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AMAC

Bu toplanti, ulusal boyutta optik, elektro-optik ve fotonik konularina yonelik yillik tek
bilimsel toplanti serisi olan Ulusal Optik, Elektro-Optik ve Fotonik Calistaylarmin 25.’sini
olusturmaktadir. Optik, elektro-optik ve fotonik alanlarmnin yiiksek teknoloji dahilinde ekonomik
katkis1 biiyiik, savunma ve saglik gibi stratejik sanayilerde uygulamalar1 genistir. Bu nedenlerden
dolayi, bu konularda ulusal diizeyde gelismemizle birlikte bulundugumuz diizeyin bilinmesi ve
ilerletilmesi 6nemlidir.

Bu toplantida, tilke capinda optik, elektro-optik ve fotonik konularinda akademide ve
endiistride aragtirma ve gelistirme ¢aligmasi yapan gruplar (bilim insanlari, yoneticiler, miihendisler,
lisansiistli 6grencileri vs.) bir araya gelecek ve caligmalarini birbirlerine sunup, tanigsma, gériisme ve
tartisma olanag1 bulacaklardir. Bu, gruplar arasi ortak caligmalarin baglatilmasina, karsilikli destek
ve fikir aligverisinde bulunulmasina ve ortak proje basvurular1 (6rnegin, Avrupa Birligi Cergeve
Programlari) i¢in ¢aligmalar yapilmasina 6n ayak olacaktir.

Bu sekilde, bu toplantinin optik, elektro-optik ve fotonik konularinda iilkemizin bilim ve
teknoloji ¢alismalarina yarar ve katki saglamasi beklenmektedir.

Toplanti Konular:

Fotoalgilayicilar

Elektro-Optik Malzeme ve Cihazlar
Lazerler

Dogrusal Olmayan Optik Aygitlar
Tlmlesik Optik

Optik Lifler

Modelleme ve Simulasyon Y ontemleri
Olgiim ve Degerlendirme Teknikleri
Kuantum Optigi

Nanofotonik Aygitlar ve Sistemler

(3] () () (%) ) () () (36 (3] ()
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Metayiizeylerle Fotonikte Yeni Ufuklar: Goriintilleme, Algilama ve
Kuantum Uygulamalari

Koray Aydin
Norhwestwrn Universitesi

Giliniimiizde bilgi igleme, algilama ve iletisim teknolojilerinde yasanan hizli doniisiim, 15181 kontroliinii yalnizca bir
miihendislik problemi olmaktan ¢ikararak, fotonik alaninda ¢ok disiplinli bir firsatlar diinyasinin parcasi héline getiriyor.
Bu doniisiimiin merkezinde yer alan metayiizeyler sayesinde, 1sik-madde etkilesimini atomik 6lgekte yonlendirebilmek
miimkiin héle geliyor. Boylece daha kompakt, hizli ve ¢ok iglevli optik sistemlerin gelistirilmesinin 6nii aciliyor.

Bu konusmada, arastirma grubumuzla birlikte gelistirdigimiz metayiizey mimarilerini ve bu yapilara dayali fotonik
uygulamalari tanitacagim. Makine 6grenmesi ve ters elektromanyetik tasarim yaklasimlarini kullanarak gelistirdigimiz
optik elemanlarm; goriintiileme, spektroskopi ve bilgi isleme gibi alanlarda nasil kullanildigini1 6rneklerle aktaracagim.
Ozellikle 15181 kendisiyle gerceklestirdigimiz gergek zamanl kenar algilama gibi gérevlerin, diisiik enerjili ve yiiksek
hizli optik hesaplama sistemleri i¢in sundugu olanaklari tartisacagim.

Sunumun son béliimiinde, kuantum yayicilarla etkilesen rezonant metayiizeylerin kuantum aglarinin kurulmasina yonelik
potansiyelini ele alacagim. Klasik ve kuantum fotonik sistemler arasinda kurulan bu képriide metayiizeylerin {istlendigi
rolii ve bu alandaki giincel aragtirma yonelimlerini paylagarak, fotonik teknolojilerin gelecegine dair ¢ok boyutlu bir bakis
sunmay1 amagliyorum.
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Yenilik¢i Sensor Uygulamalar icin Karanhk Kiplerin Terahertz
Bolgesinde Uyarimi

Hakan Altan
Terahertz Arastirma Laboratuvari, ODTU Fizik Boliimii, Universiteler Mah. Cankaya Ankara
06800
Eposta: haltan@metu.edu.tr

Ozet

Terahertz (THz) dalgalar1 (0.1-10THz), giivenlikten kablosuz iletisim teknolojilerine kadar birgok farkli uygulamada
Ozgiin ¢oziim Onerileri sunabilecegi i¢in gliniimiizde yogun olarak arastirilmaktadir. THz rejimi elektronik ve fotonik
alanlarin arasinda gegis bolgesi olarak diisiiniilebilir ve metamalzeme yapilari frekans ayarli oldugunda kolayca
mikrodalgadan THz bolgesine ¢ekilebilir. Metamalzemelerin farkli terahertz frekanslarinda gosterdikleri rezonant etkiler,
Ozellikle sensor ve spektroskopi uygulamalari acgisindan son derece Onemli bir yer edinmeye baslamistir. Mikro
fabrikasyon kistaslar1 nedeniyle 2B diizlemde iiretilen metayiizeyler sensor uygulamalari i¢in hem ekonomik agidan hem
de uygulanabilirligi acisindan son derece elverislidir.

Ozellikle sensér uygulamalari i¢in metayiizey rezonanslarin kalite faktorleri (Q) énemli bir unsur olmaktadir. Q-faktorii
bir bakima 15181n o rezonans frekans araliginda ne kadar siire gecirdigine isaret ediyor ve daha uzun siireler daha yiiksek
Q-faktorlerine denk geldigi igin sensor uygulamalarinda tespit sinirlar1 Q-faktoriinii arttirarak iyilesebiliyor. Son birkag
yildir Q-faktoriinii arttirmak i¢in birim hiicresinin kapasitif ve endiiktif yapisina bagli olan rezonant etkileri gérmek yerine
kolektif olarak hareket edebilen belli sekle sahip birim hiicre yapilari igin var olan karanlik kiplerini kullanarak sensor
yapilar gelistirmeye calisan farkli caligmalar literatiirde goriilmeye baslanmistir. THz bolgesinde bu durum yani metal
tabanli metayiizeylerde bulunan karanlik kipler (modlar), simetri korunmal1 Siireklilikteki Fotonik bagli Durumlar
(Bound States in Continuum - BIC'ler) olarak adlandirilir ve sonsuz omiirlii optik sistemlerde korunan 6z durumu
gosterdigi i¢in Q-faktdrii de sonsuz olma 6zelligi gosterir ki bu da sensor uygulamalari i¢in yeni firsatlar dogurmaktadir.

Simetri korunmali ideal-BIC modu ile etkilesmek i¢in metayiizey iizerinde simetrisi bozulmamis tek bir birim hiicresi
yakin-alan THz 6l¢lim tekniklerine dayanarak uyarilmasina baglh olarak gergeklesebilir. Bu radikal yontem ile teorik
olarak ¢ok yiiksek Q-faktorlerine ulasmak miimkiin géziikmektedir. Cok yiiksek Q-faktorleri sayesinde simetri korunmali
ideal-BIC’in merkez rezonans frekansi etrafinda THz 1sin1 uzun siirelere maruz kalacagi igin analit ile olan etkilesimi
artarak hassas tespit yapabilen bir sensor geometrisi ulasilabilir olacaktir. Bu kapsamda uzak-alan geometrisi dahil olmak
lizere yakin-alan dl¢iim tekniklerinin THz bolgesinde 6zgiin metayiizey yapilara uygulanmasi sonucu elde edilecek yeni
algilama yontemleri dahil olmak iizere bu alanda arastirma grubumuzun yaptig1 ¢alismalardan bahsedilecektir.

BIC Durumu Olan Ozgiin Metayiizey’in THz Dalgasi ile Etkilesimi
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Sekil 1. Yiiksek Q-faktorlii 6zgiin metayiizey yapilari ile sensor uygulamalari kapsaminda hassas tespit
smirlarina ulagilmasi beklenilmektedir.
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Ozet

Goriiniir dalgaboyunda plazmonik sistemlerin dinamik kontrolii, yeni nesil nanofotonik aygitlar ve kuantum teknolojileri
icin kritik dneme sahiptir. Burada, ger¢ek zamanli, yeniden yapilandirilabilir nanofotonik bilesenler elde etmek igin
plazmon-yayict etkilesimlerinin tamamen optik ve elektro-optik kontroliinii birlestirerek, optik frekanslarda g¢alisan
kuantum plazmonik sistemler icin aktif ayarlama stratejilerini gdsteriyoruz.
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Sekil 1: (a) Nanodeligin igine yerlestirilmis QE ile EOT yapisinin sematik diyagrami (b) Ultrakisa darbenin farkli spektral
bant genislikleri igin gegirgenlik spektrumlari (¢) QE'in farkli seviye araliklart (L) igin gegirgenlik spektrumlari. (d) Au
bow-tie nanoanten ve voltaj ayarlanabilir QE'nin hibrit kuantum plazmonik sistemi (e) Zayif ve giiclii etkilesim rejiminde
Stark alaninin farkli degerleri i¢in ayar bozma fonksiyonu olarak Stark ayarli pleksitonlarin PL spektrumlart.

Oncelikle, ultrakisa lazer darbeleri araciligiyla lokalize ve yayilan plazmon modlarinin uyarilmasmi saglayarak
olaganiistii optik gecirgenlik (EOT) iizerinde spektral ve zamansal kontrolii saglayoruz [1]. Ardindan, 3B-FDTD
simiilasyonlar1 ve kuantum osilator modellemesi araciligiyla, darbe siiresi ve bant genisliginin degistirilmesinin EOT
siddetini ii¢ mertebe kadar artirdigini ve plazmon dmiirlerini yaklasik 100 fs'ye kadar uzattigini gosteriyoruz. Ayrica,
plazmonik nanoyapilara voltaj ayarlanabilir kuantum yayicilari (QE) entegre ederek, sabit dalga boylarinda genis bantli
spektral ayarlama ve EOT sinyallerinin ii¢ mertebe kadar modiilasyonunu elde ediyoruz [2]. QE'nin uzun 6miirli yapist,
kisa dmiirlii dogrusal olmayan plazmon modlarinin émriinii de 129 fs'ye kadar uzatabilmetedir [3]. Ek olarak, optik Stark
etkisini (OSE) kullanarak hem rezonans dis1 (off-rezonant) hem de rezonansta etkilestirilen plazmon-yayici sistemlerinde
pleksitonik modlarin es-fazli kontroliinii teorik olarak gdsteriyoruz. Rezonans dis1 sistemlerde, Stark alani ii¢ seviyeli bir
QE'deki dejenerasyonu yiikselterek, pleksitonik durumlari rezonansa dogru ayarlar ve Stark kaynakli seffafligi (SIT)
miimkiin kilar. Dahasi da, kiiciik Stark kaymalari, vakum Rabi boliinmesinde énemli degisikliklere (350 meV'ye kadar)
neden olur ve fotoliiminesansin (PL) istege bagli modiilasyonuna olanak tanir. Rezonant sistemlerde ise, OSE, Mollow
iclisii 6zelliklerini ve yol girisim etkisini tetikler ve gézlenen Stark boliinmesi 491 meV'ye kadar gikabilir [4].

Sonuglarimiz, nanometre olgeginde 1s1gin dinamik manipiilasyonu i¢in dayanakli stratejiler sunarak, algilama,
goriintiileme ve entegre fotonik uygulamalarinda ayarlanabilir plazmonik cihazlar i¢in yol agmaktadir.

Anahtar Kelimeler: Yiizey Plazmon Rezonansi, Olagandisi Optik Gegirgenlik, Stark etkisi, Kuantum Yayici
R.S., TUBITAK 1n 121F030 ve 123F156 numarali projelerinden saglanan destek igin tesekkiir etmektedir.
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Yiiksek Performansh Fotonik Uygulamalar icin I1I-V Yariiletkenlerde
Epitaksiyel Ince Film Mithendisligi

lkay Demir!?
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Tiirkiye
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III-V yariiletkenlerin (InP, GaAs, InGaAs, InAlAs vb.) epitaksiyel olarak biiyiitiilmesi, modern fotonik ve optoelektronik
teknolojilerin temelini olusturmaktadir. Metal Organik Buhar Fazi Epitaksisi (MOVPE) ve Molekiiler Isin Epitaksisi
(MBE) teknikleri ile atomik hassasiyette katman kalinlig1 ve bilesim kontrolii saglanarak kuantum kuyulari, siiper drgiiler
ve gradyan indisli yapilar iiretilebilmektedir.

Bu sunumda, optik haberlesme, kuantum teknolojileri, kizil6tesi goriintiileme ve lazer sistemleri i¢in epitaksiyel tasarim
stratejileri, biiylime optimizasyonu ve ileri karakterizasyon (HRXRD, PL, AFM, ECV vb.) tekniklerinin roli ele
almacaktir. Ayrica, saglik, savunma ve ¢evresel izleme alanlarinda kritik 6neme sahip kuantum ¢aglayan lazer (quantum
cascade lasers) aygitlart igin ¢ok katmanli III-V heteroyapilarin biiyiitiilmesinde epitaksinin belirleyici etkisi
vurgulanacaktir. Bununla birlikte, gerinim miihendisligi, kompozisyon gradyanlar1 ve defekt yonetimi gibi siire¢
optimizasyonu yaklasimlar: aktarilacak; gelecegin fotonik cihaz mimarileri i¢in yliksek performansli epitaksiyel malzeme
gelistirme perspektifleri sunulacaktir.
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Uzay Platformlari icin Teleskop Tasarimi ve Optik Teknolojileri

Ozgiir Karc
TUSAS Havacilik

Yer gozlem uydulari, 400-800 km algak diinya yoriingeden (Low Earth Orbit, LEO) diinyanin farkli spektrumlarda
goriintiilenmesi i¢gin kullanilan uzay platformlaridir. Teleskop ve elektro-optik kamera sistemleri, yer gdzlem uydularinda
kullanilan asil faydali yiiklerdir. Kirinim-limitli optik tasarima ve goriintiileme performansina sahip bu elektro-optik
sistemler, firlatma roketlerinin titresim kosullarina dayanimli ve uzay ortamina uygun 6zellesmis malzemeler ve bunlara
uygun tasarimlarla sekillendirilmektedirler.

Bir uydu kamerasi i¢in teleskop tasarimi, uydu sisteminin gérev gereksinimlerinin kirinimiyla baglayan bir sistem
miihendisligi caligmasiyla sekillenen optik tasarimla sekillenmektedir. Genis goriis agisina sahip kirmim-limitli, aplanatik
Ritchey-Chrétien (RC) (Hubble Uzay Teleskobu gibi) ve anastigmatik Three Mirror (TMA) (James Webb Uzay
Teleskobu gibi) teleskop mimarileri uydu sistemlerinde 6ne ¢ikan modern optik mimarilerdir.

Bu ¢alismada, katadioptrik bir RC teleskobun ugtan-uca tasarimi ve realizasyon siiregleri, bu konuda yapilan ¢aligmalar
sunulacaktir. Modern teleskop sistemlerinin optik tasarim siiregleri ve aberasyon teorisi ile iligkisi, bir teleskobun insa
siirecini kapsayan opto-mekanik ve yapisal tasarimlar ile malzeme segimleri, bu tasarimlar1 yonlendiren firlatict roket
sistemleri ve yoriingedeki uzay kosullari, biiyiik ¢apl hafifletilmis uzay-kalifiye asiferik optik iiretimleri ve bunlarin
interferometre tabanli metrolojisi (hologram veya null lensler), uzay kosullarina dayanimli ince film kaplamalar,
teleskoplarin optik olarak hizalanmasi ve kullanilan nodal aberasyon teorisi (NAT), teleskop performans metrikleri ile
bunlarin 6l¢iimii, gereksinim duyulan time-delay-integration (TDI) tipi CCD ve CMOS sensor teknolojileri ¢aligmanin
ana unsurlari olarak 6ne ¢ikmaktadir.

Uzay kosullarinda calisacak bir teleskobun yasam dongiisii, optigin farkli alanlarmim yani sira fizigin de ¢ok farkli
disiplinlerini bir araya getirmektedir. Optik metroloji yontemlerindeki ihtiyaglar/gelismeler ise geleneksel simetrik optik
mimarilerin yaninda serbest form (freeform) optik mimarileri, bunlarin iretimlerini miimkiin kilmakta ve hizli bir
doniigiimii tetiklemektedir.
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Ozet

Tibbi teshis ve miidahalede yeni bir paradigmay1 tanimlamak i¢in "gor ve tedavi et" terimi {izerinden yeni
teknolojiler gelistiriyoruz. Gelistirdigimiz teknolojiler, aninda ve bilingli klinik miidahaleyi kolaylastirmak igin
gelismis optik goriintiileme teknolojilerini akilli algoritmalarla ve tedavi sondalariyla birlestiriyor. Tani ve tedaviyi
farkl1 ve genellikle zaman alic1 asamalara ayiran geleneksel is akislarinin aksine, gor ve tedavi et konseptimiz, patolojik
durumlart tespit etmek ve tedavi kararlarmi yerinde yonlendirmek igin gergek zamanli medikal ve biyomedikal
goriintiilemeyi (6zellikle yapay zeka destekli goriintiilemeyi) entegre ediyor. Goriintiileme ve tedavinin tek bir seansta
kusursuz bir sekilde entegre edilmesi, klinik is akigini reaktif bir modelden proaktif bir modele doniistiirerek tedavi
gecikmelerini 6nemli dlgiide azaltabiliyor ve klinik sonuglart iyilestirecegi 6n goriiliiyor.

Bu paradigmamizin temel odak noktasi, biyomedikal teknolojilerin (optik gériintiileme, termal tedavi ve termal
olmayan tedavi) endoskopi ve yapay zeka tabanli ger¢ek zamanli analizlerle birlestirilmesinin benzeri goriillmemis
bir hassasiyet sagladigi endoskopik miidahalelerdeki uygulamasidir. Optik Es-fazli Tomografi (OCT) ve holografik
goriintiileme gibi teknikleri igeren optik goriintiileme hedefimiz, hiicresel ve hiicre alti diizeyde dokularin yiiksek
¢Oziiniirliklii, invaziv olmayan goriintiilenmesini saglayarak onemli bir rol oynamaktadir. Geleneksel beyaz 151k
goriintiilemesinden elde edilen anatomik ve ylizeysel bilgi ileri optik goriintiileme yontemleri ve makine 6grenimiyle
desteklenen hizli veri yorumlama ile birlestirildiginde, bu dogrultuda gelistirilen optik ara¢lar uzman hekimlerin
anormallikleri ince ayrintilartyla gérmelerine ve aninda hassas bir sekilde tedavi etmelerine olanak tanir.

"Gor ve tedavi et" yaklasimimizin dokudan elde edilen yapisal ve islevsel bilgilere dayanarak miidahalelerin
gercek zamanli olarak uyarlanabildigi minimal invaziv, gorintii kilavuzlu hassas tipta yeni ufuklar acacagi
diistiniiliiyor. Biyomedikal miihendisligi, optik goriintiileme, endoskopik termal ve termal olmayan tedaviler ve yapay
zekanin giiclii yonlerini bir araya getiren laboratuvarimiz, 6zellikle gastroenteroloji alaninda, uzman hekimlerin
hastalara daha verimli, giivenli ve etkili bir sekilde teshis ve birden fazla randevuya gerek kalmadan tedavi etme
yontemlerine yeni teknolojiler sunuyor.
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TUBITAK [116F192; 116E815; 117E985; 121E375; 122E157]. TUSEB [16762].



FOTONIK 2025 | Ulusal Optik, Elektro-Optik ve Fotonik Calistayi

EPR Spektroskopisi ile Kusur Yapilarimin Incelenmesi:
Fotonik, Nanomalzemeler ve Siiperkapasitor Uygulamalari
Arasindaki Baglantilar
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Elektron paramanyetik rezonans (EPR) spektroskopisi, 6zellikle oksitler gibi kusurlarin elektronik, manyetik ve optik
Ozellikleri derinden sekillendirdigi malzemelerde bu yapilari incelemek i¢in giiglii ve ¢ok yonlii bir yontemdir.

Bu seminerde EPR spektroskopisini katthal malzeme bilimi ve fotonik cercevesinde tanitarak, yari iletken
nanomalzemeler, perovskitler ve yeni nesil 2D malezemelerde kusur iligkili olgulart ortaya cikarma giiclinii
vurgulayacagim. EPR, yalnizca kendiliginden ve disaridan olusan kusur durumlarina duyarli olmakla kalmaz; ayni
zamanda kristal alan parametrelerindeki ufak degisimlere de hassastir. Bu sayede PbTiOs ve kursunsuz perovskitlerden
Zn0O nanomalzemelere kadar farkli malzeme simiflari arasinda karsilastirmalar yapilmasina olanak tanir. Ayrica metal
iyonlarmin elektronik durumlari, derigimleri, iyon ikamesi, yiik dengelenmesi ve oksijen boslugu olusum mekanizmalari
hakkinda ayrintili bilgiler sunar. Yiizey ve hacim kusurlarini ayirt edebilme 6zelligi ise fonksiyonel uygulamalar i¢in
malzeme davranisini dogru sekilde yonlendirmek agisindan kritik neme sahiptir.

Son olarak, ZnO ve kursunsuz perovskitlerin siirdiiriilebilir enerji depolama i¢in tiimlesik siiperkapasitdr cihazlarinda
elektrot malzemesi olarak kullanimina dair devam eden arastirmalarimizi paylagacagim. EPR’yi fotoliiminesans gibi
tamamlayici tekniklerle birlestirerek kusur durumlarinin kontroliiniin cihaz performansini dogrudan nasil etkileyebildigini
gosterecegiz. Bu yaklasim, enerji ve fotonik teknolojileri i¢in islevselligi optimize edilmis yeni nesil elektrot
malzemelerinin tasarlanmasina giden yolda 6nemli firsatlar sunmaktadir.
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Sekil 1: (sol) Stokiyometrik olmayan ZnO’da kusur evriminin sematik gdsterimi. (sag) ZnO ve ii¢ boyutlu
grafen kopiik elektrotlar kullanilarak gelistirilen siiperkapasitor cihazi.
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p‘m malzemeler, siirdiiriilebilir karbon iiretimi ve siliperkapasitér tasarimi iizerine
odaklanmaktadir. 150’den fazla makale yayimlamig, 50’den fazla davetli konusma
yapmistir. Experimental Results dergisinin Bas Editorii ve Scientific Reports dergisinin Yardimer Editoriidiir. Ayrica
Sabanci Universitesi EFSUN Aragtirma Merkezi'nin Direktoriidiir ve 2024 yilinda Darmstadt Teknik Universitesi’nde
Mercator Fellow olarak se¢ilmistir.
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Antimikrobiyal ve Antikanser Fotodinamik Terapi Ajanlari
Safacan Kélemen®

“Kog¢ Universitesi, Kimya Boliimii, Istanbul, Tiirkiye

Fotodinamik tedavi (FDT), klinik olarak onaylanmis bir tedavi yontemi olup, diisiik yan etki profili ve ilag direncini agma
yetenegi sayesinde kanser tedavisi ve antimikrobiyal uygulamalar i¢in biiyiik potansiyel tasimaktadir.! Tipik bir FDT
mekanizmasinda, sitotoksik reaktif oksijen tiirleri (ROS), ii¢ temel bilesenin, fotoduyarlastirict (PS), 151k (lazer) ve oksijen
(?0»), varhiginda iiretilir.'! ROS firetimi iki farkli mekanizmay1 takip eder. Tip-I mekanizmasinda, uyarilmus triplet enerji
seviyesinde bulunan bir PS, doku oksijenine (*02) olan bagimlilig1 oldukga diisiik olacak sekilde siiperoksit radikali (O2")
ve hidroksil radikali (*OH) iiretir.! Tip-II mekanizmada ise, triplet PS, enerjisini temel hal oksijenine aktararak sitotoksik
singlet oksijen ('Oz) olusturur.! Tip-I mekanizmanin temel avantaji, doku oksijenine olan minimal bagimliligidir.! Bu
durum, Tip-1 PS'lerin kat: tiimdr ortaminda bulunan hipoksik kosullarda etkili bir sekilde ¢alismasina olanak tanir.? Tip-
I PS'ler son yillarda biiyiik ilgi gorse de, kanser hiicrelerine segici olarak etki eden aktivite tabanli Tip-I PS'ler heniiz az
sayidadir.?

Aktiviteye dayali, teranostik fotoduyarlastiricilarin gelistirilmesine yonelik devam eden g¢aligmalarimiz kapsaminda,
farkl1 kanser hiicre tiplerinin segici tedavisini miimkiin kilan, kirmizi/yakin kizilotesi 151k absorpsiyonuna sahip gesitli
PS’ler sentezlenmistir. Bu ¢calismalardan birinde, hidrojen siilfiir (H-S) tarafindan secici olarak aktive edilen, hemisiyanin
bazli, organel hedefli tip-1 PS’ler gelistirilmistir.> Bu PS’ler, hem normoksik hem de hipoksik kosullar altinda kanser
hiicrelerinde giiclii ve secici fototoksisite gosterirken, normal hiicrelerde ihmal edilebilir diizeyde fototoksik etki
olusturmustur. Takip eden bir ¢alismada ise, hipoklordz asit (HOCI)’e duyarli, mitokondri hedefli bir tip-I PS ortaya
cikarilmis ve ilgili ajan, hem gii¢lii bir antikanser ajan hem de endojen HOCI kaynagi olarak gorev yapan elesklomol—
Cu(Il) kompleksi ile birlikte sinerjik bir tedavi yaklagiminda kullanilmistir.* Elesklomol-Cu(Il) ve PS’nin birlikte
uygulandig1 HeLa hiicrelerinde terapdtik etkinlik anlamli diizeyde arttigi rapor edilmistir. Gelistirdigimiz yenilikgi PS'ler
ayni zamanda antimikrobiyal ajanlar olarak da kullanilmistir. Bu dogrultuda yaptigimiz bir ¢alismada yapisinda polietilen
glikol (PEG) grubu tasiyan FDT ajanimiz lazer uyarimi altinda tiim ESKAPE bakterilerinin ve biyofilmlerin
inhibisyonunu saglamistir.

TUBITAK (Proje No: 1212662), TUSEB (Proje No: 32867) ve TUBA-GEBIP programina desteklerinden dolay tesekkiir
ederim.
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Abstract

Investigation of small-scale structures on the micron scale in the THz region is limited by the laws that govern
classical THz microscopy due to the Rayleigh and Abbe diffraction criteria. According to these criteria, at 1 THz
frequency where the wavelength is 0.3 mm, the minimum resolution limit that can be achieved is 150pm. Consequently,
detecting local changes in structures smaller than this is not possible with classical THz microscopy techniques. This
limitation has led to the development of near-field measurement techniques. This region is defined as the region where
the target to be imaged is placed very near the THz source at lengths < 2D%* where D is the source diameter, typically a
distance smaller than 10\, allowing for the investigation of microstructures beyond the Rayleigh and Abbe limits. Near-
field measurement techniques can be categorized into five main groups. The first technique is based on the confinement
of electromagnetic waves in slits or corrugated apertures, where resolutions down to A/70 have been achieved <2 THz
range (Mitrofanov et al., 2001) .The second technique involves systems using waveguide-based methods, reaching
resolutions of A/260 at 0.12 THz (Zhan et al., 2010). The third group includes scattering-based methods such as dynamic
scattering, near-field collection with a metallic tip, far-field collection of scattered radiation, and emission scatterers. In
our approach, special photo conductive antenna which has an active area of 3um allows us to achieve a spatial resolution
of 40um at 1 THz (Figure 1). This work aims to contribute to the field of high-resolution imaging in the THz domain.
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Figure 1a) Near Field THz setup Figure 1b) Photoconductive antenna structure

Keywords: THz near field, Photo conductive antenna
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Abstract: Ciliary dysfunction in the nasal mucosa is a major factor in the pathogenesis of chronic airway diseases such
as primary ciliary dyskinesia, cystic fibrosis, bronchiectasis, asthma, and chronic obstructive pulmonary disease. Accurate
evaluation of ciliary beat frequency (CBF) is critical for early diagnosis and disease monitoring; however, current methods
rely on invasive sample collection, are time-intensive, and often yield inconsistent results due to environmental or
handling factors. This project develops and clinically validates a novel elastic fiber endoscope capable of measuring CBF
directly and in real time within the nasal cavity. The device integrates dual optical pathways to provide simultaneous
anatomical imaging and motion analysis, enabling precise in vivo quantification of ciliary activity.

The system employs two synchronized imaging channels, one illuminated with a white light source for endoscopic
visualization, and another with a defocused laser to generate speckle patterns from the ciliated surface. Frame-by-frame
correlation of these speckle patterns allows precise calculation of CBF in the physiological range. Validation is conducted
through three complementary approaches: (i) in situ measurement within the nasal cavity of healthy volunteers and
patients with ciliopathies; (ii) ex vivo analysis of nasal epithelial brush samples; and (iii) in vitro assessment of cultured
epithelial cells from the same donors. Cross-comparison assesses accuracy, reproducibility, and clinical applicability.

Figure 1: The representation of the optical setup to be used in the investigation of cilia movement. The setup includes
an endoscope, laser, imaging system, and the defocus system of the speckle pattern.

The system significantly reduces patient discomfort, improves diagnostic accuracy, and shortens evaluation time from
several days to minutes. By enabling rapid, reliable, and non-invasive assessment of mucociliary function, this innovation
transforms clinical workflows in respiratory medicine and enhances the management of ciliopathy-related diseases. We
thank TUSEB (Grant No: 35713), TUBITAK (Grant No: 9249505) and TUBA (A. Kiraz) for partial supports.
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Figure 2: Representative result obtained by moving the sample at 12 Hz using a speaker.

Keywords: Ciliary Beat Frequency, Nasal Endoscopy, Respiratory Diagnostics, In Vivo Measurement.
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Abstract

Single photon detectors are essential for quantum photonics, but today’s superconducting nanowire devices have limited
performance and reproducibility.

A promising direction is TI superconducting single photon detectors (TI-SSPD). Topological insulators offer Dirac
surface states for ultrafast electron transport, reduced phonon scattering for lower jitter, and natural topological protection
through broken symmetries.

To realize these advantages, epitaxial TI films must be grown with stable crystal phases and high structural quality.
In Bi,Tes, the stability of topological surface states is often compromised by stacking faults and secondary phases.

By doping with Sb, we suppress these competing domains, as confirmed by the disappearance of the parasitic (015) peak
in XRD.

Raman spectroscopy reveals a strong 24 cm™ downshift of the qu) mode, one of the largest dopant-induced shifts
reported in layered TIs.

Together with AFM, these results show a clear transition from disordered growth to a uniform TI phase.

This combination of epitaxial control and Sb stabilization provides the high quality materials needed for reliable TI-based
single photon detectors.

Keywords: Single photon detector, topological insulator, phase control
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Abstract

Radiation thermometers, owing to their non-contact operation, are widely used for reliable measurements of high
temperatures in both industrial processes and scientific research. Their accuracy largely depends on the linearity of the
photon detectors employed. High-temperature pyrometers operating in the narrow wavelength range of 650-950 nm with
Si photodiode detectors have become the standard for ensuring Sl-traceable measurements above 1000 °C. However,
establishing whether the response of these detectors is strictly linear remains crucial for reducing uncertainties in the
metrological chain.

In this study, a high-precision analysis system based on the flux-addition (superposition) method was developed to
characterise the linearity of silicon (Si) detectors. Unlike conventional attenuation-based techniques, this method relies
on measuring the signals from two independent, stable light sources (L1 and L2), both separately and simultaneously. For
a perfectly linear detector, the equality S(L1+L2) = S(L1) + S(L2) must hold; deviations directly indicate nonlinearity. A
key advantage of this approach is that it allows detector linearity to be evaluated without requiring absolute calibration of
the sources.

The experimental setup employed tungsten ribbon lamps as light sources, with active water cooling to suppress thermal
noise and a thermoelectric cooler to stabilise detector temperature. A PID-based electronic circuit, together with dedicated
software, was developed to stabilize the lamp intensity with an accuracy of 100 ppm. The photodiode current was
converted to voltage using a low-noise transimpedance amplifier and recorded with a high-resolution DAQ system. This
configuration effectively eliminated electronic noise and thermal drift, ensuring measurements within a robust
metrological framework.

The results clearly demonstrate the detector’s linearity performance over the temperature range of 800—1800 °C. In
particular, deviations remained at the level of 0.01% between 900 and 1700 °C, indicating near-ideal linear behaviour. At
lower temperatures, reduced signal-to-noise ratios led to higher deviations, while at higher temperatures, increased
deviations were observed as the detector approached saturation. These findings define the linear dynamic range of the
detector together with its physical limitations.

Keywords: Detectors, flux-addition, linearity, high temperature, radiation thermometers
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Abstract: Fiber bundle (FB) based endoscopes are indispensable in biology and medical science due to their minimally invasive
nature. However, resolution and contrast for fluorescence imaging are limited due to characteristic features of the FBs, such as low
numerical aperture (NA) and individual fiber core sizes. In this study, we improved the resolution and contrast of sample
fluorescence images acquired using in-house fabricated high-NA FBs by utilizing Generative Adversarial Networks (GANs). In
order to train our deep learning model, we built an FB-based multifocal structured illumination microscope (MSIM) based on a
digital micromirror device (DMD), which improves the resolution and the contrast substantially compared to basic FB-based
fluorescence microscopes. After network training, the GAN model, employing image-to-image translation techniques, effectively
converted wide-field images into high-resolution MSIM images without the need for any additional optical hardware. The results
demonstrated that GAN-generated outputs significantly enhanced both contrast and resolution compared to the original wide-field
images. These findings highlight the potential of GAN-based models trained using MSIM data to enhance resolution and contrast
in wide-field imaging for fiber bundle-based fluorescence microscopy.
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Figure 1. (a) Experimental setup. (b) SEM image of the utilized fiber bundle. Scale bar: 10 pm. (c) The sketch of the
system, including the objective, fiber bundle, and sample.

Keywords: Fiber Bundle-Based Fluorescence Microscopy, Deep Learning Model, GAN, Image-to-Image Translation, Multifocal
Structured Illumination Microscopy (MSIM), Biological Imaging.
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Familial Mediterranean Fever (FMF) is a rare autoinflammatory disease caused by mutations in the MEFV gene. These
mutations lead to the overproduction of the pyrin protein, triggering an uncontrolled inflammatory response. Early
diagnosis of FMF is crucial to prevent irreversible complications such as amyloidosis. However, current diagnostic
approaches are often time-consuming, expensive, and lack specificity in early stages. In this project, we developed a
label-free plasmonic biosensor platform for the rapid and sensitive detection of pyrin protein levels in serum samples,
aiming to facilitate the pre-diagnosis of FMF [1]. The biosensor utilises gold nanoparticles with surface plasmon
resonance (SPR) properties integrated into a chip-based detection system. Our results show that the sensor can detect
pyrin at concentrations as low as 0.24 ng/mL in less than 10 minutes, offering high sensitivity, specificity, and real-time
measurement capability. This platform may provide a promising tool for field-deployable and early-stage screening of
FMF, particularly in genetically at-risk populations.
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Figure 1. The schematic illustration presents the diagnostic workflow for FMF, integrating test results from the
plasmonic biosensor with clinical evaluation findings.
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Abstract

Human activities, urban expansion, poor land-use practices, and climate change accelerate the ten key processes of
global soil degradation: erosion, organic carbon loss, nutrient imbalance, acidification, contamination, waterlogging,
compaction, sealing, salinization, and biodiversity loss[1]. Most of these processes affect the soil surface, making them
detectable by remote sensing. Soil mapping is therefore essential for sustainable management in agriculture and
ecosystem resilience. In particular, the visible-near-infrared (VNIR) and short-wave infrared (SWIR) spectral ranges
(4002500 nm) are effective for observing soil properties. Optical remote sensing enables rapid, high-resolution, and
direct measurements of electromagnetic radiation that capture both chemical and physical characteristics of soils.
Extensive studies in laboratory and field conditions have demonstrated strong relationships between soil spectra and
soil properties, forming the basis for spectral soil modeling at continental to global scales. The integration of soil
spectral libraries (SSLs) from laboratory, field, and global scales into a unified database is crucial for monitoring and
managing Earth’s surface in the future. Many countries are actively contributing to SSL development at both national
and international levels[2].

In this work, we present a portable Vis—NIR spectroscopic system specifically designed to support the creation of the
Turkish Soil Spectral Library and its integration into the global SSL. The system follows the P4005: IEEE SA Standard
and Protocol Scheme for Soil Spectral Measurement in Both Laboratory and Field. It employs a transportable
spectrometer covering the 350-2500 nm range, combined with a measurement chamber equipped with fiber-optic light
transmission and a lamp-based illumination source[3]. Lightweight and highly flexible, the device can be easily carried
for field measurements. We describe the system’s optical and mechanical design, as well as its operational algorithms.
Representative soil spectra collected at the TUBITAK campus (Gebze, Tiirkiye) and near Foggia (Italy) are presented to
demonstrate its performance.

Keywords: Non-Destructive Measurement, Reflectance Spectroscopy, Turkish Soil Spectral Library, Vis-NIR Portable
Spectroscopic System
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Abstract

Couplers based on diffraction gratings are critical components in state-of-the-art AR/VR/XR headsets. [1] Manufacturing
tolerances often degrade the performance, making purely nominal optimization insufficient. A robust grating-based
coupler design framework that evaluates not only peak performance but also tolerance averaged performance is presented.
Using a multi-dimensional sliding kernel summation, mathematically equivalent to a local autocorrelation, robustness is
efficiently quantified across large grating databases. This allows systematic identification of designs that yield high
efficiency under realistic tolerances.
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Figure 1: Geometric Dimensions of a Diffraction Grating

Diffraction gratings are characterized by a large number of parameters, namely wavelength, period, refractive indices of
constituent layers, structures efficiencies and their geometric dimensions as shown in Figure 1. A database of grating
efficiencies was precomputed using RCWA [2][3]. Even this humble database that is computed for a local design space
for a single coupler may contain millions of entries, making traditional tolerancing — querying all neighbor points within
a =£A for each element is computationally prohibitive. Instead of traditional tolerancing, a multi-dimensional sliding
kernel is used for tolerancing. Boundary handling with zero padding is used to penalize designs near dataset edges,
reflecting real fabrication yields.

Keywords: Diffraction Gratings, Waveguide Couplers, Tolerancing
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Abstract

Deep Level Transient Spectroscopy (DLTS) one of the most powerful characterisation technique for deep levels exist in
semiconductors. In this work n-InAlAs epitaxial layers grown on SI-InP grown by MOCVD. Au-Ge based alloy used as
omic contact formation and Pt/Ti metallisation used as Schottky barrier. All contacts are made on top of the n-InAlAs
films which called as planar fabrication. I-V and C-V characters indicates reasonable rectification. A DLTS system
installed in our lab used for detection of possible electrically active defect levels in Schottky diodes. Two trap levels
located below conduction band at ~459 meV and ~291 meV detected. Trap concentrations at about 10> cm? from
capacitance transient values which donor concentration was 10'7 cm?.

InAlAs lattice matched on InP substrates is an attractive material for opto-electronic applications and heterostructure
applications. In this study detailed electrically active defects presented in n-InAlAs/SI-InP epitaxial layers grown by metal
organic chemical vapour deposition (MOCVD) at Sivas Cumhuriyet University: Nanophotonic Research Center
(CUNAM) using an AIXTRON 200/4 system.

N type InAlAs epitaxial layers doped silicon from SiH4 flow at 24 sccm for InAlAs_03 sample and 33 sccm for InAlAs_05
sample. Corresponding free carrier concentrations were 1.69x10'7 cm™ and 2.00x10'7 cm™. Planar omic contacts on top
of the epitaxial films are formed after RTA annealing Au/Ni/Au/Ge multilayer at 385 °C for 5 min. And then Pt/Ti based
Schottky barrier deposited using lift-off technique.
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After measurement, this method facilitated the selection of the rate window for
data analysis. The transient obtained at 255 K for a 10 ms filling pulse and a - 60
0.5 V reverse bias voltage is shown as an example in Fig. 1.
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The temperature-dependent change in AC for the three ratio windows is shown
in Fig. 2a. Analysis of the raw AC(T) transient data yielded trap levels T1 and T2

of 459 and 291 eV, respectively, from the Arrhenius plot, as shown in Fig. 2b. 52 4 //’/_—
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Deep level characterisation of n-InAlAs epitaxial films grown on I-InP substrates are investigated using DLTS
technique. Two trap levels were identified below the conduction band. The concentration of these traps, with energy
levels of 459 meV and 291 meV, were calculated to be of the order of 105 cm™.

Keywords: InAlAs, DLTS, Deep Levels, Traps
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This study introduces an Al-powered digital morphology analyzer designed for automated hematology image analysis.
The system integrates a motorized stage, optical imaging, and deep learning-based classification to enable precise
identification of blood cells. High-resolution smear images are automatically captured, focused, and processed through
an internal pipeline that detects, segments, and classifies target cells into clinically relevant categories. Results are
displayed on an intuitive user interface and can be exported as digital reports. By combining advanced optics with artificial
intelligence, this platform provides a fast, reproducible, and user-friendly alternative to manual microscopic evaluation,
supporting hematologists in clinical decision-making.
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Figure 3. Al-based workflow for blood cell

Figure 1. Design of the Figure 2. External view of the classification. Detected cells are highlighted with

morphology analyzer. morphology analyzer — device bounding boxes, processed by the deep learning model,
enclosure, control panel, user and labeled with their predicted classes such as Giant
interface screen, and sample Platelet, Lymphocyte, and Segmented Neutrophil.

loading area.

Figures 1 and 2 show the internal and external design of the morphology analyzer. Figure 3 illustrates the Al-based
workflow, where peripheral blood cells (PBCs) are detected, processed, and classified into categories such as Giant
Platelet, Lymphocyte, and Segmented Neutrophil. A dataset of 31,476 PBC images, annotated by experts at Kog
University Hospital, was used to train the model, achieving 0.8956 accuracy and an F1 Score of 0.8183.

Keywords: Digital Morphology Analyzer, Hematology, Deep Learning, Medical Imaging

References:

[1] C. Cheuque, M. Querales, R. Leon, R. Salas, and R. Torres, “An Efficient Multi-Level Convolutional Neural
Network Approach for White Blood Cells Classification,” 2022.

[2] B.-Z. Katz, et al., “Evaluation of Scopio Labs X100 Full Field PBS: The first high-resolution full field viewing of
peripheral blood smears,” 2021.

20



FOTONIK 2025 | Ulusal Optik, Elektro-Optik ve Fotonik Calistayi
Modeling of Fibrous Insulation with Coated Cylindrical Microfibers

Payam Mashinchi Abbasi', Kursat Sendur™!
'Faculty of Engineering and Natural Sciences, Sabanci University, Tuzla 34956, Istanbul, Tiirkiye
corresponding author, E-mail: kursat.sendur@sabanciuniv.edu

Abstract

Fibrous materials have attracted substantial interest as thermal insulators, predominately because their microstructure
excels at suppressing radiative heat transfer. These media are composed of a network of intertwined fibers, as shown in
Figure 1, that has low density and high porosity to limit conduction and convection; adjustable fiber diameter and packing
to tailor the radiative scattering and extinction; mechanical compliance with good thermal-shock tolerance and ease of
formability into blankets, felts, and boards; and compatibility with opacifiers and spectrally selective coatings which
could further cut the radiative transport. Thus, these materials are valuable for aerospace thermal protection systems,
combustion chambers; industrial furnaces and kilns; petrochemical heaters and hot piping; fire-rated assemblies; and
appliance insulation such as ovens and water heaters. The radiative characteristics of these materials are strongly related
to the physical and morphological features of the fibers considering their size, orientation, and optical properties.

The optical and radiative transport characteristics of fibrous media have been well studied. Among such studies, work by
Lee and Cunnington is very prominent, wherein they conducted an extensive theoretical and experimental effort into
fibrous insulation and gave a model to predict radiative properties for very high-porosity, randomly oriented fiber
networks [1].
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Figure 1: a. Geometry, b. Schematic of a coated cylinder,
c. Hemispherical reflectance vs Wavelength for coated and uncoated cylinder.

Thin coating of high reflectivity is applied on fibrous insulation to increase its hemispherical reflectance to suppress
radiative heat transfer. Hemispherical reflectance can be determined by solving the radiative transfer equation (RTE) that
controls radiative energy transport in participating media such as fibrous materials. A coating that is less absorbing but
heavily backscattering diffuse increases effective single-scattering albedo and redirects incoming radiation in the forward
direction, thereby increasing hemispherical reflectance and diminishing the net radiative flux into the medium,
improvement in overall insulation performance. For this purpose, the use of a coating material with a higher refractive
index and a coating-to-core ratio of greater than 0.25 has been suggested [2]. Based on simulations using different
materials with optimized thicknesses, it can be concluded that the application of a silicon coating with a thickness ratio
of 0.4 with respect to the silica core radius can substantially increase the hemispherical reflectance especially for
wavelengths above 5 pm, thereby increasing insulation performance. In addition, introducing a silica coating with a
constant thickness of 0.1 um can further increase hemispherical reflectance for wavelengths below 4 pm. The results
indicate that fibrous materials can be customized by proper coatings to enhance their reflectance in a specific wavelength
range for a specific application.

Keywords: Fibrous media; Radiative transfer equation; Hemispherical reflectance
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Abstract

Figure 1: The following schematic illustrates the samples that were grown using different SiHa flow rates: (a) Sample
A:0.037 sccm, (b) Sample B: 0.0916 sccm, and (c) Sample C: 6.52 sccm.

Indium phosphide (InP) is a key semiconductor material in photonic integration and was used in the first quantum cascade
laser (QCL), which was demonstrated in 1994. Due to its low refractive index and high thermal conductivity, InP-based
QCLs achieve high output powers in the 3—12 pm range at room temperature in continuous-wave mode [1]. InP coatings
grown by MBE (molecular beam epitaxy) and MOVPE (metal-organic vapor phase epitaxy) reduce optical losses and
enhance thermal management through the use of heterojunction designs. In MOVPE, silicon (Si) doping plays a critical
role in device performance by precisely controlling carrier density [2].

This study investigated the effect of Si doping on InP-based structures in detail. The samples were epitaxially grown by
the MOVPE system. While all growth parameters were kept constant, the flow rate of the silane (SiH4) gas was varied.
Different donor densities were created by selecting SiH4 flow rates of 0.037 sccm (Sample A), 0.0916 sccm (Sample B),
and 6.52 sccm (Sample C), thereby enabling control of the carrier concentration. The grown layers were characterised
using XRD to determine their crystal structure, Hall measurements to determine their electrical carrier density and
mobility, PL to determine their optical properties, and AFM to determine their surface morphology. The results obtained
reveal how changes in the SiH4 flow rate effect the structural, electrical, and optical integrity of InP.

The results of XRD, Raman, and AFM analyses demonstrate that Si doping has a direct effect on the crystal quality and
surface morphology of InP films. The results indicate that the level of Si doping significantly effects the crystal quality
and surface morphology of InP films.
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Abstract

With advancing technologies, it is now possible to create compact and fast systems based on the interaction of nanometer-
scale magnon structures with photons at GHz-THz speeds [1]. The advantages of these two structures are being harnessed
in numerous fields, including quantum signal processing, communications, and multi-mode quantum memories, thanks
to the magnon-photon interaction [2]. This interaction involves two sub-components, and the efficiency of the coupling
between them is crucial. These sub-components consist of a resonator or cavity and a magnetic material characterized by
high spin density and low absorption coefficient [1,2]. In this study, a Vector Network Analyzer-Ferromagnetic
Resonance (VNA-FMR) measurement setup operating between 5-9 GHz was developed to investigate magnon-photon
coupling, and the results were analyzed. Yttrium Iron Garnet (YIG), known for having the lowest Gilbert extinction
coefficient and very high spin density, were used for magnons. Additionally, a coplanar waveguide (CPW) with a split-
ring resonator (SRR) on the opposite side was designed with appropriate geometries to influence the photon mode in the
measurement system and excite the magnons in the magnetic material. The transmission spectra of the SRRs with YIG
as a function of the magnetic field are shown in Figure 1. Consequently, the coupling force constant was determined to
be 0,38.
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Figure 1: The transmission spectra vs magnetic field for the SRRs with YIG
Keywords: Yttrium Iron Garnet (YIG) , Split-ring resonator (SRR) , Magnon-photon coupling
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Abstract

This report presents the development and characterization of a Transversely Excited Atmospheric (TEA) nitrogen laser
system. We developed an open-air laser with dimensions of around 25cm x 20cm. The TEA laser, based on transverse
electrical discharge in a gas mixture at atmospheric pressure, was implemented using a pulse-forming network (PFN)
circuit with capacitors and a spark gap. In the PFN circuit a doorknob storage capacitor with capacitance of C;=3.4 nF
is used together with a peaking capacitor (C,=1 nF) obtained between two conducting surfaces separated by a mylar
insulating sheet. A 100 kQ charging resistor was used. The laser channel was built with 17 cm long hexagonal rods
separated by 1.5 mm. A flyback transformer (15-20 kV DC output) provided high voltage driving the PFN circuit. Pulse
repetition rate of 9.9 Hz and pulsewidth <100 ns were measured. Picture of the laser cavity, PFN circuit schematic, laser
output beam scattered from fluorescent and normal papers together with pulsewidth and repetition rate characteristics
are shown in Figure 1.
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Figure 1: A) Laser cavity, B) PFN circuit Schematic, C) Laser output beam scattered from fluorescent and normal
papers, D) A single shot characteristic of 10 ns pulse width and 337.1 nm wavelength, E) 9.9 Hz pulse repetition rate.
Keywords: TEA nitrogen laser, high voltage, gas lasers.
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Abstract

Wavelength Modulation Spectroscopy (WMS) is a widely used technique for trace gas detection due to its high sensitivity
and robustness against noise [1,2]. In this work, we present a comparative study of two WMS implementations: Fixed-
WMS (FWMS) and Scanned-WMS (SWMS) for methane detection in short-wave infrared (SWIR) region. FWMS
utilizes a constant laser wavelength with sinusoidal modulation, while SWMS combines wavelength scanning with
modulation to reconstruct absorption features [3, 4]. Both methods were experimentally evaluated in terms of stability,
sensitivity, and implementation complexity. Stability was assessed using Allan variance analysis, while sensitivity was
quantified through minimum detectable concentration and signal-to-noise ratio. Additional comparisons include
computational efficiency, spectral reconstruction capability, and robustness to environmental fluctuations. Preliminary
results indicate that FWMS provides higher temporal stability and faster response, making it suitable for real-time
monitoring, whereas SWMS offers enhanced spectral information and accuracy in concentration retrieval. This study
highlights the trade-offs between the two approaches and provides guidance for selecting the appropriate technique in
different application scenarios.

Keywords: Wavelength Modulation Spectroscopy, Remote Sensing, FWMS, SWMS, Stability Analysis.
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Abstract: Fiber-based underwater acoustic sensors (hydrophones) are increasingly replacing conventional piezoelectric
sensors thanks to their compact design, high sensitivity, and superior resistance to electromagnetic interference [1]. These

hydrophones are fabricated by winding optical fibers around cylindrical mandrels.

This study explores how mandrel diameter and the number of fiber winding layers influence the sensitivity of fiber-optic
hydrophones. Standard single-mode (SM) fibers with a 250 um diameter were wound onto mandrels in either single or
double layers: a 31 mm mandrel was tested with both single and double layers, while a 26 mm mandrel was wound with
a single layer only. To assess the role of mandrel diameter, sensitivities of the 26 mm and 31 mm single-layer mandrels
were compared, whereas the impact of fiber layer count was evaluated using the 31 mm single- and double-layer
configurations. Sensitivity measurements were performed using an optical setup based on a frequency-diversity dual-

pulse interrogation scheme, followed by controlled water tank experiments to validate underwater sensing performance.

The results revealed that the 31 mm single-layer mandrel achieved a sensitivity of -139.72 dB re rad/uPa, while the
double-layer version improved this to -137.80 dB re rad/pPa, corresponding to a 2 dB gain. Also, the 26 mm single-layer
mandrel exhibited a lower sensitivity of -142.53 dB re rad/uPa, about 3 dB below that of the 31 mm single-layer design.
Overall, the findings demonstrate that increasing both mandrel diameter and fiber winding layers substantially enhances
hydrophone sensitivity, enabling more precise acoustic detection and extending applicability to deeper ocean

environments.

Keywords: Fiber-optic hydrophone; Underwater acoustic sensing; Mandrel; Sensitivity; Fiber winding layer.
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Abstract

An Arduino-based control and measurement system was developed to evaluate the surface moisture of bulk materials.
The platform employs 49 LEDs operating at seven characteristic absorption wavelengths of water molecules in the near-
infrared region of the electromagnetic spectrum. Independent adjustment of signal frequency, duty cycle, and constant
current level for each LED enables precise modulation and intensity control. Reflected radiation from the sample is
detected using an InGaAs detector with thermoelectric cooling, coupled to a high-resolution ADS1263 ADC module. To
ensure robustness and repeatability, a dedicated algorithm was implemented to control LED modulation and sequencing,
providing stable and reproducible signals. The optical geometry of the system was designed such that a standard
laboratory Petri dish (9 cm diameter) can serve as the sample holder, facilitating its application both under laboratory
conditions and in on-site field tests.

Within the framework of the SoMMeT project, the system was applied to surface moisture measurements of soils. 5 soil
types collected from the TUBITAK campus in Gebze were investigated, with samples sieved at different mesh sizes to
assess system performance across varying soil granule distributions. SI-traceable calibration was achieved using the loss-
on-drying method. Finally, a machine learning algorithm was developed to translate reflectance data into surface moisture
values. Preliminary results indicate that the model achieves strong predictive performance, with R? values reaching up to
0.998.
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Abstract

Crystalline silicon (c-Si) solar cells dominate the photovoltaic market, but their efficiency is constrained by high reflection
losses and limited light-trapping [1]. To overcome these limitations, advanced surface structuring methods have been
widely studied, including random pyramids, metal-assisted chemical etching, and black silicon [2,3]. However, these
techniques often involve high cost, complex fabrication, or increased surface recombination, which limit their large-scale
applicability.

This study presents a single-step inverted nanohole photochemical etching (SS-INH-PCE) technique using a continuous-
wave 532 nm laser in HF/H202/DI water solution to fabricate broadband light-trapping nanostructures on silicon wafers.

Unlike conventional approaches requiring sequential steps such as saw damage removal (SDR), the proposed process
simultaneously performs surface texturing and defect mitigation in one step, thereby simplifying fabrication.

Experimental results demonstrate that SS-INH-PCE reduces the average reflectance of saw-damaged wafers to 17.5%
and SDR wafers to 22.5% across the 300—1200 nm spectrum. Increased haze measurements confirm enhanced scattering,
further promoting photon absorption. Scanning electron microscopy revealed randomly distributed, inverted nanohole
structures with improved uniformity compared to untreated wafers. The elimination of the SDR step decreases chemical
consumption, processing time, and overall cost, while maintaining optical performance.

These findings indicate that SS-INH-PCE provides a reproducible, cost-effective, and scalable approach for industrial
solar cell manufacturing. Furthermore, by eliminating additional polishing or etching steps, the method aligns with recent
efforts to simplify solar cell processing while maintaining high optical quality [4]. Beyond photovoltaics, the technique’s
low thermal budget and lithography-free implementation suggest potential applications in photodetectors and MEMS
devices.

Keywords: Crystalline Silicon, Single-Step Inverted Nanohole, Laser Assisted Etching, Photochemical Etching, Surface
Texturing
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Abstract

Cotton fibers, with a refractive index of n = 1.53—1.55, exhibit inherently low reflectivity in the ultraviolet (200-400 nm)
and infrared (700 nm—1 mm) regions, which restricts their optical functionality. Enhancing the reflective properties of
cotton is particularly important for developing functional and protective textiles that combine sustainability with advanced
optical performance. Although nanoparticle coatings have been applied in polyester and other petroleum-based materials
[1][2], their exclusive application to cotton fibers remains novel. Leveraging cotton’s unique ribbon-like morphology,
long-standing use, biocompatibility, and sustainability, this study aims to introduce nanoparticle-based enhancements to
one of the most widely used natural fibers. To achieve this, ANSYS Lumerical and HFSS are employed to simulate the
influence of nanoparticle type, size, and distribution on reflection across UV and IR domains. Initial investigations focus
on Ti0, and silver nanoparticles, while ongoing studies expand toward ceramic nanoparticles (e.g., zirconia) and
additional metallic candidates.

Preliminary results show that bare cotton fibers possess high absorbance (A = 0.88—0.95) and low reflectance (R ~ 0.05—
0.12) across most of the 200-900 nm range, with a strong suppression of reflectance near 330-350 nm. When coated with
Ti0, nanoparticles, a sharp UV reflectance peak (R = 0.55-0.57) emerges around 240-250 nm. However, beyond 300
nm, reflectance decreases toward ~0.07-0.10 by 900 nm. These findings demonstrate that Ti0, coatings selectively
enhance UV reflectivity but do not yet yield broadband gains in the visible-IR. Future optimization of particle size,
surface coverage, and material selection (e.g., Zr0,, multi-material stacks) will aim to extend this enhancement across
wider spectral ranges. Overall, the study establishes cotton as a promising platform for nanoparticle-driven optical
engineering, enabling next-generation functional and protective textile applications.

Figure 1: ANSYS Lumerical setup for Figure 2: ANSYS Lumerical results
200x200nm cotton substrate with
20nm sized, 10 randomly oriented
titanium dioxide nanoparticles.
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Abstract

We introduce a versatile, multichannel optical computing platform using multi-plane light conversion (MPLC) for
hardware-accelerated machine learning. This system processes complex data, including multichannel RGB images and
structured numerical inputs, directly in the optical domain, bypassing the bottlenecks of conventional digital hardware
and single-channel optical processors. Our approach uses a single phase-only spatial light modulator (SLM) to perform
sequential, randomized phase modulations, generating a high-dimensional feature representation that is captured and then
processed by a simple Ridge classifier.

Regression / Classification

Camera

Figure 1: Multi-channel Multi-plane Light Conversion Setup.

Our platform demonstrates significant performance gains across multiple benchmarks. On the HAM10000 skin lesion
dataset, our method increases RGB classification accuracy from 68% to 98%, achieving state-of-the-art performance
without the need for data augmentation. For the STL-10 dataset, accuracy improves from 30% to 83%, and is further
enhanced to 90% through Bayesian-optimized channel mixing. The system’s versatility is also confirmed on the Abalone
regression benchmark, where it effectively processes tabular data, achieving a normalized RMSE of 0.08. This optical
approach paves the way for building general-purpose optical processors. By handling diverse data types with incredible
speed and efficiency, our work helps bridge the gap between powerful machine learning software and the next generation
of computer hardware.
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Abstract

Advancements in imaging technologies have enabled the utilization of visual data obtained from diverse sources across
various applications, and the integration of these data allows for the generation of richer and more functional images.
Fusion refers to the process of combining data from two sensors to create a unified perceptual model, aiming to produce
meaningful images with higher information content by leveraging the advantages of different imaging systems. In this
context, fusion devices emerge as advanced optoelectronic systems that integrate data from visible and infrared bands
onto a single platform, enhancing perceptual performance under low-light and challenging environmental conditions.
By combining the detail and color information from the visible spectrum with the thermal contrast provided by infrared
sensors, situational awareness is improved, and target detection and recognition capabilities are significantly enhanced
in critical applications such as defense, security, and search-and-rescue operations.

This study focuses on the optical design of the night-vision objective lens for a monocular fusion device. A double-Gauss-
derived optical configuration was selected as the starting point for the design. The system was optimized using several
standard material catalogs and incorporated an image intensifier tube. Image intensifier tubes are vacuum devices that
amplify weak optical images, converting them into clear and visible images suitable for the human eye.

The double-Gauss configuration, with its symmetric lens arrangement, allows for the achievement of both wide fields of
view and low f/# values. The symmetric design effectively mitigates third-order aberrations, spherical distortions, and
chromatic deviations within the optical system, thereby significantly improving image quality and contrast performance.
Additionally, a comprehensive tolerance analysis was conducted during the design process to assess the impact of
manufacturing and assembly variations on optical efficiency, ensuring the system’s stability under practical operating
conditions.
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Abstract

Interferometric fiber optic gyroscopes (IFOGs) obtain angular velocity by detecting the non-reciprocal phase difference
caused by the sagnac effect. The navigation system sensitivity is directly impacted by the Fiber Optic Gyroscope's (FOG)
performance. Thus, it is essential that the IFOG identify and suppress further environmental non-reciprocal phase errors.
Navigation accuracy and angular velocity measurement findings are significantly impacted by the FOG's magnetic error,
which changes according on the magnetic field's direction. Magnetic error results from non-reciprocal circular
birefringence in the fiber caused by the Faraday effect and the sensitivity of the magnetic field. To enhance the
performance of IFOGs and reduce the bias error brought on by the Faraday effect, polarization maintaining fiber (PMF)
and magnetic shielding are utilized. These two conventional methods are effective in lowering IFOGs' magnetic
sensitivity [1].
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Figure 1: Schematic view of FOG configuration Figure 2: Comparison of the magnetic field induced bias error

Two orthogonal polarization modes are employed by the light beam in single-mode fibers used in IFOGs. Light travel in
these two orthogonally polarized modes at the different speed as a result. Consequently, there is a phase difference
between the two orthogonal modes when one moves more fastly or more slowly than the other [2]. In this investigation,
the two fiber pigtails of MIOC were spliced to each end of PMF coil with 0° and 90° alignment (as stated in Figure 1.)
angles to investigate the magnetic field sensitivity. The light beam moves along the slow axis of the PMF coils when both
alignment angles are at zero degrees. The light beam also propagates along the fast axis when the alignment angles are
90°. When the two fiber were aligned via 0° and 90° angle difference, the magnetic field induced bias error was measured
0.031 °/h/G and 0.0012 °/h/G, respectively. Therefore, the fast and slow axis' opposing polarity is the cause of the bias
error caused by the Faraday effect and magnetic field sensitvity was enhanced ~25 times with dual orthogonal polarization
method. These error cancel each other out when the light beam alternates between the PMF coil's two polarization axis,
therefore lowering the magnetic field sensitivity.

Keywords: Interferometric fiber optic gyroscopes / magnetic field / polarization / slow and fast axis
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Abstract

Reducing global energy consumption is a critical step in mitigating the impacts of climate change. As the growth
in global energy demand continues, there is an urgent need to adopt passive, energy-efficient solutions that can reduce
reliance on external systems. The building sector holds over one-third of this global energy consumption [1], with heating
and cooling demands accounting for an important portion of this usage. In many regions, windows represent a critical
area of thermal inefficiency, especially in heating or cooling dominated regions, where they contribute significantly to
unwanted heat loss or gain [2]. Traditional glass allows significant infrared radiation to pass through, which leads to
increased cooling needs and higher energy consumption during warm seasons. This paper tackles the problem of reducing
energy consumption related to indoor heating and cooling by developing a thermochromic smart glass that passively
modulates infrared (IR) light transmission. Our design aims to reduce spectral transmission in the infrared range while
maintaining transparency in the visible spectrum, ultimately decreasing the reliance on energy-intensive cooling systems.

Our passive smart glass design is based on vanadium dioxide (VO2), a material that undergoes a reversible phase
transition at a critical temperature of 68°C, switching from an insulating to metallic state. VO2 was studied in two main
configurations: VO: nanoparticles embedded in a SiO: layer, and VO: thin films coated on SiO: substrates. Ansys
Lumerical was used to simulate the temperature-dependent behavior of smart glass structures incorporating VO:
nanoparticles and thin films at 30°C and 100°C. Ansys Lumerical software operates using the Finite Difference Time
Domain (FDTD) method, which numerically solves Maxwell’s equations in both space and time domains. The FDTD
method was preferred for its robustness in plotting the interaction between electromagnetic waves with materials across
awide spectral range. The results provided transmission and reflection spectra across the visible and near-infrared regions,
enabling us to assess the performance of each configuration. After extracting the transmission spectra from Ansys
Lumerical, MATLAB was used for post-processing the simulation outputs, especially to compute and compare the
performance of different configurations based on their spectral transmission behavior. The differences between the hot
and cold states of each configuration were analyzed. These differences were then integrated across the near-infrared
wavelength range to quantify the performance of each structure.

The transmission changes between 30°C and 100°C for different VO.-based designs were compared, and the
difference in transmission (T30°C - T100°C) over the wavelength range was plotted (Figure 1-2). Our results showed that
thin-film structures, especially those with 30 nm and 50 nm thicknesses, outperformed the nanoparticle designs. These
thin films were able to block more IR radiation at high temperatures, leading to higher energy gain values. The 50 nm
thin film gave the best result, with an energy gain of around 238.78 W/m?, meaning it could significantly reduce the
energy spent on cooling in buildings. These findings demonstrate the feasibility of incorporating VOa-based smart
coatings into architectural applications, offering a passive and energy-efficient solution for heat management in buildings.

“ e " Figure 1: Transmission differences between 30°C and 100°C conditions for the
nanoparticle configuration, with nanoparticle radii (a) 30 nm, (b) 50 nm, and (c) 100 nm

" o @ Figure 2: Transmission differences between 30°C and 100°C conditions for the

thin film configuration, with thin film thicknesses a) 10 nm, b) 30 nm, and ¢) 50 nm
Keywords: Thermochromic smart windows, thin-film coatings, energy efficiency, vanadium dioxide
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Abstract

Modern neural networks rely on outdated computer architectures and demand massive datasets to achieve effective
generalization. As neural networks see broader adoption, the environmental footprint of machine learning systems
becomes increasingly unsustainable. An old concept, optical computing, has been proposed as a solution to this issue,
offering advantages in both energy efficiency and scalability [1]. Multimode fibers operating in nonlinear regimes have
demonstrated success as analog information processors, serving as an alternative to resource-intensive digital processors
[2]. These fiber-based implementations often incorporate digital optimization of mode coupling, altering the way
information is processed as it propagates through the modes [3,4]. Since optical computers in nonlinear regimes require
powerful lasers to achieve nonlinearity, diffractive deep neural networks have emerged as another optical computing
platform, leveraging diffractive plates such that free-space propagation itself performs computation [5].
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Figure 1: Figure describing our experimental setup and results. a, 3D visualization of our experimental setup. b, Impact
of mode coupling optimization for information processing,.

The mechanical perturbation of a graded-index multimode fiber orthogonal to the propagation axis modifies its linear
mode coupling matrix. Mode coupling, corresponding to extra information processing, is induced by changes in the
effective refractive index. The diffractive neural network is physically trained by adjusting the perturbation strength using
Bayesian Optimization. We also examine the scenario in which the digital electronic readout layer is eliminated, allowing
the realization of fully optical neural networks through the excited region of the detector, while requiring orders of
magnitude fewer trainable parameters than the traditional method, which applies this layer to finish the learning process.
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Abstract

Modern machine learning models, such as artificial neural networks, demand large datasets and are limited by the von
Neumann bottleneck, leading to high energy consumption and long training times. Reservoir computing offers an
alternative, showing that nonlinear physical systems can achieve similar outcomes with lower power. Optical computing
based on nonlinear photonic structures has been shown to enable scalable, sustainable machine learning [1], and chaotic
analog nonlinear transformers have further boosted performance [2]. In multimode fibers, strong excitation of higher-
order modes induces complex nonlinear coupling, creating chaotic modal energy flows that can be harnessed for
computation [3,4].
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Figure 1: Experimental setup and result of edge of chaotic photonic reservoir computer. a, Experimental setup of the
chaotic photonic computer. SLM, spatial light modulator; GIMF, graded-index multimode fiber; PBS, polarizing beam
splitter; CL, coupling lens. b, Biomedical image classification results before and after our model.

We present a photonic reservoir computer that exploits the spatiotemporal chaotic dynamics of multimode fibers for
machine learning. By exciting high-order modes with a vortex beam carrying an information phase, the input undergoes
chaotic transformation during propagation. After chaotic transformation in the fiber, learning is carried out using a
lightweight digital layer that requires orders of magnitude fewer parameters than conventional neural networks. As shown
in Figure 1, operating at the edge of this chaotic regime enables effective separation of complex geospatial image samples,
boosting classification accuracy by nearly 60%. We further achieve high performance on biomedical classification tasks,
comparable to state-of-the-art digital neural networks.
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Ozet

Bu calisma, fiber optik doniidlger (FOD) uygulamalart i¢in gelistirilmis bir Yiikseltilmis Kendiliginden Emisyon (ASE)
151k kaynagi konfigiirasyonunu sunmakta olup, geleneksel ASE kaynaklarina kiyasla iyilestirmeler saglamaktadir [1].
Onerilen tasarim, ¢oklu optik bilesenleri birlestiren yeni bir sonlandirma ydntemi icermekte ve bdylece genel sistem
performansini artirmaktadir. Ozellikle, kazang ortami olarak erbiyum katkili fiber (EDF) kullanilirken, filtreleme
amactyla iterbiyum katkili fiber (YDF) kullanilmis ve 90 mW yiiksek cikis giicii elde edilmistir.
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Sekil 1. Optik konfigiirasyon

Gelistirilen ASE kaynagi, sicaklik degisimleri altinda basarilt bir dalga boyu kararlilig1 sergileyerek -10 °C ila +60 °C
sicaklik araliginda 2.8 ppm diizeyinde kararlilik saglamistir. Bu iyilestirmeler, 6nerilen 151k kaynagini yiiksek optik gii¢
ve istlin termal kararliligin kritik gereksinim oldugu yiiksek hassasiyetli FOD uygulamalar1 i¢in son derece uygun hale
getirmektedir.
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Sekil 2. Optik Spektrum (a) sicakliga baglh dalga boyu kararlilik test sonucu (b)

Artirillmig kararlilik ve gii¢ ¢ikisi, bu ASE 151k kaynagmi, 6lgek faktorii dogrulugunun kritik oldugu yiiksek hassasiyetli
Interferometrik Fiber Optik Déniidlcer (IFOD) icin son derece uygun hale getirmektedir [2]. Deneysel bulgular, dnerilen
ASE 151k kaynaginin yiiksek optik gii¢ elde ederken sicaklik degisimlerine karsi1 olaganiistii dalga boyu kararlilig1 saglama
konusunda etkinligini dogrulamaktadir. Yiterbiyum katkili fiberin spektral filtre olarak dahil edilmesi ve gelismis
sonlandirma ydnteminin uygulanmasi bu iyilestirmelere biitiinciil olarak katkida bulunmustur. Sonuglar, bu tasarimin
fiber optik doniidlgerlerin performansini 6nemli 6l¢iide artirma potansiyeline sahip oldugunu gostermekte ve yiiksek
hassasiyetli uygulamalar i¢in ideal bir hale getirmektedir.

Anahtar Kelimeler: Fiber optik doniidlger, ASE 151k kaynagi, Erbium katkili fiber
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Abstract

This study presents the optical design of a four-mirror catoptric system compactly folded into a spherical envelope. The
proposed structure utilises a combination of concave and convex reflective surfaces to fold the light path and provide
aberration correction. Such catoptric architectures offer advantages, particularly in applications requiring high optical
performance within limited volumes; they stand out for eliminating chromatic aberrations and providing efficient
packaging. The intermediate image formed between successive mirrors provides the flexibility of focused or afocal
operation, depending on system requirements. Compared to traditional refractive or hybrid designs, the spherical folding
approach significantly reduces size while maintaining imaging quality. Such catoptric imaging systems are widely used
in electro-optical sensing, surveillance, and reconnaissance platforms due to their ability to combine a wide field of view
with minimal distortion. The presented design emphasises the balance between compactness and optical performance,
offering a viable approach for next-generation optical payloads where volume constraints and image accuracy are critical.

This work is in the preliminary design phase; the current geometric layout of the proposed four-mirror catoptric
configuration has been created for initial evaluations, and optimisation work is ongoing to meet the desired performance
requirements. The imaging performance in the current arrangements is not yet at the targeted levels; performance
improvements are being implemented incrementally through iterative optimisation, tolerance analyses, and surface
parameterisation in the Zemax environment. As achieving the final performance of the design requires steps such as
parameter adjustments and production-tolerance compliance, it is planned to proceed with gradual improvements.

The purpose of this study is to evaluate whether the proposed four-mirror top-shaped catoptric design, if deemed suitable,
could serve as a gimbal alternative to replace traditional Cassegrain catadioptrics.
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Figure 1: Optical Layout
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Figure 1: a) An example of effective negative refractive index by a binary-pattern geometry (total size: 1a X 1a; black:
material; white: no material). In all simulations, material refractive index value was set to 3. b) The steady state spatial
distribution of the field reflected by periodic dielectric medium is plotted (f = 0.55 wa/2mc). The dashed line
intersects surface normal.

In this study, an effective negative index photonic medium to enable negative refraction over a broadband frequency
range was designed through the assistance of artificial intelligence. Both frequency-domain and time-domain simulation
packages were employed [1, 2]. In the first step, a dataset was constructed by generating completely random binary-
pattern and all-dielectric photonic crystal geometries and obtaining their corresponding dispersion diagrams (w — k)
(please see Fig. 1a). From this dataset, a subset of bands exhibiting effective negative refractive index characteristics was
selected. For each geometry, the negative refractive index value, the degree of isolation of the corresponding band from
other bands, and the operational frequency bandwidth were listed as outputs. In this way, the required input (binary
pattern) and output data for machine learning were prepared. In the next stage, negative refraction of an inclined plane
wave through the photonic medium with a negative effective refractive index was investigated in the time domain (please
see Fig. 1b). While a conventional metamaterial designed with metallic unit cells typically operates only within a very
narrow frequency range (resonant behavior), the machine-learning-based approach adopted in this study enables the
operational frequency bandwidth to be significantly broadened (Af> 15%). In this way, it would be possible to design a
lens composed entirely of dielectric unit cells such that a broadband electromagnetic field waist at the focal region can be
confined within subwavelength values.

Keywords: Metamaterials, Broadband Designs, Superlens
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Ozet

Bu ¢alismada, 5G ve 6tesi haberlesme teknolojilerinin artan bant genisligi gereksinimlerinin karsilanmasinda énemli bir
yerde bulunan optik haberlesme sistemlerinin potansiyeli incelenmistir. OptiSystem 22.0 simiilasyon programu ile yapilan
arastirmada, optik haberlesmenin temel devre elemanlar1 olan kaynak, darbe iireteci, modiilator, kuvvetlendirici ve
filtrelerin performansi, farkli sistem konfigilirasyonlarinda degerlendirilmistir [1-6].

Analizde, stirekli dalga (Continuous Wave, CW) lazer, uzun mesafeli iletimlerde diigiik bit hata oran1 (Bit Error Rate,
BER) degeri ve gosterdigi optik gii¢ performansiyla 6n plana ¢gikarak LED (Light Emitting Diode, Isik Yayan Diyot) ve
sabit 151k kaynagina gore tercih edilmistir. Sifira donmeyen (Non Return to Zero, NRZ) darbe iiretecinin sifira dénen
(Return to Zero, RZ) darbe iiretecinden daha iyi sonu¢ verdigi izlenmistir. Mach-Zehnder modiilasyonunun (MZM),
elektro-absorpsiyon modiilasyonu (Electro-absorption Modulation, EAM), genlik modiilasyonu (Amplitude Modulation,
AM), frekans modiilasyonu (Frequency Modulation, FM) ve faz modiilasyonuna (Phase Modulation, PM) gore spektral
verimlilik agisindan daha etkili oldugu belirlenmistir. Kuvvetlendirici se¢iminde, sistem Onceliklerine bagli olarak,
erbiyum katkil fiber kuvvetlendiricinin (Erbium Doped Fiber Amplifier, EDFA) sinyal kalitesinin korunmasi ve iletim
mesafesinin artirilmasi agisindan Raman kuvvetlendirici ve yariiletken kuvvetlendiriciye gore Tistiin oldugu
gozlemlenmistir. Gaussian, Dikdortgen, Butterworth ve Bessel optik filtreler, g6z diyagrami, maksimum kalite faktori,
bit hata orani, optik gii¢ ve spektral analiz gibi performans gdstergeleri 1s18inda karsilastirilmistir. Elde edilen bulgularda,
Gaussian optik filtrenin incelenen tiim mesafe araliklarinda en yiiksek kalite faktoriinii ve en diisiik bit hata oran1 degerini
saglayarak sinyal biitiinliigiiniin korunmasinda en etkin filtre oldugu goriilmistiir. Diger optik filtreler, baz1 avantajlar
sunmakla birlikte, spektral verimlilik ve sinyal kalitesi agisindan sinirlt performans sergilemislerdir.

Analizlerde, optik devre elemanlarinin hiicresel haberlesme teknolojisinin genel performansini dogrudan etkiledigi ve bu
bilesenlerin uygun konfigiirasyonunun 5G ve otesi gibi yiiksek hizli ag altyapilari igin kritik 6neme sahip oldugu
saptanmistir. Yeni nesil mobil haberlesme aglarinda, yiiksek performansli optik haberlesme sistemlerinin anahtar
konumunda oldugu sonucuna vartlmstir.

Anahtar Kelimeler: Hiicresel haberlesme teknolojileri, optik haberlesme, optik devre elemanlari, goz diyagrami,
maksimum kalite faktorii
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Ozet

Giiniimiizde siirii insansiz hava araglari (IHA) teknolojileri, sivil, askeri ve endiistriyel uygulamalarda karmagik
gorevlerin etkin sekilde yerine getirilmesinde kilit konumda bulunur. insansiz hava araglarinin kendi aralarinda
haberlesmesi, gorevlerin koordineli yiiriitiilmesi, ¢arpismalarin Onlenmesi, veri paylasgimi ve kapsama alaninin
genisletilmesi igin kritik 6neme sahiptir. Bu sistemlerin basarisi, yiiksek veri hizi, diisiik gecikme siiresi ve giivenilir
iletisim kapasitelerine sahip olan haberlesme altyapilarina dayanir. Radyo Frekansi (Radio Frequency, RF) tabanl
haberlesme sistemleri, genis kapsama alani, engelleri asabilme ve goriis hattt olmadan haberlesme (Non Line of Sigth,
NLoS) gibi avantajlara sahip olmalarina karsin bu sistemlerde, artan talep ve cihaz sayisi nedeniyle RF spektrumunda
yasanan bant genisligi kisitlamalari, elektromanyetik parazitler ve giivenlik problemleri gibi sorunlar s6z konusudur. Bu
noktada, Optik Kablosuz Haberlesme (Optical Wireless Communications, OWC) sistemleri, diigiik kayip, biiyiik kanal
kapasitesi, yiiksek veri hizi ve diigsiikk gecikme siiresi sunmalarinin yani sira RF haberlesme sistemlerine gore
elektromanyetik alanlardan daha az etkilenir. Bununla birlikte, OWC tabanli iletisim sistemlerinde, 6zellikle hareketli ve
dinamik ortamlarda yer alan siir{i insansiz hava araglarinda, goriis hatti (Line of Sight, LoS) zorunlulugu, sis, pus, yagmur,
kar, dolu, riizgar ve firtina gibi atmosferik kosullara bagli olan zayiflamalar ve tozlu ortamlar gibi engeller nedeniyle
haberlesme kalitesinde bozulmalar yasanir [1-6].

Bu ¢aligmada, iletisimde karsilasilan sorunlarin asilmasi ve siirdiiriilebilir bir haberlesme i¢in gergek zamanli haberlesme
yapist goz Oniinde bulundurularak hibrit yapidaki RF ve OWC teknolojileri, MATLAB simiilasyon programi ile
modellenmistir. Tasarimda, siirii insansiz hava araglari, binalar, daglar, tepeler ve agaclar rastgele konumlandirilmistir.
Burada, her IHA nin, diger IHA’lar ile LoS ya da NLoS baglantilar1 kuracak sekilde haberlestigi kabul edilmistir.
Sistemdeki baglanti kalitesi siirekli izlenerek LoS durumunun kaybolmasi halinde tasarlanan anahtarlama mekanizmasi
ile iletisim yiikii kesintisiz bir sekilde RF kanalina aktarilmis ve bdylece siirdiiriilebilir baglanti temin edilmistir. S6z
konusu olan anahtarlama mekanizmas: ile gecikme siiresi, BER (Bit Error Rate, Bit Hata Oran1) degeri ve SNR (Signal
to Noise Ratio, Sinyal Giiriiltii Oran1) degeri hesaplanarak en verimli haberlesme saglanmistir. Analizde, RF kanalinda
serbest uzay kaybi ve Rayleigh soniimlemesi, OWC kanalinda ise sis, pus, yagmur, kar, dolu, riizgar, firtina ve toz
kaynakli kayiplar dikkate alinmustir. Sistemin verimliligini incelemek amaciyla RF haberlesmesi, optik kablosuz
haberlesme ve hibrit yapidaki RF-OWC haberlesmesi olmak iizere ii¢ farkli senaryo iizerinde ¢alisilmistir. RF-OWC
yapisindaki hibrit sistemlerin daha diisiik gecikme siiresi, daha diisilk BER degeri ve daha yiiksek SNR degeri sagladigi
goriilmiistiir. Hibrit sistemde, her iki teknolojinin zayif yonleri telafi edilerek tek tiir haberlesme sistemine gore verimin
arttig1 belirlenmistir. Yapilan ¢alisma, 6zellikle kritik gorev uygulamalart ve afet yonetimi gibi kesintisiz ve gercek
zamanli haberlesme baglantisi gerektiren durumlarda, siirii insansiz hava araglari iletisimi igin bir referans model olarak
degerlendirilmistir.

Anahtar Kelimeler: iletisim teknolojileri, siirii insansiz hava araglar1, RF haberlesmesi, optik kablosuz haberlesme, hibrit
haberlesme
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Abstract

Femtosecond laser-induced ultrafast spin dynamics for the magnetic field states of a FexCo(.x) sample were optically
probed. Although numerous experiments have been conducted on various magnetic materials, further detailed research
on the dynamics of ultrafast magnetization of materials is needed. This is important not only for understanding the
mechanism behind ultrafast magnetization but also for identifying suitable materials and compositions for various
applications. In this context, FeCo alloys present research opportunities due to their high magnetic moment, low Gilbert
damping factor, tunable Curie temperature and moderate composition-dependent spin-orbit coupling strength. In this
work, time-resolved magneto optic Kerr effect (TR-MOKE) experimental techniques and three temperature model (3TM)
analysis were used to investigate how compositional tuning affects the efficiency of demagnetization and it’s time scales.
We found that the demagnetization time for FeCo thin films ranged from 300 to 500 femtoseconds, as determined by
fitting the experimental TR-MOKE data to the analytical solution of the 3TM model. Those values are slower than that
of other transition metals. This observation was attributed to the low Gilbert damping factor o value of the investigated
FeCo thin films. Moreover, the values of both 1, and 1 were increased with increasing fluence values. It can be concluded
from these two observations that the underlying mechanism responsible for the ultrafast demagnetization in FeCo thin
films is predominantly governed by the spin-flip process. Additionaly, experimental results along with their theoretical
analysis revealed that, although altering composition of FeCo thin films affect ultrafast demagnetization time profile
slightly, it changes demagnetization efficiency significantly, which is one of the important parameters for ultrafast
switching applications. Therefore, it can be concluded that among the investigated thin films Fe30Co70 have the potential
to be utilised in ultrafast switching applications.

Figure 1: The temporal evolutions of electron, spin and lattice subsystems .almd 3TM fit results of TR-MOKE data for
7.7 mJ/cm2 fluence for investigated samples.

Keywords: Spin Dynamics, Femtomagnetism, Ultrafast Demagnetization, Time-Resolved Magneto-Optical Kerr Effect,
Three Temperature Model (3TM).
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Ozet

Demir (II) spin-gecis (SCO) komplekslerinde 151kla kontrol edilebilen spin durumlari, ultrahizli fotofizik siiregler ve olasi
uygulamalar1 nedeniyle son yillarda yogun ilgi gérmektedir [1-6]. Bu ¢aligmada, [FeL:][BFs]. (L = 2,6-di(pirazol-1-
il)pyridin) kompleksinde ters-‘151k ile indiiklenen uyarilmis spin durumu tuzaklanmasi’ (reverse-LIESST) etkisinin foto-
fiziginde ligand alani (LF) durumlarinin rolii, metanol ¢ozeltisinde ve oda sicakliginda incelenmistir.

Bu calisma, dalga boyu ayarlanabilir pompa demeti ve siirekli spektruma sahip beyaz 1s1tk (WL) gozlem demetine dayali
ultrahizl gecici sogurma (TA) spektroskopisi yontemi ile gerceklestirilmistir. 400 nm dalga boyundaki uyarim ile yiiksek
spin (HS) temel durumundan uyarilan metal-ligand yiik transferi (MLCT) durumlari baslangic HS durumuna geri
donmiistiir. Buna karsilik, 435 nm pompalama ile LF durumuna uyarim sonucunda iki ardisik sistemler arasi ge¢is (ISC)
siireci araciligiyla HS— diisiik spin (LS) gegisi gozlenmistir. Bu bulgu, ¢6zeltide oda sicakliginda LF durumu {izerinden
ters-LIESST etkisinin dogrudan gézlemlendigini kanitlamaktadir. Ayrica, EADS analizi ile HS—HS veya HS—LS foto-
anahtarlamanin dalga boyu ayarlamasi ile kontrol edilebilecegini gostermistir. Elde edilen sonuclar, ligand alani
durumlarinin SCO komplekslerinin foto-fiziginde kritik roliinii dogrulamakta ve bu sistemlerin oda sicakliginda kontrollii
spin anahtarlama davranislarinin algilayicilar, molekiiler elektronik ve spintronik uygulamalar agisindan gii¢lii potansiyel
tagidigini ortaya koymaktadir [7].

Anahtar Kelimeler: Spin-geg¢is; Ters-LIESST; Ultrahizli spektroskopi, Ligand alani durumlari; Foto-anahtarlama
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Ozet

Son yillarda manyetik olmayan malzemeler (NM) ile kontak halinde bulunan ferromanyetik (FM) ince filmler seklinde
iiretilen NM/FM heteroyapilarin, farkli spin-ydriinge ciftlenimine bagli olarak gosterdikleri ozellikler nedeniyle,
gelecekteki spintronik uygulamalarin omurgasini olusturacagi diisiiniilmektedir. Bu nedenle NM/FM heteroyapilarda
meydana getirilen spin akimlar1 ve arayiizeydeki spin dinamiklerinin arastirilmasina olan ilgi son birkag yilda ¢ok hizli
bir sekilde artmugtir [1-4].

Bu ¢alismada, ultrahizli lazer darbeleri ile manyetik durumlarinin degistirilebildigi bilinen ve ferrimanyetik 6zellik
gosteren GdFeCo ince filmlerinin Ta arayiizeylerinde spin pompalama dinamikleri ve bu dinamiklerin, film kalinlig1 ve
uygulan dis manyetik alan ile nasil degistigi incelenmistir. GdFeCo ince filmlerinin homojen bir sekilde biiyiitiildigi
SEM (Taramali Elektron Mikroskobu) yiizey analizleri ile goriilmiistiir. Ince filmlerin oda sicakliginda alinan VSM
(Titresimli Ornek Manyetometresi) dl¢iimlerine gore diisiik koersif alana sahip ferrimanyetik yapida oldugu goriilmiistiir.
Yaklasik 7 mJ/cm2 pompa darbe akisi ile alinan TRMOKE (Zaman Coziiniirliikli Manyeto Optik Kerr Etkisi) analizleri
sonucu uzun omiirlii presesyon hareketleri goriilmiistiir.

Anahtar Kelimeler: Spintronik; Ferrimanyetik; Ultrahizli spektroskopi; TRMOKE
Tesekkiir: Bu calisma TUBITAK 122F440 numarali proje tarafindan desteklenmektedir.
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Ozet / Abstract

Quantum Cascade Lasers (QCLs) are important semiconductor devices for the mid-infrared (mid-IR) spectral region,
providing compact, tunable, and wavelength-selective sources for applications such as infrared countermeasure (IRCM)
systems. In this work, we present a QCL active region design operating at 4.6 pm.

The proposed structure combines a shallow well at the injector—active interface with a tapered active region. This
approach increases the upper-level energy separation, helping to suppress carrier leakage, while the lower levels are
optimized for two-phonon resonance, allowing faster depopulation and supporting population inversion [1,2].

Simulation results indicate good optical gain, stable single-wavelength operation, and an improved efficiency compared
to conventional designs. The performance trends are in line with state-of-the-art mid-IR QCLs reported in the literature,
such as the high-power devices by Bai et al.[3], but with some improvements at the design level.

These findings suggest that combining shallow-well and tapered active-region concepts can be a useful strategy to
improve the efficiency and reliability of mid-IR QCLs for defense and sensing applications.

Keywords: Quantum Cascade Laser (QCL), Infrared Countermeasures (IRCM), Band Engineering, Laser Design
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Ozet

Sahip olduklar1 benzersiz elektronik ve optik 6zellikler sayesinde iki boyutlu malzemeler, Kuantum Yayicilar (QE’ler)
ile aralarinda giiclii etkilesim sergilerler. Iki boyutlu malzemelerden &zellikle grafen; giiclii 1s1k-madde etkilesimleri igin
6ne ¢ikan bir materyaldir [1,2]. Bu ¢alismada grafen kiiresel kabuk (GSS) ile kaplanmis bir kuantum nokta sisteminin
yakinina yerlestirilen bir dipoliin bozunma oraninin dinamik modiilasyonu gosterilmektedir.

Grafen kapli kuantum nokta sisteminde, GSS'nin plazmonik modlar1 kuantum noktanin (QD) eksiton modlari ile gii¢lii
bir sekilde birleserek pleksitonik rezonanslar olarak bilinen hibrit modlar1 olusturur (Sekil 1) [3]. Olusan hibrit modlar,
grafen kabuga uygulanan voltaj araciligi ile kimyasal potansiyelinin ayarlanabilmesini, dolayisiyla hassas sekilde modiile
edilebilen ve dinamik olarak kontrol edilebilen bozunma oranlar sergiler. Elde edilen sonuglar 1s1ginda bu giiglii
birlesmenin ve modiilasyonun rezonans dis1 kosullar altinda bile siirdiiriilebildigi gosterilmektedir. MNPBEM Toolbox
kullanilarak gergeklestirilen simiilasyonlar [4], bu hibrit modlarin olusumunu ve ayarlanabilirligini acik¢a gostermekte
ve kiziltesi (IR) rejimde dnemli dlciide ayarlanabilir optik tepkilere neden olmaktadir.
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Abstract

In recent years, non-toxic short-wave infrared (SWIR) photodetectors have garnered increasing attention due to their
potential for enabling environmentally friendly and high-performance optoelectronic devices. [1]. Indium antimonide
(InSb) colloidal quantum dots (CQDs) are promising materials for SWIR detection due to their narrow bandgap (Eg ~0.17
eV), high carrier mobility, and solution-processability [2]. In InSb CQD-based flexible photodetectors, the optimization
of charge transport layers, including hole transport layer (HTL) and electron transport layer (ETL), plays a crucial role in
achieving efficient device performance. HTLs in InSb CQD-based flexible photodetectors are typically composed of
transition metal oxides and organic semiconductors. Among these, NiO works as a p-type indirect band gap
semiconductor with suitable energy band alignment with InSb CQDs, high transmittance in the SWIR region, and
environmental friendliness and these properties make NiO a wonderful candidate for application in optoelectronic devices
as HTL [3].

In this study, nickel oxide (NiO) was synthesized via the sol-gel method at concentrations of 0.1 M, 0.3 M, and 0.5 M for
use as a hole transport layer (HTL) in InSb CQD-based flexible photodetectors and deposited on flexible polyimide (PI)
substrates. The sol-gel method not only enables low-cost and low-temperature fabrication but also offers precise control
over chemical composition, compatibility with large-area flexible substrates, and the production of high-purity,
homogeneous thin films. The structural, optical, and morphological properties of the resulting NiO films were
comprehensively investigated to assess their suitability for integration into flexible SWIR photodetector architectures.

Keywords: InSb, CQDs, NiO, HTL, sol-gel, flexible photodetector, IR, SWIR.
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Ozet / Abstract

Avalanche InGaAs photodetectors (APDs) attract considerable interest in optical and quantum communication, LiDAR,
imaging, and single-photon counting due to their internal gain at short wavelengths. Their narrow bandgap, however,
makes them prone to tunneling currents under high electric fields. To address this, the separate absorption and
multiplication (SAM) structure was introduced. While InAlAs-based SAM-APDs are typically fabricated in mesa form
for ease of processing, their response is limited by charge accumulation at the absorption—multiplication interface. This
challenge led to the development of the separated absorption, charge, and multiplication (SACM) design, employing a
high—low doping profile in the multiplication region. Nonetheless, interface discontinuities persist, which are alleviated

by incorporating graded layers—resulting in the widely adopted separated absorption, graded, charge, and multiplication
(SAGCM) structure.
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Figure 1: Measured performance of the initial device (left) and the final device (right)

In this comprehensive study, both numerical calculations and experimental analyses were conducted to evaluate the
impact of MW, AGR thickness, FGR spacing and thickness, and the number of AFGRs on the performance of SAGCM
APDs. A total of 135 device configurations were designed and characterized. The use of a thin MW effectively reduced
both the VBR and VPT, thereby lowering power consumption. The optimal configuration was identified as an AGR
thickness of 2 um, FGR spacing of 8 um, FGR thickness of 5 pm, and two AFGRs, which increased the breakdown
voltage from 43.9 V (without AGR/FGR) to 57.6 V. This methodology can be extended to APD devices requiring high
breakdown voltages or low-noise operation, and although developed for InP/InGaAs, the design strategies are adaptable
to alternative material platforms, offering advantages in process simplicity and device reliability.

Keywords: InGaAs APD, SAGCM, Multiplication width, AGR, FGR, AFGR
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Ozet / Abstract

Giintimiizde artan enerji verimliligi bilinci ve LED teknolojilerindeki hizli gelismeler, otomotiv aydinlatma sistemlerinde
koklii bir doniisiimii beraberinde getirmistir. Halojen ve xenon lambalarin yerini alan LED ve lazer tabanli 1g1k kaynaklart
yalnizca enerji tiiketimini azaltmakla kalmamakta; ayni zamanda 15181n yonlendirilmesi, homojen dagilimi ve estetik
tasarim gibi yeni gereksinimleri de giindeme getirmektedir.[1]

Bu gereksinimleri karsilamak i¢in otomotiv endiistrisinde 151k kilavuzlari, mikro mercek dizileri ve difiizorler gibi mikro-
optik yapilarm kullanimi giderek yayginlagmaktadir. Ancak mevcut iiretim yontemleri (mikro kaliplama, sicak
damgalama, kimyasal asindirma vb.) karmasik ve yiiksek hassasiyet gerektiren bu yapilarin {iretiminde yetersiz
kalmaktadir.[2] Bu durum, daha esnek ve yiiksek ¢coziiniirliiklii iretim tekniklerine olan ihtiyaci artirmaktadir.[3]

Bu ¢alismada, lazerle dogrudan yiizey isleme yontemi kullanilarak otomotiv aydinlatma sistemlerine entegre edilebilecek
yenilik¢i mikro-optik bilesenlerin gelistirilmesi hedeflenmektedir. Onerilen yaklasim sayesinde LED ve lazer tabanli 151k
kaynaklarinda daha yiiksek optik verimlilik, homojen 151k dagilimi ve estetik tasarim olanaklar1 saglanacaktir. Ayrica
lazer mikro-isleme teknigi, geleneksel yontemlere kiyasla daha diisiik maliyet, daha yiliksek hassasiyet ve iiretim esnekligi
sunarak seri {iretime uygun bir platform gelistirilmesine imkan tanimaktadir. Calisma kapsaminda, hedeflenen mikro-
optik yapilarin polimer yiizeyler {izerinde uygun lazer parametreleri (gii¢, spot bilyiikliigii, hiz vb.) optimize edilerek
basarili bir sekilde olusturulmasi saglanmistir.

Sonug olarak, bu c¢alisma otomotiv sektdriinde enerji verimliligi yiiksek, kompakt ve akilli aydinlatma ¢oziimleri igin
Ozgiin bir yaklasim ortaya koymaktadir. Elde edilecek ciktilar, Tiirkiye’nin yerli optik {iretim kapasitesinin artirilmasina
ve uluslararasi rekabet giicliniin yiikseltilmesine katki sag

a) b)
Sekil 1/ Figure 1: a) Lazer ile polimer malzeme iizerine islenen mikro optik plaka b) Mikro optik plaka entegre edilmis
aydinlatma tnitesi
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Abstract

Real-time inference is an important requirement for machine learning applications running at the edge e.g., autonomous
driving [1]. Quantization-aware training (QAT) is proposed [2] to reduce memory requirements of large models without
significant loss in accuracy. Optical computing offers faster processing with parallel computations and reduced power
use, enabling neural networks due to dense connectivity and noise resistance. As a prominent technique, linear optical
neural networks for large datasets use random projection, reducing the dimensionality of data [3].

Here, we develop and explore optimizable random projection kernels in optical neural networks and incorporate bit depth
as a trainable parameter. The scattering medium in Fig. 1 acts as a complex, random matrix that performs the bulk of
computation, where different angular positions correspond to different random matrices. We search for an angular position
that provides superior classification accuracy for a given task by employing a heuristic search algorithm, genetic algorithm
(GA). Using the Breast MNIST dataset to test the effects of two types of quantization on classification accuracy. In post-
training quantization, conventionally 8-bit randomly projected features are reduced in bit depth. On the other hand, QAT
allows GA search for the optimal random projection kernel under different bit depth regimes, producing higher
classification accuracies. We experiment with 8-bit, 4-bit, 2-bit and 1-bit scenarios.
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Figure 1: Quantization-aware training (QAT) of an optical random neural network. (a) Illustration of experimental
setup, which consists of a modulator, lenses, scattering medium on a motorized disk and a camera. Confusion matrix
(CM) at the start (b) and end (c) of GA iterations for the Breast MNIST dataset while training the optical platform with
4-bit captures. (d) Evolution of accuracy through generations for a range of bit depths.

The best classification accuracy of 83.33% was obtained under the 2 bits and 1 bit scenarios using only 1% of the search
space. Our approach performs better than ridge classification (66.67%) with only 177 additional trainable parameters.
Future work will focus on the processing of high resolution datasets not trainable with conventional, digital hardware
because of memory constraints.
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Abstract

Fibers are versatile tools in various applications, including imaging, computing, and data transmission. While single-
mode fibers are straightforward to work with in simulations and experiments, they lack the rich degrees of freedom that
multimode fibers offer. Multimode fibers can support over 100 modes, but understanding the contribution of each mode
becomes complex when triggering complex nonlinear interactions.

Out of many complex nonlinear dynamics observed in multimode fibers, spatiotemporal instability (STI) has been studied
extensively in the literature [1, 2]. Here, we study STI in multimode fibers and how different mode combinations influence
new frequency generation. We adopt a mode-decomposed data-driven approach, generating a dataset of 4250 pairs of
input mode coefficients and their corresponding output spectra using beam propagation method (BPM) simulations. We
then design and train a simple feed-forward multi-layer perceptron (MLP) to predict the strength of STI peaks in
multimode fibers in the spectral region from 515 to 2100 nm. Dataset generation and our simulation pipeline can be seen

in Fig. 1.
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Figure 1: Our dataset generation and simulation pipeline. A spectrum prediction network that effectively replaces a
MMF and approximates BPM simulations is trained where 120 random mode coefficients and corresponding spectra are
provided as data pairs. The network has a simple feed-forward MLP architecture with batchnorm layers and ReLU
activation.
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Figure 2: Quantitatively, we obtained a mean-squared error (MSE) of 0.0223 and a mean-absolute error (MAE) of
0.1039 over the test set, evidenced by the perfect fit of predicted spectra with the ground truth.

Our findings show that a fundamental yet effective MLP model can successfully replace the time-consuming BPM
simulations for STI generation and peak identification, offering a more efficient approach to understanding the complex
and nonlinear dynamics in multimode fibers. We further plan to extend the number of tasks made possible with our
method.
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Abstract

Cardiovascular diseases (CVDs) have become a major worldwide health concern,[1] and one third of the global mortality
is caused by the CVDs.[2] Bradycardia, a clinically significant condition defined by a pathologically slow heart rate,
arises from dysfunction in the heart's intrinsic electrical conduction system. As a bioelectronic solution, cardiac
pacemakers improve patients' quality of life and lifespan by regulating heartbeats through electrical stimulation.
Conventional pacemakers use long leads that extend into the heart for endocardial stimulation. However, lead
malfunction, endocarditis, and tricuspid valve regurgitation often require multiple lead replacements over a patient’s
lifetime, increasing morbidity and reducing quality of life.[3, 4] In addition, they require surgical replacement of the
battery, which may have potential negative consequences of infection or psychological stress.[5, 6] Alternatively,
photonic stimulation of cardiac tissue offers a wireless, battery-free and minimally invasive control of cardiac activity.

In this study, we present a hydrogel-integrated quantum dot (QD) biointerface for near-infrared cardiac photostimulation.
The device incorporates ultrathin AgBiS: QD layers, which efficiently harvest light and generate charge carriers, with a
soft PEDOT:PSS hydrogel that mimics tissue mechanics and enhances ionic—electronic coupling. This hybrid design
resulted in a 52.8-fold increase in charge transfer compared to hydrogel-free devices, while ensuring charge balance and
negligible thermal effects (AT =~ 0.2 K). Using rat embryonic cardiac explants, we demonstrated precise modulation of
heart rate across physiological ranges under pulsed near-infrared illumination. A custom-developed video analysis
algorithm confirmed precise synchronization between light pulses and tissue contractions.

These findings highlight the synergy between nanomaterials and hydrogels in creating soft, efficient, and biocompatible
optoelectronic biointerfaces. The presented platform establishes a promising foundation for the next-generation,
minimally invasive, leadless pacemakers that operate wirelessly through near-infrared light.

Keywords: Times Near-Infrared Photostimulation, Leadless Pacemakers, Optoelectronics, Quantum Dots, Hydrogels
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Abstract

The growing demand for efficient and sustainable energy storage systems has intensified research into advanced electrode
materials for supercapacitors. In this study, a novel ternary composite comprising gadolinium oxide (Gdz20s), zinc oxide
(ZnO), and activated carbon (AC) was synthesized and evaluated for its electrochemical performance as a supercapacitor
electrode.

The activated carbon was derived from waste cigarette butts through pyrolysis followed by chemical activation, providing
a high-surface-area matrix. ZnO and Gd.Os nanoparticles were incorporated via a wet chemical co-precipitation route to
enhance the pseudocapacitive behaviour and conductivity of the composite. The structural, morphological, and textural
properties were characterized using EPR, XRD, SEM, BET, and FTIR techniques.

Electrochemical measurements conducted in a two-electrode setup using 1 M KOH as the electrolyte revealed that the
Gd20:-ZnO-AC composite exhibited excellent specific capacitance, superior rate capability, and enhanced cyclic stability
compared to pristine AC and binary composites. The synergistic effect between the metal oxides and porous carbon
framework contributed to improved charge storage through a combination of electrical double-layer capacitance and
Faradaic redox reactions. The composite retained over 90% of its initial capacitance after 5000 cycles, demonstrating
excellent stability. These findings highlight the potential of Gd20s-ZnO-AC as a promising electrode material for high-
performance supercapacitor applications.

Keywords; Gadolinium-oxide, zinc-oxide, activated-carbon, and supercapacitors.
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Ozet

Miihendislikte akustik algilamanin bir¢ok uygulamasi bulunmaktadir ve bunlardan biri de fiber optik hidrofonlardir
(FOH) [1]. Geleneksel piezoelektrik hidrofonlar; boyut, elektromanyetik girisim, korozyon ve dar ¢alisma bant genisligi
gibi konularda sinirliliklarla karsilagmaktadir. Fiber optik hidrofonlar, 6zellikle de Sekil 1 (a)’da gosterilen yagidaki
dagitilmis geri besleme (DFB) lazerleri kullananlar, mekanik esneklikleri, zorlu kosullara kars1 dayanikliliklar1 ve genis
algilama menzilleri sayesinde gekici bir alternatif sunar. DFB lazerler, sicaklik ve gerinim gibi harici etkilere karsi
oldukga hassastir. Bu 6zellikleri, lazer dalga boyundaki degisimleri izleyerek su altindaki akustik sinyallerin hassas bir
sekilde algilanmasini saglar [2]. Bu makale, dalga boyu degisimlerini 6l¢iilebilir faz sapmalarina doniistiirmek igin Sekil
1 (b)’de gosterilen Mach-Zehnder interferometrelerini kullanan gelismis bir sorgulama mekanizmasi sunmaktadir. Bu
mekanizma, uygun maliyetli ve yliksek ¢coziiniirliikli faz tabanli 6l¢limler saglamaktadir. Sekil 1 (c)’de goriildiigi sekilde
dinamik aralig1 genisletmek i¢in bir kolda ~2.7 metre diger kolda ~155 metre optik yol farki olan ikili bir interferometrik
kurulum, standart bir demodiilasyon algoritmasiyla birlestirilmistir. Sekil 1 (d)’de sunulan deneysel sonuglar,
performansin 6nemli dlgiide arttigini gdstermektedir. Giiriiltii taban1 kétiillesmeden, dinamik aralik 1 kHz'de 125 dB'den
139 dB'ye yiikselmistir. Bu gelisme, FOH tabanli sistemlerin su alti gézetimi, denizalt1 iletisimi ve deniz ekosisteminin
izlenmesi gibi su alt1 uygulamalarindaki kullanisliligini 6nemli 6lgiide artirmaktadir.
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Sekil 1: (a) DFB fiber lazer yapisi, (b) DFB fiber lazer sorgulayici yapist (WDM: Wavelength Division Multiplexer,
ISO: Isolator, ODL: Optical Delay Line, PZT: Piezo Fiber Strecher, PD: Photodetector, TIA: Trans Impedance
Amplifier, DAQ: Data acquisition Unit, PC: Personal Computer), (¢) Mach-Zehnder interferometresine dayali ikili
interferometrik sorgulayici yapisi, (d) Interferometre-1 (INT-1), Interferometre-2 (INT-2) ve ikili (Dual) interferometre
ile elde edilen dinamik araliklar.
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Abstract

[I-nitride semiconductors (GaN, InN, and AIN) play a critical role in advanced electronic and optoelectronic applications
today due to their wide bandgaps, high breakdown fields, and chemical stability. This material family stands out
particularly in the development of devices such as light-emitting diodes (LEDs), laser diodes (LDs), high electron mobility
transistors (HEMTs), high-power p—n diodes, and Schottky diodes [1].

Among the II-nitrides, aluminum nitride (AIN) stands out with its wide bandgap (6.2 eV), high breakdown field (450
kV/cm), excellent thermal conductivity (~590 W/mK), and remarkable thermal stability, making it highly promising for
high-frequency, high-power, and optoelectronic applications. Nevertheless, growing high-quality AIN epitaxial films
remain challenging. While homoepitaxy ensures superior quality, it is limited by high cost; heteroepitaxy, though cost-
effective and scalable, suffers from large lattice mismatch and thermal expansion differences, leading to high dislocation
densities. Various approaches, such as buffer layers, ELOG, and PALE, have been used to reduce these defects.
Furthermore, Si doping is essential to achieve electrical conductivity in AIN, yet often results in defect complexes that
restrict carrier mobility, making doping control highly challenging [2].

In this study, AIN films with three different Si flow rates were grown on sapphire substrates using the Metal-Organic
Vapor Phase Epitaxy (MOVPE) technique, followed by device fabrication through lithography (Figure 1). The crystal
quality and dislocation densities were evaluated by X-ray diffraction (XRD), while strain—stress analysis was carried out
in detail using Raman spectroscopy. Furthermore, temperature-dependent [-V measurements were performed at 400, 500,
and 550 °C, revealing Schottky diode-like behavior with improved electrical characteristics at elevated temperatures.
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Figure 1: Schematic illustration of AIN Schottky barrier diodes fabricated on c-plane sapphire substrates via MOVPE.
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Bu calismada, ¢ok katmanli cam mikroakiskan cihazlarin iiretiminde tek bir femtosaniye lazer sisteminin hem
mikroisleme hem de kaynak amagli kullanilabildigi biitiinlesik bir yontem sunulmaktadir. 1030 nm dalga boyunda, 300
fs atim siiresinde ve 400 kHz—1 MHz araliginda ayarlanabilir tekrar frekansina sahip 6zel tasarlanmis fiber lazer sistemi,
yiikksek hassasiyetli mikrokanal agma islemlerinin ardindan spiral tarama yaklagimiyla cam-cam kaynagi
gergeklestirebilmektedir. Bu yontem, ek baglama adimlarina veya temizoda kosullarina ihtiyag duymadan tiretim siirecini
sadelestirmekte ve karmagik li¢ boyutlu mikroakiskan mimarilerin {iretimine olanak tanimaktadir.

Ug katmanli prototip cihazda mikrokanallar sert odakli bir objektif ile translation stage kullanilarak mikrometre dlgeginde
yazilmis, girig ve ¢ikis baglantilari ise Galvo ile f-theta mercek kullanilarak agilmigtir. Kaynak agamasi da yine sert odaklt
objektif ve translation stage diizeninde spiral tarama yaklagimiyla gerceklestirilmis, bdylece enerji dagilimi
homojenlestirilerek klasik yontemlere gore daha diizgiin kaynak arayiizleri elde edilmistir. Bu sayede, kaynak
bolgelerinde optik berraklik korunurken mikrokanal yapilari zarar gormeden sizdirmaz baglantilarla biitiinlesmis ve optik
acidan geffaf, hermetik olarak kapatilmis mikroakiskan cihazlar elde edilmistir.

(b)

e et )T
Sekil 1. (a), (b) Ug katmanl mikroakiskan ¢ipin 3D tasarimlari, (c) entegre kanallar ve giris/¢ikis baglantilari ile
tamamlanmis cihaz.

Sekil 2. Kaynak yontemine iliskin mikroskp goriintiileri: (a) raster taramda kose bolgelerinde goriilen homojensizlik,
(b) spiral tarama ile elde edilen daha homojen kaynak yapisi.

Anahtar Kelimeler: femtosaniye lazer, mikroakigkan cihazlar, cam kaynak, spiral tarama, mikroigleme
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Abstract

Capturing rapid events in science, such as the evolution of a laser pulse or fluorescence, is a challenging imaging task
due to the limited frame rate of conventional cameras. Using compressed imaging and streak camera, Wang et al. [1]
achieved 100 billion FPS with compressed ultrafast photography. To simplify the operation principle and decrease the
overall cost of ultrafast imaging systems, Liang et al. [2] introduced a diffraction-gated realtime ultrahigh-speed
mapping (DRUM) photography that can capture a transient event in a single exposure at 4.8 million FPS and a sequence
depth of 7 frames using a DMD. Mertz et al. [3] introduce single-shot nonsynchronous array photography (SNAP), that
uses a DOE, glass echelons for time delays, and a microlens array (MLA) to capture 5.7 trillion frames per second.
Here, we present a novel spatially multiplexed low-cost ultrafast imaging technique that can achieve a sequence depth
of 10 frames and 685 billion FPS. The experimental setup shown in Fig.1a consists of a 6x6 microlens array (MLA), a
spatially varying delay unit, an imaging lens, and a commercially available low-cost sensor. Here, the MLA creates 36
copies of the input image from the dynamic scene, and the spatially varying delay unit provides different latencies for

each copy.
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We designed this delay unit using microscope glasses with a refractive index of 1.44. The delay caused by a 1 mm thick
glass is approximately 1.46 picoseconds which is our temporal resolution. Using a simple spatially varying delay for each
row and column of the MLA, information from the dynamic scene arrives at different times at the sensor. Since each copy
of the dynamic scene created by the MLA arrives at the sensor with different latency, in a single shot image we can obtain
the evolution of the dynamic scene with 685 billion FPS and a sequence depth of 10 frames. To observe the evolution of
a laser pulse, we performed pulse picking with AOM and sent one pulse to MLA and glass delay lines. We captured the
single shot image with a conventional sensor and extracted 10 frames from the same image with increasing order of
relative delay from 0 to 10. The formation of a pulse can be seen in Fig.1b. The intensity of each frame is plotted against
relative delay, which forms the pulse shape fitted to the Gaussian pulse. The frames are normalized, and the noise floor
is subtracted from each frame.

Our novel camera design is validated by experimental observation of a picosecond laser pulse in a single-shot image with
10 frames of depth with a temporal resolution of 1.46 picoseconds. Our method is a low cost, ultrafast and compact
imaging setup that can be used to visualize ultrafast events.

Keywords: Ultrafast Imaging, Single-shot Imaging, Temporal delay
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Abstract

We present a multimode continuous-wave (CW) Yb-doped fiber laser at 1030 nm incorporating an intracavity spatial
light modulator (SLM) for optical computing. The multimode fiber provides a naturally high-dimensional space for
information encoding, while the intracavity SLM enables programmable control of the intracavity field, functioning as a
reconfigurable weight matrix. Nonlinear intracavity effects, including gain saturation and mode competition, introduce
rich dynamics that act as photonic equivalents of neural activation and inhibition. In this way, the system extends
foundational work on optical neural models [2], connects with recent advances in scalable photonic learning operators
[1], and aligns with contemporary directions in optical computing [3].

The experimental setup (Fig. 1a) consists of a CW Yb-doped fiber laser cavity with intracavity SLM. The 976 nm pump
passes through the dichroic mirror and 1030 nm lasing is reflected due to 4% Fresnel reflection from the edges of the
fiber. The output of the multimode fiber is collimated, and the beam is expanded onto the SLM, which imposes spatially
varying phase masks to shape the intracavity field. This configuration allows direct mapping of input data onto modal
distributions of the laser field. The nonlinear cavity dynamics evolve the encoded field with cavity dynamics like gain
saturation, which creates the nonlinearity, and mode competition, which is the selective amplification of some modes.
The resulting intensity distributions are captured by a camera at the output. A simple digital classifier is applied only at
the final stage to interpret the optically processed patterns.
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Figure 1: (a) The setup. (b) The confusion matrix of RSSCN7 dataset, achieving 96% accuracy. (c) The confusion
matrix of PneumoniaMNIST, achieving 87% accuracy.

The computational capability of the system was evaluated on two benchmark datasets. On the RSSCN7 dataset, which
involves scene classification, the system achieved 96% accuracy (Fig 1b), the highest reported to date. On the
PNEUMONIA-MNIST dataset, the system reached 87% accuracy (Fig. 1c), outperforming deep learning architectures
such as ResNet. These results demonstrate that multimode intracavity lasers are not only competitive with state-of-the-
art electronic neural networks but can also surpass them in certain tasks.

In conclusion, our multimode CW Yb-doped fiber laser with intracavity SLM establishes a compact and scalable platform
for photonic neural networks. By combining modal richness, programmable intracavity modulation, and nonlinear effects
such as gain saturation and mode competition, the system provides a powerful route toward real-time, energy-efficient
optical computing. These results validate the potential of multimode intracavity photonic systems as next-generation
computational engines, bridging the gap between laser physics and machine learning.
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Abstract

Barrett's esophagus is a premalignant condition caused by the replacement of normal squamous epithelium with columnar
epithelium, typically resulting from chronic acid reflux [1]. This condition increases the risk of developing esophageal
adenocarcinoma [2]. Current treatment options, such as endoscopic mucosal resection (EMR), radiofrequency ablation
(RFA), and argon plasma coagulation (APC), have several limitations, including organ narrowing and bleeding due to the
uncontrolled thermal injury [3].

To address these challenges, we investigated a novel endoscopic cap designed for circumferential laser coagulation using
aradial fiber. The cap features a recessed channel for well-confined thermal damage. A motorized stage is used for precise
control over longitudinal pullback of the endoscopic cap along the esophageal surface. We conducted in vivo experiments
on the rabbit esophagus, evaluating 1540 nm laser irradiation at power levels ranging from 0.9 to 1.8 W and pullback
speeds between 0.5 and 2.0 mm/s, with vacuum pressures set between 100 and 300 mmHg. The thermal effects of the
treatment were analyzed using histological and histochemical assessments of tissue samples collected immediately after
treatment and six hours later.

Figure 1: Histological evaluation of the rabbit esophagus demonstrates tissue responses to circumferential 1540 nm
laser irradiation at different irradiance levels and withdrawal speeds. Representative NBTC and H&E-stained sections
are shown at 4x magnification.

Keywords: Barrett’s Esophagus, Endoscopic laser therapy, Radial optical fiber, Vacuum-assisted endoscope, Rabbit
esophagus model, Histological evaluation

Acknowledgements

This work was supported by the Scientific and Technological Research Council of Tiirkiye (TUBITAK, Grant No.
122E157) and by the European Research Council (ERC) under the European Union’s Horizon Europe research and
innovation programme (Grant agreement No. (101171563—CLARISURGE).

References

[1] T. C. de Melo Viana et al., “Molecular abnormalities and carcinogenesis in Barrett’s esophagus: Implications for
cancer treatment and prevention,” Genes, vol. 16, no. 3, p. 270, Feb. 2025. doi:10.3390/genes16030270

[2] S. K. Thiruvengadam, A. H. Tieu, B. Luber, H. Wang, and S. J. Meltzer, “Risk factors for progression of Barrett’s
esophagus to high grade dysplasia and esophageal adenocarcinoma,” Scientific Reports, vol. 10, no. 1, Mar. 2020.
doi:10.1038/s41598-020-61874-7

[3] P. G. Iyer and V. Kaul, “Barrett esophagus,” Mayo Clinic Proceedings, vol. 94, no. 9, pp. 1888—1901, Sep. 2019.
doi:10.1016/j.mayocp.2019.01.032

58



FOTONIK 2025 | Ulusal Optik, Elektro-Optik ve Fotonik Calistayi

Hybrid Fractional Fourier Transform to Improve Reconstruction
Resolution in Digital Off-Axis Holography

Miige Topcu*!? and Serhat Tozburun'?3
Izmir International Biomedicine and Genome Institute, Dokuz Eylul University, 35340, Tiirkiye
’Izmir Biomedicine and Genome Center, 35340, Tiirkiye
3Department of Biophysics, Faculty of Medicine, Dokuz Eylul University, 35340, Tiirkiye
Email: muge.topcu@ibg.edu.tr

Abstract

Digital off-axis holographic microscopy (DHM) is a powerful quantitative phase imaging method that allows label-free
and rapid visualization of biological samples [1]. While it offers strong temporal performance, its spatial resolution is
limited by the restrictions of the Fourier-domain filtering process. To overcome this, we introduce the use of the fractional
Fourier transform (FrFT) as an alternative to the standard Fourier transform within the imaging workflow. The FrFT
offers a flexible way to manage information between spatial and frequency domains, enabling the better utilization of the
sensor’s capacity [2]. By employing this approach, the unwanted background and twin image terms are effectively
suppressed, allowing for improved recovery of high-frequency details in the reconstructed images [3]. The technique
maintains the speed advantages of DHM while significantly enhancing image clarity. Demonstrations with live cells
confirm that this hybrid FrFT-DHM method provides more detailed morphological information, suggesting its strong
potential for advanced live-cell imaging where both resolution and rapid acquisition are essential.
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Figure 1: Graphical abstract of the hybrid FrFT-DHM system. Recording stage, filtering stage, and corresponding
space-frequency matrix.
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Ozet / Abstract

Ayarlanabilir diyot lazer absorpsiyon spektroskopisi (TDLAS), gazlarin segici ve yiiksek hassasiyetli tespitinde 6ne ¢ikan
bir yontemdir [1]. Bu ¢alismada, VPI Photonics yazilimi kullanilarak 1653,72 nm dalga boyunda metan (CHa4) algilama

modeli gelistirilmistir. Simiilasyon modelinde lazer kaynagi, optik yol, metan absorpsiyon hiicresi ve fotodiyot gibi temel
bilesenler bir araya getirilmis; ayrica serbest-uzay (free-space) etkileri de degerlendirilmistir. Lazer iizerine 10 kHz
siniizoidal modiilasyon uygulanarak dalgaboyu modiilasyonlu spektroskopi (WMS) gerceklestirilmistir [2].

Modelde elde edilen 1f, 2f ve 3f harmonik sinyalleri I/Q demodiilasyon ve lock-in amplifier yontemleriyle analiz
edilmistir [3]. Ozellikle 2f/1f normalizasyonunun metan derisiminin giivenilir sekilde belirlenmesini sagladig
goriilmiistiir. 3f bileseni ise taban kaymalar1 ve girigsim etkilerinin degerlendirilmesinde ek avantaj sunmakta ve merkez
dalgaboyu kilitleme yontemlerine katki saglayabilecek bilgiler tiretmektedir.

Simiilasyon sonuglari, 30 metreye kadar optik yol uzunluklarinda ve 50.000 ppm-m seviyesine kadar genis bir derisim
araliginda giivenilir ¢iktilar vermektedir. Gelistirilen modelin blok diyagrami Sekil 1-a’da ve simiilasyondan elde edilen
harmonik bilesen 6rnekleri (11, 21, 3f) Sekil 1-b’de verilmis olup, yontemin uygulanisini ve islenen sinyallerin karakterini
gostermektedir. Caligma, TDLAS tabanli sistemlerin VPI Photonics ile basarili bir sekilde modellenebildigi hem
laboratuvar ortaminda hem de agik-yol kosullarinda meydana gelecek etkilerin basarili bir sekilde incelendigi 6rnek bir
model olmustur.
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Sekil 1: (a) TDLAS yo6ntemi blok sema gdsterimi, (b) 1f, 2f ve 3f harmonik bilegenlerin gosterimi
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Abstract

Confocal laser scanning microscopy (CLSM) is known for providing high-quality, high-contrast images [1]. Its single-
point detection and advanced illumination systems enable precise scanning across the focal plane. Since CLSM scans the
specimen through a pinhole, the acquisition time increases due to the point-by-point scan. The drawback of CLSM is that
prolonged laser exposure can cause photobleaching. We propose a conditional generative adversarial network, an artificial
intelligence model to overcome this challenge [2,3]. A common problem with generative adversarial networks is the
realism of the generated content. Failing to maintain realistic content in generated images could lead to misinformation
or incorrect conclusions in further research. Our model takes low-quality images as input and generates more realistic
high-quality outputs compared to other state-of-the-art models. Our method integrates discrete wavelet transforms and U-
Net convolutional deep learning algorithms, which help preserve the real information within our generated images and
prevent the creation of unrealistic content. We evaluated our approach using two different biological samples: zebrafish
and convallaria. Figure 1 illustrates the proposed workflow, which reduces the time required for acquisition while
maintaining image quality comparable to that of high-quality images, thereby offering a significant advancement in
confocal microscopy for biological research and beyond.
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Figure 1: Our proposed workflow to reduce the time required to acquire high-quality confocal images.
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Abstract

Silicon nitride (SisN4) has emerged as a key material in integrated photonics owing to its broad transparency window, low
optical loss, high nonlinear refractive index, and compatibility with CMOS fabrication processes [1]. A major challenge
in waveguide design, however, lies in mitigating mode mismatch, scattering, and reflection losses that typically arise in
conventional straight waveguides with uniform cross-sections. In this work, we present a data-driven optimization
approach for freeform SisN+ waveguides, where the waveguide width is varied along the propagation direction while the
height is kept constant, and tapered sections are introduced to ensure smooth mode transitions. Light propagation is
modeled using the multimode nonlinear Schrodinger equation, and Bayesian optimization is employed to fine-tune the
waveguide geometry. Similar freeform design principles have been demonstrated for nonlinear processes such as coherent
supercontinuum generation [2], and here we adapt them for optical computing. Our results show that while conventional
straight waveguides achieve 94% classification accuracy, the optimized freeform waveguide design improves
performance significantly, reaching 98% accuracy. These findings highlight the potential of freeform waveguides in
advancing optical computing applications.
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Abstract

Rogue events in optics are rare and extreme pulses of light that occur more frequently than expected, analogous to rogue
waves in the ocean [1]. Such events have been observed in supercontinuum generation within optical fibers [2], and recent
studies highlight their relevance in integrated photonic platforms. In this work, we investigate rogue events in silicon
nitride (SisNs) waveguides, which support multiple transverse modes and exhibit strong nonlinear effects [2]. The
evolution of ultrashort pulses in these structures is governed by the interplay of dispersion and nonlinearities such as self-
phase modulation, soliton dynamics, and dispersive wave emission. Using numerical simulations of the generalized
nonlinear Schrodinger equation (GNLSE), we analyze how different mode excitations influence the probability and
characteristics of rogue events. Our results show that the choice of excited modes plays a critical role: certain mode
combinations enhance the likelihood of extreme fluctuations, while others suppress them. Understanding this dependence
provides new opportunities for controlling rare, high-intensity events in integrated waveguides and optimizing
supercontinuum generation for practical applications.
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Abstract

Silicon, is the foundational material for both electronics and photonics with its exceptional physical and optical properties.
While nonlinear laser lithography with a nanosecond-pulsed Gaussian beam has enabled volumetric (in-chip)
modifications with ~1 pm resolution [1], our recent work demonstrates that employing Bessel beams can extend this
capability into the sub-diffraction regime, achieving feature sizes down to ~100 nm [2]. We have also extended the
subsurface nanostructuring technique to an on-chip nanofabrication method, and introduced Subsurface Seeded Surface
Nanolithography (S3NL) for silicon [3]. In the S3NL method, nanosecond Bessel beams generate buried nano-
modifications that act as defect-rich precursors; irradiating the regions above these seeds with a spatially modulated laser
beam, combined with precise sample scanning, enables the transfer of subsurface patterns into controlled surface
nanostructures on pristine silicon. This strategy yields freeform features as small as 150 nm, surpasses the limits of
conventional laser ablation while eliminating the need for masks and resists, and provides tunability of lateral dimensions
through laser pulse energy and polarization, while the depth is defined by the placement of the in-chip seed layers from
~60 nm to ~300 nm. In this work, we have applied S3NL to fabricate surface nanogratings on metal-coated silicon. We
coated 30 nm of platinum on a 1 mm thick p-doped and double-sided polished silicon sample and used the S3NL technique
to create the surface nanostructures on the thin metallic layer. The resulting structures, shown in Fig. 1(a), have a feature
size of ~900 nm with a 3 um period. The grating depth could be tuned through controlled positioning of the seed layer or
metal-assisted etching. We propose a resonant surface grating for the light sources with a wavelength of 2 um based on
fabricated nanostructures at a depth of 300 nm. This wavelength is of particular interest for LIDAR applications. We have
simulated the optical behaviour of the proposed surface nanostructures with the Finite Difference Time Domain (FDTD)
method. The proposed surface grating operates in reflection mode and yields a resonance near a 19° incidence at the
operating wavelength of 2 um. The observed resonance behavior is consistent with Mie theory, as shown in Fig. 1(b),
with a measured full-width at half-maximum (FWHM) of 2 degrees, corresponding to a Q-factor of ~10.
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Figure 1: (a) Schematic of the proposed surface nanogratings and SEM image of nanostructures with a 3 um period and
~950 nm feature size, fabricated on 30 nm Pt-coated silicon using the S3NL technique. (b) FDTD-simulated angular
absorption at A =2 pm, showing a reflection-mode Mie-type resonance near 19°.
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Abstract

(a) (b)

Figure 1: Experimental set-up (FUT (fiber under test), EDFA (Erbium-doped fiber amphﬁer) AOM (acoustic optic
modulator), DAQ (data acquisition unit)), b) PSD concerning OLO frequency and position

In BOTDR systems, temperature and strain variations along the optical fiber are detected using the Brillouin frequency
shift, which originates from signals scattered back within the fiber [1-3]. This Brillouin frequency shift, influenced by
changes in strain or temperature, spans a broad range of approximately 9—13 GHz with a bandwidth of roughly 20 MHz
[2, 3]. It is important to determine the center frequency and track any frequency shifts accurately; however, achieving this
within a signal bandwidth limited to 100 MHz requires a novel approach. To overcome these challenges, this study
introduces a novel static measurement approach.

The developed approach enables the analysis of Brillouin signals within the 9-13 GHz frequency range using an electronic
signal bandwidth limited to 100 MHz. As illustrated in the experimental setup shown in Fig. 1a, this approach is based
on FFT data analysis and employs a unique technique. In the optical local oscillator (OLO) path, using a Mach-Zehnder
modulator (MZM) radio frequency (RF) scan between 9-13 GHz is achieved. The magnitude values of the FFT at
different FFT frequency forms a separate signal trace with changing RF value. For each position (distance in the fiber), a
shifted sum of traces is applied to obtain a single trace of Brillouin data. Such a shift allows us to constructively sum data
where Brillouin backscattering occurs, while destructive interference reduces noise and unwanted signals where no shift
is present. This procedure provides valuable insights into the Brillouin frequency distribution. As depicted in Fig. 1b, this
method enables simultaneous observation of both Stokes and anti-Stokes signals while effectively reducing noise, leading
to the efficient reconstruction of the Brillouin spectrum.

In conclusion, by shifting the signal frequency in the OLO path, the Brillouin spectrum within the 10-11.5 GHz range
was successfully analyzed over the FUT. This study demonstrates that such analyses can be conducted using a system
with a low signal bandwidth and a low data sampling rate. Additionally, this method facilitates the simultaneous
examination of Stokes and anti-Stokes signals along the entire fiber using the frequency shift of the AOM. A novel
averaging technique was introduced to combine different frequency components of FFT analysis, significantly reducing
noise in the frequency spectrum. Future research will focus on a more detailed characterization of the noise reduction and
extended analysis of the Brillouin spectrum across the broader 9—13 GHz range, particularly over a 50 km fiber span.

Keywords: Brillouin scattering, Brillouin frequency shift, strain, temperature, BOTDR
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Ozet

Silisyum PIN fotodedektdrlerin fotocevap performansi, askeri ve ticari teknolojiler iceren konvansiyonel sistemler gibi
bircok uygulama i¢in kritik bir performans parametresidir. Bu ¢alismada, arka yiiz yiizey dokulandirmasmin Si PIN
fotodedektorlerin  tepkiselligi tizerindeki etkisi aragtirilmistir. Optimize edilmis 1slak asindirma teknikleriyle
gergeklestirilen dokulandirma islemi, 6zellikle yakin kizilétesi dalga boyu araliginda 1s18in aktif bélgede daha fazla yol
almasini ve sogurulma olasiligim arttirmaktadir.

Geleneksel metodla, fotodedektor tepkisellik performansi daha kalin sogurma bolgesi ile de artiralabilmektedir. Ancak
foton yolunun artirilmast dedektoriin bir diger parametresi olan tepki siiresini de artirmakta ve dedektorii
yavaslatmaktadir. Arka yiizey dokulandirma tekniginde ise tasiyicilarin siirilklenme mesafesi uzamadigi igin tepkisellik
artisi, dedektor tepki siiresi etkilenmeden saglanabilmektedir. Bu sayede piyasada yayginlikla bulunan wafer
kalinliklartyla ¢aligilarak fotodedektorlerde tasiyict gegis siiresi korunarak optik sogurma etkin bir sekilde
artirilabilmektedir. Bu bulgular, arka yiiz dokulandirma islemini, yiiksek hizli Si PIN fotodedektorlerde tepkiselligi
artirmak i¢in maliyet etkin ve yiliksek performansl bir yaklasim olarak 6n plana ¢ikarmaktadir.

Bu calismada Si alttas kalmlig1 ve arka yiiz topografisinin, PIN yapili silisyum fotodedektorlerin temel performans
parametreleri tizerindeki etkisi deneysel olarak incelenmistir.
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Sekil 3: Arka Yiizeyi Dokulandirilmig Si PIN Fotodedektor Yapist
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Ozet

Cinko oksit (ZnO), genis bant aralig1, yiiksek optik gecirgenligi ve kimyasal kararlilig1 sayesinde 6zellikle ultraviyole
(UV) filtreleme, sensor teknolojileri, seffaf iletken oksitler ve optoelektronik uygulamalarda 6ne ¢ikan bir yariiletken
malzemedir. ZnO’nun kuramsal olarak dogru modellenmesi, deneysel verilerle tutarli bant aralig1 ve optik spektrum elde
edebilmek i¢in bir¢ok-cisim etkilerinin hesaba katilmasini gerektirir. Bu ¢alismada, hekzagonal wurtzit ZnO’nun kristal
yapist yogunluk fonksiyonel teorisi (density functional theory, DFT) kapsaminda Perdew-Burke-Ernzerhof (PBE)
fonksiyoneli ile optimize edilmis ve elektronik bant yapisi ile durum yogunlugu hesaplanmistir. DFT nin bant araliint
kiiglimsemesini gidermek amaciyla, makas operatorii (Scs) ile desteklenen GW yontemi uygulanmis ve deneysel degere
yakin 3.44 eV bant araligi elde edilmistir. Optik 6zellikler, hem bagimsiz pargacik yaklagimi (IPA) hem de Bethe—Salpeter
denklemi (BSE) ile hesaplanmus, iki polarizasyon yonii igin dielektrik fonksiyonlar elde edilmistir. Sonuglar, eksitonik
ve bir¢ok-cisim etkilerinin ZnO’nun optik tepkisinin modellenmesinde kritik roliinii ortaya koymakta, deneylerle iyi bir
uyum sergilemekte ve gelecekteki fotonik uygulamalar i¢in giivenilir bir kuramsal temel saglamaktadir.
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Sekil 1: Wurtzit ZnO’nun kristal yapisinin atomik gosterimi. Cinko (gri) ve oksijen (kirmizi) atomlarinin uzaysal
diizeni gosterilmektedir. ZnO’nun &, (w) dielektrik fonksiyonunun hesaplanan sonuglar1 ve deneysel veri [1].
Hesaplamalar GW/BSE+Scs (yesil), GW/IPA+Scs (pembe), PBE/BSE+Scs (mavi) ve PBE/IPA+Scs (gri) yaklagimlari
ile elde edilmistir. Deneysel sonuglar kirmizi dairelerle gosterilmistir [1]. GW/BSE+Scs sonuglar1 diisiik enerji bolgesi
dahil olmak iizere deneysel spektrumla iyi bir uyum sergilemektedir.
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Figure 1: Number of photons detected for each bit value in each session (a) the case where the method is not
applied (b) the case where method is applied

Quantum key distribution (QKD) is a method that enables the creation of symmetric keys between two points, whose
security is based on quantum physics [1]. Although its security has been proven theoretically; in real life applications,
deficiencies in the systems may occur because of the imperfections of devices [2]. One of the problems encountered is
the low entropy of the raw key due to detector-efficiency mismatch which increases information leakage in finite-key
settings.

In this study, we eliminate the difference in bit counts due to efficiency mismatch by actively directing bits to different
SPADs using a dynamic polarization controller. In our QKD setup, we use BB84 and encode bits in polarization. On
Alice, key bits are encoded into RC (Right Circular) and LC (Left Circular) states with a POGNAC loop and sent at
average photon level of p = 0.6 per pulse. On Bob’s side, after the basis selection is made with a passive 50:50
beamsplitter, the distorted polarization is compensated with the dynamic polarization controller. For this projective
measurement, RC and LC are actually mapped to H and V states to ensure that the bits are correctly separated by PBS
and thus detected with different SPADs. Theoretically, after minimizing QBER, we add an extra V& on the DPC’s Z-
axis channel; this m step flips the X-axis mapping and directs photons to the other SPAD. In practice, because the QBER
minimum is slightly offset from an exact H/V mapping, we also apply a small correction voltage to the DPC’s Y-axis
channel to fine-tune the mapping. In Fig. la (no scrambling), the 0 bit has more counts because it is detected by the
higher-efficiency SPAD. In Fig. 1b (with scrambling), the mapping is constantly changed between the two SPADs, the
counts reach similar average values. As a result, the min-entropy increases from 0.91 to 0.985.

A shortcoming of this work is that scrambling is session-based, meaning it's slow. If scrambling is done on a bit-by-bit
basis, it not only increases entropy but also provides security against man-in-the-middle attacks like time shift attacks [3].

Keywords: Quantum Key Distribution (QKD), dynamic polarization controller, detector-efficiency mismatch, min-
entropy
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Abstract

Transparent materials used in aerospace applications are required to simultaneously provide high optical transmittance
and low electrical resistance. Therefore, transparent conductive oxide coatings such as indium tin oxide (ITO) applied on
polycarbonate (PC) and glass substrates offer a critical solution. In this study, ITO coatings deposited under varying
oxygen partial pressures and process conditions are investigated.

The effects of deposition parameters on coating morphology, optical transmittance, surface electrical resistance, and
adhesion were analyzed. Results indicate that increasing the oxygen content improves optical transmittance for both PC
and glass substrates; however, this improvement is accompanied by an increase in surface resistance. Coating adhesion
and stability were also found to be strongly influenced by the optimization of process gas composition and pressure.

Therefore, to achieve the goal of “minimum resistance — maximum optical transmittance,” the optimum deposition
conditions were determined to be controlled oxygen levels combined with balanced process parameters.

Light transmittance %

450 550 650 750 850
wavelength (nm)

Figure 1: Optical transmittance spectra of ITO films deposited under different coating parameters (oxygen partial
pressure and etc.)

Keywords: TCO (transparent conductive oxide) coating, ITO (indium tin oxide), polycarbonate, glass, optical
transmittance, electrical resistance
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Abstract

In recent years, compact coherent light sources around 2 um have received significant attention. Ho’*-doped gain media
have been widely used to generate 2 um laser radiation through the *I,—°Is transition. Co-doping with Tm?" ions enables
the use of common 800-nm pump sources and provides efficient energy transfer from Tm>" to Ho**. Waveguide lasing in
Tm*"/Ho*" co-doped gain media, including fluoride hosts[1, 2], has been demonstrated using femtosecond laser
inscription [1] or liquid phase epitaxy[2] . In this study, we demonstrated efficient 2-W CW operation of a femtosecond-
laser-inscribed Tm,Ho:YLF depressed-cladding channel waveguide laser at 2.05 um with a high slope efficiency of 50%.
Moreover, passively Q-switched operation with a Cr:ZnSe saturable absorber was achieved, generating pulses as short as
19.6 ns.

The inscription of the depressed cladding (Type-3) waveguide was performed by using a regeneratively amplified, 1 kHz
Ti:sapphire laser outputting 120-fs, 1 uJ pulses at 800 nm (MKS Newport Spectra Physics, Spitfire Ace). As the gain
medium, a YLF crystal (11 mm x 4.2 mm x 4 mm) doped with 5.2% Tm?* and 0.5% Ho*" (Tm,Ho:YLF) was used. The
waveguide tracks were created along the 11-mm long side (a-axis) using a 40X objective lens (NA = 0.65). A total of 56
uniformly distributed tracks were written at a depth of 150 um to form a 70-pum-diameter waveguide shown in Fig 1(a,b).
Laser-written waveguides were characterized by using a CW Ti:sapphire laser at 830 nm to minimize resonant absorption
losses. A lens (f =5 cm) was used to couple light into the waveguide. The propagation loss, measured as 0.14 dB/cm, was
determined by comparing uncoupled and coupled power transmission. The spot size variation of the output beam was
measured using the knife-edge method, yielding a beam divergence angle of 0.05 rad and a refractive index contrast of
8.3 x 10*. The CW Tm,Ho:YLF waveguide laser was pumped with a Ti:sapphire laser tuned to 780 nm. The slope
efficiency was determined to be 50%, with an incident threshold pump power of 68 mW and a maximum output power
of 2 W at 2051 nm under 4.14 W incident pump power, as shown in Fig. 1(c). We further investigated PQS operation of
the 2.05 um Tm,Ho:YLF waveguide laser. A Cr:ZnSe saturable absorber was placed after the waveguide. PQS operation
showed a slope efficiency of 18.9%. With 1.46 W pump power, an average output power of 251 mW was achieved. The
shortest pulse duration was 19.6 ns at 58 kHz repetition rate.
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Figure 1: Confocal images of the (a) side and (b) top views of the 700-um-diameter waveguide in Tm,Ho:YLF crystal.
(c) Power efficiency curves of CW operation.
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Abstract

Femtosecond laser writing has been demonstrated as an effective method for fabricating low-loss depressed-cladding,
channeled waveguides in Tm?*'-doped laser hosts [1, 2]. Although significant progress has been made in thulium
waveguide laser development, watt-level co-lasing has not been previously demonstrated in femtosecond laser written
channeled waveguides. In this work, we report, for the first time to our knowledge, continuous-wave (CW) co-lasing at
1.9 pm and 2.3 um with watt-level output power using a femtosecond-laser-inscribed depressed-cladding waveguide in
Tm*":LiYF4, achieving a combined output power of 1.8 W with an incident threshold pump power of 42 mW and a
measured slope efficiency of 46.7%.

In the experiments, a depressed-cladding (Type-3) waveguide was inscribed in a 1 at.% Tm?":LiYF4 crystal with
dimensions of 17.3 x 4.1 x 3.7 mm?>. Inscription was performed using 800-nm, 1-uJ, 120-fs pulses at 1 kHz from a
regeneratively amplified Ti:sapphire laser (Spitfire Ace, MKS Newport Spectra-Physics). The pulses were focused with
a 40X objective (NA = 0.65), and 80 tracks were inscribed along the a-axis over the 17.3-mm crystal length to form a
depressed-cladding structure. The resulting waveguide exhibited a cylindrical geometry with a diameter of 100 pm.
Microscope images of the fabricated depressed-cladding Tm*":LiYF4 waveguide are shown in Figs. 1(a) and (b). The
device was pumped with a CW Ti:sapphire laser near 780 nm, and the pump light was coupled into the waveguide with
a plano-convex lens (f = 5 cm). The laser resonator consisted of a flat high reflector at 2.3 um and a flat output coupler.
The HR mirror had partial transmission at 1.9 um, and a tilted dichroic mirror was used to collect the backward 1.9 pm
laser output. Residual pump radiation was blocked with a silicon filter, while a bandpass filter was inserted to isolate the
2.3 um emission. Using this configuration, the output coupling transmissions were 30.2% at 1.9 um and 3.2% at 2.3 um.
Power slope efficiency measurements (Fig. 1(c)) demonstrated watt-level co-lasing performance with a combined slope
efficiency of 46.7%. The individual slope efficiencies were measured as 29.1% at 1.9 um and 17.6% at 2.3 pm. With 4
W of incident pump power, the maximum output powers reached 1.12 W at 1.9 um and 692 mW at 2.3 um, corresponding
to a combined output power of 1.8 W. The lasing threshold was measured as 42 mW for both the 1.9 pm and 2.3 pm
emissions, and the emission spectrum recorded at 4 W of incident pump power is shown in Fig. 1(d).
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Figure 1: Microscope images of the (a) side and (b) top views of the 100-um-diameter waveguide in Tm3>":LiYF4
crystal. (¢) Power efficiency curves of CW operation and (d) corresponing co-lasing output spectrum.
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Abstract
|\. —
a— — o Figure 1: Experimental setup for dual-parameter curvature sensing,
. _ i showing optical flow through the SSR and analog voltage acquisition via
e ™ P the DOP.
P skrn R

Conventional fiber Bragg grating (FBG) sensors provide high spectral sensitivity for curvature measurement but cannot
distinguish bending direction. Conversely, polymer optical fibers (POFs) with structured surfaces offer directional
sensitivity but lack spectral resolution. To overcome these limitations, we propose a hybrid sensor that integrates a spiral-
wound FBG with a V-grooved POF. The FBG was inscribed by the phase mask method and wrapped around a PMMA-
based POF featuring mechanically carved V-grooves. Experimental tests in the 0—14.5 m™! curvature range demonstrated
dual-parameter sensing: wavelength shifts of ~86.6 pm/m™ for curvature magnitude and analog voltage outputs above or
below 2 V for direction discrimination. Unlike conventional FBG-only designs, the proposed hybrid sensor delivers
stable, repeatable, and low-noise performance while maintaining a simple and compact structure. Its capability to
simultaneously detect curvature magnitude and direction makes it highly suitable for real-time applications in structural
health monitoring, robotics, and wearable systems.

Keywords: Curvature detection, Directional sensing, Fiber bragg grating (FBG), Hybrid optical sensor, V-groove
structure
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Abstract

Thin AIN films (~250 nm) were deposited on c-sapphire by PALE-MOVPE to assess how ammonia flow governs growth
mode and material quality. Four NHs flow rates (750, 900, 1050, 1200 sccm) were examined. Growth was monitored by
in situ 880-nm reflectance and evaluated ex situ by AFM, HRXRD (002/102 rocking curves), Raman spectroscopy, and
UV-VIS—NIR transmittance. AFM revealed a transition from rough, three-dimensional islanded surfaces at 750 sccm to
a coalesced, quasi-two-dimensional morphology at 900 sccm with sub-nanometer roughness; further increasing the flow
(21050 sccm) produced dense small-island textures consistent with reduced lateral diffusion and gas-phase parasitic
reactions, accompanied by degraded structural and optical properties. In the UV-VIS—NIR transmittance spectra, well-
defined interference fringes indicated a sharp AIN/ALOs interface [1]; shifts of the absorption edge reflected quality
variations, whereby increased surface roughness and defect density enhanced scattering and reduced transmittance [2—4].
All samples exhibited a sharp absorption edge, and the spectrophotometry trends aligned with AFM; sample B, having
the smoothest surface, showed the highest transmittance. Raman spectroscopy was used to quantify strain via shifts in the
E> (high) phonon wavenumber: downshifts indicate tensile strain, whereas upshifts indicate compressive strain. Among
the four specimens, sample B exhibited tensile strain, whereas the others were under compression. The co-occurrence of
stress and increased roughness degraded spectral quality and activated otherwise forbidden modes.

These results established NHs flow as a deterministic control parameter for switching between 2D and 3D regimes and
identified 900 sccm as optimal for high-quality AIN/sapphire films. Placed against prior studies, the structural and optical
properties are competitive for MOVPE/PALE-grown AIN/sapphire: despite the ~250 nm thickness, RMS = 0.22 nm and
threading-dislocation densities of Ds = 7.86 x 107 ¢cm™ and Dg = 1.68 x 10'° cm? match the best ranges reported for much
thicker films.

Keywords: AIN, sapphire, PALE-MOVPE, NHs flow, 2D/3D growth, AFM, HRXRD.
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Ozet

Silindirik cisimler ile modellenebilecek fotonik kristaller gibi optik rejimdeki elektromanyetik sagici diizenekleri i¢in sinir
integral denklemlerine dayali matematiksel olarak giiclii ve sayisal olarak kararlt modellerin kullanimu ile elde edilen
formiilasyon ve sonuglara yer verilecektir. Modellerin diizlemsel katmanlardaki periyodik de olabilecek keyfi kesitli coklu
cisimlerden sagilma problemlerini ele alacak esneklikteki kurgulari, ¢esitli uygulamalarin hizli optimizasyonlari igin
elverisli bir ara¢ sunmaktadir. 3 Boyuttaki ticari yazilimlarin talep ettigi zamandan ¢ok daha kisasinda anlaml fiziksel
verilere erisim saglama imkan1 6nemli bir kazang olarak nitelenebilir.

Helmholtz denkleminin integral gosterilimler ile varilan ¢oziimlerine dayali simir integral denklemleri ile uzayin
tiimiinden ziyade sadece bir boyut eksigi olan alt uzayda verimli ¢oziimlere erismek miimkiin olmaktadir. Bu ¢oziimler
esdegerlik ilkesine gore smir kaynaklarini bulmay: hedefler ve direkt ¢oziimlere ek olarak, telenmis sinir kosulu (OSK)
ilkesine uygun bir alternatif de sunar. 2.5 ve 2 Boyutta anilan bu iki yordam ile de ¢6ziimler birbirini saglar bir bicimde
elde edilebilmis, uygulamada karsilasilan bazi giigliiklerin asilmas1 miimkiin olmustur [1]. Ozellikle OSK temelindeki
coklu sagilma problemleri igin uygun oldugu bilinen T-Matrisi yonteminin kararli bir sayisal diizenege kavusturulmasi
icin analitik regiilerlestirme esaslart kullanimistir [2]. Bu s6z konusu yontemin lineer denklem sistemlerini iyi kosullu
olarak kurmay1 miimkiin kilar ve hizli cok kutup yontemi (HCY) gibi hizlandirma imkanlarini verimli bigcimde uygulama
firsat1 yaratir. Ayrica sinir integral denklemlerinin arka plan ortami Green fonksiyonlarinin hesaba katilmasina bagl
olarak ¢oziimlerini gesitleyebildikleri iyi bilinmektedir. Green fonksiyonu homojen bir uzaydaki silindirik cisimlerden
olusan 1 boyutlu periyodik yapilar i¢in verimli bir hesapla elde edilebilmektedir [3]. Ayrica Green fonksiyonu diizlemsel
katmanli bir ortamda sinir diizlemlerinin sagladig: sinir kosullarini hesaba katacak bigimde formiile edilmis haldedir [4].
Bu yeteneklerin bilesimi fotonik fiziginin modellenmesi i¢in 6zgiin bir ¢6ziim paleti olusturmaktadir.
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Abstract

Polarization digital holographic microscopy (PDHM) enables quantitative reconstruction of polarization-resolved
complex optical fields [1,2], providing complete characterization of anisotropic samples via Jones matrix analysis.
Conventional PDHM systems often rely on separated path configurations and require sequential acquisitions [2], which
remain sensitive to environmental instabilities compromising the accuracy of the reconstructed Jones matrix [3].
Inaccurate Jones matrix reconstruction leads to incorrect characterization of how optical elements or samples modify the
polarization state of fully polarized light. We implement a practical dual-shot PDHM scheme based on a modified off-
axis system using two orthogonal input polarizations with a motorized half-wave plate and a polarization-sensitive CMOS
sensor to retrieve whole-field Jones matrices. To enhance the reconstructed Jones matrix, we introduce a phase bias
equalization strategy that uses non-birefringent reference regions to correct unstable phase offsets. We validated our
approach using diverse anisotropic samples including biaxially oriented polypropylene (BOPP) film, birefringent USAF-
1951 resolution test target, mouse brain slice, and human cornea section. The phase bias equalization strategy significantly
improves Jones matrix fidelity, validated by comparing two Jones matrix calculation methods for anisotropic samples,
demonstrating both theoretical and experimental agreement. Our compact, efficient approach offers superior stability
compared to conventional sequential acquisition methods.
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Figure 1: (a) Optical setup. (b) Results for the BOPP sample with the principal axis aligned diagonally. (¢) Comparing
two Jones matrix calculations before and after phase equalization.
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Abstract

Optics provide a wealth of opportunities in computing by mitigating extensive reliance on digital post-processing. By
manipulating and filtering the wavefront, operations such as differentiation, convolution, and edge detection can be
performed physically in real time. Preserving good resolution and contrast while reducing the computational strain of
image reconstruction is a major research challenge in optical imaging [1, 2].

The Spiral Phase Plate (SPP) is one optical component that has drawn interest in this regard. The SPP creates a phase
singularity object by applying a helical phase distribution to the beam, which results in a continuous phase spanning from
0 to 27 and an undefinable phase at its center. The SPP behaves as a spatial filter when it is integrated into an image
system, enhancing high frequency components and suppressing low frequencies, which is advantageous for the edge
detection method [3]. In this work, we built an optical system including Zeiss Axio Observer 7 microscope to explore the
use of SPPs for real time image enhancement and demonstrate their capability with a USAF resolution test target. We
have proved the effect of the SPP on the imaging system both numerically and experimentally. We found that our optical
method completes the process in 48.6 ms, while the corresponding software-based implementation takes almost 300 ms.
Our work suggests spiral phase plates could be a noticeable candidate for optical image processing, decreasing the
requirements for digital post-processing.
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Figure 1. Left: Experimental setup including L1 (collimating lens), P1 (polarizer), MO (microscope objective), L2 (tube
lens), BS (beam splitter), L3 (f =300 mm lens), and SLM (spatial light modulator). Right: Simulated and experimental
results with a USAF resolution test target, showing the effect of applying an SPP to the input object.
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Ozet

Optik metroloji, 15181n fiziksel 6zelliklerinin hassas bi¢cimde dl¢iilmesini konu alan ve bilimsel aragtirmalardan endistriyel
uygulama siireglerine kadar genis bir alanda kritik 6nem tasiyan uygulamali optik disiplinlerden biridirt!l. Lazer
teknolojileri, telekomiinikasyon, yari iletken iretimi ve tibbi cihazlar gibi giincel fotonik uygulamalarda sistem
performansi, kullamlan optik giiciin dogru bir sekilde karakterize edilmesine dogrudan baghdir?. Bu baglamda, optik
gii¢ Olcerler metrolojik zincirin temel unsurlarindan birini olusturmaktadir. Mevcut ticari optik gii¢ dlgerler, genellikle
belirli gii¢ araliklar1 i¢in 6zellesmis ¢oziimler sunar ve bu durum 6zellestirilmis ¢éziimlerde belirgin bir teknolojik ayrima
yol agar. Glinlimiizde, bu ayrim dogrultusunda, diisiik optik giiclerin (pW—mW) o&l¢iimiinde yiiksek hassasiyetli
fotodiyotlar, yiiksek optik giiclerin (mW-W) olciimiinde ise termopil tabanli dedektorler tercih edilmektedir. Bu iki
teknolojik uygulama ise farkl: iiriin gruplari olarak kullanictya sunulmaktadir. Bu durum, genis bir optik gii¢ araliginda
calisma yapma ihtiyact duyan arastirmaci ve miihendisleri birden fazla cihaz kullanmaya zorlamaktadir. Bu da hem
maliyeti artirmakta hem de deneysel diizeneklerde karmasikliga yol agmaktadir.

Bu calismada, s6z konusu boslugu gidermeyi hedefleyen hibrit bir optik gii¢ 6lger mimarisi sunulmaktadir. Gelistirilen
cihaz, diisiik optik giic seviyelerinde fotodiyot teknolojisini, yiiksek optik giiglerde ise termopil dedektoriinii tek bir
kompakt govde icerisinde birlestirmektedir. Gelistirilen bu hibrit tasarim sayesinde tek bir cihaz kullanilarak 190 nm ile
20 um dalga boyu araliginda, nanowatt (nW) seviyesindeki hassas 6l¢iimlerden, watt (W) seviyesindeki yiiksek optik gii¢
Ol¢timlerine kadar uzanan genis dinamik bir aralik sunmaktadir. Cift dedektorlii mimariden elde edilen analog sinyaller,
dijital bir kontrol {initesi tarafindan iglenerek kullanictya modern ve etkilesimli bir arayiiz araciligiyla sunulacaktir. Bu
kapsamda 1 nW—5 W arasindaki optik gii¢ tek cihazla, izlenebilir ve tekrarlanabilir sekilde kapsamak miimkiin olacaktir.
Dolayistyla 6l¢iim  zincirinin  (optik—mekanik—elektronik—yazilim) tiim bilesenlerini giincel metrolojik ilkeler
dogrultusunda ugtan uca isletilebilecektir. Bu hedef dogrultusunda gelistirilen cihaz, biitiinlesik mimarisiyle uygulama
alanlarinda 6nemli bir yenilik ortaya koymaktadir.

Sekil 1. Prototiplemesi tamamlanan ¢ift agikli optik gii¢ 6lger
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Abstract

This study presents the implementation and evaluation of a fiber-optic Distributed Acoustic Sensing (DAS) system for
monitoring overhead high-voltage transmission lines in the Turkish Transmission Grid. The DAS system, deployed on a
154-kV transmission line spanning 40 km, utilizes existing optical ground wires (OPGW) for real-time acoustic and
vibrational sensing. The study outlines the fundamental principles of DAS technology, detailing how optical fiber
functions as a distributed sensor to detect mechanical disturbances along the transmission line [1].

Signal processing algorithms and feature extraction techniques were developed to analyze recorded acoustic signatures
associated with different types of activities, including structural impacts, mechanical tampering, and environmental
stressors such as wind-induced vibrations and icing effects. Key signal features, including root mean square (RMS)
amplitude, crest factor, zero-crossing rate, spectral centroid, power spectral density (PSD), and wavelet entropy, were
extracted and analyzed for their suitability in activity classification [2]. Extensive field tests were conducted, including
controlled experiments such as hammering, mechanical and manual unscrewing, and metal cutting at various distances
from the interrogation unit. A signal processing pipeline was implemented to enhance detection accuracy, utilizing noise
reduction, spectral analysis, and feature-based classification. The developed detection algorithm processes real-time
acoustic data and assigns an activity score based on extracted features, enabling efficient identification of anomalies and
security threats along the transmission line. The system demonstrated high sensitivity to impulsive events, reliably
detecting 22 out of 23 activities with a near-zero false alarm rate.

The results indicate that DAS technology is capable of accurately monitoring and detecting unauthorized activities around
high-voltage transmission towers and it can serve as an effective non-intrusive monitoring solution for power transmission

infrastructure. The DAS technology presented herein has the potential to become an essential tool in ensuring the safety
and reliability of Tiirkiye’s energy infrastructure, enabling rapid response to both human-made and natural threats.

(a)

ADM2

Photodetector
Unit

Figure 1: a) DAS configuration (EDFA: Erbium-doped fiber amplifier, AOM: Acoustic-optic modulator, CIR: Circulator,
DAQ: Data acquisition card), b) 154-kV transmission tower with removed iron components and structural weakening
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Abstract

This study presents the design, numerical modeling, and experimental validation of a mandrel-based fiber-optic
hydrophone (FOH) tailored for underwater acoustic sensing. The hydrophone leverages a compliant mandrel structure to
transduce radial pressure-induced strain into axial strain along an optical fiber wound around the mandrel, with acoustic
signals retrieved via interferometric techniques [1-3].

A comprehensive three-dimensional finite element model is developed to evaluate the mechanical response and sensitivity
characteristics of the hydrophone. Experimental validation is conducted in a water tank using a calibrated piezoelectric
transducer, confirming the simulated predictions. The designed FOH exhibits a mean acoustic pressure sensitivity of
—135.28 dB re rad/pPa over the frequency range of 250 Hz to 8 kHz, which is competitive with state-of-the-art FOH
designs reported in recent literatiire [2-4]. The pressure noise floor characterization yielded a value of 43.28 dB re rad*/Hz
at 1 kHz, demonstrating the hydrophone’s capability to detect weak acoustic signals below Deep-Sea State 0 (DSS0) up
to frequencies above 1 kHz.

The results suggest that this mandrel-based FOH design offers a robust, scalable, and cost-effective solution for large-
scale underwater acoustic monitoring systems, with strong potential for integration into fiber-optic sensor arrays used in
oceanographic, industrial, and defense applications.
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Figure 1: a) Experimental set-up of the FOH system, 3D model and simulation of the designed FOH
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Ozet

LED tabanli 151k kaynaklari, enerji verimliligi saglamasinin yani sira, optik malzeme se¢imi ve 15181 homojen dagilimi
acisindan 6nemli avantajlar sunmaktadir. Bu avantajlar, otomotiv dis aydinlatmalarinda hem yonlendirme hem de estetik
tasarim gereksinimlerinin karsilanmasinda kritik bir rol oynamaktadir.[1] Dolayistyla, dis aydinlatma tasariminda
kullanilan malzemeler, optik performansin belirlenmesinde ve tasarim siirecinin optimize edilmesinde stratejik bir unsur
olarak 6n plana ¢ikmaktadir.[2]

Kullanilan malzemeler yalnizca 1518 gegirgenligini degil, ayn1 zamanda dagilim ve renk biitiinliigiinii de dogrudan
etkiler. Yanlig veya yetersiz malzeme secimi homojenlik kayiplarina (1s181n yiizeyde esit ve dengeli dagilmamasi) ve
parlaklik diizensizliklerine yol agabilir. Buna karsilik uygun polimer veya akrilik tabanli malzeme kombinasyonlari, optik
performans ve estetik algi agisindan daha dengeli ve verimli ¢dziimler sunmaktadir.[3] Bu durum, malzemenin yalnizca
tiretim maliyeti degil, tasarim giivenilirligi ve rekabet giicii agisindan da stratejik bir unsur oldugunu gostermektedir.

Bu ¢alismada, ii¢ farkli lens ¢ercevesi (Milky White, DF White, Milky Red) ve dort farkli lens malzemesi (Combine Lens
[Inner Lens: Red Lens, Outer Lens: Clear Lens], Clear Lens, Grey Lens, Red Lens) kullanilarak olusturulan
kombinasyonlar iizerinden optik performans degerlendirilmistir. Her kombinasyonun 151k gegirgenligi, 151k siddeti (cd)
ve agisal dagilim tizerindeki etkileri 6l¢iilmiis ve grafiklerle karsilastirilmistir.

Elde edilen bulgular, lens gergevesi ve lens malzemesi se¢iminin yalnizca 151k verimliligini degil, ayn1 zamanda estetik
biitiinliik ve yasal uygunlugu da dogrudan sekillendirdigini gdstermektedir. Caligsma, tasarim siirecinde malzeme se¢imi
ve optimizasyon kararlarini destekleyerek, otomotiv aydinlatma tasarimida daha bilingli ve verimli uygulamalara katkida
bulunmay1 hedeflemektedir.
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Ozet / Abstract

Silicon nitride (SiN) has become a leading platform for integrated nonlinear optics due to its strong Kerr nonlinearity and
CMOS compatibility. While spatiotemporal nonlinear effects have been extensively studied in multimode fibers, their
potential within integrated SiN waveguides is an emerging field of research. A systematic understanding of how initial
pulse conditions influence these complex dynamics remains limited. In this work, we present a comprehensive numerical
study on spatiotemporal pulse propagation in a multimode SiN waveguide, demonstrating that engineering the input
modal excitation is a powerful strategy for tailoring nonlinear outcomes.

Our investigation is based on an open-source simulation framework that solves the multimode nonlinear Schrédinger
equation (MM-NLSE). We model the propagation of a 250 fs, 25 kW peak power Gaussian pulse at a 1550 nm central
wavelength through a 3 mm long, 800-nm-thick, and 6-pm-wide SiN waveguide that supports six TEyxy modes. By
systematically varying the initial power distribution among these modes, we analyze the resulting spectral and temporal
evolution, driven by processes like self-phase modulation, intermodal energy transfer, soliton fission, and dispersive wave
generation
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Sekil 1/ Figure 1: Mode-pair excitations with TEOO and TE10, to generate optimal flat supercontinuum.

Our results reveal a strong dependence of the nonlinear dynamics on the excitation symmetry and power distribution.
For example, co-exciting odd mode (e.g., TEwo and TE+0) enables coupling across all guided modes, resulting in a

significantly broader and flatter spectrum (Fig. 1). Conversely, distributing power evenly among all modes suppresses
nonlinear interactions due to rapid temporal walk-off, leading to minimal spectral broadening. This work demonstrates
that the careful selection of input mode combinations and power allocation provides a powerful means to control
spatiotemporal interactions on-chip. These findings establish a pathway for designing compact, integrated light sources
with tailored spectral properties, with applications ranging from broadband supercontinuum generation to programmable
nonlinear optics and neuromorphic computing. Our open-source simulation tool is available on GitHub to facilitate further
research in the community
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Ozet / Abstract

The design process utilizes here is a full-wave three-dimensional finite-difference time-domain (FDTD) solver coded in
JAX (fdtdx). To facilitate inverse design, the solver is expressed in a differentiable form to enable gradient-based structure
optimization of the device. The simulation environment includes a silica substrate, input/output silicon nitride
waveguides, flux as well as overlap detectors, and an active region device that is 3 pm x 3 um % 0.4 um in size, surrounded
by perfectly matched layers (PML =5 cells). Device optimization is done utilizing the Nadam algorithm from Optax, with
the learning rate schedule being a start-up warm phase accompanied by cosine decay. This approach provides stable
convergence. To additionally improve the device geometry as well as increase fabrication viability, we incorporate a -
continuation technique to enhance sharpness in the projection. The excitation is introduced through the fundamental TEq
mode from the input waveguide. Inside the device section, the same is effectively converted into the TE; mode, which is
later measured from the output waveguide. The efficiency in mode conversion is estimated from overlap integral
calculations.

foono0n00ecomantooD | ﬂ [~

Anahtar Kelimeler / Keywords: Inverse Design, Differentiable FDTD, Mode Conversion, Integrated Photonics

Referanslar / References

[1] Molesky, S., et. al. (2018). Inverse design in nanophotonics. Nature Photonics, 12(11), 659-670. [2] Mahlau, Y., et.
al. (2025, March). A flexible framework for large-scale FDTD simulations: opensource inverse design for 3D
nanostructures. In Photonic and Phononic Properties of Engineered Nanostructures XV (Vol. 13377, pp. 40-52). SPIE

82



FOTONIK 2025 | Ulusal Optik, Elektro-Optik ve Fotonik Calistayi

Optical Computing with Nonlinear Dynamics in Photonic Crystal
Fibers

Azka Maula Iskandar Muda’', Ugur Tegin'
'Department of Electrical and Electronics Engineering, Ko¢ University, Istanbul, 34450, Tiirkiye
Ugur Tegin, E-mail:utegin@ku.edu.tr

Abstract

Neuromorphic computing based on photonic nonlinear dynamics is gaining popularity, due to its low power consumption,
as well as their scalability [1]. However, how nonlinearity scales with the network performance are rarely investigated.
Here, we numerically investigate the performance of neuromorphic computing, using photonic crystal fiber as a reservoir
media [2]. Photonic crystal fiber has a high nonlinearity and thus, capable to produce spectrum that ranges from linear
propagation, up to octave spanning supercontinuum generation. Using beam propagation method, we solve the
generalized nonlinear Schrodinger equation in the following form:

aﬂ_i}'kn kA 1A j @ Y TAalAlz
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where A(z, T) is the time-domain envelope of the electric field, z is the propagation distance, T is the time, B! are the
dispersion coefficients, y is the nonlinear coefficient, o is the central frequency, and T' is the Raman response time of the
fiber. Utilizing the parameters from Dudley, et al [2]. we use the algorithm proposed by Hult [2] to accurately simulate
the propagation of 50 fs pulse in a 15 cm long photonic crystal fiber.
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Figure 1: Average spectrum, spectrum evolution plot, and sinc regression with (a) 1.0 kW, (b) 5.0 kW, and (c) 10.0 kW
peak power. (d) Training accuracy (e) test accuracy (f) precision score (g) ROC AUC score of BreastMNIST dataset

From figure 1, we tested the photonic crystal fiber against nonlinear regression task. Through regression of sinc function,
the RMSE increases when the peak power also increases. The worse performance occurs at 10 kW peak power, when
octave spanning supercontinuum is formed. We expect this is due to many to one mapping, since in supercontinuum, the
spectrum has high similarity between different inputs. Results from BreastMNIST further strengthen our conclusion, since
when peak power is increased, the training accuracy has steady increase, but test accuracy decreases, which signifies that
the model overfits the dataset.

As a conclusion, we numerically investigate the nonlinear dynamics in photonic crystal fiber for neuromorphic computing.
We found that high nonlinearity does not correspond to increased performance in the model, as evident from both sinc
regression and BreastMNIST classification task. Our work further enhances our understanding in harnessing photonic
nonlinear dynamics for neuromorphic computing.

Keywords: Optical computing, Photonic neural networks

References

[1] U. Tegin, M. Yildirim, 1. Oguz, C. Moser, and D. Psaltis, “Scalable optical learning operator,” Nat. Comput. Sci. 1,
542-549 (2021).

[2] A. M. I. Muda, and U. Tegin. "Optical computing with supercontinuum generation in photonic crystal fibers." Optics
Express (2025).

[3] J. M. Dudley, G. Genty, and S. Coen, “Supercontinuum generation in photonic crystal fiber,” Rev. Modern Physics
78, 1135-1184 (2006).

[4] J. Hult, “A fourth-order runge—kutta in the interaction picture method for simulating supercontinuum generation in
optical fibers,” J. Light. Technol. 25, 3770-3775 (2007)

83



FOTONIK 2025 | Ulusal Optik, Elektro-Optik ve Fotonik Calistayi

2.3-um Continuous-Wave Laser Operation of a Tm**:Lu203 Ceramic
Laser with Ultrabroad Tunability Between 1845 nm and 2328 nm

Yagiz Morova'?3, idil Simsek'?, and Alphan Sennaroglu*!?
Laser Research Laboratory, Departments of Physics and Electrical-Electronics Engineering, Kog
University, Istanbul 34450, Tiirkiye
’Ko¢ University Surface Science and Technology Center (KUYTAM), Rumelifeneri, Istanbul 34450,
Tiirkiye
3Department of Physics, Istanbul Technical University, Ayazaga, Istanbul, Tiirkiye
*Corresponding author, e-mail: asennar@ku.edu.tr

Abstract

Thulium lasers around 2.3 um have been demonstrated in a variety of host materials, including crystals both oxides [1]
and fluorides [2,3] as well as glasses [4]. Using Tm3":YLF as the gain medium, broad tunability was further demonstated
in the optical ranges of 1772-2145 nm [5] and 2.20-2.46 um [6] separately. In the case of ceramic hosts, laser operation
near 2 um has been extensively explored. Nevertheless, to date there has been no report of 2.3 pm laser operation from a
Tm?*- doped ceramic host.

In this study, we have demonstrated continuous-wave (CW) operation of a broadly tunable Tm*":Lu,Os ceramic laser
near 2.3-um having an ultrabroad tuning range between 1845 and 2328 nm [7].

Figure 1(a) shows the tunable Tm3":Lu,O; ceramic laser setup. A 797 nm Ti*":sapphire laser served as the pump and was
focused into a 2.8-mm-long, 1.5 at.% Tm?*'-doped Lu,O; ceramic (Konoshima Chemical) using a 50 mm focal-length
lens (L). Pump power was adjusted with a half-wave plate (HWP) followed by a polarizing beam splitter (PBS). The gain
element, positioned at Brewster’s angle, was placed between two curved mirrors (C1 and C2, ROC = 50 mm). For double-
end pumping, a second curved high reflector (C3, ROC = 75 mm) sent the residual pump light back through the crystal.
The resonator was completed with a flat high reflector (HR) and a flat output coupler transmitting 1% at 2.3 um (OC).
Wavelength tuning was achieved by inserting a 1.5-mm-thick quartz birefringent tuning plate (BTP) in the HR arm of the
cavity. Under this cavity configuration, lasing at the 2.3 um band (*Hs—>Hs transition) was optimized at 2309 nm with
the BTP, yielding a maximum output power of 134 mW at 4 W of incident pump power, corresponding to a slope
efficiency of 7% (Fig. 1(b)).

The tuning characteristics of the laser were further examined using two sets of mirrors spanning 1.8-2.5 pm in
combination with the 1.5-mm BTP. The resulting tuning curves were merged, as shown in Fig. 1(c). A continuous tuning
range from 1845 to 2328 nm was achieved, representing, to the best of our knowledge, the broadest continuous tuning
ever reported for a thulium-doped laser.

"‘A‘\, Figure 1: (a) Experimental setup, (b) measured

,- : -\l measured power efficiency and (c) tuning curves curves
of the 797 nm pumped Tm?*":Lu,O; ceramic laser.
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Abstract

We report on the stabilization of a diode laser frequency using Doppler-free saturation absorption spectroscopy (SAS) in
a Caesium vapor cell. Two counter-propagating laser beams derived from a single source were employed to eliminate
Doppler broadening, allowing for the observation of narrow sub-Doppler resonance features. These features were used as
frequency references to generate an error signal through laser modulation and electronic feedback, enabling precise
frequency locking of the diode laser. The stabilized system demonstrated improved frequency stability, as confirmed by
Allan deviation analysis, which quantified the short- and long-term performance. The results highlight the effectiveness
of SAS-based frequency locking as a robust method for achieving high-resolution frequency stabilization, with potential
applications in atomic physics experiments, precision spectroscopy, and quantum sensor technologies.
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Figure 1: Allan Deviation Plot
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Abstract

Precise laser stabilization is a fundamental aspect of modern metrology, directly influencing the accuracy of
fundamental measurements in fields such as high-precision metrology, atomic sensor applications, and quantum
technologies. Saturation absorption spectroscopy (SAS) is one of the most effective techniques for achieving high
spectral stability, as it enables laser frequencies to be locked to atomic resonances. This technique exploits the nonlinear
interaction between a weaker probe beam and a stronger pump beam within an atomic vapor cell. By eliminating
Doppler broadening, SAS allows well-defined hyperfine transitions to be resolved, providing a reliable optical
frequency reference. This study aims to optimize laser frequency stabilization using the SAS technique by investigating
the effects of temperature of Caesium (Cs) atomic vapor cell and pump-probe power adjustments.
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Figure 1: Absorption Spectra Observed at Different Temperatures in 6S1,(F=4)-6Ps/,; Transitions
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Ozet

Kuantum Anahtar Dagitimi1 (KAD) giivenli veri iletigim donanimlari i¢in simetrik anahtar olusturulmasinit saglar [1].
Kuantum mekaniginin kopyalanamazlik ve herhangi bir 6l¢iimiin kuantum durumu bozmasi ilkeleri nedeniyle bu anahtar
olusumuna miidahale edilemez. Miidahaleler, anahtar istatistigini etkileyerek dagitim sisteminin miidahaleyi algilayip
oturumu iptal etmesine neden olur. En yaygin KAD protokollerinden BB84 protokolii, bir fotonun kuantum durumuna
dagitic1 diizenekte kuantum bilgisi kodlar [2]. Kodlanan foton tek-modlu fiber gibi bir kuantum kanali {izerinden aliciya
gonderilir. Alict segtigi bir bazda fotonun kuantum durumu 6lger. Bilgi kodlama ve 6l¢iim sirasinda kullanilan rassallik
kaynaklar1 ve kuantum mekanigi prensipleri BB84 protokoliiniin giivenligini saglar. Ancak protokol uygulamasi sirasinda
kullanilan 6l¢iim yontemi olusturulan simetrik anahtarin entropisini azaltarak BB84 protokoliiniin verimini azaltabilir.
Ornegin; bagimsiz 6lii zaman verilen detektdrler nedeyle belirli bir zaman aralifinda bir detektoriin 6l¢iim ihtimali
digerinden daha fazla olabilir. Bu durum olusturulan anahtarin entropisini azaltir. Bu azalis glivenlik artirimi1 adiminda
daha fazla bilginin elenmesini gerektirerek sistemin verimini azaltir. Bu ¢alismada BB84 protokoliinde optik kayiplarin
dedektorlerin bagimsiz kontroliinii gerektiren durumunda protokol verimini artirdigi simiilasyonlar ve deneyler ile
gozlenmistir. Simiilasyonlarda python ortaminda rassal veri dizisi {iretilerek farkli 6li-zamanlar ve kuantum verimliligi
durumlarinda BB84 protokolii ¢alistirilip elde edilen anahtarin entropisi hesaplanmistir. Sonrasinda, formiil (1)
kullanilarak protokol verimi hesaplanmistir [3]. Deneyde ise kuantum rassal sayi iireticisi kullanilarak BB84 protokolii
farkli kuantum verimlilikleri ile ¢aligitirilarak olusturulan anahtarin entropisi hesaplanmis, formiil (1) kullanilarak BB84
prokoliiniin verimi hesaplanmistir. Fig.1’de gosterildigi gibi, sisteme optik kayip eklendiginde protokol verimi entropi
artisindan dolay1 dnce artmakta, bir tepe noktasina ulastiktan sonra diismektedir.
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Fig 1 farkli 6lii-zamanlarda BB84 verimi (a); 100 tetiklik 6lii-zaman uygulandiginda BB84 veriminin simiilasyon ve
deney kiyaslamasi (b).
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Abstract

Erbium/ytterbium (Er*'/Yb*") co-doped glass lasers operating near 1.5 um are suitable for eye-safe applications such as
rangefinding [1] and eye surgery [2]. Therefore, investigating the effect of active ion concentration [3] and determining
the optimum concentration are essential steps for the development of 1.5 pm laser sources.

In this study, we examined the absorption and laser characteristics of phosphate glasses with constant 0.25 mol % Er**
and varying Yb*" concentration (2, 4, 6, 8, and 10 mol %) in order to determine the optimum Yb*" concentration.
Transmission spectrum of each sample near the laser pump wavelength of 976 nm was measured. Morover, maximum
generated laser output powers at the fixed input pump power of 420 mW were compared with 976-nm diode pumping.

From the transmission spectra of each phosphate glass shown in Fig 1(a), the absorption cross-section of the Er¥*/Yb*"
co-doped phosphate glass was determined as 1.15x102° cm? at 976 nm.

In the lasing experiments, the glass samples were operated in continuous-wave (CW) regime and the maximum output
power generated with each sample was measured at the constant input pump power of 420 mW. Each sample had a
constant 0.25 mol. % Er*" concentration. As can be seen from Fig. 1(b), the maximum output power of 45 mW was
obtained with the phosphate glass sample containing 6 mol. % Yb*'. Power efficiency data of this phosphate glass are
given in Fig 1(c) and shows nearly 12% of power slope efficiency at the output wavelength of 1544 nm.
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Figure 1: a) Transmission spectra of 0.25 mol % Er** doped dehydrated phosphate glasses near 976 nm as a funciton of

Yb3* concentration, b) measured variation of the output power of phosphate glass lasers at a constant Er’* concentration
0f 0.25 mol % as a function of Yb*" concentration at constant input power of 420 mW, and c¢) measured power

efficiency of the phosphate sample with 6 mol. % Yb**, 0.25 mol. % Er’** (inset: output spectrum at 1544 nm).
Keywords: Er*":Yb*" Glass spectroscopy, Phosphate glass lasers, Solid-state lasers, Near infrared lasers.
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Abstract

FeGe-based compounds are emerging as promising platforms for topological spintronic devices, as the hexagonal
kagome phase can host skyrmions, flat bands, and van Hove singularities. Although metastable compared to the
thermodynamically favored cubic B20 structure, the kagome lattice offers opportunities to realize magnetic topological
semimetals and explore correlated electron behavior. Stabilizing this phase in thin films, however, remains challenging
due to competing growth dynamics and interfacial sensitivity.

Here, we demonstrate a reproducible method to possibly stabilize hexagonal FeGe on Si (111) using molecular beam
epitaxy (MBE) with metallic seed layers. Fe was supplied by e-beam evaporation and Ge by a K-cell, with growth
optimized for near-stoichiometric 1:1 Fe:Ge ratios. Energy-dispersive X-ray spectroscopy (EDS) confirmed
stoichiometry control with minimal clustering. Systematic variation of Fe seed layer thickness (0—6 nm) revealed a
transition from B20-dominated diffraction patterns to new reflections consistent with the P6/mmm kagome phase. Films
grown with 2-3 nm seed layers produced ~9 nm thick layers with sharp FeGe (111) peaks, Kiessig fringes, and peak
shifts indicative of compressive strain from lattice mismatch.

Magnetometry showed room-temperature ferromagnetism with low coercive fields (50-100 Oe), while spin-polarized
DFT (PBE+U with SOC) predicted an antiferromagnetic ground state and electronic features characteristic of kagome
systems, including flat bands, van Hove singularities, and SOC-induced topological gaps.

These results demonstrate that interface engineering enables stabilization of the kagome FeGe phase on silicon
substrates, providing a pathway for exploring correlated and topological phenomena in thin-film form and advancing
integration into spintronic and neuromorphic platforms.

Keywords: Composition & Microstructure/Features/quantum surfaceSynthesis & Processing/Deposition/molecular
beam epitaxy (MBE)Performance/Functionality/ferromagnetic.
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Abstract

InGaAs-based short wavelength infrared (SWIR) photodetectors are widely used today across various technological fields
such as defence industry, medical diagnostics and space exploration [1]. Although p-n InGaAs detectors operating in the
SWIR region exhibit sufficiently low dark current at room temperature, they are not fully adequate for the demands of
emerging advanced applications. In particular, mesa-structured detectors suffer from limitations such as insufficient
suppression of surface leakage currents and increased dark current due to larger active area requirements in quadrant
detector configurations [2,3]. These drawbacks have led to a growing interest in the implementation of nBn-type detectors,
which inherently offer lower dark current. In an ideal nBn design, the barrier layer should be engineered to block only
majority carrier transport. Moreover, eliminating the valence band offset is critically important for a successful design;
otherwise, reduction in the contribution of minority carriers to the photogenerated current, thereby degrading the detector's
responsivity and overall efficiency. Thus, in this study, we have designed an nBn SWIR detector incorporating a ternary
AlGaAs barrier layer, which effectively minimizes the valence band offset.

The article discusses the simulation of an nBn-InGaAs photodetector using Silvaco TCAD at 300 K, focusing on
optimizing the barrier performance and reducing the valence band offset. It explores the device’s electrical and optical
behaviors, including dark current, photocurrent, and capacitance. The results show a peak responsivity of 0.91 A/W at
1.55 um and a junction capacitance of 9 pF at —5 V. Adding an anti-reflection coating notably improved the optical
performance, highlighting the structure’s potential for efficient infrared photodetection.

Keywords: Infrared Photodetectors, nBn-SWIR, SWIR Photodiodes, nBn Technologies
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Abstract

Superconducting nanowire single-photon detectors (SNSPDs) have quickly become one of the most promising
technologies for photon counting in the infrared range, providing high detection efficiency, low dark count rates, and
outstanding timing resolution. !

Figure 1: Schematic of a SNSPD in a meander structure

Commercial SNSPDs using NbN and NbTiN face limitations due to the lack of models that integrate material properties,
geometry, and detection physics. Current models treat thermal, optical, and superconducting effects separately, restricting
progress toward next-generation devices with novel materials like topological insulators. TI-based superconducting
single-photon detectors (TI-SNSPDs) represent a compelling advancement, leveraging the unique properties of
topological insulators.

In this work we introduce TI based SNSPD device. The architecture involves meander like structure. Bismuth telluride,
grown by molecular beam epitaxy (MBE), was employed as the active material. The device was fabricated using a PMMA
mask defined via electron beam lithography (EBL), achieving critical dimensions of approximately 50 nm. For proof-of-
concept studies, the design was subsequently scaled up and realized using uMLA fabrication techniques. At the uMLA
scale, the structures were etched using inductively coupled plasma reactive ion etching (ICP-RIE) with Argon & Methane
gas. Gold contacts consisting of a Ti/Au bilayer were fabricated to ensure reliable electrical interfacing. Device
performance is currently under detailed characterizarion.

SNSPD Modeling: We present a multi-physics modeling framework for SNSPDs that integrates photon absorption,
thermal dynamics, TDGL superconducting dynamics, circuit response, and stochastic effects. The model links key
performance metrics detection efficiency, timing jitter, dark counts, and pulse response to design parameters including
geometry, material, bias, and cooling. Photon detection is modeled via hotspot formation, with TDGL and circuit
dynamics governing pulse evolution. Simulations for NbN, NbTiN, and topological insulator nanowires reveal the
influence of kinetic inductance, electron—phonon coupling, and superconducting gap on device transients.

Keywords: Superconducting nanowire single-photon detector, topological insulator.
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Ozet

Bu calismada, optik sinyallerdeki ortak mod giiriiltiisiinii azaltmak amaciyla kullanilan balansli fotodedektdriin
(balanced detector) temel ¢alisma prensipleri ve deneysel tasarimi incelenmistir. Seri bagli iki fotodiyot kullanilarak,
giris fotokayimlarinin esit oldugu durumda sinyallerin birbirini iptal ettigi ve yalnizca fark sinyalinin ¢ikista elde
edildigi gosterilmistir. Transimpedans amplifikator devresi kullanilarak diisiik giiriiltii seviyesinde, genis bant yanith ve
yiiksek hassasiyetli bir dedektor tasarlanmigtir. Ortak mod giiriiltiisiinde yaklagik 15 dB azalma, SNR’de yaklasik 15 dB
iyilesme, 47 dB dinamik aralik elde edilmistir.
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Sekil 1: Dengeli fotodedektor icin basit bir elektronik devre.

Anahtar Kelimeler: Dengeli Fotodedektor, Fotodedektor Dinamik Aralik,
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Abstract

Interest in InAs/GaSb type-II superlattices (T2SLs) has been steadily increasing for long-wave infrared (LWIR) detection,
with applications ranging from military and space systems to emerging civilian technologies. These structures offer key
advantages, bandgap tunability through layer thickness engineering, suppression of Auger recombination, and relatively
large carrier effective masses that enable low dark current and enhanced performance in cooled IR detectors [1]. Despite
the challenges associated with their theoretical design and epitaxial growth, T2SLs provide substantial flexibility for
tailoring device properties to meet specific performance requirements. In recent years, significant progress has been made
in the development of type-II InAs/GaSb superlattices. To enhance both their operational temperature range and overall
performance, a deeper understanding of the electrical-electonics properties of T2SL photodiodes is essential [2]. In this
study, focal plane arrays (FPAs) with a 640x512 format and 15 pm pixel pitch were fabricated and characterized. Various
fabrication strategies like dry etch, wet etch, ohmic metal combinations by investigating effects of etch depth, ohmic
behavior, stress were explored to maximize performance in terms of dark current, response, noise-equivalent temperature
difference (NETD), and overall operability. The pixels having same size with FPA pixels that has 9.3 um cutoff yield 10
nA dark current at 100 mV reverse bias while FPAs hybridized with readout integrated circuits (ROICs) demonstrated a
NETD of 24.1 mK with 98 us corresponding to %50 ROIC well-fill and 98% operability. The imaging results and diode
characterizations are reported.
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Figure 1: The NETD results of 640x512 FPA with 15 um pitch

Keywords: IR Imaging, Type 2 Super Lattice, InAs/GaSb T2SL, LWIR FPA
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Abstract

Remote sensing of land surface scaled from UAV, aero and satellite based technologies gains its role day by day due to
the increasing of the sensitivity (both, in temporal and spatial domains) of the optical and microwave sensors from Visible
to millimeter wave region of the electromagnetic spectrum. In this context, proximal sensors play an increasingly
important role by providing ground-truth data directly from land surface measurements. Beyond their laboratory use,
field-deployable devices serve as essential tools for the calibration and validation of remote sensing sensors.

In this work we presented a proximal sensor, named as a “Mini-ASPAVA” this device is a portable spectroscopic
measurement device designed to determine the spectral reflectance of soil surfaces under laboratory conditions with high
accuracy and repeatability, enabled by a fixed measurement geometry and an integrated illumination system. In contrast
to conventional systems, the new system inverts this geometry: the sample surface is illuminated perpendicularly (90°) to
provide homogeneous lighting, while the detector is positioned at a 45° inclination, ensuring a wide field of view with
high representativeness. This reversed configuration enhances the detection of non-Lambertian reflections from soil
surfaces, resulting in more stable and repeatable spectral data. Subsequently, the device is placed directly on the target
soil surface while maintaining the same optical-geometrical configuration. The soil reflectance spectrum is derived by
normalizing measurements to a white reference, ensuring wavelength-dependent properties are independent of device or
lighting conditions. After SI-traceable calibration, the system is applied to soil surface moisture measurements. Following
successful laboratory tests, future work will extend to in situ characterization of undisturbed soils with field-scale
validation.

Keywords: Proximal sensors, Portable Transfer Standard, Soil Moisture Sensor, Vis-NIR spectrum, SI-traceability
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Ozet / Abstract

Zinc oxide (ZnO) nanowires (NWs) have emerged as promising building blocks for next-generation energy
harvesting devices due to their semiconducting and piezoelectric properties (Wang & Song, 2006). The alignment and
aspect ratio of ZnO NWs are critical factors in determining their efficiency in piezoelectric nanogenerators (PENGs)
(Xu et al., 2010). Conventional synthesis techniques like chemical vapor deposition (CVD) or hydrothermal growth
often face trade-offs between crystallinity, scalability, and compatibility with flexible substrates (Vayssieres, 2003) . In
particular, scalable, low-voltage approaches enabling simultaneous vertical alignment and high aspect ratio growth on
flexible, non-crystalline substrates remain underexplored.

Here, we demonstrate a facile electric-field-assisted synthesis method that enables the direct growth of highly
aligned ZnO NWs on polyethylene terephthalate (PET) substrates at a comparably low electric field (10 V/cm). The
approach integrates a sol—gel-derived ZnO seed layer deposited on Au—Pd-coated flexible substrates, followed by
hydrothermal growth in an equimolar zinc nitrate hexahydrate (Zn(NOs)2-6H20) and hexamethylenetetramine (HMTA)
precursor solution under mild conditions (80 °C). The application of a modest electric field across parallel substrates
effectively guided nanowire orientation, eliminating the need for templating or high-temperature processing.

We systematically investigated the effect of growth duration on nanowire alignment and morphology. Our
findings revealed that the synthesis carried out for 4 hours resulted in the most uniform and highly aligned nanowire
arrays, demonstrating the effectiveness of the electric field in promoting ordered growth over a longer period.

Morphological analyses using scanning electron microscopy (SEM) revealed vertically aligned ZnO NW
arrays with uniform diameters and enhanced aspect ratios. Complementary photoluminescence and electron
paramagnetic resonance (EPR) studies provided insights into defect structures and crystallographic order, confirming
the role of the applied electric field in reducing structural disorder. The technique offers significant advantages in terms
of simplicity, low cost, and compatibility with flexible electronics, opening new opportunities for scalable integration
into wearable energy systems and roll-to-roll manufacturing platforms.

Our findings establish a novel, energy-efficient pathway to synthesize aligned ZnO NW arrays while
elucidating the interplay between electric fields and nanowire orientation. This work contributes to the rational design
of advanced piezoelectric materials and expands the potential of ZnO nanostructures for energy harvesting, sensing, and
flexible optoelectronic applications.

Figure 1: SEM image of ZnO nanowires with 4 hour synthesis duration

Keywords: ZnO nanowires, electric-field-assisted growth, flexible substrates, piezoelectric
nanogenerators, hydrothermal synthesis
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Abstract

In this study, we designed smart glasses to measure of intra-ocular pressure (IOP) for glaucoma patients [1]. The optic
nerves can be damaged and irreversible vision loss could be happened as a result of the high intraocular pressure.
Nowadays, tonometry, contact lens-based and glasses-based [2] measurement methods are being utilized. Our design is
a new approach to real-time non-invasive IOP measurement, comprising a laser, miniaturized lenses, two 3D-printed
cantilevers [2] to steer the light on the cornea, and a miniaturized CMOS camera. One cantilever operates in its
mechanical resonance to generate a laser line upon eye while the other operates at low frequency to steer the laser beam
based on the positioning of the eye. The generated laser line is detected by the miniaturized camera. The captured images
are post-processed to deduce the radius of curvature of the scanned beam, which happens to correlate with internal
pressure. Initial tests were conducted on an eye phantom.

Figure 1: Illustration of the designed glasses

Keywords: Intra-ocular pressure, glaucoma, smart glasses, cantilevers
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Abstract

We propose a silicon photonic solution for MRI data transmission that replaces conventional metallic cables
with an optical-domain approach. Built on CMOS-compatible silicon photonics, the system integrates directional
couplers, Bragg gratings, and MEMS-based optical modulators to enable compact, safe, and interference-free
communication inside MRI environments. Metallic cables in MRI face challenges such as heating, cross-talk, and patient
safety risks, whereas fiber optics offer immunity to electromagnetic interference, reduced heating, lightweight design,
and support for optical wavelength-division multiplexing (OWDM).

In the proposed architecture, a 1550 nm broadband source couples into a photonic chip via a grating coupler.
Directional couplers split the light across phase-shifted Bragg gratings, which act as demultiplexers by mapping distinct
optical frequencies to digital bits.

MRI coil signals are amplified, down-converted, and digitized by an ADC, with each bit driving a MEMS-
based optical amplitude modulator implemented in a suspended directional coupler. Actuation via the Lorentz force
vertically displaces the coupler, altering its coupling coefficient and routing light between bar and cross ports.

The modulated signals are recombined and coupled out through an output grating into fiber, then decoded outside the
MRI room using a spectrometer. Simulations confirm 4-bit transmission over a 20 nm optical bandwidth, highlightingthe
promise of silicon photonics for safe and scalable MRI data links.[1]
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Figure 1: Conceptual illustration of the proposed silicon photonic chip for MRI signal transmission s
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