yilinda
tamamen sonlandirilmistir.

Gilintimiizde akilli gozlik teknolojisi 6nemli o6l¢iide
ilerlemistir. Ray-Ban Meta gozliikleri kamera, sesli asistan ve
yapay zeka destegiyle one ¢ikarken, yeni modellerinde ekran ve
artirllmis  gerceklik (AR) oOzellikleri iizerinde ¢alismalar
sirmektedir. Samsung, Google Gemini destekli yapay zeka
gozliikler gelistirmektedir. Ote yandan, Brilliant Labs firmasimnin

Frame Al akilli gozligii yalnizca 40 gram agirhifiyla diinyanin
2]

en ince yapay zeka gozligii olarak tamtllmlstlr[1 . Icerisinde

ekran, canli ¢eviri ve hafiza 6zellikleri barindirir.

Sekil 4. Receteli lens icin siyah cerceveli bir Google Glass™
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AR (Artirilmis Gergeklik) destekli gozliikler ise, gergek
diinya tizerine dijital bilgileri yansitabilen akilli cihazlardir.
Ortam1 analiz ederek kullaniciya ¢eviri, yol tarifi, hava durumu
gibi bilgiler sunabilir. G6z takibi ve bas hareketi algilama gibi
Ozelliklerle kullanicinin  baktig1 yere gore bilgi gosterme
yetenegine sahiptir. Ayrica, kemik iletimli ses teknolojisi ile
kulaklik kullanmadan ses iletimi saglar. Brilliant Labs Halo,
micro OLED ekrani, kemik iletimli ses yapist ve son derece
hafif ¢ercevesiyle dikkat ¢eker. Solos AirGo V ise, sporcular
icin tasarlanmig Ozel bir ¢ergeveye sahiptir; igerisinde fitness
sensorleri ve ChatGPT destegi bulunur.

Sonug olarak, akilli gozliikk ¢erceveleri artik sadece bir
gozlik degil, yapay zeka destekli, sensorlerle donatilmis ve
cevreyle etkilesim kurabilen mini bilgisayarlar haline gelmistir.
AR teknolojisi ile birlestiginde ise, kisisel bir asistan haline
gelir.

3.5. Yapay Zeka Uygulamalarim1 Kullanan
Bashca Optik Firmalar

EssilorLuxottica, diinya genelinde gozliik cami, gergeve
ve gorsel saglik ¢ozlimleri sunan lider firmalardan biridir.
Sirket, progresif cam tasarimi, 3D yiiz taramasi ve AR destekli
sanal deneme sistemleri gibi uygulamalarda yapay zeka
teknolojilerinden aktif olarak yararlanmaktadir.

ZEISS, optik teknolojiler alaninda kiiresel diizeyde oncii
bir konuma sahiptir. Firma, gorsel analiz, medikal goriintiilleme
ve kisiye Ozel lens tasarimi gibi alanlarda yapay zeka
teknolojilerini yogun sekilde kullanmaktadir. Ozellikle kisiye
0zel lens iiretimi, 3D yiiz modelleme ve stil Onerisi sistemleri
gibi uygulamalarla kullanic1 deneyimini 6zellestirmektedir.

HOYA ve Luxexcel firmalar1 da yapay zeka tabanli
coziimler gelistiren 6nemli firmalar arasinda yer alir. HOYA,
kisisellestirilmis yasam tarzi analizine dayali cam tasarimi ve
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kullanict deneyimi optimizasyonu gibi alanlarda yapay zeka
uygulamalarin1 kullanir. Luxexcel ise, 6zellikle 3D baski ile
receteli gozlik camu itiretimi ve AR/VR gozliik sistemleriyle
entegrasyon iizerine odaklanan bir firmadir. Yapay zeka destekli
lens tasarimi entegrasyonlariyla dijital diretim ve optik
teknolojileri bir araya getirir.

4. SONUC

Optisyenlik meslegi, gelisen teknolojiler ve yapay zeka
uygulamalariyla entegre héle gelerek hizla doniismektedir.
Kisiye 6zel cerceve ve lens tasarimlarinda, bireysel biyometrik
verilerin analizine dayali olarak gelistirilen yapay zeka
algoritmalar1 kullanilmakta; bu sayede hem optik uyum hem de
kullanict konforu iist diizeye ¢ikarilmaktadir.

Dijital ~ Olglim  sistemlerinin  yapay zeka ile
biitiinlestirilmesi Ol¢lim dogrulugunu arttirmakta ve manuel
hatalar1 en aza indirmektedir. Ayrica, 3D yazicilar ve
modelleme teknolojileri araciligiyla hizli, esnek ve stoksuz
tiretim siire¢leri miimkiin hale gelmistir.

Yiiz tamima sistemleri ve sanal deneme ortamlari,
cerceve ve lens seciminde hem hijyenik hem de kisisellestirilmis
deneyim sunarak, kullanici odakli hizmet anlayisini
giiclendirmektedir. Tim bu gelismeler, optisyenlik alanim
yalnizca gorsel diizeltme saglayan bir uygulama olmaktan
cikarir. Optisyenlik alanmi artik yliksek teknolojiye entegre bir
saglik hizmeti olarak degerlendirilmektedir.
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ION IMPLANTATION TECHNOLOGY FOR
SENSING APPLICATIONS

Selim UNAL?

1. INTRODUCTION

The ion implantation technique involves bombarding a
solid target with an energetic ion beam, which can reveal
modern materials engineering and high-volume manufacturing.
Patented by William Shockley in the 1950s and adapted for
semiconductor fabrication (Fair 2000). The method introduces
dopant atoms into silicon to modify its electrical properties
(Larson, Williams, and Current 2011). It enables the physical
placement of ions into a host lattice, where the dopant
concentration, depth, and lateral distribution are controlled at the
atomic level. The technique can be applied to semiconductor,
wide-bandgap materials, functional polymers, and two-
dimensional materials, enabling the improvement of cutting-
edge CMOS image sensors and high-performance quantum
sensors (Current 2019; Larson et al. 2011; Namba 1975).

The desired effect of ion bombardment characterizes the
development and application of ion implantation for sensing,
thereby reducing detrimental side effects (Das and Basak 2021).
The implantation introduces a dopant to establish a p-n junction,
which may result in lattice damage, degrading device
performance by increasing leakage currents or reducing carrier
mobility (Chhokkar 2014; Huang et al. 2024; Paliwal, A., &
Tomar n.d.). Unwanted metallic contamination is also damaging
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to image sensors, where a pixel might be defective due to a
single stray atom (Haque and Sumaiya 2017; Teranishi, Fuse,
and Sugitani 2018b). Enhancing precision and minimizing
unintended defects plays a critical role, leading to novel designs
and processing techniques that enable unavoidable implantation
damage to serve as a valuable tool for materials engineering
(Mayer 1973).

This chapter provides an overview of ion implantation in
sensor technology. Fundamental principles of the implantation
process, ion-solid interactions, and lattice damage. Applications
of image sensors and MEMS pressure sensors, and how these
technologies have driven the development of the field. Emerging
areas of chemical and temperature sensors, as well as two-
dimensional materials, where implantation is used to enable new
functionalities, highlight key challenges that are driving the
research and future aspects.

2. ION IMPLANTATION PROCESS

An ion implanter with a high vacuum introduces
impurity atoms into a solid substrate. A specific ion species is
selected, generated, and delivered to a target wafer. The ion
source includes a source material, usually a gas containing the
desired dopant, which is ionized to create a plasma. An
extraction electrode with a voltage applied to it pulls the positive
ions out of the source, forming an ion beam. The extracted beam
Is targeted into a mass analyzer magnet, which bends the ion
beam and the radius of the bend curvature, R. The ion’s
trajectory depends on its mass-to-charge ratio (m/q), velocity
(v). and the magnetic field (B). It can be explained with the
Lorentz force,
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mv?

qvB = —— 1)

mv?

by rearranging this with E=—=qV where V is the
acceleration voltage, the bending radius is
V2mV

R==1~ )

Acceleration Column

=
L Beam focus and
electrostatic

Beam path scanning

Extraction
electrodes

lon source

Figure 1. Schematic of an ion implanter.

An aperture, or slit, is placed along the curved path,
allowing only desired ions to pass through and obtain a pure
beam of the selected dopant (Teranishi et al. 2018b). Purified
ion beams enter the main acceleration column, where a strong
electric field is applied to the ions. This determines how deep
the ions will penetrate the target substrate. Implanter energy can
range from a few hundred electron volts (eV) for shallow
implantation to several million electron volts (MeV) for deep
implantation. Finally, a high-energy beam enters the end station,
where it is scanned across the surface of the target wafer to
ensure uniform implant. For high-current implants, the wafer is
mounted on a rotating disk to distribute the beam and facilitate
heat dissipation (Mack et al. 1985).
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3. ION-SOLID INTERACTIONS

When an energetic ion penetrates a solid target, it loses
energy through a series of ion-solid interactions with the target’s
atoms and electrons until it stops. The total energy loss per unit
path length, stopping power (S), is the sum of nuclear stopping
and electronic stopping (Ziegler and lafrate 1980).

o ST
dx dx nuclear dx electronic

Nuclear Stopping occurs when the projectile of ions
collides elastically with the nuclei of the target atom. This
collision causes deflection of the ion’s path and can knock target
atoms out of their lattice sites. Nuclear stopping is dominant at
lower ion energies (<20 keV), causing crystallographic damage.

Electronic Stopping results from inelastic interactions
between mobile ions and the electron clouds of the target atoms.
A continuous drag force on the ion causes energy loss through
excitations and ionizations within the target’s electronic system.
Electronic stopping occurs highly at higher ion energies, as
energy transferred via electronic stopping is dissipated as heat
(Fu et al. 2022).

A characteristic depth profile for the ion-implanted ions
is a Gaussian function, defined by the projected range, the
average penetration depth of the ions, and straggle, the standard
deviation of the distribution. If an ion enters the target aligned
with a major crystallographic axis or plane, it can travel through
the open channels of the lattice and experience fewer nuclear
collisions. This phenomenon is known as ion channeling, which
can lead to deep, uncontrolled dopants in the dopant profile. To
avoid ion channeling, the wafers are tilted by approximately 7°
and twisted with respect to the ion beam during implantation.
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Another method is to use pre-amorphization implantation, where
a non-dopant species is implanted at a high dose first to destroy
the target crystal structure. The subsequent dopant implant is
then performed into the amorphous layer, eliminating the
channeling (Lu et al. 2025).

4. I0ON IMPLANTATION IN SENSOR
TECHNOLOGIES

4.1. Image Sensors

Complementary Metal-Oxide-Semiconductor (CMOQS)
image sensors are among the most complex semiconductor
devices, whose performance relies on generating, storing, and
transferring a tiny packet of electrons with high efficiency and
low noise. lon implantation enables the establishment of the
advanced pixel architectures, defining imaging performance. A
pinned photodiode (PPD) is a p+/n/p- junction, fabricated using
multiple ion implantation steps (White, Sandall, and Chee Hing
Tan 2014). A potential well collects photogenerated electrons
while depleting the surface. Surface depletion is achieved by the
shallow p+ pinning layer, which passivates surface states and
avoids dark current due to the thermal generation of electrons in
the absence of light (Stefanov et al. 2018). The PPD has a low
dark current, high quantum efficiency (Teranishi, Fuse, and
Sugitani 2018a). A PPD requires multiple implants with
different species, doses, and energies to shape the doping
profiles of the p+ pinning layer and the n-type charge collection
region. For prolonged wavelength sensitivity, high-energy
implants might be necessary (Teranishi et al. 2018a).

4.2. Piezoresistive Pressure and Strain Sensors

lon implantation is used to fabricate the active sensing
elements for micro-electromechanical system (MEMS) pressure
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sensors (Misuraca, Kevin Range, and Mc 2009). A silicon
diaphragm in the sensors deflects under an applied pressure. The
mechanical stress is measured by piezoresistors placed on the
diaphragm’s surface (Li et al. 2025). The process involves
implanting a p-type dopant into an n-type silicon substrate or
diaphragm to form the resistive elements of the Wheatstone
bridge circuit (Meng et al. 2021). lon implantation eliminates
any adhesive or interface layer, thereby establishing an integral
part of the single-crystal silicon diaphragm, which results in
long-term stability and repeatability (Li et al. 2025).

4.3. Chemical and Gas Sensors

The performance of chemical and gas sensors depends
on the surface properties of the sensing material, surface area,
defect density, and catalytic activity. lon implantation can
modify these properties, improving the sensitivity and
selectivity of the sensor (Okamura et al. 2007). In metal oxide
semiconductors, the sensing mechanism is based on changes in
electrical conductivity due to the adsorption and reaction of gas
molecules on the surface. lon implantation can introduce
dopants or oxygen vacancies and lattice defects, serving as
charge carriers or adsorption sites, which can enhance the
material’s reactivity with target gases. For example, implanting
ions into ZnO can alter its electrical and optical properties,
thereby enhancing its sensitivity (Krajewski et al. 2022; Veleti¢
et al. 2022).

4.4. Temperature Sensors

Metal nanoparticles can be implanted on a substrate to
use them as a surface plasmon resonance (SPR) optical sensor
(Rabbani et al., 2024). lons of a metal, such as gold (Au+) or
silver (Ag+), are accelerated and bombarded into a dielectric
substrate similar to glass or a polymer. The ions get embedded
just below the surface, shown in Figure 2a. A subsequent heat
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treatment (annealing) causes the implanted metal atoms to move
together and form stable spherical nanoparticles in the substrate.
SPR formation, depending on the implantation dosage, is shown
in Figure 2c. When light hits the embedded nanoparticles, it
excites the surface plasmons on their surface. The specific
wavelength or angle of light resonates, resulting in a SPR signal
detected. Temperature sensing is a physical process that requires
no molecules to change the SPR signal. The temperature change
alters the volume thermal expansion of nanoparticles, forming
an SPR signal (Unal, 2021). For molecular detection, if a target
molecule binds to the sensor’s surface, it changes the local
refractive index, resulting in a shift (Butt, 2025).
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Figure 2. a) Schematic of ion implantation into a dielectric
substrate. b) SRIM depth analysis of the implanted ions. ¢) SPR
evolving depending on the implant dosage. d) Rutherford
backscattering analysis of the implanted sensor. Figure
reproduced from: (Unal 2021). lon implanted Au nanoparticles in
surface plasmon temperature sensing. Materials Letters, 305,
130793. https://doi.org/10.1016/j.matlet.2021.130793. Reproduced
with permission from Elsevier (License No. 6118941479172).
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5. TWO-DIMENSIONAL (2D) MATERIALS

Applying ion implantation without causing significant
damage to 2D materials presents a challenge, as they have only
a one or a few-atom-thick structure. By using ion beams with
low Kinetic energies, around 20-50 eV, ions can have sufficient
energies to displace a lattice atom (e.g., a carbon atom in
graphene) and take its place, but not enough to penetrate the
material or cause damage (Ren et al., 2021). Another approach
with high-energy implanters is to coat the 2D material with a
thin, sacrificial protective layer, such as polymethylmethacrylate
(PMMA) (He et al., 2025; Hidaka et al., 2022; Zhao et al.,
2023). The high-energy ion beam from the implanter first passes
through the PMMA, losing energy, and then it hits the 2D
material with the optimal energy for implantation. The PMMA
layer can be removed easily after the implant, leaving a doped
2D material with minimal damage. This method requires the
ability to adjust the optimal energy, sacrificial layer density, and
thickness.

6. CONCLUSION

lon implantation has a unique capability for precisely
modifying materials at the atomic level. It is an essential tool
in the design and fabrication of state-of-the-art materials and
advanced sensors. The controlled introduction of dopants and
defects is desired to functionalize materials using the
unavoidable damage. The successful navigation of the trade-off
between modification and damage is still a challenge, driving
innovation in the field. The future of ion implantation for
sensing applications lies in the necessity of contamination
control to build high-performance sensor arrays, design pure
beamlines, eliminate contaminants, and implement damage
control to achieve more precise atomic-level dopant placement.
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In summary, ion implantation has moved beyond to become a
cornerstone of modern sensor technology. Atomic-scale
precision and material purity drive its evolution, enabling

science and technology.
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OPTISYENLIK MESLEGI VE GELISMELER
HAKKINDA AYRINTILI INCELEME

Siimeyra CAN*
Ozge ERDEM?

1. GIRIS

Optisyenlik programlart tipik olarak optik, lens tasarimi
ve hasta etkilesimi gibi alanlara odaklanan teorik bilgi ve pratik
becerilerin  bir kombinasyonunu kapsamaktadir. Miifredat,
ogrencileri gozliikklerin takilmasi ve potansiyel goz sagligi
sorunlarmin  belirlenmesi de dahil olmak {izere sahada
karsilasacaklari ¢esitli zorluklara hazirlamak icin tasarlanmistir
(King ve ark., 2023; Ho ve ark., 2019). Ayrica teknolojideki
ilerlemeler ve saglik uygulamalarindaki degisiklikler, yetkinligi
korumak i¢in devamli egitim gerektirdiginden, siirekli mesleki
gelisim sarttir (Ho ve ark., 2019).

Optisyenler, optometristler ve oftalmologlar arasindaki is
birligi, etkili gz bakimi sunmak i¢in hayati 6nem tagimaktadir.
Bu profesyoneller arasinda acik iletisim ve tanimlanmis roller,
hasta bakimini gelistirebilir ve sevk siirecini kolaylastirabilir
(Yu ve ark., 2023; Abu-Amara ve ark., 2019). Optisyenler
genellikle gbz bakimi arayan hastalar i¢in ilk temas noktasidir
ve bu da goz rahatsizliklarinin erken teshisinde rollerini Kritik
hale getirmektedir. Arastirmalar optisyenlerin  diyabetik
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retinopati ve glokom dahil olmak {izere ¢esitli goz hastaliklarini
etkili bir sekilde tarayabildigini ve bdylece gerektiginde
optometristlere veya oftalmologlara zamaninda yonlendirmeleri
kolaylastirdigin1 gostermektedir (Milutinovi¢ ve ark., 2017,
Moyegbone, 2024). Ornegin, optisyenler n degerlendirmeler
yaparak ve hasta gecmislerini toplayarak optometristlere
yardimc1 olabilir ve bu da géz muayenelerinin verimliligini
artirabilir (Mathan, 2024). Bu proaktif yaklagim yalnizca hasta
sonuglarint iyilestirmekle kalmaz, ayn1 zamanda uzman goz
sagligi hizmeti saglayicilarinin iizerindeki yiikii hafifleterek
daha karmagsik vakalara odaklanmalarmi saglamaktadir
(Chaturvedi ve ark., 2020). Ayrica, meslekler arasi egitim
girisimleri, her meslegin katkilarinin daha iyi anlagilmasin
tesvik edebilir ve sonugta hasta deneyimlerinin ve sonuclarinin
tyilestirilmesine yol agabilir (Sengor ve ark., 2018).

Teknolojinin optisyenlik meslegi iizerindeki etkisi goz
ardi edilemez. Dijital araglarin ve tele-saglik platformlarinin
ortaya ¢ikisi, optisyenlerin hastalarla etkilesim kurma ve bakim
sunma bigimlerini déniistiirmiistiir. Ornegin, tele-optometri
kullanim1 optisyenlerin sanal konstiltasyonlar yapmasina olanak
taniyarak, 6zellikle yetersiz hizmet alan bolgelerde g6z sagligi
hizmetlerine erisimi genisletmektedir (Ferrey ve ark., 2022;
Ramamurthy, 2024). Ayrica goriintilleme teknolojisindeki
geligsmeler, optisyenlerin goérme sagligina iliskin daha dogru
degerlendirmeler yapmasina olanak taniyarak katarakt ve
makula dejenerasyonu gibi durumlarin daha erken tespit
edilmesini kolaylastirmaktadir (Anjou ve ark., 2013). Teknoloji
gelismeye devam ettikge, optisyenlerin rollerinde etkili olmaya
devam edebilmeleri i¢in bu degisikliklere uyum saglamalar
gerekmektedir.

Ayrica, optisyenlik meslegi halkin farkindaligi ve
bakima erisimi ile ilgili zorluklarla kars1 karstyadir.
Arastirmalar, birgok bireyin optisyenler tarafindan saglanan
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hizmetlerden habersiz oldugunu ve bunun yerine genellikle
pratisyen hekimlerden bakim istedigini gostermektedir (Boadi-
Kusi ve ark., 2021; Xulu-Kasaba ve ark., 2021). Bu farkindalik
eksikligi, uygun goz bakiminin alinmasinda gecikmelere yol
acabilir ve mevcut gorme bozukluklarini daha da
kotiilestirebilir. Bu sorunu ele almak igin, diizenli goz
muayenelerinin 6nemi ve optisyenlerin saglik sistemindeki rolii
hakkinda halk: egitmek i¢in hedefli halk saglig1 kampanyalar1 ve
topluma erisim girisimleri gereklidir (Motowa ve ark., 2014;
Baig, 2023).

Optisyenlik  meslegi  kapsamli g6z  bakiminin
saglanmasimin ayrilmaz bir pargasidir. Optisyenler, egitim
hazirliklari, is birligine dayali uygulamalar1 ve teknolojik
gelismelere uyumlar1 sayesinde, saglik hizmetleri ortaminin
artan taleplerini kargilamak i¢in iyi bir konuma sahiptir. Kamu
bilincini artirarak ve meslekler arasi is birligini tesvik ederek
optisyenlik meslegi, farkli niifuslar i¢in géz saglig1 sonuglarinin
tyilestirilmesinde hayati bir rol oynamaya devam edebilir.

2. OPTISYENLIGIN GELECEGI

Optisyenlik meslegi hastalar ile optometristler ve
oftalmologlar tarafindan saglanan uzmanlagmis hizmetler
arasinda bir koprii gorevi gorerek daha genis goz bakimi
alaninda ¢ok 6nemli bir rol oynamaktadir. Ozellikle yaslanan
niifus ve kronik goz hastaliklarinin artan prevalansi nedeniyle
g0z sagligi hizmetlerine olan talep artmaya devam ederken,
optisyenlerin saglik sistemi i¢indeki yeni rol ve sorumluluklara
uyum saglama ihtiyaci ortaya ¢ikmaktadir. Bu sentez teknolojik
yenilikler, isgiicli dinamikleri, tele-saglik ve yapay zekanin (AI)
g6z bakimi uygulamalarina entegrasyonu da dahil olmak iizere
optisyenligin gelecegini etkileyen  cesitli faktorleri
arastirmaktadir.
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Optisyenlik meslegi, etkinligini ve siirdiiriilebilirligini
etkileyen ¢esitli zorluklarla kars1 karstyadir. Onemli sorunlardan
biri, mesleki iligskilerde karsilasilan, strese yol acabilen ve halkin
refahini etkileyebilen etik ikilemlerdir (Faucher, 2022). Buna ek
olarak, optisyenler genellikle, 6zellikle sosyo-ekonomik agidan
yoksun bdlgelerde, hizmet maliyetlerini yeterince karsilamayan
bir finansal model icinde faaliyet gostermektedir; bu da
muayenehane agilmasini caydirabilir ve gerekli géz bakimina
erisimi  simirlayabilir  (Shickle ve ark., 2014). Ayrica,
farmakolojik ve cerrahi prosediirlerin entegrasyonu da dahil
olmak tizere gelisen uygulama kapsami, siirekli adaptasyon ve
egitim gerektirmekte, bu da kaynaklari ve mesleki gelisimi
zorlayabilmektedir (Goss, 2024). Tirkiye'de optisyenler,
operasyonel kapasitelerini ve hasta bakimini engelleyen sistemik
sorunlarla kars1 karsiyadir (Senay, 2024). Bu zorluklar bir araya
geldiginde, optisyenlik mesleginin egitimini, etik standartlarin
ve finansal destegini gelistirmek i¢in ortak bir ¢caba gosterilmesi
gerekmektedir.

Optisyenligin  kars1  karsiya oldugu en Onemli
zorluklardan biri g6z saglig1 hizmetlerine yonelik artan taleptir.
Katarakt, glokom ve yasa bagli makula dejenerasyonu (YBMD)
gibi yasa bagl hastaliklar daha yaygin hale geldik¢e, yaslanan
niifus bu talebin baslica itici giicii olmaktadir. Projeksiyonlar
gdz bakimina ihtiyag duyan bireylerin sayisinin mevcut
kaynaklar1 onemli Ol¢lide asacagini ve goz bakiminin nasil
saglandiginin ve kimin sagladiginin yeniden degerlendirilmesini
gerektirdigini gostermektedir (Jorgensen, 2024; MacLennan ve
ark., 2014). Ayrica diyabet gibi kronik hastaliklardaki artigin,
ozellikle diyabetik retinopati gibi durumlar i¢in g6z bakim
hizmetlerine olan talebi daha da artirmasi beklenmektedir
(MacLennan ve ark., 2014; Hemmerich ve ark., 2023).

Bu zorluklara yanit olarak, optometri is gliciiniin
gelismesi  gerekmektedir.  Arastirmalar  optometrist  ve
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oftalmolog arzinin goz saglig1 hizmetlerine yonelik artan talebe
ayak uyduramayabilecegini gostermistir (Ansah vd., 2015; Sayal
vd., 2022). Bu tutarsizlik, gz bakimina erisimi iyilestirmek i¢in
optisyenler de dahil olmak {iizere cesitli saglik calisanlarinin
becerilerinden yararlanabilen gorev paylasimi ve entegre bakim
yaklasimlar1 gibi yenilik¢i bakim modellerine duyulan ihtiyaci
vurgulamaktadir (Tahhan ve ark., 2020; Yip ve ark., 2018).
Ornegin teleoftalmolojinin uygulanmasi, optisyenlerin uzaktan
konsiiltasyon ve tarama yapmasina ve bodylece yetersiz hizmet
alan niifuslara ulagsmasina olanak taniyarak hizmet sunumunu
gelistirme potansiyelini ortaya koymustur (Pidgeon ve ark.,
2022; Nikolaidou ve Tsaousis, 2021; Walsh ve ark., 2021).

Teknolojik gelismeler optisyenlik alanini da yeniden
sekillendirmektedir. Yapay zekd ve makine Ogreniminin goz
sagligl uygulamalarina entegrasyonunun, teshis siireclerinde ve
tedavi seceneklerinde devrim yaratmasi beklenmektedir. Yapay
zeka algoritmalari, géz hastaliklarinin erken tespitine yardimci
olabilir, hasta sonuclarini iyilestirebilir ve saghik hizmeti
saglayicilar tizerindeki yiikii azaltabilir (Li ve ark., 2021;
Alnahedh, 2024). Ayrica, tele-saglik teknolojilerinin kullanimu,
ozellikle COVID-19 salgim1 sirasinda ilgi gormiistiir ve
muhtemelen gelecekteki goz bakimi sunum modellerinde temel
bir unsur olmaya devam edecektir (Pidgeon vd., 2022;
Nikolaidou ve Tsaousis, 2021). Bu teknolojiler yalnizca bakimin
verimliligini artirmakla kalmiyor, ayn1 zamanda konsiiltasyonlar
ve takipler i¢in daha erisilebilir secenekler sunarak hasta
katilimin1 ve memnuniyetini de artiriyor (Pidgeon ve ark., 2022;
Walsh ve ark., 2021).

Optisyenlere yonelik egitim ve 6gretim yollar1 da bu
degisikliklere uyum saglamalidir. Optisyenlerin roli, gelismis
tan1 araglariin ve tele-saghk platformlarmin kullanimi da
dahil olmak {izere daha fazla sorumlulugu kapsayacak sekilde
genisledikce, bu yeni yetkinlikleri yansitan giincellenmis
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miifredata acil ihtiyag duyulmaktadir (Bharadwaj, 2024).
Egitim programlari, teknolojinin uygulamaya entegrasyonunun
yani sira kapsamli goz bakimi saglamada meslekler arasi is
birliginin 6nemini vurgulamalidir (Kitema ve ark., 2023). Bu
yaklagim, optisyenlerin saglik hizmetleri ortaminin degisen
taleplerini  karsilamak i¢in iyi donamimli  olmalarini
saglayacaktir.

Ayrica, optisyenligin gelecegi, saglik esitligine ve
bakima erisime odaklanmay1 gerektirecektir. GOz bakimi
kullanimindaki esitsizlikler, ozellikle marjinallesmis
popiilasyonlar arasinda devam etmektedir (Gupta ve ark., 2020;
Halawa ve ark.,, 2022). Bu esitsizliklerin giderilmesi,
sosyoekonomik durum veya cografi konumdan bagimsiz olarak
tim Dbireylerin gerekli gbz sagligi hizmetlerine erisimini
saglamak icin hedefli sosyal yardim cabalar1 ve toplum katilim
stratejileri gerektirecektir (Lu ve Lee, 2022). Optisyenler,
toplum sagligi girisimlerine katilarak ve goéz bakimina esit
erisimi tesvik eden politikalar1 savunarak bu ¢abalarda 6nemli
bir rol oynayabilir.

Ozetle, optisyenligin gelecegi teknolojik gelismeler,
demografik  degisimler ve gelisen saghk hizmetleri
ihtiyaglarinin bir araya gelmesiyle sekillenmektedir. Goz
sagligt hizmetlerine olan talep artmaya devam ettikge,
optisyenler hizmet sunumunu gelistirmek i¢in teknolojiden ve
meslekler aras1 is birliginden yararlanarak yeni rol ve
sorumluluklar1 benimsemelidir. Optometri meslegi, egitim
yollarin1 uyarlayarak ve saglik esitligine odaklanarak gelecegin
zorluklarim1 etkili bir sekilde karsilamak icin kendini
konumlandirabilir.
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3. OPTISYENLIGIN OPTOMETRI UZERINE
ETKISi

Optisyenligin  optometri ilizerindeki etkisi, egitim
cercevelerini, profesyonel is birligini ve hasta bakiminin
gelistirilmesini  kapsayan c¢ok  yoOnlidir. Optometri  ve
optisyenlik alanlar1 gelismeye devam ettikge, birbirleriyle olan
iliskilerini anlamak, goz bakimi sunumunu optimize etmek ve
niifusun artan taleplerini karsilamak icin ¢ok 6nemlidir. Bu
sentez, optisyenligin optometri iizerindeki egitimsel etkilerini,
her iki meslegin hasta bakiminda oynadigi isbirlik¢i rolleri ve
gelecekteki uygulamalar i¢in ¢ikarimlari arastiracaktir.

Egitim hem optisyenligin hem de optometrinin temel
tagidir ve her disiplin etkili goz bakimi i¢in gerekli yetkinliklerin
gelistirilmesine katkida bulunur. Optisyenlik programlarinda
kullanilan egitim yontemleri, optometri d6grencilerinin egitimini
onemli olgiide etkiler. Ornegin, Giiney Afrika'daki Free State
Universitesi ~ Optometri  Boliimii, 6grenme  deneyimini
gelistirmek icin ¢esitli pedagojik yaklasimlar kullanmakta ve
ogrencilerin mesleki kurullar tarafindan belirtilen gerekli
becerileri edinmelerini saglamaktadir (Kempen & Kruger,
2019). Egitim uygulamalarinin bu entegrasyonu, optometri
ogrencilerini  klinik zorluklara hazirlamakla kalmaz, ayni
zamanda optometristler ve optisyenler arasinda isbirlik¢i bir
ruhu tesvik eder ve sonucta hasta sonuglarina fayda saglar.

Ayrica optisyenlerin diyabet gibi sistemik hastaliklarin
taranmasindaki rolii, optometri ve optisyenlik arasindaki is
birligi potansiyelini vurgulamaktadir. Arastirmalar, optometri
muayenehanelerinde diyabet taramasinin hem kabul edilebilir
hem de diyabetik retinopati riski tasiyan bireylerin erken teshis
edilmesine olanak tanidigi i¢in faydali oldugunu gostermektedir
(Howse ve ark., 2011). Bu uygulama, kapsamli g6z muayeneleri
icin  optometristlere  sevkleri kolaylagtirabilecekleri igin
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optisyenlerin daha genis saglik hizmetleri ortamindaki éneminin
altim1  ¢izmektedir. Optisyenler ve optometristler birlikte
caligarak hasta bakimina daha entegre bir yaklasim olusturabilir
ve goz saglig1 hizmetlerinin genel etkinligini artirabilirler.

Optisyenligin tarihsel baglami, optometri {izerindeki
mevcut etkisi hakkinda da bilgi verir. Optisyenlikten
optometriye gecis yapan profesyonellerin kisisel anlatilari,
uygulayicilarin bakis agilarint sekillendiren gesitli deneyimleri
gostermektedir (Pol, 2020). Bu tiir anlatilar, optometride klinik
uygulamay1 gelistirebilecek optisyenlikte kazanilan temel
bilgilerin 6nemini vurgulamaktadir. Bu gecis sadece optometri
meslegini zenginlestirmekle kalmaz, ayn1 zamanda uygulayicilar
kapsamli bakim saglamak icin c¢esitli deneyimlerinden
yararlandiklarindan, iki alanin birbirine baglhihigin1 da
giiclendirir.

Ayrica, her iki meslegi de yoneten diizenleyici
cergeveler, etkilesimlerini sekillendirmede Onemli bir rol
oynamaktadir. Ornegin Giiney Afrika'da, optometride mesleki
ve diizenleyici kurumlarin algilanan rolleri ve uygunlugu
incelenmis, optisyenler ve optometristler arasindaki iligkide
tyilestirilmesi gereken alanlar ortaya ¢ikarilmistir (Maluleke &
Moodley, 2022). Bazi uygulayicilarin iyelik tcretleri ve
diizenleyici kurumlarin etkinligi konusunda dile getirdigi
memnuniyetsizlik, iki meslek arasinda daha fazla is birligi ve
iletisim ihtiyacim1 vurgulamaktadir. Bu endiseleri ele alarak
hem optisyenler hem de optometristler, ortak hedeflerini
destekleyen daha uyumlu ve etkili bir diizenleyici ortam ig¢in
caligabilirler.

Aragtirma ve siirekli egitimin yayginlastirilmasi,
optisyenligin optometriyi etkiledigi bir diger kritik alandir.
Optometriye adanmis profesyonel dergiler, optometristlerin
alandaki en son gelismelerden haberdar olmalarini saglayarak
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arastirma ve uygulama arasindaki boslugu doldurmada hayati bir
rol oynamaktadir (Elliott & Handley, 2015). Optisyenler ve
optometristler arasinda bu bilgiye erisme ve uygulama
konusundaki is birligi, hasta bakiminin ve sonuglarinin
tyilestirilmesine yol agcabilir. Siirekli O6grenme ve mesleki
gelisim kiiltiirlinii tesvik ederek, her iki meslek de goz sagligina
katkilarini artirabilir.

Sonug olarak, optisyenligin optometri lizerindeki etkisi,
egitimsel etkileri, isbirlik¢i uygulamalar1 ve diizenleyici
hususlar1 kapsayan énemli ve ¢ok yonliidiir. Her iki meslek de
gelismeye devam ettikge, giiclii bir ortakligin tesvik edilmesi,
g0z bakiminin artan taleplerini kargilamak i¢in gerekli olacaktir.
Optisyenler ve optometristler, kendi giiglii yo6nlerinden
yararlanarak ve birlikte ¢alisarak hasta bakimini gelistirebilir ve
gelecekte goz saghgt  hizmetlerinin  siirdiiriilebilirligini
saglayabilirler.

4. DUNYA’DA OPTISYENLIK PROGRAMI

Diinya c¢apinda optisyenlerin egitimi, goéz sagligi
sisteminin kritik bir bilesenidir ve yalnizca hastalara saglanan
bakimin kalitesini degil, ayn1 zamanda saglik sisteminin genel
etkinligini de etkiler. Bu sentez, egitim programlarinin yapisi,
uygulama i¢in gerekli yetkinlikler, egitimde teknolojinin roli ve
farkli bolgelerde optisyenlik egitiminin karsilastigi zorluklar da
dahil olmak iizere, optisyenlik egitiminin ¢esitli yoOnlerini
kiiresel olarak arastiracaktir.

Optisyenlik egitimi, farkli saglik sistemlerini, kiiltiirel
baglamlar1 ve mesleki standartlar1 yansitarak iilkeler arasinda
onemli farkliliklar gosterir. Bir¢ok gelismis tlilkede optisyenlik
egitimi tipik olarak teorik bilgiyi pratik deneyimle birlestiren
akredite programlar araciligiyla  verilmektedir. Ornegin,
Amerika Birlesik Devletleri'nde optisyenler, optik, lens tasarimi
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ve hasta bakimi derslerini igeren iki yillik bir 6n lisans
programini veya optisyenlik alaninda bir lisans derecesini
tamamlayabilirler (Saito ve ark., 2020; Butt, 2023). Bu
programlar, 6grencileri gozliik takma, kontakt lens dagitma ve
on goz degerlendirmeleri yapma gibi gorevleri yerine getirmek
icin gerekli becerilerle donatmak {izere tasarlanmastir.

Buna karsilik, bazi tlkelerde optisyenler icin daha az
resmilestirilmis egitim yollar1 olabilir. Ornegin, Afrika'nin bazi
bolgelerinde optisyenlik egitimi kisa kurslarla veya is basinda
egitimle sinirli olabilir ve bu da saglanan bakim kalitesinde
degiskenlige neden olabilir (Siddharthan ve ark., 2016; Withers
ve ark., 2016). Afrika genelinde yeni optometri programlari
olusturmaya yonelik son ¢abalar, optisyenlerin egitim ortamin
tyilestirmeyi, egitimin uluslararasi standartlar1 karsilamasini ve
yerel saglik hizmeti ihtiyaglarin1 karsilamasini saglamayi
amaglamaktadir (Abu, 2020). Bu girisim, yetersiz hizmet alan
niifuslarda goz sagligi hizmetlerine erigimin iyilestirilmesinde
iyl egitimli optisyenlerin 6neminin giderek daha fazla kabul
gordiiglinii yansitmaktadir.

Optisyenler i¢cin gereken yetkinlikler de teknolojideki
ilerlemelere ve hasta bakim uygulamalarindaki degisikliklere
yanit olarak gelismektedir. Modern optisyenlerin, g6z
degerlendirmeleri icin dijital araglar1 kullanma yeterliligi ve
tele-saglik platformlarina aginalik da dahil olmak iizere bir dizi
beceriye sahip olmalar1 beklenmektedir (Castillo vd., 2010;
Yadav ve Mishra, 2019). Teknolojinin optisyenlik egitimine
entegrasyonu, mezunlari saglik hizmetlerinin giderek dijitallesen
ortaminda gezinmeye hazirlamak igin gereklidir. Ornegin, bazi
egitim programlari, géz sagligi hizmetlerinin verimliligini ve
erisilebilirligini artirabilecek akilli telefon tabanli teshis

araglartyla ilgili egitimleri igermeye baslamistir (Bolster ve ark.,
2015).
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Dahasi, optisyenlerin  saglik  sistemindeki  roli
genislemekte ve daha genis bir uygulama kapsami
gerektirmektedir. Optisyenler, kapsamli géz bakimi saglamak
icin optometristler ve oftalmologlarla birlikte c¢alisarak 1is
birligine dayali bakim modellerine giderek daha fazla dahil
olmaktadir (Jones ve ark., 2017; Redwood-Campbell ve ark.,
2011). Bu igbirlik¢i yaklasim, optisyenlerin multidisipliner
ekipler iginde etkili bir sekilde calismay1 6grendikleri meslekler
arast egitimin Onemini vurgulamaktadir. Bu tiir bir egitim,
iletisim becerilerini gelistirebilir ve farkli saglik hizmeti
saglayicilarinin rol ve sorumluluklarinin daha iyi anlagilmasini
saglayarak sonugta hasta sonuglarini iyilestirebilir (Sells ve ark.,
2011; Carman ve John, 2017).

Optisyenlik egitimindeki ilerlemelere ragmen, cesitli
zorluklar devam etmektedir. Onemli sorunlardan biri, dzellikle
diisik ve orta gelirli lilkelerde kaliteli egitim programlarina
erisimdeki esitsizliktir. Sinirli kaynaklar, yetersiz altyapr ve
nitelikli  egitmen eksikligi, saglam optisyenlik egitim
sistemlerinin gelistirilmesini engelleyebilmektedir (Keralis vd.,
2018; Kaur vd., 2017). Ayrica, farkli bolgelerde
standartlagtirtlmis ~ miifredatin =~ olmamasi,  optisyenlerin
yetkinliklerinde tutarsizliklara yol agarak goz saghgi
hizmetlerinin genel kalitesini etkileyebilir (Harris, 2023; Dixon
ve ark., 2013).

Ayrica, COVID-19 salgim1 optisyenlik egitimi i¢in ek
zorluklar yaratmis, geleneksel egitim yontemlerini bozmus ve
uyarlanabilir ~ 6grenme  ¢oziimlerine  duyulan  ihtiyaci
vurgulamistir. Bircok egitim kurumu, optisyenlikte gerekli olan
uygulamali egitim i¢in zorluklar yaratabilecek c¢evrimici
ogrenme formatlarina gegmistir (Jimenez-Gomez ve ark., 2019;
Henry ve ark., 2022). Meslek bu degisikliklere uyum sagladikea,
cevrimi¢i ve yiiz ylize egitimi birlestiren karma Ogrenme
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modellerini igeren egitim yaklagimlarini yenileme firsati ortaya
¢ikmaktadir (Bahattab ve ark., 2021; Asao ve ark., 2017).

Sonug olarak, diinya capinda optisyenlerin egitimi, géz
sagligr hizmetlerinin sunulmasinda hayati bir rol oynayan
dinamik ve gelisen bir alandir. Orgiin egitim programlarinin
olusturulmasinda ve teknolojinin egitime entegre edilmesinde
onemli ilerlemeler kaydedilmis olsa da kaliteli egitime esit
erisimin saglanmasinda zorluklar devam etmektedir. Bu
zorluklart ele alarak ve saglik calisanlari arasinda is birligini
tesvik ederek, optisyenlik meslegi kiiresel goz sagligina
katkilarini artirmaya devam edebilir.

4.1. Tiirkiye’de Optisyenlik Programm

Tiirkiye'de optisyenlik egitimi, iilkenin daha genis saglik
hizmetleri ortamin1 ve goz sagligi hizmetlerine yonelik artan
talebi yansitan, gelismekte olan bir alandir. Meslek gelistikce,
egitim programlarimin  yapisini, uygulama icin  gerekli
yetkinlikleri ve Tiirkiye'deki optisyenlerin karsilastigi zorluklari
incelemek c¢ok Onemlidir. Bu sentez, ilgili referanslarla
desteklenerek bu hususlari ayrintili olarak inceleyecektir.

Tiirkiye'de optisyenlik egitiminin c¢ergevesi, Oncelikle
iilke genelindeki egitim programlar: i¢in standartlar1 belirleyen
Yiiksekogretim Kurulu tarafindan yonetilmektedir. Tipik olarak,
optisyenlik egitimi, 6grencilerin optisyenlik veya ilgili alanlarda
on lisans veya lisans derecelerini takip edebilecekleri meslek
yiiksekokullarinda ve iiniversitelerde sunulmaktadir. Bu
programlar, optik, lens tasarimi ve hasta bakimi gibi temel
konular1 kapsayan teorik bilgi ve pratik becerilerin bir karigimin
kapsar Brumfield (2023) Emekli ve digerleri, 2022). Miifredat,
ogrencileri gozliiklerin takilmasi ve potansiyel goz saglig
sorunlarinin  belirlenmesi de dahil olmak iizere sahada
karsilasacaklari ¢esitli zorluklara hazirlamak i¢in tasarlanmistir.
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Son yillarda, Tiirkiye'de optisyenlik egitiminin
kalitesinin artirilmasina yonelik artan bir vurgu s6z konusudur.
Cesitli girisimler, egitim programlarini uluslararasi standartlarla
uyumlu hale getirmeyi ve mezunlarin yiiksek kaliteli bakim
saglamak icin gerekli yetkinliklere sahip olmasini saglamayi
amagclamaktadir. Ornegin, gdz degerlendirmeleri icin dijital
araclar ve tele-saglik platformlar1 gibi modern teknolojilerin
miifredata entegrasyonu giderek daha 6nemli hale gelmektedir
(Atlar ve Uzuner, 2023; Caglayan vd., 2014). Bu degisim, saglik
hizmetlerinde hizmet sunumunu ve hasta sonuglarini
tyilestirmek icin teknolojiyi dahil etme yoniindeki daha genis
egilimi yansitmaktadir.

Dahasi, optisyenlerin  saglik  sistemindeki  rolii
genislemekte ve daha genis bir uygulama kapsami
gerektirmektedir. Optisyenler, kapsamli géz bakimi saglamak
icin optometristler ve oftalmologlarla birlikte calisarak is
birligine dayali bakim modellerine giderek daha fazla dahil
olmaktadir (Tolu ve ark., 2019; Yakar ve ark., 2020). Bu
isbirlik¢i yaklasim, optisyenlerin multidisipliner ekipler iginde
etkili bir sekilde calismay1 6grendikleri meslekler arasi egitimin
onemini vurgulamaktadir. Bu tiir bir egitim, iletisim becerilerini
gelistirebilir ve farkli saglik hizmeti saglayicilarinin rol ve
sorumluluklarinin daha iyi anlasilmasini saglayarak nihayetinde
hasta sonuglarini iyilestirebilir (Valizadeh, 2019; Bayramov ve
ark., 2023).

Bu ilerlemelere ragmen, Tiirkiye'de optisyenlik
egitiminde ¢esitli zorluklar devam etmektedir. Onemli
sorunlardan biri, Ozellikle kirsal alanlarda kaliteli egitim
programlarina erisimdeki esitsizliktir. Siirl kaynaklar, yetersiz
altyap1 ve nitelikli egitmen eksikligi, saglam optisyenlik egitim
sistemlerinin gelistirilmesini engelleyebilmektedir (Senol &
Isiktas, 2022; Petrécz, 2024). Ayrica, farkli bolgelerde
standartlagtirtlmis ~ miifredatin =~ olmamasi,  optisyenlerin
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yetkinliklerinde tutarsizliklara yol agarak goz saghg
hizmetlerinin genel kalitesini etkileyebilir (Onat vd., 2019;
Bakner vd., 2022).

Ayrica, COVID-19 salgmi optisyenlik egitimi i¢in ek
zorluklar yaratmis, geleneksel egitim yontemlerini bozmus ve
uyarlanabilir 6grenme ¢ozlimlerine olan ihtiyact vurgulamustir.
Bir¢ok egitim kurumu, optisyenlikte gerekli olan uygulamali
egitim i¢in zorluklar yaratabilecek c¢evrimigi O6grenme
formatlarma geg¢mistir (Inci & Yildiz, 2019; Ozerdogan et al.,
2017). Meslek bu degisikliklere uyum sagladike¢a, ¢cevrimigi ve
yiiz yiize egitimi birlestiren harmanlanmis 6grenme modellerini
iceren egitim yaklagimlarini yenileme firsat1 vardir (Demirci ve
ark., 2017; “undefined”, 2014).

Sonug olarak, Tiirkiye'de optisyenlik egitimi, goz sagligi
hizmetlerinin sunulmasinda hayati bir rol oynayan dinamik ve
gelisen  bir  alandir.  Orgiin  egitim  programlarinin
olusturulmasinda ve teknolojinin egitime entegre edilmesinde
onemli ilerlemeler kaydedilmis olsa da kaliteli egitime esit
erisimin saglanmasinda zorluklar devam etmektedir. Bu
zorluklart ele alarak ve saglik c¢alisanlar1 arasinda is birligini
tesvik ederek, optisyenlik meslegi Tiirkiye'de goz sagligina
katkilarini artirmaya devam edebilir.

5. SONUC

Simiilasyon ve modelleme yontemleri malzeme biliminin
ayrilmaz bir pargasidir ve arastirmacilarin malzemelerin cesitli
kosullar altindaki davranislarin1 kesfetmelerini ve tahmin
etmelerini saglar. MD, FEA, Monte Carlo simiilasyonlar1 ve
DFT'min bir kombinasyonunu kullanarak, bilim insanlar
malzeme Ozellikleri hakkinda degerli bilgiler edinebilir ve
sonugta ¢ok cesitli uygulamalar i¢in gelismis malzemelerin
tasarlanmasina yol acabilir.

57



Fizik Degerlendirmeleri

KAYNAKLAR

Abu, S. (2020). History and current status of optometric
education in africa. Hindsight Journal of Optometry
History, 51(4), 84-92.
https://doi.org/10.14434/hindsight.v51i4.31557

Abu-Amara, T., Rashed, W., Khandekar, R., Qabha, H.,
Alosaimi, F., Alshuwayrikh, A., ... & Alfaris, A. (2019).
Knowledge, attitude and practice among non-ophthalmic
health care providers regarding eye management of
diabetics in private sector of riyadh, saudi arabia. BMC
Health Services Research, 19(1).
https://doi.org/10.1186/s12913-019-4216-9

Alnahedh, T. (2024). Role of machine learning and artificial
intelligence in the diagnosis and treatment of refractive
errors for enhanced eye care: a systematic review.
Cureus. https://doi.org/10.7759/cureus.57706

Anjou, M., Boudville, A., & Taylor, H. (2013). Local co-
ordination and case management can enhance indigenous
eye care — a qualitative study. BMC Health Services
Research, 13(1). https://doi.org/10.1186/1472-6963-13-
255

Ansah, J., Korne, D., Bayer, S., Pan, C., Jayabaskar, T.,
Matchar, D., ... & Quek, D. (2015). Future requirements
for and supply of ophthalmologists for an aging
population in singapore. Human Resources for Health,
13(1). https://doi.org/10.1186/s12960-015-0085-4

Asao, S., Lewis, B., Harrison, J., Glass, M., Brock, T., Dandu,
M., ... & Le, P. (2017). Ethics simulation in global
health training (esight). Mededportal.
https://doi.org/10.15766/mep_2374-8265.10590

58



Fizik Degerlendirmeleri

Atlar, H. and Uzuner, Y. (2023). Supporting teacher
development about early literacy in children with
hearing loss: an action research in turkey. European
Journal of Special Education Research, 9(2).
https://doi.org/10.46827/ejse.v9i2.4832

Bahattab, A., Linty, M., Trentin, M., Truppa, C., Hubloue, I.,
Corte, F., ... & Ragazzoni, L. (2021). Availability and
characteristics of humanitarian health education and
training programs: a web-based review. Prehospital and
Disaster Medicine, 37(2), 132-138.
https://doi.org/10.1017/s1049023x21001333

Baig, A. (2023). Vision screening in older adults admitted with
a fragility hip fracture: a healthcare quality
improvement report. British and Irish Orthoptic
Journal, 19(2), 96-107.
https://doi.org/10.22599/bioj.331

Bakner, N., Pittman, H., Shields, R., Wood, J., Morales, N.,

Rumble, J., ... & Leal, A. (2022). Characteristics,
attitudes, and motivations of hunting mentors in florida.
Wildlife Society Bulletin, 46(2).

https://doi.org/10.1002/wsb.1275

Bayramov, T., Cetingdk, H., & Talu, G. (2023). Assessment of
factors affecting the preference of pain medicine
subspecialty choices and training course in turkey: a
cross-sectional survey study. Turkish Journal of
Anaesthesiology and Reanimation, 51(4), 311-317.
https://doi.org/10.4274/tjar.2023.221071

Bharadwaj, S. (2024). A century's worth of optometry in india:
growth, present status, and the future. Optometry and
Vision Science, 101(3), 131-133.
https://doi.org/10.1097/0px.0000000000002120

59



Fizik Degerlendirmeleri

Boadi-Kusi, S., Kyei, S., Ocansey, S., Ntodie, M., Ofori-Agyei,
D., & Mashige, K. (2021). Assessment of infection
prevention and control measures adopted by eye care
practitioners in ghana and south africa against covid-19.
Scientific African, 12, e00766.
https://doi.org/10.1016/j.sciaf.2021.e00766

Bolster, N., Giardini, M., & Bastawrous, A. (2015). The diabetic
retinopathy screening workflow. Journal of Diabetes
Science and Technology, 10(2), 318-324.
https://doi.org/10.1177/1932296815617969

Brumfield, R. (2023). Ten years of empowering turkish women
farmers. Horttechnology, 33(4), 389-390.
https://doi.org/10.21273/horttech05225-23

Butt, S. (2023). The need for a structured pathway to facilitate
perfusionist mobility across borders. Journal of
Extracorporeal Technology, 55(3), 155-156.
https://doi.org/10.1051/ject/2023030

Carman, A. and John, C. (2017). The benjamin h. kean travel
fellowship in tropical medicine: assessment of impact at
15 years. American Journal of Tropical Medicine and
Hygiene, 97(3), 958-963.
https://doi.org/10.4269/ajtmh.17-0120

Castillo, J., Goldenhar, L., Baker, R., Kahn, R., & DeWitt, T.
(2010). Reflective practice and competencies in global
health training: lesson for serving diverse patient
populations. Journal of Graduate Medical Education,
2(3),  449-455. https://doi.org/10.4300/jgme-d-10-
00081.1

Chaturvedi, R., Ku, J., Zhu, W., & Dhawahir-Scala, F. (2020).
Impact of the covid-19 pandemic on emergency eye care
provision: a perspective from the manchester royal eye
hospital.. https://doi.org/10.21203/rs.3.rs-63535/v1

60



Fizik Degerlendirmeleri

Caglayan, H., Ege, F., Bastan, B., Yal¢in-Cakmakli, G., Capraz,
I., Arsava, E., ... & Ulug, K. (2014). Tiirkiye’de asistan
bakis agisiyla noroloji egitiminin durumu: ulusal anket.
Turkish ~ Journal of Neurology, 20(3), 72-75.
https://doi.org/10.4274/tnd.26576

Demirci, H., Ocakoglu, G., Ardig, A., Karayiirek, Y., Yal¢intas,
E., Ciftei, F., ... & Gomleksiz, M. (2017). Current
opinions on family medicine residency training: part-
time vs full-time education. Turkish Journal of Family
Medicine & Primary Care, 221-226.
https://doi.org/10.21763/tjfmpc.358812

Dixon, C., Castillo, J., Castillo, H., Hom, K., & Schubert, C.
(2013). Global health opportunities within pediatric
subspecialty fellowship training programs: surveying the
virtual landscape. BMC Medical Education, 13(1).
https://doi.org/10.1186/1472-6920-13-88

Elliott, D. and Handley, N. (2015). A historical review of
optometry research and its publication: are optometry
journals finally catching up?. Ophthalmic and
Physiological Optics, 35(3), 245-251.
https://doi.org/10.1111/0p0.12211

Emekli, E., Coskun, O., Budakoglu, 1., & Cerit, M. (2022).
Obstetric ultrasonography in postgraduate radiology
training. Ultrasound Quarterly, 38(4), 297-303.
https://doi.org/10.1097/rug.0000000000000629

Faucher, C. (2022). The inevitable challenge of ethical
dilemmas in optometry, part 2: professional relationships
and practices in the spotlight. Canadian Journal of
Optometry, 84(2), 7-12.
https://doi.org/10.15353/cjo.v84i2.4973

61



Fizik Degerlendirmeleri

Ferrey, A., Moore, L., & Jolly, J. (2022). ‘it was like being hit
with a brick’: a qualitative study on the effect of
clinicians’ delivery of a diagnosis of eye disease for
patients in primary and secondary care. BMJ Open,
12(7), e059970. https://doi.org/10.1136/bmjopen-2021-
059970

Goss, D. (2024). A history of scope expansion in optometry and
its impact on the profession. Hindsight Journal of
Optometry History, 55(1).
https://doi.org/10.14434/hindsight.v55i1.40250

Gupta, D., Ehrlich, J., Newman-Casey, P., Stein, J., Kawamoto,
K., & Hess, R. (2020). Evaluation for disparities in
experience with internet-based health care among us
patients with chronic eye diseases. Jama Ophthalmology,
138(10), 1097.
https://doi.org/10.1001/jamaophthalmol.2020.3016

Halawa, O., Kolli, A., Oh, G., Mitchell, W., Glynn, R., Kim, D.,
... & Zebardast, N. (2022). Racial and socioeconomic
differences in eye care utilization among medicare
beneficiaries with glaucoma. Ophthalmology, 129(4),
397-405. https://doi.org/10.1016/j.0phtha.2021.09.022

Harris, J. (2023). Interest in global surgery rotations among oral
and maxillofacial surgical residents in the united states.
Journal of Dental Education, 88(1), 30-41.
https://doi.org/10.1002/jdd.13394

Hemmerich, C., Jones, G., Staggs, J., Anderson, R., Bacani, R.,
& Vassar, M. (2023). Inequities and research gaps in
ophthalmology. Jama Ophthalmology, 141(1), 63.
https://doi.org/10.1001/jamaophthalmol.2022.5237

62



Fizik Degerlendirmeleri

Henry, A., Ingles, D., Du, L., Vermund, S., Heimburger, D., &
Aliyu, M. (2022). Expanding global health engagement
through fogarty fellowship programs. American Journal
of Tropical Medicine and Hygiene, 106(2), 419-423.
https://doi.org/10.4269/ajtmh.21-0311

Ho, K., Stapleton, F., Wiles, L., Hibbert, P., Alkhawajah, S.,
White, A., ... & Jalbert, 1. (2019). Systematic review of
the appropriateness of eye care delivery in eye care
practice. BMC Health Services Research, 19(1).
https://doi.org/10.1186/s12913-019-4493-3

Howse, J., Jones, S., & Hungin, A. (2011). Screening for
diabetes in optometry practices: acceptability to users.
Ophthalmic and Physiological Optics, 31(4), 367-374.
https://doi.org/10.1111/j.1475-1313.2011.00826.x

Inci, S. and Yildiz, S. (2019). Perceptions of english teachers in
turkey and germany. Universal Journal of Educational
Research, 7(2), 436-449.
https://doi.org/10.13189/ujer.2019.070216

Jimenez-Gomez, A., Stowe, R., Balasa, A., Castillo, J., & Lotze,
T. (2019). Global health education in child neurology
and neurodevelopmental disabilities training programs in
the united states: a national survey. Journal of Child
Neurology, 34(8), 452-457.
https://doi.org/10.1177/0883073819837466

Jones, D., Dicker, R., Fontaine, R., Boore, A., Omolo, J.,
Ashgar, R., ... & Baggett, H. (2017). Building global
epidemiology and response capacity with field
epidemiology training programs. Emerging Infectious
Diseases, 23(13).
https://doi.org/10.3201/eid2313.170509

63



Fizik Degerlendirmeleri

Jorgensen, E. (2024). Implementing teleophthalmology services
to improve cost-effectiveness of the national eye care
system. Eye, 38(14), 2788-2795.
https://doi.org/10.1038/s41433-024-03156-4

Kaur, G., Tabaie, S., Brar, J., Tangel, V., & Pryor, K. (2017).
Global health education in united states anesthesiology
residency programs: a survey of resident opportunities
and program director attitudes. BMC Medical Education,
17(1). https://doi.org/10.1186/s12909-017-1056-3

Kempen, E. and Kruger, S. (2019). Kolb’s learning styles of
optometry students at the university of the free state,
south africa. African Vision and Eye Health, 78(1).
https://doi.org/10.4102/aveh.v78i1.454

Keralis, J., Riggin-Pathak, B., Majeski, T., Pathak, B., Foggia,
J., Cullinen, K., ... & West, H. (2018). Mapping the
global health employment market: an analysis of global
health  jobs. BMC  Public  Health,  18(1).
https://doi.org/10.1186/s12889-018-5195-1

King, A., Hudson, J., Azuara-Blanco, A., Kirwan, J., Goyal, S.,
Ks, L., ... & MacLennan, G. (2023). Effects of
socioeconomic status on baseline values and outcomes at
24 months in the treatment of advanced glaucoma study
randomised controlled trial. British Journal of
Ophthalmology, 108(2), 203-210.
https://doi.org/10.1136/bjo-2022-321922

Kitema, G., Laidlaw, A., O’Carroll, V., Sagahutu, J., & Blaikie,
A. (2023). The status and outcomes of interprofessional
health education in sub-saharan africa: a systematic
review. Journal of Interprofessional Care, 38(1), 133-
155. https://doi.org/10.1080/13561820.2023.2168631

64



Fizik Degerlendirmeleri

Li, J., Liu, H., Ting, D., Jeon, S., Chan, R., Kim, J., ... & Ting, D.
(2021). Digital technology, tele-medicine and artificial
intelligence in ophthalmology: a global perspective.
Progress in Retinal and Eye Research, 82, 100900.
https://doi.org/10.1016/j.preteyeres.2020.100900

Lu, R. and Lee, C. (2022). Geographic distribution of visual
impairment and access to ophthalmologists. Jama
Ophthalmology, 140(6), 585.
https://doi.org/10.1001/jamaophthalmol.2022.1222

MacLennan, P., McGwin, G., Searcey, K., & Owsley, C. (2014).
A survey of alabama eye care providers in 2010-2011.
BMC Ophthalmology, 14(1).
https://doi.org/10.1186/1471-2415-14-44

Maluleke, S. and Moodley, V. (2022). The perceived role and
relevance of south african optometric professional and
regulatory bodies. African Vision and Eye Health, 81(1).
https://doi.org/10.4102/aveh.v81i1.730

Mathan, Z. (2024). Optometrists need to incorporate their
understanding of the impact of dry eye disease in their
patient management. Optometry and Vision Science,
101(2), 55-61.
https://doi.org/10.1097/0px.0000000000002077

Milutinovi¢, D., Cvijanovic, D., Ciric, Z., Jovanovi¢, G., &
Andrijevic, A. (2017). Eye care in mechanically ventilated
critically ill adults-nursing practice analysis. Medicinski
Pregled, 70(11-12), 377-383.
https://doi.org/10.2298/mpns1712377m

Motowa, S., Khandekar, R., & Al-Towerki, A. (2014). Resources
for eye care at secondary and tertiary level government
institutions in saudi arabia. Middle East African Journal of
Ophthalmology, 21(2), 142. https://doi.org/10.4103/0974-
9233.129761

65



Fizik Degerlendirmeleri

Moyegbone, J. (2024). Eye health seeking behavior and its
associated factors among adult population in mangu lga,
plateau state, nigeria. JOAR, 1-9.
https://doi.org/10.46889/joar.2024.5102

Nikolaidou, A. and Tsaousis, K. (2021). Teleophthalmology and
artificial intelligence as game changers in ophthalmic
care after the covid-19 pandemic.  Cureus.
https://doi.org/10.7759/cureus.16392

Onat, L., Hanci, V., Ozbilgin, S., Boztas, N., Tasdogen, A.,
Yurtlu, S., ... & Arkan, A. (2019). Anaesthesiology and
reanimation education in turkey: residents’ views.
Turkish Journal of Anaesthesiology and Reanimation,
47(6), 496-502. https://doi.org/10.5152/tjar.2018.34437

Ozerdogan, N., Sahin, B., Kosgeroglu, N., Culha, 1., Celik, N.,
Saymer, F., ... & Ozalp, S. (2017). Educational study to
increase breast cancer knowledge level and scanning
participation among women working at a university.
European Journal of Breast Health, 13(3), 113-116.
https://doi.org/10.5152/ejbh.2017.3457

Petrécz, J. (2024). Turkish army and military industry presence
in africa. JCEEAS, 3(1), 76-100.
https://doi.org/10.59569/jceeas.2023.3.1.226

Pidgeon, J., Bhardwaj, M., Titterington, P., Latulippe, K., Roh,
S., & Ramsey, D. (2022). Assessing optometric care
delivered by telehealth during the covid-19 public health
emergency. Therapeutic Advances in Ophthalmology,
14. https://doi.org/10.1177/25158414221123526

Pol, C. (2020). Experiences in army optometry. Hindsight
Journal of Optometry History, 51(3), 76-78.
https://doi.org/10.14434/hindsight.v51i3.31068

66



Fizik Degerlendirmeleri

Ramamurthy, D. (2024). Smart devices in optometry: current

and future perspectives to clinical optometry. Clinical
Optometry, Volume 16, 169-190.
https://doi.org/10.2147/opt0.s447554

Redwood-Campbell, L., Pakes, B., Rouleau, K., MacDonald, C.,

Saito,

Arya, N., Purkey, E., ... & Pottie, K. (2011). Developing
a curriculum framework for global health in family
medicine: emerging principles, competencies, and
educational approaches. BMC Medical Education, 11(1).
https://doi.org/10.1186/1472-6920-11-46

H., Funaki, T., Kamata, K., Ide, K., Nakamura, S.,
Ichimura, Y., ... & Asanuma, K. (2020). Infectious
disease emergency specialist (ides) training program in
japan: an innovative governmental challenge to respond
to global public health emergencies. Global Health &
Medicine, 2(1), 44-47.
https://doi.org/10.35772/ghm.2019.01032

Sayal, A., Ahmed, Y., Popovi¢, M., Schlenker, M., Campbell,

R., Kantarevic, J., ... & El-Defrawy, S. (2022). Supply
and  demographic  characteristics of  ontario’s
ophthalmologists from 2010 to 2019: a population-based
analysis.  Cmaj  Open, 10(4), E1067-E1078.
https://doi.org/10.9778/cmajo.20210319

Sells, J., Tan, A, Brogan, J., Dahlen, U., & Stupart, Y. (2011).

Preparing international counselor educators through
online distance learning. International Journal for the
Advancement  of  Counselling, 34(1), 39-54.
https://doi.org/10.1007/s10447-011-9126-4

67



Fizik Degerlendirmeleri

Shickle, D., Davey, C., & Slade, S. (2014). Why is the general
ophthalmic services (gos) contract that underpins
primary eye care in the uk contrary to the public health
interest?. British Journal of Ophthalmology, 99(7), 888-
892. https://doi.org/10.1136/bjophthalmol-2014-305345

Siddharthan, T., North, C., Attia, E., Christiani, D., & West, T.
(2016). Global health education in pulmonary and
critical care medicine fellowships. Annals of the
American  Thoracic  Society,  13(6), 779-783.
https://doi.org/10.1513/annalsats.201601-028ps

Senay, M. (2024). A field research on the problems experienced
by opticians and optical stores. Bingol Universitesi
Saglik Dergisi, 5(2), 284-292.
https://doi.org/10.58605/bingolsaglik.1514944

Sengor, T., Alkibay, S., Sertoglu, A., & Kurna, S. (2018).
Survey to determine perceptions and practices in contact
lens use and identify key features of safe use education.
Turkish Journal of Ophthalmology, 48(6), 288-294.
https://doi.org/10.4274/tjo.60465

Senol, H. and Isiktas, S. (2022). Need for enriching school
principal training programs in light of total quality
management - a case of turkey..
https://doi.org/10.5772/intechopen.107282

Tahhan, N., Ford, B., Angell, B., Liew, G., Nazarian, J.,
Maberly, G., ... & Keay, L. (2020). Evaluating the cost
and wait-times of a task-sharing model of care for
diabetic eye care: a case study from australia. BMJ Open,
10(10), e036842. https://doi.org/10.1136/bmjopen-2020-
036842

68



Fizik Degerlendirmeleri

Tolu, S., Rezvani, A., Atci, A., Sendur, O., Kuran, B., Ataman,
S., ... & Dogan, D. (2019). Factors influencing
subspecialty training and career choices: a national
survey of physical and rehabilitation medicine residents.
Archives of Rheumatology, 34(2), 26-33.
https://doi.org/10.5606/archrheumatol.2019.6742

Valizadeh, M. (2019). Efl teachers’ writing assessment literacy,
beliefs, and training needs in the context of turkey.
Advances in Language and Literary Studies, 10(6), 53.
https://doi.org/10.7575/aiac.alls.v.10n.6p.53

Walsh, L., Hong, S., Chalakkal, R., & Ogbuehi, K. (2021). A
systematic review of current teleophthalmology services
in new zealand compared to the four comparable
countries of the united kingdom, australia, united states
of america (usa) and canada. Clinical Ophthalmology,
Volume 15, 4015-4027.
https://doi.org/10.2147/opth.s294428

Withers, M., Press, D., Wipfli, H., McCool, J., Chan, C., Jimba,
M., ... & Samet, J. (2016). Training the next generation
of global health  experts: experiences and
recommendations from pacific rim universities.
Globalization and Health, 12(1).
https://doi.org/10.1186/s12992-016-0162-z

Xulu-Kasaba, Z., Mashige, K., & Naidoo, K. (2021). An
assessment of human resource distribution for public eye
health services in kwazulu-natal, south africa. African
Vision and Eye Health, 80(1).
https://doi.org/10.4102/aveh.v80i1.583

Yadav, S. and Mishra, S. (2019). Global variations in
curriculum and syllabus for endocrine surgery training
programs: a report. Journal of Endocrine Surgery, 19(1),
18. https://doi.org/10.16956/jes.2019.19.1.18

69



Fizik Degerlendirmeleri

Yakar, F., Hanalioglu, S., Sahin, B., Egemen, E., Dere, U.,
KIRAZ, 1., ... & Kahilogullari, G. (2020). Academic
performance after neurosurgery residency training in
turkey: a national survey. Neurosurgical Focus, 48(3),
E8. https://doi.org/10.3171/2019.12.focus19825

Yip, J., Bright, T., Ford, S., Mathenge, W., & Faal, H. (2018).
Process evaluation of a national primary eye care
programme in rwanda. BMC Health Services Research,
18(1). https://doi.org/10.1186/s12913-018-3718-1

Yu, M., Keel, S., Mariotti, S., Mills, J., & Miiller, A. (2023).
Development of the who eye care competency
framework.. https://doi.org/10.21203/rs.3.rs-2588327/v1

70



Fizik Degerlendirmeleri

MAGNEZYUM VE LiPOIK ASIT iLE
ZENGINLESTIRILMIS KLOROFIL
KULLANILARAK URETILEN
Au/(Mg+LA)KIlorofil/n-GaP AYGITININ
OPTOELEKTRONIK PERFORMANSI

Fikriye Seyma KAYA'!

1. GIRIS

Optoelektronik  aygitlar  yariiletken  teknolojisinin
gelismesiyle  aragtirmalarda  birgcok  farkli  malzemeler
kullanilmaya baslamistir. Ozellikle gevreci bir yaklasimla
tiretilen organik ara ylizeyli aygitlar optoelektronik aygitlar i¢in
bircok pigment ve bilesigi literatiire kazandirmistir. Organik
malzemelerin bir¢ok tercih edilme sebebi vardir. Bunlarin
icerisinde en Onemlileri temiz g¢evre, diisiik maliyet ve kolay
tretim yer almaktadir. Bu Ozellikleri g6z Oniinde
bulunduruldugunda gelecek i¢in bir¢ok kolaylik ve tasarruf
saglayacagr disiiniilmektedir. Organik malzemeler birgok
yariiletken tabanli aygitta kullanilmaktadir. Schottky diyotlar
(Vearey-Roberts ve Evans, 2005; Zahn, Kampen, ve Méndez,
H. 2003; Wang, Hsu, Yang, ve Yu, 2016; Gupta ve Singh, 2005;
Ahmad ve Sayyad, 2009) transistorler (Xu, Sun, ve Noh, 2017;
Di, Liu, Yu, ve Zhu, 2009; Chen ve ark., 2020; Qiu, ve ark.,
2025) fotovoltaik aygitlar ( Huang ve ark., 2011; Chen, ve ark.,
2025; Antolin, Urieta-Mora, Molina-Ontoria, ve Martin, 2025;
Hong, ve ark., (2025); Lee, ve ark., 2025) ve bunun gibi bir¢cok
alanda  kullanilarak  aygit  optimizasyonu  saglanmaya
caligilmistir.
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Dogadan ilham alinarak tiretilen aygitlar giin gectikce
daha da ilgi ¢ekmekte ve arastirmacilar bu alanda daha fazla
yayin  yapmaya  baslamistir.  Ozellikle  biyo-uyumlu
malzemelerin  aygit fiziginde genisgce yer kapladigi
gorilmektedir. Bu aygitlarin igerisinde de en fazla arastirma
konusu olan fotovoltaik aygitlardir. Fotovoltaik aygitlar 15181
dogrudan elektrik enerjisine doniistiiren aygitlardir. Isigin en
etkin bigimde sogrulmasi fotovoltaik aygitlar i¢in kritik dneme
sahiptir. Isik yakalama Ozelligi denilince ilk aklimiza gelen
dogada cokca var olan bir molekiil olan klorofildir. Dogada
bulunan tek organik yariiletken Klorofiller sadece giines
1s1gindan fotonlar1 sogurmakla kalmayip, ayni zamanda serbest
yiik tastyicilarinin olusumuna katilip elektrotlara yonlendirilme
yetenegini ifade eder (Koifman, Stuzhin, Travkin, ve Pakhomov,
2021). Bitkilerdeki klorofil miktar: iiretilen aygitlar i¢in oldukca
onemlidir. Yapilan c¢alismalarda Lipoik asit ve Magnezyum
molekiillerinin klorofil miktarini artirdigi goriilmiistiir (Cakmak
ve Kirkby, 2008; Gorcek, 2013; Storm ve Muller, 2012). Bu
calismada laboratuvar ortaminda LA ve Mg uygulamalarn
yapilarak  biyltiilmiis  fasulye  bitkisinden  sentezlenen
klorofillerin kullanildig1 Au/klorofil (LA+Mg) /n-GaP aygitinin
karanlik ortamda ve farkli 1s1k siddetleri altindaki elektriksel
parametreleri incelenmistir.

2. MATERYAL METOT

Galyum Fosfat (GaP), periyodik tablonun Ill. grubunda
yer alan Galyum (Ga) ile V. grupta bulunan Fosfor (P)
elementlerinden olusan bir III-V grubu bilesik yariiletken
malzemedir (Coluzza ve ark. 1996). 300 K sicaklikta yasak
enerji aralig1 2,26 eV olan GaP, ¢inko blend kristal yapisina ve
tetrahedral koordinasyon geometrisinde indirekt bant gecisine
sahip bir yariiletken olarak siniflandirilmaktadir (Yigit, 2011).
[100]  kristal  yoneliminde  biyiitilmis, n-tipi ile
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katkilandirilmis ve 400 um kalinliginda ve o6zdirenci 1,95
Q-cm olan n-tipi GaP kristali kullanilarak, Au/klorofil
(LA+Mg)/n-GaP yapisinda bir aygit liretilmistir.

Yapmin istenen kalitede olabilmesi i¢in numune
ylizeyinin hem organik hem de mekanik kirlerden tamamen
arindirilmas1  gereklidir. Numunenin yiizey parlatma islemi
iretim asamasinda gercgeklestirildiginden, ek bir mekanik
temizlik uygulanmamistir. Bunun yerine, ylizeydeki organik
kalintilarin  giderilmesi amaciyla kimyasal temizlik yontemi
tercih edilmigtir. Kimyasal temizleme siireci su adimlarla
yiiriitiilmiistiir: Oncelikle numuneler sirasiyla triklor etilen,
aseton ve metanol icinde ultrasonik banyoda beser dakika
tutulmus, ardindan deiyonize su (18 MQ) ile durulanmistir.
Sonrasinda, 1 dakika siireyle H2SO.:H20::H.O (5:1:1)
karisiminda bekletilmis ve tekrar deiyonize suyla yikanmistir.
Daha sonra 30 saniye boyunca H.O + HF (10:1) ¢ozeltisiyle
muamele edilip deiyonize suyla durulanmis ve N: gazi akisi
altinda kurutulmustur. Bu islemlerin ardindan yiizey, yariiletken
aygit liretimi i¢in uygun hale getirilmistir. (Kaya, 2023).

Yeryiiziindeki yasamin temel enerji kaynagir Giines'tir.
Bitkiler, Giines’ten gelen 151k enerjisini kloroplastlarinda
bulunan klorofil pigmenti aracilifiyla sogurarak kimyasal
enerjiye dontstiirlir. Klorofil, farkli dalga boylarindaki 15181
sogurarak fotosentezin gerceklesmesini saglayan yesil renkli bir
pigmenttir. Giines, elektromanyetik spektrumun tamamin
yaymasina ragmen, atmosfer yalnizca goriiniir 15181 gecisine
izin verir. Isik maddelerle karsilastiginda yansitilabilir,
gecirilebilir ya da sogrulabilir. Klorofil ve diger pigmentler
fotonlar1 sogurdugunda, bu fotonlara karsilik gelen dalga
boylarindaki renkler artitk yansitilan ya da iletilen 11k
spektrumunda goriinmez hale gelir. Ancak bu siiregte enerji
kaybolmaz, yalnizca bi¢cim degistirir. Bir pigment molekiilii bir
fotonu sogurdugunda, o fotonun enerjisi molekiildeki bir
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elektronu daha yiiksek potansiyel enerji seviyesine tasir.
Elektron bu uyarilma gerceklesmeden oOnce bulundugu
yoriingede kaldiginda, molekiil “temel durumda” kabul edilir.

Cesitli  arastirmacilar, gilines pillerinin  arayiizey
tabakasinda farkli malzemeler kullanarak iiretim siire¢lerini
kolaylastirmay1 ve maliyetleri azaltmayr hedeflemislerdir. Bu
baglamda klorofil, goriiniir bélgede yer alan giines spektrumuna
uygun optik sogurma o6zellikleri, fotovoltaik performansa katkisi
ve diisiik maliyetli olusu nedeniyle giines pili uygulamalari i¢in
dikkat ¢ceken bir materyal haline gelmistir.

n-GaP yariiletkeni metaller temizlendikten sonra kirlilik
olusmamasi i¢in hemen omik kontak yapilmistir. n-GaP
numunelerinin mat tarafina gelecek sekilde molibden 1siticiya
yerlestirilen aliiminyum (Al) vakum kazani i¢indeki basing
degeri 10™ Torr basinca ulasinca buharlastirilarak yariiletkenin
mat tarafi Al metali ile kaplanmistir. Laboratuvar ortaminda
yetistirilen Mg+LA uygulamasi yapilmis misir bitkisinden
metanol c¢oziiclisiiyle sentezlenen klorofil numunenin parlak
yiizeyi lizerine damlatilmis ve 3000 rpm'de 25 s dondiirtilerek
ince film klorofil tabakasi olusturulmustur. Daha sonra
numuneler buharlastirma iinitesinde 1 mm yarigapli bir maske
lizerine yerlestirilmis Altin (Au) buharlastirilarak
Au/Klorofil(Mg+LA)/n-GaP/Al yapisit elde edilmistir. Sekil
1’de aygitin yapis1 gosterilmistir.

5 Au

& ¥ —— = Hlorofil
n-GaP
— Al

Sekil 1. Au/Klorofil (Mg+LA) /n-GaP/Al yapisinin
sematik gosterimi
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3. SONUC VE TARTISMA

Bu béliimde Au/Klorofil (Mg+LA)/n-GaP/Al yapisinin
I-V Olgtimlerinden elde edilen grafikler ve bu grafikler
yardimiyla hesaplanan bazi diyot karakteristik parametreleri ve
fotovoltaik parametreleri hesaplamalarina yer verilmektedir. Bu
Olctimler, oda sicakliginda ve farkli 151k siddetlerinde alinmis ve
degerlendirilmistir.

Aygitin  karakteristik  parametrelerin  termoiyonik
emisyon teorisi kullanilarak  hesaplanmistir.  Diyotlarin
davranigini en iyi tamimlayan temel parametrelerden biri,
boyutsuz bir biiyiiklikk olan ve "n" harfiyle simgelenen idealite
faktoridiir. Bu faktor 1'e ne kadar yakinsa, diyot o kadar ideal
ozellik gosterir. Ancak idealite faktorii 1'in lizerine ¢iktikca,
diyotun davranis1 idealden sapmaya baslar (Tung, 1991).

Idealite faktorii degeri (n), Doyma akimi (1) ve engel
yiiksekligi (¢y,) degerleri sirasiyla

__ e av

0= T aamn 1)

lo = AA"T?exp (- 22) )
KT AA*T?

dp=In(355) 3)

seklinde verilmektedir. In(I)-V grafigi, I-V dlgilimleri
sonucunda elde edilir ve dogru besleme bdlgesinde bu veriye
lineer bir uyum (fit) uygulanir. Uygulanan bu dogrunun

egiminden % degeri hesaplanir. Bu degerden yararlanilarak,

ilgili denkleme sabitler yerlestirilmek suretiyle diyodun
idealite faktorii belirlenir (Kaya, Duman, Orak, Baris 2021).

75



Fizik Degerlendirmeleri

Diyotlarin elektriksel ozelliklerini tanimlamada bir
diger onemli parametre ise engel yiiksekligi (¢y,) olarak bilinir.
Engel yiiksekliginin hesaplanabilmesi i¢in, dogru besleme
bolgesine ait fit dogrusunun V=0 noktasinda diisey eksenini
kestigi yerden doyma akimi I, elde edilir. Bu doyma akimi
degeri, ¢, hesaplamasinda kullanilir. Sekil 2’de Au/Klorofil
(Mg+LA) /n-GaP/Al aygitimin 1-V grafigi gosterilmistir.
Karanlik ve farkli 151k siddetlerinde alinan Slgiimlerden n ve
¢p degerleri hesaplanmustir. Isik siddeti arttikca idealite
faktorii degerinin arttig1 ve engel yiiksekligi degerinin azaldigi
goriilmiistiir. idealite faktorii degeri karanlik ortamda 4,94 ve
engel yiiksekligi degeri 0,916 eV olarak hesaplanmistir. Isi13a
maruz birakilarak alinan 6l¢iimlerde ise idealite faktorii degeri
azalarak 1,43 degerine kadar dismistir. Isik siddetinin
etkisiyle ideale daha yakin davranis sergilemistir.

10°

10

107

100

Alam (A)

10° karanhk
— oda 15181
— 30 mW/cm?
——— 40 mW/cm?
—— 60 mW/cm?
80 mW/em?

—— 100 mW/cm?

IIIIII|T| IIIII|'|T| IIIII|'|T| Illll|'|T|m_|_|-|-|'|'|T|

10-10

10"

12 11 1 | 11 1 I 11 1 I 11 1 | 11 1 | 11 1
3 2 1 0 1 2 3
Gerilim (V)
Sekil 2. Au/Klorofil (Mg+LA) /n-GaP/Al aygitinin karanhk ve
farkh 151k siddeti altindaki 1-V grafigi
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Schottky diyotlardan elde edilen I-V karakteristiklerinin,
bazi durumlarda (6zellikle idealite faktoriiniin yaklasik 1,03’in
tizerinde oldugu kosullarda) klasik termiyonik emisyon
modeliyle tam olarak agiklanamadigi bilinmektedir. Bu durum,
Schottky engel yiiksekliginin uygulanan gerilime bagli olarak
degistigi varsayimiyla yorumlanmaktadir. Ayrica idealite
faktoriiniin ~ 1’den biiylik c¢ikmasi, 1imaj kuvvet etkisi,
jenerasyon-rekombinasyon akimlari, arayilizey durumlart ve
tinelleme mekanizmalart gibi  farkli  fiziksel etkilere
baglanmaktadir. Bu baglamda, yliksek idealite faktori degerleri;
ince dogal oksit tabakalarinin, seri direnglerin ve arayiizeydeki
homojen olmayan engel dagiliminin varligiyla
iligkilendirilmektedir (Gupta ve Yakuphanoglu, 2012). Bunun
yant sira, idealite faktoriiniin artmasi; araylizey tabakasindaki
potansiyel diislise, asir1 akim etkisine ve yariiletken—yalitkan
smirinda meydana gelen rekombinasyon siireclerine de
atfedilebilir (Reddy, 2014).

Genellikle diisiik ileri besleme gerilimlerinde elde edilen
|-V karakteristikleri, yari-logaritmik (log 1-V) 6l¢ekte dogrusal
bir davranig sergiler. Ancak uygulanan gerilim yiikseldikge,
arayiizey halleri, ince yalitkan tabaka ve seri direng etkileri
dogrusal egriden belirgin sapmalara yol agar. Seri direng, [-V
karakteristiginin  yiiksek gerilim  bolgesindeki  (dogrusal
olmayan) kavislenmede etkiliyken; araylizey halleri ve yalitkan
tabaka hem dogrusal hem de dogrusal olmayan bdlgelerde
belirleyici rol oynar. Arayiizey hal yogunlugunun ve seri
direncin diisiik olmasi, I-V egrisinin daha genis bir gerilim
araliginda dogrusal kalmasini saglar. Buna karsilik, lineer
bolgenin daralmasi engel yiiksekligi ve idealite faktoriiniin
belirlenme hassasiyetini azaltir (Karatas ve Altindal, 2005).

Fotovoltaik aygitlarda onemli parametrelerden biri olan
fotoduyarlilik (RR), 151k duyarliligiin ve 151k enerjisini elektrik
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enerjisine doniistiirmenin bir Sl¢iisii olarak tanimlanir (Biyikls,
2004).

RR = Iph_Idark
Idark

seklinde hesaplanir (Yildirim, 2018).

Au/Klorofil (Mg+LA) /n-GaP/Al aygitinin 1s1k siddetine
kars1 fotoakim (Ipn) grafigi Sekil 3’te fotoduyarlilik (P-RR)
grafigi ise Sekil 4’te verilmistir. Grafikten de gorildiigi gibi
retilen Au/Klorofil (Mg+LA) /n-GaP/Al aygitinin artan 11k
siddetiyle foto akim ve fotoduyarliligi artmistir. Elde edilen bu
sonug ise aygitin 11k etkilesiminin oldugunu ve optoelektronik
cihazlar i¢in klorofil ince filminin kullanilabilirligini
gostermistir.
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4,0x10°

3,5x10°

3,0x10°

2,5x10°

Iph (4)

2,0x10°

1,5x10°

10° T T T [ T T T T [ T T T T [T T T T [T

P (mW/cm?2)

Sekil 3. Au/Klorofil (Mg+LA) /n-GaP/Al aygitimin P- Iph grafigi
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1,6x10°
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Sekil 4. Au/Klorofil (Mg+LA) /n-GaP/Al aygitimin P-RR grafigi

Mg ve LA ile zenginlestirilmis klorofil kullanilarak
tretilen Au/(Mg+LA)Klorofil/n-GaP yapis1 karanlik ve farkli
151k siddetlerinde gergeklestirilen -V Olclimleri, aygitin 1518a
duyarl bir davranig sergiledigini gostermistir. Karanlikta 4,94
olan idealite faktOriiniin aydinlatma altinda 1,43’e diigsmesi,
yapinin aydinlik kosullarda daha ideal diyot Kkarakteri
gosterdigini ortaya koymustur. Artan 1sik siddetiyle birlikte
fotoakim ve fotoduyarlilik degerlerinin yiikselmesi, aygitin
fotodetektor ve giines pili uygulamalarina uygunlugunu
dogrulamaktadir. Elde edilen bulgular, Mg ve LA katkilarinin
klorofilin elektronik 6zelliklerini iyilestirerek ¢evre dostu, diisiik
maliyetli ve 1s18a duyarli organik yariletken aygitlarin
gelistirilmesine katki saglayabilecegini gostermektedir.
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A MATHEMATICAL PATHWAY FROM
BINARY RANDOMNESS TO STATIONARY
FIELD OBSERVATIONS IN MACRO UNIVERSE

Baris BAYKANT ALAGOZ!
Serkan ALAGOZ?

1. INTRODUCTION

A path for the unification of physics theories depends on
gaining scale-consistent theoretical understanding for the
constitution of the spacetime fabric by digging into the world of
the smallest until reaching “undividable building elements” of
the spacetime fabric (if they exist). Their interactions or
behavioral dynamics of the building elements of spacetime can
help developing the theory of everything, which can explain
action of universe in all scales and all dimensions. Through
conceptual journey of human mind from the macro universe to
the micro universe, several concepts were emerged in physics
and philosophy. However, recent progress in technology and
observation indicated a need for new physics concepts that can
bridge the theoretical gaps.

The biggest mystery of humankind is to understand the
universal fabric that constitutes everything in the universe. In a
work, for mathematical consistency, the fabric of the spacetime
has been conjectured as short-distance structures at the Planck
scale and sub-Planck scale (Kempf, 1998). Kempf used linear
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operator for encoding spacetime information based on the
conjecture that the fundamental theory of quantum gravity
encodes spacetime information using the linear and symmetric
operator. He considered the minimal elements as classes of
short-distance structures. It is also reasonable for the
geometrical aspect of the spacetime because curvatures of the
spacetime can be geometrically approximated by a collection of
the short-distance curves (curves can be approximated by
gathering of enough small unit line elements. Similar techniques
are known as linearization and the linearization has been widely
used in engineering and mathematics to model systems in small
ranges of nonlinear parameters. In the current study, we used the
concept of linearization for the mathematical modeling for local-
weak measurement apertures that can receive signals from the
minimal element collection of the space fabric.

There have been ongoing discussions on the formation of
spacetime fabrics in the geometric aspects. Einstein remarked in
his speech that “It is true that this proposed physical
interpretation of geometry breaks down when applied
immediately to spaces of sub-molecular order of magnitude. But
nevertheless, even in questions as to the constitution of
elementary particles, it retains part of its significance.”
(Einstein, 1995; Kuzemsky, 2023). He highlight importance of
the observation scales while explaining the universe. In
geometrical interpretation of macroscopic universe, the
Minkowski’s spacetime manifold has significance in both
special and general relativity (Minkowski, 2010). However,
these concepts begin losing generality when going to micro
universe. Kuzemsky pointed out Blokhintsev’s idea
(Blokhintsev, 2012) that had been indicated the lack of the
“abstract constructions”, which is helpful to explain the fabric of
the spacetime. The observation scale problem comes to rise.
Closing the gap between macroscopic concepts of spacetime
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(x,y,z,t ) and its constitution in the quantum field theory is

very import to bridge disparity in realms of macroscopic and
microscopic universes (Kuzemsky, 2023). Kuzemsky raised
doubts on constitution of spacetime on components of sub-
atomic particles; even one cannot surely define the spacetime
coordinates for the particles themselves. Today, the majority of
physicists agree that it is almost impossible to directly observe
or collect data from the fundamental elements that build sub-
atomic particles. The problem may not be only technological
barriers; instead the fabric itself may involve inaccessible state,
namely hidden states or hidden dimensions. A way to deal with
such uncertainty may start with following abstract and simplistic
paths of mathematical concepts in order to demonstrate
possibilities and options for theoretical interpretation of relations
between the spacetime constitution and its macro aspects.

In the aspect of quantum mechanics, Wheeler used the
term Quantum Foam (or Spacetime Foam) to explain the
turbulent, probabilistic structure of spacetime at very small
scales (Wheeler,1982; Misner, Thorne, & Wheeler, 1999).
Quantum effects indicate stochastic nature of a spacetime near
the Planck scale, and the random fluctuations of the metrics
usually referred to as spacetime foam. Quantum foam concept
presumes the quantum fields as cumulative effect of random
fluctuating quantum foams. In the current work, we theoretically
demonstrated that even randomly and independently changes in
states of discrete minimal elements (quantum foams) may
establish a stationary field value with slight noise in local
observations. It makes possible Miller’s consideration of the
Planck-Wheeler quantum foam as the white noise (Miller,
2000). In aspect of holographic universe, holographic quantum
foam is also discussed and observability of clues of holographic
guantum foams in Telescope Interferometers is considered in
terms of infinite statistics (Ng, 2012).
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In the current study, we investigated consequences of
stochastic field elements in macroscopic view of the field, and
numerically demonstrated that a measurement from randomly
distributed states of minimal element collection of the space
fabric can be vyield relatively stationary field value with lower
uncertainly. It implies that even fully random fluctuation of
states on minimal constitutional elements can be observed as a
stationary field value with a mean value in long time window
and small random deviations (noise signal) in short time
windows. Therefore, the stationary view of macroscopic
universe should not be necessarily built by deterministic
elements and dynamics (state transitions). Fully random
(maximum information entropy) and statistically independent
(no interaction between elements) changes on the minimal
element states can produce a view of stationary macroscopic
world.

2. METHODOLOGY

To avoid relying on previous physical concepts as much
as possible, we put our fundamental assumptions quit simple
and abstract, which consider the lowest level of information
(binary state) with the highest uncertainty when getting through
the world of the smallest in the space-fabric (microscopic
universe). We illustrated mathematically that even highest
uncertainty and randomness in our microworld concept may
allow establishing a steady and predictable macroscopic world
constitutions. In other words, construction of a deterministic and
almost steady macroscopic worlds from fluctuating fields, which
are highly uncertain and contains the lowest level of
information, can mathematically possible. The abstract findings
indicated that the space of the macroworld can be closely related
with the limited nature of interaction with the field elements (the
locality in measurement) and the time of microworld can be
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related with performing subsequent interactions with the field
elements (repeated measurements). Spacetime in macroscopic
world may manifest itself with the subsequent bounded
interactions with the field elements. (For instance, the quantum
information is hidden and processes in the quantum field (Zizzi,
2020)) This study does not directly claim this situation. We
rather aim a mathematical abstraction that if there is theoretical
possibility that even random state and independent field
elements in micro universe can be observed stationary average
field values in macro universe scales.

Let’s assume the simplest case that expresses the
ultimate randomness of the field fluctuations under the
following basic assumptions:

(i) The field state (e.g., the quantum field) spreads over
the spacetime fabric,

(if) The field in the spacetime fabric is assumed to be
composed of states of discrete minimal field
elements, (discrete spacetime microstructures)

(iif) Each minimal element takes a random binary states
{0,1}, which depends on the distribution function,
(the lowest level of information)

(iv) The states of minimal elements can be represented
by statistically independent random variables, and
there may be no correlation between the values of
these minimal elements. (the highest uncertainty)

These suppositions offer mathematically fundamental
abstraction for the field constitution in terms of mathematical
relations and modeling. These assumptions indeed imply the
case that the macro universe observers do not much know about
the constitution of the field and its dynamics that acts on the
field fluctuation (if such interpretable dynamics exists).
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Local measurements can be carried out over quantum
fields (Fewster & Verch, 2020). We presume an observer that is
capable of performing local-weak measurements from a
collection of minimal constitutional elements of the field. The
“local-weak measurement” phrase implies the case that
observers can sense the cumulative impacts from states of the
minimal element collection of the field section. The term
“weak” implies amplifying and detecting weak effects, and this
implies reducing impacts of the observer on the observed
system(Story, Ritchie & Hulet, 1991) For this reason, the local-
weak measurement aperture is modeled with the weighted sum
of all states of the minimal element collection. Figure 1 depicts
this conceptualization that involves a local measurement
aperture for interacting with the state of minimal elements of the
field.

Local-weak Meazurerment

Aperture
Meazured signal
Meazurerment Windowr Frobe State of
_Minirnal
AT — —%  Elerment
P Wi

Figure 1. A conceptualization for local-weak measurement
aperture that weakly interacts with states of minimal element
group of the field section

Let denote binary states of the minimal elements of the
2D field by binary random variables as (i, j) €{0,1}. Thus, one
assumes that the state of the minimal element has the lowest
information load under one-bit quantization for values of 0 and
1. For the sake of simplify, we assumes a 2D field plane that
represent the positional spreading of the minimal elements in the
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space fabric. The measurement window shows the interaction
region of the field with the measurement aperture. Then the
local-weak measurement ¥ can be expressed as sum of the
amplified interaction with minimal element states in a
measurement window

W= Yw ) ¢

w(i,j)eQ

where w; ; denotes the amplification factor of the measurement

apertures in order to sense the state of the minimum element
w (i, j) of the field constitution. (We refer the distribution of
coefficients as the locality lens of measurement aperture.) This
formulation shows similarity with the flow phenomenon in the
non-equilibrium statistical mechanics (The flow (heat, matter

etc) is written in form of Ji:ZLi'jX where L;; s

j'!
phenomenological transport coefficients and X,  is are

generalized driving forces for vector transport processes). It is
similar to, Kempf’s linear approach (Kempf, 1998). The
measurement window € also implies a locality in the field
measurement. The ¥ denotes a single local-weak measurement
from states of accessible minimal elements group in the locality

window Q. However, assuming W, ; =0 for y(i, j) ¢ Q also
mathematically implies a measurement window to represent
locality of minimal element interactions with the measurement
aperture. For unlimited formulation of the measurement
aperture, one can consider the following formulation

W= Sw i) )

v(i, j)eR?

In the current study, we considered the local-weak
measurements that are localized in the space and the time. To
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make measurements local for time, the observer samples the
field interaction in time, and the local-weak measurements
express a sampled time series signal in the form of

¥(n)= Zwi,jl//(ii Jn) 3)

w(i,))eQ

where the measured time can be expressed as t=nAt and the
parameter At is the sampling period of the measurement
aperture. The interacted element indices i and j are correspond

to space elements x=i.Ax and y= j.Ax in the macroscopic
world. The distance concept may emerges with the value of the
amplification factor w;;. High value w,; implies the near
elements because of its stronger interaction with the

measurement  aperture.  Consequently, the  spacetime
parameterization (x,y,z,t) in macroscopic sense can
inherently emerge with the subsequent local interaction with the
field elements in the microscopic universe.

Uncertainty in information, which is received from a
information source, is considered by the using information
entropy (Shanon entropy), which is expressed for a random
variable X as,

1

H(X)=> p,log,(—) 4)
xeX px

where the random variable X takes discrete values of x with a

probability of p,. The information entropy can be used to

estimate level of the uncertainty in receiving a specific value of
x from a reading. Since the state y takes binary values

(v e{03), p, =P(y=0) and p, =P(w =1)) are probabilities
of being the state 0 and being the state 1. For discrete random

92



Fizik Degerlendirmeleri

variable y, the probability distribution function can be
expressed as f(y=0)=p, and f(y=1)=p, and the

information entropy of the minimal element states can be written
as

H(p) ==y =0)log,(f(y=0)— f(y=Dbg,(f(r=1) (5

When the property of probability distribution function
f(w=0)+ f(y =1)=1 is considered, the information entropy

of the binary states can be reorganized depending f(w =1) as
follows:

H(y)=-1-T(y=D)log,d-T(y=1)-Ty=Dlog,(f(w=1) (6)

The maximum entropy is equal to 1, when p,=0.5 and

p, =0.5, which also implies the maximum uncertainty for the

minimal element state. One can expect to sense one of states 0
and 1 from the minimal element at each measurement.

= Degree of
L Uncerainty
o : : : :
0 0.2 0.4 0.6 IR 1
Py =1 fiur = 1) =1

Figure 2. Information entropy of minimal element states versus
the distribution function value
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3. NUMERICAL SIMULATIONS FOR
LOCAL-WEAK MEASUREMENT

This section presents results of numerical experiments of
the local-weak measurement model from discrete minimal
elements of the conceptual field. Figure 3 shows a snapshot
from 100x100 element field states. The minimum element states
of 2D field plane (the field membrane) has the maximum
information entropy. This implies that one simulates 10000

minimal elements with the state probabilities of p,=0.5 and

p, =0.5, and this field section produces 2'%°% different binary

state configurations. (Since the information entropy of each
element is 1 (maximum entropy or maximum uncertainty), the
total information entropy in this field section becomes 2%,
theoretically) Figure 3(a) illustrates a sample for binary state
configuration (y (i, j) ) from the discrete field elements. Figure

3(b) illustrates locality lens that shows the distribution of the
coefficients w; ;. To implement locality lens nonlinearly on 2D

the field, we used a Gaussian function in the following from

— a7 (=) (= 12)) (i im)
W ;=€ (7)

where the (i, J,) represents spatial indices of the minimum

element, where the measurement aperture is the most strongly
interact with. (It can be related to position of the aperture in the

space of the macro universe). The parameters (i, J,,) determine

the size of the 2D field plain. The number of minimum element

states, which is considered in the simulation, is calculated by

I, J.,- In this equation, the factor L adjusts size of locality
Im Jm

zone and the y is referred to as the locality factor of the locality

lens. The locality lens, which is modeled by equation (7), is
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useful for a nonlinear and symmetrical realization of the
measurement window Q for the local-weak measurement in the
simulation.

20 40 6 80 100 . 20 40 60 80 100
[ [

Figure 3. (a) A binary state configuration (w (i, ) ) view

from the field plane, b) locality lens (the distribution of the
coefficients W, ;)

To make simulation results more consistent, we
increased the simulated field a size of 10001000 element states
that infer 24%%°%%° different state configurations and the total
information entropy in the following simulations. Then, 200
samples of the field state configuration are randomly generated

with the state probabilities of p, =05 and p, =05 (for

maximum entropy of minimal element states), and we computed
a time series of local-weak measurements with 200 samples.
These samples are considered as the measured signal. The
Coefficient of Variation (CV) index is used to evaluate the
variability in the measured signal. The CV can also be used to
express the level of fluctuations in measurements and it can be
calculated statistically by using the standard deviation o and
the mean value x4 of the signal as follows:
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CV = 8)

o
U

The mean value x of the signal is accounted as the most
likely average magnitude in the weak measurements, the
variance o of the signal can be considered as the power of

noise in the measurement, in this assumption, the signal-to-noise
ratio can be written as,

2

SNR,; =10log,, % 9)

To see effects of narrowing the measurement window
Q (narrowing the locality lens), the locality factor » was
increased and the simulation is repeated. We observed the
local-weak measurement signals. Figure 4 shows useful images
from simulations and the measured signals for locality factor
values () ranging from 1 to 5000. The first image group (on
the left) shows the first sample of binary state distributions in
the field. The second image group (in the middle) shows
locality lenses in the measurements, which are adjusted by
using the ». The third plot (on the right) is the local-weak
measurement signals from 200 sampling of the field states in
time. Based on these simulation results, Table 1 reports some
measured parameters to evaluate magnitude and variability
(noise) of the measured signal. Figure 5 graphically illustrate

the change of CV and SNR,; depending on the locality factor
values (7).
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Figure 4. Simulation results for various setting of the locality
factor values (7 )The left images are the first sample of binary

state distribution in the field. The middle images are the locality
lenses of the measurements that are adjusted by the y . The right

plots are the measured signals from 200 sampling the field in time
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Table 1. Some statistical parameters to evaluate the
magnitude and variability (noise) of the measured signals
from the simulations.

Subfigures v y2j o CcVv SNRg

(a) 1 4.2510° 4.34.10° 1.02.10° 59.82

(b) 10 | 1.4910° 2.10.10° 1.41.10° 56.99

(c) 50 | 3.1410* 8.94.10" 2.84.10° 50.90

(d) 100 | 1.5710° 6.53.10" 4.16.10° 47.61

(e) 200 | 7.8510° 5.13.10 6.54.10° 43.68

) 500 | 3.14.10° 2.47.10" 7.88.10° 42.06

(9) 1000 | 1.57.10° 2.02.10" 1.29.1072 37.78

(h) 5000 | 3.14.10° 8.55 2.72.107 31.30

60 0.03 |
55 0.025
50 0.02

5

40 0.01
35 0.005
" ! o

0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

/), Y

Figure 5. The change of CV and SNR; for locality factor values
() from 1 to 5000

The simulation results reveal the following remarks:

(i) Although states of minimal elements change
randomly and independently (Maximum information entropy
and no relation), local-weak measurements (equation (1)) yield a
signal that has a steady mean magnitude (mean value) with
noise disturbance (variance) around. It indicates the possibility
that even the states of minimal elements are fully random
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(maximum information entropy) and locally independent (no
interactions with other elements), the local-weak measurements
can still appear steadily in time and therefore, the signal value is
expectable and predicable through time (the signal looks almost
deterministic). This effect may reveal that high uncertainty in
subatomic realm or random nature of spacetime foam may not
be a contradiction for the steady and average characteristics in
the macroscopic universe observations. If the macroscopic
universe looks steady and deterministic, the microscopic world
does not necessarily be steady and deterministic. In the
mathematical point of view, stochastic behavior in the
microscopic universe may look rather deterministic in
macroscopic scales in the case of the local-weak measurements.

(ii) Spacetime  conceptualization of  macroscopic
universe may be closely related with the bounded interaction
strength (locality lenses) of measurements and the subsequent
sampling in measurements. Consequently, extending space and
time concept into microscopic universe may be necessary. On
the other hand, the spacetime concept in the macroscopic
universe may be a consequence of the subsequent bounded
interactions with the field elements in our measurement efforts.
Hence, the locality of measurement apertures may result in the
perception of the space in macroscopic universe, and subsequent
measurements may result in perception of the time. By assuming
the random changing states with the maximum uncertainty, the
field elements are modeled statistically independent (none-local
and timeless) because there is no the state trajectory and the time
IS not a necessary component in this assumption. Therefore,
when an observer can measure a steady signal (steady mean
value with noise variation) in macroscopic scales, micro
universe constitution of this system may not necessarily obey
the locality and the time arrow rules because simulation results
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reveal that random and independent element states may produce
steady macroscopic observations.

(iii) In the case of the maximum information entropic
discrete elements (maximum uncertainty), as the locality lens of
the local-weak measurement is narrowed (it implies using a
higher resolution measurement aperture to observe deeper into
microscopic universe), fluctuating and uncertainty in local-weak
measurements increase. This effect can contribute to the white-
noise signals in real world measurements. In fact, these findings
are expectable results in the aspects of the law of large numbers
and the central limit theorem. Similar theoretical aspects were
suggested by Pathirana at al. for observations of quantum
process with noise. They concluded that repeated iterations of a
qguantum operation with noise can generalize independent
guantum processes Vvia a convergence to equilibrium (Pathirana
& Schenker, 2023).

4. CONCLUSIONS

This study draws a theoretical pathway for the possibility
that the randomness in the spacetime fabric dynamics may still
produce a stationary observation in the macroscopic universe. A
steady field observation is possible by means of local-weak
measurements in the case of random state transitions in
minimum field elements. Therefore, a local-weak measurement
may be responsible from appearance of a stationary macroscopic
universe in time.

Another interesting theoretical possibility is that local-
weak measurement efforts may result in a perception of space
and time dimension through the macroscopic universe. The
locality lens of the measurement may produce the space
perception in macroscopic scales and repeated measurement
signal may produce a time perception.
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EFFECT OF SPRAY SOLUTION VOLUME
ON THE PHOTODETECTOR PROPERTIES
OF CdS THIN FILM!

Serif RUZGAR?

1. INTRODUCTION

There is considerable demand within the optoelectronics
industry for advanced semiconducting materials to be used in
photodetection applications (Devi vd., 2020; Gant vd., 2019; Qi
vd., 2019; Vrijen & Yablonovitch, 2001). Such photodetectors
are critical for numerous fields, including space technology,
photonics, and optical communications. Thin-film based
photodetectors are optoelectronic devices composed of sub
micrometer-thick semiconductor layers that detect light and
convert it into electrical signals. They are typically fabricated
using various semiconductor materials, such as amorphous
silicon, organic materials, perovskites and sulfides. These
detectors offer cost advantages because they can be fabricated at
low temperatures and over large areas, and they can be easily
integrated into flexible surfaces such as glass and plastic. These
features offer solutions in many new areas where traditional
photodetectors cannot be used. Thin-film photodetectors are
widely used in digital cameras, medical imaging systems (e.g.,
digital X-ray devices), environmental light sensors, and
wearable electronics. Their flexible and lightweight structure
makes them particularly popular in wearable health monitoring
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devices and foldable displays. Furthermore, because they can be
specifically tailored to specific wavelengths, they are also used
in special-purpose applications such as ultraviolet (UV) or
infrared (IR) light detection. The importance of this technology
is growing not only for its functionality but also for the
opportunities it offers for future technological advancements.
Advancing materials science allows for the development of
detectors with higher sensitivity, faster speeds, and lower energy
consumption. This paves the way for more effective and
portable solutions in both healthcare and communication
technologies. In this context, cadmium sulfide (CdS) has
emerged as a promising material, with current research focused
on fabricating CdS-based devices that possess superior
performance metrics such as high detectivity, responsivity, and
quantum efficiency (Deng & Li, 2014; Shuai vd., 2020; Wu vd.,
2012; Ye vd., 2010). CdS is a 1I-VI group semiconducting metal
chalcogenide that possesses numerous advantageous properties.
These include high stability, a moderate direct band gap of
2.42 eV at 300 K, high optical transparency, and good electrical
conductivity. Furthermore, CdS exhibits a refractive index that
decreases from 2.58 to 2.55 over the 350-1600 nm wavelength
interval. In the same spectral range, its extinction coefficient
decays from 0.7 to a near-zero value with increasing wavelength
(Al-Ahmad, Hassan, Badran, & Hussain, 2012; Mohamed,
2013; Yilmaz, Polat, Tomakin, & Bacaksiz, 2020). Collectively,
these attributes render CdS an indispensable semiconductor in
the landscape of optoelectronic technologies, enabling the
fabrication of diverse devices including light-emitting diodes
(LEDs), transistors, and photodetectors (Li vd., 2018;
Wondmagegn vd., 2016). Several research groups have
documented the key characteristics of CdS films, which exhibit
a range of structural variations and are fabricated using diverse
deposition techniques (Hakami, 2022). These methods
encompass pulsed laser deposition (B. Liu vd., 2016),
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magnetron sputtering (Rondiya vd., 2017), chemical bath
deposition (CBD) (F. Liu vd., 2010), spin-coating (Patel,
Mighri, Ajji, Tiwari, & Chaudhuri, 2014), the sol-gel process
(Munirah, Shahid Khan, Aziz, Abdul Rahman, & Raza Khan,
2013), nebulizer spray pyrolysis (NSP) (Sathish Kumar,
Valanarasu, Vimala Juliet, Rimal Isaac, & Ganesh, 2025),
among others. While each of these fabrication techniques offers
distinct advantages and disadvantages, nebulizer spray pyrolysis
(NSP) possesses a notable benefit: it is a low-cost, non-vacuum
method well-suited for large-area applications and time-saving.
Furthermore, NSP can vyield high-quality thin films while
requiring only a minimal volume of precursor solution. The
formation of the solution into a fine mist enhances film quality
and promotes uniform growth by facilitating gradual nucleation
with minimal material wastage (Thirumoorthi & Thomas Joseph
Prakash, 2016). The available literature presents a scarcity of
studies specifically investigating the influence of spray solution
volume on the properties of deposited films. Consequently, this
research focuses on the fabrication of CdS thin films utilizing
the NSP technique, systematically varying the precursor solution
volume to assess its effect on photo-sensing characteristics.

2. MATERIALS AND METHODS

This study successfully produced a series of four CdS
thin films on thoroughly cleaned glass substrates. The films
were deposited via the nebulizer spray pyrolysis method. The
precursor solutions were 0.1 M very pure Cadmium Chloride
(CdCI2) and 0.1 M thiourea (CS(NH,)2), both sourced from
Sigma Aldrich. Glass slides measuring 2 cm X 2 cm were
chosen as the substrates. Before deposition, these slides were
subjected to a rigorous cleaning technique that included
consecutive washing with acetone, isopropanol, ethanol, and
deionized water. The CdS films were applied to the pre-cleaned
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substrates by systematically adjusting the total precursor
solution volume in increments of 2 mL: specifically, 2 mL, 4
mL, 6 mL, and 8 mL. The deposition procedure was executed
under optimum conditions, with the nozzle-to-substrate distance
set at 5 cm and the substrate temperature maintained at 450 °C.
After the spraying procedure was completed, all created samples
were taken off the hot plate and permitted to cool to room
temperature. The crystallographic quality of the produced CdS
thin films was evaluated using XRD using a Rigaku Miniflex-11
X-ray diffractometer, utilizing CuKa radiation (A=1.5418 A)
over a 20 range of 20° to 70°. The optical characteristics were
analyzed with a UV-visible spectrophotometer across a
wavelength range of 300 nm to 900 nm. The responsivity and
photo-sensitivity of the CdS thin films were quantitatively
assessed using a Keithley source meter system (model 4200).

3. RESULTS AND DISCUSSION

Examining the crystal structure of thin-film
semiconductors is crucial for understanding the electronic,
optical, and structural properties of the material. The crystal
structure determines the arrangement of atoms, the presence of
defects (vacancies, dislocations, etc.), and grain boundaries.
These properties directly affect the semiconductor's electrical
conductivity, carrier mobility, energy band structure, and light
absorption efficiency. The performance of devices such as
photodetectors, solar cells, and transistors is closely related to
the crystalline quality of the thin film used. Therefore, crystal
structure analysis (e.g., using techniques such as X-ray
diffraction, TEM, and AFM) can facilitate material optimization
and increase device efficiency. These analyses also play a
critical role in identifying and eliminating defects in the
manufacturing process. Figure 1 depicts the XRD patterns
obtained for the CdS films. The analysis of these patterns
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verifies the successful establishment of the hexagonal phase of
cadmium sulfide, corresponding to the standard data recorded
under JCPDS card No. 41-1049. The diffraction spectra display
six primary peaks, sequentially indexed to the crystallographic
planes: (100),(002),(2101),(102),(110),and (111). This
structural observation aligns with analogous findings in the
literature, including those reported by RAO et al. (Rao, Kumar,
Reddy, & Rao, t.y.). The XRD pattern of the films displays two
significant peaks with 20 values of 28.94° and 52.60°. The
peaks correspond to the (101) and (111) crystallographic planes
of hexagonal CdS, respectively. Moreover, the intensity of all
peaks markedly escalates with an increase in the volume of the
spray solution. The Williamson-Hall (W-H) analysis was
utilized to ascertain the crystallite size and inherent film strain.
This technique use the full width at half maximum (FWHM) of
the principal XRD peaks to disentangle the influences of size
and strain-induced widening (Kathalingam, Valanarasu,
Ahamad, Alshehri, & Kim, 2021).
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Figure 1. XRD pattern of the CdS thin films
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The Debye-Scherrer formula, which alone accounts for
the influence of crystallite size (D), is articulated in Equation

(D).

kA
- BcosO (1)

The parameters in this equation denote the Scherrer
constant (k = 0.94), the X-ray wavelength (), the full width at
half maximum (), and the diffraction angle (6). A related
microstructural parameter, the internal strain (¢) caused by
crystalline disorder, can be derived from Equation (2).

g=—F 2

" 4tan@

The calculated crystallite size and strain values of CdS
thin films are shown in Table 1. A complex relationship between
spray solution volume and microstructure was observed:
increasing volume from 2 mL to 4 mL enhanced the crystallite
size while reducing strain, whereas a further increase to 4 mL
had the opposite effect. Additionally, the dislocation density ()
of the films was calculated via the Williamson and Smallman
relation, shown in Equation (3).

5= @3)

A negative correlation between the calculated dislocation
density values and the crystalline size is evident, as detailed in
Table 1. Studying the optical properties of thin-film
semiconductors is essential for understanding their interactions
with light and maximizing their use in optoelectronic
applications. Optical parameters such as absorption coefficient,
refractive index, light transmittance, and band gap determine
how well a semiconductor absorbs or transmits light. This
information is particularly critical for the design of devices such
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as photodetectors, solar cells, and LEDs. For example, a
photodetector's sensitivity to light at a specific wavelength
depends on the optical properties of the thin film used.
Similarly, in solar cells, the goal is to maximize light absorption
to achieve higher efficiency. Therefore, detailed analysis of
optical properties offers significant advantages in both material
selection and improving device performance.

Table 1. Variation of crystal properties parameters of CdS thin
films with changing spray solution volume

samples | FWHM | D (nm) S(tlroa:;] Derziii;offgﬁ%.z)
omL | 02514 33 106 9.37
amL | 0.2206 37 9.3 7.21
6mL | 0.2696 30 11.4 10.77
8mL | 0.2398 34 101 8.52

The optical properties of the spray-coated cadmium
sulfide thin films were systematically investigated via optical
absorption spectroscopy across the 300-900 nm wavelength
range. The ultraviolet-visible-infrared (UV-Vis-IR)
transmittance spectra for CdS films, deposited under varying
spray solution volume, is presented in Figure 2 (a). |In
particular, the film produced with a 6 mL spray solution volume
exhibited maximum optical transmittance compared to samples
prepared at other volumes. This increase is assumed to be due to
the growth of smoother, more homogeneous grains and smaller
crystallite sizes at this specific spray volume; this structural
observation was independently confirmed by XRD analysis.
Furthermore, the UV-Vis-IR transmittance spectra reveal a
band-edge shift depending on the applied sputter volume. This
shift suggests a modulation of the films' electronic band gap
with the solution volume, and the sputter volume serves as an
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effective parameter for tuning the optical and electronic
properties of CdS thin films.
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Figure 2. (a) Transmittance and (B) Tauc plots for CdS thin films
as a function of spray solution volume

Determining a semiconductor's optical band gap (band
gap) is crucial for understanding how a material interacts with
light and what wavelengths (or energies) of light it can absorb.
Accurately measuring the band gap is the first step in
determining whether a material is suitable for use in
optoelectronic devices such as solar cells, photodetectors,
LEDs, and lasers. The optical band gap indicates the minimum
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photon energy a material can absorb. For example, for a
photodetector detecting visible light, the appropriate band gap
should be between 1.5 and 3 eV. If a material's band gap is not
within this range, the device may not operate within the
expected light range. Furthermore, the band gap affects other
optical and electronic properties of the material, such as
conductivity, transparency, and photoresponse time. Therefore,
determining the optical band gap plays a critical role in many
stages, from material selection to device performance
prediction. The determination of the CdS films' bandgap and
the comprehensive understanding of their optical nature
necessitated the application of the Tauc method. Specifically,
the quantity (ahv)® was plotted against the incident photon
energy (hv) for each distinct CdS sample. Crucially, the
absorption coefficient (a)—a prerequisite for the Tauc
analysis—was first calculated from the measured transmittance
values. The electronic bandgap (Eg) values for the cadmium
sulfide (CdS) films were quantitatively extracted from the
linear extrapolation of the Tauc plot, specifically the graph of
(ochv)2 against photon energy (hv). This analysis is grounded in
the Tauc relationship (Equation (3), as referenced in
(Kathalingam, Valanarasu, Ahamad, Alshehri, & Kim, 2021):

ahv = A(hv — Eg)" 3)

The exponent n in this equation is an integer whose value
is determined by the kind of electronic transition (direct
transition n=1/2, indirect transition n=2), and A is a
proportionality constant.  Tauc plots of CdS films deposited
with varying solution contents are shown in Figure 2(b). These
figures' linear behavior amply illustrates the material's direct
electrical band gap nature. The linear segments of the Tauc
plots were extrapolated to the x-axis (photon energy axis) in
order to quantitatively determine specific Eg values. For films
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deposited at 2 ml, 4 ml, 6 ml, and 8 ml, the observed band gaps
were 2.43 eV, 2.43 eV, 244 eV, and 2.44 eV, respectively.
Changes in crystal quality brought on by the quantity of the
deposition solution can be directly connected to the observed
band gap fluctuation.

Investigating the optoelectronic properties of CdS thin
films is crucial for understanding the material's interaction with
light and its electrical behavior, enabling its optimal use in
various applications. Because CdS is a wide-bandgap
semiconductor, it is frequently used as a buffer layer in solar
cells, photodetectors, and photosensitive resistors (LDRsS).
Investigating the optoelectronic properties of CdS in thin-film
form—such as bandgap, carrier density, conductivity,
photoresponse rate, and light absorption capacity—reveals
significant effects on device performance. This analysis can
optimize material synthesis methods, improve film quality, and
produce more effective CdS layers suitable for targeted
applications. Consequently, the optoelectronic characterization
of CdS is a critical step in both material development and the
design of high-efficiency optoelectronic devices. The
photoelectric properties of the fabricated CdS devices were
comprehensively examined under excitation by visible light
sources. The 1-V curves—detailing current response under dark
conditions and 100 mW/cm? light incidence—are displayed in
Figure 3. Photocurrent measurements were conducted by
sweeping the potential from —2 V to +2 V under a consistent
100 mW/cm? illumination intensity across the visible domains.
The significant enhancement of current upon light exposure,
relative to the baseline dark current, validates the UV-Vis
photosensitivity of the devices. The linear and mirrored I-V
characteristics confirm the existence of ideal Ohmic contacts at
the film-electrode interface. The figure of merit for the
photodetectors, expressed as the ON/OFF ratio (the ratio of
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photo-to-dark current), exhibited a strong dependence on the
film preparation spray solution volume. The measured ratios
were 2.7x10% 39, 11, and 7.5 corresponding to films prepared at
2 mL, 4 mL, 6 mL and 8 mL, respectively. This data clearly
establishes that the photodetector synthesized at 2 mL achieves
the peak operational efficiency, demonstrating a superior
On/Off ratio of 2.7x10°.
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Figure 3. The 1-V characteristics of CdS thin films prepared at
different spray solution volume
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4. CONCULUSIONS

This investigation delineates the successful fabrication
of Cadmium Sulfide (CdS) thin films via an economical
nebulized spray pyrolysis technique. The study systematically
elucidates the impact of varying precursor solution volumes (2,
4, 6, and 8 mL) on the resultant films' structural and
optoelectronic  characteristics. X-ray diffraction (XRD)
analysis confirmed that all deposited films were
polycrystalline, adopting a hexagonal wurtzite crystal lattice
with a strong preferential growth orientation along the c-axis.
Among the series, the film derived from a 6 mL spray solution
exhibited superior optical transparency. However, the
functional performance as a photodetector, quantified by the
light-to-dark current (ON/OFF) ratio, was found to be critically
dependent upon the precursor volume. The ratios were
measured to be 2.7x10%, 39, 11, and 7.5 for the 2, 4, 6, and 8
mL  precursor volumes, respectively. These results
unequivocally demonstrate that the film synthesized with a 2
mL precursor volume possesses unparalleled operational
efficiency, achieving a remarkable ON/OFF ratio of 2.7x10°.
In conclusion, the judicious manipulation of precursor volume
presents a straightforward yet powerful pathway for tailoring
the material's properties for specific applications.

The exceptional photo-responsive performance of the
CdS film fabricated from a 2 mL solution renders it a highly
promising candidate for integration into advanced
photodetector systems. These findings accentuate the pivotal
role of precursor volume in modulating not only the
microstructural integrity but also the functional efficacy of CdS
thin films. This ability to fine-tune film characteristics through
such a readily controllable synthesis parameter offers a
scalable and versatile strategy for incorporating CdS materials
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into next-generation optoelectronic devices. Future research
avenues could involve exploring the influence of strategic
doping, substrate temperature modulation, and post-deposition
thermal annealing to further optimize the performance metrics
of CdS-based photodetectors across a broader spectral domain.
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