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Institute
University of California, Los Angeles, CA
ozcan@ucla.edunttp://innovate.ee.ucla.edu/

Today there are more than 5 billion eplone users in the world, and the
majority of these cellphones are being used in the developing parts of the world. This
massive volume of wireless phone communication brings an enormougexigttion to
cellphonesdespite their sophisticated hardware and software capabilities. Utilizing this
advanced state of the art of the cell phone technology towards pofrdare diagnostics
and/or microscopic imaging applications can offer numerous opportunities to improve
hedth care especially in the developing world where medical facilities and infrastructure
are extremely limited or even do not exist.

Centered on this vision, in this talk | will introduce fundamentally new imaging
and detection architectures that can compsate in the digital domain for the lack of
complexity of optical components by use of novel theories and numerical algorithms to
address the immediate needs and requirements of Telemedicine for Global Health
Problems. Specifically, | will present an-ahip cytometry and microscopy platform that
utilizes costeffective and compact components to enable digital recognition and 3D
microscopic imaging of cells with sabllular resolution over a large field of view without
the need for any lenses, bulky omlccomponents or coherent sources such as lasers. This
incoherent holographic imaging and diagnostic modality has orders of magnitude
improved light collection efficiency and is robust to misalignments which eliminates
potential imaging artifacts or the mel for realignment, making it highly suitable for field
use. Applications of this lensfree -@hip microscopy platform to higthroughput imaging
and automated counting of whole blood cells, monitoring of HIV+ patients (through CD4
and CD8 T cell countingihd detection of waterborne parasites towards rapid screening of
water quality will also be demonstrated. Further, | will discuss lensfree implementations of
various other computational imaging modalities on the same platform such as pixel super

@S C2UG2yAl 4FftPoidlrerP

resolution  imaging, lensfree onhip tomography, holographic optituidic
microscopy/tomography. Finally, | will demonstrate lensfree-cbip imaging of
fluorescently labeled cells over an ultra wide field of view of >8 cm2, which could be
especially important forare cell analysis (e.g.,detection of circulating tumor cells), as well
as for highthroughput screening of DNA/protein miciarays.
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CAOSNI [ FTSNI {AaGSYtSNI AceAy YI 8yl BIFINYOYSE NI My RS5 DYk Nk N i MNIYES® A5 NyYahtait I 24 lyR HOE
FANNI GFNFFPYREY NNBGAt SOAtSY o0dz 0Af S8SyS oAt
myRSNI ! leel b tFyfF @S C® mYSNI L RIMENI $6 GALMBMOAYRA RBy Set SNRS aiyelt @8 LR2YLE 35
CATALl . 1ENYNS .Af18yid «YAOBSNEAGSAAZ dacysme Y. PASEGIFANS (62 §1yAlth Ndosp ¢ NNJ A & S
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FE£FytFNRFE (dAfFyPtlFoAf YSEAS TFAOGSNI 1T SN aAraidsSyt St 2f Rdz]l cef | NI PN
lazerlerA RS S &L 1Py 1FftAGSRS RSYSGI &Nl1asS]y OGSNRYfALA G Pompa Fiberix6 redzi S RN N
YEtAeSG FIA0A O0ANIez2] |1 SttA] -2k & BN RSENNI SNRE Bt A O A
dzf | 6 Pf YPOGPNI omB8d | N1 asS] GSLIS SyéktedrA2A. SNE &+ KAL) | Sinyal Fiberix1 ISt A0GANR
CAO0SN) tITSNXSNRY F@tyidlattNPYPy oF3PYyRE FAO0SNR i 2 LJG A F&F N
ASNBLGANXYSeSYys @ fPOYF {1FN}NIPEPEP &NlasS{ el LPa 1481 SYySNEBATf SN
dzf 8 Pf YF AaPYRIF Sy {NRGA]l FRPYf |l NRrt gompaANRKR GNYEt SEA ot Kol Com T 22A8ARA
OANI SOGANRKOA fber bpicPHIP ABI y XA O SNA B e®]l P6 FAOSNI | RI LJUK /
NNBGAEAN] Sy ldZ tlyPtty olot POI YSéprQQARtINJT K)\}\fl)\fl\% - hﬁudé\ﬁfféégkuﬁyﬁguNN%8§PJ§§1)\AF'fe;}l cébl
.dz cel f PO Yl Rsed 1tIIG)SINd’F617\ch$oSO/7\fI\HI\lS?68u5/ANJNZOT7\y1§ éc% ; B Sasx

| i . 3 R
SNJ F RFLIG|I NNyNy RSySeasdt azydzefl NP AyOSt S o AN AR A v A LFRENPREF Pl P56 FAoSNI

TAOS U
AfS NB{12N) 4SoAeSaAyYRS (GSLIS INON o6FolF NPetl GFo6PYyY
Sinyul]
y
(
=
o .
—— Deusans g

6x Pompa
Diyot a.

AEH pn YK Y aéqu;t-ﬁq:@tﬁl-&i\u?z\oéNs 1FeylrosdPNPEY
JSEAT T AGMYNI dubVozy fod2€ dzY X
S0 oMd N1 481 3TNt N (1 SNISNAYOBN] &REE S da svb%fsﬂl-“sb?vd” ﬁh:%@'?%?“ﬁsz POP] FAOSI
@AFG |1 PEPFI &AF KAL) TAOSNID EINON)/RS)/ I &P LJtIIYI'SANB celBS| YH 0TI K | Z8S NG d | eNNBIoR S
42 Ndzydz POSPEPY FTAOSNR GSN)] Siidraer eNiSe il yPy
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0 A RRS G AR MWISY 2R3 oM NP
AliCan karacal’Z,Alp ENJ’ikli}'Z,M. KeY I € RﬁﬁatpENJﬁkﬁ
Anahtar kelimelert 2 YL 0 ANI SOGANROAZT FAOSNI 1lL&8yFosaPNYEZ FTAOSNI P PO | RFLIGI NNZ {FLISNAY I
Palgs El&tronik Optik R @i., Kogali « WérsitesiTeky 2 LJF NJ . | £ NY'N

2

Kaynaklar Kocaeli « yWérsitesi, Eektronik ve HabteNJX g BIN ndidA ifUmuttepeY I Y LIN & N

o L i . R alican.karacal @kaaeli.edu.tr . .

oMB +® td DIFILRYy(GaSgOs at SYySGiNI A2y 2F FTAOSNI 1 ASNB AyG2 AYRAZABAONRFE YIN]JSizé t NROO® {t LG
Fiber Lasers V: Technology, Systems, and Applications, ed. J. Btadng2008).
OHB | & Yekdl,GmOWWS LA &S -RANB R & T X 6lBOAL lleteisdo A FTA SNE = , . o
37, 2586 (2012). Spektrometreler genellikle 2  boyutlu y!\lzeyc,ielfl bir y2 171 0l optRy
w08 2@ .l AAKAZT GwSOASs 2F TFLoNAOFGAzyY ( SEKymujudz$ £2Y vAz0kgy YreNbipgsrekiral gl sNe/Namesle mekapik/bd jaigga 2 NJ FA 6
flLaSNEZE {tL9 tK2:G2yA0 2834l QndI CAGSNI [ yalBIRE elektionk bic KadakayPlé gised A cefidphd edereka 2 boyutlyi RN\eey LILIE A OF G A
(2009). L 3 o A 5 _taranmakta ve bu yNreye ait spektumlar toplanarak gl Ny thdline getiriimektedir. Bu |
[4z® ! NISST a.dzZfl FyR &dNFIOS 1 aSNI RIYI 3 Say@idhipgdbdktfaQiri P & N L RBIHIKQ o/ ik uZnsa kodrdinkt2é ARy R Ladzt & ¢

b4 mon cAppl. OB 4812 (2008). dalga boylarP y' R spekkal bantlar olma]  zeRe 3 boyutlu veri elde edilmektedir.

Hiperspektral ol NNy (i Nfil& Yn®r | (G SN Nve 1Pl G§S&A
0 lgdlerinden yNeden fazla say®la dar dalga boyu aralRlarP y Rént gl rN y iérNelde 14
edilebilmektedir [1]. Bunun sonwdzy R Eshednf dBlgayboylarPdéki yay in®
karakteristikleri (imzalarP (deSerlendirilerek nesnekr arad HRksek bataNJIP YaNBP 6 P Y
saflamal ( k. Rifrspektral gl rN y i@k bu | zellikleriyle savunma sanayisinde mayP y’
tespiti ve askeri hedeflerin bulunmaa #2], atR maddeler, ka€P ve plastiklegin geri
R y N oANbeyNORRERIE Y3} e Bdli tPthlbelgelerdeki sahtedliklerin bulunmai B
gibi pek oek alandakullay IfaktaR P NJb

Bu konudhki deney ve cel® Y &NOP Y Riferspektraf  rNB liérie Sstemi
(HGS) le geroekled itiimektedir. HGS PB f Iriyfak frNyen bant ve gl NNy drfa
donay P makf Nrere N cealt sistemden 2 € dab (0 k. FDRN y (diina donay 1P >
spekrometre ile gey A 0 spakiumda yN {1 & SRuantum  verimlili& olan
monokrometik bir kameraday’ 2nfaldZot. RvBnokromatik kamera 1392 x 1040
piksellik okzN y' N NI v 114 Bit derinliSinde gl NN yalimsi] § k. Bp&ktrometre, 400-
1000 nm arad Py RINNINAY Ve Naky zP fP(i Sdalda boylarRdan 2.8 nm spekral
okzN/ N NX ghrN § @I8e etmektedir. HGS 30 xm'lik gA Ny&rBPNzerinden gelen PRP
optik sayesinde dalga boylara ayrPt®alik monokronatik kemera algiayP O Reerifie
iZR N & Rkivadir,
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Adii vakalardaki bulgulaNJP ynalizi bu sstem ile gerceBt S6 G ANKEt S0 Yl YI Yt P 4@94d {dz LRy dZ 8N tyI Pt F @ POPE I NPY t |

uygularelardan biridir [4]. Sstem sayesinde adli belgeler Nzerindeki sonrdan yal J&h
de€Aikiikler ile senet Neerindeki karalamalar kullay” P O Bofubyina gerek kalmadan
badar®Pbir Gekilde tespit edilmektedir. m Nl olarak, bir senet belgesi A ceRGBve
& 2 yidamgesi ekil 1'de verilmioifi Bad ("L000" olarak yazlbn senetteki para miktarP =
faNJ| Hirfkalemle "17000" olarak, ayy Pdekide bad ( 1"15.03.201" tarihi de
sonrdan "15.082014" &eklinde de€AtdilmAtid. ekil 1'den de gl rNdceSi gibi RGB

g rNy (i Nferi&diemeyen bu de€iikiikler hiperspekral gl rN y iéme ve bu gl NNy { N

Neerine uy3 dzf I gigdribndalarla tespitedilmio ifi

fm]: l-ﬁu:‘i

S T AT R T T T s

ekil 1. Senefi zerinde YaLJ&h De€hikiiklerin HGSile Bulunmaa P

Anghtar Kelimeler: Hiperspektral gl NNy (i Ndist&n¥, $iiperspekral 3 | milEmenin
uygulamaalanlaNJP &
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Malzeme A @nfe ice A2§FW, 75-nstNmf & diber lazer

*
Y.Ozan Ayi‘lﬁl’ , Koray Ekenl, Fb men Tdéy2
FberlAST,! & 06800 Ankara, TN'kiye

2Fiik BI INmN, Bilket « yversitesi, 068D Ankara, TRrkiye
*aydin@fiberlast.com.tr

Fiber laerler { BBk ebat, yRkse] oRFalitesi, yNksek verimlilik, su ile s2 Btma
gerektirmemek gibi | nemli pratik avantajlara sahiptir ve daha iyi fiber lazerlerin
gelidtiriimesiyl nNnde dNnya genelinde 6 §N\K ilgi ve yo&un aktivite vardP MJ. Ancak bu
lazerlerin al dPila laboratuvarlarP dBRda, endNstriyel ve bilimsel uygulamalarda
kullan®nl- Hiferde tNmf 8 ¢all-fiber), dolayBRla optomekanik ayarlama gerektirmeyen
(misalignment free) mimari gerektirmektedir. Malzeme idemede kullanRah ve ticari

olarak gelicirilmA Banosaniye at®nf fber lazerlerin neredeyse tamamPQ-anahtarlaml- £ P

sistemlerdir. Q- anahtarlama mekanizmasida, tekrar frekansP at®h enerjisi ve at®n
uzunlu€u birbirine yakRdan ba&f ®up, malzeme ile idemede 6 §\k | neme sahip bu
parametreler serbS & (agarfanamamaktad®. At enerjisinin (yNksek BR demeti kalitesi
ion) 0.5-1 mJ aral®Rda tutarak, tekrar frekansPideme hRRPbelirledi€inden, yNksek
ortalama 3 BN hedeflemek en iyi sonucu vermektedir [2]. Fibede tNmf &0
nanosaniye at®nt P erlérde 1150 W@ kadar yNkselen ortalama ghoef @pdd edilmidtir
[3], ancak malzeme ile etkiledmini belirleyen tepe gNog(<1 kW) ve at® enerjisi olup, bu
sistemlerde yetersiz kalmaktadP NJReek enerjili (1 mJ) ve yRksek tepe gNoiN (0,5 MW)
tNmledk fiber lazerler de gelidtiriImictir [4], ancak 10-20 Hz tekrar frekansRda caf 87 bu
sistemler A meXb uyarfmP geviye | mrhAh ~1 ms oldugu dNBNy M¥se, enerjinin 0 B K
KPP YendiliSinden yNkseltilmA @fha (amplified sportaneous emision, ASE) olarak

atPnlar al- &adB ckBor olml akBwvetle muhtemeldir. Bk olarak, bu sistemlerin 3 befi S

mW seviyesande olup, malzzme idemede kullanha uygun de€ildir. DolayBRla, hem
& Kk enerjili, hem yRksek tekrar frekanst (Nksek ortalama gNoed, amamen fiberde
tNmledk, lazr parametreleri birbirinden baShsP hyarlanabilen, demet kalitesi kP &P
limitinde (diffraction limited) lazer sistemlerine ihtiyl afevam etmektedir.

Biz bdz alBadada, 25 W ortalama gNce, 6 kW tepe gN\te sahip, tamamFiberde
tNmledik, 1 xm dalgaboyunda, iterbiyum (Yb) katk®Pfiber lazer sistemi gelidtirdik. Bu
sistem, master-oscillator power- amplifier (MOPA) mimarisinde olup, elektronik olarak
sNedNE M bir diyottan Nretilen at®nlarPbir dizi fiber  yNksef S epacPIRIR

kuvvetlendirilmesinden oludmaktadP NMOPA mimarisi sayesnde afh uzunlu€u,
tekrar frekansPve 3 bemiktarP D-anahtarlamalPlazerlerden farkf ®larak, birbirinden

baEMsP blarak ayarlanabilmektedir. Demet kalitesi KPR limitli olup, tipik olarak M2<
1,2 | £ Neektedir. Bu sistem bildi€imiz kadarfla, MOPA mimarisinde oldzturulan ilkticari
tNmt & &ber lazrdir.

Lazer Ortalama Gig  Isin kalitest, Tekrar Atim Tepe Giig
Parametreleri M Frekanst Uzunlugu
<25W <12 20-500kHz  75-500ns < 6,0 kW

Tablo 1: Cikis noktasindaki lazer parametre degerleri.

Sstem mimari ekl 1@e | zetlenmektedir. 1064 nm dalgaboyunda lazer
diyottan elde edilen ~70 ns veya daha uzun atfhlar Yo-katkP fib® & Keeltecker ile 1 W@,
ardRdan 25 WQ® TRadPmakiadP NIRm sistem fiberde tNmledk olup, 1,5 m

uzunldzBndaki hedefe (i I fiberini (beam delivery fiber) takip eden elen yalP i®P O P t

kodutlayP da® ok® elde edilmektedir. 9steY ote aY & fmPnarisi ve | zel tasa'®n
| nlemleri sonucu ASEolmaksPh (<%®@en daha az miktarda) cef dRakta ve %60Qdh
fazla optik verimlilik gl stermektedir ( ekil 2). Tepe 3 BedeSeri, mevcut tad®ha fiberi
uzunluklarPAie 6 KW ile Raman sadBml aeRisi nedeniyle limitlidir. Deha kBa tadifha
fiberi kullanPriasP ya da Stokes dalgaboylarPa daha yNksek oranda enerjinin
aktarfmasA® engel tedkil etmeyece€i uygulamalar Aiee bu seviye daha da

ar(i i BiNEXfedir. Yne MOPA mimarisi sayesinde lazer sissemi Q-anahtarlaml f P

lazerlere gl &Xaha dNRk salPR®nlara (atPnhdan atfa enerji ve atfh & fesindeki
degidklikler) sahiptir. YNksek kararf #vie BR demeti kalitesi ( ekil 3), malzme idemede
tekrarlanabilirliSin ve tekdNzeli€inin & Ksek olmasPPsaSlamaktadP S&bem mimarisinde
kullanrah aktif ve pasf fiber nNve (core) caplar®P ¥NoBk tutulmasPve | zel optimize
edilmid fiber ekleriyle (splices) demet kalitesinin yN $ek olmasP sayesinde ticari
lazer sistemlerine gl é&ldaha iyi odaklanma sa€lanmaktadP NMBlzeme ile etkileGmi
belirleyen alana dNén 3 Bkyani dddet (intensity) olddz8ndan, daha az 3 &k
malzemenin etkin olarakidenmesini saflamaktad.
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@S C2UG2yAl 4FftPoidlrerP

O wx=1.19, Wy'= 1.1

a) b)
813 (- 0 | &N\ sonuoeP(BO P Frofili karakterizasyonu.
Anahtar kelimeler: nancsaniyeali P ¥aderPfiber lazer, lazer malzeme feme
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Characterization of Quaternary Compound of ZnSngThin Film as a Photo References:

Absorbing Layer by XPS and RAMAN Scattering for Solar Cells _ _ )
[1]M. Danilson, M. Altosaar, M. Kauk, A. Katerski, J. Krustok, J. Raudoja. XPS study of
CZTSSe monograin powders, Thin Solid Films, 519, 201%,744Q7

A. Cantas, S. Yaziti M. A OIgaF, M. Kurt', G. Aygufi [2]M. Bar, B-A. SchubertB. Marsen, R.G. Wilks, M. Blum, S. Krauseand, S. Pookpanratana,

a E Tarha.ﬁ, E. Yanmahz L. Ozyuzér ] Y. Zhang, T. Unold, W. Yang, L. Weinhardt, C. Heské, Schock. GAnSngthin-Uf Y
Department of Physics, Izmir Institute of Technology, Urla, 35430, Izmir, Turkey solar cell absorbers illuminated by softays, Journal of Materials Research Society, 27, 8,
bDepartment of Physics, Karadeniz Technical University, Merkez, 61080, Trabzon, Turkey 2012, 109-1104.
*Corresponding author [3] Hyesun. Yoo, JunHo. Kim. Comparative study ¢gfr@ngUf ¥ INRGUIKSE { 2f¢
avtencanta@iyte_edu'tr Materials & Solar Cells 95, 2011, 2394

For thin film solar cell applications, having the direct energy band gap f.3.4
eV, a large optical absorption coefficient above® 1m* and ptype conductivity,
quaternary compounaf CuZnSng(CZTS) is one of the most promising candidates among
the possible photeabsorbing materials [1]. Also it is well known that CZTS is one of the
appropriate photovoltaic materials not only being lamest solar cell but also consisting of
earth-abundant elements [2]. In this study, CZTS films were growth on Ti and Mo
backcontact coated SLG substrate by dc magnetron sputtering technique. Sn/Zn/Cu layers
were sputtered and these deposited stacks were transformed into CZTS films by
sulfurization. Th transformed CZTS films were characterized kayXPhotoelectron
Spectroscopy (Specs) and Confocal Raman scattering (Scientific Instruments)
measurements. The focus of this study is being on secondary phases, CZTS surface
composition and native oxidatiorior future development of solar cell. XPS survey
spectrum of CZTS verified the existence of Cu, Zn, Sn, S, and C. The detailed scanning Cu
2p, Zn 2p, Sn 3d, S 2p were also obtained. The Raman analysis includes possible CZTS peaks
at 338 cnf, 287 cni and 252 cni [3]. In addition, it is evident that there is additional
peak related to the presence of other compound of SnS 190 cm

In summary, we have shown that our CZTS films prepared with dc magnetron
sputtering technique presented majority CZTS phasé some secondary phases. The
optimization of film stoichiometry and sulfurization process are in progress.

Keywords:Thin film solar cellCwbZnSnHCZTShin film, Sputtering, XPS, Raman.

This study was partially supported by TUBITAK project 112T068.
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